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centro de educación continua 
facultad de ingenierra. u na m 

A los Asistentes a los cursos del Centro de Educación 
Continua 

La Facultad de lngenferra, por conducto del Centro de Educación Continua. 

otorga constancia de asistencia a quienes cumplan con ios requisitos esl~ 

blecidos para cada curso. las personas que deseen que aparezca su tftulo 

profesional precediendo a su nombre en el diploma, deberán entregar copia 

del mismo o de su cédula profesional a más tardar el Segundo ora de Clases, 

en las oficinas de~ Centro, con ~a Seftora Sánchez, de io contrario n2 s~t·6 

posible. 

El contra] de asistencia se efectuará a través de ia persona encargada de 

entregar notas, en la mesa de ent,rega de material, mediante listas especi3.:!. 

les. Las ausencias serán computadas por las autorfdades del Centro. 

Se recomienda a los asistentes participar activamente con sus Ideas y ex

periencias, pues- los curso~ que ofrece el Centro están planeados para que 

los profesores expongan una tésls, pero sobre todo para que coordinen las 

opiniones de tQdos los Interesados constituyendo verdaderos seminarios. 

Al finalizar el curso se, hará una evaluación del mismo a través de un cue~ 

tfonarlo dlsef\ado para emitir juicios anónimos por parte de los asistentes 

Las personas comisionadas por alguna Institución deberán pasar a inscribiL 

se en las oficinas del Centro en la misma forma que los demás asistentes. 

Con objeto de mejorar los servicios que el Centro de Educación Continua 

ofrece, es Importante que todos los asistentes llenen y entreguen su hoja 

de inscripción con los datos que se les solicitan al Iniciarse el curso. 

'eds. 

ATENTAMENTE 

ING.JOSE ELISEO OCAMPO SAMANO 
COORDINADOR DE CURSOS 
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FECHA 

28 de Oct. 

30 11 

4 de Nov. 

6 

8 

1 1 

13 

15 

18 

11 

11 

11 

11 

11 

11 

DURACION 

2 Hs. 

2 11 

2 11 

2 11 

2 11 

2 11 

2 11 

2 11 

2 11 

21 y 22 de Nov. 2 Hs. 
c/día 

ANALISIS ECONOMICO Y PLANEACION DE EDIFICIOS 

TEMA 

SISTEMAS 

Concepto de sistema 
Tipos de sistemas 

Metodología para el análisis y 
diseño de sistemas 

Optimización de sistemas 

EL EDIFICIO COMO SISTEMA 

Sistema interno 

El medio ambiente urbano 

El medio ambiente natural 

El medio ambiente jurídico cultural 

Restricciones tecnológicas 

Restricciones funcionales 

Res tri ce iones económico-financie ras;-::. 

Restricciones estéticas 

EL PROCESO VITAL DE UN EDIFICIO 

Fases del proceso vital 

La dirección de las fases del proceso 
vital 

Fases del proceso de proyecto 

Síntesis de la forma 
Modelos de optimización de la forma 
Modelos de origen-destino 

PROFESOR 

Dr. Melchor Rodríguez Caballero 

Dr. Melchor Rodríguez Caballero 

lng. Osear Alvarez de la Cuadra 

Arq. Octavio Pinedo Navarro 

lng. Jorge Navarro Islas 

·~ ,lng. Osear Alvarez de la Cuadra 

lng. Sergio Aguilar López 

lng. Sergio Aguilar López 

i~g. Sergio Aguilar López 

lng. Sergio Aguilar López 

Dr. Melchor Rodríguez Caballero 

Dr. Melchor Rodríguez Caballero 

lng. Jorge Navarro Islas 

lng. Sergio Aguilar López 
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25 de Nov. 

27 11 

29 11 

2 de Dic. 

4 

6 

9 

11 

11 

11 

Duración 

2 Hs. 

2 11 

2 11 

2 11 

2 11 

2 11 

2 11 

1 1 y 1 3 de O i e. 2 Hs. 

7.. '~ -

ht~ALISIS ECOi~0~11CO Y PLANEACION DE EDIF:CI·OS 
Tema Profesor 

CONCEPTOS BASICOS DE ANALISIS ECONOMICO 

Fórmulas de composición y actualización Dr. Melchor Rodríguez Caballero 
de capital 

Flujo de efectivo 

Criterios de evaluación económica 

Análisis de costos durante la vida del 
edificio. 

Análisis de ingresos durante la vida 
del edificio 

11 

11 

11 

11 

11 11 11 

11 11 11 

11 11 11 

11 11 11 

MODELOS DE OPTIMIZACION ECONOMICA; APLICABLE 
A EDIFICIOS 

Modelo de pro~ramación lineal 

Modelo del valor residual máximo 
Modelo BOP 

Modelos del valor máximo de un eva
luador económico 

MODELOS DE PROGRAMACION Y CONTROL 

Ruta crítica 

Sistemas de presupuestación 
Sistemas de control presupuestal 

EVALUACION DE PROYECTOS 

Evaluación de proyectos por realizar 
Evaluación de edificios ya realizados 

lng. Enrique Tercero Barragán 

Dr. Melchor Rodríguez Caballero 
lng. Alejandro García González 

lng. Enrique Tercero Barragán 

lng. Alejandro García González 

lng. Alejandro García González 

Dr. Melchor Rodríguez Caballero 
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CHAPTER 

1.1 DECISION MAKINQ 

1 
lntroduction: 
The Systems 
Approach 

Many contemporary problems of design and operation in engineering, arcbi
tecture, construction, and urban anc:l regional planning are of St!ch magnitude 
and complexity as to require the most systematic and rational approacb 
possible. 

Generally, these problems consist of a very large number of interacting 
variables many of which defy quantification. Therefore, it is r.ec:ssary first to 
classify the variables appearing in reallife problems into tangic~e or quanti
·fiable and intangible or unquantifiable. The purpose of the S) s!::::1S appro~_ch 
is to develop methods, mathematical or otherwise, to deal systematically
and rationally with the quantifiable parameters of a problem; to increase the 
set of quantifiable parameters through statistical observation, t::sting, devel· 
opment of measuring techniques; and to pro ... ·ide a clear unc::rstanding of 
the situation at hand asan a id to the decision maker for subje-:ti\ ::ly evaluat· 
ing the intangibles which are present in most real problems. 

Physically, a system is composed of a large number of in~~!"3cting com
ponents, each of which may or may not sene a different ft.:~..:tk>n, but all 
of which contribute to a common !JUrpose. '9ecause the corr:?.:-:-:~::ts usu:>.lly 
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JO\l)he many arcas of J,.nowlcdge, thc only way to implcmcnt the systems 
•1ppr,,a.:h lo dccision m:~king JS lhrough leam aclion, tcams involving a 

5 p,·~·1rum of ~pc.:ialists in sccmingly unrcblcd ficlds. Systcms thcory is intend
cd lo pro\'ide a common basis of undcrslanding bctwccn disciplines and, as 
a rcsull. 1hc systems :~pproach is pcrmealing most fields of knowledge. The 
physic:~l scicnccs and cngincering have already devclopcd a strong vehicle 
for intcrdisciplinary leamwork through the systems approach and, recently, 
the life scienccs as wcll as the humanilies and the social sciences are beginning 
to :1pply to their problems the vast methodology that exists in systems analy-

sis and design. . 
A complex problem can be handled with success when the systems approacb 

is effectively applied. Cost effectiveness, which is a usual gauging device for 
measuring success, strives to produce a system with the lowest possible cost 
for a set leve] of effectiveness or, vice versa, the highest leve! of effectiveness 
for a set cost. Combinations of these goals are usual and trade-offs occur 

when such an approach is taken. 
An example_of_Jhe -~pplication ofth_e_syslem_s_approach tf) d~<:L~ioQ_!Jlaljng, 

where no mathematics is needed but where the approach to problem solving 
recognizes the fundamental behavior of people in developing a realistic policy 
that can be succ~s~fg_lly irnplemented, _is_the case of a conge_ste_d !!{f?an __ area 
where two local authorities conflict in their plans for city operation and 
management. One of the authorities, the Planning Commissicn, attempts to 
dissuade suburbanites from bringing their personal automobiles into the 
Central Business District by promoting the use of the Mass Transit System, 
with the e>.pectation otrelieving traffic congestion and reducing the frequency 
and duration of traffic snarls. On the other hand, the second governmental 
group, the Port Authority, is charged with the planning, financing, construc
tion, operation, and maintenance ofall toJI bridges and tunnels leading to the 
Central Business District. The Port Authority prometes the use of these 
facilities by offering to the public books of bridge and tunnel toll coupons 
which can be purchased by the frequent or routine driver at a savings of 

-severa! dollars -per- month. A conflict immediateli develops -b-eca use, while 
one authority tries to discourage the use of personal automobiles in the Cena 
tral Business District, the other encourages it by offering savings in toll 
charges. A oehavioral solution to this-stic'Ky situation wa-s propósed by R. L. 
Ackoff, Operations Researcher Professor at the University of PennsyJvania: 
lmplement a graduated scale of toll charges as a function of the number or 
empty seats in a prívate automobile. 

The policy could be developed as follows: Assume a six-passenger car 

arri\es at the toll booth: 

1. Jf all six places are occupied, the car passes free of charge. 
2. lf one seat is empty-that is, only five passengers are in the car-the 

charge ; "iJ, $0.25. 
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3. lf two seats are empty, the charge is $0.50. 
4. Jfthrce scats are unoccupied, thc cost now climbs to $1.00, and so on 

.until, say, 
5. The driver is the only passengcr in the car, in which case the toll 

is $2.25. 

The figures quoted may or may not be rcalistic but the point is well madC. 
The day after this type of policy was implemented, a marked reduction in the 
number of cars visiting the Central Business District would most sureJy be 
obsened. People would probably drive lo the outskirts ofthe downto"n area 
and then form car pools, or they would use the Mass Transit System. A sus-
pected side effect might be an increase in sales of sports cars; with only two 
seats they would make an inexpensive mode of transportation. This, of 
course, represents at least a reduction in automobile size and can therefore 
be considered a desirable side effect. On the other hand, in the interest of 
fa ir play, a special tariff could be developed for nonstandard vehicles. and so 
on. These types of applications are primarily based on common sense, and 

_many such decision rules-can-be--developed without-the-use of mathematical--
techniques. However, in sorne of the most important applications of the sys
tems approach, a great many complex technological questions are raised 

-which require specialized solution techniques.- This book concentra tes on thc
development of sorne of the most important and useful of those techniques. 

1.2 TI-fE STRUCTURE OF SYSTEMS ANALYSIS ANO DESIGM 

Systems analysis is the process of separating or breaking up a whole system 
into its fundamental elements · or component parts. It involves a detaiJed 
examination ofthe system in order to understand its nature and to determine 
its essential features. Systems design, on the other hand, is the process of _ 
seJecting the components and of contriving the elements, steps, and pr~ 
dures for producing a system that will optimally satisfy the stated goals. In 

-the coñtext of this hook, systems design is used as a basis for aniicipating 
problems and for solving them at their planning, engineering, architectural, 
and construction stages. Systems synthesis is akin to design beca use it is the 

-process of putting together;-cómposing, or combinfng· parts or eleineriiS -to
form a whole system, completely blended to achieve its finest level of per
formance. Through systems synthesis, often, varied and diverse ideas. forces, 
or factors are combined into one coherent, consistent structure. In examining 
complex problems, one must recognize the following classification ofelement:J 
occurring repeatedly in their solution through the systems approacb: 

1. A ser of dedsion and state rariables. The decision variables are those 
over which the analyst has complete control and "hich he can manipulare at 
will. The state variables are those which are dependent or · decisioa 
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, 3 ri.1t-l~ and "hich, consequcntly, C'annot be directly controlled by the 
dc~isil~n r.:.lkcr. Oftcn, the classification of variables into dccisions and states 

1s an arbitr.!J: one. Ho\\C\cr, once they have becn so stratificd, thcir bchavior 
folh'" s t!-. .: 5t . .:llcd pattcrn. This clemcnt is basically in the analysis phase o( 
the prob1~;';1 s .... lution and the significance of each variable-that is, how 
,~.?nsiti' e t!-.~ rr .. "'blcm is to its scttings-as well as whether or not the variable 
JS quantiñ.?.l:-lc must be ascertaincd in this stage. · 

2. An ,1,~rimi:ation model. This solution element is necessary for under· 
standing the problem at hand. lt involves both analysis and synthesis and 
consists of the deYelopment of a conceptual model which is sufficiently 
analogous to the real problem but which, on the other hand, is simple enough 
to be amenable to quantitati\'e analysis. 

3. A mcasure of effectireness. Called the objective function, this measure 
is formulated as a means for evaluating the degree of success or failure 
attained in fulfilling the problem goals. lt relates various decision and state 
variables fN the expressed purpose of ranking the outcome of the ditrerent 
decision sets. \ - - - -- - - - - -- -- - -- -

4. Generar ion. of alternatil•es antl optimal solution. After the problem has 
been formulated quantitatively, the sets of decis10ns arrived at fo!Jowing a 
-ational;- ~·~tematic plan are evaluated by means of the objecfive fuilction, 
and the one producing the most desirable results is selected. The ditrerent sets 
of decisions are the alternative plans of action and the selection of the most 
desirable outcome constitutes the optimization phase ofthe problem solution; 
rhe decision policy producing the best results is the optimal policy. Frc
quently, a system cannot be completely optimized. Near optimal results are 
often extremely valuable, especially when the objective function is not too 
sensitiYe to changes in the values of the decision and state variables near the 
optimum. This phase of problem solution is prirnarily a design phase. 

S. Policy implementar ion. This step involves the carrying out of the opti
mal poli~· into the real physical situation. It constitutes, in fact, the realiza
tion ofthe objective and the only reason for having gone through the previous 
four steps. Vsually, because of additional knowledge gained or because 
conditions change, the analyst finds it necessary to recycle the process by 
returning to one of the previous steps. This recycling is required in adaptive -
or learning processes where newly acquired data perrnit the system to refine 
itself and to adapt to a changing environmenL 

3 CLASSIFICATION OF DECISION SVSTEMS' 

engineering, architecture, construction, and planning, decision systems 
' • be cla~sified according to size and according to predictability of behavior 

follows. 
1 

1 

1 
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J. According to size: 
l. Simple systems are those which involve only a relatively small 

number of quantifiable decision and state variables. 
2. Complex sysrems involve a largc number of decision and state 

\'ariablcs. However, the variables are, by and large, ofthe quanti• 
fiable ~ype. 

3. Exceedingly complex systems. Thcse consist .of a Jarge number 
of decision and state variables, most of which are of a non-quan
tifiable nature. 

JI. According to behavioral predictability: 
1. Deterministic systems are those for which every input produces 

a predictable response. Furthermore, the system's responses to 
idcntical inputs are themselves identical. 

2. Stochastic systems involve randomly determined sequences o( 
observations, each of which is considered as a sample from a 
probability distribution. Stochastic variation implies system ran
domness in passing from one state to an adjacent state. A sto
chastic system_'s response toa specified input is not reproducible 
at wilt~rhar is, one cannot expecrexactly- the same -beháVior 
when the system is subjected to identical inputs. 

Table J-1 ,gives examples of ditrerent types of systems classified accordiñg io 
the rules _.previously formulated. Note that the set of exceedingly cornpJex 
deterministic systems is assumed to be empty; there are no physicaJ systems 
which c~n be classified in this category because all exceedingly complex sys-
tems possess a multitude of random parameters. _. - ' 

TABLE 1-1. Examples of Different Types of SystemL 

SystetM Deterministic Stoch•stic 

-Simple Beam Deflection Toss ofCoin 

Complu Planetary Syste_m lnventory System 

Exceedingly Complex Emptr The City 

, 

1.4 FIELDS OF SPECIALTV IN SVSTEMS ANALVSIS ANO DESIGN 

The systems approach to complex problem solving encompasses a broad field 
of work and, as such, takes on different meanings for the people involved in 
it. depending upon the area or areas oftheir specific interc-~ ad experience: 
Five fields of specialty can be recognized although, in most instances, they 
tend to overlap and run into each other as the nature of the work in systems 
analysis and design de!11ands an interdiscipiiilary, tearn approach. 
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l. D,·ramimsric allll srochasric oprin11::ation. In a fcw words, optimization 
d.:.1ls \\Íth thc mcthods and proccdurcs rcquircd to obtain the most benefit at 
the lcast possible cost. This book conccntratcs on the mathcmatical and 
hcuristic optimization techniques applicable to dctcrministic and stochastic 
S) stcms. In scction 1.5 the general concept of optimization will be discussed 
further. 

2. Control tl~eory. Certain physical processes change so rapidly that to 
maintain an optimal leve! of performance it is necessary to adjust continu
ously the setting of the decision and state variables. Control theory deals with 
the methods and procedures needed lo allow a system to adapt itselfto chang
ing conditions without upsetting it dynamically, and to keep its performance 
characteristics atan optimum. 

Chemical and electrical engineers, for example, utilize extensively the 
techniques of control theory beca use many of the problems encountered in 

. their fields are of the process type where continuous monitoring is essential 
to efficiency of operation. 

3. llljormatiol1 systems. This systems afea concerns itselfwith thestructure, 
analysis, organization, storage, searching, and retrieval of information. The 
en tire subject has received an increasing amount of attention in recent years, 
non>nWoecause-silnpler information·h-<U'fd1ing system·s aré u·rgéntly needed, 
but also because planning and design, in whatever field, must rely on an 
extensive data base of high quality to be a useful tool in solving the complex 
problem!. of today and of the future. The information systems fields include 
elements of linguistic~, mathematics, 'Bnd computer programming. 

4. Numerical analysis and methods. The computer, with its enormous speed 
and ability to manipula te Jarge blocks of information, is the most useful tool 
available to the systems analyst and designer. Computers are of either oftwo 
basic types: (1) digital computers which are basically extremely rapid, electron
ic adding machines, or (2) analog computers which permit the solution of 
a complex problem by establishing a mathematical analogy between the 
problem functions and variables and a flow of elcctric current or a fluid.. 
Certain probl~ms require the coupling of digital and analog computers; thm 
combination-,~.'!-~ cometo be known as a hybrid computer. In any case, the 
analyst must'o~ tapable of transforming the physical problem into a matho
ma_tical one ·and of directing its programming for computer solution. The 
inclusion of the field of numerical analysis in the systems area grows out of 
this ~eed. This ~ook will present to the reader a Jarge number of examples 
showmg how to 1mplement the process of going from the physical problem to 
its mathematical analog. This process, called modeling in the language of 
systems analysis, is perhaps the most difficult as well as the most important 
phase of problem solving. 
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5. Digital, analog, and hybrid compuler simulat10n. This arca involvcs the 
manipulation and obscn'ation of a synthctic modcl rcprcscnting a real phyo 
sical system "hich, for tcchnical, economic, or othcr rcasons, may not be 
suitable for cxpcrimcntation. The synthetic model, usually mathematical iR 
nature, idcally rcprcscnts thc csscntial characteristics of thc physical system. 
~!) contrast with analytical modcls which are solvcd exactly or approximately, 
simulation modcls are run. Thc simulator observes the bchavior ofthe model, 
gathers pertincnt data, and draws appropriate conclusions. Digital, analog, 
and hybrid computers are normally used to run simulation models. 

1.5 OPTIMIZATION METHODS ANO APPLICATIONS 

Leibniz coined the word "optimum" in 1710 as a result of his speculations 
about the nature of the universe and of its creation. He wrote: 

There is an infinitudc of possible worlds, am~ng which God must needs have 
chosen the bcst, since-He docs nothing without acting-i-n·accordance witb· 
supreme wisdom. Now this supreme wisdoml united to a goodness that is 
no less infinite, cannot but have chosen the best .... As in mathematics. when 

-- --- there is no maximum or-minimum, everything is done equally or ... nothlng~t 
all is done: so it may be said ... that if there were not the best (optimum) 
among all possible worlds, God would not have produced any. 

Those adhering to this philosophy of Leibniz carne to be known as optimist5 
when in reality they turned out to be fatalists by reasoning that if God in aU 
of His wisdom and goodncss could not make the world any better, what 
could a powerless human being do to change it? Optimization, with many 
other branches of human knowledge, had a strictly philosophical beginning. 
Today, however, although its philosophical implications continúe to be of 
interest, its emphasis is on the solution of complex problems from the real 
world. 

From the standpoint of methodology, optimization techniques can· ~ 
di'ided into indirect and dircct. Jndirect techniques permit the selection ofan 
optimal point without requiring an examination of nonoptimal points. These 

.. methods are very effectivc when they can be applied. This-book concentrates-· 
'primarily on their study. Direct methods start atan arbitrary point andpn>
ceed stepwise toward the peak by successive improvements. Chapter JO jg 

dedicated to the study of direct methods. 
From the standpoint of the type of systems to which they are appli~ 

optimization procedures yield various kinds of decisi~n-making strategies: 

J. Decision making under certainty applies to deterministic syslems 
v.here thc probability of occurrence of each event is one. 
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:!. n,·dsion making undcr risk applies to stochastic systems where the 
prl)ba bility of occurrcnce of ea eh evcnt is known but lies somewhere 
bctwccn zcro (nonoccurrence) and one (occurrence). _ 

3. Dccision making wula uncertainty applies to stochastic systems with 
unknown probability distributions. 

4. Adaptin• d,;.cision maJ..ing results when the analyst is able to conducta 
scqucnce of expcriments in order to acquire knowledge about the 
probability distributions-involved. This category is intermediate be· 
twecn risk and uncertainty and in many respects can be classified as 
a simulation type. Chapters 12 and 13 discuss stochastic systems in 
sorne detail. 

S. Finally, decisions can be formulated indMdually or by groups. In 
group decision making, the proccss may be carried out under col
laboration or under competition. Chapter 14 introduces the reader 
to decision making under competition with risk; the subject is called 
"Game Theory." 
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CHAPTER 

Economic 
_ Con~_i der~tion~-

2.1 INTRODUCTION 

Projects of any kind become a reality only if they are technologica11y and 
financially feasib1e. Technological feasibility lies in the real m of professional 
know-how and ability. Financia) feasibility depends u pon the project's ability 
to show a profit to the investor through time.· 

This chapter will concentrate on the development ofprocedures, not only 
for assessiñg correctly the feasibility or infeasibility of a particular project, 
but also for comparing alternative investment opportunities. The methods 
that will be developed in this chapter will show what data are needed to 
translate éstimates into business decisions. - - · 

An overwhelming majority of physical projects have an .. investment for 
return" orientation and, for the investor, the most important ·question to 
be answered is: Will the venture pay? Training, experience, anda great deal 
of imagination are required to find the most economica1 or the most profit· 
able solution to any given problem. In general, the solution must be formu
lated under sets of constraints; typical are a fixed budget, ~nvironmental 
needs, aesthetic requirements, zoning regulations, safety standards, socio
economic trends, technologicallimitations, and so on, which make arriving 
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at _thc optimal solution a very difficult task. The obvious complcxity of the 
prübkm tcmpts onc to formulate intuitive dccisions. Unfortunately, these, 
t) pes of Jc.:isions are unrcliable and dangcrous and must be discardcd whcn· 
e' cr poss1ble. Although complete optimization of a project is frequently 
impra.:tical, !!'E~[ optimal solutions involving impcrfect alternatives are often 
good cnough lo provide c>.trcmely satisfactory answers; E"onomic .stuaies 
sen e to idcntify clearly all of the alternative methods of solving a particular 
problem and of quantifying those alternatives by reducing them to a mone
tary basis. 

2.2 THE CONCEPT OF INTEREST 

Beca use of the existence of interest, money is worth more toda y than som~> 
time in the future. lnterest is the direct result of two behavioral phenomena: 

l. 1\fa·n--na-s·a-finite life-span·and for this reason-peopte-are-not-wiHing· 
to postpone enjoyment of material goods because of the inherent . 
uncertainties of life. 

-2.--:fhere-is-a-fundamental-trade-off rule that-appears.to..apply_to most. 
people: The more one has of something, the more one is willing to 
trade it for something else one does not have enough of. The second 
rule gives rise to the so-called indifference curves frequently used by 
economists. 

Jf one asked somebody whether he would rather have, say, $1,000 today or 
S 1 ,000 one ) ear from toda y, any sane person would most assuredly respond: 
"Today!"' Suppose that one upped the reward $100 for a delay of one year 
and that the question were rephrased: "$1 ,000 today or $1,100 one yearfrom 
todayT The individual might still prefer $1,000 today. Continuing in this 
fashion, one would state at sorne point: "How about $1,000 today or $1,400 
a year from today?" lf, after sorne thought; the person responds, "1 prefer 
to wait ayear to get the $1,400," his so-called altractive annual rate ofretum 
would be 40% under this set of circumstances. That is, he is willing to wait 
a whble year~¡~.prder to·realite a 40% increase in financia) retum. 

On this bisls, interest can be defined as the money that must be paid for 
the use of borrowed money. That is, the person in the example above would . 
be willing to lend S 1,000 to a borrower in the expectation of a 40% return. 
The borrower would be paying 40% interest on his loan; a scandalously high 
rate but, nevertheless, a rate paid by many unsuspecting customers. The 
"truth in lending" law now requires' that the true rate of interest be clearly 
and unequivocally stated by lenders. A review of finance company advertise-
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mcnts would rcvcal that annual interest rates in the 25% to 45% bracket are 
not uncommon. 

A more opcrational dcfinition of interest is the rcturn derivcd from capital 
productivcly investcd. /nterest rafe is the ratio bctwecn thc amount of interest 
chargcable or payable at the cnd of a specific time pcriod, usually one ycar, and 
the money borrowed at the beginning of the pcriod. ln general, the interest 
rate is "per annum" (per year), unless statcd otherwise. For example, a 6% 
intercst payable annually reprcsents a 0.06 interest rate per year. This is 
equivalen! to 0.015 payable quarterly, or 0.005 payable monthly. There is a 
slight difference between the payment of interest annually and its payment 
at more frequent intervals. This difference will be discussed in detail in later 
sections. 

lf the interest payable each year is computed on the total amoun~ owed 
at the end of the previous year-the total amount that includes the original 
principal sum borrowed plus the interest that was not paid when due and 
that, consequently, has accumulated-the interest is said to be compound. 
Simple interest is that payable as a charge on the original principal sum only. 
This type -or rñieréSf",VIffnof6é aiscüssealurth-er bccaus·e-it is nocgeneraUy 
encountered in practice and its computation is direct. 
_ To illustrate the difference between simple and compound interest, coo

sider the repaymenCoC$ro;omrat -the eña-·or_s_year-s for an 8 %1oa:i1-urider 
1
TABLE 2.1. Simple and Compound lnterest. 

B% SIMPLE INTEREST 

lnterest 
Amount Owed at · Owed at End Amount Owed st 

Yesr Beginning of Year of Yesr EndofYesr 

1 $10.000 s8oo $10.800 
2 $10.800 $800 $11,600 
3 $11,600 $800 $12,400 
4 $12.400 $800 $13.200 
5 ---- $13.200 $800 ... ~14,000 - ---

8% COMPOUND INTEREST 

-- - -- ' 
. lnterest __ 

Amount Owed at Owed atEnd Amount Owed Bt 
Year Beginning of Year ofYear EndofYear . 
; $10.000 $800 $10.800 
2 $10.800 $864 $11.6~ 

3 $11.664 $933 $12.597 
4 $12.597 $1,008 $13,605 
5 $13.605 $1,088 $14,693 

,. 
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' 
cach pl:ln, as givcn in Table 2.1. Under the 8% simple interest plan, the 
intcrcst O\\cd at thc cnd of cach ycar is computcd on the $10,000 principal 
only :1nd is a constant SSOO. For the 8% compound intcrcst case, the interest 
is computcd on the total amount (principal plus intercst) owcd al the end of 
thc pre,·ious ycar. The amount increases from $800 at the end ofthe first year 
to SJ,OSS at thc cnd ofthe fifth. Rounding offto the nearest dallar, the diff~r
ence in cost to the borrower is $693 at the end of S years. This quantity ia 
the amount the borrower pays for the use ofthe accumulated interest money 
throughout the duration of the plan. 

2.3 CASH FLOW DIAGRAMS 

Because of interest, money has different value through time. This results in 
the concept that money has "time-value." Since most investment situations 
involve disbursements and receipts of money through time, it is convenient 
to dm:lop_a_semigr¿¡p_b_i~M_meth_QCI__Qf analysis .. CashJlowJliagrams_p~ovide 
a rational, simple way ofshowing how money flows through time. Figure 2.1 

FIGURE 2.1. Cash Flow Dlagrarn. 

( + ) Receipts 

( -) Oisbursements 

depicts a typical cash flow diagram. Plotted along a time axis are both receipts 
(positive cash flow) and disbursements {negative cash flow). It is irrelevant on 
which side ofthe time axis they are plotted, however; in this book receipts wiD 
be plotted above-the-time axis and disbursements below it. 

It must be pointed out that the terms receipts and disbursements are 
relative as to who is receiving and paying out the money. The borrower•a 
receipt -is- the Jender·s disbursement and vice-versa. 

2.4 BASIC ASSUMPTION IN INTEREST 'COMPUTATIONS 

For the purpose of alternative comparisons, it is well to assume that cash 
disbursements and receipts occur only at the end of each time period (nor
....,ally one year). More frequent cash movement introduces a slight error in 
:.e computations which is of little signifkance in performing the types or 
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analyses of intcrcst to planners. For example, although rcpayrncnt of princi
pal and intcrcst (dcbt scrvice) on improvcd real cstate propcrty is normally 
done at the cnd of each month, with a very small error and with much sim· 
plification in the computations, the total for twelve months can be assumed 
to be repaid at the end of each year instcad. Normally, this practice pro\ides 
more than sufficient accuracy. 

2.5 DECIDING BETWEEN ALTERNATIVES 

Jt is always differences in cost or profit which are significant in selecting be
tween alternatives. The concept of cost, or· profit, must be related to specific 
alternatives in order to serve as a useful guide in business decision making. 
Jt must be pointed out that, although many data are irreducible to money 
terms, any final intelligent decision must give proper weight to the quantifi
able factors as well asto the unquantifiable enes and, of course, the more one 
is able to quantify the elements of a problem the more reliable the decisions 

'becoriíe. Afteral~Th-e-objecfivéof'añecoñomy· study is fo-es-tahfisha raiíOnal 
base for selecting between alternatives, and any information which tends to 
~a_ri~~~_he c~_oic_~s -~~f _E~!_~mount ~l!l~~rt~nce to the goal of such a stu_~y. . ----- - ---

2.6 THE QUESTION OF INCOME TAXES 

The study of taxation is a field all to ilsélfllnd no áttempt will be made here 
to become involved in such a complex subject. Before-tax computations wiD 
be the general method u sed for the purposes of this book. However, the ana
Jyst must be totally aware of the tax implications of each alternativc undcr 
consideration; he should seek expert advice on these and other matters "hich 
could be ofvital importance to bis projects. 

2.7 METHODS. OF ANALYSIS 

-Four methods of anafysis óf cash flow·situations will be discussed iri detáil: 

J. Present worth computationL 
2. Equivalent uniform annual cash ftow. 
3. True rate of retum computationL 
4. Benefit-cost ratio. 

AIJ ofthese methods serve to reduce money figures through tim..: toa common 
base for comparison purposes. However, befare they can be studied, the 
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rcadcr must be totally familiar with the basic interest formulas and their use 
in specific situations. 

2.8 INTEREST SYMBOLS ANO FORMULAS 

2.8.1 Symbols 

Five parameters appear in interest formulas and computations. They are: · 

l. i- the interest rate per period. 
2. n - the number of interest periods. 
3. P - a present su m of money. 
4. F- afuture sum of money. 
S. A - an annual payment (or a payment per period). 

These symbols are mnemonic-that is, they serve as memory aids-and for 
- - fhis feason· ha ve be-en-·aaóptedTor interesfcómputation~ 

As will be seen later, in interest problems four of the .fi1·e parameters 
____ j, _n_,_f, F, and A are always present and three of the four must be known 

(given as data); tne-ooje-cronneprobfém ís-ú)com-pute thé missiilg-ro·urtn -
parameter. 

An important comment must be made here; interest tables are éonven
tionally based u pon payments made at the end of each paymeht period and 
not at the beginning or anywhere in between. This characteristic of the for· 
mulas will be clearly understood when they are derived. 

2.8.2 Formulas 

There are six basic interest formulas belonging to two separate categories: 

--- r-Siñgle Payment Formulas 

11._ l.J.11if.R!m _Series of Payments 
,---~-formulas--- -- -

2.8.2.1 Single Payment Formulas (1) 

{
l. Compound Amount Factor., __ 
2. Present Worth Factor. · 

{

3. Sinking Fund Factor. 
4._ CoJJ1pP_U!19_brnount Factor. 
S. Capital Recovery Factor:-
6. Present Worth Factor. 

As the name implies, a single disbursement and receipt, through time. m 
involved in each of these formulas. 

The cash flow diag~am for the two formulas is given in Figure 2.2. 

l. Cr 'ound amountfactor. What future sum ofmoney Fcan be obtained 
from im~_.mg P dollars toda y (at the end ofyear zero), at i% annual interest, 
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FIGURE 2.2. Cash Flow Diagram for Single Payment Formulas. 

F 

o 2 
n 

p .... 
for n years? Note that the four elements in volved are: P, i, n, and f. Three 
are known: P, i, and n. The unknown F is computed thus, 

F= (F-+P, i%,n)P. (2.1) 

Equation (2.1) is meant to be read: F equals the compound amount factor 
(F-+ P, i%, n), multiplied by P. Note that the symbol for the compound 
amount factor is functional in that it shows F is to be computed given tbat 
-+-P1 i-%,-and ri_are_ known •. NumericaLvalues _of_the_compolJJ:tcl ~mº~nj __ 
factor are supplied in the tables of Appendix A. These values are tabulated 
under column one, headed (F- P) for interests i% varying from 1 %toSO%. 

-and-for-number- of ipteresL peciods,_n,__.vacyjng from -1--to-50 in most cases._ 
The algebraic formula for the compound amount factor is computed as fol
lows: If P dollars are invested at interest i, the interest for the first year is iP 
and the total amount at the end of the first year is 

P + iP = P(l + t). (2.2} 

The second year the interest on this amount P(l + i) is iP(l + i) and the 
total amount accumulated at the end of the second year is 

P{l + i) + iP(I + 1) = P{l + i)(l + 1) 

= P{l + t)'. 

SimilarJy, at the end of the third year the amount is P{l + t)'; at the end of 
- n years itis·P(t-·4--í)". ConsequentJy. ---· ----- . --

(F-+ P, i% n) . (1 + Íj'. (2.4) 
Example 1: 

Mr. Jones deposits $3,000 in a savings account which pays 4% annual 
interest. How much money would he have accumulated at the end ofS 
years? 

Sototion: 

P = $3,000; i% = 4 %; n = S; F = 7 

>-> F = (F-+ P, 4% 5)3,000. 

From Table A-9. 
(F-+ P, 4%, S) = 1.2167. 
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Therefore, 

F = 1.216 7 X 3,000 = $3,650. 

NorE: For most computations, slide rule approximation provides suffi· 
cient accuracy in comparing alternative planning investments. 

2. Prese11t worth factor. The present worth factor is the r~ciprocal of the 
compound amount factor. How much money, P, should be invested today (at 
the end ofyear zero), at i% annual interest, for n years to accumulate a future 
su m of money F? 

The functional relationship for present worth is 

P = (P- F, i%, n)F. (2.5) 

The algebraic equivalente of the functional formula for present worth is 
easily computed from the compound amount relationship. _, 

From equations (2.1) and (2.4). : : 

Thererore. :__~ (t + ~\~-- (2.6) 

p = [(1 ! i)-]F. (2.1) 
. -

Numerical values for single payment present worth factors are given in 
column two of each table in Appendix A. 

Example 1: 

Mr. Smith determines that he will need $4,000, 10 years from today, to 
help defray the cost of his eldest son's college education. How mucb 
money should he deposit now in a savings account paying S% annual 
interest to accumulate the needed funds in JO years? 

So1utloa: · .. 

F = $4,000; i% = S%; n = 10; P == 1 
P = (P- F, S%,10)4000.' 

From Table A-1 1. 

(P- F;-5%, 10) = 0.6139. 

Thercfore, 

P = 0.6139 X 4,000 = $2,456. 

2.8.2.2 Uniform Series of Payments Formulas (11) 

These formulas in vol ve series of equal payments. 

.. 

3. Sinkingfundfactor. How much money A should be invested at the end 
of each year, at i% for n ycars, to accumulate a stipulated future sum of 
money F? The cash flow diagram for this situation is given in Figure 2.3. 

1 

t 

j 

1 
1 
1 

J 
• 
' 
1 
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FIGURE 2.3. éash Flow for a Sinking Furid~ 

F 

0

t---t-

1 

l -+-l -+--+-f l-+--l -+---ll 1· 
A A A A A A A 

The functional relationship is 

A =(A,;;-+ F, i%, n)F. • (2.8) . 

The numerical values of the ~inking fund factor (A --+ F, i%, n)" a~e givea 
in column three of the tables in Appendix A. The algebraic formula fot tbe 
sinking fund factor is obtained as follows: 

If A is invested at the end of each year for n years. the total amount F 
accumulated at the -end of n years will obviously equal the su m of the com
pound amounts of the individual investments. The amount A invested at the 
end-of_the first year __ wiiLearn interest focn - l ~ears; therefore, its com
pound amount will be A{l + i)"- 1 • The second year's i~~e-stmeñt-will a~outtt
to A(l + l)n- 2 at the end of the n - 2 years left. The third year•s investment 
will be-A(I + ;)"_-, __ and.MLQ__n, !lnW the last year (the _end _Qf year_nl_in which 
the investment earns no interest and, consequently, amounts to only A~--- -----
The total amount F is, therefore, · 

F= A(1 + i)•-• + A(l + i')"- 2 + A(I + 'J:i{,.+ ···.+A. (2.9) 
This can be rewritten. V -· . 
F = A[l + (1 + l) + (1 + í)2 + . · · + {1 + ;')"-" + (1 + ,j"-•]. {2.10) 

Multiplying both sides by (1 + 1"), obtaia 
') 

F(1 + i) = A[(1 + •1 + (1 + •1" + (1 + i)' + · · · + {1 + 1)"-1 

+ (1 + i)1. (2.11) 
_Su_Qtr~~t equation (2__: lO) from equation (2.11), thus 

iF = A[(l + 1j"- 1). 

Consequently. .. . 

(2.12) 

Thercf'ore, 

(A-- F, i%. n) = (l + Q. -l" (2.Jl) 

Example 3: --Suppose that Mr. Sinith in ~Example 2 cannot afford to deposit $2,4~ 
toda y at S% to accumulate $4,000 at the end of JO years. Instead, he wist~ 
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to determine how much money he should deposit al the end of each year 
fur 10 years to generate the same $4,000 savings. 

Solutioo: 

F= $4,000; i% =S%, n = 10; A= 1 

A = (A - F, 5 %, 1 0)4,000. 

From Table A-11, 

(A - F, 5 %, 1 O) = 0.07950. 

Therefore. 

A = 0.07950 x 4,000 = $318 per yea.r. 

4. Compound amount factor. If A dollars are invested at i% for n yean, 
how much money F will be accumulated during that period 7 

F = (F-A, i%, n)A. (2.14) 

Tbe algebraic value of the compound amount factor for a uniform series of 
- -- paSments is obtained ·directiy-from equation-(2.12).- ·· . -··-- --· ·---

Sin ce 

theo 

.. 
aod, therefore., 

(F- A, i%. n) = (1 + r -1• (2.15) 

The compound amount factor for a uniform series of payments is the recip
roca! ofthe sinking fund factor. lts numerica1 values are tabulated in column 
1he of the tables in Appendix A. 

Exampte 4: 

What sum of money will be generated by $1,000 invested at the end or 
each year for 8 years in an investment yielding 6% return 7 

~ ,_{'). 

Sotutioo: . 
- ,·• 

A= $1,000; i% = 6%; n = 8; F= 'l 
F =(F-A, 6%, 8)1,000. 

From Tab1e A-Bv 

(F-A, 6%, 8) = 9.897. 

Tberefore, 

F = 9.897 X 1,000 = $9.897. 
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5. Capital reco1·ery factor. 1f P dollars are invcsted today at i%, }¡~W 
many dollars, A, can be sccurcd at the end of each year for n years such dlllt 
thc initial investment, P, is depleted? The cash flow diagram for this plan is 
given in Figure 2.4. -

FIGURE 2.4. Cash Flow for.Cap.ital Recovery. 

A A A A A A A 

t t t t ·t t t !01 2 n • 

p 

Note that capital recovery, as its. na me implie'!i, refers to the n'umbcr of 
future equal end-of-the-year payments, A, needed to recover an initial inv~
ment, P, in n years at i%. The functional relationship is, 

-- ... ---.. . ---- ·-· -_- -··A =-(-A~ P;i%;-n)P.- .... -· 

The algebraic formula for the capital recovery fáctor (A - P, i%, n) can be 
____ cºmp~t~d_frPJ!l Jb_~ ~jn_ki_ngfund r_elati_~n~hie,_~~l.lati~n (2:8), ~s follo~: 

A = (A - F, i%, n)F. (216) 

To reduce F to P, use the compound amount re1ation, equation (2.1), and 
~~jbstitute- it in the expression given above to obtaio 

~ "'- .. A = (A - F, i%, n)(F- P, i%, n)P. (2.17) 

Consequently, from equations (2.16) and (2.17). 

(A - P, i%, n) = (A ~ F, i%, n)(F- P, i%, n). (2.18) 

The algebraic equivalenc~ is derived from equations (2.4) and (2.13) 

(A~ p: ;~, n) = [(l + ·:f- 1](1 + ~)". 
or 

(A D .% > ;ci + .-r 
. .... _--. ~. 1 o• n ~ (1 +if -!" (2.19) 

This equation can also be ~xpressed as 

(A _ p i% n) = i + i(l + tr - 1 
' o• ( 1 + i)" - l 11 

_ 111 + (1 + 1""1' - IJ 
- (1 + if -1 • 

(A - P, i%, n) = (l + :r _ l + L (2,20) 
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E:\prcssion (2.20) shows that the capital rccovery factor equals the sinkin¡ 
fund factor, equation (2.13) plus the interest rate. Thus, 

(A -- P, i%, n) = (A -+ F, i%. n) + L (2.21) 

NumcriC3l \alucs of the capital recovery factor are given in column four oC 
the tables in Appendix-A. 

E>.ample S: 

What sholJ)d be the annual return from an investment of $10,000 at 4.S% 
for 15 years? 

Solution: 

P = $10,000; i% = 4.5%; n = 15; A. = 1 
A - (A-- P, 4.5%, 15)10,000. 

From Table A-10, 

(A -- P, 4.5 %, 1 S) = 0.09311. 
Theref'ore,-- --------- -----:- --- - ----- -_ 

A = 0.09311 x 10,000 = $931 per year. 

6. Present worth fa~IOL. _Hq_w ¡n_u~Junoru:y1 shouJd_b_~ inv~sted today at 
i% to recover A dollars at the end of each year for n years? ---------~ 

P = (P - A, i%. n)A. (2.22) 

The present worth factor (P - A, i%, n) is the recJjoca1 o( the capital 
recovery factor. Therefore, its algebraic formula is ~ ,. ... 

(p A . % } (1 + i)- - 1 - (2.23) 
. - , z o• n = i(l + {'f • 

Equation (2.23) is the reciprocal of equation (2.19). Numerical yalues oC 
(P- A, i%, n) are given in column six of the tables in Appendix A. 

Example 6: 

Wh-at' amount P should be invested at 8% to generate-a return of $1,000 
at the end of each year for the next 12 ycarst 

So1ution: .• 
-----· -

A= $1,000; i% = 8%; n = J2;P=! 

P = (P- A, 8%. 12)1.000. 

from Table A-JS. 

(P-+A,8%.12)=7.536. 

Therefore, 

P = 7.536 X 1,000 = $7,536. 

r 
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2.8.3 Summary of lnterest Factor!.'! 

l. Single Payment Compound Am_O!Jnt Factor 

(F-P, i%, n) = (1 +•}'. 
2. Single Paymcnt Present Worth-Factor 

(P- F, i%, n) = (1 ! rt• 
. 3. Series of Payments Sinking Fund Factor 

(A -F,i%,n) = 1 • 
(1 + z)"- 1 

4. Series of Payments Compound Amount Factor 
• 

(F- A i% n) - (1 + ¡')- - 1 tOt-
1 

• 

s-~--Series of Payments--tapital-Recovery-Factor 

CA - P, i%, n) ~ i(l ¿- i)- = ~ + ;. 
,oo-- --o, ""' n JL±_ll_=__!- 9 + i)- ~ ~ ' • 

6. Series of Payments Present Wortb Factor 

2.8.4 Relationship Between lnterest Factora 

J. (F-+P, i%, n) = (P ~ ~% f 
- •'Otn ·-

2. (A - F, i%, n) = (F 1 -.• 
_ _ _ . ____ _ -+ A, 1%. n) .. 

3. (A - P, i%, n) = (P ! '% f · 
- •'Otn-

4. (A -+P.- i%, n) = (A -F. i%,--n) + l. 
-2.8.5 Other lnterest Formulaa 

(2.24) 

,.. 

(2.25) 

• 
(2.26) 

(2.27) 

(2.28) 

(2.29) 

(2.30) 

(2.31) 

_(2.32) 

(2.-33) 

~Jthough other interest formulas can be just as easily derived, they are not aa 
Jm~ortant ?s the six basic formulas already given. Formulas for gradient 
senes, contmuous compounding, and so on, as well as numericaJ tablcs for 
many of them, can be found in the references. 
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2.9 NOMINAL ANO EFFECTIVE RATES OF INTEREST 

Suppose that interest is compounded more frequently than on-ce per-year. 
~hny l;lanks, for instance, compound interest quarterly or even more fre
qucntly O!l their savings accounts. The more frequcnt the compounding. ~he 
higher the yield of a specificd interest rate. . 

Let interest be compounded m times per year at a rate i/m per compound-
ing period. · 

The nominal rate per year is 
' 

m(~)= l. (2.34) 

The effective rate per year is 

(2.35) 

r 

' 

l 
' 

' ~ . 

1 -
Formula (2.35) simply states that the effective interest per unit (doJiar) is the 
compound amount-at the end of m periods per year, minus-the-initiaHnvest .. - ·_ f. -
ment of one unit (dallar). 

Fcr example, a 'nominal rate i = 0.12 (12% annual interest) has the follow
ing effective rates:------ - - -

l. Compounded annuaJJy, 

Effective Rate = 0.12 

2. Compounded semiannually, 

Effective Rate = (1 + 0~2Y- 1 • 0.1~6 
3. Compounded monthly, 

Effective Rate = (1 + 0¡~2)11

- 1 = 0.1268 

2.10 PROCEDURE FOR FINDING AN UNKNOWN RATE OF INTEREST 

Beca use interest formulas are-nonlinear, the most efficient method fodinding 
an unknown rate ofinterest is by tria! and error, using the tables of Appendix 
A and linearly interpolating between values. The interpolation produces aa 
error which is negligible for most applications. 

Example 7: 

A company invested $10,000 in a piece of property 15 years ago. Today 
the company sold the property for $22,000. What is the return on the 
SJO,OOO investment? 

1 

r 
1 
1 

' ' 

. 
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Solution: 

P = $10,000; F= $22,000; n = 15; i% = 7 

By interpolation: . 

F = (F--+ P, i%, IS)P, 

or, 

22,000 = (F--+ P, i%, 15)10,000. 

ConsequentJy, 

(F ~ P, i%, J S) = ¡~:~ = 2.2000. 

Looking through the tables one finds: 

(F-+P, S%, 15) = 2.0789, from Table A.II. 

(F- P, S.S %. 1 S) ~ 2.2325, from Table A.12. 

9:>n_s~que_n~l!'•_ ~_Y i_~te_r!'~l~t~()-~--- --~- __ 

Exact Solution: 

Therefoie, 

.% - S%+ (2.2000- 2.0789)o S% 
l o o 2.2325 - 2.0789 . Ot 

i% == S%+-~395%-=-5:39% return.· 

(F- P, i%, 1 S) =- (1 + l) 1 ' = 2.2000. 
~,. . 

J + ; = l..vl.I, 

i= 1-Vfi-1. 
Using logarithms, find 

i% = 5.397%

The error is, in fact. negtigibJe. -

2.11 ADDll'IONAL -E:ltAMPLES OF APPLICATION 

• 

Jt is well to repeat here three important observations made previously: 

1. Jn each problem four of the five elements P, F, A, i, and n appear. 
Three of the four must be known (must be given as data). 

2. Interest formulas and their associated tables are based upon pay
ments made at the end of each payment period.. 

3. Slide rule accuracy is sufficient he re for most applications - "interest. 
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E~:unple 8: 

lf $4,000 is in\'cstcd now, $5,000 two years hence, and $10,000 four years 
hence, all at S/~ intcrcst, what will be the total accumulated amount 12 
years from today? 

Solution: 

The cash flow diagram for this problem is 

F' 

' t,. o 2 3 4 5 6 7 8 9 10 11 

¡ 1 
1 

1 
1 1 1 ¡ 1 1 1 

$4,000 
$5,000 

$10,000 

- --------- --

To compute F, note that the coinpounaamounrfaclorrnust-be applied to 
the different deposits for different numbers of years. Thus, 

----- ------- ---F-= lf- P, 5 %, 12)4;000 + (F-P, 5.%.__1º)~0@ _ 

+ (F- P, S%, 8)10,000. 

From Table A-11. ,, 

F = 1.7959 X 4,000 + 1.6289 X 5,000 + ~:¡~.X 1Ó,000, 
-F = $30,100. 

Example 9: 

What is the compound amount of $6,000 for 7 years with interest at 8% 
compounded quarterly'l ,. 

F 

o , 2 3 4 5 6 :7 

$6,000 

Soluttoa: 

Because the interest is compounded quarterly (four times per year), the 
effective interest for a nominal 8 ~~ per year is equivalent to 2% per period 
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(quartcr) for 28 periods (7 years). Therefore, 

p = $6,000; {% = 2%; n = 2S;·F= '1 

F = (F-: P, l-}é;, 28)6,000 = 1.7410 X 6,000 = $10,446. 

Example 10: 

Compute the present WOft-h of $2,000 at the end of each 6-year period for 
the next 18 years if interest is at 6%-

Solutioa: 

$2,000 $2,000 $2.ooo-

o 
' 11 t, t 11 llt 

• 

¡ 1 1 

p ' g 

6 18 12 

p = 2_,000[(P- F, 6%. 6) + (P- F, 6%. 12) + (P- F, 6%, 18)] 
- --- -- ------- ---- -- - - --~---

= 2,000[0.7050\+ 0.4970 + 0.3503) = $3,100. 

_ ___ Example 11: __________ _ 

How long will it take.for mo~-ey to doubl_e_ft¿eif-with-intei:est at 6Yo? 

Solutioo: 
F=2.P 

o 
n 

" 
p 

· · Fiom the 6% interest-table, find that for n = 11,. 

(F- P, 6% 11) = 1.8983. 

(F- P, 6%, 12) = 2.0122. 

Therefore, it takes, approximately, 

(
2.0000 - 1.8983) 

n::::: 11 + 2.0122- 1.8983 1 = 11·89 yeara 

for money to double itself at 6% intt..est. 
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Example 12: 

How much must be paid each year during 10 years to repay a loan of 
S 15,000 if intcrest is 8%? 

Solutión: · 

P= $15,000;i%=8%;n= 10;A=? 

A= (A ----+P, 8%, 10) 15,000 

= 0.14903 x 15,000 = $2,240 per year. 

Example 13: 

How much wou1d still be owed after the sixth payment has been made on 
the loan of Examp1e 12? 

15,000 

lo -,- 2 3 • 

l ¡ l ¡ 
~=7 

li ¡ llr-
-$2~240-

Solution: 

- · -- - $2.2~(L 

Immediately after the sixth payment has been made, there are still four 
_,... more ·payments to make. The question cou1d beJephrased: What is the 

present worth (at the end of year 6), P 6 , of four annual payments of $2,240 
at 8% interest? 

P, = (P----+ A, 8%, 4)2,240 

= 3.312 X 2240 = $7,400. 

This shows that during the first six years on1y $7,600 was amortized. The 
rest of the.money went to pay the interest. _ 

Example 14: 

_ An iny_estment of $100,000 produces a return of $14,000 per year for 1-6 
years: ,What is -this investment's approximate rate of retum? · 

Solurion: 

P = $100,000; A = $14,000; n = 16; i% = '1 

100,000 = (P-- A, i%, 16)14,000. 

Therefore, 

(P-- A, i%, 16) = \~0= = 7.14. 
• 
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Sean the tables in Appendix A for a series of paymcnts prcsent worth 
factor of 7.14 in 16 years. 

For i = 10% (P-- A, 10%, 16) = 7.824. 

For i = 12% (P----.. A, 12%, 16) = 6.974. 

By interpolation, 

,.% ~ 10~ + G::~ = ¿:~j)2% = 11.6% 

2.12 PRESENT WORTH COMPUTATIONS 

Proposed investments are feasible only if they can be recovered with interesL 
The interest rate should be at least as Jarge as that which is attractive to the 
investor under the particular set of circumstances. In what follows this 
interest will be called the attractive rate of retum. 
-----The -first methgd-to.-be--discussed for comparing __ ~jt_e~native investment 
situations consists of reducing series of estimated money r~c~ipíS-an-d dis~ -
bursements to their present worth as of the zero date of the series being 

·compa·red:- --- -------------- __ _ ----- ______ _ 
Because first costs are already at zero date, no interest factors need. be 

applied to them. In a cost situation, present worth of salvage values must be 
subtracted to obtain the present worth of the net disbursements. Present 
worth computations also- serve to place a value on prospective net money 
receipts and, as will be shown later, are used to compute true rates ofreturn. 

In ~ccounting circles, reduction to present worth is called discounting. 

Examp1e 15: 

An architect is faced with the following altematives for providing on-site 
power generation toa hospital: 

Alternative A - _ 
l. Purchase equipment to supply an expanded 500-bed hospital facitity 

at a cost of $250,000. 
-1.- The expected life ofthe equ_ipment is 25 years with zero salvage value. 
3. Maintenance and operating costs are estimated at $30,000 per year. 

Alternatil•e B 
l. Purdíase equipment package No. 1 today at. a cost of $150,000 to 

supply the needs of a 250-bed facility. · 
2. Ten years hence, buy equipment package No. 2 at an estimated cost 

of $200,000 to supp11' the hospital facility expanded to 500 beds. 
3. The expected life of each equipment package is 25 years. However, 

equipment 15 years old can be sold atan estimated price of $50,000 . 
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4. Maintenance and opcrating costs are estimated at $18,000 per year 
-for cach cquipment package. 

The architect wishcs to select the least costly alternative assuming a míni
mum attractive rate of return of 8% per annum. 

Solution: 

The cash fiow diagrams for each alternative are given below: 

o 1 2 25 

j(ili _______________ f[} 
. , $30,000 per year 

$250,000 ' 

ALTERNATIVE A 

$50,000 

$36,000 per year 
$150,000 $200,000 

ALTERNATIVE B 

The computations of present worth (P.W.) are carried out as follows: 

Alternativa A 

lnitiallnvestment = $250.000 
P.W. of Annual Disb., years 1 to 25 

= 30,000(P- A. 8%. 25) = 30.000(10.675) = $320.000 
Total P.W. = $570,000 

Alternativa B 

lnitiallnvestment = $150.000 
P.W. of Annual Disb. of $18,000, years 1 to-10 

= 18.000(P- A. 8%,10) = 18,000(6.710) = $121.000 
P. W. of $200,000, 1 O years hence 

= 200.000(P - F. 8%. 1 0) = 200,000(0.4632) = J 92.600 
P.W. of Annual Disb. of S36.000, years 11 to 25 

= 36.000(P- A. 8%, 15)(P- F. 8", 10) 
= 36.000(8.559)(0.4632) = $143.000 

Total P.W. = $506,600 

Less P.W.of salvage value ,' 
= 50,000(P- F. 8%. 25) = 50.000(0.1460) .. $ 7.300 

P.W. of Net Disbursement& = $499,300 
Consequently, Alternauve B is more economice!. 

CHAP. 2 1 ECONOMIC CONSIDE :>NS 31 

Commcnt on Example 15: 

l. It was previously stated that in computing prcsent worth it is neces
sary to establish the attractivc ratc ofreturn. This is the rate at which 
money could be profitably invcsted in an alternate vcnture. Nato
rally, this rate should not be Jess than the cost of borrowed money 
and, in general, should be higher. 

2. Under Plan B, the reduction to present worth of the $36,000 annual 
disbursement from years 11 to 25 was accomplished as follows: 
a. First, the series was reduced to P.W. at year 10 

r 
= 36,000(P ---+- A, 8 %. 1 S) = Pw . 

b. Then this sum of money at year 10 was reduced to present 
worth at year zero 

= P10(P---+- F, 8%. 10) = $143,000. 

c. The calculation was performed in one operation, thus 

36,000(P_-A, 8%, 1$)(P---+-F, 8% JO) 

== 36;000(8:559)(6.4632) -= $t43;000. 

2.12.1 Alternatives with ~erpetual Uves 

There are cases wheñ a present worth study must be done for an alternative 
with a long service life (50 years or more) or for one with a perpetua! period 
of service. Economy studies are, in general, not sensitive to cash ftow in the 
distant future, unless the interest rate is very low. For example, the present 
worth of one do llar 50 years hence at 4% interest is only fourteen cents. At 
8% interest, it is only two cents. Present worth computed for a perpetua!_ 
period is called capitalized costs. Capitalized costs are simply annual costs 
divided by the interest rate. 

Example 16: 

What is the present worth of an annual receipt of $450, forever, if the 
- attractive rate of return is 8%? 

Solutioa: 

Th-e-question can be rephrased aS-follows: How much money-P should be 
invested at 8% to yield annual receipts of $450 without ever touching the 
principal (that is, forever)? 
The solution is obvious. 

0.08P = 450. 

That is, 8% of P m'ust equal $450 each year. Thus, 

450 
p = 0.08 = $5,620. 

Jf $5,620 is deposited in a sav¡ngs Jccount p3ying 8% annual interest, 



32 CHAP. 2 1 ECONOMIC CONSIOERATIONS 

S-t50 can be withdrawn every year, forever, without depleting the original 
amount. Consequently, the present worth of $450 annually, in perpetuity, 
is $5,620 at 8 %. 
Eump~e 17: - ... __ 

De.te~¡;¡·~e the·difference in present worth of the following two plans. 

1 n1t1al Cost 
Annual Cost 
Serv1ce üfe 
lnterest Rata 

Plan e 

Plan D 

= $50,000 
= $ 2,000 
= 25 years 
= 0.08 

Assume that Plan C will continua in perpetuity-that is, every 25 
years there w1ll be an mvestment of $50.000 and the annual costs 
will remam at $2,000, forever. 

- sotútion:- -----

Plan e 
' 

., 

- ------ _,_--..: __ -- ---
lnitial Cost 

P.W. of Annual Oisb., years 1 to 25 
= 2,000(P-+ A. 8%. 25) = 2.000(10.675) 

Total P.W. 

Plan D 

lnitial Cost 
P.W. of Annual Disb., forever 

= 2,000 + 0.08 
P.W. of 50,000 every 25 years, forever 

= 50.000(A -+ F, 8%. 25) + 0.08 
= 50,000(0.01368) + 0.08 

Total P.W. 

Comment on Example 11: • 

= $50,000 

= $21.400 
= $71,400 

= $50,000 

""$25,000 

.. $ 8.550 ---$83,550 

l. _Th~, present worth _of $50,000 every. 25 years, fore_ver,_ is COJ!Ipm_e4 

as' follows 
a. 

o 25 50 75 
1 

l l l 
$50,000 $50.000 $50,000 

r· ·t, reduce the $50,000 toan equivalent annual cost by multiplying 

., 
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it by the sinking fund factor for each 25-year period, 

A = $50,000 (A _._ F, 8 %, 25). . -- - -

b. 
o 25 50 75 ... 

Ll-~fll_lfl_fllllJ 
A 

Now that the equivalen! annual cost to a $50,000 disbursement 
every 25 years has been computed, di\ id e that annual cost by the 
interest rate, as in Example 16, to obtain 

P.W. $50,000 (A---+ F, 8%, 25)-:- 0.08 = $8,550 

2. Plan D is, in fact, a perpetually cycling Plan C. The difference in pres
ent worth between the two plans is $12,150-an increase of only 
17% between 25 years of Ji fe and perpetua) service. 

2.12.2 Alternatives with Different Uves 

/ 

Jn order to .. provide. a,n_u~J:>ias_~~~orñ¡>_~ris~>n _betv._._een .alternatives with di[er- _ 
ent lives, it is necessary to transform them, somehow, into alternatiYe plans 
supplying the needed service for the sorne number of years. 

Because distant disbursements and receipts have little effect upon present 
worth computations at normal interest charges ( 4% or higher)~ a convenient 
simple assumption to make is that replacement assets will repeat the costs 
forecasted for the initial assets. 

Example 18: 

Compare the following plans at 6% interest. 

Solutioa: 

Plan E· 

lnitial Equipmen~_Cost 
Annual Cost of Oper. l!t Maint. 
Seniice Life 
S~lvage Value 

Plan F 

lnitial Equipment Cost 
Annual Cost of Oper. l!t Maint. 
Service Ufe 
Salvage Value 

.. $50.000 

.. 8 3,000 
= 25 yeans 
""$10.000 

.. $75.000 

.. $ 2.500 
=so yeans 
.. o 

The first step is to make the service life of Plan E 50 years by assuming 
that the costs will be repeated during the second 25-yea[ ¡le. Thus the 
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cash flow diagram for Plan E becomes 

$10,000 $10,000 

$3,000 per year $3,000 per yeor 

$50,009 $50,000 

Plan E 

lnitial Cost 
P.W. of Annual Disb. years 1 to 60 

= 3.000(P--+ A. 6%, 50) = 3,000(15.762) 
P.W. of Net Cost 25 years henca 

= (50,000- 10,000)(P--+ F. 6%. 25) 
= 40,000(0.233) 

= $50,000 

= $47.300 

"'$ 9,300 
Total P.W. = $106,600 

- - --- -teu P:W: ot-Salvage Vlllue 50 yeanrhenc:e 
~ 10,000(P--+ F. 6%, 50) = 10,000(0.0543) = $ 540 

P.W. of Net Disbursements = $106,060 

Plan F 

lnitial Cost 
P.W. of Annual Disb., years 1 to 50 

= 2,500(P--+ A. 6%, 50) = 2,500(15.762) 
Total P.W. 

$ 75.000 

= $ 39.400 
= $114.400 

On the surface, Plan E is more economical; howe,·er, there are additional 
considerations: 

l. The cost of the equipment 25 years hence for Pla11 E may be much 
higher than the $50,000 assumed. 

2. On the other hand,. technological breakthroughs may make thc 
____ present equipm~nt less desirable or obsolete and, consequentJy, the 

shorter Jife of Plan E may turn out to be a blessing in disguise. 

Considerations such as these fall in the realm of unquantifiable factors. 
The function of management is to make the right decision after having
looked into the hard figures as well as the imponderables. Long-range 
planning results in economical decisions when the forecasts for company 
growth and other factors are essentially correct. Being a good manager 
(decision maker) is a very difficult, demanding task. 

2.12.3 A Warning About Present Worth Computations 

Although municipal cngineers and other professionals involved in pubJic 
works projects have used capitalized costs for many )ears (long-lived struc-
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tures), a common error in present worth computations is that of assuming 
a perpetual life whcn the situation is 'otherwise. Also, intcrest rates uscd in 
prcscnt worth computations are frequently too low .and do not reflect thc 
true cost of money. 

2.12.4 Éstablishing Bond Valuation"S·-

Suppose that a 4%, $15,000 government bond is due after 20 years. Jñe bond 
ca lis for a semiannual payment of $300 and of $15,000 at the end of the 2~ 
year period. Jf the bond is to be valued to yield a nominal 6% comP,ounded 
semiannua/ly, what should its purchase price be? The value of the bond is 
the present worth of the interest payments of $300 every six months plus the 
principal payment of $15,000, 20 years from toda y, at 3% interest per six
month period (6% annual interest). 

P.W. of semiannual payments, periods 1 to 40 
= 300(P--+ A. 3%, 40) = 300(23.115) = $ 6,934.50 

- P.w.-of priric1pal payment ------ --·! 
= 15,000(P--+ F. 3%, 40) = 15,000(0.3066) = & 4,599.00 

Value of bond to y1eld a nom1nal = $11,533.60 
6% compo\lm:fed !~!llll!n~_u_ally. 

The effect of bond ownership on the payment of income taxes should be 
carefully studied. Publjshed tables of bond values give the relationship 
between price and yield for bonds with several coupon rates and years to 
maturity. 

2.13 EOUIVALENT UNIFORM ANNUAL CASH FLOW 

The second procedure to be discussed for comparing cash flow through time 
is the so-called~ql,!ivaleni uniform annual cash flow method. Nonu_niform 
series of money receipts and disbÜrsements are transformed into equivalent 
uniform series by applying the proper compound interest factors. . 

Once the present wor~h of an i_nvestment plan has b~en _q:>mpu~ed, i1s 
equivalent annual cash flow value can be obtained immediately by multipJy
ing the present worth by the capital recovery factor. By the same token, 
equivalent uniform annual cash flow can be converted to present worth by 
multiplying the present worth by the capital recovery factor. Whichever alter
native is favored by one of the methods must also be favored by the other, 
and in the same proportion. 

Example 19: ----
What are the equivalent uniform annual cash flows of the plans given in 
Example 18? 
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Solution: 

The equivalent uniform ann!!ªJ costs can be comput(!d from the present 

worths. 

i = 0.06, n ::. 50 years 
P.W. of Plan E 

Plan E 

Equivalent Uniform Annual Cost 
= 1 06,060(A -+ P, 6%, 50) 
= 106,060(0.06344) 

i = O 06, n = 50 years 
P.W. of Plan F 

Plan F 

Equivalent Un1form Annual Cost 
= 114,400(A -+ P. 6%, 50) 
= 114.400(0.06344) 

= $106,060. 

= $6,720 per year. 

= $114,400. \ 

= $7,250 par year. 

- ------- -- - -------

The equivalent uniform annual costs can also be computed directly from 
the data. The different service lives of Plan E (25 years) and Plan F (50 
years) no longer ha ve_ to __ ~_J!!_::t_d~ th~. sam~ when using the equivaleJ!t 
annual cash flow method. However, the assumption is implied that the 
annual cost of service for the shorter lived alternative will continue the 
same for the additional number of years of service provided by the longer 
lived alternative. 

Plon E 

EqUivalent Annual Cost of lnitial Cost 
= 50,000(A -+ P. 6%, 25) = 50,000(0.07823) = 83,900 

Annual Disbursements, years 1 to 25 = $3,000 
Less Equivalent Annual Cost of Salvage Value, 25 years henco 

= 1 O,OOO(A -+ F. 6%, 25) = 1 0,000(0 01823) "' $-180 · 
Equi ... alent Uniform Annua/ Cost = $6,720 

Plan F 

Equivalent Annual Cost of lnitial Cost 
= 75.000(A -+ P. 6%.-50) = 75.000(0.6344) 

Annual D1sbursements. years 1 to 50 
Equ¡ ... a/ent Uniform Annual Con 

Comment on Example 19: 

= $4,750 
= S2,500 

$7,250 

l. The equivalent uniform annual costs computed both ways are tbe 
same, as should be expected. 

2. Only capital costs rcquire conversion to uniform series by the appr0¡ 
priate compound interest factors. • 

3. Ir ·msforming the salvage value to equivalent uniform annual 
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receipts for Plan E, the sinking fund factor was used because the 
salvage value occurs in the f~rure. Severa! formulas for reducing 
salvage values can be derived; howeve~1_1~-~_method used in Example 
19 is adequate and is the one adopted for future computations. 

2~13.1_ Diff.erence in Annual Cost B~tween.!_~r:t!J life and Perpetua! Life 

As the number of years, n, increases, the capital recovery factor (A -+ P, 
i%, n) approaches the interest rate i. 

From Equation (2.20), 

(A ---+ P, i%, n) = (1 + :). _ l + i. 
Therefore, 

lim(A ---+ P, i%, n) = i (2.36) ·-
because the denominator of the fraction increases without bound, thus 

--- making the-f-raction-vaoish in theJimit. ------- -- --- . 
For example, 

(A---+ P,.6%, 100) = 0.06018:::::: 0.06 =l. 

This concludes the discussion ofthe- sec~;:;(J me-thc><r¡)iésénted r~;~~~paring 
alternative cash ftows. 

2.14 TRUE RATE OF RETURN COMPUTATIONS 

The true rate of return of an investment is the interest rate at which the 
present worth ofthe net cash ftow is zero. lt is determined by using trial-and
error computations. Straight line interpolation between tabulated rates of 
interest is considered to give enough accuracy for most applications of inter
est. 

Cash- ftow añalyse-s ofthe type being discussed in thís bóok make man- -
agement aware of the economic value of time; money toda y is more valuable 
than money in the distant future. lt also makes management cognizant ofthe 

-faét thit in búsiness sHu::ltions ca-sñ- ftow is--wha:t matters and that income 
taxes, their amount and timing, play an important role in business decisions 
for they have a very marked effect upon cash ftow. 

Example 20: 

A paree) of land was bought 20 years ago for $20,000 and sold today for 
$55,000. Through the years the average property tax paid annually 
amounts to $600. What is the true rate of return yielded by this invest
ment? 
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Solution: 

The cash ftow diagram is 

$55,000 

o 

$600 per yeor 

$20,000 

The true rate of return is determined by tria} and error, as follows: 

F or i = 0.03 (396 interest) · 

lnitiallnvestment 
P.W. of S600 Annual Disb., years 1 tq 20 
- = 600(P--·A.--3%;-20)- = 600(t4.1t77) 

P. W. ol Disbursemenn \ 
P.W. of $55.000 receipt 20 years hence 

_ _ = 55.000(P-. F. 3~._20) = 55,000(0.5537) 
P.W. of ReceipÍ• ------ --- ---

P.W. of Net Cash Flow = +30,400- 28.930 

= $-20.000 

.. $ '-11.930 -

.. $-28,930 

= &+30.400 
.. $+30.400 
.. $ +1.470 

Beca use the P.W. ofthe net cash flow turned out to be positive the interest 
rate must be higher. 

Try i = 0.035 (3.596 interut) 

lnitiallnvestment 
P.W. of $600 Annual Disb., years 1 to 20 

"' 600(P-. A. 3.596, 20) = 600(14.212) 
P. W. of Disbursement6 

P.W. of S55.000 receipt 20 years hence 

.. 8-20.000 

• $ -8.540 
.. $-28,540 

= 55.000(P -. F. 3.596, 20) = 55.000(0.5026) • $+27,600 
P. W. of Receipt6 

P.W. of Net Cash Flow = +27,600- 28,540 
.. $+27,600 
• $ t -940 

The P.W. ofthe net cash flow is now negative. This indicates that the true 
rate ofreturn is between 3% and 3.5%. From a linear interpolation (See 
Figure 2.5), find 

i% = 3% + C.4·}ü4:o940)o.s% = 3.3%-

Thus, the true rate or return from this Jand invcstment is a modest 3.3%. 
The linear interpolation is usual! y va lid to the nearest tenth of a percenL 
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FIGURE 2.5 Linear lnterpclation to Determine True Rete of Return. 

P.W 

í. True rote of reflltn 

Or-----~--~--~3~5%~----~i% 

• 
2.14.1 Equivalent Uniform Annual Cash Flow Method 

Equivalen! uniform annual cash flow can be used to compute the true rate of 
return. The definition which applies to this method is: True rate ofreturn is 
the interest rate at which the equivalent uniform annual net cash flow is zerc. 
Whiche,·er method is used, the results wiiJ be identical (except for round-off' 
error1 .. __ . .. _______________________________ _ 

The rate of return computation is given different na mes by different ana
Jysts: discounted cash flow method, investors method, interest rate or retum, 
P.!Qft~bj_!ity index, and.so_ on. AJI of them follo~ t_h~ s~_llle basic procedQre. 
However, the reader is warned to look out for many incorrect-sometimes 
deceivingly so-methods of computing so-caiJed rates of retum. 

2.14.2 Alternativas with Different llvee 

As in the case of present worth computations, the lives of the competing 
alternatives must be equalized, as explained previously, before computing 
their true rates of retum. 

Example21: 

Table 2-2 shows receipts and disbursements on income property from the 

- TABlE- 2.2. Cash Flow of lncome Property. · 

Yesr Disbursemenu Receipr. Ner C11sh Flow 

o .s-19.ooo 
--- --o· -- $-19.000 

t -2.000 • +2.500 +500 
2 -1.500 +2.500 +1.000 
3 -1.200 +2,800 +1.600 
4 -1.800 +2.800 +1.000 
1 -800 +3.000 +2.200 
1 -1.200 +3.000 +1,800 
7 -1.700 +3.200 +1.500 
8 -2.000 +27.000 +25.000 --- $+15,600 - -- --
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time it was boughtto its sale 8 ycars la ter. Compute the rate of return on 
the investmenl. 

Solution: 

Note that the su m of column four in Table 2.2 is $15,600. This is the pres· 
ent ,~.~~th of the net cash flow at 0% interest. Only .if this column- yields 
a posiii~e value has the investment been profitable. In fact, if the net cash 
flow column summed to zero the investment would have yielded a zero 
rate of return. To determine the true rate of return, set up the following 
table for the trial-and-error computations: 

Year Net Cash Flow (P -+F, 8%.n) P.W. at 8% (P-+F,10%,n) P.W. at 10'J6 

o $-19.000 1.0000 $-19.000 1.0000 $-19,000 
1 +500 0.9259 +460 0.9091 +450 
2 +1,000 0.8573 +860 0.8264 +830 

3 +1.600 0.7938 +1,270 0.7513 +1,200 
4- -- +1;060-- 0.7350-- -- ----- +740- 1--- ---0.6830-- - --+680- -
5 +2,200 0.6808 +1,500 0.6209 +1,370 
6 +1.800 0.6302 +1,130 0.5645 +1,020 
7 +1,500 0.5335 +880 0.5132 +170 --··a·- +25.000 0.5403 +í3.so-o ---

0.4665 +11,700 
$+15.600 S +1,340 $ -980 

_ Therefore, the rate ofreturn = 8% + {¡,
3
.:03..:-o

980
)2% = 9.1%. 

2.15 BENEFIT-COST RATIO 

The fourth and final method of alternative evaluation discussed in this book 
is the benefit-cost ratio. This approach was born out of the. Flood Control 
Act of 1936 which stipulates lhat "benefits to -whom-soever they m ay -a-ccnie .. 
should exceed "estimated costs." Identical conclusions concerning the worthi· 
ness of alternative investment plans are reached with the benefit-cost ratio as 
with present worth, equivalent unifo-fm-annual cash flow, or rate of retiiní- -
computations. 

2.15.1 Calculation of Benefit Costa 

Let B = Benefits, 
D = Disbenefits, 

and e= Costs. 
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Then the stipulation that B - (C.+ D) > O is also expressible B- D/C 
> 1. However, in the ratio computation it makes a great deal of difference 
whetheral1 item is classified as a disbenefit oras a cost. In the first case, the 
item is subtracted from the benefit figure on the numerator; in the second,iit 
is added to the cost figure in the denominator. This same consideration docs 
not affecCthe difference approach to benefit ·cost. The benefil~cost computa
tions yield the same results whether they are obtained from present worth 
or from equivalent uniform annual values. 

Example 22: 

Considera public works project with estimated benefits of $1,600,000 and 
costs of $650,000. In addition, assume that there exists an adverse item 
valued at $200,000. Then, 

B- (e+ D) = 1,600,000 - (650,000 + 200,000) 

= $750,000 

V!h~ther OLJlOLt!Je adv!!rs~ ÍJ~'!!. ~s co_nsi_dere~ a c9st or_ ~_d_isben~fi_t. _ _<?~ tbe 
other hand, for the ratio computation: 

• 
l~_Assu!!!_e_that_the $200,000_is_ a cost, then 

!!_ - 1,600,000 = ] 88 e - s5o,ooo · · 
2. If the $200,000 is assumed to be a disbenefit, obtain 

B- D _ 1,600,000 - 200,000 = 2.JS. 
e. - 650,000 

The project appears to have tlifferent merits according to which decision 
is made. The benefit-cost ratio can also lead to incorrect, even catastro
phic, conclusions when used improperly or in situations where it is nat 
relevant, such as in warfare, countless social problems, and many business 
situations. 

Example 23: 

A municipality is studying the y,t_o~t~ipess of co_nst~u~ting_ a large airport 
- facility. The estimated cost of all improvements is $35,000~000, to be 

financed with sales taxes and through landing fees and other income 
generated by the airport. The municipality plans to float a $35,000,000. 
5% bond issue payable, with interest, during the life of the facility. Benefits 
to the community are in the form of increased tourism, industrial expan
sion, business upturn, and other intangibles which have been estimated to 
generate an increase in income of approximately $4,000,000 per year, in . 
perpetuity. The decision makers decide to use the benefit-cost ratio, based 
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on present worth computations at S% interest, to evaluate the proposed 
plan. 

P.W. of Benefits, in perpetultf 
e 4,000,000 + 0.05 

P.W. of Costl 

Benefit·Cost Ratio .. 80·000.000 • 2.21 
35,000,000 

= $80,000,000 
- $35,000,000 

This ratio is excellent provided that the municipal government does not 
overextend itself to the detriment of other programs such as education, 
transportation, law enrorcement, sanitation, and other vital services. 

The references cited al the end of the chaptcr are excellent sources of ad
ditional information to the reader interested in pursuing further the topics 
discussed. 

'EXERCISEs-- - -- - ---- -:- - --~---

2-:J ~-'wY~_at is the e!J'~c_tiy_(:_@_!e_g_f a __ nomi_nal 8% annual interest paid 
a. semiannually? . . - - -- -- -----=- -- -
b. quarterly? · • 
c. monthly? 

2-2. If $2,500 is deposited in a savings account on December 3J, J971, 
how much money would have accumulated by December 31, 198S, 
if interest is 5% compounded semiannually? 

2-3. How much would ha ve to be invested at 8% today to recover 
$20,000 six years hence? 

2-4. What should the quarterly notes be on a loan of $8,000 to be repaid 
in 5 years ata nominal 8% annual interest? 

2-S. Mr. Smith wants to subscribe toa savings plan returning 6% annual 
interest. He wishes to prepare to meet the expenses of his son's 
college education for which he anticipates the-need of'$15,000 ten 
years from today. How much should Mr. Smith deposit every year ia 
the savings account? . 

2-6. How much money should a_wealthy industrialist do!late ~o set up_ia 
perpetuity a $30,000 per year university chair if the money can be 
safely invested al 4%7 

2-7. What is the maximum amount of money that can be withdrawn ia 
equal amounts at the end of 1985, '86, '87, and '88 from a savings 
account paying 6% interest if deposits of $1,500 each were made at 
the end of J 971, '72, and '73? . 

2-8. What is the present worth in 1971 of a uniform series of $2,000 
receipts from 1990 through '99 (JO years) if interest is 3.5%7 

2-9. How much should be invested today at JO% to withdraw $5,000. 

.. 
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S ycars hence; $10,000, 8 ycars from today; and $9,000. 10 yeai'A 
from today and completcly dcpletc the investme=tt? 

2-10. Use preSG-nt worth computations at 6% annual interest to determine 
the most economical of the plans given below. 

h•m PlsnA PIIJn B PlsnC 

First Cost $25,000 &50,000 S35,000 
Annual Oper. & Maint. $ 3,000 • 2,000 $ 2.500 
Salvage Value at End of Llfe $ 5,000 $ 7,000 $ 6,000 
Ufe JO years 30 years 15 yeara 

• 

2-J l. Mr. Jones wishes to determine the approximate value of income 
pr_o~erty based o? a present worth computation at 8% interest (his 
mmrmum attractJve rate of return). Annual receipts (including the 
e~ect of depreciation on income taxes) are, on the average. 520,000. 
Drsbursements amount to $5,000 per year. Jones wishes to hold the 

-~---\ prop~~!Y se~e~ )::C:~rs, at ~hich !i_l'l1e ~e_expe~ts to .sell it for a net 
\-:!150,000 after The payment oT long-term tapJtaJ-gafns: Wlüifis the 
· maximum purchase price Mr. Jones can afford to pay to meet bis 
investment objectives? 

2~12.- Determinethe better ofthe following two plans using present-woitJi:- -
computations at 5% interest. 

Year(s) Receipu Disbursemenu Receipu Disbursementll 

o o $-150,000 o $-300.000 
1-20 i +15,000 '-3.000 • +25,000 -4,000 
21 +15,000 -4.000 +25.000 -4.000 
22 +15,000 -5.000 +25,000 -4.000 
23 +15.000 -5.000 +25,000 -4.000 
24 +15.000 -6,000 +25.000 -4.000 
25 +15,000 -186,000 +25,000 -54,000 

26-49 +20,000 -2.000 +30,000 -5.000 
60 +40.000 -2.090 +60,QOO -5.000. -

$+895.000 $-466,000 $+1,405,000 $-575,000 • 

2-13. Use the equivalent uniform -annuah:ost method -at 7% interest-to 
solve problem 2-JO. 

2-14. Use the equivalent uniform annual cash flow method at 4% intereSt 
to solve problem 2-J2. 

2-J S. Compute the true rate of return of Plan D in problem 2-12. 
2-J 6. Compute the true rate of return of Plan E in problem 2-12. 
2-17. Assum_e a $JOO,OOOpurchase price for the property in problem 2-11. 

What JS Mr. Jones s true rate of retum on this sev"n-year invest-
ment venture? - -



" CHAP. 2 ¡ ECONOMIC CONSIOERATIONS 

2-18. The Dcpartment of Publ;c WorJ..s is considering a project with a 
cost of $2,000,000; rcsuhing bcnefits valued at $5,500,000; and a 
$75,000 adverse item. 
a. Compute the benefii-cost ratio for the project with the adverse 

item considered as a cost. 
b;~-,J;fqmpute the benefi!-cost rat_io with the adverse item taken as ~ 

· disbenefit. · 
2-19. Compare plans D andE in problem 2-12 using the benefit-cost ratio 

computed on present worth at 3.5% interest. 
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CHAPTER 

' 

The Differe~tial Approach 
to Optimization 

3.1 PRELIMINARY CONCEPTS 

The typical problem in optimization is expressed by an objective function of 
. n independent variables 

y{x.~ x2, ••• , xJ (3.1) 

tbat is to be maximized or minimized-in general, optimized-subject to a 
set of constraints written in the form of equations and inequalitics_ . 

f.(x1, ••• , xJ =O for i = 1, ••• , m; 
J;(~1 , ••• , xJ ~O for i = m+ J, ••• , r; _ (3.2) 

J;(x1, ••• , xJ-~ O for i = r + J, .•• ,p. 

Points satisfying the constraints coJiectively form the problem~s feasibJe 
region F. 

If equalities are possible for aJl constraints, F is said to be c1osed; other· 
wise, F is open. 

For reasons that wiU become apparent in Chapter 5, problems must be 
formulated with closed regions whenever possible. 



CHAPTER 

·Linear Programming 
Applications 
to -Piannín\r ------

___ t----------

Two examples_ofthe application oflinear programming models to architec
tu~e.and planm~g are g1ven in this chapter. These examples come from. pa rs 
ongmally pubhshed by the author in collaboration with Messrs Jame; E. 
Hhand and Raul S. Gonzalez. The complete references appear at ~he end of 
t e chapter. 

6.1 A G~NERA_LIZED LINEAR MODEL FOR OPTIMI~TION 
OF ARCHITECTURAL PLANNING - , 

6.1 .1 lntroductlon 
t' 

• • 

~n ~he rea~m of architectural planning, there exists a type of problem which 
me:~!:;;s requently co~front ~hen financia! return is the most appropriate 

of the sys!em s e~ectJveness. In this category can be included all 
re~ta! and speculatJve housmg (single and multiple family dwellings) office 
buJidmgs, warehouses, stores, many industrial facilities, and so on, and' build- -
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ing complcxes which combine sorne or all of these lo provide comprehensive 
scrvices to the tenant. 

Traditionally, the problcm of planning for capital invcstment has beec 
handlcd iñ-a semiempiricat way, in which the data serving as--basis for deci· 
sion making may be more or less reliable and up to date, but with the 
proccssin_g_of these data (to arrive at the optim11m atlocation of space for 
maximum expectation offinanciat return) entirely intuitive and consequently 
unreliable. Once the pertinent data are collccted, the most profitable design 
configuration can be ascertained through the optimization of a linear model 
which incorpora tes the most salient features of the real life, planning situa· 
tion. " -

The model developed in the 'rollowing section takes into account muitiuse 
facilities and considers realistic design constraints such as zoning regulations. 
parking requirements, and so on. An example problem is also presented to 
mustrate application of ~he theory. 

6.1.2 Tha Modal 
-~ :·~ - -~- -------

,. 
•, 

' -- --------

6.1.2.1 Definition of Terma 

- The --design-of-buildings- and -other-architectural facilities for financia! 
retúm is constrained by many interna) and externa} factor;-;~~h ~~ budget, 
market restrictions (construction costs, rentability, individual preferences). 
parking regulations, lot coverage, and so on, in addition to environmental 
factors, many of which defy quantification. 

The procedure described in this section attempts to consider as many as 
possible of the quant1fiable factors in optimizing architectural plannins 
within the framework of economics: return on invested capital. 

With the information extracted from the model (a type of simulatioll 
model, in many respects), rational decisions can be formulated based upoll 
knowledge of the most recent tax depreciation structure, maintenance costs. 
al_ternative investment opportunities, and so 011. -

Let xfj be theftoor area-offacillty type i, at levelj, of arcnitecturat·quality 
k. . 

'fhe "type_ i facility,. ref~rs tQ_the 'ºse_ r_n~de of the space cCinsidered; offices. 
apartments, stores, warehouses,laboratories, industrialfacilities,-dassrooms, 
and so on. 

The "j level,. denotes the location of the facility; first, secon~ •.•• nth 
floor Jevel. 

The ••k quality .. refers to the degree of architectural refinement of the 
space: types of finishes, environmental control, and many other considera• 
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tions, the effects of which are rcfiectcd in the cost of construction and in the 
renta bility of the facility.· ' 

_ __ _ Similarly, Jet 

e~ = cost per unit of arca of facility i, at level j, of architectural 
quality k. _ . 

r~ = relll pcr unit of area, per unit of time. from facility ;, at leve) J, 
and architcctural quality k. 

p~ = probability of renting or sel/ing facility ;. at leve) j, and archite» 
tura1 quality k. 

and 
q,~ = probability ofnot renting or sel/ing facility i, at leve) j. and archi

tectural quality k. Hence, p~ + q!¡ = l. 

1t will be assumed that the market is large, and that for the time period 
under consideration it is in a steady state condition, such that the introduc
tion of additional facilities for rent or sale will not significantly affect the 

-parameters defined above. -- ---- -- --- -------

6.1.2.2 Mathematical Formulation 

The total expected rent per unit of time can be expressed as follows: 

L • a • 

E(R) = :E :E ~ p~rf¡x!¡. (6.1} 
' ..... , •• ¡:¡ ' ~ 

This is the objectiv~ function to be maximized, subject to constraints of t~e :;' -· 
types described betow. 

l. Market 

a. A ~urvey may reveal that, within a specified geographic region, there 
ex1st vacancy rates for sorne or all of the proposed facilities. These 
v~cancy_rates are, in fact.-the q~ = J - p;'¡-which were already coa
Sidered m the formulation of the objective function. Nevertheless, 
the q;'¡ should be compared with the upper limits set on them by 
banks and other funding institutions. If these_ Jimits are exceeded,
the project may be very difficult if not impossible to finance. Ther~ 
(ore; 

q~ ~ (q!) max, (6.2) 
for all i and k. 

b. Market prefe~~nces data may indicate that the area of each facility 
type and quahty must not exceed a certain fraction ofthe total build
ing Mea. Let ¡: be upper bounds to the arca ratios; then the coa-

1 ., 
í 
'\ 

\ 
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straints can be written, 

; = 1, 2, .•. , m; 
X = 1, 2, •••• L~--- (6.3)• 

In general, 

(6.4) 

beca use of the requirement that the ff be upper bounds to the area · 
ratios. , 

The ef are small positive constants introduced into the constrajnt 
equations and inequalities to avert degeneracy. 

2. Zoning regulations such as: 

a. Maximum building coverage of totallot arca which can be mathe
matically expressed as follows, 

• 1 - -•-- ------ ---~-1: ~ s;·:A¡.-1-=-1,-2, .-;-~-.-,..- -· ---- (6.5} ' 
' ~ 1 

where A1 = maximu~ allowable building ar:a ?ffloor ~ev~lj. 
b;· Hrigltt-r-eslrictions wh1ch- oould-be-o-veFall bulldmg.reslncUons __ such . 

thatj < n or restrictions on each individual facility; merchandising ! 
space, for example, should be located on lowest ftoors. and so on. · 

. c. O.ff-street parking regulations, usually given as the number, n,. of 
parking stalls per building area. a,, of facilityype i. In addition, the 
area, a, required for each car for parking, drives, and so on, can be 
easily computed and the off-street, surface parking restrictioD 
expressed as, 

ar :f; !!t.(f i; x~)J ~A,- 1:1: X:.. (6.6) lJ •• a, t:'a J•l a 1 

where A, = total buildable lot area (tótal Jot area minus arca re
quireª for landscaping, street rigbts of way, utility. ~a~er:oeuts. set. 
back restrictions, topographícally unsuitable Jand. etc.).- _, .. 

Note that (A, - 1: ... I;, xfa) is the site area available for par.king 
(A, minus first ftoor ar~~ ?f -~uil_~~~~· 

3. Design decisions (massing studies). These decisions are made by desigD
ers for aesthetic and other reasons and are often arbitrary. Nevertheless, their 
effect upon the economic health ofthe system can be measured by comparinJ 

• The range or the su m on the lert-hand si de or inequality (6.3) varies ror cach faciJir, 
type and qualily and for this reason it is not given explicitly. This conventiou will be use4 
for the rest or this chapter. 
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all optimal solutions from models with diffcrcnt sets of dcsign constraints to 
onc having 110 dcsign constrainl. The model without dcsign constraints yields 
thc global oprima/ solution. The massing associatcd with the global optimal ___ _ 
solution may not be acsthctically and/or structurally acceptable and it is at 
this point that design constraints must be introduced. The constrained model 
will, in general, yield a low~r- value _of the objective function; Thus, if E(R)0 

- is the global optimal rent and E(R). is the expected rent when the problem 
is constrained by design considerations, 

E(R). = E(R)0 - c .. (6.7) 

where c. is the cost ofthe design decisions. It should be realized that aesthetic 
values may affect the four parameters ct, r~1 • p~. and qt, as well as others. 
If their effect is known, the parameters should be modi.fied accordingly and 
a new E(R). computed. 

The ability to ascertain the effect of design decisions upon the system's 
economic health is a most valuable characteristic of the model, for it mea
sures indirectly the "cost'' of beauty and of other aesthetic factors; it repre

-- ----sents an- attempCto q-ifanfifYscime-of the -intangiñles--or architecture and 
urban planning. Design constraints may take different mathematical forms, 
depending upon the massing restrictions. If, for example, the planner decides 

-- ihat the building sfiouTa Takeiñeform of a tower wíffi- á spread-oüt, s story-
base, b times or more larger than each of the tower's floors, the constraints 
would be written thus: 

:E :E X~u11:::;; bl <:E :E X~1 ) + e,.u 
" 1 " 1 

(6.8) 

j = 2, 3, ...• s, (6.9) 

:E :E xt = :E :E X~u 11 + e 1, j = s + 2, :. + 3, .•. , n. (6.10) 
" 1 " 1 

The e1,j = 2, ... , n, are, again, small positive constants introduced to avert 
degeneracy. Many other types of design decisions can be similarly formulated. 

4. Budget, genera JI y expressed as a fixed amount of money, B, which must 
not be exceeded by all fees and construction costs, excluding the cost ofland. 

Construction-costs for each-facility type and quality-are,--in general, func
tions of the total number of floors. Specifically, as the number of floors in the 
building increases, the costs per units of area could decrease or increase. This 
variability is not usually too sensitive and can be conveniently expressed as 
a cost multiplier, step function of the total number of floors, n. Let Pt (n) 
> O be such step function. Graphically, it could be typically mapped as in 
Figure 6.1. 

The figure shows that P~1(n) decreases for («~1) 1 < n < («th· It further 
decreases for («t), < n < («~1)4 • Then it increases in the interval («t)4 ~ n 
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FIGURE 6.1. Total Nuinber of Floora. 

------- ---- - --- --,--=' --- ---= - -- ----------- --- -
< («~),, and the increase is even greater for («~), ::::; n < (a:t1) 6 • These latter , 
increases would reflect the higher costs offoundation and verticaltransporta
t1on, for-example; When n >-(«M6,- the_c_o.sLmultiplier- becomes-infinite., 
denoting that («~)6 is the upper bound to the number offloors dueto zoning 
restrictions or other considerations. The variation shown in Figure 6.1 is, of 
course, only one of an infinite number of possibilities, but all of them will 
exhibit the same general shape. _ 

In general, there will be n X m x L construction cost·multipliers with a 
proportionate number of («f1)e nades where changes in the costs occur. Let 
the nodes be ordered sequentially for all Pf1(n) and renumbered y.., q = 
1, 2, 3, .•. , r. Then a typical cost multiplier, step function of n, woutd 
appear as given-in Figure 6.2. This relabeling is necessary to show, for each 
PMn} multiplier, all points at which construction costs change for any type. 
I~y~l, and_quality of_facility, thus affording comple!~- control upon the opti
mization process. 

The cost multiplier functions, however, introduce a further complication 
in_ the morleLbecalls_e the number of floors m ay not be known a priori. This 
is, in fact, a nonlinear characteristic of the system that, lñ thls context. 
exhibits recycle Joops. A method will be given later on for handling the non
linearity in a satisfactory, linear manner. Additional items of cost and cost 
coefficients must be defined; for example: 

a. Cost of subsurface exploration, soil investigation, foundation recom
mendations, and report. Usually given as a lump sum, h •. 

b. Architectural-engineering fees, usually expressed as a percentage of 
total construction costs by a decimal coefficient, e,.. 
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• 
a: 

Pq (n) co 
w 
~ 
~ 
::l 
~ ., 
1- 1 1 
1/) 1 1 o 
(.) 1 1 1 
z 1 1 1 1 
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Y, y2 y3 yq_, yq ~+1 
TOTAL NUMBER OF FLOORS 

-~EIG~I.,I_R_E_~6.2. TotaiNumber of Ftoors. 

c. Fund for contingencies, also expressed as a percentage of total con
struction costs. Let c. be the decimal equivalent of that percentage. 

d. Casi -oT,11o,-:-iib1eJurñitzTre;-expressei3 a-s a percenúige of construction-- ~
cost for each facility type i and quality k. Let c1k be the decimal equi
valents of those percentages. 

e. Superrision of construction costs, genera ti y computed as a lump sum, 
b,, which is the total salary or' salaries of one or more supervisors 
for the anticipated duration of the construction phase of the build
ing; b. is assumed constant for a given project. 

f. Costo[ parking facilities per unir of orea, e p· Support space-such as 
halls, elevators, toilets, and so on- is assumed te be included in the 
xt and, for this reason, its cost must be apportioned among tenants 
andfor buyers. 

... 
.- From· these considerations, the following constraint inequality-can be 

formulated: 

(1~+-c .. + cb)[f t (1 + cn(t p~¡e~~)] 
_ t:'a1•1 J•l 

l 

(6.11) 

The constraint given above presupposes that the total number of floors, n, 
is known in advance. On this basis, the p~J multipliers are obtained without 
difficulty. In pcrforming an optimization study, however, design constraints 
would be relaxed at sorne point, and thé total number offloors would become 
one oftl- ''lknown parameters. This, in turn, makes the PtJ be undetermined 
and a n~. aear, recycle loop could be gencrated. The following algorithm is _ 

.. 
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proposcd to avoid this complication: . 

STEP 1: 
Assume that the maximum iiulllber of floors -y, will be built (see Figuro 

6.2). Therefore, n = "/, and the corresponding Pt multipliers are used in 
inequality (6.1 1) and_i_n the formulation of the mathematical model. A soto
tion is then obtained using a-Jmear prograrriming algorithm. 

STEP 2: 
Suppose that the solution generated under these conditions yields n = 1 ••• 

and that .,, ~ -y, 1 ~ -y,_ 1. Then the Pt1 used were the correct ones and this is 
an optimal solution for the constraints imposed. ' 

Ir, on the other hand, ,,. < .,,_,, the Pt used are incorrect and the sotu
tion is not consistent with its associated construction costs. Proceed to step3. 

STEP 3: 1 

Now, assume·that the total number ~f.floors is n = .,,_ 1 - 1, that is, the 
maximum value on the next lower intervál. Use this value of n to select tbe 

7H;; fo-rniulate"the modet,- and--solve,-using linear-programming. Two possible 
results follow: .. 

1 .... --, 
-- -- -a~ The solution yields- n- = -)', 2-and -7 ,z- <-,_,_ 2 • In this case, repeat step 

3 for the next lower interval. " 
b. The solution yields n = "l.í where .,,_ 1 > y,2 ~ .,,_,. Then tbe 

optimal solution for the model has been obtained and n = 7llZ' 

S. Many other constraints can be imposed upon the oójective function to 
make the problem conform to reality. In writing the constraints, however, 
one must keep in mind that they must be linear, if the problem solution is 
to be obtained with a linear programming algorithm, and one must be careful 
not to write linearly dependent and/or redundant constraints, for they can-be 
a source of error and inefficiency in canying out the solution. 

6.1.3 Optimization Procecfure 

The model developed in the previous section is linear: a linear objective funo
-tio~ñ is- suojected-to linear constraint inequalities and equations. It fits within 
the framework of problems which can be optimized with .. linear program
ming .. methods. 

After the introduction of slack and artificial slack v"ariables; the matrix 
of the structural coefficients must ha ve the same rank as the matrix forme4 
by augmenting the previous matrix with the column vector of stipulations 
for the system to have basic solutions. This is a good check on the coQo 
straint equations and should be performed before embarking upon the task . 
of solving the problem. 
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6.1.4 Concluslona 

The architcctural planning model prcsented in this chapter allows the
dcsigncr t~_make rational decisions based on the information provided by 
the optim"al\olutions generated. It must be emphasized that this approach 
rcinforécs -the import;rnce- of the role played by thc architect-ptanner--in
shaping the urban environment. Even with a systematic method such as the 
one described, he must at a11 times be deeply involved in the formulation of 
the model, especially at the "design constraint" leve!, for the linear model 
presented is a full-fledged "simulation machine," sensitive to the settings the 
designer gives it and responsive to the reactions of the system's economic 
health. A simple but descriptive numerical example problem is given in the 
next section. 

6.1.5 Numerical Example 

-6;1.5.1 -5tatement of-the-Problern --

An individual wishes to develop a 250 ft. x 400 ft. commercial piece of 
-- property located- at the inter..section of -two major-traffi.c arteries. __ _ ______ _ 

6.1.5.1.1. Market studies indicate that, for a development to be rentable, 
available offi.ce space must not exceed 2 floors, stores must not exceed 1 ftoor, 
and living units 3 ftoors for a "walkup" facility. 

6.1.5.1.2. The studies further indicate that, within the sector of the city 
where the property is located, offices ha ve a 20% va caney rate, stores a S% 
,va caney rate, and apartment units a JO% vacancy rate (occupancies must not 
be less than 70% to obtain financia) support from a funding agency). 

6.1.5.1.3. Data on market renta! preferences reveal that facility areas of 
individual types and qualities should not exceed the following percentages of 
total building area: -

TABLE 6-1. Rentabillty. 
-- -- -

•' -· Type -- Ouslity % of Total Building Ares 

1. OffiC8S 1 10 
2 40 
3 25 

2. Stores 1 30 

3. Apartmenta 1 40 
2 30 
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6.1.5.1.4. Zoning regulations for off-street parking are: 
a. Offices-1 parking spacefca. 200 sq. ft. of bldg. area. 
b. Stores-1 parking spacefea. 1,000 sq. ft. of bldg. area. 
c. Apartments-1 parking spacefea. 800 sq. ft. of bldg. area. 

further-building coverage shall not exceed 30% of total lot area. Allow 
400 sq. ft.fcar for parking space, driy~_s, and so on, and a total of 5,000 sq. ft. 
for landscaping. 

6.1.5.1.5. 
TABLE 6-2. Rent ($Jsq. ft./yr.) 

Qus/ity . 
Type Leve/ 

1 2 3 

1. Offices 1. Ground floor 4.50 4.00 3.50 

2. Second floor 4.00 3.50 3.00 

2. Stores 1. Ground floor 3.00 - -
3. --ApaFtments -- __ _j , _ _Grou[ld_ tiO.OL _____ 3.00 2.50 --- -Bo-- -- ----

2. Second floor 3.00 -
3. Third floor 2.50 2.00 -

TABLE 6-3. Construct•on Costs, lncluding Support Space. 

;;-'- .\L NumbeÍ of Floors in Building 
t.~·· - -

1 2 3 

Leve/ Leve/ Leve/ 

Type o o o o o g g g g g a o 
:... 'a - - 'a 'a - 'a 'a :;: 

~ e e e e 
e :::1 o ~ 

"' :::1 :::1 o 
:::1 o u o u :e 2 Gl o ~ 

Gl ~ U) t-
Cl 

U) 

1 20.00 - - 20.00 19.00 - 19.00 18.00 -
2 18.00 - - 17.00 16.00 - 17.00 15.00 -

1. Olfices 
3 15.00 - - 14.00 14.00 - 13.00 13.00 -

- --- ---- --

2. Stores 1 13.00 - - 12.00 11.00 

~- Apartments 1\j 20.00 - - 19.00 18.00 - 18.00 17.00 17.00 

2 17.00 - - 17.00 16 00 - 16.00 15.00 14.00 

Cost of parking area = $0.75 per sq. ft. 

6.1.5.1. 7. M iscellaneous costs are: . 
a. Architectural-engineering fees--6% of t_otal constructaon cost. 
b. Contingenc•es-1.5% of total construct1on cost. 
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c. Movable furniturc-
( 1) Offices-2% of total construction cosL 
(2) Stores-1 % of total construction cosL 
(3) Apartments-4% of total construction cosL 

d. Soil report-$3,000. 
-e.- -Supervision of construction-$-2,000. 

6.1.5.1.8. Budget: Shall not exceed $800,000, excluding cost ofland. 

Question: What types of units and how many square feet of each shaJl the 
investor develop to maximize the rent under present market conditions? 

6.1.5.2 The Modal 

Let 

¡ 1 --+ Offices , 
i = 2 --+ Stores 

3 --. Apartments -

¡1 --Grouñcftlooi- -
J = 2 --. Second ftoor 
_ _ ___ 3_=-:+ 11lird_~~~r _____ _ 

¡1 --. Quality 1 
k = 2 --. Quality 2 

3--. Quality 3 
Tbeo, from 6.1.5.1.1 aod 6.I.S.I.S, 

From 6.1.5.1.2. 

~. = o. k = 1, 2, 3; 

xla = O, k = 2, 3; 

X~¡ = 0, j = 2, 3, k = 1, 2, 3; 

X}¡ = 0, j = J, 2, 3. .,. 

q~¡ = .20 < _.30, J = 1, 2. 3, k= 1, 2. 3. o.x. 
d 1 =.50< .30, J = 1, 2, 3, k= 1, 2, 3. O.K. 

' -q~; -.fó < -~30,---¡----i. 2, 3: k...:.-¡, 2,-3. -o.x. 
From 6.1.5.1.2, 6.1.5.1.5, and equation (6.1). 

OBJECTIVE FUNcnoN: 

Max E(R) = .80(4.50x:, + 4.00xf1 + 3.50xf8 

+ 4.00xl:a + 3.50~~· + 3.00xt1) + .95(3.00xl1) 

+ .90(~~0x~ 1 + 2.SOxj 1 + 3.00xh + 2.50xf1 

+ 2.50x13 + 2.00.Al,)•- · (6.12) 

, . 

~'; 1 

', 

·,' 

... 
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CONSTRAINTS: 

J. The lowest construction cost"is, from 6.1.5.1.6, $11.00 pcr sq. n. 
Therefa:re, an upper bound to the total building area is 800,000}1 J .00 
:: 74,000 sq. ft. Therefore, 

xla + xf, + xt, + xh + xh + xh + xla + xJa 

-+-X~ a + xh + xfa + xl, + xf, ::;;; 74,000: 

When slack variable x 1 is introduced, obtain 

x:, + xfa + xta + xh + xfa + xh + xla + xJ, + xf, + xJa 

+ xh + xh + xfa + X1 = 74,000. q;.I3) 

Notice that the total building area is 74,000 - x1• 

2. Market preferences. From 6.1.5.1.3, and introducing slack variables 
x1 through x 7, obtain 

xla + xla + .10x1 + x1 = 7,400, 

x~ 1 + xh + .40x1 + x 1 = 29.600, 

{6.14) 

(6.1S) 
~ ----- --- --- ---- ------- -·~------' ---- ----

x~. + xh + .25x1 + x • ..:.... 18,500, ----=--(6.165 --

xla + :30x1 + x, = 22,200. (6.17) 

-----xr.-.=.t= :x~a·+-xr;--t~40i1-=Fx.-- 29,6oo;---------(o:ts)-- ---

x~ 1 + x]1 + x}, + .30x1 + x, = 22,200. (6.19) 

3. Sit~ building orea. From 6.1.5.1.4, in equatio_A\(6.5), a~d with slack 
vanable x1, V" -·. 

xl 1 + xf 1 + x~ 1 + x! 1 + xla + xJ, + x 1 = 30,000. (6.20) 

4. Parking. From 6.1.5.1.4, in equation (6.6), and introducing stack 
variable x,. form 

3.00(x:, + xf 1 + xf,) + 2.00(x:a + xfa + xfJ 
+ 1.40xl1 + 1.50(xl,-+ xf 1) + :SO(xla + xJa + xl, + xJ,) 
+ .r, = 95.000. \ --.- ~. ' (6~21}-. 

S. Design decisions (massing study). (All floors must be approximateJy 
t~e_ same size.) First floo~ are~ approximately equal to second ftoor 
area: 

x~ 1 + x~, + xt, + xl 1 + xJ, + x~, = xh + X~a + xl:a 
+ xla + xJ:a + '•· 

First floor area approximateJy equal to third ftoor area: 

xl, + X~a + xt. + Xla + xla + xf, = xJ, + xJ, + ~~-
Let e1 = e1 = 1,000 to avert degeneracy. This mea .• s the second and 
third ftoor areas will be within 1,000 sq. ft. of the first_ floor area. 
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• 
One can write: 

.\'¡, + xi, + xfa + x1 1 + xj 1 + xJ
1 

-::--::- (xh + xfz + xf~ + -xla + xfa) = 1,000, (6.22) and _ ...... 
t;;--.1-

' 1 ~ 
x .. + Xu + xf, + xl, + xJ 1 + xJ1-

. . . - (xlJ + xfJ) = 1,000. (6.23) 
Art•fic•al slack vanables must be introduced . t . • 
and (6.23) befare proceeding to optimize. m o equatJon s (6.22) 

6. Budget. Under the assumption that the total . 
building will be three, the budget constraint tumber of floors m tbe 
6.1.5.1.8, in equation (6.1 J) and introd . , r~mk6.1.5:1.6, 6.1.5.1.7, 
be written as follows: ucmg s ac vanable XJo• can 

l.075[1.02(19x:. + J7x~. + J3xf, + 18xh + JSxfz + 13xfJ 
+ LOJ2(!!x1,) __ ~_!_-04~18~}, +_!~xf, 't~!xh + lSxJa + J7xJ, 
+ 14xu)J + .75[2.00(x: 1 l x~ 1 + x, + x•- + x2 + , \ 

! 11 u 12 Xu¡ 

-·--- - -!' -~~~~-~~~-·_50(~1, + xf: + xJ: + xf: + xh + xf,)J + Xao 
-- -----

------ - = 795,000. (6.24) 

. The model is complete and a linear program . . . . • 
t1ve- function (6 1 2) s b · d . mmg maxJmJzatJon of obJeo-

b 
. u !Jecte to constramt equations (6.13) through (6 24) 

can now e performed. Because there are onl 12 . . . 
basic feasible solution, including the optimal :ne· constramt e~uatJons, any 
12 nonzero variables Th' r . . , cannot contam more than 

. JS JmJtatton could be removed b . t d . d . 
tional constraint conditions. y m ro ucmg a dJ-

ln accordance with the budget algorithm . . 
decision constraints are removed and the o gt!venl J01th~ example, if design 

P 1ma so ut1on shows that 

xi, = xf, _- O, (6.25) 
the total number offloors couJd not exceed two Th- fi ' 
in the model·and fi 1 h . ere ore, set X u = xf, =O 

''\'1 ormu ate t e budget constraint equation as foJlows: 
I-.Oí5[J.02(20x' -+- 17 2 + 14 , ¡ 

--'·"· 11 Xaa Xu + 19xla + 16x~2 + I4x:J 
+ 1.01(12xla) + J.04(19x} 1 + 17xJ 1 + 18x]: + 16xf.z)] 

+ .75f2.00(x:. + x~, + x:. + xlz + xh + x::) + .40(x!,) 

+ .SO(xJ, + xfa + xlz + X~.z)J + x = 795 000 
10 • • (6.26) 

In a similar manner, if the new optimal solution shows 

(6.27) 

,, 

CHAP. 6 / LINEAR PROGRAMMING. APPLICATIONS lO PLANNING 16t 

the building can have only one floor. Hence, set xh = xh = xr1 = XiJ 
= xh = O in the model and the budget constrain~ becomes 

----l.075[J.02(20x:, + ISx:, + 15xf,) + J.OJ(J3x! 1) 

+ 1.04(20x1 1 + 17xJ,)) 

+ .75[2.00(xl 1 + xf, + Yf 1) + .40(xl 1) 

+ .50(x1 1 + xf 1)] + X 10 = 795,000. (6.28) 

The budget algorithm describes the procedure to follow in handling cost 
coefficient multipliers. 

When design constraints are relaxed, the global optima/ solution is 
::lbtained. 

6.1.5.3 Sotution 

The first run, With /lO design COI1Straints, yielded the following data: 
Ata gross expected profit of $140,570 per annum, build 

12,536 sq. ft. ófquafíty-3;-groundJlQQLoffi~e.r • 
16,700 sq. ft. of quality 2, second floor officu- -- ---

-----1~~913 sq. ft. of quality 1, ground floor storu 
5,865 sq.- ft. of-quality ·1-, second fl~or apartment.J 

--- - --

This two~level solution was obtained using construction costs for a threc
:evel complex. Therefore, it is necessary to change the cost coefficients in thc 
budget constraint. The ihird~level variables were assigned large, positive cost 
coefficients in order to drive them out of solution. -

The second run, with no tfesign constraints, yielded the fol!owing data: . e 

At a gross expected profit of $132,640 p:r annum, build 

4,348 sq. ft. of quality 2, ground floor olficu 
JI ,660 sq. ft. of quality 3, ground ftoor olficu 

-~ 1:!, 711_ sq. ft. of quality 2, second fioor olfica · 
:3,992 sq. ft. oCquality-J, ground ftoor storu · '· · · • 
3,929 sq. ft. of quality 1, second ftoor apartmenu -

This two-level configuratiori-constitutes the global optimal solution with __ 
which all other optima (subject to all design constraints) must be compared. 

lt is important to note that the global optimal solution established a 
building area of 30,000 sq. ft. on the ground floor and 16,640 sq. fL on tho 
second ftoor. 

The third run, for which a design constraint was introduced into the model 
(that the ground floor area must be approximately equal to that ofthe second -- --

J 
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tloor), yicldcd the following space allocation: 
For a gross cxpcctcd profit of $132,126 per annum, builcl 

9,856 sq. ft. of quality 3, ground ftoor officu 
2,506 sq. ft. of quality 1, second ftoor ojficu 

18,712 sq. ft. Q[_guality 2, second ftoor officu 
1,671 sq. ft. of quality 3, second ftoor ojfices 

14,035 sq. ft. of quality 1, ground ftoor storu 

Due to one decision, the designer is forced lo relinquish approximately 
$600 per annum in profit and to reallocate spaces so that a local optimum 
may be arhieved subject to the constraint imposed upon the building con
figuration. Notice that the solution is not sensitive to the design constraint 
imposed, for the annual profit decreases only $514 in $132,640; however, the 
allocation of space (type and quality as well as ftoor level) is extremely sen
sitive, as can be verified by analyzing the last two solutions. Various other 
design decisions can be incorporated with equal ease. 

6.2 OPTIMAUTY IN INDUSTRIAL PARK DEVELOPMENT 

6.2.1 lntroductiOn -------- -

This c:xample shows an application of the systems approach to decision 
making at the highest level of performance: the planning level. It concentra tes 
on the use of linear programming in the planning of an industrial facility; 
and, although the problem is specific, it is hoped that the thinking and metho
dology emp1oyed in arriving at the formulation of the mathematical model, 
leading to the establishment of the optimum strategy, will be sufficiently 
clear to permit the reader to extend his own thinking into other problema 
where a linearization of the parameters is equally valid. 

Institutional factors have-purposely been leit out for clarity's sake ancl no 
attempt has been made to show the economic venture analysis that must 
accompany such a study for, once the optimum allocation policy is known, a 
rate of return or other--similarly-well-known engineering economy analysis 
must be peñormed to ascertain the economic feasibility of the projecl This 
evaluation has to be carried out for the befare and after tax situations, 
where such factors as depreciation and retirement and replacement policies 
are given careful consideration. 

Once the project has been declarec;l profitable, the optimal location ofthe 
facility within the site must be invcstigated. Pattern search is the procedure 
recommended for this final step in what may be te •. ned the ••optimal Site 
De velo& fiL"- · 

'' i 

. 
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The list of refcrenccs al the cnd of the chapter givcs a publication by th~ 
author that describes the application of pattern scarch for the optimum 
location ~f plant facilities (sce also c.hapter JO). 

6.2.2 Statement of the Problem 

The government of a small city proposes _t__<?__increase its revenue by developo 
ing a 30Q-!lcre tract of land for an industrial par k. Tentative agreements ha ve 
been signed with five industries and the city has made commitments to 
finance, build, and lease on a long-term basis the plant buildings and facilities 
required by the industries contacted. 

The city government now owns all utilities and recently completed an 
expansion of these facilities to allow for limited increase in demand. The 
maximum amount of financing available is $6,000,000. 

A study of the manpower situation in the area reveals that the available 
• local transient and out-of-town labor force will not excced the figures gh-en 

in Table 6-4 •. 
------- ------ -- TA-BLE--6-4. L.abM-force.- -

Annusfized 
-- --Type - Max. Number Average /ncome ----- --- ------------ - -- --- --- --

1. Common Labor 400 $ 5.000 
2. Semiskilled Labor 180 $ 7,000 

3. Sk~~ Labor • 100 $12.000 
4. Cl~¿áiWorkers 150 $ 5.000 
5. Technical Personnel 120 $14.000 
6. Managers 33 $30,000 

1 

The study also revealed the pattem of local spending of net disposablc ; 
income, after state and federal taxes. These data are condensed in Table 6-S ; 

TABLE 6-5. Labor Force Spending Pattern. 
-- --

--

Average Stete Average %o/ 
sndFedersl Net /ncome 

- ---- Texes. ~ of Annuslized Spent in City 
--

Type Gros:r lncome Netlncome Ares-

1. Common Labor 10% $ 4,500 90% 
2. Semiskilled Labor 12S $ 6,160 85!5 
3. Skilled Labor 16S $10,100 7015 
4. Clerical Workers 10S $ 4,500 85S 
5 Technical Personnel 18S $11.500 65S 
6. Managers 24S $22.800 55!5 

. -

Cash Flow lnto 
CityArea 

$ 4.050 
• 5,240 
• 7.070 
• 3.830 
• 7.,460 
$12.520 i 

¡ 
! 
' ~} 
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and their computation was based on the average family size for each income 
leve l. 

It has also been estimated that city revenue from taxes on sales and prop
erty and from utilities, fue!, sanitation, and so on will average ábout 2.5% 
of the flow of disposable personal income spent in the city arca. The revenue 
that the city will accrue from the employment of each type of -~vorker is 
summarized in Table 6-6. 

TABLE 6-4i. City Revenue from Labor Force. 

Annua/ized Average City 
Type Revenue per Worker 

1. Common Labor $101 
2. Semiskilled Labor $131 
3. Skilled Labor 

' 
$177 

4. Clerical Workers : $ 98 
5. Technical Personnel 

-\-
$187 

__ ~. __ Manage~ $313 
--- ------

l. 

The city-owned utilities, sewerage, and waste disposal systems can satis-
Jactorily-handle-the--foBowing additionaJ-Joa-ds: - --~------ ------- -- -

l. Electricity, 14.S X 106 kw. hrs./yr. 
2. Water, 75.0 ~-Riion gals./yr. 
3. Gas, 40.0 x ~),..cu. ft.{yr. 
4. Sewerage, 40.0 milJion gals./yr. 
S. Waste Disposal, 20.0 x 10' tons/yr. 

The city's unit profits from the sale of utilities and other services to indus-
trial customers are: 

l. Electricity, $0.0007 per kw. hr. 
2. Water, S_?-~0 per million gals. " 
3. Gas, $0.004 per cü. ft. 
4. Sewerage, $1.00 per miiJion gals. 
S. Waste, $0.1 S per ton. i 

The five potential customer industries with which the city·government has 
signed tentative agreements will use most of the area's raw materials. Even 
though this and many other industry-derived benefits will upgrade the com
munity's income level, they cannot be quantified accurately and for this 
reason wilJ be disregarded in the optimization strategy. Nevertheless, thcy 
must be recognized as a plus factor in the decision to implement the plan. 

Table 6-7 gives information on the maximum and mínimum plant build
ing area requirements for each industry. 

~/ ', . 
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Tables 6-8 through 6-10 summarize resource requirements and prodü~ 
tion Jevcls for ea eh 1,000 square fcet of plant building arca, for cach ofthc fi\'O 
industries considered. ' 

Th~ city governmcnt wilriinpose a 1.5% tax on the gross annual produo. 
tion value of each industry. 

The site_costs tQ the city in the location ~dected for the industrial part 
will-be $2,000 per acre, an(ftlle average building construction costs for lhc 
various plants are summarized below: 

Jndustry 1 (Electronics)-$1Sfsq. ft. 
Industry 2 (Pressure Vessels)-$17/sq. ft. 
Jndustry 3 (Metal Castings)-$19/sq. ft. 
Industry 4 (Plastic Laminates)-$22/sq. ft. 
Industry 5 (Recapped Tires)-$16/sq. ft. -

1 

e 

The city has agreed to lease the building facilities (including grounds) 
atan annual cost to the industries of $1.75/sq. ft of building area. Maio
tenance costs ha ve been estimated at $0.0Sfsq. fL of building area per year. 

- The--city -government desires to esta blish the optimum-allocation of space
to each industry-that is, the allocation that, consistent with the constraints. 
will produce the highcst annual revenue to the local government. 

6.2.3 Mathematical Model 

6.2.3.1 The Objective Function 

Let x, i = 1, ...• s. be the plant building areas, in 1,000 sq. n .. to be 
leásed to industries 1 through 5, respectively. 

The total annual income the city government can expect to receivc as a 
result ofits investment in the industrial park can be broken down as follows: 

l. Revenue from labor force spending habits: Table 6-6. 
2. Income from utility and other servii::e charges. 
3. Revenue from tax on jndustrial production: Table 6::10. • 
4. Income from plant building leases minus maintenance costs. 

TABLE 6-7. Plant Building Area Requirementa. 
--- --

Max. 8/dg. Atea Min. 8/dg. Are~ 
lndu&rry Principal Producr sq. ft. sq.h. 

1 Electronica 120.000 40.000 
2 Pressure Vessels 80,000 20.000 
3 Metal Castings 70,000 26.000 
4 Plastic Laminates 100.000 28,000 
5 Recapped Tir~ 150.000 1 35.000 

-

,_ 
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TABLE 6-8. labor Force Requirements in Men/Day (8-hour shrfta) 
per 1,000 sq. ft. of Plant Building Area. 

