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A LOS t\SISTENTES A LOS CURSOS DEL CENTRO DE EDUCACION 
CONTINUA 

Las autoridades de ia Facultad de Ingeniería, por conducto del Jefe del Centro 
de Educaci{ln Continua, Dr. Pedro Martínez Pereda, otorgan una constancia de 
asistencia a quienes cumplan con los requisitos establecidos para cada curso. 
La~s personas que deseen que aparezca su título profesional precediendo a su 
nombre en el diploma, deberán entregar copia del mismo o de su cédula profe~ 
sional a más tardar el SEGUNDO DIA de clases, en las oficinas del Centro, -
con la señorit~ ~rraza, encargada de inscripciones , de lo contrario NO será 
posible. · )):(- , . 

~~:..-,,_ . .... / -

El coní.: rol de asistéhcia se efec~uará a través de la persona encargada de entre~ 
gar notas, en la mesa de entrega"de material mediante listas especiales. Las 
ausencias serán computadas por las autoridades, del C~ntro. 

/) 
-'Y Se recomienda a los asistentes participar activamente: con sus ideas y experien

cias, pues los cursos que ofrece el Centro están planeados ,para que los profeso 
res expongan una tesis, pero sobre todo, para que coordinen las opiniones de to 
dos los interesa1os constituyendo verdaderos seminarios. :~ -

Es muy importante que todos les asistentes llenen y entreguen su hoja de inscrip 
ción al inicio del curso. Las personas coJ:nisionadas por alguna institución debe
rán pasar a inscribirse en las oficinas del Centro en la misma forma que los de
más asistent es. 

Con objeto de mejorar los servicios que el Centro de Educación Continua ofrecé, 
se hará uha evaluación del mismo a través de un cuestionario diseñado para emi
tir juicios anónimos por parte de los asistentes; esto se hará al finalizar el cur
so. 

ATENTAMENTE 

ING. SALVADOR MEDINA RIVERO 
(') COORDINADOR DE CURSOS ABIERTOS 
y· 

p§~ ~~fnerfa Calle de Tacuba 5, primer piso. México 1, D. F. 
j 

Tels: 521-40-23 521-73-35 5123-123 
• 
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L:1.Divi.sión de Estud.io5 Sllpcr:i.orc.s de 1~ F.acu!t4lcl de InJ!cnicríap UNA.V., otrccc ¡~,s 
.sir.uic1il\:>s Hlc:;tri:ls y f~<Jctor•ulos: 

Co;~r ro 1 
::: \-L l ~·~~ni (,1 

~~:-.'lli!C~I;;',I~ 

1l i ci ;·::¡¡J. i e:, 
Jnv~~z:i 1;,.1(~Ü;¡ do 

Új)C l'<1C i o:ICS 

~~c~n~c~ t66rica y 
J,pl icudJ. 

E.x(:mcncs de admi.si6n~ 

1nsctipcionc5: 

~· .. . • -t'C:.I11:C.;& 

~h;:,;11 ic.1 4o Sv.clo:.& 
i\: ~,·o~ c1·.'l 
i)ot<~ncia 

,Pl,1!lCJCi6n 
SJ.ni tatiói. 

10g ll y 12 do mayo 

31 de mayo al· 4 do junio· 

1 do junio 

Requisitos de ndmi!Pi6n. 

,u) Cui.plir con 'una clo los siguientes condiciones: 

D o e t o r ~ d a ~ 

E:;; ¡·,;ct~Ar~~s 
J~i(ar·;i.;! :c:1 
:VJC •. ::; r.; ( J tlr; S:;c'i. O S 

1·'\.:.:,;,,-; . .:,; i'(:GricJ y 
F,.,:-~'

,f\¡1• 4Cvl.••• 

Inv:~tin~ci6n do 
();?cr.lcic..~cs 

6.. Po!".cm" t'ftuJ o ~roCc5ion;A 1 en IngcnicrL1 o en .:1lgtm.1 clisci!"l in.1 a rrn 
a J.a::. m,.1<.::otr~~:; que 5C ofrecen en la· Divishín~ oton.:,ildo por l~ tf.'V\.\J o 
por cualquict ·.ins~ituci6n rocional o cxtrMjcra. 

le Ser ¡usnnto de la Fncul tad do Ingeniería r 'UN:\\f 

b) ¡\prolJ,1 r los cx5mcncs de admisión que se c.fcctuarán en .las f~ch::.~s sci~.11~~,bs 
orrib.1. 

e) Prescn~ar, dentro del pcr.fodo de :inscr"i;->cLio;-¡cs .;:¡fr)l>~ r..ct.cion.ldo, J:; ,;;~c;:;:~~~
t.1cil5n que :.o indic.1 en el folleto de ,\ctiviJ.:.dcs ,\c.1démic.:..s 197.$ --.e ;_;¡ ;::;;s¡:¿ 

J.byorcs ir.fonnos: Divis:i6n de E5tuclio;. s~~p~d(.rcs do la T=.1cultad uo lngcr,:c.-L~~· 
1\¿).lr~do Post..óll ?'O•<l~óp Ciudad Univcrs~.ta:.i.J~.~íé:.:i.c:r) 20, D .. Fo 7cl .. : S~S~SS~TI 

o Dlron ~-rr RAZA aww\~\ EL E.S:'!HITú'6 
Cd~ Univc~situ¡·ia, .fc~:.-oro 3o 1976 

F.L l)JREC{()i1 nr; 1A E\ClTLI.\n 
...,., ~a•-" -A• 
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APLICACION DE MINICOMPUTADORAS 

NOVIEMBRE DE 19760 
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Cllo\J>TER f 

JNTRODUCTION TO 1\'IINICOi\IPlJTATlON 

A l"EW TOOL OF 
EXTRAORDINARY POWER 

1-1. Whcrc Computcrs Fit. Scientists and engineers describe, mnsure, 
intcrprct, and prcdict thc outside world in tcrms of idcalized mathematical 
modcls, \Vhich 1elatc numcrical quantities and truth val u es through \ arious 
-mathcmatical opcrations. Cornputers are physical systcms dcsigned to 
implcm(•nt mathcnwlical modcls and to automate thcir manipulation. 
Professional workers are likely to mcet computers in the follO\\Íng roles: 

l. Numcrical problcm sohing and data proccssing: This rangcs from Iittle 
stide-rulc and cakulator jobs to big number-crunching projccts and 
includes dcsign calculations, statistics, genetics calculations, book
kecping, etc. The end product may be scicntific or clerical dcscription, 
but, in thc long run, calculations usually serve for md:ing d~::cisions. 

2. Storing, rclric\ ing, socting, :m el updat:ng data: This is by no mea m 
restricted to numcrical data only. 

3. Computcr simulation: \Ve use thc conn:mcnt, casy-to-changc "nve 
mathematical rnodei" for experilllí!lllS \\'h!Ch ll1ÍJ;ht bc- SJO\\, cxr~nSÍ\"C• 

uns:~fc, or impo~~ible with the reaÍ-\\Orld systcm or s!tuation bemg 
simulated. Computcr simulatien senes thc purposes or design, 
systems rcsc;nch, education, training, and play; simul3tion e;..peri
mcnts or tests somctimcs mvoivc parts of real S) stems. 

4. "Rcal-tirBL·" or "on-l1nc" computihg e! erice:; se¡ ve as componcnts of 
control and instrumcntation systcms to: 

(a) Implcmcnt dcsircd mathcmatical rclations bct\\cen ph:sic;'!.l \ari
ables (c.g., function gcncration, ti!tcring, ptcdiction, optimizati011) 



1-~ 2 

(!>) Con~rL~l tqm,¡g aPd lo_:;¡,:al scqn_::p,~;ng of 0p.cr¿t¡o:1s and 
e:\pcrinKnts 

Th.~ Ldtcr t;. pes of opcr..ll!Ons ar:: oftcn combincd \\ 1th on-lmc record 
lc.::pmg (dat::l loggmg) and d.1ta processing. 

5. Real-time ttming. S\\ itching. codmg, and d.1ta storage in communication 
systrms., especial!;. m communications bel\\een dtgital computers 
and¡'or computer termlllals 

J-2. TI,(' Role of Small Computers. Com enttonal number-crunching 
calcu!ations arL' tradition::1ll: pc-rformed b) large digit::1l compt.ters op.::rating 
m a batch modc, i e .. efficientl;. fc-d \\ tth a more or less continua! and arder!; 
sequcnce of things todo. In th1s type of apphcation, expcrience appears to 
indicate that "throughput" (defined as the numbcr of computer operat10ns, 
in some specified mix, per unit time) increas.:"s better than proportionall) 
\\ith computc-r cost (Grosch's lan), so that large computer s:stems are 
economical. 

Other computer app!Jcations imol\e se\eral users \\ho \\Ould not hke to 
\\ ait for batch-processed results but need quick "com ersationa!" input and 
outpul from multiple computer terminals. Again, control and instrumenta
tion 11 ork is timed b_:-. the demands of real-\\ orld events. Large d1gital 
machines subject to su eh random servJCe requests cannot afford to \\ ait 1dly 
until action is required: the: must be tin,c-s!rared among m u! tiple progr ams. 
T1me-sharing operations can utihze the resources of ever larga (and thu5> 
presum<Jb!y more efficient) computer systems Time shanng also imolves 
seriot,s 01 e1 head co.Hs resultmg from communicahons \\ ith remo te inter
faces, from grcatly complicated system programming, and from the many 
computcr operations needed to S\vap and protect programs We can, then, 
find app/ications 11/zere mu!tiple sma!/ computers can neat(l rep/ace or 
comp!ement large maclunn. 

\Ve \\Íll (quite artJ'!ranl)) define a minicomputer as a dJgttal computcr 
whose "minnnum configurz tion" (4,000 \\ or ds of memor:, telct;. pe\Htter) 
costs under S20,000 and \\htch usually empio:s short computcr \\·ords (to 
18 b1ts, Scc. 1-3) to represen! data and computer mstructio:1s (sce also Secs. 
1-5 and 2-l); mimcomputer cost is usually roughl) proporttonal to \\Ord 
length. As \\C shall sec. 16 b1ts can represen! numencal data \\Jth enough 
prccision for many app!Jcations, but clever ut1hzation of thc short 1nstruction 
words is the central problem of rmnicomputer system dcstgn (Scc 2-5 and 
Chap. 6). An n-btt instruction word can specify at mo:,t 2" ddfcrent 
ímtructions. 216 = 65,536 Iooks hkc a vcry Iarge numbcr of poss1blc 
ínstru(;tions, but many of thesc mstructions must spccJf) the source or 
dcstination of an opc-ra:1d in a computer mcmory havmg perhaps 8,000 
locatíons. This nccd for addrcss specJf1cation grcatly reduces thc: cffcctJvc 
number of diffcrcnt onC-\\ ord minicomputer instructJOns 

o o 

1-:! 

~C\t.~rtheless. e\Ci} S- and 12-~J.\. L1lnJco,np._1t:.7"'') ·.,ltf·~ ta :i; pn~:·~¡;l'.~ 

¡p:;;;t¡uction ~~ls r~IC ve;-\ \C!..;.:ttde. "!i1C~· muli:lp\~ ¡ns~ruc~;c..,~:, c?:-t t;¡¡p\.~~-·,_n7 

cxtr~.nkl; comp:c' o~~rat,ons Such m::chm·~s no·., í2p~2.cc- h<~rd-,.,,,,_j 
sreclili-pur pos-:- lo:,nc m 111an;. real-ttme appllcat>ons such 1s opnat,on 
scquenc1n2 ttming. production testtng. and dat;t loz?'ng Cu-,t~·:-·:

de'>i~~ncd h:1nh1 ::m• i'i thcn r¿p]acc'\: b) the quantity-prodt:cd mi:Jico .. lpr:.:r. 
\' !Jicl1 e~'~ be ¡t; o~rsmnwtl <Hld repogr:unme-d for a huge H::iet: of difJ e rc1t 

applic;:;tir,Ps ::md n.: ., C()w'.' :on~. 

1\-linicomputers are es, ~ci::.II~ suit::rblc for operation~ imob in¡; l ·,tcrn::l 
rca!-'lorld de•ices (F1g. 1-2 :1nd Chap. 7) because: 

l. Man) jobs of this typc do not requ!re elaborate proccssor circu:'~ 
2. Wc \\ant no big npcnsne central processor standmg idle dunng 

mputjoutpul operations 

For precise! y the samc reasons. minicomputers can al so re Ji e, e brge digiul 
computcrs of input;'output and communications-handling chorc<;. 

Many of the more recent small processüís are m no scnsc primJtl\e 
(Chaps. 2 and 6). The truly re\olution:lQ ad,ance and acceptancc o~ <Le 
nener minicomp!.Iters stems from the m:1ss production of nen integf8k:l 
circuits, nhich ha\e radical!) reduced processor and mcmory costs. \\'e 
actually ha\e a twofold effect: 

1. Mcdium-scale integration (MSI) of multiple Jogic iunctions or! sm:1l1 
sílrcon ch1ps permits íne:\pcnsi\e con.;truction Of\cr: r.~st a11d rcmJik
ably soph1sticate-d mmiprocessors (f1g. 1-1) 

2. Inexpcnsi\e and much faster core and semiconductor mcmones makc 
1t less p:unful to use extra instruction \\ ords for 1mpwwct mstiUctior; 
sets and addrcssing schemes (Sec 2-7 and Chap. 6). 

Thcse (\\O developments havc g1ven astonishing capabtl!ttes to thc !le\'. 
small machmes Whtle the majority of minicomputers contmue tosen-::- a~ 

special-pw pose computcrs in controL instrumcntation, and cornm¡;n¡~_·at!,)J'5. 
an mc1 easing proport10n are emplo: ed m general-pw pose compu tat10n a;Jd 
simulatlOn Mmtcomputers \\ ork especiall;. \\ L'll \\ 1th com·ers:lttOilal 
terminills, graphic dtspla) s. and all kmds of instruments. Opcr.ltJ ng 
incfllcicnc¡cs can be tolcrated: a small computer can "bclong" toa small 
group of researche1s or engmeers rathcr than toa computer-center burl",wc.·
racy, and it is poss1ble to modtfy programs (and C\en hard\\are 1) \\tthout 
collapstng a large organization. 

Thc situatton 1s not one-sided. A reason:1ble end-user installaticw m•ght 
require not only a S 12,000 rmnicomputer but bet \'.e-en S 10.000 and S70.0,JO 
worth of computer per(oherals (tape dri\eS. dtsks. dtspla;.s, pnnk1, c:lfd 
reader-thesc are, unfortunatcl), not grO\\n on rnono!Jtlllc stl!con ,,L!p~) 
Mamtendnce must be provided or paid for. Altogethcr. the ecotJOtm:s (lr 
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(a) 

(h) 

Fi;~,. J-iu to c. rtgure 1-Ia sho·.,s ~ compkte ló-bn dtg··~: co:nputcr for de;k-top or r.1ck 
mountm:; 1 he enttrc ~cntrHl pr•.·c;:ssor. bu!lt wlth mec'J~:"'l·>c~le-mtcgr Jted-ctrcutt chtps. ht; 
.t stngk ctchcd-cuctut bo.'rd. <>d so docs cach -IK m.:r:-or: Module (h anJ e) 1 he sm.ili 
machmc, .•.l11ch c.ml•'nttnl (cr re~~I\C mf0rm.tl!on f•on.; I;•Jrc.'reds ~,f C\tcrnal d~''H:C>. ha> .m 
lllStruct•on-c;.c.k In!' e of~I)O r.:;~~ ".th a l'Or~ mcmory or 30:J r.sec "I:i1 a scmtcondu,·tor IIICIIIOry 
(/)aca Get:erai Co. j}(,<lllan 1 
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Fi:,:. l-Id. W!th !''0 ac•umul.tt''''· an mde\ r~:::t>t,•• .• wJ eme of thc most comprdh~nsi'c 
m'tructton sets :1\:lll.thle thc 16-bn \'anan D.1t.t \!.•chm~s 620L·IOO '''sts onl~ 55.-100 fur thc 
baste processor and -11--:. \\Ords o[ O 95-)lscc mcmor}. c.tdt ,¡.:JJntc>n.'l -lK \\Ords CQ>h 52.300 
( l'arum Dar a _\[ (l( lwtc' l 
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n1ultjple I111l1iCL'~rnput.:r~ ~ • .::.~.:~ lJr~c tinh.'-s}¡arcd rnu!:iproc..:ssors are ah\ a:~ 
;:-.x: :'u¡ :m e'\tcnd:>J ::n~:t!mc~::t and depc'I>d on the sp-::cll]c utrlJ.Lc~rion of 
spcc,fic mst:l!b;;ons E\.::n so. the ql'estion mems fr<'qne¡¡¡ rce'.amination 
smce, \\hile min,comput;;-rs ;:nd their penpllerals are becommg cheaper and 
more pü\\ erful. the same is true for the ne\\ multiproc-::ssor computer 
utiht1es and their formidable system soft\\ are, D2.ta communic<:tion, 
moreO\er, is sure to be impro\ed 0\er the p1tifui telephone-bascd s:stems of 
the carl; 1970s. 

In any case, the inexpensiYe, small, and light nmucomputer, \\ ith its 
drama tic versatillty, is surel) thc: world ·s finest toy for in nO\ ators and 
experimenters. It opens unheard-of horizons in control and instrumenta
tion. On experimenters' desks or \\ heeled carts, in large and small factories, 
and in shrps or aerospace \ehrcles, minicomputers permit intellrgent auto
mation of al! sorts of oper ation-sequencing and data-ga thering operations and 
genera te com enient drsplays for hum<~'' operators Physical interfacing 
of smali drgital computers and much real-\\ orld apparatus is quite easy 
\~h<:; • 5!. The largcr job of computcr programming for a \Úde variety of 
appllcations is simplificd b: new S) stem and appl!cat10n soft\\ are (Chaps. 
3 and 4). 

DIGIT AL-COIHPUTER REPRESENTATION 
OF DATA AND TEXT 

1-3. Binary and Digital Variables. While an analog computer represents 
problem variables by continuously variable ph;sical quant1ties such as 
voltages or currents (Frg, l-3a), a digital computu 1 epresents problem vari
ables by physical quantities capable of taking on!y discrete and countable 
scts of values. Thus, the original "dig¡tal-computer user" long ago 
emplo)ed h1s fingers to count and add c.\.ternal objccts, first up to five and 
then .up to ten. The '1\erw!lelming majority of electronic digital computers, 
hü\\Cver, unplcrnents a binary representation in terms of basrc vanablcs 
wh1ch can take only h~o dJf'ferent states called (logical) O and l. Most 
frequently, the state 1 is indicated by the presence of a voltage, usually 3 or 
4 volts, on a !me assoc1ated \\ 1th a vanable, whlle log¡cal O is ind1cated by 
thc absencc of that voitage (F1g. 1-3b). Many other pairs of voÜage levels, 
such as O and -3 volts or -1.75 and -0.5 volts, are al so employed to 
reprcsent O and 1. 

Su eh binary \ariablcs, \1 hkh invohe only the ¡m~'>encc or absencc of a 
!.igual, are espccially easy lo gencratc, transwit, anC: storc rc!iably. \Ve pa; 
for this grcat convcnience, hO\vevcr: most problem S1tuat10ns or variables 
admit a much grcater varicty of possible state~ than JUSt t\\O and must, 
thcrcfore, be Jabclcd (rcprcscntcd) in tcrms of ordcrcd comhmations of bmary 
variablcc; \Ve must, thcn, dcvclop bieuy codc5. v. hiCh associatc problcm 

o o 
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( J,~~ét:'-~,:}'--;~')"::"-: S-:•: 
~ ::€';s:;-y; :;:-=ss.:.~=> 
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states, messagcs, or numerical quantities \\rth correspondíng digit.>l "ohh, 
i.e., 01dered sets of binar--y n1riablt's. Such codes m ay dil1er for ddre¡ t'ni. 
applications. In F1g. l-3c, four bmary variables specify wh1ch of íour 
circuits is energized, while m Fig. 1-3d tHo bmary \ariables contiüllh.: samc 
s!tuation. 

It is, of cour~e, especrally important to reprcsent real numbcrs in terms of 
binary vanables, In general, a real intcger m will reqmre at le:t~t !og2 P! 

F1g, l~3a. S1mp!c an.•log '''mru
tal!L'n ~ Th~ >U11HI1111S: n~tlll'r¡ 

pwducC> thc L'Ulput 1 L'it.,~c 7 = 

:X(\ , ) ) \1 hcr~ .\ and r .l!C !llplll 
\0lt,lg._~, .u1 ... ! 'l.;.;:;: {R r + 2)- 1 

Fig 1-3b. ll'glc-s'.\~c, tq't~<n·

cd b~ \~JirJ.gc.' lc\-:1 ... tn ~111 cl...'m..:~1-

r.u~ dl~!tLJ1 ..:1r .. -u1t 
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F'•;!- 1-3.- and d. T" o d1f1".:rent bm~r~ represent,ttions of a S\\ it~h settmg encrg17ing one of four 
ctrcl!it~ 

0¡-,>---,.__ ...:::~t~ nfínf,..~·m;¡tiOn or bits, plus a sign bit to tell \\ bether !he integer is 
positive or n-:gative (Secs. 1 -< ,md 1-D;. ~ 

It is common praclice to des1gnate r,n entirr sct of binary variables(\\ hich 
may or nw) not represent a numerical quaniit.:) as a single digital variable. 
The dJffer<:Et bits of such a dtgna! \ ariable may appear on parallel bus Iine~ 
(parallrl repr~scntation) and ma:;. be stored m a regH!er !tkc that of the togg]e 
sv. itchcs in Flg l--1a The ddkrent btts of a digital vanabk could ;lso 
follo\> each other i.-: time as consccutivc san~plc; of r: voltage w;nefo1m 
v.hich can take the valÚes correspondu~g toO or 1 (serial rcpresentation Fig 

~ ' -
1-4b). Paralkl reprc:"entation, \\hich can transmit all thc bits ofa \\Ord at 
t~IC s:nnc time, is clea.-!y faster and is most frequen~Jy cmploycd in modcrn 
Ul;?Ítztl cornputcrs Ser1a! rcpresentatwn, on the other hand. simphfic~ 
lon~-di>t.wce data communícation. 

Voltage t 
o 

(al (b) 

( ¡¡,:_ 1-"1 Rcpr~-~PI,IIlllll or !be di'-!IUI \\Ord ! 10! b) Sl!llUit.ln~ous k\ el' o:l a pc~rallcl bus 
(a¡ «nd h:. tllll•: ' '''l 1.11 pul-~> (t') -

o 
9 
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1-1. n;gital-com¡•ut~r Rc¡¡rt•.;;r:ntation of :.;umb,:,rs and Ch::m:.cle•5- (::t) 
Uinar~ :'-.umbers. Th·~ n-b1t biilar; \\Ofd lv,,.a, .... . a

0
_ 1), \•.here a, is 

cithcr O or 1, C.lll be .r.t.::iprctcJ as d Oílc-to-one rep-eoer:t::!t¡on (binar: codc) 
for thc nonnegati\e tnt ~"·ers 

O :::;: X :::;: 2n- 1 - J ( J-1) 

The intcgers [Eq ( 1 -!)]. in tu m. constitutc a ni.Jr;-¡erical codc for the 
n-bit \'.otd~ ((:J •l;.r·> .. a

11
_ 1). \\hu~.:: origin,d mt;:~v.::tatJOn nu: not h.: 

numencal. e g. a s::, of truth vJ:u::s. T~bk 1-1 :-;;¡j S::c 1-9 furtber 
describe tht.' n-bit b111,,r) cocks f,-, ·1:·gathe ir.tegers and for fract!cns most 
commonly ernp:o:cd tn dig¡t,l)-,~~):1-:~·uter arithmet~c. 

(b) Oct:1l ::md }le:xadccim::d :\c.f!:bers. Bmary ''ords are comenient for 
machines h~Jt not fo~ peo~k. To obt::un a nice shorthand notat10n, \\C 
spht a gi\en binar) \\Ord mte> 3-bit groups (sta:-ting v.ith a._ 1) ~md \\flte the 
bmary numbc.'r corrcsponé .. :; to each group as an octal dtgit bet\',een 
O and 7: 

a o Qn-1 

"" "' bir.ary "ord 11 111 001 000 010 
'--..-' --- --~ ~~ 

octal nord 3 7 1 o 2 
.l' 

The res u lting octal "o Id ~A 0 .A 1 .A 2 , .• • A,. __ 1 1 represents the integr;r 
[Eq. (1-1)] m the form 

11 
O s X :::;: 2"- 1 

- 1; m < - + 1 (1-2) 
3 

The code we hdve just defined will describe e\-e;-y binary ''oro as a non
negatil·e octa; mtcger [Ec;. (1-2)], even though the binary v.ord may reprcsent 
a negati\e number, a fraction, ora nonnmnerica1 quar.t1ty such a'i a sct of 
truth values ora text character. Tbere IS little need to learn octal compleme111 
codes for negdlt\e numbers since minicomputer assembl) hnguage~ (S.:-c. 
3-5) which accept ne:c~t1ve octal intcg~!"S autoi:~L'.ticall: trans~.ltc ordH1ary 
sign-and-magnitudc notation, e .g., 

-4008 = -25610 

mto bmar) codc (se,~ a1s,1 S,::c -+-2). Computa o11tpu1 is usuall: in 
dccin:al form, exccpt for sorne dcbugging ~qd tfl)ubkshooting programs 
(Scc. ~-17). It is, ha\\ e ver, us~ft'l to k no\\ tk octal cod~ for nonnef]alit<' 

p111 e fi acr wns cncodcd m bmMy forms as (t:u.<l, .a 2 .... . an _ 1) la k = O or 1) 

with a binary point imphccl <llh:ad of thc most s:_;r:iftcant btt a0 (Tabk 1-2). 

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



l--1 10 

'' 
{-, .:h ~) 1 r -~ )_!,~11 ~:r .. 1S. t: 1th.:r O or 1 
Jt-J. ... t ..,¡~:m~~,.: -t h1t, L~B ,_ 

1. :"'onnc-g.JtiH' Tntegcrs: X=:!"- 'a
0 
-~~~-~a, ;~~~-:-~:hcr-:;-:~-::: 2~--~----·--- ·1 

1::\:-\\1 PLE (3 b1t>) 

111 ( l\l \l r,,, \P:' DI ( l\1 \• Fil..., \P~ 

---~-- -~----

0 ~~~} ~~~~ l 
0\(\ 110 
{l\1 lll 

Tb1s •s th~ coment¡onal bm.lf! code uscd m most mimcomputers M..1n; othcr codcs e\.JSt 
: · r PU ~··1Jr ¡r¡ ¡f\L Gr.· ~t 1 ,/t (Rcr 61 Qnl~ C\nc bmJ.r~ d1g1~ chJnges each un1c Y is mcren1.:rd
:,:..._1_ tn," ts u::::~ful f,_)f cnc~..'JJilS: ccrl~ltn in .... lrU'll .. 'Ilt \'IUll-"'L·'s. 

B.n.tr) d,y¡~1.1l COI1\2f>lc'l1 iS e.tsl:>l \\llh de<illi<il o,¡,¡/ whles (Tabk A-3) or use the .. dou
hlmg .md d.1bbl:ng." recur,lc'n (Rd .\) X= -'"·-•· \\here .\ 0 = a0 • X,= 2;\,_i +a,. and 
t =- i, 2. . .. n - 1; e g, · 

X,-. 2 5 11 X= 11 

2. Signcd Íi~t~g•·rs i pusithc, negc'thc, or zcro). The sign bit a0 1s O for X ¿ O and 1 for X < O 

(a) Sign-and-magllltudc Codc•: X=(- 1)"'(2"-~a, + :!"- 3a 2 + ··+a,_¡), \\here 
l - 2"- 1 ~ X ~ 2'- 1 -- 1 There are tHo bm.1r~ repres~ntations of O 000 and 100 
Th1s cJn cau,c compltc,\!Jons, e g, m st..ltJSUcal \\Ork ThiS code iS often used m dtg•t.t! 
\oltm,'ter;: 

!b} ~~-compkmt?nt Codt.:'~ \ = (~- 2"- 1 )o(l --t ::!'"-·u,+ 2"- 'a~+ +a"_,. Y.ht!rl" 
l -- 2"- 1 ::; X ~ 2'~- 1 - 1 Ne!latJ\e 1ntcgcrs X ~trc cl'dcd rnto un51gncd 1ntegers 
(~" ~ 1)-¡- X~ (2" +X)- i l'here are /l·o bina,-, represenUtl<>ns of O. 000 and 
111 One ohtmns rhe cod~ fnr -X t<'n sw•p~! />_1 complcmennny <ach ba This code iS 
U>ed m .1 fe" Jrtthmettc ur<~ts 

(,) 2"-complcmcnt Code: .\ = -2"-¡a0 ...1-.. ~'"- 2 a 1 + 2~""-'a: + -¡. an-t· \\hcrc 
-2n-l S ~r ~ 2" __ , - l Ncg~ltl\e 1nt.:g,~rs X are cod~d tnto uns1gned 1nteg.crs 2~'~ +X 
lt h.!> a un1qu~ O and ~impk anthmctic To oblllm codc for ~X, complelll<'lll <'l e1_1 bll 1.111d add 
1 LSB lt ¡-; used m bm,,ry countcr.:. ~nd m almost alt minJcompu~<:rs 

rx:.. \! PLF.S ( 1 ';,:coles) 

DI ( "' -\1 ! SIG ... ·.I. '0-'! \G'.[ Tt Pí ~~ f<;·lll'IP! 1 \\f 'T ! ~o;, ("'(1\fl'i 1 \lf'- T 

r--~-~~- ~ '--: ·'-~ : -~- -~-~--::-~1~--~~--11
--::T-

i ' ' i 1 o 1 Oil 1 o 10111 o Oli 

- 1 2 '¡o 1 010 1 o' 010 o LOIO 
; l --H 001 1 o i 001 1 o 001 ---¡ -- -- ------~- ~------, __ ______¡_____ -----
-1 o 1 o ooo 1 o¡ ooo 11 0 1 000 

i o 1 1 o o o 1 1 1 l l i \J J 
__ ¡- ~------ -------..----------- --~1------- -1----~-...! ---- ------

1 , 1 , \ ;:¡, , t T 11 ~ J 
' 

1 1 () o o i o 
1 1 i i o o o o o 

' ·-------------------~--------~ _r;__o ____ _ 

o o 

F.-t:h b,¡1ilf} d!::-,1 e~,·~ •""Jt0cr C,1o:- L úo b t:,_; ·IF),.t .. ,j~:d:[,;:;:-¡t·:~t (\í:)B., z¡rS ~ ~-! 1s t;.e 
kasr ~I_;.~.nc:.n·t folt (LSB1 

EXA \fPL L (3 b.ts) 

n-c·v ,¡ r E",\'l..\ 
____ j __ --~-

0 ,..- "l i Cfi.' 

}~ =o~;~ ! 00' 
Y. = o ~50 1 0~0 
~(=ü~i5 Oll 

-----------
/'; = o 5 y, 

1 

;,: =- o 6.:.5 

~: : ~ ~:~ 
1.)1 
110 
!il 

1-S 

2 Signl-d fraction ... (po<itlle. oc~ntiiC, or 7~ro). r,~ si¡,'Tl bil G~ is o for X¿ o and 1 for X <o 
(a) Si:::n·a~id-ma'-'l'Ítude Cof.c: X "' ( -l)c-'(

1
- a -'- _!__a- + -- · + __!.._e \} wl·c:r·-..., ._.. ' 2 1 ' 21 .!.. 2~~'-! ""11- ¡ J .... 

i 

l 1 
2~--1 -1 :5: X :5: l -- i•--=< Therc are 111 o btnar) repres-;:ntation> of O 01)0 ar.d .tG\• 

1 hts m ay cal• 'e comphc<•tJOns, e.g , in statiSl!cal "ork 
(b) ls-complemcm Code: 

'(1 ) 1 1 X= .
2
._ 1 -1 a0 +2Ia1 +·--+

2
._ 1 a._ 1 , 

y, he re 2._, 1 -e; X :5 1 - y-::· 1 here are l\IO bmaf! <epre,enr::lt!Ons of O 000 .. &;h: 

lll . . . One obtau;s tite codl! for -X t'ery simpl> b) cO?:.p!emer.tu.g ca eh bH This cod~ 13 

used in some anthmet1c umts 
,(e) 2s-complement Code: 

y, herc - 1 :5: X :5: 1 - 2-.;-::¡. lt has a umqu~ O and Simple anthmetir To obta111 cor!? fo 

-X, comp/ement eLery bii and add 1 LSB. Th1s code is us¡-d m cln:ost r.ll r.m•comp.'~.::.-s 

EXAMPLES (4-btt codes) 

_ --~~~lA-1-- i __ SI~-::_A~~'G'ITL ~~ --r- ~=-0\IPli'(f'l-~~-' ~---=~~~~~~ "~' r 
+ /s = -o s·o 1 o i 1 1 1 1 o ¡ 1 1 1 1 o ; 1 

+% = .:.o 750 1 o 1 1 1 o i o ¡ 1 1 (1 : o : 1 
1 1 t ' 

+Y,= -0 3"5 l o 1 1 o : o 1 o i 
.,. y, ~ .,. o~)[\ i o 1 o l o 1 o 1 o . o o 

--~~::_-~~,; -~-~-- --~-o ___ ._~o _ _l __ ~~l_ ____ _,_ _ _o_ 1 

-o 1 ¡· o o o 1 o o o ! } - ~ --
0 0

---

-o f o o o 1 1 1 ; 

---= ~< = -=-o- 1 ,;----~ ·¡ o ----~------------- ----- 1 

- 5{ = -o :so 1 o o 1 o 
-;/.=-03:5 00 1 

-% = -07oO o o o o i 
-}-¡=-OS""~ o o e o 0 
- 1 O r ___________________ , ____ -------~" 

o 
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\\e ag.';n ~Llrt 3-bit g~·ou::>s Jt the imrli(·,-: bmar: pcmt. i.c .. pro~ccdmg ro 
tht, ri:J!U fl0I"'1 al,· 

a o an-1 

"" 
tl' 

binJr~ norJ .ílO 001 000 01 
-~ '-..-' -~ 

octal ''ord 6 o 2 
.1' ' A o Am-I 

so that 

Os X:::; 1 
11 

2n' m :::; 3 (1-3) 

Dccima!-octaf-decmw! com ersio•1 is defined b;, Eqs. (1-:2) and (1-3) hut is 
u:;ualiy done \\Íth thc aid of comersion rabie~ (Appendi-.;). Octal-numbcr 
Ieprcscntat!Ons \\Ork. pcrfectl: \'.cll e\en if thc given \\Ord length 11 is not 
di vistbie by 3. Note, hü\\ C\ er, that the octal-integer e o de for nonnegatiH~ 
purc binar:y fractior:.s JS tdcn!!ca! \\ 1th the octal-fractzon code if and only if the 
v,urd size is dt\isiblc b: 3. For this reason, our Appendix. presents an octal
fraction comcrsion tablc as \\el! asan octal-integer comersion table. 

He:xa\lccim:ll r.otation s:mi!arlJ dtvides each l'inary \\ ord into .f-bit groups 
labe!ed with hcx.adecimal digtts (Tabk 1-3): 

2 

1001111001000010 
~ '---v----" ~ ~--/ 

9 E 4 2 (integer) 

Octaf-integer 01itlzmetic. useful for "manual" v.ork with btnary operations 
(dcsign, programming. see a!so Scc. 4-2) IS casy to learn for thosc uscd to 
dectmal anthmettc. We stmply carry or borro\\ at 8 instead of 10 and learn 
a stmple multip!Jcatton table. Especially for occ<!stonal use, octal numbers 
are probably eastcr to lí\e w1th than hcx.ade~imal numbcrs But the latter 
are widcly accepted in app\ications mvolving communtcattons and/or 
íBM 360¡'370 computer systems. This is bccausc reprcsC:~tation of the 
8-bit \',ords or partlal \\Ords (b)tcs) uscd for alphanumeric characters (Scc. 
l-4d) requ1rcs r!uee octal d1gtts but only t11o hexadecimal dtgtts: 

101100102 = 262 8 = B2 16 

Convcrsion and a1 Jthmet!c tablcs for both systcms \\ ill be found m the 
Appendtx (Tabb A-1 to A-6) 
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Hc\ad.:cJm.l1 B 1 P·.~ [}-;-,. -- '. 

o 0000 o 
1 Oüül J 
2 0010 2 
3 0011 .3 
4 Oiüü .1 

5 010! 5 
b O! lG 6 
7 0111 i 
8 10•)0 8 
9 1001 9 
A 1010 10 
B 1011 11 
e IIOO 1~ 
D 1101 13 
E 1110 1~ 

F 1111 15 

(e) Parity Checking. In the course of a d:gital progra:D, thousand~ or 
millions of digttal \\ ords are transferred bet-.\ <":n the processOí. the cvmpc.tc, 
memory, and externa! devices. To impro\e rel!ab~iity at the exp;;;nsc oí 
some extra circuits, \\C can ~ntpnent each n-bit \\Ord with an extra (redL1:1dant) 
parit) bit which is made to equal 1 if and only if thc nurnbcr of 1s in the n 
information b1ts is odd. \Ve can then check for eYen parity (ewn number 
of ls) over all n + 1 bits to detect er¡ors in 1, 3, 5, ... b~ts (mclud!ng the: 
parity bit) and stop or repeat th~ operation as needed En or s in 2, ~ •... 
bits will remain undetected but are much less hkely than 1-bit errcrs. 
Related checking methods apply to transfers of long lists oh\ o::ds (Sec. 3-1 0). 

Parity checks for memory and interface transfers are recomm,~nded for 
critical applications, cspecially \\he re a computer S) stern is unattended. 
Note that simple parity checking does no: check. arithmetic or logJC errors. 
Many end-user minr:omputers operate satisfactori!) without m:o>mory
transfer parity checks. 

(d) ,\lph:mumeric-charader Code~. Computer input,~out:rlltt and digital 
data tran!>mis::.io::. rnanipulation, and storage require b:· ar; corh1g of 
alph~numrri~-tii.ar::11.:tPr st:ings rc-presenting te~!t comma "1ds~ rturn~~rs, 3Pd/or 
e o de grouns \Ve use onc binan wor-3. or ~lb\ te. for e.1cJ-> character -+bits 
(24 =~ 16) 'are enough to encod~ the 10 num~rals O to 9 (b.nar_l codmg cf 
decimal numbers, Sec. 1-4c). The 261etters of the aiphabet (up;_:¡ercase only) 
and the 10 numerals, plus sorne mathematica! and punctuc:tion S) mbols. can 
be squeczcd into a G-bit cad!.' (2 6 = 6-l) if rcsources are scarce; Table r\-11 
shows an examplc of such a code. l\·Iost minicomputer app!t~ations \Úl! 