---
Semi· - -

lndustry Ptincipal Ptoduct Common skl1/ed Sk111ed Cleticsl Technicsl ·-
1--~· . .;;: ... ~ _ Electronics 0.75 0.23 -- 0.38 0.30_ 0.15_ 
2 Pressure Vessels 0.90 1.35 0.30 0.60 0.30 
3 Metal Castings 1.30 0.46 0.46 0.58 0.23 
4 Plastic laminates 0.43 0.64 0.32 0.75 0.32 
5 Recapped T11es 1.37 0.34 0.17 0.17 0.69 

Msn• 
sgetisl 

0.05 
0.15 
0.15 
0.07 
0.11 

Let j = 1, ... , 6 be índices representing col'RJJM)n;:..semisJ!ilfed, skilled, 
clerical, technical, and managerial personnel; r1, j = 1, ... , 6 be the city 
revenue from the labor force local spending habits (Table 6-6); L

11
, i = 1, 

... , S,j = 1, ... , 6 be the number of workmen employed by industry i of 
typej per 1,000 sq. ft. of plant building area (Table 6-7); and p

1
, i = 1, ••• , S 

be the annual production for industry i in dollars per 1,000 sq. ft. of plant 
building at'ea (Table 6-10). --- -------------

Aiso Jet k= 1, ... , S be índices representing electric, water, gas, sewer
age, and waste disposal services; C", k = 1, ... , 5 be the unit profits from 
electric, wat-er,-gas,sewerage, and waste disposal sef'vices-;-and-u¡i,-1 = 1,. -.-. ,--
S, k = 1, •.. , 5 be the requirements of industry i for electric, water, gas, 
sewerage, and waste disposal services (Table 6-9). 

Adhering to these definitions, the objective function can now be written: 

Max 1 = 1: 1: L,¡T¡ + 1: Clru'" + O.OISp, + 1,700 Xr , L' , J ,.. .. . .. (6.29) 

6.2.3.2 The Constraints 

The region of feasibility is defined by the following set of constraints. 

J. Initial capital investment on land and buildings cannot exceed 
$6,000,000. --- --- --- -- -- - - -~-

2. Maximum available labor force cannot be exceeded: Table 6-4. 
3. Maximum utility and service levels cannot be exceedéd.. 
4 ... Maximum amount of land available is 300 acres: area of industrial 

-- k. -- - - -- ---- -- - -- . _ P..ar 
5. ··Maximum and mínimum plant building areas must be maintained: 

Table 6-7. 

Let E1,j = 1, ... , 6 be the maximum available number oftypejworkers 
(Table 6-4); A, and a,, i = 1, •.. , 5 be, respectively, the maximum and 
mínimum plant area requirements in 1,000 sq. ft. (Table 6-7); b,, i = 1, ••• , 
5 be the unit building costs in dollars per sq. ft. for plant type i; "'é.~~~ 
• . . 'be the amount ofland required for industry i, in acres per I,O~f 
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TABLE 6-10. Annualized Industrial Production in $/yr. 
per 1,000 sq. ft. of Plant Building Area. 

Annualized Value Added 
--

lndustry Ptincipal Product ($/7,000 ft.Z) 

, Electronics 5,000 
2 - -Pressure Vessels 7.000 
3 Metal Cast1ngs 12,000 
4 Plasuc lammates 15,000 
5 Recapped Tues 10,000 

of plant building are a (Table 6-9); and Jet U,, k = 1, ... , S be the maximum 
available levels of electric, water, gas, sewerage, and waste disposal services. 

Then the constraints can be written: 

l. Capital Investment 
S 

1,000 L: b¡X, < 5,400,000. (6.30) 
1=1 

2. Labor Force 

' L: L,¡.x,:::;; E1;j = 1, ••. , 6 
___ (~_!_ -- -·- -- - - - -

(6.31) 

3. Utility and Service Leve1s 

' L: u,.x, <u.; k= 1, ... , s (6.32) 
1•1 

4. Available Acreage 

' L: S¡X1 :::;; 300 
1•1 

5. Plant Building Areas 

a1 < x1 :::;; A,; i = 1, ... , S (6.34) 

This completes the mathematical description of the model. 
The substitution of numerical values into the model and the introduction 

of slack variables yield the following system. 

OiuEcnvE FuJ~;cnoN: 

Max 1 = 2,292.03x1 + 2,634.16x1 + 2,831.82x3 + 2,604.56x4 

+ 2,887.89x5 (6.35) 

CoNSTRAINTS! 

l. lnvestment 

IS,000x1 + 17,000x1 + 19,000x3 + 22,000x4 + 16,000x, + x, 
= 5,400,000 (6.36) 
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2. Labor Force 
a. Common 

0.7Sx1 + 0.90x: + 1.30x3 + 0.43-!,-. + 1.36x, + x, = 400 

b. Semiskilled 

0.23x1. + 1.3S.x: + 0.46x3 + 0.64x4 + 0.34x, + Xa 

= 180 

c. Skilled 

0.38x1 + 0.30x1 + 0.46x3 + 0.32x4 + O.l1x, + Xp 

• = 100 

d. Clerical 

0.30x 1 + 0.60x1 + O.S8x3 + 0.7Sx4 + 0.11x, + X 10 

= 150 

e. Technical 

0.15x1 + 0.30x1-+ 0.-2h3 +.0.32x4 + 0.69-x, +-x11 

= 120 

f. Managerial--- .__ ___ _ __________ -·- __ 

0.0Sx1 + 0.1Sx1 + 0.15x3 + 0.07x4 + O.llx, + X 12 

= 33 

3. Utility and Service Levels 
• • 8'" 

a. ElectncJty . 

40,000x1 + 32,000x1 + 62,000x3 + 48,000x4 + 58,000x, 

+ Xu = 14.Sx10' 

b. Water 

0.050x1 + 0.100x1 + 0.300x3 + 0.200x4 + O.IOOx, 

+ x •• = 75.0 

c. Gas 

60,000x1 + 80,000x1 + 120,000x3 + 75,000x4 + 
150,000x5 + x 15 = 40.0xl0' 

d. Sewerage 

0.040x1 + 0.058x1 + 0.200x3 + 0.150x, + 0.60x, 

+ x., = 40.0 

e. Waste 

20x1 + 30x1 + 50x3 + 4Sx4 + 25x, + x., = 20.0xl03 

(6.37) 

(6.38) 

(6.39) 

(6.40) 

(6.41) 

(6.42) 

(6.43) 

(6.45) 

(6.46) 

(6.47) 
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4. Acreage 

0.50.~ 1 + l.00x2 + 1.15xJ + 1.43x4 + 1.43x5 + x 11 =-300 {6.48) 

5. Plant Building Areas 
a. Maximum Areas 

b. Mínimum Areas 

6.2.4 Solution 

x. + x., = 120 

x 1 + x20 = 80 

XJ + X21 = 70 

x 4 + x22 = 100 

X 5 + Xu = 150 

X 1 - Xu = 40 

X2 - x 24 = 20 

___ ;t3 - X¡s ~ __ 26 ______ _ 

x,- x26 = 28 

X~- Xz? __ 35 

(6.49) 

(6.50) 

(6.51) 

(6.52) 

(6.53) 

(6.54) 

(6.55) 

-(6.56) --

(6.51) 

-- ---- - (~-~8) 

The solution, o~tained with a standard linear programming package, yielded 
the following results: 

l. Maximum Annuallncome = $810,046 
2. lnitia/Jnrestment = $5,238,314 
3. Optimum Plant Building Areas 

Jndustry 1 (Eiectronics)-120,000 sq. ft. 
lndustry 2 (Pressure Vessels)--73,228 sq. ft. 
Industry 3 (Metal Castings)-26,000 ~q. ft. 
Induslry 4 (Plastic Laminates)--28,000 sq. ft. 
lndustry S (Recapped Tires)-67,714 sq. ft. 

4. Optimum Land Area = 300 acres 
5. Labor Utiliza/ion 

Common-294 
Semiskilled-179 
Skilled-100 
Clerical-127 
Technical-102 
Managerial-30 

6. Utility and Sen·ice Le1•els 
Electricity-14,026,743 kw. hr./yr. 
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Watcr-33.49 million gals./yr. · 
Gas-28,435,428 cu. ft./yr. 
Séwcrage-22.5 r- mili ion gals.fyr. 
Waste-8;850 tons/yr. 

All-solution val u es a-re feasible; they do not viola te any of the limitations 
imposcd upon the resources. 

6.2.5 Conclusions and Observations 

In building mathematical models for reallife problems, one must be carefu1 
to verify that the available number of resources is sufficient to fulfill their 
minimum levels of utilization, for otherwise there will not exist any feasible 
alternatives to implement the plan. 

It must also be pointed out that the industries used in the example as well 
as the data presented_. _al~~2!!8h_Je~!i~!i~,_ al'•~- ~t_ri~tly hypot_b_e1iqd. The 

--prTñcfpaf có-ñcern here has been to guide the reader through a modeling 
situation and to stress the need tp use the systems approach to planning in 
o_pti~J~iZIQg r_~ª! probl~ms even wh~J! th_ey__exhibit only a moderate leveLoL _ 
complexity. ------ -

EXERCJSES 

6-1. The southern California area is faced with the problem of ultimately 
supplying water to a future population of 40 million people. Assum
ing that the future water demand will be 190 gal./dayfcapita, the 
water required by the area will be 7,600 m.g.d. Local surface water 
and ground water can supply only 990 m.g.d. Other possible sources 
of water are as follows: 

J. An aqueduct system to the Colorado River and to the Feather 
River located at a distance of sorne 200 J!liles, with a total capa-
city of 4,000 m.g.d. -

2. Reclaimed waste water from domestic sewerage treatment witb 
a maximum of 3,200 m.g.d. 

3. Desalinized water' from the ocean, which can. be supplied in 
urlimited quantities by the electrolytic ion-exchange method. 

The quality of the water to be supplied must contain no more 
than 700 p.p. m total dissoh ~d solids; no more than .:::o p.p. m sul
fates; and no more than 110 p.p.m chlorides. 
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O.tta on the possible sources are given below: 

Colprado Feather_ Reclaimed Desalinized Loe el 
River River Waste Weter So urce 

Cost (S/1,000 gal.) 0.21 0.70 0.50 0.80 0.15 
T D.S. (p p.m.) 805. no:~-~- 634. 500. 650. 
s~.::fates (p.p.m.) 335. 132. 366. 30. 150. 
Ch!orides (p p.m.) 118. 137. 20. 30. 60. 

The problem is to adequately supply the water required ata minimum 
cost. 

6-2. 0:=' elop planning problems utilizing the models described in this 
chapter. Introduce variations and try to expand the model formula
tions to fit other physical situations. 

6-3. A lamp manufacturer is investigating the possibility of expanding his 
pbnt. For expansion to be feasible, the additional facility must (1) 
ha'e~a mínimum -capacity to pro-dúce- 300-lá.mp·s· per· móiün·;- añd-- -- ~ · 
(~)produce a mínimum profit of $1,500 per month from a maximum 
budget of $5,000 per month • 
. The la-mp manufacturer-produees-four-ty-pes oflamps:·(Jlceramic 

Jamps. (2) pine lamps, (3) oak lamps, and (4) mahogany Jamps. The 
unit cost to produce the lamps is $3, $5, $10, and $15, respectively. 
The manufacturer's unit profit is $1, $2, $3, and $5, respectively. 
The resources available constrain the monthly production tono more 
than 130 ceramic lamps, 400 pine lamps, 240 oak lamps, and 130 
rnahogany lamps. The availability of skilled lathe operators limits 
the production ofwooden lamps to 630 per month. 

Based on a market survey, the maximum demand for additional 
lamps is 750 per month with the following breakdown: 20% ceramic, 
40 ~o oak, 25% pine, and 15% mahogany lamps, respectively. Deter
mine" hether or not it is feasible to expand the plant. 
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CONCEPTOS Y TECNICAS M.ODERNAS DE ANALISIS, 
DISEÑO Y DIRECCION DE SlSTEMAS DE OPERACION 

DECISIONAL Y NECESIDAD DE SU UTILIZACION 
EN INGENIERIA CIVIL 

' 
Melchor RODRIGUEZ CABALLERO• 

1. INTRODUCCION 

En este trabajo se presentan muy someramente 
algunos conceptos y técnicas para el análisis, di~ 
scño y dirección de sistemas de operación deci~ 
sional. que se han precisado y desarrollado en 
los últimos 15 años. Estas técnicas han producido 
en los Estados Unidos una verdadera revolución 
en la dirección de empresas industriales, y han 
permitido realizar eficientemente proyectos gigan~ 
tescos. por su magnitud y complejidad. 

El propósito del presente trabajo es hacer notar 
la necesidad de utilizar en Ingeniería Civil las téc~ 
nicas presentadas. El a~tor estima que la aplica
ción de d1chas técnicas ;F la Ingeniería Civil me
xicana es indispensa~lé para responder a las 
demandas que a ella le impone el creciente des
arrollo económico de México. 

2. CONCEPTOS BASICOS 

2.1. Sistema 

Un sistema es un conjunto cuyos elementos es
tán relacionados· entre ellos de manera que la 
operación de uno de sus elementos afecta la ope
ración de todos los demás. Los sistemas pueden 
ser de dos tipos: a) Sistemas de operación fija y 
b) Sistemas de. operación decisional. En los siste
mas de oper<~ción fija la· operación debe hacerse 
siguiendo reglas predeterminadas por el diseña
dor, por ejemplo, un teléfono, un automóvil, etc. 
En los sistemas de operación decisional la opera
~ión, y consecuentemente el resultado de la ope
ración del sistema, puede ser decidida por el 
personal' que opera el sistema, por ejemplo, un 
sistema hidroeléctrico, un sistema de transportes 
(aéreos, marítimos, terrestres, eléctricos), etc. 

2.2. Sistema organizqdo de operación decisional 
' 

La motivación básica, consciente o subconscien-
te. de la creación o la existencia de una empresa, 
es la consecución de ciertos objetivos de manera 
que alguna medida de la eficiencia (utilidades, 
costo, volumen de producción, etc.) resulte óptima. 
Los cmprcsnrlos, preocupados fundamentalmente 
por alcanzar los objetivos en cuestión, con fre-

• Doctor en Ciencias (M.I.T.): profesor en la Facultad 
de lngcnlerla, U.N.A.M.; profesor de lnvesUgaclón de Opc~ 
raciones, Centro de CAlculo 1!1cctróDICO. UN.A.M.; IAgc .. 
Dlero Cooaultor. 
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cuencia han descuidado factores de organización 
que les han provocado perdidas cuantiosas. tanto 
económicas como de tiempo. La necesidad de 
¡reducir o eliminar estas pérdidas ha impulsado 
la investigación de métodos científicos de análisis. 

1diseño, operación y dirección de empresas. El 
1punto de estos métodos es que una empresa sólo 
puede alcanzar sus objetivos con máx1ma efioen
cia si se la considera como un sistema de operac1ón 
decisional que tiene las siguientes características: 

a) Objetivos coordinados: es decir, objetivos 
de las componentes del sistema compatibles 
con los objetivos del sistema y con los re
cursos disponibles en éste. 

b) Organiz.1ción acorde con los objetivos: es 
decir, que la departamentalización func1onal. 
la delegación de autoridad y la as1gnac1ón 
de responsab11idad deben ser acordes con 
los objetivos del sistema. 

e) Contenido acorde con los objctil'os; o se; .. 
el personal. los materiales, el equipo. el ¿,_ 
nero y la información contenida en cada ei•> 
mento del sistema sea acorde con los ob
jetivos de éste. 

d) · Oper.1ción del sistern.1 de manera que hag,¡ 
posible la consccusión de los, objetit·os; es 
decir, que los flujos de personal, materwles. 
e'quipo, dinero e información que implica la 
operación del sistema, deben hacer posible 
la consecución de los objetivos. 

e) Controles para determinar si ocurren dcsvia
<¡iones en el contenido. en la orgamzac1ón 
ó en la operación del sistema, que provoquen 
trastornos en la consecución de los objet1vos, 
y en caso de que ocurran dichas desvia
ciones, poder tomar decisiones correctivas 
adecuadas. 

3. ELEMENTOS BASICOS DEL Ar\.A
LISIS DE UN SISTEMA DE OPERA
CION DECISIONAL 

3.1. Análisis de las funciones en un sistema 

Todo elemento de un sistemn de operncuin dc
cision'nl produce bienes o .•c11•idos. L.1 n;1tur.1k:.1 
de éstos depende de In especinlid.,d y los ob¡~tl
vos del sistema. Sin emhnrgo. cualquiera que sc;u\ 
éstos; es decir, cualquiera que sea el campo de 
especialidad del sistema y sus obietivos, las iun
ciones que realiza cualquier elemento del sistema 

INGENIERÍA 



pu~dcn d,,.,ifu:nrs~ en nlguno de lo11 grupos prin
cip.,Jc¡; Sl!lllÍCIIIC:I~ 

ll) J 11\'l"Sii!]llCIÓil y tlCRnrrollo, 
b) P1 oducción. 
e) Yentns. : 
d) Finnncinmiento y l::ontraloria. 
e) Funciones relativa$ al personal. 
f) Rclélciones públicaf. 
u} Funciones juridicaf o legales. 

En una empresa indu~trial moderna los grupos 
anteriores pueden subpihdirse como se muestra 
en los cuadros de las pálginas 16-21 de la reE. l. 

3.2. Análisis ele la estructura del sistema 

En un sistema ~rstableddo de operación decisio
nal léls funciones Clescritas en el inciso anterior se 
encuentran asignndas a depilrtnmentos. Con fre
cuencia, un grupo o un subgrupo de funciones 
está asignndo a uno o varios departamentos del 
sistema, dependiendo del grado de desarrollo y 
de lt~s condiciones de operación del sistema. Tam
bién, la dirección de las activid<1des de uno o de 
varios departamentos se encomienda a un jefe. 
Como se sabe, el diagrama que muestra la depar
tamentalización de las funciones del sistema, y 
la dependencia de cada departamento en cuanto 
a dirección, se denomina: organigrama. 

La información principal que puede extraer el 
analista de sistemas de; operación decisional al 
estudiar un organigrama es: 

a) Qué grt~do ~e desarrollo tiene el sistema (el 
desarrollo del sistema es mayor a medida 
que aumenta la necesidad de crear nuevos 
departamentos). 

b) Quien es responsable de la dirección de los. 
d1ferentes grupos de actividades. 

e} Ante quien es responsable cada elemento 
directivo del sistema. 

d) Existencia de multiplicidad de mando. 
e) Existencia de actividades cuya ejecución no 

se ha asignado a nadie específicamente. 
/) Necesidad de formar nuevos departamentos. 

3.3. Análisis del contenido del sistema 

El contenido de un sistema de opetad6n 'deci
aional lo constituyen: 

1 

a) El personal. 
b) El equipo y las in~talac!ones. 
e) Los materiales. 
d) El dinero. 
e) La información. 

La información principal que proporciona el aná
lisis de cnda uno de estos elementos es: 

Ue.~¡,ecto al pcrson.1l: cantidad disponible, pre
pélración y copncjdad, relnciones laborales, inte
rese~ creados, servicios que se prestan al persa .. 
na!, etc. ' 

Respecto al equipo y las Instalaciones: cantidad 
y capacidad, condiciones de operación y manteni-
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miento, ,1(1\:CU<ICidóld respeCtO a Jos ohjctiVO!j, 0111· 
úahuric",n en pl.llllil, ele. . 
, R··-~¡¡¡·cto 11 ttlórtailll~.~: cap.1cldad y calidad de 
:los ;dm;ICcnamic•ltos dispomhlc:;, mcd1o de m••neJO 
·de mntcrinle:-., ele. 

Rcs¡icr.:tó al dinero: activo fijo, activo circulan
te. pasivo exigible a corto plazo, pasivo ex•g•ble 
a largo plazo, etc. . 

. Respecto a la información:capacidad y caracte
, risticas: de los archivos o almacenamientos de in
: formación, etc. 
' ' 

.3."4. Análisis de la operación del sistema 

; La operación de un sistema de operación deci
'sional 1mplica movimiento o [lujo de personal. 
:materinles, equipo. dmero e información entre 
los diferentes elementos componentes del sistema. 
Es pos•ble construir un modelo grafico de la 
operación de un sistema introduciendo símbolos 
que representen: 

a) Los elementos del sistema. 
b) El proceso que se realiza en cada elemento. 
e) Cada uno de los flujos (de personal, ma

teriales, equipo, dmero e información) in
dicando: contenido del flujo. sentido en 
que ocurre y medio que lo conduce. , 

d) La unidad de control de cada flujo. 

El modelo que resulta 2 tiene todo el aspecto 
de una red de distribución de corriente eléctrica 
o de agua potable. Geométricamente dicho modelo 
constituye una gráfica. En ocasiones, para facd1tar 
el análisis, se representa separadamente el flujo 
de personal, materiales, equipo y dinero y el flujo 
de información asociado correspondiente. . 

El proceso que se realiza en cada elemento del 
sistema puede representarse mediante un diagra
ma o gráf1ca de flechas y analizarse utilizando el 
método CPM o PERT l, 

La info;r_mación principal que se obtiene de los 
análisi~ ·precedentes es: 

a) Eficiencia de la operación del sisten•a. 
b) Localización de elementos cuya operación 

es defectuosa ("cuellos de botella"). 
e) Localización de fallas en la organización. 

3.5. Análisis de los controles en un sistema 

La operación de un sistema de operación deci-
sional estal;>lccido depende de las decision'es que 

· tome el personal directivo de todos! los ele'mentos 
t del mismo. Estas decisiones afectan el contenido 
: y los flujos de contenido en el sistema, y canse
. cuentemente, los procesos que deben rcélliznrsc 
en cada uno de sus elementos. El gmdo de con
trol en' un intervillo de tiempo se n~icle por. In di
ferencin que hny entre los oh¡eti\'OS pl.~nc.1dos 
pnra el intervillo y los re.(fllt.ICios obtcnidlJS du
rnntc ~1. Si esn diferencia d1sminuye con el tiem
po. el grado de control aumenta, y viceversa. 

De acuerdo con la discusión del párrafo ante
J rior el análisis de los controles en el sistema, 
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deben\ en focélrse a deteruunar para cada período 
conveniente de· tiempo durante la vida del sistema: 

a) Qué objetivos existían en los diferentes pe
riodos de tiempo para cada elemento del 
sistcmn. 

b) Qué grndo de compatibilidad existía entre 
los objetivos de los diferentes elementos del 
sistemn. 

C') Que d.Cerencias se presentaron en cada pe
riodo entre los objetivos planeados y los 
resultndos obtenidos: durante el periodo co
rrespondiente. 

d) Qué causns provocDron en cada período las 
desviaciones observ"adas entre objetivos pla
neados y resultados obtenidos. 

Merece especinl 1 aten<U6n el estudio de las cau
sas de las desviaciones cir.aervadas entre resultados 
y objetivos planca:dos. f.stas desviaciones pueden 
clasificarse en dos tipos: 

a) Desviaciones provocadas por defectos del 
sistema mismo. 

b) Desviaciones provocadas por causas ajen<~s 
al sistema y atribuibles al medio que lo 

• rodea. 

Si el diseño de'( sistem~ fuese tal que las des
viaciones del tipq a) t~ndiesen a desaparecer, 
el sistema de operación 4lecisional tendería a un 
sistema de opera~ión fija, y las decisiones que 
tendría que toma1r el pdrsonal directivo de los 
diferentes elementos del sistema serian necesarias 
solamente "por e1xcepción": es decir, solamente 
cuando ocurrie1·an circunstancias realmente im-
previstas, dentro y fuera del sistema. · 

La información principal que se obtiene del aná
lisis de los controles en el sistema es: 

a) Grndo de control en la operación. 
b) Fallas en la planeación o ausencia total de 

planeación. · 
e) Información' para cbntrol insuficiente en al

mmos aspe~tos e h.;necesaria en otros. 
d) Pallas en el diseño del sistema. 

4. DISEf:IO DE UN SISTEMA DE OPE
RACION DECISIONAL: APLICA
CION DE LA METODOLOGIA 
CIENTIFICA 

1.1. El problema de diseño de un sistema de 
operación-decisional 

Los objetivos de un sistema de operación deci
sional cambian con el ti!!mpo. Este hecho obliga 
al investigador de sistemas a analizar con alguna 
frecuencia al sistema en cue'stión con el fin de 
determinar si éste permite alcanzar los objetivos 
con la máxima eficiencia o si hay necesidad de 
rediseñar el sistema en alguna o algunas de sus 
componentes. . : 

El problema de diseño de un sistema de op,era
ción decislonal presenta las siguientes caracte-
risticas: ' 
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u) U1~él person.1 o un u rupo de per~onm. que 
tiene que tomar las dccJsionc!> ·durante la 
fnsk: de diseño del !>islcma ha!>téli selece~dnar 
un! diseño para opcmción. i 

b) U1~a personé\ o un grupo de personas ( u!lual. 
me¡nte distinto del grupo en a)) que tiene 
que tomar las decisiones durante la opera. 
ciéjn del sistema. 

C') Posibilidad de establecer y coordinar• los 
ohJetivos del sistema en varias formas· al
ternéltivas. 

1 d) Necesidad de establecer una med1da de la. • 
, ---eficiencia del sistema o de la parte del 1!>is

tema que se diseña. 
e) Posibilidad de varias alternativas no igual

mente eficientes para alcanzar los obJetiVO!. 
deseados. 

f) Duda respecto a la elección del diseño "óp· 
timo". 

g) Un medio ambiente que produce un efecto 
riesgoso o incierto sobre el sistema. 

' Puede observarse que excepto por el factor b) 
·~nterim·, los otros factores intervienen en m:ayor 
o en menor grado en el diseño de sistemas de 
operación fija. Esto ha permitido utilizar la meto· 
dologia científica para el diseño de este tipo de 
sistemas en el diseño de sistemas de operación 
decisional, y viceversa. Muy recientemente esta 
metodología ha sido desarrollada notablemente 4• '· 

1.2. · Insumo, producto. eficiencia. Objctil'os y 
ec,aluación de objctil,os 

La selección de uno de los diseños alternativos 
posibles de procesos a realizar en un siste~la de 
operación decisional o en una parte de él. se: hace 
en función de lo que se denominn cficiencin. En 
la fig. 1 se muestran los cuatro casos posibles de 
.relaciones entre producto e insumo. y la medida 
de cfici~ncia correspondiente. ; 

1 

, Los óbjetivos de un sistema de operación deci· 
!sional Q de unél parte de él. pueden referirse al 
insumo 'o al producto y pueden ser cuahtillivos o 
cuantitéltivos. En general, para log rnr el lllcjor 
diseño del sistenlél o de la parte en cuestión no es 

, suficiente con renunciar los objetivos que se pre
tenden, sino que hay que evaluarlos. Muy recien
temente se han desarrollado técnicas de evalua
ción 4, de aplicabilidad general y de gran utilidad 
para evaluar los objetivos. 

4.3. Modelo de un sistema. Ventajas que tiene 
su utilización 

Como se sabe, un modelo de un sistema es una 
representación del sistema. Un modelo puede ser 
físico <i> abstracto. . ! 

, Entre los modelos físicos los mil~ impo~tantes 
·son los analógicos. es decir. aquellos cuy.1s m;l~i· 
nitudc.S físicas representan a las magnitudes ca

' racteri~ticas del sistema, de manera que a cada 
' magnitud del modelo corresponde una y só1o una 
1 magnitud del sistema. A esta clase de modelos 
: ~ 

1 
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FIGURA 1 

cc,nresponden los modelos gráficos y los modelos 
~~~tricos. 
~f,'fLos modelos abstractos son los modelos mate~ 
'máticos. En éstos. las variables que aparecen 
representan a magnitudes características del sis
tema. y el conjunto de relaciones matemáticas que 
deben satisfacer dichas variables para representar 
al sistema constituye propiamente el modelo del 
sistema. 

Si las magnitudes características de un modelo 
no cambian con el tiempo. el modelo se llama 
estático. Si dichas magnitudes camb1an con el 
tu~mpo. el modelo se llama dinámico. Un sistema 
cuyas magnitudes características cambian con el 
tiempo puede ser representado por un modelo 
estático en un cierto periodo de tiempo, si la va
riación de lns magnitudes en cuestión es pequei\a: 
en cnso contrario, el sistema tiene que represen
tarse por un modelo dinámico. 

Es pos1ble representar mediante un modelo a 
una parte del sistema o al sistema en conjunto. 
Por lo que se refiere a si:-:temas de operación fija. 
las técnicas de representación, análisis, diseño y 
optimización del diseño •, se encueqtran muy 
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desarrolladas. Algunas de estas técnicas han sido 
utilizadas en sistemas de operación decisional. 
basándose en la similitud anotada al fmal del 
inciso 4.1 entre este tipo de Sistemas y los s1stemas 
de operación fija. Así. se ha utilizado la teoría de 
los servomecanismos para representar y simular 
la operación de sistemas de producción o distri
bución organizados 7• Tamb1én se han dcsarro-

C\. liado modelos específicos para sistemas de opera
ción decisional 7• 8• En la actualidad este cilmpo 
se encuentra en proceso de desarrollo verdadera
mente explos1vo. 

Las ventajas principales que tiene la utili;:aCJón 
1 de modelos para representar a sistem<~s. tanto de 
loperacion fija como de operación decision<~l son: 
' ' 

a) Es menos dificil medir las variables carac
t~ríst1cas en el modelo que en el s1stema 
real. 

b) Permiten encontrar relaciones entre ¡,,s milg
liitudcs características del sistema que seria 
imposible o muy difícil descubrir med1ante 
an~lisi& directos del sistema. 
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e) Pénnitcn dctcnninólr el diseño ópt1mo (res
pecto a ulgún criterio) del sistema para 
condiciones de operólción dadas. 

d) Permiten. l<t experimentación (simulación) -
en condiciones controladas, menos diEíciles 
y menos costosa~ que en el sistema. 

e) Proporcionan la! única base posible para el 
dcs<trrollo de la: rama del conocimiento co· 
rrespondiente. ¡ 

f) Permiten la e1~eñanza. 

La desventaja pri. ipal de los modelos de sis· 
temas es que const tuyen ·idealizaciones más o 
menos refinaqas de ichos sistemas. Sin embargo, 
no deben ol'1idarse .as dificultades que tiene la 
experimentacion con \el único modelo Hel de un 
sistema, o sea~ con el 

1
sistema mismo. 

i 
4.4. La investigación de operacione,s. Algunas 

clases de problemas estudiados. Uso de 
computadoras electrónicas 

Recientemente se ha hablado mucho de las 
ventajas que ~iene la utilización de los métodos 
y modelos de la lnve~tigación de Operaciones en 
problemas desarrollo 1 económico, de dirección de 
empresas,_ etc. Sin e~bargo, con frecuencia no se 
tiene un concepto cla~o de lo que es. La Investiga
ción de Operacione!1~s una rama de las Matemá
ticas que se caracte~za por: 

a) Estudiar sist~as de operación dec:isional. 
b) Desarrollar modelos matemáticos o analó-

gicos df. los sistemas que estudia. : 
e) DesarrTJiar tt¿nicas para optimizar la efi-: 

ciencia ¡de los sistemas que estudia. 

La metodología que emplea la Investigación de 
Operaciones ,es ~a metodologla científica 4 ' 2• ' 

El proceso que se sigue en Investigación de 
Operaciones para atacar un problema especifico· 
puede representarsP. gráficamente como se indica 
en la fig. 2. 

La forma básica de los modelos de investiga .. 
ción de operaciones es 

B = /(C,, U1) • 
CA donde· 

B :::::¡ Eficiencia del sistema. 
C, = Variables sujetas a control por de

cisión ( i = 1, 2, ••• n) • 
U~ Variables o constantes que no están 

sujetas a control por rlecisión y que 
afectan la eficiencia (j = 1, 2, ••• n). 

/(C,, U1) ~ Simbqlo que indica función f de 
· e,. u,. 

El problema es:: fijados' los valores de U_p de· 
terminar ·lqs valores correspondientes de G1 (,si 
existen) que hocen óptima (máxima o mínima) 
la eficiencia B. sabiendo que las variables están 
sujetas a ciertas restticc:lones, impuestas usual
mente por limitaciones en los recursos disponibles 
o por cieseos de retener algunoa factores. 
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FIGURA 2 

Los problemas 'que se han atacado eh lnvesti
gac,ión de operaciones pueden clasificars~' en pro
blemas de: 

éJ) Inventarios . e) Rutas 
b) Asignación /) Reemplüio, 
e) Espera u) Competchcia 
d) Secuenc:iación • h) ~úsqued~ 

Algunas de las técnicas de 1~ lnvest:igación de 
Operaciones han sido aplicadas en: myestigación 
y desarrollo. producción, ventas. ful<H¡'Ici~~~ento. 
dirección de personal. compras, plóln~ac•on ge· 
neral. etc. En todas estas aplicaciones· la utihza· 
ción de computadoras digitales elcct~ónicas ha 
sido de gran utilidad. Con frecuencia. ha sido 
la computadora electrónica la que ha permitido la 
utilización de los métodos de Investigación de 
Operaciones en problemas de gran Qtagnitud y 
cOmplejidad. 

PRINCIPIOS DE DIRECCIO~ MODER
NA DE SISTEMAS DE ORERACION 
DECISIONAL . 

' A pesar de q'ue desde 191'6 Fayol 10 presentó 
con todél claridnd los principios bilsico!> de la 
dirección de empresas, y de· que dt:mostró que 
usando esos principios es posiple ensctiur a d•nuir 

: : i 

, • Los m~todos CI?M y PERT que han Gdqulrido tanta 
¡,opulorldad rcdcotemcnte, aoo método& para problcmil! de 
Cata dale. 
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:1J .:111prt:s.1, dachos 'prmopaos pcrn~<medcron ag
:,.r.111os por la groa~1 mnyoría de los dirigentes 
·,( canpresils en todo el mundo, hasta que hace 
;~ro\1111·1damente 15 niios se inició su difusión en 
.:~·'" c5Cill.1. Este hecho ampulsó. la investigación 
,i,w:., de In dareccaón de empresas, y, en genernl, 
,1,crl'•, ele ),, dirección de sistemas de operación 
J~·•a~aon;tl. Como result<tdo: de dichas investiga
~1Cincs. se dispone <thoril de¡ un conjunto de prin
.-1paos !'óhdi\mente fundam~ntados pura la direc
,,ón de sistemi\s de opernción decisionaJII. 12, 

,\ctualmente se recono~e. que todas las activi
J,1dcs relacionadas con lil ~irccción de cualquier 
p.urc de un sistema' de opqvción dccisional o del 
s1stcma en conjuntd. pueden clasificarse en los 
cuatro grupos que ~e muestran en la fig. 3, y 
que esos grupos de Fctividades directivas se rea
h:an cíclicamente cpmo se' indica en la fi~ura, 
durante todo el t¡'empo que está en operación el 
sistema. 

PLANEACION 

[ ORGANIZACION CONTROL 

Lr---t-------'l_j 
PaG. 3. Ciclo dinRmlco de la dirección 

Con el fin de precisar~! significado de los tér
minos que aparecen en 'la fag. 3, se definen a 
~ontinuación: , . 

Pl.1nc.1ción: conjunto de decisiones tendientes 
~ lograr en el futuro los objetivos establecidos, 
'" la forma ·más eficiente posible. 

Organización: conjunto formado por los ele
mentos del sistema a los que se asignan las activi
dades que· deben realizarse para alcanzar los ob
jetivos establecidos, y por el personal en quien se 
delega la autoridad y la responsabilidad para 
dirigir la operación de dichos elementos. 

Motivación: conjunto de técnicas utilizadas por' 
el director de un elemento del sistema para en
cauzar las actividades encomendadas al personal 
que dirige, de manera que puedan alcanzarse los 
objetivos establecidos en, la forma más, eficiente 
posible. 

Control: conjunto de técnicas para comparar y 
evaluar las desviaciones probables entre los obje
tivos planeados y los resultados que se obtengan 
durante la operación del sistema. 

Recientemente se han desarrollado las técnicas 
conocidas con los nombres CPM y PERT 3, que 
permiten realizar la planeación y el control con 
el grado de eficiencia y de detalle que se desee, y 
que son también de gran utilidad para diseñar la 
organización y las ttcnicas de motivación. Algu-
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nus, de la1. técnacas de1.cntas en el urtu.:ulo 3 pre
cedente, son también muy útiles para daseñar !a 
organización del sistema o del elemento en cue~-
ti6ri. 1 : :. ',;-. ' 

'•' 

i ' 
6. ALGi.\lNOS SISTEMAS DE OPERA\
, Cl0!'4 DECISIONAL EN INGENIERIA 
i CIVIL 
i : 
' 1 

t-os con~eptos y técnicas descritas precedent'e
melnte son: aplicables pam el anillisis, diseño t y 
op~imizaciqn de la operación de algunos sistemas 
de r operacipn decisional de interés en Ingeniería 
Civil. Entre did10s sistemas pueden mencionarse: 

~) Sistemas hidro-eléctricos u. 14, 

b) Sist~mas de irrigacaón 13• 14• , 

e) Sistemas de transportes: carreteras. tránsito 
en ciudades, ferrocarnles, transportes marí
timos y aéreos. 

d) Sist~mas de vivienda popular. 
e) SistFmas de desarrollo urbano. 
f) Empresas constructoras. 
g) Empresas de estudios y proyectos. 

i h) Empresas productoras de materiales : de 
construcción. ' 

i También son aplicables al11unas de las técnicas 
descritas, para la dirección de la construcción de 
proyectos especiales o de producción masiva 15 ~ 

· 7 NECESIDAD DE UTILIZAR EN MEXI
CO LAS TECNICAS PRESENT A~AS 

i 
El desarrollo económico de México en los¡ úl-

timos años ha traído consago un aumento notable 
en el monto de las inversiones gubernamental~s y 
privadas en sistemas de operilción decisional' de 
interés en lngemería Civil. Esto hil provocado. 
la necesidild de analizar, diseñélr, realizar y operar 
sistemas cada vez de mayor magnitud y corn!ple
jidad en un tiempo reducido. Este hecho y la no 
utilización de técnicas como las desc.ritas prece
dentemente ha sido la causa de numerosos fraca
~os pres).lpuestanos, y del frecúente ,empleo, ine
ficiente de los recursos disponibles. 
· En el¡ futuro es probable que tengamos nece

sidad de realizar sistemas aún mayores que los -
fealizadc;>s hasta ahora, y que tengaJ/nos también 
que aprovechar mejor los sistemas existentes¡ Las 
~écnicas ¡descritas nos permiten, en ut~o o en, otro 
caso, lograr una mayor eficiencia en la utilizpción 
de nuestros recursos y consecuentem~nte, la 'posi
bilidad de lograr un desarrollo económico mayor 
y más acelerado. ¡ 

La investigación, desarrollo y experimentpción 
de las .técnicns descritas ha requerido un . gran 
esfuerzo económico e intelectual en otros ppíses. 
Tenemos ya gente prepara~a en el_las y tenemos 
también los medios para aplicarlas, utilicémoslas 
eu beneficio de México. 
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2. S peculations' 

LESLIE MAR TIN. LIONEL MARCH & OTHERS 

In the 1920s an important shift of architectural intention and process
a shift of social attitude- became clear. However complicated the his
torical situation m ay ha ve been, three powerfullines of thought appeared. 
The first carne from the passionately held belief that there had to be ~ome 
complete and systematic re-examination of human needs and that, as a 
result of lhis, not only the form of buildings, but the total environment 
would be changed. The second line of thought, interlocking with this. was 
simply that change in the form ofbuildings, or environment. would only 
be achieved completely through the full use of modern technology. These 
two ideas produced a third, which was that each architectural problem 
should be constantly re-assessed and thought out afresh {Wurster 1965). 

Now it is clear that no single one of these principies was ever com
pletely demonstrated. They remained Iines of action sometimes followed 
up separately, sometimes together. The rational examination of needs 
went sorne way, certainly, towards a fundamental change in the plan form 
of buildings. But of technical innovation, there was nota great deal. There 
was a lot of talk about the machine but its end products were not very 
evident in buildings. What the designers saw, often in a confused way. 
were the possibilities that arose from their beliefs and altitudes, and it is 
around these anticipations that they built up their formal systems. In this 
sense their buildings were symbols of what a new architecture migbt be. 
And for their day they had an immensely powerful rrieaning. 

All this is something very different from an attempt to produce new 
forms as a primary objective: i.e. as a kind of rootless formalism. What 

t This essay is a compilation from many sources. The introductory pages are from BJI 

anicle by Sir l..eshe Marun cntitled. 'Architect's Approach to Architecture', published 
in the R.I.B.A. Journa/, May 1967. l: introduces paraphrased excerpts from othc:r 
papers and anicles which are hcre pre~cnted as 'Speculauons'. The word is fittina 
as the aucmpt was to raise quesuons which could only be answcred by subsequenl 
rormulations. •' 
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SpeculatioJU 

seems to be importan! about it are the intcntions that caused thcse form!l.. 
The d1ñerence betwcen a cha1r produccd by the arts and crafts movement 
and a e ha ir dcsigned by Rietveld is not just a ddference ofform. The form 
comes from a different emphasis on who makes it, on how it is made ancS 
how many people can have it. Now to stress this distinction is to make a 
declaration of attitude. The design of an object becomes a statement of 
conviction about what a society may need, the way it might consider its 
surroundings, the kind of products that it might have and how it might 
manufacture and use them. lt is indeed an intellectual commitment· and 
this a~titude of mind will apply equally to any aspect of design. The ~ork 
resultmg from the 1920s and 1930s is of interest and value today because 
of the ideas that it embodies (Wilson and Rowe 1965). 

The change from art and craft intuition towards rational analysis. 
measurement, technical innovations and speculative thought about these 
things, is one manifestation of this. The change is there at an early date 
in the opposition to the intuitive craft approach, and in buildings that 
are ·built to a purpose' and thought out, rather than drawn. It is this 
matter-of-!actness in which the act of design cannot be separated out as a 
form-making process that remains central. It is re-echoed in the various 
catch-phrases around which theory {and panicularly German theory) was 
discussed. · · 

~ut ~istory is ne~er clear c~t. Against this attempt to reintroduce 
ratJon~~Jsm as a bas1s for archnecture, there is, all along the fine. the 
opposJtJOn of a powerful wing of •individualist' creators. The situation is 
~onfused. Rational ~hought about needs and processes by one school was 
m sorne way cons1dered by another to be dangerous and inhibiting. 
Practica} reason and intuition were seen as opposites. And it is also true. 
as C. B. Wurster (1965) and J. M. Fitch (1965) have noted. that just u 
the products of practica] reason were being demonstrated on an impressive 
scale in the housing projects of Holland and Germany, the developing 

_ theory be.came dogma. The principie that rational thought about use and 
construct1on must produce (as an integral part of this process) its owa 
formal systems required a continuous reassessment of every as~ of a 
probl~m. Knowledge would be established by analysis, advanced by 
expenment and confirmed or corrected by test.--A ruthless reassessment 
~f each acbievement was~an essential part of this process. But. in that 
1mportant and major housing achievement of the 1930s, the procesa 
stopped. The speculative thought that cou]d have extended the range o( 

built forms into totally new environments dried up. In Germany and 
elsewhere the set housing solution solidified into parallel rows of slab 
blocb. 

The fact that this happened was of enormous consequence. The ration.aJ 

-, 
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approach was at once suspect. The end result of practica! reason appeared 

10 
be sterihty: and it was assumed that th1s could be countered only b~ 

intuitive processes- by feehng. Thus the old nmeteenth-century oppoSl• 

tions were contioued. . 
What was wrong with parallel slab layout was not the rat10nal thou~t 

that it contained, but the failure to e"tend this by furt~er s_vecula~v~ 
formal inventioo. As A. N. Whitehead (1929) on~. pom~ed out, 1t 11 

speculatioo that makes rauo~al t~ough~ live: a_nd 1t !S rauonal tbougbt 
that g¡ves speculative iovenuoo m bas1s and 1ts ~oots. To analyse, t_o 
measure aod to rationalise the problem 1s an essenual ~art. ~f the procesa 
of scientitlc thought. And, in the scientific process, mtuitJOD (or w~at 
Alfred NÓrth Wlutebead (1929) prefers to call conJecture or speculative 
reasoo) ¡5 'itself entirely arbitrary unless it is guided by thought or syst~m. 
Practica! reason is tbe means by which methods are develo~ed for d~a~mg 
with different kinds of facts. Speculative reason is an extens1~0 of this 1~to 
theoretical activity. Progress depeods oo a lively interest 10 speculative 
reasoo. 'Iñiough the interaction of these tWO forros of ~01,1ght, fact~aJ 
assessment can take its place within an overall scheme oft~m~: spec~ative 
reasoo is 'robbed of its anarchic characterwithout destroymg1~ function of 
reaching out beyond set bounds'.(Wbitehead 1929, p. 66). WJ:üteheadgoes 

00 10 add that the massive advance of modero technolo&?" IS due to ~e 
fact tbat tbese two forros of thought (rational and specula?ve) h~ve aga~n 
made contact. Tbat, translated into architectural terms, IS equ¡val~ot to 
saying that the rational understanding of a pro~lem and the exten~IOD of 
this into speculative (intuitive) thought is one smgle process: that IS, that 
thought and intuitioo are oot opposed but complementary. 'W_e may 
recognise at once an older (pre-nineteenth ceotury) concept of arcbitecture 
in wbich tbe design process cannot be isolated from the thought processes 
by whicb the problem is analysed aod solved. . . . 

The decisioos that are takeo about the planning ofbwldmgs, therr form 
and the groupiog in relation to t,he land available may ~e based on as
sumptions wbich appear to be emineotly sensible aod ra~ooal. H~we~er, 
rigorous reassessment- des pite the ioitial form of refutat1oo that 1t ml~t 
assume ..:wiU always prove productive. The argumeot. preseoted .here 11 

that thin1~~ are oot always what they seem to be. Refutauoo c:1o begm asaD 
iotuitioo Ófimposture; but to prove that, speculation aod rational formula· 
tioos must be able to demonstrat~ first tbe fallacy and theo aJteroa~e and 
more useful deploymeot. The fallacy may exist ~t aoy scale: o~ ~te ~ 
sources assumed to be oeeded, of the relationsh1p of rooms ~~t~m thc 
building to the corridor space connecting them, of _gr~uped b_mldmgs to 
each other and to each otber's uses, of buildings w1thm the c1ty aod the 

streets by which they are coooected. 

Speculationl ll 

It is particularly fortunate when out of speculation, research has itJ 
beginnings. The points here raised were formulated out of a series of 
separa te studies as they arose from practica! problems. Since they were not 
contained within a formulated body oftheory they can best be described Al 

speculations. 

Speculation 1 (Martin & March 1965) 

How can we study the efficiency of the planoing of buildings? There is a 
commoo assumptioo that the most economic building is that in whicb the 
circulatioo space is reduced to a minimum wheo set agaiost the toial fioor 
area: that is to say that maximum efficiency ofplaoning is measured by the 
relationship of circulation to gross a-rea. This measure is frequeotly u sed iD 
assessing costs and awarding grants. At the same time other staodards., · 
possibly cooflicting, may be introduced, for example room sizes based oll 
increments, or coostructiooal sizes resultiog in modular dimeosioos. These 
are all ioterrelated factors and the ioteractioo can be studied in a fcw 
simple diagramS. - -

lo the example selected, 12 rooms have to be accommodated. These 
vary in size and their areas are based oo graded incremeots of .25-50 
sq ft. The plaoñing and structural module is based on a 4-ft grid. ·Jo the 
first layout (Fig. 2.1a), the rooms are arranged along each side of a mini
muro 6-ft corridor, in what may be coosidered to be an efficieot plan. The 
rooms are made 18ft deep and arraoged in length to form tbe most coa
venieot fit betweeo the incremental sizes aod the plaooiog uoiL There is n 
clear over-a11ocatioo of floor space per room: the area iocremeot being 
72 sq ft iostead of the required iocremeot of .25-50 ft. 

In the secood diagram (Fig. 2.1b), the variatioo in room siz.e has a two
way freedom, the depth of the room beiog cootrolled by the 4-ft module. 
The room over-allocatioo is reduced. The corridor is iocreased in space 
in what might appear to be a wasteful maooer, but the total ftoor area 
remaios the same as in tbe first example. . 

lf the module for room deptb is oow reduced to 2ft (Fig. 2.1c) then 
room allocation has a tighter fit. The corridor width is 8ft over 80% ofita 
length aod may be more pleasaot aod at the same time more useful by 
accommodating waiting areas or filing space. 
. In_the previous examples the building block is 29 uoits in Iengtb aod 10! 
ID W1dtb. The effect of an increase in the width of the block can oow be 
considered. In the next diagram (Fig. 2.1 d), with the block now ooly 21 
modules long and 14! modules deep, a 6-ft corridor is again introduced. The 
over-allocatioo is now the highest in the series. The circulatioo area is tho 
least and the externa) face is 16 modules less thao in the previous examplet. 

! 
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fig. 2.1. A comparative study of office layout with varying plannin¡ modules, roona 
depths, and perirneter len¡thl. 

SpeculatioTII 

Ifthe rooms are now given freedom in depth and the depth is controllc-4 
by the 4-ft module (Fig. 2.Je), the room entitlement has a closer fit ·and thO 
corridor is nowhere less than 8ft wide. With a further reduction of modulo 
depth to 2ft (Fig. 2.1f), there is no over entitlement and nowhere inho 
corridor Jess than 10ft. When the block is widened again to 16 modulC'S 
(F1g. 2.1 g) the increased depth allows a conference room to be inserted ia 
the central area. The externa! perimeter face JS reduced from 42 modules to 
38. By sorne criteria this layout is the best, though it has the Jeast favour
able circulation to gross area ratio (26.6%) in the series. lt gives a perfecl 
fit of entitlement to ,allocated space, has the least externa} waJJ surfacc 
(perimeter length) and the Jeast gross area. The ratio of circulation 1o gross 
area as a measure of efficiency can certainly be questioned. 

Speculation 2·(Martin & March 1965) 

Many meas u res of the 'efficiency' of buildings m ay be developed but these 
can only be of use when they can be seen in relationship and when values 
can be defined in measurable terms. 1t may be asked, for example, what 
building forms· inake the best ·use- o'f land? The question necessarily io
volves a val u e judgement of what is meant by 'best use' and this can only·· 
be answered objectively insofar as the values can be defined in measurable 
terms. lt mighfbe assumed that current planning controls, where they use 
measures, will supply an answer and that the question is asked wherever a 
development is proposed for a given site. 

Current planning techniques, in fact, ofl'er two measures which have 
dominated planning and architecturaJ action for many years. The first is a 
measure offtoor space index (or its alternative plot ratio) and the second Íl 
concerned with daylight considerations. t These two measures are assume4 
to provide a rational relationship of ftoor space to site and an assurance 
that buildings wiJJ be adequately lit. The use of the first measure has som~ 
times been extended to give an indication o_fthe population accommodate4 
in the buiJdings. . 

Martin, Marcb and Taylor (1965) examlñed this Jast point by prodllcill¡ 
a set of graphs to show the relationship of three of the factors 'which 
may be considered in determining the population capacity of a givea 
si te. (These graphs are illustrated in Fig. 2.2.) In relation to. a typical si te 
area of l 00,000 sq ft the plot ratio may be 2: 1, 3: l or 4: l. This genera tes 
floor areas of 200,000, 300,000 and 400,000 sq ft (Fig. 2.2a). The grosa 

t F1oor space index is the gross floor area measurement or the building includin¡ the 
thickness or the externa! walls; this total is divided b'f the site area including haJf 
the width or the surrounding roads. Plot ratio is the same gross measuremenl ol 
floor area divided by the net si te area. These measures are expressed as_ 2 :1; 5:1 ~ 
Daylight considerations are measurecs by special protractors and r ·•mogram&. 
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Fig. 2.2. Range of population density as function of plot ratio. 

fioor area may then be used with varying degrees of efficiency, for ~xample 
25 %. 50% or 75 %. The clerical areas generated from thes~ (f1~. 2.2b) 
yield nine possible results ranging from 50-100,000 sq ft at .25 %, 1~ 
200,000 sq ft at 50% to 150-300,000 sq ft at 75%. If these possJble.clencal 
areas are·now related to an allocation of square feet per person (F1g. 2.~) 
tbis too m·ay fall within allowances of 80, 100 or 120 sq ft per person. In this 
example seventeen ditferent populations ranging fr~m 40? to 3700 co~d 
arise from the same si te are a as a result of these relatJOnsbips of plot ratJo, 
generáJ plan efficiency and floor space allocation per person. t 
t Other factors will clearly limit this range, for instance, buildi~g ~des. _SiiD11arly, 

Jand and development costs, panicularly in central busmess dsstncts, w_¡ll tend to 
secure intensive use. But coordmated relationships between bulk and denssty and use 

and denssty are not 115ually even formulated. 
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It is clear that plot ratio in itselfis no sarisfactory measure ofpopulation, 
though it is useful as an assessment of the total ftoor space provided by 
buildings on any given site in any area of a town. 

Speculation 3 (Martin & March 1966) 

But continued scrutiny can go on to reveal v. hether this plot ratio measure 
will insure in any way that the site area will be etfectively used. In order to 
demonstrate this we might place on any given si te parallel rows of 4-storey 
buildings spaced apart by a conventional light angle of 45°: in th!s case the 
plot ratio will be 2: l. If however the building remains at 4 storeys but is 
arranged as a solid block lit by courts, in which the prescribed light angle is 
still u sed, the plot ratio will in crease from 2:1 to 3: 1, that is by a factor of 
50%. Assuming for a moment that both forms ofbuilding lend themselves 
equally to interna! planning, it becomes clear that the building form can 
ha ve a pronounced effect on the total floor space possible on any given site. 
lf urban land is to_ be developed economically and if reliable measures of 
this are necessary, it is desirable to k~ow which forms of building appear 
to make the most effective use of ground area. 

In appro.aching t_his question we ar-e at once confronted with sorne deepJy._ 
embedded ideas. One of these, for example, is the prevalent notion that 
high tower buildings are necessary in order to use land efficiently. Tower 
buildings have been used indiscriminately in London on sites which differ 
considerably in both size and surroundings. Any fórm of building is per· 
missible within the measure of floor space index. If certain Iimits are set, 
such as size of site, the amount of floor space required, the acceptable 
depth of building, the amount of floor space with outlook, the amount 
without and so on, it is possible to demonstrate that a development might 
assu~ many building forms including tall towers and that a very con
siderable number of variables exist and a wide range of choice requires 
examination. In one case studied with six co-ordinates, this reached a total 
of 60,000 possible sohitions. 

Speculation A (Martin & March-1966) ·· 

How can such a problem be studied in a systematic manner? The site 
utilisation of various layouts can be studied b) classifying the built forms 
under three headings: the pavilion or toY.er, the street and the court. 
These can be considered within a rectilinear uni\erse. The pavilion is finite 
in its plan form. The street extends, potentially, infinitely along one axis. 
The court extends infinitely along two. From these built rorms rectangular 
lattices can be derived. In fact the pavilion, the street and the court consti-
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pavilion 

F1g 2.3. Schemallc d•a¡;ram to show three dlfferent d•sposition: ..,f built forms~jC:~: 
or tower, street or slab, and thc generatmg cruc¡form m a contmuous pattcm. 
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tute points of recognition_ in what m ay more properly be seen as a con
tinuous transformauon from one extreme to the other (Fig. 2.3); from an 
array of isolated blocks elongated into continuous parallel rows, and these 
joined in the perpendicular direction to form a net of courts. 

This can now be examined. The co-ordina tes used must be constant for 
each case: the same si te area, the same block depth, the same widtb of · 
interspace, the same floor height, etc. Two factors reveal certain aspects of 
the problem: one is the si te utilisation factor, that is the ratio of the si te 
covered to the area not covered. The other JS the built poten tia!, that is the 
ratio of the ftoor area of the built form to the site area. 
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Fig. 2.4. Built poten tia! in relation to number of storeys. 

When the built potential is plotted against the number of storeys for 
each one of the three built forms described, assuming all other factors are 
constant, then it is seen that after a certain height the tower form ceases to 
use land with increasing efficiency and Jower towers more closely packed 
together, but with no change in the angle between contiguous towers, wiU 
give the same degree of built potential. (Fig. 2.4) This could be one reason 

-- that the 'City of Towets', free-standing toiers in -a park-like setting, has 
never been built. It is inherently inefficient in terms of land use. In com
parison to the pavilion or tower form at its maximum, the built potential of 
the street form has twice its value, and the built potential ofthe court form 
is no less than three times as great. 

The form of a typical high density development, a low podium sur
mounted by a tower, corresponds closely to the buildmg ~·welope obtained 
by using daylight protractors. Day Jighting controls have determined toa 
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)arge extent the massing of building seen in the central city of t~day 
(Watts, 1963). The type of study described can be dcveloped by con~Jd.er
ing p) ramidal forms wh1ch approx1mate more closely t~ the actual bUJldJ.ng 
form (F1g. 2.5). This generahsed pavilion form may agam be compared w1th 
ns anuform, the court. When this is done. the court form 1s seen to place 
the same amount of floor space on the sam~ sne area \\ith the same con
dJtJon of buildmg depth and in approximately one-third the height re-

quired by the pavilion form. 

\ 
r= 

S S 2 s J L 

Fig. 2 5. Generahsed pavilion form and its antiform; modified antiform ofthe generalised 
pavilion form at the same scale and contammg the same amount of built volume on tbe 
same site; the heights are approximately in the ratio of 3:1. 

b 1· 
' ~ e 

Fig. 2.6. The··.lllustration shows (a) a pavihon development and (b) and (~) court ~ 
velopments, m which severa! proporllons of SJte utihsation: coverage, buJlt potential 
(bulk) and percentage of ftoor area without outlook, are the same. For the same numbcr' 
of storeys, the bUIIt potential will be the same for all three buildmgs. The different s~ 
sJie area needed to equal•~ these proportions suggests that each form has an opt1mum 51 te 
s1z.c (F1g. 2.6c takes mto account the interna] angle condlllon requued to maintain the 
proponJOn of ftoor space w1th outlook, wh1le bUIIdmg the court form on a smaller site.) 
Black arcas represen! ftoorspacc w11hout outlook; v. hile areas represen! floorspace witb 
outlook. tmted area repre~nts that part of sne u neo' ered by development. 
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Speculation 5 (Martin & March 1966) 

What is to be observed, however, is that if the built potential is held con
stant for the pavilion and the court, and if the proponían of the built form 
havmg outlook and that with no outlook is again constant, then the size of 
the site for these two developments will differ (Fig. 2.6). This seems to sug
gest that each form of development probably has Jts own opumum size. II 
the highest densities were to be allowed only on the larger sites, then it 
appears to be the case that 'high and deep buildings would be unnecessary 
in terms of land use, though they may be required on other functional 
grounds. This kind of consideration could lead to the general loosl!ning up 
of the texture of building on ground space. In that case a new relationship 

of building to road must be sought. The development of larger areas of 
land and the possibility ofbuildings occupying less ground space offers the 
possibility of a new sea le of road network in which the interrelationship of 
land, building content and the traffic which it generates is made more 
balanced. 
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Spccul:Jtion 6 (Martín & March 1968) 

Th1s qucstion of the relatedness of things is central to the consideration of 
any sin~le issue like the provis10n of housing, schools, open space or the 
roads b)• "h1ch they are served. All these things are aspects of the main 
problem of relauonships: and by looking at a question in this way the old 

barriers created by zonmg are Jmmediately removed. 
Professor Vaizey (1968) once stated that the older arcas of towns may 

continue to have the oldest schools. The problem, he said, was that even 
if the bousing priori ti es did not elimina te them, the larger si tes which they 
tend to demand displaces the stock of housing. 

Fig. 2.7b. The land·use requirement of the 5000 people housed on the SO-acre site. 1be 
area allocated to schools includes 7 acres for buildmgs and 14 acres for playing fields. 
When an allowance is also made for open space, only 9 acres remain for housing. 1bc 
housmg floor area is 3 limes that of the land available. 

It could be argued that educational need and housing need cannot be 
separated: both are part of the larger theoretical problem of how we use 
land by bu1ldmgs. When the 1ssue 1s considered in this light the results are 
someumes surprismg. Consider an area of land in a nineteenth-century 
industrial cJty: suppose that there are 50 acres of by-law street housing 
ins1de a frame of busy commeTCJal and shoppmg streets. (F1g. 2.7a). Tbe 
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rcsidentJal denslty is 100 pcrsons per acre. Assurne that there is one obs~ 
Jete pnmary school embcdded m 1he housmg: most of the childrcn attend 
schools elsewhere. Now cons1der the rebuddmg of this area. Can houses be 
provided for the present populatJOn at the same time that schools are made 
available for its children? There appear to be competing land uses and in 
any rebuilding there may be the added requmment ofpublic ope~ space. 

Let us loo k at this frorn the point of view of schools. F1fty acres genera te 
5000 people, and these in turn rnight demand an infants' school for sorne 
300, a junior school for sornething over 400, and for the sake of argument 

Fig. 2.7c. H the schools are accommodated, and this open space omitted, there remaiu 
29 acres ~f land ~or housing. _3600 people could be accommodated in 2-storey housins 
arranged m the SJmplest poss1ble way. 5000 people v.ould require most of tbe site. 

we rnay assurne al so a secondary school of around 600. The school build
ings alone would occupy 7 acres of land. Pla) ing fields \\Íll require an 
extra 14 acres. Altogether 21 acres, or 42% of the land, would be required 
for educational purposes. If another 4 acres per thousand \\ere· to be 
clairned within the area for recreational needs then 41 of the 50 acres or 
82% ofthe land would have been pre-empted, ~nd the housing \\Ould have 
to take place on the remaimng 18%, on which again there y,ould be sorne 
demand frorn access roads. In terms of sheer space <.Je housing would 
occupy a solid block of building three store)S high (Fig. 2.7b). __ _ 
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It certainlv looks as thouoh Profe.ssor Vaizey is right. It appears to be a 
matter of ci;her housing o/'schools, but not both. But the quantification 
immcdiatelv draws attention to an important issue. Why is so much land 
needed? W·hat is it that demands an area large enough to allow the simul
taneous use by over 100 pupils playing five different soccer matches at the 
same ti~·e? What about overlapping uses of recreational Iand by a far 
"1der ran·ge of actlvttles- in farming terms, a double or triple cropping of 
the land? And ifthe schoolland were available to the locality or, as recom-

Fig. 2. 7d. Three-storey housing would require 25 acres of land including roads and smaD 
'outdoor' room space. This housing is only possible if the 21 acres of schoolland and the 
open space allocation are used to form 'urban rooms' of varyin¡ size. 

mended'by the U.S. Sub-Committee for·Environmental Standa~4s (Am~ 
can Public Health Association), if the schools used the recreauonaJ factli
tJes provided for the neighbourhood, what savmg of land woul~ then be 
possible? 1t is.clear that we have a choice: if we were to constder these 
relationsh1ps, Professor Vaizey's problem might still be soluble .. 

But this can be looked at too from another angle, that ofhousmg. A 50-
acre s1te redeveloped at 100 persons per acre could be completely covered 
with houses and their attendant roads (F1g. 2.7c). In this case there would 
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now be no si tes for schools. But we now know that th1s type of layout is 
only one point of rccognition m a spcctrum of d1~pos1tions of built form 
on the Iand. This primittve layout shows hous1ng for 3600 people in two
storey houses and 21 acres for school sites. But if sorne shanng of the 
school land and open space were acceptable, th1s combined-use land (Fig. 
2.7d), could provide 'urban rooms' within the layout and the new distribu
tion of built form could accommodate the total population of 5000 in 
three-storey houses. This corresponds approximately to the layout of sorne 
of the squares in Bloomsbury. (Fig. 2. 7e). 

Fig. 2.7e. The 'urbán rooms' compared with open· spaces in the Bloomsbury atea of 
London. Note that most of the buildings around the London squares exceed 3 storeys in 
heigbt. . 

Accept another point in the spectrum and place the housing round the 
edge of the si te (Fig. 2. 7f and g): the total population of 5000 could be 
housed in narrow-fronted houses or flats, four or five storeys high around 
the perimeter of the site. They could aJI overlook and have available for 
use, a band of open space 180ft wide and at the centre of this the 21 acres 
of land required by the schools. In this case both the housing and the 
schools could be provided. 
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Is 1t now'preferable to accept a housing solut1on of th1s kind in order to 
find land for the schools? Is 1t really unacccptable to ha ve a condition 
rather Iik.e that of O\ erlook.mg Park.er·s P1ece in Cambridge frorn sorne four 
or fi, e-storey terraces around it ?t (Fig. 2. 7h.) . 

The proposition set by Professor Vaizey is clearly not insoluble. Botb 
tl:e housing and the schools can be sited, but not without adjustrnents 

within a total framework. 

Fig. 2. 7f. Tbe bousing area is now placed around tbe perimeter. If all otber land uses are 
satisfied there remain just 9 acres of housing land. 

Speculation 7 (Bullock, Dickens & Steadman 1968) : 
\ 

The lattices that can be built up around the 'pavilion', the 'street' aDd tbe 
'court' forms (Bullock, Dickens and Steadman 1968, p. 104) are not 
arb1trarily chosen, but within the context of rectangular geometry, and 
treating pnsmauc forms only, they constitute the entire range of possible 

t The results appear to be very stmrle But it is curious that the forms of the layout 
descnbed -do not seem to ha ve ocen built: at least not recently. Architects tend lO 
thmk of housmg m terrru. of butldmg types: point blocks, slabs, maisonettes ratbcr 
than land u~ built form relatiomhtps which may genera te new typeS. 

Speculations 4S 

regular space-filling arrays. Despite thcir abs:r3C! geomctry they indicate 
umversal charactenstics of the ways in wh1ch budámgs use land and the 
forrns are ones to which many actual buJ!dings in the real world ap
proxirnate. 

In the development of this work March and Trace (1968) have forrnu
lated a rnathemat1cal description of built forms makmg it possible to give a 
standard notation to the geornetry and other significant factors of these 
rectangular prismatic forms. This work has also been extended by the 
differentiation between perirneter space, that is unobstructed space around 
the building's edge, and core space which has refined the basic study. 

Fig. 2.7g. A 41-storey narrow-fronted bousing band could accommodate 5000 people 
ata density of 500 persons per acre. But they would alllook out onto a vast open space: 
the perimeter open space is 180 ft wide añd -at -the centre is the 21-acres of schoolland.. 

Nevertheless, evaluation of these basic forms is possible only in the 
~implest terms. The performance offorms may be comp~red, for example, 
m terms of the amount of land that they requ1re to provide the same floor 
a~ea: or the ratio of perimeter space to core space rnay be measured for 
d1fferent forms. Very general cost comparisons can be made by treating the 
cost of each building as a simple factor of the total floor area or by at· 
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temptmg to weight the costs to take account of the ratio of floor area to 
roof area, and of floor area to penmeter wallmg m order to gi\e a limited 
understanding of the changes in cost with t~e change in form. 

Such me asures of performance are crude, however, and may provide the 
designer with information too coarse to use in modifying his preliminary 
hypothesis cir even to allow him to detect the effect of many aecisions. 
What is needed is a library offactors considered in such a relationship that 
a change in any one of the parts is immediately seen in its effect on all the 
others. This is something that the designer is usually unable to do and 

Fig. 2.7h. The central open space in Fig. 2.7g compared with Parker's Piec:e in Cam
brid¡e. 

- - - ; 

adjustments to design are made on the assumption that thé-change is 
largely independent of all but the most obviously related factors. The inter
dependence of the parts of the design problem and the validity of breaking 
the problem down into- manageable but relatively independent parts has 
been studied by Chnstopher Alexander ( 1964). His work on the 'pattern of 
the content' seems essential as a firsi step to a consideration of the pattern 
of the form which is the problem that we are dealing with here. The total 
work of architecture is essentJally concernéd with the 'fit' between these 
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two considerations in themselves and the techn;cal methods through whicb 
their requirements are mel 

In order to monitor back to the designer information of sufficiently •fine 
grain' to illustrate the real effect of the des1gn decisions on the building, or 
to compare the 'fit' between activities and alterna ti ve building solutions, it 
must be possible to make a systematic transformation, not only of the 
overall form of the building, but also of the different elements of the 
building. It must be possible to compare not only different building forms 
but alternative room layouts, alternative structural and servicing systems 
and alternative circulation systems in sufficient detail to trace the conse:. 
quences· of these choices on the performance of the building in relation to 
the activities which it serves. That is the problem that needs systematic 
formulation if we are to increase our understanding. 

Speculation 8 (March 1967) 

The systematic study of the-pattern of tfle·form -~ relevant to the building. ·' 
to the group of buildings and to the city or the urban region. Arid it is 
equally revealing in each case. 

Figure 2.8 is a version of Howard's clustei ·or -towris formiog a city 
federation of 250,000 persons. By the year 2000 we would need 250 ofthese 
clusters to accommodate the whole expected population of England and 
Wales. Suppose for a moment we built these clusters and demolished every
thing else. 250,000 people would live in easy re.ach of one another and aU 
social facilities. Schools would be within walking distance of all bornes. 
Shopping would take place indoors. Everyone who wanted to would have 
a house and garden. The mínimum plot size is 20ft by 100ft. The roads 
would easily accommodate the m.:>tor car. The towns ha ve hollow centres 
and the road system is more like a simple grid wrapped round upon itself 
than a radial and circumferential system. The mini m u m road width is 60ft 
whilst the six principal boulevards are 120 ft as are the two principal 
avenues. The nation would then be living in towns, which could accom
modate the ~otor car yet be small enough to permit easy pedestrian 
access to many different fu!l_ctions. Everyone would be able to own a 
house and garden. Yet the really remarkable thing about the proposition is 
this: 4,000,000 acres ofland that is expected to b: built on by the year 2000 
would not be required. In fact, although the poplllation would be twice the 
size of that of Howard's day it would have bttn accommodated on the 
same land as was urbanised in 1898. Since then the urban land stock has 
doubled, and it is expected to have trebled by the year 2000. Howard 
cannot be charged with any waste of land. 

A simple question that can be asked is this: if every household in the 
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Fig. 2.8. Ebenezer Howard's cluster of garden cities forming a city federation of 2501000 
persons. 

year 2000 could have a house, a garden and a car on 2,000,000 acres of 
urban land, why will they not have a house, a garden and a car on three 
t1mcs as much? A more equitable distributJOn of land would ensure a 
house and a garden for all who want one. Yet, even if land were not dis
tributed evenly, this simple desire could be answered to sorne extent by 
more rat1onal land use planning m relation to the built forms required for 
the house and garden. 

First Jet us look at how 10% of a land area might be covered by urban 
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Fig. 2.9. Range of nucleated and linear distributions from JO% to 9% caveragc. 
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uses. This JO% is the present proportion of urban land to all land in Eng
lan~ and Wales and it includes urban open spaces like parks, but not 
agncultural land within urban administrative boundaries. Fi" 2.9c shows 
the 10% coverage distributed in a concentrated nuclear form (one single 
blob) and Fig. 2.9e in a dispersed nuclear pattern (in this case 256 blobs). 
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Fig. 2.10. Linear antiform of Howard's city federatioa. 

Figs. 2.9f-h, however, show the same amount ofurban land distributed in a 
linear manner; The pattern illustrated in Fig. 2.9fmay be described as con
centrated linear (a coarse mesh) and Fig. 2.9h as dispersed linear (a fine 
mesh). F1g. 2.9a shows 90% coverage, while Figs. 2.9i and 2.9j show the 
invened scheme of linear coverage. 

There are three properties of the distribution. The topological property 
of being nuclear or !mear corrcsponds to thinking blobs, or thinking ofthe 
spaces between. The second property is concerncd with scale. The property 
of being concentrated or dispersed is dependent on the sea le chosen to ob-
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serve the pattcrn. If, for instance, 1/256 of thc dispcrscd blob pattern (9e) 
wcre to be sccn at close rangc, it would look cxactly l1kc the concentrated 
blob pattern (9c). The only diffcrcnce is one of sea le. The third property is 
the amount ofcoverage. This can be high (90%) or low (10%). So far no 
set populatio~ has been given. Assume that it is fixed and is independent of 
land coverage. It will be clear, with a fixed population, that if the land 
coverage is high (90%) the gross residential density will be relatively low 
and proportional to 100/90 = 1.1. If, on the other hand, the Jand coverage 
is low (10%) the gross residen tia] density will be high and proportiona1 to 
100/10 = 10. This low coverage is associated with high density. But the 
important point is that the notions of concentrated or dispersed develop
ments ha ve no relationship to PC?pulation density. It is as possible to ha ve a 
high-density dispersed pattern as a low-density concentrated pattern. 

Next, if the pattern is assumed to be continuous and isotropic there are 
just three geometric arrangements- triangular, rectangular or rhombic, 
and hexagonal. For the sake of simplicity the rectangular pattern is used 
here with the sole exception ofthe ne_xt example._ This shows (Fig. 2.10) the 
think-line· version of Howard's city federation. Exactly the same propor
tion of land is urban here as in the think-blob arrangement, and approxi
mately one-quarter of this urban land is open space. It is not solidly 
built-up. 

It can be shown mathematically that the schools ar~ likely to be more 
accessible in the linear form. The same is true of any other social function 
that is distributed evenly with the population. But perhaps the most 
significant difference between the two arrangements is that in the nuclear 
pattern driving across country requires movement across the town (or 
alternatively the construction of a special ring road), whilst the linear pat
tern is interrupted only briefly by urban development and, if the urban 
parks are placed at these points, cross-country routes need not pass 
through built-up areas at all. 

Speculation 9 (March 1968) 

Next consider the correlation of residential building forms and density. 
The present housing yardstick, for example, implicitly assumes that as 
densities increase houses decrease in favour offlats, and low buildings give 
way to high. This is only true because of the professional separation of 
land use planning from its architectural implications. With favourable 
land use planning, semi-detached houses can be built at 200 persons to the 
acre. Threc-storey terraces under more normal circumstances can be built 
up to 265 persons per acre. These are facts. Thus, instead of permitting the 
highest densities in the countryside where they can make the ;reatest sense. 
we insist on putting the highest density towards the centres of our cities. 
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Th•s tendency may be represented by cons1dcring a city marked out 
from its centre m equal width bands (Fig. 2.11 a). Each of these bands 
accommodates an equal amount of built space. Close to the centre, the 
built space will ha\'e to be achieved in the sky whilst on the perimeter this 
same quantJty of space will be found on the ground. In conventional 
terms, if the plot ratio is 4: 1 in the centre it will be, at the 9th and outer· 
most ring, only 0.055: 1, or if a building on the outskirts is one storey high, 
at the centre 72 storeys will be required. Abandoning the density cone con· 
cept, the whole built form could be disposed at an average plot ratio of 

, 

Fig. 2.11. Housing density in relation to its distribu~ÓD. 

0.11: 1 (Fig. 2.1 J b), or just twice that of the 9th ring. This plot ratio of 
0.11: 1 is only marginally higher than the mean of the four outermost 
rings, but a great deal lower than the mean ofthe five inner rings. Fig. 2.11c 
shows the same built space distributed in a linear form. Closeness and 
accessibility of similar functions are llkely to be improved in a linear route 
development and since skyscrapers do not use central land\ery efficiently, 
the only sense that high buildings make in nucleate~ centres is in terms of 
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real estate speculation. In tcrms of accommodating built space on urban 
land they are extravagant and irrational gestures. To return to housiog 
densities, there is not much point in thinking of densities as great as 200 
persons per acre (when the mean dcnsity is likely to be not more than 2S 
persons per acre in thc year 2000), if it were not that by taking extreme 
situations it is often possible to see principies more clearJy. 

Specula tion 'lO (.March 196'7) 

In the study of Hook New Town, J 6 acres of open space (including recrea· 
tional areas) were allowed for every 1000 persons. At this rate 1280 persons 
would require about 20 acres, ora space 900ft square (Fig. 2.12a). These 
persons could be housed in a ribbon of 3-storey housing with a smaU garden 
at 200 persons to the acre around their own public opeo space. Tbe spatial 
eft'ect would be 1ike Parker's Piece in Cambridge. The access road would be 
Jike any simple terrace development. When one considers just bow com
plex hous_ing at this Jdn4...Qld~nsityJ!as _be~ome, it is timely to ask whetber 
more might be achieved by a return to relaX.ed simplícity. A further 
modification is shown in Fig. 2.12b where all the houses might ha\'e a view 
of the countryside. _ 

1 b 

Fig. 2.12.-Simple high density housing forms. 

. 
In all this the rural districts ha ve a tremendous part to play. Already they 

are developing more rapidly than the urban areas, ~cepting the new towns. 
It is there that the new city is emerging. What pattem will it take? There 
are many excellent geometrical reasons, especially of a probabilistic 
nature, to suppose that a free, loose development alonr. a network of 
routes has advantages of capacity, accessibility, density and use distribu-
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uon not possible in nuclear development and that, w1th a positi\e policy 
tO\\ ards open spaces, 11 1s likely to prove the most reasonable form for the 
emergent city. 

But planner~ will never know until the capac1ty has been developed to 
understand and measure the forces that are at work and to compare 
alternaúves. 

Spl'culation 11 (Martin 1968) 

In order to find the full implications in the measurement and invention of 
built forms it will be necessary to use the techniques that have been 
de\eloped in other disciplines and which are capable of describing highly 
complicated situations w1th greater certainty and clarity. Beyond this it is 
necessary for such techniques to demonstrate the relationships between 
different factors and the way that they affect each other. And finally it is 
necessary to be able to assess more accurately the effect of change. By 
means of such techniques it becomes possible to represent aspects of the 
world around us in highly complex models within which the relationships 
of all the measurable elements can be seen. 

É~n~metrics, the 'mathema'tlcal movement' in ecorfomics, is only one of 
a number of developments in mány spheres of thought in which an effort is 
being made to find a structuring theory of organization around whicb 
growth and change can develop, and to make this precise by matbematical 
expression. It has happened within the last half century and main1y since 
the war. The change has been profound. The description of this cbange by 
Stone (1966) with its emerging possibility of integration between studies 
whicb are now specialised and separate, has its paralle1 in urban geograpby 
(Robson 1969) and its various extensions. 

The use of a mathematical formulation in the attempt to describe the 
ordering structure that lies behind a building or a city can be seen as 
another aspect of that texture of relationships through which we try to 
understand the comple¡dty of an urban area. In developing such a stud_y. 
the specialised division between architecture and planning has no parti
cular srgnificance and the developing language .wou1d take a fC?rm which 
others, notably the geographers and economists, are already using. 

3· Ele11tenta1J' nzoclels of built 
forms 

LIONEL MARCH 

Much of our kncwledge in architectural design is vaguely and qualitatively 
stated. Statements prevail such as 'high tower blocks make good use of 
land', or 'cube-Jike buildings are cheaper to build and run'. Design 1ore 
abounds in rules of this kind. Their authority rests more on intuitive con-
viction than Qn _ _theoretical demonstration. Yet, as Edward K.asner and 
James Newman emphasise throughout their classic Mathematics -¿¡,(/ the 
lmagination, 'our intuitive notions about space almost invariably Jead us 

_ astray•. ---- -- _ _ _ 
One problem which graphically revea1s this point is quoted by -Kasner 

and Newman {1949): 

In a room 30 feet long, 12 feet wide, and 12 feet high, there is a spider in the centre of one 
of the smaller walls, 1 foot from the ceiling; and there is a fly in the middle of the oppo
site wall, 1 foot from the floor. The spider has designs on the fty. What is the shortest 
possible route along which the spider may crawl to reach bis prey? H he crawls straight 
down the wall, then in a straight line along the floor, and then straight up the other wal1, 
or follows a similar route along the ceiling, the distance is 42 feet. Surely it is impossible to 
imagine a shorter route! However, by cutting a sheet of paper, which when properly 
folded, will make a model of the room [see Fig. 3.1], and then by joining the points 
representing the spider and the fty by a straight line, a geodesic is obtained. The length 
of the geodesic is only 40 feet. in other words, 2 feet shorter than the 'obvious' route 
of following straight liDes. 

There are severa! ways of cutting the sheet of paper, and accordingly, there are severa! 
possible routes, but that of 40 feet is the shortest; and remarkably enough, as may be 
s~n from_cut.d...[in Fig. 3.1), this route requires the_ spider to pass ~ver ~ve_~f the sia 
s•des of the room. -

This illustration is an adaptation of one of Sam Lloyd's famous teasers. 
It is solved by firstly sifting out the elements and relationships essential to 
!he problem (there is no need to be concerned, for example, that the spider 
1s hungry, or that the thing on the far wall is a fly, or that the wall is in fact 
wall) and then by secondly setting up a model ofthe structural facts (in this 
case a material analogue model (see below Chapter 7), wbich, thirdly, is 

SS 
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sufficiently rcpresentative yet ,;¡anipulable to allow the problem to ~ 
51 mplified in order to procced 10 a solu1ion (our paper box may be easlly 
thought of as a room, but unlike a real room 11 ~an b~ unfolded an~ 
spread out flat in such a w~y. thal the ~rigin~J three-d•mens1onal problem IS 

reduced to a somewhat tnv1al two-d•mens10nal one). . -. 
Buildings are complex arlifar•.s. Most are umque. ~enerahsauo~s about 

buildings are nol easy to make. 1t may help 10 loo k •.nstead at bu~lt formJ 
which are nol buildings. Built forms are mathemaucal or qu~s·-~athe
malical models (Chapter 7) which are used to represent bu1ldmgs to 
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any required degree of complexity in th~oretical studies. B!.!UJf<>n!IS, then, 
are designed and defined specifically for each study. Usually a study starts 
wilh somewhat hazy notions. To proceed, it is necessary to make sorne 
assumptions both 10 simplify the problem and lo make it amenable to 
malhematical treatment. Appropriate variables must be selected and re
lalionships established belween 1hem. And after sorne fact or other .has, 
been demonstrated it is neccssary to reconsider lhe original assumpt1ons . . . 
wilh a view to developing the model further lo g1ve a lruer plcture.-

Many problems in theorelical architectural studies will find suitable 

1cmentary mode/s of built forms 

expression in terms of the 'new' mathcmat!cse Some indications of the 
relevance of group theory, sct theory, graph theory, of transformatioo 
geometries and so on are to be found in a rccent book, n1e Geometry of 
Enl'ironmcnt (March and Steadman 1971 ). He re, however, in this skirmish 
into mathematical modelling of the built form the mathematics are con
fined to more tradi1ional methods. In this way it is hoped that older 
readers who ha ve Jittle background in the new mathematics will be abJe to 
follow the mathematicaJ arguments and abstractions in the examples. 
BasicaJJy, the kind of advanced JeveJ mathematics covered in The Scbool 
Mathematics Project: Calculus and Elementary Functions (Montgomecy 
and Jones 1970) wiJJ be used. 

In this latter book, the authors specify a general drill to be used whem 
faced with a problem rather vaguely stated: 

(i) Make initial assumptions to simplify the problem, and malee it mathematic:aitJ 
manageable. 

(ii) Choose a dependen! variable which wiiJ give an answer to the problem. (Oneu thil 
is clear!y implied in the problem itsell.) 

(iü) Make a list of_!he va!jables _on which it de~nds. . 
(iv) iñvestiiate lhe connections between lhese variables. (Often - almost always at thia 

stage- we will find that having chosen one or them, we can express all others'iD 
terms or it. Ir this is not so, it may be beca use our original assumptions werc ool 
sweeping enough; or beca use we ha ve failed to make use or sorne or the conditio111 
of the problem. Such a condition might state, for instance, that the volume of a 
variable solid is con~tant. In this case, give a name to the constant, and express tho 
condition as a mathematical fonnuJa.) 

(v) Choose an independent variable, express all other variables in terms of it, so tbat 
the original dependent variable (see (ii)) can be expressed as a functioo of it. 
(Make sure that the expression defining this function contains none but thc ind~ 
pendent variable and constants.) 

(vi) Note the domain ofthe function, from the conditions ofthe prob!cm. 
(vii) Analyse the function, sketching its graph, and noting conclusions. 
(viii) Retum to the original assumptions and see whether they can be improved to ¡jve 

a more realistic picture of the problem. -AD this may be descn'bed as giving a prob!em only vaguely stated a dea:nt mathematicaJ 
clothing. lt has become common to describe it all- or the outcome of the imtiaJ stagc:s
as a 'mathematical modcl'. 

This procedure is best itlu~!-~a!ed by a number or examples.. 

Example one 

What shape should a building be to reduce heat Josses7 

Like many problems coming from outside into the mathematician's pro
vince, it is not aJI that obvious what is being asked for. As Montgomery 
and Jones (1970) point out, our immediate instinct wiJI be to repJ: with a 
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number of facile 'it depends-ons': 'lt dcpcnds on the use of the building; 
on the mcthod of construcuon used; on onentation or the local climatic 
conditions.' And there will always be someone who will insist that this is 
the \\Tong question to ask anyway: shouldn't we be finding out what kinds 
of buildings p_~ople think they feel comfortable in. 

But these instincts should not immediately be succumbed to if the more 
modest goal of formulating a theory about a vaguely stated problem is 
adhered to- otherwise it becomes progressively necessary to take on the 
whole world without having achieved even one small but sure step forward 
in our understanding. The essential nature of the problem is clear enough 
and so is the context. lt could be argued that since the sphere is a volume 
with a minimal surface area, sphencal buildings would be a good idea, or 
if that is not practica! why not a hemispherical building, or a cylindrical 
one? But most buildings, for many practica! reasons, are rectangular in 
shape and therefore it can be assumed that the building chosen will be a 
simple rectangular block, that its volume will be constant (which is to say 
that if the floor to ceiling height is constant within the range of building& 

-consi.de~ed, then áli will ha ve ihe same floór ·area)". and that those-propor· 
tions of length, width and height are being sought which minimise heat · 
Josses. 
The~~ ~ssu~pti~~s-define the nature- ofthe-probTem. Buildings~bowever. 

even simple rectangular ones, have complicated fenestration patterns, u~ 
stands and tan k houses on the roof, and aJJ kinds of unique design fea tu res. 
Agreed it is these particular features that make each building interesting 
and which call our attention as we pass by in the street, but these curious 
irregularities must not confuse the search. For the purposes of this exercise 
a model is constructed of a building- a built form - which is a perfect 
rectangular paraJJelepiped each surface of which is considered to be made 
of a homogeneous material with a given thermal transmittance value. lt is 
assumed for the time being that all other factors are negligible compared 
to thé-heat losses through these idealised surfaces. Thesc; initial assum~ 
tions aHeast ha ve- the merit that the mathematics they give .rise to are 
manageable. Thus, 

(i) The buiidingis assumed to be a simple rectangular parallelepiped with 
homogeneous surfaces and constant volume. 

(ii) The dependent variable chosen is sorne measure of heat loss which 
may be called q units. 

(iii) Heat loss is dependent on the surface area and thermal transmittance 
of each face of the buih form. The surface areas of the faces are 
dependent on the ~imens10ns x, y, z of the block and the thermal 
transmittance of each face {which for the moment can be assumed to 
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be equal) for the walls and roof, but zero (no heat Joss) for the 
ground floor. Let the transm!tlance be U units (Fig. 3.2). 

(iv) An equation connectmg thcse vanables can now be written: 

q = {2(x+y)z+xy}U (1) 

sin~e there are two faces of area xz, two of area yz, and just the roof 
area xy all with thermal conductance of U. Further, however, it is 
known that xyz, the vol u me of the built form, is constant. Let V be 
the volume, and then 

V= xy:. (2) 

(v) In this example the choice cannot be Jimited to just one independent 
variable.- There are two equations with three unknowns and no more 

X 

\ 
1 

Fis. 3.2 

can be done than to eliminate oné of them. Let z be expressed in 
terms of x and y. Thea 

q = {\~ +;)v+xy}u. 
This is as much as can be done. 

(3) 

(vi) lt is clear that x and -Y. are positive quantities; but there are no other. 
restrictions on their size. lf x is very large, y will be correspondingly 
small for any given value of z and so on. 

(vii) In the usual way, to· find the mínimum values of q. the previous 
equation is differentiated in (v) with respect to both x and y, setting 
the results equal to zero. Thus, 

aq ( 2v ) -= --+y U=O ox x 2 

oq ( 2v ) -= --+x U=O ay yz • 

(4a) 

(4b) 
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when~ .x = )' at the stati:)!!JI}' value. lf the curve is plotted (Fig. 3.3) 

q _= (~ +x2)u. (S) 

by substituting .x for )'in Equation 3 above, the stationary ~alue _is 
-- indeed a minimum val u e. And so a mini m u m has been ob~ned ~D 

which. 
x' =y'=2Y (6) 

as well as. wbere the constraint V = .xyz holds. Hence, for minimum 

beat Josses 

, (1) 

From tbis it is seen that, to reduce beat losses, in a building whoso 
exposed surfac~s have equal therm_al transmi_ttan~ and wbose ~oor _ 
conducts no heat, the best shape 1s square ID plan (.x = y) WJth a 
height just half (z = .x/2 = yj2) the length of its si~~s: that is to say, 

· a hálf~ube. -

q -v-t- ,~~=u-' 
' 1 
' ' \ ' \ 1 

\ 1 :. 
\ 1 
\l 1 
\ 1 

1'', / -. 
1 ,c.... . 
1 1 ' - tL. 4\IU 1 .... ~ .. -, ........ . .................... ___ __ 

• 
l 

Fi¡. l.J - -- . 
{viii) Returning to our original assumptions. On~ .assumption seems pat

ticularly arbitrary. It concerns the transmJttance va1ues. For one 
thing, ground fioors do lose heat. For another, different walts wiU 
bave different average transmittance values, not only becausc they 
may be constructed difrerently with varying pr~porti?ns of :enes~
tion, but also beca use of their exposure and onentat1on wh1ch g¡ves 
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rise to particular externa! surface transm;ltan~ valucs (Fairweathcf 
and Sliwa 1969). The roof, of ~ourse, can be c>.pcctcd to be differca\ 
from the walls. 

The model can be generalised and the notation can be modified for-mort 
concise cxpression. Call .x, x1, and y, x,., and z, .X¡. In this way a typie11l 
dimension may be rcferred toas .x1, where i may be either 1, or 2. or 3. Now 
Jet (i,j, k) be a permutation of{l, 2, 3), so that wben specific mention ·oftbo 
jtb and kth dimensions is made, it is clear that the itb is omitted: fot 
exampJe, 2 and 3, not 1; or 1 and 3, not 2. Let the transmittan~s of the 
two walls defined by the jth and kth dimensions be U11 and U,,. respeo
tively, and let l?1 be the mean value of these two transmittance values .si» 
tbat 

U, = !{U11 + U,J. (S) 

The relationship expressed by Equation 1 abo ve m ay now be generalised 
to rea4 •. 

: .. 
q =(~u+ Uu)x,~, +x¡(U_;¡ t u22)x, +X¡X2(U,¡ + u3~. . 

= 2(U1x,.x3 +x1 U2x3 +x1x2U,) 

(u. U2 u,) . = 2V -: +"-+-_ , smce_V = .x1.x2.x,. ·- --
~ ~ ~ --

This may be written more compactly 

u, 
q = 2Vl:,-, for i = 1,2.3. 

...! .X, 
(9) 

The most obvious tbing to notice about this equation is tbat, unb1ce its 
predecessor {Equation ·I), it is sy::nmetrical with respect to aJJ the .x¡s (that 
is, .X, y and z in the former notation):'. -

For the mathematician this is always a satisfying state of affairs: a kin4 · 
of democracy ofvariables. Previously (Equation 3) z was picked out as the 
variable to be expressed in terms of .x and y, and this could'be do_n_e.~g~n,. _ 
but for the sake of symmetry use will be made instead of an elegant way 
of finding the minimum value of q first proposed by Lagrange. t To fin4 

- t Count Joseph Louis Lagrange (173~181-3)-theeminent French.mathematiclan, was, 
in Napoleon's words, 'la haute pyramide des sciences mathematiques'. According te» 
Miss A. M. Oerke his 'treatises are not only storehouses of ingenious methods. bul 
models or symmetrical rorm. The clearness, elegance, and originality or his modc r4 
presentation give lucidity to what is obscure, novelty to what is familiar, and simplicl!J 
to what is abstruse. His genius was one or generalisation and abstraction; and the 
aspirations or the time towards unity and perfcction received, by his serene laboun&, 
an embodiment denied lo them in the troubled world or politics'. Encyclopa~dlfl 
Brirannica, 9th ed. (1889) Edinburgh. 
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, t he stationary \al u es of a function like q(x 1, x 2 , x 3), su bjcct to a constraint 
of the form p(x1, x 2 , x3) = O, a new function is constructed 

~ = q+.Ap, (lO) 

where). is:called a Lagrangian multiplier. The necessary condition for a 
ma>..i-mum-~r·minimum is then that 

o~ o~ o~ 
-=-=-=0, 
OX¡ OXz ox3 

or again more compactly the three equations (one for each value of i) 

a~ 
ox, =O., 

In the case of our example 

u, 
q(x1,x2,x3) = 2Vl:1-

~- - - ~ 

subject to the volume constraint given by the function 

p{x¡-,-x2,.x3) =V -x1xzx3 =O, __ _ 

or to preserve generality, 

(11) 

p = V -X¡XJXj;, (i,j, k)= (1,2,3). (12) 

Following Lagrange's method a new function is constructed 

u, · ~ = 2Vl:1- +.A(V -x1xrJ· 
"• 

(13) 

The necessary condition for a maximum or mínimum is then given by the 

three equations 

a~ u, 
= -2v 2 -lxra 

ax, "• 
-V = -~ (2U1-h',), 
"• 

=0. 

. y. 
smce x J"" = -, 
- -Xt' 

(14) 

From this the general statement is derived that the minimum heat loss 
occurs when the dimensJOns of the block are proportional to the mean 
transmittance values: 

x1 :xl:x3::U 1 :U2:U, (15) 

In this form, the condition is seen to be analogous to Lamy's Theorem, 
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first stated in the seventeenth century, concerning the equilibrium of three 
forces acting ata point: 

lf lhree /orces acting al a point are in equilibrium, eachforce is proportional 
lo lhe sine of the angle conrained between rhe direcrwns of rhe other lwo. 

That is to say (Fig. 3.4) 

X 1 :X2 :X3 ::sin 81 :sin 82 :sin -93• 

This means that three forces in equilibrium may be represented by the 
sides of a triangle (or that the diagonal of a parallelogram represents the 
resolution of two forces proportional to its sides). Such a simple tbeorem 
continues to guide· engineering practice despite the fact that the •model' 
point may be a rivetted joint, the forces may act not in two •model' lines 

x_, 

x, 
Fi¡. 3.4 

xz 

but through two roJJed steel joists, and the resultant force may act through 
a concrete abutment. Futthermore, whatever complicated allowances bave 
to be made to adjust theory to practice, Lamy's Theorem has the Óverrid
ing merit of being memorable and providing a conceptual context within 
which forces in-engineering structures can be thought about sensibly. No 
one goes about thinking that three forces at a point will be in equilibrium 
if they can be represented by the sides of an equilareraltriangle. Yet in 
building studies authoritative statements are continually found to the effect 
that a cube is the best form of building to reduce heat losses! If tbe forces 
are equal, yes an equilateral triangle: if the transmittance values of all six 
faces are equal, yes a cube. But how often is that tbe case? 

A general and simple theorem may now be stated: 



MARCH 

THEOREM 1. A simple rectangular block of gi1·en 1•olume loses the least 
amowrt of heat if the dmrension of each edge is proportional to the mean 
thermal trallSmittance ralue of tire faces dejined by the otlrer two edges. 

The fact that no general quantitative statements of this kind about built 
forms exist suggests how far away is a science of architectural form (arti
ficial morphology ?). 

Plans with outlets 

4 

Room dimensiona 
4 

Thermal images of rooms 

2 

--a 

[ 

8-

4 

4 

Fr.g, 1.5 

Elementary models of huilt forms 

Returning once again to our example, the origina! assumptions need to 
be re-exammed to see whether they can be improved to grve a more realistic 
picture of the problem. But there is somethmg e be that can be done which 
may increase an appreciation of the intrinsrc structure of the problem Iost 
in the analytical approach adopted in solving it. The solution is simple and 
-as often happens- once its form is seen a very direct way of arriving at it 
becomes apparent without all the paraphernalia of analytical-calculus. 

The rectangular parallelepiped with the mínimum surface area is a cube. 
However, if opposite pairs of faces have different mean transmittance 
values the form which will minimise heat losses- not surface area- is the 
built form whose thermal image is a cube such that heat losses through all 
three pairs of opposite faces are equal. In our notation above this.requires 
that 

U1x2x3 = x1 U2x3 = x1x2 U3, 

whence the rule (Equation IS): 

xt :xl:xl:: U t: Ul: U3. 

(16) 

A 'two.:drmensionid' example-will make this argument clear (Fig: 3:S). 
Consider a rectangular room with a floor and a ceiling which transmit no 
heat, and walls which transmit heat only through specific outlets, tbe num
her of oi.ítleís "per unii fengtli-of-waif is thus proportlonat to· the tberlnai 
transmittance value of the wall. One room is square, 4 x 4, and has the 
mínimum overall wall length, 16, for its area, 16. The other room is four 
times as long as it is wide, 8 x 2, and has a wall length of 20 for the same 
area, 16. However, the square room has 20 outlets, 4 placed on one pair of 
opposite walls Oow thermal transmission), and 16 on the adjacent pair of 
opposite. walls (high thermal transmission). The beat ioss from this room
proportional to the number of outlets- is 20 units. The long rectangular 
room has the same number of outlets per unit lengtb as the square room 
along its corresponding walls. Thus the l_ong walls bave 8 x (2/4) = 4 out
lets each, the short walls 2 x (8/4) = 4 outlets each. Altogetber the heat 
loss is 16 which is less than that:o_fthe square room. Now ifth_e tbermal 
images are drawn of these rooms, using the number of outlets per wall as 
the measure (the total flow ofheat through each surface) and not tbe Jength 
of the--watl (not the surfacearea of each -face), the .pictures __ are exactly 
reversed. The 4 x 4 room has an 8 x 2 thermal image, and the 8 x 2 room 
has a 4 x 4 square, thermal image.t In three dimensions, the thermal image 
is cubic if heat losses are minimised. 

It is thus misleading to suggest that cubic forms, because they minimise 
surface area with respect to volume, ha ve any particular merits in terms of 

t This, or course, is an example or mapping. See March and Stead .an (1971), ch. l. 
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heat losses :md hcnce running costs,t or that mcasures of compactness 
'' hich compare rallos of surface arcas to vol u mes ha ve any significant 
rebtion' to thcrmal performance.t If thcy ha ve, it is pure chance and 
probably the fortuitous outcome of a combination of factors including the 
somewhat confticting tendencies of construct:on costs and maintenance. 

A. C. -Hardy and P. E. O'Sullivan (1967) have argued for-deeper.office 
buildmgs wh1ch rely on artificial lighting and air-conditioning. As F. D. 
Holister (1967) has pointed out there are many good reasons to support 
this view. But what shape of block, according to our model, and on ther
mal considerations alone, might deep-planning lead to? lt can be shown, if 
one of the dimensions in the general example above is fixed, .x1 = X1 say, 
that , 

.x2 .x3 ( V )t 
U2 = u3 = X 1U2U, 

(17) 

for mínimum heat loss. Hardy (1966) gives the following values of X1 : 

for daylighting, a building width of 14 m; for permanent supplementary 
artificial JightirÍg- of interiors (PSALI), a widtb of 22.5 m; -añd -ror per
manent artificial Jighting CPAL), a widtb of 27 m. For simplicity the first 
can be called, 4 units wi9e; th~~~¡;o~d, 6; and the third, 8. Consider now a_ 
buildi~g-~hose volum-;; is 288 cubic ~nits, witb U2 = 2 añ.d-U) = 1 in toe -
appropriate units. Especially note that the mean thermal transmittance of 
the faces of the building at right-angles to the depth X1, that is to say the 
principal window walls in an office block, has no effect on the optimum • 
shape of the built form. 

(a) With daylighting: 

X1 = 4; .x2 = 2(4~~~2)* = 12; x3 = i = 6. 

(b) Witb PSALI: 

-- ' ( 288 )t -- .xl 
X1 =6;.x2 =2 6.1.2 *IO;§.x3 =2=S. 

(e) With P;AL: --

x, = 8; xl = 2(s~~~2r..;. 8;§ .x3 = i = 4. 

Fig. 3.6 shows the shapes that the built forms take to minimise heat 

t Sec, for example Hardy (1966). 
l For such a measure see T. A. Markus el al. (1970). 
§ To neare!>t whole number for the purposcs of illustration. 
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losses. The clear trend -as can be sccn algebraically from Equation 17 
above- is for both length (x 2 ) and hcight (x) to dccrease with mcreasing 
width (X1). Tl)is is_tr:ue whalevcr constan! valucs of V2 , V3 and V are 
chosen for the comparative exerc1se. However, while particular values of 
these independent variables m1ght lead to buildings which use artificial 
lighting being 'more c_ube_like' (Hardy 1966), in general there is no justiti
cation for this statement. Thus, within the hmitations of our model, the 
only general remark that can be made is that blocks of similar construc
tiont would need, as planning became deeper, to be both Jower and shorter 
if heat Josses were to be minimised. 

X,-4 
Daylit 

Example two 

x1-e 
PSAU 

Fig. 3.6 

x,-11 
PAL 

What shape should a building be to reduce its cost? 
Once again sorne crude simplifications must initially be made with only 
rectangular, block-like forms considered.-And, to start with, the discussion 
will be limited merely to the cost of the externa) envelope, including the 
groundworks, of the form. Suppose that-co~sideration includes a range of 
shapes to accommodate the same floor area, whicb for a given floor-to
ceiling ~eight will produce a constant_yºlume. The discussion will con
tinue, as abÓve; totrea-t height as a continuous variable atthougidn-prao
tice it will be step-like depending on the number of floors. 

The argument for costs follows the same lines' as that for thermal per
formance. Let the dimensions of the block be .x 1 , .x 2 and .x 3 as before. Let 
C1 be the mean cost, HC11 + C12), ofthe two faces with dimensions .x2 and 

t Excepting the principal walls whose manner of construction does not affect shape, 
but does modify thermal peñormancc. 
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x3 rcspectively. and Jet C2 and C3t be similarly defincd. Then the least cost 
solution is given by 

(18) 
with each x 1 given by 

x, == c{c,~ac,)'''. (19) 

Thus another theorem may be stated: 

THEOREM 2. The em·clope of a simple rectangular block of git•en 1•olume has a 
mínimum cost when the dimension of each edge is proportional ro the mean 
cost of the faces de.fincd by the other two. 

The form of this theorem is the same as Theorem 1 abové. Within the 
limiting simplifications of our assumptions it implies that buildings which 
are cube-like or which minimise surface area are not in generalless costly 
to build. lt is the cost image which matters, not the physical form of the 
building; and it is when the cost image is a cube that c:osts are Jeast. An 
éxample will make this- clear. Consider the four c:ost -siiuations given (TabTé · 
A) for a block with a volume of 216 units. 

TABLEA 

Ratio of COS18 
Situation Ca: Ca: e, 

(a) 1:3 :9 

(b) 1:1.5 :2.2.5 
(e) 1:1 :1 
(d) 1:0.5 :0.25 

TABLE 8 

Dimensions of block 
Situation Za Jea X a 

(a) 2 6 18 
(b) 4 6 9 
(e) 6 6 6 
(d) 12 6 3 

Note 

Extremely expensive roundadons. 
or high Jand costa 

Low cost roofiDs and ground slab. 
or low land costa 

Suñace arca lesa 
Total suñace ares ground slab area 

312 300 
228 204 
216 180 
252 189 

t C, includes Ca,, the cost o( the foundations and slab /ess the cost of the groundftoor 
at thc same ratc as the suspended fioors, and Ca 3 , the cost of the roo( less the cost of 
thc ceilill¡. 
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Uswg formula 19 the dimens10m : Table B are Jw::! •· -· ,! for the least 
cosl solution in each situation (Fd.7): 

V 

18 

6 

e 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
V 

e ct 

~ ---- ;~g . .3. 7 \ ~ - - - - . 

There are a number of points -:11 might be made. ~ ... <.~: 1 t this example. 
Fitstly; ~he possibility has beeñ -~:_odu~d th~t the t • :':-. -~ 6f the· ~uílding 
may be mfluenced by land com. he d1scuss1on QD" -:--._;;;rn Jater to thé 
study of the way in which di~::-:u. built forms .'U..."C. --:·-d. Secondly, it 
sho~ld be noted that, although 1r. ':!! context ofth1s ~ ·:-.:.·::lar example the 
cub1c form (e) does have the leasiJrface area, there. ..:.~-: - ·~·.·. 0 forms whicb 
have the least exposed surface are&. One ofthese is tin:.~..:..-:.~:c form, buHhe 
other is the squatter, spread-out J.:"Jn (d). lf mainte.'T~-..:.::.: costs were for 
example, directly proponional ·' .the exposed sun":!~..:: - ·::·rea then ¿ in 
Example 1 it would be clear that ~ half-cube is the. ~- :.-..-,,rm to minimise 
these costs. Thirdly, .it is impor..l: to re~e~ber that :--.,!y the 'envelope' 
costs have been cons1dered and r ... costs wh1ch ansc. ~·--u~e of the form, 
for e~~m~le,_ !he provisi?n _of lif!;Qd staircas:=s irr uu: :- ~-:i!dings and air· 
cond1t1~mng m deep b~tl~mgs ..•. l.l~th.ly, the envei~ : ~osts- are part of 
the cap1tal cost of a bu!ldmg wr.1~ m ltself may be. .1. -:-~:.:.:~:ion of the total 
c:ost of t~ __ building in use.(Stor.J 967). In fact. the. :.'::::. • Clf the envelope · 
may n~t ac~ount for mue~ mornan about 10~~ ot' :~ .:":'npital cost. .. 

.To mvest1gate the relatJonsht;t·.eLween cost a~ 't:1-:-=. .. :nore deeply it 
wlll be necessary to construct r..n: complex mode!s-..:.:.:: : -,escsted by Bul-
Jock, Dickens and Steadman (IW): ~ 

Ir ... we could cost the range of buildm. •;i:-tained by a systtmlltn.: :-_: :o,rormation or the 
ovcrall form •.. , it wouad be possiblc. ~•heory, to plot the e-~ .. v - -11 dtffercnt possible 
variations of the racton that ha ve h:u· t,oJated. Ir camed. ow :· · , J sufficicntly Jarge 
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numl:>er of e"amples, our understandmg of "hich elemcnts are most significan! rrom 
thc cost pomt of \'ICW would be cons1dcrably enlar¡;cd. In the first place changes in the 
factors controllmg the cost of md1\ idual elements and of the whole bUJ!dmg could be 
s~stemallc.:J.lly e'plored. And m the sccond place th1s would maJ...e poss1ble more accurate 
f{Jrccasrs of the results of dcs1gn dcc•s•on, Wlthout rcqumng the arch1tect to produce 
deta1lt"d dcs1gns for every \anat1on. (See also Harper 1968.) 

These authors illustrate this approach for t~o building types, a science 
teachmg block anda residential building. Our simple model illustrates what 
these authors call 'a systematic transformatJon of the overall form'. 
Essentially, ·they propose a volume-preserving, three-way stretch trans
formation, or mapping, of the form 

(20) M:[::]-.[a:
1 

a~ 2 : ][::]. 

X3 a33 X3 

, 

where, to preserve volume, a 11a22a33 = l. The scalar matrix [a1¡<51¡]. where 
<51¡ ·is .. the KrOJlecker delta so that <5 11 =o:¡=;:], and eS¡¡ = ·t, ;-= j, may 
be compared to the symmetric tensor of rank two in a principal axis 
transformation. With this in mind we may think of the built form ex
perienéing orthogonal srrain under orthogonal stress reptesehted by-such a 
tensor. t They then compare relative costs of the elements, in each trans
formation, per unit area of floor space. Now, if in our model the storey 
height is h the simple expression results: 

V== Ah, (21} 

where A is the total floor area of the form. Howeve.r, V = x 1x¡x,. and the 
cost of ea eh opposite pair of faces of the block is given by C¡x¡x,., so that 
if K, is the cost ofthese faces per unit area offloorspace the following may 
be expressed: 

K,== C,x¡Xt 
A 

·X¡X¡X¡ ·--

C¡h 
==-

"• 

(22) 

t This mechanistic analogy is related, as Philip Steadman has reminded me, to the work 
or the b•olog1st D'Arcy Thompson (1 91 7) wh1ch in its turn made use of H. de Parsons 
(1888) and Sehg Hecht (1912). This carl)' work was mainly dcscriptive with little 
explanatory power, but recently Robert Rosen has ind1cated a more functional 
ap¡Jroach (1967). 

Elcmcntary models of built forms 71 

From this our prcvious condition (Equation 18) for the optimum (Jeast) 
cost of envelope reduces to the simple rule: 

K 1 = K2 = K3 (23) 

and 

THEOREM 3. The enl'elope of a simple rectangular block of ghen rolume and 
floor area has leasr cost when rhe costs per unir area offioorspace ofthe pair! 
of opposite faces are equal. 

In the case of the study by Bullock, Dickens and Steadman of a univer
sity teaching block, they found 

rather surprisingly perhaps, from this Jimited examination that other factors being equal, 
the/orm of the building- even allowing for the necessary variations in gross area- does 
not as such ha ve an importan! effect on capital cost: although it might co:J.Siderably 
affectthe running costs. The cost or heating a tall thin building, or the costs ofventila
tion and Jightmg in a deep section building might be very significan!. The variation in the 
cost or the particular elements that we ha ve studied- the structure and tbe lifts- has 
more effect in sorne cases on the total capital cost than changes in the building form.t 

- óñ itíai nóte-our" nalve stüdy of built "form and casf must be lefi and our 
attention turned to another problem. 

- EXalnpte thñ!e · 

How should buildings be laid out in order to make good use of land? 
Again the question is vague and raises many other questions. In 1930, at 
the third meeting of.Les Congres Internationaux D'Architecture Modeme 
in Brussels, Walter Gropius addressed himself to this problem as it related 
to housing in a paper entitled 'Flach-, mittel- oder hochbau '!'.t In this 
paper, among other things, Gropius attempted to demonstrate cc:rtain 
relationships existing between building height, open space, sunlighting, 
and orientation. He developed Heiligenthal's rule-of-thumb§ that the d.is-

t Bullock, Dickens & Steadman (1968), p. 169. They go on to demonstrate that the 
most significan! .factor -is a variation in ftoor area and, as this is determined by the 
way in which the building is used, that a study or 'activity pattems' would seem worth
while in order to develop a more comprehensive model. Such a model,. of courx. 
can no Ionger_ be manipu}ated by ordinary mathematical methods and requin:a 

·- ·-·aütoinatic computation. 
t Walter Gropius (1931), also translated as 'Houses, walk-ups or apartment blocks' in 

Gropius (1956). This paper should be compared with George B. Ford's coolemporary 
-Harvard City Planning Study (1931). 

§ Th1s rule (according to Kenneth Frampton, 'Notes on Soviet urbanism, 1917-32', in 
Lewis 1968) was 'categoncally applied in all finally approved town plans during the 
period 1930-32' in the Sov1et Union. For recen! Soviet work on th1s problem see the 
review by V. G. Davidovich, 'Interdependence between he1ght of buildings, density 
of population and size of towns and settlements' in Davidovich .%8. 



72 MARCH 

tan ce bet\\ e en parallel blocks must be one-and-a-half times the building 
height in the case of blocks orientated north-south and two-and-a-half 
times in the case of blocks oricntated east-west- a rule which favoured the 
north-south orientation in regard to efficiency of land use. On this kind of 
principie Groptus proposed the following rules for parallel blocks with 
north-south orientation having from two to ten storeys on a given site: 

l. Assurning a site of given size and a given angle of sunhghting incidcnce (30°), i.e. a 
gJ\'en illumtnation conduion, the number of beds increases with the number of stories. 
2. Assurning a gi\ en angle of sunlight incidence and distributing a given number of beds 
(IS sq. mor 161 sq. ft or area of bed) into parallel apartment blocks with varying num
bers of stories, the size of the rec¡utred si te decreases wtth mcreasmg nurnber of stories. 
3. Assurning a building site of gi\'en size and a given number of beds and varying the 
number of stories, the angle of sunlight incidence decreases with incrcasing nurnber ftoors, 
i.e., the conditions of illumination improve wtth increased height. (Gropius 1956.) 

3- storey 10- storey 

Fig. 3.8 

These. rules were used to counter the contemporary legislation which im
posed 'limits on building height inste'ld of dwelling area of building 
~olume· thus depriving_'the public of these obvious e_co!lomic and hygienic 
advantages'. . ·--

The diagrams which Gropius used to illustrate bis assertions (Fig. 3.8) 
became pov.erful images of a future and better environment. t In the late 

t Hov.c\cr, Le Corbuster was not convinced: 'When in the period before Hitler, the 
Gcrmans wantcd to build accordmg to the laws or the sun ... they set up an order 
whtch v.as systematically sterile: corridors, tedtous, monotonous parallelism. and 
stlhoucnes agamst the sky that were poverty stnckcn and unbalanced" (Le Corbusier 
1939). 
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thirtics progressivc planning schcmcs were bc¡ng built on thcsc principies, 
while, follo\\Jng the Sccond World War, m11ny official recon~truction 
schemes throughout Europc wcre dcsigncd th1s way in accordance with 
new lcgislation framed around Gropius' rules, or variations of these. In 
England, a paper by H. E. Beckett (1942), an illuminatmg engineer, de
velopcd Gropius' work and was finally published in 1942 at a time when 
fundamental rethinking was going on ui relation to post-war planning 
policies.t 

As a first step it is necessary to formalise Gropius' model. The dependen! 
variables are, in turn, the number of beds, the size of the si te and the angle 
of sunlight. We specify the following: 

y 1 = number of beds, 
Y2 = arca of site, 
y3 = tangent of the angle of sunlight. 

Fig. 3.9 

In each rule one of these variables is the dependent variable, while the 
others are given. 

The remaining variables are (Fig. 3.9): 
::r -= , ___ ~,,,.. •r ¡t.--o,-.; . . - . 
z1 = length of block, 
z2 = space between blocks, 
I = wldth of block (assumed to be given), 
h = storey height (assumed to be given), 
g = parapet height (assumed to be given), 
P = number of beds per unit floor area (assumed to be a given ratio), 

t This paper ¡s referred lo in W. Allen and O. Crompton (1947), which set out the 
general principies upon which post-war legislatton and plannmg practtce in England 
and Wales w;os based. 
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and the principal indcpcndcnt variable is 

x = number of storeys. 1 

"hich can be assumed to be continuous, although only integral values have 
any architect!Jral meaning in práctice. Each of Gropius' rules may then be 
deri,cd from,the behaviour of a function: 

(24) 

where the variable y 1 is found in terms of a functioo of x, the number or 
storeys, and given values of the other two variables)'¡ and y,. The rules 
simply state whether y, increases or decreases with increasing values or%.. 
The first derivative dy¡/dx or t/J'1(x) can be inspected to find out which 
relationship holds, if any at all. ' 

Our task now in 'building' tl:is Heiligenthai-Gropius model is to esta~ 
lish the functions <j> 1• By definition, and from the geometry of the forma. 
three equations relating the variables may be written down: 

the number of beds is given by -- -y1 = Pfz1x, - - (2S) 

the site area is given by 

and tbe tangent of tbe angle of sunlight by 

Y:z = za(j+zll, 

-hx+g 
)'¡=--. 

%z 

{26) 

(27) 

Using these three equations, and by eliminating z1 and Z:z from them, the 
required functions 4> 1 are obtained. For example, 

but from (27) 

and from (26) 

Hence, 

Ya= Pfz¡x, 

h.x+g 
Z:¡=-, 

Ys 
y, 

Za=-
/+z, 

. YaJ's = - • 
hx+fYs+l 

or by multiplying up, 

(hy¡- pfy:zy,)x+ fY1Y3 +gy, =O. 

From this equation the three required functions are derived, naÍneJy, 

X 
Ya= t/J¡(x) = P!Y2YJ·h f , as above, 

x+ y,+g 

(28) 

(29) 
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_A. ( .,_ Yt hx+fy3 +g 
Yl- 'f'l X¡--. • 

P!Ys " 
(30) 

and 
Ya hx+g 

y, = q,,(x) = f p • 
)':¡X-Ya 

(31) 

The first derivatives are obtained in the usual way,f 

dyt 1 Jy,+g 
dx = t/J,(x) = PfY:zY3·(hx+Jy,+gfl >O, (32) 

dy:z =""'()=-y. fy,+g o 
dx '1'2 X pjy; .x2 < • (33) 

dy, ~ q,;(x) = - Yt. hya + PtY:z <O. 
dx f {Py:¡x-yJ2 

(3.S) 

r, 

----------------------(y, =-~~2-,3) - , __ - -- - 1 h 

Fi¡. 3.10 

Equations 32, 33 and 34 are true for all the positive values -of.tbe variables 
that are our concern. The firs't cónfirms that bed' spaces increase· Witb the
number of storeys, the second that the site area required decreases with 
inéreasing storeys, and the last that--the-angle ·of obstruction-Tessens as the 
blocks increase in height (always assumiñg-tnát in each case the other 
•variables' are held constant). 

Each function may be plotted graphically (Figs. 3.1 O, 3.11, f 1 2). In fact 
ea eh function m ay be represented by a hyperbola.: (Only that part of the 

t See any standard work on differential calculus, or Montgomery and Jones (1970). 
p. 132. 

: See any standard work on analytical geometry. 
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curve which lies within the positive quadrant, of course, is of interest.) 
The horizontal asymptotes set limits on extreme values of the y, as x be
comes very large. They are thcn related by the equation 

hy,- fJfY2Y! --== 0, for X-+ oo. (35) 

This may surprise the unwary. It means for example that, with this fono 
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of development, there is an upper limit on dcnsity no m alter how high the 
projcct is built. To take a specific example: 1f the bed space rat1o is one 
bcd to 15 sq. m of the gross floor area then {3 = 1

1
6 , 1f the block width 

is 9 m thenf = 9, if the storey height is 3 m then h = 3, and if the angle of 
obstruction has a tangent value of 1 then y3 = i (Heiligenthal's rule of, 
thumb for north-south orientation). The density of bed spaces per 
hectaret is then given by_ ___ _ . . .- _ 

y, = PfhY! .10,000 
Y2 

9.2 
= 15.3.3' 10•000 

= 1333. 

(36) 

Thus with these values (close to Gropius'recommendationsfor'hygienic' 
dwellings) the maximum possible density that could be achieved no matter 
how hiJh we built is 1333 bed spaces per hectare, or about 533 persons per 
acre. Highei d-ensities- than these~ ·using parallel blocks, could be achieved 
only if less space were allocated to every bed, or if the building depth were 
increased (perhaps windowless rooms as the old railroad tenements in 
New York used to havet). or by dlminishing the amount of light reaching 
the facade of the building, or by reducing ceiling heights. Each of the"Se 
measured would be detrimental to housing quality and below acceptable 
standards. § 

Another point to notice is that although the number of bed spaces does 
increase with building height (Fig. 3.-10}, the rote at' which it does so 
decreoses quite rapidly. This is to be seen from the second derivative 

</J"(x) = - PfhY2Y3(!y3 + g) < 0 1 (hx+fy3 +g)3 ' 
(37) 

which demonstrates that the order of the rate of increase of density with 
height changes (decreases) inversely with the cube of x. By far the greatest 
gains in density are to be made with the lower number ofstoreys, from one 
to six, say. The returns beyond this diminish very rapidly indeed. For 

t 1 hectare equals 10,000 sq. m or 2.47 acres: roughly, 4 hectares equal JO acres. 
: These tenements were approx1mately 22.5 m deep with e1¡;ht out oftwelve ofthe rooms 

on each fioor with no windows. ln 1894, New York's worst ward had a density of 
986.4 persons per acre. See Gray (1947). 

§ Note that with the an¡;le of obstruction employed in British plannin¡; controls for this 
kind of development (dayh¡;ht ind•cator DI), the value of )'3 is approximately i- This 
means that the maximum density of bed spaces per hectare with these values of /J. 
1 and h is rcduced to 1000, or 400 r ·rsons per acre. 
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e\amplc, usmg t~e. valucs of {J,J, h, y 3 a hove, and sctting the parapet height 
to zcro for s1mphcny so that g = O, from Equation 29 the following can be 
derived: 

Ys X 
- = P!Y'J·-:----
Y2 llx+fYJ+g 

9.2 X 
= 

15
_
3 

.
3
x+

9
.
213

.10,000 (beds per hectare) 

X 
=-2.1333. x+ 

(38) 

The ratio xJ(x+2) is thus theproportion ofthe limiting density (1333 beda 
per hectare) achieved at x storeys. The table below shows val u es for varioUI 
storey heights: ' 

No. of storeyo 

l 2 3 4 6 
ProportioD of , 

-- limiting density -- --33% -SOX - -60% 67% __ .15% ___ _ 
Density per hectarc 444 • 667 ' 800 888 1000 
Density per acre 178 -267 \ 320 355 400 

Note the-extremely high -densities achieved with even _1_-::_ ª'll~ ~-~to_ri!Y 
blocks: this is because of oversimplifications in the model. The Heili
genthal-Gropius model does not allow for other residentiaJ 1and uses 
such as roads and parking areas which become critical with low-rise high
density housing, nor are any constraints, other than the obstruction angle, 
placed on how close the blocks can be to one anotber to ensure, for exam
ple, fire protectioo and adequate privacy (Croghan and · Hawkes 1970). 
Nevertheless the simplicity of the mode1 does demonstrate the 'structural' 
propcrties ofthe 1 dationships within the limits ofthe assumptions. Gropius 
used his model polemica]ly to demonstrate the advantages of hochbau, 
JO- to 12-storey apartments, but a more discerning appreciation ofita. 
'structure' might have convinced him that the greatest gains were to be 

_ ~oun~ injlachbau;Iow-rise hóusiñg.t Before discussing Beckett's modifica· 

t For fort>: years, ~odem planning and architectural practice has beeD inftuenced by 
_the Gr~J:l!US doctnne. Only recently ha ve designers retur!Jed toa serious consideratioD 
of low-rise high-density housing: not on the whole, liowevi:r,-ror intrinsicgeometricaJ 
reasons, but out of sociological concem. Nevertheless, two critic:s in England bave 
pcrsistently pointed at the geometrical weaknesses in the high-rise doctrine: see A. T. 
Edwards (]968) and W. Sega! (1964). Sce al so Davidovich (1968). pp. 68-9, who on the 
basis of a more comprehensive modcl states: "it can be concluded that there is no 
economic justification for planning buildings 0\er five stories high •.• Therc is no 
justification for skyscrapers in a soc•:~llst soc•ety The high cost ofland, the concentnt
tion of capital and commerc•al hfc :~nd thc hun¡:er for publicity- these factors bave 
caused theerect10n of skys.crapcrs in thc c•tic<i oflhe USA.' 

Elementary models of builtforms 

tions of this model it is perhaps -.vorth statmg formally thrce theoreml 
concerning \he land use performance of s1:nple rectangular blocks, of 

built forms, arranged in parallcl rows as dcfined above. Note that th~ 
theorems are a little more general than GropJUs' original rules: they aro 
not dependent on particular val u es of the angle of obstruction, or particular 
values of the bed density P (in fact since the number of bed spaces il 
dircctly proportional, ID the model, to the total floor area we shall use tho 
Jatter instead). We also add corollaries. 

The Heiligenthal-Gropius theorems 

THEOREM 4. Assum'ing a rectangular sir e of gi1•en size and giren ajjxed anglt 
of obsrruction berween parallel and equal built forms, rhe rotal jloor aretJ 

increases hyperbolically with the number of storeys. 
Corollary. The order of the rate of cha.nge of this in crease viiries inversely 

to the square ofthe numberof storeys, thefioor are a asymptotically approach
ing an upper limir given by the products of rhe ratio of building width ttl 

storey height, the sir e area and the tangent of rhe angle of obstructí'olL 
THEOREM S. Assuming a gil·en angle of obstruction berween parallel_and_eqt!Pl 
builtforms anda constantfioor area to be distributed within the,seformS, th"t 

. size of the required si te diminishes hyperbolically with the number o/ storeys. 
Corollary. The ordet' ofthe rate·of change ofthis decrease varies inrersely 

to the square of the number of storeys, the si te area asymptotically approach
ing a lower limit given by the product of the ratio of storey height to building 
width,fioor area and cotangent of the angle of obstruction •. 
THEoREM 6. Assuming a rectangular si te of gil·en size and constant jloor 
area distributed within equal and para/le/ built forms, the angle of obstructioa 
decreases hyperbolically with increasing number of storeys. r 

CoroDary. Tñe order ofthe rote of change ofthis decrease varies im·ersely 
to the square ofthe number of storeys, the tangent ofthe angle asymptotica11y 
approaching a lower_limit given by the product of storey height to builazng 
width, and the ratio of the jloor area to si te area (fioorspace index). 

Beckett's paper 'Population Density and the Heights o~ Building¡• 
(1942) was the first attempt, to the author's knowledge, to apply the formal· 
apparatus of mathematical modelling to land use and built form problems. 
The pa-per~s summacy read.t;: -- - __ 

Although it is nowadays generally accepted that, for a given population density ~· 
housing in higher and more widely spaced buildinss i\ likely to result in impr~vcd 
natural lighting conditions, ideas have hitherto remained somewhat vague. 

In the present paper the trutb of the above statement for the special case or tenement 
blocks arranged in parallel rows, is established by a simple mathemaucal analysis. It le 
shown that, except in very open developments such as are rarely encountercl in towns. 
~n increase in the height of the buildings will. for a ¡;¡ven population density, always 
1mprove the lightin!! conditions, or.less desirably, that more people _..an by this mearu l.e 
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h"uscd on 3 &1\Cn site v.ithout makm¡, the li¡;htin¡; won.e. In thc bttcr case it can rro
qucntl) happcn that the incrca~e m popub11on dcnsity 1s ;¡ccompanicd by an increase 
m the amC"unt of oren ~pace pcr person. 

The analym rcsts on the assumpt10n that, for a ¡;.ivcn oricntation of the blocks, the 
h¡;hun¡; cond1110ns are dcfined by the an¡;le or obstrucuon (dctcrmined by its tangent 
[J ,, m the abo\ e notallon] at the ¡;round-floor windows). The bttcr part of the note ia 
ccncerned Y.ith an cxammation or the amounts of daylight and sunshine which can be 
r(l;(i\ td .... ith \'arious \'al u es or ,.,.. 

L 
r- -

~ ---"-" 

r- -

___ ....::...-

r 
Fig. 3.13 

za 
Fig. 3.14 

Beckett•s mode1 ccnsiders equal rectangular blocks arranged in paralJel 
rows with interse:..:::g streets (Fig. 3. 13). The intersection of streets is a 
refinement on tle Heiligenthai-Gropius model. Beckett•s own section 
througb the blocks differs in one small, but significant, way from the 
previous model (Fi,g. 3.9). Jnstead of a parapet at roof leve), there is, as it 

• 

Elemenrary modcls of built form.fl 

were, a 'negative parapet' at ground leve!: the angle of obstruction is ruil 
from a point above the ground on the fa~ade of the first floor. The Hcili
genthai-Gropius scction can be used with the parapet, but the equaticíti 
to measufe the angle of obstruction should be modified in the way pr.,._ ' 
posed by Beckett (Fig. 3.14). In plan, Jet z 1 be the length of the 'unit' ~te 
and define the length of the block as a pronortion, A. of this. 

The variables m ay be listed -- --- ---

z1 = length of si te. 
Z:z. = distance between blocks. 
f = width of block, 
h = storey height, 
g = parapet height. 
i = height at which the angle of obstruction intersects the facade 

(O<i<h),. 
P = number of beds (persons, etc.)t per unit fJoor arca. 
). = proportion of si te Jength to given block Jength; 

tbus ¿ z1 _~ __ length.oLblock,.__ _ _ _ 
(l-).)z1 = longitudinal space between blocks; 

and x = number of storeys. 
Y-t = n.Yrnber of beds (persons, etc.),~ e 

y 2 = site area, 
y3 = tangent of the angle of obstruction. 
y4 = area of open space. 

The principal,dependent variables studied by Beckett are 

u1 = y 1 fy:z. = bed space (population, etc.)t density in relation to_, site 
area, 

u:z. = Y41Y:z. ,; open space indM, 
u3 = u1 fu:z. = bed space (population, etc.)t density in relation to opeu 

space. 
As before the relationships between these variables are established b)' 

definition and from the geonietry of the layout. 

For the number of bed spaces (persons, etc.), y 1 = PA.fz1x. · (39) ' 

t The 'dimension' of Pdetermines the meaning ofy .. u1 and u3 • Thus, ifit isa measurcol 
bedspaces per unit floor area, then y1 is the number of bedspaces (as studied by 
Gropius); if it is a measure of population per unit floor area, then y, is the number or 
people, u1 is the site density and u3 is the number of persons toa unit area or open 
space (as studied by Beckett); if, however: it is set equalto 1 simply as a number, thela 
y 1 is the area offloor space and u1 is the floorspace index (Beckett's measure). leavin¡ 
the meaning of popen like this allows us to intcrpret the model in a variety of w:sys. 

: Sec preceding footnote. 



MARCH 

for tbe site area, Y2 == z¡(f+zl)• (40) 

hx+g-1 
Ys == , (41) 

Za 
for the tangent of the angle of obstruction, 

and for tbe area of open space, (42) 

--
The equation whicb relates y 1, y;¡ and y3 is fouod by eliminating z1 and 

:;¡as before. This gives 

(43) 

whicb may be compared witb Equation 28. The Heiligenthal-Gropius 
model is seen to be a special case of this Beckett model for the values 
l = 1 (tbe blocks are continuous) and i == O (tbe obstruaion angle is 
measured at tbe point where the building and ground meet). Beckett's 
equations foUow:f 

· ü¡ = t/li(x)-= PJ..fy, ·- - -(44) % -:-'-------- .. - -- -
hx+fy3+g-( 

·'· ( 11 1 J..fy, . b • - --llz = 'í' l ~,e: - h ¡; , Wlt -YaryiDg U¡~ 
x+J)'s+g-t 

·-(45} . 

1 u, . b • = - PI&' WJt varymg y,, 

u, = t/l,(x) = PJ..fy, · h ( .~f. .t with varying U¡, (46) 
x+ 1-A y3 +g-i 

Pu1x .· h ·. =p--. WJt varymg y1 x-u1 

· u1 hx+g-1 
and y3 = t/13(x} = / · PJ.x-r~, •. (47) 

The behaviour of t/12(x) and tJ¡ 3(x) may be investigated in terms of either 
u1 or y 3• Again the functions may be plotted graphically as hyperbolae 
(Figs. 3.15, 3. J 6,T17, 3.18 show original graphs·worked out by Beckett for 
specific values of the independent variables: g = O, f = 3h, i = 0.6h, 
J. == O. 75). In so me cases the behaviour of the functions is not so predict• 
able: forexample, undersome conditions rJ¡ 1(x) increases with thenumberor 
storeys, but under other conditions the function decreases. 

t Our own notation ditrcrs from Beckcll'A. 
: Beckctt, in fact, studied thc bchaviour of u1 -•, the amount or open spacc per peBOD. 
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Y3 

~------- 0.125 

, 

~--------- 0.25 

~----------- 0.5 

-------------1.0 
------------2.0 

20 

This difference from the Heiligenthal-Gropius model is entirel;y dueto 
the decision to measure the angle of obstruction at a point above the 
ground leve!. This is why the change from one model to tbe otber 'is small, 
but significant•. 

Once again the functions tend to finite limits as the number of storeys 
increase, but whether the function approaches this limit from above or 
below depends on the value of the derivative. Thua 

du1 , Uy,+g-() 
for 1/Jl(x), dx = 1/Jl(x) = p;_¡y,. (hx+f;y,+g-i)a' (48) 

-----

Elementar y mock1s of buflt fornw 

and 1/f;(x) is grcatcr than, equa! to. or less th<:J (>, =, or <) accorJloJ 
towhctherfy3 +g-i>, =,or <0;thatis,whcthcry3 >, =,or <(1-s)JI. 
The behaviour of thc function dcpcnds thc:n on the relationship bctwccJ\f. 
g and i. Note that with i = O, thc uncqUJvocal Gropius rule is rcconstrude-d 
that the floor space increascs with the oumbér of storeys. In any cuse 
I/J 1(x) approaches a Jimit as the number of storeys becomes very larz;e: 

- lím ,/, ( ) _ p).jyl-· -
6,. CD 'f' l X - h 0 (49) 

Witb P set to 1 this means that the limitiog floorspace index is ).fy3/h, 
or approximately 1.12 when A. = O. 75, f = 3h and ;y1 = 0.5, that is wheD 

4 

-------2.0 

------------- 1.0 

J__;;;;;;;~==:::~=~==~==~ 0.5 o 0.25 
4 8 12 

x =no. of storeys 
Fi¡. 3.18 

18 20 
.. 

the angle of obstruction is about 26° which is reasonable in residentiaJ 
developments;- -- - • · 

F .r. ( ) du2 ·'·'( ) ).Jhy, · h • · · (50''\ 
or_'t':z x ._ d,J;- ~-'t':z x =_(hx+/y,+g:-i)~·-~1-t varymg u1,__ '1 

u, . b • = 2 , w1t varymg y3, 
X 

and 1/Ji(x) >O unequivocally in both cases, so that the open space index 
increases, as might be expected, with increasing number of storeys. In : 
both cases the open space index approaches a limit ' . 
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lim ,r, (x) = 1 .x--= T 2 • (51) 

This is a nice mathematicallimit: it means that when the built forms 'are• 
infi01tel) high thcy occupy no land so that the \vhole site is open space. 

du3 , {(1-J.)fy3 +g-i} 
For 1,1,(x), :d.l = 1/JJ(x) = p;¡y,. {hx+(l-l)/)',+g-i}r 

-Pu: 
= (px-u1) 1 (52) 

and v.hen the· angle of obstruction is held constant .p;(x)>, =, or <0 
accordJOg to whether (1-).)fy3 +g-i>, =, or <0; that is, whether 
y 3 >, = ~ or < (i- g)/(1 - X)j. The function tends to a limit, 

lim ,,, ( ) - p;.Jyl (53) .a: ... ~ Y' 3 X - --¡¡---
. -

This is the same as .a:~m ... 1/11 (x) because 

. \ -. - .a:~'! I/J3(x) =.a:~'!. _.P 1 (x)/,a;'}.~ t/lz(X) . 

and as wás seen from Equation 51 }!.":o t/13 (x) :a l. 
Note that ifi- = O, if¡j(x)>O. That is to say, in the_JieiligeQthal-:YropiUJ 

model tbe density of perseos to open space always in creases with the num
ber of storeys when the angle of obstruction is held constant. This means 
that tbe amount of open space per person diminishes with building heighL 
Beckett's model contradicts this statement, and yet this contradiction 
arises solely because of a refinement to measure the angle of obstruction 
abo\ e tbe ground level nither than at it! Beckett, as has been noted, ignored 
the parapet height, g, and with the values of the variables he used he 
obtained tbe condition y 3 >, =, or <0.8. In most planned urban situationst 
the condition y 3 <0.8 wiiJ hold- the angle of obstruction will be less than 
38c40'. But ifit is assumed with Gropius that the built form has a parapet, 
Jet us say g = 0.3h, then the condition beco mes Yl >, =, or <0.4, and the 
critica) angle of obstruction becomes 21 °48', an angle less than 1hat which 
migbt be expected in most urban situations where a choice is to be made 
between low-rise or high-rise building. In this case, the open space per 
person definitely decreases with higher dévél6pinérit.It may seem curious 
that policies about high or low building may hinge in the end on the 
detailed design ofthe rooffascia, but such is the case. Yet this exaggerates 
the real situation in practice. The point is that the increases or decreases 
are likely to be slight anyway, especially beyond four or so storeys. When 
the _floorspace index is held constant then the amount of open space per 

t Thh may oot be truc in tropical cities whcre larger angles of obstruction are acccptablr 
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pcrson uncquivocally increascs with heíght: thís is demonstrated by lht 
sccond exprcssioo . 

, -Puf . 
1/JJ(x) = <P )3 <O. · 

..... ---: 

x-u1 

{Rememlv!r that 1/1 3(x) is the density of population to open space,.as thil 
decreases so the amount of open space per person increases.) 

For (54) 

and ~;{x)>, =, or <0 if hu1 + p;.(g-i)<, =, or >o; that is, if u
1 
<, =, or 

> p;.(;-g)fh. With P = 1, ). = O. 75, i = 0.6h, g = 0.3h as befare, t.his 
condition says that the angle of obstruction increasés; Ts stational')', or 
~ecreases with height depending on whether the constant floorspace inda 
1s less than, equal to, or greater than 0.225. Thus except in low-density 
~ituations the lighting conditions can be expected to improve witb increas
mg num.ber _of storeys. Setting_; := O confirms the earlier H~iiigent.haJ-
Gropius theorem (6)! _ 

Tbe Beckett tbeorems -- -

'THEOREM 7. Assuming a constan/ angle of obstruction between paral/el an4 
equ~l built /orms, the population densityt increases hyperbolically, i.r 
stat1onary, or decreases hyperbolically with increasing number of storey1 
according lo whether the angle of obstruction is greater than, equal to, or 
less than are tan (i-g)Jf.~ 

Corollary. The oraer of the rate of change in the population density variu 
inversely wirh the square ofthe number ofstoreys, rhis density asymptoticall;¡ 
approaching a limiting l'alue for a very large number of storeys gil'en b}' 
).fy,/h. . 

THEOREM 8. Assuming either a constant angie of obstruction between para!! el 
and equal built forms, or. a constaRl popular ion density for sueña de,·elopment, 
the open space index increases"liyperbolically with increasing number of 
storey1. · 

- Corollary_The order ofthe-rate ofincr~ase in the open space index l'ariu 
inversely with the square of the number of storeys, the index as)'n:piotically 
approaching an upper limit of 1 for a very large number of sro.·eJ!i. 

t See definition above, p. 81. When p = l, the population densit;· · 
index, otheNise it is bed spaces. persons, rooms, ele., per unit ¡,; 

precise definition of '-
: For this and fo!lowing theorems the variables are as defir-d c... 

, : i' :x~rspace 
-~~s to tho 

i. 
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T:-:::0RDI 9. Assuming d constanr popular ion density for a de1 elopment of 
p.:;· .;."."el and equal built forms, the density of pcrsons ro open space decreases 
":·: ~ increasing number of storeys. (The amount of open space per person 
in.: ... <ases.) 

C.:-rollary. The order of the rare of increase of the density of persons to 
o;-!': space 1·aries im ersely with the square of the number of storeys, the 
C::·~· .. :y asymptotical/y approaching a lower limit equal to the population 
tk~.sity. 

T¡.:..::JREM 10. Assuming a constant angle of obstruction between parallel and 
c-=-...:1 builtforms the density ofpersons to open space increases hyperbolica/ly, 
is !:.Jtionary, or decreases hyperbolically with increasing number of storeys 
a.: .·.1rding ro wherher rhe angle of obsrruction is greater than,-equal to, or less 
rr..=.r: are tan (i-g)/(1- l)f. • 

Corollary. The arder ofthe rafe of change ofthe density ofpersons to open 
s1 ... =:e varíes im·ersely with the square of the number of sroreys, this density 
as.~ rr.ptotically approaching a /imiting l'alue for a very large number of 
sr.~."&?J'S equal to rhe limiting 1•alue of the population density, ljy3/h. 

- --- -T~o~ 11. Assuming a constant population.density for a.de.relopment of 
p,;;.•.:;l/el1,and equa/ built forms, the angle of obstruction increases hyper
bo.";cally, is stationary, or decreases hyperbolically according ro whether the 
po;;¡/ation density is less than, equal to, or greater than p;.(i-g)/~- · . 

Corollary. The arder of this change in the angle of obstructzon var~u 
imusely wirh the square of the number of storeys, approaching a limiting 
\'C.

1:Je for a rcry large number of storeys, are tan hutfPJ.f. 
The Heiligenthal-Gropius model showed that the relationships were not 

lit:-.!!' but hyperbolic, and in terms of the specification of that model the 
fl.:::tions ~ha\ ed co·nsistently. The Beckett model demonstrates that a 
s~l refinement introduced into the model can significantly change the 
~:-..aviour "fthe representative functions, and that detailed design factors, 
su~:-. as the height of the parapet, may be critical. As our models become 
m:::e and more refined to take into account this and that factor the 
b::..::. .. iour ~o."'f these functions is likely to become. .more 'erra tic', being 
G~/-ndent ~o."n a variety of critica/ relationships. The number of possible 
si~:..<stions l..:::ined by giving values to the independent variables) becomes 
H-r¡ Jarg~ ..;:.j computing wiH usuaUY--have to be resorted-to.t -· -

But eac!: :-:finement should be carefully considered. The reason Beckett 
cho!>e a h:f:"'l:r reference point for the angle of obstruction was in order 
bettcr to o.:lmate the leve) of daylight illumination in the gro,und ftoor 

f See, for C.'\:l..":"l;')le, the environmcntal model described by Hawkes and Stibbs (1969) 
whicb ca=. $;1:-:lulate highly complcx arch1tectural situations for the purposcs of 
investiga::.-:;& hshtmg, heating and cooling, and acoustic peñormancc. 

Elementary models of built forms 

rooms. Yet is this improvcment in accuracy, if it be so, worth the con
siderable complications that 11 lcads to? Reccnl work by Hawkcs and 
Stibbst on the effects of urban ob~tructions, such as motorwa)s, on day
Iight suggests that the choice of reference point m:ü.cn1cry little difference 
to the value of the externa! daylight factor (s~y componen! and externa) 
reflected compnnent) as measured on the vertical face ofthe ground storey. 
Thus, for practica! purposes, the Heiligenthal-Gropius modcl is probably. 
as good as Beckett's, and it is, of course, a good deal simpler to use and to 
understand. Nevertheless the Beckett model serves as an excellent illustra
tion of the complex behaviour of a few variables describing a simple 
architectural system. There is no doubt that models can always be made 
more and more complicated, but the real challenge is to make them simple, 
stripped down until the quintessential structure ofthe problem is exposed. 

Example four 

Do other building forms use land differently from the layout of 
parállerblocl<S? · - - ·--·· - · - · - -- · ------

-' 

D D 
Fig. 3.19a. Ground coverage of 4-storey apartment buildings with interior courta. 

o o 
Fig. 3.19b. Ground coverage of 32-storey Sunlight Towers of same apanr'".ent capacity 
but with surrounding open arcas. 

t Prívate communicat.ioa. 
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In 'Fiach-, mittel- oder hochbau ?' Walter Gropius dcmonstrates his main 
thesis by means of a diagram (Fig. 3.19) showing a 4-storey court develop
ment and a 32-storey tower scheme each of which contains the same 
number of apartments. This diagram can be taken as a starting point, 
simplifying :the form of the 'Sunlight Tower' to a simple square plan. For 
the purpose~, of this demonstration the details óT parapets and heights of 
reference points can be ignored, although, as has just bcen demonstrated, 
the models may be quite sensitive to these. Refinements, as always, can 
come later. Here the variables are defined as (Figs 3.20, 3.21): 

f z 

f z 

f = width of built form. 
h = height of a storey, 
z = distance between blocks, 
x = number of storeys, 

y 1 = site area, 
y2 = total floor area, 

Fig. 3.20 

Fig..UL _ 

y3 = tangent of angle of obstruction. 

Elemenrary models of built forms _91 

The principal dependent variabl~ is 

u = YliY 1 = the ftoor~pdce index. 

The other dependent variables for the two developments can be identified 
by the superscripts lOJ and llJ for the tower and court respectively. t 
Thus y!~ 1 represents the floor area of the tower; yr~J the site area of the 
court. In this exercise y3 is treated as an independent variable. By the 
geometry of the arrangements, the following relations hold :_ 

Tower0 l 

For the site area y{0 l =U+z)2, 

for the floor area y~01 = jlx, 

Courtl2l 

Yi21 = 4(f+z)2
, 

y~21 = 4/{f+z)x, 

for the tangent of the obstruction angle y 3 = hx. 
% 

(SS) 

(56) 

(57) 

From Equation 57, z = hxfy3 so that, eliminating z from equations SS 
- - and 56; the expressions for the-floorspace índices, ul0l and -u~~~ ,-ar-e derived \ 

11ro1 = ( IY3 )
2 

• x (ssro; \ 
_ .-- --- --- /)l3 +hx 

ul:ZJ = ( fYs ) • x. 
fYs+hx 

The form of equation ssr:z1 is familiar. As in the previous example the 
function may be plotted as a hyperbola being a particular kind of quadratic 
expression in ul21 and x, in which the term of highest order is ul2lx. This 
is not so in the case of equation ssroJ. Here the term of highest order is 
ul01x2 which is 'cubic'. The behavioúr of this function for the tower block 
is distinctly different from that of our earlier examples. Let us take a close 
look at uro] = q,r01(x). Note that q,rol(O) = O and that lim</> [Ol(x) =0. 
Also, differen~ati~g. __ ____ ~ .. ao 

:rol= q,ror (x) = (fy3)2(fy~- ~x>, 
- - - ----- .UYs+ x) 

so that q,rol'(x)>, =, or <0 according to whether y3 >, =, or <hx/f. For 
any given finite value of y3 the function is stationary at x = fy 3 /h and 
this is in fact a maximum value. Thus, with a tower buildmg :m increase in 
the number of storeys at first increases the floorspace 1:-dex, and then. 
passing a maximum value, decreases the index. The m a> :rr, ~,,¡¡ value of the 

t This notation derives from March and Trace (1968). 
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floorspace indcx for any givtn value of )'¡ is thcn givcn by substituting 
/J¡/h for x in equation 5Sl0J: 

[0) _,,, 

"mu- 411 • 

. The behaviour ofthe court is, as has bcen said; more familiar. </>121(0) =O, 
and lim <J>12l(x) = Jy,fh. Also, differentiating, it develops into 

dur:zJ = <J>UlCx) = (- fy, ):a >0. 
dx \fy,+hx 

so that the function monotonically increases to a maximum value at 
infinity. That is to say, the court form tends toa limiting index offy3 fh which 
is four times greater than the maximum achievable by the tower form. 
Perhaps a more realistic comparison is to see what the floorspace index of 
the court form is for the same number of storeys required to maximise the 

.. -tower solution, namely x = fy3fh._ ..... _________ ... __ _ 

ui2J =fYs (6()l2l) 
' 211 

. -
which is just twice the val u e of u~~!. Thus when the tower form's index is 
at its maximum, a court of similar height will achieve two times as mucb 
fioorspace. 

This can be put yet another way round. What height does a court ha veto 
be to achieve the same floorspace index as the maximum achievable io 
tower development? This requires that 

or 

whencc we find 

11
[2) _ 

11
tOJ 

- maa 

x=fa 
311 

(61) 

Thus the number of storeys requi~ed-isp~ecisely ~ne-third of those needé:d. 
to maximise the index for the tower (xm .. = fy3 /h, see above). 

How do these forms compare with the land use performance of paral1el 
rows? Similar notation is used to define the variables shown in Fig. 3.22 
for parallel blocks. The following equations are then derived (the super• 
script (2) is used for this form): 

7or the site area yi21 = U+z)2., {55'2l) 

Elementar)' models of built fornu 

for tbe floor area Y~2 > = f(f+z) • x. 

and the tangent of the obstruction angle is as bcfore (Equation 57). Thus 
eliminating z, the following is obtained: 

For tbe floorspace index u(2> = ( fy, \ • .x, (58<2l) 
. . . ... . _ Jy, +hx}_ __ 

which is exactly the same as for the court form's index, ul21 (see EquatioD · 
ssu~. The freestanding court and the street form behave in identical ways. 

z 

z 

Fi¡. 3.22 

/17 

/1//17 

' .. 
Fi¡. 3.23 

·'fbe important point t()fecognise·here is that any extrapolation from the 
performance of parallel blocks of the Heiligenthal-Gropius model to the 
behaviour ofiso!ated towers with four incident faces is totally unwarranted. 
Yet such an extrapolation has been an essential part of the conventional 
wisdom on these matters. 

Is there a form which can improve on the street and isolated court forma? 
Looking at the cruciform shown in Fig. 3.23, it is clear that many ofthese, 
by connecting, constitute a continuous series of courts. how does such 1 
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hi¡;hly reticulated systcm bcha;,e in com·parison with the more nucleated 
court and tower? U sin¡; a similar notation and dcfining the variables by 
F1¡;. 3.:!3 the following is obtained (a superscript 14 ' is employed for the 
cruc:iform): 

For the site area y~4>=(J+z)2, 

-~··'"_ Y~4> =f{f+2z)."%, 

and once again Y:s = hxfz. Eliminating z, tbe result is 

for the ftoorspace index u<4> = fy3(fy3 + 2hx). x. 
. (fy1 +hx)2 

• 

This is a thir_d order expression in u<4 > and x. But unlike equation 58l0l the 
functioo u141 = </>141(x) tends to a non-zero limit, in fact a maximum value 
given by z!!_m«> q,<41(x) = 2fy3fh whicb is twice the limiting index ofthe iso
lated court or the parallel block (for example, see equation 6CPl). WheD 
the tower reaches its maximum value, the cruciform obtains an index -vatue -- ---- - ---- --- -

for the same num ber of storeys x = fy1fh. This is ¡ floorspa~ index three -
times as great as the maximum achievable in the tower form. 

It is the tower (pavilion), parallel block (street) and continuous court 
forms that Martin and March compared in their artic:le 'Land use and 
built forms' in 1966.t The example above makes somewhat different 
assumptions, but the same general pattern emerges. This pattern can best 
be seen by re-writing equations 58[01, 58(2) and 58<4 > in such a way that it is 
possible to generalise (braces are used to stand for either square or rouod 
brackets): 

The pavition form (01 f (jy1 +0 · hx) u -y ., 
- 3 {fy,+hx)z .... (61) 

-· 
ui2J- f (fy3+l· hx). 

-_ Y :a Vy_:s + hx)a X. 
the street form 

the court form 141 f (fy3 +2 · hx) 
u = Y3 UYJ+hx)a • %. 

TI1e general equatioD 

ullaJ -J (fyJ +a.· hx). J 

- Y3(fy
3

+hx) 3 x, fora.=0,1,2 (62) 

t See also parallel wo~k by Eckhard Schu1u-Fielitz (1968). 
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describes all the situations we ha ve discussed above. From this it is easy t~~ 
see that 

ul41_ui2J = u12l_uiOJ = fhY3X
2 

UYJ+hx)z-

so lhat for all x> O the following may be written: 

ui4J > ui2J_> uiOJ (6.$) 

a statement which says that the land use performance of arrays of built 
forms in this Martin-March modelare ranked unequivocally: for a giveo 
number of storeys the floorspace index for the continuous court form is 
greater than that for an array of streets (parallel blocks) which, in turn, ~ 
greater than that for an array of pavilions (towers). And, in particular, for 
the number of storeys giving the maximum value of the index for an array 
of pavilions, the floorspace index of a street array is twice that of the 
pavilion array and that of the continuous court array three times that of 
the pavilion array. Two simple theorems may now be stated relating to the 
Martio-March model: 

THEOREM 12. Comparing infinite arrays of;ectangul~r builrjo~ms controliei 
by a gi1·en angle of obstruction, the jloorspace index of an arra¡ of con
tinuous-courts- is always grearer than:thp_t of an arra¡ _o/ streets, which, in 
turn, i.s always greater than that of an array of pa¡•i/ions jor any gi~·eñ 
number of storeyl. 
THEOREM 13. There is a maximumjloorspace indexfor an array ofpa,·ilion3 
for sorne finite number of storeys, and for this sorne number of storeys the 
indices for street and continuous court arrays are two and three times the 
maximum achie~·able by tlze pavilion array, respecti\•ely. · 

Of course, this model is a gross oversimplification in practical terms, and 
many objections can be raised. More and more elaborate models can be 
designed in an attempt to overcome sorne of these criticisms. March and 
Trace (1968), t for example, investigat~ a finer range of elemental built 
forms which can-be combined to produce more comP,lex,,ar_ra~g_e~_en~; 
they Jook at systematic transformations of these forms, and they discuss 
the relation of their work to previous studies in this field including the 
·problem-of sidelighting to- tower -(qrms (the argument____t}'¡at the o_pen 
development of high-rise towers gains far more in daylighting terms from 
Jight coming around obstructing blocks than is lost by increased vertical 
obstruction). Such elaborations lead to a more tedious mathematical 
discussion which would be out of place here, but it is not necessariJy a more 
advanced one. 

t For a more easily available digest of this work see Hutchinson (1970). 
1 
i 
1 
1, 
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To bring more realism into such models is to lose gcncrality (sce Chap
ter 7). Nc\erthclcss more sophisticated computer represcntations such as 
those by Hawkes and Stibbs (1969) allow a much more sensitive study ofthe 
en,ironmental effects of buildmgs upon one another. Hawkes (1970) in a 
series of controlled experiments cautions against the indiscriminate use of 
gencralisauon in actual building design. As he points out there are many 
deta1led points of design such as depth of window reveals, size and shape of 
openings, the specific physical properties of materials which affect signifi
cantly the environmental performance of groups of buildings. Neverthe
Jess, simple models such as those described above do allow our more 
empirical experiments to be organised, do prompt important and serious 
questions, do act critically on our prejudices and the conventional wisdom, 
and do lead to speculations over far wider arcas of study. 

Elementary mathematical models are an excellent source of enquiry and 
are frequently suggestive of a systematic approach to computer-based 
experiment and investigation (Hawkes 1970, Tabor 1970). FinaJiy, in 
pra<:;tice --the-Y-- may help clear away some __ QC th_e __ mislead~ng __ 'r_ule~-of
thumb' which frequently lurk behind design decisions, and they may help 
to replace these by more cautious generalisations, but, be warned- these 

-may be equally misleading if results and_ conclusions are_ extrap_o)ated_ be
yond the simplifying assumptions of the original model. 

4· Tlze use of nzodels in planning 
and the architectural design 
processt ----- -- · 

NICHOLAS BULLOCK, PETER DICKENS & 
PHILIP STEADMAN 

Three classes of model have been distinguished in American city planning 
research; descriptive models, predictive models, and planning models, in 
ascending order of difficulty. Ira Lowry has enumerated the features of 
the descriptive model in urban studies as follows: 'The builder of a descrip
-~i_v~.!ll~~~l_h~~ ~heli_mit~<! objective ofpersuading the computer to replicate 
the relevant features of an- existing- u iban enVironmeilt --or (){ aó-already-
observed process of urban change. Roughly speaking, the measures of his 
accomplishm~ru_ ~re:_o_~_, th~ _ratio of input data required by the model to 
ouiput"data generated by the model; two, -the -accuraé:y- añd cost- of the 
latter as compared to direct obseivaiion··"óf ·th-e variables in question; 
and three, the applicability of his model to other times and places than 
that for which it was originally cocstructed.' (1965). 

The descriptive model provides the planner with an insight into the 
_workings of city structure but it does not directly allow him to predict 
future trends or to determine the effects of particular planning policies. 
This is done by means of the predictive model, for which it is necessary to 
specify mechanisms of cause and effect governing the variables whose 
values are simply observed in the descripti\'e model. In sorne cases the 
predictions m ay take a conditional form; that is to say the model is de
signed to opera te so· that 'if X occurs, then Y will follow', bÚt takes no 

t This essay was written as an introduction toa report documenting work in· progress in 
-~ Universities Study, ia--l-968. The main theme of the repo_!'l_was the neccssity of 

findmg sorne general frarnework whereby separa te planning studies could be brougbt 
together and seen in a general relationship. The means for doing this "as seen lo be 
through the construction of mathematical models of university activity patterns, and 
lhe subsequenl progress of this line of work is described in successive papcrs repro
duced la ter in this volume. At the stage represented b) this essay, however, it was felt 
necessary to lry lo make a general case for the use of models at all scales and in aU 
areas of architectural and planning work, and for an expcnmental approach in eo
vironmental research as a whole. Hence lhe rather broad scone of the argumenls, 
whose application goes beyond the narrower interests of umversity planning. 
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account of the actual Jikclihoo.:! of the occurrcnce of X. Jn this way the 
frame of reference of the model can be somcwhat lim1tcd. It is nevertheless 
impossible to treat al! externa! (exogenous) variables conditionally, since 
not al! will opera te independcntly of each other. We cannot assume both 
that 'if A occurs, then B will follow, and if X occurs then Y will follow' 
since the occurrence of A may ='reclude or affect the occurrence of X. 

Pl:mning models, the third type, form a class whose technology is not 
far developed. Jn planning models a measure of optimisation is intro
d uced in terms of chosen criteria, in order to determine means of achievin¡ 
stated planning goals. 'The essential steps are as follows: one, specificatioo 
of alternative programs or actions that might be chosen by the planner; 
tYto, prediction of the consequences of choosing each alternative; three. 
scoring these f9~sequences according to a metric of goal-~c~ievement; 
and four, choosing the alternative which yields the highest score.' (Lowry, 
1965). Since a wide choice ofplanning alternatives exists at each stage in tbe 
'decision-tree' the number of overall possibilities rapidly becomes astrono
mic, but the use of computer prograrns _to carry out step~ !hre~ and four 
allow~ the examination of a fairly large number of altemative decisioD 
sequences. 

The urban planning prob)ems t~ whkh the A!Derican _¡nodel-:builders 
have applied their techniques have tended naturally to arise in the control 
and direction of powerful forces of change and growth in existiog Jarge 
cities. The future movements of a complex system are anticipated, and the 
effects of intervention from outside the system are meas u red - interventioo 
in tbe form of public or prívate development programmes, or through 
planning controls and incentives ofvarious kinds. What is important is that 
the model-building process takes up at a point in the history of the city's 
development when its 'design' or physical and organisational form is 
already well established. The model recognises the dynamic naturc of a 
system in the process of change. The initial structure of the model ia 
constituted by a current land use inventory by example, together with aD 
analysis ofthe pattetns of economic and social activity-ofthe city"s inbabi· 
tants at the present moment in time: trends are extrapolated forward as 
changes in this initial structure. · 

SucJi an'approach has no applica-rron to the-initial design-ofan accom· 
modation for a new activity of whatever complexity on a virgin site. Not 
that the simulation of the performance of finished designs would not pro
vide an invaluable means for their comprehensive evaluation and analysis. 
Nor can it be said that the study of urban models would not serve to 
illuminate the characteristic structure of the design problems of cities and 
acquaint the designer with the context for new solutions. It is in the crea• 
tion of new forms that even models of the American planning type oC.;r 

Use of models in planning 

no direct help- for their role is in evaluation only, and altcrnative pbns 
must be specified complete in advance of the modcl's operation. The l1uly . 
inventive phase of the design process is that in which a form is synthcsl~r.d 
in response to a programme. Tnis will be discussed first in relation to thc 
single building, sin ce it is on the building scale that most of our work has so 
-far concentrated, and the problems, though severe, are patently less so thaD 
those on the scale of the large developmenL The same principies will, 
however, apply in the larger problem, as in the smaller. Successful model
ling of the single building is a necessary first step towards the goal of a 
complete model of an institution as a wbole. 

The debate on the process of derivation of architectural forms is an old 
one. This is not the place for a historical account offunctionalism. But it is 
important for our purposes to distinguish two very d_i_ff~rent functionali~ 
standpoints, the one determinist, the other we might call 'moral'. 

Extreme apologists of rationalism in architecture ha ve claimed that the 
form of a building proceeds directly and logically from the technique ofits 
~on~tructiqn~_n!i _the purpose to w~ich i! is_ puL They ha ve s~~ested 
particularly of the engineeiing structure that its design follows an ine\it· 
able process, through a kind of 'constructional fatalism'. Representative 
of this determinist attitude in archit~~ture was Auguste Chqisy, whqjn bis 
'Histoire de l'Architecture' (1899) saw building form as a 1ogical conse
quence of a technique and methode, signifying not simply the tools and : 
methods of the building trade but 'aspects of society as a whole'. Thus 1 

'buildings classify themselves as witnesses fixing the way of Iife and the : 
moral condition of humanity, age by age.' The Gothic cathedrals were 
ideal for this form oftreatment, since the lack ofhistorical docume~tatioo 
ofindividual architects and particular technical inventions allowed Choisy 
to assume 'a kind of abstract necessity' as instrumental in their design. 
'L'arc-boutant (the flying buttress} ... ne fut point inventé, i1 s'imposa.' 

This is something rather different from simply applauding the desiga 
of buildings which are contrived, either consciously or unconsciously, to 
exemplify me- principies of their construction and ,.~. ~haracterisc the 
function they are to perform. That is a moral attitude, a kind of aesthetic 
puritanism which is as old as Aristotle. Classical functionalist theory ; 
seized on the a-ñalogy of the natural organism-as a perfect paradigm-of the 
relation ofform to function. 'Living organisms and works of art are definile. 
after their kinds, which Nature and Man respectively form by qualifyin¡ 
matter. The quantity of matter used in any case is determined by the form · 
subserved; the size of a particular organ, or part, is determined by its 
form, which again is determined by the form of the whole organism or 
work.' Emphasis on fitness for purpose, inner consistency in relating the' 
parts of the whole and forming the whole from the parts, and above all;. 
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the orpnic anal0gy. are themes which recur throughout functionalist 
theor~ m its many phases and guises. 

The de' elopment of ninetcenth-century biology- provoked a dceper 
e\Jmination of the parallels between natural and artistic organisms, 
espec1all~ in terms of structure and process as well as just outward ap
pearan.:-e. "In art as in nature an órganism is an assemblage of interdeper
dent parts of \\ hich the · structure is determined by the function and of 
which the form is an expression of the structure' wrote the American 
critic Montgomery Schuyler (1 894). Just as the palaeontologist could 
reconstruct the '' hole organism from a few bones, so with the architecturaJ 
organism ·a person sufficiently skilled in the laws of organic structure can 
reconstruct, from the cross-section of the pier of a Gothic cathedral, the 
whole structural system of which it is the nucleus and prefigurement. The 
design of su eh a building ... is an imitation not of the forms of nature but 
ofthe processes ofnature.' (Schuyler 1894.) It was for the theory ofbiologi
cal evolution to show how the 'design' of living organisms occurs througb 
an-immensely protracted process of -tria! and error~Genetic mutations 
occur accidentally, at randorn. Sorne are unfavourable, sorne neutral, sorne 
favourable. In the struggle for ex.istence, natural selection eliminates tbe 
unfavourable mutations; -the favourable ones;--on the--contrary, are pre- -
served, and the organisms possessing them will more Jikely reproduce 
themsehes. Later nineteenth-century theorists of architectural rationalism 
like Schu)ler held that the creation of new architectural forms was aJso a 
process of gradual evolution. 

The distinction between approval of the manifestly functionaJ qualities of 
a finished design and insistence on the inevitable logic of the process of 
design is importan! for the would-be user of theoretical modeJ-building 
:nethods. lt is only ifhe were able to accept the latter position that he could 
go on to conclude that architectural problems might be solved algorith
'nically, 'i.e. by the employment of a mathematical or Jogical construction 
'hat ac~ as a program or an instruction manual'. This is a problem dis
:ussed by Maldonado and Bonsieppi iñ añ article entitled 'Science aod 
C>esign' (1964). Once all the variables entering into the solutioo of a prob
em are S!.l_mmarised, is a mathematical formulation_ sufficjent, they ask. to 
)TOVide all detailed determina ti ve--data'! They are inclined to concludc 
hat mathematical techniques of problem-structuring are of instrumental 
ather than panacea value. 'For it is wrong to attempt to simulate the 
elat1onship of the designer to the problems facing him in the form of a 
·lmply determined system, because, after all, the process here discussed
iS m e\ery creative and inventive human behaviour- can, if at all, only be 
.imulated .,..ith models on the leve! of complex probabilistic systems.' 

1t 1s not difficult to find many reasons for the indeterminacy ofthe archi· 

Use of models in planning 101 

lectura! design process It ariscs bccause evcn an explicit and apparently 
ngorous statemcnt of the a1ms of the dcs1gn JS necessanly still vague on 
sorne pomts. Even performance standards of a technical, quantifiable 
nature can be vanable within wide ranges and the results st1Jl quite accept
able. Minimum daylight levels can be fixed for the performance of visual 
tasks: or max1mum levels lo avoid discomfort from glare. Choice in the 
area between the two extremes is a matter of taste, or even inditference. 
Again one might imagine in theory that one particular configuration of 
rooms in a building would suit the pattern of intercommunication of the 
occupants b~st, and minimise their time spent waiking: but in practice it 
will be immaterial to people within quite wide limits what distance they 
travel, so long as it is not too far and the journeys are not too frequent. 
In short, there is so much 'slack' in the systcm that even on the most 
clearly defined criteria a variety of solutions to ea eh aspect ofthe design will 
be equally acceptable. As Alexander says 'for most requirements it is 
important to satisfy them ata leve) which suffices to prevent misfit between 

___ the form and.the coote~t •. and to do_this in_the.Jeast ar_Qjjr_?ry _manne! 
possible'. (1964, p. 99.)t For this reason Alexander propases treating both 
specific requirements, and requirements of Jess definable but nevertheless 
crucially important character- 'comfort', 'security' or '.variet:y.~,jn different 
contexts, for instance- as binary variables, that is to say taking one oftwo 
possible values only. Either the requirement is satisfied ('fit') or it is not 
('misfit'). A continuous variable taking a range of values would be treated 
as a 'fit' for all values lying above the required standard, and for all values 
below as a 'misfit'. 

A great part of the systematic and detailed study of design problems is 
devoted to the establishing of mínimum or maximum standards and there
by the ranges within which variables operate. lt is, in the nature of the 
problem, only the extremes which are susceptible to accurate determination. 
The fact that discussion may often dwell on mínimum standards does not 
mean to imply that these are reckoned to be desirable or even, in the Jight 
of other considerations, acceptable. The same is true of the measurement of 
average conditions as found in present practice. The intention is simply to 
demonstrate the cost or savings involved in lavish or parsimonious allow
ances, or the implicatlons of a raising or Jowering of preseñi staridards. -

As has been emphasised befare, it is by no means necessary that in 
taking the optimum solution (indeed if one can be defined) to each sub
sidiary problem, a satisfactory result will be achie\ed in the total design. 
Advantage must be weighed in one area against consequent penalties in 
another: and this may be a matter of fine judgement. Where the benefits 

t Cf. his note 6 o .. Herbert Simon and the concepl of 'satisficing'. 
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and the costs are purely economic or can be e>..presscd as such, a means of 
comp:uison ex1sts; as Ira Lowry says 'the most comprehensive metric 
available in our socicty, whether we like it or not, is money'. (Lowry 1965, 
p. 161.) But where he must weigh comfort or convemcnce against monetary 
costs, e\ery man's scale of values will be different. 

-h i~ e as)· toesee why by contrast it was precisely in the area of engineering 
structures th~i'the idea of the inevitability of the process of design arase. 
For it is here that performance requirements are most fully and accurately -
stated in advance, and where the criteria by which the success ofthe design 
is judged are unequivocal. A mechanism works or it does not, a structure 
e1ther stays up or falls down. But Le Corbusier, for example, while ad
miring the integrity and economy of means of engineering works, recog
nised that although the engineer was guided by 'natural Iaw' and mathe
matical calculation, he nevertheless did exercise an intuitive skill in 
design. 'The engineer ... has his own aesthetic, for he must, in making bis 
calculations, qualify sorne of the terms of his equation; and it is here tbat 
-taste intervenes. Now,- in handling a-mathematicaLproblem, .. a.man_is __ 
regarding it from a purely abstract point of view, and in sucb a state, bis 
taste must follow asure and certain path.' (1927, p. 19.) 
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---~hristopher Alexander attributes the very successful architecture of 
primitive cu-lf~res, as have critics before him, to the-slow process by which 
its forms are evolved. He demands, however, a more explicit theory of 
adaptation than the 'vague hand-waving' of arch1tectural Darwinism 
(1964, p. 37). Alexander draws a distinction between the 'unselfconscious' 
culture of primitive society, where the activity of'design' is not recognised, 
v.here the user of a building is his own architect and the form evolves 
through the correction of individual technical failures as they occur; and 
the 'self-conscious' situation which obtains in our own culture, where 
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design is the province of professionals, and is communicated through 
abstract principies and schemata. The 'unsclfconscious' process relies on 
design being evolutionary rather than anticipatory, and on the existence of 
substantial forces of traditional taboo, as well as the slow movement of 
technical progress, to hold the evolving des1gn steady. In the 'self-conscious' 
situauon, instead of the form being shaped dJrectl)' as a process of adapta
tion to tl-ie environment, this 'complex interaction bet'Wee~ forín and 
context' is modelled as a mental picture in the mind of the designer 
(Aiexander 1964, ch. 6). t See Fig. 4.1. 

Alexander argues that the unselfconscious process achieves success by 
virtue of the property of homeostasis, that is to say through being self
organising. The structure ofthe form-making system consists in a series of 
variables, or conditions which must be met to ensure 'good fit' between 
form and context; and the interaction between variables- causallinkages 
between one and another. See Fig. 4.2. (Alexander 1964, p. 43.) 

Fig.4.2 

'Since not all tbe variables are equally strongly connected (in other words 
there are not only dependences among the variables, but also indepen
dences), there will always be sub-systems ... whicb can, in principie, 
operate fairly independently.' (lbid.) These sulrsystems, although inter
linked, are yet 'sufficiently free of one ~nother to adjust independently in 
a feasible amount of time'. The unselfconscious process works, 'beca use 
the cycles-of correction and r-ecorrection which occurduring adaptation, ate_ 
restricted to one sub-system at a time'. These kinds of dynamic systerm 

t See al_so ~iagram p._76 reproduce4_here as Fig. 4.1. The designer imagines such inter
action: the interaction takes place between a cOnceptual picture of the context anda 
conceptual picture of the form (diagrams and ptctures which stand for the form). 
The success of the method ts plamly dependent on the ability of the designer to com
prehend the total problem context, and to model the proposed form effectively in 
order that he may examine properly its inadequacies or advantagcs in relation to this 
context. As Alexander says 'in the unselfconsctous process there ts no possibility of 
misconstrumg the situation: nobody makes a ptcture of the context, so the picture 
cannot be wrong'. But in the self-conscious process the context ts only pictured, and 
the destgner's dtfficulty is in making this picture as complete a.td accurate as posstblc., 
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"' t~o·risc the biological world. Ea eh S) stcm consists of many sub
;,,,hd)' coupkd; and the sub-systcms thcmselves tcnd to consist 
:n.dkr S) stems, again more closcly coupled internally yet less 
.-~'upkd betwcen one another. 

:l~clfconscious process any failurf in the design, any 'misfit' wiU 
_ icct strongly only those variables encompassed in the particular 

.cm, and the failure will be resolved by an appropriate re-organisa· 
- that sub-system. The sclf-conscious designer, in order to reduce 

10 manageable proportions, attempts to pick out these sub-systems 
::.eh a nomenclature, and then manipulate areas of the design in 
indcpcndcnce of ea eh other in a similar way. t The trouble as 

: er secs it is that in practice the traditional categories, into which 
,;n problem is intuitively analysed, tend not to correspond to its 

.Jcture. 
::medy for the failings of generalised concepts and categories, and 
:Oiirariness, is to reduce the listed variables making up a design 
,:me to the leve] of specific detail.-They ~usLbe chosen (l)__to ~ 

:.1 scope, (2) to be as independent of one another as is reasonably 
· ~. and (3) to be as small in scope and hence as specific and detailed 

erous as pessible'. (Alexander 1964¡-p. 115.-) -The design process is .. 
-·ne of error reduction and the variables ha veto do with anticipated 

·:1f stress or misfit between the context for a design and the 'domain 
s' wbich could conceivably be placed in this context. 
:omain 'may be thought of roughly as the set of all those dis
ole forms (good and bad) which might possibly be placed in cont.act 

::e given context to complete the ensemble'. (Ibid., p. 103.) Tbe 
·es are to be equal in scope so that sorne requirements are not sub
;::artly or entirely within the broader frame of reference of others: 
following from this that they are independent of each otber. SmaU 

;-e also because in this way the prejudice of ready-made semantic 
ríes- 'acoustics', 'economics' and so on- is avoided. 
discussion so far concerns Alexandei's account of the analytical 

::Jnly ofthe design programme. When it comes to the synthetic phase,. 
realisation ofthe programme, Alexander see!J1S_to imply a degree or 

.:.nder 1964, ch. S. Alexander's analogy is that of a children's puzzle-one oC 
: 5hallow glass-topped boxes, whcre balls must be rolled into sockets. An im
·,t ch•ld m1ght well give the box a grcat shake and pul it down, boping for alJ the 
'l fall in at once. His chances of success would be small, even ifhe repeated the 

hundrcds of times. More scnsibly he would tap gently, moving one baiJ ata 
- ¡ mg ca re not to disturb those already in place. The designer must adop& 
t:.wcs, solving cach indcpendcnt arca of the desi¡;:n in tum, so that decisions 
t 11 latcr st2ge do not invalidatc tl>~ solutions to other 'sub-problems' alrcady 

.(L ' 
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functional dctcrminism, in introdudllt! lhc notion of::. ·_ . :_:. 'umficd (~cription':..n• 
ofform and context. For sorne vcry ~i111plc objccl'>, he<:.:·.:. .. ---~ ~~ys 'th::-e í~ virtua!:\iíy 
no rift bctwcen formal and functional 1l_c\criptions T:. --·- --=-·:.:l.e a s~ap bubble k~or ' 
instance~ •• 

'The behaviour of soap films is M' llwroughly Un&íf:.:..::.::.::::::rstood tl:at we kno•<'W 
what shapcs and sizcs of bubblcs diiTct cnt externa! e:::::::::_ :onditior.s lead to. i: ln 
this case, the foimal dcscriptions anJ the functionat ;· .:...::=::..: dcscriptivns are jt:s!.:st 
dificrent ways of saying the same thin&'; we can say, 11 ·• :...:. . :: we Ji k e, tr.at we haY.!'.': ' 
a unified description of a soap bubulc.' (!bid., p. 90.) : _.; Another e:r.ample i: .h: 
takes is that of a road junction, whcrc a diagramm:.:;-==:...-:::.::tc repr~:ntation c:of 
traffic flows as lines of different widths indicates. c .. :-:-.:.:..::: dtrectly tte form t: the 
junction should take. The diagram is both a rcqUJre:::==::::-:ment diagram and .:i a 
form diagram. 

As he points out, however, thcrc are few instan~~..:.-=:.::.::s one can point to ~dn 
the realm of man-made objects whcrc the form has-: . .::~ oeen uri<1uely deterer
mined by its requirements- the crane hook being thc~::::::ught to be one exaln!-n

__ pJe (A!~her 1956). The 'form diagram' can, in mo¡;r.=-=:.::: óesign problems, l.:.be 
regarded-as án exploratory.tool, ·a teñtativeñYpotfié.~~:.,:s: about tl:.e matcbining 
ofform to context, and like all hypothcses, derived th:.:::::=.:.::rough abstraction aamd 
_i!¡~entio_Q._'fhe _process is that of the scientific met~:.:..==..:::10d, where the hypq.-o-
thesis stands until shown to -be false:Ins measure~~-- ---·:::f against the requir:re- ' 
ments, by experiment, until a discrepancy betwee~~-===::: iorm and context Lis ¡· 
found. Tbe hypothesis/diagram is then revised, ano:.==:.=:. tested again. ~ 

It is importaot here, however, to emphasise the r.::=:=o: roie in d~ign of whnat 
might perhaps be called 'happy fit' as distinct from:·;:==---= ·;ood fit': tbat is to sr-ay 
the possibility of finding a formal solution whose su_ :-_L!cture is particulaririy 
appropriate to the problem in hand but only throu~---~=-"1 happy accident ar<•.:..d 
not any kind of cause and effect. Such a possibility ce::..::.-:-: anly arises th.rough t:the 
relative 'slackness' of the programme requirements:=.-===.:::. wbereby many alt~r
native solutions are feasible. In this light, the soap-r,;:.:::::=-~ubble example is m:::lls
leading since no externa) purpose is recognised whic:.:--==.::::::. the bubble fulfills;-: it 
exists as a· natural pl!e!lomenon in its -own right .. !:. :.:....:..:.. ..: : is a ten_sip~ S!nJct:ore 
whose form is described completely by mathemativ:=----:.=.i iaws associated \1.-l\M 

the pressures exerted by the air. In the world of livr====-:mg orgarusms, sirni:.ülr 
tension stiuctures are u sed for dcfinite-purposes to "·-=·::. whicb they_ are adi:I::Jir
ably suited. But their forms cannot be ascribed si:--·:::::ply to tbe mouldinDg 
pressures arising from tbeir functions: they are g!:!:~=:·:erned both by th::ese 
and by independent structurallaws of a general nar:·---:ure. 

To take D'Arcy Thompson's classic example wru-:::= -. ....-:-.::h approacbes clo~t::eSt 
perhaps in the natural world to thc problems of ~.....::-:hltecture: the hoo:.ey. 
comb (Thompson 1942, pp. 499fT). The 'requircmc::c~·:::::-.:;.· can l-e examined! for 
an assembly of roughly cylindrical cclls, stacked te::.=.:. :: ::11 sp2 .. e. strong_ t:nnd 
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cconomical of material. The process of the comb's construction can be 
obscn ed: how cylinders. stacked, will tend to get moved into a hexagonal 
array and si:nides be flattened out as the bees work, prcssing against each 
othcr from oppos1te sides. But it can also be scen, at the same time, bow 
the symmetrical forces of surface tension, working on the warm wax, will 
pull the comb's. wall into the same configuration. The final form-represents a 
resolution of structural forces as well as a consequence of the purpose for 
'' h1ch 1t is m a de, but one does not necessarily follow from the other. 

A \ i\·id example of the same thing in architecture is in the uses m a de of 
the Buckminster Fuller hemispherical dome which is patently unsuitable as 
a house, despite Fuller's own personal example. It has a rigorous structural 
logic and virtually no flexibility of form: yet it has applications to which 
it 1s particularly appropriate, as for example in housing rotating radar 
scanners, ora use to which it is put in Cambridge- asan 'artificial sky' for 
architectural lighting experiments. 

It is not only for 'engineering' structures that this fortuitous match 
between-form-and-function is found. Asimilar match exjsts il} !.h~p~o~l~~-
of the university teaching timetable: in how, given a structure of courses 
and thus a division of the student body into groups which must attend 
separa te series of teaGrung 'events~ ,-these 'events' _are then _¡¡_~~igned_ tC?_ __ 
rooms so as to fulfil a number of limiting criteria, the most important of 
which will generally be econorny in space (though not at the expense of 
sorne other educational cons1qerations). Although these criteria can be 
stated with mathernatical precision, timetabling problems do not allow of 
unique solutions. lnstead a sensible strategy must be devised for searching 
through feasible alternatives, and a basis established for selecting better 
solutions. These better solutions will rely, in particular when a timetabJe 
is designed to suit an existing set of rooms, but also when a set of rooms is 
designed to suit a given struct u re of courses, on the particular com binations 
of class size and the fact that these happen to correspond, fortuitously, with 
room size. 

Another example which isla:iAméHoi&~i_tects is the problem of plan- --
ning a set of roorns of required sizes in a tight or limited configuration. 
Successful solutions may depend on purely fortuitous coincidence of 
dimensions or groups of dimensions- th·e-roo-ins- happen to fit togethtr 
just so~ There is no way of going about the problern that does not invoJve a 
certain arnount of tria] and error. 

Ahhough the characteristics of the architectural design process so far 
described can be surnrned up, it is necessary first to ha vean understanding 
of the detailed structure of the requirements, or context, of the probJem, 
\lwÍthout the distortions arising out of ready-made semantic categories. 
Sorne of these requ1rements may be .óiftiey)t¡·,:&Q,.measure and therefore 

Use of models in planning 107 

indistinctly stated. The process of matching form to context is guided toa 
large degrce by a correct mterpretation ofthc structural nature ofthe prob
lcm; fcasible alternative solutions are dev1scd which are internally consis
tent and coherent in- their own terms. These alterna ti ves are then matched 
up to the context and their performance measured. Sorne solutions will be 
judged more successfu! than others, sornetirnes by virtue simply of a 
coinc1dental 'happy fit' of form and context. Where the scale of values by 
which performance is mcasured is essentially subjcctive and scientifically 
hard to define, or where performance on two disparate scales ofvalue must 
be compared one against another, then opportunities must be presented to 
the designer or his client for the making of explicit judgement or choice in 
the matter. 

The design process would therefore be considered to be largely a 
repetiuve, cyclical one, in which the devising of prehminary solutions pro
vokes a more explicit statement of the original requirements, and allows 
a progressively greater understanding of the structural nature of the prob
lems in hand. Sorne of the choices and judgements which the designer or 
clienf núJsfmalée o-nlyarlse-añlrónly-tiave·meaning in relation to an-inter
mediate solution, another reason why a measure of tria! and error is 
inevitable. The fact that sorne requirements are rnutually exclusive or work 
again-st""each--other iri"some· waymay simifarly emerge only through· tbe
testing of alternative designs. 

Now it is Alexander's contention that in architecture there is no means of 
generating ranges of alterna ti ve solutions symbolically (1 964, p. 74), nor of 
expressing criteria for success in terms of a symbolic description of the 
form. 

He instances certain kinds ofproblems which are capable ofreduc~ion to 
a matter of simple selection - 'like sorne of those that occur in economics, 
checkers, Jogic or administration, which can be clarified and soJved 
mechanically'. lt is impossible with archjtectural problems to generate a 
range of feasible, complete and finished solutions by a similar, single, un
interrupted, predetermined.procedure of a mechanica_l_ nature. This, how
ever, is no objection to a step-wise process, by which alternative pre
lirninary forros or partial solutions are produced as a 'first hypothesis', 

·evaluated, the terms-of the problern somewhat -r-evise~. and_a_secon4_seri~ 
of appropriately modified forms tested again. 

Now it is certainly true of a set of architectural drawings as a symbolic 
description that they presentan inadequate means for a rigorous testing of 
the design against the programrne requirernents: building performance can 
only be assessed indirectly from them, by powerful exercise ofthe imagina
tion ora great deal of prolonged and laborious calculation, depending on 
the characteristics of the design under consideration. As ¡'or the possil,>ili-
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t1es of full-scale exreriment with real buildings, these are plainly limited 
smce mistakes \\lll be costly, and, m any case, idcnucal circumstances are · 
r;nd) rcpeated. But, as \\e ha ve suggcstcd before, the technique of simu
lating a dcsign, either part1al or complete, in the form of a computable 
model ''hose structure is mathematical, is exactly the way to evaluate its 
predicted performance \\ ith a high degree of realism. Calculations which 
\\ere ted10us and, in effect, impracticable for reasons of time become sud
denly possible. Not only can externa! environmental conditions be simu
lated, but also the anticipated pattern of use of the buildmg. Most impor
tant the pattern of use is not seen as something stauc and fixed, but as a 
d) namic process in time, over both the course of the day and the course of 
the yeatS. 

The unavoidably indeterminate way in which architectural problems are 
formulated, and the fact that as a consequence they may not be solved 
algorithmically, do not nevertheless imply that a strategy involving many 
successive alternate steps of design formulation and evaluation cannot·be 
conducted in a perfectly logical, if not inítíally predetermined manner. The 
process allO\vs the intervéntion of tasté;-juClgemeni · and· invention at a· 
series of intermediate stages; but with the cardinal advantage that these are 
exercised in_[elation to a clear statement of the structure of the problem 
and the issues at stake at each -stage. -- · 

PART 2 

ACTIVITIES, SPACE AND LOCATION 

Introdu~tion 
1 

From the more general work whích has been indicated in the previous sec
tion, it seemed possible that studies might be developed at three different 
scales. The first ~s the scale of the individual building, at which Jevel it 
might be possible to examine the interna! and externa! relationships which 
affect the built f<?rm. The second is the scale of the urban sub-system, or, 
-rorexample~ the grouping·of- activities and· buildings· that are built- up 
around the developing universities. The third sea le is the major one of the 
urban system its~lf. All three of these programmes of work were in fact 
established bf 1967. Tlie first study to elabora te a- method of-work in 
Report form was the universities study, by Bullock, Dickens and Stead
man, who produced their Theoretical Basisfor Unirersity Planning in 1968. 

The papers that follow were written at different points in that develop
ing research programme. The first paper marked the end of the initial 
period of research. During this period, work on various parts of the pro
gramme was built up in sorne detail. An advance was made by the 
development of ~ method of studying timetabling and the relationship 
between numbers, intensity of use and space requirements of a given pat
tern of teaching (Toye 1968). Sorne of the earlier studies of the effect of 
different building forros on the use of land were given a more specific 
application, in .which circulation and costs were taken into ac~QUf!!. Sqme 
preliminary work was done on university residential accommodation and 
the effects of its location on the provision of other facilities on the campus 
-itself. 

But throughout all this work the main effort was to establish sorne means 
of examining the problem as a whole. What was required was the develop
ment of the kind of framework which would integrate hitherto isolated 
pieces of research and which, at the same time, would allow decisions 
made in one aspect ofuniversity planning, for instance numbers ofstudents, 
to be seen in relation to the many other factors invohed, for instance space. 
The proposal that a mathematical model should be useú for this purpose 
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I / INTRODUCTION: 

T 1l E ~E E D :¡:O R RATIO!'\ A J.l T Y 

Thcsc notes a re abo uf thc proccss of <lesión; t he pr0ccss of 

inventing physical things which display ncw phy:::ic.\1 ordcr, 

organization, form, in response to function. 

Today funclional problems are becoming lcss simple all the 

time. nutdc:::.igncr:> rucly confcss their inability to..srJh·c them. 
ln!::ttC:ld, when a <.lcsigncr docs not under::,tand a prob!cm d.:-arly 

cnough to find thc ordcr it really call!; for, he falls b:tck on 
somc árl.Jitrarily cljoscn formal ordcr. Thc prol;lcm, ·Lccii·u·se -- · 

of its comple:-.ity, rcmains unsolvcd. 

Consider a simple example of a dcsign problcm, the chQice 

of thc matcrials to be usc<.l in thc ma:"-S production of any simple 

houschold objcct likc a Yacuum clcancr. 1imc an•t motion 

studics show that thc fcwcr diffc1ent kinds 'ór matcrials th\·re 

are, thc more cfficicnt factory asscmbly is -· and therdore 

dennnd a ccrtain simplicity in thc variety of m.lttrials u:-•·•1. 

This nccd for simplicity conflicts with thc fact that the f<1rm 
will fu_nd_ion b~ttcr if w~- chqosc thc bcsPma~crial (or r_.lch 

scparatc purposc scparatcly. But thcn, on thc othl'r hand, 

functional diYcrsity of matcrials makcs for cxpcnsiY\! :md 

complic:tlcd joints bctwce·ñ-coinfioncnts, which is liahte to· 
m<tkc maint<'nancc kss easy. Furthcr still, all tlm·c i::.sucs, 

simplicity, performance, and jointing, are at otlcls with our 

l. 
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~~...::'irc :J :ni,,imi:-: thl! cv~t l,f thc lll:ltc!Í.1ls. For if \\1! choose 

¡be .-l·c·.tpe~t .n.th'ri.ll for l'.Kh ·;cp:ltatc t.1:-k, w~ -~h:\Ir not 

.~c·:C"".nily h.wc ~impli,:ily, nur t•píinnlln plrfo1mance, nor 
ollJt,·¡·j,¡J:; \\hÍ\h C,\11 l)C c\e,¡n\y jnÍllfl'li. \\'riting a lllÍll\lS sigo 

bcsidc .1 linc for contlict, aml a plus bcsillc a linc for positive 

agrcl'nwnt, wc scc that cYcn this simple problcm has the five

""·'Y con11ict picturcd bclow. 

pcrform.mce 

simplicity 

jointing 

economy 

This is a typic:t.l design problcm; it has requircments which 

ha,-e to be mct; ami there are interactions bctween the re

quircmcnts, which makes the rcquirements hard to meet. This 

problcm is simple to salve. It falls easily within thc compass 

of a :;ingle man's intuition. But what about a more compli

cated problem? 
Consitlcr thc task of designing a complete cnvironment for 

a million people. The ccological balance of human and animal 

and plant life must be correctly adjusted both intcrnally and 

to thc·giYen exterior physical conditions. P«;oplc must be a?le 

to lead thc individuallivcs thcy \\Ísh for. Thc social conditions 

induccd must not lcad to gross ill-hcalth or to gross personal 

mi~<:ry, and must not cause crimii1aldelinquency. The cyclical

inl.tkc of foo<l and gootls must not intcrfcrc with the regular 

mo\·cmcnts of the inhabit.mts. Thc cconomic forccs which 
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,\c,·clop must not lcad to rcal-c..,tate spcculation ·,\J,;,_h de

stroys thc functional rcbtion bctwu:n rc~idc!tlial·arL.IS and 

arcas suppurl i ng he a vy guods. The tran<oporl.t tion ;:;y,...tc:rr1 must 

not bc.organi;.crl so that it creatcs a dt:mancl that ag,!jr:_tvatc_s 

its own congcstion. Pcople must somchow be able to live in 

close coopcration .md yet pursuc the most enormous \ aricty 

uf intcrests. Thc physical layout must be compatible ·:. ith 

forcsccablc futurc regional dcvclopmcnts. ·n1e conllict be

twcen population growth and dimini~hing water resources, 

energy resourcc5, parklands, must somchow be taken cace of. 

The environmcnt must be organized so that its own rcgcner

ation and reconstruction ~oes not constantly disrupt its 

performance. 

As -i-n thc simpler- ex:ample-, each. of -thesc is-sues-intcracts 

with several of the othcrs. But in this case each issue is itseli 

a vast problem; and the pattern of intcractions is vastly com
plicátcd.--111e difference bctwccn thcse two cases is ·rcally"like 

thc difTercnce between the problcm of adding two and two, 

and the problem of calculating the seventh root of a fifty digit 

number. In the fir:;t case we ~an quite easily do it in our 

hcads. In the second case, the complexity of the problem will 
~efeat us unlcss we find a simple way of \Hiting it down, 

which lets us break it into smaller problems. 

Today more and more design problems are reaching in

soluble levels of complexity. This is true not only of moon 

bases, fac_torics, and r~ilio rcceivers, whose comple.xity is 

internal, but even of villages and teakeÚl~s. "In spitc of thcir 

superficial simplicity, cvcn these problems have a background 

of -nceds and activities--which is- becoming- too--romplex to 

grasp intuitively. 

To match the growing complcxity of problcms, thcre is a 
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:.;tu\'. ing hxly of infmn~.l t ion .1n .. l :,.pcó.llist c\¡)l't icnce. This 
inf,,tnutil,ll is h:ml to h.u111lc; it is \\Íik:'prl'.Hl, dill"tise, Ún

•1tg.laJÍ;..l'll.1 ~forcon'r, nut 0a1ly is thc qu.\1\tity of inform.ttion 
it~clf lJy-now lx\ und Lhc n:ach of "in:;lc dc::-i:_;ncrs, but the .. 

'.1rious- spcci.llis;s \\ho rctail it are -;;arrow and unfamiliar 

\\ ith thc fonn-m,!l,crs' peculiar problcms, so that it is never 

clc.u quite how the dcsigncr should bcst cunsult thcm.2 As 
a result, although Ílle.1lly a form shoulc.l rclkct allthe knm\n 
facts r .. :ll:'\·,mt to its dcsign, in- fact thc a\·crage dcsigncr scans 
\\h,ttcn·r information he happcns on, consults a consultant 
now and then when faccd by c-..tra-spccial difficulties, and 
intro1luccs this randomly sclcctcd inform,ltion into fonns 
otherwisc dreamt up in the artist's studio of his mind. The 

- ---tcdl!lióJ"Jirticullics of grasping all the infonnatiorrnccdcd-foi' 

the construction of su eh a fo1 m are out of hand - and well 

bcron_1l th~ f¡_1_1gcrs of a single individual.' _ _ ___ _ 
.\t thc ~ame time that thc problcms increasc in quantity, 

complcxity, and uifliculty, they also changc fastcr tban before. 

Xew matcrials are dcveloped ali thc time, social pattcrns alt~r 
quickly, thc culture itself is changing fastcr !han it has ever 

changcd bcfore. In the past -- cvcn aftcr the intellectual 

uphcaval of the Rcnaissance- the individual dcsigner would 

stand to somc c:\.tcnt upon the shouldcrs of his prcdecessors. 
.\nd although he was cxpccted to make more and more of his 

own decisions as traclitions gradually dissolved, there was 

always sti\1 some bouy of tradition which_p}ad~his_ deci_~!o~s 

casicr. Now the last shrcds of tradition are being torn Irom 

him. Sincc cultural pressures change so fast, any slow. de
·Yelopmcnt of form bccomcs "il-n¡)ossible. Bewildcred,-tlle-form- -

makcr stands alone. He has to make clcarly conceived forms 

'' ithout the possibility of trial and error over time. He has 
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Lo be cncouragcu · now to thi nk h.is t:t~k tl11 rJugh f ro m thc 

bcginning, a!Hl to "crea te" thc form he is <.~·;-¡cunul with, for 

what once took many gcnerations of grauu:tl e k w:lopnxnt is 

nuw attcrnpkll by a -~ingle j_ndividua1.4 llut thc burden of a 

thousand ycars falls hcavily on one man's ::hvuld<:rs, ancl this 

bmdcn has not yct malcrially bccn lightencd. Thc intuitive 

rc:-olution of conlcmporary dcsign problcms 5irnply lics be
yond a single inJiviuual's intcgrative grasp. 

Of course therc are no dclinite limits to this grasp (c"pccially 
in vicw of thc rare cases where an cxception:tl talc:nt bre:aks 
all bounds). But if we look at the lack of organization and lack 
of clarity of the forms around us, it is plain that tl-íe:ir r!e:cign 

has oftcn taxed their dcsigner's cognitive capacity v.-dl bcyond 
lhe-limit-;--~fhe-idea -t-ha-t-the capacity of -man's im·cntion_is _ 

limited is not so surprising, aftcr all. In other arcas it has been 

shown, and we admit rcadily enough, that the:re are bounds 
. . 

to man's cognitiYe and crea-tive capacity. Thcre are limits to 

the difficulty of a laboratory problem which he can solve¡ s to 

the number of issues he can consider simultaneously; 6 to the 

complexity of a decision he can handle wisely.' 'l11cre are no 

absolu~e limits in any of these cases (or usually eYen any scale 

on which such limits could be specified) ¡ yet in practicc it is 

clear that there are limits of sorne sort. Similarly, the very 

frcquent failure of individual designcrs to produce wcll or

ganized forms suggests strongly that there are limits to the 
individual designer'_s capa.ci~y._ 

\Ve know that there are similar limits toan indi,;dual's ca

pacity for mental--arithmctk. To solve a sricky ari:thmctical 
problem, we need a way of setting out thc prohlem which 

makes it pcrspicuous. Ordinary arithmetic connntion giYes 

S 
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us 5ud1' .1 \Y.ly. '1\nfminutcs with a pcnólon !he back of an 
cnwl'6¡\~. kts us ~llh·c problcms which wc could 1wt tlo in our 
hc.1ds'.if ''e trkJ. ior ,l__lnmdrl!ll ycars. Bt!t ,1t_ p_rc:oent we 
h.n-e no ú)rrc:::ponding \\".1)' of simplifying dc:oign problems 
for oursd\'cs. Thcsc notes describe a \\ay of rcprescnting 
dc:;ign prvblcms which does makc tlwm casier to solve. It is 
a w.1y ,1[ rcdudng thc gap bctwcen the dcsigner's small ca

p:lcity and thc grc:ll size of his task. 
P.ut Onc contains a general account of the naturc of design 

prob!cms. It describes the way such problems have been 
soh·ed in the past: first, in cultures where ncw problems are 
so r:i.re that there are no actual clcsigners; and then, by con-
trast, . .in- ctH-tur~s.--wher.e.new. problems __ ocCl!LillL.the tim.~so _________ _ 
th:1t they .ha\'e to be sol\'ed consciously by designers. From 
thc con t rast bct wccn the t wo, we shalllearn how to rcpresent 
a dcsign problé1i1 so thát it can be solvcd. Part T\\'o describes· 
the rcpiescntation itself, and the kind of analysis the repre
~cntation allows. Appendix 1 shows by c::-..amplc how the 
method "\\'Orks in practice. 

The analysis of Jcsign problems is by no means obviously 
pos:;ible. There is a good deal of superstition among designers 
as to the dcathly efTect of analysis on their intuitions- with 
the unfortunatc rcsult that vcry fcw designers have tried to 
undcrstand the proccss of dcsign analytically. So that we get 
ofi to a fair start, let us try first to lay the ghosts which beset 
dcsigners ánd ri1iké- thein belicve tl1atañalysls is soiñeho\v at · 

odds with the real problcm of dcsign. _ 
It is not-hard ta-sce why the intFOduction of mathem~ti~! ___ _ 

into dcsign is likcly to makc dcsigners nen·ous. ~Iathcmatics, 
in the popular vicw, dcals with magnitucle. Designers recog
nizc, corrcctly, that calculations of magnitude only have 
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- '$lrictly limitccl-uscfuln('SS- in the .invention of Íf•rm, antl are 
thcrdorc naturally rathcr ::.kcptical about t~c po~:;ilJility of 
ba:oing design on_mathcmat ical mcthods. s \\"L!t thcy do not 
realizc, howcvcr, is that mo~~~-rn .. mai}}~¡;~;~-tics t!cals at lcast 

as much with quc~tions of ordcr and rclation ~s ·.·.ith qucstions 
uf magnitllllc. And though cven this kind fJÍ J~:.:t~cmatics may 

be a poor tool if uscd to prescribe the ph~. ~!cal nature of 
forms, it can bccomc a vcry powerful tool inr2-~ul if it is uscd 
to explore the conceptual ordcr and pattcrn ·.·.-1-.ich a problem 
prcscnts to its dcsigner. -

Logic, likc mathem~tics, is rcgardcd by many dcsigncrs 
with suspicion. Much of it is based on ,·ario;;s supcrstitions 

--ªhQ.'=!.t 1h~_kh_1d _Qf J9LC_e _ _lo_gk_h_as in .tcJ!.ing _ _!:_s __ !~~at __ t~ ~~·- _ 
First of all, the word "logic" has so me currency among 
dcsigncrs as a rcferencc to a particularly unpk~~ing and func
tionally unprofitable kin·d ·of· forma·Jism. 9 Tht ::o~callcd logic 
of Jacques Fran~ois Blondel or Vignola, for ÍP::::mce, referrcd 
to rules according to which the elcments of arc~;itectural style 
could he combined.10 As rules they may be lo_;kal. But this 
gives them no special force unless there is a!::o a legitimate 
rclation between the systeni of logic and the ncc:ds and forces 
we acccpt in thc real world. Again, the cold Yi::ual "logic" of 
the stccl-skclcton office building seems horribly con;;trained, 
and if we take it scriously as an intimatjon of what logic is 
likcly to do, it is certain to frighten us away from analytical 
mcthods.11 But no oñe.snape ·caifany more be a ·e:onscque.ñce of 

the use of logic than any other, and it is non::cnse to hlame 
rigkl-physicallorm on.the.. cigidity._of logic. It is.not..possibfe __ 
to sct up premiscs, trace through a series of t!cJuctions, and 
arrive ata form which is logically determincd Ly thc prcmiscs, 
unlcss thc premises alrcady have the sccds of a particular 
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pb~tk cmph.tsi::; built into thcm. 111cre is no kgitimate 

scnsc in whiLh dcJudiYc logic can prc~cribc phy~ical furm 

for us. 
Tiut, Ín spcaking of Jogic, we l\0 not nccd lo be COI-lCCrlled 

with proccsscs of infcrence at .1l!. \\"hile it is truc that a great 
llc.11 of what is gcncr.dly untlerstood to be logic is conccrned 

\\'Íth dclluct ion, logic, in the '' idest sen se, rcfers to something 
br more general. It is concerned with the form of abslract 
structurcs, and is inYoh·eJ the momcnt wc make pictures of 
re,llity and thcn seck to manipubte these pictures so that we 
may look furthcr into 'the rcality itsclf. It is the business of 
logic to inYcnt purcly artificial structurcs of clements and 
re la tions. ·Somcti mes one of- these..stru.ctures..is d.0:3C~JlOt!gbJ9 
a real situation to be allowed to rcprtsent it. And then, be
cause the logic is so tightly drawn, we gain insight into the 
rc:~Ht)' which was previously witliheld froliflfs:12 ----- ----

Thc use of logical structures to represcnt design problems 
has an import,mt consequence. 1t brings with it the loss of 

innocence. A logical picture is casicr to criticize than a vague 

picturc since the assumptions it is based on are brought out 
into thc open. Its increased prcdsion givcs us the chance to 

sharpen our conccption of what the dcsign process involves. 

Dut once what we do intuitivcly can be -described and com

parcd with nonintu~tjve ways of doing the same things, we 
cannot go on acccpting the intuitÍ\;e -inethod inrioc'ently. 

Whcther we decide' to stand for or against pure intuition as a 

-mcthod, >YC must do--so íor--reasons \\hi.ch..can_be_djscussed. 

I wish to state my belief in this loss oí innocc:>nce very 
clcarly, because thcrc are many designcrs who are apparently 

not willing to acccpt the loss. Thcy insist that dcsign must be 
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a purcly intuitin: p_rocess: that it is hopclcss to try an1\ un,Jcr
~tand it scn~ibly bccause its prohlcms are .to~> rfcep. 

Thcre has alrcaJy beca one lo.,s of innocLncc in the rcccnt 

history of dcsign; the ·di~cowry of machinc l,J,,J.,; lo rLplace 

hand craftsmcn. A ccntury ago \\'illiam :\lorris, thc lirst man 

to see that the machines were being misu'>etl, aho relrcatcd 

from thc loss of innocencc. Instead of acccpting the 1nachine 
and trying to unJerstand its implications for rlc:-i::;n, he wcnt 
ba.ck to making cxquisite handmadc goocls. 13 It 'Sa~ not until 
Gropius started his Bauhaus that designers carne to tcnns 
with thc machine and the loss of innoccnce \\hich it cntailed.11 

.Now we are at a secónd watershed. This time the loss of 
innoccncc is intellcctual rather than mechanical. But again 
therc are peopk \\-110:·u.-c tr);i-í1gto-pretcntl that·it-h~rsrrottakcn--

place. Enonnous resistance to the idea of systematic processes 

of- debign-is. coming from people who recognize corr~~tly _t~e 
importance of intuition, but then make a fctish of it which 

excludes thc possibility of asking reasonable quC'stions. 
It is perhaps worth remem bering that the loss of intellecl_ual 

innocence was put off once befo~e. In the eightecnth century 

already, certain men, Cario Lodoli and Franccsco Algarotti 

in Italy and the :\bbé Laugier in France, no longer content 

to accept thc formalism of the academies, bcgan to have 

serious tloubts about what they were doing, and raised ques

tions oí just the sort that ·ha ve lcd, a hundrcd and lifty ycars 

later, to the modero revolutionary.--ideas on form.-'~ Qddly 

enough, howcver, though these serious douLts were clearly 

cxpresscd and widely read, architecture did not denlop from 
them. m tne direction j¡{Jic.tt~J. Th! douols- añd qucstions· 
wcrc forgottcn. Instcad, in late cighteenth ccntury Europe, 

we find evidcnce of quite anothcr atmospherc dcw:loping, in 
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whkh .u(hikct:; lu:::cd thcir fnrnul inycntion on thc rules 

pro,·idL·d by :1 \":nicty of manncrs a nd "st) les'' like nco-Tudor, 
nctlcl,1 :::--:icism, chinoi:::clic, :1 ntl ncu-Gothic. 16 · -

It is pos::-iblc to sce in this coursc of c\-cnts a tlc~pcratc at

tcmpt to w.trJ ul1 thc insccurity of sclfconsciousness, and to 
m:1int:1in thc sccurity uf innoccnce. 

Lotloli aml LH1gicr wantcJ to know wh.lt they werc doing 

.1s makcrs of form. Bnt thc sc.nch for this knowlcdgc only made 

thc di11iculty of thcir qucstions clear. Rathcr than face the 

rcsponsibilily of thcsc difiicult qucstions, designers turned 

instcad to the .tuthority of resurrccted "stylcs." The archi

tcctur:-~1 dccisions made within a style are s:1fe from the nag
~i-iJg-Ji-lli-culty o(Cl.oubt, forthe s-aine rcii"son tf1a-f(lcCísloñs are" 

c.1sier to mJ.ke under traclition and taboo than on one's own 
rcspon'>ibilily. 1t is no coincidcnce, in my: opinion,_that while 
the Rcn:1issancc had allowcd free recombinations of classical 

clC'ments, thc neoclac:;sicism which replaced it stuck as closely 

as it could to thc precise dctail of Grcccc and Rome. llylean

ing on corrcctncss, it was possible to alleviate thc burrlen of 

decision. To make thc seccsc:;ion fr_,_om rcsponsibility effcctive, 
the copy had to be exact.17 -

Xow it looks as though a seconcl seccssion from rcsponsibil

ity is taking place. It is not possible today to escape the 

rl-.;ponsibility of consiJcred action hy workin" within acadcmic 
' o 

.slyles. But the clcsigncr who is-uñcqual to -his- task, and un-

willing to facc the Jilliculty, preserves his innoccnce in other 

ways. Thc modcrn designer rclies more and more on his 
.-. -- - '1 -~ - '' - - ----- - - - -

po::.1t1on as an art1st, on catchwonls, personal idiom, and 

intuition -- for all these relieve him of some of the burdcn 

of dcci::.ion, anJ make his cognith·e problems managcable. 

Drivcn on his own rcsourccs, unable to cope with the compli-

xo 

c.Jterl infmmatiun he is supposed to urgani.w, he; hiclcc; his 

incompetence in a fren;.y of arti::.tic indi,·icluality. As his 

capacity to innnt clcarly cunceiYcd, wcll-í1ttin;; forms is-ex

hausteJ furthcr, thc emphasis on intuition an•.l indivicluality 

only grows wilder.18 

Tn this atmosphere thc dcsigncr's grcatec:;t gift, his intuitive 

ability to org.1nize physical form, is being n.:ducecl lo nothing 

by the si.r.e of the tasks in front of him, and mockcd by the 

efforts of thc "artists." \Vhat is worse, in an era that badly 

necds dcsigners with a synthetic grasp of thc organization of 

the physical world, the real work has to be Jone by less gifted 

enginecrs, bccauooe the dcsigners hide thcir gift in im:sponsible 

prctensu:i1i to gellius. 

\V e must fa ce the fact tha t we are on the ·brin k of times 

whcn .11.1<10_111;tY b~~blc.to magnify his intellcctual and inx~_n:. _ 
tivc capability, just as in the ninctcenth century he uscd ma

chines to magnify his physical capacity.19 Again, as thcn, our 
innocence is lost. _\nd again, of course, the innocence, once 

lost, cannot be regained. The loss demands attcntion, not 

denial. 

I 1 



PART OXE 

: 



2 / G O O D X E S S O :J:o' :J:o' 1 T 

Tht.: ultimatc objcct of dcsign is form. 
Thc rcason that iron lilings placcd in a ma¡;nctic fidc.l cxhibit 

a ¡•.ttlt.:rn -- or havc form, as we say- is that thc fichl thcy 
• 1 r~.: in i-; not homogcncous. Jf the world wcrc totally regular 
an<l humogcncous, lhcrc would be no forces, and no forms. 
J:n:rythin:; would be amorphous. But an irregular worlc1 tries
to compcnsate for its own irregularitics by fitting itsclf to 
tho.:m, anJ thcrcby takcs on form. 1 D'Arcy Thumpson has cvcn 
, .tllcd form the "diagram of forces" for t he irrctiularities. 2 

:\lorc usually wc spcak of thcsc irrcgularitics as thc functional 
11rigins of the form. 

Thc following argument is based _ on the assumption that 
physical clarity cannot be achic\·ed in a form until thcre is 
lir::t !;Omc programmatic clarity in thc designcr's mind and 
adions; and that for this to be possiblc, in turn, the dcsigner 
mu-,t fir~t trace his design problem to its carlicst functional 
"ri;;ins and be able to find some sort of pattcrn in them.3 I 
~hall try to outlinc a general way of stating dc~ign problcms 
·.\hich draws attention to thcse functional origins, and makes 
tlll·ir paltcrn reasonably easy to see. 

1t is hased on the idea that every dcsign problcm bcgins 
;rith an cfTort to achieve fitness betwccn two cntitics: thc form 
in r¡uc~tion and its contcxt.4 TI1e form is the solution to the 

p: .. hkm; the contcxt defines the problcm. In other words, 
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\\ hl'll w~ :O¡w.lk nf dc~ign, thc real objcct of di~cu~:'Íon is not 

tl1l' il'rlll .l\lliK, lntl tlll' l'll~cmblc compli-.ing thc fotm ancl its 

c,lllll''\t. Cóod ftt i~ .1 lk~i red propct ty of l bis cn~~cmble \\ hich 

ll'l.l tes to so me p.\1 t icul.u Jh·ision oí the ensemble into form 

.mJ contc...:t. • 

Thcrc is a "iclc yaricty· of cnsembles \\ hich "·e can tal k 

.1bout likc this. Thc biologic.1l ensemble made up of a natural 

org.mism atHl its physic.ll cJn-ironment is the most familiar: 

in this ca:::c \YC are uscd to describing the ftt betwecn the two 

. as well-adaptc<lncss. 6 llut the samc kind of objcctive aptness _ 

is to be found in many other situations. The ensemble consist

ing of a suit and tic is a familiar case in point; one tic goes well 

with a ccrtain suit, :mother gocs lcss wcll. 7 1\gain, the ensemble 

may be a game of chcss, where at a ccrtain stagc of the game 

some movcs are more appropriatc than others because they 

fit thc contcxt oí the ptcvious movcs more aptly. 8 The cn

~cmblc may be a musical composition- musical phrases have 

to fit thcir contexts too: think of the pcrfect rightness when 

::-roz:nt puts just tliis phrase ata certain point in a sonata.8 

If the en~cmble i~ a truckdrivcr plus a traffic sign, the graphic 

design of the sign must fit the demands made on it by the 

u1 iver's eyc. An objcct like a kcttle has to fit the context of 

its use, and the technical context of its production cycle.10 

In the pursuit l2_f urbanism, the ensemble which confronts us 

is thc city and irs habits. Here the human background whi.ch 

defines the need for néw buildings, and the physical cnviron

mcnt provided by the availablc sites, make a contcxt for the 

form of the city's growth. In an extreme case of this kind, 

We may C\"Cll spcak of a cui; tire Ítsclf asan ensemble in which 

thc various ÍJshions and dtlifacls which dcvclop are slowly 

ft t te:d to thc rest.11 
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The rightncss of the form clcpcnrls, in e,cch üne fJÍ the~ 
cases, on the {lt:g~cc to "hich it ftts the rc~t of the en~:emble.12 

\Y e nn~::.t :\bo n:wl_\nizc that no one clivision of the <.n~emble 
into furm and contcxt is unique. Fitncss across any r,ne such 

Jivi~ion is just onc in~tance o~ the cnsemble's interna\ coher

ence. :;\fany other divisions of the ensemble \'.ill be cquall! 

significant. Indeed, in the great majorily of actual ca<;es, 1t 

is necessary for the designer to consitler scse:ral Jifierent 

divisions of an ensemble, superimposed,,at the ~ame time. 
Lct us consider- an ensemble consisting of thc kcttlc plus 

evc:rything abo u t the world outsidc thc kcttle , .. hich is rc:levant 

to the use and manufacture of household utensils. Here again 

thcre seems to be a clcar boundary betwcen th~ teakcttle 

and the rest of thc ensemble, if we want one, beca use thc kcttle 

itself is a clcarly defined kind of object. But 1 c.1n easily make 

~hanaes in the boundary. If I say that the kettlc is the wrong 
b -~ 

way to heat domestic drinking water anyway, I can (!UlC ·¡y 

be involved in the rcdesign of the entire house, aml thercby 

push the context back to those things outside thc ho~se 
\vhich inílucnce the housc's forro~ Alternatively I maY datm 

that it is not the kettle which nceds to be rcdc~igned, but the 

method of hcating kettles. In this case the kettle bccomes 

part _of the context, while thc stove perhaps is forro. · 

TI1ere are two sides to this tendency designers have to 

change the dcfinition of the problem. On the one hand, the 

impraüical idealism of designers who want to redesig'n entire 

cities and whole processes of manuf¡1cture when they are asked 

to dcsign simple objects is often only an attcmpt to loos~n 
difficult constraints by stretching the form-context boundary. 

On thc other hand, this way in 'vhich the good dc~igner 
kceps an cyc on the possible changes at cvery point of the 
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~ i:'C!11~1k is p.nt l)i his job. IIc is bou1HI, if he 1-.nows \\hat he 

::: ,t,)¡¡l~. tv he scnsitin:: lLl thc lit .tt scn:r.1l bnundaries \\ithin 

t::c cn:;cmblc .1t 01\(C. IndLCll, this ability to Jc,tl "ith scveral 

~.:.ycrs oí iorm-(ontc...:t boundarics in conccrt is an import:mt 

~-Ht of \\ h:ü wc oftcn rcfcr to as thc dc~igncr's scnsc of or

;;.miz.ltion. Thc intcrnal cohetcncc of an ensemble dcpcnds 

011 a wholc nct of such adaptations. In a perfcclly coherent 

e:1::cmblc wc should cxpect the two halns of every possiblc 
,:ivisiori oi thc ensemble to fit one another. 

It is truc, thcn, that since wc are ultimatcly intercstcd in 

t'!lc cn::cmble as a whole, there is no good rcason to divide it up 

j•.1st once. \\"e ought always rcally to dcsign with a number of 

ne5tcd, overlapped form-context boundarics in mind. Indeed, 

tl:e form it:oclf rclies on its own inncr organiza.tion and on the 

interna! íi.tncss betwcen the picccs it is made of to control its 
út 'as a whole to the contcxt outside. 

l Iowcver, since we cannot hope to undcrstand this highly 
interlaccd and complex phcnomcnon until we understand how 
to achie\·c fit ata single arbilrarily chosen boundary, we must 

:lgree for the prcsent to dcal only with the simplcst problem. 

Let us decide that, for the duration of any one discussion, we 

:;hall maintain the same single division of a givcn ensemble 

into form and context, even though we acknowledge that the 

division is probably choscn arhitrarily. And let us remember, 

as a corollary, that for the prcsent we shall be giving no decp 

thought to the interna} organization of the formas such, but 

ody to the simple~t prcmise and aspcct of that organization: 

namdy, that litness which is the residue of adaptation across 
t:;c ~in;;lc form-contcxt bounclary we choose to examine.13 

Thc furm is a part of the world ovcr which we have control, 

:lnd ''hich wc decide to ~hape while leaving the rcst of the 
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\\orld as it is. Thc cuntc:-.t i-; th.tt part of tLc : ,,, !rl ·.·. hich 

puts clcm.tnds tJll this fonn; .tnything in the v;tJr!tl that m.tkcs 

tlcm.uH!s of thc form i::. context. Fitness b a n.:Ltitm of 1nut11al 

acccptabi!ity bctwccn these two. fn a. problun ,¡ dc:,ign we 

want to salisfy thc mutual dcmands which the l\'.o makc, on 

one anothcr. \Ve want to put the context and the fo1m into 

e!Tortlcss contact or frictionlcss coexistcnce. 

\Ve now come to the task of characterizing thc fit bctwccn 

form and contcxt. Let us considcr a simple spccific case. 

It is common practice in en0 inecring, if wc wi~h to make a 

metal face perfectly ~mooth and levcl, to fit it again~t the 

surface of a standard stecl block, which is leve! ·...-ithin finer 

limits than those we are aiming at, by inking the surface of 

this standard block and rubbing our metal facc against the 

inkcd surface. If our metal face is not quite lc\·cl, ink marks 
appear on it at those points which are high~·r th.tn the rcst. 

\Ve grind away these high spots, and try to lit it again:st, the 

block again. The face is leYel when it fits the block pcrfcctly, 

so that thcre are no high spots which sta1~d out any more. 
This ensemble of two metal fa~es is so simple that \Ye shall 

not be distracted by the possibility of multiplc form-context 

boundarics within it. There is only one such boundary worth 

discussion at a macroscopic level, that between the standard 

face (the context), and the face which we are trying to smooth 

(the form.) :\!oreoYer, since the context is fixcd, and only the 

form variable, thc task of smoothing a metal face serves well 

as a paradigm design problem. In this case wc may distinguish 

good fit from bad expcrimcntally, by inking the stan¡¡¿{rd 

block, putting thc metal face against it, and chccking the 

marking that gcts tran~fcrrcd. If we wish to juJgc the form 
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·,, :t11•ll:l . , tu.tlly ¡Hlllin:~ it in ú•lll.ttl with ib t.'f•llt.·\.t, in tl1is 

t.·.:~l' "~ 11'.!~ .!1:-•' dn :::n. lf '"-' llclint' k\"t.'h1l'~s in nl.lllll'lllatil-al 
h'lm::: •. 1~ .1 li·~lil.tlitlll on the \,ui.•ncc whkh is PL'Imittcd ovcr 

thc surf.1cc, "~ c.m test the fo11n itsl'lf, \\Ílhout tcsting it 
ag.1inst Lhe contcxt. \Ye can do this bccausc thc nitcrion for 

lewlncss is, :::imult:mcously, a dcscription oí thc rcquired 

fonn, and al:;o a lksn iption of the contcxt. 
Con:;.idcr a ~ccond, ~lightly niore complcx cxample. Suppose 

wc are to Íll\ cnt an arrangcmcnt oí iron lilings "hich is stable 
\\ hcn pbccd in a ccrtain position in a gi\'cn magnctic ficld. 
Clcarly ,,·e may tn:at this as a dcsign problcm. Thc iron filings 
constitutc a form, thc magnctic ficld a contcxt. :\gain we may 

casily judgc thc fit of. a form by pbcing it in thc magnetic 
ficld, and watching to sce whcthcr any oí thc filings move 

undcr its inllucnce. If thcy do not, the form fits well. And 

again, if wc wish to judgc thc fit of thc form without rccourse 

to this cxpe:rimcnt, we may describe thc lincs of force of the 
m:.1gnctic ficld in mathematical tcrms, and calculatc the fit 

or lack of fit. As befare, the opportunity to cvaluate the form 
whcn it is away from its context dcpcnds on the fact that we 

can gi"e a precise mathcmalical description of thc context 

(in this case thc cquations of the magnctic field). 

In general, unfortunately, wc cannot give an adequate 

dc~cription of the context we are dcaling with. The fields of 

thc contexts we cncounter in the real world cannot be dcscribed 

in the unitary fashion we have found for levelness and mag

nctic ficlds. There is as yct no thcory of enscmblcs capable of 

<::-.prcssing a unitary dcscription of the varied phcnomena we 

cncountcr in the urban contcxt of a clwclling, for cxample, 
or in a sonata, or a production cycle. 

Yct wc ccrlainly nceu a way uf cvaluating the fit of a form 
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;•:hidt rkcs nol n:ly 1111 lhc e:,pct imcnt of adually lrj in~; lhc 

fonn out in lhc real world conlcxt. Trial-and-crrrJr rk ... i;~n is 

an allmirablc mcthod. But it is ju::.t real world lrial anrlcrror 

which we are lrying lo rcplace by a symholic nH.lhod, IJ<:cause 

n:al trial and error is too c:-.pcnsivc and too slow. 
The cxperimcnt of putting a prototypc form in lhc contcxt 

itsclf is lhc real criterion of fit. A complete unitary dc~cription 

of thc dcmands maJe by thc context is the only fully a<lcritmte 
nonc:-.pcrimental critcrion. The first is too <:xpcnsivc, the 
sccond is impossible: so what shall we do? 

Lct us observe, first of all, that wc should not really expect 
to l)e able to give a unitary description of the contcxt for 
complex cases: if wc could do so, thcre would be no prohlems 

oí dcsign. Thc context and the foun are compkmcntary. This 

is what lics bchind D'Arcy Tho1~1pson's remark that the fonn 
is a diagram of forccs.H Once we havc the diagram of {orces 

in thc literal scnsc (that is, the ficld description of the con

text), this will in essence also describe the form as a comple

ment.ary diagram of !orces. Onc~ we have dcscribed the 

levelncss of the metal block, or the lines of force of thc mag

netic field, there is no conceptual difficulty, only a technical 

one, in gelting the form to fit them, because the unitary de

scr~tion of the context is in both cases also a dcscription of 

the requircd form. 

In such cases thcre is no design problem. H'ltat does make 
design a problem iu real ~•·orld cases t"s tlrat r.:•c are trying lo 

make a diagram for forccs ,,,/rose jield <ce do not zmdcrstaud.'~ 
L"ndcr~tanding the field of the context and Íll\'enting a form 

to fit it are rcally two aspccts of the same proccss. lt is bccause 
the contcxt is' obscurc that we cannot give a dircct, fully 

21 

• 



c,,hér'-'nl n ikri,ln for thl! tit wc are trying lo ad1ic,·c; :mtl it 

Í5 .1!.:,1 it::-: ,Jb;,:,·urity \\ hkh nukcs thc ta::;k of :-;haping a wdl
!(ttin·g; ¡,11·m at .1\l prohkmatic. \\"lut do we 1lo about this 

d;t:i.:ulty in cn·¡y,l.ly cases? Gootl lit mcans somcthing, aftcr 

a\l - 1!\"l.'ll in C.lSI!S whcrc we C,lllnot gÍYC a completcly satis

f:ldory t(d,l\ikc critcrion for it. Ilow is it, cognitivcly, that 

wc cxpcrkncc thc scnsation of fit? 

If wc go back to the procedure of levcling metal faces against 

a stanll.\rtl block, and think about the way in which good fit 
and bad lit prc:Ocnl thcmseh-cs to. us, we find a r.tther curious 

fcalurc. O,ltlly cnough, the procedurc suggests no llirect prac
tica} \\·,1y of i(kntifying good fi.t. We rccognize bad fit when

en:r wc 5cc a high spot markcd by ink. But in practice we sce 

good lit only from a ncgative point of view, as the limiting 
ca:::e wherc thcrc are no high spots. 

Our own lh es, where the distinction betwcen good and bad 

lit is a normal part of everyday social behavior, show the 

same fc.1turc. If aman wears cightecnth-century dress today, 
or wcars his hal.r down to his shoulders, or builds Gothic 

mansions, we wry likely call bis behavior odd: it does not fit 

our time. Thc::e are abnormalities. Yet it is such departures 

from thc norm which stand out in our minds, rather than the 

norm itself. TI1eir wrongness is somehow more immediate 

than thc rightness "of less peculiar b~havior, and thercfore 

mCJre compclling. Thus eYen in evcryday life the concept of 

g0od lit, though positive in meaning, seems very largely to 

f(;(:d. on nc:gati\"C in::-tances; it is the aspccts of our livcs which 

arc·:."ob~olete, incongruous, or out of tune that catch our 

att<:ntion. 

Thc ;;:.me happc:ns in housc dc::.ign. \Ve should find it almost 
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Ílt1pn-..-..ihlt- to char.u.:tcli;.c a howc \\hÍlh fits ib cc•ntt-·.;t. Ytt 
it is' thc ca:..it·:--t thing in thc wo1ld to n:Lmc thc "JH, iGr: kin1ls 

nf mi:,fil which prcn:nt goocl fit. .\ kitchcn \\hich is harrl to 

dc.tn, no place to par k· m y car, thc child playin~ where it 

can he nm down by someone else's car, rainwat<:r corning in, 

O\-crcrowding and lack of priva~y, the cye-lcvcl grill "hich 

~pits hot fat right into my cye, the gold plastic uoürknob 

\\ hich deceives m y cxpectations, aJHI the front cloor J cannot 

find, are all mblits bet wecn the house and the lives and hal)its 

it is mcant to fit. These mislits are the forces which must 

sbpe it, and there is no mistaking them. Bccausc they are 

expre~!>cd in negative form _ they are specific, and tangible 
enough to talk about. 

The same thing happens in perception. Suppose we are 

given a button to match, . .from among a box of assortcd but
tons. IIow do wc procced? \Ve examine the buttons in the box, 
one at a time; but we do not look directly for a button ·which. 

fits the first. \Vhat we do,· actually, is to sean the butt~ns, 
rejecting cach one in whiCh we notice sorne discr<:pancy (this. 

one is larger, this one darker, this one has too many. boles, 

and so on), until we come to onc where wc can sce no difTer

enccs. Then we 'say that we have found a matching one. 

N'otice that here again it is much easier to explain the misfit 

of a wrong button than to justify the congr~ity of o~~ which 
fits. · 

Whcn we spcak of bad fit we refer to a single identifiable 

property of an ensemble, which is immediate in experience, 

and dcscribable: Where\·er an instance of misfit occurs in an.· 

ensemble, \Ve
1 
are able to point specifically at what fails and 

to describe it.. It scems as though in practice the concept of 

good fit, <lescribing only the absence of such failures and hence 
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k.\\ ing u:.; th)thing úlih:rd~ to !'d~r ll' in L'Sp1.11\.ll!,ll\ 1 lal\ nnl)' 
h~· t'~pl.\incll itHlitl'Ctly; it i:", in pl'actk~~, ¡\& il w~r~:, lho diO· 
junctiun u( :11\ },.'lll::::::iblc mislits.16 

\\'ith this in mint\, I ::houhl likc tu ¡·cconHncn'l thnt wa 
shoulJ al\\,\)":.; cxp~cllo :;ce thc pl\Jú'~S OÍ aclliC\Íil~ ¡;•,OY fit 
bctwccn two cntitic:; as a ncgatÍ\'C procc:;s of lh:\ltrali~in¡& thc 
incongruitics, or irritants, or (orces, wbích c¡\ul!c tnilifit.17 

It will be objcctcd that to cal\ good fit tl1e ablicncc of ~r· 
tain negativc qualities is no more í11umis1ating tlwn to 111\Y 
that it is thc prcscnce of ccrtaín posílíve rtualitic~S.18 lfow· 
e,·cr, though the two are equivalent from a logical polnt of 
view, from a phcnomcnological and practicnl point of vlcw 
thcy are vcry díllcrcnt.u In practice, it wíll nevcr be 3§ 
natural to speak of good fit as thc símultnncoutJ ¡¡atítfutwn 
of a numbcr of rcquíremcnts, as it wm be to call ít tlw shnul· 
tancous nonoccurrence of the samc numbcr of oorrc~p<mdíns 
misfits. 

Let us suppose that we díd try to v:riw down a ti§t ofaU 
possible rclat.íons bctwcen a form and iu conUxt wbú::b wcre 

. rcquíred by good fit. (Such a list wuuld in fa« be j~t tbt lí§t 
of requirements- \}'hich designen; often do try W write &wffl,) 
In theory, we cou1d thm u~ each requir~'1it tm tbe &t 
as 3D independent aittrion, and aaept a foro¡ M wen AttffiJ 
oo~1 if it satisfied an these mtem. fi:mutta~ 

Houner, t.btmght of m this way, ~ a JW of ~ 
:mmts ís potanWJ!y ~ ami ttm realy ~ :a. u6dd" 
~&.n to tie it ~~ "llúk, f« i~, lA ~ 
to $pÓfy aJm tJme pl!~ a~~ ha& 1W ba~e ~ «Mr w 
l!llll3!da ~-~ Íl!l!llllll» aJDe !k~ ~ ttRW• we hn·e dr 
reatdy mmm~ ~. Cl91b, ~ (A ~ M ~ ~ 

~ ... 

'.h ,hlllll•l··' •l1 IH! \ti =-jJI!rlf}' H:~ spl!riliF, Ultl\·il):1 i!'ll:lt·llftJ= 
~L\Ik ,lhll}3';1 n3 'h l¡.:i\)' 1 Í\~ J·i¡~idit~' 1 t!U! f111:i tlmt it ;:I!I¡UJt] 
hlí IIHtlHI, illllL lt slwulil IHJi h~ llhUI~ 11f llilljUf1 l!l€:¡ H€: fn 
tHhl-!r wtml~, \H! §lwul~t JWt onty huv@ lt1 ¡;p~l!ify lhe qu:llilÍI!§ 
\\ hh h lllstlnuulsllli flmn i~ll oihlif buUon§1 hut w¡¿ sl1f:JY!tl al§lj 
han! tg 11jJ"'tHy llll thü e1HUileh!fistlt§ whi€b iltJt:H1tly tnñfl@ it 
a hui ttm nt ft 11. 

tJnftnhu1aMy, tht! list yf di!>~lnguishitiJI~ ehilf!H~tHisiif:.§ W@ 
{;tut wtlttt d{IWJt lot tht! lmtwn i§ inñftltt!: H tenmil1§ i11ñnitl! 
lm aJl J1ftH.tft:ul pYFpt1st!§ untit W@ dfsOOV@f íl ft¡:iJ¡j t!t::UÍIJ!Íljfl 
ol thtt buttm1. Wttlwut thl! Mkt M~riptimi ot tht! fmUm~, 
dum~ 1§ H@ Wil}' 111 nu.lm;tn~ th@ Ji§t ot tilt¡uittul aHtif;Ytf§ w 
fíniW Wtffl§, W~ ilf~ t~tt!ltffil lot~ W WjJWHliZ§ *1Wfi W@ 

try w sptJ~Uy tJw nMut~ §1 fl. fflllWfilH!J butwft1 fJ@eiHi~ we 
tfiH tmty ¡stMp i- fiftiW U§t (i!Hd tí!!Mt fl. §1unt m~ i!t thai): 
Xaiutalty, wtJ dw§~ w sp~itr iJwSfl t-iiMiU:tetiMitS tv11i€ft 
urt! fflO§t U~Jr w t~u~ twubt§ fn t1~ W§}MS§ uf mflkilit% 
fiml whkh ~t"§ t~teWt6 ftW§t u~lut in out 11ffott w tH§t~H!§üisit 
3ffl00~ i~ §fJJCGí§ Wl§ ~t/1 fUwfy W WIM Mf§§§ in OUt §€iUdi 
l§t l.mttoo§, Yut w &1 ihí§, wt mu§t ti!1y lffl t~ liid tft~t ! 
SVt?~t mmly §fJjut§ wit1 M! ~Nim ~ up Wf wn:Mf=tMWn: 
1'lwe are, 1i-ltM jfJ, ~v2!jj~ §bj~t§ V)~ tu~ 1~tW#l§ in 
twew te~t ~ tfMt t.My €t!ttf §fi ~M~ t--hfJt~ qf l!M 
tfum~ WflllooW§, Sr&y, V« fn ~"~~ U V)~W ~ ut#ffJy 
~~~ j§ weU j§ t~ im~f1 W ~/y~~ 
u~ dmJB ~ ~-di~ h.~~ tQ ~v~ .. 'Mil 
~WIUS~~W~lM~~&mfgGI§I!J~'.§~~ 
tk ~1~ ~ ~ ~ WS ifS ~~ W tfN?~.-'h tmS 
~ ~ ~ jj il ~ ~ WS ,.~ &p@ &e§lb/ 
~~W«~~~~sü~~~ 
u.~,~ M.~ & ~~1M gl~.l9 



Ia thc (.l~C of a dc:-ign problcm wl1kh is truly prob1cmatica1, 
,.,-e·clKOtmtcr thc ::.une situation. \\"ello not h.n-c a fidJ dc-
5(r¡ptil'll of thc contnl, and thcrcforc h:n-c no intrin~ic way 

oi rellu..:ing thc potcntially infmitc sct of nx1uircmcnts to 
tinite ll'uns. \"ct for practica} reasons wc do necd somc way of 
picking a tinitc :;ct from thc infinitc set of pos~iblc oncs. In 
thc c.l:::c of rcquircmcnts, no sensible way of pickin&.this finite 
:::ct prcscnts itsclf. From a purcly dcscriptivc standpoint we· 
ha ve no way of knowing "·hich of the infinitcly many relations 
bctwccn form and context to indude, and which oncs to leave 
out. 

But if "·e think of thc requircments from a negative point 
of view, as potential misfits, therc is a simple way of picking 
a finite set. This is becau5e it is through misfit that the 
problem originally brings itsclf to our attention. \Ve take just 
those rebtions bctwcen form and contcxt which obtrude most 
strongly, which demand attcntion mo~t clearly, which seem 
most likely to go wrong. \Ve cannot do better than this.21 If 
there wcrc some intrinsic way o{ rcducing the list of rcquire
m<:nts to a fcw, this would mean in cssence that we wcre in 
posscssion of a ficld description o{ the context: if this werc so, 
the problem of crcating f1t would become tri,;al, and no longer 
a problem of design. \Ve cannot have a unitary or field de
scription of a context and still have a design problem worth 
attention. · 

In the case of a real design problem, even our conviction 
that thcre is such a thing as fit to be achievcd is curiously 
flimsy and insubstantial. \Ve are searching for some kind of 
-}1,{rmony bct wecn two intangibles: a form which we ha ve not 
yl:t dcsi;;ncJ, anda context \vhich we cannot properly describe. 
·n;c only rcason we ha ve for thinking that there must be sorne 
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kii1d uf fit lo l1e ;u;hicvcd bctwccn thcm is that \\e can ,}¡_tcct 

inc:ongruitics, or ru-gath·e instanccs o{ it. Thc inCt•n~n:itics in 
an ensemble a'rc thc primary data of cxpcricncc. If \',(; agrce 
to trcat fit as thc abscncc o{ misfrts, and to u~e a li-,t ,Ji those 
potcntial mi:Jrts which are most likcly to occur as our uitf:'ii,Jn 
for fit, our theory \\ill at lcast have the samc nature as-our 
intuitive conviction that thcre is a problem to be soh·ca:, 

The rcsults of this chapter, cxprcsscd in formal t~rms, are 
thcse. If wc divide an ensemble into {orm and cont<:.\t, the 

f1t between them may be rcgardcd as an orderly wndition of 
thc ensemble, subjcct to tlisturbance in various ways, 'cach 
one a poténtial misfit. Examples are the misf1ts bt:twccn a 
house and its users, mentioned on page 23. \Ve may sUIÍHnari7.e 
the state of each potential misf1t by mcans of a binary ,·ariable. 

lf the misfit occurs, we say the variable takcs the vnJuc l. 
If the misf1t does not occur, wc say the variable 'takcs the 
value O. Each binary variable stands for one po:;sible kind 
of misf1t between f~rm and context.22 The value this ,-ariable 
takes, O or 1, describes a state of affairs that is no~ ci~h<:r in the 
form alone or in the context alone, but a rclation bcl\vccn the 
two. The state of this relation, fit or misfit, describe's orie aspcct 
of the whole ensemble. It is a condition of barmÓn~ an;l good 
fit in the ensemble that none of the possible misfits should 
actually occur. \Ve represent this fact by demandilig that a\1 

the variables take the.. value O. 
The task of design is not to create form which mccts cer

tain conditions, but to crcatc_SJI.C!t an ordcr in the cnsemt;>le 
that allthc variables take the value O. The form ls siinply that 
part of thc ensemble over which we ha ve contr~l.' If is only 
through thc form that we can create order in tlle ensemble. 
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3 j THE SOURCE OF GOOD }'IT 

\Ve must nO\\" try to ÍltHl out Row \\e should go about gctting 
good ftt. \\"hcrc do we titHl i t? What is thc characteristic of 
p10ccsses \\ hich c1 cate fit successfully? 

It h.ts oftcn bccn claimcd in architcctural circles that the 
hou~cs of :::implcr ciYiliz,ttions than our own are in somc scnse 
bcttcr lha n our own houscs. 1 \\"hile thesc claims ha ve perhaps 
bccn c .... agger.ttctl, the observation is still somctimcs correct. 

I sh;-tll lty to <,how th.tt the facts bchind it, if correctly intcr

pretcd, are of grcat practica} consequcncc for an intclligcntly 

concei\·cd proccss of dcsign. 

Let us consider a fcw famous modern houscs for a momcnt, 
from thc point of vicw of thcir good fit. Mies Van dcr Rohe's 

FarnS\\ orth housc, though man-clously clear, and organized 

untler thc impulse of cc1 tain tight formal rul~s, is ccrlainly 

not a triumph cconomically or from the point of view of the 

Illinois floods. 2 Duckminstcr Fullcr's geodcsic domes have 

soh-ed the \\ cight problem of spanning spacc, but you can 

haruly put duurs in them. ,\gain, his dymaxion house, though 

. cllicicnt as a r:-tpitl-distrihution mass-producctl package, takes 

no account \\"hatc\·er of thc incongruity of ~ingle free-standing 

hou~cs sct in thc acou~tic tuniwil and servicc complexity óf a 

modcrn city.3 En:n Le Corbusicr in the Villa Savoic, for ex
ample, or in the ::'\IarsLillcs apa1 tmcnts, achievcs his clarity 
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of fu• m at th~ c·.;pcnsc of ccrtain clcmcntary con,forl·; an1l 

cnn" en ic:nccs. 4 

L:tyt•1Cn li1:c lo chargc sumctimcs that thc •: tlt i;;nt:r-, ha\·c 

~acriliccJ fundion for thc sakc of clarity, bccHl~P. thcy are 

out of touch "ith thc practical dctails of thc hrJli:OC\':Ífc's 

world, and prcoccupicd with thcir own intcrcsts. This is a mis

lcading chargc. \\'hat is true is that dcsigners ,Jo oftl'l de\·t.lop 
onc part of a funclional program at thc cxpu1-;e ·of another. 
llut they do it bccausc thc only way thcy scc111 ablc lo or
ganize form clcarly is to design undcr the driving force of SIJITIC 

comparativcly simple conccpt. 
On thc othcr hand; if designers do not aim principally at 

clcar organization, but do try to consider all the rcqi.Jirements 
cqually, we linda kin1l of ;:momaly at the othcr cxtreiTic. Take 

thc average dcYdoper-built housc; it is bhilt with an cye for 
thc market, and in a sensc, therefore, fits its conl(;xt wcll, 

cvcn if supcrlici:tlly. But in this ·case the nrious Jemands 

made on the form :1re met pieccmeal, without any sense of 

the overall org:1nizaiion the fonn needs ~n order to contribute 

as a whole to the working order of the ensemble. 

Since everything in thc human emironment can nO\mdays 

be motlilied by suitable purchases at the fiye and ten, very 

little actually has to be takcn care of in_ the house's basic 

organization. Instead of orienting the house carcfully for sun 

and wind, the builder conceiYes its organization without 

concern for oricntation, and light, hcat, and \"Cntilation are 

taken care of by fans, lamps, and other kinds of periphcral 

devices. Uetlrooms are not scparated from liYing rooms in· 

plan, hut are pbccd next to one another and the walls bctwecn 

them then stu!TcJ with acoustic insulation. 
Thc compbint that macroscopic clarity is mis!Oing in thcse 
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- 1:.t~t':' Í:' n,, .ic~!hl'liL "him. \\"hile it i~ truc that an indidtlual 

pt.·hkm c.ta •'ill'n lll' :O:llh-cd adcqu.ttt•ly \\ ithout rcganl for 
tht' iun,l.;m,·nulph~ sk.tl or.kr it implico;, wc rannol solvc a 

\\ lwk nl't ,,¡ ;;ut"h probkms so ca::,ually, and gct aw.ty with it. 

lt i:; in..::.,net·i\·.tblc that wc should succccd in org.mizing an 

CI'::cmblc .ts t'•'mplcx as thc modcrn city until wc haYc a clcar 

cnough YÍt'W l,¡ ;;impla dcsign problcms antl thcir implicalions 

to prt,,it!Ct' ht'u::cs which are physically clear as total organi
zations. 

Yet at prt'Scnt, in our own civili1..ation, house forms which 

are ck.nly org.tnizcd and also satisfactory in all the respects 

dcm:mlkd by the context are almost unknown. 

Ii we look ata pcasant farmhousc by comparison, or atan 

igloo, or .lt :m .\frican's mud hut, this combination of good fit 

and rl.nity is not quite so hard to find. T:o.ke the ~.fousgoum 

hut, for in;:.t.mcc, built by African tribesmcn in the northern 
scction of th<.? rrcnch Cameroun. 5 Apart from the variation 

cau:::t'LI by :::li;:lt ch.mgcs in site and occupancy, the huts vary 
\·cry littlc. E\·.;n :::upcrficial examination shows that thcy are 

all Ycr:::ions oi the ::,::llne single form type, and convey a power

ful :::en::e of their 0\\"11 aclcquacy antl nonarbitrariness. 

\\"hcther by coincidence or not, the hemispherical shape of 

the hut proYÍl~<.?::: the most efficicnt c;urface for mínimum heat 

tr:m;:.icr, and kcc-ps the inside reasonably well protected from 

the hcat oí thc cquatorial sun. Its shape is maintained by a 

suics of wrtk2.l rt·inforcing ribs. Dcsicles helping to support 

the m:1.in iabric. these ribs also act as guides for rainwater, 

and are at the :;ame time uscd by the builcler of the hut as 

ffJotl;0!ds w!1!ch giYe him acccss to the uppcr part of the out

~irk- 1iuring :ts construction.6 In~tead of using disposable 

scai1olding (wood is very scarce), he builcls the scaiTolding 
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in .1s p.ut of the ~tntdurc. \\"hat is more, mtJnths htcr this 

"~c.tiTolding" is still thcrc whcn the owncr ncc,ls to dimb up 

on it to rcpair thc hut. The :\fousgoum cannot aficml, as wc 

tlo, to 1cganl maintcnance as a nubance which is bcsl for

goltcn until it is time to call the local plumhcr. It i;; i~1 thc 

samc hancls as thc building opcration itsclf, and its c:,igcncies 

are as likdy to ~hapc thc form as those of thc initial con

struction. 

Again, each hut ncstles bca.utifully in the dips and h0liows 

of thc tcrrain. It must, because its fa.bric is a.s \';cak struc

turally as the earth it sits o~, and any foreignness r1r discon

tinuity caused by carclcss siting would not haYe surdve(l thc 

stresses of crosion. Thc weather-clcfying concrete foundations 

which wc rely on, and which permit thc arbitrary siting of our 

own houscs, are unknown lo the lVIousgoum. 