employ a 7-bit cede Hi:j, 2n adC:ed Sth bit for parit) ched.ing (Scc. l-4c). 
Table A-9 shO\\S the ASCll code (AmeiÍcan Standard Code for Jpform::!ic:' 

~~~~~~~~~---------- " 
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Inlerdnnge), \\ hJCh 0.dm,t" u~;::>-:'r-:-Js~ ard lO\\ crease kttcrs, nmner:-tls. 
stané!,Hd symbols. control characters for pnnters and CO!l1l'lllmcat!On llnks 
(tab.line ked. form fe<?d, m8out. cnd-of-mcss:J.gc, etc) and still has 100m for 
e"\tra agr.:d-on s:mbols and control charactcrs (2 7 = 128). A S1m1lar 
8-bit code !S the EBCDIC codc used b~ the IB:\1 Corporat1on. 

8- and 16-bit minicomputei!. neatl) handle one or tv.o ASCII-ch:uacter 
bytes in a computer ,,., ord. Perforated papcr tape al so has eight-hole columns 
fitting ~-b1t b) tes (F1g 3-Sa). 12- artd 18-bit machines must pack successive 
8-blt characters into multiple \'.Ords through rather uncomfortabk packing 

TABLE 1-l. Somc BCD Codes. 

(Sec Rd 6 for s¡;~.:·:·l ap;JI·c3ttons) 

['\cess-3 

Decimal 8. -1. 2. 1 
(S, 4, 2, 1, 

2, 4, 2, 1 cede for 
X+ 3) 

o 0000 0011 0000 
1 0001 0100 0001 
2 0010 0101 0010 
3 0011 OliO 0011 
4 0100 0111 0100 

5 0101 1000 1011 
6 0110 1001 1100 
7 0111 1010 1101 
S 1000 1011 1110 
9 1001 1100 1111 

operations (F1g 1-17d): 6-bit chawcter sets are more convenient for such 
machines but m ay not ha' e enoug:h characters. 

(e) Binary-coded-decimal (BCD) Numbers and Other Number Codes. 
Table 1-4 shO\VS sor,1e binary-coded-decímal (BCD) codes wh1ch express 
Durncncal data in tenns of c;trings of 4-blt character codes cor~esponding to 
deumal d1g1ts Asan example, the 8, 4, 2, J BCD code encocles each dec1mal 
digit mto the corre~pond1ng binary integer: 

9 2 1 7 8 3 

1001 0010 0001 0111 1000 0011 

Thc numbcrs 8, 4, 2, 1 ar,; the "weights" assigned to the binary b1ts defining 
each dcciméll d1~1t Sorne bu~incss-oriented computers employ BCD-coded 
arithrnctic circlllts, bu~ th1s is not econom1cal for gcneral-purpose mmi
cornputcrs (4 b1t~ can spec1fy 16 bmary numbe1s, but only 10 BCD numbers) 
Thus, BCD circt11ts serve mainly in numerical d1spiays, pnntc1 s, and 
countcrs uc,cd dm·ctiy l:' 10-hngcrcd b1pcds 

o o 
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A L~~~~c n Ll-:~~'.:r of ot~··,'í :t-llL·"':~"'.:?I co~~~:-., ~iot11 -.-.íth i:l'1d \\~t~i~"t!t iCl1unci"··: 

..._h .. ~·.)_ bit:_ [l:l\C, b~cn uccd. IA1 part1cui::r, thc; Crti) cnr!C' (r ... jfec:ed cot.'~', 

Ref tJ) s,::;\ es ¡,1 snm~ anaic;;-to-dJgHa.l '''11\CJ L'cs (csp.:·.::a11_:. sh:1ft ~ilcudc,-~) 
v.hcrc ít ~~ desirable to S\i tlch o:1l:- 1 b1t ata time dL'ri-:g up or d0\\11 counun:~ 

opcrat1ons 
Convcrs1ons bcl\\Pcn dd't~'rerH coJmg SC'h::mcs are nnpo;-ta:1~ :omput:;r 

operaticms and are in1ple1~lcntd both b: hard-\\Jrcd legre and .b~ co¡·¡J¡>~der 
progralll~ Codinz sclJPnh~, fí•r punc:1ed c~rJ;, and for punc'h{i:f tJI:cs 3n: 

il!u>tratd in Fi~;, 3-::. 

1-5. Choice of Wo:·:l Length and Dat:J Format. (a) \Yord T.c1gih. 
Ex1sting rmnicom¡,ute!s are 8-b1t, 12-bit, 16-bit, or 18-bit machmcs. \\t "dli 
arbitran!) ehmnJ:ltc 24-bit computers from the minicomputer class,f!cat;on. 
lntultlvely, the number of bits quoted refcrs to tbe length of the most 
frcqucntly used data word am~ thus to the number of b1ts in the mam 
anthmetic registers. Th1s mterpretation has bccome somc\\ h,:t blurrcd 
bcc<tuse software andíor microprogrammmg easJ!y perrmts. say. an 8-b.t 
computer to operate \\ith cc,mposite 16-, 2-\-. or 32-bit words. Such an 
8-b1t machme may \\ell ha\ e one or more l6-b1t registers and can use singk
Vvord or multiplc-\\ ord instructions. Again, modern 16-bit minicomputers 
can often address and fetch 8-bit half-\\ ords (bytes) as \\ ell as 16-btt \\ ords. 
We will speak of an n-bit computer if the main data paths (buse~) conneclt11::'
memory, processor circuits, and externa! devices are parallel n-b1t paths (not 
counting extra bits used for parity checks and memory protection, Sec 2-151 
Advertising llterature .;;hould be reRd some\\ha.t critiC~ll: 1!1 th1s res¡'i).:ci 

Smce computal!O:l with, sa;, a 4K memory can take 12 bits for a.ddrc"SI!!~ 
alone, most rrnmcomputers with meanmgful instruct!On set.;; rcqLme ~ornc 
doublc-word instructJons, usually implted or disgUJsed by ind1rcct or rebh e~ 
addressing (Sec. 2-7). Depending on the apphcat10n, longer \vord Jeq::·z 11 

may mean fewer double-word instructions and thus save memory and t1:1t<' 

Clever des1gn of short-word mstructwn sets is the central p1 oblcn• of wini
computer archJtecture and will be discussed in Chap. 6 \Ve DO\\ consiJcr 
the choice of dala-H'Ord length 

In mmicomputers sen mg largcly as !ogic contr ol!crs rather than as 
arithmctiC' processors, word length necd not be determined by numer1ca! 
precis10n. \Vhere speed is not 11nportant, any numbc1 of, say, rd.ly 
el os u res can be controlled and/or sen sed through succcsstre 8-b1t \\ or ds 
But therc are also apphcatwns \\ hcre an 18-blt word length (rather than 
8, 12, or 16 b1ts) is JUSt the th1ng to simpllf) controlmte"rfacc. program. 2nd 
mcmOI) rcqtmcments. 

In JUdgmg the data-word length to be used in fiwd-pGint numc·ric:1l 
computation, remembcr that minicomputers do not perform a trtH' roundofr 
to the lcast significant digit. Instead, they effechvely reduce the missmg. 

o 
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digit to a zcro (th~~ "chop .. or ··¡runcate .. the nHSsing d1gtt). so that the 
rc~u!tmg 2s-co:vpk111Cn! numb;:-r 11 i!.' 1121 er be largc7lhanrhc corr.·cr qu:~ntit1. 
Ir foliO\\ s th.H e\ en \\ ith 1 S-bit d,ua \\01 ds. !1\ed-p_::¡int sums o f. sJ)·, 
1.000 terms. such J.S are frequ.?ntl~ encountered in numcrical integration or 
statistical a\eraging. 1111<.\f lx: computed \\Íth dozi!J/c-prccision ;rithmetic 
if\\e actuall~ want 18-b,t accurac); up to 10 ofthe lcast signific.1!1t b1ts might 
be meaningless. 1 ~ -

(b) 8-bit :\L1chines. 8 bns (i.e., a rcwlL~· )!1 of 1 in 256) \\ÍII no: pcrmit 
\_er; accur~u: _singk-~rec1sion arithmetic, although \Cr) u:>eful logic op.::ra
tJOns (sa) m mclu5tnal controllcrs) a1e possib!e. 1\fulti\\Ord instructions 
a.nd operations. hO\\ C\ cr, permit po\'. erful16-, 2~-. and cvcn 32-bit computa
tiOns (at reduced sp~ed) \\ ith man: S-bit macluncs, espccially \\ ith rnicro
programming (Sec. 6-13). Anothcr \C!) -important application of S-b1t 
minicomputers is the manipulat10n, storage, recognition, and recodmg of 
8-bi! alp!wnumcr ic characters; note that 8 bits are just right for an AS-CII 
character \Úth parit) bit or for two BCD d1gits (Sec. 1-4). 

(e) 12-bit 1\lachines. 12-bJt data \\ ords can accommodate the 1 in 4,000 
resolution of med1um-accuracy instmments (\\ ithin 0.1 percent of half-scalc 
2r.d sign). although the results of 12-bit arithmetic will rarely have 12-bit 
accuracy. 

As minimum-size data processors, 12-bit computers (more specifically 
the D1gital Equipment Corporation's PDP-8 series) spearheaded the mmi
computer revolution with enormous succes:> at a time whcn the add1t1onal 
logtc required for a l6-b1t machme \\as still fa1rly e:>..pensive. The success 
ofthe PDP-8 has produced so much valuable software thal new PDP-8-type 
12-blt machines are produced not only by DEC but alsa by other manu
facturers, \vith prices reduced to belov, S5,000 for the processor and a 
4K-word mcmory. : 

(d) 16-bit Machir.es. Smce the advent of low-cost integrated-circuit 
processor logic, 16-bit minicomputers have become the predominan! type. 
Longc1 l G-b1t instructio:1 \\ ords permit the des1gn of exccedmgly sopi11Sticated 
minicomputer architectures (Chap. 6). The second significant advantage 
is the case w1th di;ch t\\O S-bit ASCII bytes can be packcd into a smglc l6-b1t 
word; separate b:,':c addícs~mg and manipui::l.tJOTJIS possible m many lG-b1t 
machmcs (Scc. 2-13). 

(e) 18-bit Ma::hb:". The most succcssful 18-bit mmicomputers have 
bccn the Digital Equipment Corporation's PDP-7/9/15 senes, which havc 
rclativc:y 5ÍElplc instructioa sets and employ thc c:>..tra word lcngth for d1rcct 
addrcssing of as mucha:;; 8K of mcrnory. Othcr computcr dcstgm:rs prercr 
to use extra mstruction bits for addrcs~i ¡¡g multiplc proccs~or reg1sters 

1 The Situa!:on 15 somu.!wt bcttcr 10 stat"tiC<li a\cr,¡g•n:: b~cat•sc \\C can ~nhtra~t thc 
e~p·~ltcd v¡,Juc of tk chopp• n~! crro1 out of our rc;ult Note, ho\1 ~' ci, tl;at thc chupp 1 n~-~ 1 ror 
L•lTIMne ~tdl <:dd> tu thc \.trlane<: of ou· statl5tical c>tJmJk 

e¡ 
! 
1 

o 
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(Scc. 2-S). ASCII-chu 1ct.::r packing is eitheí clc:msy or \'. a~tcful \'. ¡¡;1 l S-bit 
\vOrd,:., but Sl!Jt,1hle r~~:'~ing and unpacking routin·::s C\!Sl. Ca:hod->rZt\· 
tu be or .\')-rcco,·de; d !Sp!a:· s o; fa ir res0lution (512 O\ 512 po: nts) can be \e~\ 
comcnient!: dr;'.en \\!th 18-bit d::ta \•.ords pack~d \'.Jth 9-btt X ;:mi }
coordi'lak q:Jucs: this arrangemeni hahes borh refres0 memon ar:l f(fresh 
time (Scc. 7-9) • 

(f) D2t3 rormJtS. Figure 1-17 illustí.1tCS typical data fumwr} uscd l:.: 
cod~ fi-...~·d-~,,-, :1t binary numbers. fio::tting-~o;r.t numbc<s. ;tnd alph--.
numeric dnL'.cicrs into 8-b1t. 12-b:t, 16-bit, and 1S-bit \'.C>r·:ls. Insrn.cilolt 
formr.ts ar;:: ,itown in S;:c. 2-5 and in Chap. 6. 

DIGITA;.. OPERATIO:'~S: LOGIC 
A~D ARITI-L\IEllC 

1-6. Logic Opcrations. The reasons for the explosi\ e succc~s of computers 
with binar) variable reprcsentation are not onl) the case of bmar~-d.:~a 
storage and transmiss10n but a1so the rcmarkab!e simphctt), reLabrl!t). and 

-eG:I"' t'"'PW' Q"",j '2utput 
is e.tner O ~r ~ 

lO\" cost of the brtsic operatiom on binary variables. F1gure l-5 sho\\5 a 
"black box" \\hose output Yis a binary (Boolea;¡) function F(X 1 .X 1 • ...• X,) 
of 11 bin:>.r) input >:triables X 1 , X 2 •••• , Xn. Since each input can t?.ke 
only two d1fferent \ah:es, there are 22

' dif{ercnt Boo!eanjilllctions ofn inpuís. 
We- can charactenze cach Boolean function by a simple tablc (truth t.1hlc) 

sh0wing the funct•or. v:tlues for al! poss1ble combinations of argument 
(1nput) vaiues (Fig 1-7). 

We \\OU!d !J~c to i•11plemcnt many diffcrcnt operations l•ke !h?,t of Lg 
1-5 v.ith elcc!!.2:ll c:;cuih, mputs aml outputs \',ii! be h'l'age lc\els Cl'rre
spondmg to O ancl 1 (Sec l-1}. Fortunc!tcly. al! Boolcat1 functions cat~ fv 
ohtaincd t/11 oug!z combmathms af simp!rr functiens. The srrnp!e onc- and 
two-input functions 0f F1g. l-6 \\dl be r.wrc than sufficll.'nt, ;-¡nd :11\ cw b~~ 
re;¡]¡zcd \\lth re:u.ld) a\aJ!able integ¡.¡tcd c1rcuits (lo~~ic imc>rters anJ g:1tc•sL 

The elementar; Bo<'lean opeíations of com¡JknH'nt:J.tion (inH'!Sion). 
logical additian (uuiG::-, OH.ing), and logic;J n~u:!iplic.Jtion (intcrsl'c1ion, 
ANDing) combine accordin; to thc wlcs of Boole:m :l!gehl.t lrskcl i11 Tabk 
l-Sa The tablc also illustr~ltes ilO\\ thesc rules are uscd to obt:lin u~:fu! 

----- ------
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l C:.S:l( 

--~----- ·------------- ------------ -·------------------------. --1 
1 

L BJ..::i.:- G.lh."":; ~lnd Trl1th ·1.1bl...~,. Tn::? b,l..., .. ~ /i 1:Ja. ~il~H., ,,,,pL· ~~·.: 't :::·.,!:""~:;;:- fun ... • r~)n' of hn.1r. 
\Jn 1' .~;;. E~1 :n g.tt..: ft'ít.::'lt~..•n l:' d~Li.ncd c\rllcill~ b: .11 ¡, tu't i<l 1,J.: !::,::.1,n,; U12 f!<~l.: output f .... ,r <1ll 
CLn,;--. ,, • • .._...,-:; L""'~f lt1L'Ji5 

'·\:...D .·íC :'\OR g . .n.:-s a1 .... o s .... f\..:: JS lc.>-::JIC l!ltCrlr.'rs..:on¡r\·rn~nttng 3 :;¡ugk 1nput (l t-.ecomL"s 
O. Jn.J \ .::;;: \::?í:-'.1) 

. 1 

' ' 
~0;[' 

~ 8"' o 
o, o () o ~ 
, o , 

1 

t~ANJ 

o 

o 

OR 
-~o 

o 1 o 
1 , i 

".A~ ~o¡:¡ 
~_,_ 

o , o 
o o 

'<OTE: In so me t: pes of lo:;ic g.H~ outputs cJn be O Red to:;ether 
2. Jmerters. ~A~D and ~OR g3tes a!so ~ene as logic in•ertcrs for complcmenting a smgle 
tnput \\'e use the followmg •n,erter s:mbols. 

Sorne gates ha\e 1110 con•plcmentar_¡ o111pu1s, and sorne logtc modules pro\ tde gates '' tth 
lfll ertmg U'fUI'\. 

3 Th{' Rule;. of Boolean .\lgcbr~. \vhen \\e procced to combme stmpk logtc functton<; ttli< 1 

mor~ con':->'•cated funct10ns of more\ anablcs. \\C find th.H the com bm,lttons SJ tlsfy the fo!IO\\ln~ 
mlc:s o{ Boafeun algebra Thcse ruk-; are estabhshcd by a stmpk combm,Jtton of the b.tStc 
truth t~bk-; The rule-> ma: be apphed to stmphf) logtc ctrcutts (logtc optlmtzatton) 

A+ B = B + ·f} 
AB = B·! 

A + ( B + C) = ( -l + B) + e} 
A(iCl = ( JB)C 

4(B + e)= 48 + -le } 
A + BC = ( 4 + B){ -l + C) 

A+ 4 .j.j = .j 

A + 8 = B tf and o ni: tf -lB = 4 

A+O=A 

AO =O 

Al ~" 4 

4 + I = l 

4( ·1 -t B) == 4 + .f B == .f 

(C0\1\lwTAllH Lt,\\5) 

(ASSOl' A Tl\1 l"- WS) 

(DlSlRllll Tl\1 l·\\\S) 

(il)f\IPOT! '-,1 I'K.Ol'l Rlll S) 

(CO,SlSl l'i'-CY l'i\01'1 R l;) 

l
' ( .¡ + E)== .1/J } (!Jl;Alll' , OR DI MURG'\:,,'s LA\\ S) 

(4B¡=l+É , 

1=A f=O 0=1 :-----0" e }__+_!:~~-+_"'_:_e !( + "'- o 

T ·.aLE ¡.::. .. ::! -¡;f·Lr) Ll'íl(· Lo~Ji.: C'1"2"~- 2 lo~~~~ '\\ :"\~. G1te C!rn11t;;; 1C nn1hm ¡f(,;11l 

I ü:;::lc! 1Co1 .J,,~te/J 

r· ·-- u -----------·~--~ -- ---~~~--~--~h- ---·-·-----·------~-·---· --·~---- ~--~---- ----, 
Lt~'i .\ I:oo'L'n1· jur1Ci 1U'' ~~e:·; ~·r :d.' 1 !¡(.Q[ ro o or ((i'l ht' .,>) ;ri..''-5.'11 (l .. a~/¡'' ·!'ll. '/¡I/' (J P1i'llí!),>l ¡ 

pol~nomial ... (canonJC.ll mi~1H.rms) Zt7:! z" Hh:,~~. Z, '"e ,,J¡Lf .\l (,r \", {C'/!(•,' ¡_[]¡'_r .• r¡' (~1 _, ! 

h'urt/t.(;n { 1 t';,unl l 
In \ 1.::':'- of ci-2 ~I ur .?:Z. n ·s L1 '\ _.., 1.', e·.\ R~~r .'.·o_r¡ _Htn:.. 1 I!Jll not 1d!.'P' H 'JI', ú c,7 ah:n h .. : ~,• \,, ;; '· 1 e' c. ! 

J Wt!LjliC J,ro~!,{,. r,1 canonicJ.I m:.1"\[frms L'. - Z':::. ' '7 z~. l\/:t.7 i'c.~ Z, rt .'luLn· ,\·, or Y. ·¡ '.:.:-2 

~He allo.~._th:t ~, ni·n~err•·; r..nd ~,.. !1;-iXtt::-rn,.; 

-lhc;;~ r:t 10ilic,1l f0rroi:-. sh~,---\\ th~H t.'Lt'r"".\ Boolean fu:1ct1on c,ln, m pnriClj)L: b.:- in,nl.:-r;,_r: 
\\Ílh C\10 /e¡ ¿ls of lo¡>IC gc.:es (enl,er ORm~ of r\?'-.0-gatc' outputs or' A;'\D!!Jg or Ol-t-;-, e 

outputs} Bl..¡t the numbcr ofgJ.~e:; and 'or conncct¡ons ne-eded n1.gn· be rcí,iuced deCDl\t..l\ ,¡ .~, 
admn >eme mte;m~dt,lte Jc,eJs atthe ~-..pensc of e-..tr3 ttm-: Jeta: 

4. E-.amples of Combin3lorial Lo gte. eombuwrorzal log1c Jn\ olves only gatcs (1:-tclt•c!,c,g 
mvertcrs), no memor: or dela:-s. 

(a) i'.\!'iD/!'iOR and ~O:R/A:\1) Cmner-,ion \Oj de Morgan's rhcorem) 

OR Ar.JD 

\ 

1 
¡ 
¡ 

1 
¡ 
¡ 
¡ 

These comers10n ru!es are us.::ful 'i'.hen \\e have to \\Ork v.ith spccilic commcrciall) ~natlab!f t 
components ! 

l'-OTE Al/ combmatonallogtc can be tmplemented with NANO gatcs alone, or I\It'1 .!'-:OR j 
gates alone 1 

(b) Singlr-pole,!Douhle-thron Sn itches. 1 

(e) EXCLUSIYE OR (XOR. Moi!ulo-tno Addrr). 

A~A+S 
8~- - -L.r.,_ (o8A+A9 

A~ r-U 
s --L./Tts 

'101 E' e = o mdtcatcs that A = B (COlllC!dence dctect!On) 
Many other lmplementaltons c-..tsl 

(!) Ticcognition Gates (Drcoding Gates) for sclcctmg devtces 1denttfied by a bnm; addtcss 
code, for presettmg countcrs, etc 

-,----·-- From reg1ster, 
t--t--..----- counte, ,or bus 

l 

! 

1 

l __ 1 ¡f 1101 t :f 001! __ j_ 
o JI) 



1-6 

o 

~ __ o_,_ 
o¡· o e 
1 1 o 1 

~~-1-
0 1 1 1 

1 1 o 

lo' 
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___ F1~" 1-t. Figur~ 1·6u shO\\S Boo:e3J1 fur.wons of "- S!llylc mput Figure l-6b defines thc 
me·'! impor!ant funcuons of [\\() mput; b) Silnpk truth tablfs and sho"s commonl) uoed 
s: mbo!s for the com:>pondm!! lo¡nc gates 

Boolea:1 funct:ons \\ ith simple gatcs. In particular, AN.J ga!es and 
inverten alone, NAND gatcs alone, or NOR gates alone can perform al! 
Boolean op::rations. This is of great practic::il ímportanc:e because sorne 
types of :>olid-statc !og1c rr.ake it ea~icr to implement NANO gates, whiie 
others kad to a prefcrencc for OR and NOR gatcs. !vi:my commercially 
a\'a:h:ble Jogic systtms also offer logic gates with more than two inputs, 
which are often convenient (Ftg. 1-7). 

A ílip-flop is a 1-blf memory det·ice for st:Jring a bina1y v:::ri<1ble; flip-flop 
regi'ilC'r:; <-re ordered sets of fltp-flops for storing di¿ital \'vOrds. Table 1-Sb 
ddines cach ofthe most useful flip-flor types by the method of di"ta entry and 
sho'·' s !\\o import::mt applicatiOns (se:: also Secs. 1-7 al!d 5-3). Figur~ 

1-S sho\vS ho". appropriatcly tlmed control pulses are uscd to paralle!
tran~fer tbc contcnts oí a flip-flop rcgister to other rcgisters. 

D:g¡tal-cornpLtcr arithmctic cilcztits will be destgned as Jogic circuit:> 
op<':rating on th;:; bit~ of bmar) -numbcr in!Juts t,1 produce desired bmary 
output numbcrs. \vith m¡'uls, outputs, an~ intcrmediatc results stored in 
flif:-llop rcgistcrs (Scc. l-9). 

Techmques for 5Ímphfying logic circuits (i.c., minimizing thc numbcr of 
gatc<., and fl1p-f1ops, gate inpms, mtercollnections, and/or crcssovers) form 
tk; ~ubjccl of l:J:,;ic optimi.:ation for dil";ital-systcm dssign (Rcfs. 1 to 5). 
Optinm~c~tion of a large digital system, such as a complete computcr, is 

o C) 
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~--~ t.-- 3--

8 =Dl-~ ;:;_~~~ ::--- ::3:;::::= 
C -r--L/ D ----
C' -- E---

'F--

'-~~0;';~:·~ ;;:r: 
r~c:;~ ;J~e tf:. :.3_ ·:=c. 
XJC ;:~e 1f: = ~. J=~ 

r-.. ~--.. ~~ ~c·es .,, ~h ... ·::.j e~ 

(not ;:s::1~ie .... ~n 

al! types c.r 1o;,ci 

often itsdf <bne ·:;i~h tl1e help of a digital computer. On thc othcr ha'lu, a 
rcscarrher or engint>cr \\!-lO mere!) \\ants to use a small digit<ll COil1Jml.:~í, 

and to interíace it to ~o me réJ.l-\\ or!d mstrumcnts and controls, \\ 11! seldom 
rcquire iormal log:c O?:i~izatiOn A!lll'e usua!l.r reqwre is tf•e mmeria! in 
Tabie 1-5, sume rcawnable common sen se, anda nice col!ection of !; :ed logic 
circuits 11 e can a¿apt a.tid mod[(•. Manufacturer<;· cata!ogs and app!ic~ttton 

TARLE l-5b, Yer) Littk Lo~ic Goes ~ Lo11g \\'a~: Flip-flo;> Circuits. 

r------" ----¡ 
l. fl~p-flop~. A f!1p-ftop. ¡, -,;; tl-~ fan1~l1dr togg.Ie S\', itch. wiil st..1y 1n íl gi\Cn oulpv.t sta~i.. .. lÜ e: ~) ¡ 
e\ en af,er ,np'-1t5 hc.\e 0.:~:1 r~r.w·.ed. rhp-tbps titus implen,em m¿mnr_l for b na[} 'Jnabk, 1 

1 

r-nd perw1t da:a s:o-ag¿ a:-d c¡l!omar·c scqu:!'::¡af opt!ra::ons. (That is. logu.: states can Cc~::r
n11ne th:= secu~'1Ci: o: f:.r.L.re log_,c stJtc_;, 3S 1n ri~.L!. trar¡~~'ers~ cout1t1n~ e~c ¡ Althc·P~h ,1 1 
son¡.;\\hat hc,\;,l\3;;?tT3" \ 2.-iet} of d~!fr?re'"'t Atp-tlups .. .ue sol~. ail are dcrn ;d fr0111 2. [~\\ S!;.1plc 
t;p~s Sp::.·c;fcaEy. tf:.: ~.!.S.: rc-s::t,lsct (RS) flip-íl:>p r~t.11n; tts output state thro~tgh reg·~nertiti\C J 

fe~dbacl,: ur.i•i a n~,_, rc\t:r"rf: m;->ut rs Jpphed_ Other typ~s of firp"Pops 3dci dtf.erer·: •n;Jut- -~ 
gating C1 lCUitS. 

o 
e--~~ 

S---L~~ 
s-~1 
R'----1~ \! 
;'( ---r~L/"'- ! 

--------

:-~-Q 
q--~~J-c 

! 
:;; ____ _J 

(a} Reset/set (RS) fli¡_.-!lop. R = 1 (le\ d 
or pube) resNs (clcars) thc flrp-f1op IQ = O¡ 
until S = 1 sets the fl1p"fiop lQ = 1) 
R = S·= o lea \'CS OUl ru t uncl•anqcJ 
R = S = 1 1~ dleg,¡f (r:1defintlc' •Jutput) or 
R = 1 m"~ otcrnd<! S = 1 :\lultrple set 
1npu!s or tnulttplt: rcsct In¡H .. ts Jil' ORcd 
togNfl·:r 

! 
-------------------------------------------------------- ---------- _¡ 



,--~~-~~-~-.-,. ~0-----------
----U 3' (e) Anotha l) P<' of g~n,•r Jl-p•Jrpo"" !lrp-flnp Th~ 1110 s~t-

l , ~.!le 1nputs Jrc ORcJ tcl_:;c!l¡,'r Th~ '"', rtt·d sd and r~,~~ 
mput;; r~qu.r;: S = Oto set .l!ld i:. = O w r~set 

e 
_____ iR 

co .. trol 

(d) GrnrrJI-purposr flip-flop conncctt:d 3S 3 J h flrp-flop. '' h·:!1 
a:ts hkc ,:m RS t1rp-flop C\ccpt th.1t J = K = 1 ah' .1~, 
r~1~rscs th~ output stJte \\ nh J' and K· connccted (d,.,l, 
!roes). 11 e h~11 e a T(triggcr) flrp-flop: For J = K = 1, outpu t 
re1 er,es 11 hene1 er T .:;o es to 1 

Co"''irol 

(<')Data/control (sometrmes calkd l)pr D) 
fllp-flop. Output Q t'l!-.es d.Jta-mput 1alue 
11 hen control mput gocs to 1-11 acts as a 
binar.\ samp!c-lrold cucuu lt 1s 101portant 
for J'!!D_ transfcr of d,\l,\ ttmed b~ control 
(strobe) pulses ,md m sh1ft reg¡;;tcrs. 

Dual-r .m k ( mJo;ter-sb• e 1 t) p~ D fl1p-flops are de>~gned lo cst,lhlrsh " dcfinrte t1m~ m ten al 
bct,,cen mput Jnd output st~ps 

Consult fll.lnULK!t'rers· lo~~~ manuals for C\cC! lo61C fanout I03JC-lc\cl tolerances no1se 
1mmunl!!. pul >e dur.ltrvn and step r>se time rcqUtr~d to tng.:;cr fl1p-ftop>. etc 
2. ImportJnt fhp-ílo¡¡ Clrcuits. 

;-·..:\ses 

(a) Simple slnft rcgistcrs. Note the 
possJbd1t~ of p.irdlkl mpt•t through 
e\tra set Jnd rc,ct tcrm1nals 

(IJ) Snnpk l>in~r) countcr 
E.1ch <:ountcr llip-ll<'p com
ph:mcnt ... \\ hcn~w \ cr Jt..., [ r Jg~'t..'t 
7 mpul changc~ ro 1 
CPunt~r l\tn be /'1<'><'1 \\1'!1 

'\ .liHI 1< l!lJHlh o 
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------ -----~t>- -----:-

PulsP 1 Pulse 2 Pulse 1 Puise 2 

(bl (el 

f1g. 1-8 Cle~r-and-strobe tramfer mto a fttp·flvp rcgtster fa) ancl J<lm transfa b~t\\CdllC&l'-lc•s 
(h) and (e) Iithe dual tr2.nsf~rs m (b) or (e) are to take plaoe Slmultaneousl) \\~can use dLtZtl-ra,.1, 

fl1p-tlops to make sure that the old output ofthe first regtster rs transferrd kfo1~ •t:s upJa:cd. 

notes should be consulted for special tricks and precaut10ns appi1.:abk to 
specific types of commercially available logic. Digital-computcr wltrfacc 
log¡c will be discusscd in Chap. 5. 

1-7. A General Finitc-stalt 1\lachinc. If 11e agree lo adnntloglc-statc changes onl¡ ut c1J<crc··~ 
clocked t1me mtenals O, ór. ~61,. , lhen eter.' sec¡uent.al mdchm,; C<:\1' he b1<1lt f•e>m ·\ t) r·: D 
flip-flops (TJbk J-5/J¡ plus comhmatonal logtc (e g, A0:D g;n~s. OR g.\tc' a:-,d 'r\Lttc". e 
NA]'.; O gates, or NORg:lles), 85 shc\\n m Frg 1-9 Each f11p-ftop output equ:b H3 b:rl·k;d 

- ·- "" ---- --- - ----- -1 

i i¡¡-=== -·- -1''!11 : 
...l,_l_. 1 1 

'-1.. 'S 1 

Com:•,natoncr F¡ --:1Q-~ 1 1 
logtc e x, 

R 

S 

Set 1n11101 

~~-----
Ciock pulses 

f1g. l-9. A gm~rai clocl.:ed s-:qucnt!,JI nuchme The gnen lo~1c and the 1111tul r~g¡,ter 
cor.tcnh 

0 X dct~rlllllh: all subsequent fl1p-flop st<ttcs 'X = ('X 1 ,'X 
2

, ) and outputs 'kr = 
r'r,.'Y1 , ) ~" }('XJ) through the récur,¡on rclauons 

/..=O, 1, 2. 

o 
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1 = l.: ... , ,\ 
3!-2 LLl'.OI'""'.ln st.1te \JriJbtes dd1mn:; th~ s~ . .He t."'f l"~dr s~s~cm dunn~ th.:- !..:I~ ci0("~ 1:-:~~n~ll G1\en 
th...: .V ¡r¡r¡~.l \ .!.ltl(':; r ~OL a 1! frrure s:a~~·s are dt:Jt!nr,m,;J bl ;/,; 1\" Tt!í:.li!SlO!l lt.'r:.llO!.~\ f Son/c.:~u~ 
d:'/fcrenct.~ t?q'n1ilons. stait? eq:J!:ill..n._, ). 

X,fl- _\;).Z] i = l, 2, ... X. k= O l, 2, .. 

"here e.,,-h F, ::< .1 Bool~ .'1 funcuon ofth~ .\, The .11 s:;.stern ot~tputs };¡k Ll:) are .liso Bookan 
fupctions of the st.Jt~ '·, Jbks X,(~ Llr) and ma:. l•ke the F,. dep~nd e\pltcttl: on the t11ne 
\:!.nable k 

In an a.:tua! d•gtwl CO•>lputer. the state-determuiing fltp:flopsm Ftg 1-9 \\tli be group.;d mto 
processo~ ;:nd memof') re;tsto::rs C0'1lau:1n~ numenc.JI and control mformatiOn 

1-8. Fixed-point Arithmetic and Scaling. I'viinicomputer data registers 
hold S-bit, 12-btt, 16-bit, or 18-btt data \\Ords. It is also possible to con
catenate l\\0 or more such \\Ords for double or higher precision (Fig. 1-17). 
\Ve ha\·e seen ho\\ a bmary \\ ord can represen! an integer (Tab!e 1-1) or a 
fraction (Tab!e 1-2). In pnnciple, a binary cornputer \\Ord (a0 ,a1 ,a2 , ••• , 

ar._ 1) could al so representa nonnegati\e bmary number of the more general 
form 

Os; X s; 2' - 2'-n (l-4) 

with a binar) point Implied ahead of e, (ifr < \:, we imply O dígtts a,, a,+ 1 , .•• , 

a_ 1 bet\\een the bmary pomt and a0 , as in X= 0.00101). An analogous 
gencn11Ization applres to s1gncd (posit1vc or negatJvc) numbers. With such 
r<::preser.tations, we must keep track of the exponent r determining the 
binar;-poinr location throüghout thc computation; in particular, terms in a 
sum or difference must ha\e the ~ame 1. Floating-point arithmetic programs 
or cJrcuJts (Sccs. 1-10 and 6-12) employ sorne or all the btts in an extra 
register to specify thc exponent r and compute cxponents scparately at each 
step of the con·,putc:tton at considerable expense m eithe1 computing ttme or 
special hardware 

With fh.ed-point arithmetic, ít is bcst to cousider all numerical quantities in 
computer regi,tcrs an::l memor~ as eithcr integcrs or purc fraction<> (Tables 1-1 
and 1-2) Wc proposc to employ integcrs (\lhich may be posithc, ncgathe, or 
zero) onl:y (o represen! actual real integcrs u~cd in counting, ordcring, and 
addrcs~ir.g opcrations. Al! othcr real numerical quantities X in the com¡mtcr 
\\ill lA: regarded as signcd or unsigncd purc fraction'i ( -1 machinc unit 
<X < T 1 m achine unit) propo;tionallo cor rcspondíng qtwr,tities X oc~·urring 
in thc givcn problcm: 

X= [a .. (!-5) 

Each brackctcd quar.tity [a,_ x] !S a scalcd machinc ~ari::,ble reprcsen!Ing 

o 25 1-S 

/1 1.1 COI!lc'llít!tll lO 

r~..Jj[t icE tl1e .,cat=-~fáctots a::.. tn iJ;¡c~;~~rT1 1""' 1)H el' o_f 2 
Fvr be:;;t accur(.~cy in fi.,:ed-p~11:1~ ~on1put~:l;011s~ \'1, e tl} to p1ck cach ~·ca1~ 

factC'r a_._ 2s the 12-i:?eS( (p0s:t1ve& ncgatl\2~ or zero) intr.:~1~.!! pOi.\('f of 2 v. h1ci1 
\':il stil! !.c::-p ¡}:;: :1" tcl~"lC \anab:e [ax x] b;":tv.cen -1 an . .J + J· 

1 1 
(] =- < ------

.< 2r maxl.\i 
{l-6) 

Unfortu¡~ately, bouncis for rnax lxi are not ahHl)S knO\\n ahc:ad oftime, so 
that \' é' m ay pie k too snnll o, too large sea k factors. Too smalí se-ale 
factors \\aste computer prects.oo. Too larg~ scale factors cause merfJo,; 
of tbe correspondmg computer variables, which rn;¡J.:es the co:nputatio,, 
invalid. D1gital computers ha ve flip-flops (fla::;<;) \\hJCh set to indtc:tk O\ er
flow in arithmctic ope1ations. 7Jzese flags 11il/ not swp 1he coltzputc:tlon ¿,_,, 
:hemseh es but must be tested b_¡ program~>zed instructions (Secs. 2-1 O and 2-1 i ). 

To scak mathem;:~ticat re!ations for any gi\en problem, \\e simply c\prts<; 
each problem variable x in terms of the correspondmg scaled machine 
variable [a x x J : 

1 
x =-[a, x] 

a,_ 
(1-7) 

Our scaling procedl:re is best nhibited through an e'\ampl: 

EXA \fPL E Sc.!l~ 

y= a-.:-' f.<2 

gi\en ú =!O b = Ü 0) -7 ~X s; !9 

Swcc r.;uiu~:,cat.on consur1es more computer t1m~ th:m fix-eJ-ro,r.t .tddtttOn. ''·e r~' t•t.; 

1 = x{a + b.'-) = x: 

We must scalc tbe mtermedt::tte r<'sult : = a + b~ as \\ell as r. substt!Utton )ields i:: < 11 < 
!6 and ;.\~ < 256 l\:o\1 \\e :,tmpl:- replace a, b, .\ :, and y by 

\\' ;:~e thc bi Jckekd quan..ttiC::S a:-~ rn.1dune \ anabks b.:twe-en - l rrnd T l \\e thus fir1C th.: 
s_-,>l,'(j fil~!chtl'e equJtlün 

[ __l__Jl = 2[~]J-[.!!_J + ~ [l6b][--\-Jt 
256 32 l 16 S 32 ( 

",,,,h !S e~sd) ciJ~cked ag<•m,t thc gt,cn probkrn equJttOil through cJncellatton of sol~ Llcl''r5 
~,_..,k th .. H uur con¡puta;trl'J l!!i. olt e_, on!i scalt'd mLh.lnJ:t! t auab!es and nLdttph ,¡¡~¡ }Ut'íots 

~· l"" = O. z 1 :=- 2. ) corrt:'f'O"d 1 ~~ ro Sd1lJ1Ít.> su;ncd-~liitr o;ic..'llli!t,,'s (Scc l-9b) 
0 .. r ~Cd!tn:; pro~~..--durc, es 1t \\Crc L.:..:ps tr.1c~ ofth.:: correct e\.poncPts r ¡q rq (l-.!) Ollbll~C 

('~ t~·.: cornrut~r 



1-9 2G 

Altiwu~h f1\cd-¡1c~lllt Cc'mput:!rion r.;.:]'lir,·s us \O prc~;nltl \\ ith suleJ 
\ariab:('s. la' ma_1 !:Oí l•ar.! ro boiha 11 ith thc job of scaluzq rcams of I•I:Jc/¡¡;,e 

inpw on.f, or ouiput daia. Ent~ring and printing arabic nu:ncrals rt>quires 
scn~e com¡'ut.ltion (ti.msbtion to and from b111ar~ numb::.·rs) in an¡ case-. and 
ir is usuall: re.1d1l: pvs~ibk to incorporate scaling operations in such 
input/cutp~lt progr.~:m (S.:-c 5-27). 

1-9. So me Bir1.1r~ -arithr:H:tic Oper:.1tions. (a) Addídon, Subtraction, :md 
0\erflow. As discussed in Sec. l-8, He 11 iií co115idcr a!/ fi.wd-point binm .\ 
nwtJb.:t s as signed or III!Signed intege1 s and pure franions: 2s-complement 
coding is most cor:m10n . 
. The half-:tdder {modulo-2 adder) of F1g. 1-lOa is a logic Cifcuit for adding 

1Jne-d1gzt binary numbers and is seen to invohe an XOR cir.:uit. For 
multidigit adctition, e.g., 

19 1 o o l l 
09 0 1 o o 1 

i 1 l o o ...._, ..__. 
carnes 

each L';> by-''ú :J.ddHion can gell,'mte a carr) bit, which must be c:ddcJ to 
thc fll'';t-hi;zher-o:der GÍ>e!t Tlus is accomplis!ved bv ~he f:..tll-ndder scheme 
ofF1g. Í-10-b. Figur{' 1-lüc shoY.s a complete th::ee-dJ~it bmary adder made 
un cf toree full-adders. 

Sucb adde. s \, i~~ p,-odu~e correct r;;s~llts with sign.:d m;n;bers (2s- or ls
complcmcnt code) if \'e follow thcse simple rules: 

!. \'.'ith 1s-complemrnt arithmeí.i{', simply :-:dd as though nords rcpreseatcd 
nonnegati; e nnmbe;·s, and disregard sign-bit cm ries. 

2. Wah ls-cump!emert arithmetic, add thc sign-bit carry (if any) to the 
lnst significant digit ("end-m ozmd" cw r J ). 

[\1\MPLI:S 

DEU\:'\L 

(lnt·~p.er) 

6 
-7 
-1 

6 
-4 

2 

25-CmiPL[\ll.'. > CO!JE 

G ! 1 l O 
1 1 ¡ o 1) 

-f,i-o-1-o 
d:s·:ardcd c.trry 

l~·CO\IPLL\!~~ 1 CODF 

íJ 
1
¡· 1 1 o 

l o o o 1¡-,--1 -0 

o i 1 : (J 

-~ r-~--~-~ ~ 
[,.end-around" c.1rry_j 

In simple adders !thc that ofF1g. 1-lOc.low-ordcr carnes rnust propagate 
("ripplc through '')al l t!··e way 10 tbe highest -ordcr bit befo re the su m ot, t;)u l 
is compielc. TÜ•t: ttme, onc could, in principk, compute thc rcsult b1t of 
each given ordé,- ,ts a Boo!ean funct1on of <dl su:nmand bit~'of thc s:~mc and 

o 

27 

rllott 
Sl·~n 1f1C0;1t 

bit 

'--T-··1--~-
"' _, --L__.,/~ 1 

- ¡ ¡ e__, -~-·---- SJ'.'' ;:3-'- :..";' 

'D .~ 
~-- --~--------- c.:.;..~ i GU i:: ~,:3 

(:) 

A2 ----------~--t 
g 2 ------· _,..J ADC>ER -, 

__ - JCARRY 

. ~-----~ 
..~, -·--------·-'"1 r-uU. ¡-------- (A-:-8~ 1 

, ADJ:;'R j 
B, ---------·~• ---¡ 

---- ¡CARRl' 

e:.=..-=-=-~· 
Ao -----4 FULL l-------- (A+ 8) 0 
B _ _______ ADuE~------ CARRY or 

0 OVERFLO~ 
(-) 

1-? 

rig. 1-to. f-Ltlf-add:: (al fnJI-dd.~r (b) a~.:! a 3-blt addcr 111th Simple ripp'c-lilf'-'ugh c,•rrj 
propag;lt "Jl1 {e) 

lo\\ er ordcrs \\ ithin t \\o gatc-dday times Practica! cart) -Iookahe:ad 
circui~s constitute various tradcoff~ bctwccn circuit simrlic1ty and spced 
(Refs. 1 and 3, anci F1g l-1 í}. 

Minícomputer add~rs !.!Suail) ad:i a r.umbe: in a proces·;or arithmetic 
re,gistn (ac::umu:,:tür) tü a numbcr taizen !ro:11 mcmory (or from another 
register) and place the rcsliit into thL· accumulator (hcnce ¡;s name) 

f,x._d-p•jtnt acidit!on of t wo nuntbcrs proóuces ar;:-hmctic 01 erflon if and 
Oiily if. 

1. Both terms of the SUP1 hm,e i.kntical <.igns but the computcd SL<m has a 
ditTerent sign 

-· Or, equivalen:l). adciltion produces a C<lff)' out oí thc sign bit or out or 
the most signiíic<~nt b;t but not bcth (that is. the EXCLIQ.'E OR 
of these Gllrl~~ 1~ l ). 



(a) 

(IJ) 

PIN NUMDEf!S : Q 
Vcc = PIN 24 
GNO: P!N 12 

() 

o 

Fig. 1-ll. Comp!cl'~ 4 h:t 11 J. anthnctlcjkt~ic uf,,t Ol• .1 '>Ingle J!1tq~J<~l~d-cJrcuil r:I'IP (a) .!'1d. ¡(,.);Íl 1nin¡;;omputa illlilnnc·l:l/1\lgll ~lll!t w•th gJ<>ur · 
carry !ook'thcad U'>Jng f<'llr wL11 ~lllp> (/J) A 12-bn arllhmctlc/lor•c un1t ,,; al•o ,pu,'.tl 111 d.t•,J, l1iJ:·; !lit' !ll.l'kcd ),. IJ, c•n tw\l •nput hthc' ·"'· (_) 

Lombtned to form outp<~t-hu·. bn-. f, lwo funcllon-eonlrtt! h1h .\ 11 , S 1 dct~rrJ11llC tl1c i\IJKlJ<'Il ·. 

00 
10 

StW 11~;\Cl 
1\ [)!) 

í)! 
1\ 

XO!{ 
¡\N!) 
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The s:.une reason!ng Qpp:ies to subtraction if \\e regard difYerence:> as sums of 
posit.iH~ and, .. or neg~.ti1e numb~'rs. Lcgic circuits can test summand and 
su m .':i'ns :1:~,-l set ::n 01 erf!on-fbg flip-ftop. \Lln~ minicomput.:rs, ho11 e1 .::r, 
do r:oc h-1\e a true O\ertlow flag but only a carry fhg (accull'ul.ttor-e:-..tension 
or linh. flip-ftop). \\ hich is compkrncntcJ b~ carries from the highest su m b1t 
Ü\erflO\\ tests for negatiYe numb<:Ts then require Se\·era! programmed 
instrucc;ons (Sec -+-Se). 

Bina!) subtraction can utilizc modifi..:-d add.:-r circlllts (!•a!f-subtractors and 
fu!!-subtractm s 1\ith nt?gatlt e carries or "borrOlrs:· Re f. 1), or \\e m a; negate 
tne subtrahend (Tabks 1-1 and 1-2) and add. 

Figure 1-11a illustrates the logic design of a complete 4-bit arithmetic/logic 
UI'Jt, \\hich can implement the btt-b)-bit AND and XOR functions as \\el! as 
addition and subtraction. The en tire circuit is a single integrated-circuit 
ch1p. Figure l-11b shows how such circuits combine into 12-bit and 16-bit 
arithmetic¡bgic units. 

(b) Shifting (see also Sec. 2-lOb). The definition of binar)-number 
codes (Tables 1-1 and 1-2) implies that shifting eaclz digit 9( an unsigned 
1s-complement or 2s-complement mmzber 1 bit to tlze right 1rill multipl) the 
number by X, proz ided tlzat t!ze nea leftmost bit e~uals tlze old sign bit or is 
O for unsigned numbers. The old least significant bit is Iost (chopped rathcr 
than rounded ofl). 

Comersely, eac!z 1-bit s!zift to tlze left 11 il! nwltiply the originalnumber by 2, 
pratided that tfze ne11· riglztmost bit is made O for unsigned and 2s-complement 
numbers and equals the original sign bit for ls-co¡,¡pfement numbe1 s. Such 
multiplication by 2 \'.ill produce ocoflo¡~· if and only if the most significant 
bit of the given number was 1 for positi\ e numbers and O for negati1 e 
numbers. 

EX>\\!PLES (4-b!t 2s-co;rpkment code) 

01 lO repccsents +6 (or +.%) 

0011 :epre,ents +3 (or +.Ys) 
1010 represents -6 (or -%) 
!1 01 repre;cnts -3 (or - YsJ 

01 lO and 101 O car<'lGt oc sh.fted kft "ithout O>erf!o\\ 1n this code (sign bit arld most Sigm~cant 
bit diflcrj 

Digital computers employ shift operations for multiplication by integral 
powers of 2, and also to move partía! words (bytes) in charactcr-handlmg 
operati::ms. Shifting could be accomplished with a shift register (Table 
1-Sb), but m most computers gate circuits like those in Ftg. 1-12 move each 
bit of a word "sidev. ays ., dunng para !leí register-to-register transfers. 

(e) Biaary Muitiplic.:tion. One ordmanly computes the product of two 
n-bit binary numbers A <>.nd BeS a 2n-óit numher, so that no mformat10n is 
Jost. Thts works ni~dy for unsigned intcgers or fractions, 

or 

3 Y. 3 = 9 } 
3 9 

is r.:prcscntcd b; 1 l x 11 = 1001 
X X X= /{6 

o o 

Jl 

ancl a!<.o for szr;•::d ultegers, ~:1y in ~s-complemenl codc: 

(-3) >: 3 = -9Jsrr:prcst::;Jtt:d b)- 101 x 011 =-~ 110111 
(-4) x (-4) = +16isrepre~entedb) 100 Y 100 = 010000 

1-9 

But 1f thc n-b:t multip1ier inpurs .4, B <::nd the 2n-bJt rru]tlpiiCI output 
are ínkrpretcd as s:gno:d flactions (Table 1-2). 1hen tlze n;,¡{¡¡~?!Jel outpi'l '' 

8.;1 ~----n----·---
---t--~----~---o - --~ L __ ! ---¡--n-: ~ ¡=L/ . ----

! 1 t-l 
: 1 -- J 1 :-T-1\ 1 1 1 

812_0_(--LJ_ tD i ~ 
1 1 1 i =tJ __ ,_ 
L i ¡ _::-iD-f-
r+i\J_ .~ 

8~~-fG'=--tD-1 1 _ 

1 

T -----
1 --

~--,---1 --to- -\V 

161 
'"'" ~ 1_1 s;-;ii'T 
LEFT 1 1 RIGriT 

fig. 1-12. Shiftmg (multiplicauon b;. 2 or /0 \\ith regi<ter gates (multipk\er cli•f'') 

X 4.B (not AB). Thus, in 2s-complement codc: 

101 x 011 --+ 110111 represents X(-)::;) x .% = - ./jl 
100 x 100 --+ 010000 represE'nts X( -1) x ( -1) = +X 
A fast mult1p!Jer for short words can use logic or table Jookup to fo1m 

product digits, but this is too e:\pensi\e for minicomputer arithmetic. 
Instead, \',e procecd as in pcncil-and-paper multip!Jcation. \Ve multiply 
thc multipl1cand by each multtpher d1g1t in turn to form partw! P' oducts, 
the~c are tk1' muluplied b) succesSI\ e pO\\ et s of 2 (i c., sl11fted) and acldcd 

For Slmplicity, Jet us constder multiplication of unsigned integers 
ln<>tead of sluftmg partía! products, the computer adds the most sign1ficant • 
partial product into a clcar.:d ~n-btt registe¡ (actually t\\übtt registc,s), 
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s!-:1fts tk r<'gistcr conkr:ts to th.:- lcft_ .tdds the next p.•¡k;l product, etc. 
\\"nh b!rDry ll~P11l.•~r~ . .::.lch multipli.::r [\¡¡ i; .cither O or 1, ;;o that cach p~Htial 
p~ojuct simpl~ ::dds eithcr O or the gi\ .:''1 multiphc:1nd. Thcse op.::rations 
are 3.:comp!.s:1d eith;;-r tbough su:c<c'-;~!·. e computn instructiom (mu!ttph
ca1 · .'n subromin:. soft\\ .m~ multipltc,,tion) or mo;e quid..ly by h:ud-\\ ired 
lo~.c 

L\..,\!l·"LE (3 x :5- =· 15) 
0!! X 101 
-----~-

011 
000 

011 

001 tl 1 

{,~) Dh·ision. D1vision ~tlb~outines or hard\'>are cmplo) a (/r!ub!e-!eng:/¡ 
d~tid:' d anda on<'-liOid dirisvr. The res\I!t \\ill be a one-11ord quotient plus 
¿ o•:e-11 ord 1 mwfndcr. 

\\'e a_&>"'-; ..:víi~id-:r un!~ unsigned intege;:s or- un'Ig11~d f¡-act;ons. \Ve 
l:;;:gm b~ cor:1pan:1g lhe d1v!~N '' itl1 tÍle high-order h1lf of t~e d1vidend: tbe 
dr.tSl•)D c>t e,pm:s (and is <;toppc-rl a' unsuccess!'ul) un!ess the divisor is 

!argc-t. -:-,;o quoticnt bit is entered at this pomt. 
Th.:: ..::r:t ~re t\' o-word div!dend ¡, :1e:,r sh!fted 1 b1t to the left, ~nd th.; 

co:1L:nts ofthe rnost sigrllficant rr:;:;;3t<.'J a!e c~::ra1:-t comparcd with the dl\-isor. 
lf ¡¡ ;s su!í lar.';'.cr, \le cnti!r ()as tbe most ~Jgn¡fic?nt quotiem bit and sh1ft 
aga;r1; if not ~,,. e:1ter 1 n:1d suhtrac;: thc di,iso;:- ;nto the most significan! 
;:izv¡dcnd ;c_;t<:lcr a:1d s!'tfl. \Ve .:cntiP:JC in this \·,a; (muchas in pencikmd
~·dper dJ\"t:,~or.) until all quotienc ~ bi~s are comput~·d. At this point, tÍ!? 

most 5 ;c;,z:"fzcant dn ¡,íend 1 eq:.~·tcr l: i!í ccn!ai¡¡ thc 1 enulindC'r; tlze least signifiw;d 
Jir.Jd;;,,d regi:.te· cr:·:tO:tiS t!te (mtcgrel part oj the) qunr:cnL 

L\A \íFLE (í5 - 7 = lYo. 3-ht \\ords)" 

<a) O O ! 1 ¡ ! 
1 1 

(h) o l 
l 1 
:;jpft 

Qu.J/'<'"' O 1 0 

1 o (e) 1 1 1 1 o o 
1 1 1 
:,ubtract and >h1ft 

l<~n.mndcr · O O i 

F or dtvtsi•Jr: ''f sign¿d r!'luixJ s. can~,ult yoJr computcr manual as to thc 
SíD.:;fls fon'l?t 1.!:--":rJ. Mc·~t fteqt:cntly. th,~ ;._or n~c~ly signed quctient 1s icft 
in t!lt kast stgnifkdnt divid::nd rcg;<;tc¡, 1\ hile the rem:lll::;er, ?gatn in ~h:: 

wo~l slgmfiutn! drvtcir·nd register, is Ui UJJsigncd numbcr ;m:cedcd by lhe 

"<~n or the d:;·idend. 
··;o v.mpL11e .scak·JJ·,':·tinn quorie,,ts X/Yof N-b!! SC'Ikd fr:1ctwns X, !' 

(:;· .. :~ l-8} r-~t, Jor th~t~ !';:l!t1c:-, oC l'l bi: intcgcrs X. Y~v:tb au 1\' bit coinpl:t::;í, 
si;np~J' if!ac-:: )( tnt. . .) th~ ntoj¡ s:s;nificrnt di,nC'2nÚ rcgistcr anc.1 c!c:ar the lcast 
sign;fi·,ant d¡v;dcr,d rcgtsL:-. ·¡he -:ksited s;gr:cd o~ ur:signcd ftaclional 
quoki-t w¡ii be correctly prc>duccd id thc form 2-N('2'"X/}) 

o 3] o J.J.) 

1-10. Floatin:;-;:ni!'t A:il.lf¡1;'!Jc. (a) flo2tic;-point !J::::• l~l'pr.:,·e:-n1arion. 

Btndr) flo~t!ng-r,Jint a¡-j:hri!~Lic :-cpr:. ... scnts :;.tc.h rr::-~d nuTI1tJc! .\ b\ 'l ,) bnl~1í' 

numb;;rs, an X-~~~ s:gn:'d b,nJr) iracti·Jn (;¡-¡.1nths:1) A .1;1·.! .111 iJ-b¡t s,~r:c~! 
b!nary int\:.fé'T (eY..pr:lúrni) R. ~.o that 

(1-S) 

Thc m,::1tissa is usud!y rq:r~ser.td in s;gn.;,:1d-n.3_:<nitud..: ~~~d,· (Tabl;; l-'2). 
The C"\¡'01H~:1: can be a ::"s-co;-;:plemciJl integ~r (Table í ·1 ), .:;,)1\l.:" no::::mg
point numb~:- repr.::sentatior:..; Jo not use th~ c.\.ponent R,.t'L"!f but emplo:, 
instcad, a ncnnegat;Y~ bi:>S2(1 ,·:, ¡:one;-¡t or ch~u3.:-t~·ristic 

R = R + B (1-9) 

whcre B !San agreed-on pos.iti\e 1ntegcr. Typical mllllC\.'iltputcr floatJng
poir:t fon:L~ts are sho\\n in Frg. 1-17. 

Floatin~-roint n·.:mb.:r reprc·sentalion is not unic¡ue sir~<x. f,,¡ tr•stanct-:, 

1he first form, \\l:~re th(' most stg:n;flcant bmdr) dipt or t!K (nontl.:f,;tt:\e) 
martt!<>sc. is a 1, is oftcr: dc:i1ned as the nc~¡r;:.Hzed form of t hL' n'-'·1tír,g-pon:; 
numher. A nur,1be~· '" ?.!so cc•nsid:red nom1al:zed if thc c'..por,ent !S oS 

smali as po.,sibk and the absoiui e\ ,tiue of rhc m<lr;ti.,~:'. is ~~ 111 kss than };. 
~ome c0rnpu!er mannfa.:t.rr-:¡;O: !f 1: ., 1RM, IníerJat:l. D,;¡., Ciener..11) us·:: ,: 

hcxarleci•naf fl-Jating-pl•ínt repr::~ ~'.t-1tio 1 defi.n:d by 

( 1-H1) 

wh;;;r: A is 2 binary frdctiotl 2nd ;~ is a b;nary integcr (tisu:l!l;; .:;...pr-=.;sed !n 
hex<:ri..:.::;mal cadc, Sec. i-4b). li1 (bis case, a properly IL'rn• dt!d rnant¡;,_,;:. 
·wín r!a\e at !er.st the magn:r,;(:e >~·r.; i.e., at !east or.c ~,f !1

.-: fm,r most 
sign1fi.::ant bits of the p0sit1ve !':A·tion 1s a 1 

Fortu":ttd:., mos: mirw::omp~·c-~r u~t:iS m,y¡ bi,wr_, ft0:lcitt~··!i(W1t f,.Jrrnats 
only wh::n troublesf:octing. Inpm/outpt:~ is alrr.cst :d.,.t,-; m dec:¡·¡af 
fhating-point format, u~Ha ~í' in the E foum:t f.trntha¡ !,·. r \1 t(¡'lZAK t:scrs: 

0.2D4 r -: 02 = 0.2734 10 x 10~ 

(l-li) 

"J'..,;, · , ." • ·-!' "' , {"~· (~~-"·'-! ~ '1 3, r \{ (' ·¡ .:.u~ lct,J.gc t~ US'..-.(Lt: .:.U \;: l) d.·~'--' .:.. _ ~- p.,)' : -~ o, Se~ él .SO 

r·lL ~~i/) th2t f,O Sld.1l!I;l fs '~t..Cr_,;;L)ú/_l H'ith n1~1S! p¡tJ(f•~.·, / j''~)f-t/r:n·\ 1·hl~ 

truly dr~:11J.líc ?~~~ .. ~~n~2;e ovcr f~;(c:-c;-point ccínlpntatlt't~ ¡, l':1ld fnt \\·1:1:. 
rithcr cxtrd -::ompLi'''1g !Ln:: <Jr 111 1:-c e\.pensiv:: l¡:1rd\\:\!( .. :n,i usual!) al5c 
with rc'duc e:-.' rrccz~:o,z per b,t u sed to rcprcst::n X (.\! l>1t' :u e u sed ioí 
thc cxponent, \\hich do~s not contributc "significan! d.c·lt ,") Rounclofr 
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en ors can b-.: mtilt1pL<: ·::· i2rg~ factors 2R m somc p<l;ts of a co;Pputauon, 
so tl1:1t a multidtglt r~·:>.:.::~ ~'-potnt result ma) be !ess accuratc th..?.n it looks 
In p:'.! tJCU lar. llll!l!C,l!'"_: .i!' r (\\ 0-l\ ord ji o a ( mg-polll ( fortliG 15 hw t' /I!ICOIIJ

fortabl_¡ shorí manri'5i1S. Cn!ess you know e:\actl) \\hat )OU are doing. v.e 
recommend rhree- or f_·,:;r-~rord formats with 16- and 18-bit machines 
(F1g. 1-17) Th1s ar;:::;;'"S especially \\hcrc many terms are added, as in 
numerical integra tion .:.:-.d a\ craging. _ 

Ü\crflo,, of the flo.::.:~::g-¡:-oint rJ.nge [Eq (1-11)] is possib!e, but rare. 
Underflo'' (normahze-J ex¡:-onent R below 1 - 2 u- 1

) v. di return X = O in 
most s;stems: 

(b) Floating-point Op¿r:1tions. Floating-pomt addition and subl! action 
require the computcr to ;:~rf~•ri~l the follO\\ mg-faJrly im olved-operations: 

Compare exponents 
Shift mantissa of sm2l:er tenn c;o that both terms ha ve equal e:'l.ponents 
Add (or subtract) m2.missas 
Normahze rcsult, che..:~ for overflow, return O on underflow 

\V¡th floating-point arithmetic. nwltiplication and dnision are rather 
simpler than addit10n zr.;d subtraction: 

En ter with normaliz::d data; multiply (or divide) mantissas-exit if O 
Add (or subtract) e;;pon::nts; check for overflow, return O on underflow 
1'-:' ormalize result 

Al! these operC~tions m'.1st be implcrncnted with software (subroutines), \\Jth 
a microprogram (Sec. 6-13), or \\ith optional hardware (floating-point 
arithmetic umt). lre f'l':lSI a!so proL'ide for the additional operations of 
''jloat111g" fixed-point r·nr~.~l;ers and ''fixing" fioating-pomt numbers, and for 
dc>cfn:a! fnputfoutpur. SUitable assembly-language subroutines will be 
found m computcr mc:r:ufacturers' software listmgs; floatmg-point hardware 
is discussed m Rds. 1 2.nd 6. 

l'viE\10RY ANO CO~\!PUTATION 

l-11. Introduction. .-\ computer rnernory 1s needed to store data and 
imtruction sequcnce>. :-: :lddJtton, a finite instruction set makes 1t necessary 
to compute an(l store ;;- :::-~med1ate results. í n effcct, each computer memory 
consi~ts of a Iarge nu~;-' ':·:r of bwary storage regJst.ers (rnemory locations) ca eh 
capablc of stonng a cc·:::picte corr.puter \vord, plus circuib to address <1 

prog1 am-sclcckd re:·:-:':-:_. locc:J.tion for read1ng or \'<ritmg a \vürd. 
To acccss a memo:-: :c-.::ation, v.e pl(lcc its numbcr (mcmory adciress) in thc 

mcmor) acldre-;-; reg:,t~r. A "trce" of dcc:oclmg gates (1 able 1-Sa) connectcd 
to thc mcmory add; :o:. reg.Jstcr w!ll thcn direct logJC sJgnals to rcad thc 
sclcctcd mcmor) v. vo:i uao thc mcmory data rcgi<>tu· (memory buffer 

o o 
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rcbisU:r) or \'.rtí.~ a \,-ord jio,n th~ rn~r~<¡o;-~. dz:ta f('~~~~::-~- 1nto t!~.:- ;;;::::L.Llcd 
rncn1ory Iocatl0;1 -rh~ accc-..5 l.inrc !S th~ ~I~~;; n.:~cde:d tú sJ2l.t éltl..d read 
Thc \<rite tir;¡c rc.:;uin.:d to sckct and \,r,•.: i~ eo[tc·n<.alJ··cl e~ ele tin·~. 2 r·~c·r-~on 

C)clc b;:mg the time requ¡;cd torea::! 'c;2s;: m:1·,•;r,¡e,'re-;ntc rn a rn.:·w:t•c;-
corc rncmory (Scc. 1-12). -

The mil:n rn{·,nory ofa minrcomputcr us•:a!J~· has betwecn 1.000 2.r.d 32,76g 
\', od~ 0i magndtc-core. st"mtconductor or pb ted-'.·.Jre stora2c- \',: th tffoO.ct '\e 
e:- ele L:ncs hc-tv.<:en 250 ~~nd 8,000 n5e.:- (S~cs. 1-12 and 1--!3) A~ a com
promisc, inc\.pcnsi\C~ 800- to \000-nsec main memones can b;: suppl,::,-nentcd 
by \Cf) hst (50- to 200-nsc.::) illCermerbare srorage (c,crntchpaú lllcrnorie~l 

in thc form of flip-fl::op-rcgister or sern:concluctor memorics In ac!Jitt0:1. 
wc often add slo\', but mcxpcnsi\e n,asi s1orage in thc form of r,1<H!ncti~ 
d1sks, drums, and tape (Chap. 3). These can ~tore largc program'> :>nd d;:~ta 
blocks (up to rnilhons of \\Ords) \\hich :::re (one hopes) n,)l tmmc:clratcly 
nccded at a!! t1mes, but \\ h1ch can be transferred to ami frvm the mG1il 

memory as need anses. \Ve thus have a hierarchJ ofstOIDge S}Sicu:s. 

1~12. Core l\!emories. Most minicomputer main mcrnones are core 
memories, which store indtvidual bits by rnagnetizmg toro1dal femtc co:.o:s 
in the 1 orO dtrectJon through a \Hite-current pulse (Frg. 1-13a} To rf',•d 
the information stOied in such a core, o¡-¡e pulse::. the core in thc O m,:¡:;P;:t[
zation direction; ifa 1 had been storcd in the core, the resulting flux JC\'crsal 
would cause an output current pulse in a sense wire thrcadcd th;NH:>:l-: tLe 
core (F1g. l-13b). To sclect onl) tlÍe cores assocíatC'd \\ ith a specinc~ lvo·-d 
in the memor;, wc implement thc read and \\Tite cmrents throu,!,h sup.::r
position of select and mhibit currents m (\',o or three "ircs thrc~cl!ng each 
e ore (coincident-current selection, F1gs. 1-13a and b). Frgure 1- 13c illu;tra• . ..:s 
a typical core-mernory \\ ord selection scheme (3D sclzemr:), and Frg l-13d 
shows the wiring of a typical b1t p!::me; the sen se wire is threaued thruu r h all 
cores in the plane in a pattern desig:1ed to cancel the effccts of the !:.:llf-~::ltct 
current pulses as~ociated \\ ith unselected cores. At thc npense of ,t httle 
extra switching logic, tlzc same bir-plane 11 ire can be used for both in/¡¡'b:tmg 

and sensing, so that only three \\ ires need to be threadecl tl:rough cach core 
Rcference 3 dcscn bes t\\ o differcnt \\ ord,"bit arrangemcnts for c01 e memones 
(20 and 2/:;'D). 

Co1e storage is nomolatile; 1.e , the merlwry continues to stQi;: its conlents 
e ven \\ hen compu ter pO\\ er JS off Full-c):cle times of l) pica! ll1ll1J
computcr core rnemories :lre bet\\ een 650 nsec and S pscc, half of \\ hich JS 
the accc~s t1me. As shO\\ n in F1g. 1-J3b. core-memory rc::Jdout is rll'~tr ucth e; 
i e, rcadmg clears thr addresscd memor_1 location; ordmanl), th.:: \\ ord thus 
rcad mto thc memory data register is re\Hittcn into core dUitn~ tilc sccond 
half of thc READ memor: C)Clc. Tbe C)ck time of even a 650-nscc corc 
mcmory is quite long compared to the 50- to 100-nscc clock-intel\al tllncs 

o 



1-i~ 

o 
Y-S~~:c-:

li"\.:: 

(al 

Y-S~~ECT 

s::·,sE 
Li\i" 

"-, ~St:LECT 
---' ·, J -

\ ' ~ ' .. ,._, =>iT 

¿·~~-- 'l_,r;E 

To sense 1 
omp:•~Je:' 

READ 1 

(b) 

36 

Ftg. 1-l.lluru.i b. CLvncdent-cune;1t \\fltt.rg and rcal~tng'crJstng m a t)picaJ n1ttl1computcr L\)r.: 
mer!•or; \o1 \"., R11 i~G \\~ ~t,~rt \I.It 11 ~ll' corcs n13gn~."'tl?cd 10th: O daccuon \\ ritJng ,1 l 
tn~o a :::.1\Cll C\lr:::: 11 ~ ~ g¡~.~n btt C'f J s~kct-:d \\Ofd) d.:p.:nLb on tfin..L' currt!nt pub~s- Each of 
th~ l\\ 0 ':l'¡l1( T ('ItTI t!Hr_~ .\. r ntust b~ on~-balf of thc r\?qtHred 1:1 "\gn~~I7tl1g current (\'. ord ~clec
tt,-;r:! r;rll th~ /'¡}·:hll cr,·-r~'1 r J (\\[l,.,:-h \\0Uld 0ppose 1 n1~lgnettz3.tl\.")n) n1U::il '='..? Q (bll s..;ttmg) 
T:'. mh:-,H lrn~ commor: 10 .1ll 11ords. bdo,1;s toa specili•' memor~-J.Il~-rcg:stcr ¡,,, (b) 
R[-\D!'-."G ER-\Sl'-."CJ 1k .\" ¿,,,j r s~kct \\!1~< clr~ both pulsod \',¡tb CUrJ<C!lt m thc o 
r1~!~11nl7J.HU! th.t:.!¡~_.'lfl lh1:; r.-~,.1dUC;."S P.O ch~nge 1f thc corc ~,;; alrr:ad) Dl:lgn~tt/CJ lO th..: Ü 

d.r~c¡¡n;¡ If J 1 \.;:.-- s:or~J. It "·!\he rr,,,;~J arJ 1he llu\ re,~r<31 '"1\ cause a l pul'~ 1n tnc 
_ .:;:-,--:_I:n~.. The l~'~t"'f U'!1:nH.•n tv ~lll ,,,_Jr,l~. se¡:- a sp~clf1c n1~nllJr)-d:1t~t-rc~:st.:¡ ba \l~ a 

sc·z".: ~rrp!Iflcr 

of ir~l'~g:ratcd-circtllt arithmctic u11its. In !arger dtgita! machines wnh 
muitipk cur·::-memor) banks. one can partially cm:umvcnt corc-access 
drLt;s by takin~! successi\e n:cn,ory· words frorr: difjct'cnt memory banks; 
tlHs permits re\' ritJI1g rn on-~ bcnk to be ouerlapped \vith logic operat1ons 
anti memory acc<'ss;:~ to othe:· banks. Such memory-bank ove;:-lappmg i~ 

x:.:< cíy u"ed wíth mimcornputers, \\ bich m ay h:-~ve only a single mcmory bank 
altogethcr, bu~ :he po5s1bili1_r sizou!d nor be o¡,e• looked (Sec. 6-9) 

! i;•,. t-1 \e, 1 he CúiC5 bcicr,g¡n_g to J P'C'l ,,Grd ha'e thc o;:¡ me Y } po"t1nn m ca-:h hl! pl.ll!c 
1-~1-:h plJnL h h ·nh1h1r J.f1d ~en~~..· hnc-, .b'·JCJ,Jt¡,:J ,\Hh une: m~n~ory-<.Lit.t-tl:bJ'):cr h!f 

,., 
- 1 

Sen se 
windmg 

~ 

y 

o 
1-n 

,,-ind!_nrr 
"' (f1ol.n datP_ 1cgLtcr~ 

f!g. l~l~l. 0ne bn o:ar'- .._)f .J. 16-\\L)f,! : .. I) C..)T"C-II~::n-:2~\ rJnit (H Hell~n-:t 1 /¡, Dujl!!lf Com;> IZll 

S_\\tc.,z Pl 1t'LIJ,!¡-,_ \fcG;r}l\-l!tl; Yt\1 ),lr~ .. !96j) -

Con:-magnct¡zatio¡¡ retention at températurcs much ~.bO'-C 85'F .cc¡t.:~re~ 
eithe; high-tcmper.HLLie corr material or an autonutic decre<sf of co:;.:
dn"lPg currc:1ís \>ith t<'mperature. Typical mimcor:1puter corc m.:-n~cne~ 
can work at amti.ont te1.1peratures Llp to 110 to l30°F: you :;lror¡!{f ched th,s 
spccificaíion cmefu!:r againsr yort: ,?pp!icaíion reqaircmems. 

\'/¡th new monohthic sensc and driver c.n'plifi..::rs a:1d d:'\éT core-stríng;ng 
tcchnquc;;, core-m~:mor) aJ,lilllfacmrcrs ar< sti!l holdtng Üi~ir O\\ n ag,unst 
th.: onsbught of new sol!d-state me;no~Jes. T;. ptol l6-b1t 1-psec !l'iní
computcr memorics, i:iclud¡ng sclecti(HL drivF1g, and sensmg electron~c~. 
cost on thr ordcr vf 2 to .;; cents/bit in 1 K banks. 

t-13. Semiconon::~o; uJ l·!atcd-.,-,;re l\1emorie;. W1th the advent of 
mel~tum-scak and lc.; ;,.;c-::.-:-al.:: wteg_J at<:'.i ClrCl.I~ts ¡xnmawg fa1r manufactLlr
m::; )telcls. all-ekctror;c so~1d-stat;; me,nNi;'S 1:,!\C become a realtt; Sc:mi
conductor m-~I.10ii..::~ are smail.:r than cc~uivak:1t core 111ernones; they c,1n be 
ú1stcr and consume ks:: powcr, and. jr¡ the lvng run, semi.:-onciuctor memories 
will probably be o.ubstantially ch:aper IR ·f 2.>). 

Bipo!n-tr:~nsi~tor stnti-:: nv:'mcri,·s, \\ hich are esse\1tially multtple fLp- ~JP 
rcg¡stcr; plus rcad/v-ritc/sclect¡on cm:t;it:;, are oircctl; comp,Jtibk \\Jth 
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transi;;tor/transistor or emitter-couplcd logic and are ver y fa~t: rcad <1 nd 
\HÍt::- times be]O\\ 50 nsec are read!l~ poss1bic. No fC\HÍting after reJdmg 
is needed (nondt'Structhe readout. 1\DRO). Bipolar memorics are fairly 
compkx integrated circuits and are still expcnsive (ofthe arder of 20 cents/btt 
in 1 K banks). The~ are. therefore, u sed mostl) in small .. scratchpad .. 
memories. Prices are expected to decrease to belo\v 2 centsjbit as integrated
circu;t ~ ields rmpro\ e. 

-- · !\-!OSFET (metal-<lxide-silicon field-effect transistor) semiconductor mem
ories; imohe simpler integratcd-circmt patterns and are cheaper than 
bipolar rnernories Whik older MOSFET circuits needed level-changing 
amphfi~rs to supply Iarge logic-voltage swings, sorne newer MOSFET 
rnemoñes are TIL-compatible. MOSFET memories also come as static 
(fhp-flop-register) rnemories but usuall) as dynamic rnemories. In a dynamic 
memof), each bit is stored in what amounts toa shift register whose output 
is fed back to the input through a clock-gated MOSFET refresh amplzjieT, 
so each stored b1t is recirculated and regenerated, say, 1,000 timesjsec (Fig. 
1-14). The refresh amplifier can be time-shared among 16 to 32 mernof) 
cells. Simple sihcon-substrate MOSFET memories are slower than 
b1polar memories (and slower than sorne core memories). Typical access 
times are bet\\ een 300 nsec and 2 psec \\Íth nondestructive readout. 1-psec 
dynamic MOSF ET memories cost about 1 to 3 centsjbit in quantities of 
1 ,000, and pnces can be expected to decr"ase to below 1 centjbit. 

Tbe era of sohd-state computer memones IS still in its beginnmg Onc 
m ay anticípate riiassi\ e developments, both \\ ith respcct to better yields (and 
thus much lO\\Cr memory costs) and in the development of new integrated 
memory círcuits. In particular, d1fferent typcs of MOSFET circuits 
(ccmplementary MOSFETs, sapplme and garnet substrates) are under 
act1ve development and can be expected to Iead to substantially faster 
MOSFET memories. Compared to core memories, semiconductor mem
ories ha\'e tio..:: .~dYantage of nonde?structwe readout On the other hand, 
scmiconduc10r rnemories are \Olatile; 1.e, memory contents are destroyed 
\\hen computer pO\\er is turncd ofT. In sufi1ciently crit1cal appiications, onc 
must providc an emergency power source, such as a trickle-charged battety 
v:hich, v. hen a po\\ er failure is sen sed, can take o ver memory operation for a 
time sufficient to transfer the cat1re contents ofthe mcmory onto an auxihary 
magnetic storage medium (d1~k or tape). 

Plated-"irc memorics are magnetíc memoncs which uti!Jze small zones of 
mcg,n.:tizable thm films plated onto -.\ires, rathe1 than magnetic COics, for b1t 
storuge. Plaled-\\ire P1emo1ies penmt fast access laccess t1mes as low as a 
few hun::lred nanoseconds) \vith nondestructJVC readout, are nonvolatile, 
and ha\e becn thc subject of constdcrable hopes and cxpcctations. In fact, 
excelleiJt plateó v. IC memonc.:; are commcrcwlly available. But, nlthough 
batcb-production metbods have been dcvclopcd, qualtty control is not 

o o 
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Fig. 1-J~. A d)namic :'\íOSFET memor~. Q1• Q~. and Q3 forma l-h1t memo, e,·:¡ r·~;¡ 
CH·\RGF. \\RJlE-SFLECT, RE".D-SELECT. :md REFRESH pub~, .n~ a'~·'"'"te~ ,, 1t 

cons~cutl\e phases of a four-phase el o e k Ea eh nulsc. 1f enabled h' thc cell-s.k.:tJn~ ,c, 912 ", 

transfer a btt fro.n 0nc paraS!tiC cap:tcitancc to thc n~\1 m a ~lock,l!sc dn~cl:';;t- f'Rr 
CHA RGE charges C ~ b: turnmg Q~ 0:'-i :!r..:l OFF \\"RITE-SELECT turn' Q, o:·, 1nd OF i 
1f a 1 :s 1\fl'ten, C1 h charged RE <\D-5ELECT turns Q3 0!': and Ot- F ¡(_.1 [ ,,; stc•i -el r: 
turn<; O!'; and dlscltarg~s c2 30 that th~ (lmerted) c>utput !>o Thc g3k rcf·,-s!J ,JIVf'::Íl~ 
(cs;;ent:all~ another 'Imii.H me mor~ cell) m1 er" the sc!e.::teJ output bit .u1J :r.•,,si--•s ,¡ '--1 eh ; 
tts celllnput once C\er: rmll!s;-cond 0r so 

simple. As a result, plated-wire memories are not chcap (5 to 10 (·::ntsjbi. 
and have- been applicd mostly in hrgher-priced dizital compute-:·:; (cspeci,1ll 
in acrospace-vehicle computers); MOSFET memories seem to ha\ e over 
taken plate-d-\vire circuits in the low-cost minicomputer field. Thi 
situation may or may not be changed by future rmprovcments in platee 
wrre-memory fabrication. 

1-14. Read-only Memories. Read-<lrily memorics (ROMs), whose conknt 
are usual! y checked out and written once and for all at the time of manufaci ur 
and then cannot be ovcrwritten, are uscd to store frequently reuscd prograr 
scqucnces or bit patterns. 

l. Complete special-purpose programs, especially in mdu~lrial logtc 
sequcnce controllcrs replacing old-fasluoned rclay-laddcr logtc 

2. lmpo1 tant !tbrary subroutincs for special anthmct1c scqucnccs, CCllltt o 
or emergency routmcs, se ale or format transform,l l!ons, etc. o 
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S•gnc:J exconent 
(2s com;)lement) 

S1gne:l montJssc 
{s:~r¡- cnd- m8gn•tude) 

No1e us~ of an ent,re wor>j TOí 1:1e exponent 1s · . .;cstefu! c ... t s.tmp:,ftes sofrw::~rc flc.ottí'g-;;.::.: .. ...,t 
Or1tnmet1c 

Vllth 12-tHt Y-Ore'~. 23~b~~ mcr. .. ,ssc fracttOi' i1e:c's 6 decm~a! p[a:es 
'./!tth 16-btt ~crds, 3~-bt• rncr,t¡ssc frc(;tion 't''Cids S aPCtma! plcces 
Wtth 18-br~ Y.Ords. 3.5"t,,T mwnt.ssc f;GCttc•r Y"~:ds 9 oec.1:-n:Ji ;:-ta..:;.es 

(d) rv~ .. nt1p!e pr:;C!S C,i =t~GT!fl'l-;)C,i'-; f.:, ir.c:ts 
S1:-ntlor to (b)~e-; rrc .... .J.~~- LJdCe~ :rc;~-i07.gPJ:.:r.o,~-;;sa tr Jct1ons 

'------ ~----''--------.. __ , 
charcc ter 1 chcrcé ter 2 

12-b>t ,,ords E:-=J~ __ ] o~ -~ 
'----....-~J'--------...---___1'-. ---- ~J 

chcccc1 e• 1 ch~rccter 2 c~arocter 3 

fi;,:. !-17. l}p!Cc!l mlllll'<'ll'ljH'kl 0,'[ .. il>Itll.lt' 
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6. Blf-paitern !)t'lt2r,::,ors su.:-h ::JS chw ac/<'1 gcr .. :ot,Jrs fo¡ dtspLl) s c.r.d 
rr.:st-signal gen,'ra'ors (s<';; also So;;c 7-10) 

Users may ya]ue the R_O:vrs rell3.bibt:;. and assurance agamst accidenta! 
O\ e m riting of 1mpon..mt s:ored infom1ation. Another poten tia! advantagc 
is that nondestructiYe instruction readout from a ROM can be pJrtiall) 
O\erlapped \Úth instruction e\.e.:-ution since no re-;-, riting IS necessary (S~c 
6-5). On the debit side. simple read-onl:;. memories do not make allowances 
fo1 programming aftertJ.oughts. Stored programs or data must be checked 
out 'er) carefull: throu~~ prel1minary runs \Úth an 01 d mar y memory. 

An importan! app!ica; 1011 of read-only memory is to logic design, for the R O~vl 
can oroduc<" complicated multi-input Boolean functions (Sec. 1-6) through 
~s~mple- table lookup. Such table-lookup functions can be used in the 
scquential-machine setup of Fig. 1-9 to genera te complex sequen tia! patterns 
(Ref. 22). 

Figure 1-15 shows a magnetic (""o\en-"ire") ROM. Read-select Iogic 
pulses one of man:;. \\Ord-wires strung inside and outsidc an n-bit arra) of 
U cores and causes an output pulse in those U-core wmdings \\ ired for a 1 
We see that memory contents are established by ea eh word-wire sti inging 
pattern. Access times of such magnetic ROMs vary bet\\een 300 and 2,000 
nsec. 

Semiconductor RO\ís can use the dynamic-storage technique (Sec. 1-13), 
but most semiconduc:.or RO\Is are es~ential1y crossb;u matrices (F1g. 1-16), 
v.hosc crosspoint connections are cstablished by d10de or MOSFET OR-gate 
connections. Thc storage p3ttern is established through selective erasurc of 
cwsspoint connect10ns or semJconductors during manufacture or dunn~ 
installation ("field-programmable" RO Ms). Typically, acccss times var y 
between 50 nsec and 1 psec, and costs are decreasmg from 2 ccntsjb!l 
Sorne semiconductor RO?-.Js can be reprogrammed in the field thwugh new 
metallrc conne•:tions •)r C\ en thiüugh electncal signab. 
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HBA.SIC" IVHNI COI\1 rv rERS 
A:r.;D INSTRUCTION 'Sr~TS 

.,., ' ·' ' • '1 • ! . . . ' 
, ~~ll!:i t:n~[H<?t úll lllnf'~ (;.e iJ'.:~tgi1 : nd 0pe1 at1cn C~: a uf. a >.,¡e" m .. rjr::on10l!ttr 

~!;t:~t:~2..ur:.; t~~ cu;!l:(JO:i1 ;e:¿tttres ()[ n1~-tr~y sn1::;1l LiaC~JJn~:; Tne pn!lcipai 
:::;gr~o:fn.ts o~ sucn ~: S;''-t~~:n-·-nv;mcry, registe:c_J) b~s.:s~ and aJLthm~ttc/ 
~D~i.-· u:1~t ~- ure in:~oiuccd ;(t Scc~. 2~~ te. 2-5. S~c:.io.1s 2-6 to 2~ 14 tbcn hs~ 
'::;1f: .~T~()j: j-ri,CJi ~-~-!:! 111achir1G lil.)tfUCtioa:: H1 t~Ie fCpt?rtOtfC 0i 2.. nb3S1::"H 

Slr::?.ir. 2.adr.~y) tY!H1LCOr:1puter:l ~:hs·:u~s their irnp~.-:!D1enta~~:·,n ,r: terms of the 
·~:v:;t~~~ r,-¡t,...,),.. d"" 0 .... ""n1 an-: n10"1nc=cn <'~ • ~ "" 1 r · r 

• _J!_- ···d'. 1a~~ ... .d .. , -u 1 cd .._ --r~t. .:.JlGJ~ !1nportn.n_ 2.ppuc::tl1ons O..: 

so;1;e wstwct¡. ¡;¡s Secticn;, 2-13 to 2-1 S ,lescrioe u~eil" l op!:ons ava:lahie 
p ;~~ .... ~,- ...... P ñ- .... ;1.-' ... - .... t .. , ... , T .l"i'...-.,,. J( • ~- ~ " • 

_i" H-J. . .- .... d~.-.. .d ._ 1¿_¡.1.\::t: t... ... ,_l_lt"'ulf-. t ~. ~n \_Hal-l L:'~ \~re \vl!l ;ne~r tné o2s~· .. cornputer 
;ns ·crl~ ~H.J~S cg~t;E ~ s:·)~r!:l~.~an y, \V~ vv1 il tren s~e ~,o·~v thev c1n 0.:: co:r· bJI1ed 
; ...... () ,-í;,...,~¡ r c.-.._:, l.-\l-. i <'ro~ ::.- ' r. ..... ,_ 1 • ~ .,. ~ 
; l. pL1, ·~--- 8 ,_,trlu!~-.!.üT":&~,Jd~,~ J:-Jfl)~l·tllS .HlpUt•Otttput V,;:tl ne furt1-;er 
j,'Cil'"'Sr~-:¡ 1 [..,i..t""'--"" i.::. ;.,- • ~ 
' ':- ... ::> ~L~ - .... L(!l s _) ~r.c .¿ !'·~e,.,: .lc~v:.:nc-ec 10strt.:11vn ;:,Cls J..~.;J ar\·!-.; 1-

c·:~llrt?s for rt ne·.>. :_?dlt''"-[Íün ·.Jfrr¡r,¡r·o;r,pute:> \'.r¡¡; be> cie;cr~bcd m C} an. 6 
- ' -

~~~t~~~l!.~:c :.:>·~: en:~ Sto~;.:cr' ~·n~~; ·:_:;:,:-;. ~ r ~·~• 2 ,.,_:ry ::!;cr_;;-;:,,1 I'ütnt ~~f 
~~.~.- t}L.~err.l!n u·~.J2r'•!í,': uJ !?. 17}' {lt::f,r'·; co•!!pt.·rer:.:.tl !5" to l•l,ra:n dlf2lt:il 

1}lu.ruz ~~e' el~· 
Yl 

{2-l) 

o 

- i .. 

o 
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frurn Íll;-ut ':.ords XI, X2,.... Both in;--.1: :.:¡¡d output v,orlL ·.'t!l! b'-' 
ordci~c! St.:ls of 0:: an.i Is w suitably aJdre:;:..::d computr;.r rc:gistc~~ arod1,-:Jr 
mcmor¡ (dls. 'No~ds m<!Y r¡;prcsent v:Jnous types of nurr;b-::r~ and 
alph?,nllJncnc-chaí~C·~cr stn:-ti.S or sirnp~y é..:scri8e probJ.:-;:n-logtc c,tJ~•::s 

Th;: des::c.} tei:,tic,Jl:.hlpo [Eq. (2-1)] may !Je numerot:s Jr,d cr.~·,-r:;ou,!, 
,:or:·,pkated. Th~. r.-llrt je b10kcn dowr:. in~o elementar;. mo.th:;-,,,:¡¡,c :•: 
rc!:J.:1o:1'. i:---ip~ei!~CP~c·~ ÍY . !_\\e hope ~mall) set of compt:tu ~¡;-.,tr:.;c~iüri'. 

h wi!1. thcn, b.: r,-:ccs~;J ,_, \.o ::.upp!y ad.c~itional regJsters or m.:mO:") l·:>Ccti<Jr!.: 

for st8t ing in~c; n:edn!e res:1lts from elernentary op::r a~!o;JS. Ti1e ba:::c 
d1¡vt¡,¡ c:Jmputcr is, morco\er, dcsigned to perform al! thc Vaíious .:1 :rncnt.~íY 
arl~hm:tic/lo;ic operations suc..:cssltely v,ith the sa,¡:c anthn:t:Lc¡hgcc 
sy;,tcn1 (urt!Jkc:, for in~~;:tncí;, a conventional ana!og C0:.1!puter, \\h:cl¡ k1s 
separJ!e adders, mu;t,pllei'", c!c., for scpara.te operations). The rc~L,lcJ::.;o, 

seq~1er:cc cf clcriJ~n:ary i1structions designed to irnplCIT!Cnt a Ce~n cd coL:¡;~!
ta tion ;'> callerl a ;_,rog: .11:1. 

Shv~t, S 1 n~!c, or repetiti·¡e digital :Jragr:rrns can b::: ~n-!p~crr~~nt:·d b~/ 

i-~2rd-~.v~r,..:d cor·tn.,iiers (c.g., 'rotatrn,:;-c~In op·?,:aUc~n of COiltlvl sv:!tC~l.ts, 

read-OP Iy ;::'!f':_1i_Or;-:s) .. b:. pat,:-h-<:ord sy:;tems, or b) pun:hed-t::p.: 0:- f'l.rnchv~~

card re;::Ccrs. Pr, ... c;¡c.:J.l di~~ta!-cornputer prograr.ns. !J.c--.\~\ cr, 0ft-::n í c1u: f,"' 

e."~.~rert~.=l,; :c.il~g~ !tLHnbcr') (lhousancis and e~en rniHioJs) 8f Ins:.,~t c!101~., 

it is c.:-.,o ~Jücn éesirablz: te chs.n~c a diQt!.ll"'"'\;,)mpu.teÁ~ ptogra:n ~ ~ry ll u, :·t-:.1~, 
anc1 C';C1l ÍfJ tr:Jd:[y prozr:l~tS .. V., hile thr;;: 3.:~.; belng ~:xecut~d-

Ih~S~ car~slde!"at.~(,~JS r:~3.}:e ll cxpedi~:_t to coJ: tbe ifl~tructior~~ th.:n~scl· E~ 
i~1to digitc~J~c-u!~1rut~r ,vnrs1s "'~fdcl.:." ül~é the tÜl~a """-'1-r:is, are ~1orr~d in seq:t::11CCS 

!n tr:~; r;:'{~lf1l!i(_ in~:I:"toi:'.. :)p~:ra~L)!J of tbe rt..~uit;!16 St(;ft"'C .. pt¡J~~i"arr' rH(.!it8.~ 

C"'Wt'>1~Uí~~w v•. iiJ -c.ov' iJl\·nfv·!:. zih:rHatf'l reaf)i.'l.g (ft:t~hing) of i:lflJt:cti~J:! ~; crd~ 

and cwc:Jt;on nf t1;c ccrrcs'_-'lDtl'ng ino;irncaon'>. 
7he :r::±::;~linc \\11! rnrJ:;t ofLen read E~~trurtio:Li P_-:. sect!lCT"n."C~ bu: is C2:'~Lb!e 

Gf b1 c/ícf;ing to a d¡;f·:r.:0: ;r·::;e~.· oLnstruct:cns ?.S a resulr of cL,'í:Sion' ¡~~_,¿e: 
ü: th~ couisc of thc L(JP..'lJ:·~ar;on The sa:Et; ~:r.1up of tr.~tt"...:cttCJns {:,LL1 -

routi~c., íoüp) lD"ty be trave1.3.cd ::~g~-un and 1.f:.:!:n fo: rer:eatrd .-ut:i Itctatj,~ 

opt-rat:ons 
S1r;ce the ir~sttuctJon \\O!d~ a.!.e; ~~~~t l!ke éafc \Vürds. SHn~~ly ~ .... L::. cfO::-: a:~d 

l.._ to t~tt co:11putei its Jr;. 1 ~'l-:.f1cuc/jogtc.. c~::.:tlJtf: ·.::a.G~ if \\C ·.,l.,isL, ni;d~r~ 

inslrUlt:cns in ac::nr~c~"'c;;: ~/-~¡_l-1 Jitt~r-r.:1~..i.~.2.té taesu!t~. 1"hl' e'rraorClrt.Ji\' 

~;c;,s..,r..T oí' th~ mode-.:t Ji:Sl~:" :.::c~:nputer i5 ~1ot sirn~Iy duc i~ ~t-=> s~Jt.;c\.i ~nd 
f:lcrTI);y Lap<..-tcit:," hut ~ 1:--" te• ~!te G:::x:b1j:(. :.:f tiJe stored-progr:.rn cc·1·:~·pt 

scts. 

?,-1. s:nglc<!ddn:-:s Co:l~pakl':. Perhaps t:.:: most "rwtu1~1:" co:,¡put ., 
instruct10n might. s.ry. add t\\O numbers A and lJ taken frorn mc:mc¡: h_, 

Q 
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specif)tng ADD WORD (addrcssed by) A AND WORD (~ddresscd by) B; 

PUT RESULT INTO MEMORY LOCATION (addressecl b)) C But spccifi
catiOn of t!Úee separate addré's-,cs \\Ould make thc instruct10n \\Ord too 
long (even for a !arge digital computer, not to spcak of a minicomputer). 
We can, hov.cver, implement the above operation in terrns of severa! 
simpler instructions each referencing only a single memory address: 

LOAD INTO ACCUMULATOR (the word addressed by) A 

ADD INTO ACCUMULATOR (the word addressed by) 8 

STORE ACCUMULATOR (in memory location addressed b:y) e 

. The "basic" minicomputer discussed in this chapter, then, will be a single
address machine whose instructions move data between a single suitably 
addressed memory location and a specified processor register, or possibly 
between two such registers. There will also be sorne mstructions \\hich do 
not reference memory at all (e.g., COMPLEMENT ACCUMULATOR). \Ve 
remar k, howcver, that the possibility of using simplified two-address 
instmctions and zero-address (stack) instructions in minicomputers is of the 
greatest interest and will be discussed in connection with more advanced 
designs in Chap. 6. 

2-3. The "Basic" Minicomputcr. 
zation of a small digital computer. 
Secs. 1-6 to 1-13, v1z., ' 

Figure 2-1 illustrates the typical organi
The machine has all the ingredients of 

l. A core or semiconductor memory, which will store instructions and data 
2. A set of proccssor registers (flip-flop regtsters), viz., 

(a)Memory buffer register (memory data register): contains the 
instruction or data 'Nord currently leaving or entering the memory 

(b) Memory address register: contains the address of the curren ti y 
addressed mcmory location 

(e) Program .:'Ot:nter: contains the address of the mstruction to be 

executed 
(á) Instruction register: contains the current mstruction 
(e) General-purposc register (accurnulator, arithmctic register) or 

rcgi<>tcrs; and, possibly, a n index rcgistcr (Sec. 2-7) 
(f) Onc-bit rcgi<>tcrs ("fiags"): indica tes overflow, carry, sign bit, etc., 

resultmg from pastor current opcration~ 
3. An arithmcticjlogic unit: logtc circuits to combme \\Ords from two 

registers by addttton, subtraction, btt-by-blt ANDmg, etc, and to 
complcmcnt, shifl, etc., smglc wotds 

4. Control logic: dccodcs the Os and 1 s of the instruction currcntly in the 
in'itruction rcgister to gencratc logic lcvels and time pulses, \\'h1ch: 
(a) Gate (<>tccr) \~ord-s bctwccu procc~so1 regic;tcrs 
(b) Detcnninc thc function of the arithmcticjlogic ciló.'uits 

O. o 
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_ _/ 
DMA DATA 

PROO~',Oi~ (;,•¡ r: \ l JO' 

D:rto 01:::! 
mstruct1ons 

~~ 
, 

/ ~-----------, _J --- / , ' Other onthmet•c cnd/or 1 -/, 
__ .../,. __ _j •nce< reg•ster(sl[•f c~,i r-

~------------....1 

Arothmet 1c 1 
log•c 

system 

1 

Coi'r:o. l 
loq:c 

ond , 

t¡¡¡--¡,¡,~ 

r,e~~;;:=;c· j . ,··-,-! f 

I~O l, 
cor>trot 

1 
S1gn, over•·~.v. J ¡ i 

~--------------o-nd--c-or_r_y_f_la-~-;---~ 
Funct1on control 

Fig. 2-1. Orgarll7atJOn of a · basic·· smgle-.1ddress mm1comput.:r 

In Fig. 2-1, there are three buses for transfers between registers, ah\ a: s y¡a 
the arithmetic/logic unit. Th1s is a practica! compronusc: some e-.;trJ 
register-to-register paths would permit more concurrent register transfcrs 
and speed computatiOn. but \\e\\ ould pay for more complex mterconnecttons 
and logic 

Fmally, we must ha ve input/output connrctiuns through the anthmettc/lo:;-x 
unit or through rcgister gates 

2-4. Procc<;sor Operation. (a) Instmction Fctching. 
a suitable program and data are in memory, processo1 

If \\C aSS\\!11-:' t!1Jt 

opcratton prLlC-:'cd5 

o 
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l. 1 hep•c>¡J>on: C<llil'!<"l. '' htch \\C assum.:: to b:~ pr-:-s.::t to thc :1ddrc,;.; ofthc 
ftr ... t m~tructton (P1.trlu,dl: .!S in Sec .3--l or b) a prcccdin~ computer 
pro~r,un). tr,tnskrs th1s addrcss to the mcmor_1 adc/Jc1' /C{JIItcr. 

~ Thc mst ruct IOil '' ord thm add ~e~scd IS rcad mto thc '''c'lll!Jr_l buffer 
r.·gi~rc' anJ from th.::rc into the msrtuoion rcfil''ICI. 

These ·instruction-fctch microoperations rcqu1rc onc mcmor: half-c:clc 
(REr\D h::llf-c:ck, Scc. 1-12) A core mcmor: must nc\.t rcstorc the 
instruction \\Ord ''hile 1ts address is still m thc mcmor) addrcss rcgister 
mESTO RE half-c:ck) ben '' 1th a core nk·rnor: .opcrations '' h1ch do not 
In\Ohe the memor;. can "0\erlap'' the restonng operat1on Hence most 
nL)n-memor: -rder ..:nce mstructiL)ns can be e\ccutcd in a smgle mcmor) 
C)Ck, \\h1ch is commonl: referred toas the FETCH C)cle. 

(b) Instruction E'\ccution. As soon as the znstructíon v. ord IS m the 
¡nstruct¡on re;1ster. !ts Os and ls aredccoded to control proce~sor operat10ns 
vn ¡egtster and me mor) '' 0rds and mputfoutput operattons. 

Whcn r::ach 1/l!J!IIICUOII i~ complet¡;d, thc p1ogwm (0/llltcr mus! contain the 
addtcH o( thc next in~tructwn in the program Most mstructions stmply 
mcrement thc rrogr.1m counter to produce the ncxt 1nstruction address, while 
htar1chiny tr.struct¡or.s load ¡he prograrn counter \\Íth a nonconsecutíve 
address (Scc 2-9). The contputer (unkss halféd) then proct:ccb \ltth a nc\v 

FETCH phase. 