The grouping of thc huts reficcts the social orckr of thcir 
inhabitants. Each man's hut is surrounued by thc huts of his 

wivcs and bis subservients, as social customs rcquirc- and 

in such a way, morcovcr, that these subsicliary huts also form 
a wall round the chicf's hut and thcrcby protect it and thcJ~
selves from wild bcasts and invaders. 7 

This example shows how the pattern of thc building oper

ation, the paltern of the building's maintenancc, thc con

straints of the surrounding conditions, and also the pattern 

of claily life, are fused in the form. The form has a dual co

herencc. It is coherently related to its context~ And it is 

physically coherent. 

This kind of dual cohercncc is common in simple cultures. , 

Yet in our own culture the only forms which match thcse 

simpler foríns for overall clarity of conception are those we 

have alrcady mentioned, designed under the impulse of very 
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~r···,·i .. l !'''''"'' li[1 Ilion~ .. \nd th•'"l' f,lllll'. ju ... t };cc.~u ... e they 
dui\-L' ilh'ii .-I.Irity frnm ~implifir.ltion nf lhl! pinhbn, fail 

(\) 111•'ct .di the conlc:'l.t's dcmands.~ Tt is truc th.1t our func

tinn.d ::-t.md.1rd-; .1\C highl'r !han tho'c in thc :::imple situation. 

Tt is !tuc, .llh! imp01t.1nt to rcmcmber, that thc ::.imple cul

luics ncwr f.1cc the problcms of comple:'l.ity which \\~ face in 
_(k.;ign .. \nd it is truc that if thcy di<! face thcm, they would 

prob.l bly not m a k e any bettcr a showing t han ,,.e do. 9 'Vhen 

wc admire thc simple situation for its good qualitics, this 
doesn't mc.\n tl1.1t we wish \\e \\'ere back in thc samc situation. 
Thc drcam of innoccncc is of litlle comfort to us· our }Jroblcm 

' ' thc problcm of org.1ni;dng form under complex constraints, 
is new and all our own. But in their own way thc simple cul
tutes do thcir simple job bettcr than ,,.e do ours. I bclieve thaC 
only carcful cxamination of their Sl!Cccss can give us the in

sight \\'e nccd to soh·e the problcm of complexity. Let us ask, 
thcrcforc, \\'hcre this succcss comes from. 

To an:wer th~s question we shall first have to draw a sharp 
anJ arbitral)' hne bcb·een those cultures we want to call 
simple, for the purposes of argumcnt, ano those we wish to 

cbssify with ours. I propase calling certain cultures unself
co~srious, to contrast thern with others, including our own, 
wh1ch I propose to call sclfconscious. 

Of c.our:oe, the contrast in quality hetwcen thc forms pro
duce:d In the two ditTercnt kinds of culture is by no mcans as 

marked ns I shall suggest. ).Tor are the two form-making 
proccsscs sharply rlistinguishcd, as my tcxt prctends. llut I 
ha,·e dclihcratdy cxnggcratcd thc contrast, simply to draw 

att~ntion t~ ccrtain mattcrs, important and illuminating in 
thcrr O\\ n nght, \\ hich we must unrle:rstand bcfore we can 

map out a ncw approach to rlcsign. It is far more important 
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• 
Lh.tt \\C should UIHb-..1and lhc p.uticuLtr CfJJüra~l T ,1;11 ltying 
lo 1JIÍI1" out th,tn th.tt thc facls .tl;cJUt any gi'.( n urlturc 

o ' • l 
~hould he accur.tle: or tc\li11g. This is nnt .111 .ullLr<Jp!Jln;~rc::t 

t 1 c;tlisc, an<l it is th~.rdurc hc-,t to l hi 11 k (A t he 11 r ,t ¡w t of 

thc following disn~::>sion ~imply as a compari ;rm of L·.o dc

sctiptivc conslructs, thc ua:;clfconscious cultutc and thc sclf

conscious c11lture.10 

Thc cultures I choose to call "unsclfconscious" IM ve, in 
thc past, beco called by many othcr namcs --- e::tch namc 
choscn to illuminate whatcvcr aspcct of the conlra-.t 1Jdwccn 
kinds of culture the writer was most an.,iou.; to hr ing out. 
Thus thcy ha ve been callcd "primitivc," to uistingubh them 
from thosc wherc kinship pb.ys a lcss important part in social 
structure· 11 "folk," to set them apart from urban culturcs; 12 

"closcd,"
1 

to draw attention to thc responsibility rJf thc inc.li-
. t' 13 " , s " to vidual in today's more opcn sttua 10n; anonyn.ou , 

distinguish thcm from cultures in which a profcs::ion callcd 
".trchitecture" exists.u 

Thc particular distinction I wish to m a ke touchcs only the 

last of these: thc method of making things and buildings. 
Hroadly, we may distinguish bctwcen our O\Yn culture, which 
is vcry sclfconscious about its architccture, art, and enginccr

ing, and certain specimen cultures which are rathcr unself
conscious about thcirs.15 The featurcs which di::tinguish 
architecturally un::elfconscioüs cultures from sclfconscious 

ones are casy to describe loosely. In the unsclfconscious culture 

thcre is littlc thought about architccture or de~ign as such. 

Thcre is a right way to make buildings anda \Hong \\ay; b~t 
while thcre m ay be genet ally acceptcd remedies for spccific 
failurcs, there are no general principies compatablc to .\lbcrti's 
lrcatiscs or Le Corbusier's. Sin ce the dh·ision of L: bor is very 
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limit...·,l. :;;pld.!li;.ttÍllll 1)f any :Slllt is rarc, tlwrc are no ardli
h'l'ts, .llh!l".ll'h m.tn buillls his own hou:;c.t& 

Thl· ll'dllhllogy of comnnmicatÍLm is unllcrdl·\·l·h)pcd. Thcrc 
.trc no \nÍtkn rcconls or an:hitcdural tlrawings, antl littlc 
intcrcultur.tl cxch.mgc. This l.tl·k of wriltcn rcconls antl lack 
of infornution about othcr cultures .md situations mcans that 
thc :e-ame npc1 icncc has to be won o\"Cr and ovcr again gcn
cration aftcr general ion- wit hnut opportunity for devclop
mcnt or changc. \\'ith no varicty of cxpcrience, pcople havc no 
chance to scc thcir own actions as altcrnativcs to other possi
bilitics, and instcad of bccoming sclfconscious, they simply 
rcpcat thc pattcrns of tradition, bccause thcse are the only 
oncs they can imagine. In a word, actions are govcrncd by 
habitY Dcsign dccisions are made more according to custom 
than according to any individual's ncw ideas. Jndecd, thcre is 
littlc va.lue attachcd to the indi\ idual's ideas as such. There 
is no spccial markct for his invcntivcness. Ritual and taboo 
discourage innovation and sclf-criticism. Bcsides, since there 
is no such thing as "architecture" or "dcsign," and no ab
stractly formulatcd problems of dcsign, the kinds of concept 
nccded for architcctural sclf-criticism are too poorly developed 
to make such self-criticism possible; indced the architecture 
itself is h.mlly tangibly enough conceivcd as such to criticize. 

To be sure that such a distinction betwcen unselfconscious 
and sclfconscious cultures is pcrmissiblc, we nccd a dcfinition 
which will tcll us whcthcr to cal! a culture unselfconscious or 
sclfcrmscious on the basis of visible and rcportablc. facts alone. 
\re lind a clcarly visible distinction whcn we look at the way 
the craft5 uf form-building are taught and learned, the insti
tutions undcr which skills pass from onc gcneration to thc next. 
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F,H' thcrc are ,-~~cnti.\lly lwoways in \\11ich suo.:h c•lllc.lt!•Jil G\11 

"p.:ratc, and thcy may he tli:;tingubiH:•l \\ithout di:i!culty. 
.\l onc ntrcmc wc have a kin<.l of tcaching th.tt n:lics on 

thc nuvicc's \-cry gradual cxposurc lo thc craft in quo:::lion, on 
his ability lo imitalc by practice, on his rcspon:::c t•J sanctions, 
pcnaltics, an<.l rcinforcing smilcs and frowns. Thc grcat cx
amplc of this kind of lcarning is the child's lcarning of cle
mcntary skills, like bicycle riding. He topplcs almo:,t rand•)mly 
a.t first, but cach time he docs somcthing wrong, it fail5; \\hcn 
he happens lo do it right, its succcss and the fact that his 
succcss is reco~nized make him more likely to rc.peat it right.18 

Ext~nded lcarning of this kind gi\'CS him a "total" fccling {or 
the thing le.~rncd - whcther it is how to ride a hicyde, or a 
skilllikc ::.wimming, or the craft of houscbuilding or wcaving. 
The most important feature oí this kind of learning is that the 
rules are not made explicit, but are, as it \~·ere, rcvealed 
through the correction of mistakes.18 

Thc second kind of teaching tries, in some dcgrcc, to make 
the rules cxplicit. Here the novice learns much more rapidly, 
on the basis of general "principies." The edw.:ation becomcs a 
formal onc; it rclics on instruction and on tcachcrs who train 

. thcir pupils, not just by pointing out mistakes, but by incul
cating po:,itive e:x.plicit rules. A good example is ;Jifcsaving, 
where people rarely ha ve the chance to lcarn by- trial and 
error. In the jnformal situation there a~e no "tca'chers," for 
thc novice's mistakes will be corrected by anybody who 
knows more than he. But in the formal situation; ''here 
learning is a spccialized activity and no longcr happens auto
matically, thcre are distinct "teachers" from whom the craft 
is lcarned.20 

Thcsc tcachcrs, or instructors, ha ve to condense the knowl-
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l'll;;~ \'. hid1 \\,15 once lahl)l iou~l)· ,Kquirc<l in opcril:ncc, for 

\\ itlll1\ll :-uch conLkns.llion thc te,tching pwbkm wouhl be 

\lll\\ il·hly ,mLl unm.wagcable. The teachcr c.umot rdcr ex

phitly to l'.tch ~ingle mistake \\hich c,m be maJe, for even 

if tlwre wcre time todo so, such a. list could not bc·lcarned. 

.-\ list nc~ds a sh ucturc for mnemonic purposcs.~1 So the 

tc.1chl'r inwnls tcachable rules within which he accommo

Ll.ttcs as much of his unconscious training as he can-· a sct 

of shm thand principies. 

In thc unsclfconscious culture the same form is m<Hle over 

,1nd on~r again; in order to learn form-making, pcople need 

only lcarn to rcpeat a single familiar physical pattcrn. In the 
sclfconscious culture ncw purposcs are occurring all the time; 
the pcoplc who .makc forms are constantly rcquircd to dcal 

\rith problems that are cithcr cntircly new or at best modifi

catic;ms oí old problcms. Undcr these circumstances it is not 

t:nough to copy old physical p.lltet ns. So that pcople will be 

ablc to makc innovations and modiftcations as required, ideas 

about how and why things get their shape must be introduced. 

Tcaching must be bascd on cxplicit general principies of íunc

tion, r.tthcr than unmcntioncd and specific principl~s of shape. 

I ~hall call a culture unsclfconscious if its form-making is 

lcat ncd informally, through imitation and corrcction. And 

I shall call a culture selfconscious if its form-making is taught 

academically, according to explicit ru1es.22 

?\ow why are forms made in the selfconscious culture not 

so wcll fitting or so clearly matle as thosc in the unsclfconscious 

culture? In one case the form-making process is a good one, 

in the oth~.:r b.1d. \Vhat is it that makes a form-making process 

good or had? 

In c-..pl.tining why thc unsclfconsciou~ proccss is a goo(l onc, 

hardly anyonc bothcrs, nowaclays, lo argue thc myth of the _ 

primitivc gt:nius, the unsophisticatcd crafbman supp•JsuHy 

more giflcd than his sophi~ticatcd countcrpart.~1 Thc myth of 
architedural Darwinism has lakcn its place.2

: Yctthough this 

ncw mylh is more acceptable, in its usual form it is not rcally 

any more infÓnn,\lÍ\"e lhan the other. 

It says, roughly, that primitive forms are good as a result 

of a. proccss of gradual adaptation - that O\"Cr many ccn

turics such forms ha.ve gradually bccn filtcd to thdr cultures 
by an Íntermiltent though pcrsistent series OÍ COl rcctions. llut 

this explanation is vague hand-waving.25 It docsn't tcll us 

what it is that prcvents such adaptation from takinti place 

successfully in the selfconscious culture, which is what \Ve 

want to know most urgently. And e\"en as an c:o..pbnation of 

good fit in the unselfconscious culture, the ra w conccpt of 

atbptation is somcthing lcss than satisbctory. lf forms in an 

unsclfconscious culture fit_ now, the chances are thJ.t they 

always did. \Ye know of no outstanding difTcn::nccs bctween 

the prescnt states and past states of unselfconscious cultures; 

and this assumption, that the fit of fonns in such cultures is 

the result of gradual adjustment (that is, impronment) over 

time, docs not illuminate what must actually be· a Jynamic 

process in \\hich both form and context change continuously, 

and yct ~tay mutually well adjusted all"the time.~8 

To undcrstand the nature of the íorm-making proccss, it is 

not enough to give a quick one-word account of umclfconscious 

form-making: adaptation. \Ve shall have to compare the de-· 

tailcd inner working of the unselfconscious form-making p·roc

c~s with that of the sclfconscious process, asking why one 

works and the other f~1ils. Roughly spcaking, l shall argue 
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tlu t t 1:.: l::•::l'liúlli::Ci<lll"' pwú~::-5 has a :o.lrud u re that makcs 
it}.~~:~:~·.-::.util· 1.::eli-or:;.mi.dng). amlthat it tlu~rl'forc con:;ist
l'i~tiy p:·~,llt!ú.'s wcll-tilling Íulln:', cwn in thc f.lCC of •:hange. 
.\nd 1 ::.lull ar,;ul' that in a ::~~lfcon:;;cious culture thc homco
statk ::.trudttrl' of thc procc::s is brokcn down, ::o Lhat the pro
duct:oa l'i i~mns which f.lil to lit thcir contcxls is not only 
po:::.::ib!e. but likdy.~• 

\Y~? ccócktl in thc last chaptcr that to describe f1t and misfit 
betwccil iorm .mJ contcxt, we must make a list of binary 
y,uiabk:::.. c.1ch naming somc one potcntial mislit which may 
occur. 

\Yhethcr a form-making process is sclfconscious or unself
con:::ciou:;. thcsc mi::fit variables are always prcscnt, lingcring 
in the background of thc proccss, as thoughts in a dcsigner's 
mind, or as actions, criticisms, failurcs, duubts. Only the 
thought or the c:-.pericnce of possiblc failure provides the 
impch.:::: to make ncw forro. 

:\t any momcnt in a form-making proccss, whether the 
form is in use, a prototype, as yet only a sketch, or obsolete, 

· each of thc Yariables is in a state of eithcr fit or misfit. We 
may Ge~cribe the statc of all the variables at once by a row 
of l's and _O's, one for cach variable: for instance, for twenty 
Yariables, 00100110101110110000 would be one state. 
Each po:;sible row of l's and O's is a possible state of the 
ensemble. 

As form-making procccds, so the systcm of variables changcs 
statc. Onc mistit is eradicatcd, anothcr misfit occurs, and thcse 
~hang<:s in thcir turn sct off r<:actions within thc system that 
afj<:ct th<: st..tlcs of othcr variables. As forro and culture change, 
state follows state. Thc scqu<:nce of ~tates which thc system 
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passcs through is a. record or history of thc a•h:ptation bc
lwccn fonn aml ~:unlc:'l.t. The hislory of thc sy::.tun displays · 
the form-making proccss at work. To compare un::clfcon~cious 
and sclfconscious form-making procc~ses, wc h.lVe <mly to 
examine the kinds of hbtory which the systcm of variables 
can have in these two processcs. As we shall stc, the kinds of 
history which the systcm can have in the unsdfcon:::cious and 
sclfconscious processcs are vcry different. 

We shall pcrl1aps undcrstand the idea of a systcm's history 
best if we make a simple picture of it.28 

Imagine a system of a hundred lights. Each light can be 
in one of two possible states. In one statc the light is on. Thc 
lights are so constructcd that any light which is on always . 
has a 50-.50 chance of going olT in thc next sccond. In thc other 
state the light is off. Conncctions bctween lights are con
structed so that any light which is off has a 50-.)0 c.hancc of 
going on again in the next sccond, provided al lca:st one of the 
lights it is connectcd to is on. If the lights it is dircctly con
nccted to are off, for the time being it has no chancc of going 
on again, and stays otl. If the lights are ever all otT simultane
ously, then they will all stay off for good, since when no light 
is on, none of the lights has any chance of bcing rcactiYated. 
This is a state of cquilibrium. Sooncr or latcr the system óf 
~ights will reach it. 

This system of lights will help us understand the history of 
a form-making proccss. Each light is a binary variable, and 
so may be thought of as a misfit variable. The off statc cor

rcsponds to fit; the on state corresponds to misfit. The fact 
that a light which is on has a 50-50 chance of going' off 
cvcry second, corresponds to the fact that whcnc\·cr a mis
fit occurs cfiorts are maJe to corrcct it. The fact that lights 
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whil·h .Ir~ oiT r.tn b~ turncd on aorain b)' cunncctcd liorhts 
u ~ • 

(-.)¡ rl':-IJl'llds to thc f.tLt that cnn wcll-litting a"pccts of 

a Ílllll1 (.lll he unhingcd by ch.tngcs initi.ttcd to cut rcct 

:;;l'l11C nihcr mblit bcc.msc of conncctions bet\\ccn v:uiablcs. 

Thc ~Lttc of cquilibrium, ''hcn all thc lights are off, corrc

sponds to pc1 fcct lit or adapt.ttion. It is the cquilibrium in 

which .tll thc misftt Yariablcs take the ''alue O. Sooner or later 

the systcm of lights '' ill always rcach this cquilibrium. Thc 

only qu~stion that rcmains is, how long will it take for this 

to happcn? It is not hard to sce that apart from chance this 

dcpcntls only on the pattern of intcrconnections bctwcen the 
lights. 

Lct us considcr two extreme circumstances.29 

l. On thc one hand, suppose thcre are no intcrcoimcctions 

betwccn lights at all. In this case thcre is nothing td prcvcnt 

e.tch light's sta.ying otl for good, as soon as it gocs off. The 

a nragc time it takcs for all the lights to go otl is thcrcfore · 

only a. liltle grcatcr than thc average time it takes for a single 

light to go off, namcly 21 sccotH.ls or 2 scconds. · 

2. On the othcr hand, imagine such rich intcrconncctions 

'bctwccn lights that any one light still on quickly rouses all 

othcrs from the _off state and puts them on again. The only 

way in which this system can rcach adaptation is by the pure 

chance that all 100 happen to go off at the same moment. 

· The average time ,,·hich must clapse bcfore this happens will 
be of the orclcr of 2100 scconds, or 10~ycars. -

The sccond case is uscless. The age of the universe itself is 

only about 1010 ycars. For all intents and purposcs the system 

will ncw:r ad,tpt. But the first case is no use either. In any 

real systcm thcre are interconncctions bctween variables 

which make it impossible for ca eh varia IJle to adapt in com-
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pldc i.:r,Jation. tet us thcrcfure con~truct a thirrl po:,,ihility. 

:1. fn thb lasc ::,upposc thcre are again iutcrcunncctions 

amung thc 100 light-., bul that we disccrn in thc p:,ttern of 

intcrconncctions sume 10 principal suhsystems, each contain

ing 10 lights.30 The lights within cach subsystcm are so -.,trongly 

conncctcd to one another that again aH 10 mu:ot go otT ::,imul

t;u<eously bcfore they will stay off; yet at thc !:'ame time the 

subsy~tcms themsch·es are indcpcndent of une an<Jthcr as 

who!cs, so that the lights in one subsystem C..lll he :o'•· itc.hcd 

ofi without bcing reactivatcd by othcrs flashing in othcr sub

systcms. The average time it will take for all 100 ligl1ts to go 

off is about thc same as the time it takes for one subsy~tcm to 

go ofi, namcly 210 seconds, or about a quartcr of an hour. 

Of course, rtal systcms do not bchavc so simply. Hut liftccn 

minutes is not much greater than the two scconds it takcs an 

is~)late:d variable to adapt, and the enormous g.tp bctwcen 

thcsc magnitudes and 102~ years does teach us a vital lcsson. 

Xo complex adaptive system will succeed in adapting in a 

rcasonable amount of time unlcss the adaptation can procced 

subsystem by subsystcm, each stlbsystem rc:latively indc-

pcndcnt of the others.31 , 

This i~ a familiar fact. It finds a close analogy in the chil

dren's scaled glass-frontcd puzzles which are such fun and so 

infuriating. Thc problcm, in these puzzles, is to achieve cer

tain configurations within the box: rings on sticks, balls in 

sockctc;, pieces of various shapes in odd-shaped frames- but, 

all to be done by gentle tapping on the outside of the box. 

Think of the simplest of these puzzles, whcre half a dozcn 

colorcd bcads, say, are each to be put in a hole of corres

ponding color. 

One way to go about this problcm would be to pick the 
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p1_1~·,:l'-· Hp, l~iw it a :-ingle cncrgdic ~h.t!.:c, a111l lay it 'lown 
a:.;~ií\. in tlw h,\pc that thc corred contigur.tlion wu\IM appcar 
by ;Kdtknt. This all-or-nuthing mdhod might be rcpcatcd 
m.uty thous.m,ltimcs, but it is clcar that its chanccs o( success 
are 1wgligibk It is the lcchnique o( a child who docs not under
stand h'-'W bcst to play. ~luch the easicst way -- and the way 
wc do in fact adopt under such circumstances -- is to juggle 
onc bt•a,l at ;l. time. Once a bcad is in, pro\-idcd we tap gently, 
it is in for gootl, and we are ~rce to manipulate thc ncxt one 
that prc:;cnts itsclf, and we achic\·c the full configuration step 
by stcp. Whcn we lrcat each bead as an isolable subsystcm, 
and takc the suhsystems indcpendently, we can solve tbe 
puzzle. 

U we now consider the proccss o( form-making, in the light 
o( thc:;e examplcs, we· see an casy way to make explicit the 
distinclion bctwecn proccsscs which work and thosc which 
don't. 

Lct us remind oursclves o( the precise sense in whicb thcre 
is a system active in a form-making process. It is a purely 
fictitious system. Its variables are the conditions which must 
be met by good fit betwcen form and context. Its interactions 
are the causal linkages which conncct the variables to one 
anothcr. If therc is not enough Jight in ~ house, for instance, 
and more windows are addcd to correct this failure~ the change 
may improYe the light hut allow too little privacy; another 
change for more light makcs thc windows biggcr, perhaps, 
but thereLy makcs the housc more likcly to collapse. These 
are examplcs o( inter-Yariablc linkagc. If we reprcscnt this · 
systcm Ly drawing a point for cach mjsfit v~1~able, anda link 
bc~wecn two points for cach such ~aüsal linkage, we gct a 
structurc which looks somcthing likc this: 

1 
1 

1 
l 
l 
l 

Now, lct us go back to thc qucstion of ada¡ktt_ion. Clcarly 
thcse misfit variables, bcing intcrconncctcd, cannot :t(ljust 
indcpcnclcntly, one by one. On thc othcr hand, sincc not all 
the variables are equally strongly conncctcd (in othcr wurds 
there are not only- dcpendenccs among the yariaLlcs, but also 
imlcpenJcnces), there will always be subsystcms likc those 
cirded bclow, which can, in principie, opcrate fairly inde
pendently.n 

~ ···~ ~--"'""-., __ _ 

' ~ ~ ",-, ~-. ._ 

. '.11-')'<>'{:Ói.\\ '\ j flj ll'\.7··/·""~ ~-=-7_:_·."? ) i 

/ ~ ~ --ft~~~t\ 'Y' /~~' ~~ '\¡;; ~-~J"- ''~'\• 
'-.,..J 

\Ve may thereforc picture the process of form-making as 
thc action o( a series o( subsystems, all intcrlinked, yet suf
ficicntly free o( one another to adjust indcpcndently in; a 
fcasiblc amount o( time. It works, bccause the g·cles of cor
rection and rccorrection, which occur during adaptation, are 
restricted to one subsystcm at a time. 
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\\"e :::h.\11 not be aLk to ser, tlircctly, whcthrr or not thc 

un~l·lfc~m:::ciou:; ,m,\ ~elfconscious form-m,1 king procrssrs op

CL\IC by subsystl:ms. In::.tc,\d we shall infcr thcir modcs of 

~pcr.1tion im\ircclly. 
Thc grc::ttcst cluc to the inncr structurc of any dynamic 

proccss lics in its reaction lo changc. :\culture docs not move 
from onc ch.1nge to the ncxt in discrcte sfcps, of course. Ncw 

threads are bcing wovcn all thc time, making changcs continu
ous and smooth. llut from thc point of view of its ctlcct on a 
form, ch,\llgc only becomes significant at that moment when 
a failure o~ misfit rcadies critica! importance- at that 
momcnt when it is recognized, and people fccl the form has 
somdhing wrong with it. It is thcrcforc. lcgitimate, for our 

purpose, to consirlcr a culture as changing in discrcte steps.23 

. . k 1 \\e msh to "JDW, now, how the form-making process re-

acts to one such change. \Vhcther a ncw, previously unknown 

misfit occurs or 3: known one recurs, in ~oth cases, from our 
point of vicw, some one variable changes value from O to l. 

""hat, prccisely, happcns when a misfit variable takcs the 
value 1? How (loes thc proccss bchave under this stimulus? 

Lct us go back for a moment to our system of 100 lights. 

Suppose lhe systcm is in a state of lit- that is, all the lights 

are switchcd otT. Now imagine that every once in a while one 

light gets swikhed on by an outside agent, even though no 

othcrs are on to activa te it. By wai-titíg. ~O< sce;...w:t1at happens 

ne.\t, we can very easily deduce the inner úature of the system, 

. cven though we cannot see it directly .. If the light always 

flashcs just once, and then goes otT again and stays off, we 

deduce that the lights are able to aJapt independently, and 
hcncc that there are no intcrconnections between lights. If 
thc light activatcs a fcw othcr lights, and they flash together 
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for a while, aJHl thcn switch thcmsclvcs off, wc (luluce that 

thcrc are suhsyslLms of inll'fconncctcd lighb acti\·c. Jf the -

light flashcs ami thcn activall:s othcr light'> until .dluf thcm 

are flashing, and thcy nevcr scttle down again, wc dvlucé that 

the system is unable to adapt subsystem by !::.ubsystcm ·be:.. 

cause the intcrconneclions are too rich. 

The solitary light switched on by an eitcr.nal a6ent is the' 1 • 

occasional mblit which occurs. Thc reaction· of thc systcm to 
thc disturbancc is the reaction of the form-making prr.iccss to · 
the mislit. lf we detect the active presencc of subsystcms in::a; · 
process, wc may-then argue (by induction, as it wcrc) that'this 
is fully respomible for the good lit of the forms bf.:ing produccd · · 
by the process. For if goorl forms can always be adjustcd ·cor-.
rcctly the momcnt any 'slight misfit occurs, thcn no scqucrice·-·· 

of changes will destroy the good fit ever (at lcast whilc: the · 
process maint.1ins this character); a11u·-vtVYidc:L t)lere ·\vas: 
good fit at some stage in the past, no mattcr how- -;:-~;not~: 
(the first term of the induction), it will have persisted,"be
cause there is an active stability at work.34 If, on thc other. 

hand, a form-making process is such that a minor culture 

changc can upset the good fit of the forms it ·produces, then -
any well-fitting forms we may observe at one time or another

fit only by accident; and the next cultural dcflection may · 

once more lead to the production of badly fitting forms. . .. ' 

Tt is..t~.~~turc of the process which counts. The vit~l : 
point that undcrlies the following discussion is that the form- · 

builders in unselfconscious cultures respond to small changcs 

in a way that allows the subsystems of the misfit system to· 

work independcntly- but that bccause the selfconscious re-. 
sponse to change cannot take place subsystem by subsystem, 
its forms are arbitrary. 
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-l / TllE UNSELl:COXSCIOUS PROCESS 

Lct us lurn our attcntion, tirst of all, to the unsclfconscious 

cultures. It will be ncccssary first to outlinc thc conditions 

undcr which forms in unsclfconscious 'cultures are produccd. 

\\'e know by dcfinition that building skills are learned in

formally, without thc hclp of formulatcd rulcs.1 However, 

.1lthough thcre are no formulated rules (or pcrhaps indecd, as 

\\C shall :;ce btcr, just bccause thcre are none), the unspoken 
ruks are of great complcxity, and are rigidly maintained. 

Thcrc is a way todo things, a way not todo them. Thcre is a 

li1 mly :;ct tradition, accepted bcyond question by all builders 

of fonn, and this tradition strongly re!>ists change. 

Thc e.:-..i:;tcnce of such powerful traditions, and evidence of 

their rigi(lity, alrcady are shown to sorne extent in those 

a;:pects 0f unsclfconscious cultures which have been discussed. 

It is ckar, for instance, that forms do not rcmain the same 

iur c~:nturics without traditions !>pringing up about them. lf 
thc Eg} ptian houscs of thc 1\ilc ha ve the same plan now as 

thc hou~e5 whosc plans wcre picturc<i in thc hieroglyphs,2 we 

can Le i.1irly cc:rtain that thcir makers are in the grip of a 

tr:vliti0n .. \np\ hctc whcrc forms are virtually the same now 

as thcy wac thousands of ycars ago, the bonds must be ex

tr;~}plly 5tr•mg. In southcrn Jtaly, llcithcr the trulli of Apulia 

nfJr thc coalburncrs' capauue oC Anzio near Rome have 

rh.mgcd since prchi.;toric timcs.3 Thc samc is knr,\\'n to he 

lruc of thc black ho_uscs of t he Outcr Ilcl,rirlc-;, and oí thc 

ho:;ans of thc Xavaho.• 

Thc most \'biblc fcalurc of architcctur.ll trarliti•Jil in ~uch 

unselfconscious cultures is thc wcalth oí myth and lcgend 

attachcd to building habits. Whilc thc storics rarcly deal 

cxclusivcly with dwellings, ncvcrthelcss rlc:;criptions of the 

home, its form, its origins, are wovcn into many of thc global 

myths which lie at thc·ycry root of culture; and wh<:rc,·cr this 

occurs, not only is the architcctural tradition mar1c unassail

ahle, but its constant rcpctition is assured. Thc hlack tcnts, 

for example, common among nomads from Tunisia to :\f
ghanistan, figure more than once in the Old Tes lamen t. s In 

a similar way the folk tales oí old Ircland and the Outcr 

I-Iebridcs are full oí oblique rcfcrcnccs to thc shape of hou~c!'. 6 

The agc of these examplcs givcs us an inkling of thc agc and 
strcngth of the traclitions which maintain the shapc of un

sclfconscious dwclling furms. \Yhcrcver the housc is mcntioncd 

in a myth or lore, it at once becomes part of thc highcr order, 

inctTable, immutahlc, not to be changcd. \\'hcn certain In

clians of the Amazon bclit:ve thai after death the soul retires 

to a housc at the source of a mysterious ri\·er/ the mere.as

sociation of the housc with a story of this kind discouragcs all 

thoughtful criticism of the standard form, and scts its "right-

ness" well heyond thc bnunds of question. . 

:\Iore forccful still, of course, are rituals and tahoos con

nccted with thc dwelling. Throughout Polynesia thc rcsist

ancc to change makes itsclf fclt quite unequi\·ocally in the 

fact that the building of a house is a ceremonial occasion. 5 

Thc performance of the pricsts, and of the workcrs, though 

clitTcrcnt from onc island to thc next, is always clcarly speci-
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lk,t; an.t tlw dgidity o{ thc:;c hch.\vior p.lltcrn~, by prcsctving 

tcchniqul':', prc~crn:-s thc forms thcmsch·cs and makcs change 

cxtrcmdy lliliicult. The ~a vaho · Indians, too, makc thcir 

hog.ms l he ccntcr of the most clabor.\tc performance. 9 Again 

thc gr.n ity of the ritu.\ls, and thcir rigitlity, make it impos

sible th.lt thc fonn oí the hogan should be lightly changed. 

Thc rigitlity of tradition is at its clcarcst, though, in the 

case whcrc builders oí form are forced to work within definitely 
givcn limitations. Thc Samoan, if he is to makc a good house, 
must use wood from the brcadftuit tree.10 The Italian peasant 
making his lr.'lllo at .-\lberobello is allowed la.titudc for individ
ual cxpression only in thc lump of plaster which crowns the 
cone of thc roof.11 The \Vanoe- has a.clu1nt which tells him 
prcciscly thc scqucncc of opcrations he is to fo\low whilc build
ing his houscY The Wclshman must make thc crucks which 

1 • ' ¡ 

support his roof prccisely according to thc pattern of tradi-

tionY Thc Sumatran givcs his rooís their spccial shape, not 

because this is structurally essential, but because this is the 
way to make roofs in Sumatra.14 : 

EYery one of these examplcs points in thc same direction. 

Unselfconscious cultures contain, as a feature of their fon~

prodncing systems, a certain built-in fixity- patterns of 

myth, tradition, and taboo \vhich resist willful change. Form

builders will only introduce changes under strong compulsion 

where there are powerful (and obvious) irritations in the 

existing forms which demand corrcction .. -: ....... ~ -•-:::.__ 

Now when there are such irritations, how fast docs the fail

urc lcad to action, how quickly does it lead to a change of 

form? Think first, perhaps, of man's closencss to thc ground in 
the unsclfconscious culture, and o{ the matcrials he uses when 
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he makes his house. The llcbridcan croftcr 11ses stonc and 
clay aJHI sods anrl grass and straw, all frmn thc ncar !:urround

ings.15 Tlic Tndian's tcnt uscd to be made rJf hidc from thc 

huffalo he atc.16 The .\pulian uses as building stoncs thc n:ry 

rocks which he has takcn from thc ground to makc his agri

culture possible.l' These mcn ha ve a highly d(;nlop(;d cye for 

_ thc trccs and stoncs antl animals which contain thc mcans of 

their livelihuod, their food, thcir medicine, thcir furniture, 
thcir tools. To an African tribesman the mat<:rials avai1ahle 
are not simply objects, but are full of life.18 He knows thLm 
through and through; and thcy are always closc to hand. 

Closcly associatcd with this immcdiacy is thc fact that the 
owncr is his own builder, that the form-maker not only m::~kes 
the form but lives in it. Indccd, not only is thc man who liYcs 
in the form the one who made it, but there is a !:pedal· close
ness of contact between man and form which lcads to constant 

rcarrangcmcnt of unsatisfactory detail, constant improYcmcnt. 

The man, already responsible for the original shaping of the 
form, is also alive to its demands while he inhabits it.19 And 

anything which necds to be changcd is changed at once. 

Thc Abipon, whose dwelling was the simplcst tcnt made of 

two polcs and a mat, dug a. trcnch to carry ofi the rain if it 
bothcrcd him.20 The Eskimo rcacts constantly to C\'ery change 

in tcmperature inside the igloo by opening holcs or closing 

thcm with lumps of snow.21 The vcry spccial· dircclness of 
-· these a-ctions may be madc clcarer, possibly, as follows. Think 

of thc moment when the mclting snow dripping from the roof 
is no longcr bearable, and the man goes to do somcthi.ng 

about it. He makes a hole which lcts some cold air in, per

haps. The man realizcs that he has to do somcthing about 
it- but he does not do so by rcmcmbcring the general rule 
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~m,\ tlwn applyin~ it (" \Yhcn thc snow :;tarts to mdt it is too 
h¡,t in~idc thc igloo atul thcrcfore time to ... "). He simply 
i.l...'l'~ it .. \ntl though wonls may :tc~ompany his adion, tltey 
pby no c~scntiat patt in it. This is the import:mt point. The 
f.lilurc or in~lllcquacy oi thc fom1 lcads tlircctly to the action. 

This ~lircctncss is the sccond crucial fcature of thc unself
con::dous sy::>tcm's form-production. l:ailure and correction 
go si,tc by sidc. Thcrc is no deliberation in bctwcen the 
rccounition o{ a failurc and the rcadion lo it.~!! Thc directncss 

o 
is cnh:mccd, too, by thc fact that.huilding and rcpair are so 
much an cYeryday aiTair. The Eskimo, on wintcr hunts, makes 
a new igloo eycry night.:!3 The Intlian's tcpee covcr rarcly 
la::;ts nwre than a. single scason.2~ Thc mud. walls of the Tal
lcn~i hut nccd frcqucnt daubs.23 Even thc elabora te communal 
dwdlings of the Amazon tribes are abandoncd evcry two or 
thr~<! ycars, .uul ncw oncs built.26 .Jmpcrmancnt matcrials and 

un5dtkd w.•ys of lifc demand con:;tant rcconstruction and 
rc-p::tir, with the rcsult tha.t the shaping of fonn is a task 
pcrpettt~1lly bcfore 'the Jwcllcr's cycs and hands. If a form is 
madc thc same way scvcral times ovcr, or cven simply left 
unch.wgcd, we can be fairly s~rc that its inhabitant finds 
little wrong with it. Since its materials are close to l1and, and 
their use his own rcspomibility, he will not hesitate to act 
if thcrc are any minor changes which scem worth rriaking. 

Let us rcturn now to the question of adaptation. The basic 
principie of adaptation dcpcnds on the simple fact that the 
proccss toward equilibrium is irreversible. :\Iisfit providcs an 
incenth·e to change; goocl f1t providcs none.· In theory the 
process is e\·cntually bound to reach tbe equilibrium of well-

,_~fining ·forms. 
. Howcver, for the lit to occur in practice, one vital condi-

so 
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tion must he sati~fictl. lt mu~t h:n-c ti1nc to hap¡wn. ·rhc 
proccss must he ahlc to achicw its C(¡uilihriun\ hdf~rc the· 
JW.d culture changc upsds it again. Jt must :u:tu:11ly ha\·e 
time to rcach its c(¡uilihrium c\·cry time it is clisturl,cd - or. 
if wc scc thc procl·ss as continuuus rathcr than intcrmilt(:nt, 
thc :uljustmcnt of fnrms must proccccl !llore r¡uiddy than the 
drift of thc culture cnntcxt. tTnlcss this conflition is fu)tilkd 
the sysicm' can ncvcr procluce wcll-fitting forms, for the _... 
ec¡uilibrium of the adaptation will not be sustaincd. 

:\s we saw in Chaptcr 3, thc spccd of ndaptation (lcpcnds 
esscntially on whcthcr thc adaptation can takc place in' in
tl('pcndent and rcstrictcd suhsystl'ms, or not. Althmwh · we 
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cannot actually sec these suhsystcms in· the unselfconsdous 
pr~cess,' wc can infcr · thcir acti dty fr~m. the vcry two ~har
adcristics of the process which we ha.vc bccn discus.l;.ing: 
directncss antl tradition. . . 

Thc dircct response is thc feedback of the process.n If ihe 
process is to maintain tl1e good fit of dwclling forms while 
the culture drifts, it ncctls a feedback sen!>ith·e cnough to 
take action the moment that onc of the potcntial failures 
actualJy occurs. The vital fcature of the feedback is its im
mcdiacy. For only through prompt action can it prc\·ent the 
build-up of multiple failurcs which would thcn dcmand simul
tancous correction -a. task which might, as we ha ve scen, 
takc too long to be' fcasible in practice. , 

Howcver, the scnsitivity of feedback is no~ itself.ael:wugh 
to lead to cquilibrium. The feedback must be controiJed, or 
dampcd, somchow.28 Such control is provided by the resistan~ 
to changc thc unsclfconscióus culture has built into its tradi- · 
tions. We might sny of thcse traditions, po:.:.:Sibly, that they 
make the system viscous. This viscosily dan'ij)S thc changes 
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m.ltlc, :m,J pr('n•nls thdr exll·n:;inn lo uthcr a:;pecls of tl1e 
flmn .. \s a n·::ult only urgcnt ch:mgcs are allowt"tl. Once a 
form lits wdl. cl1:mgcs are not m:ufc. ag:tin until it fails to 

·. 

lit again. Without Lhis action of tra<lition, the rcpcrcm:sions 
ano rippll'S st:utcd by the slightcst f:1ilure c;ould grow wider 
and witlcr until thcy werc sprcatling too fast to be corrccted. . 

1\ll thc agcnt ncctl do is to recogrúze failurcs ,·,-hcn tbey occur, 
antl to rcad to thcm. :\nd th~s cven thc simp!csl mancan do .. 
For although only fcw mcn ha ve sufficicnt intc:;ratÍ\·e ability 
lo invcnt form of any dañty, we are all able to cñtid7.e 
e."\istir.g forms.30 It is-c~pccially important lo undcrstand that 
lhe agcnt in sucb a proccss nceds no crcath·e strcnglh. He 
does not need to be ablc lo impro,·e thc form, only to make 
sorne sort of change whcn hé notifts..a failure. The dta.nges._ 

On thc one hand thc dircctncss o( the res~ lo misfit · . , 
. - ' ' 

cnsurt'S that cach failure is corrcctcd as soon as it occurs, 
and thcrcby rc5tricts the changc to one subsystem al a time. 
;\nd on thc otltcr hand thc force of tradition, by resisting 
nccdlcss change, holds steady all the vañablcs not in the 
rclcvant subsystem, ami prc\"cnts those minor disturbances 
outside the suhsystem from taking bol~. Rigid tradition and. 
immc,tiate action may sccm contradict~Dry. But it is thc vW 
contrast between thcse two whkh makcs the proccss self
aujusting. It is just lhe fast rcaction lo single failures, com-: 
plcmcntcd by resistancc to all othcr :change, which allows 
lhe process to makc scñes of minor ~justments inslcad of 
spasmodic global ones: it is able lo adjust subsystem by 
subsystcm, so lhat the proccss of adjustmcnt is raster tban 
lhc rate al which the culture changes; cquilibñum is certain 
to be rc-establishcd whcncvcr slighl uislurbanccs occur; and 
thc forms are nol simply wcll-fittcd to their cultures, but in 
active cquilibrium with tbem. 21 • 

'Iñe opcrntion of sw;_h a proccss hardly·taxes the individuaJC. 
craftsman's ability at all. The man wbo makcs tbe form is an 
agcnt simply, and vcry littJcds required of bim during tbe 
form's dcvclopmcnt. Even the most aimlcss changcs will 
c\·cnlually Iead lo wdl-fitting forms, because of tbe tendcncy · 
lo cquilibrium inbercnt in thc organization of thc· process. 
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may not be always for the better; but it is nol ncccssacy 
that tbcy should be, siñce lhe operation of the proccss ano,~s 
only the improvements to pci'SisL 

To make lhe foregoing analysis quite clear, 1 shaD use~~ lo 
inuminale a ratbcr cuñ_ous pbenomcnon.31 The Slovakian 
pea.sants uscd to be famous ror tbe sbawls tbcy made. These 
sba.wls were wondcrfully colored and pattcrncd,- wown of 
yarns which bad bccn dipped in bomemade dyes. Ear:ly in 
the lwentieth ccntury aniline dyes were made available to 
thcm. ¡\nd at once tbe glory of thc sbawls was spoiled; they 
wcre no\v no longer dclicale and subtle, but crude. This 

( Í .. change cannot ha'\-e come about because the new dyes were 
, somehow inferior. They were as brilliant, and the vañety 
1 of colors was much grcater tban before. Yct somchow the 
f new shawls tumed out vulgar and unintercsting. 

J . Now if, as i~ is so ple~sant to suppose, tbe shawlmakers 
1 bad bad some mnate art1stry, had been so gifted that tbey . 
f wcre"'Simply "able" to make beautiful shawls, it wottbl.·Jit 
~ almost impossible to cxplain thcir later dumsiness. Bui if we 
: look at the situation differcntly, it is very easy to e.~pJain. 

The sbawlmakers wcre simply able, as many of us are, to 
rccognize bail shawls, and their own mistakes. 

Over the ~encrations tbe shawls had doubtlcss oftcn been 
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lll.llk l':\.lrcmdy h;H\1y. Bul whcncycr a had onc was m:ulc, 

it w;~lw-~~(ognL~l'd .ts :;uch, and tl1~rdorl..' not rcpcatc'l. And 
thtntgh Jlolhing is to ::.ay th.tt thc changc malle would be 
ior thc lwtll'r~ it woulll still bc a changc. \\"hcn the rcsults of 
sud1 ch.mgcs wcre still bad, furthcr ch;tngcs would be made. 
Thc changcs would go on until ihe shawls wc.re good. Arid 
only at this point would thc incentive to go on changing the 
pattcrns di:::appcar. 

So we do not necd. to prctend, that thcse craftsmcn had 
spccial ability. They made bcautiful shawls by standit1g in'a 
long tradition, and by making minor ch~ngcs 'Yhdncver! s~me
thing ::ccmcd to nccd impro.vement. But once prescnted with 

' 1 ' 

more complicat';!d choiccs, their apparent mastcry and judg- · 
mcnt disappcared. Faced with the c~mplcx. unfa;niliar' task of 
actually invcnting forms from scratch, they were unsuccessful: 

•• • 1' 

'" 
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5 j THE SELFCO.NSCIOUS PROCESS 

In the unsclfconscious culture a clcar pattern has emerged. 
Bcing sclf-adjusting,• its action allows the pro,}uction uf well
fitting for'ms to pcrsist in active equilibtium with the system. 

Thc way forms are made .in· the selfconscirJUS culture is 
very uifferene I shall try to show how, justas it is a provcrty 
of thc ünselfconscious systcm's organization that it produces 
wcll-fitting forms, so it is a propcrly of the crrycrgcnt sclf-
conscious systcm that it's forms fit badly. \ 

1~ onc way it is casy·cnough to sec what gocs wrong with 
the arrival of sclfconsciousncss. The vcry fc<llurcs which we 
have found rcsponsiblc for stability in the unsclfconscious 
proccss bcgin to disnppear. 

The rcaction to [ailurc., once so dircct, now bccomcs less 
and lcss dircct. Matcrials are no longcr closc to hand. ~Build
ings are more pcrmancnt, [rcqucnt rcpair and rcadju:::.tmcnt 
less common, than thcy uscd. to be. Construction is no longer 
in the hands of thc in\lahitants; failures, whcn. thcy occur, 

~ 

have to be severa\ times reportcd and dcscribcu bcfore the 
spccialist will rccognize thcm and make somc pc:rmanent 
adjustment. Each of thcsc changcs blunts the hair-fine sensi
tivity of the unsclfconscious process' response to failure;· so 
that failurcs now nccd to. be quite considerable hcfore they 
will induce correction. , ' 

SS 



Thc til!lllll'SS of t r.ulition too, dissoln~s. Thc rcsistancc to 

willful ch:lllgc \\t.:ah·ns, and changc for i~s O\\ n sakc bccomcs 
acccptablc. In::-k.HI of forms bcing hchl constant in all ré
spccts but onc, so that corrcction can be immcdiatcly ctTcctive, 
thc intcrplay of ~imultancous changcs is now ~ncontrollcd. 
To put it pl.tyfully, ~he Yiscosity which brought ~he unsclf
conscious proccss to.p..'St.,,~\ib_e.n _th~.re WCI:ji no failurcs lcft, is 
thinncd by thc high tcmpcrattire:'Cii~onsciousncss. Andas . 
a rcsult the S) stcm's driYe to equilibrium is no longer irreversi
ble; any cquilibt ium ~he systcq1 finds will not now be sus
taincd; · those .t:;pects of the proccss w~1ich could sustain it 

h:we droppcd away. 
In any case, thc culture that once was slow-moving, and 

aHowcd amplc time for adaptation, now changcs so rapidly 
th;1t adaptation c.mnot keep up with it. No sooncr is adjust
mcnt of onc kind bcgun than the culture takes a further 
turn and forccs thc adjustmcnt in a ncw direction. No adjust
ment is cYcr linishcd. And the cssential condition on the 
proccss- th.lt it should in fact ha ve time to reach its-equi

librium- is violatcd . 
.r 

This has aH actually happcncd. In our own civilization, 
the proccss of ada¡.itation and selcctioq which we have seen 
at work in unselfconscious cultures has plainly disappeared. 
But that is not (n itsclf cnough to account for the fact that the 
sclfconscious c:hturc does, not..manage to produce clearly 
organizcd, wcll-litting forms in~wn way. T~wugh we may 
ca::-ily be right in putting our prcscnt unsuccess clown to our 
sclfconsciou::ncss, wc must fino out just what it is about 
sclfconscious form-production that ca~sc~ trouble. The pa
~hology of thc sclfconscious culture is puzzling in its own 

s6 
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right, ancl is not to be c:-.plainc1l simply by thc passing of 
thc unsclfconscious proccss. 

Ido not wi~h to imply herc that therc is any unir¡uc proccss 
of dcvclopment that makes sclfconscious cuhurcs out of un
sclfconscious oncs. Let us rcmcmbcr anyway that thc dis
tinction bctwccn the two is artificial. Ano, bcsidcs, thc facts 

of history suggcst that thc dcvclopmcnt from onc to the othcr 
can happcn in rat)1er dilTcrent ways.1 From thc point of \'Ícw 
of my prescnt argumcnt it is immatcrial how thc dc\'clopmcnt 
occurs. All that mattcrs, actually, is that sootH:r or latcr the 
phcnomcnon of the master cr~ftsman takcs control of the 
form-making activities. 

Onc example, of an early kind, of developing seÚcon
sciousncss is found in Samoa. Although _ordinary, Samoan 
houses are built by thcir inhabitants-to-be, custom 1lcmands 
lhat guc~t houses be built cxclusively by carpcntcrs.2 Since 
thcsc carpenters nccd to find clients, -thcy are in bu~incss ·:\S 

artists; and they bcgin to make personal innovations and 
changes for no reason except that prospcctÍ\'C clif:nts will 
judge thcir work for its inventivcness.3 

The form-makcr's asscrtion of his individuality is an im
portant fcature of sclfconsciouspess. Think of the \Villful 
forms of our own iimclight-bound architccts. The individuaÍ, 
since his livelihood dcpcnds on the rcputation he achic~·es, 
is anxious to distinguish himsclf from his fello~v architccts • 
to make innovations, and to be a star.• 

The developmcnt of architc~tural individualism is.the clear
est manifcstation of the moment whcn architccture first turns 
into a selfconscious discipline. And thc selfconscious archi
tcct's individualism is not cntirely willful eithcr. It is a natural 
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c,,n::'''l"''IKC ,,f a man':; lkcision to tlc,·otc his lifc cxdusivcly 
to thl' onc artivity f.lllctl "architccturc." 3 Clc.,rly it is at 
thi~ :-ot.tgc too that thc acti~·ity fir:-ot hccomcs ripc for scrious 
thlll1ght .md thcory. Thcn, with an:hitccturc once cstahlishcd 
as a lli~ciplinc, and thc indidtlual architcct cstablishcd, cntire 
in:;titutions are soon dc\·otcd exclusivcly to the study and 
tlcnlopmcnt of tlcsign. The acadcmics are formcd. As the 
acadcmics t.lcwlop, the unformula~cd prccepts of tradition 
gin way to dc:irly formulatcd conccpts whosc vcry formula
tion invites criticism and debate. 6 Qucstion lcads .to unrcst, 
architcctural frccdom to furthcr selfconsci~u!?ncss, until it 
turns out that (for thc moment anyway) the. form-makcr's 
frccdom has been dearly bought. For thediscovery pf archi
tccturc as an independent discipline costs the form-making 
proccss many fundamental changes. Jndeed,' in the 'scrise 1 
shall now try to describe, architecture dtd actually fail· from 
the \"Cr)' momcn( of its inception. With the inventi,on o( a 
teachable discipline calle~ "architecture," the old process of 
making form was adulteratcd and its chances 'of succcss de-
stroyed. , ' 

The source of this trouble líes with the individual. In the 
unselfconscious system the individual is no more than an 
agent.' He doc's what he knows how to do as bcst he can. 
Very littlc demand is made 'of him~ He nced not himsclf be 
ablc lo invcnt forms at all. All that is rcquire~is that he 
shouhl rccogni~e misfits aud-~-i~..,.tfitut by making 
minor changcs. It is not evcn ncccssary that thcse ~hanges 
be for the hetter. As we hav<; sccn,. the systcm, · being self
.Hlju~ting, fi1His its own cr¡Úi~ibriuni :_ pi:ovidcd only that 
mi~flt incites so'mc reaction in tÍ_1c craftsman. The forms p~o
duccd in such a system are not the work of individuals, and 
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thcir succcss <loes not dcpcnd on any one m:m's artistryT hut 
only on thc artist's place within the proccss.5 

Thc selfconscious proccss is diffcrcnt. Thc artist's sclf
t:onsci~us recognition of his inclividuality has rlcep cffcct oÍl 

the process of form-making. Each form is now sccn as the 
work of a single man, and its succcss is his achienmcnt only. 
Sclfconsciousncss brings with it the desire lo lm::ak loosc, the 

·~tastc fo¡;·indiviclual cxprcssion, thc escape fmm tradition and 
taboo, the will to sclf-dotcrmination. But thc wilrlnc:;s of the 
dcsire is tcmpcr~cl by man's limited invention. To achievc in a 
fcw hours at. the drawing board what once took ccnturics of 
adaptation and dcvclopment, to invcnt a form suddcnly which 
clcarly fits its context- the cxtcnt of thc inwntion ncces- -
sary is bcyond.the average dcsigner. <- • ·- -~~--:--~-~ 

A man who sets out to achievc- this adaptation in :t singl~ 

]cap is not unlike the c_hild _ _l\'ho shakcs h_~glass-toppcd puzzle 
frctfully, cxpccting at one shake to a-rr~e thc bits inside 
corrcctly.9 Thc dcsigncr's attcmpt is hardly random as the 
child's is; but the difficultics are the same. /lis clwnces of 
success are small beca1tse t/zc mtmber of factors 'ii..•lzic!J musl Jall 
simultaneoztsly into place is so ellormous. 

Now, in a scnse, the limitcd capacity of the indi'vidual 
dcsigner makes further trcatmcnt of the failure of selfcon
sciousncss supcrfiuous. If the sclfconscious cul~urc relies on 
-the intlividual to produce its forms, and the indhidual isn't 
up to itj·thcre sccms nothing more to .. say. But it is not so 
simple. ~:nre individual is not mercly '~k. The moment he 
bccomcs aware of his own weakncss in the Iace of the cnormous 
chatlcngc ,of a ñe\\' design problem, he takes stcps to overc<?me _ 
his wcakncss; and strangely cnough th~se stcps themsch·es 
cxert a very positivc bad infiuence on the way he dcvclops 
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i~.H·m:;. In ia~.·t. '"-' ~h.lll ;;ce t h.:.t t :1c ~elfu,n:<dous system's 
l.1ck uf sut:ü'~:' r'--.11ly <loc::n't Ee :;.o nn:dt in thc imlh i<lual's 
l.Kk oi c.1p.1fily ,1:; in thc kind 0i c:::orts he m:>.kcs, whcn he is 

sclfconsÓllU:;, tu u\"crcome this i:·.c.lp;!city. 

Lct us, look .1g.1in at just wh2.t kind of difiicully the de

signcr faces. T.1kc, for ~~,al}lQl~,.t.1:e dcsign of a simple kcttle. 
He has lo inwnt a kettte;~T1 ;2ts the conte:d oi its use. lt 
must not be totl small. lt mu:;.t ;:r;t be hard to pick up when 
it is hot. [t must not be easy to let go of by mistake. 1t must 
not be hanl to :;tore in the kitche:n. It must not be hard to 
gct the water out of. It mmt po'.!r cleanly. It must not let 
the water in it cool too quickly. The material it is made of 
must not cost too much. It mu:ot be able to withstand thc 
tcmpcrature of boiling water. It 11lust ~ot be too hard to 
clcan 011 the outside. It must not be a :::hape whic,h is too hard 
to machine. It must not be a :::hape which is unsuitable for 

whatcYcr rca::-onably priccd metal it is made of. It must not 
be too hanl to asscmble, since_ this ~osts man-hours of labor. 
It must not cMrode in stcamy kitchens. Its inside must not 
be too diliicult to kccp free of scale. It must not be hard to 
f¡Jl with watl'r. It must not be uncconomical to hcat small 

quantitics of w.1tcr in, when it is not íull. lt must not appeal 
to such a minority that it cannot be manuíactured in an 

appropria te "ay beca use of its small demand. It must not 
be so tricky to hold that accidents occur when children or 
inYalids try to use it. It mu::t not be able _to boil dry and 
burn out without warning. It must not be unstable on the 

stove 'whilc it is boiling. 
- I ha,·~ ddi'!J\.'ratcly fillcd a page with the list of these 

twcnty-one tld;lilcd rcquircmcnts o'r misflt variables so as to 
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hring homc thc amorplwus naturc of dcsign pwl,luns a<; thcy 

prcsent thcmsdn:s to the dcsigncr. Xaturally thc dL~ign of a 
complcx objcct like a motor car is much m0rc diffic:ult ;md 
rcc¡uircs a much longc:r list. It is hardly neccc;<;ary tn '->pccul.tte 

as to thc lcngth and apparent disordcr of a li~t \';hio:h could 

adcquatcly define the problem of designing a cmnpktc urban 

cnvironment. . 
How is a dcsigncr to deal with this highly amorplwus amlo-

diffuse condition of the problem as it confronts him? What 
would any of us do? 

Since we cannot refer to the list-in full each time wc ihink 
about the problem, we invent a shorthand notation. We 
classify the items, and then think about the names of the 
classe_s: since thcre are fewer of these, we can think about 
thcm much more casily. To put it in the language of psy
chology, there' are limits on the number of distint:t ¡:;~nccpts 
\Vhich we can manipulate cognitivcly at any une time, and 
wc are therefore forced, if we wish to get a view of the whole 
problem, to re-encocle these itcms.10 Thus, in the_.case of the 
kettle, we might think about the class of requirements gen
eratcd by the proccss of the kettlc's manufacture, its capacity, 
it~ safety requircmcnts, the economics of ]l('ating water, and 
its good looks. Each of these concepts is a general name for 
a number of the specific rcquirements. If wc. were in a very 
great hurry {or for sorne reason wanted to simplify the 
¡roblem even furthcr), we might evcn classify thcsc concepts 
in turn, and deal with thep;Oblem simply in tcrms of (1) its 
function and {2) its economics. In this case we would have 
erectcd a four-levcl hierarchy likc that in the diagram on the 

ncxt page. 
By erecting such a hierarchy of conccpts for himsc1f, the 
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dcsigner is, after all, able to. facc the problem all at once. 
He achiews a 'powcrful cconomy of thought, and can by this 
means thread his way through far more diflicult problems 
th:m he could cope with othcrwise. If hierarchies seem lcss 
col)lmon in practicc than I scem to suggest, we havc only to 
look at thc contcnts of any cnginccring manual_ or architects' 
catalogue; lhe hicrarchy of chaptcr headings and subhcadings 
is organizcd the way it is, precisely for cognitive convenience.11 

To hclp him:clf ovcrcomc. the difficultics of complexity, 
the dcsigner tries to organize his problem. He classifies its 
various aspccts, thcrcby givcs it shape, and makcs it easier to 
har.dle. \\"hat, Lothcrs him is not only the difficulty of the 
problcm cither. The constant burden of dccision which he 

'comes across, once frecd from tradition, is a tiring one. So 
he avoids it where he can by using rules {or general principies), 
which he formulatcs in terms of his im·ented conccpts. These 
principies are at the root of all so-caBed "theories" of archi
·!(!c~ural dcsign.12 Thcy are prescriptions which relieve the 
burdc:n of sc:lfconsciousness and of too much responsibility. 
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lt is rash, pcrhaps, to call thc invcntion üf citlH·r mncc:pts 
or prcscriplions a conscious atlcmpt lo simplify prr;1J!cms. In 
praclice lhcy unfolU as the natural outcome uf critica} dis
cus:sion about ~lcsign. In othcr wonls, the gcntraticJn cA verbal 
concepts and rules ncecl not only be secn ah!:lr:.Ktly as lhe 
supposed rcsult of thc individual's prcdicamcnt, l)ut may be 
observed whercver thc kind of formal c•lucalion \';e havc 
caBed sclfconscious occurs. 

' 
A novice in thc unsclfconscious situation lc·arns by bcing 

put right whenevcr he. gocs wrong. "No, not that way, this 
way." ~o attempt is made to formulate ahslractly ju~t what 
the right way: involves. Thc right way is thc rcs:due whcn all 
the wrong ways are eradiciltcd. But in an intellcctual atmos-
phcre free from the inhibition of tradition, the picture changcs. 
The mamen~ the student is free to qucstion what he is told, 

. and value is put on cxplanation, it becomcs important to 
deci_de why "this" is thc right way rathcr than "tl1at," and 
to look for general rcasons. Attempts are madc to aggu:gate 
the specific failures and successes which occÜr, into principies. 
.\nd each such general principie now takes the place of many 
scparate and specific admonitions. It tells us to avoid this 
kind of form, perhaps, or praises that' kind. \\"ith failure and 
success dcfined, the training of the architect devdops rapidly. 
The huge list of spccific misfits which can occur, too complex 
for the student to absorb abstractly and for tl;at rcason U:su
ally to be grasped only through direct cxpericnce, as it is 
in the unselfconscious culture, cau now be lcarncd - bccause 
it has been givcn form. The mi~fit variables are paltc~ned 
into categories like "cconomics" or "acoustics." .\nd con
dcnsed, like this, thcy can be taught, discussccl, and criticizcd. 
It is this point, whcre thcse concept-dctcrmincd principies 
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L ::-lullll<•\\ lty lt) d1.l\\" alknti<m tu the l t:<_t,li.~r .tnd dam

.tging ,\th;ti.tlii1l''s nf thc t:unctpl:, \\J¡j,·h o~tc in\,·ntcd. J.et 
t::; r,·~<1L'Il1hL·r tlut t],¡; :;~Acm \lf inll'rdqwndt~llt Icc¡uircmcnts 

or mi::-li l \.u i.1 hk s .\L :i '. L' in tln; un:::L'lfcu; ,-,l imt:> ensemble is 

:-:til\ prl'"l'l1t untki nc.' th the surface. 

Supposc. ,1-; l:dntc, \'.e, pictu1c thc '-y~!L'm ctuddy by 

,)r.l\YÍI16 .t link ht:twcu1 C\TI)" p:~ir of intcrdqwmlcnt require

menb: wc :.;ct somcthing that looks like this. 

.\s we h:wc scL'n bdore, thc v:uiables of such a system can 

be aclju,tcd to 111u.:t lhc ~pcciÍicu con<litions in a rcasonable 

time only if ih ~ulJ,:. ·_tu>)<; are adjustcd inclepcndcntly of one 

anothcr .. \ "UlJs:. -t• m, roughly ~p~a'king, is one of the obvious 

co1nponcnts uf •h,: ") "'tun, lil.e the p.trts shu\\11 with a circle 

ruund them. If \\C try lo adju-;t a sct of variables which <loes 

not con:olitutc a stthy:-:.tcm,. the rcpercussions of the adjust

llH:nt .tlTeLt c¡thcrs uubidc thc ~ct, becausc the sd is not suf

ftcicntly inckpcnclcnt. \\'hat we saw in Chapter 4, cfTcctivcly, 

was that the proccdurc of lhe un~clfconscious sy~tcm is so 
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organi¿cd that .tcljustment can takc place in ~_.t~.h one of thcse 

subsystcms inclcpcndently. This is the re t~on for its :-uccess. 

Tn the sclfconscious ~itu.tlion, on the oth~.:r hanrl, thc de
~igncr is facccl \\ ith .di thc vatiablcs simultancrJu,)y. Yct we 

know from lhe .,implc computation on p.1gc 10 that if he tries 

to manipulate thcm all <"tt once he will nul rnan.1;;c to Jind a 

\';ell-litting form in any rcasonable time. \\'hcn he hi:nsclf 

scnses this cliflicully, he tries to break the prohkm clown, ~nd 

so invcnts conccpts to help himsclf decide '' hich sub:;ds of 

requirerncnts to deal with inclcpcndcntly. Xow what are these 

concept<;, in terms of the sy::.tem of variables? Each conccpt 

idcntilies a ccrtain collection of the variables. "Economics" 

identilies one part of the system, "safcty" anothcr, ".tcous

tics" another, and so on. 

~1y contention is this. These concepts will not hdp the 

dc::.igner in finding a wcll-adaplecl solution unless thcy h.1ppen 

to corre~pon<l to the systcm's subsystems. But since the con

ccpts are on the whole the rcsult of arbitrary historic.1l acci

dcnts, there is no rcason to expect th.tt thcy will in fact 

corrcspond to these subsystems. They are just as likcly to 

iJcntify any othcr parts of the system, like this: 



Of ..:o tu "L' t l¡j:; dcmoJbtJ.J tes only that conccpts can casily 

be arbitr.uy. [t dces not show that the conccpts uocd in 

pr.~..:tice acttully .tre "0. Tndeed, clcarly, their arbitrarincss 

c:1n only be c:::.tahlished for inrli\:idual ancl specific ca~cs. De

t.:ikd analy::is of the problcm of designing urban family 

hou:>cs, for instance, has shown that the usually acccpted 

íunctional catcgorics like acousticc;, circulation, ami accom

J:;o,btion are in,tppropriate for this problemY Simil:uly, the 

principie of thc "ncighborhoorl," onc of thc olfl chestnuts of 

city-pl.lnning thcory, has bccn shown to be an inadcc1uate 

mental componcnt of the rc,i,Jential planning prohlcm. 14 But 

;-hce ~uch clernon~trations can only be made for spccial cases, 

kt us C\a mine a more gcnc1 "1, ro~ ther plansible re a son for 

be:!ic\·ing that such verbal concepts always will be of this 
::rbitrary kind. 

:. [n:ry conccpt can be ,JcfincJ an1l unflcr<,tood in two com

plc::nH:ntary v:ays. \Ve may think ofitas the name of a class 

c,f objcctc; or sub•,idi;uy conccptc;; or we may think of what it 
mc•.ns. \Ve define a conrept in cxlc11sion when wc spccify all 
thc .clcrncnts of the class it rdcrs to. :\ncl \\e clcfinc a conccpt 

in intcnsion when \\'C try to c\plain its mcaning analytically 

in ttrms of othcr conccpts a t the samc levcl.n 
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For tht! ~.Jl:c •Jt .·:.~c. 1 11t'lll r h.t\'C jll··t 11 l ·l !JI ,.tillg f¡·nn..: 

likc ";11 Olblit.s" ,¡,, 1.1~., n.tllll'", as .lt.ollc, ti vi.' \l.l)" r1f Ldl-..ing 

alJUut a ntunbcr oJ[ ~~~··,¡,· ·-pct.ific rl.'r¡uircrnt·rJI'>. ·¡he "nt:i~h

!Jurhood," (!)o, thou;;h k:--s ahstract arHI more phyoir :ti, i·, ~till 

.1 conu.:pt which ::u,nmariLcs mcntally all tho~e ~¡~ccific rc

quircments, likc piim.uy schooling, pt.:rlrt..tri.tn ~,tfdy, and 

community, \\ hich ,1 ph) ~ic.tl nri;~hhorho,Jd i:-, -,IIP!J"'t.:d to 

mcct. fn other word:;, c.tch uf the conccpb "acr;u;:,tics" and 

"ncighborhood" i~ :1 \·,u iahle whosc valuc cxtL'Il'-Ír;n is thc 

same as that gin:n by the conjunction of all thc valuc cx

tensions of the sp.::cific .1coustic v.niaLles, or the ~pccific com

munity-living varbbk~, rcspectivcly.1G This ntcn~ional vicw 

of the concept is corwcnicnt fur the sakc of malh(;rnatical 

clarity. nut in ptacticc, as a rule, conccpts are not gcncratcd 

or define<! in exten:,Íon; thcy are gencratcd in int<.n:::.ion. That 

is, we lit new conccpts into the pattern of ~~\'Cryday language 

by rclating thcir mc.tnings to those of othcr \rords at prc~cnt 

availahle in English. 

Yct this p.nl pLl) cd by languagc in the invention of ncw 

concepts, though Y.::ry important from the poiut oí vicw of 

communication and un<lerstanding, is almost entircly irrele

vant from the point oí vicw oí a problcm's structure.U The 

dcmancl that a new conccpt be clcfinable and comprchcnsible 

is important from thc point of vicw of tcac-hing an1l sclf

conscious rlcsign. T~~kc the conccpt "safcty ," for ex a mple. Its 

exi~tcncc as a common word is convcnient and hclps hammer 

home the vcry gcncr.1l importancc of kecping dc:::.igns rlangcr

frec. But it is uscd in the statemcnt of such clissimilar problems 

as thc ucsi~n of a tea kcttle and the clc~ign of a highway 

intcrchange .. \s f.u as its mcaning is concerncrl it is rclcYant 

to lJoth. Tiut ,\S Í.lr .lS thc indi\·j(Jual stntt.turc of thc l\\'0 
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pr,1hkms g.·,·~. it ,,.,·,ns unlil..ch· that 1lhe onc \\'onl ~houl<l 
~\Ice,·· ,f,:lly id,·,¡( ify .1 plin1 ip.~l rnmJ~Olll'nt -,ub:-,y ... tcm in 

c.~.-h t1f thc~c t \', tl \'l'I)' ,Jj,,_imihr proU,Icrn<:.. l·nfnrtunatdy, 

.•lth,1U)l l'\<'ry )ll<Jh!,·m lus its m\n ~trbcture, and thcre are 
1" •• 1 11 ·11.'11)' , I'krcnt pi<l Jl,·ms, the words \\;e have av.tilable to 

,\·~.-~ ihl' thc C<)lllpOlllll!" of the"e problJms are gencratcd by 
• • 1 1 lt ro¡ ce,; m t 1c a ngua¿;c. not by the problemo;, and are t herefore 

1 l .. ..l ' 11 

r.tt 1cr llll!tcu 111 numbcr and cannot describe more than a 
1 

i cw c.1 :::es ..::m rect l y. 18 :: 

T.1kc thc simple problcm of the kettll I havc listcd 21 re-
. 1' h l' <'¡tllrcmcnts w 11c must take v.ducs wi,thin spccificd limits 

in :m ac..::cptably rlc::;ignccl kettle. Gi\·ch a sct of n things, 

thcrc .1rc :?" ditTcrcnt subset'5 of thcscl' things. This means 
tlut thcre .ue '2~ 1 distinct sub'3cls of ~ariables any one of 
\';hich may possibly be an important c~mponcnt ~ubsystcm 
of thc kt.:ttle problcm. To narne each ~f thcsc componcnts 
:1lone \\"C should .llrc.uly ncccl more tha~ a million cliiTcrent 

11 

\\orrls ---more th.m there are in the English language . 

. \ de:::igner may object that his thinkd~g is nevcr as verbal 

:15 f ha\·e Ímp)icd, :llld that, instcarl of ll~inO' verbal Concepts 
1' o ' 

he prepares him~clf for a complicateu broblcm by making 

di.~grams of its 'various a~pccts. This is tri~e. T4et us remcmber, 

howcnr, just what things a de~igner tri~~ to cliagram. Physi

ca 1 concepts like "neighborhoou" or "~ircu la tion pattern" 
1 . 1 ¡· ¡· 1 11 l ' !a\·c no more unncrsa va 1uty t 1an ve,rba concepts. 1hcy 

are .::till bouml by th~ conceptua~ ha bits lrf the <lraftsman. A 
t} p1cal ~cqucnce of fl¡agram"> ,\.h1ch precede an architcctural 

prol;)r:m \\·ill include a circulation <liaJram a dia()'ram of 
1 l o 

acou:oticc::, a diagram of thc load-bcaring hructurc a dia.,ram 

1;[ :-tm an1l .'\ in1.1 pcrhap">, a d~agram of ~~he soci::l ncig~bor
h(;r;ds. I ma1nt:un that thc::c d1a.~rams a~c used only hccause 

'
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the ¡!IÍIHiplcs \\hich dcline tlwt11 .. ,,,.,":itc::, 1:ru!lttiun, 

\\ c.d her, Ia·ighb<ll hn•1<l h.q 'lJ' 11 t•; l ' P·" t of ctti l'.llt archi
Lt:t l11ral usagc, n<;l ]l,·t .tusc thcy L•·,tr a \\1 l1 1ll;.!chtOI;rl 

fuwl:uncntal rclation tu any p;utiu!lar prohkm ];c:ing in

VC!-!Íg.ttcd.19 

.\s it ~tands, the sclfconscious dcsign proccdu re p1 o vides 

no ~trudural corrcspontlcnce bdwc<:n th<: prublc~;1 aPrl thc 

mcans t!cvised for soh·ing it. The co111 pie_,¡ ly of t1w ¡;mhkm 

¡, ncvcr fully di:ocntangled, anu thc futms !Jl"l;f\ucul nr;t only 

fail to mcet thcir óop<:lilicllions :t"> fully as thcy ~hrJnld, but 

also lack thc f01nul clarity which thcy v:ould h:ne if the 

organiz:ation of the problem they are fitt<.:1l tu \':ere hetter 

uJHler~tood. 

Tt is pcrhaps worth adding, as a footnotc, a slightly dii"icrcnt 

angle on the s.tQ1e dilliculty. The <ll bitrarinc-;~ of thc e \i~ting 

ve1 bal concepts is not their only disa•.lvant<tge, for once they 

are invcnted, verb.ll conccpts have a furthcr ill-llTcct on us. 

\Ve lose the ability to moclify them. In thc uns<.:lfcomcious 

::,ituation thc action of culture on fow1 is a \'cry subtle busi

ness, macle up of many minute concrde in!1ucnrcs. But once 

thcse concrete in!1ucnces are rcp1 c:ocntcd symholic.dly in 

verbal tcrms, and these ~ymbolic rcpresentations or names 

.suh'3umcd under larger ami still more abstract categüries to 

make them amenable to thought, they begin scdously to im

pair our ability to sec beyond them.20 

\Vhcrc a number of issucs are heing takcn into a..::count 

in a dcsign dccision, inevitably thc ones \\ hich can be most 

dearly exprcsscu carry the greatcst m2ight, and are bcst re

flcctcd in the form. Other factors, imporlant too but lcss well 

expresscd, are not so \\cll rdlectc<l. C.ltlght in a nct of lan

guagc of our own invention, we u\'l n:::,timatc the b1~;jtiage's 
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im¡'.\1 ti.dity. !'.11 h ,·,•n<q•t. .11 tlw linll: uf j¡, itt\ ,·•¡!ion no mure 
th.1n .1 ••>lil ¡,,.\\,\y ,,f :;t.l,¡•ing 111,\1\) j.;·.ttv"-, quirkly 1K'C11111l'S 

,\ prL'é•l'l '.\"e Ltl...: th.: ~tl'p ft,JIH lk~L·t!ptiun lo n!tuiun too 
,._t,ily, ~,, ~'1.tt \\ lut is .tt lit::-t ,¡ u::-dul t•Joll;cuH\lL'S .t bigotcd 
p¡,.,,,·,·u¡'.tl inn. 

t he l~''l\',111 bi.t.; to\\.ird function.di::-111 :me! cn;~inccting Jid 
twt re.t• 1¡ ¡¡, ¡w.1k until aftcr Vit1 u\·ius h.HI formubtcd the 
iu•;ctin:ulist doctdnc.~ 1 Thc P.tt thcnun couhl only haye bcen 
cré.ÍtL'•I du1 ing .1 time of prcoccupation "ith ac::;thétic problems, 
,lit,•r thc ,-.ulil'r Grc.:k invention of the conccpt "beauty." 
Eng!.md 's ninctccn th ccn tu ry low-cost slu ms were conceivcd 
only afkr 1\\0IH.:taty nlues h~HI t:.\plicilly been given great 
impo1 t~tncc t hrough the concept "economics," invcntcd not 
long bcfore.n \ 

In this f.tshion !he selfconscious inclividual's grasp of prob
kms is con-.,tantly misled. flis conccpts ancl catcgories, be
~idcs bcing arbit1.1ry and unsuitable, are sclf-perpctuating. 
Cndcr thl' inllucncl: of conccpts, he not only does things from 
a hia~cLI point of 'icw, but SCl:S th<:m bi.tsedly as wcll. The 
cr.t:.::,pts control his pcrccption of fit .lntl misftt- until in 
thc cnLI he ~,ces nothing but rlevi:ttions from his conceptual . 
d(J;;mas, and loses not only the u1gc but cven the mental 
(Jpportunity ~o frame his probkms more appropriatcly. 

:~-
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6 / THE PROGRAM 

IIcre is the problcm. \Ve wish to dcsign clc.uly conu:ivcd 
forms which ate wcll adaptcd to some givcn C(Jntcxt. \Ve 
have sccn that for this to be feasible, the arlaptation must 
take place indcpcndr:ntly within indcpendent ~ulJ::.y:::ttms of 
variables. In thc unsclfconscious situation thic; occurs auto
matically, bccausc the individual craftsman hac; too little 

control ovcr the proccss to upsct the pattcrn of auaptation 
implicit in thc ensemble. Unfortunately this !:>itu,ttion no 
longer cxists; thc -numbcr of variables has incrt;Fcd, the 
information confronting us is profuse and confu~ing. and our 
attcmpts to duplicatc the natural organization of the unself

conscious proccss sclfconsciously are thwartcd. bcctuse the 
vcry thoughts wc have, a~ we try to help our~cl\'Cs, ,Jistort 
thc problcm and make it too unclear to solve. 

The dilcmma is ~imple. As time goes on the designcr gels 
more and more control over the proccss of dtsign. 13ut as ht 
docs so, his cfforts to deal with the incrcasing cugniti\'C burden 
actually make it hardcr and harder for the real causal struc

ture of the prohlcm to express itself in this proccss. 
\Vhat can wc do to ovcrcome this difficulty? On the face 

of it, it is hard to see how any systematic thcory can e~se it 
much. Thcre are1ccrtain kinds of problems, like some of those 
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tlut llCcur in l'CO!Willics, chcd;e¡ s, logic, or admini'itr.ttion, 

\\ hkh c.m he cl.trificll .m.! soh Cll nwch.mically.1 Thcy can he 

~·,h·c,l mcch.tnk.tlly, bc.:.1usc thcy ate wcll cnough undcr

stuoll for u:; to turn thcm into sckction problcms.2 

To soh·c a probkm by sclection, two things are ncccssary. 

l. lt must be possible to genera te á wide cnough range of 
pos:::ible altcrnatiYe solutions symbolically. 

2. Tt must be possible to L.\prcss all the criteria for solu
tion in terms of the same symbolism. 

\\'hrncwr these two conditions are· met, we may compare 

symbolically generatcd alte1natives with one another by tcst

ing thcm against the criteria, until ''"e find one which is 

satisfaclmy, or the one which is the best. It is at once obvious 

that \\ hcrever this kind of process is possible, we do not 

nced to "llcsign" a solution. Tndced, \\'e might almost claim 

that a problcm only calls for dcsign (in the widest sense of 
th<ü wot• 1) whcn sclection cannot be uscd to sol ve it. Whcther 

we ::J.Ccl:pt this or not, the converse anyway is true. Those 

probiLms of creating form th:1t are trauitionally caBed "design 
problems" all dcmand invcntion. 

Lct us sec why this is so. First of all, for physical forms, 
we know no general <>ymholic way of generating new alterna

tiYcs --- or rathcr, those alternatives which we can genera te by 

v.trying the rxisting types do not exhibit the radically new 

organi.~ation that solutions to ncw design problems demand. 

Thcse can only be crcated by invcntion. Sccond, what is per

haps more important, we do not know how to express the 

critcria for success in tcrms of any symbolic dcscription of a 

f1J11n. T n othcr words, given a ncw dcsign, thcre is often no 
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mcchanical \\ay of tclling, ¡JLudy from thc di.t\',;ng<> \-.hich 

1lcscribc it, \\ hcthcr or not it mccts its rer¡niJ(·nH:nb. l.ithe:r 

wc mu!>t put thc real thing in thc ac..tual \'.'(;Jlt), and sce 

\\ hcthcr it works or not, or wc nn~::.t use our im;1::;ination and 

cxpericnce of the world to prcdict from thc dra••;in;~<; \\ h('thcr 

it will work or not. But thcrc is no general :=) nll;r,Jic connec

tion bclwccn Lhc rcquiremcnts ami thc f(Jiln 's dv,o iption 

which provifle critcda; and so thl're is no \\ay of tc~ting the 

fonn symbolically .2 Third, e ven if thcse fir::,l l wo objcctions 

could be ovcrcomc somchow, thcre is a mud1 mrJrC co•H.lu~i\"e 

difí1culty. This is thc satne diiTtculty, predscly, that \\C come 

across in trying to construct scicntific h) pothc~c.s from a 

given body of data. The data alone are not cnough lo define 

a hypothcsis; the construction of hypothcscs cJcmands the 

further introduction of principies like ~implicity (Occam's 

razor), non-arbitrarincss, and clcar organization.4 Thc con

struction of form, too, rcquires these principies. Thcre is at 
prescnt no prospcct of intrOLlucing thcse principies mechani

cally, cithcr into scicnce or into dcsign .. \gain, thcy TCfiUÍre 

invention. 
It is thcrcfore not po~'sible to rcplace thc actions of a trained 

dcsigner by mcchanically computcd decisions. Yct at the 

same time the indiYiuual desigúcr's inventive capacity is too 

limitcu for him to solve dcsign problems succes~fully cntirely 

by himsclf. lf thcory eannot be expcctcd to invcnt for_~· how 

is it likcly to be uscful to a designer? 

Lct us begin by stating rather more c:-..plicitly just 'what 

part the dcsigner docs play in the proccss of dcsign. I ::-hall 

contrast thrce possible kincls of dcsign proccss, schcmatically. 
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contcü 

context 

form 

form 

[·--·---] [E0 

form 

actual world 

actual world 

mental picture 

actual world 

mental picture 

fQrmal picture of 

mental picture 

Thc fir~t schcme n:pl<.'<-nts the unselfcfln·:d<Jil~ .ituation 

cle~crihccl in Ch,tplLr l. ITere lile procc'>S \\hich ,lll[ll-, thc 

form is a compl<!\ two-dirn:tional intcJ.H.tic•n hi;:u·n thc 

conte-..:t Cl an<J thc furm Fl, in thc worlrl it5eif. '11 e hu111a11 

bcing is only pre~cnt asan agent in this proc(:o'i. 1 [e rc.ttls to 

misf1ts by changing them; but is unlikdy to iiPfJ0!0C any 

"designecl" concc:ption on thc fonn. 

Thc seconrl schc:1ne represcnts thc selfcon~cic¡u-; ~itu,tlion 

descrihcd iq Ch.tpter .3. Ilere thc design procv--:, is rc:mo~e 

from thc ensemble itsclf; form is shapcd not by intuaction 

bet~vecn the actual contcxt's demands and tl,c: actual inadc-- . 
quacics of the form, but by a conceptual intu::dion bctween 

the conceptual picture of the contcxt which thc clc+~ner has 

learned and invcntecl, on the one hand, ancl ideas ánd dia
gra.ms ancl dra\\ ings \\ hich stand for forms, on thc othcr. This 

interaction conlain<> both the probing in which thc rlL ... igncr 

scarches lhc prohlc.m for its major "issucs," anrl the dc\elop

mcnt of forms which ~atisfy thcm; but its C:).,tct naturc is 

unclear. 5 In presc:nt design practicc, this critica! skp, <luring 

which thc prohlem is prcparcd and translatc<l into clc::-ign, 

always <lcpcnds on sonie kind of intuition. Thot.gh clcsign is 

by nature imaginativc and intuitive, and \\'C could easily 

trust it if the dc:::igncr's intuilion were reliablc, as it is it 
inspires vcry littlc confidcnce. 

In thc unsclfconscio'~s proccss thcrc is no possibility of mis

construing thc situation: nobouy makcs a picturc of the con

tcxt, so thc pict'urc ca.nnot be wrong. llut thc selfconscious 

clcsigner works cntircly from thc picture in his mind, and this 

picturc is almost always wrong. 

Thc way to improve this is to makc a further ab:::üact 

picturc of our fir,t piel u re of thc problcm, \\ hich ~r,1(licates 

77 



its l'i.ls .ltllltl'l.IÍns only it.- .1hstr.1d :-lrul'tm:-~1 ÍL',lllllcs; this 

:'L'L'Oilll pi, llltL' m.1y thcn be L'\.llltÍnc•l according lo prcci:::cly 

<klinL·.l ''i'' 1.11 Í<'ll'. in a\\".\)" not 'ubjcd l\) !he bi.1s of l.lllguage 

. md t'\.jll'l i,·nu~. 6 Thc Lhinl ::eh, l'll' in thc di.tgt.lm rcprc:::cnts a. 
lhir,l pH''L'~'. base,! on thc u.::c of ~uch a pictmc. The vague 

.l.lll Ull".t!i-f.tdory picturc oí thc conll':--t's denunos, C2, 

\\ hich tir::t dcn:lops in the dcsigncr's mino, is follo\\'cd by 

this_ m.lllwm.1lical piclure, C:3 Similarly, but in rc,·erse, thc 

tlc.::~gn F:! is preceded by an ordcrly complcx of dia:;rams 

F3.- Thc tlct iv.ltion of these di.1grams F3 from C3, though 

still intuitiw, may be dcarly undcrstood. The form is actu

ally s.h.t¡wLl now by a proccss at thc thil(.lle,·cl, rcmote from 

C2 or F:?. It is out in thc opcn, and thcreforc undcr control. 

This t hin! picture, C3, is built out of mathematical CJ!tities 

c:-~llctl .. :-l'ls. '' .\ set, ju:,t as its namc suggests, is any collection 

of thiugs \\ h.ltcvcr, without rcgard lo common propcrtics, and 

h.1s no ink111.1l struclure until it is givcn one.' A collcction of 

riddlcs in a book fonns a. set, a lcmon and an orange and an 

applc f,•Im a sct of th rce fr'uits, a cullcction of rclationships likc 

Í.Ithtrhotld, molhcrhood,,brothcrhoo(l, sistcrhood, fo1ms a set 

(in this c.t<c a sct of four clcmcnts). Thc clcments of a set can 

be as ,¡h.-t r.1ct or as concrete as you like. It must only be 

pos:::iblc lo iLlcntify them uniqu<:ly, and to distinguish them 
f ro m 011c .llluthcr. 8 

Thc pri111 ipal ideas of set thcory are thesc: 

l. .\n dcmcnt x of a set S, is said to bclong to that set. 
This is writtcn x E S. A set is uniquely defincd by 
iLkntifying its clcmcnts. 

') Onc :-:<:t S 1 is said to be a '>11 bset of ~nother set S2, if 
:w<l unly if cvery elcment of S1 !Jel"ngs to S2. This 
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io; \\ rÍtlCll S¡ e: s~. J f .)2 aJso tllll[:IÍih ( !._:~H.I'[3 .'. hich 
are not clunents of s~, !>O lhatS~ is "br.-~·-r"' th.tn S¡, 
thcn S 1 is calle(\ a pwper :,nh..,ct ,,f S 2, :t;-¡.J ".',(; \\rite 

s.cs2 . 
~- Thc union of two scts s. and s2 is the ~ct 1JÍ those 

clemcnls \•,hich bclong to cither S 1 or S2 (ür Loth, in 
the case where .S'¡ ant! S2 ha ve c!t:mell[S in Cfllllll1011). 

\Ve write itas S 1 V S2. 
·1. The intcrscction of t\\ o sds .S'¡ ancl S: is the ~(:t (Jf those 

clcmcnts which be long to both S 1 aiHI S2. \\"e \\tite it 
S 1 n S2• lf S 1 ancl S 2 ha ve no clemc:nts in crm11non, 
this intcr:::ection is cmpty, and we call the <ot:ls disjoint. 

Lct us be spccilic about the use of set the:ory to pictutc 

tlco.,ign problcms. \\'e alrcady know, from Chapter 2, \1 !Jat the 

dc::.igncr's conccption of a problem looks like. Thc p10hlem 

prcscnts itsclf as a task of ávoiding a numhcr tJÍ -pc.cific po

tcntial mislits bctwecn lhe fotm ant! somc ghc:n co!1l1.:o-t. Let 

us supposc that therc are m !:.uch misfit ,·ariahles: X¡ • • • x.~. 

Thcse misfit variables form a sct. \Ve call the 5í.:l of thcse 

m mislits M, so that \\"C may writc :• E Jf (fur all i, i = 

1 · · · m). 9 

The grc.Lt power and beauty of the set, asan ana1ytical tool 

for design problcms, is that its clemcnts can be as ,·arious as 

thcy nced be, and do not have to be rcstricted.only to rcquire

mcnts which can be cxprcsscd in quafttifiahle Íorm. Thus in 

the dcsign of a house, the set JI may contain the nced for 

individual solitude, the nccd for rapid construction, the nced 

for farnily comfort, the nccd for casy maintcnance, as wcll as 

such easily quantifiablc rcquircmcnts as the necd for low 

capital cost aml cflicicncy of operation. Indccd, Jf may con

tain any rcquircmcnt at all. 

79 



Th~·==~ tn¡uit!'lllL'IIIS .11c thc indi\i,Jtt.ll conditinns ''hich 

mu:'l h~· nll't .1t th~ fo1111 C\11\ll'\t hound.try, in onh:r to prcn·nt 

llti,tit. Tlw t~l.'J,\ ~IItH turc pf thi-; ft'l"lll-CPII!l'\.t bnund.uy, in 

~,, f.1r .1::; thc dc:;igna i-; :t\\,HL' of it, is :1\so not h.ntl lo dc~uibc. 

!fe l;:nLl\\S th.1t somc of !he misli!s interfcrc \\ilh one anolhl·r, 

.l" he tlics to sniH· tlwm, or conl1ict; that othcrs haYc common 

pltysic.l\ implic.1tions, or concur; and that still othcrs <lo nut 

intcr.1ct .ll .di. It is thc pre::encc antl .1b::rncc of thc~e intcr

.ld ions \\ hich gi\·c the set J[ thc sy:.;tcm ch.u actcr airead y 

rcfcrred to in Ch,tpters 3, l, <UHI 3. 10 "'e rcprcsent thc intcr

adions by associating "ith .l/ a :sccond sct L, of non-dircctcd, 

signcd, onc-dimcnsional f~lcmcnts callcd links, whcrc cach link 

joins two ckmcnts uf .lf, .1nd contains no othcr clemcnts of Jlf. 
. \s wc :,hall scc in Ch.tptcr 8, thc links bcar a ncgativc sign 

if thcy imlicatc con!lict, and a positive sign if thcy indirate 

cnncurru1cc, antl may also be wcightcd to indicate strcngth 
d inkr.1clion. 

The two scts :lf and f. togcthcr define a structure known 

as a Ji nc.1 r g1aph or topoln~ical 1-complex, which wc sha 11 rcfc~ 
lo :-:s ét(.lf,f.), or simply G for short. 11 A typical graph is shown 

bdow. Such a graph ~c1 Yes as a picture of a rlesigncr's view of 

So 

~o1nc s¡wdfic problcm. Tt i-; a fairly good p!• t. i~c, i'l tia: r •• •e 
that it-; C011'>liltll'l11S, thc ~ds Jf and r .. ;:re: :\\:td-ti;lc; (1¡ L:!:1 
intro-,pecti\Tly \\illwut too much trou]¡]•:: :el-o Lc< au-<: ít 

kccpo; our atlcnlion, JHatly ami ab-;tr.tLlly. t;'1 t::r. fa< t th.tl tl;e 

set of misfits has a ~truLlurc, or, as we cal\d it in Ch:t¡,kr 2, 

a ficld.12 

\Ve must now r:-.plorc the structurc of th!= l~dd. Thr: n:o;;t 

important ami must ol)\"ious structural cl',:;;.ct,:r:-tic rA any 

compln cntity is it::; articulation- that Í"-. thr.: rcb.ti\·c dcn~ity 

or grouping a111l duslL'I ing of its compon'-nt r: 1 t:i~'cnt-;. \Y e wi~l 

be able to mal.:c this precise by means oí thr; conccpt r¡f a 

dccomposi tion . 

Tnformally, a tlecomposition of a set Jf into its 'iulddiary 

or s\1hsystem -,ets is a hierarchical nesting r_;i ::ds ·,, ithin sets, 

as is shown in the lirst of thc two tli:;grams th:lt frJll(Jw. :\ mor•• 

.. ~-~"'-i':r": ___ , <..;;: ........... ........:: 

.......:-....;: ... ,~ 
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u::;u.tl di.tgr.un, \\"hich brings out thc trcclikc char.tclcr of the 

(kúmtp,,~ilillll, i:; sho\\ n bclow. Tt rcfcr:; to prcci~dy thc s:une 

~~ tt:ct ur~ ,1s thc ot hcr. Ea eh elcnwn t of the lkcompo~it ion is 

,\ ~,¡h~l't of tlwsc :::cts ,1boye it in the hicrarchy. 

F orm.11ly I define a dccomposition of a sct of misfits M as 

a trcc (or partly ordercd sct) of sets in which a relation of 

immcdi,ltc subordination is defined as follows, and in which 
thc follo"·ing further conditions holJ:l3 

.\ 5Ct S¡ is immcdiately subordina teto another set s2 if and 

only if S! propcrly includes S1 (S1 e S2), and the tree contains 

no furthcr set S3 su eh that S1 e S3 e S2• Furthcr, the tree 
mu5t s.tti5fy the follo\\ ing four conditions: 

l. If S, and SJ are two immcdiatc subordinates of a set 
S, thcn S; r\ S,= O. 

2. EYcry set \\ hich has immediate suborrlinate scts is the 
union of all these scts. 

3. Thcre is just one sct which is the immcdiate sub
ordinatc of no othcr set. This is the sct U. 

4. Thcre are just m scts which havc no immcdiate sub

ordinales. Thcsc are thc onc-clcment scts, each of 
\\ hich contains onc clcmcnt of }.{, 

J\<; it ~tands; such a tlccomp•J:,Ílion rica]<; rmly \', ith the 

sct M. l., thc sct uf links, plays no patt in it. But it is r:a'>y to 

~ce that the cxbtcncc of thc~c linb m,tkcs "';JJH~ rJ[ thc pr¡ssible 

dccompo~itions \·ery much more ~cnsiblc th.tn othcrs. :\ny 

graph of thc type G(.lf,f,) tcnds to pull thc cluncnts of .l! 
togethcr in natural clustcrs. Our task in thc next cllaptc:rs is 

to make this precise, and to dccicle which rkcompv-ition of 

M makcs thc most scnse, once wc ha\·e a gin:n ~d /, ,¡o:;ociatcd 

with it. f:ach subsct of the set Jf which appcarc; in thc trce 

will then define a subproblem of the problcm Jf. Fach ~ub

problem will have its own integrity, and be indc pc:nclcnt of 

the othcr subproblcms, so that it can be soh·Cil inclcpcndently .. 

Tt is very possiblc, ano cven likcly, that thc w.ty the designer 

initially sccs the problcm alrcacly hinges on a CúJKcplual 
1 

hiet.trchy not too much unlikc a decompo~ition in gu1cral 

outline.u In tr);ing to show that thc links of J: faY0r a par

ticular dccomposition, 1 sh,tll rcally be trying to ~how tlmt 

for cvcry problcm there is one dccomposition which is espe

ci.tlly propcr to it, and that this is usu.11ly ditTcrcnt from the 

one in thc dcsigncr's head. For this rcason we ~hall rcfer to 

this ~pccial dccompo~ition as thc program for thc problcm 

rcprc:ocntcd by G(M,L). We call it a program bccause it pro

vides dircctions or instructions to thc dcsigncr, as to which 

!:>Ubscts of M are its signiftcant "picces," and so which major 

aspccts of the problcm he should apply himsclf to. This 

program is a rcorganization of the way the dcsigncr thinks 

about the problcm.15 
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ri•1.!i.1g the right (Je~ign program for :1 gÍYCI1 probkm is thC 
ti1::.t phasc of the de-;ign proccss. It i~, if \\C hke, the .m.llytical 
pha~c of the process. This first phase of thc prolcss must of 
coursc be follo\\ül by the S) nthctic ph.t-;c, in \\ hich a form is 
dc:Ii\·cd from thc proóram. \Ve sha\1 cal! this ~ynthctic phase 
t!:c mdi:atio11 of tire program.1 :\lthough thesc notes are given 
p1 inci¡Hlly to the ánalytical phase of the prscc'3s, and to the 
inn:ntion of programs which can makc the s) nthesis of form 
.t f('.1:::onablc task, we mu~t now ::.pencl a little time thinking 
;1bout thc w.ty this s; nthesis or rcalization will work. Until 
wc do so, we cannot know how to dcvclop thc dctails of the 
prugram. 

The 5t.uting point of an.1ly!>is is thc rec¡uircmcnt. Thc cnd 
pr•>rluct of analysis is a program, which is a trcc of scts of 
rcc1uin:•nents. Thc :.tarting point of synthesis is the diagram. 
The end product of synthesis is thc rcali.t.ation of thc problcm, 
\\ hich is a trce of diagrams. Thc program is matlc by de:o
c• •'11pn~ing a set of rcquiremcnts into succcssivcly smallcr 
sulJ~c-ts. The rcalit..tlion is m.ulc by making small cliagrams 
an<l putting thcm tngethcr as the program dirccts, to get 
mr¡rc anrl mure complcx diagrams. To achicve this we must 
IL.trn to match cach set of rcquin·mcnts in thc program with 
a c•Jrre~poncling diagram. 

/ 

Thc Íll\ cntion of diagrams is familiar to l \U)' rlc-i;~ncr . 
. \ny p.ttter n whi< h, by lwing ab<:tractcd from a real ~itu,I(ÍfJ11, 

coHVl)::. thc phy!-Ílal inflncncc of ccrtain dcmand'> c1r fnrccs 
is a diagram. 

Thc famous o;troboscopic photograph of thc spla~h of a milk 
clrop is, for ccrtain purposcs, a cliagram of thc way thc fcJrccs 
go at thc 11101ncnt of impact. Tf you want tn ~tudy thcse 
!orces, this photo~raph, by ah:.tracting thcir i,nn;e/Í•Ifc phy<;i
cal con<;cr¡ucncc::. from thc confusion of \\ hat yr,u t.-ually sce 
whcn a milk drop fall-;, tells you a grcat rlc:.tl alJout tlll'mY 

Le Corbu~icr's -.·illc rtJdicusc is a cliagrarn, \', hich e; ,prc,oes 
the physical conscqucnces of two very si1nple basic rcr¡uire
mcnts: that pcoplc should be housed at high u\·cr;•IJ clcn!>ity, 
and ,that thcy should yet all ha\'e cqual an<l ma ·dmum .tcccss 
to :.tinligh.t and air.3 

Thc ~phcrc is a diagram. ft expresscs, among (Jther things, 
thc phy::.ical implications of the nced to cnclo~r: as large a 
Yolume as possihle within as small a surfacc as poc~ible. It also 
üprc:-;seo; the implication of the requircmcnt that a numhcr of 
things be cc¡uidi~tant from a single .point.4 

The tcxturc of bathcrs on a crowded bathing bcach is a 
diagram. The ennncss of the tcxture tells you that thcrc are 
forccs lending to place family groups as far as possiblc (and 
hcnce at cc¡ual distances) from one anothcr, in~tead of aiiO\\Íng 
'hem to place themselves randomly. . 

An arrow is a diagram, of course, which conn:ys r.lircction. 
).Jany flow prublcms contain requiremcnts which can be ::.um
marizcd by means of arrows. 5 Very occasionally thc form 
caiJcd for turns out to be physically arrow-shape<l ibclf; like 

-the case whcre thc acrodynamic nceds of a fa::.t acropl.111e are 
cmhodicd in a swcpt-wing dcsign. 

ss 
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K~knlé 's rl'prc:::~nla t ¡,,n t'f thc hcni'~ne mokcuk (as atoms, 

"it h lin~.l r bontls bd \\"Ct'll t he m) is ag.1 in a diagr.1 m. Gin·n 

th~ Y.lkncy fnrc~s rcpll'oL'ilkd by the bon,J..:, thc <liagram 

c:-..pr~s::;~s the physk.tl .u r.mgemcnt of the .ttums, rcl.ttive to 

Une :nwthcr "hich is thou··ht to rcsnlt from the inkraction , ... ;, ...... 

of thc::;e Y.1kncies. 6 

\~an Do~sburg's "de St ijl" llr.l wings, thongh m a de for olhcr 

r~as-~ns, could be inll.'rprctetl as cliagrams which prcscnt the 

r~ct.ilincar conscqucnccs of the need for machine tools and 

1 .1pid prcf.tbricated a~scmbly.7 

The enginccr's prcliminary :,ketch for a bridge ~tructure is a 

cliagram .. \ftcr making th~ initial calculations, the engineer 

d1a\YS some pcncillincs to show himsclf roughly how the 

bridgc's majur mcmbcrs might go under the influcnce of gtav

ity, the giYcn requircd ~pan, the maximum tcnsile strength of 

av.tibble stcel, and so on.8 

\Y e notice that thcsc diagrams nMy ha ve cithcr or both 
of two di::>tinct qualitics, not always equally emphasit.cd. On 

the one hand thcy may summaril.c aspects of a physical struc

ture, by presenting onc of the constitucnt pattctns of its 
org.mization (as the photograph of the milk splash does, or 

the dra\\ ings for the t'illc radicusc). Allhough we can often 
infer a great deal about thc clemands rcsponsible for the 

particular pattern such a fliagram cxhibits, it remains prin

clpally a dcscription of formal characteristics. We shall call 

such a diagram a. form diagram. On the othcr hand, the 

di:wram ma" be intendcd to summarize a set of functional 
b J 

propc:rties or cunst1aints, like the arrow, or the population 

density map. This kind of diagram is principally a notation 

for the problem, rather than for thc form. \\'e shall call such 

a diagram a requirement diagram. 
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Let us coll';i1kr <:xtrl'mc C\amples of a ru¡11iremcnt diagr:un 

an<l a f01 m di:1gr:un for a ~implc objcct. The m,tthunatical 

statcmcnt F = b 2 c\plc·,ses thc facllhat under Ltrtain (Ondi

tions thc cncrgy lo~t by a moving objLct bccau~e of friction 

dcpcnds on the square of its velocity. In the (k~¡gn flf a 

racing car, it is ohviously important to 1 t:'lucc this t ffcct 

as far as possiblc; a111l in this sensc thc ma\Jh .. rnatical ~tatciJ~cnt 

is a rcquircmcnt diagram. At the other e:.. t re: me, a '·',,ter

color pcrspcctivc vicw of a racing car is aho a (L:;~r.~m. It 
summarizes cerlain physical aspccts of the car's or;;anit.:llion, 

ami is thercfore a lcgitinMte fonn diagram. Yet clculy ncithcr 

thc cc¡uation nor the water color is very uscful as such, in the 

scarch for form. To be usdul, the equation nccds lo be in-· 

terprcted, so that one can understanci its physical conse

quences. Similarly the drawing needs to be dra\\ n in such a 

way that the functional consequences of the car's shapc are 
clcarly comprehcn~iblc. Lct us put this anothcr way .. \ 1 cr¡ui re
mcnt diagram becomcs uscful only if it cont.dns phy~ical 

implications, that is, if it has the clements of a furm diagram 

in it. A form diagram bccomes useful only if its functional 

consequences are foreseeable, that is, if it has the c:luncnts of 

a rcquircment diagram in it. A diagram which c:..prcsses re

quircments alone or form alone is no hclp in eficcting the 

translation of requirements into form, and win not play any 

constructivc pat t in the search for form. \re sh.:lll call a 

diagram constructive if and only if it is both at once-- if and 

only if it is a requircmcnt diagram and a form diagram at 

thc samc titnc. Lct us considcr an cxatnple. ..· 

Suppose that two strcets of an existing town ccnter are to 

be widcncd at and around their point of inh'r:Scction, to 

lcssen congestion. Supposc furthcr that the only n::.-¡uircment 
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1~ th.tt ll)d,ty's (Ltl1'tc c.tn llow ''ithout cnngc:;;tion. Thc re

quirl'll1l'tlt ,[i.tgi.llll, thcrcforc, con:;i::,t:, haskally of inf<JI mation 

.dJnut lh'\\ murh t I.ttiic !lo\\ S in v:trious diil'clions at ditTl.'rcnt 

times <)i ,L\y. lt is po:--sible to pic:Ocnt this info1mation in a 
noncons!IuctiYc di.tgi.\111 by simply Ltbulating thc llow nu-. 

mcricdly for cach oi thc twclvc possible paths, for ditTcrent 

times of d.ty. It is also possible, howcvcr, to prcscnt this 

:Oamc iaform.ttion in thc contlcnscd graphic foun shown hclow. 

ITere wc havc a street map with anows of various widths 

on it, rcpr~'scnting the numbcr of vchiclcs per hour flowing in 

Y.trious dircctions at peak hours. In this f01m the tliagram 

indicatcs llir.:ctly what form thc nC\\' intcrscction must take. 

Clc.Hly a thick arrow rec¡uircs a wi<lc ~trcet, so that thc overall 

pattern calkJ for emerges directly from the diagram. 9 It is 

both a rcquircment di.1gram ancla form cliag1 am. This diagram 

is a con!:'! rucl i ve one. 

Thc const ructi H: diagram is thc bric.lgc betwcen rcquire

mcnts ai1ll furm. But its gn:at bcauty is that it goes cJceper 

<:till. Thc ::.-.!llle du.tlity bctwccn n:quircmcnt and form which 

ll1..: con~tructh e diagram is ablc to c.\prcss and unify also 
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appears ata s..:rond le\·t:l: the rluality Í!i it~df clnr:.r tr:ri·,tic nf 
our knowkdge of form. 

Evc1y foim can be rk<suihcd in twn \\ay<s: f~r;:n tht: point 

of view of wh.tt it is, antl from the point of 'Í<: .·: r¡i '-'· hat it 

llocs. \Vhat it is is "onlLtimes called thc form.d .]e-cription. 

\Vh;~t it <loes, whcn it is put in contact with utbcr tl.ings, is 

sometimcs calle<! thc functional dcscription. 

IIcrc are somc formal <k,ciiptions. A raincoat is tlucc fect 

long, mar le of polythcne } mm thick, its slu. n.:s r:ut in sudt 

and such a \\ay, anrl so on. A "alt crystal is a cul;;c.tl arrange

mcnt of altcrn.Lting sodium anll chloride ions .. \ huP1an l;ody 

contains a hcart, of such and such a sizc, in thi:: ¡ir;::ilion in 

thc che<st, a pair of kidneys rathcr lowcr ami ftat11er back; 

ancl so on again. Thcse clcscriptions spcdfy :oizc, po"ition, 
pattcrn, material. 

Thc corresponding functional dcscriptions tcll you what 

happcns whcn thc::c objccts are put in various Cviitt . .\ts in the 

wodcJ. Thc raincoat is Ílnpcn·ious to rain, ami n:clts whcn 

hcatcd. The salt crystal is transparcnt, contlucts clcctricity 

slightly, rlissolves in water but not in oil, ~hattus \\ hcn hit 

harcl \\Íth a hammcr, and so on. Thc hcart bcats fa~tcr at 

high altitudes, thc ki.tncys work when thc bo,Jy is fcd. 

In many of these cases we should fincJ it h.1rd to rctttc the 

two rlcscriptions to onc another, bccause \YC. do not undcr

stand thc objccts thoroughly cnough, and do not know, say, 

how the arrangcment of atoms in a crystal relates to the 

sol u bility of the crystal in ditTcrcnt sol u tes. Ha". e ver, for 

somc very simple objccts, there is virtually no riít betwcen 

formal ami functional descriptions. Take a soap bubble for 

instancc, or a soap film on a wire frame. The bch.1vior of 

soap films is so thoroughly under::tood that wc know the 
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\\C '-.:~,,\, \\ h.1t sh.qKs .m.t sizcs of bubhks ditTri•:nt c-..:tc¡n;-¡1 
ron.liti•'llS lc.td to. 10 In this case, thc fn1mal dc~r1iptions :1nd 
1 hL· iuih"l i\111.1! dc:,c¡ iptions are ju~t dit"icrcnt wa) s of S:l) ing 
thc ~.une things; \\e c.m :-ay, if \\C like, th.1t \\C havc a uniticd 
dcsnipti\11\ of a soap bubblc. This unific1l dcscription is the 
.1hst r.lt t cquiv.1knt of a constructivc diagram. 

It is thc aim of sricnce to give such a unifica clcscription 
for: CYcry ohjcct and phcnomcnon \\e know. The task of 
chcmist1y (,md it has bccn rcmarb.bly successfül in this) is 
to rcl,Itc function.d and formal clcscriptions of chemical com
pounds to onc anothcr, so that we can go b:tckwards and 
fon-. :1 rds bd wccn the t wo, without loss in understanding. The 
t;-¡sk of physiology has bcen to relate the functional behavior 
of thc bocly to the organs we ouserve in anatomy. Again, it 
has becn rc,\Silllably successful. · 

Thc sl11ution of a design problem is rcally only another 
c!Tort to fintl a unificd <lescription. Thc search for realization 
through constiucti,·e diagrams is an ctTort to understand the 
rcquirc•l fo1m so fully that there is no lon;;cr a rift betwcen its 
ÍUI:ctional spccification and the shape it takc&}l 

In othcr \l·nr<ls, a co~structivc diagram, if it is a good one, 
ac.tu.dly C(•Pl 1 ibutcs to our unclcrstanuing of the functional 
-,pccific.ttivn \\'hich calls it into bcing. 

\\"e ha ,.e alrea<ly secn, in Chapter 2, that the dcsigncr never 
r<:ally under:::tands thc contcxt fully. He may know, piece
mcal, wh.tt the conte:-.t dcmands of the form. But he does 
not se.:- thc context as a single pattern -a unitary ficld of 
for~cs. If he is a good designer thc form he invents will pene-
1 ratc thc prolJlem so dceply that it not only sol ves it but 
illuminatcs it. 

.\ 1,ciJ-dc~igncl!llfJII~C not only lit;, its cr,,,(c\t ·,·.cll lJut also 

illumin,Itcs the problcm of just "hat thc con te ,t io:;, ancl 
thcrcby clarifies thc lifc which it accommo<latco:;. Thus Le 
Corbu,icr'~ invcntÍtJ11 of ncw hou~e fonn~ in the I'{W's rc.t!ly 
n:prc'icntccl part uf 1 he modcrn .tttcmpt lo un1!c.r-,t.~nd thc 

twcnticth century's ncw way of life.12 

Thc airfoil wing seclion which alluws airpl.u'c." to fly was 
invente<! at a time when it had just bccn "p1 '-''."l:l!" that no 
machinc hca\ icr than air could fly. Its aeroclynan·,ic pr,•p<:l tics 
wcrc not understoorl until some time aftcr it hacl hc.cn in use. 
rndeccl the invcntion ami use of thc airfoil m;tcle a ~ubstantial 
conlrihution to the clcvdopment of acrodynamic thcory, 1 athcr 

than vice vcrsa.13 

:\t thc time of its invcnlion the geodesic <lome could not he 
calculated on the basis of the structural calcuhtions then in 
use. Its invention not only solvcd a specific prolJkm, but 
clrew attcntion to a ditTercnt way of thinl..ing ah()ut load

hcaring structures.14 

In all these cases, the invention is bascd on a hunch "hich 
actually makcs it casicr to unrlcrstand thc problem. Like 
such a hunch, a constructi"vc diagram will oftcn precc1Je the 
precise knowlcdge which could prescribe its sh,tpc on rational 

grounds. 
It is thcreforc quite rcasonable to think of the rcalization 

as a way of prohing the context's nature, bcyond thc program 
hut parallcl to it. This is borne out, pcrhaps, by the reccnt 
tendency among designers to think of thcir dcsigns as hy
pothcsesP Each constructive diagram is a tcntatiYe assump
tion about thc naturc of the context. Likc a hypothcsis, it 
rel,ltes an unclcar set of forces to onc anothcr concept u:1lly; 
like a hypothcsis, it is usually improwd by cl.trity :1nd 
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\\~ J..n,,\\· wh.tt sh.tpcs .111rl ~L~es of bubbles ditTcn:nt externa! 

n,n.Ji ti, •ns k:ul to. 10 1 n t bis ca:;c, t he fiJimal lll':;criptions and 

tlw functi,liLtl dcscriptiuns are just diiTercnt ways of saying 

thc ~.une things; wc 1.111 ~.1y, if wc liJ..e, that wc ha ve a unitied 

dc~cripti•lll of a soap hubble. This unilic,! dcscription is the 

.thstr.tct l'quh·.llcnt of a constructive diagram. 

Tt is thc .1im of scicncc to give such a unilied description 

for evcry objcct and phcnomenon \\e know. Thc t.1sk of 

chcmi-..tty (and it has bccn remarkably successfül in this) is 

to rcl.\tc functional .me! fmmal <lc:,criptions of chcmical com

poui~tls to onc anothcr, so that wc can go backwards and 

forv .. :rds betwecn thc two, without loss in undcrstanding. The 

task nf ph) siology has bccn to 'relate thc functional bcha.vior 

of th.: bocly to thc organs we observe in anatomy. Again, it 
has bccn rcasonably succcssf!Jl. · 

Thc solution of a dcsign problcm is rcally only another 

ciTort to lind a unificd <lcscription. Thc scarch for rcalization 

through constructh-c diagrams is an cfTort to undcrstand the 

rcr¡uire.-1 iorm so fully that therc is no longer a rift bctwecn its 

funttion:tl ~pecification and the shapc it take&.u 

In othcr \ror<ls, a constructivc dia<~ram if it is a rrood one 
b ' b , 

a<.tually cc,ntributes to our -ti!Hler~tandinrr of the functional 
b 

~pccific.llion which calls it into being. 

\\'e h.1w alrcady scen, in Chaptcr 2, that the dcsigner never 

rtally unclerst.tn<ls thc context fully. He may know, piece

mcal, \\h.tt the context dcmands of the form. llut he does 

nut Sl'C thc contcxt' as a :,ingle pattcrn- a unitary ficld of 

f0rces. 1f he is a good designcr tl;e form he invents "i!l pene

trate the problern so dteply that it not only solvcs it but 
illuminatcs it~ 
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.\ \\t:ll-dc:::ignecl housc nol only lits its ((¡JI({:\l ,_.,.;_1¡ IJUt abo 

il\uminatcs thc problcm ~f just \\ hat thc e<>ntt:.t i,, and 

thercby clarifics thc lifc which it accommo<latc;;. '1 hu-; Le 

Corbusicr'~ invcntion of ncw hou:,c forms in thc 1 !J20's rcally 

rcprescntccl part of the modern attcmpt to under:,t,tnd the 

twenticth ccntury's ncw way of life.12 

Thc airfoil wing scction \\ hich allows airpl..ii~S?J.-9- fly was 
' inventell at a time when it hacl just bcen "pro\·e<f" that no 

m:1chinc heavicr than air could lly. Its acroc\ynan·,ic prr,pc:rtics 

wcrc not undcrstood until some time aftcr it had Leen in use. 

fndecd thc invcntion and use of thc airfoilm;tclc a 'uL,tantial 

contribution to the dcvclopmcnt of aerodynamk tl'crJry, r ,tthcr 

than vice vcrsa.!3 
At thc time of its invcntion lhc geodcsic dome cculcl not be 

calculatcd oq the basis of the structural c.1kulatior;s thcn in 

use. [ts invention not only solvcd a spccific prolJlcm, but 

drcw attcntion to a difTcrcnt way of thinJ..ing about load-

bcaring structures.14 
, 

In all these cases, the invcntion is based on a h11nch which 

actually makcs it easier to understand the problcrn. Like 

such a hunch, a constractive diagram will oftL-n precede the 

precise knowledge which could prescribe its sh.tpe on rational 

grounds. 
It is thcrcfore quite reasonable to think of the reali;.ation 

as a way of probing t!Yt context's nature, beyond the program 

but parallcl to it. This is borne out, perhaps, by the rccent 

tcndcncy arnong dcsigners to think of their oesigns as hy

pothcsesY• Each constructive diagram is a tentath·c a:;sump

tion ahout the nature of thc contcxt. Like a hypothesis, it 

~~¡;1tcs an ur~~lc;~r 'se.t of. fo~ces to on~ anothcr c~no:ptuaÍly; 
likc a hypothcsis, it is usually improved by cl.trity and 
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ccolhllllY ,1[ no!.t!inn. 16 T.ike a hypothcsis, it ctnnnt be ob

t.tincd by ,kdul!h·c mdhods, but only by :dJ~!r.trtion and 

inn:-nti,1n. T.ikc .1 h) pnthcsis, it is rcjcctnl '' hcn"a disncpancy 

lutns up .tnd shows th.tt it fails to account for so1nc new force 
in thc con te..· :-..t. 

Thc cnn~t lt!diw diagram can describe the contcxt, and 

it .r.m dc~(libc thc form. It oiTers us a \\,ty of probing the 

COI~tc:-..t, .md a\\".\)" of scarching for furm. 13ccause it manages 

to do bolh simult.mcously, it oiTcrs us a bridge betwcen 

rcquircnwnts and form, and thcrcfore is a most important 
too! in thc proccss of design. 

Tn all tlesign t.1sks the dcsigner has to translate scts of 

rcquircmcnts into diagrams which capture their physical im

plications. In a literal sense these diagrams are no more 

than :ol.1gcs on the way to the specilic:1tion of a form, like 

the dtcul.ttiun diagr:1m of a building, or the expccted popula

tion dcnsity map for some region under developmcnt. TI1ey 

~pccify only gross p.lttern aspects of the f01m. llut 'the path 

from t hc='c di:1grams to the final design is a matter of local 

detail. The form's basic. organization is born prcciscly in the 

cunstructiYe diagrams which precede its de<;ign. 

\\"hat we must now see is that the constructive diagram 

is not only u~dul in probing the more obviouc;, known aspects 

of a probkm like circulation, but that it can also be used to 
crcatc thc llL'\\ly discovcred implications of a ncw problem. 

\\"e haw sccn that thc c:rfc11sion of any problem 'may be cap

tured by a sct of rcc¡uircmcnts; and that by the same token 

an~~~cw sct of rcc¡uin:mcnts may be regardc1l as the clcfinition 

of a·. 11(·\\· probkm. Gc,ing one stcp furthcr, the illfcllsion (or 

ph) ~ical nlt'aning) of a known problcm may be capturcd by a 
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di.l:il.llll: ami by the :::ame tol.en !he intcn,:r_.,; r,f ~ny ncw, 

hithuto un(onncclcd, sd of rcr¡uiicmcnls In,ty Le capturcrl 

by a m·w diagram. 17 

The problem is delined by a sct of rcquirur ... nts callerl M. 
Thc solutiun to this problem will be a form v. !~!c.h "utcess

fully salblics all of these rcquircments. Tbi.; fom1 could be 

dcvclopcd, in all its important dctails, as a sir:~lc CIJI1:::tructive 

diagram fur thc <,et Jf, if it were nut for thc t:rJn:p~, .. ity of .1/'s 

interna! intuactions (rcpresentcd by L), \lhich r·~:kc::. it im

possible to fine! such a diagram directly. Ca•1 l'.c find it 

indirectly? ,\re there some ~implcr diagrams ·.•.:¡ich the cle

signer can construct, and which will con triln .• te ~u ld,llllially 

to his ability to find a diagram for .lf? Thtrc are; ancl the 

program tells us how to find them. 

The program is a hierarchy of the must :;i6nitic<Jnt :::ubscts 

oi M. Each subset is a subproblem with its o-.·. n iutcgrity. 

In the program lhe smallcst sets fall togethcr i11 brger ~ets; 
and thcse in turn again in largcr sets. Each ~ub::{:t can be 

translatcd into a constructive diagram .. \nd c.:ch uf these 

subscts of Jf, becanse it contains fewer requiícn-.<.nt:; than .1/ 

it?elf, and lcss interaction between them, is simp\r to diagram 

than Jf. It is therefore natural to begin by con~tni<..ting dia

grams for the smallest sets prcscribed by thc program. lf 
we build up compound diagrams from thcse ~jmpl<:::;t diagrams 

acconling to the program's structure, and build up further 

compound diagrams from these in turn, we gct a trce of 

diagrams. This tree of diagrams contains ju~t onc cliagram 

for each set of requiremcnts in the program·s trce. \\'e call 

it the rcalization of the program. 