2-5. In~,tructic:: Sets. The tml!ng-:md-control block m F1g. 2- l produce:; 
a sequer.ce of t:med puhes a\a·!Jblc for ja.m tran5fers, scn~mg. and cleanng 
of word~ 111 rqp::.ters. memor;. and arithrnct;c ctrcutts (~ce a:~o l <1hle 1-51:> 
and Scc 1-6). ln a cumcntional n-htt computeí. thc m~trucllon reg;~tcr 
h,h at n1o:,t n h:t::.. \lhich can he lkcoded to furn1~h up to 2" gatc-le,cl 
cornbmat1on<> for stcermg pulses and/or \1 ords \Ve C<tn, thus, haw 
up to 2" d1ftcrent onC-\\O:-d mstruct;on<> Íindudtng mput/output tn<>truc
t!ons) Unfortunatel), each mstruct10n refacnc1ng an opcrand or resuit 
tn mcrnor) (memor:,-rc-fcrc-ncc- instructions, e.g .. LOAD ACCUMULATOR, 

~TORE ACCUMULATOR, JUMP, etc.) must address onc of. ~a), 2.000 
mcmory loc;ttions, and th1s alone requ1rcs 13 b1ts To h:Jvc a mcanmgful 
vdncty of m"tructíons, e\en 18-btt machmc<> do not u<,c more th<~n 13 b1ts 
for d1rcct aJdrc.;síng. and most m¡mcornpntcrs u<;e o•ll:. 7 or 8 b1ts It 
follows thdt et ~''y lllllllcom¡nller mu.1! mm¡;l!mcs and somelwu CI'J[!Iny multr

nmd in\lluU!nn\, the extra word or worú~ may be ímplicd .b) an ciTccttvc
addrcs~ computdtivn (Scc. 2-7). lt 1s of at k,tst ac,tdcmic :ntcrc~t tltat any 
anJ al! r:li~ltal-cornputcr program~ can be 11nplementcd \\ íth '<Cry small 
m>tructtOil <;e\<;, but thi<; rcquircs many more ¡nstruct¡ons, wh1ch a1c co'ítly 

o 
J.~ 

o 
~ --·' 

1n tenn<; of mcmor:;.. t;n ~, anL! pr.:,_;~r~l11l,P'Tl2 eiTo~t r\l¡c,:c·~l "'- -. r.11 r.•
con~p~Jf-L·r dcsign drJterJ~ crue!aJl: on clrg.1nt cu:-_!prorqi_:t.. -') Ííl e~~-.: _ hr.-)~1 r~ 1 , 
u~eful in~truciiO:l set• ir>ltJ ~hort iii::.truc!iun \\Ord'i 1:--.::c a;;:o C!np ',. . 

Tahlc 2-J lists th n·,c;:-t C:Jfiil'JOn instructior.s usr::l "·Ith m::-ú:o<:lf'·'' ~·., cf ;lF. 

"ba'>ic" typc sho1;n in Fig. 2-1. F1gurc 2-2 illustr,ltcs instr,.'.::;,; -·, ::J:J 
formats for such machine::.. 

\VHAT J;-~STRUCTIO:'-;s DO 

2-6. Rrgistcr-storing In~trucíions. Referring: to Fig. ~-1, an ÍP3tru.::tiOn 

STORE ACCUMULATOR IN 

STORE ACCUMULATOR NO 2 IN 

STORE INDEX REGISTER NO. 2 IN 

(effectivc addrc~s) 
(effectJ\ e address) 
teffective addn:ss) 

transfers the contents of the specified processor register to thc mcmon data 
registcr via buses 2 and 3. Concurrently, the effectl\c memnrv addrcss 
1mp!Ie~,by thc instruction \vord is determined (Sec. 2-7) and lo~dcd into 
the memory address register. The machinc then depo~its the re21St•:::r word 
into the eiTectively addresscd :m::mory location, \\hose previous c~ntents are 
lost. The contents of the sourcc register are wzclzanged. 
. _T~i! arithmeti;:;/logic unit (Fig. 2-1) acts simply as a data-trar.sfcr path 
JO!nlflg buses~ and 3 S.n.:e ooth mstruction fetchmg and e:-.ecutiOn ~equ:!:? 
memory rcad,'write op::-ra uons, regi~ter-storing instruct10ns req u ir e tli'O 

menw1y C)'c!es. 

'1.-7. Addrcssing i\lodes and Indcx Rcgi<;ters (se\' a !so Se e. 4-9). (a) 
Dircct, Rc-Iathe, ar.d Indcxcd Addrcssing. Memor::. -rcference ínstructions 
like the register-storing instmctiorh of Se:. 2-6 ma.J ha ve to address 4.000. 
8,000, and evtn as man) as 64,000 menwr) Iocations. But 1h:: n~tmcompukt" 
memory-referenc.e-instruction format~ of F1g. 2-2 h;:¡ve onl; 7 to 13 b:ts 
available for addr<:'ssiug: since \\e need sorne opcrat¡on-coGe bits to dtstm'-!tnsh 
diiTercnt memorj -reference instructions. It 1s. thcrcfore. necess,:;, to 
CO'IIpute an efft'cthe addr..:ss by combming the instn.2lttOn-\\Ord addr;::s~ b!b 
With another digital\\ ord pre\ :ously Ioadecl into another pro,·essor r-::s1stu 
or memory location Th1s means, ofcourse, that \\C ma\ nced t'.\O or ~1ore 
words to spccify the rnernvr) -referenct: mstruction ;omplekh E\ en 
minicomputer emp!oys two or more of the follO\\ ing addrcs,.ing m.>Hk>: • 

'-· 
l. Direct adJrc,sing vn "page o··: 111 addrcss bits tn the ;n:.truc:i•-'n ,, ord 

directly addrcss memory location:5 O t!troug.h 2'"' - l. 

W1th, say, m == 8, the resulllng ~56-\\ord pagc- docs not go f:tr. but \\G oftcn 
use mcmory locattons on pag.c O for spccial purposes (tnkrrupt u ... p k: .. •
tions, autoindcx locatíons, etc ) 
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2 !Jifect at~llrcs~)ir¡;; niti, n pJ.gc re2rc;tr::~: !\ f-l! o:...c -~"~nr p~~~~c. ,,_ ;~;:_~, 1 )~'c1 ~;i 
by an extm 111\/luctwn adds cnouzh bi~h-oícllí b,t', t<• r,:: 
adclrcss b1ts to acldr~~s all of nK'lliOr) 1n tclrll~ of :"··-v. 01: p~(- _. 

3. Doublc-l'.orddireet::~drlrcsslng:Thcsecóndoftl·ocolt\CI'"IIié :·, .. "'''' 
II'Oid1· is or contai;:¿ the addrcss. l6-b1t machine<, Ci'\tl ;·c!ri 

memory in thrs \\ay. 8-bit mimcomputers al\,a;s;usc d:~, · ':- .~·:d 
acldressing. hut \' 1ll st!ll nc;;d ragmg ancl é'f rcbt1~ e acJ. '': 
more worJs . 

4. Dircct addrcssing on the current page: Th:;: m address b1ts (¡){h1P 

address) are augmented b_¡ the high-orde1 b/Ís of the curren! p1 ogu1u1· 

cowlter rcading, wl11ch constitute ihe curren! page numb?l 
5. Addrcs5ing relatin~ to the program counter (re la ti\ e arldn·ss;ng): Ti1e 

instruction-\\ ord address bns are intcrpreted as a stgned 1ntc: ;:r. \'. h:c!• 
is added to tlze current JIIOgram-cormter readmg to detct r.tine tl ·~ 
effcctive add ress. 

Currcnt-page and relrtive addres;;ing requi;e no page-sctting imtructwn, 
and experience indtcates that many programs mostly rcfcrcncc memory 
locations clase to the current program-counter reading. Relatn·e add. essing 
simp!ifies program re!ocatwn (Sec. 4-18). 

6. Addressing rclathe to an indcx register: The instruction-word addres' 
btts are intcrpreted as a signed or unsigned integcr, \\hich ts addcd to 
tlze coment:, of a spec ified imk:-.. rcgir;tcr to determine the ciT~ct1, e ~:dd rcs5 

Index registers are extra processor registcrs holding a full computer \\ ord 
("base address"). They can be cleared, loaded, incremented and/or 
decremented by special instructions (Sec. 2-10). lnclex addition t2kes no 
extra time or, at most, a fraction of a memory C)'cle. lndex modlf!c:Hion i>.. 
therefore, a good \\ay to address dtO"erent elements of data structu1cs (Sccs. 
4-9 to 4-11). Index rcgisters can also be used as temporary storage registers 
and may or may not serve as accumulators as \\ ell. 

Most minicomputer indexing operations involve only onc indc;; register 
ata time 

(b) Indirect Addressing, Preindcxing, and Postindc:xing. lndirect acldrcss
ing, spccified by an instntction-\\ ord b1t, means that the address found b} 
paged. double-word, relative. or indexed addressing does not 1tself cont,1in 
thc dcs1red operand but rather 1ts effective address in mcmor: Our 
mernory-rcfercncr instruction, thcn. addrcsses a mcmory locatJon \\hose 
contcnt:. s::nc a~ a poultcl to thc dcsircd operand 

So me minicomputcrs pcrnut multilc' el indirect addressing: 1 e . '' n 
indrrcct-addiess bit in the pointer indtcatcs that it points not to t 1: ... !l·i.lJ 
opcrand but to yct anothcr pomtcr 

lndi!cet addrcssing is tite kcy to \itall) import:mt p10gra!t:rnír:: lc.:l:··:,¡.:c''· 
Srnc~ an rndireetly addrcssed opcrand is a ftmeiion of its pci¡:(:: , ' : , , ., ~ 

o 



e 
~2 

•~pl-:111-.'nt ;u!•!,· /o(lJ..•tp (fund·C'n Jitd diit:ctory tabks) and mod:f] 
) acc:ss J¡ff:íc-nt ckm.::nts o:· daw srruc!wes (Sec-;. 4-9 to 4-11). 
dclrcss¡ng c.m b<: ·:omb1ncd \\Jth iTJde\Íng.: 

pointcrs 
Indircct 

l. Preindc,ing: Thc instructior.-'\ ord address bits, interpreted as a 
si~_med or unsigned intc'ger, are added to the contcnts of a specificd 
indn. reg1ster lo deter:mne the poinrcr address. 

2. Postindt''-ing: The md1rect address contains an index bit or bits 
specif) mg an index registet. The contents of this indn register are 
added to che imhrccr address to [01111 the effectire addres ~- The pointer 
sta)S in memory \\ ithout change 

Me'T'ory refe·ence 
(6 o¡JenJi¡;;,-. ::Ces l 

Non---ne rnory-re fe re nce 
(512) 

Input/ out¡:,ct :~s truct>ons 

(512) 

B•t O 1 2 3 4 5 6 7 8 9 1:3 11 

1 111 ~ 
Op;o~~st !1 '---7-cd-d-re~s-s_b_· t-;---' 

1 ( 128 codresses 1 p~ge) 

lnd~rect 1f 1 Page O ,f O 
Curren! page 1f 1 

811 o t 2 3 4 5 6 7 8 9 10 11 

[iELt 1 

Opcode 7e 
9 Opcode b>ts or 

Opcode 6
8 

512 poss>Oie comb,~at,~ns 
.. ,-----------..______ --.....----------"-·-------

f1¡;. 2-:Ut. fnstructton fo, mats for a surplc l2-b1t m•mcomput~r (PDP-8 senes) 

(e) Auíoinrlexing. Sorne mJmcomputers ha ve 8 to 16 special memory 
.ocations on page O callcd autoindex registcrs. \Vhen one of the<;e autoindex 
rl'gi~.tcrs is indírcctly addrcc;sed. it producrs the c~ertivc addrcss by auto
mNically increm~nting or dccrcr.Jcnting its contents. Automcrc¡ncntmg or 
au:odecren:cnting JS a cheap \"JY lo add.ress successive elements of arrays 
[Scc. 4-9), no mdex n:giskt nccds to b.:: loaded. and thc only pnce paid is the 
~xtrd memory cycie required for inci1rect ad:iressmg Note also that no 
m~trucuon-word bit 1s necdcd to produce autümdexing. bllt the automdex
rtgistcr locations cannot be uscd for orclinary indirect add1cssmg Asan 
ahcrnallve, an extra mstructiOn-cocle b1t can be u~ed to spcc1fy mcremcntmg 
or dccrementmg of cm_t 1ndJrcct address 

(d) ;\licroopcr?.tiors Dctel!<zinir.g th::! EITcc.thc A¿drcs~. \Ve ha\e alre~1dy 
r.otc<! that mimcomputcis 2.!~Aays otfer a chofr.e o(sevcrdl adclre~sin~ modcs. 
Opcodc l;it<; in thc memory-refcrencc-instructio:J nonb are úsed, t~ selcct thc 
aüdn:c,<,ing mi)(! e (du cct/111dn cct, relw n w ¡wuc O, relatile. andjor choice of 
index rcgi\ICI ). Ftgurc 2-2 show:, typical lll'itructiOn fo~rnats. Good 
asscrnblcrs may arxcpt mstruct10ns likc sror.E ACCUMULATOR IN A ami 

o 
autom<~tica!l; effect pag:cl, rclativc. ind:rcct, or dou~l.::-·· é.lrd udC.:r~~sí,•.:: :r:
gct around pagt~ bound<!nes (Sec -1-2). 

Rcfcrring to F1g. 2-l, a du·ect-address m<otrz,ction transf;::¡s rto ?c;r : .. so~/'> 
from thc memory data registcr to the mernor•: address rcc;s:.::r e:, :¡ ,.., ¡;-,,' 
EX ECUTE phase oí lile f:: "t instruct!OIJ e y eL:: b) \\ay of bu:> J. tlic: ,, · _:: ,; ~;::; ,._ ' 
logic un1t, and bus 3. hogram-coun:cr bits (for current-p2.'2C ,:,~.,r:::ss~n_;\ 
or pagc-regi,ter bits are tr~msferred at the same t1me. Rclall;c'-' .' '•es¡ ,;,~J 
index inslr11ctions employ the arithmetic;1ogic unit to add p10grJrr:...:o~lí1tC~ 
or inclcx-regJster contents vía bus 2. Largcr computers m<~y ha\'" a 
sep:tratc adder for address computations. Double-\\ord a:ul z,¡cf¡,-ccr
addres'i mstructions use an extra memory cycle to transfer thc po1 n ter from 

01234567 
B1t O 1 2 3 4 5 6 7 ( 8 9 10 11 12 i3 14 ;s¡ 

.__! _ ___.I...,....L.,-1 -~...,1 IJ r-:c=~.::~~~-...:....:..-..:.::..:.,J 
~ t 1 1 t 8 address b>ts 

(14 codes) 1 1 (256 cdd,esse; /pagel 

Dest>not,on reg>ster Jnd~rect 1f 1 
Poge O or current page lndexed 1f 1 

fig. 2-Zb. 1 h1s could be a one-\\Ord mcmor:-referer¡ce instruction for a 1 G-b1t Pw•icoP1pul~~ 
ora two-word memory-rcferencc mstructlon for an S-bit machme lsc:e also FIJ 6-S) 

memory into the memory data reg1ster and then to the memor\ addr:::ss 
register (v.-ith postindexing, if any). Autoindexing requires no ;1ore t1me 
than ordinary indtrect addressing but needs sorne extra lo2ic. 

NOTE: Doublc-word instructions must increment the -program countc: 
ll¡,ice. Also, in 8-b1t mtntcomputers, indirect addresses c2.n be double 
8-bit words, so that indirect addressing can take IHO extra memorv c\cles. 

(e) !wme<1iate Arl~Jrcssin~. One-word 1mmediate-addressing m~tr~tcttocs 
are not really memoty-rcference mstructJons, although mstructJOn formab 
are similar. In each immedwte-address ínstruction. e g, 

LOAD r"I.CCUMULATO:i iMI\lE'DIATE 

1\DD INT0 ACCUMULATOR NO 2 I[V!MEDIATE 

(intcger) 
(tntegcr) 

what look:, ltke the adclress bits ts mterpreted as a sizned or unsiC:ilCd mk~.:r 
opcranJ. Onc-word immcdJ~tc-address instructi;Ps are con;pktcd 11~ ..1 

single memory cyde ar,,j a; e. thereiore, h<tndy fu:- setting l'P md::\ regtst::rs. 
counters, etc. Sorne mtnicomput.::rs adnilt tnO-\h1U1 h .. >nc!L· i·~,,-_,,t;~,lil'

addrcss instructions w1th thc opcrand stored as the sccond of .t \\o tnsti cct Il''l 

words. 

2-8. Mcmor)-to-registc; Opcratiou5.. (a) Hon The~ WorL ~LI,'lt L'¡'-'1 ,, 

ttons are fundJrncntal to single-addr.:ss arithmetic Rcft<rnn~ tL~ r:;:- >l. 



2-S ··B \SIC'" \11"\I(Ll\ll'l i u:s \ '\D 1'\::, 1 J;.LCTIO'\ 51 T'i 5-1 

each of th.:s.:: instructions \'. ili fetch thc contcnts of a suitably addresscd 
mcmor) location into the memory data register and thcn 'ia bus 1 to thc 
anthmetic;logtc S) stcm Wtth approp1 iate bus gatmg, the arithmetic;bgtc 
unit can nO\\ combme th.:: memory '' ord \\ ith a'' ord fetchcd from a procc-;sor 
regtster (accumulator or index register specified by the instruction) via bus 2 
The result IS loaded m to che same processor register vi a bus 3. The original 
rcgister contents are lost. 

Smce both instruction fetching and execut10n require memory read/\Hite 
operations, each ofthese instructions typically takes tll'o menw1 J cycles. lf a 
memor) -to-register instruction reads from a core memory, the original word 
is immediaú:ly re\Hitteri (Scc. 1-12) so that memory contencs are unclwnged 
Memory contents are obv10us!y also unc~anged in memories with non
destructi\ e readout ( read-only magnetic memories, semiconductor memories). 

(b) Registcr Loading. The Slmplest memory-to-register instructions 
mere!) load a spectf1cd rcgister \\ith a word taken from memory: 

LOAD (INTO) ACCUMULATOR 

LOAD (INTO) ACCUMULATOR NO 1 

LOAD (INTO) INDEX REGISTE.R NO. 2 

(effective memory addrcss) 
(effective memory address) 
(effective mcmory address) 

Effective addresscs are specified as in Scc. 2-6. 
Sorne mmicomputers (e g , .PDP-8) omi~ the lOAD mst!Uction knd 

load the accumulator by adding or ORmg into it aftcr first ckaring thc 
register. A few mimcomputers also have thc useful two-cycle instruction 
INTERCHANGE ACCUMULATOR AND MEMORY 

(e) !\ 1emory-to-regi<;ter Arithmetic: On~rftov, and Carry Flags (see also 
Scc 2-JO). The most irnpo1 tant (and often the only) memory-to-register 
arithmetic opcration is addttion · 

ADD INTO ACr";UMULATOR NO. 2 (efrectlve memory address) 

1 he su m ''11! 01erflon 1f ami onl) ¡f both tcrms h,l\c Jdtntlc,d ~1gm wu/thc ;;1gn of the su m 
turno; out to he d1fTcrcnt We L\11 detcct 2~-compkmcnt O\crflo,, b~ comhmmg thc c,\riJC'i from 
thc ;.1gn hJt and thc most >JgnJtic.mt hit m an XOR gate Olcrllo\\ occur' 1f thac Js J c,~rr~ from 
nnc of th: ti\ o hut not hoth 

2\-wmplemenl ariclimelic (Scc 1-9) 1s usual! y imphcd, but consult your 
manual. PO P-15, for instance, has botfz ls-complcment and2s-complemcnt 
add1tion (ADD and TAO). 

Some minicornputers permit subtraction of a rnemory word from the 
conrenl\ ofa reg11Nr. 

SUBTR/\CT INTO ACCUMULATOR NO 1 {eflcctivc mcmory addrcss) 

and a fcw be~. ve im·c, .\e suh!l action: 

SUBlHACI HHO ACCUMULAT0!1--1 HEN lr•JVERl RESULT 

o (cfl(-ctiV': mcmory a e' el! css) o 

(1 hat is. mu!tiply the original ditTc¡cnco: by -l.) 2s-compl(:_r¡,,·¡¡t .tr::J,¡,.::_,c 

is 1mphcd. 
After an addition or subtr:tction, the proccssor scts sp::c1al 1l1p-i DíJ~ 

("fla;,'.~"} 

L If arithmetic oterflo\1 (Sec 1-9a) occurs (merf1on fh·g), ;mdlor 
2. If tÍlcre is a carry out or the mo;;t signrficant (s¡gn) bJt 111 tl:: rcg;c;ta 

(carry flag, C\.tcnd ftip-flop, link) 

Carry llags are mcful in positi\e-integer arithmetic. Js-complement anth
mctic, and doubk-p1 ecis10n arithnH'tlc (Se:.::-s 2-14 and 4-11) 

Check your compc.;tcr manual carcfuHy: Sorne m¡mcompulcrs ha\ e or.Jy 
an overflov. flag or Oill) a carry flag (PDP-8 series) PDP-15 in,l!c,\:,·~ 

carries and ls-complement overflow with the same flas, but bc•s no 2~.

complemcnt overflo ,\ flag. In any case, note that llllllicomputer oro loo:! 
jlags willnot by chemse/~;es lzalt 01 chmzge tire COP1puter program It 1s u¡) 

to the programmer to "test" the flag \'dth suitablc skip or bra ncl1 instructiops; 
the programmcr rnust also be sure to c/ear overload and carr) flngs bd'ore 
they are needed. 

Mcmory-to-regJstcr mrdnp!Jcarwn and d.t rs1on require multip\e (extended) O"Ithr>1Ct . .: 

regJo;tcrs Most mmJcomputer manufacturcrs sell hard,,are for thcse opcrat10ns 2s sr,'cJ::: 
optrons, ''hrch 1\lll be descnbed m Sec 2-14 The .. bare .. processor can perform mult¡¡>k,n,o~ 
and di\ J>Jon as subroutmes 111\'olvmg addttton and sh1ftmg 

(d) 1\'lemory-to-rcgi:.tcr I,ogic. The mcmory-to-rcgistcr lugi,· insm, c1 ¡,¡,¡ > 

AND INTO ACCUMULATOR 

OR INTO ACCUMULATOR NO 1 

XOR INTO ACCUMULATOR NO. 1 

(cffective mc:mory addres:.) 
(effective memory ndclrl."ss) 
(effective ruemory address) 

pcrform the indicated operations bir by bit on corresponding pairs of bits 
from register and memory, with the result left m the registcr Thus, 1f 
an 8-bit accumulator and the effcctively addrcssed 8-tit memor: \\ ord 
contain 

and 

re:.pectively, then 

ANO produces the accumulator contents 
OR produces the accumubtor contents 

XOR produces thc accumulator contems 

01110101 
11110001 

01110001 
11110101 
10000100 

(Scc also Sec. 1-6.) In practicc, AND is uscd to replace sckc\C'd blfs or 
a registcr word '' ith Os set up in a nzmk word m memor:. o R \\ ill 
similarly rcplacc selcctcd b1t~ with ls. XOR produces O bit~ \\ h;¡·c\C 1 tltc 

lwo original '' ords agrce (comcidcncc check) So me ;1 pphc ·' t11) :·.; \'.¡ ~ 1 k 
d1scusscd in Scc. -l-11. 

o 



' e-----
-JO 

-9. Opcr.:tiJn o·\\\ o¡Js in 1\ieriJOr). TI:.: !\\O-c~ck instruction 

STORE Zi:RO IN (efT.o.:tt\e address) 

Jears thc efT.:ctt\ely addrcss::0 rnemOr) location 1t iilwut affcct!ng: th: 
t'ntcllh of <tny accumuLttLlf Mmicomputers v.ithcut a STORE ZERO 

O;l¡ ¡,;;:"Gi.". must cl;::,'.r and CCjJllSit 3!1 ?.CC Ul11U]ator 

The t\\ o-C) ele mstructwn 1 

INCRE:MENT, SKIP IF ZERO (efTective address) 

tSZ) rnovcs the contents of the effectively adclresscd memory location 
oto tb~ arithmctK/Iog.ic unit v;a thc memor) data register. The number 
s incremented and returned to its memory l0cation (again vía the memory 
lata reg1ster). If the incremcnted resu!t i:; O (i e., 1f incrementing causes a 
:arry), then the program counter is made to skip (u:., it is wcremented by 2 
·ather than by l). 171is condirwnal sk1p !ets rhe program branch in rhe manner 
{Sec. 2-1/c. 

The STORE ZERO and INCREMENT, SIGP IF ZERO II1Structions are used 
o ckar and íncrernent a counter in the effectlvely addressed memory 
ocaticn. To implement a counter preset to a count of N, wé- store -N 
n a memory location and then ISZ unt1l the program branches after N 
szs ¡:;.:e 4-9) Som:: cornputers have a similar DECREMENT. SKIP IF 

~ERO instruction. 

~-Hl. Operations on Registe:- '\Vords and Flag Bits. (a) Reg:stcr Arith
netic1'J,ogic. Instructwns hke 

CLEAR ACCUMULATOR 

CQMPLEMENT ACCUMULATOR NO 2 

INCREMErJT H\IDEX REGISTEH 

:11uve the cnntcnts of a spectfied rcgister imo the ar,thme:_¡cf\og¡c nnit and 
back apm to pe,form thc i;1J¡::;;Hed operati'Jr. m onc mcmory· cycle (FETCH 

2y,·;::;, Sec 2-4a. ScG a!_;c) Ftg. 2-l}. COMPlE'IVlfNT ACCUI\1ULATOP. 

pmrluce.,; thc 1s-cornpll-:1!rnt ll:2gathc of a stgned nt:r-:1kr ir. thc rcgJster 
~NV!"'P.í ACCUMUL,~lOP. !S thc SJ.!PC as NF:GAIE ACCUfJlULATOR or COM

PLE'v1f:1~T {\I'Jü i~JCFltf•J1t=C\:T /\CCUr·,1ULA:OR ~nd pioducc~ thc 2<;-lomplr
rm·r;t ncgath e: (s-:c a !'o 1 a blc~ l -l a::1d 1-2). 

t.~o:;t mmicomputers ha\C an 11:struc'.IOP or us:rur.l:ons ¡,l;e 

MOVE .1\Cf:l_.:r.·p;¡.<-\TOn '~0 2 TO ACCUr·.C.'~•Lt.TOP f!O 

MúVE .~C"C.JM'..,'L!\TO!' TO lrWEY "lEGISTEr: 

v.h:ch rnc\c: (transfcr) rc.;nstcr co'1tentc: in onc cyclc VJa bus~::. 2 and 3 (F1g. 
1 
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2-l); tbe contents of thc source regtslcr remain unchang.::.d. ~vio-,! r··-·J
computcrs do not pcrmtt rcgistcr-to-rcgistcr addition or subtr;:ct!on Sé. ,,: 

nnchincs have a onc-cycle instJuction to 1\JTERCHt>NGE t\CCU'·~UL!~TG~ 
cmnENl ::. 

The tOAD I~M,\fD:.t::~ operat:on, \\hid1 lc•.tds tb<:' ln'>tn:cl¡on ¡;C::<lr·>' 

bite; mto a sper:iflsr~ re~·i·-.t~r, was <lirc~"d:. dJs::u~.>ed in Scc. 2-7c S1rr.•1 :~ 
add1tion, c;ubtradwn, i\i'0, ::1nd OR 0p,'l3IILHJS ma~ a:so be unplc":~;,·d 

Lo~ry 

ftog 

. . 
---v-----~ 

n-b1t a~cu1nutafor 

ROlATE LfFT 

Coírv .._____ __ ....--- _ ___J 

flag 1-iJgh--ordp· 
n-bit ar:cumul.J ~cr 

Cc·r~ '----,.---_) 
{lag n-b,t üCC'..!r:IL.\Ci':!~ 

ROTATE R;GcH 

'-._-....----__ _) 

Low -arde· 
n-bJt accurr.ula tor 

(or MOl 

LONG ROTATE LE"T 

f1~ 1-3. ROT -\'TE SH!::C-1 op-:ul!•)ns 1 he n:r~-ftl?; i'1p-flop c~n h~ sct rc,c:t nr ,·o~J _,._; 
\h.: s1gn h1t beforc each 1-b!l rot"\llon 

(b) Rotatt_/Shift O~erations. One-cycle instructions likc 

ROTATE ACCUML!~ATOR lEFT 

ROTATE ACCUfvlllLI'-TOR NO. 1 RiGHT 

rot3te (circula te) t11c contents of the speclfied reg1stcr and the ear; y bit b:. 
1 bit. as shcmn in F1g. 2-3. Somc minicom;¡utc¡s :1l<>o adm1t 2-b:t rotat:o·-,s 
Physicaily, the reg1~ter b:!s ;o to the aritLmettc/lo~tc un1t v¡,¡ bu~ 2 . .trc 
"shtf!t::d S!dC\\ay<· by meam ,)[ g:ltt:s (Scc_ l-9b). a11d return to thc rcg,~t::· 
vta bus J. 

Hotation h?.s illrc'..' impor~·mt appli!::::.iion<;: 

l. iw!hicb'll bits (!fa ¡cgi~rer \Hml (\'.Ílid1 mi:_!.Lt !lldJcZLt': thc k_;;..::,'1 
states in sorne· c-...t-. '1dl dr.:\ tce, Se:~.:\-<;)) ca:~ be ro:ated i:1~0 tl·c- slg:i1~b~·~ 

a·)d,'oi C .. !fi)~tit f--- :~;_n• fur íc;~>i ~"';··-~ t :-~!L.~~~¡~"' {';,?e ~-1 1) 

2. r~a··tia~ \'0r(~~ ü!"" [Jyi.~~~ C~11t hE> l~l ]\Ctj, r:-:ckcd, ~n{! L'~i)~Ctrd ti1 CO:P .. C.t ._ ... i. 

\\Jth .npuLoutput operat10ns be•' also ~;:e_ ~-ll) 
3. \'\' ith t:.e cnn y bit n¡J~J!üpl iatcly clcarccl ü: f-rt, rota ti0ns ~1c t :l ~ .~ri~ i ·"::' > 

shift., i•n¡JÍ\:';,;:,•t!n~ ;;:ultiplic:1tinn 01 dhision by 2 (Scc. 1-9 and ·í ,, ~,· _', 
1-l and i.-2) 
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Spcdically, an unsigned bi1ur~ nui:JlJcr (no sif~í1lJit) is mul!iplicd or dhirlc•J 
by 2 if \H' r;rst clcar the carry fl::lg and thrn rotaíc, rcspecthel), lcf! or right. 
Such an op¡;:ratJOn 1s called an unsigll'::d shift. After mulllp!Jcation by 2, a 
1 in thc carry flag ind1cates o•crfl01>. 

A signcd ls-complcment numbcr is: ~ultiplicd or dhided by 2 if "e first rnah· 
thc· carr~ bit equal to thc sign bit a11d then rota te. Such an opcration is a 
signcd shift. ::-··'' . 

A signed 2s-cornplcmcnt number is rnuitiplied by ÚÍÍrÍiugh an unsigned left 
shift but diYided by 2 through a signcd right shift. 

O•erflo" of any such multiplication by 2 is indicated if thc sign and car~ 
bits diffcr. Each diVISÍOII b) 2 will "chop" rather than round the result to 
the given number of bits; i.e, the result is always less than or equal to thc 
correct result. 

Some minicomputers have exp!icit SIGNED SHIFT and UNSIGNED SHIFT 

instructions. Some machines can also rotate a reg1ster ll'it!wut thc carr; 
flag (sec also Secs 2-11,2-12. and 2-14). 

(e) Operations on Flag Bits. A number of one-cycle instructions permit 
the program to clcar, set, and complcment specificd processor flip-flops 
such as carry and overflow ftags, e.g., 

CLEAR CARRY FLAG 

Th1s may be done in preparation for condit.onal branching (Sec 2-llc), 
to store 1-bit decJsions for Iatcr t¡se, or in connection w1th arithmet1c sh1fts 
(Sec. 2-lOb). Bit operations are often combined w1th rotatiOn andjor 
cond1tional skips (Sec 2-lld). ADD CARRY and SUBTRACT CARRY 

(into accumulator; and clear carry flag) are useful for double-precision 
opcrations (see also Scc 2-14) 

J1 

2- J L Jnstructiow; Controlling Program Exccution and Branching. (a) 
NO OPt:RATIOrJ and Ht>.L T. The one-cyclc m~tructiOn NO OPERATION 

doc-. nothmg cxccpt ad\ ancc thc program counter to the follO\'' mg mstruct1on 
and serves as a tnne dclay or as a "spacer" for iatcr mst'rtion of anothcr 
instruction or data \\ord. HALT advances the progrdm counter and 
stop<; proccs<,or opcratiOn to g¡ve the opcrator a chancc to examine or chan¿;:
rcgJstc¡ s, switch sctt1ngs, a ndjor pcrJphcr ..1l-d.::vicc opu at1on. 

{b) Unconditional Bra'lchini. !he onc-cyclc Instruct1ons SKIP and 

JUMP TO (effccti\c addres<;) 

are cmploy~d for program hnmching (Sc.::s 4-8 :lnd 4-9) and also to "Jump 
around" mC•llory locat.·Jns uscd to slorc d<•ta bctvvccn Ill'ltructior;s (Sccs. 
4-5 and 4-14) SKJP s:mrl) incrcmcnt.;; thc pro~tam countcr l\\Ice to 
JUrnp ovcr onc m~tTJI)!; locdtion JUMP n.;sch th;; p1ogrc~m countcr to 
tht: cn·~dlh'-aÚdt..:~-. \a]uc; thc old fHOt!,l:tllH.Ulllli..:l \:ft•n:; h lo5t By 

o o 
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contra<:t, the t\\O-cyclc mstruction 

JUMP AND St\VE 

fC'-ClS th:; progr:Hn COU!ltcr (and thu~ C:lUSCS ?. jump) (l) : "', ; : :ecttVC acle:'::, 
plu;, l or 2 <~nd ~n 1 ~', thc (incrcmcnfcrJ) old progr:.Hn-t.·,, .' ;ra St'ii;ng it; i 1 ·-~ 
eiTectiVv<lddress lociitJOn. JUMP AND SAVE P<'íi<\:t~ ,':'<: to rci 11 ·r: tr; 
tllc odgin.1l program afr•:r l'. ~~·:;ro:;tinc (Sec. 4-1-l) ,u,,' ·,, thcrcfo;.;. ;:.;",~:~ 

rcícrrcrJ to a'; JUMP TO SLlBiWUTINE 

In ~o me n1~1ci11nes. JUI'.liP ANO SAVE autor;a~ic.l!lJ <;a\eS not ort.: t:-- ... ~.:- ·;-n .lddrc';;: tJt.tt • • ~.-:} 
the pa.:;>;; fl',!ll~tcr and,'or can), O\erno\\, ct(. ftJ.~::t (combJncd al th ...... -:" .. ' .. ~l1\C" .tddre')•, r-:1•;:. 11 

More ~~)r Íl!·.rtcateJ P1lntcomputer~ aiso auton1:itJC.:1llJ tncremcnt ~1 ~' ~-,, ..., ~.n1e1 to ltt..r ~r,.;.:-~: 
of n.:l:t1lttlnt-~ubrouttPe nc•Jttng (Se~s ...:-16 ar¡d 6-10) ~lorc aJ\,lfh .... ",· .: ... 'n 1putcrli car. ¡-. 1 .. ~ a 
JUMP--ÁND SAVE l:'ol INDEX IO>lrUCl'00 \\h•ch stores th.: rcturn ,\cid,.:,~ >n ,\11 l!ldC' "'''' ¡ , 

rathcr th.Jn m n1crnor: lhts spccds up subrout1nc proc.:s~in.z b\ .1\'-" .... ,- ·; ., 1 ~wor~ rt:f,~~~ .-~~ 
(Scc:, 4-14 and 6-10). . - . 

Thc onc-cycle mstrucuon 

EXECUTE (d"ectl\e 3ddre~s) 

c:-tu'C> t:\<'U.JlJOn of an mstruction stored at thc eiT.::ct1\eh addrc·,,_,, :··c,nnrv lo~a~ 1 cr. 2;;:f 

thc-n cof"lttm.cs \IIth the progrdm-this amounb to th-e C\c..:ull,':. ,,f ,1 ¿ne-m,;:n··.• ,,,; 
subroutmc 

(e) Conditional Branching. Each one-cycle instructiL'n 

SKIP ON CONDITION 

cau<;cs a <;kip subject toa condition or conditiort'i ~p.'dfit'u l1~ instructio;¡-cu,k 
bits, c.g., 

ACCUMULATOR ~ O 

ACCUMULATOI-! NO 2 <O 

INDEX REGISTER > O 

CARRY FLAG ,~ O 

CARRY FLAG ~- 1 

OVERFLOW FLAG = 1 

Diffcrcnt instructiOn-btt combmations can produce lc'C::tcal Cl1-; ¡ n 7 or 
AND1ng: of such conditions, e g., ACCUMULATOR ;:_. 6 (scc al so-Scc 
2-! Id) 

Thcrc are also two types of tH·o-c_lC/e conditional-sktp m~t!UCtions \1h1.:h 
refercnce memory INCREMENT (or DECREIVlE~JT), SKIP IF ZERO \\aS 

mtrodu..:cd 111 Sec. 2-9. The second t)pe IS e;.,.emplificd b~ 

SKIP !F ACCUMULATOR DIFFERS FROM 

SKIP IF ACCUMULATOR NO 2 EOUALS 

(cOt:-~-tt\ e addre~s) 
(cl1cdi\C addrc~s) 

SKIP ON CONDITION mstructiOilS a1e tbc {only) \\,1) 1110~1 ITilll!COI1'l)l'i

Crs impkmcnt cor:ditional branching. e.g. 

SI<IP ON CONDITION 

JUIVIP TO (efTective adclrcss) 
(ncxt in~t1 uc.tion) 

/Condiiion !1\IL'? 
;No. g:o to br.mch 2 
(Y es, cnnlttllll' on h1 ,¡¡;eh 1 

o 
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Scc 4-S). Only a fe\\ min,'computers h,l\e "dircct .. condition,ll-br,mch
n~ instructJOns. !.C .. JUMP Of\1 CONDITION. JUM? AND SAVE ON CON

)ITIOíll. ~111d EXECUTE ON CO:\IDITION. 

(d) Combin::-d Rcgisterjrl:lg Operations, Rotr.tion-;, and Tests. Most com
Jl!t..::rs. ::an impkmc;¡t ccrtain combiiiations ofrcg!stcr,'f12g ckanng,-settmg. or 
:orr.pl·:mcntmg. a roution. andjor a skip tt:st through sin~k one-cycle 
. n~tiuctions. Apprornate mstruction-codc b1ts \\Íll cal! for thc individual 
Jper ation~., and the programmcr mus! be sw P ro understand thctr relatiL·e 
')lder of execution. For instance, to multiply an uns1gned number in a 
;eg1ster by '2, one mustji1st c!ear the carry !lag, tl11:n rotatc kft, and then tc:>t 
!or a can; indicattng overfiO\\ (Scc 2-lOb) Check thc refcrcncc manual 
aml al'io the asscmblcr manual for )OUT spccific computcr. 

An especial!) useful one-cycle combinatiOn insiruction is INCREMENT 

(or DECREMENT) INDEX REGISTER, SKIP IF ZERO, wh1ch is used to implc
mcnt and termmate program !oops (Sec. 4-9). 

2-12. inputjüutput-rrlatcd Instruetions. Each rmmcorr:p:1ter instruction 
;et must resen e a respectably large number of difTerent instructlon-code-bi~ 

comhinar•::;ns for mputfoutput insttuctions intended to select and operate 
.;:xternai dcv1ces (Se.::s 5-2 to 5-8, Tablc 5-l). For examp!e, the Hev,!ett
Packard 2ll5A, ·.vhich is a typi~al "basic" 16-bit min:co;npnter, admits 
212 = 4,096 d:fferent onC-\\Ord inputjoutput instructiOns, and the 12-bit 
PDP-8 serie:> adm.it 29 = 512 such mstruct!Ons. In addJtton, each mini· 
computer has sorne: mstructions for rontmliln;s 1ts 1ntenupt system, such as 
INTERRUPT ON and !NTERRUPT OFF (Sccs. 5-9 lO 5-15). 

SPEOAL FEATUH.ES, I:\'STRUCTIONS, 
AND OrTIO:\'S 

~-13. 3) tC: ~'Ian:pulation. x-bit minicomputers naturally handle S-bit 
b) k> hoi1: '12. ::::1 t\SCJI ch:nactcr plus panty or t\\ o BCD digtts. A l6-b1t 
v.ord lwlds t'\O s11c:: bytes Mo<>t l6-b1t rmnicompute1 ;¡ ha ve at least 
onc or l\\ o onc-q :k ~ytc-u;anipulation instrurtions 

CLEAR LEFT (or P.IGHT) .D.CCUMULATOF; BYTE 

:NTEROl1\NGE ACCU~JlULATOP. 8\'TES 

!íHEflCH-'"-'.~JGt J\ND CU'M"I LEFf (Or RIGHT) .l>.CCUMU!.A>OR BYTE 

Such ímtruclJOll~ rcpiacc n~uluple ROlAHs anJ Ar~Dt!1f:Z \\Íth masL 
v-.·ord> ontl can <;Jve much t1m::: and m•:,noty tn charal·tcr-hand!Jng programs 
(e g. !ext ed1ttn~, communtcattons). 

Sc.mc J6-b1t maclum:s pcrmtt by<P :~dúrco.'>ing of LO'\D and SlORE 

t\CCU rv. u l./>.1 o n tn~truct1ons. B;·tc add 1 c~sins t'> spccificd by an opcoclc 
bit or b;' a ~l.atu~ tcg;qcr sct thtough a spccia! m<;ttuct,on (BYTE mode) 

o 
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Wc !oad or storc accurnulator bits 8 lhrou!!h 15. \·.hd2 bite O liHO· :;:. -: 

remam una!Tcctcd The ciTec-tJ\C addrcs.;; ref<:'rs to incl!\-;clu:,l h: t:s ,, 

mernory. so a1• extra <1ddréss h1t \\lll be n·~cdcJ to sp:;:;cJf} c.·-c:n 01 ocw [:,_.~~-· 
Another t) pe of b) te-<IC~clrcsscd in~tructton is 

SKIP lF ACCUf,1U: ATOR BYTE DIFFEHS (ciTcct¡·.-c addrcss) 

v.hich 1S uscful for dct<;:.:trng special characrcrs ic te•:t str1•1:;s . 

2-1 <1. Arithmetic OptiolJS. (a) Doub!e Sto re, Load, Ad'd/Suhtr:~ct, ar.C: 
l~ot3tc/Shift Opcr::Jtíons. To Slmp!Jf~ double-precistc·n op::::ratJOns, so~e 
m;nicomputcrs can storc thc contents of t\\O accumL.!ators m success¡•,;; 
memory iocations through a SJng:e (usual!y three-c)Ck) mstruct10n 

DOUBLE STORE (efrcclive address) 

DOUBLE LOAD simiíarl; loads two accumulators from succes::.ive memor~ 
locatior:s. More extensivc facilities for doubie-preCJsiOn operations usua:!;. 
come oniy a~ part of extra-cost hard\\ are multiplyjdlv!d~ opt1ons The 
Hon2ywell 316/516 ht¿h-s¡;eed arithmctic optwn, for instancc, has DOUEL::: 

ADD and DOU BLE su 8TRAC1, w1th a¡¡ automatic. carr) from the !m\ -ord<er 
accumu),¡tor to the h1gh-order accun:ulaior To accommodate so m.,n;. 
extra mcmory-reh .once instruction>. thc 316/516 must first set J s:z.llls 
reg1stcr to DOUSLE PRl:CISlON thrOl:gil a s.cpar..;te instru..:tion. Th~ \'un 

bit ofthe double-¡:;recision :tumber is usual!) btt O ofthc h1gh-ordcr ac·:uml!· 
lator (F1g. 1-17). 

Two accumulator~ can be sim!larly concatenated (to~ether v.1th the 
carry flag) for doubie-p'rccJsion LONG ROTATE. LONG UC'.'SlGNED SHIFT. 

and lO~JG SIGNED Sf-l1:=T op;;TatJOm (s.::e a!so Sec. 2-IOb). Most C\!C:l·3~.:l
anthtnetJC opt1ons h;:ne mst:uctions for multiple shifts: th.: nurÍ.1ber ofl:l!cS 
shifted JS determinecl by an extr,-, processor register, the shifi cotmtcr. 

WJth a bmary fract1on m the doublc accumulator. thc mst•uct!on 
NORMAULE \vtll sh:ft the double ftacllOn kft untd ll' most :.tfTtdicdr.t 
bn d1frcrs from the s1_gn bn (scc also Sec. 1-lO). Somo? comoute;·~ u5.: 
ordtnar~ long shlf"ts and test thc ;·csuit \\Ít~l a spec1al mstru~t1on SKIP 

IF 1\CCUMULATOr! IS NO!-U\:1/'UZED 

(b) H:.;H.!!\Ule l\·Iu!tiply;Dhidc Optio:~" (scc also Scc i-9) Mu!t1pl;. 1 

divide harci·,··~'re al·,, 'l}S n:quircs t.·, o a:1thm~tic re.~istt:rs to hold a 0'-':,t··lc

prccision prod uct or J 1\ i-.' · nd Ifl:~ bc~t 1 f: L·~st' :-c,-!i o ~er' ~~re ;,!e r. ::r al-pt,~;'c'•S: 
accurnulatots acce:,stbk throLt!:Ch OOUBU· STurt: an;: DOl.I::JLE lO,\C• 

imtruct10ns (Scc 2-14a; e g .. Hc\\ktt-Packard and Hon-:;.\\21l rnl.l,
com pule rs ). A Iess dest ra bíc arrangemcnt adds ~l spccú 1 n• t1 !t Jj'l1-.:r 'e¡ u o~ :e,, l 
(MQ) rcg;ster. \duch ts hardet to access (PDP-S senes, PDP-9;'!5) 

ll,r- IJ::•tll'r twrd1\::1rr multipl~/dhidr opiions pl~rr nn tc<;trirlill:'·: en 
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opcrand sign;;;, cmplo~ ~s-complrme:~t arithmetic, and ha\ e ~imple instructiol!; 

I\1ULTIPLV 

DIVIDE 

(cffective addiCS'>) 
( effective address) 

it is most comen,ent to 1ntapret operands and the résult either as signcd 
binar_¡ mtl!gers oras sif¡•;¿d b111m} fractwns (Tables 1-1 and 1-2 and Sec. 1-9) 

I'OTE \L1n) popubr r• ~. ~omputers (PDP-S scne's. NOVA SL PER '\;QVA) 1mpknL •t 
WlSigned mult!pliCJ!iOn,'dJ\ '' 0:1 Juns1~ned. nonne~at1\e operands z;;c r~-;ult) Th1s prod!lce, 
sorne C\tra pre.:1510n smce no b·ts are needed as s1~n bits. bu! s1gned multlphcatiOn/dtVISI'''l 
ihen requ¡rc-; cumbersom~ Plultiple-mstructwn scquences, "hJCh "~,te !Jme and memo;. 
PDP-9, 15 has b.lsJcall) uns·.;n~d mul!!phcatJOn/diiiSion '''th some sp-~~1al exlra mstruct10;1, 
at!emptmg lo s1mphf~ Sl~~.ed c'p~rat¡ons 1d11Ch are, ho\\e,er, sl!llmco;:.entent 

The multiplicatJOn A x B = e starts with A (singJe-precision) in an 
accumulator and B falso single-precision) in the effectively addresscd 
mcmory Jocation. The double-precision result e appears m a pair of 
accumulators (or, Jess desirably, in an accumulator plus mdex register or 
MQ reg1ster). 

The di\ ISion e + B = A starts with the double-precision dividend e in thc 
t\\0 'registcrs and B (single-prccision) in the effecti'llel: addressed memo1) 
location. The quoticnt A \\ i1l appear in the high-order register (accumu
lator), \\hile the rcmainder will be left in the low-order register. Unli k e 
multiplication, di\JS!On can cause overflow, which should be detectable by a 
flag test; consult )OUr minicomputcr manual. 

In sorne minicomputer multiply/dJVJde umts (PDP-9/15, PDP-8 senes 
excepl for PDP-8e)_ the opcrand B cannot be taken from an arbitrary 
memory Jocation but must be placed mto the location followmg the 
MULTIPLY or DIVIDE instruction. 

Typical hard\\ are multiply/divide times are bet\\ een S and 3S machme 
cycles. This compares \\Íth between 70 and 300 C)Cle> reqtured for non
hardware mult1ply/dJ\ ide subroutmes. 

2-15. Mio;ccllancous Optioll<;. The following useful options are otTercd 
by many m1mcomputer manufacturcrs: 

l. E:\.tra mcmof) m<!) simply rcquire extra plug-ín modules, or onc may 
havc to add a page reg1ster or extended mcmor: address registe¡ to 
the proces~or. R~::ad-onl) mcmory (ROM, Sec 1-14), often intcl
changcablc \' 1th ordmary memory-bank modules. storcs importan! 
prograrns or routinc" "firmly" ("firmware"). Somc minlcomputcr<> 
yicld fas ter cyclc time~ for Instructiono:; rc,¡cí'fron-· RO \1 (Scc. 6-S)_ 

2. Parity-chcck interrupt (Scc. l-4c) on all word or b:. te tran<>fc¡ s to ancl 
frolll ml:mor; r ... c;u,rc> dn C\lra bit pcr mcmor~ v.ord. plus parity logic 
Thr; optH>rl m~::. k U)cful, c.g., 111 cntJcal proces~-control applicat10n~ 
lt 1~ not real!: n-~cdcd m mo~t cnd-uscr installdc•OiiS 

o 
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3. MemO!) protcction, \\hlch usually also rcqiiJrc, a¡, C\lid };.¡ pv 
mcmory \\ ord, protccts prcsclcctcd drcas of me mor:. frn;-,l u '•.J u~! r,; 11~d 

uscrs Th1s IS clone to protect S)Stem programs f¡u,:: '''-:'' r.i. :";,,,el 
to protcct t1mc-sharing uscrs from cach other [¡¡!J,_·í :lil m,t; iiClJ(·r,, 

refcrencing unauthorized mcmory locations, or STORC mstruct1ons 
only, cause interrupts \\hJch usual!:;. rcturn control to an cxccutJ\<. 
program (Scc 3-11). iv1emor:;.-protcctJon hard\'. "tre JS up.::ratu! b; d 

sct of spccJa! m<;tructions. \\ hich pcrmit the system program rr1<::1 to 
"tag" selected memory areas for protection. The computcr uscr h 

not clirectl; concerned w1th thcsc instructions. 
4. PmH~r-failurc protection/rcstart: Low po\\ er-supply voltage causes 

an interrupt, and a servíce routine stores all proccssor rcgistt'r~ sakl;. 
in core memor) bcfore the pO\\Cr-supply capacitar:-. car: c!Jscha:-gc. 
A restart routine makcs it casy to rcstore the registers. \\'1th scmí
conductor memories, a tnckle-chargcd battery kecps the compukr 
working \\hile memory as ''el! as registcr contents are sa\ed on a 
disk or on tape. 

5. Extra interrupts and/or more sophisticated interrupt logh: (<;ecs. 5-9 
to 5-16) , 

6. Hardnare floating-point arithmctic is often a small acccc;sor) processOI 
it is still fairl) expensi\ e but is potentially 'ery use fu! (Secs 6-! ~ and 
6-13). 

7. Automatic bootstrap loader is a hard-\\Ír~d program to !odJ S\ Skl•l 

programs from paper tape or magnet1c tape (Sec. 3-4b). . 
8. lndicator-light test snitch: This smal! fcature avoids surprise-; duc to 

pancl-Iight fallures. 

Other options \\ ill de al with impro' cd or additional inputjoutput ci1 cuih 
(Chap. S), pcriphcral equipmcnt, and softnare. 

REFERENCES AND BIBLIOGRAPHY 

Consult the mimcomputer reference manuals of various mauufacturc1 s for 
specific detailcd instructiOn Iists, exccution times, and othc1 harcl\\ .1rc 
fcatures. Sec al so the bibl10graphies of Chaps. 1 and 6. 
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CU\PTlR 3 

i\'l J NI COMPUTE R OPERA TI O N 
Ai\D SO:VI E PROG RAl\1MING, 
\YITHOUT ASSEI\lBLY LANGUAGE 

I:\TRODUCTlON AND SURVEY 

In this chapter, we describe thc j10nt-pane! opel(ltion of sma/1 diglfal com
putets, includmg the most common procedttréS for foading, l/G/15/atmg, a11d 
execllling COI/lf!Uler programs (Secs. 3-l to 3-6). To squceze the last bit or 
effic1ency from the mwicomputer hardware, we will hJ.ve to lcarn sorne 
asscmbly language (Chap. 4), but many sma!l computcrs do remarkably well 
v,ith FORTRAN and BASIC, which are more convenient -for general 
pr:>blem solving (Secs. 3-7 and 3-8). To makc a general-purpose mini
computer centcr truly pü\\erful and convenicnt, wc must gct away from 
papcr-tapc opcral10D. Thc remamder of th1s chaptcr dca!c; w1th thc 
hardv.are (ww/1 dd.s, tape units, carhode-lay-tcthejf..e_dJomd renninals) 
and software (e:u.'culite s_ntems 01 manitor.l) which rnake comfortablc 
minicomputatJon possiblc; a d•scussJo:t o[ o¡z-!inc edllmg is mcludcd. 

CO'\Tl~OL PA";[L A '\D 
PAPER-TAPE OPEI~A TI ON 

3-1. 1 k Operator's Crmtrol Pnnc:l. A typical minicomputcr coiltrol p:wcl 
(l"rg. 3-1) v11ll hav~ tk fl)llow!l1g controb ;.¡nd indicator~ 

fA 

l. A hy-o;··cr:1tcd l11:>in pm"l'i" <.wilrh w1th thn.:c pO'>itJOn5. ON. OFF, ancl 
LOCK P¡\:..;u_ In tl;c l.illCi po~Il!Oll, pCJ'.'/C: 1~ o~. htll ;di front-

:~ 
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panel contro!s a;c inefl'ectivc-th;<- kccps visitcli" f¡ 0111 rt~•il r: 
computations by pla) mg \\ ith the controis 

2. lndicator-!ig!Jt fichls, \\hich d1spla: the contcnts of thc p.;·~·-'p:-1 

proc2ssor register.> fN sxaminat10n Smaller mdchmcs ma: b:,•. _ o"l> 
one md1cator f.2ld, \\hich can d1~play difTcrent procc~~or rcg·stc.r-, 
selcctcd by a REGISTER SELFCTOR S\\ltch. 

fí~. :'-1. -\ t~ptC,d rntnlcompulcr Cl'l'trol p,u•cl (Dtg,tal Fqtnpmcnl Corpor.lltc•n PDP-S e 
a 12-hlt m.1chm~) InJJ\IJu.d tndtc,nur íiddo; di<pl::t:. mcmur) ,tddtcs, .tP,l J.tl.t .1 >cb:w. 
sw1tch conn~cts '- .. llt ... hb pr~)Ce:,~or 1 t:g¡-;t~: s or ~1 ~.:t Llf st~l u~ tndic:J.tors, for d1-:pia \ m thc J _:t.t 

fi.Jd Indtcator ficld< ;,nd S\\Jtch r~gt<t<2r are <~rr,Hlg~J m :'-btt gr·.:mp:, to 'Impltf~ oct,•l-nu.nkr 
mkrprt:t,tlJOn 

3. A s'\itch registcr or rcgi~tc;·:; for cntering binary numbcr' btt by btt 
into a procc~sor rcgistcr selcc~cd by a REGISTER SELECTO!{~\\ 1tch 
or by the LOAD ADDRESS ilnd DEPOSIT swrtchcs 

4. Vanous S\\ 1tches. 
(a) A REG!ST~R ~=u::cron s"itch sclects the p10cesc.or rc<"1stct 

conneck .. l t,> ¡r:J,c:itor ami.' 'f S\\ •h'h !.,,~t'Ski ~-
(b) A LOAD .\DDRESS s'dtch loads the mcmory aclclrc,,; r<:i't~t ltti 

sorne m;.¡chmes also thc program counter) wtth thc numlxr ~ct tLtu 
the S\\ itch rcgt~tcr. 

(e) A n EPOSiT sn itch loaJs t he e un c-ntl) addr..:sscd JllCillOI ~ le'·-·.;¡,,., il 
with S\\ itch-rcgister contcnt~ 

-· 
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5. A·1 EX.\\ri:\E (FETCH) s"itc:1 fctches thc contents of thc currently 
acillressed memor) location into the memory datd rcgi~tei for fr ont
panel display. 

6.' Contr ols for starting, stoppillg, ancl stcpping proccssor opcration. 
(a) The ST ART (RUN)/STOP S\\ itch starts the program with the 

current register contents 
(b) SI:\GLE INSTRUCTION :::".; SINGLE CYCLE snitchcs for 

"stepping" the program one uL.;truction or one processor cycle ata 
time; the-y are used for troublcshooting hardware or programs. 

Additional controls and indicators may be provided. Some minicomputers 
ha ve a RE.AD IN snitch for starting a papCr-tape reader or even for automatic 
loading (Sec. 3-4). Sen ses" itches on thc front panel m ay permit the operator 
to modify a program while it is running (Sec. 5-8; in other machines, 
sen se lines are available only in peripheral deviccs ). As furthcr aids in 
troubleshooting, thcre may be indicators for the current processor status, e.g., 
INSTRUCTION FETCH, EXECUTE, INPUT/OUTPUT, INTERRUPT, 

etc. 

Sorne minicomputers ha\c a front-panel CLEAR s11itch, wh1ch clears a selectcd processo1 
registcr or reg1sters and \\ hJCh m ay al so send a clear pulse to the computer penpheral devires 
for cleanng appropnate flags and;or registers. 

Sorne machmes (PDP-15) ha\e an 1/0 mstructwn to read their front-panel switch reg1ster 
dunng co:npulatiOn 

The operator's control panel is used mainly for starting programs and for 
troubleshooting through examination of rcgister contents and stepwise 
program execution. Origin:.1l-equipment manufacturcrs (OEMs) using 
minicornputers with little reprvgrammmg may wish to purchase machines 
without elaborate control panels; service technicians can then cany plug-in 
control panels for start-up and diagnostic work. 

3-2. Typical Com:ol-pancl Opcrations. Please be sure to note that 
specific front-panel controls and thcir operation will vary somewhat for 
different computers---you must consult the operator's manual for your 
own m achine. Thc following operations are typical: 

l. W1th the computcr halted by the START/STOP switch, wecan examine 
and change the contents of register~ and memory locations. To 
examine a nwmory location, we set its addrcss into thc switch registet 
and prcss the LOAD ADDRESS switch. The EXAMINE switch 
v. ill now b¡¡ng the contcnts of thc adclJ esscd location 111to thc mcmoty 
data rcgister for dJc.;play. 

2. Tu Io~cl a mcmor) loeation ml:Imr-!ly, we sct its address into thc S'Vitch 
rcgistcr and prcss LOAD ADDRESS. Thcn \\C sct thc dcsircd binary 
nurnb-::r into thc >Witch rq~ister at1d prcss DEPOSlT. 

3. It will be u5eful to examine or load succc.1sive nwmmy Jocations. For 

o o 
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th1s pu!i:JOSC, \\e rnust in,:rt:rrl::;-;t t1·~r; n1enjory addr.~-.,~ r"~!l')_:__., b~t~,~,~cn 

succcsSJ\2 EX·\\11)\iE or DE?OSIT o~.:;,,,::c•r,s f),;· ·, -.nt r.L:.'
computers do this m dif..e-r~;l~ "' 2:- s e g., 
(a) .ín thc PDP-8I, Lü-\D A.DDRE~S scts th': ;·d,lr·~·.·, ¡n:o th 

program counter as \\el! 2.~ in the mcmory addr-::so; r;:_;::,··'·-·. 
Program counter and meGO:-) address are increnlfntcd aft'-' ~;, _, .· 
EXAMINE or DEPOSIT op;;ratiOn 

A ,, ,. . 
/ 

(b) The more elaborate PDP-9 has special switchpositio11s (EXA;\,HNE 
NEXT, DEPOSIT NEXT) \\hich step the memory _addre~s bdorc 

fetchmg or depositing. 
(e) In the PDP-11, repea1ed operat1on ofthe EXAMINE or DEPOSlT 

switch steps the memory addrcss rcgister 

3-3. Tllc Con so le TypelHiter. :\1 ost minicomputers are furnished \\ ith an 
ASR-33, ASR-35, KSR-33, or KSR-35 printcrjkc) bo:ud (telet) penriter) 
manufacturcd by the Teletype® Corporation (Fig. 3-2). 1 \V¡th the OfF/ 
UNE/LOCAL S\\itch in the LOCA.L positton, thc tclctypc'\\rite; ,.; f.¡s

cot,nectcd from the comp<ltcr and acts hke a typewr ItCI '' 1th th-:- spec:al 
character set sh0\\!1 in f¡g 3-2h. In the LINE postllon. the kc~h('~11d 

1 A<.,R stand' for Autom.ttic Sc11c1 Re:~'" ''~:le !-.SR st.ullh ror ¡..,c~ho 'Id S.:nJ R~c,'!\C 
ASl:-37 has bolh upp~rca-;e artj lo"~r.:,''-.! e:-; lr.h:tcrs and pcrn11ts 15 ch,tr.tctcl ;.c.: op,:¡,tt.on-;_ 
but 11 IS substJnt1ally more C"l.pcnSJ\ e 

o 
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t ig. 1-:!h. ASR<.\3 teki~ ;->CI\ ntc1 l. e) bo.1rd ;o.; o te thc foilo11 mg· 

RE'll'R:\ rcturn' pnntcr to st.lrt oi.:urrent In'~ 
LI'.E FEED ,•ul Jll.:<'' pnntcr onc lm.: (1\!tlll'L: ·~turn unkss R:::ll'RN JS ;•!so á.~prcs,ed¡ 
FOR\1 FEED ..I•J • .::lees pnnter to th~ top of ,1 J:ól\ pJgc (11 Jthout return) 

l h.:- nc•rrll'nciatu~c ,_lfl lh.: e\.tra kc~s IS nncndi!d for cotnmurucat:on" app!Jcauons. not for 
computong bm the c\rrz, 1-.e~s 3rc useful 

transmits 8-b~t ASCII character scquences (T~ble A-9) to the computer, and 
thc printcr c~n J.ccqJt élnd output ASCII characters.~ These machines 
can print up t0 10 charactcrs/sec. The:y pwduce on!y capital lettcrs but 
do L:1"<'e tv.o sh1L kcys (SHIFT anJ CTRL), wh;ch produce spccwl ::haíactcrs 
or control fl'fíCti·)J¡~ 1.\hen d.-r~r.:>sed stmuit::meo':.l<>ly w;th ot!lcr keys (see 
al~o F1g 3-2!7) Somo;: of these spcc1Jl fuuctions will depc>¡,d on spec:fic 
computcr progran:s: conventionaí inlerpretat!On:> are Iistcd m Tablc A-7. 

Th.:: ,\SR models haH: a slow (10 character/scc) paper-tf;pe punch and 
readt>r; m th~ LOCAL r:1cdc, we can f:L.l11Ch che tape í'rom the kcybo;nd or 
gct priní.e0.. ovtput t}nough the papcr-tape t.:adcr. In tite UNE modc, we 
can rcad r·ap~: t:.1pc- m!o the computer or lct tf:e co:npt.tc:r puncb papcr 
ta~JC'>. Pwgram prcpara<:on w1th thc conso:;:> typc'>vrlt··r will be further 
d!scusscd :n S.::: :J- [ 6. 

ASR-33 and h:SR-33 are dc<;igncd "fcr intermittent light duty,'' and this 
mc.ans er.ét< tly wh:t ,¡ says Tcle:y pewriters •vil! not !ast long ¡f you use 
thcm 2'> l:nC' p1 •ntt::-:; Í:.Jr ion;s hstings. E ven th:: ''rontinuou<;-dc.ty" ASR-35 
a11d thc K'J!Z-3-5 té:,lypc·.vnters ;¡r·~ really ricsi~n.:ú for use Íí' c-vmmunicatJ•)iJS 
of!iccs, \t hect they Jrc rcbuJil on a r~gnlar schedule. Altogcther, telc
ty¡;r;·,\ntcrs art thc mo<t frccp:,:Ll! soltrcc of mi;,¡computcr lroublcs, and 
r'.'p:rs are.: not c;~ .. df'. To S8\2 )OUr tdcp1in~cr. we sugg::-st substitution 
ol 't c,tthodc-ra)-luhc/kc:¡ boa•d tCfíolll!al for CO\l'.'Cr:,at.i,)n:d input;'outp11t. 
~}·,\ ; , -:!!''-' fnloCh ~.,·,ter átld more pk.L-.~Inl to opcratc ~J,c th.:- ptPltl?r 
Ol>!y v.hcn yov r<:,~lly nccd bdfd copy, and kccp thc pnntcr motor turned oiT 
a> nn.Jch as pü~',J\A; lf you rcqt¡lJ•: much h:1Id-cnpy output, gc< a Si11é1li 

!ir,,; 1,r,¡:kr Th.; L)igtt::l [c¡UJprnc;¡~ Corpor.tl!On DíCwritcr (Ftg. 3-3), 
v .. ],J,_ÍJ co:;'" <• bcn.l <!~ m u eh as a r~ S!~ -35 <· nd is fas tu· ami al so mcchamcally 

() 
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simplcr, is anoth..::r uscful a!tcmai:H·. An Jl3~1 Selcctiic typc":J rkr v.¡;h "n 
adaptcr ba~e plate for compu:er control i5 anothcr pos<;ibll•ly 

3-4.. loc-H~ing ~l"id J<.urH~:n~ Simp!e Pror:rnrn'} ni::t r•apcr Tapf\ (a) '\7-;,n._l~.l 

Lo2dL·.g. An e~,ecctt..i.L p:o;zrar!l (\\ h:c!: mayor ma) nol h::vc scnr:c d<·t:: 
attachcd to it) is, as v. e iu \e sccn, a ~-:-qct',¡cc of mul:ib:t comru rcr \'. Oi ll; 

W-: rnJg!lt h;:ne such a ?ro~:ur:l in b::ldry fc:1~1 (or in the mor·~ co'l·-'~1·,-:r ~ 
octal form, Scc. 1-.fb) on a sheet of papcr; ·.H~ nm.'>< cntcr the prog1am Y>o;-J-:; 
into n:;pro¡-¡riate (ususl!y cor;sp;::ulhe) me:nory l::!r?..tions in tbc comp:rt;:r. A 
simplc-minded,\~a) to load tíze progrmtl is to u~e the front-pancl co:Jtro's. 

1. Sclcc< a memory location for thc first pro~rar<1 \\Ord (which could b,.:: <:n 
instructíon or a data \\Ord) v1a thc switch reg1stcr <i!ld thc LO/.D 
ADDRESS s.•.itch, 

2. Load süccessiH! pí06rJ.rn \\Ores into cons~cutive mcmory !ocations 
with the aid of the S\\ itch reg¡ster and the DEPOSIT S\.vttch, as shm\ n 
in Sec. 3-2. 

3. Set the actual starting address (address of the first instruction) mto th: 
program count~;r via :,\\Ítch regist(f and sele-ctor or DEPOSIT-switch 

The program is !10\v r::ady to run if ',\e press tl~e RUN switch As lhc 
progr a m rum, 1t '' ill Oll!put dota vi a thc teietype\\ riter, paper-tapc puPch, 
or other pcripherals_ Tk program may dlso read i•zput data (or add!t•C1~J 
input d<:1 ta) fro;n the t·~let) pe .. , nter, PJ.i>,·r-tu.p<' rcade1, mcdsuring m:;trume,:~:., 
etc. \ 

{t) P:>per-t2pe S} 'item ;'E;,,j Eou:·.:<ap Lond!Crs. Practica] progr arr.:; c,:n 
ha ve hu:1dreds o:· t!-:ou;;ai'ds ofv .. or,~s ;'-.fanuallo;Jding Í8 c!car!y Im¡)W\"~ic,¡) 
and programs are prepared (anci SlC'rd for repcated me) on a com¡l:Jfc.

read~b!f stnr;':..;c r!>dÍ.'n, usu:~Jly ~:v~ched cards, ptEKhed paper tap..-:, or 
magnetic U[J"'· Tht>S::: ír,cdia a¡¿ .:-o;n¡_nrecl in Table 3-3. :rv~ost min!
compmcrs dr~ av?. ili'l ble \\ ith parer 1J pe bcc:m~e this requ1res miuÍJi1d1 

L _____ ,..J 

fil:. 3-~ 111~ 52 5UO !.\t1.:- LA~n ['f~C·. r¡·: ~- "',,._':' •c\..::n ~nkn~.J'·-Ldr¡\.,:11 l't1,1t111~- \\l .... ,· 

r~~r·n dlf1t..":tcnt d1~\f.lCt~o.l ;;;:t-- f::._•r¡ ·' C\C ~n ':.. "' .... 1..._'t nlcllfl'\. 1 hcrc ~'rL r~,.·l.lll\~::. k\l :' l ~ ' ' 
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Fig. 3-4. MedJUm·sp.:ed reader/punch for fanfold paper tape Read at 300 charactersis.c, 
punch at 50 characters/sec (D1gllal Eq111pmenr Corpo•at•on) 

peripheral equipment. The ASR-33 and ASR-35 teletypewriters, for 
instance, have built-in 10 characterjsec tape punches and readers. These 
will do for loading (binary) program tapes and for infrequent problem 
preparation in applicatJOns requinng few such operations (e.g., special
purpose-system start-up, interpreter systems). For faster work, one usually 
buys a 300 characterfsec reader anda 50 character/sec punch (F1g. 3-4), both 
for fwzfold paper tape, wlllch does not require rewmding (see also Table 
3-3 and Sec. 3-9) Faster reel-type readers serve in special applicatJOns with 
long program or data tapes. 

The operations nceded to load words from paper tape into the computer 
memory will thcmselves constitute a computer program (paper-tape loader). 

l:ig 3-Sa. l:'dpcr t~p<: ,,·ith ught·dlJirncl A <;CH codc 1 h¡, fot mar" cu•.i:PC!Il::. 'Tllplo)ed for 
'iOitrc e-p:o9tam L:p~~ B 1tW'} obp:ct p; oyrumc; are runchcd !n J¡flcn.::-:~r fcn m<!ts dcp:?ndmg 011 

the m¡mcornvu!u W•JrJ kn¿ch 12·hit V.OIU'>, for I!.St.l!lLc Cdfl bt: c:.,d-:.J ;rcu 1110 pJper-~"'t)~ 
frMnc> wnh dldirnd 8 bLtnk, 1•,hrle cJ¡anncl 7 I'ld:catc'> whcthc1 tbc 1' o·J 1> me,;¡,¡ tu b. d 
ruunory won! 01 ih a•ldrc<·l 1 he r~O>I cconomJct! obj-:CI·tctp·; co·Jc> e J, _ JP o ni~ thc '>ldf\J"J¿ 

3ddrv.,'-..C~ for TI...COrdtd hJoc 1 ~ of \.:'Uil'lCllit'\'C !lll!frlOf)' V.Oid.:.;, 1.d11/~ otl¡r~r-:: '"'lL n,_{\: v.ord~ anJ 
thctr ~tur.1gc .JUdJc>'C'> (}folle)'''[/ (r,u,¡nu,r Conttu! Di!'""'') 
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Th!'. iS usua.!l:' su;))l!ied on a sho;·t paper t<~pc: Tl-:e Jo2.dcr \\dl ¡ .;drl a~,.J io;~c: 

1ts o •. , n t;:¡:,;; as soon as thc fir st k\Y m::>truct¡o¡;:, a¡ e 111 memo¡) ;¡¡ ·d ¡ s t!- é:' c;

fore calkd abo )i~trnr !o,tde.-. The il1ll!alloadiDg insí.ructJcr.~ ca;, be: ]c;élri..:d 

m:-.m;< ... : son1:: compu!crs protcct thcrn from O\Cl"\HJlm::_; \'.:li• '' s;;._,_,tl 
front-p¿n.:l s,,itch. \Ve 5Ct the program couiltcr to tllc fir<,t le:: :,,lz
ÍPstmction add~e~s (muatiy printcd on tbc loaclo:r tape) and prc~s P L/· í) E< 
(o. RU>., depcndmg o;:¡ thc corrputer) to load thc lo:cdtr. k:·¿, cksuz:bl;; 
opt!OP, so;ne m!nJCornputc:s have the entir:;; paper-tape-loada pw~:r,1rr1 

perm,l;:cntly in read-only memory. 

s.,.,,,, 
C~rt:'era 
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IICCIIH<HC~ l¡l,HHIIIICH 111~ .. 6 l CIICIIIHI 1 01 ~~ ~HIC!I;I j 

111111\llll,•ti!¡lllllllll!lll III!Jjilll!l lllllllliii¡L 1)l ls¡<;\111 

1

1 

lllllllillll!l..ll 1111111111611 l llllió 5111~ 11111!1111 ¡,! i ~ ¡,1;;¡¡¡~ 
lllllllllllllll~1ll1lll7Jlllllll~ 117111 lll!Jl 1 !llllll111 11 ¡ljjllll711Jl 

llllllllllllllti)I'IIIIIIIIIIIIIU IIIIHI~ lllll!~l1111111111 ul l~l[CIIIIIIII 
1 i !! 1111 1! 1111 1 1 1 t llll 1 1 !11!111 ; 11, !! 1 1 l l 1 l ¡J l 11111 1 t!! ! 1 ! 9 !9 11 1 1 11 !9 1 1 1 l ' 1 ! 1 1 1 3 1 
1 1 1 o t 1 11 1., '- .J• "! 11 oJ~., 'f 1111' ,.,"t1111l1lolrl1l/l! loiJI!lttl!• ''' toU•fii•HtW!rl 1 lltlH\I'WUMI•I'III<Ili>I'IIU 1, • 11,, 1 "r q 

f1g. 3-Sb. lnt~r.lat;on.ll Bus.n~" :-.1achmes C01pora.tion SO-column punchcd·clld codc 

Once the loader is in mcmory, wc can load any p1ogram or data tape 
directly bchind the loader program: 

1. Place the tape in the reader (consult your manual). 
2. Sct the progrdm countcr to the first loading-instruction addrC'ss 
3. Prcss READ IN, or RUN (consult your manu:ll) 

An executable program thus loaded can now be started as soon as \\C set 
the pwgram counter to the appropriate starting addrl'SS. Sorne progwn;s 
mcludc a jump to the startmg address as the last instruction loaclc·d, so \\C 

can sirnply press RUN and go. 

\íi"-.'ICO:\JPFfATION: SOURCE-PROGH A.M 
Tfi.A:\SL-\ TJO:\ 

3-5. Prugrarn•ning and P1ogram Tnmsbtion. In Sec 3-11, \\(' cl1d no! 

c':s:c:~s prc¡)::,ration of nC\\ programs hut only th~ Jo[id':J~ and 1 Llt!l1P1,0 l'f 

o 
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executablc machine-b:1g12a~.:: program~. Ir:deed, with many spaia!-purposc 
compu:cr .)_! Sl<'IHS 11.: ¡;:a_¡ n<·· cr ha u! ro prepare a program, for th,~ systcm m ay 
come\\ tth ··canncd'" programs on tape;;, kindly fum:shed b) thc computer 
ma;wfz...:it!rcr or by a softi\Ue housc, for a variety of jobs. Al! \';C do is 
supply the d.'l.ta i11puts, lc;od. and rtFl 

Leso; spcctaltzcd ap~'hc::ttions require us to create our own prograrns. 1t 
~~ould be a cruel job to \\ nte programs in binary or cven octal machine 
language, so \\e type andior puPch a sourcc program in a programming 

-!:-.ng[Jage admitting a restrtcted sct of st:hzed Enghsh and mathcmatical 
statcn1ents. A tr;mslator progrnr,~ then employs thc computcr itself to 
read the source-progr a;11 ch;1 racter code and to translate our sourcc
program statements into machine-Ianguage instructions and data words 
of al} e:o..ecutable object program. 

Translators \\ill be rather formidat.:~ ~ystcm programs supphed (one 
hopes) by thc computcr manufacturer. There are three types of translators: 

1. An ass{'m!:ller translates an assembly langltage, most ofv,hose staternents 
correspond to rr,achine-language instructions on a one-to-onc basis 
(e.g., LOAD ACCUMULA TOR W!TH CCNT!:NTS OF MEMORY LOCATION 

A, or LAC AJ. 

2. A compiler transla~e~ a compiler !anguage, which ts éloser to Engltsh
cum-mathcmatics and can include st;i.temcn:s (e.g., formulas) which 
wdl t'J.:h be translatc-d into mnny machme-language mstructwns (e.g., 
FORTRAN, ALGOL, Sec. 3-7). 

Each nev.. computer t;. :!)e nceds a ncw e,s:::cmbly languagc, and rclatively 
sir:1plc r,1athcmatical and input¡'oufput operations can requtre substantial 
mn11h~rs cf assembl;-languag:e imtr~•ctioas. But asscmbly-bnguagc pro
gr:;-r¡ming ~Chap. 4) can take the most efhcicnt achantage of mlnicomputer 
hu,~ n-are io sa~e memo:: ::;.nu time d~1rL'lg exccu!ion. By- contrast, some 
mí rw:orr. puter com p: krs gene r:; te slov. -ex ce u li ng e o de beca use both com ptlu 

and obJCCt p;ograms are comrwmised by the small arnou~t of mcmory 
availablc. 

Afteí an ass.embler or compiler is loaded. w::; load the source progr am 
(F,g 3-6). 1 he machm.: then pmduce~ ::it~1cr thc objcct píügrarn (say on 
pJ¡1cr lar.:) in •on-~ :po.ss, or tbc samc or an intcrm~dr"k t<~pc · is proccsscd 
in a s:::conc1 pass (tv.o-pass a-;sembl~r or compile:}. A third pass can product.: 
a telctyv.:vmtcr lis~inp, oi 1Y:Jth source prugram and machtnc codc 

H wc n::::ve macle a n~;~t::~ e: m OL'r sourc..:-Lmguagc synl<L\. excccdcd thc 
av~;!abJe rncrnOíJ stcr;::.g::.:. uscd toe l3rgc niJn1ber5> etc., th~ tia!,sl~tlúr 

pru!'-rclfn v-.tll nottfy u~ of th:s fact by ~L'pping and pnnting an appropriatc 
uror mc<;'><lge 011 tlts telet)[JC\'.fÍter At this pomt, wc will havc tl;e 
plc..,·ourc of doin:; t!oc: job ü\~r. If :k ¡;rogr~m works corrcctly, howcvcr, 
we wíll ha-:c a <,tor;,!;k "bin:!r) '' oiJjr~: ta¡:e, which can be uscd ag,¡in and 
ar,arn WJth new data, \\Jthout any nccd for transl.ttlon 

o 
7.~ 3-5 

Pt.~ncJnqc, JntenP-:!dJ<'!tc p::!;--c.r t:qJ2_~ c-onst.¡;•c" t1mc (,~Oí~ t1;11.:: th.1n tape rc;:~!~Jt~ .," h Jr~O'/ 
Ltpt. n .. u.kr/punt.h,:-s] for th1s rczsnn · 

Al! modcrn two-pass asse1•:blen are designcJ to ~t·a:l the Oflf',1'1,•1 suurc.: t~rc a ;:~cn.Jc! 
tirne after thc first p:1-,s, \.1 •,1hollt any nccd for an 1nlcrn1cd12.t;:; t~'PC 

Some n11niCOmputC~5 (e:: R··~thc:n 700 SCr12'>) h:!\C a ··conv,•r<;.f!IUPé•l ro:·¡-,.:-.· 
co;npJicr \\ h1~h Ccl' ::o.npJ!L lsc'fTI2•'h lt rc,tncted) FORTR .v.; directly 1~to th~ .; e ·-.u':'. 
objc·ct-t,tpe pu'lchn'; i> opt.on,d 

A r.urnbcr of tn!nlCünlj)Uter Pl~'nlllücturer:; al so furni-ih Jssemblers ~1nd,'or (OrPp.lcr-, 1.' h, ... h 
can be rt.n 0'1 a !Mge barch-proccs,Jrog Cig1tal comp:Jter Thc rcsultín~ mmrcorr,j'):J!cí o::,Jc.:' 
progr.!ms wrll st!ll be on paper tJpc, or pos,Ibly on cards 

Dato \fro"' 
poper tape, -, 
keyboard,or =:-y 
mstrumen+s) 

Source progca m 
(source tope) 

Pesults 

¿:-"" 

{ond /or control 0vt pu >s) 

Assemble• 
<~---- or co;r;::..•e; 

tsysterr. orog .. Gm 
on po~er to;,e) 

L1brory ar>d accesso#y 
~ programs (d ar.y) 

Ltnlunc !oc('er 
~- Cf ~~ee-::ec t: 

com~1ne ~rogrcms, 

Assemh!crs and cc,mpdcrs genera te complete obJCCt progt <' ms · for 
execution. Our tlmd translat10n schcrnc \>;orks diffcrcntly· 

3 An intcipretc¡ transbtes onc source-l~nguage statcmcnt at ~ t:Ph.', 
exccutc~ tite rcsulting machtne instr uction or instntctior.s at on,:c, 
t:·an•;Jatcs tltc nc.\t statCi'1cnt, etc. 
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Interpretcr translat10n is incffic¡ent for "production piOgr<~ms" \'<hich are 
to b~ e\ecuted man~ tllnes, smc~ cach cx·~cution \\Íll be slowcd by translat1on. 
Th1s !S not objectionahle in on-linc com crs::ltional computiug, where intcr
prcter systems translate compilcr-typc sourcc languages hke BASIC o.nd 
FOCAL (Secs. 3-8 and 7-3) Interprcters can also implement stcp-by-step 
emulation of computer instructions by the instruction set of a ddferent 
computer. 

3-6. L{)ading and Cornbining (Linking) Binary Object Programs. An 
independent binary object program loaded mto core With our paper-tape 
loader should be ready to execute. Data for such a program may have been 
loaded together \\ ith the program, or the program contains instructions to 
get it5 data from peripheral devices, e.g , from typed input, from another 
paper tape placed in the paper-tape reader, or from instruments such as 
ana!og-to-cllg:ital converters. Program output will be obtained on the 
te!epnnter, display, tape punch, etc, as specified by the program itself. 
Very often, though, 11'<' s!wuid like to conzbme a binar y object pro(JI am with 
other suc/z progwms. These may be user programs, perhaps modules of a 
larger program, or library subroutinrs supplied by the computer -manu
facturer (e.g., ftoating-po;nt arithmctic routines, sinejcosine generators, 
input/output routint's). With a paper-tape operating system, all thesc 
programs and subroutme hbranes \Vlll be on various pieces of paper tape, 
v.e \\ ould bke to load them for combmed execut10n Th1s wdl practically 
always 1mpo~e two requirements: 

1_ We must rclocate binary prog[ams so that they can be loaded into 
successive core-mcrnory arcas. This will mean clzanging botlz instnlc
tion addresses and mem01 J -rejc1 ene e addrcs::,es. 

2. S m ce the com bined prog1 ams wdl refer to one another (by supplying 
data and/or through JUrnp instructJOns), we must find all such cxtcrnal 
rcfcrcnc.cs and provide thcm with thc correct mcmory addresses. 

To satisfy the first requiré'ment, the object programs to be relocated must ha ve 
becn p1 epa! ed by an assem bici or compiler wh1ch genera tes rclocatablc codc. 
1 hat J'>. all mcmory refe1 en ce<. to addres\es nccd ing relocatJon are e¡thci 
spcc.iaily mc1rkcd --say w1th an e·dra \\ ord-or they are rclati\ e to the curren! 
prograrn-countcr rcadmg. see abo Scc. 4-tg. To sati~fy thc sccond 
req UJ n:JrH:nt, ea eh prognjm sq~mc"~t must Jist al! it<> externa! refc¡ en ces 
acconlt'l<J, to a ~p(;dfi<·d c .... ·, .:nfiJ.:. 

To co:Hb r.c pmgram ~'--gllV'nts s~:t¡sfyit:; th·:~c rcc¡t:Ircm-::nts, ·,ve firsl load 
a nc:v. sy,!l:rr. progrdm Ci:Jilcu a lir.l.ii!E loadcl anct thcn tl:c various obJCCl 
tapes. ·.~ 11:.: linhi:1¿ !d<!(lc¡ ;;i!l n:)tc tL:: hr:z1 ~dt1 r~;s of cach pro~1 .•m segmcll1, 
rdoc.ttc the '>UCLt\ din¡, l" !Jt;l .!:;,, H;:1 :;l ¡1¡:ly thc rwcc:;.<;:1ry lin!;ar,(; refe;-c¡¡ccs. 
Thr~ COJllbliJCd pro¡;ram v.lll be kft 111 corc rcady for cxt:cut¡on. Opllüll'>, 

o o 
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u~ual!y selcctd by front-panci re::;is:cr or ser:~, e o.'.\ JlcL _ '· .,., ", 1 u .. , -.:: 
cornbJncd pro.;ran1 as soon as it 1s luadcU (''Jo¿_;_:J 2.---d ~"¡)~') <J.i"Jd 'r_,J ;''!r::_lj ~J 

bmary tr.pc for thc comb•ned obj.::,i progJc:nL Th.:: Lnkl'l~ ]CJd~Lr \'.Ji! al~0 
typc: Ot!t C/10( lti!?S\,':!]:.:5 lf ;t is í-fC\CDtCC from Joir•g ¡[:,JOb):,_, LLóC:i C!l')lS 

such as fau!ty or m:ssin6 -:,\cc:rnal :efcrcnces; consult your m·nl<:LH:•¡;ut·.:.r 
m~nual 

3-7. fO:::TE.\:\ Co:nput:(tbn:-:. :.md Rdated Topks. Many en¿¡nccrc, and 
ScJentJsts 1Nill be farru!1ar v.tth f"ORTl-ZAN programmmg (or, cspccíall; 1f 
thcy l1vc in Europe, \\ilh ALGOiJ, mlilicomputé'I operation \;,llJ be qlutc: 

similar). The princ1pal featurc~ of the FORTRAN langudge are oullmr:J 
in Table 3-1. Note th:1t minicomputer compi!ers may implcmcnt only a 
subset Oí rcstncted version of the FORTRAN language a,aJlable with 
largcr machmes; consult )Our minkomputer manual. But many mmt
computers have remarbbly comp:ehen~¡ve \CTSIODS of FORTRAN 
Minicomputer FORTRAN compders are usually designed to mmim:zc thr~ 
core storage required for thc comp!ler and for the compiltd pfOfram ar 
sorne expense in execution speed. 

Normally, you w!ll need a linking loader (Sec. 3-6) to load a comí;Ílé'd 
FORTRAN progr~m1 or program se:sments with the com11uter manu
facturcr's "math hbrary" offloatmg-point-arithmctlc and function-g;:n"Lttül 
routines; the !inking loc:der \\i!lload only those routines actuuily calk,, l-:, 
your prograr:r. I,'O rouunes are usLnll~ .::up~~llc'd by the corn:,!kr or h) thc 
complicr togcther w1th an executive program (Sec. 3-13¡_ 

Other cornpiler languages avai!able with minicon:puters (ALGOL, 
subsets of COBOL) <He óealt with qmte snmlarly. 

3-8. Comersational Computing y,ith Interpreter Pro~mms. ConY~rs;,_tis:1-:1! 
intcrprcter S)Stems (Sec. 3-5) art> especially casy to i!'>< wHh paper-1r;pe-!u::·1ed 
minicomputrrs: ÜPJy the interprder t:1pe mu~t be londed, for t'w p; :._•:;r.- ;;: 
it'>clf will be supplicd by thc u ser on the ielet) pe\\ riter or on a cathock r ay-! u!.Je/ 
kryl;oard krminal. 

The most popular conversational-int~preter Janguage is BASIC, \\h1ch ;~ 

widely used m time-sharing systems. BASIC interpreters are avadabk for 
many minicomputers. Thc Digital Equipment Corpor ation has devé'lopcd 
anothcr rather ~nnrla1 system called FOCAL (bm DEC machines all come 
with BASIC intcrpretcts as well). Both BASIC and FOCAL can be 
lcarned rap1dly; both allO\\ yo u to cmploy a minicomputer as a\ ery \ e1 s:lt;!e 
de~!·: c<~lculator and for real storc,i-program computat10n \\ 1tl1 !no¡~~. 

subro•ttPlcs, etc. Such mterpreteis perrmt ftoating-pomt comput;•~ro:' but 
U\U<lily only 1\lth SJ\-decímctl-digit p•ccision (this is: les~ th:'tl tlwt ,\ud:•blc 
fwm most desk calcl1lators) BASIC and FOCAL mtcrpJctcr' st·,-·¡d~ 
thc1r own uul:ty routmes (e.g., for tngonom~tnc functJO:~>) B/\SlC 
u¡, 1¡t,c rORTRAN, perm1ts o¡;erations \\Ith matricc'>. BoLIJ J)_.\SJC .1ncl 

o 



o 
76 

T-\Bl ¡- .'-L \l•ni-:n.n¡;~· '' F(;;:TR-\'\ Chcch List. 

In fORTR-\1\. 

Spl'ntic.ttion st.ikmcnrs d. fl· ~ ~:·e: pro¡Jt'r!Ics (~(. and r::iloca:e )/Oragc to. n3mrd l:tri.1hlcs, 
functioll', .1nd arr:J.) ~. 

... Arnlamct!\· st:J.tem~:nts C('fi :_~ cor.,~·uttnJ op.:rations \\hKh ass1gn th~ v,d!lt.' of ~n ~\p!cs:-,Ion 
tC\ a \Llrt~!0k. ~ g. 

V,l,i'I~B-01 

'¡· 3 Control S!Jtemrnt; deterrn.ne tk >tqt;~n::~ of cp.:rat!Oll' in a r~ogram,* e g' 

1 
GO TO l7 

1 

1 
1 

4 lnput;'ou>;¡ut stJtc;cents sp~if: mpc1t output o;:¡er"ttons. 