It is casy to bring out the contrast bctwecn thc analytical 

nature of the program and the synthetic nalurc of its realiza-
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Progr.1m, comi,ting of scts Rc:tlilation, con~i~ting of Jiagrams 

tion .. \s we sce on lhc lcft, thc trce of scts is obt.lined by 

5ucccssh·e diYision and ¡)artition. The trce of diaarams on 
b l 

the right, is m.Hle by successh·c composition and fusion. At 

its apex is the last diagram, which c:1pturcs the full implica

tions of thc whole problcm, and is thcrcfore the complete 

diagr.1m for the form rcquircd. Examplcs of thcsc two trces 
are gin:-n in .-\ppcndix l. 
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8 1 -
DEFINITIONS 

\Yc ha.vc sccn roughly now how we shall try to n:pn:-,cnt a 

dcsign problcm by mcans of a graph, G(M,L); lhat \\C shall 

thcn , lccomposc thc :-:ct JI to gh·c us a program; an< l how this 

pLOgt.lnl will be u-scci as a basis for the con:otruction of dia

gtams from which wc can de\"clop a form. \Ve now come to 

the precise dctails of the analysis that de:fincs thc pro~ram, 

Wc bcgin, in this chaptcr, by cstablishing thc cxact character 

of the scts 1ll and L '' hich tog-cthcr providc us with the 

graph G(M,L). 
The problem prcscnts itsclf, originally, when thc_ ensemble 

is givcn, and whcn thc proposed boundary bcl\\ccn context 

and form, within th.1t ensemble, js choscn. :\t this stage the 

problem is only detincd within rather broaJ limits. Typical 

cxamples are thcse. \Ve are to Jcsign a highway ~y--tcm for 

Ncw York City; a kcttlc for use in the tcchnical and cultural 

environmcnt providcd by mctropolitan U.S .. \. of l!JG.j; a new 

town, for :30,000 pcople, forty miles from Lonrlon. The con

text, in thcse cases, is Jixed, and will remain ~o1~stant for the 

duration of thc problcm; it may thcrcfore be tlcscribcd in as 

much dctail as possible. On the other hand, the nature of the 

rcr!uircJ form is unccrtain. It may be gi\"cn a name, pcrJ1aps, 

like "kcttle" or "town," to make the problcm spccific; but 

onc of the dcsigncr·s f1rst tasks will be to strip thc problcm of . 

thc preconccptions which such names introduce. 
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:\,,w, .1s \ll' bww .thl'.Hly, the sct .1[ consi:;ts of al\ tho,:c 
' ' -i' ' 1 ' l-; ' 1 ' f • . 1 . 1 . 1 l '"'· ·~ ,,,¡,," ,, :m:- lit '' liL' 1 rmg rt occur hd\lccn the [01 111 

,l"•l t hc C< 1!1lnt; in the Cl~l: nf tlw k.-ttJe-mdn)pulitan Ü.~ .. \. 

cl1~L'l11h~L'. t his -;eL indutks spccific cconumic limit.tlions tcch-. ' 
illL-.tl rcqui1 L'!llCilts of protluction, fundiunal pcrf01 manee 

~t.l.ldan\.;, m.\ltL-ts of ~.1fety a111l appcarancl', and so on.t To 

hL' c:-..tct, c.1ch clcmcnt of Jf is a v.ui.1bk '' hich can be in one 

oi ti'>'O s¡,ttcs. lit .md mistit.~ It is import.mt to rcmcmbcr that 

thc :;t.llc uf thi<> \ .ni.1blc dcpcnds on thc en tire ensemble. 'Ve 

c.tnnot tlccidc '' hcthcr a mislit has occurred eithcr by looking 

,lt thc form alone, or by looking at lhc contcxt alone. ::\Iisfit 

is a condition of the cn:-cmble as a "holc, which comes from 

t he uns.1tisfactory intcr.1ction of the form and con te::-.. t. 
Takc capital cost. Thc variable's two states are "too ex

pen;;i,·e," which rcprcscnts misfit, and "OK," which rcpre

~~nts lit. [fa kcttlc is too e:\pcnsive, this describes a property 

vi thc b.:ttk plus its contcxt- that is, of the ensemble. Out 

•Jf C()lltnt, the kcttle's p1ice cither exceeds or does not exc;ed 

'ariuus fi~u1cs we can name: nothing more. Only its rclation 

lo the rc::::t of the ensc:mble.makcs it "too expcnsive" or "all 

ri;;ht." In othcr wonl<>, it dcpcnds on how much 1ve can afTord. 

:\.~ain, takc the kcttlc's capacity. If \\C look at the kcttle by 

I !::elf, all wc can say is that it holds su eh and su eh a quantity 

of \later. \\re cannot say whether this is enough, until we see 

\',)J.:l the contc.\.t Jc:mands. Again, the fact that the kettle 

rlr,c.:- not hold enough water, or that it does, is a property of 

thc fr,rm plu~ c•mtc:-.t takcn as a whole. This fact that the 
. 1 ' Yan.tl;_~ dc:-,lfibes the ensemble as a whole, and ncver the 

fr,~m. :done, lr.His lo thc full()wing important principie. In 

l'rt.n< 1plc, to decide whcthcr or not a funn mu..:.ts a given re

quJruncnt, wc 111U!:>l cono;truct it, put it in contact with the 

contcxt in quc-,ti0n, ,~;-,cl lt:-,t thc ens<;llllJle so fo¡¡;;ul trJ :-ce 

whclhcr rni,tit occu~ in it or not. You can unly tcll \\ ht:!hcr 

,\ kellle is comf(jrt"~)r; uwugh to hol<l by pickin;; it up. In 

principie, yuu can r;r:iy tleti<le \\-helher a roaJ is 1\Írlc u:rJugh 

to driYc Jown lJy co:t:;tructing it, and trying to driYe a car 

clown it un<ler thc co:irlitions it is suppose<l to mcct. 

Of course we clo nr;t slick to this principie in practice; it 

would be impo'>sibly incoll\·cnient if wc had to. lf \\e know 

the maximum 11 i(:th r;[ c.us to be used on the hi;,;h,\·ay, and 

also know that fr;r r:r; nfortablc tlriving and :Hlcqudtc room 

for braking ata ccrt:.in copced you nced an extra 2'G" on <:ithcr 

side, we can tell in advance whelher or not a giHn roadwc1y 

is going to cause thi~ kincl of misfit or not. We can do so be

cause the measurab!c character of the propcrty "\\;dth" 

allows us to establish a connection bctwccn the width of the 

roadway and the !ihlihood of malfunction in thc cn3..:mble. 

What we do in such a case, to simplify the design ta::k, is to 

cstablish a performance ~tandard- in this case ~¡xcifying 

that all roadways must have a Ú1inimum lane width of ll'O" 

perhaps, bccause large cars are 6' wide. \Ve can then say, 

with a reasonable amount of confidence, lhat e\ cry road 

which mects this standard will not cause this misfit in the 

ensemble. 

\Ve can ~el up such a performance standard for c\·cry mis

ftt variable that C:\hibits LOntinuous variation· along a \Yc\1-

dcfincd scale. Othr:r typical cxamples are acoustic separation 

o{ rooms (noise ruJuction can be e"-presscd in dccibels), 

illumination for comfurtable rcading (c::-..prcssed in lumcns 

per sq. ft.), load-Learing capacity requircd to prewnt dangcr -· 

of slruttural failurc (s.tfcty factor times maximum c:-.pected 

load), reason.tblc maintenance costs (cxpressed in Jollars pcr 
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)"l'.H). Onú~ a ~c.dc lil,c lhis has bccn foun«l for a rcquircment, 
it is thcn .1lnw~t .lhLt):i possiblc lo linda conncctiun hctwccn 

lhis sc.1k .md ::;omc inltin~ic propl'Jty of the form¡ 3 thu-;, 

giYcn a housc dl'sign on the dr;ndng boanl, it is possiblc to 

C.llcul.ttc pwbable m.1intenance costs, the noise re<luction 

bctwccn romns, ano :;o on¡ it is thcn, of course, no longer 

nccc;:sary lo ti m\ out by tria! ami error '' hclher the form fails 
to fit, ils conle:d in thcse rcspects. A performance standard 
dctcrmincd by the contcxt can be dccidc«l for c.1ch of them 
in ach-ance, and used as a critcrion of Íit. For this reason 
thcrc is a growing tcnt\cncy to look for suitable scalcs, and to 

sct up pe1 formance stanc\ards, for as many requireincnts as 
possiblc.' 

HowcYcr, the cxistence of a performance standard, and 
the association of a numerical scale with a misÍit variable, Jocs 
not mean that the misfit is any more kccnly fclt in th<: en

semble when it occurs. There are of course many, many misfits 

for which \\"e do not have such a scalc. So.me typical cxam
plcs are "boredom in an cxhibition," "comfort for a kcttle 

handle," "secmity for a _fastener ora lock," "human warmth 
in a li dng room," "lack of variety in a p;u k." N o one has yct 

inn:ntcd a scale for unhappiness or discomfo,rt or uneasincss, 

and it is thercfure not possihle to set up performance stand

ards for them. Y et these misfits are among the most critica! 
which occur in «lcsign problems. 

The import:mce of these nonquantifiable variables is somc

timcs lost in 1 he eiTort to be "scicntific." A variable which 

cxhibib continuous variation is easier to manipulatc mathe

m.ltic.tlly, and thercfore sccms more suitable for a scicntific 

tn.:atmcnt. But although it is certainly true that the use of 
performance stallllanls makcs it les-; ncces-;ary for a dcsigncr 
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to u;\y on per-;onal c:-.pcricncc, il al=o happens that the kind 
of mathematical oplimit.ation which quanlilialJlc v;:ri.1blcs 

makc po~'>iblc is largcly irrelcvant to lhe <lcsign problcm. 
A Je~ign prohlcm is not an optimizalion prublun."' ln 

olhcr wonls, it is not a problcm of meeting any onc rcquire

mcnt or any function of a numbcr of rec¡uircmcnts in thc best 
possible way (though wc may somctimcs spcak lor;:;c\y as 

though it were, and may actually try to optimizc one or two 

thin"S like cost or construction time). For most ru¡uircmcnts 
b 

it is impo1 tant only to satbfy thcm at a lcvcl \\ hich sufftccs 
to prcvent misfit bctwccn thc {orm and the contr:xt, anrl to 

do this in the lcast arbitrary manner possible. 6 This is a 
strictly binary situation. The task is to bring each binary 
variable to the valuc O (for continuous variables thc value O 
couesponds to thc wholc range of valucs on thc "good" ..,iclc 

of the rcquircd performance stamlard). It is thLrdore only 
important that each variable be speciÍic cnough and clearly 

enough ucÍ!ncd, so that any actual design can be clas~iÍ!cd 
unambiguously a~ a fit or misfit. 

For quantifiablc variables this is easy. An obvious example, 

in the case of the kcttle, is th~ nced for adequate c.1pacity. 

Since the capacity of a kcttlc can be dcscribed qu.:ntitathely, 

we can thcrefore vcry easily set up a standard capacity witi\.h _ 

we require of satisfactory kettlcs, and call Sl~aller capacity a 
misfit for kettlcs. Thcn we say that this Yariable takes the 

value O for kettlcs with a capacity greatcr than or cqual to 

the critical capacity, and the value 1 for kettles with 5maller 

capacity. Thc natural scale of capacity measurcmL"nt pro-.· 

vides an ohjcctivc basis for dividing kettlcs into those '"hich 

Íit thc contcxt in this rcspect, and those \\hich don't. 
For nonr¡uantif1ablc variables, it is not quite so easy. Take 
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yc.tr). Onc~ .\~e¡\~ lil,c this has bccn foun•l for a n:q11itcment, 

it i;; thL'l1 .tlllll1··t .th\ ·'):; pdssibk to ltml a contH.:ctiun hctwccn 

this sc.tk :ttHl "nme inttinsic propcrty of the fl,tl\1; 3 thns, 

giH·n .t lwu~e lk::-ign on lhc llrawing board, it is po~::-iblc to 

c.tlcul.ttc p10b.tble nuintcnance costs, the noise re<luction 

bctwccn I"Ol1tns, anLl -;o on; it is then, of coursc, no longer 

'nccc~s.uy lo t'tn,t out by lrial and ctror \Yhelhcr thc fo11n fails 

to flt its cuntnt in thcse respccts. A pctfonnance standard 

Llc~et mincd by the context can be llccidcd for ea eh of them 

in adn.nce, and used as a criterion of ftt. For this reason 

thcre is a gro\\ ing tcndency to look for suitable scalcs, and to 

sct up pe1 formance standards, for as many rcr¡uircmcnts as 
pos~iblc.4 

liO\\ c\·cr, the existcncc of a performance st.mtbrd, and 

the assodation of a numerical scale with a misfit \',Hiable, docs · 

not mean tlut lhe mislit is any more kccnly fclt in lhc; en

semble'' hcn it occurs. Thcrc are of course many, many misfits 
for which we do not have such a sc,lle. Some typical cxam

plcs ate "borc< lum in an _exhibition, 11 "comfort for a kettle 
handlc," "sccut ity for a fastener ora lock, 11 "l_mman warmth 
• ¡• • ll ¡¡ 1 k f • • k ll T h tn a l\·mg room, ac ·o vanety m a par·. No one as yet 

inwntcd a sede for unhappiness or discomfort or uncasiness, 

a11<! it is thcrcfurc not possihle to set up performance stand

ards for thcm. Yet thcse mbfits are among the most critical 
which occur in dc:,ign problems. 

Thc importante uf thcse nonr¡uantió:tf)lc variables is some

timcs l%t in t he c!Turt to be "scicntific." A variable which 

cxhibit-; cuntinuuus variation is casicr to manipulate mathe

m,¡t:~cally, and thcrdore secms more suitable for a scicntific 

treaumnt. But although it is ccrtainly true that the use of 

perform.mcc :-LtnJanls makcs it lcss ncccssary for a designer 
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to n.:ly on personal c:-.pcricnce, il ,tho h.tppens tk,t thc kin<l 

of mathcnutical oplimi;..ttion which quantiii:tlJlc \ ari.tblcs 

makc pos~iblc is largely irrclc\·,mt lo thc dcsi~n probkm. 

A dcsign problcm is nut an uptimi;.,tlion prublun." r n 

othcr wonls, it is nota problcm of meeting any rJne rcr¡uirc· 

mcnt or any function of a numbcr of rcc¡uircmcnts in thc bc~t 

possible way (though \\·~ may somctimcs speak lrJchely as 

though it wcre, and may aclually lry lo optimizc onc or lwo 

thin<~s like cost ur constt uction time). For most ru¡uit<:mcnls 
b 

it is imporlant only to salbfy thcm at a lcvel \\ hiLh :,u!iiccs 

to prevent misftt bctwccn the form _and the conll.':--t, an<l to 

do this in the lcast arbitrary manncr possible. 6 This is a 

slrictly binary situation. The task is to bring cach binary 

variable to the value O (for continuous yariables thc value O 

coL responds to the whole range of val u es on the "grJod 11 si' le 

of the rcquired pctformancc standard). lt is thcrdotc only 

important that cach vatiablc be spccific cnough anrl clcarly 
enough dcfmcd, so that any actual dcsign can be clas~ilied 

unambiguously a~ a lit or misfit. 
For quantifmble variables this is easy. An obvious cxample, 

in the case of thc kettle, is the need for adcquatc capacity. 

Since the capacity of a kcttlc can be dcscribed qu,mtitativcJy, 

we can thcrefore very easily scl up a standard capacity "hich 

we requirc of satisfactory kettlcs, and call smallcr capacity a 

misfit for- kcttles. Then wc say that this Úriablc takes the 

value O for kettles with a capacity greater than or cqual to 

the critical capacity, and thc value 1 for kcttles with smaller 

capacity. The natural scalc of capacity mcasurement pro-.· 

vhles an objcctive basis for dividing kcttlcs into thosc which 

f1t the contcxt in this rcspcct, and those which don't. 

For nonl1uantifiable variables, it is not quite so casy. Take 
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thl! pr,,pcrly "comfmt.tbk to lH)h\" for kcltlcs. Thne is no 

l'hjccti\·L·ly llH'.t~llt.thk propct ly that is known to l'tlrtelatc 

\\"l'liL'th'li.'Jt "il h CLHnf,,tl lt) :--l'l 'e ;ts a sea le of "comfurtable

nc:;:;." lhn\c\cr, :mch .t mi:;til \,lli.tblc can still be wcll t•nough 

1lctincd. \\"e can sct up communicablc limits whkh a 

gmup 11f c:-..pcrts cm tii\Llcr:;l.1tHl "cll enough to agrce about 

cb:;:;iiying ,\c:;igns. \\"e c.tn ccrtainly explain what wc mean 

by comfot t clt>arly cnough, in commonscnse language, for a 

group oi pc11p\c to lc.trn to agrce about which kcttlcs are com
fOlt.tblc to hol<l, .mJ \\hich ate not. This makes comfott.tble

ncss an ;1cccpt.tblc ,-ariable, for the purpose of the present 

an.1lysis. 
Wc sl~tr!ltn·at a propcrty of the CJISCJ,rble (quantijiable vr not), 

as a¡¡ acccpt,rblc misjit -¡·ariablc, prv•idcd ~ce can associalc -...,•il/z 
it a1z 1111<111/biguous ~.-ay vf di'i•idi11g al! possible Jonns into t--.c•o 
cl,rsscs: l!wsc for --.,·hiclz -¡,•e agree tlwt tlrcy jit or meet tire re
r¡uircmorl, --.Ariclr ~.-e dcsu-ibe by sayiug that !he 'i!ariable takes 
tire -¡·aluc O, 1111d !hose for ••lliclz -...,·e do 110t agrce, v.:llich tlrcrcfore 
¡,rilto rrcclllrc rcquircment, a11djor 'iJ/riclt tire t·ariable is assigned 
!!re ralue 1. 

This hrings us to tluce questions, which may secm hard to 

answcr. 

l. How can we gct an cxhaustive sct of variables M for a 
gi ,·en problem; in other words, how can we be su re 
\\C ha,·cn't ldt out somc important issue? 

2. I Iow do wc know that all the variables we in elude in 
thc li~t Jf are rclcvant to the problem? 

3. FcJr any :opcciíic variable, how do \\C decide at what 
point mi:ofit occurs; or if it is a continuous variable, 
how Jo we know what valuc to sct as a performance 

IOO 

1 

1 
t 
¡-
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stancl.tnl? In olhcr wo111s, huw clo we rtL061lii.C thc 
condition so i.tr ck~uibecl .ts mi:,lit? 

TIH>C quc-stiuns h.nc alrcacly bccn anS\\Cre<l, '--llholanti.tlly, 

in Cluptcr 2. Lct us rcmincl oursch es of thc fun•lanH ntal 

ptinciple .. t11y ~f,rte of ajfairs i;z tlic c11scmble -¡.•/ric!z JeJi~csfrom 
!he illlcraction bc!í."CCII Jorm ailll cvnlcxt, a11d causes .\lrcss iu 

tire e11scmble, is a misjit. 
This conccpt of :;tress or mbtit is a primitive one. \Ve shall 

procceJ without dclining it. We may find preccclcnts for this 
in the practice of common law, psychiatry, medicine, cngineer

ing, anthropology, where it abo serves as a primitivc unckfincd 

concept.i In al\ thcse cases, stress is said to occur \dKrc,·cr it 

can be shown, in a common-scnse way, th.tt some state of 

atTairs is somchow dctrimental to the unity and wcll-lxing of 
thc wholc cn.,emble. In l\c~ign too, though it may secm hard to 

define the concept of stress 1n theory, it is easy in pra<.tic~. 
In architecture, for example, whcn the context is tlcftt1cd by a 

clicnt, this client will tell you in no uncertain tcllns '' h:1l he 

won't put up with. :\gain, it is obvious that a kett!c which is 

uncomfortable to hold causes stress, since the contc:\t dc

mands that it should be comfortable to hold. Thc fact that 

the kcttle is for use by human hands makes this no more than 

common sense .. \t the opposite extreme, if somcbotly suggc~ts 

that thc ensemble is stresseJ if the kettle will not rdlcct 

ultraviolct radiation, common sense tells us to rejcct this

unless some spccial reason can be given, which shows what 

damage thc absorption of ultraviolet does to the ensemble. 

This principie that stress or misftt is a primitivc concept · 

has the fullowing consequenccs. First of all, it is clearly not 

possible to list all the types of stress which might occur in an 
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c·~~c:'1l1!e c·..1uustiwly, :m~lthcrdorc impo:-:-sihk to hllpc that 

.'.[ ..:,,:!U pt,l\ !,le .m c-.:h.lu,ti,·e dc:-:-oiption of .1 ptl1bll'm. :\ 

l~'.·Y''.(i1t's t\h'Ug!1t \\Í!l (1'11\'ÍllCC US th,\t \\'l' :\l'l' J:C\'Lf c.tp.lbJc 

,.; o.t.l ti ng .1 '\c,ign p1<1bkm e-...ccpt in te1 ms oi thc ~ t-rors we 

~~.:,-e obscn·cd in p.1st :'l'lntions to p.bt problems. E\·en if wc 

try to .ksign somcthing for ,\11 cntirdy ncw puip•)Sl' that has 

::•2\'l'r bccn Cl1!1Cl'i\·úl bdotc, the bcst we can llo in stating 

t~:c probkm is lo .mticip.1te how it might po:-:-::.ibly go \Hong 

by scanning ment.llly ,¡]] the ways in \Yhich other things have 

go::e wrong in thc p.1st. 

Thc best wc c.m do therdore is to include in Jf all those 

ki::ds of stress \\ hich wc c.1n imagine. Thc set .lf can ne\·er be 

p~rJpc-rly callcll complete. The process of design, eYcn when it 

h,'.s hccome seliconsLious, remains a process of crror-re<.luction, 

~:r:d th~ sct Jf rcnuins .1 temporary catalogue of those errors 

-... 1li·:h :oct:m Lo nccll correction. 

Thc f.lct that thc lksign process must be Yiewed as an 

trror-corrccting procc:;s lusa further consequence. The errors 

that seem most critica! to one per::;on will not be the same as 

those which sccm most critical to another. Any list of errors 

or mi:::fits, '' hich are to be removed, thereforc necessarily has 

sornething of a p.:-r~:,,:.:tl flavor. 

for a problem likl' an urban dwelling, if we ask difTerent 

de~igners lo :::late tha.: problem, we may finrl it hani evento get 

agrc.emcnl .tbout "hat the releYaJi!.t issues are. Probably each 

rJe~igntr hao; his pri\·ate sct of hunches about "where thc issue 

n:ally lics." The c!c~igner is free to look at a problem in any 

·,.;ay he chooses; ;>.Jl we ~an hope to do is to put a fruitful 

<otrur.turc on his Yi.::w of it. It is for this rcason that Jf cannot ... 
Le. thought of ~5 objcctively complete, and has been pre

:-:o':nt~:d, in~tead, in Chaptcr G, as a picture of a dcsigner's view 

rA a problem. 

I02 

1 

1 

1 

1 

1 

1 
1 
1 

1 
1 

1 

l 
1 
! 
¡ 
¡ 

l 
1 
! 

llowcvcr, it shouhl be pointctl out that in ~['¡le of Lhc na

tural bi.ts \\ hich any onc lk~igncr\ ::oto~tcmcnt of a ¡JrrJbkm is 

surc to carry, at the sanH: time the u::,e of thc é.l:t .lf ,ts a 

nH.:,U1S of rcptescntaliun <loes ha\·c in it one grc.tt claim to ncu

trality. \Vhat 1!uigners di-;agrce about is the rd,ttiYc Íinpor

tance of diffcrent rcl¡uircmenls. In the prcscnt thc(Jry this 

would have to be c:-.prcssc1l, if it were e-:prcssed at a\1, by as

signing some sorts of wcights or values to differ.:nt ,;~riablcs. 

However, fcw dcsigncrs \\ ill aclually disagrcc about the vari

ables thcmsclves. While the relative importance of diffc.rent 

requircments usually is a malter of personal opinion, the 

decision that a rcquircment eithcr is a rcquireu1u1t or i~n't, 

is less personaL Thc stress a misfit causes, whcthc:r ::,light or 

not, has simple tangible consequenccs 'vhich can be ohjec

tivcly determincd. lly lcaving the dcsigner to work out the 

rclativc importance of different requirements at his own dis

cretion during the diagram phase of the design proa.:es<>, it is 

thercfore possiblc for dc~igners to agrcc about thc contcnts 

of the set 111, whethcr or not they agree about their rcl.llivc 

irnportancc, because mere inclusion of a requirement in Af, 
as such, attaches no wcight to it. 

Before wc say any more about thc precise logical propcrties 

the misfit variables must have, we shall now define the inter

action between variables. In order to do this, we must intro

duce a new concept: thc domain of forms for which thesc 

\'ariables are dcfmed. Let us call it D. This domain D may be 

thought of roughly as the set of all those discrimin.1ble forms 

(good and bad) which might possibly be placed in contact with·' 

the given cont<'xt to complete thc ensemble. The contcnts of 

this domain cannot be specificd preciscly (if thcy could, the 

design problem would become a sclection problcm); the do-
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iíl.1iíi is ¡;,;.igin.il·y, Biil_ :!éi·\ és io .didior tlic idr:t üt- iiHcf
,--~~ i.1bk l'l'!ll'('dion:;. \\"e :;h•'lllc.l think of it as thl? tot.tlity of 

('(lyoiblc fp¡m:; \\Íthin thc ro~nili\c rc::1cl1 of thc dc~i:~ncr. fn 
ui 11er "'11\!s, it is .t ::-hurth:tml \l,ty of t.dking .tbo11t .di lhosc 

di~crimin.t blc ÍL1tms \\ hkh a de~igncr can im:t:;inc and 1lc::.ign. s 

Xo\\', \YC 1--.no\\' by po:;tulate, that wc can in ptindple 

clcc!Llc, for c.1ch one of the forms iri D, which Icquircmcnts it 

mccts, :1hd which it fails to inl'ct. This ll1L'::lns that cach mislit 

Y:1riable x, cuts thc Jomain D in two: into a sd of thosc forms 

\\ hich fit, and a sct of those which LÍon't. Schcnutically we 
show this: 

"""'-,-~~-~,..,..,_ .. _ 

From l\';o variables wc gct four setS, in which the forms take 
valucs ac; shO\\n bciO\it. 
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1 t \\·e sii¡i1'ti lillid::.t all m v:t tiablcs; \ve gct a di' i+m of the 

1Íomaii1 D into 2m míúually cxclu::.ivc classcs, each labelul hy 

a di!Tc.:rcnt pattern o{ valuec; for :!'¡ • • • .r'". We ~h.tll c:dl thc 

propot tiun of forms in /) wltich do not ~atisfy ru¡uill:Jii'.llt x, 

the probability of the misftt x, occurring. We '' ritc this

p(x, = 1). (~.tturally O <( p(x¡ =-= 1) <( l.) In the ::ame way 
wc delinc thc probability of avoiding the tilislit x, as p(x, =O); 
and thc probaLility of avoiding bolh x, <ind i 1 siínt.dtancously 

as p(x, :: 0, Xj ~= 0), ami SO forth. 

If ihe vati<tblcs X¡ ••• XIII are ali pairwise inrlcpclHknt 

then it is an a:\iurh of probability thcory that \\C may -.nite 

p(x; =O, X¡~ O) == p(x¡ ·= O) · p(x1 =O) for aii l anJ j . . \ml 

similarly iÍ the variables are also three-way, four-v:ay an1l 

ú-way iilCÍcpcmlcnt, thcn ihcse inclcpendcnce rclations hold 

for thc conditional prob.lbilitics, ahd \VC write, fur r.:~.<~mplc, 

p(x¡ = 0¡ Xj = 0 1 X1: = 1) = p(x; = 0 1 X1: = 1) · p(x1 = 0 l Xk = 1) 
i::ondiiional on X k = 1 and SO 011. 9 

\\rhcrcvcr tl1e variables are not imlcpcndcnt, thc aboYe rcla

iions break clown. ,Essentially, thcn, we spcak of a dcpcnrlcnce 

among lwo variables wherever p(x¡ = O, X;= O) is markcrlly 

unequal to p(x, = O) · p(xj = O), and similarly for more than 

t\vo variables. Formally, we describe thcse depc nrlcnccs by 

mcarls of the corrclatibn coefficients.10 Thc simplest corrc

la.tion cbenicicnt i? that for t wo váriablcs: 11 

p(x,=O,x,=O) · p(x,=l,x,=i)-p(x,=O,xi=l)· p(x,=l,X1=0) 
C¡¡ = [p(x,=O)p(x

1
=0)p(x,= l)p(x

1
= t)]l. ~ ft-~ 

For any pair of variables X¡ and x¡, then, we may di:c:tinguish 

the following thrcc possibilities. 

L H e¡, is inarkeJly léss ih<l.n o, .~¡ áilH .t1 conmet; like 
"The kchlc's being too small" and ¡, The kcttlc1s oc-
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cupying too m u eh ~pace." Whcn wc loo k for a form 
which .n-oiLls .r1 wc we.l k en our chanccs of a Yoiding 
thc othcr, .r2. 

2. ff c,1 i::; markcdly grc.ltcr than O, x; and :r1 COIH.:ur¡ like 
"the kcltlc's not bcing ablc to \\ithstand thc tcm
pcrature of boiling \\·a ter" and "thc kettlc's bcing 
liablc to corrodc in steamy kitchcns." Whcn wc look 
for matcri;1ls which a void onc oí thcsc dit1iculties, we 
improyc our chanccs of a\·oicling thc othcr. 

3. If C,1 is not far from O, x, ancl :r1 cxhibit no noticcable 
interaction of cithcr type. 

In the first case ,,·e should write a ncgative link bctwcen 

thc variables, in the sccond case we t.hould \Hite a positive 
link bctwccn them, and in Lhc third case we should \Hite no 

link at all bclwecn thcm. Roughly speaking, two rcquircments 
intcract (and are thcrcfore linkcd)¡ if what you do about one 

of them in a dc~i:;n necessarily makcs it more diOicult or 
easicr todo anything about the other.12 

This at once suggcsts a simple way of eslimating links, 
based on dircct inspection of the known e:'l.isting forms. Sup
pose we pick a s;1mple of all the rcccntly produccd kcttles wc 
can Jind and examine it from the point of vicw of misfits X¡ 

and Xj. Sincc wc have dcfined cach misfit variable in such a 
way that we can always decide \\hich valuc it takes (O or 1) 
in a givcn dcsign, the proportions of kettles in our sample 

whc:re X; only has occurred (x; = 1, Xj =O), where x¡ only 

has occurrcd (x, = O, X1 = 1), whc:rc both ha ve occurred 

(x; = 1, X1 = 1), and where neither has occurred(x, =o; x¡= O), 
are cas~~to obtain. Provided the samplcs are cardully chosen, 

thcse sample proportions give us good cstimatcs of the 
probability oí x;, oí xh of both, of neithcr, occurring in a 

xo6 

r.lmlomly sclcl"lc<l contcmporary httlc. Front th.;·;e jomc 
lwo-variahlc prob.tbility c~timatco;, \\"e wuld compute the 

corrclation c,h and \Hile a. link bctwccn any pair of Yaiiahlcs 
whose corrclation was sl;lli..,tically sig11ific,mt. \\'e coulrl use 

the same proccdurc to decide on the many-vari.tblc wrre
lations. 

However, such a mcthod, bcing based on a sample of cxist

ing kettlcs, is not what we want at all. If wc think c<1rdully, 
we sec that empirically found corrclations have vcry uiffr:rutt 

dcgrees of validily. Some are almost logically nccc~-::uy
like the conílict bctwccn the need for sufficicn t c.tvtcity Í1t 

the kettle and thc nced for economical storage ::,pace. The 

ftrst calls f~r large volume, thc second for small Yolumc. This 

conílict exists almost by dcfinition, at least until onc is think
ing of ways of hcating water that are very much unlike 
kettles.13 

Othcr correlJ.tions clcpend on physicallaws -- likc thc con
ilict bctwccn thc nccd for a material which kccps the hcat in 
aftcr thc kcttlc h.ts boilc:d and thc nccd for a m.ttcrial ,·;hich 
allows the kcttle water to be heated chcaply. It is hard to 
imagine a material whosc thermal conductivity is dificrc:nt in 
opposite dircctions; so ag,tin, although there are w.tys round 
it, the conflict exists for most of thc keltles onc can ima;;ine. 

But othcr corrdations will dcpend only on accidcnts of 

present taste and habit. If you look at kettks irr the shops 

toda y, you might ~<; that the cheap _9_~ ha ve tin handles, 
and you might conclude that thc necd f~;~-afe~tJ~\\·hen you 

pick up a hot kcttle (that is, for a handle which docsn't burn 

you) conllids with thc cconomics oí product~on and tl1e need ·. 

to kcep down capital cost. IIowcver, this conclusion, bci~0 
based on a samplc of prcscntly available kcttlcs, will change 
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.1s 3c'C'n .:s wc bcgin to think of othcr m:1tcrials :1IH1 lJc:-;igns. 

Tlú (L'l~!1i..:t Ct'l t.1inly docs not c:-...ist for all imaginable kcttles. 

C~c.dy wc want to .n-oid muddling this bst kitHl of case 

\\ ith tl:c othcr two. If wc wcrc to ,\cccpt tht_: linbgc it sug

;e"ts. thcn togcthcr \\ ith thc cs:::cntial logic of the ensemble 

\\·e :;:1ould also be frcczing in its most tcmporary incidentals. 

\\"e .:;re intcrc:::ted in thosc links bct\\een \"atiablcs which hold 

for :::1! forms we can conceivc (that is: for the whole ~f D): ..:.:-·~ 
.\ny 5-3.mple basctl on thosc possiblc solutions which happen 
to h:>. \·e bccn constructcd is hcavily biascd toward the past. 

To 2.\·oid the bias we should necd either to examine all the 
mcml:,crs of D exh,ntsth·ely or to find a ~hcory which oiTcrs 

us c. v:.1y of sampling D unbi~sedly. Ncither of thcse is prac-
ticable today. . 

1 -

Ho·...-eycr, wc ma.y overcomc lhc bias 1Jy anotl~cr mcaps. 

ln:-te::'d 'of just looking for statistical conncctjons betwcen 

vari<:lJ!cs, wc may try to Jind causal rclations bct\\·ecn them. 

Blind bc:licf basctl only on observcd regularity is not very 

stro!ig, because it is not the result of a secn causal connection. 

But ii we can im·ent an cxplanation for inter-variable corre

lation in tcrms of some cqnceptual modcl, we shall be much 

betttr inclincd to bel¡~ve in the rcgularity, bccause W!! shall 

· thtn know which kintls of extrancous circqmstances are likely 

to up~e:t thc rcgularity and which are not. \Ve call a correla

tion "t:aqsal" in this sccond case, \yhen we ha ve so1ne ki!ld 

of urv:kr::tanding or modcl whose rules account for it. 
r (Jf (;~;ample, the molecular and crystalline structure of 

mattrials gives us good reason to bclieve that the thermal 
cr;r.r]:;cti\·ity of a mat<:rial js t.he same i~ any t~\·o opp~sit~ 
dirtctÍrJnS! and hcnce that the nccd to rcat ¡:t kettle qqickly 

conl1:ct5 with thc need ~o kecp thc \ya ter hRt m~ce · it has 
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boi\cd. I11 ihis ca~e, bccaiiS!! wc "Hntkl~~~ll1t}" lhf.: l'}l\!1cction 
bctwcen the two v;uiablcs, m.: call it caus.d, antl g¡\·c it lllUch 

grcater ~\·eig\lt -- bccause we- are convinccd that it lwlcl'> for 

almost all conceivablc possibilities. 

The :,carch for c..,tusal rclations of this sort cannot be mlc..han

ically experimental or statistical; it requires intcrptltation: to 

practice it wc must adopt thc same kind of COlllHifJll ~cn:;c 

that we have to rnake use of all thc time in ~he indlJclin: part 

of scief!ce. Tl)c data of :,cicntific !ndhod never go furthtr than 

to t!¡splay rcgubrities. We put structure into thcm fJnly by 

inference antl intcr¡~tctation.u In just the same \\ ..ty, , the 
structural facts abOl;t a system of variables in an en::cmblc will 
come only from tj1e thoughtfql interpretation of oh:crvations. 

ll' e slui!l sq.y tlwt t-...•o variables intcract 1j a11d o11ly 1j tite 
dcsigner ~a1~ jind some rcason (or conccptualmodel) :.hiclz li!tlkes 

sense lo ltim aud lells ltim why lf¡cy slrould do so.1& 

Agqin, as with the definitio11 of the variables, this intro

dt¡ces a personal bias, antl reminds us that L, like M, is a 

picture of the way tl1e designer sees the prob1em, not an 

objcctive clcscription of the prohlen1 itself. If the dcsigner sc~s 

a conflict between ~he nced to have suf11cient capacity in a 

kcttle and thf;! necd to conserve storage space, he docs so 

hecause he has ccrtain preconceptions jn mind about the kincls 

of kettle which are possiblc. It is true that the"re are conceiva

ble devices, not yet invented, for boiling water as it con~es 

out of the faucet, and that these might take very Iittle storage 

space. But until the ~lcsigqer understands this possiLility, there 

is no pqif!~ jn tclling him that the conflict is. spurious; as far 

as he is conccrncd, tl~~re really is a conflict, whic~ nccqs ~9 

be rcsolvep~ ~rd thcr~fore necd:; to p~ ipclu9cd iq L and t~kcn 
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int1) Mcount in th~ .111.1!) :o.is of J[. It is only .1ftcr tirst includ

ing this link in t, :tt:d in thl' n·ry ad of .t~l,ing him:::c\( \\'hl'lhcr 

l\\() v.ui.tbks lc.tlly 1lll inll'r.ll·t, and ''h) thcy 1lo, th.lt the 

1ksignl'r :OC'l'S the po~~'-ibility of avoiding thc conllict .md so 

:::ce;; iullhc1 int1> thc problcm. 

Thc fl'.Hkr m.1y \\·di .1sk how such a. proccss, in which 

botl~ thc rcquirl·mcnts .11H\ thc links bd\\Tcn rcquircmcnts are 

dctin.cJ by l he llc ... igncr from things nlrcady prcscnt in his 

min9, can possibly h.tvc any outcomc \\ ltich is not also alrcady 

prc::cnt in thc dcsigncr's mind. In othcr words, how can all 

this prorcss real! y be hclpf ul? Thc answ~r is that, beca use it 

conccnl r .1tes on slructure, the proccss is ablc to make a co

hcrcnt and thcrdore ncw wholc out of incohcrcnt picccs. 

It is truc th.tt thc <lesigncr mu::,t alrcady ha ve somc physical 

ideas alJout thc problcm in his mind whcn he starts. In ordcr 

lo lleímc requir~mcnts, he must be aware of the specific 

phy,ic.tl in·.p\ications.of cach. [n orllcr to dcímc links betwcen 
rcr¡uircmcnts, he mu:;t be aware of th'c many spccific ways in 

'' hich thcsl: ph) "ical implications are likcly to conllict and to 
cuncur. nut thc m.my picccmeal implications which the de

signcr is awarc of <lo not thcmsclvcs amount to form. He is 

only able lo dclinc fm m at that moment whcn thcse physical 

implications co.tlcscc in his mind, and takc on organi7.ed 

shape. Thc proccss I am dcscribing, as wc shall scc, hclps 

prcci::,dy hcrc, 1Jy forcing organi:alion onto the ~pccific but 

hithcrto unorganizcd dctails in thc dc~igncr's mind. 

\~ndoubtcdly thc pattcrn of intcractions in any real-world 

pr~blem will havc a great varicty oí difTcrent strengths. In 

eme ca~c two variables may conflict so strongly that they 

Yirtually c>..cludc onc anothcr and can n¡;vcr take the same 
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\.llucs at thc samc time. In anuther case, Ll1cre 1nay IJ¡; 110 

more than a barcly di.,cc¡ niblc tcndcncy for thun to concur. 

llut \1 hile an C.\pJiLit\y :-,lalislica\ lc'->l wou\t\ gi\C lhc intcr

adions a continuuus rangc of v.ducs, thc ad lwc I.ollhor\., of 

¡)laclical common scnsc will hardly .dlow us to a::~:6n tl1<:1Il a 

con~i::-tcntly ~calcd continuous rangc ---- pa1 ticul.trly in vicw 

of thc fact that clifTcrc!il consultants may ha ve inLull1111Cn-:ura

blc personal scalcs of cvaluation, and that intcradions \1 hich 

spring from diffc¡c¡ü kinds of sourccs can be han! to compare. 

In pr.tcticc \':e sha 11, at bcc;t, be able to disting,:ish two or 

thrcc strcngths of intcraction. 

In practice, thcn, wc shall give cach pair of vari.>.blcs (x,;rJ 
somc small integral indcx, 11,11 cc¡ual to O if thcrc is no intcr

action, pos.itivc if thcrc is concurrcncc, ncgatiYe fur conllict. 

It will usu~lly be convenicnt to kccp thc absolute \·alnc of 

II¡J lcss than' or cqual to somc fi.\.cd integcr 11. For thc :::akc of 

con~istcnt intcrprctation, assumc that thc link indcx 11 ;J incli
catcs a corrclalion of Óv;J, wherc ó is so me arbitl uy con:,lant, 

such that 011 ~ l. We may display the valucs oí thc v,¡ in 

matrix form. The ccll in the ith row and the jth culumn 

contains thc value 11,J • . :rhus the cell in the 1st row an<l the 

2nd column (i = 1, j = 2) contains 11, 2• The matrix ¡, sym

metrical. Thus 

1 1 I 
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From t~~i::: !lLlltix w~ th.'lin~ th~ sd [, as a sct of lin~s asso

ci.ltcll ,.,¡¡h th~ \,ui.thks nf Jf, as folluws. 16 For c\·~•y ¡pir 

t)f \",Hi~.b~c:; .r, ,1nd .r,, th~tc .Ir~ 1 z•,1 1 djstinct clcmcnts of L 
,,·hich join .r, .to r1 • Thesc cknwnts bcar thc same ~ign as Lll!-! 

intkx Z':;· Pcg.ltiYc for Lünllict, ,uHI positi,·e for concurrenccP 

Thc scts J[ .md L togdhcr, complctcly tlcfine the graph 

C(Jf,L).15 

The c!c:i"i;1itions w~ ha\"c gi,·cn so far stil~ !~ave c~rla~n 

practica! qucstions about the scts Jf antl L unans\yercc!. Do~s 

it mattcr. fur inst;mce, if two variables are v~ry closc in 

mcaning. though slightly di!Tcrcnt? [{ow spccific or how gen

eral must thc\· be? \\"h.lt do ,,·e 9o about thrcc-va1 iable 

intcraction? TÍtc .1nswcrs to thcse r¡ucstions dcpcnd on thrce 

import.1!1t iormal ptopcrtics of the systun C(Jf,L), which we 

sh:-t\1 no·.\· explore. 

First oi aÚ, if thc graph C(Jf,L) is to givc us an accurate 

picture oi thc ,·ui.tblcs' hchavior, it is ncccssa1y that thc set 

J. t!cscril;e ,;// thc intcr.tction bctwccn variables \yhich there is. 

Since the c!emenls of L are links which represcnt two-variable 

co1 re la tion, this me.ms tha t t he váriables must be eh osen to 

be fr~e from thrcc-vatiable and higher-order correlations. The 

mathematics of .\ppcpuix 2 is also based on the assumptio!l 

tlut the higher-ordc:r correlations vanis~1.! 9 If this is not so, 

any ;~raly!'is bascd on JI apd L alon!! is sur~ to give misleading 

rcsults. 

Sc~ond, cn:n the two-\'ariablc corrclation ÓV;j must be 

~mal!, f0r each pair of \'ariables. Specifically, as far as the 

mathematics of .\ppendix 2 ¡s conccrn!!q, W!-! must hav~ 

lo :( 1, ···~ h<:rc 1 is thc total JHnnJ;cr of !in~s !n !--~~ 

Third, thc ana~ysis in .\ppendix 2 !s also pased 9!1 the 

a~<,umptirJq of a certain simpl¿ !>)'1111l)ctry amoqg tre variables 
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of :1[. ft demands that p(x, --~O) ~honld be thc samc fcJr al! i. 21 

.\g.tin, if this is not so, the an.dy ... is \\ill be inval\d. 

Let us now consicler the pr.tcl ica 1 i mpliut ions of f hc:;e t h rce 

formal propcrties which thc sy~tcm G(M,L) must ha\'c. \Ve 

take thc bst one fir~t. ft dcmands th,1t p(x, =O) ~hould be 

thc same for all i, or that the proportion of alllhinhhlc f0p11s 

which ~atisfy a rcc¡uiremcnt should bc' about the same for ca~h 

requircmcnt. What this ap1ounts to, in common-sen:oe language, 

is that ajl tl1c y;triablcs c;hould be roughly comp.uablc in 

thejr scope ap4 sigqififaJlce. 

\V e cannot adn~it "e\=oqomically sapsfactory" as one rc

quirement, and "maintcnance costs low enough" as ;>.nothcr. 

Plainly thesl! ~ave diiTcrcnt dcgrccs of significance, be<ause 

the sccond is par~ of the first, wjtilc thc first is not part of the 

scconc}. E\'cry c!~sign which is economically satisfactory must 

a fortiori haye acccptable maintcnatiCC costs. 13ut thc revcrse 

is not true. Thcrc are far 1nore pos~ible clcsigns whiLh mect 

the second than the lirst, beca use the first is much \\ idcr in 

scope and significance; thcir probaJ)ilities o~ !)ccurrencc are 

very uncqu;~l. In this case the incquality is especially fle~r 

bccause the sccond requirement is, as it were, cont:~ineci in 

the flrst. But th!! diiTerence would be just as great jf we 

replaced the first by" f4nctionapy satisfactory." Tpis is again 

wiqer in scope and significance th:tn "mainterrance cos~s low 

enough" even though it does not contain it. If \\'e 'ran~ to use 

"majntenancc coc;ts low enough" as one requirqnent, then 

we must break down "functionally satisfactory" into smaller, 

more specific rcquiremcnts, C!)nUJar~lblc to it. Thc first stcp in 

constructin~ t~~ ~~! M i~ t~ PH~!! HH jt§ yqrir~Rl~? appfQ:>;i
mately cqual in "size" or scope.22 

Lct us 'tiLk!! thc sccond of the threc formal propertics r¡ext. 
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In pr.lctiC'c, of cour:oc, thc prcn:::cncss of this m.llhunatical 

C:\pn•ssion i:; nw.\Jlinglcss, sincc wc juLlgc thc co11L'lations 

"by cyl?,'' .IIH\,\,) nnt ol>Ltin thcm numctk.llly. What it <loes 

111L'.tn, in pr.tdÍLL', thuugh, is that wc mu!:.t be s.tlisficd that-all 

thc vati.1hlcs .m~ .1s i1Hkpcndcnt as we can gct thcm to he. 

.\n c\:amplc shoultl m.tkc this dcar: Suppose thc following two 

v.Hi.tblcs .tppc.u on uur list, for thc kettlc problem. 

l'. "Thc kettlc must heat water fast cnough." 
2. "The kcttle must kcep water hot once it is heatcd." 

These two are clcatly not at all indepcnclcnt. Ilo\'·/Cvcr, there 

are two f:lirly imlepcndcnt i!:,sues lurking bchind them, if we 

can only imLI them. One way to bring this out woul4. be by 

thc following rc.tnangement, which covcrs more or less the 

s,1mc ground as thc first pair, but consists of two more in
tlcpenLlen t variables. 

3. '' The kt.:ttlc must permit onc-way hcat transmission 
on\y." 

4. "Thc kcttle must ha ve low thermal capacity." 

.\ consioerable amount of energy must be spent in thc pre

lirninary stages shunling and rcshuf11ing thc variables in this 

fa<;hiun, until they are as independcnt as they can be made.23 

The first formal propcrty, that thc thrce-variablc or higher

ordcr corrdations among the clements of M shoulrl be neg

ligiblc, is the han\e!:,t of all to achieve. It means that the 

two-\·.niablc currclation for any pair of variables must be 

indcpentlent of the states of all other variables. Since the 

slatc of one variable is most likcly to afTcct thc correlation 

bet.\yn:n ot her variables, if that one variable is wide in scope 

thc best we can do in sati::.fying this is to make all the ·indi

vidual variables as spccilic and minute as possible. 
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This policy of n1.1l~ing al\ thc vaJiablco; highly ~P'-Lific is 

importanl for anothcr I"L'.t:oun. l YowcYcr much wc may try to 

~tccr clcar uf t:o.i-,ting catcgodc-;, in practice ,,-e slnll ah•.ays 

ha ve to genera le thc :-pccific \.u i.tblcs of M throu;;h intc1 mc

(\iate stages. The br.tin is not 1natle to think of such <ldailtd 

lists amorphously. \\'hcthcr wc likc it or not, if we think of one 

variable which has to <lo with acou!:.tics, we shall incvitably 

then think of othcrs which sccm, to us, to fall UIHlcr the 

same heading ur to be in thc s.11ne conceptual arca. [t is 

thcrdore a malter of practica l psychology that wc c.annot 

avoid using supcrordinatc conccpts likc "cconomics" and 

"acou::.tics" altogcthcr, as intcrmcdiate stcps in the lask of 

listing misfit variables. At best we may trcat these conceptual 

intermcdiatcs as kcy worcls, as looscly conceivcd labels fur the 

principal issues in thc problcm, which wc \hall the:n bre-ak 

down further into ímer pieces to gct our set' of variables Jf. 
The closcr our vari,lblcs are to thcse abslract and ;,;enc1 :-~l kcy 
words, thc more susceptible thc problcm rcmains to thc kind 

of distorlions discussed in Chapter 3. The more ~pc<..ÍÍIC and 

detailed ,~-e make the variables, the less conslraincd G(Jf,L) 
will be by previous conccptions, and the more open to dctailcd 

and unbiascd cxamination of its causal struclure. 

Let us thcrefore sum up thc propcrties the clements of M 
must have. Thcy must be chosen (1) to be of equ.tl scope, 

(2) to be as indcpendent of one another as is rcasonably 

possible, and (:3) to be as small in scope and hence as :::pecific 

and dctailecl and numerous as possible.2~ An cxample of a sct 

M is given in Appcndix 1, tugcthcr with its associatcd set L. 
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9 / SOLUTION 

\re now h:we a graph G(M,L) which rcprl!scnts thc dcsign 
problcm. :\s wc ha.vc sccn in Chaptcr G, to soh·e the problcm, 
we shall try to llccomposc thc set JI in such a way that it givcs 
us a hclpful program for dcsi¡;n. We shall now consider what 
criterion to use as a basis for decomposition . 

. \s w~ obscn·ed in Chaptcr 6, a program really gives ~s a 
series of simpler subproblcms, and tclls us in what order to 
soh-e thcm. Hcfore wc tty to define a dccomposition critcrion 
wc may want to que~tion the assumption that such a dccom
po:;ition can be of any use at all to a dcsigner. The dcsigncr 
as a form-makcr is looking for intcgrity (in the sense of single
ncss); he wi~hcs to forma unit, to synthcsizc, to bring clements 
togcthcr. A dcsign program's origin, on the other hand, is 
analytical, and its clTcct is to fragmcnt the prohlcm. The 
opposition bctwcen thesc two aims, analysis and synthcsis, has 
somctitnes lccl peoplc to maintain that in design intellect and 
art are incompatible, and that no analytical process can help 
a (lc~igncr form unificd wcll-organi:~.ed dcsigns. 

Lct us look at this objcction to analysis more closcly. It is 
a common cxpericncc that altempts to solve one picce of a 
prublcm first, thcn othcrs, and so on, lcad to cnrlle¿s involu- -
tions. You no sooncr soivc onc aspcct of a thinó than anothcr 
is put out of joint. And whcn you go back to corrcct that one, 
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somcthing clsc gocs wrong. Yuu go roun1l :uul round in drdcs, 
unablc cvcr to produce a funn which is thoroughly rí;~ht, 

bccat1se thcre is no way oí inU·grat íng ~he pkccs yo u ha ve 
tacklcd indcpcndcntJy. This is thc grcat argumcnt again~t 
attcmpts to solvc dcsign prohlcms picccmcal. And il is ar;;ucd 
(urthcr that, sincc no amounl oí analyzablc jugglír.g can cvcr 
solve this difficulty, thc dcsigncr has to rcly on a subomu.:ious 
crcative force to jugglc thc pícccs more succcss{ully. llís hand 
and cyc must be sccurc cnough, in othcr words, to lake him 
to his answcr more ímmclliatcly than hís intc1Jigcn(C can. 
lf dcsign problcms wcrc homogcncous, this rccommcndation 
wou!d be important. For thcn any analytical sub•livision 
would, so to spcak, put cracks in them, which would dcstroy 
thcir unity. As it happcns though, in practice problc1ns -are not 
homogcncous. '!11ey are full o( knots and creviccs whkh cx
hibit a wcll-dcfincd structurc. An analytical proccss faiJs only 
if it docs not t~kc this structurc into account. If we c.'ln lcarn 
to draw the gross structuraJ components o( the pwblem out 
of the graph G(U~L) which rcprcscnts it, the diffi~ulty will 
disappcar. , i: 

The qucsiion is, how are thcsc separable structural com- _ 
poncnls of a probJem to be rccognized? \Ve face this kind 
of task cvcry day, constantly, evcn when_we sce nothing more 
complicatcd than a pair of orangcs on a table side by sirle. 
In sccing two orangcs lying side by-side, ami not one and a 
half orangcs lying ncxt to half an orange, wc havc rccugnizcd 
the structural componcnts corrcctly. (Corrcctly, of course, be.; 
cause while we can pick cither orangc up and lcave thc other 
whcre it is, ~ve cannot pick up 1~ oranges, and lcave } an 
orangc lying thcrc.) Kohler and Wcrtheimcr drcw altcntion, 
lo thc fact that cvcn an apparcntly simple cogniti\'C act like 
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thi::., in f.tct de m.~ IHls a nry COillplc:-.. pen:cpt u al opeu t ion.1 · 

It is not :>tup,·i::-in¡; lo litHl, in thc :-imil.u but more ab~tract 

t:t"lz of rccll:;ni.~in:~ lhe pruper 'olturlural componcnts of thc 

syslcm .lf, tlut our n.tti\·c pciccptit'n antl inluition f,tilu;;. 

· The task of replaci'ng this inluition by somc prccisdy de

lincd m.tthcm.ltic.tl opct,tlion ha-; bccn lacklcd in a ~tumbcr of 

\i .lys.2 ).[any of thcm are wm th cxam~ung, if for no bctter 

rc.is0n th,t n tlu,l thcy ·\\'Í ll illust r.tlc and ~lccpcn our conccption 

oí· 1thc task. Onc, \\'hich perh,tps con;cs closcst to, what we., 

· v.¡~int, simply divides Jl in lo tho~c ::,pbs~ts '' hich.arc con,n~ctcd 

'by· as fcw .links of Las _possiblc, thus lcaving .as lll.lllY of thc 

links as po<;sible \\ ithin thc subsystc.ms:3 IImv~vcr, ncithcr 

this nor any othcr of thc üisting méthods !is cxaclly suitc.d 

to thc conclitions which confront us in this case, I shall now 

try lo sho~v lhat ''e can dcvclop a wcll-.clcfincd critcrion for 

decomposilion, <>imply by lhinking carcfully ahout the rcla

tion bcl wccn a .dcsign progr.un and its. rcalization. 

" ;·I.et us think just what thc succe?sful rcalization of the 

prbgram dcmands. Funtlamcntally, it dcmands that thc ~ets 

in; Lhc'p10grarn ha,·c two kincls of propcrty, which we, may 

illt~'>lratc by. taking thc lypical picce of ·a p10gram shown, 

bclow. ·s1 and S2 are two ditTcrcnt s~ts of rcquircmcnts. S 3 

contains all thc rcquiremcnts in S 1 and S 2 togcther .. 

__ ..-____ ~ 
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First wc mu~t be ahlc to f11Hl consliiidivc diJ;jrams for S 1 

and S 2 individually. This mcans lhat thc mi"Jtts whi-ch S 1 

contains mu~t. cohcrc somchow, and o;uggcst a phy~ical .tspcd 
¡ !. '-' ' 

__ o~ cqmponcnt of thc form un<lcr· con!>idcwtiun ~ án\1 thc !'ame 
.,r, ·_fiJ{S~(. ~~.,~,,. 1 

::':.:.···:. :::·. •· _; ;:'·"'.·.: ·: .·:!:_.-~- . ·:-r , .. _ 
~· Sc~ondly, if thc· dccoYnposition.is to' serve any usdul pur;-

1 '. Í::í~se',"¡·(;11~;f nó't be nctessaty to c~nstrúdt ·thc ;djagr.un for:S3 
'''f ,,\ "' • • j 

. ':· ·-~roth 'ser~~tcf ::In~ted(f;;it must ·l)c':posJibJc·· Jo -dcrÍ\.C'.a',COn-
,,, _,: nL¡::r:~/ ·. J¡, 'f • -- ~ .... ~- ) - "" 

. · st~,ucttvc (li,t¡~tan1'for SJ·in somc simple wayfróm ~hc:diagr<,lms 
' '_: aÍr¡;·,~c.ii·&fí~t't tlct'<~;hor'S1 and S2 'in isohí.tion;;'·: e 1, .• ,-, • : ··,, 

1 ¡ -'1 ( ' ' -~ l 71 r ·.; r-, ' • 1 .. '{ 1 , ~ • • -

~ . To ¡5ut 1t 's¡m¡:lly,··thc ftrst of thcsc· :éotithttons· depcmls: on 

.·. ih"'c in't'tf'~al str'uttufC'óf the scts'S/and S2~;:whilc ·thc"'<scc~nd 
í 1 /' ' ~~ ';' lr '. 1 ' - r "' •• r ' l :.. .. ' - -

. 'deals \vith' thc rclations'·bctwccn 'the~c"twó' s'cts.·'· ,.,.,,e 
,·.:·.-, 'fcr~~ t~k¿ the'tV:'o'conditions:h't''order.j.'- ~-:,, ;¡;;' :'!!'-, 

-: .. ' q,t[•¡w•_ r'f·-·'"::r' ·.q:;-, .. rr¡ {_ 
,.-, ' '¡' _. r _' :'1 ,- .::' . 1 ~ 1": 1 1 1 ' ¡ e¡ 

. . \Vhat is it about thc intcrnal structure of any problcm 
' ' ' i. 1 • 1 :-' ,. ,, ' • -- ...... ' 1 

thát miik:cs' it- hard .to 'soh·c? fn Ílin·e:cascs out of ten¡·wc·can-
1 · ·-~1J( ~olvíi Ü~ l)ceause ,\·é cannot 'gras¡) 'it~ we; caimqt: se c. wi1~tt 
·: · 'ú1é''ilítcr;1af'struéture' is "driving a t."' Thc :subprobkms .\ve 

: _''·_;~f~ ~o;1sicl~~¡;Jg: .h_cf¿;i'hccause thc)/are· ni.adc,-·UPt of ~cts'.of 
"·,_· ~~qúi~c'n\C\1is th\i't' 1ha:v'e bccn isolútcd :from the rest · of. the 

:; •·;<(~srg-n 'í;ro6lcrrr· thcy' bclong to, .sho\v' this ac~t~ly .. Ta,ke lwo 

. : ·m¡¿fits 'ftf ra~ülonl:-·"The kcttle ·mi.íst be éomfortablc ror·,the 

·:. ~~~;i~Ú~ í1otd;•! hn(.l'"Thc kcttlc'must·be:écohomic¡tÚo· heat," 

' : : ~vl1icii· \'ve' ~hoÍ.tld · prooably consider· as; nonit1 teracting:. Thcse 

' '·tw6 'dcfin'~· a\,~·o'~cldncnt subset of M for the'}~~ttlc problcm . 

. ·_ .rJ< ¡;,' lútr"d to S¿C,:ho\\;CVCr, what these t\\~O.clcmcnts:ha,YC in 

. · · c~;1);.;.;ort, 1 ~·~ in:décd \\•-hcther this 'sét, bkcn by itsclf, mcans 
' ,. ' • ' .- ¡ ¡ .t"' 'J ~ 'T ,- - ~ ""' ., 

· anythi'ng · -· ' · ... '-: · ·- · ···: · .. ' -·' -. .. .. , · 

, . , :· .. ·. 1 ~f' t~c·~~'t:Jtc6hi~iii·s m misfifs, theré-;arc ·2m .• p6ssib~c ~u~~~cts 
_·. : o( Ü, arid so 2"' 'sbosidiary problétns. Any -dcsign problerp of 
1 - ,-~ 1~ -. 1 -- : ) 1 '} \ ¡ ~ ~ 1 ) -

• 'xi9' 
'r' •, ''1: . : 

., _,, 
',' 
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pL1ctiL.ll intctcst :1ntl compk:-..ity will prohably contain at 

lc.1st as m.my .1s lOO y,u iabks, and \\ ill thcrcfmc h.lYe 2100 or 

1oughly 1 0''1 
( 1 ,ooo,ooo,ooo,ooo,ooo,ooo,ooo,ooo,ooo,ooo) clif

crl·tlt sub::cts of ,·at iablcs .. \lmo~t each onc of thcsc subsct~ 

'' ill be hanl to gr.1sp, beca use, as in th~ examplc of thc two

clcmcnt sub::d just gh-cn, it willnot be cJc¡lr what its rathcr 

dispar.ltc mcmbcr-variablcs "havc in common." 

Our natur:1l rcaction to this is to look for those vcry rare 

~ets of Y.uiablcs with intcgrity in which thc vJriablcs do "ha ve 

somcth!ng in common," so th,ü thcy do makc sense. 

Thc u:;e of \'erbal concepts is an cf{i.cicnt artiftcial way of 

finding sc:ts whkh have somcthing in common. Ccrtain issues 

which appcar in our analysis as subsets of M, happcn to be 

tkcl togcthcr by familiar worcls; as a result evetyone comes to 
be ablc to manipulatc thcsc sets, can unclcrstand what he is 

clc,tlin:; with, ami can thercforc gct to grips with thc issucs 

thc sd reprcscnts. 

Cnfortun.ltcly, thc scts of misfits idcntified by verbal con

ccpts do not ha\·c any spccial functional si•rnificancc and do 
' o ' 

not u~ually lcnd t_hcmsclves particularly wcll to interprctation 

through constructive diagrams. A constructive diagram re

quin:s that the requircments it rcprcsents havc some physical 

implic.ttions in common. From this point of vicw, it is casy to 

sc:c that not all ,!.he possible subscts of M will be cqually easy . ~ 

to chagram constructi\'ely. \Ve may put this another way, 

pcrhaps, by saying that sorne subsets open up physical possi

biliti<:s more readily than othcrs. Sorne scts of misfits, in view 

of thcir int<:ra<.:tions, scern naturally to bclong torrether and 
o ' ' 

takcn as units, suggcst physical form .. very .str:ongly. Others 

will su::rn tu ha\'c no special rcason for bcing sets, and are not 
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C!:>pccially easy to di:1gi:11n, ancl tlo not rcally "Lf.:!(,n¡(' to 

thc problem. 
lf wc are to make anything sensible of thc suh:;eh in this 

program, wc mu!:>t no\\' ask ju.,t whkh scts 0f point!> to C<lll

sider as bcing thc most "diagrammable." This Jcpcncls on the 

pattcrn of intcractions bctwccn thc misfits. Whcrc, aftcr all, 

docs the intcraction among thc rcquitemcnls spri,·,::; from? Tt 
springs from thc intractable na.turc of the availabic matí;l ials 

and thc conditions umlcr which thc form has to be tP:·.clc. Two 

misfits are sccn to intcract only bccausc, in somc :ocnsc at 

lcast, théy dcal 'with thc samc kind of physical con::iduation. 

If thcy dealt with uttcrly dilTerent aspects, thcre cuuld be no 

basis cithcr for conflict or for concurrcnce. 

In building, the nced for acoustic insulation conflicts with 
thc necd to build with casily transp01 tablc prcfabr icatcd m a-

' tcrials. Thcsc two nccds conflict bccause thc frrst calls for 

massive inert walls, while the sccond calts for light walls. The 

physical fcature of thc world thcir intcraction dcp .. nrJs on is 

mass. Again, in a highway, thc need for safety on cun·cs c..on

fiicts with thc necd to kcep la.nd costs Jown, bccause the 

wiJer the curves have to be for safcty's sake, the larger the 

area caten up by the transition curves at interchanges. In 

this case the intcraction bctwccn thc two rcquircmcnts de

pcnds on the radius oí the curve. 

lt is such a physical centcr of implication, if I may call it 

that, whi_ch the designer finds it easy to grasp. Bec~use it 

refcrs to a distinguishable physical property or cntity, it can 

be c:-..prcssed diagrammatiéally, and provides a possiblc non- .· 

verbal point of entry into !he pr,oblcm. If we can find !'ets of 

variables in which thcre are spccially dense interactions, we 

l 2 I 



m.1y ~S:'Ullh', in thcsc ~.l:'l':', th.lt thc tlcnsity of thc intcr.1dion 

tl':-'iLks in .1 p.tt tkul.trly ::-liung iLkntiliablc ph) "-Íl.tl aspn:t nf 

thc prL'bk'll. Thcsc scts "i\1 be thc casiest of .1\l to gr.1sp 
con;:;t¡uctiw\y. Thus: 

If, thcrefore, we break the problcm apart in such a way 

lhat its clustcrs of Yariablcs are as richly connccted, inter

nally, as po:o:;iblc, \\C shall havc clucs to those physical aspects 

of the problcm '' hich play the most imporlant funclional 

part in thc ¡wJblcm anu are thcrdore most likely to ftnnish 

h.tndlcs ior thc dcsigncr's cornptchcnsion. Thcsc are thc scts 

'' hich '' ill he thc casiest to tliagram. 

If we are to solvc thc problcm M by working 9ur way 

through the program, solving various sulJprohlcms scparately, 

it mu-;t obYiously be possible to put thc rcsulting diagrams 

t(Jgcthcr somchow whcn wc have them. This is the second 

crmdition a succcs::-ful program must satisfy. llut i~ will only 

be possible to fusc two diagrams undcr vcry special circum

!::.lanccs. \\'hy, for instance, can wc not !::.Ímply make a diagram 

for cach s<:parale Yariable, so that \\e gct m diagrams, and 

supcrimpo~e thcse m uiagrams somchow? Thc rcason is ob

vious. :.rhc physical charactcrbtics dcmanclcd lJy one require

mcnt OJni1ict with the physical charactcri!-,tics dcmanded by 

1 2 2 

anothcr. This i.;;, in facl, cxaclly ,,·hal \\C mc.tn by 'sa~ ing 

that t,,o misfit Y:ui.tl,ks conllict. Thc :::ame is tiuc of more 

complcx lliagrams. \\'e h.tYC alrc:uly tli.mn .tltcntion tr> thc 

fact that a ..,uhsct whirh conlaincll ,tllthc cconomk \ari,tlJ!es 

and no othcrs, for c:o.amplc, would be cumpatalh el y u~dcso;;, 

bccause its economic implications conJlict too !-,lrongly wilh 

the othcr implications of the problcm. Naturally if thc dia

gram for t he economic rcquircmcnt~ is not going to be com

palilllc with th,tt for thc comfort rcquircmcnts, say, thcrc is 

no point in con!'lructing the two diagrams inclcpcndcntly. 

How !:.hall we nwct this tliffJCulty? At all evcnt!', \';e cannot 

a\·oiJ encountcring the conflicts somewhcrc in the pmgram. 

N'o mattcr in what onlcr wc considcr the rcc¡uiremcnts, if we 

are to find a form which satisfies thcm all, we mu!::.l at ~ome 

stage rcsoh·e cach onc of the conflicts. llut ií we think ahout 

it, we sce that the dit1iculty of resolving thcm is difTcrcnt at 

difiercnt :,tagcs of the proccss of rcalization. At the })(•ginning 

of thc proccss, thc sefs of rcquircmcnts wc apply our::.dves 

to are ~till small cnough for thcir implications to be carried 

in thc mind's eyc; and these implication~ are thcrcfore not 

yet frozen in :m y c:o.plicit diagrammatic form; thcy are !::.lill 

flexible cnough to be succcssfully integratcd with onc anothcr 

in spitc of conflicts. The furthcr along in the process wc are, 

the more our thoughts about these implications haYe been 

forceu by their complexity to become concrete, whcthcr <lia

grammatically or conccptually, and the more their rigidity 

resists furthcr mOtlification. As a result, thc btcr in the 

proccss conflicting 1liagrams have to be integrated, the more 

diflicult the intcgration is. 

N'aturally, thcn, since the contlicts have to be resolved 

sooncr cr latcr, wc should likc to meet thcm as carly in the 
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prvcc:::s of tc.11L~.ttivn as wc cm, while our ideas are still 

tk-..;:1bk. F1om this point of Yicw, the fcwcr links thcrc ar~ 

bd\\'ccn th~ m.Jjl'f snbscts of thc dccomposition, thc bcltcr. 

fllc.llly, wc shoulLllikc to J1nd ,l Jirst partition of M likc this, 

for inst:1n.::c, \\he re no links ,\le cut by the partition, though 

this \Yill not in p1.1dic.: u:>ually be possiblc.4 

\ 

The nccrl for subsets wc can grasp d!agrammatically calls 

for scts of n.Liablcs whose illfcr¡¡,zl inte1 actions are very dch. 

The ncccl to rcsolvc the conllicts betwcen the diagrams wc 

gd from thcm calls for as little intcra<.tioq betv..·ccn subsets as 

possiblc. Clc.trly thcse l\\O are compatible; indced, they can 

be e:xprc-s~c:rl joinlly as follows. 
Considcr just oÍ1c levcl of the dccompo-;ition, where some set 

S is to be partitioned into disjoint sub~ets (S¡, Sz · · ·Sa · · · S~'). 
\\'e wish to choose thcsc Sa in such a way that we can invent 

a constructive diagram f~r S 1 whose implications will not 

latcr turn out to he hopclessly contradicted by an indcpcnd

ently conccivcd diagrdm for one of thc othcr Sa; and thc samc 

for S2 , S 3, c.:tcetcra. \\"hy is this diflicult to do in tcrms of the 

variablr:s' bchavior? 

ft is diff!cult J~ecause any yariablcs which are linked exer

cisc mutual constraint O\'Cr onc anothcr's !>~ates. If wc fix the 
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v.,lncs of the variable<; of S 1, the valucs whiLh the v:uiaiJ)ps 

of thc other Sa can takc are all(:itdy constraincrl to somc 

c\tcnt by thc probahili,lic link" ,,!Jkh IJind thc:•¡ t0 thisS
1
. 

Tn olhcr wonls, the valuc:, which thc v:uiablcs of S
1 

take, ttll 

us somcthing about the values \\ hich the variaiJles in thc 

other S,. can take; thcy givc us information. The ~par<;cr the 

links betwecn thc Sa, thc les<; the valucs of the ,-;!rial;lcs in 

S¡ can tell liS ahout the values in s~. cte.; the !c~s infor

mation the link-; carry acros;; the partition, the frccr we are 

to con~trnct a diagram for s2 once we ha ve fi:\ed the solution 
of S 1 in our minds. 

If wc wish to construct a cliagram for S 1 first, say, anrl then 

wish to construct a compatible diagrarn for s2 ind<.:pcndcntly, 

we want to be free to manipulate thc valucs of the variables 
in Sz without this manipulation being constraincd bv thc fact 

that the variables of S 1 are now hcld const:mt in o~r rnincls, 

by the diagrammatic cxpression inventcd for thcm. To 

achicvc ,this, we must choose thc Sa in such a wa\· that the 

variables in difTerent subscts of the partition excr¿se as Jittlc 

informational constraint on onc anothcr as possible. 

As shown in Appendh: 2, the conditions spccified in Chap

ter 8 define a unique probability distribution p('A) over the 

states X of any set of variables S. 5 Appendix 2 thcn shows 

that, givcn any partition 7i of a setS into subsets,·1r¡S
1 

••• S~'l' 
we may establish a mcasure of information transfer or infor

mational dcpendence among these subscts, callcd R(1r).s 
Since this R(-rr) is dcfincd for all possiblc partitions of any S, 
wc may obtain the desired dccomposition of thc set JI, by 

minimizin~ R(1r) for §U<;c~~~ivc partitions of ,l{ and its de-
sccndants. - -

Thus, wc first linrl that partition of JI, 1r(.lf), for which 
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R(~) is ll1tllllmlm. This c~!.tbli::.hcs !he I1rst leve\ of thc dc

compo~i!iün, thus, ~ay: 

\Ve thcn apply thc samc mcthou to thc scls Sa: wc look for 

th:tt par!ition r.(S1) of S11 for which R(ñ) is minimum, and 

si milarly for S2 · · ·, thus obtaining thc second lcvel of the 

dccomposilion. 'Ve continuc with lhis proccdnrc ilcralivcly, 

until wc rcach a levcl of <lccomposition at which all thc scts 

contain onc variable only. (Condition 1 o{ Chapter G, page 

32.) 

Thc trcc of scts this dccomposition givcs is, within the 

terms of this book, a complete structural description of the 

clc-.,ign problem ddincd by 1\f; and it thcreforc ~ervcs as a 

progr:"un for thc synlhcsis of a form which solvcs this problem. 

Lct us rcmcmbcr the propc1 tics of thc program. 

l. Thc trce is, in its hicrarchical fo11n, the same as any 
othcr hierarchy of concepts-:-- cxcept that the con
ccpts are hcrc defincd c>.tcnsionally as sets of vari
abh:s, rathc.:r than intcnsitmal~ by meaning. 

2. Thc pa1licular trcc arrivcd at by thc mcthod out
lined givcs an cxplicit dcsuiption of the structure 
implicitly rcsponsiblc for thc sücéess and stability of 

thc unsclfconscious form-making proccss. 
- ':t Thc trcc gin:s thc <;lrongcst pú::.<Siblc dccomposition 

of the proiJicm that docs not in!crfcrc with the task 
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of synlhe.,L-:ing its parts in a unif".L;! ·,·.ay. Each 
sub~idi,lfy prolJicln it <lclinc~ has its 'J •. :1 intq~rity, 

and is :t'> indcpLn<lcnt as it can be of thc rt_,l of thc 
prol;lcm. 

l. Wc must rcmcmbcr that thc hicrarchy uf c¡:ls v.-hich 
thc trcc defines ,,¡11 not ah\ays be easy t0 urcclcr-tand. 

E ven in somc of thc ~mallcr scts '' hiLh UJnt,\Ín only 
half a dozcn \ <Lriablcs, thcse variables .1·ill oftcn !:<:un 

<li~¡xtratc, aml thcir juxtaposition m~ty be :-l<Jrtling. 
Thc tdcvancc of c.tch variable is only tr; b·:: r~rup•:rly 
under<;too<l aftcr carcful cxamination C•Í its ÍUJ'dior.al 
rclalion to lhc othcr vari,tblcs in thc sc:t. Since the 
potcnl~al cohcrcncc of such a set of ,-~tr;~d)lcs cotJh:s 
from its physical implications, it can eonly l;c gr::'-pc-d 
'graphically, by mcans of a conslructiYc .¡;,,6r;1m th:tt 
i)lings out thcsc implications. Each diag1.tm for a 
sct S must do t wo things: · 

As a rcquircmcnt diag1am: 
a. It mnst ))ling out just thosc fcaturL3 uf thc prob

lem which are rclcvant to this set of rcr¡uircmcnts. 
h. It must includc no information \\ bich is not cx

plicitly callcd for by thcs~ requin:mcnts. 

As a form diag"ram: 

a. It must be so ~pcciftc that it has all thc physical 
charactcristics callcd for by the rcquin:mcnts 
of S. 

9. :Xet it must be so gcfleral that it contains no 
arfiitrar{c11inactcristics, and so summaritcs, ab
stractly, the naturc of cvery form which might 

satisfy S. '" 
Above all, thc dcsigricr niust resist thc temptation to 
summarizc thc cuntcnts of thc l1cc in tenns of wcll
known verbal cnnccpts."Hc must not e:\pcct to be aLle 
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to se<? for C\"cty S so me wrbal pa r:-~di:;m Ji k e "This o.nc 
1 f '' [f] ·tncs dc,tls \\ith thc :-~cou~tic a::-pccts of t lC orm. le .· 

tollo Llut, he dcnics the ,,hok purposc of the:-~ll.'lly:-.ls, 
by .tiiO\dnrr n:rb,ll prelonccptions to intcl Íl'lc "tth the 

p~tltctn wl~ch thc prngram shows him. 'l_'he cffcct of tl~e 
. 1 ·1 'l f ren 111 remen ts d ra \\ s cksi~rn p10., 1am !S t J,lt eal 1 se o ·1 • l 

"' ::. · 1 · ¡ d f 1 ·twna his .lttcntion to just onc maJor p 1ptca ,m . lll l. , 
-issue, rathcr than to somc Yctbal or prcconcct:·cd l.sst~e: 
It thercby forccs him to consolidatc thc phystc.tl td.e.ts 
prcsent in his mind as scedlings, aml to make phystcal 
ordcr out of thcm. 

To finish this scction I give an cxample of thc "-~y a sct of 
---- k tl ·¡cate a ncw Jtlea about rcc¡uircmcnts, \\hcn ta ·en to¡;c lcr, e ' 

"hat onc m a in fea turc of a physical form ought to ,be. ~o~-
. kr the dcsicrn of thc now familiar onc-hole kettlc. 1 he smg e 

sH " f · · ts· all ,\ide short "pout cmbi.tces a numbcr o rcquucnH.:n .. 

thosc '' hich ccntcr round the problcms of getting w~ter 111 and 

out of thc kettlc, thc problcm of cloing it safcly wllho~t thc 

k. · · f t 1rc as sunple Jid's falling off, thc problcm of ma mg ma~lu ac t ' . 

"1 l thc problcm of providing warmng when thc kettle as poss1 J e, · ll k ttl s 
1 r '1 the nccd for intctnal maintcnancc. In the o e ·e e 
J JI s, h nts· 
thcc.:e rcquircments were mct scpat.ltely by t ree compone. . 

- f · a holc in thc top for filling and clcamng, a spout or pounng, ' 

1 and a top which kept the steam~n and r~ttlccl whcn t 1C 

kcttlc boilcu. Suddet~ w.hen it ·became pos<;tble to put non

corrosive mctals on thc market, and chcap, availahle d:scal:r 

madc it unncccssary to get into the kettlc for dcscalmg, lt 

hccamc apparent that all tlicse requircmcnts really ha~ a 

single ccntcr of ph) "ical implication, not thrce. The ~vide 

!>pout can he used for fllling and pouring~ a!1(). as a wlustle, 

and thcrc is no top to fall opcn and Jet scaldmg water out 
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o\·er th~ pouu·. 's h:lllrk Thc sct of lcr¡uitcmcnfc;, once its 

unity is recognized, Icario; to a single physical cnmp(Jnt nt IJÍ 

[he kcttle. 

The progr:-~ m, which rcpresents a f unctional decompo•.itinn 

of the prohlcm, is a way of idcntifying thc problcm's major 

functional aspcctc;. Rut what kind of physical fonn, c>:aLtly, 

is the dcsigncr lil:cly to rcalizc wi th t he help of s11ch a pro

gram? Let us lonk at the form problcm from thc bc:6inning. 
The orgnnization of any complcx physical objcct is hicr

archic.tl. ft Ís true that, if we wish, \'OC may dismi->s thic; 

observation asan hallucination causcd by thc way the human 

bwin, bcing disposed to scc in tcnns of articulations and ¡ 

hicratchics, pcrccivcs the world. On thc whol~, thou,~h, thcre \ 

are goocl rcn->ons to bclicve in the hicwrchical subrlivision of 

the worlcl as an objective feature of rcality. Tndc:cd, many 

scicntists, trying to understand thc pl;ysical world, Jinrl that 
thcy ha,-~ first to iclentify its physical componcnts, muchas I 
have argued in these notes for isolating the abstract com

poncnts of a problcm. To unclcrstand the human bolly you 

need to know what to considcr as its principal functional and 

structural divisions. You cannot undcrstand it until you rcc- , 

ognize thc ncrvous system, the hormonal systcm, thc vaso

motor system, the hcart, the arms, legs, trunk, nead, and so 

on as entities.
7 

You cannot undcrstand chcmistry \\Íthout 

knowing the pieccs of which molccules are made. You cannot 

claim to have much understanding of thc universe until you 

recognize its galaxies as important pieccs. You Gllll10t under

stand the modern city until you know that although roads 

are physically intcrtwined with the distribution of scrvices, 
the tv;o remain functionally distinct. 



Sl'it'nti~ts t1y to illcntify thc compunents of l'\.Í:--ting sfnic~ 

turc. Dt·,igncr;; l1y to sh.1pc thc componcnts of ncw ~truc

turcs. Thc sc.uch for thc 1ight componcnts, .md thc right _ 

\\,\)" to build thc fnrm up from thcse componcnts, is the 

grc.1tcst ph} ~ir.1l ch.dknge faccd by the cle-;igncr. I bdicve 

that if !he hicr.nLhk.ll program is intclligcntly uscll, it oiTers 

thc kcy lo this \"L'l)" basic problcm -- and '' ill aclu.dll,: ¡;¡oint _ 
to thc major physic.1l componcnts of which thc form -sn(rútd 
consist. 

''"hcn \\"C et1nSilkr thc kinds of constructh·e diagr.1m which 

are likely to be sug:;cstcd by scts of requiremento;, at li1st it 

scems that !he natUJc of thcse diagrams is ,·ety various. Somc 

diagrams sccm to def111e 0\·erall pattern Rropettics of the fonn, 

like bcing cirt:ular, bcing low rather than high, bcing hor~o
gcncous. Othcr diagrams sccm to be ¡)~ecelike rather than 

pattcrnlikc. Thcy defmc pieccs of which the whole -fonn -is 
madc, likc .t diagram dcfining the str:cet as a picce of the city, 
or thc handlc as a. piecc of thc kcttlc, and so on. 

.\ctually the distinction bcl\\"cen patternlikc and piccclike 

diagr.uns is more apparcnt th.m real. Take a simple cxample, 

a diagram '' hich spcciftes a circular plan. Being circular is 
usn.11ly thought of as .m ovcr.dl propcrty of a plan. But the 

plan's bt:ing circular may also be guarantecd by a surrounding 

wall or bounll.lr)' of somc sort. In other words, wc can invest 

,,h.tt is apparcntly a pattcrn property in a componsnt which 

is much more of a piccc: namcly the boundary. 

This is thc general rule. Evcry aspcct of a form, whcthcr 

piccelikc or patternlikc, can be UIHlcrstood as a !:>tructure of 

com¡)om:nts. En:ry objcct is a hicrarchy of compon,ents, the 

lar;j<: -<!~es ~pecifying thc p.tttcrn of distribution of thc smaller 

()neo;, the small oncs thcmsclvcs, though at first sight more 
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clc.uly piccelike, in hct again pattc1 ns spccifyi11:; LLc ,nrangc

menl and 1lblribulion of still c,m,dler componcnls. 
E\·cry componcnt has this twofolcJ natt11e: it is lirc,t a unit, 

ancl seconcl a pattLrn, buth a ¡Mifcrn anda unit. Its naturc 
as .t unit makcs it an cntity distinct from its .,urrotindings. 

Its n.tture as a pattcrn :,pcciflcs thc arrangem(;nt of its own 

componcnt units. It is thc culmination of the dc:j;;ner's task 

to makc evcry cliagram both a pattcrn anda unit. .\s a unit it 

will f1t into the hierarchy of largcr componcnts th;lt f.dl aboYe 

it; as a pallu,l it will spccify the hierarchy of :-mdllcr com

poncnts which it itc:clf is made of. 
Thc hicrarchical compo~ition of thcsc diagr0.ms will then 

lcad to a phy~ical objcct \\'hose slructural hil'r;ut:hy is the 

cxact counterpa.rt of the functional hictarchy c~t:-~bli -hccl clur· 

ing the analysis of thc problcm; as thc ptogr.un c.l.uilic:s thc 

componcnt sources of th~ foun's structure, so its rc.llization, 

in pMallcl, will actually begin to define thc fu1m's pJ¡ysical 
componcnts and lhcir hicrarchical organization.8 
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EPILOGUE 

Jfy main task Iras bcm lo slro7v tlrattlrcre is a Jeep and importanl 
zlildcrlying structural co_rrcspoiiClCIIce bet<.•een tire pattcm of a 
problcm aud tire process of dcsigiling a plrysical form wMch 
a¡zs-.... ·ers tlrat problcm. 1 beliCi.•e tlwt tire great arclritect Iras i1l the 
past ah~·ays been a•~·are of tire pattcmcd similarity of problem a1ul 
process, and tlwt it is only tire scuse of !Iris similarity of stmcl11re 
tlrat e~er lcd lrim lo tire dcsign of great forms. 

Tire same pattcm is implicil in tire action of tire rmself
couscious form- producing syslem, a11d res ponsible for its success. 
But befare ü'e can ourseh•cs turna problcm into fonn, because we 
are sclfcouscious, u·e nced lo make explicit maps of tire problem's 
stmcture, a nd tlrcrcfore uced jirst lo im:cnt a conceptual framework 
for suclz maps. This is all that 1 lrave tried lo do. 

Since my c.ffort may 7i.!cllmeet with resistance, 1 like to see tlze 
few steps takm lrere rejleclcd in a parable of m' imaginary pasl 
society. 

Suppose tlrere was once a people <olro Izad 110 formalizcd arith
mctic. JJ'Iren they u•a¡zfed •~·lrat we !!link of as aritlmulical resrtlts, 
tlrey gol tlrem by guessing. So if 1/tey wishcd lo know tlze area of a 
com patclz tlrey paced its two sides (six paces by tm paces, say), 
and tiren mullcd tire tu•o 111tmbers o'i:er. &·enlttally o11e of them 
came ttp ü.•itlz an a11s-.I:er - lze would say some 11umber, thal 
is, 'i..:lriclz eslimated tire bags of com 11ceJcd to Slril.l tlzat patch. 
!le mig!tt say GO, 61, 58, wltale'i:er occurrcd lo lzim. (If we 
u·cre in suclz a situation we slrould fonn wltat we call tite prod-
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uct of tire two numl1crs, 60, aud determine tlr_~nuounl of corn 
11ecded in terms of tlris arca.) 

It is casy lo see tlrat tire pcople of this imaginary socicty miglzt 
not hrz-.Je formd formal critlzmetic accept:zble. Tlreir Oü.'ll metltod 
'i.i.!as usual/y uot loo far off tlze mar k (sowing com is suclz a loose 
test, awyway, tlzat what 'i.ve call i11acwracy wortld 11ot l!a~·e bem 
11oticeable) - and besides, there was sometlzing rather uoblc about 
tlze seers (magicians?) wlro performed tire tasks of "calculation." 
Some me1t were better at it tiran others, certaiuly; so1.1e Izad the 
power to produce appropriate ans-a:ers, some produccd anS'i~·t:rs 

ratlzer ·wider of tlze mar k. But that didn't scem to matt~·r. fílslcad 
tlze power was regarded as a great lmman gijt, the people "ci.:lzo 
possessed it were lzonored Jor their capability. A11d botlz tliese scers 
tlrcmselves and tlzeir admiTers opposed tlze introd:tclion of a 
Jormalized aritlzmetic most ri~idly, did not see tlze possible dt:;:clop
ments, were inlerested only in preserving tlzeir owJJ /imited 
capacities for calculation. 

Suclt resistance was not altogetlzer foolish eitlzer. Tlzere u.1ere 
wise mcn, too, among tlrose wlro opposed aritltmetic. They foresaw, 
correctly, the materialism wlzich it would induce. lts ~·cry first 
acltievement, once introduced, would be lo make calculatioít more 
precise and easier, and tlzereby lo save com. And soon n;tmbcr a1ul 
economy and size u•ould dominate !he human being. The immcdi
ale good done by tite fonmtlation of aritlmzetic u•ould be small, aud 
not 'i.i.'Orth taki1Jg risks for on its owJJ account.· 

JV!zat 11either tite wise men nor the seers foresaw, ltlr.J.'e:t:er, was 
tlze miraculous developmcnts tlzat tlzis jormulatio1' !oler lcd lo. 
By jirst mzderstanding tlze slzape of tite teclmique u•lticlt produced 
tire form of tlze result, 111a1t fozmd fttrllzcr insigltt. He fozmd tlzat 
it is 1tot only tlze result wlriclz is importan!, but tlze process too. 
N ot only tlze form of tlze results, but tite form of tite patlz ülrich 
led to tl1Cin. lt was only by questioning the fozmdations of 
geomctry a1ul tlze processes of geometrical proof tltat Riemann 
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···.<J:.',d t!:c .t:,<•'l'i<.'l y¡, !·it !; /.;:,,.k, ,¡,;,e !he basisfor Finslcin's 
•. ·'J y ,:f l<.'.·::;:'!y. 0:'., r -~·· .::.'.'"''e!·:~ <IJ<' po.,:,ib/c taday be-

'·. ' 1' 

¡.,., •zt•c n:<~·z,t;,;:·ct!.,,;¡gi.tto t:., :,t'CJ•:inglyob:ious proccsscsr .. ·hic/1 
,,,,.J,¡{.¡y lllifln.l:,·:ic t,';,¡f he ~.<Is ,¡!•le h, ¡,_fi,¡e 1/lti!I;t'm<llics, and 
,,,',fe lo proacd lo f•'J ;ns of st:"il J¡:g!:cr arder, lilti!hcmatical shapes 
e:( :;1<•1/cr < !.·g,niit" .w.! j:d!,·r :1 ·:du slc111ding. 

Tl~t: s/¡,¡pcs of mathcn:alf<s are abs!Jacl, of course, and tlze 
sJ:,¡pcs of •nt"hitcc!u¡r: cc;:oc!< t111d lntnlu!l. Bu! t/;at di.ffcrcnce 
is incsscntial. The cmciul q¡¡a/ity of sl1<1 pe,. 110 matfer of 7~.•hat 
kind, lies in its org,¡¡¡i;::,¡fion, ,mJ -..-llCJz r,•c thinll of itthis 7.'ay 'ii'e 
cal! it form . .lfan's faling for mulhcmatical form 7.•as able lo 
dc;·clop only from liis fccling for the proccsses of prooj. 1 belieí.!e 
ff¡,¡f our fceling for arc!Iilcclural form can 11C'iJcr reaclz a compa
r,¡bfe Oldcr of Jc-.:clopmwl, un ti! -;,e loo lw<·e jirst lcamcd a com
P•II able jccfi¡¡g for !he process of design. 
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Todas las restricciones importantes re:pecto o las utilizac:ione1 roctibles de 

"'terreno ~emos conc!.ensarlas en dos grupos: unas codHicodc:s en reglamentas de COtU

trveci~, otras derivadas directamente dol inversor. 

Aqut solo veremos aquellas proc:ec!.enl'es c!el Reglamento de c:an.strucciones 

· piio el Distrito Fec!eral • 
: 1 

De r~ derivadas del inversor~ cliente pol'enciol 1 lo mas importen !"e serÍCI 

lo ec:o~mica. De nada servirTe, llegar o lo conclusión ~ que paro un c!el'erminoc!o l'erl!, 

.,, lo mejor utilización serra un cierto tipa c!e construcción p.:~ro lo cual el inver-.or no 

•uniera el sunciente capital. 

Los prtrneros ct&sposidones del Reglamento ele Constrvcdones pera el Ois-

•iro Federo! es su alcance a •tocfas las obras o instalaciones pu-olicc:s ó privoc!cs q~ se • 

ejecuten en terre':los el'! propiedad privada ó p~blica eS en les vías públicc:s, csi corro el -

_uso~ preclios, ~nstrucci~nes, ~structur~, insta)cc:io~s y ~rvic:ios p~lic:os•. 

Lo cgencia gubernamental encargada c!e hacer cumplir lcs clisposiciar"'s ~~ 

-- ---&eglamento es to·Oirec:ción·Ge-nerol do Obres P~J.icas-y entre las racuhcc!es de esto c!e;>!!!, 

ciencia esto ef controlar el uso de los terrenos c!e oc:verdo con el interés p~lic:a y c!e~e 

luego Inspeccionar paro conocer el uso que se hoga c!e un predio, est'Ncturo, in.stalc.:i:n 

edificio ó construc:ciórí y en consecuencia autorizar ó negar, de ccvcrc!., con el !tes le:.~;! 

Do, lo ocupación ó el uso ele uno construcción, estructura ó instala.:ión. 

En los artTculas 4o, So, 6o, 7o, 9o y 1CQ se re;lc.~nta lo vio p~lic:::.-

J todos los demos bien~s de uso com~n ó ~stinodos a un servicio p~fic:a. En est:u c:rtr:u-

los se define lo qve se entiend-e por vía pu"blico eneonh"~1~ó'o01 lo pri:n:ra restricci~: el 

USCI ~lo vto pública pera lo cual se requiero un pem1iso es;ecio!. 

.. 

" 



Lo generolidocl óe los '"'lSOS limita los predios ó el uso de la tierra por •1o 

superficie eogendroda por la generatriz vertical que sigue el alineamiento oficial ó el -

lindero de lo vi"a pública•. las vi"as públicas son inaliencbles e imprescriptibles y no so-

IQI'I'Io!)nte esto sino que existe lo •presunción de vi"o pública• que es •toda inmueble que -

GpOrezco como vi"a público en algún plano o registro oficial existente en cualquiera de las . 
dependencias-~¡ Ó~p"a-rtame~to del Di~trit~ Federal 1 de la Tesoreri'a ó en el.Archivo-Ge . - -
nercd de la Nación•; estos, •se presumiré que es vi'o pública y que pertenece al Departo 

~- - -
mento del Distrito Federal 1 salvo pruebo pleno en contrario•. 

Nadie podrá construir en la vi'a pública, ni siquiera ejecutar obras que de 

alguna mane'ra m::xfifiquen las existentes sin obtener lo licencia respectiva de la Direc--

ción ·General de Obra1 Públicas. 

Los ortt'culos 19 y 20restringen los cortes en las aceras y las ruptura de p~ 

'Vimentos reservándose la Dirección el ordenar bajo que condiciones se de\.an hacer este 

tipo da trcba¡os cuonc!o.so necesiten. __ 

El crtt'culo 21 da los limitaciones de voladizos y salientes o sea de cual-

quier eleme-nto-estructural que iñ'IOdcda vi' o pública sobresaliendo del- alineamiento. las_ 

pilastras, sardineles, marcos de puertas y ventanas, repisones, cornisas y cejos, esi.Jn re-

tringic!os por una cierta medido. 

Los balcones y las hojas de las ventanas que se obren hacia afuera eston en 

función de w distoncia a las lineas de transmisión eléctrica. las marquesinas no se po-

dr® uscr como piso cuondo se construyen sobre lo vt'a pública. Termina este orti'culo restri~ 

gienclo aun mas el uso de estas piezas: •1as licencias que se expidan poro lo• elementos sel'l~ 

lodos en este crtt'culo, tendran siempre el caracter de revocable•. 

Todos los voladizos y ~alientes deberán drenorse convenientemente de tal • 
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..,do que la caido del agua no sea sobre'"' ocerc. 

No se puede usaa la vi'a pública poro aumentar el orea util de un pr'!dio

ni en formo cerea ni subterronea y el que invada lo vi"a pública con este tipo de corutr~ 

ciones está obligado o retirarlas. 

El capt'tulo IV del Reglamento deFine como alinec:miento oficial •ta trc::zo 

IOb.;, el terreno"qüé"limita·el predio respectivo con" lo vi"a público en uso o-con lo futura 

vra pública dotqrminoda en los proyectos oprobo&,s por los Órgaros o autoridades Com~ 

lentes•. la Dirección fija restricciones de cada predio al solicitarse le el alineamiento_ 

oncial. Para esta petición hay que precisar el uso que se prete~da dar al predio. Sin e~~ 

documenta no se otorga la licencia para con~truir. 

El arti"culo 34 reglamenta que lo Dirección "estc:hlecera las restricciones 

que juzgue necesarias poro lo construcción o· paro el uso de los bienes inmuebles ya sea 

en forma general 1 en determinadas Tonos, en fraccionamientos, en lugares 0 en ccsos _ 

concretos y las haró cónstor en los permisos, licenciaS ó alineamientos que expido qve:h~ 

. do o~ligado~ los propi~_tarios o poseedores da las inmuebles 0 respetorfcs•. 

El capt'tulo V restringe y da las especificaciones o qve deba atenerse los -

constructores de instalaciones cereas como son los pos:-es ó instalaciones subterror.e::s pero 

los servicios p~blic:os de tel~fonos, alumbrada, semáforos, etc. 

Hasta ahora, hemos visto el ti'tulo 1 del Reglamento que e~tcblece res:-t-ic

ciones de tipo general. El título 11 restringe el proyecto arquitectónico, p.:lra esl'e eFe,.to, 

la Dirección •determinará las caracteri"stica1 de los edifi~ios y los lugares en q~.-e estos -

pueden autorizarse, seg~n sus diferentes clases y usos• por lo tonto •a?rob.:~rS ó re~h.:::::rS 

los proyectos arquitectónicos de acuerda con sus corccterrs:ic.:~s .;er-eroles y p-:lrticulc.-es. • 

( 
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Las construcciones que se ubiquen lln zonas trpiccs y en calles eS plazas ó 

ptÓXImas a con,trvcdones dec:larodcs monumentos a juicio del Instituto de Antropología e 

Historia, deberán armonizar con el ambiente general ele que foi'I'Mn parte. . 
LOs materiales especificoóos en el proyecto deben ser dé la especie y ca-

ir,1J ñOCo;Sélries M ÚSó que sé destine coda porte del mismo. 
- --- .. ----

El ¡){oyecto cleberá inCluir las m~imas seguridades contra-Incendio-.-

Todo edificio que tenga piezas habitables y que es~n a una alh.lra mayar 

de troce metros sobre el nivel ele la cc:erc, d~berá tener por lo menos, en servicio un es-

censor pero persones. ./"'> 

En el copi\ulo VIl se restringen las altura$ de l~s edificios y los espacios 

que debon quedar sin construir. 

Ning~n punto ele! edificio puede estar a mayor olh.lra ,que 1.75 veces su -

distancia d1 parÓmento v~rticol correspondiente al alineamiento opuesto de la calle. En 

plazas y jardines el alineamiento opuesto _se lo~o~izará o cinco metros~ lo guarnición o 

en el li"mite intérior de la acero si esta tiene mas de cinco metros de anchura. Cuando el 

odúid~--$6- ~;;ro a construir en "esquino de un cruee- de col les de-anchuras diferentes, la_

altura de la fachcda en el alineamiento do la calle angosta, podrá ser lo de la fachada 

en el alineamiento d:l la calle ancho, hasta una .distancio equivalente a vez y media la 

cnchuro de lo calle ~gosto, medida a partir de lo esquino. 

Todos los edificios deberón tener los espacios sin construir necesarios poro 

lograr uno bueno iluminación y ventilación. Estos creas sin construir se den en el Reglo

mento como mrnimas. Poro hoteles, oficinCIS y escuelas se den en un por ciento de las -

creas construidos. En soles c!e esp,ctóculos y centros de reunión en general se den en fu!:!, 

ción do uno cierto or!!o fijo por concurrente. En los edificios industriales lo Dirección -

~ 

"lsmo fija les limitaciones en codo caso esP"ci'fico. En aquellos edificios que se de,tinen 

0 uso 111t:do, ser6n por lo menos iguales ci la súmo da las que se requieren para codo fin sd 

w qua se demuestren que ro existe superposición dO horarios en su funcioncmiento • 

A partir del nivel en que se desplanten los pisos de un edificio destinado a 

hcbltoción; deber~n cjuedar libres las superficies dedicadas e patios que sirven poro dar -
' 

IIUIIIinoclón y ventilo¿ión-o-fcn diferentes dependencias, sin que dichas superficies_p_l.!"dcn 

ser cubiertos con volados, corredores, pasillos o escolerós, Se entiende pór pieto hcbito-

lile •tos locales que se destinen a solo$, despachOs, comedores y dormitoHos• y p:;¡r no h2_ . . 
llttcbles aquellas •destinados a cocines y cU<lrtos de bai'lo•. El destino de codo local será el 

que, resulte de su ublcoei~n y t'imensiones y no el que se lequiero fijar arbitrariamente. -

El crtreulo 61 dtJ les dimensiones mi"nimos tonto en anchuoro como en altura pero poeer --

considerar un local como pieza hobitcble. El reglamento en su crtrculo 62, solo autorizo 

la construcción de viviendas con un mrnimo de uno pieza habitable con sus servicios com-

pie tos de cocina y boi'lo. 
- - ---

Todos las piezas habitables en todos los pisos c!eber5n tener iluminación y 

-ventilación por medio_de_'<lonos que d~r5r~ dire_ctomente '=!patios ó a la vra pColico. las 
- -- --

superficies libres de todo obstrucci.ón poro ventilación e iluminación eston en relación c!e 

la superficie de lo pieza, osl", el artrculo 63 do unos mrnimos poro estos orees de un oct2_ 

voy ele un venticuotravo de lo superficie de la pieza paro iluminación y ventilación re! 

pcctivomente. El ortrculo 64 dé las dimensiones mrnirncs de los patios que sirven paro -

dar iluminación y ventilación a piezas hcbitobles, Estos dimensiones ml"nim.:ls es~cn en -

función de los olturos de los muros que limten estos p:¡tios. Cuan& lo altura & los muro\ 

limrtrofes sobrepaso los 12.-- m. la dimensión mínimo del patio seró el tercio ¿e lo oh~ 

ro total de dichos muros. En esto mism;, artl"culo ~ d~ tombicn los dil1"Cnsiones mrnimcs 

' 
~ 
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¿,los patios ~ve sirven para dar lluminoc:iÓt'l y ventilación a piezas 1'10 hcbitcbles, A.li

lftiS!nO euando la altura de los muros limftrofes sobre pasa los 12.00 m. la dimensión mr

nlma del pdla ser& el ~uinto de lo altura total do dic~s muros. Ademas do la Iluminación . 
nctvrol, se eebe proveer a los edificios poro habitación, de iluminación artificial que so 

~ .. - ..... ~ . .. .... 

R¡aen o~ ccpftulo XXI ~~~egl~nto. 

to:cfos los viviendas de un edirici~ debera;;tener salida a po:siftos &-corre-

dores que eonduzcan directamente o las puertos do solida ó a ·'·as escaleras. El ancho de 

e3tos postilas o:si como lo altura de ba~ondales, cuando los necesiten, se espectncon en el 

crtfevlo 66. 

l.os edificios tendr~ siemprc escaleras que comuniquen todos los niveles, 

cunque tongcn elevc:dores. los escaleras se deberán construir con materiales lncombustl-
. . 

bies y pro~ege~ con barandal es. 

El capftulo IX reglamento los edificios paro comercio y oflctno:s, los cua

les soo o:ii'\Si~-rc<!-os ·coMO:piezas habitables y por lo tanto tienen las !!'bt~~as_~ttr!_c~iones 

que los edificios poro habitaciones vistos onterionnente. lo esyeeiflcación particular de 

~ . -· ---

El c:apl"hllo X trato sobre edtricios destinados o la educación. Paro DOdar 

Oto11]or licencia de construcción, ampliación, odapotación ó modificación poro este tipo 

J,a edifidos sa requisito lndhpensable que previamente se cprvebc su ubicación. lo su

perficie totc:l &ll terreno c!estincdo o lo construcción de edificios poro lo educación seró 

~lo moros~ cinco metros cuadrados por alumno. El n~mero de alumnos se calcularó 

~ ocue~ con la cc:¡x¡cidod total de 1~ aulas. la ccpocic!::d de las aulas deberá cale:"• 

lorse a rezón~ un metro cuodrcx!o por alumno, con uno Cc:¡xl:icb:l máximo &l cincuenta 

duiNIOS. les aulas c!~~r,j;, estor iluminadas y ventilcdcs por medi{' do ventanas a lo vra 

pGbltco o o patios y estas ven tenas de~ré'l cb:r- ~.:rr :o- c:: ~rz:¡s tt;do la longitud ck uno 

de lo: muros mas largos. lO' pati,Jt q.¡e sirvor1 pero d.::-1t.::rñn-cci'Cn y ventilación a lc:s-

aulas deberSn tenor por lo moros una dill'>'::nsi&í c:k IP'I ~e:: :e 1~ dturo del porc:me:'l!o y 

como mrnimo tres motros. lo iluminación c:rtifici:JI ~ &:a :Jo sr:r-S directo y uniFormo. 

'··-Estos edificios deberSn tener un espa~io paro el ~-rm·.rrm:: Físico e» los clumnos con 

una supe-rflcle-~r~Í~a eq-;,Tvolento o ~az y rnéit.a oJ ~ ::Mtruic!a -con fines diFerentes 

... esparcimiento. Se exceptuancJe esta obtigoci5rl ~;s es:..efc:s espe~iali~odo:s. Toda es

cuela tendr& un local odeeuac!o para enFermerfo, d:, .. ::aa, ~ ~uipo &! emergencia. 

El ca¡»l'tulo XIII c!el Reglamenta se ~~~;:fes hospitales. las dimensio

nes mtnimas paro los cuartos de enFermas, de las ~-,s y c!e los patios son les mismas 

restricciones que los vistos poro edificios de hc:bitod!-"'1. l:s dimensiones de las S(llas- :_ 

eonerales paro enFermos se deben calcular en lo mis.~~ que en los edificias poro !o-

educod~n. la instalac:Tón eléctrica general debe ~:-!rs=, edemas de las del serviciÓ 
1 

: pGbltca, con_una planto particular .con lo ca~ci:!~ r>&~scria. 

El capftulo XIV referente a industries e:\ S:.J crtreulo 111 obligo, entes de 

ciar autorlzacl~n poro coñstruii·-un e·dtncio de este· ti~, o q~.,-e •pre.viamat~~ __ ScC __ apn,>eR:? ... 

su ubicac:T6n conForme o las disposiciones legales apli:cl:los•. la industrio que por su -

Importancia y por lo naturalezu de sus actividades y &~~. imptiquen rie~os se u'::!ic~ 

rán fuera de la xano urbana; las qve causen molestics, en :onos industriales y si las 11'11:)1:! 

tlos son tolerables, en cualquier zona siempre que no uistcn prohibiciones o restriccio

nes que lo Impidan. El artrculo 112 aun reservo la upedición c!a lo tic:encio de corutru~ 

ción poro este tipo c!e edificios a que •lo Dirección Gonera1 c!.s Obras Públiccs d~b-eró -

cuidar que la1 construc:c:iones S(ltisFogan lo previsto en los re~larNntol & medid~ P~ .. e~ 

tlvas ele occidenhl y do higiene d~!~l trcbo¡o•. 

~~'- :_ 

, 
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El ccpt'tulo XV se refiere o solos de espect~culos dando corno primer requ.!, 

tifo poro otorgar lo licencio •&o oproboc:ión previo de su ..Oicoeión y demos requisitos

conForme o los disposiciOI'Ies legales aplicables•. Todas las solas destinadas o espectácu-
• 

los deber~ tener accesos y solidas directas o lo vr'o público Ó comunicarse con ello por 

,asillas con onchuros mr'ni~os dedos en función de las anchuras .efe todas las circuloc:iones 
------ --, ---

que des.::~lojen las solos por esos pasillos. Estos accesos y solidos se &!:;en localizar óe p~ 

ferencio en_colles diferentes. Todo solo de espectóculos debe tener por lo menos tres so

lidos. Deberán tener as~ mismo vestib~:~los que comuniquen la sola con la vr'a público ó con 

los pasillos que den acceso a esta. Ademos coda clase de localidad deberá tener un esp~ 

cio poro el cfesconso de los espectadores en los intermedios. Sobre las puertos a la vro-

público se deberán poner marquesinas. las toquillas poro la vento de boletos no deben -

obstruir la circulación por los accesos odemos de localizarse en formo visible. la altura -

libre ¿.:l lo solo no seró en ningún punto de menos de tres metros. El volumen de la solo 

se cokul oró a rozón de-dos y medio- metros cúbicos por espectador. _El art~cul~ 1 ~ 9 so_lo 

\,ermite la instalación de butocos y prohibe lo de gradas en las solas de espectáculos. Ade 
\ -
1 - ------- -------. ----------

mas sa reservo el derecho c!e revisión y •se o~denora el retiro ·&e"botacas de-los-zonas-<!e----

,isibilidod defectuosos•. las butacas se deberán fijar al suelo y ser c!e asientos plegadi

zos. En los muros c!e los pasillos no se permiten salientes o uno altura menor de tres me

tros. lo anchura c!e los plftrtas que comuniquen lo solido con el vestl'bulo, deberá per

mitir lo evacuoción c!e lo solo en tres minutos. Codo piso o tipo c!e localidad con cupo s!:!. 

perior o cien personas, &!be tener por lo menos, edemas de los puertos antes vistos uno -

zolido de emergencia que comunique o lo calle directc:merte ó por ~dio de pasajes inda

pendientes. las hojas d~ los puertos deben cbrirse ol exterior. El ortrculo 123 prohibe te!. 

minonternente "que en los lugcres destinodos o lo FX!rmoneneio ó el transito &1 público, 
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M)to puertos dmulodos Ó espejos que hogan aparecer ellocof con mgyor amplitud que lo 

Cl~ realmente h!ngo•. los escoteros tendr&t una Olldtura ml'n;mo igual o lo wmo &e lc:s 

.,churas de los puertas o pasillos o los que den servicio y comtruin.e t!e mat11rioles inco~ 

bustibles. Coda piso d~be tener por lo menos dos esc:aleros. los escenarios, vestido~s, ~ 

ciegas, toUeres, cuort~ de méquinos y casetas de proyecc:i~n deben estor oi\lodos ent"' -

1¡ y de lo -"'lo, as'i ~mo tendrón solidos independie-ntes de lo sola. Todos las ~las ¿e es

pectóculos deben tener ventilación artificial. El aire deber& ser tratado poro obtener una 

cierto temperatura, h~medad y concentración de bioxida de carbono. Deben tener servi-

cios sanitarios poro coda localidad y precedidos de un vostlhulo. los solos !!e espectácu

los deben tener una instoloci~n hidroúlicaÍndependiente poro co.sos de incendio con una 

presión necesaria en todo lo instalación poro que el chorro c!e egua alcance el punto mes 

alto ele! edificio. Solo se outorizaró el funcionamiento de los salas de espectáculos cua!!. 

do los resultados de los prvebos de carga y de sus imtoloc:iones sean sotisFoc:torios, Esto -

autorización dcberó re cebarse anualmente. 

El copi"tulo XVI rererente a centros c:!e reunión como casinos, ccborets, -

restoufárítes, solos·de--betle~o cuolc¡uier-otro.con uso semejante tiene dispos!c:iones similo-

res al copi"tulo XV poro solos de espectáculos. Tambien el Copi"tulo XVII cestinac!o o edi· 

ficios poro espectáculos deportivos y el copi"tulo XVIII a templos siguen poco mas ó ~no~ 

los mismos disposiciones del XV. 

El copi"tulo XIX se refiere o estoc:ionomientos c!efinienO:,Ios cort".o lugcres 

•c1e propiedad público privado destinado o guardar vehículos•. Para otorgcr licencio ¿e 

construcción, omplioc:ión Ó modificación ¿e lugares qve se destinen total ó pcrciolrr.cn:-e 

o estacionamientos, se necesito lo aprobación de su ubicación, los esto~ionc:-nicn~os e!-.!-

ben tener carriles separados poro la entrado y solida de los vehículos con uno cnc:huro -

" 
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~nl'nimo de cJo, me .. os y mE: dio. Deben tener oreas para el cscensa y c!esc:ensa de personas, 

oJ nivel do las ace;as, a ceda lc:do de los carriles. lo al~ra libre de cualquier punto no 

p~c!a ser m'enor de &!s metros con diez c:entt'metros. las ra:npcs tendrán uno pendiente mi 

almo de quince por ciento y curvas con radio ml'nimo c!e siel'e y medio metras. Estas rom

pas estarán deli~~toclaS.poi uria g-üamici&n.las columnas fiñuros c!eber&. tener-una ban-. __ 
. . 

c¡uera de protección. Si las oreas de estacionamiento no ertuvieran a nivel, los cajones se 

ditponcfrán en Fonna. tal que en caso efe que folle el sistema efe Frenos el vehfculo quec!e -

detenido en topés. Cuando no se construyan edificios pera ertacionamiento de veht'culos 

slno solamente se utiliu el terreno, este deber& pavimente~ y drena~ ocfecuocfamente, 

contar con e~tradas y salidos independientes, tendrán ele limitados oreas de circulación, 

contar~n con topes poro les ruedes, bordes propias en todos los linderos, casetas de con

trol y servicios sanitarios. Este c:cpl"tulo en su artl'c:ulo 171 da uno exeepciSn •tos estoei~ 

- -ftomientos privados no estcn obligados a tener carriles sepcrodos, oreas paro ascenso y des 
. ---- - -

censo do personas, servicios sanitarios y casetas de control•. 

---- ---- - - - El capt'tulo X*l;últtme-del titulo se.guru!o rererente.ol proy!!ICtq arqui_tec_~ -----

• 
0 -~ 0 ~- 0 1 • 0 ~ •t 0 

•• 1 1 dip f" tón•co; ao uno sene ce n1ve es mm1mos ~;~e 1 ummac1on en uxes, peta es uerentes •pes 

do edificios. 

El tftulo tercero del Reglamento dispone les rertricciones al dise11o estruc

tural. Todos les esm,;cturas c!eben ser anoltzadas por los pr~cedimientos reconoc:i&!s de -

análisis elástico ó inelástico, siempre que se sujeten o los requisitos que se11a1a el Regle.ne~ 

to. Puec!en emplearse mltodos de cSic:ulo diferentes, pero el disei'lo deber~ ser aprobado -

por la dirección ~neral de Obras P~lic:as. El disei'lo c!e estructuras especiales por sus e~ 

raderl"siticcs ó m~erioles rec¡ueriró a¡:~robación especial & lo misma Dirección. 

E1 cc:pl'tulo XXIII troto~ cargas muertes y d~ uno tc:hlo & p.!SOS volumS-

• 
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lriCOS a los cuales c!e~rón sujetarse los di~i'los estrueturoles. 

El capi"tulo XXIV sobre cargas vivas, también do uno tcbla ¿., e:~:s y h

c5a c~lc:ulo no serón menores que las especificadas en dicha tcbla. El pr~pier::rio b.,l e::. 

licio serl'o ol responsable de los perjuicios que podrl'a ocasionar un c:arr.bio ~ c!e:tir.o -!e 

la construedón cuando produzco cargas mayores que les del disei'lo. --.. 
Copftulo XXI.- Cimentaciones. Este copi"tulo principio dividiendo el t~ 

rrltarto del Distrito Federal en zonas de alto compresibilidad y de boio c:orr.presibilidod "1 

cloncfo en su ortrculo 191 lo obligación de dmentar todo construcción o estructura. En -

ntngG caso se podrón construir cimientos sobre tierra vegetal 1 rellenos sueltas o b.shed-.c 

los cuales tendrán que ser removidos en su totalidad. lo proFundiad ml'nima t!e desplante 

requerida es de 30 c:m. ba¡o la su~rf'icie del terreno, exceptuándose les construcc:ione~ 

cimentadas directamente sobre roca. 

____ El foct~r. de seguridad ml'nima admisible c:ontro Folla del suelo por esFu~

zo cortante será de 3. El tipo de cimentación elegido, osi como su disei'lo y e¡ecueió

cleberón asegurar que los movimientos verticales que oc:u_rran ~u.!_~n_t_e la corutrueción ~1 
1 

Gdificio y lo vida da! mismo no aFecten su estabilidad ni la de c:onstruc:ciones vecinc::s -~ 

' 
odemas no Interfieran el bien Funcionamiento de las instalaciones en lo vl'o p~lica. 

Los copi"tulos XXVI al XXX interesan a elementos de mO.-nposterl'a, es~,_ 

turas de madero, de concreto, de metal y compuestas. En ellos se den'· los esF~..-en:os pe 

mlsibles para los distintos elementos estructurales disei'lados en estos diferentes materia' 

Paro estructuras de modero lo calidad de lo mismo no podrá ser inferior a la c!e tercer: 
~ 

Tombién en estos mhmos c:opi"tulos se don les especificaciones poro el:m.::'ltcs c!e uni:.,-

los diferentes estructuras: c1ovos, pernos, soldadura, remaches etc:. 
' 

Termina esl'e lrtulo tercero con los di~llos por sismo y vienf'o. 'Poro si• 

• 
¡' 
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18 dosifican los e·':ficios por su clestino en tres grupos y ¡:~r su estructuración en tres ti-

pos. OG acuerdo con lo closificioción ele! edificio y de la zona ele compresibilidad en lo 

que vaya~ ser construido puede obtenerse el coeficiente stsmico poro el disello. No es 

,eceSCII'io c:Onsiderar la acción simultanea del viento y del sismo_. En estructuras cuya -

al15a cubierto excedo.de 10,000 m
2 

Ó cuya altura exceda de 45 m. deberón instalarle -
. f.'iC:"' 

deformt'metros y. oscilóg'rofos- cop~ces de regis~ror con precisión movimientos intensos. Po 
~~ ~~z~~:.:~--,:.: :~~·."··.' .. ~,~ .... :.1.:·~:,!r:~~--:~r .. ~.>~ ~_,..~ ;-~., := ·< -

ro el di sello por viento, los estructuras se 'énali-zorón.íupo_n_¡~~do .ciú:é.puede actuar por lo 

menos segan dos direcciones pefPeñdiculares entre si. Asi como en el sismo, cuando una 

estructuro excedo en altura lo~ 45 m. u _deberán instalar anemómetros capaces de re gis-

trar con precisión velocidades altos de viento. 

El tnulo cuarto se refiere o lo ejecución deJos obros. Da en sus artrculos, 

uno serie de tolerancias y procedimientos de construcción que serran mrnimos para lo bu;_ 

no e¡ecuci5.n de lo obra. 

En el título quinto se dan disposiciones paro lo conservaciÓn de precfi~s y· · 

edific.io.~--~i mis~_~_l_i~!!~n-~n un p~rmiso especial los usos peligrosos, molestos o--

malsCtlOs, considerándose como estos: 

1.- Producción, almacenamiento, depósito, vento ó manejo de substancios Ó de oL¡etos 

tóxico,s, explosivos, inflamables Ó de fácil comb~stión. 
' 

2.- Excavación ele terrenos, depósito de escombros ó basuras, excesoÓ mola aplicación 

de cargos a los construcciones. 

3.- tos que produzcan humedad, salinidad, corrosión, gases, humo, polvo, emanado-

nes, ruidos, trepidocio.-.es, cambios sensibles de ~emperotura, molos olores u otTos 

efectos perjudiciales ó molestos para los per;onos ó que puedan causar dailo a los pr~ 

pieddes. 

~ • 
.,:.-Los ciemos que establecen el Código Sanitario y los Regl~ntos res?ectivos. 

~ )-11. 

O) - t • " > ~ 
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Vamos o ver prlrneramento una serlo do!! 9"1neralldades '1 &, definiciones 

paro entendor con mas claridad algunos CQ'Y'...Opt01 qua usaremos para entrar al tema de -

loa criterios ec~mlcos usuales ~~o dett~ii"'QQ' lo utilidad do un terreno, 

Los ~Iones roleos so odquier<Vt pensando primordialmente en la l'lnta q~A• 

YCift o producir, En el trato de dichas pf"C9r.V~s, el valor tiende o ser prescrito por lo· 

ioftttdod, calidad· i-durobllldad·de lo·renr.: .-cto..lmputcble o lo prcpiedod, 

11 voluodor empiezo su trZ,.O.{I' onoltzondo lo rento bruto econ&mtco, Es• 

ta rento en la conttdod el valor de ·rento rc=.~le qua lo proplec!od os cc:paz do ()(odu"' 

clr, mas diversas '1 sorvlctoi, al los hO'f. !l ,a~~~ncr oco~mtco esto bosodo en lo comp! 

rociSn de niveles de ro~to '1 puado sor mees 111CnoS qvo ol alquiler octuol, 

ln,la pr6cttco, no p-..cc!4 e·~~ que muchos odtnctos sean ocvpodos • 

comploto y contlnuomento, tampoco pW!~ •u~r~ qua los pagos sean lnmodlctos '1 exo:, 

tos, por lo tonto, so debo hocor uno Oo:d~-:=;&n p:¡r voc:cntos y/o cobros pordlc!os, Otro -

cleduccl&n lmp!.)rtonto o lo rento son. los ¡cs.sti'SI: vQfiOS do oporoct&n, toles corn:~ lmpuostos, - ~ .......... ' . ' .. 

· lllguros, admlnhtrcct6n, servlcl'os, por"'..on~..:: re¡:~oroclonos,. olmoc:&n .. p¡r~ -~puestoi '1 cual 
. \ \ . ... 

·- - ----quler-otro--gosto·oproptcdo lmpre.flsto. . .. 
) 1 -·-·-.. . . . . - .. -· - ' - -· ~ 

lr~tondemos por •deprectoel.:;::"f' -noto• o lo diforoncto entre lo ronto doduc:,!. 

do por vacantes '1 loí gastos do oporocl!n, Á! ~no ce tombt3n como •rocuporccl~n noto• 

o como •nu¡o de co¡o•, Es el vardcc!oro P'l"-..:: de partido pero el proceso de copitoltzo• 

. clan. 

Lo. copttollzocl~n es el pmecc._:. dc convertir lo dcprocloctSn neto en lm

~rto, bien dividiendo lo ronto en proport:C.,~~ cdocuodas o multipllc~n<!olo por un roe• 

tor. 

bcepto poro propledcda' r~"'"cr.lcs o 1~ plo:o, lo practico o.:tual es di . . -

-~/ 
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• --~ wrd:r lo renta ptopord~nafmante. --
lo refo~ión entre fa renta neta antes de la recuperación y el vofor total -

e, lo propiedoc!, se conoce como •contribución totaf•. Es lo relación ingreso-,olor. 

"la Cl:lnfribución total incluye y mezcla uno tCIS<J de interés por fa tierra, 

.,0 tc;:SQ de tnter!s .por fa construcción y una pensión por la recuperación &da construc-

d&n. 
J ----

~ 

POI' e¡emplo, si una propiec:facf tiene una renta neta antes &e la recupera-

ción e» S 10,800.00 por ci'lo y se cotiza en el merca'cro .;n -S 120,000.00, la contribución 

lotaf serl"a de 9% ya ~ue 10,800.00 entre 120,000.00 es igual a 0.09. la tasa de in 

lo~s es un por ciento, que no Tncfuye una pensUin por recuperación. Se aplica a fas in-

f111SOS del terreno. 

la tasa c!e capitalización si incluye una pensión por recuperación. Se cp!!_ 

ca o los ingresos de fa construcción. 

Tcsa.c:!o tnterese_s + to.sa de recuperación • tosa óe ccpitatizoción • 
. -- . -- --

ll~omos •factor• of reci"proco de una taso. Hay pubficacfos tablas de .:._ 

--fóétciris~ ·c:Odo uno~e las-cuales, tiene -su propio.es!eJ_g_!:!~ utilidad y cplicación.'t~ ,:_· ~ 
. - ---- - - --~-- ----- --

l:llas &, factores mas Frecuenterr:ente usodas, Son la •tabla lnwood• y fa •tcb•a revenillle•. 

les proceclimientos conocid,s como •t~cnicas residucles• atacan ef pro~ 

a, &l capitalización, con el uso de tClSas eS Factores. 

El Ingreso neto fmputcbfe a fa propiecfac:f, se troto deduciendo los intere-

tos de fa construcción y lClS-ccrgas por recuperación y c!espues se ccpitoliza la rento re-

atdual pera obtenor uno tncfieac:ión dal valor de la tierra conocido corno •vo!or nnfducd 

dol terreoo•. 

Os la "mismo forma el Tngreso Ó rento neta s.e froto &cfucienc!o primero-

• 
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~nSnte los fngresos del terreno y c:!e~pues c:opitafizon&, el ingreso residual a una tesa c¡<A 

Jnc:luye ef Tnl'e~s &e lo construcción y su reeu?"ración y obtenemos lo ~ve se IIO'no •vo 

lor residuo( de la construcción•. 

Para obtener el •valor residuo! c!.e le propiedod• se siguen dJs cominos: 
4 

1.- El ingreso neto se trato con una solo tCIS<J, lo cuof rr.ezda un por ciento por ef terre 
------ - .l __ ¡ -

no, otro por fa construcción '/'Otro por la iec:uper'oción. En otras polc:hrcs, la re e: u- -

per~c:ión_netci an_terTor ,·es cc:pitofizacfa con una taso que cubre toJo. 

2.• El Ingreso neto es capitolizoc:fo por apfic:oción de un Factor apropiado efe enuolidocf, 

d cual se le ci'lcxfe el vafor actual c!ef valor estimado de cqvello parte c!.e la pro¡:i~

tloc!, fa cuof reverter~ al conefuir lo onuolicfac:!. 

En ef m!todo Ce ecpitolización llamodo•J Ín~a rec:ta•, et trata'Tiie,to u~uc 

es con la t:c:nfca del valor residual de la construcción. 

Lo capitotizoción directo y fos m~todos •eJiwoocf• em;¡!een el vofor resi

tluol de lo propiedad. 

:... ____ Veam:~s un e¡emp!o del proceso de copitotizaei~n: \ 

------ COñsTdere~s-\lno propiedad con un Tngreso efe S 20,000.oo por ello y ur 

•flujo da ca¡o• que se espera sea de S 10,800.00 por Cll'lo. Consideremos un voTar inc!e-

pencfiente efe! terreno ¿e S 20,000.00 y una vida econÓmieo de 33 c:~os. Vemos a trctcr 

ef problema por varios ~todos. 

o).- Con el ~todo c!e capitolizoci~n directo, usando 9% como lo tQSo c:pliccble o~: 

venlente que c~re todo: 

flujo & cojo Ó depreciación neto anterior ••••••••••••••• S 10,800.00/ c:l"' 

Ccpitol izando a ~ ••••••••••••••••••••••••••••••••• f O.~ 

V olor tndico:::Jo •••••••••••••••••••••••••••••••••••••• S 120,C\..~.OO 

.. 

" 
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ll).• Con el m&tC'· 'o ele •tíoeo recto•: 

Lo ta:so de recuperación se o:11ode a lo taso de interés, debido a que las -

_, • _1_ recuperoc:ión son recibidas codo o:llo en importes igualen: 
lnsfa~OCIOI'IeS oe , ' . 
lngre so bruto •••• • •• • • • • • • • • • • • • • • • • • • • • • • • • ~ • • • S 

G_..... • ••• ••••• •••••••••••••••••••••• S 
~·~· ....... . 

-~- --

- t • S lec:uperacion neta an enor • • • • • • • • • • • • • • • • • • • • • • • 

.ltnputcble ol terreno 6!% c!e S 20,000.00 ••• ~ • • •• ·-- S 

Neto, gonondo del cepita!. (poro restitui~ al copita!) S 

~itolizondo o 91% (61% interés + 3% recuperación 

correspondiente o 33 ellos de vida económico) ~olor de 

la c.onstrucción ••••••. • • •• • • • • • • •·• • • • • • • • • • • • • • S 

~s terre11-0 •••• • ••• ••••• • • • ••• •• ·• ••• • • • • • • • • • S 

T oto 1 S 

e).- Por el mét~do da -hii:>o-teco lego!: 

flujo c!e coja (depredación neto anterior ) • • • • • • • S 
-- - • - - - - -.!. - - -- -

Hipoteca de S 80,000.00, 20 o~os, 6%, 8.604 deudo 

constante a cubrir (de tcblas ele hipotecas, 12 x pego -

mensual} ••••••••• • ••• • • • • • • • • • • • • • ·: • • • • • • • • • • S 

~to por equi rJod •• ....... •• • • • • • • • • • • • • : • • • • • • • S 

20,000.00 

9,200.00 

10,800.00 

1,300.00 

9,500.00 

100,000.00 

20,000.00 

120,000.00 

1 o:llo 

1 oi'lo 

1 01'\o 

1 oi'lo 

1 o:llo 

10,800.00 / o'lo. 

6,880.00 / o:llo. 

3,920.00 1 o:llo. 

Capitalizando 10*. pero retomo equitativo, considerado como 

suficiente poro atraer el riesgo &:1 copita! .......... S 39,200.00 1 o:llo. 

Modiendo hipot-eco .•• ~ ••• •• • •• •• • • • •• • • • • • • • • • • S 

Total ••.•.••...•. $ 

80,000.00 1 ~. 

119,200.00 
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d).• Por el tMtodo de onuolidades: 

Supongamos permonec:c 17 cllos en arriendo o S 10,800.00 por d.o y un 

ordendo ol fino! de S 20,000.00 y S 50,000.00 por lo construcción, total ----

S 10,000.00. 

Valor presente de S 10,800.00/ollo o 61%, factor ele 17 ci'los 

' 10.110 •••••••••••••••••••••••••••••••••••••••••••••• S109,1Ba.OO 

Valor presente de S 70,000.00 devolución en 17 ollas o 6} 

%. factor O .3428 ..•.•••••••••••••••••••••••••••••••• S 23,996.00 

Totol •••••••• S 133,184.00 

e).- Por el eoncepto Ellwoocl: 

Lo Rento neta es valuado por aplicación de uno tesa ele copitolizceióri que cubre 

todo. Esto toso es sacada de un libro ele tablas o bien calculado por uno fórmula 

en aquellos cosos en que no se encuentro direetcmente en tablas de toses. 

En el e jeinplo. expuesto ·se poclrio pensar que los elatos son un proyecto r~ 

zoncble en los 8 o~os próximo~. Se venc!erio por 15% menos al fino! de es:e p:!rio 

do, posiblemente ~-un 20% menos. El-flncncicmiento c!e hipoteco es o!Jten-ible o 

65% da! valor 1 a 6o/o ele Interés, con uno omortizodón ele 20 ollos., 
/ 

Taso Ellwoocl con 15o/o de depreciación •' 8.89% 

10,800.00/ollo t 0.0389 7 _S 121,500.00 

Taso Ellwoocl con 207á de depredación • 9.32% 

10,800.00/ci'lo 1- 0.0932 • 11s,roo.oo 

Como vemos, no hoy un solo •ccrr:no recto• poro ccpitolizor lo renta. -

Los ~todos oceptcbles comunmente tienon ,n· s~, cierta suposiciones vcricbles. Por -

ejemplo, 'lo copitolización directo con :o tesa que cubre tod~, no estipul~ un.:J vid:~ e~~ 
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- ~ice, nt diferend'a que pcrl'e es tierra y q~ porte es construcción. Es sitr.ple y con-

wlncente cuando hay 1uficientes lrc:.,~oc:c:iones ~ mercado abierto poro probcr que la toso 

es correcto. E1 mltodo ~ lrneo recto con lo tEcnic:a ele! valor residual c'.c construc:ciÓn, 

postulo un~ •ido económico, diferencra la tierr'l y la const~cción en suma proporciono 

uno renta neto grocfuol. Puede pc:-ecer teórico, pero en lo práctico, provee unes pautas 

- --lñl/'f satisfactorios. 'El rnétcx!o hi?'~co-equidocf, es el m~ típico usodo por IQS inversio . ~ ----- ~- -
nistcs y lo cantidad y tipo de hipoh!c:o que pueden obtener, Fn!cUentemente determinará 

el pre~io-q~ pogorón. los réditos de equidocf son osunPcH!e--oMervoeión y' juicio, corrie~ 

temente entre S y 12% ó m~. lo me'¡or del método es la observación de les reacciones -

entre comprador y vendedor. El procedimiento de anualidades presume que hay uno n!nto 

nata osegurcda por un periodo dc:rc:mente largo, lo cual, .afecta favorablemente l.a cali

dad y durabilidad de lo renta • Por lo tonto, la propiedad vale más que de otro manera. 

El concepto Ellwood, n!Reja los rr.is.":"Os Focton!s que el método hipoteco-equidc:d. Surge 

un juicio odicional que es, si lo propiedad se depreciará en el futuro mos rcpidc:mente que 

lo cmortizoeión de lo hipoteco, lo c~:al significo, -que la-equidad puede ~ ,..:) incre~n-

- t_ar_~ e!"' valor. _ _ __ ____ _ _. _ _ _ _\ _____ _ 

Podemos ver el proceso do c:opitolizoc:ión mas objetivamente en el siguie~ 

te diogrcmo: 

manos. 

Vc~:;~!"e y/o ~rdidcs ¿~renta. 

03 
l 

1 
Igual o 

manos 

Nivel &! renla 

Igual o 

Tenemos dos Formes de determinar lo eficiencia de utili:z:oci~n de un te-

rreno. Por medio del proc~df~i~~-t~-~~~~ad~-t~~dic:fo~'al y por el proC:eso deholor residual -

del terreno. 

El procedimiento tradic:ionol consiste en seleccionar uno utili:z:oc:ión c!e -

entre todos las que se crean foctibl~s. Eloboror un proyecto poro esto utilización. Esti-

mor lo inversión necesario que se requerirá poro construir el proyecto y suménc!ole o e.! 

to cantidad estimado, el valor del terreno, obtener la inversión total en el inmueble. -

Después hoy que e~timor lo rento mensual que se espero obtener del inmueble. Con esto, 

10 comparan las dos cantidades obtenidas : la rento mensual y la inversión loto!. Por úl-

timo, se apruebo el proyecto si lo rento mensual esperado represento uno froc.:ión s.-Jtis-
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• '-) cto 
0 

lo j"versión total 1 ~bien, 5e modifico dicho proyecto, o se elo-
foctor~o li" ro~pe 

. • 1 rento mensual esperada no represento una fracción sotisfoctarto (p) 
~ro uno nuevo 1 SI o 

do lo tnversión totol, 

• Si lo rento mensual esperado represento uno fracción satisfactoria (p) ds -

lo tnver1iÓn totd y se tiene un proyecto de utilizoei~n homogeneo podemos expresor esto 

en lo siguiente fórtnula: 

Gn lo cual: 

a Jl..r • p (yAc+ VAt)-- ·--------- (t) 

ll • rento mensual por M2 de la utilizaci~n U 

y • volar de la.construceión por M2 para la utilizoei~n U 

V a valor de terreno por M2 

Ñ • Ana rentable 

Ac • orea construidc-

/41 • orea del terreno disponible poro lo utilizoei~n U. 

Observando la fórtnulo (\)podemos ver c¡ue la eficiencia del-proyecto, estó 

-- \ "1 r.·. 
d
·d r p y poclrtarnos concluir, que-mientras mayor seo p, mayor seno a e •c•enc1o me•opo ______ _ 

del proyecto, lo cual es falso: Si lo fórtnula (1) se despejo o V. 
,) 

.V • 
•Ar _yAc ,.-------- ---·----(2) 
At 

En esta fórmula podemos ver c¡~e si (xAr), (yAc:) y At son fijos, a medido 

que pes mayor, V resuho menor, o seo, c¡ue si queremos un votar mayor ele p, lo ebten;_ 

!!'OS o costo de reducir el volar c!el terreno. 

Cuando el proyecto se trota de varios utilizaciones Ut, U2, U0 la fórm~ 

lo (2) se escribir5 de la 'siguiente manera: 

! 
~ ~.!1- + X2 A!l_ + 
. v· P P 
1 -----------

h. 

6 bien obreviodOtMnte: 

• ··k. • 
~ ~- ~ Yjkj 

V: Ti!:. P j.l" 
At. ---------ctr 

,J ; 

En el proceso del valor residual del terreno, la medida de la eficiencia ó 

un proyecto de utilizoei~n ele un terreno, esfó dada por-el llamcdo •valor residual- óel te 

rreno• que represer.~omos con lo letra V y definimos de lo siguiente Formo: 

(Valor presente de lo rento c:opitolizada 
durante lo vida económico de lo utilizo (Valor de lo constn:cción ). 

V • clón) 
-----------ke~der--ierreno. 

Poniendo esto definicUin en Fórmulas: 

Par o lo utilizoei~n homogeneo: 

llAr _yAc 
V• P (3) 
-----"~-----

p • le + io • • - - - - (4) 
12(1 - ce. ) 

Poro uno utilización múltiple: 

- - - - - (3') - - - (4' 

En los cuales x, y, Ar 1 Ac, y At tienen el misiT'O $ignifieodo visto onterio:r.--cn•e. 

le • tosa de intenh sobre el capitel proveniente de lo re;ltO 

lo • toso de omortizoeión de lo inver1ión en lo utilización 

le + lo • toso & copitolizoción. 

« • factor de deducciones o lo rento total, ddfinido po~ 

f 



c!oc!ucciones • ex: por renta total 

Vom:~s o ver las relaciones que hay entre el ~todo tradicional y el del .. 

;siduol <Jel terreno. 

~parando lá fórm~lo (2) c.on las fórmulas (3) y (4) vemos que 50n de -

__ structuro y q~ den el mismo re_~-~ltodo__si y 50iamente s! r ~n,C2) se hoc:.a igual o 

:o por (4). r os uno medido de lo taso de c:opitolizoción de la rent~ neto men-

Comparendo lo Fórmulo (2') con lo fórmulas(3) y (4') vemos que son de -

;uro simi1cr y que den el misrro resuhcc:!o st se elige r en(2') de manera que: 

~~)= ~(~) 

~ cumple st p • PI "' p ~ - - - - - .. p q·- 1 d"F & n "'" en genero son • erentes -

sr. 
Lo n-.ejor utilización de un determinado teneno es un problema de decisión 

~ le presento~~ inversionista. El debe decidir que dese de utilizaciones deseo ho

Ce q~ cclidod deben ser 1 e;~ oreo &stinor o cedo uno de las utilizcciones1 si el 
1 

_.¡ue _quiero dorle ol terreno es múltiple y que rento fijar o codo uno c!e les utilizocio

pcro lograr quo el valor rcsiducf del terreno seo el m&dmo. Como yo hemos vi;.t01 

·rilizociones tier.!n sus li"mites, yo que se tienen restricciones~ 

Poro resolvor el pr~lemo d-e le ~e terminación de lo mejor utilizcción da 

~terreno hay dos ~todos dentro del ~todo general del valor residual del tcrror>cr. por 

1011teos 't por progromocíón motemótico. El primero1 se emplea c.on buenos resultodos -

fO' voluodores expertos. lo op!icociÓn de la prog;orncdÓl'\ motem~ic:o al problema1 u 

1 
,.uevo,.presentodo ~r pr:mero vez ante_ lo 1:-~~vcnción Nocional ele Voluoción1 reunida 

. en lo c•udacl de ~uodolo¡oro, Jol. en Sept1err.bro c!e 19641 por ol Doctor on cienCias, 

1 • ' 

-Melchor R.odrrguez _C~ollero. 

El ~todo iterativo c.onsiste, en 1~ elc~roción de varios proyectO$ ele u!!_ 

llzoción Factible, teniendo en cuento las restriccior.es existent~s. Se selecciono uno &¡ 

los proyectos paro onc!izcrlo. Se fijen rentas o las utilizcci ones c!e este proyecto y se ~ 

termino lo rento neto mensual esperada. Se estimo lo vida económico del proyecto. Se 

sel~cc:iona un criterio pero amortizar lo inversión en el proyecto. Se fijo uno taso c!e in-

te~s poro el capitel proveniente de los rentas. Se determino el valor presente total de lo 

rentci neta co¡:iito!izodo durante lo vida eco(lÓmicc del proyecto. Se e_st1n:'o_el valor total 

de'lo construcción. Con estos dolos se aplico lo fórmula, pero obtener el valor residuo! 

del teneno. Si este voi~r resulto sotisfocíorio-, se ·a-cepto el proyecto-como-posible. Se 

repiten todos los posos P?ro codo uno de los proyectos elcboroc!os. 

Con todos los datos obtenidos, se comparen los volares y se selecciono • 

como proyecto Óptimo, oc¡vel que de lugar el mayor volor residual del te~n9 ó bien se 

sel..,cciono como proyecto Óptimo o cualquiera de los proyectos- Fo.:tibles, si tocbs ellos • 

conducen o1 mismo valor residual ele! terreno. 

Podemos ver objetivcunente el ~todo iterativo en el siguiente e:quemo: 

' 
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(1 ~todo ~ tanh:os es n!lctivc:rnenfe fácil d., cpli~ot pero --

69 --
ción de varios proyectos, lo cual es c.o~to~, y fa segundo, ~rivodo &, lo primero, os -

,que no permite c.onsiddrar toc!C3 !m c.omhinacior.es posible~ de utilizociones fodibles, -
: 

'por lo cual, se puede llegCit' a un resulto&, que puede no ~r el Óptimo c!e _utilización dd 

--terreno._ 

' . . . ... .L, -,.-- ... c.!el ... • 
Vara IJ!lO me¡or comprensaon <:!'!! a ap acacaon a progrc:nocaon mo!!lm~ 

tlco a-la détenninación de lo-me¡or utilización de un terreno, vamos a dividir su esh.:dio 

en dos cmos: 

e= 1.- Utilizaciones exfcuyentes.- Cuando solo se quiere una utili%ación factible del 

terreno, se cplican tm fórmulas (3) y (4) • Substituyendo lsta en oquella; 

y.. 12 (t-oe:) 
le + ia 

y • p • a lo relación de 

Ar 
At 

Ar 
-¡:e;-

Considerando el producto "(3 Z :~ 
Al 

X y -------- (5) 

y svbstitvyenclo estos valores en lo fórmula (5), obtenemos lo Fórm.;lo b~ica c:!el velar re-

sidual del terreno por metro euodrodo: 

V "'(Kx -y~ (6) 

en lo cual K • _E_L!..:__ce_l_i! __ 
i e: + ia 

Este _por&,etro "1::' es cdimensionol; es vn factor c.!e ccpitoli::::ción de lo 

rento mensual por metro cucdroc!o e! e utilizocióny es una c:orocter1stico intrrr.se.::o ¿i! 1 o 

utilización c.onsiderodo. El-parámetro • ::t • (tcsr.bi~n odimensional), es un fo;:tor de 

utilización del terreno, siempre menor que lo unidod ó c:ucnc!o mucho igual o ello. Poro 
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cualquier valor de este porómetro • % • 1 el Factor (Kx - y ) represento la c:ontribuc. '?n 
1 

• codo ~retro cuodrodo c:onstruiJo al valor residuo! del terreno por metro c:uocfrado. 

• Quedando cfafinido lo eofsa de utilización, queda definido el parámetro 

1 
•K• y solo folto_es_ti_~ar ~os valores de x, y,z • Estos valores deben cumplir ciertas 

cestricciónes • -

El valor de la renta mensuoJ _por metro eua<frocfo •x• 1 no efe be exceder de 

un cterto valor (al que llamaremos "b") y que se fijo o trovls efe un estvefio--del mercado de 

centos efe bienes raíces y o partir efe la clase, cofi~ad y localización de lo-utilización. 

Representando matem~ticomente este concepto: Jr !!:. b 

El valor efe lo eonstrueci5n p:¡r metro evodrocfo •y•, no debe ser menor .. 

efe un cierto valor (al que llamaremos •e:•) y que se fijo a trov~s efe un estudio del merco-

do de lo construcción y o partir, asimismo, efe fa clase, c:oliclocl y localizaciÓn efe la u!!_ 

lizac:ión. Expresañdolo motemótieomente:--- --

y ~ e 

Por último, el- ~o~r-def -fóctor de uHiizoeión del ter~r¡o • z •, no efe be 
• - ~- T 

ser mayor de un cierto valor (al que llamaremos "el") fijado p:¡r requisitos funcionales y .. 

reglamentarios poro lo clase, eolidoel y locolizoeión efe lo utilización. En tt!rminos me-

témoticos: 

z ¿ el 

Estas tres restric:cioncs vistos anteriormente, se los llama restricciones b! 

sicos. 

Habiendo solamente uno utilización Factible poro un cierto terreno y yo_ 

determinado "K", el problema de enc:Q(I_tror lo mejor utilizoc::ión del terreno es un pro-

blemo cfa moximizoción en el c:uc! hoy que determinar los vol ores 11. 1 y 1 %. que hocen m! 

-----

_..._ ·- . --
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1 V~- . 1 1 • • L ... •imo o <>e manera que se c:vmp oo cn res~r•ec•o~s oos•cos, 
O sea; 

Max. V • {Kx o y }2:. 

da ~que: X ~ b 

., ~ e 

z ~ d 
---

. fmt probefma puede resolve~ utondo fa técnica denominada "pro.;rcmo M . -
~ oción euodrático• 1 técnico que ho sido estucfio9g_ extensamente en los ~ltirros 1 S ~os y 

l ha sido cpficoda o éontidad de problemcn de dirección científico de emp•-escs. 

1 
Sise elige •z• de mOI'Iero que se cumplo lo restricción z :t: d lo Función 

V"' (Kx.-.y) z resulta_ lineal y en este caso, se pveóe usar lo t~cnico llcmcda "progro

i moción fincot• a lo resolución del problema. ,, 
Siendo de gran interés este problema, vamos a verlo en detalle: 

Si los volares •K• y •z" son conocidos, lo parejo ele valores "x,y" pu'!de re¡::rescn~cr;e 

por un punto de un plano cartesiano ortóg-onot;---A todcn aquellos parejo~ de valores {x, 

. y) que hocen c¡ue V sea igual o ce~o, fas U amemos •punto~ de equilibrio•. Asi': ¡ - - v · CKx - } l z • o\ - --

1 
de clonc!e y • Kx 

que es lo ec:voción de uno recta o lo que llamaremos en c:onsec:ueneio, •lineo de equili 
l 

! l1rio•. 

Represent~ todo esto gráficamente; 



---
acfqufere ofgün cierto volar cfeterrn· d d , 

rno o, espe· • "J 
¡omos Y ge la ecuación (6). 

,. .. ~-.Y. 
z 

Sienc;h ay • 1 un vo or definido y "K" 1 • r z-· es o mrsmo, esta ec:uac: .. 
Pe poro los puntos efe uno recto porolcl 1 1"' - ron se c:u~ 

o o o rneo do: eq "l"b • ---' • ur 1 no y que pes l . -fo---Co, - V,- o por e pvl'l-·-
X z 

Do la gr5fico podemos observar, que poro todos los puntos de lo lrneo-

~ equilibrio, el valor de constrvcción es igual ol valor eopit9fizodo de la rento. Que 

poro los puntos siguodos ~o¡o efe la lrneo de equilibrio, el vofor de construedgn es menor 

que el valor c:Ópitolizcdo de lo rento y por lo tonto el valor residud efe! terreno es posit_!. 

__ vo. Contrariamente, en lo! punt.:» situados arribo de lo 1i'neo, el valor c:fe eonstrueeUin es -~---- ------

moyor que el valor capitalizado de lá rento-y en c:onse.cvenclQ el_~olor residual cM terre 
~ - -- - - -

flO es negoHvo. 
X 

Es fóeil ver tombi~n c¡ve '"x • b" es una recto perpendicular ol eje •x• -

y c¡ue poso por el punto (b,o). Tocios los puntos o lo izquierdo do esto rectoserfon los-

"x é b" • Asimismo ... y • e• es uno recto perpendicular o! eje •y• y que paso por el pun· 

to (o, e). Todos los puntos arribo d., esto recto seri'on los •y ~ e•. 

Por lo tonto, todos los pu,tso (x, y) poro los cuales el valor residual del 

terreno V ~ O c!e mc:ncro qve x ~ b y y ~·e ·deben encontrarse en lo 

rcglórl-ascLrodo en lo Figuro, c¡ue !lomamos '"regi~n permisible., y quo Incluye les fronte-

$i e~ ro &::!Ccmo: determinar cuales son los puntos (x,y) poro los qvc"V" 

l.m puntos de esto recto que 
se encuentran en el segmento -Ao J t -' 

la re u • "b " ~;en ro ce gran permur le son los • • 1 
' unrcos poro os cuales x ¿ b ~ 

po e· d - ' Y- e:. O seo, todos le1 
r ¡os e valores (x, y) que c:orrespon::l'n o 1 J 

. _ - os puntos gel segm~ t A-o- • 
del r b • "'"o " son SoJiue•or.es 

p o lema. Proc:ticomcnte esto .... ~ "t J 

' ,.--rma c getermincr lo colidod d3 1 ·• 
• "bl - o constrvcc•on F'~r 

mrs¡ e poro volares conocidos do lo rent J 1 --
0 Y ge terreno Lt • l 

1 • ' y ce ermrnor o rento permisibl, 
J><!ro va ores conoc:rdos del terreno y de 1 

- o Construcción. 

De todo lo visto anteriormente do 
V f " • 1 po ~mos llegar o lo c:ondvsión r!e Cjl.oC el 

o or moxuno 00 "V' t• 
- se rene poco el punto ( x • b ,. .. 

1 Y e: ) o seo p..Jro el pvnl'o ol c¡~.e fe 
Corresponde lo 

mayor rento permisible c:on el mn -
-~r volar c!c c:onstrucci.5n ~nnisi:Oie. 
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Dentro &el Co10 1 de utilizo.:~~ e."<:fuyen~s que~ ... ~. ~ 

mos dividir Sl.l exposición en dos .uScc:sos: ~51: r-;'er-e ¡;na sofo utlli:=;;• '-~~· 

y cuando se tienen •N• utiliz:ocicr~s fodibles :n-_t-.~nte exduyen~. 

Vemos o ver _el primer sil> ceso, e..., e! c:ud Penemos sof;:r.e-!1! ~ :¿Pm==. 

cT~n Foc:tibla y no se conoce "z:"'. En este pr::He:-:o, ~en f'odc1 l::s ~.e-.~, 

se troto de nioximiior el valor residual c!el·rer.e:-o. 

Portirr'QS de c:or.oc:er los volo:-es K,~. e, d. Como yo 1->e......_--.s ... ::_~ <::1'1-lls, 

se req1.1iere lo oplic:oción de téc:nic:cu de prog~.:::.,...~ión no li"r--eol. 

Se usaré e.l teorema de Kuhn-To.~er. 

Lo función de logronge qve se c:s;,da al problema es: 

l(x,y,z,). •)A- 1 "\l ) "'(Kx- y)z + A(b- x) +,){{y-<:) +V {d -z:)------- (1) 

_ ~n_ ~~-e:~~~- , ~ 1~ 1 "i) son por~ metros no ne.;.:~tiv-os, denominados ml.lltipli-=.:-..'-. .... ··n de ~ 
- - - - ~ 

gronge y que se tienen que determinar. Poro él punto Óptirr'Q-· ·- - . _ -..._ 

--fx ~-X 1 .y =_Y,z ·~ z,). .. l,/C .. M, )l = N) se cumplen los siguienf'es rcl~i... ..... ~s: 

ncs: 

[;:~KZ ~ ~ -¡~ 
(~;-z + M~O 
(m; KX -Y - N ~O 
u~~b-X~ o 
(;;j;Y -e~ ·o 

(l!J~ 

si vole L, )¿---.;. -- 0-- --- - -- -·-- (1¡) 

si vole ~ 1 Y '" O- o - - - - - -(12) 

si vole ~ 1 Z • O - - - ~ - .. - .. ('Ty 

si vole > , l • o-- - - - o - - - (7 4) 

si vole> 1 M • o - - - - - - - ('ls) 

si vole > , N . o- - ---- - ('!~ -~l\l);/ - z ~ o 
f11 este problema, solamente tiene interes la siguient~ da."' d, solveio• 

.x>o,Y>o, z >o 
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Por lo rento, los si'm!nlos eh ~sigvddod en r~ ecuocio,...,~ O') d.:~n i<.~-

lprimirse y obtenemos: 

f KZ-L •o 

1 

1 

-z +M .. o 
KX-Y-N•O 

b-X _• O 

. Y-e -e' o 
d-z • o 

reloc:ionónc:lolos eneontromos: 

L &1 Kd X. b 
1 

iM "'d Y•c V opt. • (Kh - e ) d - - - - - "" - - - - - (3} 

·N '"Kb-c Z"'d 

De esto p(,demo_s"_c:onclulr e¡~ en-el punto cSptimo (X, Y 
1 

Z) 

~ 
~ b = Kd - - - - - - - - - - - (o) 

·-. ~- -· -Fc=-c:l----:.: ______ (b) 

m. ~ci = Kb - e - - - - • - - - - (e:) 

Estas igualdades tienen lo siguiente interpretociÓ'l: 

o).- A un inc:remcnlo 6b en lo rento limite, corresponde un in~-e-.e--~? V cp. • 

m(Kcl) A b positivo en el valor residual ele! terreno. 

b).- A un incremento &e en el costo li'mif'e, corresponde un de ere :->e~~ '1 e¡;¡. • (-!)! 

en el valor residual del terreno. 

e).- A un increnl-!nto ~d en el factor de utilización del ten-er-c, ::::~-.:r..ree ._., in:· 

mento V op. '" (Kb - e )Ad en el volar residual ckl !'erre~. 

lo conclusión obvio, es c¡ve poro lograr el vc!~r res·:5.d T"Ó:mo c'd t.! 
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(x Y :z) deben tomor sus valores fi"mites respectivos. rreno, , , 

• Ve aros ahora, el segundo khe~ en el CUJ f tenetrÓs •N' utilizaciones 

focfibles mutuemente exd~ntes • 

V<mOs~0 designar estO$ utilizoei~s con los sl"mbolos Ul' U2, 
" -- -

... u -
n 

"1 los vofores c~rrespondientes con el i"ndice respectivo. Teniendo los siguientes datos: 

Utilización U¡ 

K¡ 

X¡ l:. b¡ 

Y¡ ~ e¡ 

z¡ ~ d¡ 

•. ,,. - • .,. O# u 
Utilización u2 ...... . -. -............... Uta JZOCIOn n 

K2 

~~b2 

Y2~e2 

z2~d2 

······················· 
•.•.•......•...•...••.• 

····················~··· 

.Kn 

X &b 
n n 

Empleando estos valores y el resuhcdo obtenido en lo ecuoci~n (B) cale!!. 

lomos los vafores residudes·m5xrmos·del-terreno. c;on e~do uno de 10$ utilizaciones Factibles: 

6 (K¡ bl • C¡ ) dJ/ 

---.,-- -~~.- (Kt~. ~ )-d2-. 
·································~ 

V op. 
11 

.. 
Comporondo estos valores se determino el valor m&cimo de ay•. Pueden 

ocurrir ele$ eosos: 

- ----------

1).- Hoy un solo valor V0 mayor que todos los demCI$. En este coso lo mejor utilizoeión 

os lo V0 y 105 c:ondiciorcs bájo los cueles se logra son~ '"bo 1 Yo • Cor r-o • do 

2).- Hoy ~50 mes volares iguales OV" mayores q~ todos los &mas. En este coso los-

utilitociones Óplim:::~ ¿d terreno son estos. 

CCt"..o 11.- Utilizcc.io'lCS ~ exdvyenl'es.- Asi como en el e~ i, vamos-

a dividir este coso 11, en dos svbcosos, uno poro dos urilizociónes factibles no exdv-¡en 
4 
; y otro poro •N• utilizaciones fodibles no ~luyentes. 
~ 

i 

-l 
En el caso de dos vtilizoc:ioncs factibles no exc:luyen.t-!s lo ex.?~siEn del 

volor residual del terreno tomo la formo: 

y las restricciones básicas serian: 
-- :·•: 

1 

)í ~ e, . . Y& ~ e, 
en cuanto o "z" puede tomar c:uolquiero de las sig~ientes fo:mas: 

Za + 2z ~ r - - - - - - - - - - a 

1 'z, + Za ~Y 

z, ~ d, d, ~~ !. - -- b 

z1 + z2 !:. "! 

.. -- d 

lepresen!'Ondo o z, y z2 como coordenados de un pon!':) en vn pbro 

tesiono ortogonal, les restricciones anteriores queden representados por les siguientes 

e rones: 
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e· • 
S. 

~-d. 1 
(o,.l,)~'-

,O) ~; -o 

~ 

__ 0. 
(¡!.,O) 

J.. 

(b) 
-z, o 

€> 
3:, 

Za 'Za .... 
S,od1 e,. .a e!, s.•d, 

~ •• d .. (o .J.}~ 
~ 

··~ (o~ • da ··; ) 

~ "" .. 
- (.!,,o) 

-~ ?-.' 
o (d, o) ~ o- fd.,O) oz, o 'Z, ®' ~ 

Poro este caso, el problema general de la determinación de la me¡or uti-

llzaci6n del- terreno se puede planteada forma de encontrar los valores ( x,, y,, z 1) de -

tal modo que : 

-Max-.- V . .:.. ( K1 x1 - y1 J z 1 + ( K:r. xz- Yz. ) Zz 

con las restricciones: 

"' l:. ~. 

"a~ bz 

Y,~ e:, 

~ ~ Cz. 

z," d, , d, ~ "t 

zl ~-dz , dr ,{,y 

- Zo+ Zz ~ "( 

Aplicor>do-el teorema de Kuhn-Tucker y formando la función de l09ronge: 

\ 

79 

L (x_,x,,y,,ye,z,,zz,l")ty.t•~z,')), ,)}z .~1) s (K, x
1 

7
1 

) x
1 

+ 

·' 

+(Kaxz7z) z:2+ 

.. l,{b, -x, ) + 

-t-)J ba -x z ) + 

~,(y, -e,)+ 

y.Jrz -e¡) + 

+"9,(d, -z:,) + 

+~( dz -zz) + 

+lit -z: 1 -z 2) 

Llamando o (X1 ,X2 ,Y1 ,Y2 ,Z1 1 Z 2 ,l1 ,l 2
,M

11
Mz, N, ,N

2
,N

3
) 

punto 6ptimo1 las condiciones necesarios paro lo existencia de este son: 

fl.!:_)"" K1 Z1 -l, !:-O si vale <: , X
1 

• O ")x,J.,, 

[~;~~ Kz Zz -l2 ~;- ----

[~l):: -Z,+ M,~ O 
:>y, "? 

' r~ L\. --Zz.+ M._t:o 
~Y~, 

[')l)= K, x, -Y, -N 1 -N~~O 
;)z 1' 

[~;J~Kz X:r. -Yz -N1 -N¡ ~ O 

[")Ltb, -x.~o :> )., ., 

si vale < 1 x~. = o 

si vale ( Y,= O 

si vale ( 1 Y r. = O 

si vele ( , Z1 = O 

si vele < , Z 2:: O 

si \"'le> 1 L1 = O 

""""' '' 
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al wle ) 1 l2 ,.. O 

st wle ) , M1 = O 

st wle } , N, = O 

si wle) , Na .. •O 

st vale ) , N ?o .,. O 

Para este problema hoy tres clases de soluciones: 

1.-Z,= O 

2.- z, >_o 

3.- z, > o 
Za =O '\ ------ -------- - --

Za >o 
Soluei6n t.- Aaeiendo las substitueio.,es necesarios: 

l.,= O 

M.= o 

·Za+M~, =O 

Ka X1 -V. -N, -Nr. <O 

bu -x,> o 

, 

sienes: 

Yn -c:a =O 

d~ >o 

81 

J relacionándolos tenemos: ' - - - -

·a..= o 

M,• O 

Ma= Za 

N,= O 

'1 podemos concluir: 

K1 b, ·c1 (O 

-~~ = ba 

de donde: 

')'4 
~= K2d2 

)~--Q 
~C¡- ~ 

'l"-r-KL -e 
;)~- ~.~ l. 

x. ~ b, 

Xa= ba 

Yo) e, 

y2 .. Ct 

2,= o 

Za = do¡ 

solucié-o 2.- Por un proceso similar e !a solución lllegom~ o los co 

r 
/' ... 
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~ba -ez (O 

x. • b, 

V. e c 1 

z •• d, 

Vepf= ( K,b1 -e,) d1- - --

efe donoe: 
- ')'ll 
~= K.d, 

'LVo,p= -d, 
~ 

~= K.ba -e, 

Solución 3.- En este coso los ecuaciones derivados parciales don lugar a-

las siguientes re la:: iones: 

--- ---- -- --

t; z, -t,. o 
IC~Za -la • O 

-z, +M, e: o 
-Z~+ Ma =o 

K, X1 - V¡ -N, -N~"' O 

K~Xa- Ya-N.z -Na'= O 

b1 -X1 =0 

ha .. Xa =O 

v.-• e,= O 

'á- e2 : O 

_,__ z, = o 

da- Z:zm O 

"'t- Z,- Z2 :r O 

1 
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relacionándolos tenemos: 

~ • K, Z1 

l.a= KcZa 

M, .. z, 

Masr-Z& 
\ 

N, =:: K, x,..,- Y, 

N2-= KaX2 -Ya 

N 1 =0 

X.. b, 

'X1 .. be 

. V. g Ca 

-~\';.-~_ca 

z,- d, 

--Za•da 

y podemos concluir que el valor residual móximo del terreno es: 

Vopt=( K,b, __ e,) d, + ( Kab.z - c: 3 ) d
2 

Derivando parcialmente o Vopt. respecto o d
1 

y d,. 

)~ b ~el, = K, 1 .. e • 

~=!<:¡~ .. e¡ 
~da 

De lo -ontertor podt:~~~- ~on~-lu-ir. que s~ pueden presentar tres cosos con_u_na_sofueión difl 

rente cado uno: 

1.- SI K,b, :·e:,) K.Pa -ca 

H~gose Z1": d1 y de.tcrmTnese Zade manero que se sotisfcg::m lo· 

restrtcc:lon.:s impuestos a Z 
1 

y Z a 

2.- St K,b,, - e:,= !<aba - e& 

Hágase z,·= d1 6 Z2 • d2 y determrnese Za 6 Z.respécth-c.~ 

te, de manera que se satisfagan los restricciones imP"estos o !
1 

y 

3.- St K,b,.- e, ( K2b2 - c:
2 

H6gose z¡ ... dz y dctcrmrncsc z' de manero que se s.::~tis~~.Jn le 

restricdonl!s Impuestos o Z, y Z t 

' 
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Veamos f....l' último, el coso de "N" utilizaciones factibles no excluyen• 

,;, visÍo con onteioridod, sugiere el siguiente procedimiento p:Jra detenninor la 

·::::oci6n de un terreno: 

-- .a).•Estoblecer las restricciones propias de codo utilizoc:i6n. 

b)~- ~toblecer rc:s re~tricciones pertinentes p:Jro to utilizoci6n combino·--

. eno. Estos relaciones, son del tipo Z1 + Z¡ ~Y vistos onterionnente. 

e).- C?lculor los p:Jrémetros. , 

........... 

d).- Ordenar tos wlores anteriores en orden decreciente. 

e).- Hacer Z¡ = d¡ y detenninor Z¡¡ de manera que Zx • d¿6 que -

. on les res~ric~iones -~ ~tilizoci6n combinado establecidos en b).-

_ f).- Oetenninodos Z¡ y Z,¡, obtener Zlt de manero que Z~ = d;::¡ 6 

---isfogon los -restricciones de utilización combinado-establecida en b).~ 

g).-continuar con el procedimiento hasta ocupar el ore<:1 de utilización• 

-~. 

Habiendo vi~fo todos los casos que podrían presentarse en lo eplic:oción-

:. de progromoc:i6n mofem6!ica o lo detenninoción de la mejor utilización de un 

.o nos quedo mós que hacer resaltar las ventajas de lo oplicoc:ión de dicho pro-

::>: 

1.-Es focil ele oplic:ar. 

11.-No requiere lo elaboración de proyectos de utili:::c:::i6n antes del o~ 

.-,..do el co-;lo consecuente. 

85 

111.- Pennite considerar tot1tw utilizaciones como se d~ee. 

rv .- Pennite obtener los c:orocteristic:as según los cuales debe de;orroiiC!, 

se ol proyecto de utilizac:i6n 6ptimo. 

} 
1 

• 
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5.-EJEI-.\.?LOS DE APLICACION PARA UN TER~ENO 
SITUADO EN LA ZONA CENTRAL DE LA CIUDAD 
DE lr'.EXICO. 

Supongamos un terreno de 10m. por 30m., por lo tonto con un IY'la 

AJ .. 300 ,;1 

Vemos o suponer que se encU'lntra ubicado en la zona centro&! la Ci~,-

cligamos en la calle ele Gante entre las calles de /oAcdero y 16 c!e Septiembre. 

J Proceso genero!.- P rimoromente se haría un estudio comparativo c!el medio . : 

que rodea al te_rre~~ poro v~r_q':'_e proyectos serían pc»s~les ,c!e u_tilizaci_ón del terreno~ o 

sea segGn su ubicación. Sería absurdo pensar en un campo deportivo o en un cino:nctó-

graFo por el tamc11o y la localización del terreno. E ntanc~s se debe pensor en utiliza-

ciones Factibles. Poro esto tenemos dos Fuentes principales: el inver1ionista y el merccdo 

de Bienes Raices. ' 
Como segunc!o p<tSO seri'o 1 a obtención de las dotas necesorias: 

1.~ Valor de lo construcción •y• 

2.- - -P- -· Al ---
Ac 

3.- Z"'Ae 

-\4. ~ Oedo<at::. 10 ron;.-. "' • 
5.- Renta mensual bruto •,..• 

6.- Vida econÓmica. 

· 7.- Taso de intereses sobre el capital • ie• 

8.- Toso de amortización •¡a•. 

Todos estos dotas los obtendríamos p.,r el estudio del merco:!.J ~ la constru;_ 

ción y del mercado de Bienes Raíces, por su~;cstiones del inversionista y FO' consulto con 

los dift!rentcs reglamentos constructivos. 

El siguiente pa'"..o serio lo oplicoción dt! los diferentes fórl':'~o~lcs p.:ro co:!o u~ 

llzoción Factible. 
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1 p3r último, se comporarron los datos escogiendo el me¡or efe todos. 

Utilizaciones factibles.-

1.- Departcmentos 

11.- Oficincs 

N.:. Estacionamiento 

V.- Estacionamiento y anuncios c:Qmercioles 

VI.- Comercio, departamentos y oficinas. 

Vomos o csrupor los utilizaciones factibles excluyentes O, 11, 111, IV) y eo~ 

stderor el máximo & altura ~rmisible por lo ubicación del terreno, seg~n ~1 regoiPlento 

de los construcciones c!el O. O. F. 

Datos: 9 P lentos efe construcción; At= 9 x 300 • 2,700 m2. 

~ 
---- . -

1 
- . 

u, u u u m Uav . 
Volorde la-cOñifrUeción--v .. - · ¡.soo:oo·- 1;10o.oo· ·1 ,2oo.oo·--- -·7oo·.o:r · 

p, .. Ar 0.90 o:-9o 0.80 0.9.) -¡-e-
z "Ac 0.80 0.80 0.80 0.9S 1 

-At- 1 

Deducciones o lo rento • ce • 0.30 0.20 0.40 0.05 

Rento n-.ensuol "XD 30.00 30.00 40.00 15.00 

Toso e!-~ intcre~~s "ic" 0.06 0.06 O.Oó 0.06 

Toso ~ cmortizo-:ión "io" 0.03 0.02 0.03 0.01 

Toso de copitc:liz'J~ión "ic + io" ·0.09 0.08 0.09 0.07 

89 

Resolución: 

~N 
~1 u, u u U m U ¡y 

. - Ac•Z At 2,160.00 2,160.00 2, 160.C•:l 

' 
2,565.c:Q_. 

Ar·~ Ac 1,944.00 2,187.00 1,728.00 
r 

2,308.50 
- - - . -

K•l2(1 -oq~ 84.11 108.00 64.00 155.74 
¡e--¡-¡o-

.... 
10( 2,523.30 3,240.00 2,560.C•:l 2,336.10 

ICX -Y 1,023.30 2,140.00 1,360.0J 
1 

1,636.10 

v=(KX-Y) z 818.64 1,712.00 1 ,osa .C•:l 1,5~.30 
- ... -- --- ---- - .. 

la utilización V scrro aprovechar el terreno ol nivef ó! ;">:J COOT.O es~odo-

-- . - --- - -. - -- . - - - -- -- - - \ .... -
ncmiento y usar todo el frente, con lo construcción de uno estructu~;, ¡x:ra anuncios. lo 

·. 
Inversión serio muy peque11o, osi corr.o lo construcción. El valor res::L:! ¿eJ terreno, s.e-

rro lo sumo cfal valor residual de codo uno ¿a les utilizaciones ex:h.¡e-~s. 

Datos: 

Estceionc::nie nto. 

Anuncios comerciales. 

Valor ele lo conslrucci~n"Y' 50.00 100.00 
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f3 
. Ar 

-¡:; 1.00 1.00 ~: Ofic:inos : 1,080.00 m2 

A1··9 x 300 "2,700.00 m2 

Z • Ar:. 0.9: 0.95 
N 1 Datos y restric:r:.iones propia; c:!e coda vtilizoc:ió~ 

·Dedue~iones a la renta •«!' 0.10 0.40 -- -- . - -. ----
e - - U VIo Uvt .. -UVk 

Renta mensual •x• 0.00 20.00. 
. ·- - Valor de la constrvec:ión "Y" 900.00 1,500.00 1,100.00 

- •e -- .. 

Tg:sa c:!e intereses" •¡e:• 0.06 0.06 
~ ·Ar 0.80 0.90 0.90 

¡:¿-
Tg:sa de cmortizoc:ión • ia" 0.03 0.06 

Taso c:!e c:c:pitolizoc:ión •¡e:+ lo" 0.09 0.12 

Z •Ac 540.00 .. 0.20 810 .0.:!11:-:.?._ =o.~o 
At'·d 2,700.00 r,too.oa :L7:o 

Oedueciones a la renta • « • 0.40 0.30 0.20 

Res.oluc:ión:; Renta mensual •x "b" 40.00 30.00 l 30.00 

~- . ----- --
e Uva Uyb 

Tosa d-: intereses •¡e• 0.06 0.06 1 O.o.& 
-- ·- . --

Taso de omortlzÓc:ión •jo" 0.03 . -. - .. o-.ro- 0.03 

---- - Ac: "-ZAt. -- -\-- ____________ .275.00. zs~Lso ___ -------\- Taso de ccpitolizoeión ~e +io• 0.09 0.09 
\ 

0.09 
---- - --· - .. - ----- -

Ar "f3 Ar:. 275.00 256.50 Utilización corrhincdo c!el terreno: 

' 

K" 12(1 -« )~ 120.00 60,00 r---;---

l ~ z1+ z1 + z~ • 0.20 + 0.30 + 0.40 • 0.90 

IC+ 10 

KX 1,200.00 1,200.00 
e61cu1o de por~m<!tros: 

KX -Y 1,150.00 1, IOO.CO e u'ilo tJVl~ UVl< 

V .. (KX-Y)Z 1,092.50 1,045.00 K• 12(1- e< )(3 64.00 ~.00 ;6,00 
ic + ia 

Por lo tonto Vv• 1,092.50 + 1,045.00 • 2,137.50 Kb 2,560.00 2,520.IXI 2,:..:J.C.J 

Ut.,. • .. u u 
. _. 1 IZO<:: Ion ·VI ,- ~l.,: Comercio : 540.00 m2 Kb-c•N 1,660.00 1,020.C\l 1,7'5:J.C\l 

-

Oep011c:mcntos: 810.00 m2 V • Nd 332.00 3Cl6.CO i12.C\:l 
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C61c:vlo del wlor reddual del terreno: 

VVI = V VIo+ VVI" +V~"' 332.00 + 306.00 + 712.00 • l,::S:.:O 

En este tipo de cor.strucc:i6n de número de plantas, un ~~~ ·"~!! 

te que _ _Je ~senta,es so~er que cant~o_d de plantas _nos d6 el 6ptimo valor ~~c:l ~1 ~ 

rreno. En nuestro ceno de 9 pbnlcn, vamos a estudiar este caso llamando U1 , t;-··· ~-

según-te"9a:nos 1 ,2, •• •• 9 plantes. Qe_l~ utiliz:ac:iones excluyentes vist::s e~.,. ":C"i~i-

pio, observa:nos que el valor residuo_! m6ximo se obtiene paro aquello utili:~~· 1n la -

cual dedicamos todo el ediri:io a oficinas. Paro el coso, !lam~moslo'de pl:"':-:s". ~o ~ 

mos o analizar, vamos a pcns:~r que todos estarán dedicados o oficinas. 

Datos: 

UTILIZACION 
CONCEPTO "" U& u) u4 Us u6 u, 

Valor de lo coi'\Strucción •yv B..."' 800 825 850 900 9\X) 1~ 

'= Ar 
__ 0_._9g- 0.90 0.90 0.90 0.90 0.90 ~.~ 

Ar: 

z,., Ac 0.95 0.90 0.90 0.85 0.85 0.85 ~.ro 

----Al: -- --- - -

Deducciones o la renta • C(. • 0.20 0.15 0.20 0.20 0.20 0.20 ~.:!0 

u. 
1050 

0.90 

0.80 

0.20 

Renta mensual "X" 30.00 30.00 30.00 30.00 30.00 30,00 ~.00 30.00 

Toso de intereses "ic" 0.06 0.06 0.06 0.06 0.06 0.06 ~.N 0.06 

Tosa de cmortizaci6n •¡a• 0.01 0.01 0.015 0.015 0.015 0.02 0.02 0.02 

Tosa de capitali:.odón •¡c+ia"0.07 0.07 0.075 0.075 0.075 0.08 O.c-3 0.08 

Resolución: 

UTILIZACION 
CONCEPTO u. Uz u .. u. ~ u, ~ u. 

Ar:•ZAt 285.00 ~.00 810.00 1020.00 1275.00 1530.00 l6SO.N 1~.00 

Ar=fAc: 256.50486.00 729.oo 9ta.oo 1147.50 13n.oo 1s12.oo 1728.01) 

K t2(t-eC)~ 123.43 131'.14 115.2o 11s.2o 115.2o toa.oo 1oa.oo 1oa.C1l 
-te+ ia 

10C 3702.90 3724..20 3456.00 3456..00 3240.00 3240.00 3240.00 32~.01) 

IOC -Y '2902. 90 3134.20 2631.00 2606.00 2556.00 2340.00' 2:240.00 219'.) .00 

-V (KX-Y) Z _27~7.76 2820.78 2367.90 2215.10 2172.601989.00 Ü92.00 1752.CO 
] 

1 

L 
TOdavía, podemos seguir analizando el caso "de plantos": 

5egifñ ·et-P.eg1omento de las Construc:c:iones del O. O .F ·•- el terreno.de - _ 

~ IIUestro ejemplo, tiene un limite permisible de nueve plantos. Sin embor¡¡o, por medio de 

1

1 hac:er la construc:ci6n esc:olonodo podc.mos sc9uir aumentando plantos sin so1irno1 efe lo -

restric:ci5n. Vamos a ver este c:aso: 

i ! Seo una rcducc:i5n en la plon:-a, o la altura nueve, de lO m. por 20m.-

1 
El reglamento nos p<!nnite aumentar nueve plantas mos. 

Datos: 

UTILIZACION 
CONCEPTO U.., U u u,, U.:~ ll"' u .. '-'~ ul7 U ~a 

--- - --- - --
Valor- de-const. "Y"-- --nso- -1200 -1225 -1250- 1300 l.;QO 1500 1700 lWJ 

'* ~~ ... 0.90 0.90 0.90 0.90 0.90 o:90 0.90 0.90 0.90 

1.s Ae 0.80 0.80 0.75 0.75 0.75 0.70 o.¡g 0.70 0.70 
At 

' -
Oeduc:. o lo rento "e( n 0.20 0.22 0.22 0.25 0.25 0.30 0.30 0.35 0.35 

lento mensual "X" 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 JO .00 

Tosa de ln:erescs •¡e• 0.06 0.06 0.06 0,().5 0.06 0.06 0.06 0.0-5 0.06 

Teso de cmortü:. •¡a• \1,02 0.025 0.025 0.03 0.03 0.04 0.04 0.05 o.ru 

Teso de c:apit. •ic:+io" o.os 0.085 O.OS5 0.09 0.09 0.10 0.10 0.11 0.12 

• 
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Resoluct6n: 

UTIUZACION. U. 
CONCEPTO 

u. UIZ u.. U,.. u .. u, 

Ae •ZAt 2320.00 2480.00 2475.00 2625.00 2775.00 2730.00 2870..00 3010.00 3150.00 

Ara QAc · 2088.00 2232.00 2227.50 2362.50 2497.50 2457.00 2.5al.OO 2709.00 2Sl5.00 

-------=-~1~_(1:-CIC)Q 108.~ __ 99.1_1_ -99.1,1__ 90.00.90.00 .. 7S.60 75.60 6l.a:2 .. SS.50. 
iC + io 

1.?< • 3240.00 2973.30 2973.30 21oo.oo 2100.00 226aco 226aoo 191<l60 175s.oo 

1.?< -y 20so.oo 1173.30 1748.30 1450.00 1400.oo 86aoo 768.00 21<l60 -t.c.s..oo 

V (KX-Y) Z 1672.00 141a64 131i.2J 1087.50 1050.00 607.60 537.60 150.22 ·101.50 

Podemos decir, de lo observaci6n de todos los valores residuales del terr;, 

no cbtenlc!os, c;ue lo mejor utilizoci6n del terreno de nuestro ejemplo, es oquello en lo-

que construyamos un edificio de dos plantos y lo dediquemos o oficinas. 

- • • . -- -... - 1 

1 

6.- e O N e l U S 1 O N E S • 



C:omo hei'T'OS vbto en el c:opnvlo procedente, la aplic::ac:i6n ¿.., ro ptogrc-

mac:t6n matem6tic::a o In obtenci6n de lo me¡or utilización de un terreno es r~it y por-

esto roz6n permite uno grcn c::omhinoción de utilizaciones, con una invcl'lión de tiempo-

relativamente ba¡o. lo ohtenc::i6n de las datos necesarios es t'Qmbien fácil y r6pido. 

·• · •· ····- --- · · \'"liTIOS tcmh-ien, en cL~h:mplo •de plantos• 
1 
qu~ llego un momento; c:on• . -

fonne \'0171~ aument'Qnc!o plant'Qs; en que el valor de lo corutrucc:i6n, los deducciones o• 

lo re~~~-~~ ~de o:noitiiaci6n sella e: en muy o has '1 no podemos tnc:rement'Qr lo rent~ 

nt el foc:tor de utilización del t~rreno, por cst'Qr en sus lrmite1 respectivos, de estg Formo 

obtenemos valores residuales del terreno negativos. 

O se<11 que desde el punto de vtsto de lnvel'lión,no c:onvtenc c:onsh-utr tal 

. riimero de plantos. 

Desde el mismo punto de vista.y como uno c:onsecuenc::io de lo onterior,st 

tos valores residuales del terreno obtenidos en los diferentes utilizoc::iones analizados nos 

dieron valores InFeriores o lo que ese mT$.110 terreno stn c:orutrulr vele en el merc::ado de• 

Bienes Roiees no 003 c:onvendrT"a ninguna construcción, sino mas bTen vender el terreno 
1 - . -- -

o su valer actual set;ún el mercodo. 

En resur:ten, lo oplicación del método propuesto poro determinar le me¡or 

utili.zoc:i6n de un terreno, nos permite un dominio fócil, répido y completo del probler:ta 

y uno gran Tntimic!ad con los .deseos del lnvel'lionista. 

· .. 
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BOP-An approach to building optimization 

by G. NEIL HARPER 
SJ..ídmort, Ou·ings & M~rrill 
Ch•cago, llilno•s 

INTRODUCTION 

.... 
• o •• '• 

.. 

The problem of finding an appropriate building 
configuration to satisfy a client's building program is 
by no mcans rudimcntary. When one imposes additional 
rcquiremcnts that the building shall be an "efficieni'', 
"economical", or "optimurn cost" building, the mathe
rnatical difficulties encountered in operating on a large 
data base to achievc sorne kind of optirnum result are 
almost insurmountable. 

In the past, thcse formidable problems of searching 
out the bcst-or even an acccptnble-solution h:tve been 
solved largcly on the basis of intuition and random 
investigation of a small number of possible solutions. 
The numcrous successful buildings in our cities today 
are a tcsti~ony to man's remarkable and innate ability 
to intuit, evaluate, and synthesize. It is conceivable, 
however, that these as yet unexplained human abilities 
can be extended and magnified if proper use could be 
made of appropriate computer techniques dealing with 
information processing. 

STATEMENT OF THE PROBLEM 

simply statcd as the problcm of finding an extreme 
value (mínimum or maximurn) of sorne objcctive func
tion (such. as cost}, subjecl to sorne sct of constraints. 
The techniques for solving the problem have oftcn 
been quite elegant, and are well docurncnted through
oui the litcrature. See, for exarnple, Refcrencc 2 for a 
bibliography of works in the general arca of linear 
programming.) 

Thc practica! problcm of building design can be 
formulated, in a general wny, as an optimization 
problem. The objective could be minimum init1al cost, 
lifc-time cost, opcrating cost, maximum rcturn on in
vestment, etc. Th,is objcctive 1s, of co~rse·, subjcct lo a 
variety of, constraints duc to client program, site limita
tions, space allQcation, dcsign considcrations, code 
constraints, cnvironmcntal factors, cngineering req uirc
mcnts, financing, etc. Hencc thc practica! problcm of 
finding an "optimum" building' is in sorne ways quite 
similar to the classical problem of mathematical op
timization. 

Historically, however, mathematical optimization tech
niqucs wlthin thc design profcssions have bccn applied 
to only a very limitcd scope of thc design problcm. 
Witness, for cxamplc, typical optimization applicntions 
in mínimum .. COsl for the thrce-bar truss problem. 3 

· 

mínimum structural stccl wcight," mínimum time or 
travcl distance in transportation planning, ma)(imum 
spacc utilization, cte. Whcn thc scope of the projcct 
is broad~ncd from finding thc mínimum wcight of 
structural stccl in a building framc to finding that 
combination of ·parameters which givc thc mínimum 
cost for thc total building, including window wall, 
elcvators; structural, mechanical, clectrical, etc., onc 
sccs immcdiatcly thc implication that such a scopc has 
on thc solution tcchniques ... 

AN APPROACll TO oí~·nl\liZATIO~ 

By and large, most appr9aches to computer imple
mcntation in building design in the past have been 
very fragmented and narrowly limited in scopc. Al
though there havc been forccful historical reasons for 
thcsc limitntions, this mode of computer usagc is never
thclcss rcmarkablc whcn one considers that the basic 
naturc of building design is the cxact oppositc of frag
mcntary and limited in scope. As .Tca~ue and othcrs 
havc pointed out, thc true nnturc of architecturc and 
cngincering cncompnsscs the synthesizcd wholc of thc 
projcct, and not simply isolated disciplincs.1 Only rc
ccntly, howe\'cr, have thcrc bccn dcvclopmcnts in com
putcr tcc' nology-notably problem-oricntcd languagcs 
and ccrtain interna! d¡¡ta structuring tcchniq ucs-that 
offcr promi:,c of alJowing lhc dcsignc:r lO grasp thc 
iystcmalic whoh: or the problcm. 

Thc general malhc~alical problem or optimization ia · 
lnasn~uch as rcnl buildings nrc Gomposcd or more 

&han a single lsolat"-d diliCiplinc, i\. i" absohu~ly impera• 
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tive that any mc;min¡;ful approach to optimization 
mu~l trcat thc total pr<?blem. howcver crudely, rather 
than spcnd elaboratc mcthods on some isolated part of 
the problem. That this total approach is a sine qua non 
is obvious from the observation that the optimization 
of an isolntcd discipline can and frequently docs result 
in considerable distortion of the total optimization 
objcctive. 

This philosophy, viz., that building optimization 
must trcat the total building complex if it is to be 
rncaningful, forms the basis of the approach discusscd 
hcrc~n. As mcntioned carlier, thc scopc of such a 
problcm necessarily dictatcs that the initial solution 
techniques be rathcr crude. As a matter of fact, the 
DOP programs described below are only in a very 
general sen se "optimi~ation" routines. No direct use 
is made of linear or non-linear programming or of 
any of the more sophisticated techniques in game 
thcory, etc. Perhaps ~s expcrience is gained ~oncern
ing the way a total 'building project behaves under 
permutation of some of the critica! parameters, the 
classicial tcchniq ues of mathematical optimization can 
lead to a more refined treatment of the controlling 
parameters for the complete problem. 

UOP-A UUILDING OI'Tl!\UZATION PUOGRAM 

A series of modular programs for optimizing the 
configuration of high-rise officc buildings has bccn 
dcvelopcd rcccntly to test thc total systcms approach 
dcscribcd above. These Building Optimization Pro· 
grams (BOP) have been developcd using the Problem 
Language Analyzer5 (PLAN), which was developcd by 
Sams, et. al. The BOP system is operational on a stan· 
dard SK IDM 1130, with disk, card reader, and line 
printer. 

In order to organize the large amount of informa· 
tion inhcrent in a total building design, four major 
subsystcms are identified as the dominant cost innu
encing clcmcnts of the building: 

l. Window Wall 
2. Elcvatoring 
3. Hcating, Vcntilating," and Air_ Conditioning 

(HVAC) 
4. Structural 

Obviously, cach óf thesc four subsystcms depends ' 
u pon a common data base of gcomctry, environmcntal 
data, and dcsign limits. A fiflh subsystcm, which in· 
dudes all remaining collt items in thc building, can 
al o be includcd f9r completeness, allhough it is the 
four subsystems listcd above that are given most inten· 
sivc trcatmcnt as thc dominant cost factors. . 

A basic c:oncept in BOP is that the dcsigner c:an 
spccify Lo Lhe computcr as liule or as muéh as he likes 

•. ' 

about his project. nor will then supply rcasonable 
' values for missing data· by dcfault, and proceeú, to 

formulate complete, albcit crude, interna! modeb of 
-the building; project. (Thc i mportance of this conccpt 
of a complete interna! model of the project is wcll 
documentcd in the publication by Krauss and Myer. 6 ) 

Thes'c modcls are then tcsted against site limitations, 
client spccifications, architcctural design constraints, 
and code _rcquircments. (All of thcse limits are, of 
coursc: v~riable at the problcm-oriented languagc levcl 
by ~he designer.) lf the interna! geometrical model 
of the total building passcs all thesc tests, computallons 
of varying complexity are done for the window wall, 
clevatoring,, mcchanical, and structural subsystems, all 
of which a're bascd on a cornmon interna! data base. 
The costs of these subsystcms are then evaluated, along 
with c:osts for the agglomcrate fifth subsystem, and the 
total solution stored on disk. If the various constraints 
are loose enough, additional gcometrical solution~ are 
generated, tested, and evaluated. In addition to keeping 
all 'valid solutions for possible devclopment in the fu
ture, a set 

1

of pointers is kept for those solutions which 
ga~e the least total cost, least square-foot cost, and 
ma'ximum return on investment. 

Strictly ~pcaking, the procedure outlincd above is 
not optimization in the classical mathematical sense 
of · the ward. In a more general :>en se, hoY..cvcr, lnc 
procedure is of an optimizational nature, insofar as it 
delincatcs the pcrmissiblc solution spacc, generales and 
cvaluntes solutions within that spncc. Inasmuch as all 
possiblc solutions in thc solution spacc are evaluated, 
th'e actua:l "optimization procedure" is basically a 
"brute force" method. This is not as inefficient as it 
m'ay appc,ar at first glance, since rcstrictions on the 
design space frequently limit the solution space to only 

· a few individual solutions. Also, the output from all 
admissiblci solutions which the procedures gen~ratc is 
frequentl~ of direct use in the design process, regard-

1 

less of its position in the search path for the optimum 
solution. 

To- illustrate bricny the nature o4' the programs 
and available commands, • suppose that carly discus
sion with a client has indicated a need for a gross 

' 1 ' 

arca of about 300,000 square feet, with about 14.000 
1 ' 

to 16,000 square feet per noor. The sitc is in the 
centcr of the city, and has dimcnsions of 125 fcct by 
150 fcet. The following noP commands might be u~d 
lo describe this information. 

JOD NAME, 'CUENT X'; 
BUII.:DING OPTIMIZATION PROGRAM; 

TARGET GROSS AREA, 300000; 
FLOOR AREA. UMITS, 

1 
•A 'omplclc li~tl ot UOI' V~cabulary ¡, ¡ivcn in Appcndi" A. 



MINIMUM 14000 MAXIMUM 16000; 
nutLDIN<i I.ENGTH I.IMITS, MAXIMUM 150; 
BUILDING WIDTI-I LIMII S, MAXIMUM 125; 

ll is important lo note that in thcsc carly stages 
1 

of the building projcct, only thc barcst information 
is available. ll is, thercforc, necessary lo have a power
ful dcfaull fcature which assumes reasonable, consistent 
values for all data not éxplicitly given. Thc second 
statement, "BUILDING OPTIMIZATION PRO-· 
G RAM," actually lin ks to a series of programs which 
do es a complete initialization of various geometry, 
cost, and subsystcm files intcrnally. Thus complete 
and · sufficicnt information is available immediately 
aftcr exccution of this s~cond ~ommand to gcnerate · 
a widc rangc of possiblc solutions. Any addilional 
descriptivc information suc:b as _that givcn above re• 

JOA TillE CliENT X 
AlL SOLUT IONS AT l fi.OOR IMCAEMENTS 

OESIGN LIMITS MINIMUM MAX IMUM 
GRO~S FLOOR AREA 270000. 33UvuiJ. 
GROSS AREA PER FLOOA 1toOOO. l&uuu. 
6UJLOJN(j WIOTH ~o.ooo 12~ oCOv 
6UILOING LENGTH ~OoCO'J 1 ~u. uuu 
CORf WIOTH 2~o000 O!~u.uuu 

(OilE lENGTH 2!1-00'J ii~UoOIJU 

CORE TO f~TERIOR SPAM n.oou to>oU"v1 
NU~RfR OF STOHIE5 1 'iUO 
L[~~i~ ~~~IH RATIO loOOO ZoUUU 
SHAPE III.CIIEMEN T o.aoo 
NUM~ER OF SOLUTIONS ~" 
GLASS LI~E OFFSET 
BLOG LINE OFFSET 
foiUOULE CMOICES !r• o 

-
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placcs thc originally U!>'oumcd data, and thcrcforc bcgins 
lo !ohapc thc interna! !>Olulions mo1 e cloo.,cly lo lhc 
spccilic projccl al hand. lf. a!> Í!> Crcqucntly thc ca~c, 
the information -·givcn abovc is all lhat is known 
initially, the dcsigncr can issuc thc command 

DLOCK OUT GEOMETRY; 
This command links successivcly lo a series of pro

grams for gcncrating gcomctry to fil wilhin the assumed 
or prcscribed limits, test that geometry for acccptability, 
and perform v3:rious compulations and cost calculations 
for the four . subsystems mentioned previously. Thc 
la!.l program in the link prints a !.Ummary rcport of 
the· interna! dcsign limits as they c:urrently exisl, and 
thc solution gcomctries which werc found to fit within 
thcse l·imits (Figure 1). The ovc:rall cost of cacb solu· 
lion is also p~inted. 

TARC.i:.T 
·)UUihllle 

UoUUU 
OoUOO 

ID Flf MOOl LE ASE •'LOOR OIME~SIONS• •CORE OIMENSIONS•• CallOS S TOTAL TOTAL TOTAL BlOC. UNIT RUURM 

MO "o SPAN l. W LENGTH WIOTH " fl LENGTH WIOTH PEII FL GROS S RENT PCT CUST CUST tON 
n IN fT IM fT IM FT IN FT IN fT '" SU FT SO FT SU FT AEhl uooo iiSF IMVI:.Sl 

l 18 !J- o 3!r- o 2!1 2S us- o U!r• O 8 u 1tO• o s~- o l!>f>.l~o:.o!Bll!IOo o!to08b2o 8!>ob 738So 2bo2!> 9.8!11 
2 u !J- o 3!1- o 29 21 lto~- o aca- o u ., u- o 3~- o IS22!>o .o!7toU!>Oo illtol9 ... B~olt 72l)t 2bo~lt 9o)9 

. 3 19 !1- o l!J•O 2!> 2!1 U!l• U 12!>- " 8 ll ~oc- o !1!>- o l!>f>2!>o• 2f,lf>Ul!lo 2!>5f>49o 8bol 7l30o 2f>.Oto lO.lto .. 19 !J- o 3!1- o 26.22 130- u 110- o 11 8 !>>- o ltO• u l430Uo .o!ll 70Uo .!l223f>o us ... 72>0· 2f>ob8 9o21 
!J l9 !J- ~ 3!1- o 29 21 lto!'l• o lCI!'I• O U ., 6!'1- o. :J!I- o l!'lit2!1o .o!89.o!7!'1o l1t8!>81o 85o9 7bl2e 2bo:U 9o89 

6 2.> ~- 1) 3>- o 2!1 2!1 12!>• V ll!l- :) 11 11 40- u !15- o 1!>&2!1o 312!>00o 2&9488o 86o2 80f>8o 2!>o8l 10.70 
7 2J !1- o 3!1- o 24 24 120- o l2 1J- o 9 lO lt!l- o su- o llttoOUo 288000o ,hbf>llo 8!>of> lf>O!>o 2boto0 9.& .. 
6 2u !>- Ci 3!1- o 26 22 130- :;, uu- o 11 11 !>!1- o ltO• o 1430Uo 2Bf>OOOo .Z44no. B!>o!> l!lb3o Zf>ototo 9,!117 
~ co !1- o 3!1- o l~ 21 lit~- ~ lU!I• 0 U ., u- o )!1• u l!IZZ!Io )01tli00o 2 1>4!020o 86o0 7941to 2bo08 10·2" 

10 21 !1• o 3!1- Co 24 21t 120- ~ 12C.• ;¡ 9 '" .. !-- u >o- (¡ 141t0Uo )021t00o 2!189l3o ll!>ob 8012• 2f>oto9 9o!IZ 
u 21 ,_ o )!1•\) 

~~ 22 l3C• v uc- o lZ 8 60- o 40- o 11t)0Uo 3C0300o 2!1b9b6o 8!1o!l l981o 2f>o!>7 9, )9 
u 21 

,_ 
o 3!1• J 21 llt!l• u lU!I• O U 7 ,,_ o 3!1- o l!l22!lo •31972!1• Z'l!llUo 86o0 ll)«tllo 26ol7 60ol• 

132l !1• o )!1• ~ 21t lit 120- ,) 12C• O 9 l;) lt!l• o so- o 11t400:o 316800o 272390o 8!1o9 e:n-.. Z6o37 9,6 .. 

•• ll !r• o , .... 26 l2 uu- J uo .. o u i 60• o ltO• o , .. ,oo:. )lto600• l70:t2h 8!1o9 uzo. z ••• ,. 9oU 

..... OP1 J~)l SOLUT lOM$ 

LEA~T CUST SOLUT IOf\1 .. 
LlAST 'HSF SOLUTION 6 
MAAlMUM aETUMM UH IHVE$Tf'IEtiT 50LUTIOM 6 

Figure a-Ovcrnll Summary of Computcr-Gcn\!tlllc:d Sohuion11 
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Upon inspcction of thcsc solutions, thc dc!>igncr 
1 

mny choosc sc\'cral of tl'lcm for furthcr dcvclopmcnt. 
He would normnlly rcqucsl ndditional dctails for a 
solution by commands such as 

PRINT ARCHITECTURAL SUMMARY, 
SOLUTION 3; . 

PRINT ENGINEERING SUMMARY, 
SOLUTION 3; 

PRINT COST SUMMARY, SOLUTION 3; 
These commands link to BOP programs that produce 
thc outpul shown in Figures 2, 3, and 4. Note lhat 
complete summarics of thc architcctural, cngincering, 
cost nnd financia! analyscs are· givcn for ·thc requestcd 
solution numbcr. lncludcd in thcsesummaries,ofcourse, 
are dctails of the window wall, elcvatoring, HVAC, 
and struclural subsystcnis. 

Each of the cost categories shown in Figure 4 has 
actually been aggrcgated as a su m of several smaller, 
componen\ itcm costs. IThese items furnish a prelim· 
inary cost budget by tradcs, and can be ret'rieved di· 
rectly by means of the command 

PRINT COST BUDGET, SOLUTION 3; 
Partial output from such a command is shown in 
Figure S. A more complete description of the assump
tions bchind these cost items is containcd in Appcn· 
dix B. 

Having obtnincd a sct of solutions for thc dc!>ign 
param'ctcrs currcntJy undcr Ínvcstigataon, thc U'iCr can 
savc thc rcsul~s for latcr use by i!>suing thc command 

SAVE BOP JOB, FILE 121; 
This savcs all problem data and solutions in a pcrm
ancnl·uscrs arca file. Upon rcturning lo thc computcr 
at a la ter date, thc u ser can restore primary memory 
and ccrtain working sloragc files lo lhe idcntical state 
which existed when he left lhe machine by means of 
lhe command 

RESTORE BOP JOB;-FILE 121; 
A limitcd numbcr of files in lhc U!.cr arca oí di!.k 
have beco reservcd so thal several jobs can be main-
lained al onc· time. · 

Aftcr reviewing lhe informalion produced at lhe 
first session with thc computcr, the dcsigncr might 
wish lo reslore severa1 sclected solutions, and to bcgin 
rcfining the elcvator compulations, cost assumplions, 
slructural a(\d mcchanical systems, etc. Comma\'lds 

.. such: as the following are typical of those available 
to bim for this purpose. 

• 1 

• 

RESTORE BOP JOB, FILE 121; 
ELEVATOR ZONE DATA, 

1 

ZONE 1 ZPOP 1000; 
SELECT ELEVA TORS, ZONE 1; 

~----
SOLUTlON ,3 AR(HlTECTURA~ SUMMARY 

------------------·--------------ca.u:~T x 
PLA,. DlMENSIONS 

---·---------·-MODULE ~ FT O lN 
FLOOR LENGTH 12~ FT O IN 
FLOOM WIOTH 12~ FT ,0 lN 
TRAVEL DlS~ANCE 77o FT 

LEASE SPAN · J5 FT O IN 
COME LENGTH • ~U FT O IN 
CURE ~10TH ~~ FT O IN 

lLEVATION OI~ENSIO~S 

FIRST FLOOR AT 
SECOND FLOOR AT 
16 TTPJCAL fLOORS Al 

1 ~ECHANICA~ FLOOAS AT 
TUTALS 1~ 

TYPICAL FLOOP ARE AS eso. 
-------------------

20o00 FT • 
12o!IO FT • 
12o50 FT • 
20o00 FT • 
STOHIES 

FloJ 

20o00 
llo!IO 

200o00 
zo.oo 

2!12o50 FEET 

TVPICAL 
TVPICAL 
TVPICAL 
TVPJ(AL 
TVPJ(AL 

' ' 
ST~UCTURA~ OEPTH 
ME~HA~ICA~ CLlARANCE 
LI~HTl~G ¿LlAHAN(~ 
fLuOR TO CEILIN~ 
FL.UUH TU ~LUUN 

21.0 
ldoO 

6o0 
11 FT 9 

1Z FT 6 

IN MECHo RUUM LOCATIO~S 
IN F IHSl AT 19 FL 
IN SlCO~O AT••• FL 
1~ THIHO AT••• FL 
1~ ~AMTIAL AT••• F~ 

(',R::;SS O[lf FLOOR •~•z~. ' !I<I[CHANICAL lUlo f IR E' TO,..lR u. ~Oo TOIL~T FJXTUHES !1 
TQTA~ ALOú GRUSS 29687!1· S TAJAS 280o TELE.PHQ"f. ~3. TAlH ~IUTrt RlOih 811• '"' TOTA~ I!LDú REN fAti LE 2!i!i61o9o JAIIl TOAS (l 1~· 
vV~~ALL ~FFlCIE"CY 86t ¡ ELlCTif IC (L 80• 

EI.EVIITO~ lO"'Jr,c, AM> P[qf('I:'MAN(~ 

-----------------------·----··-zo:.c ... .,, HIGH ZOI'o[ Z'J.-.E LOCIIL TOTAL (AI:I 
'LU'lll FLCOR 1'01' C\E~SI TY (AIUt CAU SIZl 

1 2 10 Yll9o ll!lo ... 9o )I)I)Oo 

2 ¡¡ Ul 801\o , Uh .. ~. JUOOo 

Uo JM[lr~T ELEVATOM6 

1 • 

" 

TOILET 3!17. ' 
PA'H fl'ECH lh 

(AI:I INTERVAL CAPACl TY 
IIPllO fok.CUNUb I'CT 

liOUo j!9oY 17 ,, 
700o .ih6 ~hl 

(APACl TY 
~I;,UjJt..l 

lC.Ilo 
U7e 

ftHAFT 
AH t. A 
720o 
ftOUe 

LOI:IttY 
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ENVIRONMENTAL DATA, TEMPERATURE 
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. COMPUTE COSTS, SOLUTION 3; . 
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SOLUTION--
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APPENDIX A. VOCÁBULARY FOR 
BUILDING OPTIMIZATION 

JOB NAME,' '; 

"" 
UoUU 

... uo 

OoU 

0o)9 

u.ou 

lo'i l 

u.'~ 

loO& 

o. u 

&ovl 

a.uu 

o •• , 

BUILDING OPTIMZATION PROGRAM; 
TARGET GROSS AREA, ___ _ 

1 

''5' 

Uoln• 

Uo'H 

Ooll: 

0•'-' 

U•"" 
, Oo)J 

Uol• 

Ooll 

Oolll 

Ool\1 

· Uol'l 

O•U 

GROSS AREA LIMITS, MINIMUM----
MAXIMUM----

FLOOR AREA LIMITS, MINIMUM----
MAXIMUM , . 

NUMDER OF STQRIES, MINIMUM----
MAXIMUM ___ _ 

._ BUILDING LENGTH LIM.ITS, MINIMUM 
-· MAXIMUM ___ _ 
BJILDlNG WIDTH LIMITS, MINIMUM __ _ 

MAXlMUM----
LENGTH WIDTH RATIO, MINIMUM ___ _ 

MAXlMUM , lNCREME~T-----

By thb time, the deo;igncr ic, well inlo hic, dc~i~n. 
und thc pruhlc111 ¡., onc of fu11hcr rclllll'llll'lll of :1 wt 
of ~lc_ctcd l>olulions. 1 hé impm lant pollll lo rcmcmhcr, 
how~cr, is that thel>C sclcctcli solution~ ha ve come 
from systemalic invcstigalion of a)l gcometrics which 
fcll within givcn limitalions, and that thc solution costs 
of thc valid solutions werc gcncratcd on thc ba'iiS of 
the, total projcct, not just a single componcnt of thc 
project. Alt"ough the so-callcd "optimum" solutions 
so (ound may not be choscn for furthcr devclopmcnt, 

the dcsigncr. al lcast knows what prcmium is involvcd 
in making this dccision. 

SUMMAR }' ANO CONCLUSION 
1 

An apprbach lo building optimi1.ation has bcen 
prescnled which cmphasizcs thc totality of thc building 
project in thc optimization cffort. Sorne discu~sion of 
the naturc of thc neccssary information base and thc 
languagc for manipulating it has bccn prcscnted. A 
fcw commands from thc BOP language and sorne typical 
output are given to illustrate thc nature of the man/ 
machine communication and the scopc and depth of 
~reatment of the currcntly existing capabilities. 
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q:>RE LENGTH LIMITS, MINIMUM ----
MAXIMUM ___ _ 

CORE WIDTH LIMITS, MINIMUM ___ _ 
MAXIMUM ___ _ 

1 

LEASE SPAN LIMITS, MINIMUM ----
MAXIMUM ----

MAXIMUM NUMDER OF SOLUTIONS, __ _ 
S.TORY HEIGHTS, FIRST , SECOND __ 

TYPICAL , MECHANICAL--; 
INVEST~1ENT DATA, RENT ,OPERATING 

EXP¡ENS~ , ~CT. VACANCY ____ __ 
MORTGAGE , DEUTSERVICE __ 
LAND COST '· AE FEE , PRO-
MOTION __ _ 

ADD MODULE, ___ fEET---- lNCHES: 



COMPUTE RETURN ON INVESTMENT, 

SOLUTION l TO !; 
ALL 

DELETE MODULE, FEET INCHES; 
NUMIJER OF FREIGHT ELEVATORS. : 
BLOCK OUT GEOMETRY, EVERY--FLOORS; 
CODE CONSTANTS, DPOP , PFIN __ _ 

PNET , HFIRE , TRAVL , .. 
ELEV ATOR ZONE D~VISIONS, BANK 

FROM TO STORIES DIVIDE 

------· 
. MECHANICAL SPACE. REQUIREMENTS, OVER-

ALL PER FLOOR --
ELEVATOR ZONE DATA, ZONE , LOW 
----· HIGH :. , EXPRESS __ _ 

ZDENS , ZPOP , FLOOR AREA 
.. 

CAB DATA, ZONE ___ , SIZE , SPEED 

-----· DTIME · , DWID·---
KEY __ _ 

ELEVATOR CRITERIA, ZO~E---• INTER-
V AL , CAPACITY_· --

SELECT ELEVA TORS, ZONE · 
WINDOW WALL CHARACTERISTICS.PCTGLASS 
----• UGLAS~ , UWALL __ _ 

BLINDS FACTOR--
ENVIRONMENTAL DATA, AIR INTAKE BTU 
----, TEMPERATURE INSIDE , 

TEMPERATURE OUTSIDE , SOLAR 
GAIN __ _ 

ELECTRICAL DATAj, ILLUMINATION ---
CONVENIENCI! OUTLETS WATIS; 

MECIIANICAL PERIMETER ZONE, MINIMUM 
---- FT,MAXIMUM FT; 
MECHANICAL SYSTEM TYPE, INDUcriON, 

COST FACTOR , CLEARANCE--
ENR COST INDEX, , 
STRUCTURAL SPAN, MINIMUM __ _ 

MAXIMUM __ _ 

PRINT COST ASSUM:PTIONS; 

ENTER COST DATA,· ITEM __ 

I'CT __________ _ .· ! DOLLARS 

SQFT __ · ------~---------
UNIT PRICE ------

PRla-IT ARCHITECTtJRAL SUMMARY • 

SOLUTIONS l-TO- ! 
ALL 

llOP-An i\pproach to Bliildin¡: Oplimi7atiun 5Xí 

PRINTENGINEERING SUMMARY, 

SOLUTIONS l_TO_l 
ALL 

PRINT COST SUMMARY, 

SOLUTIONS l_TO-¡ 
ALL 

PRINT COST BUDGET, 

SOLUTIONS l- TO -! 
. ' ALL 

---
SA VE DOP J,OD, FILE - , 
RESTORE BOP JOB, FILE----
SAVEDATA, FILE __ _ 
RESTORE I:>ATA, FILE __ _ 
PRINT BOP· JOB LIST; 

' 

APPENDIX B. BASIS FOR 
BOP COST COMPUTATIONS 

Although the build1ng costs are by ono mcans the 
only useful rcsult from BOP, they are suff1cicntly 
important to warrant a somcwhat fuller explanation of 

. thc assumplions bchind the c:ost summaries and bud· 
gets mentioned in the tcxt. A single c:ommand is avail
able to give a complete listing of unit costs and" as
sumed quantitics: 

i 
:PRINT COST ASSUMPTIONS; 
1 

Upon -rccognition of this command, the BOP routines 
pr~duce o.utput of the naturc shown in Figure 6. 

A few ..yords of explanation should be sufficicnt to 
enablc the; readcr to grasp thc essence of the cost ap
proach implicd by Figure 6. In general, the cost of 
each of SO c:omponent items is given in one of four 
ways: 

l. As ,an absolute dollar amount, column l. 
2. As a prccentage of thc base building cost. col· 

umn 2. , 
.'3. As•a dollars pcr square foot of gross building, 

column 3 • 
: 4. In ; sorne "other" rational way-gcnerally as a 

'unit pricc. times a quantity which i& á funclion of lhc 
b,uilding ~comctry. 1 
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The actual basis on .¿yhich the calculation for a par- By giving Lhe commands 
i . 

• ticular item is madc is implied by thc location of 
asterisks-i.e., the one column of the four that has no 
aslerisks is the currcnt basis for cost computation for 
that ítem. For example, demolition is normally assumed 
al zero dollars, since that ítem cost is mosl often part 
of a separate conlracl. Struct~ral foundalion membcrs 
are assumcd at 4% of the cost of the base building. 

' 1 

Excavation, on the olher hand, is computed on the 
basis of $3.50 per cubic yard times thc volume of ex
cavation ( = 15 fcet X arca of typical floor). Figure 7 
indicales how the cost items are aggregated to form 
the cost categories shown in Figure 4. 

Thc uscr can easíly switch the basis and numerical 
valucs for computati~n or a~y cost ítem by the com· 
mand 

DOLLARS---

' PCT--..---------~-
ENTER COST DATA~ ITEM SQ FT 

UNlT PRlCE---

i 
ENTERCOST DATA, ITEM 2 SQ FT. 1.20; 

¡ 

' ENTER COST DATA, ITEM 3 
UNIT PRICE 4.00, 20, 18000; 

the user ¡could change the basis of the structural 
,... foundaÜ~~ membcrs from 4% of the base building 

cost to $1.20 per gross square foot of building, and 
change the values in lhe excavatíon computation lo 
$4.00 pcr cubic yard times a 20 foot basemcnt ovcr 
an 18,000

1 
square foot area. 

Two a~dilional commands are available to control 
the cost ,computalion. One is of a dircct multip!ier 
~alure, a.nd is givcn as the Engincering Ncws Record 
indcx 

ENR COST INDEX, __ _ 

The intcrnal costs have bccn assumed on thc basis 
or an ENR ~ 700.· An c:xtcrnally supplícd valuc or 

·Í 
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ENR = X will cause multiplication of all unit price 
typc costs by a factor of X/700. ~ second command, 

COST VS HEIGHT CURVE, _____ _ 

allows the uscr to specify the ordinales (costs) of a 
normalized cost vs. hcight curve a\ the abscissae (num· 
bcr of storics) of 1, 20, 40, 80. Tne curve is gcnerally 
concave upwards, with a vallcy· of 1.0 around 20 
storics. Multiplicative effcc.ts of this curve are includcd 
along with thc ENR COST INOEX. 
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TECNICAS DE ANALISIS FINANCIERO APLICADAS A LA 
EVALUAGION INTEGRAL DE UN PROYECTO DE 
CONSTRUCOION. 

lng. Enrique Tercero Barragán • 

OBJETIVOS 

La fmal1dad de este trabajo es la 
de presentar, con fines de divulga
CIÓn, una metodología que hasta 
ahora se ha venido aplicando tan 
sólo para evaluar proyectos de de
sarrollo mdustrial, agropecuario y 
de infraestructura física, con la 
pretensión de explorar las posibi
lidades de su aplicación a proyec
tos de desarrollo económico, cuya 
rentabilidad no ha sido estudiada 
hasta ahora con la necesaria pro
fundidad. Concretamente me re
fiero a los nroycctos de desarrollo 
educativo. Existe a la fecha muy 
poca experiencia al respecto, no 
solamente en países en vías de de
sarrollo, los que naturalmente re
QUieren con más urgencia la aplica
ción de estas técnicas, sino tam
bien en países en franco desarro
llo. No obstante, existen estudios 
específicos sobre este terre'no, casi 
virger.; que ya van arrojando resul
tados muy satis·iactorios. 
El contenido de este trabajo se en
cuentra div1dido en dos partes fun
damentaies. La primera es un plan
teamiento teórico de la naturaleza 
de la metodología propuesta, con 
sus éilcances y sus limitaciones; la 
segunda parte es la presentación 
de un caso de aplicación en la qu~ 
se discuten los pormenores opera
tivos de la metodologra propuesta. 

• lécneco del CONESCAL 
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PRIMERA PARTE. PLANTEA
MIENTO DE LA METODOLO
GIA 

1. La metodología del análisis de 
sistemas. 

Para los fines de esta exposición y 
buscando proporcionar a la técni
ca expuesta una adecuada estruc
tura conceptual, se pueden identi
ficar ci neo pasos básicos en un 
proceso de análisis de sistemas. 

A) Definición de objetivos 
B) Formulación de medidas de 
efectividad 
C) Generación de alternativas 
D) Evaluación de las alternativas 
E) Selección de la alternativa pre
ferida 

A continuación se describen, de 
una manera más específica, la na
turaleza de cada uno de esos pa
sos. 

AJ Definición de objetivos. Este 
paso tan obvio no tendría tanto 
valor, si no fuera ignorado tan fre
cuentemente. Por ejemplo, en los 
cursos de diseño de sistemas, los 
estudiantes reaccionan típicamen
te yéndose inmediatamente a los 
detalles de elementos de un siste
ma propuesto. "lObjetivos?" di
cen ellos,"· lquién los necesita?, 
comencemos a trabajar y diseñe
mos". Sin embargo, esta clase de 
respuestas no solamente se en-

cuentra entre principiantes. profe· 
sionales de todas clases se ven en· 
vueltos en situaciones s1milares. 
De hecho, una gran parte del tra· 
bajo del diseñador cons1ste en oc· 
saf1ar objetivos, vagamente defml· 
dos por clientes o profesionales de 
otras áreas, y así iaentif1car 1os 
propósitos fundamentales de un 
sistema. 
En general, para los fines de esta 
exposición, se puede distinguir en· 
tre las siguientes clases principales 
de objetivos: 

i) Eficiencia económica pura. 
La maxim1·zac1on de las ga· 
na n e ias obtenidas sobre de ter· 
minadas inversiones. prescind.en· 
do de quien las pueda acumular o 
a costo de quien. 

ii) Redistribución de ingresos. 
La promoción de benei1c1os de 
cierto tipo específico a expensas 
de otros de tipo diferente, tales 
como inversiones gubernamenta· 
les en obras públicas para el desa· 
rrollo de una determinada reg1ón 
de un país. 

iii) La satisfacción de necesida
des urbanas o rurales urgentes, que 
no siempre pueden ser just1ficacJas 
a través de beneficios económicas 
directos pero cuya atención pe; de 
gran valor para la comur.idad, tales 
como pueden ser algunos provee· 
tos de salud pública o la creac1ór: 
de áreas de recreo. 
Cada una de estas clases de obiet•· 
vos tienen sus m,éritos prop1os, s1r. 
embargo, la persona u organismo 



rrsp0n~.1hlc dP un proyecto elche 
ser srcrnp1 e cspcc1alrnente suspicaz 
con rc~pccto a los objetivos econó
n11C.Hl1Cnte injustificables: ya que 
m1ent1as que los recursos se consa
gran válidamente a ellos cada día, 
debe tamb1én indicarse que exis
ten promotores de proyectos espe
cíficos que no pueden ser defendi
chs en terrenos convencrond les, 
pero que tratan de encubrirlos con 
el rnterés público. Es extrema
damente difícil distinguir entre re
cursos mentorios y falsos para el 
1nterés público, de ahí la insisten
era en que un responsable de pro
yecto deba ser muy cuidadoso en 
estos terrenos. 

8) Formulación de medidas de 
efectividad. El fin último del pro
ceso de análisis consiste en desa
rrollar una apreciación de la efecti
vrdad relativa, con la cual las alter
nativas seleccionadas cumplen con 
un conjunto determinado de obje
tivos. 

Esto no se puede lograr sin tener 
aigún medio para especificar en 
qué grado deben lograrse los obje
tivos; por lo tanto deberán defi
nirse índices de funcionamiento, 
que estén comprendidos dentro de 
una escala cuantitativa,· que permi
ta precisamente establecer, en for
ma objetiva, ese grado en que los 
proyectos alternativos analizados 
satisfacen las metas propuestas. 

La selección de las medidas de 
efectividad es esencial, porque en 
gran parte aetermina el diseño o 
coniiguráción finai de un sistema. 
Esto puede ilustrarse mediante un 
simple ejemplo: 

En pesos por viaje? 
En pesos por vehículo - kiló

metro? 

Cada una de estas cantidades 
podría ser utilizada para medir la 
eficiencia del sistema de transpor
te. 

El costo de pasajero - kilóme
tro podría favorecer viajes largos y 
de gran densidad de pasajeros. 

La utilización del costo por via
je como un índice, nos llevaría a la 
definición de una red densa, con 
poco espaciam;.::.,to entre estacio
nes. 

Finalmente, la consideración 
del costo por vehículo-kilómetro 
tiende a promover el uso de ve
hículos pequeños en 1-a red. 

La selección de la medida de 
efectividad, en este caso represen-. 
taría una decisión de diseño. Esto 
permite dar una idea clara de la 
importancia considerable y del es
tudio que hay que dedicar a esta 
selección. 

Para mostrar en cambio, cómo 
la selección de una inadecuada me
dida de efectividad puede excluir 
la consideración de buenas solu
ciones, consideremos la situa
ción en donde la comunicación en
tre dos comunidades es dif íci 1, 
porque los canales de circulación 
están sobre-cargados. Si la medida 
de efectividad para juzgar el com
portamiento del sistema es la capa
cidad de un canal de circulación, 
la solución obvia seria aumentar el 
número de canales. Sin embargo, 
se estarían excluyendo otras solu
ciones posiblemente mejores, tales 
como la regulación del tráfico para 
disminuir los picos o la compacta
ción (animando a la gente a utili
zar transporte colectivo en lugar 
de automóviles, por ejemplo). Es
to podría verse como factor rele
.vante si los índices de comporta
miento fueran redefinidos. 

Supongamos que se requiere dise
ñar un sistema de transporte ma
SIVO de bajo costo. lCómo po
drlan expresarse los costos de tal 
manera que lo barato pueda ser 
identificado? 

Por último, cabe mencionar que 
En pesos por pasajero - kil6- en ciertos casos se introducen en 

':letra? la selección de las medidas de efec-

tividild algunas complcpdarlpc; acl1· 
cionalcs a causa de la relacrón fre· 
cuentemente no-lrneal entre estas 
medrdas .'y ~los valores que ·intentan 
reprec;entar, cbmo veremos más 
adelante, por lo que en la práctica 
deberán aplicarse 1 imites y rangos 
a las merlictas de efectividad. 
Cl Generactón de alternattvas. Oa
do que el propósrto del análrs1s es 
el descubrimiento y especrficac1ón 
de soluciones preferidas, es necesa· · 
rio hacer hincapié en la necesidad 
de dedrcar un considerable esfuer
zo a la exploración de un amplio 
rango, de posibles soluciones. Los 
interrogantes principales en este 
caso son: 

lCómo deberán ser identificadas 
estas soluciones? 
En qué orden? 
lCuántas y cuáles deberán ser ob
servadas? 
lEn qué grado? 

Con excepción de problemas 
muy específicos, para ios cuales 
existe incluso uná formulacrón 
matemática estricta, no parece ra
zonable ni factible consrderar to
das las posibilidades, y aun cuando 
fuese posrble pensar en todas las 
combinaciones, el sentido común 
sugiere que la investigación de to
das las alternativas no es recomen
dable; algunas no son lo suficiente
mente diferentes para garantizar 
un tratamiento separado y algunas 
están claramente dominadas por 
otras. En este sentido es importan
te ser selectivo en la búsqueda de 
las al ternativás, ya que los recursos 
son limitados. 

Sin embargo, es importante de
terminar, como se verá más ade
lante, la sensibilidad de una solu
ción a los cambios en sus pará
metros principales, para identificar 
las alternativas fundamentales a 
considerar. 

Sea como fuere, lo cierto es que 
no obstante la naturaleza parcial
mente intuitiva de. este aspecto de 
generar alter nativas, es convenien
te señalar lo deseable que es consi-
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dcr .u muchas <ti terna tiv<ts en lugar 
de pnr.1s E 1 de sil r rollo de las com
pu ti.ldor .1s elcctronic.1s ha aumen· 
tado enormemente la habilidad del 
d1seii<tdor y del analista para hacer 
esto. y ha hecho posible el desa
rrollo de estudros comprensivos de 
una manera eficiente y ordenada. 
Resumrendo, la generación delibe· 
rada de un amplio rango de alter
nativas es esencral para el análisis 
de sistemas. 

D) Evaluación de alternativas. Es 
conveniente en este punto distin
guir cuidadosamente entre la eva
luaciÓn de los efectos de cada una 
de las alternativas y la selección de 
una solucrón particular. 

En esencia, la evaluación de al
ternatrvéls consiste en asociar cada 
alternativa con sus efectos, benefi
cios, costos, impactos sobre la co· 
m un idod, efectividad funcional, 
etc. Estos efectos, se estiman ge· 
neralmente mediante la utilización 
de modelos matemáticos de varias 
clases, los cuales son esenciales en 
los análisis a gran escala. 

La selección es diferente. Con
Siste en un examen de los efectos 
(tomados de la evaluación) de 
cada alternativa. una comparación 
de sus valores relativos y una deci· 
s1ór. acerca de cuál conjunto es 
preferible. Mientras que la evalua· 
c1ún, como ha sido definida aquí, 
es un proceso mecánico, 'la selec
.::1nn es principalmente un proble
m .. de ¡uicro y de valor. Esto im· 
¡>l1ca que las decisiones importan
tes, no deben ser delegadas a una 
rórmula matemática sin razona· 
t111f'lltO. 

E J Selm:r:ión clt> la altt•mat¡va prP.· 
fenda. Finalmente, la '>Piección es 
~1 arte de i>alar.cear todas las cun 
SCCUellCidS. 1m pirca Jll iCIOS va lo· 
(udos de las medrdas ele efecuvr· 
dad deducidos ob¡etrvamente y 
obtenrdos como resultado del pro
ceso de evaluación. 
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La selección no es un problema 
solamente técnico, sino de índole, 
en muchos casos, poi it1co. El pa
pel del analista es entonces el de 
ayudar al proceso de decisión, eli· 
mi na ndo tantas incertidumbres 
técnicas como sea posible. 

De esta manera, el análisis de 
sistema es fundamentalmente un 
esfuerzo por definir objetivos y al· 
ternativas para el que toma deci
siones y luego proveerlo con la in
formación relevante según prefe
rencias. 

2. EL ANALISIS FINANCIERO 
DE PROYECTOS 

2.1 Su naturaleza y alcances. 

Es conveniente aclarar aqu i, 
que el significado preciso que se 
dará al término "Proyecto" en es
ta exposición, posee un contenido 
diferente , al del sentido usual de 
"Diseño", tanto arquitectónico 
como estructural y de insta,lacio
nes, con el que suele emplearse. 

Esto es importante, ya que es 
frecuente que al hablar de "evalua
ción de proyectos" en el medio de 
construccrones escolares, se está 

· hablando en realrdad de evalua· 
'ción de diseños. 1 ndudablemente, 
al evaluar diseños se están aplican· 
do los principios del análic;i;; de sis
temas que se acaban de estozar. 
Concretamente, el criterio de cos 
tos-1 imite que suele emplearse es 
una medida de efectivrdad que 
permite evaluar diferentes drseños 
y hacer inclusive una posterior se
lección del mejor. Sin embargo, el 
significado concreto que aquí se 
da al término "proyecto" es más 
bien el de "proyecto de inver· 
sión", es decir, al hablar de pro· 
yccto no solamente hablamos del 
o los ursei1os que se requieren para 
la realización de un conjunto de 
instalacrones educativas y .de su 
construcción misma, sino que hd· 
blamos también de todos los otros 
conceptos de costo que involucra 

normillmente una inversión en un 

comrlejo educativo, tilles corno Id 
orerac1ón del SIStema, su mantcn1 
miento, el mobilrarro y el equ1po, 
la adquisición de terrenos, el per
sonal administrativo y docente ne
cesario, los programas y cursos de 
capacitación necesarios y las aseso
rías técnicas utilizadas para la Im
plementación de las diversas fases 
del proyecto. 

Evidentemente, lo anterior rmplr
ca que el análisis motivo de este 
trabajo abarque gran parte del ho
rizonte de planeación del proyec
to. Es decir, el parámetro tiempo 
tiene una importancia capital den
tro del análisis financiero. 

2.2 Sus objetivos. 

Siguiendo los pasos fundamen
tales de un proceso de análisis de 
sistemas, los objetivos buscados al 
implementar un determinado pro
yecto, desde el punto de vista fi
nanciero, pueden ser de tres clases 
básicas: 

A) Que la inversión sea rentable, 
es decir, que los beñeficros que se 
obtengan como producto de la im
plementación del proyecto anali 
zado excedan en un atractivo mar
gen a los costos que involucra d1 
cha implementación. 
8) Que la inversión sea Simplemen
te a u tosoportable o duto frnanc1a 
ble, es decir, que si bren los henef 1 

cios obtenidos como rroducto de 
la implementación del proyecto 
t.~nalrzado no exceden en un mar 
gen atractivo, desde el punto de 
vista privado, a los costos que In
volucra dicha implementa;:ión. si 
los exceden con un margen sufi
ciente paré! lograr un equilibrro Pn 

el flujo de fondos durante el pe 
riodo de análisrs del proyecto 
C) Que aun cuando el proyecto 
analizado no produ1ca benelrcros 
drrectos, los benefrc1os rnd1rectos 
que se obtienen, cuantrf1cados en 
térmmos monetarios, exceden en 



un margen razonable a los costos 
involucrados en su implemen
tación. 

Al t1po de beneficios indirectos 
que se obtienen en esta última cla
se de proyectos, se les suele deno
mlllar benef1cios sociales. Sin em
bargo, es necesario tener mucho 
cuidado con esta clase de proyec
tos. que generalmente son de tipo 
público, ya que ex1ste la tendencia 
a menospreciar los resultados de 
su evaluación, aunque en muchos 
casos se trate de inversiones de 
gran cuantía para el erario nacio
nal. 

En este sentido la tendencia ob
servada en algunos países de la re
gión latinoamericana, es la de pro
curar evitar esta última clase de 
proyectos, buscando en alguna 
forma el convertirlos en autofinan
ciables mediante medidas que per
mitan que el proyecto produzca 
aigún beneficio directo que lo con
vierta en tal, medidas tales como 

cuotas de aportación de los usua
nos del sistema. 

La conciencia de esta necesidad 
ha surgido precisamente a conse
cuencia del empleo de las técnicas 
de evaluación que se están expo
niendo en este trabajo. 

2.3 Sus medidas de efectividad. 
En términos generales la efecti

vidad de un proyecto, desde 
el punto de vista financiero, se 
suele medir mediante cualquiera 
de los cinco siguientes criterios. 
A) Relación beneficio/Costo 
B) Valor presente de los beneficios 

netos 
O Tasa interna de retorno 
O) Costo específico de capital. 
E) Período de recuperación 

En todos y cada uno de los cri
terios mencionados, la materia de 
análisis es el flujo o corriente de 
fondos durante un horizonte eco
nómico de estudio, cuya extensión 

se asigna de una manera m{Js b1en 
arbitrana, en func1ón dP. expenen
cias prevws en proyectos Similares. 

Dado que los fines de este tra· 
bajo no son didácticos s1no pura· 
mente ilustrativos, a contmuac1ón 
se pretenderá describir, en térmi
nos muy generales y aún a riesgo 
de ser demasiado s1mpl1stas, en 
qué cons1ste cada uno de los cmco 
criterios enunciados. Sin embargo, 
previamente a esta descnpción, es 
conveniente expl1car y aclarar un 
concepto que resulta de vital im
portancia para la adecuada com
prensión de los criterios menciona
dos, y es el del "valor presente" o 
"valor actualizado", o "valor des
contado" de una corriente o flujo 
de dinero. 

Supóngase que se tiene una 
suma de dinero cuyo valor se in
crementa anualmente en un cierto 
porcentaje fijo "r" a partir de un 
valor inicial K0 

Al cabo del primer año, el nuevo valor de esa 
suma es ahora: 

En ese caso bastará con despejar de la expresión 
(1 ), la incógnita buscada: 

K 1 = K0 ( 1 + r) 

En donde r está expresado como fracción decimal. 
Al cabo del segundo año, el valor de la suma 

será: 

K2 = K, (1 + r) = K0 (1 + r) (1 + r) 

= K0 (1 + r)2 

Al cabo del tercer año: 

Kl = K2 (1 + r) = K0 (1 +' r)2 (1 + r) 

Por inducción matemática, al cabo de "n" años: 

Kn = K
0 

( 1 + r)" ____ ;_ ___ ( 1) 

Supóngase ahora el problema inverso, es decir, 
dada una suma de dinero cuyo valor incrementado 
al cabo de "n" años es "K", se quiere saber su valor 
inicial en el año cero, suponiendo que el porcentaje 
o tasa de incremento anual haya sido "r". 

= ----- -------- (2)-
(1 + r)" 

A este valor "K0 " se le denomina "valor presen· 
te" o "valor actualizado", de una suma de dinero 
erogada o ingresada en el año "n" de un horizonte 
económico de análisis. 

Para el <::aso de la expresión (1) se hablaba de 
una tasa de incremento anual "r", es dec1r el valor 
"Kn" es un valor incrementado; de manera análo
ga, en el caso de la expresión (2) se habla usuai
mente de una tasa de descuento "r", y por esta 
razón al ha~lar del valor "K0 " se le llama también 
"valqr descontado". 

A la tasa "r" se le llama entonces "tasa de des
cuento" o también "tasa de actualización". 

Explicados estos conceptos se puede ya pasar ó 

la descripción de los criterios de efectividad men
cionados al comienzo de este capítulo. 
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A) Relación beneficio/costo. En síntesis, este crite
rio se expresa como un cociente de Ventajas/Oes
venta¡as. Las ventajas son los beneficios de la inver
sión real1zada, bien sea como un resultado de la 
repercusión que dicho proyecto tiene sobre la eco
nomía regional o nacional del país en que se va a 
realizar, bien sea como resultado directo de la co
mercialización de la producción misma del proyec
to en cuestión. Las desventa¡as son los insumos re
queridos por el proyecto, es decir, los costos, no 
solamente durante la etapa de operación, sino even
tualmente durante las fases de ampliación que pue
da tener el proyecto en el horizonte económico de 
anál1s1s que se esté considerando. 

Concretando, supóngase que se tiene la siguiente 
corriente de costos y beneficios en un determinado 
proyecto, cuyo horizonte económico es de "n" 
años. 

Beneficios 

Costos C
0 

C1 C2 C3 Cn _ 
1 

Cn 
1 1 1 1 J 1 

Años O 1 2 3 n-1 n 
La relación beneficio/ costo de este proyecto es 

el cociente formado por la suma de la corriente de 
beneficios, llevado cada uno de ellos a valor presen
te (actualizado o descontado) dividida entre la 
suma de la corriente de costos, llevando también 
cada uno de ellos a valor presente. 

?ara llevar a valor presente: los beneficios se ten
dría lo siguiente: 
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VPso = Bo 

VPs
1 s. 

= 
1 t r 

VPBz .. Bz 
= 

(1 + r)i 

-----------
V Pan Bn 

= 
( 1 + r)" 

Por tanto la suma de estos valores seda: 

n 
}; 

= o 
= 

n 
}; 

= o 

En forma análoga, para los.costos se tendrfa: 

n 
t 
= o. 

n 
}; 

= o 

e, 
(1 + r)1 

Y por consecuencia: 

n 8, 
}; 

i = o ( 1 + r)i 
Relación B/C = 

n C¡ 
}; 

= o (1 + r )' 

Fijada una tasa de actualización, se dice que un 
proyecto es "rentable" o "viable", bajo este crite· 
rio, si el valor del cociente calculado no es menor 
de la unidad. 

Obsérvese que el valor de esta relación depende 
sustancialmente de la tasa de descuento que se es
coja, sin embargo, la selección de la misma resulta 
un tanto arbitraria ya que su valor está en función 
de diversos factores, tales' como el índice de crec1· 
miento en los costos de los materiales, el índice de 
crecimiento en el costo de la mano de obra, la tasa 
inflacionaria promedio prevaleciente en el país, e 
inclusive de posibles devaluaciones monetarias du· 
rante el horizonte económico de análisis; la forma 
en que cada uno de estos factores influye en el 
valor de la tasa de actualización no es una función 
conocida a priori, razón por la cual lo usual es 
asignarle un valor basado. en experiencias previas en 
proyectos similares. 

Esta relativa arbitrariedad en la elección de la 
tasa de descuento es justamente uno de los princ1· 
pales defectos que tradicionalmente se le han atn
bu ido a la relación 8/C. Sin embargo, si se efectúa 
un: análisis de sensibilidad del cociente para d1ver· 
sos valores de la tasa, puede subsanarse en gran 
parte ese defecto. 

Otros defectos importantes de los que adolece 
este-criterio son, primeramente, el de que su cono· 
cimiento no aporta información sobre los costos de 
oportunidad de los recursos asignables al proyecto, 
cuando se pretende aplicarlos a otros usos; y segun· 
do, el de que para tasas de descuento elevadas este 
criterio desalienta el uso intenso o concentrado de 
capital c<;>mo el que tiene lugar en proyectos de 
formación de infraestructura, porque las invers10· 
nes iniciales son generalmente altas, mucho mayo
res que los beneficios anuales que al ser actualiza· 
dos pierden significativamente su valor~ Dado que 
en la práctica, la fijación de las tasas de descuento 
por utilizar para determinado tipo de proyectos se 
hace en forma convencional, por acuerdo entre d1· 
versos organismos, nótese la repercusión económ1ca 
que podría tener para la industria de la construc· 
ción de un pa rs, una medida tendiente a elevar esas 
tasas en forma arbitraria. 
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8) V.1!or presente dt' los heneficios netos. Este cri
terio d1f1t~re del antenor en que, en vez de estar 
exprcs..1do como un cociente cuyo valor está dado 
en unidades ad1mcnsionales, queda expresado en 
unidades monetarias. 

Dicho brevemente, el valor presente de los bene
ficiOS netos de un proyecto es la suma de la co
rriente de las diferencias entre los beneficios y los 
costos asignados a cada período del horizonte eco
nómico de un proyecto; expresado algebraicamen
te: 

n 
VP8N = :t (81 - C¡) 

= o ( 1 + r) 1 

Si bien este criterio adolece del mismo defecto 
que el anterior, de depender de una tasa de actuali
zación fijada en forma relativamente arbitraria, de
fecto que como ya se indicó, se puede subsanar 
~.ediante un adecuado análisis de sensibilidad, po
s:::e en cambio la ventaja de permitir el uso de mo
delos matemáticos para la selección óptima de un 
conjunto de proyectos de inversión valuados indivi
dualmente con ese criterio. 

C) Tasa interna de retorno. Para estimar la produc
tividad que dentro de un proyecto tienen los recur
sos empleados, se conviene en emplear el concepto 
de tasa mterna de retorno, o tasa que hace iguales 
los valores presentes, a un horizonte económico de 
análisis dado, de las corrientes de costos y benefi
~ios asociados a la iniciativa. 

Algebraicamente, "L" es la tasa interna de retor
no propia de una iniciativa si y sólo si: 

n 
:t 
= o 

n 
:t 
= o 

8¡ (1 + L)- 1 

Este criterio implica la: búsqueda de la raíz real 
de la ecuación anterior. Cuando "L" no es la única, 
resulta inadecuado emplearla como índice de eva
luación, ya que por definición este debe ser un ívo
co; sin embargo, este caso no es frecuente y sólo 
ocurre cuando existen gastos de consideración pre
vistos hacia los últimos años del horizonte econó
mico de análisis. Dentro del orden práctico, su cál
culo manual es laborioso, pero esto en la actualidad 
ya no representa ningún obstáculo significativo, ya 
que aún con una pequeña computadora digital de 
escritorio (y aun más de bolsillo) se le dete_rmina de 
manera sencilla y muy rápida. · 

Como ya se dijo este criterio tiene la ventaja de 
revelar expl fcitamente la productividad real del 
proyecto, además de representar una base muy 
consistente para juzgar tanto su viabilidad econ6-

micél como su priondad relativa, respecto de un 
conjunto dado1 de proyectos de invers1ón. 

De hecho, aún cuando también los dos critenos 
anteriores se utilizan para jerarquizar un conjunto 
de proyectos de inversión, el criterio más usual 
para juzgar de la prioridad relativa de un con¡unto 
de proyectos es justamente su tasa interna de retor
no. 
O) Costo especffico de capital. Por definición el 
costo de cap1tal es el precio que el organ1smo res
ponsable de un proyecto debe pagar por el uso de 
los fondos de inversión que se requieren destinar a · 
un proyecto determinado. 

En términos algebraicos, la tasa "j"_ es el costo 
especifico de capital de una inversión, si y sólo si: 

n n 
l: K¡ ( 1 + j)- 1 = :t P, ( 1 + j) - 1 

i = o i = o 

En donde "K¡" es el desembolso de una inver
sión en el período i y "Pi" es la suma del pago del 
principal más el pago de los intereses de la misma 
inver~ión correspondientes al período i de amorti
zación. 

En realidad, este criterio es complementación 
del anterior, ya que para poder considerar que un 
proyecto es rentable, económicamente hablando, el 
requisito mínimo indispensable a la luz de estos 
criterios, es que su tasa interna de retorno sea siem
pre mayor que su costo específico de capital. 
E) Período de recuperación. Se denomina período 
de recuperación a aquel período para el cual la 
suma de los beneficios netos acumulados a valor 
presente, iguala al monto total de los desembolsos 
de la inversión efectuada en este proyecto. 

Expresado algebraicamente esto significa que e! 
período de recuperación es aquel valor de "m" que 
satisface la siguiente igualdad: 

m m 
:t K1 (1 + r)-' ~ (8, + C,) (1 + r)-' 
= o i = o 

Al igual que la relac1ón beneficio/costo tiene el 
defecto de depender de una tasa de actualización 
arbitrariamente elegida; pero además tiene el defec
to de ignorar parcialmente la información de los 
flujos de beneficios y costos, es decir de toda aque
lla porción de esos flujos que quedan más allá, ¡us
tame~te, del período en cuestión. 

1 

En general, se le considera el más inconsistente 
de todos los criterios mencionados. Usado como un 
criterio de jerarquización de proyectos, tiende a 
dar mayor preferencia a aquellos proyectos que 
ofrecen una recuperación de la inversión inicial a 
corto plazo sobre aquéllos cuya recuperación de 
esa misma inversión se realiza a más largo plazo. Es 
decir que este criterio resulta totalmente inadecua-
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do para juzgar proyectos de formación de infraes· 
tructura. en los c¡ue, como ya se señaló anterror· 
mente, el monto de la inversión inicial es muy gran· 
de en compar¿;ción con los beneficios_ netos que se 
obtienen en el proyecto a corto plazo. 

Lo más usual aunque no lo más correcto, es cal· 
cular este índice sm actualizar valores. De esta for· 
ma resulta un criterio muy sencillo de calcular y 
por lo tanto, si se desea obtener en forma rápida un 
INDICE que proporciOne una idea, aunque sea 
muy burda de la situación del proyecto, este crite· 
río puede ser muy útil en una primera aproxima· 
ción. 

2.4 Observaciones generales sobre su uso. Si bien es 
cierto que cada uno de los criterios estudiados pre· 
senta indtvidualmente un conjunto de ventajas y 
desventajas que, al comparar conceptualmente di· 
chos criterios entre sr, hacen que se revelen como 

más consistentes los tle tasa interna tle retorno, cos
to específico de capttal y villor presente de los be· 
neficios netos, la fuerza de la costumbre ha consa
grado el uso de los tlos restantes. Por otra parte, la 
verdad es que ninguno de esos cinco criterios, por 
sí solo, refleja adecuadamente la situación econó
mico financiera de un proyecto, por lo que es alta
mente recomendable el cálculo y uso simultáneo de 
todos ellos para obtener una mejor imagen de un 
determinado proyecto. Si se tiene en cuenta que la 
existencia de equipos de procesamiento electrónico 
de datos, no solamente de medtano o gran tamaño, 
sino aun los llamados minicomputadores, ya sean 
éstos de salón, de escntorro o aun de bolsillo, es 
cada vez más frecuente en la región latinoameri
cana y también en la del Caribe, este cálculo simul· 
táneo es p~rfectámente factible obtenerlo, con un 
con~umo de tiempo realmente mínimo, mediante 
el uso de uno cualquiera de esos equipos. 

SEGUNDA PARTE: APLICACION DE LA METODOLOGIA 

A) Descripción del proyecto 

Aun cuando no pertenece al campo específico 
de las construcciones escolares, el ejemplo que se 
presenta a <;ontinuaci6n posee un conjunto de ca
racterístiGás que permiten visualizar, en forma bas· 
tante sencilla, los principales alcances de la meto· 
dología anteriormente explicada. 

~--El proyecto en cuestión es un proyecto público 
de remodelación del Centro de la ciudad de Toluca, 
en el Estado de México, actualmente en proceso de 
cohstrucci'ón. • 

La obra por ejecutar incluye los siguientes con-
ceptos: 

1. AEMODELACIONES. 

1.1 Portales: 

a) Pavimento y techo 
b) Fachadas exteriores 
e) Fachadas interiores 

Suma parcial: 

1.2 Fachadas de: 

a) Iglesia Santa Veracruz 
b) Palacio Municipal 
e) · Cúpula Cámara de Diputados 
d), Fachada Belisario Domínguez 

Suma Parcial: 
(1.2) 

Suma parcial: 
( 1) 

• El autor desea testimoniar su agradecimtant ~1 Presidente Muni· 
cipal de Toluca, ltc. Arturo Martlnez Legorret esl como el Dr. 
Molchor Rodríguez Caballero, por su gantileza al 
ducct6n de este interesante provecto. 
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$ 3,500,000.00 

$ 1,100,000.00 

$ 4,600,000.00 . 
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2. OBRAS NUEVAS. 

2.1 
2.2 

Edificio de Portales Nuevos 
Estacionamientos. 

Suma Parcial: 
(2) 

3. OBRAS EXTERIORES. 

3.1 
3.2 
3.3 
3.4 

Plaza 
Calle Constitución 
Pasaje Belisario pomfnguez 
Jardinería 

Suma Parcial: 
(3) 

Suma Total: 

~------~~ _L ______ ~ 
k.J. MIC.IJ~ ~DAl.C:O 

,, 

$ 24,000,000.00 

$ 5,600,000.00 

$34,200,000.00 

( PLA?A 
Z CUPULA 
3 PAL~IO 1-lUAACIP,A.L 

4 ,..REW. AlARDI~,&.~ 
s IC.Lf<;IA ~ ur:.rtu eu~ 
6 C,llllé CO'J'7't\TUC10N. 

7 ~rN.~ e¡r¡<;-re~Jll'; 
8 PRoi'IEOA-0 P"R11CúLAe 
9 eblf'ICIO "A" 
lO f;DI F"ICIO •e.• 
'1 J::.blf'ICIO ~C" 
I'Z PASA.l~ &. DOilAtA}(.()eZ' 
13 CA"J!:PR,II.I.. 
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Al in1c1ar el estudio de evaluación, el problema 
fundamrntal que se planteaba a las autoridades mu
nicipales responsables ,del proyecto, era la consecu
ción de los fondos necesarios para financiar la in
versión. La solución que se le dio al problema fue 
la siguiente: 

Los portales, las fachadas y las obras exteriores 
serían amortizadas por la comunidad, mediante 
una derrama realizada en proporción a los valores 
catastrales de 1os terrenos pq:>piedad de los mora
dores de la zona de influencia de las obras, previa 
formación de un consejo de cooperadores integra
do por representantes de esa comunidad y estable
ciendo el respectivo convenio de cooperación entre 

el municipio y dicho consejo. Este convenio, esta· 
blecido después de haber reaiJzacJo el nccesano es· 
tudio de derrama, sirvió de base para negociar el 
financiamiento de las correspondientes obras. 