FORTRA~ 1S 'pNtJbk'·. 1 e .. tte .angud:..: ts toa brg.: e-;tt:r.t mjepcndcPt ofthe proce,sor 
ancl cnmpiler us~d :\!ost IC1ill!COn· pul~· FORTRAN s:,skms are subscts of USAS! FORTRAN 
lV But di!Terent lT'tntcornpc!rcr; (~·.él e, en the samc nnm.:ompuler> \Hth dtficrent amounts of 
core) impkrpen: more or !ess cor:1p'c:e FORTRAN S}Ster¡,s It .,.,.¡¡ be nc.;c,,ary lo check 
p-e..;tt;d) OP : our part.cuLu m,niCOJ1lpdi.er· 

l Are lo;;ic:ti :lr.d,'or co'l'rle-.. 1: pe c;uanltttes ddmisstb!cry 
2 Rrpreo;~nt~tiort rJ Real Consunts: HO\\ many cligtts are a.:commodatcd~ Are all posstb!e 

forma ts, for cxample, 
SE-02 O 05 

O SE-01 

5 OE-02 

O SE-1 

admtsstblc" The sar1e quc5ttons should oc anS\\Crcd for dou!Jle-prcc;'iion quJnttttes 
3 lagicc·J ~<:::stan~> ar~ .TRwE <>nd .F,\LS!:: If no log,c-al vanablc~ and operaliOns are 

uva!!abl~ .. \o~~ cJn std1 e-:'p 1 o~ tL-:: ani:hrr,ettc IF statr:~~~,~nt 
4 Check on specific:.:tion st~tement> for decl,mn.\, vanabks as real, log,cal, etc In general 

integer names begm "·:!1 !, J. K, L. M. ur N 

5. C!tccl; on lhe e\t<:nt lo" htch e\pr~sstor.s ~iln be u:.ed as suhscnpts for sut,.,cripted) nriabks. 
6 Rclatir,n:tl Opcr~torr,: .LT., .cE, .ea • ., .N<' ••• GT., .GE. Are all :tdnmstblc? Ar'" 

logic:~J c\.r~c~sioPs :d·n.tted.., 
7. Cncck on the ;n dtlabil~t: of e.!ch or the follo•., mg control statement>: 

(a) As,Ígr;d GO YO "'.SSIGN 18 TO K 
(,0 TO K (3 4 18 21) 

(h: Compuled GO TO 1 ~? 
GO TO (3. 18 21). 1 

Th~ exa •. 1pi:s m (a) ar.c tb¡ a•e .:qu:,aknt to the uncond•nomJI GO TO 18 

(e) Aritl'meti.: 1• IF (dl'lhm~t¡c npre>s,nn) ,,,, n1 , n3 

Prcgra: "! gcc~ to s~ .. ·t...rr~e:~· nur..t'er n Ll n 2 or n 3 1ft~c spccifkd cxprr;s~10n 1;, respectxvcly, 
iess th2.n, equt1l to OI ~r-e~1.ter tha11 zcro 

(d) l.o::;icnl lf lf(lo~·ca' evp¡..-,;ton) (,•··tcrrt~:ll) 1 
·rh~ spcc•hu.l ~¡.,;em~r.¡ 1>l':d rnmt be c\ccutabk a-,d nc>lhcr a co nor a logtcaltF 
stakm:::nt, iS .::·~.._~u~.:d j; tf-~ lo~;c~ll C\J•fCS'-•on 1s t¡•;e, othcrv .. :~c, control tr.Jn:.fcrs lO thc 1 
fo!J•'J\\-:n~ staten.er,t Th" l0;a.:al C\Pl\:'S~IOE mtpJ,t b;:: :.t h.rrdv-. .. Hc scn~c l~nc or s~,¡tch ¡· 

out pul 
tF {SF..:.S~ !;,'w'.!ITC11 3J {)iatLtll\:111} 

(e} lJO ,, !~JOE.)f = rtl 1 , rr.z r·:; 

il ¡<, ~! ~t.:ttf!n1C:IÜ Pllrr(;r fl'¡ ard m2 are thr... dl:f,(l/ dnd jinuf ta/Lll.") of thc Integcr lrJJEX, 

1 DO n INDEX = tll¡. 111 2 j 
~ --~----------·-------- -·-------~----- -----~ ---------~-- ----

and .. ,,j h ~he tncr\ ¡--,
1 l' ro: 1'\DEJ( [f m3 ~ 1, ont.: ni,t) \vntc 
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lAr;: 1 J-1. \J¡,Jicü,HJ·: t r f OHTI~ \' (b._ ... ~;., L·-.~ !Cnrtlr, , __ ·,. 

r---lf) ~~~~-~~-;--:~~:--:~~:-En~·------------------------------·- ~~ 

R Lhc• ... .k on th:; ¡ntc•tir~ta·:on of ~EAD and V/RIT¿ ~tJ.l('~:-·t5 2.~.~.: d.-~·~·:::;-·~· ·'-• , r··- , 
COífl¡i~Jtfr pe l;J~.:ra! C-.0\\Í•:e'-J .-;1~1~ d:tT~r fru:-' :hos~ us~G. \ .ti-J b::cn-p¡()<.::.s:~~ r c.;~ 1'' ',',' J 

sy>ll'm> on iarf'~ dig.ul co-nput:'< 1 
9 Ch~t l. on lh·. Iibrdr.' st-hfu_i'lo'> ~~.J spccb_: functic.· < e\ a];.':;';: ,,:,h :oc~ F(J:( ~P.-\~ 

Sj'i'U1l ¡ 

lO C:ut fO!~TR-\'\ prczr.!m~ he iin~·cd lo as~cmbl~-!argu's · progr~c-,· (S;cs ~ 21) M J 5-2.-,¡" 1 
11 Can f-ORTRA\; u~ t·sed for m.:c:-r:..,¡Ji. s-:r\I~Jif; fS-2~-:. ~-lb a'"Fi ~-ló¡? ----____ ,.. ________ , ___ ~ ------------------~--------

FOCAL pcrmil _g1aphic output from cathodc-ray-tubc d1spla:-s a:1d ÜÍ3,ital 
piotters. Table 3-2 outlmes the mam featur.:s of the HASIC langua;;.c; 
rnany good texts on BASIC programming are a'-ailable (Rcfs. f; to 11). 

Sorne of the most useful minicomputer apphcations emp!oy BA SIC or 
FOCAL intcrprcterc, extend-ed to incorporate inputjoutput con.maílds for 
opcrating measuri'1f'. instruments, test-\ oltage sources, and process-contro! 
equ1pment (Secs 7-3 and 7-5). 

TAHLE 3-2. A Q-1ich R~ferrnce Guid~ to BAS!C. 