, En cuanto a las obras nuevas, puesto que el ed1 fi· 
cio estaba diseñado para ubicación de oficinas y 
locales comerciales y el estacionamiento sería ad· 
ministrado comercialmente también, se podía ha· 
cer la nec~sana evaluación económico-financiera de 
esa parte del proyecto para determmar su rentabill· 
dad y si era o no auto-financiable. Los resultados 
de este estudio serían el documento que serviría de 
base para la negociación del financiamiento de esta 
parte del proyecto con la banca privada. 

TABLA 1: REMODELACION DEL CENTRO DE TOLUCA 
COSTOS CONSIDERADOS EN EL ESTUDIO 

SUMAS 
l. COSTO EDIFICIO M2 $/Ml $ PARCIALES 

Terreno: 2,68245 X 2,000.00 5'364.900 5'364.900 

Edificio: 
-Construcción (sin incluir 

Cimentación) 19'866,397 
-C1mentac1ón 1'000,000 
-Estud•os y Proyectos 5% 1'043,320 

-Supervisión y administración 5%- 1'043,320 22'953,037 
28'317,937 

2. COSTO DE ESTACIONAMIENTO 

Terreno: 5,684.00 X 1,000.00 5'684,000 5'684,000 

Edificio: 
-Construcción 2'933,940 

-Ec;tudios y proyectos 5% 146,697 

-Supervis16n y admimstración 5% 146,697 3'227.334 
8'911,334 

3. COSTO DE OBRAS EXTERiORES 

Terreno: 5,240.00 X 1,000.00 5'240,000 5'240,000 

Ed1ficación: 

-ConstrucciÓn remodelac1ones 4'575,950 

- Construcc1 ón obras exteriores 5'588,401 10'164,351 

-Estud1os y 1oroyectos 5% 508,218 

-Supervisión ~ admini~traci6n 5% 508,218 
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TABLA 2: REMODELACION DEL CENTRO DE TOLUCA 
RENTAS CONSIDERADAS EN EL ESTUDIO 

EDIFICIO 

PARTE AREA VALOR UNITARIO DE RENTA RENTA MENSUAL TOTAL 
. PESIMISTA MEDIO OPTIMISTA P~SIMISTA MEDIO OPTIMISTA 

SOT ~\NO 2,682.45 5 10 

PLANTA BAJA 2,682.45 60 65 

MEZZANINE 1,831.94 60 65 ,. 

DESPACHO 7,244.38 20 ,·25 

TOTAL 

VALOR PESIMISTA RENTA ANUAL: 

VALOR MEDIO RENTA ANUAL: 

VALOR OPTIMISTA RENTA ANUAL: 

B) Metodología empleada 

Después de efectuar la necesaria evaluación téc
nica del proyecto que incluyó la revisión de áreas, 
cantidades de obra, materiales a utilizar, cantidad 
de mano de obra requerida, precios unitarios apli
cados, y presupuestos, se pasó a la evaluación fi
nanciera propiamente dicha, procediendo en la si
guiente forma: 

1. Determinación de ingresos. 

1.1 Estudio de rentas: Se realizó una investiga
ción de mercado para definir el valor factible a 
cobrar por concepto de rentas de locales comercia
les y de despachos. De esta manera se obtuvieron 
tres valores, uno pesimista, uno medio y uno opti
mista que aparecen en la tabla 2. 

1.2 Estudio de posibles ingresos por concepto de 
cobro de derechos de estacionamiento de pensio
nados y estacionamiento público, cuyos resultados 
aparecen descritos en la tabla 4 . 

2. Egresos o deducciones.· 

2. í Desocupación. Aunque por una investigación 
de mercado se obtuvo que la desocupación en los 
edif1cios, podría estimarse en un 2% del importe 
de las rentas, se est~ó conveniente considerar has
ta un 5%, ya que a ediano plazo seguramente ha
b-á un incremento e co~strucción de edificios co
merciales (Ver tabla 

15 

70 

70 
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13A12.25 26.824.50 40,236.75 

160,947.00 174,359.25 187,771.50 

109,916.40 119,076.10 128,235.80 

144,887.60 181,109.50 217,331.40 

429,163.25 503,495.35 573,575.45 

$429,163.25 X 12 = $5'149,959 

$ 503,495.35 X 12 = $6'039,818 

$573,575.45 X 12 =$ 6'882,905 

2.2.Mantenimiento v administración del edificio. 
' 1 

Se consideró que para garantizar un excelente man-
tenimiento y conservación del edificio es necesario 
estimar su costo en un 3% anual sobre el valor de la 
construcción (ver tabla 3). 

2.3 Agua v luz. El porcentaje para este concepto 
se determinó por investigación de mercado (Ver 
tabla 3). 

2.4 Impuestos. 3.5% de timbres sobre el valor 
global de las rentas (Ver tabla 3). 

2.5 Impuesto predial. De acuerdo con la ley ge
neral· de catastro del E do. de México se aplicó el 
0.525% sobre el valor catastral de los edificios (ver 
tabla 3). 

2.6 Seguros. Se consideró un 8 a1 millar sobre el 
costo de construcción del edificio sin incluir la ci· 
mentación (ver tablas 1 y 3) 

2.7 Depreciación de los edificios. Se consideró 
una vida económica útil de 25 años y una depre
ciación de tipo lineal (ver tabla 3.) 

2.8 Costos de operación para el estacionamiento. 
(Ver tabla 5 del anexo). 

2.9 Mantenimiento v conservación del estaciona
miento. Para este caso se consideró el 1% del valor 
de la construcción, ya que la calidad entre los aca
bados del estacionamiento y los edificios amerita 
tal diferencia (ver tabla 6). : 

2.1 O Agua y luz para el estacionamiento. (Ver 
tabla'6). 
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2.11 1 mpuestos para el estacionamiento. 
a) Ingresos mercantiles: 4% sobre el valor de las 

rentas. (Ver tabla 6). 
b) 1m puesto predial: ldem. que para los edificios 
e) Depreciación: ldem que en edificios. 

3. Hipótesis de la evaluación 

Para llevar a cabo el análisis se hicieron las si
guientes hipótesis o consideraciones: 

3. ~ Los ingresos por concepto de renta, para el 
edificio, se incrementan un 10% bianual a partir de 

1976 y este incremento se mantiene durante 10 
años, después de los cuales, el ingreso mencionado 
no sufre ya, ningún incremento. 

3:2 Las <;Jeducciones anuales, exceptuando la co· 
rrespondiente al impuesto predial, experimentan 
también un incremento bianual del 10% durante 1 O 
años, después de los cuales sólo sufren un 1% anual 
de incremento. · 

3.3 Los ingresos por concepto de renta, para el 
caso del estacionamiento, experimentan un incre
mento del 10% en el segundo año del siguiente 
sexenio y luego se incrementan un 10% cada Seis 
años hasta el final del período de análisis. 

TABLA 3: REMODELACION DEL CENTRO DE TOLUCA 
DEDUCCIONES ANUALES 
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1. Desooopación: 

5%rentas: Pesimista 
· Mddio, 

Optimista 

EDIFICIO 

2 Mantenimiento y administración: 

3%valor edificio: 

3. Agua y luz: 

2% rentas: Pesimista 

4. Timbres: 

1 Medio 
Optimista 

3. 5% rentas: Pesimista 
MediO 
Optimista 

5. Predial: 

.525%valor catastral: 

6. Seguros: 

8 al millar: Costo de construcción del edificio 
sin cimentación. 

7. Depreciación: 

4%valor e~ificac¡bn~ .-

0.05 X 5~149,959 

0.05 X 6~039,818 
0.05 X 6'882,905 

0.03 X 22'953.037 

-· 
'0.02 X 5'149,959 
:0.02 X 6'039,818 
'0.02 X 6'882,905 

0.035 X 5'149,959 
0.035 X 6'039,818 
10.035 X 6'882,905 

0.00525 X 28'317,937 

'0.008 X 19'866,397 

0.04 X 22'953,037 

•, 

$ 

257,348 
301,991 
344,145 

688.591 

102,999 
120,796 
137,658 

180,248 
211,394 
240,902 

148,669 

158,931 

~18,121 



... ~ .• , ..... 11.-. ••.• ,,,, c'll tJltt, In diferencia entre 
., ., \ ll•:.. lnndl·~. 1 t·~ul h' m•gntiva se considera 

• :. : t'S lll'ces.HIO 1ncurnr en un r1financiamiento. 
:\l,l·ntl.lS esta diferencia no se anule o se convierta 
en positiva, ese refinanciamiento se supone puede 
ser proporcionado por cualquier fuente de crédito, 
que no necesariamente tiene que ser la misma que 
aporta el financiamiento para la inversión inicial. 

3.5 La tasa de interés considerada como más 
probable para el fmanciamiento de la inversión ini
cial, es de 15% sobre saldos insolutos semestrales. 

3.6 El período de Amortización de la Inversión 
Inicial, se supuso igual a 10 años. 

3. 7 La tasa de interés considerada como más 
probable para los refinanciamientos es del 18% so
bre saldos insolutos semestrales . 

3.8 El período de Amortización de los refinan
ciamientos se supuso igual a 5 años. 

3.9 Por último, se consideró que durante el tiem
po en que se ejerce el crédito inicial, éste no deven
ga intereses. 

4. Resultados del análisis. 

En las tablas 6-A, 6-B y aparecen desarrolla· 
das las corrientes de beneficios y costos durante un 

TABLA 4: REMODELACION DEL CENTRO DE TOLUCA 
ESTACIONAMIENTO 

INGRESOS 
1. ESPACIOS DISPONIBLES 

2. RENTAS: 

60 espacios para pensionados 
150 espacios para público 

Pensión: 150$/mes 
Tarifa al público· $ 3/primera hora,$ 1/hora subsecuente 

3. OCUPACION CONSIDERADA: 

2 horas/automóvil, promedio 
3 automóviles/espacio x dla 300 días de serv1qo.-

4. INGRESOS: 
60x 150 x 12= 
12x 150x300= 

$/año 
108,000 
540,000 

1 $648,000 

TABLA 5: REMODELACION DEL CENTRO DE TOLUCA 
eSTACIONAMIENTO 

PUESTO 

ENCARGADO 

2 CHECADORES 

2 MOZOS 

TOTAL 

OPERACION 

SALARIO/MES 
$ 

2,000 

1,500 

1,000 

TOTAL ANUAL: $15,0~0 x 1 ~ = $180,000 

NUMERO DE 
TURNOS 

3 

2 

TOTAL/MES 
$ 

2,000 

9,000 

4 000 

15,000 
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TABLA 6: REMODELACION DEL CENTRO DE TOLUCA 
DEDUCCIONES ANUALES 

ESTACIONAMIENTO 

1. Adm.n1straci6n 

2. Mantenimiento: 
1 %valor ed1ficio: 

3. Agua y Luz 

4. lr]gresos Mercantiles: 
4%renta: 

5. 1 mpuesto predial: 

6. Depreciación 

TABLA 6-A 

0.01 )( 3'227,334 

0.04 )( 648,000 

'. 525 )( 8'911.334 

0.04 )( 3'227,334- --

344.977 = 0.53 
648.000 

474.070 --'--- = 0.53 
648,000 

PROYECTO REMODELACION DEL CENTRO DE TOLUCA Al T 15 
CUADRO DE FUENTES Y USOS DE FONDOS 

1973 1974 1975 1976 1977 

FUENTES 

INGRESOS POR CONCEPTO DE RENTA 0.0 1.86 7.53 8.22 8.29 
SUB-TOTAL VENTA 0.0 1.88 7.53 8.22 8.29 
RECURSOS CREDITICIOS 
INVERS10N INICIAL 10.49 15.74 0.0 0.0 0.0 
REFINANCIAMIENTO 1.63 3.64 0.58 0.0 0.0 
SUB- TOTAL CREDITO 12.12 19.38 0.58 o. o o. o 

OEPRECIACION [lEL AÑO ANTERIOR o. o o. o 0.53 1.05 1.05 
SALDO OEL AÑO ANTERIOR 0.0 o. o o. o o. o 0.91 
TOTAL OE FUENTES 12.12 21.26 8.64 9.27 10.25 

usos 

CONSTRUCCION 10.49 15.74 o. o 0.0 o. o 
DEDUCCIONES ANUALES o. o 0.28 1. 71 1.85 1.88 
DEPRECIACION 0.0 0.53 1.05 1.05 1.05 
SUB- TOTAL INVERSION 10.49 16.55 2.76 2.90 2.93 

AMORTIZACION DE CREDITOS 
INVERSION INICIAL 1.63 4.08 3.90 3.45 2.99 
REFINANCIAMIENTO o. o 0.63 1.98 :Z.01 1,79 
SUB- TOTAL AMOR TI ZACION 1.63 4.71 5.88 5.46 4.78 

TOTAL USOS 2 21.26 8.64 6.36 7,71 

SALDO PARA EL AI'IO SIGUIENTE 0.02 0.0 o. o 0.91 2.S4 
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180.000 

32.273 

60,000 

25.920 

46,784 

129,093 

1978 1979 1980 1981 1982 

9.04 9.04 9.88 9.88 10.79 
9.04 9.04 9.88 9.88 10.79 

0.0 0.0 0.0 0.0 o. o 
0.0 0.0 o. o o. o 0.0 
0.0 0.0 0.0 0.0 0.0 

1.05 1.05 1.05 1.05 1.05 
2.54 5.43 9.32 15.22 21.71 

12.63 15.52 20.25 26.15 33.55 

0.0 0.0 0.0 0.0 0.0 
2.04 2.04 2.21 2.21 2.39 
1.05 1.05 1.05 1.05 1.05 
3.09 3.09 3.26 3.26 3.44 

2.54 2.09 1.63 1.18 0.73 
:Z.57 1.03 0.14 0.0 00 
4.11 3.11 i,77 1.18 0.73 

7.20 6.20 5.03 4.44 4.17 

5.43 9.32 \5.22q 21.71 29.38 



1982 

10.79 
10.79 

0.0 
0.0 
0.0 

1.0~. 

21.71 
33 55 

0.0 
2.3S 
1 05 
3 41\ 

o 73 
0.0 
0.7] 

4.17 

29 38 

TABLA 6-8 

?RCYECTO REMODELACION DEL CENTRO DE TOLUCAALT 15 
ANALISIS DE SENSIBILIDAD DE LOS 
JNOICES DE EVALUACJON ECONOMICA 

CORRIENTE DE BENEFICIOS 
CORRIENTE DE COSTOS 

# SUB-TOTAL VENTA 
# SUB-TOTAL INVERSION 

TASA RELACION 8/C VALOR PRESENTE 
BENEFICIOS NETOS 

1983 1984 1985 1986 1987 

10.86 11.87 11.87 11.87 11.87 
10.86 11.87 11.87 111.87 11.87 

0.0 o. o 0.0 0.0 o. o 
0.0 o. o 0.0 o. o 0.0 
0.0 o. o 0.0 o. o o. o 

1.05 1.05 1.05 1.05 1.05 
29.38 37.54 46.77 56.00 65.21 
41.29 50.46 69.69 68.92 78.13 

0.0 o. o o. e 0.0 0.0 
2.43 2.64 2.64 2.66 2.6!1 
1.05 1.05 1.05 1.05 1.05 
3.48 3.69 3.69 3.71 3. 74 

0.27 o. o 0.0 0.0 o. o· 
00 o. o 0.0 0.0 - o. o 
0.27 o. o 0.0 o. o o. o 

3.75 3.69 3.69 3.7 3.74 

37.54 46.77 56.00 75.39 

0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
0,10 
0.11 
0.12 
0.13 
0.14 
0.15 

2.23 
2.16 
2.08 
2.00 
1.93 
1.85 
1.78 
1. 71 
1.64 
1.58 
1.51 
1.45 
1.40 
1,34 
1.29 

122. 
104. 

89. 
76. 
66. 
56. 
48. 
41. 
35. 
30. 
26. 
22. 
18. 
15. 
12. 

COSTO ESPECIFICO DE CAPITAL 1.61 
TASA INTERNA DE RETORNO 22.02 

1988 1989 1990 1991 1992 

11.87 11.95 11.95 11,95 11.95 
11.87 11.95 11.95: 11.95 11.94 

0.0 0.0 o. o o. o 0.0 
o. o 0.0 0.0 o. o 0.0 
0.0 o. o 0.0 0.0 0.0 

1,05 1.05 1.05 1,05 1.05 
74.39 83.55 92.73 101.87 110.98 
87.31 96.55 105.73 114.87 123.98 

0.0 0.0 0.0 0.0 0.0 
2. 71 2.77 2.81 2.84 2.8ó 
10.5 i.05 1.05 1.05 1.J5 
3.76 .3.82 3.86 3.89 3.91 

0.0 0.0 0.0 0.0 o. o 
0.0 0.0 o. o o. o 1 o. o 
o. o o. o 0.0 o. o 0.0 

3.76 3.82 3.86 3.89 3.91 

83.55 92.37 101.87 110.98 120.07 

1993 1994 

11.95 11.94 
11.95 11.94 

0.0 0.0 
0.0 o. o 
o. o o. o 

1.05 1.05 
120.07 129.13 
133.07 142.12 

0.0 u. o 
2.8!1 2.9; 
í.05 1.05 
3.94 3.96 

o. o 0.0 
0.0 0.0 
0.0 0.0 

3.94 3.96 

129.13 138.16 

ANO DE 
RECUPERACION 

7 

7 

8 
6 
8 
8 
8 
9 
9 
9 
9 

10 
10 
10 
11 

1995 

12.03 
12.03 

0.0 
0.0 
o. o 

1.05 
138 16 
151.24 

0.0 
2 96 
1.05 
4.01 

o. o 
0.0 
0.0 

4.01 

o 147.23 

1996 1997 

12.03 12.03 
·12.03 12.03 

0.0 00 
0.0 00 
0.0 0.0 

1.05 1 o•, 
147.23 156.28 
160.31 169.36 

00 0.0 
2.98 3 01 
1.05 1.05 
4.03 4 06 

00 00 
0.0 00 
0.0 (Jo 

4.03 -~ \A.) 

156.28 10 

~9 
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TABLA 7: RESUMEN DE RESULTADOS DE LA EVALUACION FINANCIERA 
-~.u::-1,!~.-..-

Con Con Con Valor Alterna- Relación Valor pre- Año de Costo espe- Tasa inter-
Estaciona- Deducción Terreno Medio ti va. de 8/C sente bene· recupera- dfico de na de retor-
miento Predi al Rentas Número ficios netos. ción. capital. no. 

/ 

' 
\ 0.05 0.15 0.05 .0.15 0.09 0.15 

PESIMISTA 1 1.37 0.83 25. ·8. b 13.57 11.18 
SI MEDIO 2 1.56 0.96 40. -2 11 13.~ "14.15 

NO OPTIMISTA 3 1.51 0.98 37. ·1. 10 12.87 14.45 

PESIMISTA 4 1.32 0.82 25. ·9. 14 13.24 10.71 
SI MEDIO 5 1.49 0.93 40. -4. 12 

' 
14.11 13.43 

SI OPTIMISTA 6 1.65 1.04 53. 2. 10 i 20 13.13 15.87 

PESIMISTA 7 1.42 0.91 31. -4. 12 14.12 12.86 
NO MEDIO 8 1.59 1.04 45. 2. 10 20 12.90 15.91 

OPTIMISTA 9 1.76 - 1.15 59. 7. 9 14 12.00 18.68 

.SI 
PESIMISTA 10 1.37 0.84 28. ·8. 13 13.80 11.30 

SI MEDIO 11 t.54 0.96 42. ·2. 11 13 82 14.00 
OPTIMISTA 12 1.70 1.06 56. 3. 10 18 12.88 16.42 

NO PESIMISTA 13 1.47 0.94 33. .J. 12 13.77 13.55 
NO MEDIO 14 1.65 1.07 4a 3. 10 18 12.61 16.57 

OPTIMISTA 15 1.83 1.19 62. 9. 9 13 11.87 19.33 

' 
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... ,,. 1:l'nte económico de análisis de 25 años, en un 
,,,~ucma tabular que se conoce en este tipo de es tu· 
d1os como cuadro de fuentes y usos de fondos. Las 
c1fras que ahí aparecen están expresadas en miles 
de pesos; en la tabla 6-B aparece el análisis de sensi· 
bilidad para los 3 índices de evaluación que depen· 
den de la tasa de actualización (relación B/C, valor. 
presente de beneficios netos, y período de recupe
ración), así como los valores correspondientes de la 
tasa interna de retorno y costo específico de capi· 
tal (único para un horizonte económico de análisis 
dado). En la parte inferior de esa tabla como se 
puede observar, la tasa de actualización se hizo va
riar del 1 al 15%. 

Finalmente, en la tabla 7 se muestra la 
tabla <ie decisiones que esquematiza los resultados 
de las 15 alternativas estudiadas. En dicho cuadro 
se observa que los grupos 7, 8 y 9 y 14 y 15 son los 
·que presentan una mayor rentabilidad atendiendo 
fundamentalmente a su tasa interna de retorno 
como a su diferencia con respecto al costo especí
fico de capital, por otra parte la relación benefi· 
cio/costo y el valor presente de los beneficios ne
tos, coinciden con esta apreciación, lo que implica, 
que ya sea que se deduzca o no el impuesto predial, 
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la mejor solución es no considerar el costo de ad
quisición del terreno como parte del proyecto por 
financiar. 

5. Conclusiones. 

Sea como fuere, lo cierto es que la metodología 
que se acaba de presentar ha servido de base para 
~valuar alrededor de un 80% de los proyectos de 
infraestructura en los organismos internacionales 
de crédito, y existe una fuerte tendencia a intentar 
aplicar dicha metodología a la evaluación, con fines 
de otorgamiento de créditos, a los proyectos de 
beneficio social, tales como los proyectos educati
vos. 

Es muy conveniente que las entidades responsa
bles del desarrollo de proyectos educativos en la 
región, empiecen a capacitarse en el empleo de es
tas técnicas que podrán permitir a mediano plazo 
negociaciones más justas tanto con los organismos 
internacionales.,de crédito, como con los consejos 
superi.ores de planificación que dirigen las econo
mías de nuestros países y con un mayor conoci
miento de causa por parte de los responsables del 
proyecto. 
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EL PROGRAMA ARQUITECTONICO 
Y LAS ESPECIFICACIONES DE PROYECTO 

La etapa de programación es de importancia decisiva dentro del ciclo 
existencial total de/todo edificio. El ciclo se inicia con la etapa de pro
gramación y se con,tinúa con la de diseño, que sirve de base :t la produc
ción de partes y a la construcción, para finalmente culminar· en la 
ocupación y uso. Esta etapa final de uso, a su vez, es el antecedente de 
la programación de edificios subsecuentes, pues permite confrontar las 
hipótesis del proyecto anterior con la realidad operante, haciendo evo
lucionar los nuevos programas. · 

Tradicionalmente ,la etapa de programación arquitectónica se ha re
ducido a obtener solamente la lista de los locales o espacios arquitec
t6nicos por resolver, en base a las necesidades de espacio de los futuros 
usuarios del inmueble. 

1 3 4 5 6 

PROVECTO 
PROOUCCION CONSTRUCCION OCUPACION 

EVALUACION 

~ 
DE PARTES. 

let 
IN SITU ~ 

YUSO ~ 

L CICLO GENETICO DE LOS EDIFICIOS 
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! ~ 
de la cual forma parte integral la llamada ingeniería de sistemas. Surgida 
en otros campos del diseño, esta disciplina empieza a tener aplica-

1 

ciórr en el campo d~ la arquitectura al considerar que todo edificio es 

t '!, ) un sistema compuesto de varios subsistemas. . 
La concepción de la arquitectura como un sistema tiene profu-ndas 

repercusiones en todo el" proceso de gestación del producto arquitcc- , 
·tónico, haciendo posible un acercamiento cada vez mayor entre las ne- ·; 
cesidades reales por satisfacer y el proyecto. ¡ \. 

El objeto de aplicar las disciplinas antes citadas a los problemas ar
quitectónicos es el siguiente: crear un sistema de información c~paz de 
captar las necesidades reales de los usuarios y de todos los sectores afec-

d 1 ' tados por el futuro edificio, y e traducirlas en determinantes, o reque-
rimientos de proyecto, es decir en especificaciones generales de proyec-
to por satisfacer en el mismo. Estas especificaciones de proyecto han de 
constituir asimismo el estándar de referencia para controlar y evaluar el 

. proyecto, permitiendo comprobar su validez como satisfactor de las 
necesidades que lo motivaron. · 

El planteo anterior requiere que se esclarezca en este punto el signi
ficado de las citadas especificaciones de proyecto para diferenciarlas 
nítidamente de ~onceptos limítrofes tales como las especificaciones de 
construcción y las normas de diseño y producción. 

Una norma de un producto genérico es una regla de carácter general a 
la que se han de someter todos los productos que pertenecen a ese géne
ro. Por definición una norma no se refiere a un objeto individual con-

---- --· ·--- ---
Los proyectistas han reconocido universalmente que una ~rograma

ción así es absolutamente insuficiente para el logro de soluciOnes que 
respondan a las diversas necesidades . reales d~ .los usuarios, puc~ estos 
programas no tienden un puente de mformac10n entre las necesidades 
reales y la labor de proyecto. El divorcio entre e~ tos dos aspcct~s. se 
traduce en edificios que no guardan correspondencia con las condiCIO
nes reales en que va a existir y ser usado el edificio. 

De ahí que en el campo de la arquitectura, así como en otros cam~~s 
de diseño, haya surgido la convicción de que la etapa de programacJOn 
debe de fructificar en algo mucho más completo y operante que un 
mero enlistamiento de locales. El proyectista necesita conocer en forma 
sistemática todas las exigencias que se han de satisfacer en su proyecto, 
tales como las condiciones de clima, luz, sonido, conservación, aisla
miento, etcétera, que deben prevalecer en los espacios arquitect,~nic_os 
que va a proyectar. Estas informaciones, entre otras, son tan nece~anas 
en el programa arquitectónico como las listas de locales y las dimen-

siones. 
De hecho el movimiento funcionalista moderno había ya planteado 

la necesidad de una programación que abarcara la totalidad de las nece
sidades humanas de los usuarios. Sin embargo tal pretención no pasaba 
de ser más que un mero enunciado teórico que estaba muy lejos todavía 

de tomar forma concreta. 
· Esta situación ha empezado a cambiar con el surgimiento de varias 
disciplinas nuev'as, pero ~n especial gracias al de la ciencia de sistemas, 

--- ,_.-...,...._-~-----·-~------ -.- ----
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creto, sino que reglamenta géneros o conjuntos de objetos. Una norma 
es el antecedente en el que se basan los diferentes proyectistas y reali
zadores de productos competidores que pertenecen al mismo género y a 
la cual todos deben satisfacer. 

En cambio las especificaciones generales son prescripciones referidas 
a. un problema particular concreto, en cuya solución han de ser respe
tadas. Representan la aplicación de la norma a un caso particular. Hay 
que hacer notar que el hecho esencial de que las especificaciones de pro
yecto estén ligadas a un problema particular real, de ninguna manera 1 

significa que también 11) estén a una solución particular de ese proble
ma, sino que, por lo contrario, son comunes a la totalidad de soluciones 

1 

posibles de ese problema. Tanto las especificaciones de proyecto como ' 
las normas en que se apoyan, son anteriores a la solución particular. En ' 

·un orden de generalidad descendente las normas son seguidas por las 1 

especificaciones de proyecto, éstos por el proyecto mismo, y éste por 
las especificaciones de producción y construcción que sirven de base a 
la realización material. Las especificaciones de producción y construc
ción se han de distinguir de las especificaciones Je proyecto, pues mien
tras el objetivo de las primeras es el de ligar el proyecto con su realiza
ción material, el de las últimas es el de ligar el programa con el 
proyecto. - _ 

Para cada problema particular que se presenta hay que establecer un 
_ cuerpo de especificaciones de proyecto propias, como parte de su pro

grama. 

Esta tarea es posible realizarla con la adecuada economía de esfuerzo 
' cuando se han establecido con anterioridad las normas de ese problema 

genérico. El establecimiento de normas escapa ciertamente las posibi
lidades del proyectista particular, y corresponde a instituciones nacio
nales e internacionales. 

El establecimiento de normas requiere que se clasifiquen genérica
mente los problemas arquitectónicos, es decir, que la ilimitada cantidad 
de problemas particulares reales, con sus variantes individuales, sea re
ducida a pocos tipos genéricos para referir sus normas. 

Además hay que clasificar estos géneros de edificios por ubicaciones 
climáticas genéricas. Esta clasificación se puede realizar 1con un número 
reducido de categorías y subcategorías, tales como edificios residen
ciales, escolares, hospitaiarios, etcétera. La clasificación por ubicaciones 
climáticas _tampoco es problemática, p!Jes en el caso particular de la 

República una división en un máximo de cinco regiones es suficiente 
para los fines propuestos. 

El establecimiento de la clasificación anterior por géneros de edificios 
y zonas climáticas, no va en exclusión de normas de mayor generalidad 
comunes a todos o a algunos de los géneros de edificios para todas o 
algunas de sus ubicaciones geográficas. 

Al afrontar un problema real concreto las normas son el antecedente 

para plante~r muchas de las especificaciones generales de proyecto del 
programa. La ubicación del problema y el género arquitectónico a que 



pertenece son las dos coordenadas que permitefl localizar las ~ormas 
que le corre<;pondcrr, y que se han de traducir en las especificaciones de 
proyecto del problema. Estas a su vez, deben expresar la totalidad 
de exigencias que han de satisfacer las diferentes partes del edificio por 
proyectar. Cada especificación de proyecto debe estar referida ~. c!_erta 
parte específica del edificio. El análisis del edificio como un gran sJstc
ma compuesto de varios sistemas y subsistemas, proporciona el;

1
marco 

de referencia adecuado para dar a conocer cada especificación a aquella 

parte del edificio a que corresponde. . 
A continuación se esboza un análisis de los sistemas que componen a 

los edificios, sistemas que sirven como marco de relerencia a las especi
ficaciones de proyecto de cualquier problema partícula~ que se pre

sente. 
En la ingeniería de sistemas se reconocen dos tipos genéricos de sis

temas: 

l. Sistemas de flujo o corriente. 
2. Sistemas asociativos. 

Los sistemas de flujo o corriente son aquellos que procesan alguna 
corriente de carácter material (agua, gas, aire), energética (electricidad, 
calor) o informativa (radio, televisión, teléfono, etcétera). Los sistemas 
asociativos, en cambio, no procesan una corriente identificable, sino 

que realizan un servtcJo al ser usados, aunque pueden contener como 
subsistema algún sistema de flujo. Un edificio y un coche, considcr..ulos 
como objetos globales, son ejemplos típicos de sistemas asociativos. 

Al intentar identificar los géneros de sil>Lcmas que integran los edifi
cios, se encuentra que éstos pertenecen a los dos tipos de sistemas cita
dos, pues algunos conducen y procesan corrientes, como en el caso de 
las diversas instalaciones, mientras que otros cumplen una función de uso 
como sucede con el sistema de espacios arquitectónicos. 

La identificación de los sistemas componentes de los edificios puede 
realizarse bajo dos puntos de vista diferentes, el funcional y el morfoló
gico, que de ninguna manera deben de verse como mutuamente excl_u
yentes, sino como complementarios. 

Desde el punto de vista. funcional todo edificio se compone de los 
cuatro géneros de sistemas siguientes: · 

l. Infraestructura. 
2. Estructura. 
3. Superestructura. 
4. Instalaciones. 

De estos cuatro sistemas componentes, sólo las instalaciones son del 
tipo de lo_s sistemas de flujo, mientras que los restantes son sistemas 
asociativos. 



EDIFICIO 

TURA 

-- 2. EL EDIFICIO Y SUS SISTEMAS COMPONENTE~ 
DESDE EL PUNTO DE VISTA FUNCIONAL 

El primer sistema, la infraestructura, tiene como misióu transmitir tJ~ 
cargas del edificio al subsuelo y se integra por los cimientos del cdi firio. 
La estructura es el sistema transmisor de cargas y la superestructura d 
sistema que subdivide el espacio. Finalmente, las instalaciones son los sÍ!>· 
temas que conducen los flujos materiales, energéticos e informativo~ 
que requieren los ocupantes del edificio. 

En Caf!Ibio desde el punto de vista morfológico un edificio se dcsglo· 
sa en sistemas de espacios arquitectónicos de diversas jerarquías. Se 
trata en este caso de sistemas asociativos que tienen como función el ser 
ocupados y usados. Los sistemas de espacios arquitectónicos varían se
gún el tipo de edificio. Por ejemplo, en el caso de los hospitales hay tres 
sistemas jerárquicos de espacios arquitectónicos que los componen: 

l. Locales y circulaciones. 
2. Secciones (formadas por locales y circulaciones). 
3. Servicios (integrados por secciones). 

El edificio, que en sí es un conjunto de sistemas, a su vez forma parte 
de un sistema más amplio: el conjunto urbanístico, el cual asimismo 
pertenece a sistemas urbanos de rango superior de la ciudad. 

Los sistemas de espacio no son meras abstracciones formales, sino 
- que representan partes anatómicas reales del edificio, integradas a su vez 

por elementos de la superestructura, la estructura y las instalaciones. 
Todos estos elementos se conjugan para crear el espacio arquitectónico. 
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-·Se trata pues de un desglose de los sistemas del edificio real, desde do:: 
pun.tos de vista diferentes aunque no excluyentes. -
- Las especificaciones generales de proyecto se han de establecer en 

forma paralela tanto para los sistemas morfológicos como para los fun
-cionales, pues las especificaciones de ambos tipos de sistemas son indis
pensables como antecedentes de cualquier solución o proyecto. 

ESPECIFICACIONES GENERALES DE PROVECTO 

DEL SISTEMA· DE ESPACIOS ARQUITECTONICDS 

especificacio. 
nes de proyecto 
de los sistemas 
infraestructura! 
'1 estructural 

especificaciones 
de proyecto del 
sistema superes. 
tructural 

especificaciones 
de proyecto de 
las instalaciones 

especificaciones 
de proyecto de 
los muebles 

S. LAS ESPECIFICACIONES DE PROYECTO COMPLETAS 
DE UN. EDIFICIO 

i 

Visto así, un programa completo de un problema arquitectónico no 
sólo debe contener la lista de elementos que integran su sistc~a espa
cial, como sucede en los programas arquitectónicos tradicionales, sino 
que además debe contener las especificaciones generales de pr~yccto de 
todos los sistemas restantes del edificio. Un programa completo permite 
que todos los diseñadores, arquitectos e ingenieros de las diversas espe
cialidades que intervienen en el proyecto integral del edificio, tengan 
una auténtica base informativa en la cual puedan fundamenta~. las solu-
ciones de los sistemas que les corresponden. · 

De todo lo anterior no debe sacarse la falsa conclusión de qt¡~c la eta
pa de programación es en su totalidad anterior a la de projecto. De 
hecho, se prolonga y llega a su fin hasta la terminación del proyecto 
mismo, pues este último influye en el programa modificándolo en el 
transcurso de su desarrollo. La programación es un proceso de ·aproxi
mación sucesiva que mantiene una relación dialéctica con ~1 proyecto. 

Algo similar sucede con el proyecto, ~1 cual no puede darse por ter
minado totalmente con anterioridad a la construcción, pues van sur
giendo hechos que obligan a modificar el proyecto en el transcurso de la 
obra, alcanzando éste su forma definitiva solamente al terminar la cons-

trucción. 
Las especificaciones generales de proyecto incluyen dos tipos: 

l. Restricciones. 
2. Criterios. 
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Las especificaciones completas de un problema deben incluir ambos 
tipos de especificaciones, ya que las restricciones sirven para comprobar 
la validez de las soluciones, y los criterios para medir su grado de op-
. "d d 1 

timt a . , . 
Una solución, para p"oseer lcgí_tima validez corno tal, debe pnmero 

satisfacer las restricciones del problema. Esto sin embargo no la convier
te automálil"amente en la solución óptima del problema, pues las res
tricciones l;s pueden satisfacer varias soluciones alternativas. Sólo 
cuando está de acuerdo -además- con los criterios establecidos, se 
puede hablar de la solución óptima del problema que satisface la tota
lidad de las especificaciones de proyecto. 

En la elaboración de las especificaciones generales de proyecto de 
cualquier problema, hay que proceder a investigar y definir en primer 
término las restricciones y posteriormente los criterios. 

Las restricciones que hay que definir son de dos tipos: externas e 
internas. Las externas se refieren a las entidades exteriores al sistema 
por proyectar que hay que tomar en cuenta en la solución, mientras que 
las internas se refieren a las características propias del sistema que se 

deben satisfacer en la solución. 
Las restricciones internas de todo problema tienen su génesis en las 

externas, que representan el punto de arranque de la labor de especi

ficación. 
Los factores exter'nos por considerar son los siguieiltes: 

e 
l. Actividades de uso del sistema. 
2. Medio en que va a operar el sistema. 
3. Recursos disponibles par'! ~calizar y operar el sistema . 

Tanto para los sistemas asociativos como para los de flujo, estos fae
. tores proporcionan la fuente objetiva en que se genera el programa y sus 

especificaciones internas. Las especificaciones o restricciones intcmas 
de proyecto de un sistema son a su vez de tres tipos: · 

l. Especificaciones de funcionamiento del sistema (performance 
specifications ). 

2. Especificaciones materiales (material specifications). 
3. Especificaciones de producción (production spccifications). 

A continuación se expondrá en forma particular para cada uno de los 
dos tipos de sistemas el significado de los factores externos y de las es
pecificaciones. 

l. Los factores externos 
1.1. Las actividades. El análisis de las actividades para las que se 

crea un sistema asociativo, consiste en estudiar el uso a que este 
sistema estará sujeto. 
Las actividades de uso del sistema son estudiadas analizando el 
proceso espacio-temporal en que se desenvuelve ese uso del siste
ma por los usuarios y sus diferentes objetos. 

' 



LAS ACTIVIDADES EL MEDIO O SITIO 

LOS RECURSOS 

6. LOS FACTORES EXTERNOS QUE DETERMINAN 

LAS ESPECIFICACIONES DE PROYECTO 

En el caso de las industrias y los diversos sistemas de trabajo, 
este proceso es estudiado por la ingeniería industrial. 
La programación arquitectónica de todo edificio tiene su origen 
inicial en el análisis _de las actividades de uso del edificio por pro
yectar. Se han de investigar las personas y ohjctos que interven
drán en el uso del futuro edificio, y el proceso de ese uso. 
Como condición esencial para realizar el análisis de actividades, 
hay que identificar previamente el sector humano para el que se 
va a proyectar el sistema. En problemas pequeños este paso pre
vio es tan obvio que pasa desapercibido; sin embargo, en proble
mas mayores constituye un paso explícito. 

1.2. El medio ambiente. Las características físicas, culturales y 
estéticas del sitio en que va a operar o ser usado un sistema, in
fluyen decisivamente en sus requisitos o especificaciones de pro
yecto. El análisis del sitio o medio ambiente tiene como fin 
adecuar el futuro sistema a las características del sitio. 
En vía de ejemplo, la existencia de caminos rurales de naturaleza 
accidentada determina especificaciones de proyecto de un 
vehículo para transitar en ellos, diferentes a las que determi
narían carreteras pavimentadas de alta velocidad. 
En los problemas arquitectónicos, el análisis del medio ambiente 
consiste en estudiar las características del sitio en que se estable
cerá el edificio, definiendo las restricciones que éste impone al 
problema. 

, 
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'Este análisis puede inicil!rse a un nivel de mayor generalidad 
c~ando ~ún_ no se ha deterr;tinado el sitio exacto en que se ubica
ra el edtficto, contando solo con su macroubicación en una re
gión o ciudad. Tal macroanálisis permi,te realizar una selección 
de los sitios disp.onibles, ~scogicndo el que mejor sátisface las 
especificaciones referentes aLsitio. 
Una vez realizada esta selección se puede proceder a realizar el 

. ál' . d 1 'd ¡, mtcroan tsts e terreno escog¡ o, para determinar las restric-
ciones que impone al futuro proyecto,~ decir, las especificacio-
nes de proyecto que de él emanan. · 

1.3. Los recursos. Los recursos disponibles en un momento dado 
para realizar un sistema, no sólo determinan la posibilidad misma 
de realizarlo, sino que ejercen una influencia restrictiva sobre sus 
diferentes características, lo cual se ha de expresar por medio de 
especificaciones de proyecto. 
Este factor no sólo abarca los medios financieros disponibles, 
sino que se refiere también a los diferentes medios de produc
ción (humanos, materiales y tecnológicos) que entran en juego. 

L~ realización de los análisis de los tres factores, actividades, sitio y 
recurs~s, permite definir las especificaciones de proyecto del sistema. 

Las especificaciones ya expresan en forma directa e inmediata la 
información que se requiere para proyectar el sistema, pues traducen las 
restricciones que imponen las actividades, el sitio y los recursos en tér-

¡o 

.: i 

minos de características propias del sistema, que se han de satisfacer en 
su proyecto. 

Se presenta a continuación una explicación somera del significado de 
los tres tipos de especificaciones, funcionamiento, materiales y produc
ción, antes de proceder a analizar el proceso dialéctico que permite 
deducir las especificaciones de los factores externos. 

1.4. Las especificaciones de funcionamiento. Las especificaciones 
de funcionamiento (performance specifications) expresan las 
diversas características de funcionamiento que ha de satisfacer el 
sistema por proyectar. 
Estas características expresadas como requerimientos indcpcn· 
dientes uno del otro, se constituyen en la guía y prueba de V:Jii
dez del proyecto, y se fusionan en un todo en el proyecto que 

las satisface. 
En los problemas arquitectónicos las especificaciones de funcio
namiento abarcan no sólo el tradicional programa de partes y el 

·diagrama de funcionamiento, sino que definen además las comJi
ciones ambientales en ellos requeridos, tanto de índole visual 
como acústica, climática, mecánica, etcétera. 
Esta información se deriva básicamente del conocimiento de las 
actividades y del medio ambiente, que son los dos factores exter
nos básicos que determinan, junto con los recursos disponibles, 
el contenido completo del programa. 

' 
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1.~. Las especificaciones materiales. La gama de materiales admi
~les para la realización de un sistema está limitado por los re
quisitos que imponen las especificaciones de funcionamiento y 
por las restricciones que. impone~ las disponibilidades de re-
cursos. 

La determinación de las especificaciones materiales le propor
-tna al proyectista un claro conocimiento de los materiales de 

1 

e puede disponer, y entre los cuales ha de realizar su selección· 
f nal en el momento de proyectar. . 
~xisten casos extremos en que la especificación material llc(J'a a 
~ prescripción rígida de un material particular, en aquellas si~ua
c~ones en que sólo un material determinado es capaz de satisfa
e¡er las especificaciones de funcionamiento y los factores 
externos. 

En cambio hay situaciones en que sólo conviene definir las espe
cificaciones de funcionamient? sin ocuparse de restringir los ma
teriales, en aquellos casos en que es aconsejable conservar un alto 
grado de libertad creativa y económica. En tales casos casi no se 
establecen especificaciones materiales de proyecto. 

c_onviene ad~ertir contra el peligro de confundir las especifica
CIOnes materiales de proyecto aquí citadas, las cuales son previas 
al proyecto, con las especificaciones materiales del proyecto ya 
resu~~to, Y que forman parte de la solución y no de la progra
maclon. 

11 
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1.6. Las especificaciones de producción. Las especificaciones de 
producción restringen los procedimientos de ejecución material 
admisibles en la solución del sistema. 
Esta restricción puede tener su origen en los recursos, es decir en 

.las posibilidades industriales, técnicas o económicas del pro
blema. 
En el caso de los problemas arquitectónicos las especificaciones 
de producción abarcan tanto el aspecto de los procedimientos 
productivos admisibles en la producción de parles fabricadas In
dustrialmente, tales como ventanas, puertas, closcts, etcétera, así 
como los procedimientos constructivos que pueden utilizarse en 
la construcción del edificio in situ. 

Una vez que se ha expuesto el significado de los factores externos y 
de las diversas especificaciones de los sistemas de tipo asociativo, corres
ponde aclarar la metodología a seguir en su definición. 

El punto de partida en la definición de las especificaciones de proyec
to •·adica en el análisis de actividades. El sistema por proyectar se hace 
para realizar esas actividades de uso. En el caso de los edificios, es decir 
de los sistemas arqúitcclónicos, éstos se crean para albergar las activida
des que en ellos se van a ejecutar. El analizar las actividades que el cJi
ficio ha de albergar, permite establecer los espacios necesarios· para tal 
fin y las diversas características ambientales y funcionales de esos espa
cios. En otras palabras, el conocimiento de las actividades permite 

, 
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definir el programa de espacios, así como· .. s especificaciones de funcio
namiento de los mismos. 

Como ya se l~a mencionado, el análisis de actividades no puede ser 
realizado en forma atemporal y aespaeial, sino que requiere una ubica· ' 
ción de tipo macrogcográfico e hi~tórico, pero sin necesidad de conocer 
en esta etapa la microubicación del futuro edificio o si~tcma. 

IZ 

El programa de necesidades deducido de las actividades no es sin 
embargo el definitivo, pues al no haber pasado por el tamiz de los recur
sos disponibles, expresa solamente necesidades y no posibilidades. Asi
mismo no incluye todavía el amplio sector de especificaciones que tie
nen su origen en la naturaleza física y cultural del terreno o sitio en que 
va a estar el edificio. De ahí que una vez que se ha llegado a definir el 
primer programa teórico, se proceda a evaluar los recursos disponibles 
para su realización, modificando el programa en función de las po?ibi
lidades de capital, materiales, personal, etcétera. Se llega en esa forma a 
un programa realista que no expresa carencias abstractas, sino carencias 
cuya satisfacción está dentro de los límites de lo posible. 1 

Se procede entonces a realizar la selección del sitio, en base a los re-
1 

' 
querimientos o especificaciones del programa, escogiendo aquel que 
mejor satisfaga las experiencias en él expresadas. No siempre, sin cmhar-
go, existe la posibilidad o necesidad de realizar una selección: en aque-
llas situaciones en que el sitio está ya predeterminado. En cualquiera de 
ambqs casos se procede entonces al análisis del sitio, tanto desde el pun-
to de vista físico como cultural y estético. 

El análisis del sitio implica tomar en consideración los factores si
guientes: 

l. Características naturales del sitio 
1.1 Topografía. 
1.2 Hidrografía (lagos, ríos, drenado natural). 
1.3 Suelos. 
1.4 Subsuelo. 
1.5 Flora. 
1.6 Clima. 

2. Características culturales del sitio 
2.1 Ligas viales y tráfico. 
2.2 Uso del suelo. 
2.3 V al ores del suelo y propiedad. 
2.4 Redes. 
2.5 Edificios y monumentos. 

'. 

. ; 

2.6 Ambiente (ruidos, olores, contaminación atmosférica, etcétera). 
3. Características estéticas del sitio 

3.1 Paisaje y vistas. 
3.2 Estilo y unidad con el medio urbanístico-arquitectónic~. 

El análisis del sitio puede modificar e! programa de partes y las espe
cificaciones ya alcanzadas, además de adicionar toda una serie de especi
ficaciones de proyecto que tienen su origen en la confrontación del sitio 
con el programa. 



.Et·análisis del sitio se realiza en función dc,una hipótesis de progra
ma; y consiste en confrontar las exigencias del programa tentativo con 
las posibilidades del sitio, sin llegar todavía a soluciones, investigando las 
restricciones que éste if!1pone a la soh.wión. En la misma forma se 
realiza la confrontación dialéctica entre los recursos y el programa, pues 
no tiene sentido alguno calcular recursos pcr se, sin referencia al objeto 
para el cual se requieren. 

Por lo que respecta a los sistemas de flujo, hay necesidad únicamente 
de resaltar las diferencias existentes en el análisis de los factores cxter· 
nos, pues por lo que respecta a los géneros de especificaciones por dcfi~ 
nir, ambos tipos de sistemas coinciden totalmente. 

En el caso de los sistemas o redes de flujo, el análisis de actividades y 
del sitio debe permitir llegar a definir las 'especificaciones de funcio
namiento del sistema, las cuales se refieren a los dos aspectos siguientes: 

l. Insumos o flujos alimentadores del sistema. 
2. Productos del sistema. 

El análisis de las actividades de los beneficiarios del sistema, en aquc-
. Uos aspectos que tienen relación con él, y el análisis del sitio en que se 
ubicará la red, permiten conocer las características cuantitativas y cuali
tativas de los ingresos (insumos) materiales; energéticos o informativos 
de la red, y del producto que la red ha de entregar ya procesado en sus 
terminales de salida. 

El problema de una red de agua es un buen ejemplo para ilustrar ~i 
procedimiento de programación. El conocimiento del sitio ~s nccesa_no 
para conocer las característic~ de la corrient~ de agua que all~e.ntara 1~ 
red es decir el insumo matenal de la red, mientras que el anál1s1s de las 
actividades de los beneficiarios de la red permite determinar las dcma~
das de agua que hay que satisfacer, es decir el producto que ha de en-

1 
, tregar la red. . . . . , . 

Los análisis de actividades y del sJho permiten tambaen dcfimr las 
condiciones de trabajo y desgaste que se originan en el medio ambiente 
y en el uso humano, y que la red ha de ser capaz de resistir en determi
nada medida, lo cual se ha de expresar también en las especificacioues 

t ! de funcionamiento de la red. Si en el ejemplo citado el análisis del sitio 
revela que la red se ubicará en un lugar con un alto contenido de s~liui-. 
dad ambiental, este hecho determina una especificación de funciOna
miento relativa a las características anticorrosivas deseables de la futura 

red. 
Las especificaciones de funcionamiento y el análisis d~ recursos ~on a 

su vez los dos antecedentes más importantes para defimr las espccafica-
ciones d.e proyecto de materiales y producción. . : . 

El conocimiento de los recursos materiales y productivos del s1ho 
permite definir la gama de materiales y procedimientos con lo~ que .se 
puede contar en principio en la solución, para satisfacer las ex1gcnc1as 
expresadas en las especificaciones de funcionamiento. . 
_ En los problemas arquitect~nicos hay que afrontar ambos tipos de 
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sistemas, los asociativos y los de flujo. Mientras que el edificio glohal, 
as{ como sus conjuntos de espacios, su estructura, infraestructura y 
superestructura representan sistemas asociativos, las diferentes instala:-
cioncs o redes son todos_sistcmas de flujo. · j 

;- La labor de programación debe abarcar todos y catla uno de los sistc .. 
mas del problema arquitectónico, para lo cual se hace aquí un examen l 

individual de cada uno de estos sistemas y subsistemas, desde el punto ' . 
de vista de sus especificaciones de proyecto. _ l : 

Hay que destacar que en lodo problema arquitectónico los diferentes · · 
sistemas componentes no son autónomos, sino que forman parte de un ~ 
sistema que los engloba: el edificio. Dicho en otras palabras, relativa- · 
mente. al edificio todos los demás sistemas son sólo subsistemas. Esto 

1 

significa que el objetivo de optimización vale para el edificio como un 
todo, mientras que por lo que respecta a los diferentes subsistemas a lo 

1 

sumo se puede tender a su suboptimizac_i~n. La programación o cspcci- ,. 
ficación de los subsistemas del edificio- está subordinadJ, por consi- ' 
guiente, a la del edificio. 1 : 

Empezando por el sistema de espacios arquitcctbnicos, se expone a 
continuaci-ón, para cada uno de los sistemas que constituyen un edifi
cio, cuáles son los aspectos qué se deben definir en sus correspondientes 

. especificaciones de proyecto, así como la relacibn que hay entre éstas y 
los factores externos que las generan. 

A. El sistema de espacios. Este sistema está constituido por los dife
rentes espacios de un edificio, entre los que se incluyen también los 

- _____ _.,_ ~---- -- -- - ~ ---~---------~ -- ~ 

espacios destinados a las circulaciones Pr . . _t ___ ~--- -- : . 
d fi · 

1 
. . • ogramar es e Sistema s1gmfica 

e amr as s1guaentcs especificaciones de proyecto: 

A.l Espacios requeridos. 
A.2 Dimensiones de estos espacios. 
A.3 R_estriccioncs de su forma geométrica. 
A.4 Ligas entre los espacios. 
A.S Condiciones ambientales de los espacios: 

A.S.l Climáticos. 
A.5.2 Lumínicos. 
A.5.3 Acústicos. 
A.5.4 Vistas. 

A.6 Cond~c~oncs de seguridad requeridas. 
A.7 CondJCaones estéticas. 

A. 7.1 Colores. 

A. 1.2 Texturas, etcétera. 

h Este enlistam-icnto no pretende ser exhaustivo, aunque abarca de ~~~-

d
e o los ~specto~ m~ r~levantes por considerar al programar el sistema 
e espac1os arqmtcctorucos. 

·. El pro~eso. p~ra dctcr~inar las espccific~ciones del sistema de espa
caos arquJtccton~c~s, requacre la realización del análisis de los tres facto
res ~xtemos~- ~~~~_V1dades, sitio y. recursos. 



El análisis de actividades, generalmente el primero en realizarse por 
ljU ~arácter primario, se refiere a los aspectos siguientes:, 

a) Número de ocupan~es de los espacios, clasificados po~ tipos. 
b) Número de objetos de moblaje, almacenamiento, uso y consumo 
que se albergarán en esos espacios, clasificados por tipos. . 
e) Procesos espacio-temporales de ocupación y uso de los espac10s 
por los ocupantes y sus objetos. 

El análisis de las actividades en los términos de personas, objetos y 
procesos ofrece la base para proponer tentativamente la prirnera.hipó.te· 
sis de programa y especificaciones de proyecto, la cual se sujetara a 
modificaciones iterativas en los análisis subsecuentes del sitio Y de los 
recursos disponibles. 

Es importante hacer notar que para muchas de las especificaciones no 
hay necesidad de analizar individualmente cada actividad, sino que bas
ta referirse a grupos enteros de actividades (por ejemplo: actividades 

·administrativas, médicas, etcétera) que determinan una misma espe
cificación común. En esta forma hay un 'gran ahorro de esfuerzo en la 

lahor de especificación. . 
Al realizar el análisis de actividades en los términos antenores, se tra-

baja inclusive con el grupo que abarca la totalidad de las activi~ades, o 
una amplia fracción de las mismas. En vía de ejemplo se puede catar ~~e 
la mayoría de las especificaciones de higiene requeridas en la solucaon 

¡5, 
· rl 

de un hospital, se pueden obtener refiriéndose a la totalidad de activi-
, ~ades hospitalarias, sin necesidad de recurrir a su análisis individual. 
i· '1 La ~ipótesis de programa que resulta del análisis de actividades, pcr

riúte prÓceder a realizar la selección del sitio más adecuado para ubicar 
el edificio al ofrecer un patrón de nec·esidades. Cuando el sitio ha sido 
ya predeterminado, este paso no es necesario, procediéndose al análisis 

l
el sitio dado. 

El análisis del sitio permite avanzar más en la definición del programa 
sus especificaciones, pues las características del terreno influyen en las 

mismas. Si el sitio por ejemplo padece molestias por ruidos aledaiios, 
este hecho d~termina una especificación de proyecto en la que se expre
sa la necesidad de protegerse contra esos ruidos. 

, En rigor; la finalidad de analizar las características del sitio con rcla-
1: ción al programa, no es otra que la de llegar a definir todas las restric

ciones que impone el terreno al problema, antes de proceder a pro
yectar. 

Ya se indicó con anterioridad, al hablar de los sistemas arquitectó
nicos en general, cuáles eran los diversos puntos que se han de investigar 
al realizar el análisis del sitio, por lo cual no h;.y necesidad de repetir la 
misma lista. 

Después del análisis del sitio se ha de proceder a realizar el análisis de 
recursos, que consiste en confrontar los recursos disponibles con los 
tentativamente necesarios para realizar el programa hipotético. Esta 
confrontación permite ajustar el programa a la realidad, expresando no 



:Lieamente lo que es d~~:bl~: ~sio:~ ~~~b~~ 1~ qu~ es posil~l_c. ~ste 
knálisis se refiere no sólo a los recursos monetanos, s1_no Laminen a_ los 
;diferentes recursos de naturaleza n~ financiera requcndos pa_ra rc~l~zar 
'!el programa. Un programa se ha de modificar no sólo p~r la msuflcle~
cia de recursos monetarios, sino también por la carcnc1a de determi-
nados materiales, técnicas o mano de obra. . 

1 

El análisis de recursos es por consiguiente una etapa muy l~port_ante 
en el proceso de gestación del programa, pues los rceurs~s. d1spomhlcs 
jdeterminan el programa en la misma forma que las actiVIdades Y las 
!:características del sitio. En términos generales los recursos que hay que 

:considerar son los siguientes: " ,. 

1.2.1. Recursos monetarios. 
1.2.2. Recursos de producción. 

1.2.21 l\latcrialcs. 
1.2.22 1\lano de obra. 
1.2.23 Técnicas. 

Una vez que el programa inicial ha pasado por el ccdaz~ de los recur
sos y se ha ajustado en función de éstos, se procede al ajuste final del 

programa y de sus especificaciones de p~oyec,to." Este programa ya es el 
antecedente inmediato del proyecto arqmtectoruco. . 

B. L~s instalaciones. Las instalaciones o redes de los edificios son ~~s
temas de flujo que se han de especificar como corresponde a este hpo 
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de sistemas, en que el análisis de <h.:Lividades y del sitio dchc C.!>tar dirigi

do a definir en primer término los insumos y productos como parte fun
damental de sus especificaciones de funcionam icnto. 

Las instalaciones son lodos sistemas de flujo que poseen cnlrad,,s en 

que ingresa su insumo, y terminales en que emerge el prmluelo procc
: sado. En las insl.tlacioncs de los edificios existen los tres tipos desiste

mas de flujo, tanto de corriente material, como energética e informali
va. Se presenta una l~sta de los tipos más comunes de instalaciones: 

B.l Instalaciones de corriente material. 
B.ll Agua fría. 

B.l2 Agua cal!ente. 
B.l3 Oxígeno. 

B.l4 Aire acondicionado. 
8.15 Gas. 
B.l6 Petróleo. · 
8.17 Diesel. 

B.l8 Desagíie y drenaje. 
B.l9 Desalojo de basuras. 
B.20 Aire comprimido. 

B.2 Instalaciones de corriente energética. 
B.2l Eleclricidau. 
B.22 Iluminación. 
B.23 Calor. 

' 

·• 
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H.24 Rayos X. 

. B.25 Refrigeración. 

B.3 Instalaciones de corriente informativa. 
B.31 Teléfono. 
B.32 Radio. 
8.~3 Televisión. 
B.34 Sonido. 

Las especificaciones de proyecto de estas redes deben definir los as
pectos siguientes: 

A.l Especificaciones de funcionamiento. 
A.ll Terminales de insumo y de producto requeridas. 
A.l2 Volúmenes del insumo y del producto. 
A.l3 Características cualitativas del insumo y del producto. 
A.l4 Registrabilidad de la red. 
A.l5 Exigencias de seguridad. 
A.l6 Exigencias estéticas. 

A. 2 Especificaciones materiales. 
A.21 Materiales admisibles en la solución. 
A.22 Materiales inadmisibles en la solución. 

A.3 Especificaciones de producción. 
A.31 Procedimientos de producción admisibles en la solución. 
A.32 Procedimientos de producción inadmisibles en la solución. 

Para definir estas especificaciones hay necesidad de recurrir al análisis 
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dirigido de los factores externos, es decir de las ac~ividadcs, el sitio y los 
recursos. . 

Las diversas. actividades por desempeñar en el edificio generan una 
determinada demanda de corrientes materiales, c~crgéticas e informati
vas, así como una oferta como en el caso de las diferentes corrientes de 
deshechos materiales. En el primer caso las demandas definen el produc
to de las redes, y en el segundo caso esos deshechos se convierten en los 
insumos de las redes de desalojamiento de desperdicios. Las llamadas 
que tienen su origen en el interior del edificio, s~n igualmente insumos 
de la red. 1/ · 

Esto significa que las actividades permiten cal
1
cular el producto que 

debe ser capaz de proporcionar la red para su desempeño, y de definir 
sus características cualitativas. Asimismo permiten definir los insumos 

¡ de aquellas otras redeS' que en el edificio tienen como misión básica re
/ coger y desalojar insumos. 
1 Para especificar el volumen y características del agua de la red de 
~- ,agua de un edificio, por ejemplo, se recurre a determinar las demandas 

de este líquido que generan las diferentes actividades. En cambio para 
una red de aguas negras, las actividades en el edificio permiten calcular 
los volúmenes de aguas negras por desalojar, es decir, los insumos de esa 
red. 

Es conveniente hacer notar que este método de especificación vale 
igualmente para las redes de flujo informativo, pues los volúmenes de 
información que la red debe entregar o recoger está en función directa 
de los ocupantes y sus actividades. Los volúmenes de información se 

.,.J.~-



miden actualmente con la misma precisión que los gastos materiales en 
unidades tales como bits, número de llamadas, etcétera. 

Por lo que respecta a las redes cuyos insumos se original) externamen
te al edificio, hay que recurrir al análisis del sitio para su determinación. 

- El insumo de la red de agua se conoce a través de las características del 
diámetro, gasto y presión de la toma domiciliaria, datos que propor
ciona la investigación del sitio inmediato o de la zona. 

. La definición adecuada de los insumos y productos de una red, cuyo 
: · cálculo requiere much~s veces üe procedimientos estadísticos, permite 

que la solución subsecuente de ésta resulte en una red sin congestiona
mientos, capaz de responder a las demandas reales de servicio. 

Una vez que se han definido el insumo y el producto, se puede proce
der a definir las especificaciones de funcionamiento restantes, tales 
como que la red sea registrable, subterránea, aparente, etcétera: ~n e_sta 
tarea hay que recurrir no sólo al análisis de actividades y del s1tto, smo 

también a los recursos disponibles para la red. 
Subsecuentemente, en base a las especificaciones de funcionamiento, 

así como a las actividades, el sitio y los recursos, se pueden establecer 
los materiales admisibles e inadmisibles para la solución de la red, Y los 
procedimientos de producción y construcción, es decir, las especifica-
ciones de proyecto de los materiales y la producción. · . 

C. El sistema superestructuraL El sistema superestructura] abarca los 
diferentes acabados de un edificio, que se sobreponen al sistema estruc-

18 

tural. Este sistema es un conjunto de subsistemas, entre los cuales se 
cuentan los siguientes: 

l. Ventanas. 
2. Plafones. 
3. Pisos. 
4. Muros y divisiones. 
5. Puertas. 

Cada sistema superestructura! es un compuesto de diferentes elemen
tos que el diseñador integra en un sistema coherente. Esto significa que 
no se trata meramente de materiales aislados, sino de compuestos de 
materiales cuya composición es resuelta por el diseñador. 

El diseñador de los sistemas de acabados requiere, como en el caso 
del djseño de cualquier otro sistema, de especificaciones de proyecto 
que le permitan responder a los requerimientos de los usuarios, en un 
medio ambiente determinado, con los recursos disponibles. 

Los sistemas de acabados son todos de tipo asociativo, Para realizar 
su especificación se aprovecha el marco de referencia que ofrece la hipó
tesis de programa, debiéndose determinar los requerimientos que corres
ponden a los acabados de cada uno de los espacios arquitectónicos. 

Las especificaciones de proyecto de los sistemas de acabados tienen 
su génesis en el análisis de las actividades que se realizaran en los dife-

..,_ -- --~----------·· --



rentes espacios del edificio, en. las c~ndiciones del sitio y en los recursos 
disponibles. . · 

Estos facto~e~ representan los hechos objetivos' de los que emanan las 
especificaciones de proyecto de lós acabados: · · . · 

En vía' de· ejemplo, las· actiVidades de ··los usuarios relacionadas de 
alguna marÍ:era con ia ven lanería de' un edificio; así_ como las ·condicio
nes ~limáticÜ, 'acústicas 'y visuales 'del sitio determinan los'reque.Jimien
tos ~e este' sistem~ debe satisfacer~ Si la8 actividades por desempeñar 
requier_én. silencio, y las condiciones del sitio son ruidosas, la ventancría 
deberá ser mslante· de ruido en esa .medida. Si estas; mismas actividades 
reqilieren un ambiente de vistas exteriores y el sitio ofrece algunas muy 
agradabl~s, el sistema de· ventanería deberá especificarse de antemano 
para captar· estas vistas". En forma similar deberá proceder~e con las 
demás relaciónes que se ,establecen entre las actividade~! ~l,sitio y el sis-
tema' satisfactor.- · : ·', , ... , . _ ·.: , ,, -. 

· Este procedimiento debe . realizarse . ~istem~ticam,~~.~e p~a c~~a. ~~o 
de los sistemas superestructurales. Así por ejemplo, ~i:se proc~_d,e ~ ~efi-

. ~las especi_fic_aci?ne.s de,proy~cto, del_ sist~~a ~-~·~pabados de los pisos, 
se necesita· analizar. la5 .actividades de .cadá local. Si un ·determinado 
· espac.io · est.ará- del\i~·~d~ ;~ ,~~ ·~ctivi~~t!~ ·d.~ ::~s~o. per~ri,f:~~?. ~~~t~$ -.~~·~.~-
·dades: deterrpin.an especificacion.e~., de fu~Ci~namie~t~:· (puf.o~m~nce 

spe·cifteaíio~) del ,piso,· ~al~~ cQ.m.~ .. qu~:é.~t~ .sea ant~_der;fae~~~~:-~ ;t~r,n~i
··co ,para que:no'se r:es.balen,o. r~s~rí~n.las p~rs.o~~'~resistente al ataque 
de agua, detergentes.y desechos,-lavable e imp.er_me~le._._. :; .\":¡ ~· .. ·., 

- !11 ... -- . - ..... 

. Las especificaciones de funcionamiento sirven a su ve~ de hase al es-

' tablecimiento de la.s especificaciones d~ ~~oycc:to rnalcmt!es y de ~n:-

1 

ducción, admilicnd? o vedando la po!'nluhda~ de '!clcrmmados mate
riales y sistemas de producción . .En esta etapa mtcrvtcnc fuertcmcnle el 

1 

análisis de recursos, pues depende de la disponibilidad de rc~u~os el 
que se restrinja la gama de posibilidades de materiales y procedimientos 

de producción y co~strucción. . . 
Las especificaciohcs de proyecto de los d1versos s1stemas supereslruc-

turales deben dcfini~ los aspectos siguientes: 
,1 

C.l Especificaciones de funcionamiento. 
C.ll Restricciones geométricas. 

C.lll Dimensionales. 
C.ll2 Formales. 

C.12 Restricciones físico-químicas. 
C.121 1\lccánicas. 
C.l22 Acústicas . 
C.123 Térmicas. 
C.124 Opticas. 
C.125 Electromagnéticas. 
-C.I26 Químicas. 

C.l3 Restricciones estéticas. 
C.l31 Colores. 
C.132 Texturas. 



C.2 Especificaciones materiales. 
C.21' Materiales admisibles. 
C.22 Materiales inadmisibles. 

C.3 Especifi~aciones de producciún. 
. -C •. 3.f Procedimientos admisibles. 
~- c:32 Procedimientos inadmisibles. 

Para ilustrar el significado de estos aspectos que se han de abarcar en 
la especificación dé los sistemas superestructuralcs, se puede considerar 
el casó de las especificaciones de proyecto de las puertas de la sección 
quirúrgica de un hospital. 

Si las puertas han de servir para actividades tales como el paso apresu
rado del-personal y de camillas, y para aislar mecánica, óptica, ad1stica 

. y biológicamente los locales en que se realizan las actividades quirúrgi
cas~- se infieren de esos hechos las restricciones ·dimensionales y geomé
tricas ~e', ~as puertas, así como sus restricciones físicas, químicas, 
estéticas y de seguridad, definiendo subsccucntemente la gama de mate
riales y '¡)rócedimicntos productivos admisibles en el diseño de ese sis
tema de puertas. 

D. El sistema estructural e infraestmcturaL El sistema estructural 
tiene como función básica resistir las cargas del edificio y canalizarlas al 
sistema infraestructura!, es decir a la cimentación, el cual a su vez los 
transmite al subsuelo. 

Estos dos sistemas íntimamente relacioñados, son de tipo asociativo. ' ' ' 

l f 

'' - :/. 
Para ambos sistemas es sumamente vcnfajoso definir cspecificaci'ones de 
proyecto antes de proceder a su solución. 

Conviene aclarar que estas especificaciones se pucclen cl.llJOrar en 
gran parte tan pronto como se han dcfini(lo las espceificacioncs de pro
yecto del sistema de espacios, aunque hay que admitir que cierta frac
ción de los mismos sólo puede definirse subsccuentemente al iniciarse la 
solución arquitj

1
ctónica del sistema de espacios. 

Las espeófic1~ciones de proyecto de la estructura e infraestructura, 
deben definir los aspectos siguientes: _ . 

1 

' 

D.i Especificaciones de funcionamiento. 
D.~ 1 Restricciones geométricas. 

D.111 Dimensionales. 
D.ll2 Formales • 

D.12 Restricciones mecánicas. 
D.l2l Cargas vivas permanentes. 
D.122 Cargas vivas accidentales (viento, si::mw). 
D.123 Cargas muertas. 
D.124 Características del suelo. 

D.13 Restricciones estéticas. 
D.2 Especificaciones materiales. 

D.2l Materiales aurnisiLlcs en la solución de la estruetura. 
0.22 Materiales inaumisiLles en la solución de la estructura. 

0.3 Especificaciones de producción. 



0.31 Procedimientos de construcción y producción admi· 

&ibles. 
0.32 Procedimientos de construcción y producción inad-

misible.s. 

Correspon~e definir, en las especificaciones materiales, si es ad_misible 
o no intentar- una solución en concreto armado o madera, por ejemplo. 
Asimismo se define en las especificaciones de producción la admisibil_i· 

~ dad de buscar soluciones que impliquen procedimientos de prefabra· 

cación o de realización in situ de la estructura. 
Para la definición de todas estas especificaciones de· proyecto de la 

estructura y la cimentación, hay que remontarse, como en el caso de los 
demás sistemas, al análisis de las actividades, el sitio y los recursos. Las 
cargas vivas permanentes, por ejemplo, se definen en función d~ las acti
vidades, mientras que las carga~ vivas accidentales de sismo y ~~nto, así 
como la resistencia del terreno, se determinan -en función·del s1tto. 

Las actividades determinan también, en gran medida, las restricciones 
dimensionales de la estructura, ya que los claros y alturas de la estructu
ra no deben interferir con las actividades. También los recursos inter
vienen en la definición de las restricciones dimensioualcs y materiales, 
una vez que se han determinado los claros mínimos aceptables para las 

actividades. . . . 
Tradicionalmente se ha definido la gran mayoría de las espcctftca· 

ciones de proyecto de las estructuras en la etapa tardía de la solució~ Y_ 

el diseño. No hay razón alguna para que la labor de especificación se 
_. realice tan tardíamente y en una forma casi implícita, impidiendo tener 

una noción clara y coherente del problema estructural antes de procc-
1 • der a su solución particular, dentro del marco general del conjunto de 
• 1 sistemas que integran el edificio. La especificación de los sistemas es
;' 

tructural e infraestructural puede iniciarse tempranamente en el proceso 
de programación del problema arquitectónico, y culminar en sus aspec
tos fundamentales antes de proceder al proyecto y diseño de la estruc
tura y cimentación. 

! ¡ E. El sistema de los muebles. En rigor los muebles no forman parte 
de los edificios. Su propio nombre denota que son objetos móviles, que 
no están físicamente unidos a la construcción. Sin embargo, si se toma 
en consideración que éstos permanecen constantemente en el edificio 
como si fueran parte del mismo, y que guardan una íntima relación fun
cional con él, se comprende la necesidad d~ que la programación de to
do problema arquitectónico abarque también el conjunto de muebles, 
que forma un sistema propio. 

:' 

El procedimiento de programación de los muebles no es diferente, en 
principio, al de los demás sistemas de un problema arquitectónico. Para 
definir las restricciones de los muebles hay que remontarse a las activi
dades que se han de desempeñar con estos objetos. El análisis de acti
vidades se ha de completar con la investigación de los factores del sitio, 
para integrar el conjunto total de l~ restricciones. El sistema--de espa· 
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cios arquitectónicos proporciona un adecuado marco de referencia para 
realizar la investigación en forma sistemática. 

Como ejemplo se presentan a continuación las restricciones, que co
rresponden a un problema hospitalario hipotético, a los mostradores 
para atender al público. . 

La investiaación de actividades por desempeñar en el mostrador Cita
do, ha de pe~mitir conocer el número máximo de personas del púb~ico 
por atender oahí simultáneamente, el número de empleados q~1e realiza
rán tal actividad, los diversos objetos instrumentales requcndos, tales 
como teléfonos, interfonos, máguinas ~e~crib_ir, kárde?',_!o& v~l~_mencs _ 
y-tipos cÍe docu~,e~tación qu-e -s~ ·~·s;u.án,- así .como -la forma en que se 

desenvuelve el proceso de atención al público. • 
Este conjunto de datos relativos a.las actividades que se desempena~ 

en el mueble, sirve de base para elaborar subsecuentemente las -~specl
ficaciones de proyecto del funcion¡¡miento, materiales y produccw~. 

LOS CRITERIOS 

El planteo de las restricciones de un problema arquitectónico no es sufi
ciente para su determinación completa. Se requiere que se definan, 
además, los criterios que han de regir la solución y que han de permitir 
optar por la mejor entre varias soluciones, pues mientras que las rcstric-

: ¡ ciones permiten comprobar la validez de las soluciones, los criterios no 
impiden comparar su mérito relativo. 

Una solución de un sistema sólo puede estar en dos condiciones posi
Jl 
'· bies respecto a una restricción: la satisface o no. En cambio desde el 

punto de vista de los criterios, una solución se distingue de otra por 
el grado relativo en que posee las cualidades que se enuncian en esos cri

, · terios. Por consiguiente, para determinar plenamente un problema y po-
der optar racionalmente por alguna de las soluciones posibles, hay nccc

~ mdad de recurrir a los criterios que han de normar la solución. 

1 Los criterios más importantes que norman la solución de los difcrcn-
, ' tes sistemas de un problema arquitectónico se enuncian a continuación 

en forma general, requiriéndose naturalmente mayor profundidad en la 
medición completa de los mismos. Los criterios normativos básicos son 
los siguientes: 

l. Funcionalidad (mérito funcional). 
2. Presentabilidad (mérito estético). 
3. Costeabilidad (mérito económico). ·-



4. Operabilidad (mérito operacional). 
5. ~onservabilidad natural. 
6 • .Mantenibilidad (facilidad de reparación). 
7. Aseabilidad (facilidad de asco). 
8. Conslructibilidad (mérito constructivo). 
9. Seguridad (contra meteoros, robos, etcétera). 

~ara cada problema particular hay que plantear los criterios evaluati
vos por utilizar, jerarquizando su importancia relativa en el problema en 
cuestión. Hay problemas en que la seguridad toma prioridad sobre to
dos los demás criterios, mientras que en otros el mérito funcional o el 
estético pasan a primer término. 

El problema de la medición del mérito de soluciones competidoras ha 
sido abordado desde un punto de vista muy especial por la economía dé 
la ingeniería, construyendo escalas monetarias de calificación. Estos 
mismos procedimientos de calificación pueden realizarse utilizando es
calas diferentes a las monetarias para aquellos criterios que no se pue
den medir con relaciones de costo/beneficio. 

Sin embargo, aspectos tales como la operabilidad, conservabilidad, 
constructibilidad y aun la seguridad," son todos reducibles a r~laciones 
de costo/beneficio. D 

, ___ T:ambién-=es=f:actible-utilizar escalas de mérito basadas en indicadores 
indirectos que permitan calificar las soluciones con respecto a los crite
rios. La operabilidad de una solución hospitalaria no sólo puede ser 

medida directamente en base al monto de los sueldos del personal y los 
gastos de operación del equipo, sino también a través de indicadores 
indirectos simples como el número m2 de circulación por cama. Estos 
indicadores indirectos sencillos pueden much~s veces substituir compli
cados estudios económicos, difíciles de realizar en las etapas tempranas 
de un proyecto. 

Los criterios que han de normar la solución de un problema arquitec
tónico son el complemento de sus restricciones externas e internas, inte
grándose así el cuerpo completo de especificaciones gencralcs~dcl pro-
blema particular. -

SINTESIS 

~os métodos tradicionales de la programación arquitectónica son insufi
Cientes para adecuar los proyectos a las necesidades de los usuarios 

. La ciencia de sistemas puede hacer una apreciable contrihución. cam
biando el alcance y los métodos de la programación arquitectónica sub-
sana~~o esas deficiencias. ¡, ' 

_Ut•.hzando el p~nto de vist~, de sistemas, se puede visualizar todo 
edi~CIO com~ un srs~ema compuesto por otros sistemas y subsistemas, 
hacaendo posrble aphcar la metodología de la ciencia de sistemas a estas 
unidades. . 

. Los sistemas básicos de que consta un edificio desde un punto de 
VISt~ funci~nal, son la infraestructura .• la estructura, la supercstru~tura y 

. las mstalacrones. En cambio desde un punto de vista morfolórrico el 
1 d'fi . d o 1:1 _e • ~cr? se pue e desgl~sar en s1stcmas y subsistemas de espaci~s arqui-

tectomcos (locales, seccrones, servicios}. 
El de~lose de todo problema arquitectónico en sus sistemas compo· 

nentes llene, ante todo, el mérito de proporcionar un adecuado rrrado 
' de au!onomía a cada sistema, delimitando adecuadamente el c~mpo 
' profesiOnal de los diversos especialistas y proporcionando su colabora

ción para la optimización del problema total. 
La labor de programación ha de consistir entonces en plantear para 

cada proble_ma el cuerpo completo de sus especificaciones de proyecto, 
que son básacamente de tres tipos: 
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l. Especificaciones de funcionamiento (performance specifications). 
2. Especificaciones materiales (material specifications ). 
3. Especificaciones de producción (production specifications). 
Estas especificaciones son anteriores al proyecto; y sirven de referen

cia común a todos los proyectistas que presentan soluciones alternativas 
del problema, expresando todas las restricciones y requisitos que han de 
respetar y satisfacer en el proyecto. 

La determinación de las especificaciones de proyecto tiene que re
montarse al análisis de tres factores objetivos, a los que se denomina 
facto~es externos, en los que reside la génesis de las especificaciones de 
proyecto. 

Los análisis de estos factores son tres: 
l. Análisis de las actividades de uso del edificio, de los futuros ocu-

pantes. 
2. Análisis del sitio o medio del edificio. 
3. Análisis de los recursos disponibles. 
El análisis de estos tres factores objetivos permite deducir las carac

terísticas que debe reunir el edificio por proyectar, los c..1ales se expre
san en las citadas especificaciones de proyecto. 

El desglose del edificio en sistemas tiene un alcance todavía más pro
fundo. Es el enfoque que corresponde a la era industrial de la arquitec
tura, en que los edificios, más que construirse artesanalmente, ya se 

--'---===empiezan a-producir como objetos auténticamente-indust-r-iales. 
La producción industrial es por naturaleza de carácter masivo, estan-

1 ¡ ., 
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· darizado y repetitivo, realizando partes comunes para diferentes pro
blemas. 

Para poder adecuar estos componentes parciales industrializados a los 
diferentes problemas arquitectónicos, hay necesidad de utilizar el enfo
que de sistemas, que permite que el industrial pueda producir los siste
mas que se demandan, y que se expresan en las especificaciones de 
proyecto. 

Una arquitectura industrializada sólo puede existir y evolucionar ~i 
está relacionada con las demandas a través de especificaciones que le 
permitan descubrir las demandas comunes de los diferentes problemas 
arquitectónicos, estandarizando y uniformando su producción en la me
dida de lo posible, sin restringir innecesariamente las soluciones arqui-
tectónicas. -
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GESTIONES Y TRAMITES PARA LA OBTENCION DE 

LICENCIAS PARA LA CONSTRUCCION. 

l. - Solicitud de licencia construcción. 

2. - Solicitud de alineamiento y número oficial. 

3. - Solicitud de instalación de agua. 

4.- Solicitud de conexión al drenaje. 

5.- Solicitud para aprobación de la Secretaría de Salubridad. 

/ 
) 

) 
! 

l 
1 

6.- Solicitud para instalación de gas ante la Dirección General de Gas. 

7. - Solicitud antropología e historia. 

8. - Manifestación de terminación de obra. 

9.- Permiso S. I. C., para instalación de enrgía eléctrica. 

'mcpm. 
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NOMBRE R. F. C. 

DOMICILIO TEL. 

No. DE REG. 1 No. DE GRUPO 1 

VALOR DEL 
$ 

SUPERF. TERRENO Mz SUPERFICIE POR CONSTRUIR 
TERRENO 
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2 
~ 

3 

4 
SE ANEXAN LOS DOCUMENTOS SIGUIENTES 

5 
DE TRAMITE TECNICOS 

6 

COMPROBANTE No. OFICIAL PLANOS AROUITECTONICOS 7 

COMPROBANTE ALINEAMIENTO PLANOS ESTRUCTURALES 8 

COMPROBANTE CERT AGUA MEMORIAS CALCULO 9 

MANIFESTACION TERMINAC. CONDOM. SALUBRIDAD ID 

AUTORIZACION UBICACIDN CDNOOM.AGUAS 11 

12 

1 13 
¡ 

~ 14 

TOTAL 

PROPIETARIO -

NOMBRE R. F. C. 

DOMICILIO . 
COLONIA l Z. P. 1 ·TEL. 

OCUPACIDN -.. 1 NACIONALIDAD 

. 

PROPIETARIO PERITO REVISO AUTORIZO 

...., 1 Y 2 DEBERAN SER LLENADOS POR LA OFICINA 
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t10l:AS: ANTES DE ENTREGARLA FAVOR DE VERIFICAR QUE ESTEN LLENOS TODOS LOS 
RENGLONES QUE CORRESPONDAN. 

1. Esta fo1ma se presentaré por duplicado. 

2. Para el caso de licencia de obra nueva se anexarán los siguientn documentos: 

a) Certificación de agua en la misma solicitud (por el re~erso) o Boleta de Agua. 

b) Núm. oficial y alineamiento (por duplicado). 

e) Memoria de cálculo (por dupljcado). 

d) Planos estructurales (por duplicado) 

e) Planos arquitectónicos (mínimo dos juegos). 

-· 1 

f) En el caso de que la construcción sea casa habitación unifamiliar, anexar declaración específica, 

del director responsable. 

3. Para el caso de registros de obra ejecutadas 1in licencie; se anexarán los siguientes documentos: 

a) Solicitud por duplicado. 

b) N(fm. oficial (por duplicado) 

e) Manifestación de terminación (por duplicado sellada de recibida). 

d) Planos arquit~ctónicos (dos juegos mínimo) .- ·. ~ ; 
' ' ,! ' ' ~ \ ' 
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,. LUGAR PARA EL CROQUIS QUE SE DEBE HACER CON TINTA 
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AAJEKD Z, 
SOLICITUD 'DE ALINEAMIENTO Y NUMERO OFICIAL 

C. DI RECTOR DE PLANIFICACION DEL DDF. 

OFICINA DE LICENCIAS DE CONSTRUCCION. 

El suscrito solicita le sea dado Alineamiento 

Número OHcial 

que corresponderá al predio que act:ualmente tiene el número'------------- de la 

calle según los datos que se 
consignan en el croquis al reverso, en la inteligencia de que la entrada que s~ proyecta está 
situada como se indica en el croquis. 

Boleta de Contribuciones Núm.----------- Manzana ______ Lote _____ _ 

Calle --------------------Colonia 

Obra que se va a ejecutar ___________________________________ __ 

México, D. F., a de _________________ de 19·---

Nombre completo del Solicitanté. 

F 1 R M A 

Nombre completo del propietario ---------------------------

El propietario del predio se hace responsable .de los dat:ot y croquis que se presentan. 

Restriccioness 

FIRMA DEL PROPIETARIO 

PAPF.I,F.RIAI!I GRAFOS, S, A, 

PORTAL OE STO. DOMINGO LOCALES E Y F TEL. 5ll·ll·l8 
D R L A V 1 S T A 1 4 J , , (FRENTE A LA TESORERIA) 
1o1 E X 1 C O 7 , D , F , TE L S, 588·16-57 SU·Ol·tl , 

/ 

., 
• ' '~¡ 

'r '', 

AUTORIZO 



LUGAR PARA EL CROQUIS 

IMPORTANTE: TODOS LOS CROQUIS DEBERAN SER A TINTA. ESTE DOCUMENTO 

OEBERA PRESENTAR TACHADURAS NI ENMENDADURAS. 

; ' 

' .. , r. ¡' , • 

í'' ·r, .. ~trt: ,., ''Jl 

l'•'' 

/ 

NO 

. . ~ ~, ; ! ,· 

•• 1 

DATOS QUE DEBE CONTENER EL CROQUIS DE LA MANZANA Y EL PREDIO: 

NOMBRE DE LAS CALLES QUE LIMITAN LA MANZANA, DISTA~CIA DE LAS DOS ESQUINAS A LOS LINDEROS DEL 

PREDIO, DISTANCIA DE UNA DE LAS ESQUINAS A LA MITAD DE LA ENTRADA DEL PREDIO, MEDIDA DEL FRENTE 

O FRENTES, FONDO DEL PREDIO Y ORIENTACION. 

O E P A. H T A M E N T O O E L O 1 S T H ll ~ F E O E H A l 
DIRECCIDN GENERAL DE PLANIFICACION 

OFICINA DE LICENCIAS DE CONSTRIJCCION 

Sección de Alineamientos y Números OHciales, Comprobante Núm. __________ _ 

Esta Oficina asignó el N6mero Oficial Al predio ubicado en _____ _ 

Colonia 

México, D. F., a __ de _______ de 19--

EL JEFE DE LA SECCION DE 

ALINEAMIENTOS Y NUMEROS OFICIALES 
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·~ J 

REGI~IRO ___ _ EXPEDIENTE.-----

OEPARTAMENTO DEL DISTRITO FEDERAL 
011ección Grel. dft _ AguiS y S.neamiento. 

Olicin• de Con .. •ona y M;.ciiclora. 

Presente. 

SOLICITUD para---------------------__ _ 
tlnetahu of.n, Ano11liaei6D o tamhin dto lnpr) 

_ ____ d. 

una toma de egue para----------------------- de _______ mm. 
Predio, IDduetria, f'omereio 

de diámetro _________ materiales, de acuerdo con las siguientes 
cenn n mol 

ESPECIFICACIONES 

UBICACION: Núm. ______ Calle---------------------

~- ·· ,. ,:Colonia-----~-....... _....------~=-----:-- Delegación ------..,...,._v-T------.. ,..-
' •"'.!t' 

.J Destino del predio----------------- Bta. Predial -------------

1 Nombre del P•opietarÍO-----------------~--------------

"'! 

1 
..: 

l 

Dom. Particular Núm. _______ C.IIe _____________ Col. 

OBSERVACIONES:--..;,__-------------'----------

NOTA:· Estoy confonne con le cuata que M 1plique 1 esta lo1111, de Kuerdo con el dlímetro y DIO de la mi.,. y trn derecho et 

posterior •ecl•mecl611. 

México, D. F. a __ de ______________ cle19 _ 

rt -.-- ·._ •••. ,-'! 

CERTIFICADO DE LA OFICINA 
DE NUMEROS OFICIALES. 

El Nímt. _____ a oficial. 

... o 

firma 

..... 



;. 

'::;: 

.. . ~'\, ~ ' 
- ' ':,.,.¡ 

r::,.l_ 

i.., i }. 

INSTRUCCIONES: 

1.· ln solicitut:la so romutlorón por TRIPLICADO. 

t.-

,.¡ 

r'1 

J 

J: 
1 

l 

Ol 
l 

En el predio dQborá lijm~ el número oficial y señalarse el lugar JN!ra la toma. o ¡ 
3.- las lomas se inst.larín en la entr&~da prinCiJNII del predio y sólo en casos especiales se concederán en locales ptrte· 1 

necienles al mismo y siempre que tengan acceso directo de la Vía Pública al interior. :l 
4.-

. .J 

Los presupuestos y órdenes de p.¡go serín recogidos por los interesados en la ventanilla de .. Presupuestos de Tomas" 

• ;:_ ';- \::-.:.:--· ...,_-' 1 ~-.... '~·¡ .r_ ~·~~- •• •, . -.: ~1.i~, l 

5.- Oueda a le elección Clel solicitante el proporcionar o pagar los materiales necesarios para las instalaciones de 12mm. _,. ~ 
(%"),siempre que no sea dentro del primer cuadro, en donde invariablemente los interesados lo proporcionarán, ' 
así como para ampliaciones, cembios de lugar y reducciones, en cualquier ·parte que se solicite. ,-; 

L_) 
6.- Se dibujará un croquis de la man1ana en que se encuentre el predio, con los nombres de les calles que le limiten, 

señalando la distancie de la esquine mís cercena al luger donde se deba de Instalar la toma. , ¡ , 

' .. -; 

lUGAR PARA EL CROQUIS: 
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SOLICITUD DE APROBACION 

RECIBASE CON 
AUTORIZADO POR-----

Sup. Total de Terreno 

--------------- M2. 
Sup. construida en los 
distintos niveles. 

S6tano M2. 
P. B. ___________ M2. 

Mezzani.ne _______ M2. 

lo.·· M2. 

3o.-

4o.

So.-

6o.-

7o.-
8o.-
9o.-

10o.

llo.-

12o.-

13o.-

14o.

lSo.-

---------------- M2. 

----------------- M2. 

----------------- M2. 
--------------- M2. 
---------'~----' M2 .• 

------------- M2. 

------------- M2. 
M2. 

-------------- M2. 

------------ M2. 

--------------- M2. 
-------------M2. 

M2. 

------------- M2. 

SUMA TOTAL ------- M2. 

Sup. Cubierta por la 

Ampliaci6n ------- M2. 
Sup. no construida 
-----------------'~--M2. 

DERECHOS: $ ---------------

,PAPELERIAS "GRAFOS~·· ·S.A;." 
PORT.STO.DOMINGO LOC. E-F. 
DR. LAVISTA No. 143. 
TELS. 521-12-88 y 588-16-57 

/IHeK" ~ 
SECRETARIA DE SALUBRIDAD Y ASISTENCIA. 
DIRECCION GRAJ,. DE SALUBRIDAD EN EL D. F. 
DIRECCION DE INSPECCION SANITARIA¡, 
INGENIERIA SANITARIA. 

P r e s e n t e. 

El que suscribe , 
~R~e~s-p-o~n~s-a~b~lre~o~p~r-o~p~l~e~t-a_r_1~·o-.--------

Con Céd. de la D~rec. de Profs. No. ------------
y con domicilio Prof. 

Solicita la autorizaci6n, de acuerdo con el Reglamen
to de Ing. Sanitaria, de los planos que se anexan con 
los siguientes datos: 

OBRA POR EJECUTAR ~~~~~~--~~~~~-~~~--
Const. Nueva, Reconstruc., Ampl., 

Modific_~cl6n, '-~egularizaci6n. ;,~. ·:_> 

AVANCE DE OBRA ----------------------------
DESTINO DE LA OBRA 

Casa H~b.,Deptos., Cond., etc. 

UBICACION DED PREDIO: Calle 

No. ____ _ Col. ______________________ Z.P. 

NOMBRE DEL PROPIETARIO 

DOMICILIO DEL PROPIETARIO: Calle 

No. _______ Col. _________________________ _ Z.P. 

México, D.F., a __ de ______________ de 197 

FIRMA DEL PROPIETARIO FIRMA DEL RESPONSABLE. 

Constancias de que existen los servicios frente al 
predio. 

No. Of. Agua Albañal ---------- --------- --------
Esta solicitud deberá presentarse llena a máquina por 
cuadruplicado si es REGULARIZACION o quintuplicado si 
se trata de OBRA NUEVA, dibujando en el reverso de -·
una COPIA el croquis de localizaci6n del predio debi
damente acotado. Se debe anexar a esta solicitud, -
INICIALMENTE UN JUEGO DE PLANOS QUE INCLUYAN: PLANTAS 
CORTES, FACHADAS Y CROQUIS DE LOCALIZACION, INSTALA-~ 

ClONES SANITARIAS, HIDRAULICAS E INST. ESPECIALES, y 
demás ordenamientos que marca el REGLAMENTO DE ING. -
SANITARIA RELATIVO A EDIFICIOS, EN VIGOR. 
El responsable, deberá estar debidamente registrado -
en esta Dependencia. Todos los planos deberán estar 
numerados y firmados por el propietario y el responsa 
ble. Los datos consignados en esta solicitud quedan
bajo la responsabilidad de los solicitantes. 
sírvase·- pasar- a la ofna. de irig-. sanitaria 10 días -
DESPUES DE ENTREGADA SU DOCUMENTACION EN LA OFICIALIA 
DE PARTES. Si en 30 d!as no se recaba informaci6n so
bre esta solicitud, será CANCELADA. 

/ 
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RHG. NUM. __ _ 

Ml!:SA DE 

CONEXIONES 

,' 1 

:lfRSA DIC 

NUMEROS OFICIALES 

SBLLO 

1 f 

' ·i 

BL ---- BS NUM&KO 
OFICIAL 

AUTORIZACION 

PAVIMaNTOS 

9 B L J, O 

' 
' 

PAVIMBNTO------

SHU.O DB RBO, Bol,, 

PTO. NUM __ _ ORDEN DE TRABAJO --
.México, D. F. a-~-----'--------

Co DIRECTOR GRAL. DE AGUAS Y SANEAMIENTO. 
OFICINA DEL SERVICIO DE SANEAMIENTO. 
PRESENTE .. 

---------------.Propietario de la casa Núm ---"---

de la calle ----------Colonia------------

--------con domicilio particular en la casa N6.m. ------
de la calle ___________ Colonia. ___________ _ 

Solicita para la primera la ---------------manifestando 
que la banqueta es de y el pavimento. ____ _ 

PIQ.MA URL INTBRBSADO 

MANO DE OBRA 

--_-__ Mts. Tierra a$ ___ M·t_.:--~-
----, , Empedrado a f, __ 1 ,----

----, , Te petate a $ ___ , , ----
---- . , Emparrillado a $ ___ , , POR OlA 

---- , , Pavimentos a f, ___ 
1 1 

___ _ 

Ioo% sobre $ por trabajo urgente 
50% sobre $ por trabajo de noche ------
Por--- inspección( es) ------------ $ ------

REPARACION DE PAVIMENTOS 

____ Mts. Empedrado a$ !Vtl ___ _ 

---- , , Cemento (banqueta) a$ , 1 ----

----, , Macadam a f, , •----
----,, Asfalto af, , , $ ------

IMPORTE TOTAL $ -----
Fecha del Presupuesto: México, D. F., a _____________ _ 

BOLETA DE PAGÓ ·POR MANO DE OBifA-'NUM-_____ _ 
BOLETA DE PAGO POR REPARACION DE PAVIMENTO NUM __ 

Fecha de la orden de trabajo: México, D. F., a------------
Presupuesto _p • O. EL JEFE DEL SERVICIO 

DE SANEAMIENTO 

BLINSPHCTOR 

DATOS DEL PRESUPUESTO AL SERVICIO·--------

CO~OilMlDAD DEI. PROPU.TARIO 

FIRMA 
~ ' f - ' 1 • • ' • ~ " 

,• ' 
,. 

,, 

INSTRUCCIONES 
A LA VUELTA 

KOTA:- las anuloau u emparrillado y aacrtla deberia co~rme seg6o el costo al coodolr la obra. 
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JMSTRUCCIONBS OH CONSXIONBS DB ALBARAL 

Req•risitos que deberá llenar el interesado. 

J.-I.a solicitud se forwularé por triplicado,coate11iendo 
el croquis correspondiente e u el Jugnr que abajo ae lndka. 

11.- Se r.:cabará el sello del N6mero Oficial ea la oficina 
corrPspondieute. 

111.-S@ prebentar á la solicitud en la Ventanilla de co
Dell:ioneM de albañ.tl del Servrcrode saneamiento (Cuarto Piso) 
del ex-Palacio Municipal. 

IV.-Las boletas que por concepto d .. Mano de Obra y 
tepsrsclóu de Povimento se le eztten!le al rntere&ndo IH& de
l•rrá c~tbrir en la caja Núm. 19 del propro Departamento. 

'".-Deberán presentarse dichu boletas en 1~ Ventanilla 
J·· ~:ou•..c:1one9 para su registro, cuando el material de la lleta 
'!"e s: ¡Jroporc1oue al rnt~resado se encuentre .:a el lugar pre .. 
1:. ~o de la obra y a d1spooicion del Servicio. 

V 1.-s¡ al hacer la n•vis1ón no se eucuentran los mate
dale9 ea la obra. tncurnráu en un recargo de mano de obra 
q11e deberá cubrirse para poder hacerse la conexión. 

VIL-Todo material n(• reglamentario ae1á recha.tado. 

l.li\IPIAS Y RBCONSTRUCCIONBS DBL ALBAÑAL 

1-Bl interesado localizaré la salida del alba6al y hnbr4 
alempre persona que ID forme a los operarios. a6a cuando el 
trabajo deba venfic.trse de noche y proporcionar el cemento 
necesario para loe taladros. 

II.·Si al practicara~ la limpia ~e encuentra que ea ne
cesario reconstruir el atb;Aal, ee dejará una nota. 

111.-BI iatereaado eat' obligado a proporcionar loa ma- · 
teriale• de acaerdo coa la Hata que ae le eatregue en la Ofl-
dua. ··) 

NOTA GHNBRAJ..:-Lo& trabajadores no están autoriza
dos oara exigir ¡r11tlficacr6n nt salario extra por la a obres que 
ejecuteo, por cons•¡ueotc la Direcc16a no 11e hace reapoosable 
de otros pagos hechos fuera !!e la CaJa Ofrcial. 

PARA SBR LLENADO BXCLUSIVAMBNTB 
PUR Hl. SBRVICIO 

Hjecutadael---------------------------------------

Bjecutadapor------------~-------------------------

Obra peod leo te------------------------------------

Fa Ita de materia 1--------------------------------
Material inco1n pi eto ----------------------------

Material no Relll ______________________________ _ 
l'or no haber quien [nf __________________________ _ 
1 naerctón por atarjea ___________________________ _ 
Hay preparación _________________________________ _ 
No bay preparació~~-. _______________________ y falta por 

cooectar _______________________________________ ___ 

OBSHRVACIONBS ________________________ _ 

Devuelta a la oficina el ______________ _ 
Revisó el material ________________ _ 

· Sobreataate 

LUGAR PARA. EL CROQUIS 
- .. 1 • ' 1 1 
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Se dibujará el croquis de la Manzana con los nombres de las calles que la limitan; localizando el prl:íJ 
dio e indicando el lugar de la conexión, as[ como la distancia entre el eje de ésta a la esquina más próxima. 
En el predio deberá hjctrse el No. Ohcial y mediante una señal visible indicar el lugar exacto donde debe~:! 
quedar la conexión. 

¡. 
i 
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SIMBOLOGIA CONVENCIONAl. EN CUMPLIMIENTO 

DEL ARTICULO '4a OEL REGLAMENTO OE IN

GENIERIA SANITARIA RELATIVA A EDIFICIOS 

'Diario Oficial de zo de MaJo ele 1964) 

r~· 
Tomo clom•ciliorio -6-0-M- 1 

.. -0-J 
1 
1 Aeuo frfo 

A1110 cal ,iento -··-··-·· l i 
Retorno ele ae11o caliente ___ ... 

1 1 
1 : 
1 ! 

1 
Tlnacoe 

Chtern0 

Equipo de bombeo 

lE q u 1 po llich o neu mátlco IID-&--C:::J e;::::;::> 
VÓiuto.fG1obo - '· --t-:r- , ~ ;; ~ 

tcomp•erto -.c><t- --s)-

.. Liant 

AlbaFtalet ocultoa -__._- - .--- .-- ,. ·, 

~;- .. Albaftol.. wlaiblee ,,. 
• < • 

ReQis"n• COA cierro aJustado -·-@·-·-~ 

Reglatro1 con ciurre ller111étlco ~ 
' ~ 

Cola41Gif01 COII fljllla ,•' ® 
Tubo wenllloclor 

Calo de e rasa -o-·-
Fosa tépllca ·'• ~--

...,; 
• 1 
1 
1 
1 

w 
o-

Orante -· ::.:::~. =·-· : ' ~---·~ 

::=:::.3 ' ~~--;-
Baladae aeua1 neoroa 8 b,O.!' 1

11 
Bajodaa OIJUOI ,luwialet o ,b.a,p. 

Slfan .. .·--'\r- ~-o-otlturador llhlrdvtlco tipo bote ---<r--

. ,• 

•¡, 

41 

1' 1 ... - ,- '-""" ... 

E acuoado [!:) Gu 
Mlnoltorto {> ~. 
Bldet Q) í? 
Lawatto :''-g] 

~ ._, 

Tina 

Fregadero 

Regadera 

Ver tedero 

Lowodoro 

LawoderC' 

Bebedora 

Refrigerador 

Caldero e 

Equipo de aire acondlclonodo~ 

Alberca 

Chh .. neoo 

Bote de bnaro 

Patttao . 

' ' Hura 

Ventano 

Patio 

Tragolul 

Llnternllla 

/, ". ~ t, . 

\· 

<=- e 

rtr . 
-~ .. '• 

' 

ll 
,'• 

~ 
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C • COlTSTRUCTOR.A VE'l'p 
CALLE !MIO 
NUMERO 335-403 , 
CO!·ONIA BOD 
Z. P. 7 

' . ' 

' .. 

ASUNTO: 

... 

... 

1 ~-·--------~~?-~~---------
NUIMSRO CID.. ~-2-..:::~'::"'-"¡""'.-_,:.._zet------
EXAOIIEHR 12,5-YJ:-.512(16) /10Jl • 

. :n .. ~ l 
1' 1 

' !1 

., 1 

i .. ::¡ 
• ====~~:E============~-=====~~ ., '1 

·.··¡ 

Si~ APRTJEBAU PLA~OS. 

' 

'México' D. F. t se o JU~. l~2 ---....__ 

. / 

¡:.: 1 
JI 

'~ 1 ..... 1 

. 1 
- -.! 

..... j 

., 
'11 . ' 
·,,! .. 

' 1 
,_ 1 
'· . 

' ,,,1 
1 t•¡ 

.:- ·. 1 

1 
... ~ i 

En resf.-u.esta a su solicitud, registr~ de entrada No •. .- .-:! 
42166 cl0 11 do I483o/72 mani l' ... :,tamos a usted que se aprueban los planos. :-)\ 
bajo la exclusiva responsabilidad del C. Ingo Julio Colon Vioic.na11 C_tldo ··-"·t ·"l 

Prof'. llo. 101657 , planos que present6 y según los ./ ¡· 
cuales construirá una oasa Babitaoi6n en el lloo 29 de le oelle ProgreliJo en .. ;, 
la Col. 0o10aob de esta oiudad, propieclad de Oonst:ruotora Vet 9 Bo Ao . _, ~:¡ 

' - •11 

. ·' 

Antes de cubrir las instalaciones que van a quedar 
o~ultas, deberá dar aviso oportüno _pa:t>a :JU inspecci6n • 

. ' 
. 1: 

'· .,. 1 

... 
1 - ... -~ -,,.-T .-;:' .-.-..-o ' 

'-

"' ' J' • \ ' '~ - __ ,. __ -- . ----

EGBft.l!JJl/ fift• 
' 421~6/72 

. ·- .. - l2fVI/72-

. ·- •.J 1 
·~· .·. 

' ~ 1 
--_ • _i-!:~1 i 

'.-. ~.~ 
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' ·SOLICITUD DE AUTORIZACION DEL PROYECTO DE LA INSTALACION DE GAS . 
·";"''"' ' 

p:.-:llt '' "r 

1 ¡,. 
1 t r' . ~·~ 

j . ' . ' 
~~ . -

1·-
. . 

--------~--------------------------------------------~----------.; ~ ,. t ,, 1 . ' . ' 

En cwnpl~iento a lo displ.lesto por loe ArtÍQillOs 21' 36 y demás·,''·~·\ .. 
··r " ' ' relativos· del Reglamento de la Distribución de Gas, nos permitimos - :'':·.: 

-· , , 1 l , .... 

aolioitar a esa Seoretar1a de Industria y Com~rcio, .. ·la aprobacio~ --~:;·~ J 

i:.;<al proyecto de la instalaci6n de gas L. P. l1J gas nat11ral D ,- ·-· 
~ ', 

para lo Cllal proporcionamos los sig11ientee datos: 
~ :~ •'J 

' '! 
' .. ,, 

111 b d 1 Pr : ,i ~ .,om re e opietario: _....co;,;;,;;,~•;:;,;3'!':;.;;nu,;.;;;·,;;,;C'ro=1ii;;.;,\..:Y:,;:;;ii.;,;;.'f,¡:,.e -~;.::::·"-"~ra:.-..------------ ··J.: 

Domicilio del Propietario: ____ a~_JI __ o_r._.~_•_)_~-~-~_·o_,~ __ c_ote ___ ~ ______________ __ 1 

~· 
' . ' Ubicación· de la Obra: Calle y No. PH:Gl~SO lb o :!9 .. , . 

-----------------------------------' r · t t 

· .. ·~ ·.··~J 

D '·' '' 

0., ·_· 
'' 

' 

n·· a 
~ ( -= 

'' :-J 
·~,' .. g 

·u E l •«,. o 

'' o 
' ' "C o 

' 1 

e , , 

r'1 ' Cl 
' - ' 
- -w. ... , . 

, f ' - CD 
' ,: í ut 

.,'Entre las Calles de: J\VE1mlr\ HIDAUJO Y SMJ f.!IGUET .. 
1) " 

Poblaci6nl ____ c_c_ro_n_CA_n _____ Entidad Federa ti va: ~ICO 2~9 Dp Fe·· ..... 

CLASE& ,@1 

. : I.- RECIPil!..'NTES~ 

Portátiles O 
2 t-·:m;:.:-::1 da 72 1 t:J.t o/u. 

lijo O 

·II.- REGULADOR DE PRESION. 

' . 

Cantidad: 
1 

III.- TUBERIAS. 

Capacidad: 
____ o .... , c.13~, • .....___ r.t: /H. 
------ M3 /H. 
------ l4 /H. 

' ·~--....... ' '·t' i ~ 
'}~ 

~ ~. i 

,: ' ''- ~: :, _.·,~ l 
.. ~ t ,, ~ 

~t; .} 
1¡.;: 

·.' :..r~ 
~ '~· 

Presión de salida: -· :¡J.: 
g/ 

2 ' ;: 
279 2'-> cm ·¡{; 

'g/cm2
' ... i 

g/cm2 
·· q 
·ft · · · fiL 

' lt 
' ·' 'p 

' ,' "· ' l r:' 
. .. : _·,:··· a)._, De Llenado~ · : ·- ¡¡¡ 

' • 1 J ,' f /¡ ¡~! '' r------------------------------------'-"""""1·' t; 
:: ... : , .'~,.: ~··': LÍqllido:. Material: · Tipo: Diáme.troe: · · ·- Desfogue ·. :.tf:¡ 

: ··.·' '' fSil . ¡• 
,,! ~ ,fj , 

o -~ 
, r. ~ 

·, .. 
o ... • 
"' .. 

~ 
,·' ~ 

o 
. · z 

, ' : ), . 
'· 1, 

'• 

. ' . . 
' .... ~ ·.· 

r,l 
NO . ~· . d 

--=====================================~ .:r ~· r- 1 f1 
Vapora. Material: Tipo: .,. Diámetros: ·!· 

. t' 

' f 

¡'•r, 

. l\ 
·, ~ 1 
',' 

¡ • 

' ·[ ;: i 
' ' •, 1 

' \ 
i 



\ . ',. 
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' . ;~ ' 

' ~ ,... \ 

· .. "' . 
1 

b).- De Servicio. 
,üaterial: 
CUo Welf·, 

IV.- MEDIDORES. 

Cantidad: 

·.· 

Tipo: DiáUletros: 
12ó1I:Jn 

------- Capacidad de c/u: 

- V.- APARATOS DE CONSUMO. 

Cantidad: 
1 

Tipo: 
Eotofo 4QU 

Capaciuad: 
o.,tas '4'

3 /H 
----rr'TT"'.,--- .1&3 Oo2.:;,:;> ;,~3 /H 

~.: /H 

Con los datos asentados en esta solicitud oe rPalizará 1a 1n~ 

ta 1 ación, observando además las Disposiciones c·1ntenidns en. o~ Re-

gl .. ento do la Distribución de Gas, en el Instructivo corr~.e.;.nr;dien 

te y aque~las otras que al respecto dicte la Secretaría de.Indua---

·tria y Comercio. 

Se acompaña a la presente los vlanoa ;or triplicado, de ~~ 

misma, formulados por el c. __ F_orno __ ndo __ F..;;._Bl_um __ onl_'tro_n_G_,~_, ----~ ... T~~ni 00 

' 
~esponsable autorizado por esa Secretaría y registrado con el No.E-9 

!.ugar y Fech;¡a• .. .- 00 n. bl.... • 11. 

···---~~~~ . 
- - ¿ 

Fep 2S da Abril de 1972~ 

Firma de1~tar1(• •. 
O.lld _____________ _ 

---.. ' .. 

Para ser llenado .. oor· la ·n. G. G. · 
1 .. • ' 

¡Rec_ib1ó ___________ ... ··· ,· ..... 

·Dal'vchcs 
' . ' 

1 ' > 
1 ·, • ' -

---------------------
'' ', .. , 
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,, 

,.-. 
' ' 

.. .: ·~.r ' 
• > 1 ' ' ' . 
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' . f O 
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'·. "'l. 
' :',! ... 

··o·¡ 
. ' . ' t 
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"'- ""*"4NSTITUTO 
'f="ORMA \0 AAtéJt'c j 

NACIONAL DE ANTROPOLOGIA E fi'rSTO~IA 
DEPARTAMENTO DE REGISTRO, LICENCIAS E INSPECCION 

ORDEN DE COBRO N!! 4 H 1 ¡:;;· -- ·x 
N~ -~------ CE R T 1 F 1 C A.s.J. O N_ Dh:!rt~S\~f_u;f.~;,... t~E SOR E R 1 A 

..,__ _____________ -! e_/ ~~ ···~···'· 

C. JEFE DEL O EPA R T A M E N T O O E ¿'~_.,7;1-;fo; ;' PA~T.l:~,, 'N"f ti: 280.00 · '• ' ' · V ·ro • ,. JI' ' f 1;.) Y 12 J M ., f4 t o " ~u u 

T f. S O R E R 1 A .. Y_,. A O M 1 N 1 S T R A C 1 O N "" ' V~. ~h~-1G~i1-r. _,1•1-:::1::-:\'J·...._~--:----t 
L~.~~.!A,:c.f'l,~Jé.:.'. V~"" 

• 1 •• • •• ~ • ~ • -·~-._:C:O::_:N:S:T_::R:U.:c:t:_O=RA=-VE=T~,~__:S:_:•:A::• ______ :•-:..-~""~""~-=-~--~~,·~"'~H;.!l___:~--stRvAsE REt'IBIR DE • ~ '' 

coN DO M 1 e 1 L 1 o E N ---=P:...:R:.;::O::...;G::.:RE=S::;.;O~N::.:.o.=..:... -=2.::;9 ______ __.....:co:..::....::Y:..:O:.:A.:.;C:::AN:..=.;..!!...' .....;D::..:.• . .:;,..,...:.• _______ _ 
CALI.! IOIIA IIIOIIUIIC:.IAL 

LA CANTIDAO•DE $-~~·~2~8~0_e_0_0 __ ~ 
•UMERO 

(DOSCIBNTOS OCHENTA PESOS 00/100 M.No) 
~ 1 ' •• 

POR CONCEPTO DE DERECHOS POR 

CiJ LICENCIA DE OBRA CJ LICENCIA DE.ANUNCIO CJ flF.GISTRO (=::J PERMISO 

No. 188/72 Para Solicitante 

... ,.,_c. o o ~ F 1 e ~ e 1 o N LIQUIOACION 

CUOTA FIJA 
_1.00 Dll 

1 n ill 

A-1 
IMPORTE POR M z 1.00 .. 180 .. 00 

r-------..-r---------r---------r-------~ IMPORTE POR PIEZA 

T O TAL 
2ao.on 

.J Hecho por · SPN Revisó : MGP México D F. a 9 de mayo de t9Ü 

l 
..l---- ··-·------.~ ......... -l..J... ~!.: "'·.~ . ., 

. '· 
1 ', l 
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, r -.' R Ll- 3 

·' ' ~' •' . . ' 
1
''¡ ! ·.::-."' ... f •' •• -, ) •• __ ___; _ ___;_~--..:..·........:....· ···,.:. __ ;. __ -~: 
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SECRETARIA DE EDUCACION PUBLICA 

INSTITUTO NACIONAL DE ANTROPOLOGIA E HISTORIA 

DEPARTAMENTO DE MONUMENTOS COLONIALES 

MESA DE LICENCIAS LICENCIA PARA OBRA EXTERIOR 

Puede autorizarse al .... lNG. ARMANDO RODRIGUEZ SANCHZZ. ---................................................................. -- ..... -............. -.. -...... -...... -- .................... -....... ---...................................................... . 

para .... OB.RA .. NJJE.V.AA. -----------···---·-·············--··--........•.••...........•......•.•••....••••••••••••••••••••••••••••.•••.••••.•..••••• 

en la casa Núm .......... ! ... a9 ... ~ ......... Ja de calle 'de ....... P.ROG.lUiSQA ........................ ______ , .............. . 

•..••••..........................................•••....••...•.•••.••..••••••.•..•.•••..• QQXQ.!9. A~.•---º!0 ... !.! ...................................... . 

sujetándose al siguiente dictamen: 

Fueron p'resentados a este' Departamento, 
solicitud y planos para ejecutar obra nueva, en la 1irecci6n arriba indi 
cada. 

La H. Comisión de Monumentos, en su die 
tamen del dia 27 de abril del presente año, autorizó dicha obra, la que: 
deber& realizarse de acuerdo con los planos sellados u aprobados por ea
te Departamento, debiendo continuar su trl~ite ante el Departamento del
Distrito Federal • 

'-' .... 

IECRETA,'liA ~~~ wrrc.::::r.r; ,, 
~TfTUTO IIA~IONAL ,.,", Ut3LICA 

DC ,.,¡,OPO¡IIGI~ 
E hl~ 10RIA 

... ---..,PART~Affi.'TO llf RfG 
~f , · ISJII(} 

• IICoAS f 11:: P[CCIQil 

MGP'mes 

Notifiquese la fecha en que se concluya 

SECCIBN 

México, D. F. a ... g ....... de ........... may,Q .... ; ........... d.-. ......... 19 .12..: 

EL JEFE DEL DEPARTAMENTO 

ESTA LICENCIA CADUCA AL A~O 
mE SU EXPEDICION-

1 
. 1 

' . 



NUMERO DE CUENTA DEL IMPUESTO PREDIAL .... 

NUM. DE CTA. DE DERECHOS POR SERV. DE AGUAS ......•................... 

M A N 1 F E S T A C J O .N. 

C. DIBlfCTOR GENERAL DE OBRAS PUBLICAS 
Presento . 

D. E ..... L. ··········•··· .. ... : .· •.•••••••••.•.••• .:;_. " 
(Con.lrucci6n, ompllod6n o rec:onotruccl6n) 

,. 

• ' ~ > ¡ 

J ~ 1. 'l '' ' 

................................................................... : ....... : ....... :.: ........•.........• de, profesión u ocupación ...................................... .. 

. .... .............................. originario de ... ~ ..................................................................... de nacionalidad ............................... . 

a:on domicilio en ................................................. ~ .......... ~ ............................................................................................... .. 
(Zona postal) 

Manifiesta a usted: que con f&'Cha ........................................................................................................................... . 

..... ................................ .... ....... ........ .......................... ....................... ....................................... -........................................................ ·-- ......... -...................................................................................... .. 
(So termln6 • Pa16 a ocupor oin terminar • la caoa, pieza, etc.) 

Ubicación del predio: Lote .................... Manzana........ . .................. Calle ............................................................... . 

Número ................ Colonia ................................................. - ..................................................... Zona postal. ................. .. 

Destino del predio: ......................................................................................................................................................... . 
(Rentado u ocupado por ou propietario) iVivlend:aa, Localeo, Apartomiontoa para ren!ar. Dlgoao al Núm. do 4oatoo) 

Descripción de las piezas a locales: ....................................................................................................... · .................... · · 
(Deaalbaae con preci•i6n número y clas:>) 

............................................................................................................................................. -............ ----- ... -...... -.. -... -.... -.. -..................................... -.... -..... -- .... -.. -....... - ' .. 
Servicios urbanos con que cuenta la calle: ...................................................................................................................... .. 

(Agua • Atar¡oas • Banquetas · Pavimento • Al~ado) 

DESCRIPCION DE LAS CONSTRUCCIONES DEL INMUEBLE 

Cimentación: ........................................................................................................................................ --·- ---------- .................................................... -- -······· .......... --·-· . 
(Momposterla da piodra) (Conaeto reforzado) 

Muros: ............................ : ............................................ , .. , .............................................................................................. .. 
T h (Adobe • Tepetate • Tabique sin refuerzos • Tabique con rofverzoe da con~to) (Estructura de cona-oto co~ muros de relleno) 
ec osa ........................................... .Pisos: ....... .... ............... . .. .. . .. ... Motivos decorativos: ................................. .. 

.............................................................. .Instalación eléctrica ............................ Combustible . ... . .. . 
(Vialb'o ,. ,Oculta • etc.) (Oo& • Pctrúloo • Leñ<>l 

Instalaciones especlales1 ................. :.............. ................. .... . ..: ........................................................ .. 
(Eiovadoros (, lofucci6:1 central • Aire ocondi<io:~ado • etc.) 

Amparado con Licencia de Construcción número: ........................................................................................................ -
• >; ( ' 1 ~ '1 ' 2 r • •'' 1 ' ' ~ ,-.' • • ' ' ( l 

SUPERFICIES DEL INMUEBLE: 
-------:-·· -. --------· .. -·· ---
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Lo que comunico a esa Dirección, para los fines consiguien· 

te~. Declaro que los datos consignados en la presente son ve·rdicos y me hago responsable de las violaciones que pu

elleran haberae cometido, conforme al Reglamento de las Construcciones, con motiva de esta obra. 
• ... l • 

México, D. F., a 

(FIRMA DEL PROPIETARIO O PO!EEDOR) 

b 

CROQUIS DE LOCALIZACION 

¡ ' 

' . 
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' . ! .. r" ' ,, 

• \ 1 • • ::. ~ 
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~' l • ~ 1' .~ ~ ' ... l -: ¡1' ... 

\'•" 1 ¡<, \>f 

'\ 

CertJfiCIIIdón de la Oficina de Números Oficiales: 

DATOS QUE DEBE CONTENER EL CROQUIS 

a).-Distancia de las dos e'Squinas a los linderos del predio. 

lt).-Medida del frente a frentes y fondo del predio. 

c).-Nombre de las calles que circundan la manzana en que se encuentra ubicado el predio. 

NOTA: los datos anteriores deben corresponder a los del número oficial. 

-PRESENTARSE POR OCTUPLICADO-: 
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1'RA1V!!TES JAN_TE LA 

SECRETARIA DE INDUSTRIA Y COMERCIO. 

Aprobación del Departamento de Inspección e Instalaciones 
Eléctricas del Proyecto. 

Requisitos: 

l.- Solicitud efectuada por Ingeniero registrado en S. 1. C. 
conteniendo: 

1.1 
1.2 
1.3 
1.4 
1.5 

Nombre del Propiet~rio. 
Ubicación de la Obra. 
Número de Lámparas. 
Número de Contactos. 
Número de Motores y sus especificaciones. 

2. O ·Plano de la Construcción en donde se indique el lugar 
(,, ·-tlldit.o.-49nde estarán cplQC!l.~,._todas las inst~~onef.!t. 4 

' ' ..... 
..... . ~ ... 

3. O Demanda de Energía. 

4. O Inspección para Verificación. 

, ..... 

- ... ~ 

·- ._ . 



OBRAS E INSTALACIONES.-

Las obras e instalaciones eléctricas deberán llenar los 

requisitos que les sean aplicables del presente reclamento 

"Reglamento de obras e instalaciones eléctricas",salvo que 

en algún caso la Secretaría de Economía las exima de algu

no de dichos ·requisitos, de acuerdo con los artículos 3j'··y 

24 de la Ley de la Industria Eléctrica y demás disposicio-

nes correlativas. 