~blc ::-~ccp~~ed ;~~-¡;-¡~-=~(\\.!re ,;;_¡;, ,Jf the ~bd~'··P.lcLlrc Cccp;:;:,- ;,·~l 
~~~ 2(JíJfJB (tm1.:-~~h~1r~J¡ \.:' J!'....''": of 8-\~IC 1R~'"' 9 ~tnJ ¡,)1 1}--.-e CC'1l'""'l~t.. .. B-\SfC ..._, ~t-2 11 • . ~ 

dlu~.¡trutej hLr~ 1s mült' tl~Jn J. s'n1p!e ..1!gt'br.u~-Ir.lcrpretc:r !angt..ag~.tt p..;rn.!tS :1rrJ.~"~- a11¿ Pv:n"\ 1 
mdnipulatiOll, hm!tcd -;tnr,g na-upulat•on, SOP"le ed1t1r.?, í1:c m:tntpubt!O!,. ~:~...1 cl·~Hf1Jng 
(OH'rlays) of progrc•ll SC61llen:,. hé\\ldt-PackJrd BAS!C h:~s also becn e-..tcr,ded to op~í.!tc l 
\.\llh dnpfa) 5 and .·nstnanetrrs {Sec 7·3b) t...re\ ~rthdcss~ con1p~~td~ un~ra¡nej operz:t0rs C.tn 1 

use BAS!C as a \Cr) stmple "comersatwnJl cakul.1tor" by t)~:r1s stJtcrPcnts itke 

LET V1 -. 7 5 

LET B ~ Vl • 2 1 

as comnlélnd::t. 1 e. wul!out stalemenr '''ilr·bcrs. dnd to obLtln :.1+15~\.:rs by tj¡;in~ . .:-..!: 

Sam[>IC Sta:.:n'<nl 

!OP A~-R=C= O 

!lO ITT A=() 
l?OZ = X¡2 
!30 !.F:T C5 = (-\•Bl·~..;:: 
l -1\l ¡¡· T5/4 = 3 TH í: >. ~:JO 

1 SP l FT P = R 1 + tll 
160 X3 = R3 - r 

PRiNT S VI 

OPERATORS 

p,,, rose/.\! t'Ollll'!)' r\ re 
Assi~nrr.ci1t crt.-r.1tor: d3~. ,;ns a \~·h~~ to a 

van.1b1."'" 

P.L1} ~!so b:: u-=.:~~ \\lii10t·: 1 El 
Fxrc,:.:'rtdl:: \ ~:-. ;::- \:. • 
r .. íL lttr;: 
Dt\t-L 
Add 
St~tH' :··~t 

'-f·lr lhe numcnc \alucs u::.~d Ui Io~~c.tl e\~!ltution ~nc-. • trl2.:~· 
numbcr. "fal5e .. = G 

~r~ ¡ ... 'r,¡_,,,J 

l7P !! fl=[ Tl-11:.\' 6:10 f.,p,··.-s/{)11 "~qmls·· n:"¿_.s.m 
-------~-----~---~-------------~---~----------,...----~~-···- ~--- ~~ -- ---~-~ 



\li'.ICO '"'l : l 1: OP. ll U 10'. \ '.D ~0\IL l'P.O(.i~ \ \1\11',(, 78 

-~-- ... ---------------~-~-~-~--...--~----~· --~--~~. -· -------·--~~---1 E\,J•'J,ry!, P11• •"'"" 

1 ISOIF (D+EJ;=-(2•D) THEN 710 E.\['ICHJOn "does not equal'' n¡"r;11c>n 
• ISO IF (D+f)< >(2•D) THI:l\; 700 E\fJ/i'SStan "do-:s not cqual'' e.\f'ICS\10/l 

190 IF X> JO THEN 620 E>:p1 csswn "ts grc..ttcr thJn" C\f'ICHJon 

200 IF RS< P7 THE~ 6-iO E.\presston "ts lcssthan",e\p!e>Ston 
21 O 1 F RS > = P7 TH E 1\ 810 E.\f'' c5510n "ts grcater than or equal to" er:p• es-

SIOI!. 

220 IF- X2 <=JO THEI\; 650 
.230 IF G2 AND H5 THEN 900 

Expresswn "¡s lcss than or equal to" np1esswn 
Expresston 1 ANO cxp1 esswn 2 must both be 
"true" for compos1te to be "truc " 

240 IF G2 OR H5 THE~ 9!0 

250 IF :t\OT G5 THEN 950 

260 LET B = A2 :\IAX C3 
270 LET BI = A7 Mil' A9 

If etther n·p1 es<ton 1 OR e.\presswn 2 IS "true," 
compostte ~~ "true " 

Total express1on NOT G5 1s "true" \\hen e\{'res
swn G5 1S "false " 

Fvaluates for the larger of the two express1ons 
[\aluates for the smaller of thc two cxpress1ons 

STATEMENTS 

Programs com1st of numbered statements The statem~nts are ordered by number 

Example 

300 CHAl N PROG 
310 CH.\!N SLIBR 
320 CO;\! A,BI,C(20J CS(72) 

360DATA99,1067 ·'Hl'' 
310 DI~! A(72J 
400 END 

375 ENTER i' T 
380 ENTER A,B,C 
390 ENTER T,A,B,CS 

400 l·OR i = I TON S1 EP 3 
50() J"rXT J 

310 GO TO 900 
41:? GO TON or 100,10 20 

420 GOSUB SDO 

415 GOSLB N OF 100.10,20 

340 u· Jo. lf 1 O TfiE¡.., 3~0 

3\I)J INPUT XS,Y2,H·1 

3PP J.rT A~ B = C = O 
31PAI=G35 
36)) l<I.AD A B ( 
3 5\) P 1 l. D il '\,A 

Purpose 

GETs and RUNs the program spec1ficd The curren! 
program 1s destroycd, except for COMmon vana bies 

Declares vanablcs to be m COMmon, the} can then be 
acces-;cd by oth.:r programs \lust be Io .... est num-
bered st.Jtement; 

Spec1fks d.ttd, read from left to nght 
Defines max1rr>urn s:zc of a stnng or matnx 
Tcrmm.;tes the program, must be last statcmcnt m a 

prot;:ram 
Fills thc fir•;t vanable # T Y.Ith tf>c u ser tcrmmalnumber 
and;or allows thc u ser a ;pccifiecl numbcr of seconds to 
repl} (A). returns thc .tctual re>pon;c tune B, and rdurn, 
the value ente1cd C,CS On time out, thc response 
ttme IS sct to -256 On ¡Ilegal mput type, thc 
response lime IS ncg,Jtccl 

[xccutc-; thc statemcnt<; bct\\Ccn F-OR and NEXT a 
spcclllcd numbcr of t1mcs, mcrcm·,nt1ng the \,lflabl~ 
by a STEP number (or b~ 1 1f STU' 1~ not g1;en) 

Tramfcr'> control (Jumps) to spcclíicc! '>l.ttcmcnt number 
Tramfcr> control to the 1\'th st.:tcmcnt of thc st.ttcmcnts 

hsted afte: "OF" 
Beg1fl" cxccuung th~ subrou:lllc at spccificd statcrncnt 
(Sec RETURN) 

Bcgms cxccuung the subrouunc N of thc suhroutmcs 
llstcd aftc·r "Or •· (Scc R[TUR'\) 

t O¡:!•Cal lc>t, tr,ln,fcr~ cuntrvl to 't.>t~mu;l lll•lllhCI ¡f 
"truc " 

Atlow1 d,,ta to be entcr~d from tCJilllTi,d whdr a 
prog•.un 1S runnH"g 

A~11~n' a v.tluc toa l'anablc, J.LT ~> opt:on.tl 

Rcad> lllfOJ!It.I!IOJJ f1om DAT•\ -;t:Ttc•mnt 
S•.c "hk," 

~--------- ---- ------- -~ -- -~----- _..,. ~-- ------- . ---- -- .. J o 

í9 

l \Bl 1 3-2 \ QUilk Rclu,r,u \,¡:.rlc to B-\",!C :(, 

f \CIIll['fe 

320 Rl.·\1- -ANY Tf:\T'"!' 
35(, P!.l~ ¡· A,B,CS 

35.~ Pí~ 1 ~' r 
1'15 l'I(I\,T"-3 ,.\ 
Jr;O IU e;¡ CJRL 
3í>5 Rf STO!{[¡\' 
850 RE1 LRi': 

410S10P 

P,o; ''-

Ins;:!rt-., ·¡or:e\~CU~dble rc··~r_.: ~-..,. • ~ ;;>n ... · 
Pnnt'i :'-- Sí~~c¡ficd \2 1l1CS 5 f1.:i• .. :- ~- _; !·r- ., cr ' 
are;)~ .. ;.. ~:5 S~p:F .. .'tOf$, 12 \·d·.:.,¡ '.,(:f'!t 10:..C. U1l) ( ;- _ L ~- 1 

Causes th: t:ltpilr\rer toad· .. 1nc.:- on::: li:~c 

P;:tllH:s rcr~ad:ng data \\Ithout rerunn1ng tl1..: ;;l~~~ r,. 
Pe• o;¡~S '~ate! to be reread. beg,nn1'1g 'n st.Hc.-:12nt \ 
Su(,rvunnc e\lt tr,lll-;r~rs control to thc <;t.:•cm~nt 

folio\;, rn::; tP.:- mJtch1ng GOSL B 
Terr1!n:1~,cs the pro.;1 ar-1, ma~ be U\Cd an; 'A h~rr· •n 

pro,gram 

STRI:--JGS 

-\ st 1:n_s 1S 1 to T2 t~kprmt~r chdracters ene! o sed m quotes, 1t llhl) be ass1gnccl to a 
strmg 1dr•.1ble (an Ato Z Iencr follo"ed b: a S¡ 

2 Fach st11ng valtahle used In a pro~ram rtust be dm1.::nsioned (1\i!h a Dl\.1 'Jr C0\1 
statcr¡cnt) 1f 11 has,; l~ng•h of mor~ th.m on~ char..tcter Thc DI\! s~ts the ph) s•cal 
or rn.t\lmum l<~ngth of a stnnz 
5ubstrlllQS are rlescnbed b1 subscnpted stnng 1.1nabks For eumplc, 1f AS = 
"AHC úEf," tf>cn .\S (2.2) ~ B. andAS (1.-i) = "Al.ICD. 

4 ·¡he LE N fun~t1on 1ett:rn' the curren! stnng kngth, for ""'rnpk 100 PRIJ\'1 U~J\' 
(A 'S) ThTS lcngth 1s the log·c<~l length 

E,{lfll('ic 

!(; !>IM AS (211 

2P l Lr AS = "*'-1 EXT l" 

30 PR!NT L[N (BS¡ 
105 Ir AS=CS THEN GOO 
11(1 11 BS#XS THH.: 650 
1151F NS(2,2)>BS(3.3)THE!' 10 
12(1Jr NS<BSTIIC1\ 999 
125 11' PS (5,8)> =YS(4,7) THE!' !O 
110 IF XS < =ZS Tfi[N 999 

2(15 INPUT NS 

2Ip !'\PUl N<; XS.!S 

2t5 RL·\D !'S 

220 R1' •\!) ~, 5, A S.BS 
31¡1 PRINTi':?., A::..CS 

Purpnse 

Df;ci.Ircs the ma'\.Ht•'l•n ~tnng kngt'r 1 1~1 d~ 'f~·--

ter> 
Ass1gns thc ch3r,lcter stnng In quote> toa str·r:! 

\an.lble . 
GileS the curren! lel'!gth ef the sp~cifi"d ,•r•~<S 
Stnng operators Thc) ali0\1 comp.:mnrt of 

Slitn!2s. and S:..lbs~fln':!s. dnd ·trctn.,fct tu :1 
sp~ct,fled st~lteirtent Conlp~•nson ts P 1dLic I!l 

A5Cíl cod<:s, ch,ra:ter b) ch,¡rJct~r, Lfc to 

n~ht unt1! a diiTcrencc IS found lf thc 0 lflr1 0 ;; 

ar';.- of unequal kngth. the shortcr '11 .r12 1, 
cons1dered sm~11Ier 1f 1t I3 JdL.:nuc-1! !u di~ m:t 1 11 

substnng ofthc kw¡cer 
Accepts ;, many cit.trdcters ;:,s the str•n:,: e •·¡ 

hold (follo\\ecl b1 ,¡ rcrwn) Trc .:luract-.1, 
nccd not be tn quot:ltw,¡ m.11 ks 1f o ni) o 'C 

stnng IS mput 
lnpt.t' thc sp,'Cifi-:d str.ng'. 1r-put must b,: 111 

quotes. sep.lr,Jted b) corrrn,t'i 
Rc,ds :t stnng frc'nl :.> 0-\T,\ <L•!CIIlc'nt Sll\11>; 

Rc~td) qrlllb-'t fi0L'1 th-c src.:·:'t.:d file 
Pnms stn ng> on a fik 

FU!'CTtO:-.;s 

f lllh..ltons return ~ nutncnc f('.Uit th~..:. n1J) l'.:- t·-.·:d ,lSt C\i" .. ,,,: -..~ '~~;-- p 1ft' t"'' .:' 1,, 

~IOI•' PHINT 1> ll>~d for C\,olll;':cs t'nl~. other st.tt,mcB! t:¡'~' l•' !' l·~ ,,,,,. -. ·--------------------------.---------- -·. -------~- o 



o 
T \Bll .'-2 

f: \UII'.flft' Pt.r¡;v.)~' 

~00 DEf fl\ \\ '\: ~ ('.!<'.,, - r; \l!o,-.s tb~ ptl)~'r.-_r.¡·'J.:i to :::.::.::··-:fu~-· o¡-s ti-.:: fu. c
tlü'l ldb..:-1 \ IPU'l1 b_ a kt::::r ~ .. o-- .; :n Z 

~lO PlU'.1 .\BS (\J 
DI PRl'-.'T E '\P (XJ 

3-'0 PRl~,T ¡,,T(>..J 
_\.10 PRI~ f LOG (\¡ 

3'J PRI'H RP:D (XI 

370 PRINT Sil\("\) 

330 PRI!'\T COS (X) 

390 PRf01T T-\N (X) 

410 PR.II\:T Lf:-.' (-\Si 

420 PR!Nl SGN (X) 
430 PRl:--; f TAB (X).-'\ 

e \CS tL.~ ..!b::c·lut:· \.~!u~· cf th:: :-· .. -.--:~;_:;·)X 
(, \.:s tbc ..:ocstJ'lt e r~us.::d tl) ;>:.: ;- -.,.·,;:; ct'L·~ c,p:- ... :"!

s;o,¡ \ah·::.' X. 1n th:s. C\.J'í:•'"" :-.- ':: 

Gn~:') tn.:- l 1 ~~·>·t tn:·:~...:;;:::;; t~:: ·:)~_(..,., \. 
G1\e-s th.:: rufuLtllo~-lr~~hr¡¡ J; ex.: ... ~·--=-~s·o:--.. ~"-Pí~.:--
510~ n1us.t IJ"'"',e a p0)1tJ\C -..a.lt..~ 

G.::ncr~1te::::. 3 r:1ndom nt·r:tD~· frt,!::- lh.::1 or cqJt~l to 
Oandks-;tl!Jn l.th,'ar~un-n!X;-:-::: r~.,::~·,_. ,alue 

(Ji\ es the s-1uJre ro0~ of tl1~ ~'rp:~~ e-~ X. ~·-~:-2s.::·c,E 
must h .. nc a posJth'e \alur 

Gt\e:> the S1nc of th~ c\pr.~s::- or-. ~ X 1s iC2.~ ::.,G 1n 

nd1an;o 
G!\eS the COS!I1C of the e\press.;•-: x- X lS r~al 2olG lll 

cad1ans 
Gn~s the t.m¡;·~nt of th~ npc:so.o:-; X X 11 rc1; and m 

rad1ans 
G,, es thc arct~tflgcnt of tl-.~ cxp-. .:s.s·o ¡ X. X ts r~~-d. 

re:.ult ts tn rad1.ms 
G!\<:5 thc current I~Pgth of J S'>'i12 .\S 1 e. r.u'TI:Tr oí 
ch&rz..:ters 

Gl\CS 1 ¡fX>0.0IfX=0, -1 :!'X<O 
Tab> to thc :;pecif.ed pvs.uo-. X th:n pr•nts th2 

spec1ñed va[:Je A r_:·<:d fo.- plr.~·íg 

G1·.~;; cuífc-nt n11nttit' ('< ~ 01 h -¡L..- rx = ~). d2: (X= 2). 
or )cJr of cciHllr} (X~ ]J 

li "'~ ,-:,~ill X ts nq;Jtl'~- g,\ ::s ¡¡,; t: ;;~ of d.•T-: '!1 :1 fik 
as -1 :.=numbcr, 1 =stnn~. 3=--- • e¡¡o of file · .1= .~e¡,d 
of recorci''. or 1f argurne 11t X 1s poslt'\e g_1\.:~ th ... 
typc of d_1L(l :n a fJíc os 1 -:.; r.u:ube1, 2 = stnng 
3 = ·'cnd of file .. (Foc ;ec·_,tntD! c.:ce,s to files~ 
~k1ps O\Cf uend of rcco·-ds ·; F ctrg\Jí'ieni X =O, 
g1\~<; the lypc oí ddt,• m a D \T '· ',:~'''lllcn• as l ~
numbcr, 2 :::- .::t1 :ng. 3 = · Ot...l .Jf C1~2 · 

rv!A fR!CES 
.\bsoldtc rn:P:n1u;n f'lli.,*\. s 1e ts 2 ::o~~ ("l,:nn::nt~ 
ktk·r fro:-1~ /\ to Z 

~!lf'.p/f! Statcr1'r J 7 

'')D!M!\(10 :21)¡ 

! s t-..1'\T ;( _.,__ to~~ t:.L \11 

2;\ rví/\T B Z1-R 
25 "vl \ f ¡-... -::-= ?.t~Y ,;,r ~; 
3p \.lAT C = (.()', 
_.,s :v:.,,T L -- co.-.., ·.~ '·' 

r~llv~.,."c.t~-., 5,1;;<:>' für d Tr'!:f'\ of r1;¿ ~>~>'.:;-d (~;m:. íSJ)J1'; 

[~t<:·t)J)h-;;oc,_. Jn 1d'"'t1t•t'.' nu:n ... ( '· .1
! .1'l 1~ C(" n t11c 

-\;a ,)rLal) ·\ flC\', \.'J~r 1-~n~ SJ/.: !\~ \íl ·.:L.r. b= spe;:¡fic.:-J 
S:;:,l.: 3!1 ckr1cni:- cfth.? ~r·.- .-('{~ --- _·~,, C'-~..1:J t1 L' 
\ n~·\ \~ or·.J:•:; s~7~ (\1."--.:) _:~" -J_ ~/': íi:d -:.f•·r 7fR 
S::;:-, J1l t_;!_nl,.;,Jt, oith_· "( -~ ', __ • ~- ~- ,::, .... _. 1(.:' 

.... r. 2 ,, v.·Jrk,.-~ :-·,-~ .. {~.í "'" ~~<.., .,. __ ~- ~..: .r.:ci c:.r~ .... í CQ"'.;' 

A 1 1(1 \S ·;lfhlt fr<.YL tJq; tclt•pr¡ ·~tr:; rJ ~-'- ~l.: Sí•.: _,, tt.:-d n~ t~rl \ 
ckmcnt 

o 
f.i} 

o 
81 ((J'\\t!~::_.,\110'\\l (0\,, t f¡'\!; \\ 1 ,,1 f'•1f', [ ~ ;,_' 

1 \1:1 E 1-2 

5' l'Rl'\,T A(X,Y¡ 

b}) PRP· .. T *'2,:\(1 5) 
65 ~1Af pru:--~T t2,: :. 
70 ~:·\T R.f'AO A 
75 :-,1,\1 RE-\D -'.f\5) 
8~ Rh\ll :\(::\_', J 

85 Mt.T R!-.AD #1, A(J,J) 

9011·:1\TREAD #3,5,A 
100!\L\TC =A+ G 
!!(1 ¡,¡ATC =A~ B 
!2p ~11,\T C = A • B 

!30 :V!,\ T A e-_ B 

14(J ~;L\T B = TR~~{·\) 
15¡J \i·\TC = Jr-.\'[8) 

Pz L1 S ~ 7 -.~ ~pe..:-1:~ ~: t.>~._,~-;,~: of- ·- : - ) r)~· L 

ch ..... :11Cil~ ..::t,.2C f,_- .' 1 C~·5 }._ 2.1:_:) C1' G~ ui_ .._. 

l-'n.1:" n1.l~·\. de.-;<·.-~ o·~ t::c jp-:> '"<C ;~ • 
Pr PlS 1"1[" ·~· Cí"! as;·:~-··-~~.'._~· ..... r-__(;-:c' 
Rt:Z!....lS. t:L•tr,\ r-,y~ l_; \T-\ ;;t2.l.?...,...:-r::: 

1 ~J- , ol L 

R~~csn•<Iirl\Cf ... ;· ... ;:~:~-::;:~:rc•_, ;)·~·:·st:t·.-.·-' .. ) 
Reads tb..! S}::cd\:d n-:1tr \. el-.:~.1..-:r-" ;·-,)-·a D \T-\ \t,tte
nl~nt. 

Rcac's rt"latr!\ fro;n th.:: s;,:.::f~,J r~le. 11e ~, \· o;'~-~P~ ;11: c~~n 
b" sp~c1ti~d ,, -

R~,-.0~ nLltn\ f¡o¡n thc :..pect!1ed re.;(-.rd or :_:. file 
~1atrn add!t,on. A .lEc! B oust be th .... sa.:n:: Sl7 1 ... 

¡y[ati IX s:.~b~•ilct¡.)n -\, B 2r.d e rr~~~~ b~ l.l•c. S<lfT1C S¡7.:: 

i\1atr:\ r-luJt¡pLcallOn, r~..Fr:bel ofcolurr.n:, tn -\ rnust cqlid 
nuntb-:r of rO\\.:; ~'1 B. 

Estabh,hes equ.:ltt\ of l\\O matrices, a<s•2¡;' ,aJue'i of H 
to A . -

Tran.spo.:;cs <.tri n b) n matrix ro :1t1 r é'·) n, n;,_:tr•x 
I:rverts.:! S4UJL: n13tnx !nto a SQLJ::r:. "'ll3[r¡'( or thc C)áll'~ 

SIZC, ITidtrn. C2Tl be JI1\·~rted Hlt0 lis:lf 

F!LES 
A FILE= a rJmtd stccdgC ar~a offrum l to 12S r~cord; \[a\Jr.l!Jf'1 s•7c va·>c, 

"'1\h S) stcms 
A RLCORD = 6.:1 ,,ord' ofmcmon 
A Nur,J BLR = J datí1 ¡tem t1'::1Tl'L2 2 ·\\Ords :>f n1c¡non 

A STKil\(, = a drH.1 :rc.-..1 us:ng ,1ilout ).~ ,,o .... .5 l); ~.c:---0:-; p~r c!-.a¡~~-=-~.:r 
Examrlc 

OPE-:'VI\' ¡- f L~.~() 
Kl L-:VIYriLC 
l~l l !LES BUG,GANG 

2\J f'RINT tr N i\,B 

40 PRfNT 3,5 
7~ 1\EAD# 1 A.B2 

fíl) RfADc17,\ A,B 

lP-5 Rl.t\D#i.~ 

Ope-;s a file \IIth d spe..-,r~d narr,~ ar·d ,,ze 
Re~nO\ es thc spe.:Ificd fik 
DcrJJ:-c~ \\ l:1clr f:~2:; \\ :!l be escd !i1 a pro_;r,l...,.~ l!f' to ·1 
f!LFS st~ten:ents ·.\Ith a total of 16 fik, .·-:r rr~lram 
Fdc> TJlUSi b.: OPI::.r¡ed f.r,t 

Pnnt~ the :,p..:~:rf:cd \Jiu~"' -\ B on a S~"'crf:cd f-k· at 111c 

curre¡~t ¡:>.Y:tton. Ftlt:s .tre n1. IT't>:'l :d fr0n1 I ::1s tt1~\ 
arr~·ar In t!~c fJ:...tS St~h.:'m~·~tS . 

Pr nts thc sp~c~~~~d 'alJ ... s on .; sp~cttl..:C rccnrd Y of : 
f.Je X 

Er~.s;;;:, the Sr"'.:c,f¡c-d ft\.:'Orc c,f tt fi 1 ~ 
P~c.td·:; tt1c ne\.: \l.! u,·~ •)f ~ 5-:;~(:li.:d f.~,: !71to tL~ sp-:.__¡f 1.'d 
unab\es 

Re:ld3 \3itl\:.~ frvr¡ :~)\. ~1:.:::~·nnEl_; of l sr.:·:d'icd r-:cc.,rd tJ: 

a fik 1nto ~r...:-~-d~t'é ; .t:-Lll:1e::-. 



C\T 
CS-\ 
DEL~lOO 

DEL-W\1.200 
ECH-OfT 
ECH-O'..: 
GFT-S-\\IPLE 

GEl-SPROG 
HEL-D007,B'G' 

KEY 
Kll-S:\:\IPLE 

LEN 
LIB 
LIS 
LIS-!50 
Ll S- 100,200 
1\'A\l-SA\IPLE 

PUN 
PUN-50 
PUN-I00,20P 
RE"-
Rf:l'\-50 
RU\ 5P,20 
RlcN 
RU:--1-50 
S \V 
SCR 
lA!' 
TI\! 

PlF'J"L 1_•, 

L!Sl5 th.; n.Hncs .tnd kn;1!¡..;; of u~:::r l'br,~r~ ¡;-o~r~.P1S 
Sncs th.:- cur¡cqt prog~.un Itl s..:-~-l:co '':O 1::¿ ic•r;r1 

D~ktcs ~1ll s.t.HCt11Cl1tS Jftcr .lnC líC'l e -,g !h~ s.pcclfl.:d oncs 
D~ktcs cl]l st.liL'll1Cnb hct\\l'~n Jr~d lfl~luC¡nz !he sr~cdicd OllL'" 

Pcrmlls tb.: l"~f h.tlf- ... iu~l.:-\ C('urk• 
Rcturib tb~r ro full-allpL:-\ n~~..lc(' 

Rctr ~' ~s th.: progr.1.n from ~~~ users l:brar} and m,1kcs 11 thc 
curr~nt progr.1m 
Retn~\CS thc progr.lm from tk s;.st~m librar: 
Logs thc uscr onto h1s tcrmmcl Lscr must gne 1 [) codc and 
pa'S\' ord 

Returns rcrrnllldl to ke: board en u> aft.:r T .\PE command 
Dckks th~ spcc•fied pro¡;ram fro:" thc user's librar} (docs not 

mod1f: the curre!'! prog1~m) 
L1sts the current progr.1m kngth •n \\Drds. 
L1sts the na mes ,111d kngths of s: stcm Lbrar;. pmgrams 
L1sts the current prog1 a m. opt10nalJ;. st.:rtmg ata speclficd statcmc'lt 

number Jnd stoppmg ata speclfied state'Tlent 

Ass1gns the na me to thc curren! p~ogram na me m ay cons1st of one 
to sn. pnnt•ng ch.lr,lctcrs 

Punches thc currcnt p10grJm to paper tape optJOnall: startmg at d 

speclficd st<~temcnt numbe1 and opuonall;. stoppmg at a spectficd 
stateinent 

Renumbcrs thc currcnt program from lO (optJOnall;. from a spcc1fied 
statcmcnt number) m mult1pks of 1 O fopt·orall;. 1,1 mult1pks of d 

spcc1flcd numbcr) 
St<~rts C\ec Ul1ng thc curren! prog·a-¡1 opt!Ond!l;. startmg at a 

spcc¡fl.:d'5tatcn\C'nt nur!b~r 
Sa\eS the currcnt progran1 1n the q:;,;r"~ l1brar~. 

Erases th;; currenr pro¿rdm (but ro; thc program na me) 
lnforms s;.stem th~t 1nr,ut hdl no.·. be frofTI papcr tape 
LJ)b tcrmmal and account t1mc 

L\/\ \1 PLE A Comp1ck HA <;!C Prog1 élfn 
P•ogram !OLETX=l 

20 FOf( Y= 1 l TO 3 1 STEI' 5 
3p L[1 H =SQR(X j? +Y~~~ 
4P PRI:\T "\\'HF!'\ (X. Y¡=., X.Y 
sp ;-..,n, 1 Y 
60 L"-D 
p lJ0: 

"fi!L: HYI'Ol f-l'USF IS" 11 

Wlll •, (X 'l¡ ~ 
\Vl!LN (A..! J -
Wllf '-.¡X, Y¡~ 
Wlli."-. !\Y¡~ 
Wlll -.,(X 1¡ : 

i 1 THL m pc,-¡¡•.;v,r l'> J 48GGl 
1 6 ll: L JI~ PO; F '-l.<, 1: l '-. 1 SXúX 

o 

82 

o 

83 

3-9. Intruductic!l. Papcr-tapc opcrdtiOn. as dcscn::-:c: ¡¡: '_,':r.' 3-; ln 3-C 
is a rcasonablt way lo op::ntc mmiComputer s~s~crn; ciccl ·: .. :c:J \o~~ ''<::~ 
ta~k orto only a fcw d1r:-crcnt tasks But for gcncral-purpcYc C')n·,p·l'"'"·· 
rcquiring frcqucnt uc<ttion, trans!atJon. lo2.c!J'1g. co:-rec<¡n¡. ;. >·el ·"··.:~ ,• 
cat1on of d1fL::rent pwgrams, pZlpcr-tape opc<atto;, p:-c:;~;o:, an 11 Jlt;<~.:i,:, 
sJtuation, C\l:ll with h1gh-spcd p<tpr::r-t,tpc rcadeb and punc.h._:, Lo:tdJP~· 
and compilation \\ ith an ASR tclet;, pe.,-. ;·itcr afane can t2 ke hou1 s C\ cr, fo1 

rclrttivc!y ~mal! fORTR-\~ programs \\'e \\ill nc·~d a s;,:,tcn• \\hiCh L·::11 
quickly read, store, and retric\e systcm p10grams (loddcrs, as<;cmLlci. 
compder), so mee progra:r1s, and L)bject progrJ.ms v.¡t hout so rna ny i ep2:1 tcd 
manual Joadmg operations. Above all, v.c shou;d like ír. lo~d, cGrP;)ine. a;-,¡; 
~xecute progt.1ms autowaticall) or on typed comm~FHis. 1 bis i' m a el..; 
possib!e by an ex?wti\ e program (somet1mcs cnllcd a mo;;;tor >-) s:c:n) 111 

conjunction \<. ith magr.t'Ü:: disk, drum, or tape storage Gf S) stem ~u·,] lltru.l 
progrn~ns, US(:;' files, anu interm:uiate tramlator outpt.t5. In adtlltiO,J. Í1 

will be a good 1dea to suppk;ncnt the failure-prone. si O\\, and no1 •Y telc
typewritcl with an mexpensi\e C2.tho!ie-ra)-tube/ke) b.nrd terw:n::L 

3-10. !Vhgnetk D!s:c, Drum, l'nli Tape Storage. (a) Storage H~.:¡-:in·· ., '"Ío 

and Opn: r1:: ':l':, l\1nlJI..:omputer S)S!t::m programs, such as asscrn0!.-,~ .•;:,_i 

compller~, typically reqUire scv<:r al thousano '' on.:~ ca;:.l.. ,.'v.:J,, l•Jiui 

thousands of words \\Íil be requirl'd f,Jr hb:<n; prosr<,ms (rrec;ue;Hlj thcd 
arithmet:.~, function-generator, and inp;.lt¡'output routmcs). ~tc!'cd u·.- t 

program;,, and uscr prozrams in the intermtd1ate stages of a trd,Jslaí.on 
proctss For general-purpose cou1put2tion on min,cornputt>,·s ''- ith ¡;¡; 
to 32K of core memory \\e \Úll, moreover, "chain'' succ.~ssi\..: s::~ments of 
Iongcr uscr programs stored on a d1sk or tape: \Ve lorrcl and e\-c:cut'.' thc f:i~t 
program segment, keep some intcrrncd1ate resu!ts m core. loa'] and nccuk 
a second program sezment, etc.; such program segmcnts <11.: tnu1·.n as 
successive e ore orer!a_1 s. Man) apphca tJOns al so 1m olw crc~Jt 10n of 
pcrmanent or intcrmedJate tcxt or d:~tn files\\ ith man;, tbousand<> of \\ or c1s 

Altogether, gen::ral·purpo!e mimcomputation wíil rec¡\llre bet\\Cen 301..: 
and severa! mil! ion words of mass storage. \\ hrch should b:: acccssibk 
without manual !oadm_s: opcrations. Smcc mas:. co1 e stL•I a~.· ~~ too 
expcnsÍ\'C for minicomputcrs (of thc order of S0.30 per 16-b,t \\Ord), d1sk. 
dnun, and/or ma~nctic-t:i¡-c· ~to1 ~1~',' 1~ vsc~l 

,,~~~gnctic nl~"S~-¿,tor~1ge S .. \<;!L'd1:; ~Ut: COinp .. t1t?d lil l~it:!~· 3-3. rt\,_,.1-I \''-1 
fütating chsks and drunL have thc h1ghest duía-:tan:,fu 10/es ;11:d. s:,• · :l~:', 
can acccss any storag~ location w1thin one rcvc1lutJ<'Il. ;1 1 ,,~. t>.~ ~1 

acn:ss tÍI1lC\ D1sks ate, thcrcfmc, bcst for storin~ S~'-''''·: p .. 1~·· 
intcrmcc!wtc outpu~. Snnll disks aH', moreo\cr, nh:\;· 

o 
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·--··-•- _____ , ~ ....... ~-~~,.-.- --~--4•,.. ~ -"-- •• ---~- -·- _ .. ,.....,..._._ __ , ___ ~-..~--•-r• • ..,•.-·--_,~._.....,.~- --• 

~
~-- P "''-: T "'----- ~S¡~'"';~~~~;~;;;:;:;~;;:; . ,~ __ ~ 'g~;;~ 

AS;-33 l !\leJ .. Im-sp~<d 1 Ca,,:, te' j i ll~;~;c~r~ 1 A~D 
t~'" :> re,,da,nun~h C:lrtr'J~... DECl 2 p.; f " ··COlw D}~U\I~ 

1")?..:'-.!'l~lÍ 
1 

1 -
1 

r·· ~'.:-Jt..!r...: 1 

~---,~-:, ";,~,:s~---- ----~o--j_~~J~r::~l~~~o;~! ~o~~} -~---¡_6~f~·:: ~-j-~;i~l~~; 
-h·t -, ords, ,o-; S 150 RE.\D i 253- ! i.é"r) 1 3,CO~- 20,000-

2,50J 1 _ !!2-bt 1\0rds) : 30,(J0él !Sü,O~O 

'-
1 ),1(~~-b.t "ores) 1 l 

·---- ---------T- -----· ______ !_ _________ _ 

m: to rcJc! 1 ,OGO 1

1

200 scc 1 7 o;.:c 1' 0.4- !' 133 n:-e•. \ 30- 6-
lf~b.t v.ocds (ob;ec, ll 

1 
4 se~ , (12-bi! "-O';J'J 300 rm.:: 50 •me: 

prc.;rarr") ""00 n:~e: 
¡ 

1 
(18-b't "ords) 

1 ------ ----------1--------
60-

20-:haroc•cr Lnc. (ova ~ 3 sec 500 m>•X 
(source prozrams for 30 mm) 

mc w re Jd !,000 t~ piCa! 

1

. 2,000 sccl 1 70 """ 

1

14-
40 

••e 2 s<:e jll O 3--

a<>scmL!y or compdat'On) 

~e~~;:-~~------,¡_ 1 -~2- 1 up to 100 seT-p_t_o --4~-8---
1 150 sec , 240 sec 17 m>ec 

-- -- --- _J_ 1 

>tal storaze 1!6-b.t 1 1 lsoK- I100K 1 20<lK-

u,ords" oc: ·.n:_j_t) 250K ¡l', !~-~~~~<>rds 

1

! 2:\! 

1 12-b.t "ords 

30K-
600K 

---- ---+- -----,---
•f"~o! p"c~ (corr.b,ned 1 S300 1 S3,000 S300- S3,4JO- 1 S5,COO- 1 S6,0CO-
mput/output u1ut and :';ore th~n $3,000 ' $9,700• 1 Sl3,COO 1 $30,000 
mtcrfacc) 1 r.Sk.-33 
--------------------- ~---------L-----
• Onl S7 ,40() mterface can ser. o up to etght trar.sports 

for 30K words), but magnctic tape on rcmovablc reels is chcapcr for largcr 
amounts of storapc. Small and largcr disks are oftcn combincd v,ith mag
nctic tape so that difTcrcnt programs or data can be loaded f10m remo?:~~le 
tape n::els Therc are also d1sk systems with removnblc disks or disk 
cartridpcs and combinations of fJ:\cJ and rcmo-vable disks. 

lJts!:, drum, atzd magnetic-tape inte1jace hard1wre and operarions are 
dc:,crib.:d in T<,b!c 5-2. Blocks of computer \\>Ords are almost aiways 
tr ,u-¡<;fen cd drrcctly from or to the computer corc (or se m tconductor) 
mcPlory. Input/output p•·ogram:: are fairly involved, but they are- usually 
supr!lcrl by thc comp•Jtcr manvfactmcrs. 1 he uscrjpro;;arnmcr smrply 
ser, ln·i~c;· ~•rc:r.'i in th.: C<L'1¡.::tt·; rncmDry, i.e, blocks of memo: y iocatiom 
V 1!w·,c contcnt~ \\!ll be transfcrrcd to or ftom 111a'>~ storar"- Eách bvnc1 is 
id•:Jltdlcd by rt~ ~fa•tinq addtc~> and size (iv01d rnun!}. hi!úde; 1' ords 1n c:!ch 
s!rJra¡'; Llocl~ n1<•Y ic;:::;,Jtify thc blod~ by a namc an.:l ~pcrif:, \'.C,d count 21nd 

3ddrcw:> of succc:..:dmz or pa:ccd 1!13 bloc>~- 1 o S<ik;;u;•rcl thc l;>rgc 

o 
SS 

~n;1ount \ of i;1fr,. 111d'~, ~: :;~~il~JI.:-C. ¡¡~;~s::;·~:c:-~.:I~ ~\ s~ . 
p,,nty l;!:_·ck" (Scc. 1-~L ¡ on ~¡_~('!1 né:·:-7:cd \'.0~ d (b·. l ·; t; 

add!liOJlal pdi it: .. chc:cL fo: edch P1tl~~~·.~.u:J b\_.<:,~ .. ~ 

o 
t_))1_, 

(b) Di-.!. íl!!d Drl!·r~ .:;;.s!t:n-¡-; (see F1~ 3-í¡_ D;.,k a 11 .J ,¡,, 

record data \'.ord-; ir. 'U io! forrn: i.e., "UC(C::s;,,-~ bitS .lf( r~co, J~ _:u 
,--
! 

,-
. :-- J..---- ',[ 

1 
; 

i 
' i 

·1 

1 

J 
1 

._ -~- ) 

'- ' . e , ~-

Fag. 3-7. A compktc m 1 n 1 Ct''l~'l1 1 t.::- .;: ~-~m \\tth J. 500 ch:tr~I~lL'r,,~c p.~pcr-t.lp~ r-;.·. 1 d~_ 1 dt,t.. 
rncmor~ (top nghl). anc! .. ~ I ')-:-no "'h.tr.~~t~r Sl'~ rn~tg~niL-t.t~.: tr~ul~p~._·rt A c .. •r..: ft' : ... k~ h 
\Ccn •Jn th.: t.thlc at lcfl (}/, ,, !cu P,:, ,,¡:,1 :100-\ Cc'rl~U!L'r) 

thc magnctrc film passes undcr :1 record, rcad hcad (~ce al~o S,·, ¡._-;¡ 
Magnct¡c drum~. and must small d1:>ks, lt:l'>c_fi-~l'd lzead~ fo1 indl\ ¡duéll cbt.: 
tracb. Aforiny-izead dts!,~ rquiit: fC\\,:í b?:tds. but titcy ntusi b.: po5!l!O:¡,'J 

quickly and accuratel) =:.:. cxpcnsivc mcch.m!sms StL\1 agc al!d¡,:.;;~;·,'-. en 

drsk-; and drurn:-, rcf,-r to thc t1ad-: and to ti;:1in:,:> marh on sr·:, ·.·! t1:'11 1:2 
llac.:-=~- Thc progr,utJ liS\.: • 1 :~ c,t,!blt~hc" .~ .!:·,'<'lt'l 1 taN,·\ :,,_-1-, 

1
. ,-,,_!¡, '· 

thc spc<~!fic timin~-tiJCh r.::.tdrngs concsp.J;uimg to thc' Sl.!ll1·~' \'"'tl!~ l': 

namcd blocks. -
((') l\Iagm:~ic-tnpt S~stn:;;. Unltke dJsb ami c.l• L"lh, r.1:t~:~~,-. ,_·.¡ ;•: 

systcm::- storc St:\ CI .tl b,b of a p.trt1:ll \\ Ol d (h~ lL') in jl!'1 (,.'le·! :•e_, ,,:, ¡1-.,- ¡,,,' 

P .. tntv ~"'~_~n be checkcc: (!Cio~~s rLc Ut¡;c (uo¡;,-tt'J'e ru 11 11 ~;·,·~ ~~~,- !,•, 1•, ,-,, 
• " J • " - ' 

---------------
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dctta ;don~ thc t,tpc (/o'·¡l ·,¿:,:a! pm 11_1) For:·:l 1ttcd tt!pc cmploys a prc
rccordecl liming trach or t1.h:~s to finc1 blocks ofdai,l b) refcrcnce toa dJrectory 
tabk.Just l~kc a d1sk. Lnformattl·d tape has no !Jmmg track, and thc header 
\~ord of a dcsired block n;ust lx found by sc;:mmng the tape. Incn·.ncntal-

·--· t::¡,;>s; :;tcms stcHt and stoj) ¡}-;e tape for indi\ 1dual '' ords, but most magnctJc
tape un¡ts stop onl: at 'ccDrd qap~ ben; el'n blocks oh\ ords. Start and stop 
times are bet\\ecn 1 and :o msec The better tape transports can read 01 

\Vntc bach.ard as \\C!l as fon\ard. The beginmng and end of each tape 
are usually markecl by rd-:c¡j\·e markers sensed b: tape-transport hardware. 

Blocks of data on tap:: czn lx of fix.ed or variable length. To update a 
block of data on tape\\¡]] require /H o tape transports unless one is su re that 
the nev.- data will fit the old block. 

' '1 
1 

r 

f1g. J-8 4-In recls of thl> t;¡:~ C0-60fJ-\ LI'-..Ctape S)okm hold ahout !00.000 16- or 18-hit 
word'i. prcrecorJcd t1mmg trc:: 5 :,dJrc's blod.s of da u Tr,msfcr ratc 1~ 4.200 wordsísec at 
60 In '>CC. \\Jth 30 '>Cl md\IDlli':O <.:~e>'> ti'11C A thlP ~!:IJr J.l)Cr 0\Cf th~ t,lpC OXIde protCCIS 
both O\Jclc and hc.1Js Phrr>~ -o.•'rd:ng on noll"~JJdCent duplicdte d.1ta and !Immg trad.s and 
Cdp)!,m-Jc,., '1mpiJcJI} m_,ke >--~- 5_ -.em' \a) r.:l!.thle iCo•llf"ll<'' O¡h'lallom, /11( Bc/t:,,¡{{c, 
Mm J lallCI f)¡glt,tl Equ¡pr'ltr· C.: -p·)r,ltlon DECtape IS sm,:hr 1 

Small-capstan·lcss formatted-tapc units IIke that shown in Fig. 3-8 (sec 
abo Tab!c 3-3) emplo:. dLplicatc data tracl:s for redundancy checko;;, have 
vcry handy small rcels. 2:-.d ere rcJJablc and me\pen~¡,•c, an cxccllcnt choice 
for rnintcomputer~. Standard unformatted-tape (IB\i-compatible) systcms 
are somcwk:t féister and cc:n :::.tare more data, but they are also more cornpli
c;ilcd and cxpeno;;ivc; Y.::· .. C'c:ld use them \\ith a rnullcomputcr only ifwpcs 
mu11 In• f¡,mifeuedfro·-- ~· io a /mgc, diqitaf compure1 (l'ig. 3-7). 

Unfot m<~tkd-lap::: ~:·o:::·~,, rccotd cilher 9 or 7 b1ts across thc tape (l btt 
will he a par•ty btt). L; "-~ 3-9 shO'.\'> d t;. ptcd arrangcrr,cnt ofdata blod.s, 
record gap>, and lo:J(:J~-C.l!ü; chcd~ ch<tract:.rs. 

(d) T:1p~ Cr<;<.r:tic/C:;.;-¡, id:;•: S;.~tcm~. Tape ca<><>etkjcutrhlg:: unit<. (F1g. 
3-10} are <;lov,cr t!Jan <.<-:::·: :p:: '>)Stcms but are so c:-mwn:cnl lo mou11t ancl 
cl1;m:•t: tlwt lhcv shou1'3 i-:-: 2r, c>.cdknt rcpl<~ccrncnt f•11 ¡wncllcd p:¡¡;~r tape 

~ -o o 

----.------$'"..- 1 

-------. ·-··---------~------T __________ _ 

--- . ---- ·-· --- --- - -----1 - ;--_-

Da1o record 1 ° 6_ to 
(4 to 8 192 choractersi 1 O 7'.) rn • J r<;cc.rd ga;:> 

(L: ·o s.•s? ti~.-:'., . .-:: ) 
1 

i 
- ------------ ----- J L __ _ 

--------------. ---.__. ! ._-:;------------- -· ------

3 a:i~ze;--o lrnes '¡ 3 o[I-Z€:íC. !.ro-:.- 'E:í~d-of-r~c::,"J ~:; \ 
L Cyc:•: ~ ;ec ... -.::-~·r:'¡ r:;--.:rc.c--:: .. 

_') 

Fig. 3-9. A1rangemcnt of datd on nme-t;ack tape 1ap~ J¿cnrd>. CO'IóP·'ndJ,'_'; to e~:. 
buflcrs Jccvmmodatlng sorne rC<~óonat,l~ .tmoLnt of mform:won (tc!~t) r~wnr~1 J¡nc, ¡,.,e 
betwecn 4 and 8,192 c:¿>ht-blt clwractcl, each chcrdcter con<es \\:'h ~ ro•t1th bit (trJn·· ·: ·:

parlty b1t) Lach record Js termm~teJ b: three alJ-zero h'l<:S (cnd·(I·1ccord p.p· ,. : •.: .. 
rcdund~nC) character, three more ZCIO lm6, ar1d a Jongiiudinal·par!l]-ch~cl ch?racccr ·¡¡,,, 
IS followccl by a ICCO!d gap at !east O 6 m long Afile 15 a group ofrcc<Jrds t5ll11JJ.tt.:d ;_,., ,• _;-: · 
gap folkmed by afi/p mm~ coupri<;ing an end-of-fi/e cl.mocw ~rd <.longJiul~ITlal-p:.r!l;-:·,, ,, 
character 

in many computer systems. Since thc small reels havc lm11ted sto; ?.<z<:. éJ,·tl 
also to specd access, one usually emplO)S multipk cassette dnvc,. Both 
formatted and unformatted tape are used, and a \\Íde varicty of sy<,!::r:Js 

exists (Table 3-3). Access times are a little slow for scrious op:·r::t1n; 
systems. Cassettes might be rcplac<:d by simple ·'fb.Jble" d1sks. 

3-11. Keyi:;':.:·d Operr-:!~;g Sp~~e.¡;s Ydlh \Ü'!SS S~or::;ge. Vhtb a Fl<-:':s

storage system (we hope it is a dd::), \\e are read; for respcctable genetal
purpose computation We inittally use paper tape or mc..gnetic tapL' to ic<~cl 

' 
\ 

r 
í 

\ 
\ 

·r, ,;: . .;.~-~ ~ ~;;.. __ ¿--: .~:- .. ~~-,.-.~~-----.. --:;:: ~ -·~ 
~ L~--

~~ \----' 
\\ 

~ --- ~ ... 
-~ .,....----· ~ 

. l 

--------~ 

,:.._ , .... ~· .... :_:.,~ .-----

l'i~. 3~10. t\fíniCl)nlplitcr \\tth dual 1:lp.: .: .. 1~:-.:ttc ttrlJts [,t....·L Ul'J: .:;1,,-._.., ~_:;:,r, t'<'J .:-1;:, bd 
h) te' n;¡ 300ft c•f for m.'ltelí t.1p~ .lt .111 SOO hll 1n J:n>li' Tr.•" .r_ • ... , ;,1 • ;,-', .:- ,,., .·1 _; .. 1 
!>CC Ltp~ 'JlCCd. f.tsl-rC\\ me! sp~cd ¡o; 90 lll \ce IIIIIL' ,{,,·a. ¡," . \1 ,.,¡ _.¡ i ,., m¡o) 
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an ('\.Pcn~!\"-' ¡'lOgJ .. "":nl {:,Jin .. --:t;:h"'~ callcd ~~ E:suitor ~)<·j t~ti~ Gd·-r·c:Ic-11t rn.-.nn
fact urc~ :-. \: n: ¡)! :•: ci 1 r'f~r ~:;t te rn•s) Thl" i' :1 s:, s te: m¡ J~02.i :m: \'.! 1 ich :· 111 o::nm::::s 
its vrcs-.·:1.:c t.) !}p•ng EXEC Oi M0f•JIT0:.1 on a tcle:;pcv.r!ter or d!sp!:ty 
an<l ¡ l.er¡ v . .11 ts IN t.e_l ho(IJ d cm:m:ands, 1 he e \ce u t1v~ pr:J::-r;u ·1 re \¡-J•1nds to 
an iÍ!tcrJl't'~ (S~c. S-9) \'>hcn a kcy is struck, rcads ke;boa1d commands. anri 
hr<md··:·; to ac. ''Pr~or~i.ttc subroutinc fo: lo:tdmg Jrdior cxccu1inz. pro
grarli~ ~tul cci m core or in ma~s storagc To save e o; t. stora:;c, only tllc 
portian of th~ e:\ccut¡ \e nccdcd to rccognizc keybo;1 rd commJ nc1~ is 
pc1 mancntly <;tored m el'~: (!l'3id:-nt c:xccu!"h e, reslJ':!ai mo:Ji~or) anJ serves to 
cail the: V:1IJOU~ lo:~dmg and sen ice subrou~incs of th:c C'.ccmivc p1o_;r~~m 
frnm the s:_.:.iem di"k or tap:;:. The minicompL'tcr use~ do<.:s not r.ccd to 
stud) thc deL~I:cd opcration of thc cxecntive prograrr.; he r.ccd only consu!t 
thc computcr manufacturer's m,1nual for the available list of keyboard 
command~ a:Hi opt¡ons. 

Supp0sc: thal \\C have an edited FORTRAN source program stored on 
thc systcm d1:>k under thc file namc MYFILE. Wc liant to rom~ile tbis 
program, co:nbine it nilh a bin:uy cbjcct progr2;11 a\'2ilal:,l~ o;; p;1.per t:::p~, 

loa u, nr.d c:-.ccutr. We \\111 assume that the necessary systcm program~ 
(compilcr and lmking loader) are a\ailable on our system d1sk; w1th small 
di<>k sy~tems, assernblcrs might ha veto be loaded from papcr tape or magnetic 
tape a~ nccded. Th~ fo!lo\;in~ comcn::ational-prograwming s:::quence l'ill 
cxhi~1it t) ;:;(·al fcatures cf rni:;~co:<~p•Jtcr keybv;:!rd-('XCCI;ti·.c o;;er~tic:t. 

Picase noie lhat spccific feature~, codt..s, and rules \di di!Ter from systt:m to 
system; consult your minicomputt>r manual. 

l. Whcn the executivc ts loJded and rcady, it typcs out 

~XEC 

We 11ow t)pc 

FORTHAN 

to cal! thc FOR.TR ·1N wmpil.:,· from the sysrem d1sk. 
2. Thc cxccuti\c Ioz:ds the comp1lcr and responds with 

FORTHAN LOADFD OUTPUT? 

Y.lc v;ant to give thé comp1l::r out¡mt the file nan··c CPUT for ref
crcncc: z;nd store it on thc sy~~cm d1~1' for loadmg ancl cxccvtiOn, wc 
type 

DtSI< 1/CPUT 

\\';:; ccJt>tc: aíso h,,.,·c <avct1 CPUT on a lib1ary tape (Scc. 1-!:!) by t:ping, say, 
T.I"P~: 3:L•'LJ¡ l'.,p:r-t,~pc oulput c,)UJd also be '-!H.:cJficd. hut ¡·, ll~llally a 
C0111JH\:l upl}on t()·~c. hc.lr)\\) 

o 
'' . 

Wc typ.o ?.n op'ion code (if 2r.y). 2;-d tl::e;: a carriagc rcturn tu st:..~t 
COP~pjJ;:¡tÍOll. 

Compi!f;r ~ptions could inclüdé' p .. ¿pur .::!en of a b!'Jr¡ry o':J['C/·pi og1 a•!' 
papcr tape, prí111ing a s_1n~bol tab!e, a:-h~ o~ prin::·ng a h:.ll11g Tht: compilcr 
VvJl! use tbe system disk for quid.: s:o~2;~ ~r:C. retrieva: oi intr·rmcd .. lt·:: 
output. 

5. The system co;'1pletes c0mp:!at~C'!. and sa\es the outptlt (CPUTI 
or, if compilation is unsuccess~ul, p:ints error dtagnostio. Rctum to 
executive control is announce,j -.\:th 

EXEC 

\Ve cal! the /i¡¡f..íng !u:zder by ty;--.i1g 

lOADER 

6. Tbc system load:; the Ln~ing lo;:der 2:'d asks for input. 

lOADEF.-Ii'lPUT7 

Wc specif) 

DISK 1/CPUT; R:OAI:'ER 

and plctce our sec-ond object pro~raL1'. f,,h;.:h v.as on p:1pcr tape) in tk' 
papcr-tape r~adc:r, pusbin~ a·~ a.p~·;·opr!::te bution to d;o,~r tl:e rt:<~dct 

interface (Tabfc 5-2). 
7. The systcm a~ks 

lOADEr:;-O? 1 1-)¡\JS? 

V;'c type an option cod:- ,,,]v;->~· :.:-: _, .. " !·:'"'d ob_ic:c'f ture. a mcJ.!,J: t
map ¡nintout. aPd,:o- lO-\D A'·.~ GO tL~ ,·\~'C\Itc t!1e ccn<Üll, ·.'el pi.·
gram (\\e cou!d ah:Ll ~~.1rt C'.,C'-';;c,,• \·.::h tl:c C<.:lmp,¡:,:¡ f¡~)l1t-p_,¡¡, i 
switch or by typing RU0.1) 

8. Aftcr cxeuttion, th.: systcm retu:ns '.0 LwnitO! contilll ,1nc1 t~p::_·;; 

EX'-C 
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\Ve can, if \\e w1sh, -'"'e the c01:.bmcd ¡n og1 mn by givwg it a file ¡za,¡w, 
say NUFILE, and typmg 

SAVE TAPE 1/NUFILE 

Ifwc no longer need our source program MYFILE \ve can dele te it by typing 

DELETE DISK 1/MYFILE 

To saueMYFILEan a hbrary tape, however, most operating systcms require us 
to call another system program (copying program, peripheral-interclw.nge 
program) spccifically designed to copy files from one peripheral deuice onto 
another. Such a cop:,ing program must be given formal information 
(binary, ASCII on paper tape, etc.). Other service programs callable from 
the system d1sk or from a library tape include listing prog~ams, editors, 
debugging programs, extra assemblers anrl compilers, etc. (see also Secs. 
3-12, 3-16, and 3-17 ). H ardu are-diagnost ics programs are usually loadcd 
separately from paper tape, not through the executive. 

The b~ttcr executhe programs cail also be callee! from uscr proguu~'ls, which 
may request loading and sanng of specified files. Trus permits, in par
ticular, successivc core o'erlays of chained-program segments. Each 
program segment can ca Ji other overlays by simple externa! rcferences (such 
as CAU SEGMENT 3 in FORTRA~). whereupon the residcnt e>.ccutive 
causes loading of the ,desired segment. Sc::h systcms will, in general, 
include a special lmking loader ("chain loader"), which loads all program 
segment's (and all requ1red library rouiines) of a chained program together 
as one big file onw a dr~k or tape prior to execution. 

3-12. More Operafíng-sjstem Features. (a) In¡mt/Ontput Control System 
aml Dcvic<: Assignrner.t (see abo Secs. 5-27 w 5-32). Smce the executive 
program will, in a'lY case, comprise :nany inputjoutput routines, most 
software systems incorrorate the1r entire library of standard I/0 routincs 
(dcvice clriH'?S or del ice handlers for the most frequently u sed penpheral 
dcviccs) wJth the e,\ccuti\ e program. All uscr-program requcsts for thcsc 
devicc drivers tah the forrc1 of systern macros (hke FORTRAN READ 

and VJR<TE :-.t<1tements) or subroutine c¡;ils hnked through á portian of thc 
cxccutivc prograr:1 usu:::lly calkd the i!:¡..;utfoutput coH1ro! S}Stem (JOCS). 
77zc uscr ¡¡:ed no: write cr l:no\\ Otl)' detrlils oj J íO programs hut on!y the simple 
ca/1<: en IúCS lScc5. 4-/0 af'.d 5-31) 

In our dcscri¡,:wn o:- ke:bo<trd-cx.ccutivc opclat.on (Scc 3-ll), wc 
rcfcr;cd tO f/0 dev¡c;r;, for tlJc Cf.CCl!tÍ'IC, CGffij)Ílel, ar;d Joad~T by ac:tuul 
dc~oice nan.es, sncl1 as DISK 1, Tt.PE 3, etc. Jn a mOle clabor2-tr systern, 
it ¡,, p1cfcrab!e for s: •. tern anó uscr pro¡;pms to e;n!Jloy kp);:a! dc~!cc 
nuruLu:;. Thus, ín thc F OP . .'f 1~/tN statcmcnt 

Rff..D (2. 12) 

o o 

9l \!(JI•; ()¡,;~\rl-.,.(_,-S'¡-.,!;'1 ÍJ .l 1 • 

thc dcv,ce numb-::r 2 could b;: maue to r;:fer to thc p:•p-=-"·t:•p_· rc:,Lr u: tn ,, 
sdectcd magnctJc-tapc tntnspor! by a dc.ic<·-;-o5',i~;r"<1é.~! co¡,¡,· '1<·'1 "~ ,:.e 
ex ce u ti ve program ll'itlw:tt any change in rhe u, C'( p , 'i• ('''' ( :' . '_, .. 

iwi~v·mlcnt l/0 ¡Hogran:r.1hg). SJmllarly, any tap: tr,;:~o¡,ort e O:r! L-e 
sub¡itutcd for th-:: sy::,tcrq dJsk:ínagnct¡c tape'- could be loc~d.:.:·o;·, ;< o:;;, 
of severa! !dpc transports. ::.te. DcvJcc ass1gnmcnb can Le ch;:.:ng-::d b; nc·\ 
entncs I!l a delice-J.osi5.~¡:::nt ti1l~;c in the e.xecnive pro;:rar,1. thc:;c ,,,,:/ b,; 
diiTcrcnt dev¡cc a5S'['nmcnts foí d!lTerent system anch1ser progra:;ls 

Uscrs can ascc1 tam tltc curreill dc1. ice assignmcnts for, say, thc ro IzTf( '\ ~': 
cornpJ!er by typmg a rtqc.c:st !Jke 

P.EQUEST FORTRAN ASS!GNMEN1 S 

(th1~ nught be contiilctcci into ~n abbrcnated code) Thc s;stcr,¡ \'.:11 
ans\vcr by typing .Jut devíce ass1gnments, say 

SYSTE!\11 

INPUT 

OUTPUT 

2 

DI.SK 1 (mtermechate-pss<; stor<!gc) 
TAPE 3 

PJ',PER-TAPE PUNCH 

PAPER- TAPC READER 

The uscr may then change d;:t.ice a'isignmenr~ by :1 t)ped comrnand :J.e 

ASS!Gi\J T,~PE 4 TO [!\JPUT 

for use m his compiiation, but the standard dn1ce a~:>ígnment::. \\Hl h; 
restored thc ncxt time thc compile; lS loaded (sce a !so Sec 5~Jl'rl) 

(b) Systern Gcnc;ntion. A mi,ltcompmc¡ Systcm \\lth a!1 t \UX\1\-:' 

program wi!l nced a spccial system program called as: stcm genc;ato:, "'lud: 
ta•lc>rs thc executJvc program toa sr;ccJfic mimcomputer configu1 a: .• , ::t tk 
time thc systcm tsmstal!ed or mod1íkd. The system generator (s,:r; h:cl by 
t!Ie manufacturer on paper tape or magnetic !Jpc) lo<Jd:> tbe ~';:.:lcíOJI 

cxccutive program and completes it ti1rough a conversaticll1a! :,cqu,_·;:c~: m 
which thc user is a~ked to type in his mernory SJZC, his intcrru¡--'H:~tc•n 

options, and a l1~t of hts penphcral devJc.es Thís procedurc gcn,·t<~tcs: a 
system tape (pap~,.r t<1pc or magnctJc tape). which is s<n ed and s::n e~ to 
refre<,h thc system cbk (1f any). 

(e) File lVIar.i¡m!GtiOll. Our example of executiH'-program opcdtton 
lllcluckd severa! instanccs ''he re a program ''as sa\ ed on ( or retrieH::d Ir Cli11) 

a "filc-oncntcd'' mass-storage de\ Ice (disk or magnettc tape) A fi:c· ts a 
bJ,;ck o!' tnstJuctioJb and/or datd on a dtsk or !.11~-· thlWll:· cndJn.:_:' \\ ,¡iJ ·1 11 
t,,,;·&f-f;lp u!'!C" ancl starting \\Íth a file J,c:Hlc¡, '' ln::-h IS a S:'l ~~; ',: 1 d' 
cornprisnu· thc file namc and vanous informatiOn about thc flk 1':1Cl1 t.-pe 
or disk w;l] ha ve a dircctnry t:-:ble hsting al! files stor,·d (,me!, 011 cl1~1~s ~ln<-1 
foimattcd tapes, al~o thcir acldt~sscs). On.:- file c-.1u cont~:tn Sc\c'::! ]'tn
gram-: or seis of data, but thesc will nol k IIstcd s.cp,'t ::k!> I'' t], .. ,~ .-TlC· :· 

tahlc; tiH.:y must be found by scannmg thc fil,' fm Il.'l'Oid-lh',•c1. ()'''¡, 
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FiND 

S.l\VE 

lOAD 

Df-L1:Tt: 

REfJ.L\:·.1E 

READ HE/l.Dfí: 

92 

e~1ch foliO"c'Cd by a d;;v¡cc numbc1 (or nan;c) oPd ?. file n:m:c Not~ that 
SAVE, DELETE, and RE'\1.1\i\JlE i!!\'OÍ\t' OpCIJll0 7iS Oll tnc dc:c:tory t<.!ble as 
wcll a~ on the file. A ke) board command such a3 

DIRECT0'1Y (de,ice numkr or mune) 

wi!i canse t~ p:r:.g or CRT d1sp!ay ofthe dm:ctor:;. table for the nz•md dcv1ce 
("_~-f'\l.'?{i ('/ IIJidGf!llg a_fife 111\ülVC~ fHO f:Jes 2 1h~ iS l.lSUaJJy 3CCOinpllS:lcd by <i 

•::ov, ing p•ogrRm (per.phczal interchange pro~ram) ca!lcd by the execütn·e. 
Other filc-mz<mrEL!tiC'n opcratwns includc ~aung onc! re!! te1 n;g specifir:d 

CIJrc arco' and pi otrcuon of specijie) fiies agwnst áeietwn or ort!lll·ntmg. 

Asscmb!;-bngu;tge o~'c:<Jtiom or rnmec files (or nam;:cl bbcks 111 a. file) are 
done v;ith the aJd of flfAD and WHITE IOCS subroutincs or macros (Secs. 
4-20 ané. 5-31) The fir~t HEt.D or WRITf must be preceded by an ora~ 
FILE'~dt"::c:, nk n;:-.me) ~úbroutine or macro, \\h!ch resen·es a core buffer for 
commnnicRtion wtth the fiic and may mitJa!Ize sorne I¡O operations. After 
thc uscr·s progr<1;11 1s fini<:hcd \VJth the ftle, a CLOSE FILE (devJCe, f:lc name) 
subroutwe or m2.c-ro d!~ll1Jsscs the buffer and enters thc file name, ifll1s nc:w. 
into the dcvtcc dircctory. 

3-13. Real-ti¡;-¡~· Executi' ~s and R~tch-process!ng Monitors. Thc txecutive 
prograP1 dc~-:nbccl in Secs. 3-11 and 3-12 \\ c:s specdkally dcs1gncd for 
keyboard-co,¡trullcd general-purpose computarion. In re\'iew, we sec that 
thc cxccutive's mam task is to cal! spccrfied storcd prograrns and d<~ta in 
¡,~~ponsc t;:, Jnkrrupt-ser~'lce requests from th<: k. e:, board. \V¡th thc add Jtlon 
of !OCS to thc cxccut:ve, 1t abo hanél!es lllt:J-¡;rogJm'l requcsts for JOU/lrze 

1/0 s.~rvicc. 
Jn 1.1~Ul)' tm\'O:-tant applJc,lllon3, minicompukr S)~terns must executc 

program seque uccs fo1 rcadir¡g inslru!:wnts, ~:occ~SJfl¿!, d.-tta, or lmplcmc!ll
jnp, contíol ~~r .. tlor:s 111 rcspon3C."' to 1~~.l': :-rupt rr-:q·Jc~ts fro;-~ ccal-tl.!t(' clucks, 
scnc.r)r:::,, or C''Jn~1 o1 1ogi~ c..; \.Vf;I¡ as n, rcc;i ·o,r")sc to kt.',;r'Ludrd ·:ornr·nétnds. 
f~z! cxccut!vc I'~t).;:rcn~ ~xlcr~clcj t~.) ha11~1c :ll!~h c..:c.1-~lf~ 1 ~ '1;:'.\'jCe rcqttCSlS lS 

~!"~u·Hn as ? t ~'~~!--tL:~tc C'\C .:1~~~-~ ~· ( or r cr- ~-tl;nc n!~~·~tv: ¡ Thc rca1-tanc 
t;;.q;,:l!!n.c \.'lili 2.-;:~nn ("(in1plL;c !CJC'S, p!:.:) :,J_,f-:_t:_•!, P~tcv-,·upt-<:;CrLICe sub 
re :!:.:lí_'} 1./d\.~1 C!,i.J y pulnt~ foi use: ·'.-.<111Cn s~_( ... iC~ r·rO¡:_;reti·"~'") Tii'2 IJSCf \V di 
\vritc h1s '>'2f';'CC pr<)grdm" and ];,hd thcr¡: fur ref·;rcncc U) thc cxccutiVC. 

preg,:-arll, 11J11ch arldo t!zc tedio{!\ ru:l!uz~s of !he skr>fcton inte1 !Upl-.I"Cil'ICC' 

{JI'O{jrtül\, :.,uc]¡ a·, SélVÍllg <1110 l estor ing rcz·s:·:i>, Jj0 d;-¡\'Cr~, forma!tmg, 

etc (S~'CS. 5-27 to 5-32). Thc excccll:vc. pros.Ialli v.Jl] as:;:gn ¡n;twl 

o o 
')J 

()ce. 5-Jif) 
/\n c~\an1plc v.rou1d t.c cx~clltí\e-t)J ")gra::2 co;~tioJ o; a P1~:!~~~~=Jl ~:;1 ~~1 

sysknl \\hid1 muót (l) pcrfurm mu:inc: ddt:J lo_s_g¡:¡g at clcd:-d;• ''Ií',- ,¡ 
t•r~-¡c;~., (?) LOIT!lJlltC' so:- .t: stettl')tics fJ c~tr; th·:. dc"'t"-· ~-=:~ c~.;ri~ ·o! ~a!v:.:· u.· í){ • • .:-1-

supply 'Jolla['t:S ~up.:i V!\:.'d by tc,tir;e,·aturc or ... oltagc scn'=,C·J-" ¿1nd (!ij 
rc_;;pond toO' erlo,u ctJ,:, ,,¡s 

Fig. 3-11. ¡\ c<~thode-ra)-tui-~.'kc)bo::trd term.nal for ,dp:<.1num·~m "lput,'cu•¡;t:: (Dd:.z 
Data Sj 11<'1115. (11( ) 

Another typc of e.'.C·~uti·:c progr<ln' (needed k.:s frequcnt!) \\ ttr, rntP1· 

computcrs than vnth !arge dtgJtal comput.::rs) i:;. 8. batcb·p;-uccs'-;;¡g rnor.L:.;r. 
Ihtch proccssing invoh·cs :;_,_eCI!tJOn of multtpie progr1ms trétnscr¡L't:d lJn,,> 

magnctic t<1pe- ora dt<;k f10m puncllcd cards or p,1per tape Each p1o~:í::;:1 
wd: havc a pnmity codc det(Tio1t'1ed by th..:- arr'\-al tm1c, urgenc), an¿ pto
gr;,m kngth The bidci• proc.cssmg mo'l~tOí must lo:td and c::ccu~~: tk 
vm;ou5 p!ogram'i, tn ·<h::r \\ÍtL .tny n,'cdcd hbr:uy rJutm•:s ami.:,_,;.¡ f:k,, 
a-:-;::c~:dtng lo "ont(• ~'-í. _ -it~-Stlf21~'tiCt": ~t~drc~\ lt.L. :-1 ... ~'t''~~..):..· n1ust als0 rna~~~ ~~ 

record uf thc tínlc e r ,L: -es01J r ces :,p~n~ on f ... é~ :-h p~ngr ar~1 

3-1·L c:~:te(:c-r~~y-~-, -~-','~~ry!-..·;.;id 'Tc•:.Li.v~:, ::- ".-.,:· .. ,:'i Pv~il]h(¡~ll)e\iC{}<, 

~!~1:, .;:,ü:!\'Cnlcn~~e of ct Lc)boarcl op2L.li.1:1g. s:st::-n11s S'c~~_t1y C~!hc~n~.."'c.J 1f \\l: 

u~c th-: ~low, n01sy, m~.:l troulJic-pronc tdci)PC\.ritcr onl;, \\hcn lnr:l 'l'f': L~ 
rc<>lly wantecl and cnip1oy a cati:oth'··:-<>~-:u:x'1'1:e:rl:·o::!d kr ~:1in;;] (1 ·1:: _; ll l 
for co.nmllliÍcatlllg with the computL'f (anc for progí ,¡m prcp~ir<~\h~. ·''~d 

dcburpi;<g, Sccs 3-16 ancl 3-1 7) 
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Typcal CRT/kcyboard tc~n11n:1ls display 40 to 48 forty-ch2raocr !mes on a 
standard tclc\ISIOn monitot Th1s JS mc:-.pcns¡vc and qu1tc satisfactory for 
most asscmbly-J,mgua&c and FORTRAN programm:ng _ If much text or 
tabular material is to be displaycd or tf thc systcm handies programs prc
parcd by or for a largcr digital computer, then 80-character lines are prefer
ablc. An 80-character linc can dtsplay a complete SO-column punchcd-card 
image or a complete 72-character teletypewnter li11e 

The pattern for each ASCII character IS generated b) table lookup in a 
MOSFET read-only memory (Sec. 1-14). The display character sequence 
is periodtcally refreshed by a sena! (MOSFET-shift-register) memory. 
Moo,t such terminals are tefetype11 rite1-compatlbfe; 1.e., they connect to the 
serial tcletypc.uiter interface on a mmicomputer or communicat10n system. 
It is usual! y poss;ble to speed up the shift-pulse ra te of such an interface 
whcn thc much faster CRT/keyboard unit is substituted for a teletypcwriter. 

CRT/keyboard control keys are simllar to those on teletypewriters but 
can ha\e more plei:lsmg and convement arrangements A blinkmg cursor, 
which can be mo\cd up, down, left, or nght by control key5, ind1cate~ tllc 
cunent point for charactc:· entry. 

Othcr minícomputer peripherals include small/111e printels, cmd rcadets, 
and pencil-m(/1 k reade; s. Graplzic CRT d1spfays and graphic plotters will b.: 
discus:,ed m Secs. 7-3 to 7 -12 
~L';. A r~rst Loo!\. nt \lmicOJil;JUtl'r Tiro~ Sh~:nn~ hdnds-on on-!me computcr ope!,ltton, 

- --eoí"-~:.z.::,- "1th CRT,Ike:r boaré tcrmm:1ls ¡<; a 11 cn1endously eflectl\'e \\a:, of "orl.mg for people 
lt ¡<; also a·~~)· ,ncftic;cnt operaPon for •h<: co,;Ipuru. \\h1ch tends to be mostly Iclle while tbc 
opcr<ttor th1nb about thc ne\t stcp, scratches hm¡self, or mterprets resulb It IS surely onc of 
thc fincr fe<~turc" of lh~ P1C\pcnSI\C m¡r,¡con¡puter that 1t stdl pcrn11ts th1s !)pe of opcratiOn 
to be: en:-.! cfft?Cti\C (cnn\crs~·t~on~d ('('mpulaUun on a largct rnachm-e md'il be t1rr1c-sharc::d) 
Nevcrthclc>s cspec1dlly m a r•:scarch O! g<>ntzatron, d good on~lme computmg facility crclt~s 
Its own S(arc;tv. G:vtt> a chance for crcattvc "pldy·· w1th the on-lmc computer, research 
workc1 s mdv fc~J constidir:cl not so much about cost but by tbc nagg1ng fcc:mg "1 a m depnv1ng 
Josc:.ph Bl(,;.; of comp: :er ttmc" ror th1s rcdson, se me sort ofttmc shanng 1s ps¡cholog1cally 