Al solicitar la autorizaci6n a que se refiere el parra

ro antérior,se presentarán P~?nos y memorias técnicodes--~ 

criptivas ante la Secretaría de Economía,como sigue:. 

SISTEMAS DE DISTlliBUCION.-Se presentarán planos y memo
rias técnicodescriptivas para las instalaciones iniciales, 
las ampliaciones solamente requerirán dichos planos y mcl!\Q 
rias cuondo sean de tipo de construcci6n distinto del que
ya haya sido aprobado al interesado para la misma zona. 

INSTALACION-f~.S OCJJLTAS .-Para ~é!.~t .. ~nst_alacione s oc-q.l,:tas, in,-
cluyendo,l~~.de l6s usuarios de energía el~ctrica,i~ pre-
sentarán planos,antes de la ejecuci6n. 

La Secretaría de Economía podrá requerir .. de los intere
sados las aclaraciones,cálculos~datos y modificaciones que 
estime pertinentes para la aprobaci6n de los planos y meJílQ 
rias técnodescriptiva~. 

El hecho de que una instalaci6n eléctrica haya s.ido ;~
aprobada,no exime a su propietario ni a quién la utilice 
de la obligaci6n de corregir 'defecto o deficiencia que sie 
nifique peligro a personas o a la propiedad,y que no hubi~ 
ra sido notado en el estudio de los planos y memorias téc
nodescriptivas o en la inspecci6n que haya dado origen a -
la aprobaci6n. 

REQUISITOS CON LOS QUE DEBEN CUT1FIJIR LOS PLANOS. 

RE'-1UI3ITOS GEN ERALES. -Para los cálculos y dato ; numéri
cos del proyecto se user~ el Sistema Nacional de Unidades-
de ;~ec1 idas_..... ·::· 

Se presentará un calca en tela de caJa plano y una co-
pia heliocr&fica en tela,c1el mismo,en hojas cuya s dimen-
siones serán de 70 por 110;55 por 70;35 por 55;28 por 40 6 
21.5 por 28 cm.,debiéndose dejar un margen de 5 cm.en el
lado izquierdo de Cé..da plano de las tres primeras medidas
y no menor de 2 cm. en lo~ planos de las dos dltirnas medi
das,se exceptúan ~P. ésta disposici6n los planos de instal~ 
ciones ocultas. · 
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;:n c:::da plano habrá un espacio libre no menor de 10 por 
20 cm.,pura poner las notas de aprobaci6n. 

:~e deber{¡ elegir una escala tal que el dibujo de sufi-
ciente detalle. 

LIN8.\S SllB'PETIPAHEAS. -:-Los planos de conjunto de líneR.s -
subterr~neas tanto de transm~si6n como de distribuci6n,se
prrscntarán en hojas de 70 pór 110 cm.,usan~o escalas de.-
1':100 hasta 1:2000,y se consignarán en ellos los siguien.i.
tes datos: 

-Lon;::i tud de la línea, puntos terminales de é·;ta ,nombre -
de las calles por donde pasa,y nombre de las que cruce. 

-Dist:•ncia entre los pozos de visi ta,de inspecci•)n ma--
nual,y de transformadores. 

-Voltaje de la lín~a. 
-N~mero,calibre y material de los conductores y corrien-
te ruáxi~a. para la que esté~,destinados. 
-Aislamiento~de los conductóres,armadura del cable,cláse 

y ~i6mctro del mismo. 
J,de:nñs de los datos anteriores,se deben presentar,ya -
sea en hojas por separado o en los mismos planos,los d~ 
talles siguientes. 

-Corte seccional'de los ductos,con las acotaciones nece
.. sarias que fijen su posici6n con relaci6n al lugar don

de se vayan a colocar,indicando las dimensiones de su -
revestiniento • 

-Corte secci• ·nal de los pozos de visita, de, inspecci6n mll 
nual y para transformadores,indicando sus dimEnsion~s y 
el m2terial ~ue se proyecta emplear,para éstos detalles 
se usarán escalas de 1:10 hasta 1:50. · 

INSTALACIONES OCULTAS.- Las instalaciones ocultas se ·mos-
trarán en dos copias de plPnos de la planta de cada uno de 
los pisos del edificio en que se vaya a hacer la instala-
ci6n oculta,consignando los siguientes datos. 

-:Diámetro .. de .,.la tubería ,dimensiones de otros duc:tcs y. su 
ti.po. . 

-Número de conductores en cada tubería o dueto. 
-Calibre y clase del aislamiento de los conductores. 

--Núr,lero y capacidad de los circuitos. 
-Localizaci6n de cajas de conexi6n,contactos,apagadores, 
salidas para alumbrado,etc. 

-Tabulaci6n de los signos convencionales que se usan en
el plano. 

'CALIBRES DE LOS CONDUCTORES.-Cuando se dan números de -
calibre de conductores,dichos números corresponden al Sis
tema Norteamericano de Calibres(A.W.®.),a menos que se ha
ga referenciv expresa a otro sistema de numeración. 

COi'IDUCTOTIES.-Los conductores a que normalmente se h2ce
referencia son de óobre.Cuando no lo sean,se indicará su -
material. 

INSTALACIONES EN LUGARES IMPROPIOS.-Los conductores -o-
equipos no deberán localizarse en lugares htmedos o mojado 
o donde estén expuestos a gase:>,humos,vapores,l!quidos u -
otros agentes que tengan efectos deteriorantes, 1~i donde e§. 



t~n expuestos a temperaturas cxcesivas,a menos que est~n
construíuos para cada condición especial de instalación. 

RESISTENCIA DE AISLMHF.NTO.- . 
Para circuitos que, operen a menos de 750 vol ts. entre con-
ductorcs,con •:lambre del# 14--6 11 12,1,000',000 ohms.Para -
circuitos con alamb~e #10 ~ de mayor secci6n,la resisten~
cia de aislamiento se basa sobre la corriente permisib·le
en las conductores.Como sigue: 

25 a 50 amperes 250,000 ohms. 
51 a lOO " 100,000 11 ' 

101 a 200 " 50,000 11 

201 a 400 " 25,000 " 401 a 800 " 12,000 11 

más de 800 " 5,600 11 

MARCAS.-El nombre del fabricante,la marca de la fábrica 6-
algún otro símbolo de identificaci6n de fabricante y el n.Y 
mero de autorizaci6n de la ~~c~etaría de Econom!a,deberán
aparecer en todo equipo eléctrico. 

MOLESTIAS O PERJUICIOS A TERCF.Rffi .-las inst<.'laciones debe
rán hacerse de manera que elf:funcionamient·q del equipo de
un servicio no produzca molestias o perjuicios de importan 
cia a otros serviocios o instalaciones,corno pueden ser va
riaciones fuertes de voltaje. 
Se recomienda tomar la s precauciones necesarias pnra ins
talar y conservar el equipo y las líneas el~ctricas de ma
nera que no se produzcan descar~as u otros efectos que pu~ 
dan producir interferencias en la radiorrecepción. 

APAGADORES OCULT03.-Los apagadores instalados en caja ~ 
metálica no conectados a tierra y empotradas donde puedan
ser alcanzados desde el piso o superficies metálicas,debe
rán tener tepas de material aislante e incombustible. 

Al'I:..GADORES VI3IBLES .-Los apagadores que se· usen en can..a 
lizaciones visibles deberán colocar0e en zócalos de mate-
rial aislante que separen a los conductores por lo menos-
lO milímetros de la superficie sustentadora. 

PANTALLAS Y CUBIER1'AS COMrUSTIBLES.-Deberá dejarse ·un esp.u 
.cio adecuado entre las lámparas y las pantallas u otras cy 
biertas de mat~rial combustible. 

El equipo que se use en sistemas de alumbrado de descal: 
ga €l~ctrica y que esté construído para un voltaje a cir-
cni to <1bierto de 1, 000 vol ts o menos, d ebr·rá. ser d(' un tj po 
np1·op~odo paro. Lnl ar.rvi.o·io.I~as terminales de uno. l:~rnpnrD
dc de a carga 'el6ctrica dclH~rán cona.l.d eran e como vivan, fd -
cu,alqnj_erú de ellas eotán conectadas a más de 300 volts n
tierra. 

EQUIPO.DE CORRIENTE DIRECTA.-Las unidades de alumbrado
mencionadas deberán instalarse en circuitos de corriente -



alterna ~nicamente,a menos que estén provistas de equipo -
auxiliar y resistencias especialmente construídas para fun 
cionttr con corriente directa y que así se indique en las-
misma3 unidades. 

VOLTAJES PERMITIDOS EN CASAS HABITACION.-Solamente se -
permite usar en casa habitación· equipo que tenL,a un vol ta
je a circuito abierto menor de l,OOOvolts,y siempre que e
cunndo se tenga un voltaje a circuito abierto de ~ás de---
300 volts,el equipo esté construído de tal modo que no ten 
ga partes vivas descubiertas cuando las lámparas estén en-
r>u lugar ,ni cuando se retiren. · · 

"lmHTAJE DE UNIDADES DE ALUTI:BRADO. -Las unidades de alum
brado que tengan reactores o t·ansformadores,deberán instQ 
larsc de tol modo que ningún material combustible quede ez 
puesto a una temperatura mayor de 90°C. 

APAGADORES.-Los apagadores deben cumplir con lá.s reco-
mendacionea·antes citadas(Apagadores ocultos,Apagadores vj. 
sibleS). 
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RESTRICCIONES FUNCIONALES, TECNICAS Y ESTETICAS 
DEL REGLAMENTO DE CONSTRUCCIONES DEL D.F. 

A EDIFICIOS. 

RESTRICCIONES ART. 

(FUNCIONAL) 
Ningún elemento situado a menos de 2m. de altura (21) 
podrá sobresalir del alineamiento. 

( :t. S . ¡: T 1 CO ) 
t~s construcciones ubicadas en zonas tipicas, ca- (48) 
11es ó plazas donde existen construcciones decla-
radas monumentos, deberán armonizar con el ambien 
te general. 

(FUNCIONAL) 
Toda edificación con piezas habitables, excluyen- (53) 
do los servicios que esten a una altura mayor de-
13 m. sobre el nivel de la acera, deberán tener -
por lo menos., un ascensor .. 

( FUNC 1 ONA L) 
Ningún punto de edificio podrá estar a mayor altu (55) 
raque 1.75 veces su distancia al paramento vertl 
cal del alineamiento opuesto de la calle. .-

( TECN 1 CO) 
Las zonas de influencia de los aeródromos,serán- (57) 
fijadas por la Dirección de Aeronáutica Civil y -
en ellas regirán las limitaciones de altura que-
fije dicha Dirección. 

(FUNCIONAL) 
Los edificios deberán tener los espacios sin cons (58) 
truir que sean necesarios para lograr una buena 7 
iluminación y ventilación. 

( FUNC 1 ONAL) 
La-dimensión minima de una pieza habitable, será- (61) 
de 2.70 m. y su altura, será cuando menos de 2.30 
m. 

(FUNCIONAL) 
La superficie total de ventanas libres, será por- (63) 
lo menos de un octavo de la superficie del piso -
de cada pieza y la superficie libre para la .ventl 
laclón de un·velntlcuatravo de la misma., 

o • 2 
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RESTRICCIONES 

( FUNC 1 ONA,~) 
Dimensiones m1n1mas de los patios para dar ilumi 
nación.yJ~entilación a piezas habitables. 

'1 
(FUNCIO~AL) 
Referente a la iluminación artificial. Niveles
mínimos de iluminación en luxes. 

(FUNCIONAL) 
Ancho mínimo de pasillos 1.20 m., altura mínima
de barandaJes 0.90 m. 

ART. 

(64) 

(65) ~87) 

(66) 

(FUNCIONAL) 
Los edificios tendrán siempre escaleras que comu (67) 

, niquen todos los niveles, aunque tengan elevado~ 
res. · 

(FUNCIONAL) 
Anchura mínima de puertas a la calle 0.90 m. (68) 

(FUNCIONAL) 
Suministro de agua potable por habitante 150 lts. (70) 

(FUNCIONAL) 
Cada una de las viviendas de un edificio deberá-. (71) 
tener sus propios servicios de baño, lavabo, ex-
cusados y fregaderos. 

(FUNCIONAL) 
Las aguas pluviales que escurran por los techos~ (72) 
y terrazas, deberán ser conducidas al .dr~naje, 

( FUNC 1 ONAL) 
Especificaciones para escaleras: (78) 
Ancho mínimo 1.20 m. 
Ancho máximo 2.40 m. 
Huella mínima 0.28 m. 
Peralte máximo 0.18 m. 
Servicio de áreas de planta- por escalera según -
su anchura: 
Hasta 700m2. 1.20 m. 
de 700 a 1,050 m2. 1.80 m. 
de 1,050 a 1,400 m2. 2.40 m. 

(FUNCIONAL) 
Sobre Jos servicios sanitarios: (80) 
Por cada 400 m2. ó fracción, se instalará un ex• 
cusado y un minguitorio para hombres. 
Por cada 300m2. 6 fracción un excusado para mu
jeres. 



ARTICULO 182.- NIVELES DE ILUMINACION. 

Los niveles mínimos de iluminación en luxes serán los sl 
gu i en tes: 

l.- Edificios para habitación. 

Circulaciones. 

11.-. Edificios para comercio y oficinas. 

Circulaciones. 
Vestíbulos 
Oficinas 
Comercios 
Sanitarios 
Elevadores 

111.- Edificios para la educación. 

Circulaciones 
Salones de clase 
Saloné~ dé dibujo 
Salones de costura 
Sanitarios 

IV.- Instalaciones deportivas. 

Circulaciones 
San ita ri os 

V.- Baños. 

Circulaciones 
Baños y sanitarios 

VI.- Hospitales. 

Circulaciones 
Sa 1 a de espera 
Sala de encamados 
Consultorios 
Sanl tarios 

', '¡' 

. . . 

100 

100 
300 
400 
300 
100 
100 

100 
400 
600 
900 
100 

100 
100 

100 
100 

100 
200 
60 

400 
100 
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VIl.- Industrias 

Circulaciones 
San ita ri os 
Comedores 

2 

VI 11.- Salas de espectáculos. 

C'i rculaciones 
Vestíbulo 
Salas de descanso 
Sala durante la función 
Sala duran~e los intermedios 
Emergencia en la sala 
Emergencia en las circulaciones 
Sanitarios 

IX.- Centros de reunión. 

C i rcu 1 aci ones 
Cabarets 
Restaurantes 
Cocinas 
Sanitarios 
Emergencia en la sala 
Emergencia en las circulaciones 

X.- Edificios para espectáculos deportivos. 

Circulaciones 
Sanitarios 
Emergencia en circulaciones 

X 1 • - T emp 1 os . 

Altar y retablos 
Nave principal 
San ita ri os 

XI 1.- Estacionamientos. 

Entrada 
Espacio para circulación 
Espacio para estacionamiento 
Sanitarios 

100 
100 
200 

100 
200 

50 
1 

50 
5 

10 
100 

100 
30 

100 
200 
100 

5 
10 

100 
100 

10 

600 
100 
100 

300 
100 

50 
100 
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SECRETARIA DE SALUBRIDAD Y ASISTENCIA 

RESTRICCIONES LEGALES. 

RESTRICCION ART. 

Muros macizos exteriores expuestos a la interperie. (21) 
Espesor mínimo 15 cms. 

Muros y techos expuestos a interperie, de madera ó- (21) 
material laminado, deben ser dobles separados 5 cms. 
cada uno. 

Juntas de muros y techos arreglados para impedir el (22) 
paso del aire y agua y protegido de los roedores. 

Los muros de las cocinas y baños deben tener un re- (25) 
cubrimiento hasta una altura de 1.50 de un material 
resistente, iimpermeable y fácilmente aseable. 

La pendiente mínima en la cubierta de las azoteas- (26) 
será de 1 . 5% 

Por cada 100m2 de azotea en proyección horizontal- (27) 
se necesita una bajada pluvial de 7.5 cm. de 0 ó --

,'área equivalente. (por lo menos). 

Para desaguar marquisinas di¿metro mínimo de 5 cms. (27) 
ó área equivalente, para superficies hasta 25 m2. -
(máx.) 

Los techos planos ó inclinados deberán llevar cana- (29) 
les colectores y bajadas pluviales cuando el agua -
pudiera descargar en vía pública ó predios col inda~ 
tes. 

Las superficies libres de construcción deberán ser- (31) 
pavimentadas ó tener jardín ó ambas. En las pavimen 
tadas deben tener una p~ndiente mínima de 1%. -

Los pisos de baños, cocinas y pasillos se cons~rui- (32) 
rán con material impermeble a prueba de roedores. 

Cuando en las construcciones se vaya a emplear un - (34) 
nuevo material ó preparaciones distintas a las cono 
cidas y aceptadas, deberán ser aprobados por las au 
to r ida des sanitarias. -

Los pisos de la planta baja de los edificios, debe- {3~) 
rán construirse 10 cms. más altos que los patios y-
estos a su vez 10 cms. más altos que.el nivel de ~a 
acera ó banqueta, salvo en casos especiales en que-
la topografía del terreno lo impida. · 
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RESTRICCION ART. 

Los pisos bajos serán protegidos contra la humedad, (36) 
mediante procedimientos de impermeabilización. 

Las piezas destinadas a habitación, tendrán luz y- (37) 
ventilación directa al exterior por medio de puer-
tas 6 ventanas convenientemente distribu(das. 

' f" • d ·1 · ·o 1 ~ ... a s~:per 1c1e e 1 um1nac1 n no sera menor de 20%- (37) 
d~ la superficie de piso de la habitación. 

Las ventanas y puertas tendrán una sección movible (37) 
de cuando menos 1/3 de los claros de iluminación -
para renovación del aire. 

La iluminación y ventilación se satisfacerán: de - (37) 
la vía pública, de los patios del edificio ó por
diferencia de niveles. 

Para los locales que por circunstancias especiales (38) 
se- les deba suministrar ventilación artificial, se 
proporcionará por medio de instalaciones mecánicas 
que garanticen la renovación eficiente del aire. -
El movimiento del aire no será superior a 0.25 m./ 
seg. (velocidad media medida a 0.9 m. sobre el pi-
so). La temperatura comprendida entre 17 y 23°C y-
la humedad relativa -entre 30 y 60%. 

Viviendas mtnimas.·2 piezas, cocina, baño y patio~ (39) 
de servicio. 

Dimensiones minimas: 
Pieza habitación: 
Cocina: 

Cocina: 

Baño: 

Patio: 

7~50 m2. superficie. 
2.50 m. ancho. 
2.30-2.80 altura. 
6.00 m2. superficie. 
1.50 m. ancho. 
2.00 m2. superficie. 
1 • 00 m. ancho. 
4.00 m2. superficie. 
2.00 m. ancho. 

Instalaciones sanitarias minimas: 
Excusado, lavabo, fregadero, regadera, 

Recámaras 6 dormitorios mtnlmo~ segOn 
habitantes. 
3 habitantes: 
5 : ab i tan tes: 
7 habitan tes: 

1 recámara. 
2 recámaras. 

,¡ 

3 recamaras. 

lavadero. 

el nO~ro .de 

(39) 

(39) 

( 41) 

• 3 
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RESTRICCION 

,• 

Para viviendas de más de 3 recamaras 2 habitantes 
más por recámara adicional. 

Dimensiones mínimas de los patios que sirven para 
dar iluminación y ventilación con respecto a la
altura de los muros que los 1 imiten: 
Altura hasta. Dimen~ión minima. 

4.00 m. 2.50 m. 
8.00 m. 3.25 m. 

12.00 m. 4,00 m. 
·Para alturas mayores la dimensión mínima será de-
1/3 de la altura. En el caso que sirvan para cocj 
nas y baños se reduce a 1/5. 

Queda prohibido dar luz y ventilación a las habi-. 
taciones abriendo ventanas o colocando dispositi
vos con el mismo fin hacia predios colindantes. 

Los edificios de departamentos de más de 5 nive-
les, deberán contar con ascensor para personas,
además de escaleras. 

Todos los departamentos deberán desembocar, ·a pasi. 
llos que conduscan a las escaleras, Ancho minimo7 
de 1 • 20 m. 

No deberán estar 1 igadas las escaleras de los ni
veles superiores con las de los sótanos. 

Ancho mínimo de las escaleras de 1.20 m. para edi 
ficios de habitación multifamiliares y de 0.90 m7 
para unifamiliares. 

La huella neta de los escalones no será menor de-
25 cm. y los peraltes no mayores de 18 cm. · 

Toda ventana no podrá tener cristales sino a par
tir de una altura de 90 cm. sobre el nivel del pj 
so. 

·En casos especiales que se requiera poner crista
les hasta el piso se proveerán de dispositivos de 
seguridad hasta dicha altura. 

Especificaciones para sótanos: 
Altura mínima de 2.30 m., superficie minima de 
7.50 m2., lado menor de cuando menos 2.50 m~ 

! 

Que no exista humedad. 

Que dispongan de luz y ventilación. 

ART. 

(42) 

(42) 

( 43) 

(44) 

(45) 

(45) 

(45) 

(46) 

(48) 

( 48) 

( 48) 

Materiales de construcción a prueba de roedores. (48) 

Ningún punto de un edificio ~odrá estar a una al- (49) 
1 4 
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RESTRICCION 

tura mayor· de 1.75 la distancia horizontal entre dicho 
punto y el lindero más cercano de las manzanas vecinas. 
Se exceptúan los motivos arquitectónicos tales como -
miradores, torrecillas y otros de escasa importancia y 
carácter ornamental. 

EJ apartamiento mínimo de agua potable a los edificios, 
se calculará a razón de 150 litros por habitante, por
<Ha. 

Oueda estrictamente prohibido la servidumbre o servi-
cios de agua de un edificio a otro. 

Para evitar contaminaciones en cisternas, no deberán -
existir tubos de albañal o conductos de aguas negras a 
menos de 3 m. 

Los depósitos que trabajen por gravedad deberán debe-
rán estar 2 m. más arriba de los muebles sanitarios -
del último nivel. 

En todo edificio deberá haber cuando menos un excusado 
e irá aumentando a razón de un excusado por cada 10 -
personas. 

En Jos baños donde existan regaderas, ésta deberá es-
tar separada del resto por medio de un reborde de 10-
cm . (m i n i mo ) • 

Las instalaciones hidráulicas y sanitarias se harán 
con materiales autorizados por la S.S.A. 

Los albañales deberán estar debidamente protegidos con 
tra la oxidación y el intemperismo al igual que sus -~ 
juntas. 

Los albañales se harán con tubos de 15 cm. de diámetro 
interior como mínimo. 

Los albañales se construirán bajo el piso de Jos pa--
tios o pasillos de los edificios. Se permitirán modifl 
caciones. 

Los albañales se instalarán a cuando menos un metro de 
distancia de los muros. Cuando no se pueda llevar a -
cabo ésto, la instalación se protegerá de asentamien-
tos, previa autorización. 

Lo~ tubos para conductos desaguadores tendrán un diá-
metro no menor de 32 cm., ni inferior al de la boca de~ 
desague de cada mueble sanitario. Se colocará con una-
pendiente mínima de 2% para diámetros hasta de 76 mm., 
para mayores la pendiente min ima será de 1 .5%. · 

ART. 

(52) 

(53) 

(56) 

(57) 

(62) 

(63) 

(74) 

(75) 

( 76) 

( 78) 

(79) 

• • • • 5 
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RESTRICCIONES ART. 

los cambios de dirección de los albañales y las (81) 
conexiones de ramales, se harán con def1exi6n -
máxima de 450. 

La piezas 11 T11 para conexiones de ramales deba- (82) 
jadas con albañales, sólo se permitirán cuando-
el cambio de dirección sea vertical a horizon--
ta J • 

Los albañales tendrán una pendiente no menor de (83) 
1 • 5% 

Los albañales estarán dotados de registros a -- (84) 
distancia no mayor de 10m. con objeto de J im--
pieza. 

En el lugar inmediato y a~terior al cruzamiento (84) 
del albañal con el limite del predio y la vía-
púbJ ica habrá un registro. 

Los registros para albañales ocultos, tendrán - (85) 
las dimensiones mínimas siguientes: 

Profundidad hasta 1 m. 
Profundidad hasta 2 m. 
Profundidad más de 2 m. 

40 x 60 cm. 
50 x 70 cm. 
60 x 80 cm. 

En cada cambio de dirección se construirá un re 
gistro al igual que en cada conexión con rama-
les. 

los albañales estarán provistos en su origen de 
un tubo ventilador de 5 cm. de 0 como mínimo. 

Queda prohibido el sistema de gárgolas ó cana-
les que descarguen a chorro desde las azoteas. 

Cuando el mismo tubo ventilador sirva para va-
rios excusados, colocados a diferentes alturas, 
se ligarán los sifones entre si_por medio de un 
tubo de 38 mm. de 0. 

(86) 

(87) 

( 91 ) 

(98) 

Sólo podrá autorizarse la instalación de fosas
sépticas ó plantas de tratamiento en edificios
ubicados en Jugares fuera del perímetro de las
redes de saneamiento. 

( 106) 

Toda fosa sépti.ca ó planta de tratamiento será
de material y capacidades aprobadas por las au
toridades santtar ias. 

• 

( 106) 
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CENTRO DE EDUCACION CONTINUA 

ING. MANUEL E. VEGA MEMIJE. 

EVALUADORES ECONOMICOSb 

EJEMPLO: 

Se requiere evaluar la posibilidad de construir un edifi-
cio departamental de S niveles, donde la planta baja se dedicaría
a locales Comerciales. 

Los datos considerados son los mas benéficos, los cuales -
se obtuvieron después de haber analizado las posibilidades opttmi~ 
tas y pesimistas. 

,¡ 

se ha supuesto, que tanto los INGRESOS como los EGRESOS, - H 
sufren un incremento promedio cada S arios~ 

La vida económica del edificio se ·lha considerado de 20 ---
aiios. 

Tasa de actualización del 5%~ 1~~ y 15%. 

CONCEPTO 

Renta de--
partamen--
tos. 
Renta loca -les. 
Anuncios. 
Estaciona-
miento. 

TCYrAL 

RENTA 
MENSUAL 

($) 

40,000.00· 

6,000.00 
2,000.00 

" 1,250.00 

49,250.00 

I N G RE S O S., 

AÑO S 
1 a 5 ·6a1lO llalS 

1 

480,000.00 528,000.00 580,800.00 
h ·1 

72,000.00 79,200.00 87,120.00 
24,000.00 26,400 .. 00 29,J040.00 

15,000.00 16,500.00 18,150.00 

591,000.00 650,lOOoOO 715,110.00 

16 a 20 

638,880.00 

95,832.00 
31,944.00 

19,965.00 

786,621.00 



.. '.m G R ~ S O S 

GASTO A Ñ O S 
CONCEPTO MENSUAL 1 a S 6 a lO 11 a 15 16 a 20 

($)' 

LUZ 8oo,oo 9,600.00 12,000.00 14,400.00 18,000.00 
Agua 4,000.00 48,000.00 54,000.00 6o,ooo.oo 63,600.00 
Impuestos 2,ooo.oo 24,000.00 30,000.00 33,600.00 36,000.00 
Conseva-- 1 

ci6n y --. 
manteni--
miento. 2,ooo.oo 24,000.00 60,000.00 120,000.00 180,000.00 
Vigilan~~ 

cia 3,000.00 36,000.00 6o,ooo .. oo 84,000 .. 00 108,000.00 
Adminis-- :· 
traci6n. 2,ooo.oo 24,000.00 36,000.00 45,600.00 54,000.00 

TOTAL 1~,aoo.oo 165,600.00 252,000.00 357,600.00 459,600.00 

/· 

'1 

ti 

u 
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Atttssary solut!on. But the renson that LP can be ~ec! is tb.a.t the critcrion 
ol minimax h:ls been built into the system. ~hnim::L't does not require ex
pected .. -alues :u::d it does not include any provisions for considering proba
bilities. On the other hand, the solution itself is a risk-type statement 
~peeifying the app::op:ia!.e stntistical frcquencies tfult shoulrl Le employed. 
For that reason, it might be suggested that sucb problems should be in
cluded witb D:\ll'R. \\'hate\·er our preference. we must conclude that 
d~..gn decision problems are amenable to formJ.l attack. Tbe classifications 
of ri.sk, certainty, and uncertainty are hclpful but not crucial. For a real 
decision problcm we mu:;t deal with a subtle blend. The majar issue is to 
iso!ate the rcle\·ant factors and to avoid forcing them into a standard format 
ju..c:rt for tbe sake of using formal methods. The ne:-..t two chapters wlll 
consider sorne of the difficulties associated with the U5e of objective methods 
and v.ill pro\·ide a number of practica! method.s for coping with such 
difficulties. 

·1,::;-
VL<~r. 

chapter 

6 

:>· 

QUALITATIVE DECISION METHODS 

We ha\·e examined the formidable framework that exists for analytical 
dcsign decision-making. Stripped to essentia.ls we can summnrize whnt 
has been considered. 

(1) Enumeration of design strategies. 

(2) Enumeration of states of nature. 

(3) Spccification of the probnbilitics for the states of naturc. 

(4) Determination of outcomes. 

'· ( Ise of tbe deci.sion matrix to obtain expccted values. 

(6) Resolution of decision problems whcn risk conditions apply. 

.......... --- .. _..... - . - ~ .... ~:. -~ ·~ :- -~ 
; 

..:..::-' - . 
-~~:-- ~-: :: __ ~(7) Severa! appron.chcs ·ror r~solving decision proble~ ~nd~r concE 
~~t~: / ;~- ~--·of certainty where the P.Xpected values deri\'ed by risk methoci. 
._;;~-:~ ,.::_ _ -:---. _used as part of the data input. -~ -~ 
!':;.- .-... ; • _' '\. ' • . . - - • 

.:.."f.;~·;··:: ·"(8) A number oí critcria tb.a.t can be eruployed to resol ve dec. 
e;~:~}-.;-> -; -_problems when conditions of uncertainty apply. -..-~:-~~- - . 
,.(]:;_;-_ . -_(9) The fundamental character of decisions that are affected by e 
. -.;;::~-:=; --- -- petitive factors. -

·:--:-.;.-:. ·- -

-_?-?-:__ -- : [n our discussio~ we ha ve side-step~ed a number of impo;t-ant quesr 
;~~~·-.": .that seemed more appropriate for the prcsent stage o! development. 
-S~~) are now obligated to raise and answer these qucstions. 
.~ .... -·~ -' :F-~.-.. :·: _ .. _ 
~ .. 
-~.:::~>-~. --- ........... 
-ti~· ' 
:;¡~- 30. PREFERENCE MEASURES 
: ~--t~~---__ ... -

~;~~;_: Several times we ha ve employed the profit function. By so doing 
::~~::_tavoided situations where ~ single outcomc dimension was not availn 
¡ ~:.~, Costs, selling prices, sales volume, and other factors could all be con ve 
:~:f~:Jnto dollars-or so we assumed. Unfortunately, this is not always thc r 
:;tl':.. Jdany times, confronted with a number of design a.lterru1tives, thc best 
;~;(.::_we can do is express our preferences (an interm~d~te variable) for e 
~~f-. Fo~ example, there are ca_~s where safety is a primary consideration 
!_~(:;""~~~must be included in the analysis. But how do we evaluate the combin:: 
;"~~:;: of safety and profit? ~ow _much safety is equivalent to onc unit of pr' 
:-~S'-( Another example of tbis kmd of conundrum occurs wben weapon sy::· 
,._,g::"?:,:are evaluated. Profit-at lcast in its usual sense-is an almost meanii: 
• -t"'- ~ ~~.('" -

: ~~~ concept. Factors such as fire power and maneuverability must be we: _ 
:~~~~ ~ against cost and expccted obsolescence. Still another instance would b· 
!-:~~3 :·- evaluation of alternative designs for surgical instrurcents, in. whicl: 
:'-"::::~t~cost would have to be weighcd against the remedia} propcrtics oi 
: ~· _!...::instruments. Preferencc embodies such multiplc componcnts. It is "~· 
- ;;;,-~/· how" a resolution of many factors and an attempt to estímate thcir ce 
;~;:_:_:·_butions to the achievement of thc objectives. There is no reason w! 
~-~~:- LP-design-mL"< formulation could not be used to maximize prcferer. 
:. ~l~~.~stead of profit. Similarly, we should be able to resol ve a competitive de e 

~ ~;~ _: _system wbere the payoffs are stated in terms of a preferencc mensure.< 
~:r~ ~- problem that must be soh'ed, however, is how to derive a mean: 
~ :~~{:.:· measurc of preference . . --.-.. :~- ~---------
. .. ~·,""--_ 
• -~~:· • - l Estimo. tes or profit "'he re rclntionships are unknown and gue .. c • ~ is used are 
:'e;,· _ no more th:m preference me:l!lurcs, but the dolbr dimcns10r. lene!. 
; -:~; ~ t.hat must be viewcd with suspic•on. 

.1r of aut!:c 
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31. RANl<ING ANO TRANSITIVITY 
•' -

The quruitative operation of ranking designs is frequently used. Some-
&imes it works, but often it does not. The maior rea....~n for failure is the 
violation or transitit·ity. Thus, u the designer prefers .\ to B, B to e and e 
to A the consistency of logical choice has been abu.sed. Transitivity is 
obviously required if we are to believe in rank ordering. Too frequently, it 
can be shown to have been violated. Wb.y is this so? 

One basic reason is that multiple dimensions exist which share im
portance becau.se the objectives are n.lso multiple and tend to oppose en.ch 
other. The designer would like to use a superior material but he is obligcd 
to v.-ork within a limited cost structure. As the seating capacity of a plaue 
is increased the amount of fuel it can carry is decre:J...<:ed. With improvement 
in the tone of a radio the size of thc unit increases. Examples are legion. 
If all of the objectives cannot be mergcd into a single-dimensioned ob
jective, such as profit, it is easy to see how compari.sons between pairs of 
designs might accent different components of the objectives. The issue 
really comes toa head whcn we bring up the subject of quality. This is a 
tenn that is commonly used by all participants in the design decision 
process. But does everyone men.n the same thing when the word is tised? 

32. QUAlrrY 

No treatment of design decisions would be satisfactory if it ignored the 
problem of defining the quality of a design and the way in which design 
«¡un.lity enters into comparisons between alternath·e strategies. First, Iet 
us note that the subject of quality is not independent of such basic con
siderations as the optimal productor design-mix. Xeither is it independent 
of the competitor effect. As a matter of fact we are \·iewing quatity esti
mates as the equivalent of preference. This seems to be totally consistent 
-v:ith the prevailing attitude of design decision makers. Therefore, if we 
can develop relevant quality mensures, we can employ these as the out
comes for our decision processes. 

What is quality? It is not easy to define. There are two interpretations 
which are frequently interchanged in both ordinary conversation and tech
nical discussion. Sometimes it is taken to mean that a desired characteristic 
or set o! charncteristics is embodied in a given product. In this case it is 
used to impute value. Whcn the statement is made that x is a quality 
product, it is understood thn.t "high" quality is meant. ' 

On the other hand, 11. quality is an attribute or propcrty. When used in 
this latter scnse, it is free of value judgmcnt. We will use quality in this 
ae'cond v.·ay. When thc first meanirlg is intended, wc will specifically state 
the dcgree to which the property is considered to be desirn.ble in terms of 
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sorne stándard. Our purpose in doing thls is to avoid the uncor-~!o 
priori judgmcnt of the acceptability of a particular cha.ract.er~!;e : 
specific design. It mo.y be true that hand-cut g!ass is a mc.~.rk of h~g.-. qua 
to sorne people, but not necessarily to all people . .-\. re:ll leather bricf( 
mny be cn.llcd high qunlity by a group whose tastes are predi.~poo:Hl ago. 
the "ersatz."-thc synthetics and the plastics-but this is neither a final 
an unequivocal judgment. A large class of attributes (such ll.5 color ~ 
user's prestigc) are judged to be of high or low quality on the ba.si• 
arbitrary standard-~. Arbitrary standards have no permanent existenc· 
time and thcy \O,:ill differ among cultures, social groups, anrl indi\'idt. 
The marketing dcpartment is usually entrusted with the problem of 
termining thcsc btandards. Thcre are many examples of arbitral}· qu:... 
stando.rds. High c¡uality is frequently o.ttributed toa high-priced prod• 
even though that proc.luct is identical to a lower-priced product mark• 
with 11. different labcl. Scarcity is another condition which frequently e~. 
the appellation of high quality. But thesc judgments are not unh·e~ 
acceptcd and thc standard must be called arbitrary. 

Fundamc11tal quality standards, on the othcr hand, are unchanging, b 
over time and among cultures. They can be traced to physiological requ: 
ments of the human bbdy, basic instincts which characterize human· 
and environmental needs which logically compel agreemcnt among 
individuals. Thus, if a radio is so dcsigned that all trn.nsmitted soun& 
distorted, there will bJ universal n.greement that the quaiity of sot 
reproduction is poor. If the handle of a pot always burns thc hand of 

. holder, there will be no dispute about the quality leve! of this featur. 
the design. Fundamental quality standards require agrecment on the I 
of those evaluating the quality leve! as to the objectives of the design 
the needs to be fulfilled. Once this agrcement has been reached, no fur 
disagreement should ensue. To illustrate this point, if a soap is intende 
clean eiTectiYcly whcu uscd in a washing machine, once thcrc is concurr. 
on the definition of "clean effecth·ely," all individuals-with or wit: 
washing machines-will agree in their quality judgments. It is possib: 
achie,·e almost complete agreement on such definitions-hence, the a¡ 
lation: fundamental quality standards. 

The distinction betwcen arbitrary and fundamental stnndards en. 
uscful when the elements of dcsigns are being classified for e,·aluation 
poses. It is not always obvious how to categorize an elemcnt. Sometin: 
is apparent that both arbitrary and fundamental st:mdards apply. 
example, considcr the problcm of dcfining aesthetic standard:> . .-\lth< 
there is an important physiological componcnt~ there can be no doubt 
appearnnce design factors are hardly universal, nor are culture and · 
invariant. :\Ieasurement of aesthetic qualities and thc determinatio 

1 The opcration oF tbc pcrccptors iC nothing else. 
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-~ti~ stace2.!'<i; ;;.:.-<.. :.:.ok"<i in the psychodynamics of a culture, but they f...:_ and B. By ngrccmcnt two chara~t(!TÍ'itics are isolatcd ns bcing the m~j~t 
L' 

:Y'.;::J..Strab~ ~-Y:... ~;".\:1:1. s~ructure. -
~:..~ rem~:-.:.:: --;:--. -·~::al!ty ran be amplífied in m:my ways and a great 
~-:¡ d f:xa.rr.:;.~ ':: •. : te dra'\\-n to support tbc major point:> which we are 

_.:..g t•> ~ t:J: .. E:~ •• : 1-:".:r-!y: 

: ·. Th~ qu~!~y ~! .3. ·~(<gn is a function of sorne se¡ of :c-t:md:uds. 

·, II the ~~_¿:-: . .- a fur.damental one, then there is uni\·<'r.sal agree
ment. ~:¡d. ¡_·..-~· . .-:.~rd.s are usually time-invariaot. 

:;·, If the ~t,<.:_-:.·-·: :s :m arbitrary one, thcn quality C\·aluations can 
and ,rill d ... '".:-.:.• ú\·cr time in sorne logical fnslúon. The process of 
change i.: ~ ;.;;;;: . .-!Gm o~e yet consistent witlún it.s own framework. 3 

A techno~..,.;..-.?_: hrt>n.k-through opens up new design possibilitics and 
can alter p~~:.-.:r ... ~;s st.!lndard.s. 

f) Arhitrary ~v--·.-~;nds are not only different o,·er tim<', they are also 
ditTerent ::.~ ~:.y ;r.\·en point in time among indi,·idu:-tls, groups, nnd 
cultur(:s. 'fr_·:.~. ·here is a nccd to consider dcmographi<' and psycho
logical ~:tr:?.!:!.' .ltion of consumers-a marketing function. 

5/ A gr~at r,t:;:.;k--: oí quclity judgments must be rendered for each 
dcsign. \\1.:~'; "he judgments will not he independent oí each other 
they will u.~ :~~animoe!.Sly infcr high quality to all properties of one 
dcsign. S(JT:r<; ~ttribu~es will be more important than others. One 
high qualit¡· V;.;, outv;-eigh a score of low qualitie:s in the same product 
design. 

· must there!w; f.d a m~ to accomptish the following: 

'1} We must he ~~ ... !e to m~.sure the quatity level of each characteristic 
in a product. Thls reqcires the determination of a st:l.odard for each 
characterb:ti.e. 

'2) We must te atJle to combine the separate judgmeots rendered for 
ea eh chara<:tcf..~tic in order to produce a resultant measure of quality. 

3) The resulta~Jt qu:llity mea::,-·ure should express our preference for each 
design altkn~ .. i·.-e. It should be immune to violations of transitivity. 

RESULTANT QIJAUTY 

\Ve shall begin in a simple way by using a very common method of 
!:Juation that i.~ u.wlly \ITOng. Our intentioo is to compare designs A 

The procl.'!!s iH nf tto•· :\larkc> ty~, wbcre the state at time t is a function of t_he 
. ., at time t - 1. Tll•; mk-s fe,; trans1tipn may be quite comp!ex and tbe number of 
.:::'ble stat<:s rnay ,,. v• r;, grc!~ :r:deed. Áll possiblc sto.tes wtli ~ldom be enumerable
:.¡: or them :u:r· J.idd• fl ur.til t!:.ey are db.covcrcd by creative i.nslght. 
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{-:..:-· determinn.nts of (luality and thcrcfon: prdcrcncc (uod tberf'fore: attainment 
'-· of the objcctives). w~ ~hall call thcLC dw.racteristics 1 nnd 2. Thc quality oC 
l· each dcsi¡;n is ratcd with rcspcct to the two chaructcristics. Tbus A1 is th~ f2- quality evaluation of dcsign A with re.;,pect to thc first charnct..cristic; t.f similurly B2 is thc: quality cvaluation ,,f dc.;,ign B with rc.s¡.Jcct to tbc sccoml 
¡ ~- charactcristic. By switching from thc analysis of the dc.sigu as a whole to 
¡~- · the analysis of C'ach dcsign charactcri.~tic, the dimensional dillicultics that. 

nrc inhcr<'nt iu ovcr-all evaluation can b1.: avoided. C'onscquentlyi violations 
of tmnsitivity can Le eliminatcd. 

1 •• -

J'"; 
! D.._. 

!\cxt n sct of weighting factors U, t;hr;sen. Individuals of the design tea.m 
may not agrec on the assignment (J( wcights. For that matter, there will 
proLably not be complete agreemcnt on thc quality standards and mcasurcs 
that n.rc to be cmploycd. At least all such disagreements can be discusscd 
bccausc they are objective (although qualitative). We will return t.o this 
subjcct again. nut first lct us sec what i!:! done with the weighting factors 
n.nd what is \vrong with thc mcthod that is commonly employed. 

Let the weights Le w1 for the first characteristic and w2 for the sccond 
charactcristic. Then the tquality of design A is given as, QA = w1A1 + 
wzA2, and the quality of 

1
dcsign B is, Qs = w1B1 + u:1Bz. This is what is 

done in thosc circumstances whcre extra cffort is being expended and where 
formal qualitative (quasi-quantitath·e) methods are allo·.,ed. Wc shall un
coYer the fundamental etror that is being mude by ta.king a specific ex., 
ample. We will compare t'he qualities of two boxes, each of wlúch contain 
one apple and one orange. 4 To begin, let us assume that a highly-skilled 
fruit grader determines the following: Box A contains an apple of grade 2 
and an orange of grade 5, where 5 is the best possible grade and 1 is tbe 
lowest grade. Box B contains an apple of grade 4 and ao orangc of grade 3. 
One of the designers of the box of fruit states that in his opinion the 
contributions of the apple and the orange to the over-all quality of the 
combination are equivalen t. By tbis he means that his preference for either 
one of the boxes will be equally influenced by both types of fruit. The im· 
plicit assumption is made that he is not speaking about his own preference. 
Instead he is attempting to mirror the consumers' attitude and make his 
preference equivalent to the profit potential of eacb type of box. Then, at 
least for this decision-maker, the quality mcasures would indicate equal 
quality evaluations for both boxes. Thus: 

Q (Box A) = (1)(2) + (1)(5) = 7 and Q (Box B) = (1)(4) + (1)(3) = 7 

We are not going to quarrel with the choice of weigbts. :\tarket sun:eys 
could be conducted to lend support or contradict the contentio~that tbey 

• The characteristics or the dcsign (box of fruit) are, characteristic 1: o.pples; char
acteristic 2· orangcs .. 
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.. . 
c~t. XeiL shall WC disagree mth +t,.e ql::ility C\":l.!Uations of the 
-. Pn-5~,;mably, he is a scnsitive measu; .. !g irutrumcnt. H one doubts 
• sC'cGr:u gradcr can be obtaincd and the t<'St proccdure replicated. 
:he rcEab1!ity of our first gradcr has bcen autheuticatcd we can rela:t 
.$ poi!lt. The rcbtion.ship of the grades them5elvcs to thc consumers' 
~t!úo of I]U:tlity is anothcr traditional area for dispute, but here too 
·c.gr:ize that markct sun cys can be crr.ployed to lcnd crcdancc to 

_;raclicg system. \\"e find somcthing else objcctionable-namely, the 
.dure tbt has bcen uscd. 

IMENSIONAl ANALYSIS 

·t us determine thc dimcnsions of the quality mcasure that \yas ob
:d abo\·c. We have addcd applcs and ornnges and our result is cx
·cd in thcse terms. But what does the &rncusion applcs plus oranges 
~!? Thc answcr is: "nothing we can undcrstand." Lct us undcrscorc this 
'usion by considcring another cxample .. -\ssume that two dcsigns are 
:: evnlun.tcd in tcrms of their cost, sizc, and weight. Thc objcctive for 

1 of thc~c charactcristics is to obtain thc mínimum \'alue. (The objecti\·e 
~e fruit box was a maximum value.) Assume the following data: 

. . . Cost Size Jreight 

Design C S3 12" ll 
Design D $2 24" 21 
imporlance 5 2 3 

·g the incorrect method \\~e obtain: 

Q (Dcsign C) = 5(3) + 2(12) + 3(1) = -!2 (dollars + in. !"lb) 

Q (Dcsign D) = 5(2) + 2(2-1) + 3(2)_ =:= G-1 (dollars + in. -:1- lb) 

'gn e, having a smaller evaluation number, is tbe indicated choice. 
:, let us transform inches to feet. If tbe method of evaluation were 
.:ct, then Design e would continue to be preferred, since there could 
.o logical basis for using an inch scale instead of a foot scale. We bave: 

Q (Design C) = 5(3) + 2(1) + 3(1) = 20 (~ollars + ft +lb) 

Q (Design D) = 5(2) + 2(2) + 3(2) = 20 (dollars + ft + lb) 

lcsigns are now rcportcd to be cr¡ui..,·alent. Apparently tbis method of 
.ltion is not invariant to thc sc::J.Ie of our measuring instruments .• -\.:! • .:r txample let us change do!Tars to ccnts. Then: 

.2 

.. , ~ ~ -. .. ·-:.. 
·-. -

~· _,~ 

:~}- : 
"~· 

,;, .. .. 
-" .... -

Q (Dcsign C) = .>(:~00) + 2(1) + 3(1) = 1505 (ccnts + ft . lb) 

Q (DE'si~n D) = .i(200) + ~(2) + :3(2) = 1010 (cents + ft +:lb) 

The preferencc has now S\\ itchcu to Dcsign D. Thc rcsults are intolcw~·~a. · 
This systcm of cYaluation hu:. I.Jccn discrcditcd by example. l;udPrl,\ :: ~ 
thcse illustrations are thc basic rcc¡uircmcnts of dimensional con:.~l.-r•~-_:.-. 
The method uscd abovc for comparing altcrnati\'c dcsigns producr:- ..li
mcnsional abominations. How then should we procccd? 

We must multiply thc c¡uality mcasures instead of ad<ling them. Tt.e 
wcighting factors will he cxponcnts associatcd with eacb churactcri_~th~. 1 

Th~: ¡1 
QA = ,tr'.13" and Qs = 'BtB2' 

For tbe box of fruit this will give: · '-- : 

Q (Dox .t) ·= (2)1 (á)l = 10 and Q (Box B) = (4) 1 (3) 1 = 12 

Sincc the objecti\·e is to ohtain thc highest numbcr-Box B is prc!erred. 
Witb respect to our sccond cxumple we obtain:6 

Q (Dcsign C) = ~3)& (12) 2 (1) 3 = 3--1,992 (dollars X in. X lb) 

Q (Dcsign D) = {2) 6 (24) 2 (2) 3 = 147,456 (dollars X in. X lb) 

¡ 

' 
• 1 

Our objective was the smallest number and so Design e is prefcrred. Xo·.• 
let us go through the same set of scale transformations that we previo;;.sly-. 

used. Q (Des;gn C) ~ (3); (!)' (!)' ~ . ~43(~ollaffi X ft X ·1~) .. · ·¡ 
Q (Design D) = (2) 5 (2)2 (2) 3 = 1,024 (dollars X ft X lb) -1 

This time, Designe continues to remain thc choice. Lastly, · ¡ 

1 

Q (Design C) = (300) 6 (1) 2 (1)1 

• ·: -_. - = 2,430,000,000,000 (cents X ft X lb) 

Q (Design D) = (200) 5 (2)% (2)• 

1 
1 

. . 
= 10,240,000,000,000 (cents X ft X lb) 

which is also a Design C choice. 1 
To understand the nature of what we have done let us find the rat!os oÍ 

each paired comparison. These are, for the method of addition: 

(1) ·_: = 0.66 
20 

(2) 20 = 1.00 
1505 . 

(3) 1010 = 1.49 

8 For e :;¡se or computation this can a !so be written ns: 

log Qc = W¡ log e, + U'2 log C: + U,'J log c. 
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:1 f?:-~e mcthod_ oí multiplic:Úion: · . .- -~ · · : ·: ' · ~-:..~:: One o.ddition~l charactcristic of the multiplication mcth~d-·;h~~ld-~- -~--
l) ~4.992 ·_ 

0 2
, (

2
) - 243 __ .;; :2-t:HtO)to •J.-~-- notcd. If a mix oí objectivcs exists, then it is nccessa.ry to use ne¡;ativc 

H 7,4.)6 -: - -s 1 J02-~, - U.--s · (3) l,0:2-l~lO)'o = 0.24 ..-¿~ cxponeuts. For cxamp!e, ií we w~h to bavc o. mínimum of cost anda ma.:d-

n dimens!onal tcrms, thc ratio with :tddition is of the type: 

{clolbrs) (in.) + llh). 
~floll:us + in. + lb) + (doll:.trs + in. -t- ¡:-úuuds) lduii.Jr, + 111. + IL) 

fhis t'annot be furthcr reduced. The ratios deriveJ from multiplication 
·ield apure number, e.g., 

(dolb.rs X in. X lb) · , __ 
= pure numu<::r 

(4ollars X in. X lb) . 

!'t is conclusive that thc multiplication method is the rorrcct approach: e 

15. A STANDARD FOR COMPARISON 

Only ratios have significance whcn we apply this mcthod to obtain 
preference mensures. Our outcomes are thereí01:c only rclative but that is 
cnougb for the purposcs of choosing onc strotegy out of a set of possibilities. 
Thús, for the box of íruit the outcoroe ratio ís~ 

- . 
Box A lO 5 
Box B = 12 = 6 

and since we want as large a number as possible we choose Box B. 
Wben we are trying to obtain outcome ,·alues for our dccision matrix, the 

LP product-mi.'-: analysis, or the competith·e payoff matrb.:, it is useful to 
take ratios with respect toa standard. In this case, the bcst possiblc design 
for the box of fruit would be an apple oí grade 5 and an orange of grade 5. 
Using the ''eighting system pre,-:ious!y spceified, our ratios with respect 
to the standard (best possible) design would be: 

• Box A 5 Box B 6 
- and -Standard 25 Standard 25 

It is also useful to standardize the weighting systcm. This is easily ac
compllihed by making the weights sum to onc, ten, or one hundred. \Ve 
u.sed ten for the three-characteristic example. In the case of the box of 

s.fruit \\e could have utilized weighting factQrs of one.h!llf. Changes of this 
sort wi11 affect the ratio values but the order of preference will remain the 
snme. 

. ' . 
o F'or further disctl!;sion of tbc-sc points ~ce P. W. Dridgm: . .n, Dimensional AnalysiB 

(~e-w Haven: Yalc Umvrrsity Press, 1922), pp. 21-22. 
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~:.?·i mum of strength, we would select the dcsign altcmativc with the snullcst 
,•; . .- qua.lity evaluation numbcr from thc :;;ct of such measures: 
~;-}" _ !1 = (C,)•••(S,)-11'1 _ (C,)u-•(S.)"" 
!1· Q. (C,..)U'•(.S.)-"' - (Cea),.•(S

1
)u-. 

'•i· -·· 

-~ -·. 

where CJ _is the cost of thc jth design, SJ is thc strcngth of the jth design, and 
the nstensk represrnts thc standard dcsign. · 

\Ye now have devclopcd a prartical mcans for assigning outcome values 
whcn othcr approaches cannot be uscd. A notcworthy bcncfit o( using this 
P,roccdure is that it forccs all partiripants oí the dcsign tcam to speciíy the 
factors that nre playing au important part in thc:ir own individual thoughts 
about the problcm. First, thc critica! charactcristics must be listcd. 
Usually a master sheet would be drawn up that includcd evcry charac
teristic suggestcd. If thcre is disagrccmcnt as to what sbould be included 
on the list the dispute can be resolved when the wcights are n.ssigned. A 
zero weight produces thc !value of one, which in effect is cquh·alent to 
dropping considcration of 'the disputcd chamcteristic. The operation of 
assigning weights is also of great utility since it communicates the attitudes 
and ideas of each member of the dcsign team. There is no other efTective 
way of achieving the vital pnderstanding that is requircd if differenccs of 
opinion are to be resolved ih the company's favor. At the same time, there 
is nothing at all conclusive about these nlue judgments. They will differ 
from individual to individual and frequently can differ for the same 
indh-idual over a 15-minute period. ~- _ ._ . 

Outcome values would be derived for each intersection ~f .the dccision 
matri'-:. If, for example, thc states oí nature are by user cn.teg;ories, then a 
di.fferent set of weights would be assigned for each column-depending upon 
the characteristics that each type of consumer looks for in this product. · 
Once all of the outcome values are supplied, the expected values can be 
derived and all proccdures previously described can be utilized. With re
spect to the design-mix problema quality-preference equation, rather than 

· a profit function, would be maximized. For the competitive decision-making 
_system, the payoff measures should express the competitive advantage 
that a particular combination of strategies would produce. This is the most 
difficult area with respect to applying the preference measures, but with a 
degree of ingenuity sorne headway can be made. _ 

There is no question about it-the measurement problems can be severe: 
particularly with respect to the arbitrary type of standards .. When the fruit 
grader ratcd the orange in Box A. as the best possible grade we recognize 
that he must have his own criteria. We may not be willing to agrec with 
this fruit grader until we know what rating scheme he is using. He must 
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.t o~t in de~il. He ob\·iously employed ,:'l.rio;j5 \""::!:;'s oí w by deciding 
certain qua.lities of :m orang;c werc mo11.. impc;r-!a"'t than othcrs. \Ve 
·t thaL his basic measurcments oí quality lc,;el; .::.:.: reproducible, but. 
·,nnot fllld out until we make him break down the J~cision-c\·aluation 
.m that he uscd. He might ha.vc had such ca~c::;0:ics as: thc shape of 
-ruit, the color, the firmness, the size, the \~éight, and so ~n. Notice 
thesc cu.tcgories bcgin to become mcn::;urablc :;.; thcy become more 

.lcd, and a stand?-rd Cor such measurement can t...e set. 

QUALITY CHARACTERISTICS 
. . 

~rore we conclude this chapter let us consider sorne oí the characteristics 
might normally be im·oh·cd in a quality cvaluation. To begin with, 

:uwe a set of ch:uactcristics which might he cá!led "functional." \Ve 
1 dh·idc the functional charactcristics into thr~ classes: ( l) cfficiency 
urpose, (2) man-fitncss :md (3) rcliability. \Ve ~~l discuss them bricfly. 

second majar class can be callcd "nonfunctional" characteristics. 
·se are composed of such factors as appearance, communication of 
.cepts, a.nd timcliness. Howcvcr, we shall merely mention them. Cer-
1ly, therc are other ways of grouping factors. :\o claim can be made 
t these catcgories include all possible quality characteristics, but they 
represent a synthesis that may be helpful. Discu~ion at this point in 
.1ewha.t more specific terms can also reduce the abstro.ctness which is 
.erent in efficient presenta.tion of method. · 
.\1th respect to our first point, efficiency of purpose, we will find such 
:egories as: speed of action, ability to clea.n, heat genera.ted, light pro
!ed, ea.se of using, clearness of type, a.nd versatil!ty. Each product-type 
product class has its mm particular purposes. It is essentially through 
mifica.tion of these basic purposes that one dcri\·es the concept of a. 
1duct class. We cannot expect to find a set of characteristics that ,,.m 
rk for all products becaU5e the purpose chara.cteristics are the major 
-miog feature of the designs that are being investigated. A point must be 
de, however: all possible purposes that can be conceived should be set 
wn at the initial stages in the development of the product design. 
ually, the designer has these in mind, but seldom Í5 he specifically com
ssioned to create a thing which accomplishes x, y, and z. Purpose should 
pa..instakingly detailed. Frequently, an unrecognized use appears for a. 

·.-en product design ata la ter time-long after a !:!elcctcd design is accepted 
.d put into production. Such by-products frequently dclight the product 
magers when in fact they should be conscious of having missed this point 
.ring the developmental stagcs. Fortuitous events are not to be scorned
·r do we intend to give the id-tpression that a cr~tive event after a. 
'Jduct has been marketed should be subjected to scorn and derision. 
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Somctimcs thc by-product appcars as a rc-.,ult of a changc i~ th ~:.::r:-.ef, 
and in thlli case onc might a.sk: "\Y as this changc anticipated'?" X o ~ttcr 
how operatiowtl we gct in our approach to the dcsign problC'm we ~~11wl 
hope to answcr all Stl(;h que::.tions and we c:umot bcgin to bclic"c ou..~h ··~ 
infnlliblc. I3ut thc fact rcm:lins that in a logical systcm, mo;;t by-p:oJtH·t 
possibilitics l:!hould h:.LYe UCC!l Ulltieipated, :lllU thc UJD:lffiÍCS of the ID:lrh.l't 
in this regard are at lcast in pmt prcdictable. The ptediction ma.r not 1.-<' :\ · 
good one. We rcfer only to thc fact tho.t a. prcdíctwn should ha.;·e bc¡;n 
attcmpted. 

Thus, for a stupler wc \Yant to list quality charactcristics which ir:clullt' 
the force required to drh·c thc staple into many differcnt matí'ri:J.k In 
addition we wnnt to know the force rcquircd to drive thc staple th."""u&h 
various thickncc:;ses oC paper . ..\nd we ineludc othcr qua.lity cbn.racterktic~ 
sueh as the kiuds, "izcs, nnd shapcs of surfaces to which it can be applicd, 
the ease of filling, thc frcqucncy with which it must be filled, the necessity 
of kceping thc mc('h::mism l'l<'n.n, thc case of clcaning, and so forth. Thi.s 
work mn.y sccm cxha.usting, but it has a. vcry important benefit. 1 t dili;;cntly 
detn.ils nll of thc purpose factors which influence thc consumers' judgment 
of qunlity. Assuming that thc purpose factors are oí importance in most 
COllSUIDCrs' minds, Ít pcrmits US to approach the problem o( C\'aluating 
alternative dcsigns in the munncr wc ha.\·e describcd. , -

1\Ian.:fitness was our sccond sub-category within thc funcÚonal qu::ility 
churacteristics. Hcre w~ are talking about thc correspondence of the hum:t.n 
form and human a.bilit'ies to the product characteristics. This sub1ect ms 
been treated at sorne length in thc literature undcr various names, including 
human engineering, bio-mechanics, ergonomics, human factors, a::d engi
neering psychology. I3eing dissatisfied with these names, we m\·e comed 
our own term for this publication hoping that this extravaga.r:cc u-ill be 
excused in the light of the prolifcration of descriptive names currently in 
use. Such cha.ra.cteristics as weight, size, handgrip, foothold, scated com
fort, co~ort in general, rcadability of dials, clarity and. pe::ception Óf 
sound, taste, smell, tactile sensations, all play their part in the for:nation 
of this category of qualities. These are not primar-y purposes of the design, 
but they are accompanying restrictions. __ . 1 
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37. THRESHOLDS -- _. _ .. .,_· 

-1 
Most of these man-fit qualities have thresholds below which e;·cn the l 

highest quality of purpose fulfillment must be ignored. For e~mple, a 
pen which writes forever without requiring refilling will not be cc:J.Sidercd , 
as having a high resultant quality level if writing with it is painful, or if 
the hand is ftoodcd with ink. The man-fit area is not the only one in which 
thresholds exist, e.g., soap that soils, a knife that docs not cut, a g!ass that 
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AG. 36 Evalualion of Quality for Oifferent Seat Heighls (for a 
particular cansumcr group). 

"". In all of these cases, the value. w will f'hangc whcn n. thrrsholll is 
:d. Lct us consider tbc cornfort of an o.utornobilc sea t. Assumc that for 
-ti~ul:l.r grou~ of consumers it ~as an irnportancc of :l out of a possible 
)Otnts. That 1s, Wscat = 0.03. Frgurc 36 prcscnts a reprcsentativc curve 
•Jality eYaluation as a function of the height of the scat. Wc prrsume 
one of the basic simil::lrities of our cboscn consumer group is ¡;imilnr 
:t and build. Within a normal rañrrc of seat hcights w = O 03 

• - J :iCD.t • • 

ever, at the extremes the contribution of seat hcight to rcsultant 
ity becomes distorted. In fact, the seat becomcs the most important 
'r in the consumers' evaluation of the co.r. These are value thresholds 
a possib~e value function is _shown in Figure ~7. \Ve rnu~t obviousl; 

w- unportcr.ce (~<e•ghting fatlar) of lhts characlerrsl•t 

, - J ,. . . ' ., . -- _ ... 
100 --t--.......... -r------~~--

... .~ -

.. 
-- .. --~· 

.03 ----;~----~'-·-., T 
--'----1-------li---- Hetghl of seal 

L--[lhresholds)

' FIG. 37 Value, <M, af Quality Charac!eristic-Seat Helght-Over 
tho Range af Possible SeHings. 
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cort.;ider such thrc¡,holus when we :~.ttcmpt to mca~:..1re the rcsultant qua.lit..\0 

of a de.!.io-n. . _ Q ~ . . ~ ( 

Thc contribution of ,·nricty in tr.nns of man-íitnc.::s can be caDcd {une~ 
tion.al \'::tricty. It is of major importam:P. Cifld(;rella could not ha,·c bccom~ 
a priucess ií thc gl:l~s :-;Jipprr could ha\·c fit b<:.r stcp-si::.tcrs' fcet e1¡11ally 
well. Sclf-fitting rnaterial:::, :·nwh as ~lrct.ch-<-ocks, are part of a revolutiou 
_in technology. Childn·n :-omP fifty ycars hC'ncc may judgc thc Cinucr<'ll:\ 
story to he unrcnl-~o accustomed will they be to sclf-fittiug ma.tcrials in 
garrne:nts and shors. :\h·:tmrhi!C', func·tioual \·arÍ,!lY b un absolute nccPSl:>Íl\' 
if ncw l>cgmcnts of u potC'utial markct are to he ad<.lcu to thP compun/~ 
over-all potcntial. This factor can be ineludc<.l in quality cvaluation. It L:; 
not the sa.me thiug as thc ,·ariety in<.luccd by thc capacity, product-mix 
ana]ysis. · . . - ; 

Our third functionnl <¡\l!l.lity class r·onrcrus thc Jeliability of the design. 
Primarily this rcfcrs to the performance of thc dc'>ign ovcr time. Onc of tbc 
major aspects of relinbility is total fa•lurc. Somc products are :.ubjcct to :1 

gradual dcterioration. Othcrs WJ!l pcrform as intcn<.lcd aud thcn suddenh· 
fail. l\'Iost products cxhibit a combination of thcsc charactcristics. A grc;t 
dcal has been writtcn on thctsubjcct of failure ratcs and rcliability. ::\lanu
facturcrs' guarnntccs are sigriificant indicators of the cxistencc of thresholds 
o.pplicablc to this catcgory. Thus, if an automobilc fails within the first 
thirty days or sorne given numbcr of miles, the consumcrs' cvaltution of 
the ~roduct would weight th~ impor~nce of tbis low qualit~ in ~n extreme 
fashton. Furthcrrnore, wc sec! from th1s examplc that tbe wc1ghtmg systcm 
may shift over time. :\Iany automobile manufacturers are extcnding their 
guarantee period as a result of increasing importance being placcd on this 
clmracteristic by the consumer. This gh·es us an cxample of the dynamic 
properties of tbe value systcm. How can we cope with this uspect of quality? 
Briefly, we 'are forced to predict a trajectory for the value or weighting 
system. Tben quality ratios are obtained for difTerent points in time. Tbe 
mean!? of achieving the forccast are circurnscribed by the body of knowlcdge 
which presently exists in the subjcct area. -, · · ·· - . -·.. -

Our present discussion applies to refrigerators, ligbt bulbs, television 
sets, and also to bars of soap, tubes of toothpaste, and cans of food. In each 
case, the life e:\.lJectation, the dcgree oí \·ariability of the !ifetime, and the 
~port:l.nce of the Iüetime will differ. But in general, the quality evaluation 
of the lifetime propcrty will increase as the lifetime itself increases. This is 
a monotonically iucreasing quality function unlike the inverted U-shape 
quality evaluation for the height of an automobilc sea t. For chura.cteristics 
of this kind the- optimal quality is associ:~.ted with the maximum number of 
the characteristic. On the other hand, whcn we consider the degree. oí drift. 
from a fixed precision Je,·el, e.g. obsen·able wcar on silver-plated dinncr
wear, reduced illumination from aging fiourescent bulbs, wom heels and 

·soles on a pair of shoes, and so on, the quality judgment will monotonically 
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-;-:...:.(- witl. _rcasing drift. In thiE ca~" the objcctiYe \\ 11l br a~sociated 
:, ±e rr.inimum numLer of tbc charactcr. .tic, zcro Jrift b1·iu¡; thc highL•st 
.:... ~-- measure. 
.~.::.e is not very m u eh tbat we can say explicitiy a Lo u t the nonfunc
·...::.1 domain. Thc thrcc functional sub-catcgorics h::n:,. rcccivcd C:\trw;ivc 
;.:..;.<.:-'(>ring and scicntific study. The rct¡uircd meU.">III"I'Illt!llts 0r estimatcs 

~.-r;t ca::.y to come by, Lut thcy can almost alway:s J,r: approarheU. lu the 
:f'.!!'lctional area, very little work e:-.ists. The rc>a...,un for thc dispro
:-Jr,aate cmphasis is casily uudcrstood. Thc functioual catcgorics reflcct 
·::.trr.eutal &tandard.:; f01 the most part. The uoufunetional region is 
: with shadows and elu::i\·e forros. Thc foumlations are almost ex

-~-.-e)y in the realm of arbitrary ::.tandards. This has lcd most serious 
r::o""tigators to shun the nonfunctional qualit.y arca. Jfo\\ C\'CI', the fact 
:.!l.ins that by sticking one's head in thc sand, one does not a\·oid the 

-.:':".l.Sll.nt, thc dangcrous, aml thc threatcuiug. Thc nonfunclional quality 
~ i.~ too important to ignore. There is vcry good evidence that in thc 
<?rmination of rc::.ultant quality nonfunctionnl catcgories cau play a 
·•Jr role. 7 .:\e\'Crtheless, it would Le inappropriate to do more than stress 
. !mportance of thc nonfunctional catcgo1 ics at this timc-and to state 
.t no dcsign analysis can be mcaningful that ignores thcsc characteristics. 
:..~ marketing department can usually cnumerate thosc cntegories that 

relc\·ant for any spccific time and place. Thcy can also supply the 
-~r¡tial data and estimates. For any specific problcm the nonfunctional 
:.aain must be included and examined in as objective a fashion as is 
·;sible. 

TI&is is particul:!.rly true with rcspcct to thresholds that opcrate in this domain. 
'<.!can be traccd to thc nonfunctional catcgorics more frcqucntly than to the func
~..aJ catcgories. Also, there is probably no greatcr condernnation than to, !abe! sornc-
';6, "out of style." · 

·-
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7 
SIMULA TI ON M!;THODS 

We have devclopcd a variety of analytic methods for resolving produd 
design decision problcm~. They wcre pre~ented as much as possihle in the 
context of actual use. Accordiugly, Chapter G was devotcd to practic:tl, 
qunlitntive (or qu~i-f¡uantitativc) mcans for determining outeome.s th:~t. 
ronld be u&ed in nnalytic systems. Therc are times, hO\vever, when noalyllC 

_ methods are applieable only in theOI'y. This is frequcntly the ca..."e when 
complex outcomcs must he dctermined. For example, cons1dcr the following 
problem. A numbcr of altcrnati\·c designs are on the drawing board for 
::\Inch 2 airliners. The flight charactcristics of each plane design can be 
partially determined tby using mathematical equations. liodels in wind
tunnels are used to lill in sorne of the missing information. In tbe last 
analysis, many critica! factors remain unresolvcd until an actu:J.!, full-scale 
prototype has been constructed and flown under a variety of comlitions. 
\\'by nren't all of these problems amenable to early analytic solution? 
Tbe answer is that \V~ do not know enough about thc functional relation
ships between the controllable variables, the noncontrollable Yariables, and 
the outcomes. -

-"':.-

38. COMPRESSING TIME 

Wind-tuimel models a.nd towing-tank models are both examples oí 
concrete, physical represcntations that are purposefully constructed to 
interact "ith a controlled environment. All relevant státes of n::1ture are 
anticipated anda device is built to simulate them. By simulation we mean 
that a controlled representation of reality is utilized in order to obtain 
information about the bch.avior of a system. We use simulation instead of 
analysis because the system is too complicated to permit inferen.c: to work. 
Instead obsen:ation must be used. Somctimes it is more economtcal to use 
simulatlon than analysis. At other times the mathematical cquations that 
describe the system cannot be soh·ed. For these reasons, simulation is 
particularly well suited to product design problcms. The fatigue cha:a.~
teristics of moving parts can usually be derived by laboratory tests. "\ an
ations of temperature, humidity, atmospheric conditions, and otbr:r 
relevant emironmental variables are easily ineluded in such experimenta. 
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El objetivo de esta plática es llegar a establecer claramente cual es 
" 

• la función de cada edificio y de sus interrelaciones dentro del medio 

urbano, a través del enfoque sistémico. 

Parece sencillo a primera vista, el hablar del enfoque sistémico; es 

algo tan obvio que nos preguntamos el por que se considera tan novedoso 

y porque no ha sido ya aplicado intensivamente en todos los campos. Es 

cierto, no es novedoso como posición, ya que en todas las épocas ha 

habido siempre quien intuya que formamos parte de un gran sistema y que 

todo acontecimiento o acción tiene un impacto mayor y más sofisticado 

del que hemos logrado preveer. El problema ha sido siempre el tratar 

de explicar este fenómeno y de obtener algo que nos sea de utilidad.· 

En el hombre antiguo las interrelaciones que tenía con otros hombres, 

con el medio y con el proceso histórico eran más aisladas, ya que no 

contaba con los medios de comunicación actuales en cuanto a información 

y movimiento; y por lo tanto le ~ra difícil el analizar hechos y 

1 

situaciones si no eran como simple2 consecuencia directa de un acontecimiento 

existente. '., 

El hombre clasificaba lo que le rodeaba y sucedía dentro de grupos y procesos 

sencillos que cubrían sus necesidades de información para manejo de su 

medio ambiente; lo que se salía de esas normas caía simplemente en el 

campo de lo mágico o lo extraterrenal. Era un proceso en el cual por 

falta de comunicación(
1

) el impacto que tenía un hombre o una sociedad 

(1) Nota.- En este trabajo se considera que el conocimiento es parte de 
la comunicación, como interrelación de la verdad física y el 
hombr.e. 
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erq siempre limitado¡ había mucho tiempo entre cada acontecimiento que 

permitía al hombre asimilar o controlar los cambios y grandes distancias 
! ., , 

que ayudaban a aislar su impacto. 

En la actualidad gracias a la comunicación la dimensión del tiempo y del 

espacio ha variado si lo medimos por la cantidad y procedencia de las 

interrelaciones que nos afectan, y nos empezamos a dar cuenta que estamos 

participando en un proceso que ya no logramos controlar. 

Cada día es más evidente el problema de las ciudades como un sistema del 

cual estamos perdiendo control, no solo en términos de contaminación y 

sobre población, sino también en términos de integración física, social 

y cultural. 

Esto ha obligado en los últimos años, a cuestionar las bases que heredamos 

de análisis y control y ha cobrado fuerza una antigua actividad, la 

actividad de ·la planeación. 

Veamos cual es la situación actual ~e esta disciplina a nivel mundial. 

En el marco general es patente la preocupación de varios técnicos en 

analizar y explicar cual ha sido nuestro proceso de desarrollo soci~ 

económico para intentar así, justificar ó atacar los factores que cada 

uno cree ha hecho inoperante al sistema (centralización, dependencia 

interna-externa, reforma agraria, industrialización, etc.). En el campo 

metodológico la idea de perfeccionar las técnicas de elaboración y 

análisis de proyectos-que había sido uno de los objetivos básicos de muchos 

años- ha sido insuficiente, pues ha conducido a que en la mayoría de los 

casos la mejor posibilidad de cuantificación y detección de variables 

económicas no reflejan todavía desde el punto de vista social, las mejores 
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alternativas. Es muy notorio el hecho de que actualmente entre los 

planificadores hay do~generaciones con principios distintos¡ aquella 
' ' 

que vé los problemas que van surgiendo como factores más o menos 

independientes (vivienda, salud, educación, servicios etc. etc.) los 

cuales hay que ir solucionando para continuar operando eficientemente el 

si~tema establecido, y otro grupo el cual vé los problemas como una serie 

de manifestaciones de un sistema basado en una desigualdad económica, 

política y social. Es decir, hay un grupo que no vé solución o planeaci6n 

posible sint· un cambio profundo en nuestros valores y en nuestros

principios económicos y otro que vé la planeación como el ir intentando 

resolver aisladamente problemas manifiestos. 

Por último hay otro punto que considero el más importante, la conciencia 

de la gran mayoría, de la necesidad de un nuevo enfoque que permita 

analizar los problemas como manifestaciones interrelacionadas, para 

permitir un-paso más· fiel de-I~laneaci6n a la ejecución. El análisis 

de toda la problemática del desarrollo y de sus intentos de solución 

desde el marco conceptual de la ciencia de los sistemas,como enfoque que 

permite a un grupo multidiciplinario el comprender un proceso dinámico 

y participar con pleno conocimiento en la toma de decisiones. 

En esta primera parte vamos a ver someramente que son los a-i:Stemas y como 

influyen en el proceso de planeaci6n. Vamos a seguir en principio algunas 

ideas que, aunque del dominio público, George Cha.-·dwick en su libro "A 

Systems View of Planni'ng" nos proporciona en cierta secuencia que se 

acomoda a nuestra introducción, es quizá también el principio de todo 

tratado sobre sistemas. 

Después de millones de años de existir este planeta, surge de un pasado 

impreciso, una especie que empieza a diferenciarse de otras en sus 
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facultades de juicio y selección hasta llegar a establecerse y a hacer 

uso y modificaciones a los recursos a su alrededor. 

Analicemos su medio ambiente. Hay nueve planetas en el sistema solar 

que conocemos y aunque esto es sólo una pequeñísima parte del sistema 

galáctico que empezamos a descubrir, en él está la Tierra, uno de los 

más pequeños planetas de este sistema solar. Esta está envuelta de una 

delgada capa.~.que pesa quizá_
0
una _m:i,lmillonésima parte del peso total del 

planeta, un fenómeno quizá trivial en términos cósmicos, pero esta 

delgada capa de seres vivos es para nosotros la circunstancia principal 

de nuestra existencia. El hombre no es más que uno de los tantos 

integrantes de esa capa, uno de los más recientes. Y a pesar de tener 

más poder que cualquier otro ser sobre el planeta, sigue siendo tan solo 

una parte de la película que nos envuelve. Como los demás seres necesita 

aire para respirar y le es indispensable el agua. En su movilidad está 

estrechamente ~dherido a la tierra; a pesar de su inteligencia el hombre está 

perdido sin lo que produce la tierra como alimento y para rranufactura~ no 

podría sobrevivir sin vegetación, sin los productos de distintas capas 

geológicas, sin lluvia, sin sol, viento, todo lo que forma su cambiante 

y en cierto sentido estático medio ambiente1 El mismo de otras especies 

y plantas. El hombre es parte de la ecología del planeta, un sistema 

de interrelaciones entre la tierra, su atmósfera, su clima, su vegetación 

y sus habitantes de una admirable complejidad y que es aún una diaria 

experiencia humana. 

Aunque complejas, ya estamos acostumbrados a agrupar estas interrelaciones 

cuando describimos alguna situación, por ejemplo, hablamos del sistema 

cósmico para describir aquellos fenómenos que están en el extremo de lo 

mayor que podemes imaginar y de sistemas de átomos, cuando queremos 

\ 
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describir lo.más pequeño que podemos concebir. 

Asimismo, describimos relaciones entre grupos de animales localizados 

en su medio ambiente, con su vegetación y su clima como un sistema 

ecológico o ecosistema, con variaciones en tamaño y complejidad entre sus 

relaciones en los que podemos tener conjuntos y subconjuntos de acuerdo a 

patrones de comportamiento, alimentación, especie, sexo, etc, Estos 

conjuntos y subconjuntos son los sistemas y subsistemas de nuestro 

ecosistema o sistema ecol6gico total •. 

El hombre como ya mencionamos, es solo una especie animal en el mundo, 

pero es un animal diferente que compite en muchos campos con otras especies 

para invariablemente resultar el vencedor. 

~ 

Como otros animales el hombre se encuentra ante la necesidad de .ajustarse 

a. las _condiciones naturales, pero a diferencia de los demás es capaz también 

de modific9r éstas hasta cierto grado. Tanto el hombre como los animales 

necesitan comida. Esto era y es pr~orcionado ~niquilando otras especies 

y consumiendo plantas, pero los animales a diferencia del hombre buscan 

aquello que está disponible naturalmente y el hombre modifica las 

circunstancias para poder cultivar ciertas plantas que le sirvan de alimento 

a él 6 a los animales que ha domesticado, Aquí el hombre agricultor ha 

modificado los sistemas naturales para satisfacer sus necesidades. 

Estudiando los sistemas naturales vemos que el hombre ha contribuido a 

producir sistemas modificados o subsistemas dentro del contexto de los 

ecosistemas naturales. El hombre se ha movido de buscar refugios naturales 

como árboles y cuevas a construir su propia vivienda, primero de materiales 

naturales que aparentemente le imponían limitaciones fijas (como el tamaño 
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de las rocas o el largo de los troncos) hasta llegar a lo de ahora, un 

refugio de materiales sintéticos con clima artificial. Hemos modificado 

las condiciones naturales con la idea de proporcionarnos un mejor 

alojamiento y por mayor tiempo del que lograría la naturaleza por sí 

misma. Aquí podemos ver que el hombre.aparece como una especie "optimizadora" 

(valga la expresi6n) en bases distintas a los demás. 

Ellos optimizan ajustándose con sus limitacionesalas condiciones naturales 

o evolucionando en seres mejor adaptados a esas condiciones. El hombre -

es un ser ya evolucionado que es capaz tanto de adaptarse a las condiciones 

naturales como a buscar concientemente c6mo optimizar sus recursos y 

modificar a su gusto el sistemanatural existente. 

En esta búsqueda de lo 6ptimo el homb~ estimará una situaci6n futura 

como base con la cual comparar las posibles soluciones a un problema presente, 

es decir, él se decidirá por aquella alternativa que considera lo llevará 

a la situaci6n deseada por la línea del menor esfuerzo. El hombre intenta 

minimizar sus recursos hacia un objetivo establecido o de maximizar sus 

resultados a cambio de un recurso dado. 

Estas consideraciones han sido un intento de mostrar al hombre en su relación 

con el mundo en que vive; se ha hecho quizá a expensas de otros aspectos que 

son por lo menos igual de importantes, pero un paso necesario ya que nos 

ha dado un concepto muy general de lo que son los sistemas y la planeaci6n. 
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Esta gráfica intenta mostrarnos algo de básica importancia. El sistema 

de valores humanos es la habilidad de raciocinio que nos guía a valuar 

unas cosas más que otras, y el adjudicarle éstos valores a 'diferentes 

situaciones es lo que motiva al hombre a hacer todo lo que hace. El 

sopesar éstos valores conduce a formular ciertos ideales, a establecer 

las metas por alcanzar y los objetivos de su conducta diaria, por 

consecuencia a planear. 

El tener valores, de cualquier tipo, es lo que motiva al hombre a actuar 

ya sea escalando una montaña, casándose o yendo a Oaxaca a descansar. 

P A -U S A 
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Todas estas actividades tienen una localización; algunas ocurren en áreas 

geográficamente determinadas que podríamos llamar "espacios de actividad" 

y otras ocurren cuando éstos espacios fluyen o se interrelacionan y surgen 

"conductos o canales de actividad". Tanto los espacios y sus flujos son 

considerad'os como parte de un mismo sistema de actividad y ambos ocupan 

un espacio físico y pueden ser representados o codificados en un si!:!_!JÚmero 

de formas de acuerdo a las necesidades de cada estudio en particular. 

Aunque tenemos conjuntos de relaciones complejas empezando por el hombre 

y su lugar en la naturaleza, por los valores que este hombre sustenta, por 

su conducta y finalmente por su intento de modificar la naturaleza. Podemos 

considerar que de este simple diagrama se desprenden todas las consideraciones 

que a mayor profundidad podamos realizar. 



EL~ ECOSISTEMA 
La naturaleza incluyendo 
al hombre y su medio am

biente ·natural. 

SISTEMA DE VALORES SISTEMA DE ESPACIOS 
ADAPTADOS 

Valores 

Metas 

Objetivos 

ESPACIOS DE ACTIVIDAD 

CANALES 

SISTEMA DE ACTIVIDAD 

Actividades 

Flujos , 

EL S!STDlA HO~ffiRE - NATURALEZA 
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SISTENAS. 

DEFIN-ICl;Q~;:¿s DE SISTEMA. 

Diccionarios. 

1) Conjunto de reglas o principios enlazados 

entre sí. 

2) Conjunto de cosas que ordenadamente relaci2 

nadas entre sí, contribuyen a determinado -

objeto. 

3) Biol. "Conjunto de 6rganos que intervienen 

en algu'Ila__g!L_l._a_s __ principales--funciones veg~ 
-----------------

tativas". 

e¡ 



Johnson. 

Un sister.~ es un todo organizado y complejo, implica un 

complejo interconectado de componentes o partes funda-

mentalmente relacionadas, que forman un todo unitario. 

Chorofas. 

Combinación o disposici6n ordenada de diversas partes o 

elementos en un todo indivisible. 

Las partes o elementos que forman tal sistema deben con 

siderarse corno integradas y no simplemente agregadas. 

Gibson. 

Un sisterra es un conjunto integrado de elementos ínter

actuantes diseñado para 14evar a cabo en forma coopera

tiva una función predeterminada. 

F•Jckley. 

Sistema es un complejo de elementos o componentes dire~ 

ta o indirectamente relacionados en una red causal, de -------
modo que cada componente está relacionado de modo más o 

menos est.;:::>l.e, en· un lapso dado. 

J{) 



'Moray. 

Un sistema es todo conjunto de atributos y la historia 

de los cambios que ocurren en ese conjunto. 

Von Bertanlanffy. 

Un sistema es un conjunto de elementos en interacci6n~· 

Hay leyes_ genex.é!gs_ para los sistemas independientes a 

la naturalez~de los elementos componentes y de las re

laciones entre ellos. 

Wilson & Wilson. 

Hall. 

Un sistema es un conjunto de partes interdependientes o 

interactuantes, cuyas relaciones entre si o entre sus 

atributos, determinan un todo unitario que realiza deter 

minado efecto, funci6n u objetivo. 

Un sistema es una serie de objetos con determinada rela

ci6n entre ellos y sus propiedades. 

11 



SISTEMA. 

Conjunto o combinaci6n de objetos o partes; 

Integradas e interdependientes 

Cuyas relaciones entre sí y con sus propied~ 

des las hacen formar un todo unitario y orga 

nizado; 

Que cumple determinado prop6sito o realiza 

determinada funci6n, 

Y que puede mantener cierto grado de estabi

lidad, aunque la materia y la energía que lo 

compongan estén sujetos a cambios constantes. 

1') 



TEORIA GENERAL DE LOS SISTEMAS. 

Boulding. 

Von Bertanlanffy 

Shoderbeck 

Hopkins. 

Es el esqueleto cien~ífico que provee el marco de re 

ferencia o la estructura por la cual las diversas dis 

ciplinas pueden ser orientadas, integradas y hacerse 

mutuamente provechosas. 

Su campo es el de la lógica-rn2temática, entre las al

tamente abstractas generalizaciones de las matemáticas 

y el nivel de generalizaci6n de las disciplinas especí 

ficas. 

'\ 
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Para lograr esos objetivos una teoría general de los siste

mas deberá partir de una serie de postulados que describan 

el comportamiento de cualquier sistema y permita predecir 

su comportamiento futuro. 

Por lo que Duhalt Krauss propone los siguientes: 

AXIOMAS O POSTULADOS BASICOS. 

1.- Integraci6n.- Un sistema es un todo indisoluble que 

está integrado por partes interrelacionadas, interac

tuantes e ~nterdependientes de tal manera que ninguna 
' ' 

parte puede ser afectada sin afectar a las otras par

tes. 

2.- Subordinaci6n.- El todo es primario y las partes se

cundarias. El papel que juegan las partes depende del 

prop6sito para el cual existe el todo. 

3.- Dependencia.- La naturaleza de la parte y su funci6n, 

se derivan de su posici6n dentro del todo y su conducta 

es regulada por la relaci6n del todo a la parte. 



4.- Unidad.- El todo se conduce como una unidad, no im

portando su grado de complejidad. 

: 5.- Estabilidad.- La identidad del todo y su unidad se 

preservan auuque las partes cambien. El todo se renue 

va a sí mismo constantemente a través de un proceso de 

transposici6n. 

6.- Organizaci6n.- El todo es más que la suma de las par

tes. El todo tendrá características diferentes que la 

de los componentes en forma individual. 

7.- Jerarquía.- Los sistemas están relacionados en forma 

jerárquica. Las partes 'de un sistema pueden ellas mis 

mas ser sistemas (subsistemas de un sistema mayor) y 

las partes de éste, pueden ser a su vez, sistemas. 

EL ENFOQUE SISTEMICO. 

Enfoque sistémico es aquel que concibe cualquier fen6meno 

como un sistema; parte de un sistema o como un conjunto de 

sistemas. 

15 



CLASIFICACION DE LOS SISTEMAS. 

Se han elaborado varias clasificaciones de los sistemas den 

tro de diversos campos pero quizá una de las más sencillas 

y útiles sea la de Stafford Beer que se basa en los princi-

pios de probabilidad y determinismo. -

-

SISTEMAS DETERMINIS~COS SIMPLES 

SISTEMAS DETERMINISTICOS COMPLEJOS 

SISTEMAS PROBABILISTICOS SIMPLES 

SISTEMAS PROBABILISTICOS COMPLEJOS 

Una computadora electr6ni~, por ejemplo, es compleja pero 

determinista, ya .que solo ejecuta aquellas operaciones para 

las cuales ha sido programada. 

Por otro lado, el lanzar una moneda al aire podrá parecer un 

sistema simple, y lo es ya que solo hay dos resultados posi

bles; pero es probabilístico ya que es impredecible ese re

sultado. 

16 



NIVEL DE RESOLUCION EN LOS SISTEMAS. 

Debido a la posibilidad de definir un sistema de un número 

ilimitado de formas, de acuerdo a nuestro propósito e inte

r~s; debemos una vez establecido ~ste, en t~rminos de ele

mentos, atributos e interrelaciones, el hacer un análisis 

riguroso de cual va a ser nuestro nivel de apreciación y de 

terminación del sistema. 

Klir y Valack han denominado a esto el "NIVEL DE RESOLUCION" 

de un sistema. 

"En un nivel de resolución 'alto' una mesa es un sistema de 

mol~culas, de muchos elementos con una serie de interrelacio 

nes complejas· entre ellos. 

A un nivel de resolución 'medio' la mesa es un sistema estruc 

tural de varios elementos: patas, cubierta y cargas sobre-

puestas. 

A un nivel de resolución más bajo la mesa pierde su significa 

do individual, convirtiéndose en un incidente de un sistema 

parceptual o en una pequeña carga de una estructura mayor". 

Un nivel de resolución de éstos, debe ser el importante pa

ra nosotros, los.otros no los debemos considerar ya que no 

intervienen en nuestro objetivo final. 

Este es un principio que debemos tener siempre presente al 

aplicar el enfoque sistémico.a cualquier caQpo. 

17 



ESCALA DE UN SISTEHA. 

' Medio ambiente 

Sistema 

Subsistemas 

Elementos o componentes 

MEDIO AMBIENTE DEL SISTEMA.- El conjunto de todos los siste 

mas que ~ son el que estamos considerando. 

Nunca estamos interesados en los sistemas del medio ambiente, 

pues de es'tarlo lds habríarqos incluido en nuestro sistema defi-

nido. 

SISTEMA.- El conjunto total definido a cierto nivel de reso 

lución. 

SUBSISTEMAS DEL SIST~~.- Partes del sistema que tienen 

cierta intercomunicación que los -diferencia de otras partes del 

todo, pero que siguen claramente perteneciendo a él. 

ELEMENTOS O CONPO!mNTES DEL SISTEMA.- Las partes más peque

ñas del sistema, el límite n~s bajo de análisis y detalle; nos 

interesa su comportawiento más no su estructura. Los elementos 

de un sistema son "cajas ciegas" de cuya estructura no sabemos 

nada excepto lo que podemos deducir de su comportamiento, de sus 

características de insumo y producto. 

Una caja-~ciega se considera_ como un p1.·oceso contenido dentro de 

ciertos límites, del cual sólo nos interesa lo que entra como 

insumo y lo que sale como producto. 

Estas relaciones insumo-producto son las que manejaremos en el 

s~stema del cual forman parte esos elementos. 

El concepto de "caja ciega" es muy útil en la planeación y mu

chos sistemas y subsistemas se pueden tratar así al querer su

bir el nivel de resriluci6n. 

EJEMPLO: Un partido de fútbol 
o un -edificio en la 
planeaci6n urbana 

Medio ambiente = el pú~lico 
Sisccna = el juego 
Subsistemas = cada equipo 
Elementos = cada jugador 

¡[! 



REPRESENTACION DE UN SISTEMA. 

Gráficamente a 

Los círculos representan un conjunto de elementos que pueden 

considerarse 11cajas ciegas". Algunos elementos fuera del lí

mite del sistema son escogidos debido a la importancia de sus 

relaciones. Las flechas que cruzan el límite son insumes o 

productos del sistema. 

'CAJA CIEGA" 

Insumo Proceso 
(sistema) \~--: -).Producto 

Flujo de información, energía o materia 

SISTENA SIHPLE. 

Insumo ~ -~ubsi s t ernaUubs i s t emalJSubsi s teJ , -~oProduc to 
1 ll 2 ¡ 1 3 r, 

1 

SISTEMA Ca?! RETROALH:E:·1TACIOl'! 

A 
' ~~ S 

~~ rf \ 1 ).. _J., 

., 1 ~1 
s2 s3 T 

,.,~ \ ~ " 

' 
1 r 

B 

) \. 

/'f 
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Al ceterminar el nivel de resoluci6n de un sistema 

est2~os estableciendo el tamaño de un sistema de 

acuerdo a nuestros objetivos. 

' En los sistemas "tamaño" es más un concepto de com 

plejidad que de medida física. El tamaño se deter 

mina por su "variedad". 
,,. r • ., 

Variedad es.-simplemente el número de estados que 

puede adoptar un sistema en relaci6n al número 

identificable de elementos del mismo y a sus rela 

ciones posibles. 



V A R I E D A D 

Elementos disímbolos sin inter
acción (no forman un conjunto) 

Grupo de elementos parcialmente 
~irnilares (dos conjuntos) 

dos estados = variedad 2. 

Elementos d~símbolos con inter
acción sirr..ple. 
Sistema de 7 elementos con unio 
nes simples. 

Variedad = 21 

Elementos disí~bolos con doble 
interacción. 
Sistema de 7 elementos con unio 
nes dobles. 

Variedad = 42 

Sistema Dinámico: 7 elementos 
con uniones dobles. 
Cada liga con interruptor on/off 

Variedad = 2
42 

(Superior a 
1 000.000'000,000) 

¿¡ 



REPRESENTACIO~~ DE UN SISTEMA. 

Matemáticamente. 

TEORIA DE LOS CONJUNTOS. 

. . . ' 
tema S. 

a . 
n' elementos contenidos en el sis 

Sea a
0

: el medio ambiente del sistema. 

Señalemos: el conjunto A = 

el conjunto B = 

(al, a2' a3' 

(ao, al, a2, 

. . . ' 

. . . , 
a ) 

n 

a ) 
n 

por lo tanto B contiene todos los elementos de A ~s el 

elemento ao del medio ambiente. 

Dejemos que todo elemento de B se caracterice por un con

junto de elementos de entrada y un conjunto de elementos 

de salida. 

Sea rdf el modo en que las entradas del elemenco af depen

den de las salidas del elemento ad, o sea el resultado de 

la relación entre estos elementos • 

... 
El conjunto de todos los _rdf_(d, f,- 0,-1, 2, ••• n) se 

representará por R. 

Entonces podemos.definir un sistema estableciendo que ca

da conjunto S = (A, R) constituye un sistema. 
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EJEMPLOS SISTEMICOS. 

El grupo familiar. 

IN SUMOS 

Comida 
Infoma. 
Energía 

INSUHO 

Persona 
soltera 

ci6n 

S 

S 

).. 

~ 
"' 

GRUPO , 
FAMILIAR 

loo. , 

' 

PRODUCTOS 

{' Escolares 
~ Trabajadores 
~ Consumidores _ 
~ Viajeros . 

J 
.l.. 

_},. NUEVAS , 
_loo, 

" FAMILIAS . 
_'lo. 

T 1 

COMPONENTES del sistema de familia.- Personas. Actividades 
,¡¡ 

de personas, espacios adaptados para las actividades de peE 

sonas. 

INTERRELACIONES del sistema de familia.- Flujo de personas. 

Flujo de materiales (comida, agua, combustible, desechos,etc.) 

Flujo de energía. Flujo de informaci6n. Flujo de esp~cios -

adaptados (vehículos). 

DESCRIPCION DEl. SISTEHA.- Probabilístico complejo, se requi~ 

re de muchos modelos para ·poderlo representar adecuadamente. 

(fertilidad, dinámica de poblaci6n, demanda, empleo, movilidad) 

etc. 



Manejo de los sistemas para su 

análisis y control. 

ANALISIS DE SISTEMAS. 

INGENIERIA DE SISTEMAS. 

I~\TESTIGACION DE OPERACIONES. 

CONTROL Y CO~ruNICACION DE LOS SISTEMAS. 

INFORMATICA 
('f 
' r 

- ROCREMATICA 
·, 



EL ANALISIS DE SISTEMAS. 

Según su influencia con el resto del universo los sistemas 

pueden clasificarse en: 

Sistemas abiertos.- Aquellos que reciben influencia 

a través de vías específicas llamadas entradas y que 

ejercen influencia a través de vías específicas llama 

das salidas. 

Sistemas cerrados.-,. Aquellos que no reciben ni ejer
_) ~· 

cen influencia sobre el resto del universo. 

Aunque los sistemas cerrados no existen este concepto es 

útil en el proceso deanálisis de sistemas, ya que los siste-

mas abiertos son, por su naturaleza, generalmente demasiado 

complejos, aun para análisis simples. 

,-.briendo un sistema cerrado a nuevas· variables ambientales 

~xternas y después cerrándolo, se puede observar y evaluar 

l~ que pasa ante ~sas nuevas condiciones. 



ANALISIS DE SISTEMAS. 

INGENIERIA DE SISTEMAS. 

Actitud mental y preparaci6n cuantitativa del técnico que 

lo induce al análisis detallado de las componentes y rela-

ciones del sistema en su medio ambiente. 

Establece las características que debe tener un sistema 

6ptirno. 

Selecciona la combinaci6n de subsistemas que formarán 

el sistema. 

Analiza las interacciones dentro del sistema. 

Establece las características de las partes para poder. 

optimizar el todo. 

¡.¡etodología empleada. 
1 1 ., 

Análisis Marginal. 

\ Análisis Beneficio-Costo 

Análisis Costo-Efectividad 

Análisis de Inversiones 

Análisis Operacional 

Arthur D. Hail 



A!lALISIS DE SISTEMAS. 

INVESTIGACION DE OPERACIONES. 

La irivestigaci6n de operaciones es una disciplina basada en 

técnicas y modelos matemáticos para la optimizaci6n de par-

tes específicas o subsistemas una vez ya establecidas las·,li 

mitaciones y relaciones con las demás partes y el todo. 

Metodología. 

Formular el problema. 

Elaborar el modelo matemático que lo represente 

Obtener una soluci6n del modelo 

Probar modelo y solu~i6n 
J ¡.. 

Retroalimentaci6n 

Implantar la soluci6n. 

t::'hurchman 

Ackoff 

Enthoven 

Arnoff 



EL CONTROL' Y CO~ICACION QE LOS SISTEMAS. 

\ 
(' 

LA CIBERNETICA. 

La Cibernética es el estudio analítico del isomorfismo de 

las comunicac~ones en los mecanismos (Ingeniería Cibernética) 

los organismos (Bio-cibernética y Psico-cibernética) y las -

sociedades (Socio-cibernética). 

Los aspectos sue estudia la Cibernética son los procesos de 

comunicación ,. control. 

Control de los sistemas de máquinas, de los procesos de 

producción y en general, de los procesos que tienen lugar 

cuando el ~ombre actúa con un fin determinado en los ins-

trumentos de trabajo y en los procesos naturales. 

Control de la actividad organizada de las comunidades hu-

manas que toman las ~ecisiones. 

Control ¿¿ los procesos que tienen lugar en los organis-

rnos vivos (fisiológicos, bioquímicos y biofísicos) supe-

riores, relacionados con la actividad vital del organismo 

y encamir¿=os a la conservaci6n del mismo en las condicio 

nes varia=~es de su existencia. 

J 



CIBERNETIC~. 

Esto ha hecho que se desarrollen las ramas de la 

Cibernéticé: 

INFO&~TICA.- Se ocupa de los sistemas de infor-

-
maci6n, o sea, aquellos en los que el flujo es in-

formación. 

ROCRE~~7ICA.- Se ocupa del flujo de material, abaE 

cando las funciones básicas de producci6n, transpoE 

te, alrr¿cenamiento y distribuci6n de productos. 

) ., 
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LA CIUDAD. 

Una ciudad nace como un centro de intercambio econ6mico, cultural, social, 

político, etc. etc. Es un gran "mercado" el cual concurren todos los 

elementos de una regi6n, es decir, en.un principio la ciudad no es más que 

una consecuencia de la regi6n en su intento por organizarse. 

En ella poco a poco empieza a surgir un nuevo hombre, el hombre urbano, el cual 

en un principio funciona solo como intermediario y en su desarrollo, -pretende 

organizar y controlar e todo el medio ambiente productor. Este nuevo hombre, 

intenta solamente optimizar y secar provecho de los factores que concurren en 

cada ciudad. Así llega le industrielizeci6n, en donde el hombre urbano 

empieza a sistematizar-y capitalizar la producci6n de bienes de consumo y capital. 

Es aquí cuando el'hombre urbano empieza e desarrollarse independientemente del 

medio regional del que dependía, empieza e crecer su influencia y a interrelacio-

narse con otras regiones y ciudades.· El campo pierde fuerza y empieza a 

convertirse solamente en un proveedor de materia prima a cambio de consumir 
; 

unos cuantos productos urbanos. 

Como le ciudad maneja los patrones de consumo y es la que más fácilmente 

puede ~rganizer y establecer precios, empieza e explotar el éempo no pegándole 

en proporci6n e su aportaci6n de productos. El campesino al ver ésto cree 

que le ciudad ha hecho un milagro econ6micó y emigre e elle tratando de 

incorporarse e le clase dominante. 

El Gobierno como producto generalmente urbano se dedica e intentar optimi~~r

el sistema también urbano olvidándose de sus ligas e interrelaciones con lfl 

regi6n. 

Esto es posible en países donde la mayor parte de la poblaci6n es urbana 

(USA, GB) y donde se he integrado el campo dentro de un proceso de 

industrializaci6n, pero injusto y explosivo en países donde el 5~~ de la 

poblaci6n es.rural. 
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El problema además no es querer optimizar el sistema urbano, sino el pretender 

hacerlo simplemente cubriendo aspectos aislados (vivienda popular, vialidad, 

educaci6n, contaminaci6n, etc. etc.) sin estar concientes de las relaciones 

que tienen todos los elementos entre sí, para así poder preveer y optimizar 

el impacto de cada inversi6n. 

La ciudad no es más que una serie de actividades representadas por los 

edificios y una serie de ligas e interrelaciones entre ellos, esto aunque 

fácil de decir es terriblemente complejo en su funcionamiento y en su 

organización .. 

El edificio como parte de este sistema urbano, no pretende más que optimizar 

su accesibilidad a toda esta serie de canales de interrelación; como consecuencia 

al planear un edificio debemos preveer y planear sus ligas con otras actividades 

y con el medio ambiente, ya que de esto dependerá su buen funcionamiento dentro 

de la comunidad. 

A continuación se presenta un estudio realizado en la Comisi6n del Desarrollo 

Urbano del País de ;a Secretaríá de Obras Públicas en un intento por estudiar 

y sistematizar el análisis de la influencia y repercusión de cualquier 

establecimiento en un medio urbano, dentro del marco general de desarrollo 

de un proyecto. 
-~-

Como primer paso en el desarrollo del proyecto, consideramos necesario el 

establecer un marco de referencia de todas las actividades por realizar, así 

como de las responsabilidades que cada uno de los integrantes del equipo 

tendrá ante·el problema. Con este propósito se elabora un MODELO CONCEPTUAL 

como esquema te6rico de referencia de cada actividad. 

Dicho modelo consta básicamente de los siguientes elementos: 

DEFINICION DEL PROBLEMA En el cual se establece claramente el problema, 

basado en estudios sobre ese tema y en los puntos analizados en 

las juntas de coordinaci6n celebradas con los interesados en el proyecto y 

con el promotor. 
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ESQUEMAS TEOAICOS cuyo propósito es el de representar gráficamente 

todos los pasos y procesos metodológicos empleados en las distintas etapas 

del proyecto. 

TABLA DE TEMAS en la cual se establecen claramente cuales son las 

metas del proyecto, así como los objetivos que se habrán de cumplir para 

lograr dicnas metasi~objetivos ~oncretos derivados del conocimiento del 

lugar y de las metas, que nos servirán como una medida de efectividad en 

el modelo de evaluación. 

INVESTIGACION; dividida en los siguientes sub-temas: 

INVESTIGACION FISICA, elaborada por medio de las encuestas hechas 

por los becarios. 

INVESTIGACION SOCIO ECONOMICA, recopilando por un lado, la 

información necesaria de la zona de influencia; población, actividades 

existentes, inversiones en infraestructura y estructura dentro de la 

zona y el marco jurídico institucional existente; por otro lado se 

deberá determinar que estudios a partir de esta información nos son 

de utilidad; las posibilidades físicas de cambio, las hipótesis de 

crecimiento demográfi~~el papel de nuestra instalación en el 

desarrollo de la zona, el papel de la zona en el desarrollo de la 

ciudad, la población y recursos disponibles y requeridos, la 

jerarquización de las actividades económicas, las alternativas de 

distribución de población y actividades, la evaluación y estimación 

de las inversiones requeridas, las alternativas de financiamiento 

y por último, el marco jurídico institucional necesario para poder 

implementar el proyecto. 

INVESTIGACION BIBLIDGAAFICA, analizando información existente 

sobre estudios similares. 



INVESTIGACION FINANCIERA, la cual estudia los recursos necesarios 

y disponibles, así como la factibilidad del proyecto, 

SUB-IVODELO DE ACTIVIDADES E INTERRELACIONES el cual consiste en analizar 
,¡¡ 

cuales son las actividades que concurren en el medio urbano, sus interrelaciones, 

su importancia, su frecuencia de uso y en general, todos los datos necesarios 

para integrar un programa completo y los modelos de evaluación del funcionamiento 

de cada una de las alternativas que posteriormente se presenten. 

PLANES PILoro, que van tratando problemas específicos y proponiendo 

soluciones que más adelante se podrán manejar en la elaboración de alter~ativas 

de proyecto. 

PLAN PRELIMINAR, etapa donde concurren y se integran los trabajos y 

estudios anteriores; clasificando y conciliando la información, así como 

evaluándola para poder desarrollar un programa detallado que analice sus 

efectos hacia la zona y hacia la ciudad. 

PROGRAMA, que consiste en una relación pormenorizada de las actividades 

que se llevarán a cabo en la zona, las áreas necesarias para éstas y los 

criterios generales de localización einterrelación, expresado por medio de 

coeficientes, normas, rangos y patrones de diseño. 

POBLACION Y ACTIVIDADES DESEADAS Y DISPONIBLES, producto directo del 

programa, donde se mencionan aqy~llas actividades y población necesarias 

al proyecto, así como aquellas actividades y población que habrá disponible 

para acomodar en otros programas. 

MODELO DE EVALUACION, este modelo analizará tres aspectos de cada 

alternativa que se genere: 

ASPECTO FORMAL, en el cual se evaluará de acuerdo a los objetivos 
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concretos derivados de la'tabla de metas en cuanto a adecuaci6n 

de la alternativa al problema, su integraci6n al medio ambiente, 

sus posibilidades de ejecuci6n, carácter, su flexibilidad, su 

posibilidad de adaptaci6n a distintas etapas de realizaci6n, la 

optimizaci6n en el uso de las inversiones existentes de infraestructura 

y en su relaci6n con los demás objetivos. 

ASPECTO FUNCIONAL; a partir del programa se elaborará un modelo 

6ptimo de funcionamiento y cada alternativa se evaluará comparando 

su funcionamiento con ese modelo 6ptimo, aplicando factores de 

restricci6n a cada interrelaci6n que no cumpla con el rango permitido • 

ASPECTO ECONOMICO; cuantificando todos los costos así como los 

beneficios esperados de cada alternativa, para poder hacer una 

evaluaci6n de tipo costo-beneficio con una tasa de rentabilidad 

fijada previamente por el estudio financiero. 

ELABORACION DE ALTERNATIVAS; las cuales deberán contener un criterio 

formal completo, un modelo de funcionamiento, su 90sto, así como los 

beneficios esperados; para poderlas evaluar. 

SELECCION DE UNA,ALTERNATIV~ Y DESARROLLO DEL PROYECTO. 
~· 

PROGRAMACION E IMPLEMENTACION DEL PROYECTO. 
' 

OPN/shb 
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1. EL MEDIO AMBIENTE NATURAL. 

Las características físicas, culturales y estéticas del -

sitio en que va a operar o ser usado un sistema, influyen decisivamente 

en sus requisitos o especificaciones de proyecto. El análisis del sitio 

o medio ambiente tienen como·objetivo adecuar el sistema a las caracte-

rísticas naturales del sitio~ 

En general los problemas que plantea el medio ambiente -

por estudiar son las características del sitio en que se establecerá el 

edificio o sistema, definiendo las restricciones que este impone al pro

blema. 

Este análisis puede iniciarse a un nivel de mayor genera

lidad cuando aún no se ha determinado el sitio exacto de ubicación del -

sistema, contando solo con su macroubicación en una región o ciudad. Tal 

macroanál isis permite real izar una selección de los sitios disponibles, 

escogiendo el que mejor satisface las especificaciones referentes al si

tio. 

Una vez real izada esta selección se puede proceder a rea

l izar el microanál isisdel terreno escogido; para determinar las restric

ciones que impone el terreno escogido. 

Procede entonces a real izar la selección del sitio, en ba 

se a los requerimientos o especificaciones del programa, escogiendo -

aquel que mejor satisfaga las experiencias en el expresadas. No siempre 

. existe la posibilidad o necesidad de real izar una selección: en aquellas 

situaciones en que el sitio está ya predeterminado. En ~ualquiera de am

bos casos se procede entonces al análisis del sitio. 

Como ya se ha mencionado nuestro objetivo es adecuar el -

sistema a las restricciones naturales que nos impone el sitio. 

General izando las restricciones mayores que nos presentan 

el n~edio ambiente natural influyen directamente en el sistema morfológi

co del edificio. 

La reglamentación para dichas condiciones se agrupan en -

normas que llega de lo particular a lo general; pudiendo nosotros enun-

ciar las normas generales en los partidos estructurales. 

2 PARTIDOS ESTRUCTURALES. ' 
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2.1 ' ESPACIAMIENTO Y LOCALIZACION DE COLUMNAS: 

En edificios mayores de cuatro pisos, se recomienda tener 

uniformidad en los claros adyadcentes para tener elementos tipo hasta -

donde el sistema funcional lo permita. 

2.2 LOCALIZACION DE ELEMENTOS DE RIGIDEZ DEPENDIENDO DE LA 

FORMA DE LOS EDIFICIOS EN PLANTA. 

Procurar ~ener la mayor simetrfa de elementos rfgidos. 

2.3 LA FACHADA COMO ELEMENTO ESTRUCTURAL. 

Aprovecharlas siempre y cuando no produscan excentricida

des importantes en el edificio. 

2.4 RELACION DE ESBELTEZ. 

Es aconsejable que la relación de altura o ancho no sea -

mayor de 6. 

2.5 
2.5.1 

SISTEMAS DE PISO. 
TRABES Y LOSAS COLADAS MONOLITICAMENTE INSITU. 

Es recomendable emplearlo .hasta 8.00 M de claro con cargas vi

vas hasta 500 Kg/M2 • De preferencia el peralte debe variar entre 1/10 y 

1/12 del claro 1 ibre entre apoyos. 

Para cargas mayores es aconsejable trabes con un peralte 

igual a 1/8 a 1/10 del claro. 

2.5.2 LOSAS PLANAS CON ELEMENTOS PARA ALIGERAR. 

De 8.00 a 12.00 es recomendable el uso de este sistema. -

Sobre todo cuando se tiene 1 imitaciones de altura. 

2.5.3 ELEMENTOS PRECOLADOS Y PRESFORZADOS DE CONCRETO. 

Se recomienda su empleo para claros mayores de 12 M. en -

estructuras hasta de tres niveles con uniformidad de claros en planta. 

2.5.4 ELEMENTOS DE CONCRETO POSTENSADOS COLADOS INSITU. 

Es recomendable emplerse cuando se tiene 1 imitaciones en 

el peralte del sistema de piso y se desea dejar la estructura aparente,

para claros mayores de 12M. y cargas vivas mayores de 250 Kg/M2 

2.5.5 TRABES METALICAS CON LOSA PRECOLADA O COLADA IN SITU. 

Es recomendable para claros mayores de 10M. y para cdifi 

cios altos local izados en zona de alta compresibilidad. 

2.6 JUNTAS CONSTRUCTIVAS. 
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ESPACIAMIENTO DE JUNTAS DE DILATACION DEPENDIENDO DE LA 

LONGITUD DEL EDIFICIO. 

Generalmente no es necesario tener juntas de dilatación -

en edificios de 60 a 80 M. pero es recomendable tener una junta sobre to 

dos en terrenos de alta compresibilidad. 

2.6.2 JUNTAS DE DILATACION DEPENDIENDO DE LA FORMA EN PLANTA 

DE LOS EDIFICIOS. 

Es aconsejable buscar la simetría del edificio con juntas 

de dilatación. 

2.7 

2.7.1 

MUROS COMO ELEMENTOS ESTRUCTURALES. 

DE CONCRETO 

Es recomendable su empleo en edificios altos de 10,15 o -

20 pisos, buscando siempre que dichos muros tengan la mayor inercia. 

2.7.2 DE TABIQUE. 

Pueden ser de rigidez o de carga, se pueden emplear en e

ü;ficios hasta de 8 pisos debiendo de preferncia estar local izados uní--

formemente en planta . Debiendo estar siempre confinados. 

4 Pisos carga.1viva normal e= 14 cm. 

4 a 8 Pisos Carga viva normal e= 28 cm. y e= 14cm. 

2,8 COLUMNAS. 

2. 8. 1 De conreto armado cuando as necesario 1 imitar su sección 

transversal utilizando concretos de alta resistencia y utilizando paree~ 

tajes de 4 a 5 por ciento de acero de refuerzo. 

2.8.2 De acero donde se requiere 1 imitar demasiado la sección 

transversal y en conjunto con el sistema de piso. 

3 TIPOS DE SOLICITACIONES: 

Suelen clasificarse como sigue las solicitaciones que o-

bran en las estructuras. 

3. 1 

3. 1 • 1 

3. i. 2 

FUERZAS IMPUESTAS AL SISTEMA; 

FUERZAS GRAVITACIONALES. 

a).- Cargas muertas Reg. Const. O. D. F. (CAP. XXII) 

b).- Peso y empuje de Líquidos y matriales granulares 

almacenados. 

e).- Cargas vivas Reg. Const. D. B.F. {CAP. XXIV) 

FUERZAS ACCIDENTALES. 

-¡ 

í 

' 



3. 1 • 3 

3. 1.4 

~). 1 . 5 

3. ~ . 6 

3.1. 7 

• 

- 4 - 741107-4 

a).- Fuerzas de inercia debidas a sismo y fuerzas prove-

nientes de deformaciones impuestas por sismo. 

b).- Presiones de viento y fuerzas de inercia provenien-

tes de vibraciones causadas por la variación de estas 

previsiones. 

e).- Vibraciones debidas a maquinaria y otras sol icitacio

nes dinámicas debidas al funcionamiento de Equipó Me 

cánico. 

DEFORMACIONES IMPUESTAS. 

a).- Hundimientos Diferenciales. 

b).- Efectos térmicas de dilatación y de contracción. 

DESGASTE Y ALTERACION QUIMICA Y BIOLOGICA 

a).- Abrasión y Erosión. 

b).- Corrosión y otras formas de intemperismo. 

e).- Ataque de Insectos y vegetales. 

FUEGO. 

EXPLOSIONES. 

OTRAS. ( Efectos de rayos , pérdida de material por efectos -

electrosmótticos ~te} 



4. CARACTERISTICAS FISICAS DEL TERRENO. 

La forma, el volumen y la altura del edificio, así como -

las previsiones respecto a su infraestructura (movimientos de tierras, -

cimentación, atarjeas) deben ir en concordancia con el tipo de terreno,

sus pendientes, la calidad y espesor de las distintas capas del suelo y 

subsuelo, su capacidad de carga,etc. para ello es necesario atender a 

los resultados de los levantamientos topográficos detallados y los estu

dios de mecánica de suelos y geotécnia, se requiere a la vez las caracte 

rísticas Hidrológicas del sitio para generar obras de protección o desvío 

donde se requiera. 

El uso específico del suelo local izando sus distintas ac-

tividades. 

Localización de la flora, características, dimensiones; -

para generar la arquitectura del paisaje o restricciones que se puedan 

presentar por la existencia ffsica de estos, justificando su retiro o -

conservación. 

Edificaciones existentes; evaluando su remodelación, res

taurac;ón o simplemente remozadas. 

5.- FORMACION DE UN AMBIENTE CONFORTABLE. 

En el sistema deberá contemplar medidas para formar un m~ 

dio ambiente adecuado al destino del edificio en los siguientes aspectos 

5.1 Formación de microclimas sin uso de medios mecánicos. 

En la toma de desiciones y en su evaluación se toma en 

cuenta los factores que se muestran en la fig.l, a fin de permitir en lo 

posible la formación de un microcl ima adecuado al uso de los locales sin 

necesiaad de recurrir a medios mecánicos, en el supuesto caso, que las -

variantes de la fig. 1 no garanticen satisfactoriamente un resultado a-

propiado, se recurrirá a medios mecánicos para controlar el ambiente. 

' 
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Una característica de la mayoría de los problemas a los que 

nos enfrentamos es el gran número de soluciones posibles que pueden tener 

dichos problemas; dentro de las faces de un proyecto, surge~ a menudo pro

blemas, en síntesis, que caracteriza la situación denominada problema: --

lCual es su significado? lQue es lo que tienen en común los problemas?. 

Probablemente, las respuestas que se les den a preguntas -

como las anteriores sean vagas e incompletas. Por lo que no pretenderé -

llegar a la interpretación específica y exacta del término sino a las ca

racterísticas generales de un problema. 

UN PROBLEMA SURGE CUANDO EXISTE EL DESEO DE TRANS

FORMAR UN ESTADO DE CONDICIONES, EN OTRO. 

Si observamos la fig. veremos en el estado a una necesi

dad a satisfacer que pasan por la caja negra que podemos interpretar como 

''Las cosas que hay que hacer". Para llegar a tener la necesidad satisfecha 

estado B. Surge el problema sí para pasar del estado A, al estado B exis

ten varias soluciones, pués por otro lado cuando todas las soluciones,posl 

bies son cualitativa y cuantitativamente iguales, el problema deja de e-

xistir. Por eliminación podemos concluir quse un problema incolucra algo 

más que hallar una solución cualquiera; requiere encontrar el mejor méto

do para lograr la transformación deseada. A las bases que permiten selec 

cionar la mejor solución posible se les conoce como el CRITERIO. Bases -

que reaccionan de muy diferente manera. 

Volvamos a la fig. 1, si los estados A y B no son identi-

cos, DEBE verificarse una transformación ó DEBEN ocurrir ciertas cosas. 

En Jo sucesivo, llamaremos Restricciones a ese conjunto de cosas que De

ben ocurrir o verificarse en una solución aceptable de un problema dado, 

bien sea por razones físicas, o por decisiones previamente tomadas. 

2.- EL PROCESO SOLUCIONADOR DE PROBLEMAS: 

Formulación del Problema. 

2.1 Procedimiento general para resolver problemas una vez ge

nerado el problema. 

1 ,, 
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El primer paso lógico en la solución de cualquier proble

ma, es la definición del problema, entendiendo por definición del proble

ma la definición del problema la identificación de sus características. 

Posteriormente tendremos la busqueda de las diversas soluciones posibles 

y por último la tercera etapa del proceso para resolver problemas que es 

el Proceso de Decisión. 

2.2 Proceso solucionador de Problemas: 

El procedimiento general, espec!al para la solución de -

los problemas tecnológicos usuales, consta de las siguientes fases: 

a).- La fase de la formulación del problema, en la que éste

se define en una forma relativamente amplia, sin conside 

ración de detalles, y hace incapié respecto a la identi

ficación de los estados A y B. Fig. 2-1 

b).- La fase del análisis del problema, durante la cual el 

problema se define en una forma relativamente amplia. 

Esto involucra una sintetización , investigación, proce

sado y descriminación de la información recabada, para -

así poder determinar las características específicas del 

problema. Fig. 2-2 

e).- La fase de busqueda en la cual se indaga acerca de las

diversas soluciones propuestas a problemas similares • -

Fig. 2-3 
d).- La fase de decisión, durante la cual las diversas solu-

ciones posibles ,logradas se evalúan, comparan y descriml 

nan, hasta que surge la mejor de ellas. Fig. 2-4 

e).- La fase de especificación, la cual consiste en una com-

pleta descripción de las caracterfsticas físicas y de -

funcionamiento de la solución elegida. Fig. 2-5 

Integrando los puntos del inciso 2.1 con los del 2.2 po-

dremos obtener la secuencia de actividades que involucra el proceso so

lucionador de problemas y los eventos que unen dichas actividades. 

F;g. ; 

FASES DE PROYECTO: 
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Una vez integrado el proceso solucionador de problemas; -

formulación de problemas, encontraremos la símil itud existente entre pr~ 

yecto y problema. 

a).- Existen un gran número de soluciones posibles a una nece

sidad específica. 

b).- Existe un deseo de transformar un estado de condición, en 

otro. 

e).- Se requiere encontrar el mejor método para lograr la tr~ns 

formación deseada. 

Si la necesidad de proyecto responde afirmativamente a es 

tos puntos, podemos concluir que proyecto y problema son afines. · 

·~q.~~·lgsp. 

• u 



-- ---------~- --- ---- -- ' -
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