as I"Cll d'> cconrlmKdlt; ·. ', ilcakd_ ltrnc shdrmg m ay al so be attract1. e \\ hac d mmtcornpukt 
~upcrvt<;cs a rclalivdy ~;]0\1-movmg c\pcnmcnt or process and IS largel¡ té le betwfcn opcratiOn'> 

[xecutivc pro:;r:llll> IIkc thosc dc'>cnbcd In Sccs 3-l J and 3-13 can be. rcadd: cxtcnd·~d to 
prcJvtck fotrgru;,.¡ulb.ic!q:,:roLntl ptog!afTlm:ng. Th1s ts the strPpie>t 11ay to timc-share thc 
computcr bcti\CC'l tv.o pro¿1..tl11S Thc lo"cr-pnonty baci.ground pruyran• IS tntcrrup•cd by 
keyboard, ciorf-, or othcr dcv1cc 1 ec¡ucsts for thcfu• e(}, awul p• oqlam. \'. h,ch 1s cnt1rcly mtcrrupt
dnwn To prc•cnt r!thcr program f10m O\l'J\\Jttmg th~ othcr, 11 1> best to cst.tbl•sh rl'emor) 
bound,mcs ,,,¡h I~lcrnor]·pret,~t•:Jn hard ... ,.~rc (Scc 2-!5) 11h1Ch rntcrrupts the guilty prog:r.1m 
bcf01c any harm I> done [n any Cd~c. scnou'> program changcs mu;t u'uallj \\ait unt1l both 
prognlli-.<; .~re finl'hcJ Sorne typc-; ofprOf'ldiT•' can COC\ISI ntCcl) (Ref 11¡ More ,llnbtlious 
multiu;u t1m~ <h-11'11:! rrqu~rc;, f'l'!'/rmll \Ha¡~T'tl!y f•m,, a d11k, whr:h Li u>u,¡ll¡ COlltiolkd b) ,¡ 

5cCOr<' !I'HJ•c<lnlplll•-f (S,¡;¡ 7-13) 

PléOGíU.i\'1 f'lti~P/d~ATfON, EDíTfNG, 
AND DEHtJ(;c;r;\G 

3-1 (,_ P10g~;w: l'rc¡<' f::! i~¡;, :;;;:: :·:,·:ting. (~~) Off-lir.1: P a¡wr-tapc arJd Canl 
l'wrdri,;g. The nw>t p¡;m:tivc \'.a) to prepare a FOJ~Tf{Al\: or as'>emb!y
languar,c p1oro fur a minicomputcr ís with tl1c budt-m punch of •m o 

J 10 

ASR-t)pc tc!etyp;:,,wita. An achan!:if_;~· of 1hís pro:éJ!u1; h ti¡, t_ ¡i e,,,-, L..: 
do:1c off/me if a s~:::ond tclct::-p·::\\IÍtlr ¡; a'.ct,ld~1k fo: :h~ Cuin¡-,ukr ,-',if 
L1rnitcd cdJtm,; ca' be clone'' ith thc ;ud of the tc:.d~ p8\·.J ;1:..1 I<. í J r: 'n:-¡ ~- < 
Thc result :s, genera!ly spcakmg, a mcss, although the CJ;rr;-·'.,·-., c;,11 1 ~;;:;-,, 
a el can copy oí the program la ter; it IS vc:ry h<~rd to ke2p t¡ c.tcL of suc• . ..:,Sl\ e 
p:o6ram correction~. Pdtchmg paper tap<::s for correctlons i;,, e~'.C:llli<:Y_r. 
Il11j)ídctical. 

Com entional punched-card prog1 a m prep:1rcmon JS pr.:Jerz1 bk to ~u,:)l tcl-> 
typewriter operatton, assumin:; that a carel punch and readcr are <t\'Ciila;_J¡~ 
1 he advanlage of punchcd-card opcrat10n rs that indn{(/ual card> cDr, l;e 

cot rected. Punched-card operat10n 1s al so c111ployed "hcre ass::i'J bl; or 
compilation ofminicom?utcr pro:;ra!1ls :s done with a large¡ d1gtt;,J c.o;itpl.'t·~I 

(h) EditO! Programs. Most rrunicomput:~r progra_m prep::~ral!Oll IS c:on _ 
with the aid of editor prq;rsms loaded from p:tper t<=:pe, from mJg'lctlc t2pe, 
or from the syst.::m disk The text to be edit:!d (program or dc1ta, u~u,dly 1n 
ASCH-d1é~ractcr formal) ,:omes from a tcktypcwnter, CRT keyl:,):!l-cl, ¡)J 

paper-tapc rc;¡_der, or from «n ut¡edi!edfi!e on a magnetic t<tpe or di,k. Th: 
editor program m oves this text toan edaed file or ourpul dcvi.:e by\'--~: 'Jr ~' 
'ñOr!dng ilrea (varic.bll:'-ien:,sth h:\t bnfler) In e,; re. ·1 he text m il1e \'. •J! ~ ti1'~ 

area is priutcc! out by a telctypc\Hiter or (preferabl)) d!~playc·-1 b) ,: 
CRT/keyboard t::rmmal ánd c;m be n:odifiecl, deletC'd, or addcd to by Jn,·~tlu 
of thc tclctypcv.ntr:r or ;::'RT keyboard. This 1~ vcry con·.c-l1 :cnt bdL 

unfortunatcly, tles up tl1e ~om;:>m;;r dscll fo: on-lme t.ditmg 
In t he i!!pllf r.Jode (text modc) of a l) p1cal editor pro:,:rai>l f i< ,_r i ~ ¡ · : ~ , : '..:1 

can typc on thc: currcm tc\.t linc M,d dc::!etc indtvidtn! ch!rJctct''· or t>c' 

entire linc, with control kcys. The working are<t to be ed:tecl L .. 1:· t,, t:•c 
last linc typed ora block of lmcs Tnt nny be output r,c:lí ~r·,c c_i·~:~c' 

arca !in;; by !me (after ea:.::h hne-fccd/n::tum), 0r an ent¡re blc,c;. L:;t:. l'..? 
output on command. 

A control key SWIIches thc e el itor pro;ram b~l \\'CCil inpu l 1]1.)(\.._• d ncl 
commanJ mode. In command mode, th.: user may t) pe; r:ditc11 ( (IJ:,r/·(,,;¡1_\, 

such as: 

TOP M oves the cunent lme to thc first !m.-:: of thc mput file (1f at1)) 

1\:EXT Moves thc curren! hnc to the start ofthe ne\.t block or dtspia) v:~~c 

BOTTOfvi M oves the cm rcnt lmc to the l~st !me of thc rnput flk 
(,f T N l.lf'J[S FROM !Jt:V!Cf: AdJ-; .\ J¡n,'' from <1 :.ub,,idl<l'! liij>l'l d1'\ i,y 

,¡f¡u thc currcnt iiuc. 
lOCAl E (charactcr strin~) l'v1ovcs th.-:: cutient hnc 10 tk· fl1 •,' t''''' · '·.:,· 

ofthe quotcd string. 1t is uscd, for C'\::lmpk, to ch.~"~'-~,,\~:. · .. :.L' 11' ,, , 

tach lÍl1ll' ll OCCUí S 

CLOSE (fik namc) Our11uts the rc¡;t.lmd::r of thc i1;;·.'' 1: 1 ·. l'L::· _:l '• 

and closcs thc output file at thc Cird of :m cdJting Jc't' o 
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\\ll\c;-¡ ~! tc!~.-t)pL\'.:tt,-r 15 ti~-:'-~· n10st ~-:ctu d cdlting (tcxt n~~J'~lf"ic._!:lCHt) í:. 
dollc 111 co~;.lr/~?~Id 1nod~,. thc ' ,,:¡ t:. t~.:s ce· ,~ :1llnds ur~d.:r i1C'llh thc CLJJ rcnl 
!me, c.:; , 

1:-~SH> r lstr::1~} 1 h.: ~ti !('f' just t;. pcd is 1nsertcd aftt.:< lh~ cu1 ¡ cnt hnc. 
PC:Pi ncE (old stnr~g/n..:\\ stnr:g) Th~ oid string in tl¡e cuncnt linc ¡<; 

ré'pbccd \,ilh thc nc>' -;tnng (1\hich can b.: loafcr). 

Thi.: edite.~ c.• r. abo be e o!:' mandcd ti' 1 ct; pe sume ora 11 thc tc;\t orto prepMc 
papr:r-tr.pe OHJIU! 

Edit>a ,,-uf¡ a CRI;'k:.:rbowd te1r.· il•al IS br for n.ore co1:: ,·~¡icnt. The 
u,<>r can .. ;ypc ot.er tiie dh"j-;lo_J e.! te.-.;t, 11/SCJ t clw-wcte ·s 0' .'me5 11'1!/z tfze c1d crf 

CtHII•d ke_1.1, and d:?':z:c• chc:l":tas 01 linrs. Al! thc~.e char.gcs are at:to
•1la tic,!!! y appltd to the text buffer. 

!~OTE EG·t1n3 p~O§!fdl1lS Ldn he ·~·cr~ u;;.,:ft~. 1-.:n t:dlttng gozctaf !t'tf (e 2, rcporb) as \1,c~I .. h 

"o,·,ruter prcsr.1n1s aPd d.Hll 

~ .... 1'7. On-llne Debu~~i:~g (~cf 13 ). t\ good p:-ograe1-dehdggi:1g s:r ~:.(~;~¡ 

v. ot ks with bolh FO }~TR \.S and asscnóly-language programs Tht' 
dc.bU2RCr .s loadcd w1th the llnkíng lJ:•clcr. w~lich io2d5 thc uscr's progra~ns; 
a~ a ;t~!e, the dcbugger d1sabks ali iuterrup~s, so intcrrupt-service routines 
lllu">t bc teste·i :.eparatcly Thc d.::bugg-::1 can: 

l. In~crt b.eRl;pu···:s at specifled memor:• locatio11S. \Vhcn st<lrl\::::1, tl1e 
program will run and stop at t:ic next brca'-~point to pcrnut t:X2rmYJatLon 
of rcg1ster and n1emory contents 

2. Removc one brc:~1kpomt or ~.di breakpoints. 
3. Start o:- restart the program at a spccif;cd location, e.g., after a break

point. 
4. Di:;,pby the contcnts of a symbolicaliy addresscd mcmory location on 

thc tclct) pe\\ ntcr or CRT t..::rminal, step thc d1splayed-locatton 
address up or c!O\'.n, or rL~play the contcnts of tht memory l')Catton 
i:::d;;-cctlv addu;sscd by a de~ired s;·mboL 

5 Modrí v th~..: -::ontents of rr:e'l'orv loca \tons ad·:Jr cs~ed ilS abo ·/C. 

(, Sc<licf; a spcc;'Jcd a.:-ea ¡r. rrJ<;.mory for thr lo.:.ltlOn ;lCÍ(¡ ,·os•;d by a 
S¡Y::ct!ld symbolic cr.prc:.~,on Oí for ;;pcuficc! symb0k cc,iltVl!b. 

-,.. Output mod¡f;cc! or '.orrcctcd pru:;u¡;1 o-cctJnr,~; omo <1 :lamed flt,:; 
thc new pro~r~~rn sectJUES can COl1t~Uli I1C'.',!)' .:-fcfinc,::l SyJnho~s. 

LL ~ clal:;o¡;,:c del_.,_.¡,~·';:"~ p:,•¿retJn> p::-1 ¡,l[t 0:1ly oc-L:i (r~ 1 ltcr tha:1 ~yn·:bolrc) 
:1dd;·~::.~ rcfcir·r~ct·~ (o::L~i t.JtiJtt;~~!:;-._,; Pcl~rt;n·:c; 12 cuntdiTi~ ~~ ~I"'o;t C\.an1pic 

ol; dc:t.L'l.;í?,lflg scs·~Ju:L scc al:;o ¡;-.,f. 13. 
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Coq>:'I,'~:,Jn, \~,'cJ~ C.or·,_(,¡._! \L~ss, I(J70 

2 rvhll)'t'~· v: J e t\SCtlvl~trLriClg21rJ""\;JUrt~ .\fnr' D ¡JQ, -\u:'' 1 ,~-
3 Ka:ho~) ,¡, ~1 1 ·Con~ J; ... f'c: ~¡,._íar.: f·~ -·r'; Cr·~ ~-;_Con u.'¡_, 

1 
·., -, l''-.rJ 

4 i rlncll 1"i · D·,i'l,11 C·. ):1~ ..... -r.d Car1':-l~- w 
1 .·.or-J~t· ¡ .r:,f \L~_~ Jí)·,.J 

5 ~~ykc-.., J n De .. ;:~ np'"1t)_.(.h f.,¡ .:1 T)'f¡'! Czss._'tt~-:: R~:~~·-lllil:i ),:.:-··. ,- )¡':' J:J 
Octob~: l 910 

6 B~Kk, D IJ, anrr!: i' Chas:: J¡¡tcra2tJ·.e CRT Je¡r·rJO:.l-'5. ,\f,•,í Du '' \;,,: -),''· ¡y-., 
7 i\1uq;hy, V/ J ~\í.::d1urp and Sm1.1l-sr~:::tl.; D~~t an~-1 D .. t'"'TI Ll:-¡· . ...:· \.'o,f u~.:,, ~-:u .. ~~ 19íl 

B.-\~J C Paog,·~ l'lr:lu~¡; 

Many r!1!nicoolput:.r ITJ::n~1r:1r:turers suppi:, B/\SiC illd.nua!:,. 1\n1o:i~~ tí~'? 
best oncs are: 
8 PHJr.j U• 1i''tfU} !.Clt~j 1 l(:(jll. (P!)f'>-8 1-{_ln(:!Joot\. s~.H>í) D~gJt~l! Equ._t}tP.:'Pl Corprl-;[l(Hl 

fv~:.yH'ltJ, J'v~4!5S (CllifL,~r )~"'cr) 

TiPs rcfuertce 2lso é..:s. nb.:s :-OCAL. 
9 2()0()IJ -1 C.t.tde ca ~;!tJ,L'-'> 11 j ,,.f D-iS_i(' he·.-.kd-P~1c¡,_ard Cor1~ur::-t(Jt"'n Cup...::rtl'lO :.~· ,¡ 

(curre !le ycctr) 
·r hue a ce ;nany bot.b •Jn E.\SIC. The classic t·~ <t JS ~hat b) :8 \SiC;: 
ori:l=nators: 

lO K.:r~.cr.y, J G, and T f: };mtz B :SIC Progra•.:m'MJ \'/de}. !\'c.\ Y::ork, l'iG7 

11. l'ub, J H ·A S.mpk ~.1!"thod of \h,lt1progr~nln11ng th~ PDP-9 Co;npc~ter. C.SRL !'.'cf" 
Lü7, [!ectrtcai Eng.Jn~~l.l .... ::; Dc?2 rt:--,.:!rt. l:nn erstt) of Ari1or.a 1970 ::.~e 2l~o Prh.' F-e '1 

DF:CúS S_¡mp, Dr!;Jtal Equ•~c'•~lcr.t Co-¡;o-.!:,on. \1.1;.n2rd. \la,,. !970 
12 Í!tt•oducncP: to P(oara·mPtt'g. PDP-8 I-iJndt.J8!; S.::r~e~. Dlg1t'tl Fqtnpm::r.t Corpo- .!tJo_, 

Mayndfd, M;w, (curr~nt ,ssl,e) , 
13 Evan~. T. G , and D L Du::-:_, Ü10-l1'1e D~bu~~1!1g Tecnruques A Sun.::. Pro, F JCC 

19GG (conta1ns furthcr b,b!Jo;ra¡'':· 01' d~bugg¡Jgl 
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CH-\PfER 4 

MRNfCO\iPl"TER PROGRA.\!7\li~G 
WKTH ASSE,fBLERS AND 
~IACROASSE\IBLERS 

ENTRODLCTION A. '"D SVRVE\' 

As:ser.1bly-!anguage programrnmg wúl enable us to obtain the greatest 
possible elfort from a dig¡tal computer. i.e., to optimize computing speed 
and/or memory requrrements. 11us is because assembly-language mstruc
üons correspond, more or I::ss, to the actual hardware operatwns possible 
with. a specific madr.ne and permit us to ~xploit its features cleverly. This 
acfv&ntage of assembly-language programming !S especia!ly pronounced for 
!:rn..oü digital corr.puters, v.-hose algebraic compilers (which must fit ínto 
4K ro 8Y.. word5 cf memory) may not pr-oduce very efficient code. 

ki-odern symbol:c assembiers not only trans!ate mslructron mnemonics tnto 
r..o-!Lliiw: code but a1so pe? m'! s: mbo!ic m~:.n:or_¡ references by ass¡gmng bmary 
Eocation number'" to symbol:> (Se;. ~-1). Tne better symbol!c assemblers 
ca:'. ::I~o compta.:. addresses b_v <:'WÚ<atmg •T'>:bo:;c expres:;ions (Sec. 4-3), can 
resa~r:·~:: !);acks of s1oragt: Eocr.morzs (as weli a~ sm.~i~ storage locatrons) for data 
or :r:5rructwns, anc! can arra~J.! for storage aná formatting of decimal, 
dc~ó:~·-prect!;Wn, and ftoating-p0mt data (Scc. -+-5) Good general-ourpose 
2s::-:·.:·,bíer~ furtí1e: frc~ the program:ncr from assrgr.mg program pages and 
wcri-:: w•th a compamon h:::l:.ing-lo:idcr prognm to facilitate relocatwn and 
!.t:lc,tge G~; muili;oie pm~·~a~>r ::egmc•z:s (Sec 4-[7, see al<;o Sec 3-6). 
Ftr.aHy, :nacrou\·',f!mbie"> <.:an ¡;cner:Hc useful m u!tt-mstru:::tton scquences 
f.:-om IJ¡Jr>L!1C CO:-JHndr.ds f Sec . .:--2 :; ar:.d. togeth·::r \vlth condttwna! assemhh 
(S::c. :;-23\. e:;;¡ :;cr;,r;;::.t> sorne of the programmtng ~~mpltcity of a comprl~r· 
!Jngoage \~,r~h d-;~.;:!mb!:)-IanguJ,ge effic.tency. 

------------ ------- ------------- -~ ---
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\I\011'-E L\V,l \CE \'\D PRI\IIfiiE -\SSt:\lP.l\ l\'\Gl \Gf: ~· 
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Wtth a swtable op~rat1ng s;.stem. assembl¡-language prograrr. segm\?r;ts 
can be neatly combmed \\tth FORTRAN programs (Sec. -+-20¡ so tha: e,;:n 
a líttle kno1~ lcdge of asser:1bly langu.1ge can be u sed to 1m pro\ e ímportant ri?i 
frequently used rou~,nes 

.-\SSEMBL Y LA:\'GCAGES, ASSEMBLERS, 
AN'D SOME Of THEIR rt.-\ TCRES 

4-I. Machine L:mg-.. mge aml Primithe Assemb1y Languag~. A t:ypical 
program sequence ~~·- a i2-bit minicomputer. say 

lOAD INTO ACCUMULATOR (the contents oO 
!NVER:" ACCUMULATOR 

STORE ACCUMUtATOR IN 

z 

specifies the contems of successice memory focations 2, 3, 4, 5, and 6. Loca
tion 2 contains a data ..._ord (5} given by our program. but locatton 3 is only 
reserved ior an as yet unspecified data word to be stOTed there by the program. 
The program proper (i.e., the first instruction) starts at location 4. The 
program counter will be initially set !o 4 and will step to s, 6, and on to 7 ~ 

each instruction is executed. 
Such a program is actually entered into the computer in bm:uy 

machfne language, viz., 

000 000 000 010 ÓOO 000 000 101 

000 000 000 011 

000 000 000 100 OOí 000 000 010 

000 000 000 101 111 000 100 OC1 
000 000 QtJQ 110 011 000 000 011 

perhaps from a bmary paper tape or fror:1 fronr-panel toggle swttr.hes. The 
first 12-bit word on eat.h !me 1s th'; memory addre~s of the second ·,"ord. 
The first line agam \oc ates the da:a \vord (5). Tne second !me resen es 
iocation 3 for a data 11vord \\fllch rs not suppli.:d by thc program. but \\tll 
be stored there at run ttmc by ou:· last instn:ction: sorne: a~semb;ers v.ould 
depositO in such a locatwn for che tJmc bet!".g. 

The first word of the third tin.:: ts. agam. the addtess of the second \\Ord 
This time, thrs storea-program \\Ord represents an mstruction code and, 
smce this is a memory-reference mstruction. sorne address btts needed to 
determine an effecti\-e memory aádress. In our Simple example. the fhe 
!eading instruct!On-code bitS 001 00 signify LOAD INTO ~CCUMULATOR 

wrth the ·'pag::! 0 .. dJrcct-addressi:"lg mode (Sec. 1-7) In thts c~tsc, the 
remainmg se\en c!dcrcss btts o ooo 010 d•rcctly ¡epresent the bma:-::• 
2d :i:-e:,; The rerrl.'.lcct!:g t'>V o mstructions are stmtl .. uly trans!J ted 



.&-2 PROGR \~l\11'\G \\ ITII \SSf\IIJLERS \ '\D \l \CRO \SSf\ILILERS tOO 

To work with long programs in this macrun<:"!-language form would be 
decidedly uncomfortable t:\en if \\t: make the program easier to read and 
write by using octal code (Sec. l-4b) 

0002 0005 
0003 

0004 1002 
0005 

0006 

7041 

3003 

which the machine could decode quite readily from typed input. We have 
actualty seen people program in octal code to avoid paper-tape assembly! 
In practice, even the simplest minicomputers have assembler programs 
which translate programs written in terms ofmnemonic instruction codes, e.g., 

0002 0005 
0003 

0004 LOA 

0005 NEG 

0006 STO 

002 

003 

Mnemonics like LOA, NEG, and STO approximate English words; the 
asstrnbler program translates mnemonics into hinary code by table lookup. 
We have supplied addresses and address bits in octal form, just as in octal 
machine language. 

To improve our primitive assembly language, it would be convenient if 
we could specify the actual 12-bit effectit·e address of each memory-reference 
instruction, say 

0006 STO 0003 

Note that now the a~sembler must not only translate STO by table lookup, 
but it must also compute the correct address bits determined by the addressing 
mode (implicit in STO without extra character codes) together with the 
effective address. If the demed address cannot be reached by direct 
current-page or relative addressing, the assembler will either stop and print 
an error mcssage, or (preferably) it will automatically substitute indirect or 
two-word addrcssing (see also Sec. 2-7}. 

~2. Symbolic Assembiy Language. Most practica! asscmblers are sym
bolic assemblers, ~ hich pcrmit the user to refer to instruction and operand 
addresses in tcrms of symbols. In a symbotic :.ssembiy language. the sample 
program segment of Sec. 4-1 mJ.ght loo k hke Fig. 4-1. Ea eh S) mboi (a 
stnng of up to 5 or 6 alphanumeric character~J repre'>cnt'i a loc:1tion (symbolic 
mcmory addrcss). The word in the location-tag ficld (lahd fie!d) of a lme 
represents the locat10n of t.he corrcsponding instructwn or data word. 

o 

t 

1 

o 
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INPUT 

RESlT 

START 

~ 
Locauon-tag ñ::d 

(label field) 

01'...05 

LOA. 

NEG 
STO 

'-.-----' 
InsLn:ctio~ 

coce u].~: 1 

INPUT 

RESlT ..___.._.... 
lnstruct:on 

address (¡f an:) 

ln.struct10n or data "-Ord C1 fiddsl 

:' DJta 
/ Reser.ed for r~>ult 
1 Get data "-Ord 
/ (o,eTt . t 
' Depo~;!Jeo;ult 

Comir.ent fie!d 

Fig. 4-1. Thc program ;qrr:ent of Sec +-1 "r.tten 10 s:mbolic assembl: language. :'lo"ote th:u 
each hne (assembl!·lan~age o;tatement) has four fields, all but one of "'h:ch could be err.pt: 
V.'ben such statements a~e t;ped or punchedfone toa teletype...,nter !me or punched cardl. the 
fields must be separated b:- ;paces, teletype~>.riter tabs. or other field dehmzt~rs (colons, slashes. 
etc.) so that the assembier can recogn1Ze the end of each fiel d. 

Unless the contrary is specified, consecutive lines still represent consecmive 
program words. Therefore, if INPUT represents location 2. RI!SLT muse 
represent location 3. START must represent location 4, and the last t\vo 
instruction V~~ords mu.st go into locations S and 6, altlzough we omitted 
their location tags in Fig. 4- l. 

The first pass of a symbolic assembler scans the user's source program 
and crea tes a symbol table \\h.! eh lists all user symbols defined as location 
tags together ~ith their location numbers relative to a starting address. 
Symbolic instruction addresses as V~~ell as mnemonic instruction codl!s can 
then be translated by tab!e-lookup operations. Taking due account of each 
addressing mode used, the assembler still has to compute the address bits 
for each memory-reference instruction. Good symbolic assemblers will 
automatically introduce indirect or two-word addressing when a symbo!íc 
address is not \\ ithin re a eh of one·\\ ord paged or relative addressing (Sec. 2~ i). 

Multiply defined S)mbols will stop the assembl) process and 'or produce 
an error printout (Fig. 4-3). Sorne assemblers aiso ind1cate an error if a 
symbolic address has no !ocat10n-tag counterpart (undefined s.1 mbo{). A 

PROGRAM:It1:R J P&G[ ¡ 

Fig. 4-2. Sorn;: n.:o;'\! l.: ..... !! tu !.!:iiC' tO f r) torm-' Slmll H h.' th¡! t..'O!i! 5hü\\n fl'r ..1~-,~mbh~l,¡n::::u~l\!..! 
prvgr..tmm1ng . Th.: ::~ 'J:-'~ num"'c:-'!' lP~l~~u~u cr thc fl"~rm .~:-;;: for piJnch\!J "'~Ir~:~ 1; \~~~~ 
typC\'-rHer~prt:¡:--..L'"C:~~r~..,;:-_;L~ :hr:~;h.~~.¡r;:~..:!tr1!l\!Jh~ !..!~' ~t1 l0n:, .,Lbhc~ cr...: ¡tf,·r't'''L: 

ftljOrt!lllliOII S',¡¿", 1 

o 

' \. 



102 

good assen1bkr. though, m~:- :!Utorn~t!C:lil; s~p¡J!y ea:!-t und:::"i•d s;.rnbol:c 
address \\ 1th a corr::spondmg storage !ocatl•Jn at rhe end of the program so 
that the programmer is rdieved of th1s t:.sk. You can see that a good 
symholtc assem bkr 1s a fairl: compkx s: :;t;::n prog:arr.. 

NOTE: Prectsely, A repr:.:sents the ass~mbler-det_.rm~ned address of 
the memory location whose contents tAl at run tir::e \•-ill be the -..·alue ora 
constant A 0r.,alues cf a v:.tri:lble A. 

/SAMPlE 

CIClO O'!l A A.1 

~ 000 R :lOO 100 t. 

001: 001 ¡¡ 2cr. 010 A START 

00') 00, lll 400 011 " 
ot;O O:n 1'1 zoo 005 "' 

o 000 004 A ?0'1 Q06 E ~T.l.RT 
~ 
) 1)00 001 A 
l coo oos p¡ 000 010 A 

aoo 006 A oco c<:fi e 

1 

:~T ::~~= ~::: j' 
m aao 1:101 i 

1_ Error (muit~ply Ex:emal symbo! 
deiined symbo!) 

·EXT' 
•EO 
100 
LOAD 

STO RE 
lOA O 

JUlii'P 1 

,E \ID 

l! , 
lO 
41 

(10! 

X 

START 

¡ &terna! referenc= 
í Pseudo mstruction 

¡ wter:ll 
1 lndirect jump 

IFlg. 4j.J. L•st¡ng produc~ b:. a S}mboh.; assembler The assembler has srarted at !ocatJon O 
and h;J.s marked each iLJcation a.nd adóess as abso!:.te 4. r~!ocatabte R. or externa! E for thc 
Hr.io:a1g l:Mder (Scc 4-19) Words "-h1ch do not conta::¡ acdresses are marke-d abso!ute (tht:1r 
loctmc . .,s may be re!ccatabh:) An error !me has been ioun:i and mark~d v.1th an cr:or cod,: by 
t~'~ ¡;¡ ;serr,r~:!.!'r. 

if rcquestcd by a front~r'ar.e! &witch settmg or typed cornmand, the 
assembtcr w!ll prir.t an as_<:.embry !Lsting m an ex:ra pass. The listmg shows 
tf..: :tS¡'t•o; syml•ofic source program and t!ze "esu!tir.g octal machine code side 
by sid< ·.vi~h sorne extra ar.not~tions (Fig: -'-3: see also Sec. 4-21 Tfie 
1l!!"iemhler can also produce ti symiYll-table ~ríntout for refcrence (either ín 
<llpi11betical or nurncncal order}. Y e~' shoulc consuit you::- mimcomputer 
:'.:;uwal tor the n".axi•rlUnt t:!!1'1brr of S} ~r.bo!s -and the maximum number of 
pmyram fines which ca'n be handkd w1c:1 a gne::. comput::r memor:-. 

4-3. SymboHc E'l.pre->sions a!!d Current-location Ref~rer.c.:s. Since correct 
<~ddrr;~~ing req<m•;s computatíom at ::Js~:::nbí:. tJrn~ in <r.n'· C:l~e. rnany 

' 
! 
1 

1 
1 

!03 

syrnbol!c assernblers Ir:.pro'e programm1ng cor.-.enience further o:. ;xr
nHtting sym!>olic e"\pressiun~ 1n address fidd:>. For exarr:p:e, 

03 ·"-00 INTO ACCUi't.ULATOR 

STORE ACCUr\~UU,TOR 11\J 

HOP JUMP TO 

000 00·) 

SYM CJO 173 

-:01 :o1 

SYM Adds 000 t73 
lEAP- HOP-2/ Addres; 15 06 

avr.-1 - 2 , Addre-;c; 1s 11 a 

lEAP JUMP !F ACCUr1i1ULATOR NEGATIVE SVl\~-4 í Address is Ol 

Note carcfully that each expression ínvolves addresses and not data. 
Integers wi!l be interpreted as octal unless the contrary is stated (Sec. 4-5c;. 
Such more eiaborate assemblers usual!_:, make n1o passes through th~ source 
program. plus an optinnal hsting pass. . 

Sorne assemblers also adm1t multip/ication and dzrision in address expres
sions, but1hese operatrons may not have the customary preceden:e. and no 
parentheses may be a!Iowed. Thus, A+ B ·e ma_¡.- be interpreteé. as 
(A+ B) ·e in an address expression; consult your assemhler manual. 
Sorne assemblers also permit bit-by-bit ANO, OA, and XOR operations v.ith 
syrnbolic-address v.ords. 

NOTE: Numencal values of symbols and expressions are necessanl} 
fixed at assembly time. The progr:tm can only change the conrenrs of 
symbolically addrcssed locations at run time. 
~a further convenicnce, it is usually possible to reCerence the location of 

the current insttuction, say as o , so that 

03 
BOUND 

LOAD ACCUMULATOR 

JUMP IF ACCUMULATOR Zi!RO 

JUMP 

•+ 3 
.-1 

1 Address isos 
1 Address is 03 

•+ lA- 1/ Address is A-¡¡ 

NOTE To estabh>r. addrcs~~~ hke SVM - 4 or .- 3 ir.. our .:umples. \\e hJ'e :~e:~:d ~::!-::h 
source-program mstructJOr: as one uord m memor~ rn generJ.! t\>0-\\0rd tn>tr :•;•.:or.s 
(SC'C. 2-7) \I<Ül count a' 1110 loc.tt.or.s Cf,ec~: lOitr a,:,e.,.~/a rtoamt.z.' nn tfus pomt krd on :h¿ 
l'll.anner of coltnllng b_¡te /ocatwns (1jam) 

4-4. [mmcdiate Add;essing :.md Literals. Sorne mtntcomputers pc:rm!t 
you to specify the operand (rather tbn the Jddre;;s) of a mem.or:-reference 
instruction through unmedwte addressurg (Sec. :!-7 e). e.g . 

LOAD ACCUMULATOR. IMMEDiATE 01 o 711 

wherc 010 "111" ts the actual I1llmber lo:~ded. rwc an address. Strr:ll:vl). 
\.CJAD ACCUMULATOR, IMMEDIATE SYMBL - 2 lo<.ld~ the n;mz.:rrcu/ _alt"' 
of the symbolic address svrv1 BL - 2. not lb í.:Ontcnts 

For computers \\ithout truc h,¡rd\\:Jre tmmedi...tte Jddr.:ssmg. a s:í:lbol.c 
assemb!er may trnplement memor)-rdaence oper.H1ons on liter.1ls l!ke 
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(010711)or (SVMBL- 2}. \\htch are defined as folio\>S: 

{010 711} is a S) mbolíc me mor) location ;~·~ziclz contains 01 o 711. 

(SYMBL- 2) is a symbolic memory location which contains che numer
ical ralue of SYMBL + 2. 

The assembler automatically assembles memory tocations containing each 
literal value at the end of the program (Fig. 4-3). It follows that 

LOAD ACCUMULATOR 

actually loads 01 o 111. Note also that 

(010 711) 

lOAD ACCUMULATOR. INDIRECT VIA (010 711) 

produces the same result in the accumulator as 

LOAD ACCUMULATOR 010 711 

4--S. Pseudo Instructions. (a) Introduction. The assembler can perform 
still more operations to improve programming convenience. To request 
operations to be done at assembly time, we enter pseudo instructions into 
the source program. To distinguish pseudo instructions from true instruc
tions (which directly correspond to operations at run time), we will write a 
word in each pseudo instruction with a preceding dot (. ). The remainder 
ofthis section will help you to interpret advertised lists of assembler features. 

(b) Pseudo Instructions for Defining and Redefi.ning Symbols. As we 
have seen, one can define a symbol (i.e., give it a numerical value) by using 
it as a location tag (label). Another way to define a symbol is through the 
pseudo instruction 

• DEFINE ADDRESS SYMBL 

which assigns sv~_IIBL the value of the current location, just like 

SYMBL 

As it stands, either statement leaves the contents of SYMBL unspeci
fied. With computers permitting repeated indirect addressing and/or post· 
indexilrg, however, the oDEFINE ADDRESS pseudo instruction can be used 
with úrdirect or indexed addressmg to ser the indirect or index bits of the 
specified location. For example, 

o DEFINE AODRESS. INDEXEO 

STORE ACCUMULATOR. INDIRECT 

SVMBL 

SVMBL 

wouid produce an effective storage address equal to the su m of the contents 
of SYMBL and thc contents of the index register. 

The pseudo instraction (as~ignment statc.'t1Cthl 

• EO. 

l05 

assigns the va!ue of the expre~sion on the nght to SYM6L1 ,,. t~;! 
Jolf01~ing program statements. Such assi!!nm~nt can be <.:s<!d to define or 
redefine a symbol before or after it is us;d as a !abe! or add_tess :Sote. 
bowever, that v.ith the usual tv.o-pass assemb!er 

_., 

SYIVIBL1 .ea 7 
_ .. ~'.,' 

SYI\i~Bl2 .ea SYMBL1-2 

is l.egal, but 
SYMBL2 .ea SYMBL1-2 

SVMBL1 oEO 7 

will cause an. error message ("UNDEFINED SYMBOL "') unless SYM BL 1 

was defined (as a iabel, by a .DEFINE ADDRESS statement, or by another 
assignment statement) earlier in the program. 

(e) Pseudo Instructions Defining Data Types. Most minicomputer 
assembiers normally interpret integers in source-program addres~~s. 

expressions, or data as single-precision octal integers, so a statement like 

AlFA 017002 

reserves one memory location. Sorne assemblers can define doublt?>
precision quantities (still in octal code) by pseudo instructlons líke 
oDOUBLE, so 

BETA .DOUBlE 7173514 

generates two words (in locations BETA and BETA..- 1). 
lbe pseudo instruction • DECIMAL permits you to enter dedmal 

integer constants in your source program; thus 

GAMMA e DECIMAL 1982 

will generate the correct one-word binary nurnber. 
Sorne assemblers will correctly assemble binary ftoating-poir1t num~rs 

when "DECIMAL is followed by a real number contaming a dcczmal 
point. (Either 10.73 or 0.1073 E+ 02 will v.ork.) Other assemblers re
quire a separate pseudo instruction. such as • FLOAT. It is sim1larly 
possible to declare double-precision ftoating-point data; the assembler 
will correctly asstgn three or more words for each data entry. 

Sorne assemblers also accept hexadecimal integers follov.mg the pseudo 
instruction. HEX. 

Th1.. pseudo instruction .ASCII foilO\\ed by alphanumenc text lusuall_:. .... 
delimited by quotation marks) cause:. ASCII charact~rs to be pad:ed mto 
successtve computer words. where they can be accessec. for exampie. b) 
output routmes for pnntmg error messages. for exampk . 

~ASCII '800800 IN UNE 12' 

,Q 
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NOTE In $:Jm.: J>s:;-:-!:::.·r· .l p,,::..lc' .rs::·L-· .:--: '(e • DECI~.lAl rerr ..1•ns \al:d for 
sub~~qU~'1( \\0nh unt•l ,t S r.:.0'....!J b~ Jn0th.:!i CJ:J~~~:-: :¡g ps\!udo !n3rructt0:1. ::,u~!l J5 

,OCTAl. 

ld) Pseudo wstruction..<> íor Res¿r.ir.g Stor~ge Bl9Ct.s. A P?c~go instn,Jc
tion like 

SYMBL o BlOCK 

wbere N is a positive intcger. re-senes ,\' stor:1ge Iocations. st:uting ~ith the 
Zocation SYMBL, for data or instructioc. v.ords. N can be a symbol or, 
in fact. an expression: the block sue 1s, in any case, given its numerical 
value at assembly !ime. Son:e assembkrs automaticali¡ reset ail reserved 
Iocatioos to O if ti":.eir conter.,ts are not spedied. Sorne assemblers can 
also reserve blocks '!ndmg ata speci5ed location. 

NOTE: Locatwns rcserved for nor.instruction "'ords must be situated 
at the beginning of a prograrn. at its end, or immediately following an un
corrditional-¡wnp instruction. Othe:."\,.ist>, the machine might execute a 
noninstruction as th~.! program counter advances, with regrettabl~ results! 

(e) !Pseudo In~tructions for Controlling ~e Assembly ?rocess. The 
pseudo instruction 

cORIGIN (address) 

eauses the subsequent program to start (or continue) from the specified 
address (which can be reloc~table. Sec. 4-18}. 

Every asscmbly-language so urce program must termina te \\ ith the pseudo 
instruction 

eEND (starting ~qdress of program) 

to teU the assembler that no more program statements foliow. The 
assembler may then add extra \\OfdS for l!teral5 and fdr preVJOUs!y undefined 
symbolk addresscs if it has these features. The starting address is the 
address of the first insrmct/01• to be executed and is usually appended to the 
"I!NO pseudo instructíon. so that a loader program (Sec. 4--19) can inserta 
jump to the startmg address and a HALT for con\'enient restarting. 
With simpler operattng S) stems. abso[ute startmg adaresses are set up \\ nh 
fron~·p<mel swítches- (Sec. 3-4). 

• 
NOTE: Th<! pw:ulo ,n;rr•" llc'l! .!!NP ,-~n:f~s th: e~d of asremh/1. Praqram .:xccut1011 

rn-;~y end w1th the rnlfrrttrlm; HALT or ·,\:!h .1 JUI"lp lO an C'<.<:::Utl\~ program 

(f) O~her P'icudo fnstructior.s. Addtt!onal t: pe-; of pseudo tnstructiOns 
<J.re u sed to !m k proyrwm {5ecs 4-!7 :u:d .+-19' and to define macros {Sec. 4-21) 
and condíuunal a11emh!:• iSec . ..1-23). Svm~ assern!¿lers :1!so ha•e rseudo 
ins:n.:ctions lO control or formal f,wnqs. b:Jt ,t ts prob~bly more conventent 
toJo th!•; \'·;th fr-:mt-panc! w. :tches or. p:-ei·.;rzbl,;.. v.tth ke;.bo . .ud-cxccutt\c 
c"mmdn:h (Scc.: 3-11 ). 

r---.. 
\ J r 
1 
¡ 

t 

1 
¡ 
1 
¡ 

! 

!07 

"ht:rc th~! count m~::, .1 poytJ\~ 1:-"t~;;r d.r:.C thc 1ncrcr.1~nr n '-=.:! s·~n..:C 1rt~;z _~,"'O.. - - ~· .. 

Of .t,;fú). Co.lU.J.:'> thc lr:1ffi-..d. t•~!J tollO\\'~~ p .. o;r ~r'! \O!'d ( '1~trl.!.:~·o¡- Cí 1_:: :1 r, ,-,-F_, L•.J ,--;; 

rcp,.:,nt:d n1 tunes .\¡th U n 2n. . ím - lln Jdj~¿ te -;u.:c;:-sS!\e '.\or¿s Foí t:\,---· .. 

• FEPEA f H 
0001 

oRI!PlAT z. -l 

0002 
gencr .1tc' 

0001 
0003 

0005 
00(1:1 

0001 

Note that addr.:sscs as \\el! .!S data ,;an be mcrcm~nted. Some ass.:mb!ers ha'e mor;: :':;.borate 
.REPEAT p;;et;do opcratiO'is cap..J!Jk of repeatmg ¡/'OllDS of "ords 

INTRODl!CTION TO PROGRAM:\-H~G 

4-7. Program Documentation: Use of Comment.,. L'niess ~ou interspersc 
your program statemcnts I'IÍth plenty of e'\planator~ comments. not C\en ~ou 
yourself (ami surely no one e!se) "ill be ablc to undcrstand ~our program one 
month later. Th1s IS true for FORTRAN program:. andan;. other programs 
as well as for assembly-language programs. 

Comments are not restri~ted to the comrnl!nts fields of assembl;. -languagl! 
st~t~ments; the asscmb1er will recognize any line preceded b;. 1 (or 
sim1lar delimiters such as : . ·, etc.) as a comment line. sa) 

1 THIS IS A COMMENT UNE 

Such cornment lines can also be useq for program rilles. Comments \> ill 
not cause any program words to be asscmbled. but comrnents \\ t!l be 
reproduced in the assernbicr listmg for future reference. 

4-8. Branching and Flm' Charts. Man:v minicomputers do not ha\C 
conditJonal-jum¡:J instruct10ns but combine uncondttion;d Jumps \\ 1th 
conditronal skips (\\ htch fit better mto short !Pstructwn \\ ords)-

1 THE FOLLOWING COMPARISO~J Or THE CONTENTS OF 

1 LOCATIONS A ANO B IS Al\i EX.AM?LE OF' A 

1 THREE-WAY DECISION USING CONDITIONAL SK!PS 

TEST LOAD ACCUMULATOR /:. 

ZERO 

SUBTRACT iNTO ACCUl\1ULATOR 

SKIP IF ACCUMULATOR POSITlv E 

SKIP 

JUMP TO 

SKIP IF ACCUMULATOR Z~RO 

JUMP TO 

(program conttnues) 

B 1 .-t - 8 ID :.lCCtlíi1UL!!vr 

A > B? 
1 

1 No. test for A = B 
POS/ Yes. branch toPOS 

/ -l.= B'' 
NEG / No. brJnch to NEG 

1 Yes. go on 
--------------------------------------------------------------~-----------
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in general. spcctfic operation-cod,;: b1ts of conditional-skip instructions 
corrcspond to condittons such J. S <. >. =. carry. and O\ ert1o\'. Such 
conditions can thcn be ORed togt:ther to form comhined conduions such 
as S (see also Scc" 1-11. 6-1. and 6-5). 

Figure +-~ is a flon chart for our program-branching example. Such 
ftov. charts are helpful \\ hen thcre are many compllcated dectsions and 

>-Y...c;E:.;:S ____ POS 

NO 
>--.,.---- NEG 

ZERO 

especial! y v. hen there are program loops (Sec. 4-9 and Fig 4-5). A ftO\~ 

chart is a topologtcal model ofthe actual paths traced through the computer 
memory as the program executes mstructions along different branches 
The source program ttse!f. on the other hand, ts a une-dimensional rendenng 
of each path in turn, together \\ tth listmgs of memory locations reserved for 
data and addresses (these do not appear on flow charts). [t can be 
helpful to supplement your flow chart wtth a memory rnap listing data
storage locat10ns. 

4-9. Simple Arrays, Loops, and hcration. >\ onc-dirnensional arra y of, say. 
l,OOO vanables .41, .-12. . .. A 1000 Wlll be ston:d in th.: computer memor~ 
as an example of a data structure arran~ed to stmplify access to the data 
during common operauons w1ti1 thts type cf dat~ For our one-dtmens10nal 
arra y, we simply reserve [,000 consecut1ve mPmory locat!On'> \\ 1th 

or (in octal codc) 

i't oEO 1750 
A1 .BLOCK 

.. DECIMAL 

• BLOCK 1000 

' Permib .V to 
1 

i 

of th..: Mray )~'de-.. l tr Al ~~ f = l or ! = ~~ 

trror~. \_) 

i 

t 
1 

t 

l 
1 

1 ¡ 

!09 Sl\ff'IE \RR\~S. LOOPS \'.D llL'l\TIO' 

1 

TEST' 

~ 1 No 

1 ,;.;l~'<.:;.;I_T_...__..., 
l 
1 

lncrement 
COUNT 

Mc1n loop 
operot¡on 

lncreme'1t 
PTi'IA ond 

PTRS 

fig. 4-Sa. Flo~>. chart for a simple progr3m loop rSec ~-9: 

!THIS ROUTINE MOVES THE CONTENTS OF Al TO Bl FOR 1 = 1 TO 1 ~ M OR SKIPS 

/EIIITIRE LOOi" IF N = G 

TEST LOAO ACCUMULATOR 

SKIP IF ACCUMULATOR POSITIVE 

JUMP TO 

INrr INIIERT ACCUMULATOR 

STORE ACCUMULATOR IN 

LOAD ACCU'JIULATOR 

STO RE ACCU MULATOR IN 

LOAD t.CCUMULATOR 

STORE ACCUMULATOR IN 

LOOP LOAO ACCU MULATO R. INDIRECT VIA 

STORE ACCUMULATOR INDIRECT VIA 

11\!CREMENT SKIP IF ZERO 

PTRJ< 

PTF<? 

!\IN 

SIUP 

JUMP TO 

IIIICREME'IIT SKIP IF ZERO 

IIIICREMENT SKIP IF ZERO 

JUMP TO 

.BLOCK 

• BLOCK 

NI\! 

NN + 1 

COUNT 

(A1) 

PTRA 

(81) 

PTRB 

PTRA 

PTRB 

COUNT 

NN -1 

P'TRA 

PTRB 

lOOP 

111 

N 

N= 0" 
Yes.e~¡¡t 

No. truW!.lsze loop 
Contams -_V 
Sote l:teral' 
Potnts to A1 

Posnts to s1 
·1, Th.L5 1s th< actu<~l 
j 'dOp np.:. "'~'Wit 

V tJper:l~:L"~n;:; ..!one" 
No. repe.lt loop 
Y es. e'st 
Pomts to r.~\t Al 

Po•nts to r~~~ ss 

1 ' Good piJe.: :o ,rore 
j,¡:J r~_·jl,_-.,_., ~"1~ 

unco:¡J¡:t,,n.tl _1ump 1 

..r 

"' 
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THIS ROUT1NE ·\~Q•:::s T.-E CQ'.TEN-:S OF ,>,¡ TO 61 FC~ 1 = 1 TQ 1 =N, USirJQ INDEX 

R~GISToR OR SKI?S E'<Tii1!' LOO!> IF N =O 

TEST LOAD INOEX REGISTO:i! NN 

S~tP !F l]'wOEX PQSITI!'!' 

JU'VIP TO NN - 1 

LOOP LOAD ACCU:I.1ULATCR INOEXEC A1 - • 

STOR! ACCIJ•,1ULA'I'OR IIIIOE)'EC B1 -' 

DECREMENT I~C'EX. SKIP lf' ZSRO 

JUMP TO I.OOP 

.IUMP TO I\IN • t 
A1 oiiLOCI:: M 

1!1 .IOLOCK Al 

1 N=' o; 
1 Y es,-=~~~ 
, Loads 1.'\i tir,t 
! Stor<!s 8.\' ñr,r 
¡ '' oper .1t1ons done" 
f No, repe.lt loop 
/ Y es, e>;:t 
i Good place to 
1 swr.: data' 
1 Contams \' ;::: O 

F!g. 4-Sc. The SJr:l~ stmple loop programmed . .rrh an mde"t regmer 

110 

Programs for t) p1cal arra y operations. e .g.. m o" ing the contents of 
Ai to Bl. or 

Cl =A!+ Bl 
N 

S = Y (AI)(Bl} -1=<1 

l = 1. 2 •...• N 

require execution of a number of instructions proportional to N. Since 
memory ¡;apacity is limited, it is not just comen1ent but quite necessary to 
use program loops, which repeat the same instructions with successive!y 
incremcpted ~~dresses Al, Bl, and/orct: a cmquing operation wi!l be set up to 
advise us when the loop has run N times (Fig. +-5). 

Figure 4-Sa shows how a simple loop can be programmcd for a prirr.ttive 
minicom(:luter i~itlwut index regiSlers. Sorne minicornputers (PDP-8 
series) wmild sirnplify the incrementation of PTRA and PTRB by autoindexing 
(Sec. 2-7c); the ISZ instruction would still be needed to increment COUNT 

s¡::1ce it is necessar) to sense when N operations have been complc:~~d. But 
by far more effie~ent loop opemtwns are possihfe 11 ith an index '"er;mer. 
Figure 4-Sb shmvs hO\\ a ~iny_'e inde'C reg;srer is wcd :o step nro data addrcs;,es 
as ¡~·e!! as t!re loop count. M:my minicomputer,;, though, \vill requirc 
:>eparate m:>tructions for stcppir.g an ináex reg.·;ter and tcstmg it forO. 

We h:.~.vc stepped the lOl'P indcx after each actual loop operation. \Ve 
could do this hefore the loop operation instead. ~o te a!so: 

1. The loop index (or COUNT. PTRA. and PTRB tn Fig. 4-Sa) must be 
inilia!tzerf b~fore the :tctu~ll loop ;:¡roccssing begms. While assemb!y
l:lnguage statemcr. ts Iike 

COUNT 000 

wou[d ;n nialr¿e the loop befo re tt runs for rlre firsr u me after assembly, 
sub'>equent runs \\Ould no: be JOJttdl!zcd' 

i 
f 
¡ 
~ 
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2. Smce a loop ma;. be t;~nc:r~eé m,tn:_. t1me:>. it i~ unecor.mmcal to mc!:de 
unnecessar_; operations 111 t!'f:! loop. For instance, m th~ corr1put:1t 1or. 
of ~ 

the mul:iplication b:r 
included in the loop 
BASIC prog:-amm::-:g. 

N 1i 

!ah,= aJ:.b, 
1=' 1 = 1 

a is common to a:! terms and shouid not be 
The same IS. of coutse. true in FORTRA:\ or 

An array may \\el! contain tv.o-word or multi\\ord items, such as multip!e
precision- or floating-pomt data. In such situations, index-regist'!r incre
menting beco mes oniy a litt!e more complicated. To access. sa:r, e\·ery fourth 
word of an array witlzout mdex regrsten, however. is a more cumbersome 
(but still straightforward) operation. 

Every loop must contai·¡ a test ro branc/1 0111 of tire loop &lhen a desired 
conaition is mer. rn our simple example, this condition was the completion 
of exactly N elementary operations. but a loop could be determined befo re N 
operations, e.g .• when a sum exceeds a specified value or when an error 
becomes small enough. 

In fact, the loop teclmique is in no 11ay restricted to operations \\ ith eiements 
of stored arra)s: array elements could be generated by the loop. This is 
the case for iteratire-approximation operations. 

4-10. More Data Structures. (a) Tll~ .rJ·men ·o al Ar T - .r· u-u s1 n rays. "u-ulmen-
sional arrays, like 

A1'! 

A.i!i 

AM1 

A12 

A22 

AM2 

Al N 
A2N 

(M x N array), are usually stored in the computer memor:. as on~
dimensional arrays. say by r::Hrs, as 

A1. A2 •...• A{MN) 

where the single sub.;;crip~ J in Al is related to the subscripts [ and K of 
A!K by 

J =!K- l)N +! l = l. 2 .... , N; K = L 2 ..... Jf (J-l) 

To access the locat10n AiK of the arrJv elemcnt -H K the computcr 
wi!l ha veto add J - l to the dddress A11 (·>tar~mg :1ddress). ·~e . 
AIK = A11 + (K - I).V + [ -

1 = l.~. _ .. N. K l. .:'. t{ (~·2) 

__________________________________________________________________ ! -------------------------------------
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Larg;!r digital com¡:-t:t;!rS permit ~ompuration of such address.;:s by 
douh!t? indexing (adding contents of t'.\ o index registers), but this is not 
possible with most minicomputers eYen if t\\0 index registers are a\ailable. 
Accessing of the indi\ idual arra) elements Al K (as in matri.x computations) 
will, therefore, be some\\hat cumbersome unless postindexing (Sec. 2-7) is 
available (as in the Honey,,en 316;516 and the Varian Data Systems 620/f). 

1 !3TR CONTAI'IIS BOTTOM -2 

DECREMENT. SKIP IF ZERO 

(a) 

STORE ACCUMULATOR. INOIRECT VIA 

i.OAO ACCUMULATOR. INDIRECT VlA 

INCREMENT SKIP IF ZERO 

(b) 

1 !NDEX REGISTER CONTAINS -2 

OECREMENT I'JOEX REGISTEFI 

STORE I'.CCU'I!:..JLATOR. 11\!Dl'XED 

LOAD ACCUMULATOR. INDi:.XED 

i!\ICREMENT INDEX REGISTER 

(e) 

From and to 
accumulator 
~ 

PTR 1 "Push" 
PTR 1 operatton 

PTR 

PTR 

1 "Pop" 
1 operauon 

1 "Push" 
soTTOM 1 operation 

BOTTOM 1 "Pop" 
¡ operauon 

F"tg. 4-6. Push and pcp o¡>eratJOn~ in a s¡m;¡le (one word per ¡tem) pushdown stack· memory 
:nap (a) and programmn:g "-lthout an inde" reg¡ster fb) and w1th an mde'l: reg¡ster (e). Addresses 
increas2 to.,ard the bottom of the stack m this eumple; the contrary could be true. 

In tbat case, (K - 1 )S can be gen::r:üed in the ind.::x. regi'>tcr by successive 
aduitions or N, while A 1t -1- I -- 1 \> ill appear in an indirectly addressed 

memory location wh1cb t:' mcrementd to advance l. ' 
NOTE: As with one-d¡mensional arra)S, you should make sure that row 

and column subscript" of gi\·en arra:. s really start with 1 and not with O. 
(b) Stacks (Pushdo~n Lists). A practically 1mportant class of data 

structuces are stacks< i.e .. arrays pennitting v.ords or subarrays (items) to 
be adjoined, rerno,ec. or accessed from the top of the stack on a last-in
first-out basis. Such stacks are al<>o knO\'-n as pushdonn Hsts or UFO 
(la'it-in-first-out) liste;. Stacks are especially useful for orderiy mtermediate
result storagc and for '.arious syqem;;-programming arpkat!ons (Fig. 4-6. 

see also Sec-;. 4-16. 6-B. artd 6-10¡ 

(~ o 
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(e) Othcr Data Structure5o !.~ee Ref.;. 1 to 4¡. Struccure,; of mulu;;!~ 
(and posstbl} \anablc-h::ngth) subJ.rrays \\h1ch can be crea:ed aí,d de!e¡ea 
in thc -=ourse ofcomputatJOn are often org.1nized ~s \ar1ous t::.;Je~ of1linked¡ 
lists, rather than as multtdtmensJOnal arrays. \\ hich might \\ c.st~ permdn:::ntl: 
assigned storage space. A (Iinked) list or chain is an ordcred set of v. ord 
arrays (items), each compri>:ng a pointer to tlze next item m clze li~t or !o a 

directory array of item >tarting addresses. Individual 1tem arra•s -=an be 
located nhererer memory space is arailahfe. One usually keeps ~ separate 
list or available space; an itero is deleted from this available-space list 
whenever an item is added to another list, and vice \ersa. 

List structures are used to store and access program !mes 1char.1ct~r stnng>l m c:dJt:r.g 
programs, catalog and mvent.Jl'} 1tems, btbltogr.1ph1:J.~ ref~re:1c~s. gnp:1•c·,: ,;;'<· 1tcms 
(Sec. 7-11). and rows or columns ofsparse matnccs (¡e. matrices -w1th m¡,n;. O d~rn~nts-t 11!S 
would make Simple t\\o-dimenswnal-array storage uneconom¡cal) Ltst tt~m, can also <:or,w :1 
baclmard pointers to precedmg ttems, pomtcrs to subttc!ms and :or counters mdrc.n.ng >17>!> ,Jf 
ítem arrays. Reference 4 ts a gcod mtroductwn to ;. our ,t•Jd:, of 1m procc.;:.mg, ,." tuch na; 
opened up many mtcrcstmg ne\' programm.ng techn.qu.:s. 

4-11. Miscellaneous Programming Tcchniquc-s. (a) Table-lookup Opera
tions. Section 4-8 tllustraLes a tnp!e branch implemented \\tth cond¡·;~;nz,l 
skip-jump instruct10ns. Whcn a dectston has more than a fe'" po,s:!Jk 
outcomes, though, rt may be best to store ti::.e jcmp-destmatlOn addrcsses 
in an array (table) addressed in the manner of Sec. 4-9 The re.suií. of each. 
decision v..rll correspond to the value oi an array index I p[ace.d in an tnde·~ 
register or address potnter to access an addre::;s in the arra'. If the dec:is:oc. 
depends on more than one factor. we can use a multidime~sioual-<a ble arrav 
with an index computatwn hke rhe one m Sec. 4-lOa. . 

Such table-lookup operatwns are, of course, precisely tho5e needed w 
look up values of tabulated numencai functtOns. To reduce the stz<:: of the 
function table needed to compute a conunuously dilTerenttable fun..::uon 
with suitable accuracy, we can combine table lookup and mterpvlauon 

Figure 4-7 tllustrates a h1gh-speed method for fixed-point iable-looh.up;' 
interpolation approximation of a functton Y= F(X) m the form 

X-X 
y;:::: (Y.+ 1 - Y.)---~- + Y. 

1 x,+l - x, 1 

(4-3) 

where scaled function values Y, 
spaced breakpoint absctssas 

F(X,) are tabulated for:! v \: 1 umforml:-

X,= 21 -!l't- i=O,l,2, ... ,2v (4-4)"" 

bctwcen X 0 = -1 and X 2 v = 1 (Fig. ~-ia). 
bcgins with the n-bit 2s-complement fractton 

X= X,+ (X- XJ 

The program of f,g. ~-7h 
. .... / 

o 
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i ¡ ! i 
¡Xo .x, ¡lCz IX] x .. [ x5 :X6 :x, 

_, -;3'{4 -1/2 -1/4 1/4 1/2 314 

(a) 

LOAD ACCUMULATOR 2 X 

AOD INTO ACCuFv'IUL.ATOA Z (100 0001 : Comp!ement sign 

CI.I!AR ACCUMULATOR 1 ANO CARRY FLAG 

S"IFT ACCUMULATORS 1 ANO 2 Lfi'T N BITS 
MOVIE ACCUMULATOR 1 TO II'<OEX AEGISTER 

SHIFT ACCUMULATOR 2 P.IQHT 

STOAE ACCUMULATOA Z IN TEM~ 

CLEAFI ACCUMUL.ATOR 1 

1 (for 16 b1ts) 

/ Th1S 15 1 

1 Th1s produces 
~V- 1(X - X) 
X- X, 

x,. 1 - x. 

SUSTRACT !NTO ACCUMULATOR 1 INOEXEO YO Produces -'Y, 
STORE ACCUMUlATOR 1 IN TEMPZ and stores 11 
I~CAEMENT INOElt REGISTER 

AOD INTO ACCUMULATOR 1. INOEXED YO Produces Y. •t - Y, 
MULnP~Y ACCUMUlATOA , BY TEMP'! 

[ilo!IFT ACCUMUL.:.TORS 1 ANO 2 LEFT 1 BIT Becau~e offra<::t!Ons 
SUIITAACT INTO ACCUMULATOfi 1 TI!MPZ 

!ITORE ACCUMULATOR 1 ITJ Y 

/ YO !S FUNCTION·TA&LE ORIGIN 

1 1\CCUMULATOA Z IS L<SS SIGNIFICMH ACCUMULJ:TOR 

(DI 
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fi¡,. 4-7. Tabk-look..tp•¡r:te~pol.lt!On ap::.•rOXlr:i:J.t•m: of ..1 fur.c:Ion r = f¡ Yl •\lth 2' quJI 
br~Jkroml mtervalo; !Scc ~-!!M. 

in tht: form 

~~(N ll btts (n- .\ )b,ts! 
~ ~~~--------~~ 

rcprcsents X, repres·::nts X -· X, 

r.;ote íhJ.t th;; ng:hr-hJ.nd ín - ,'!) btts rcprc~ent tbc nonncgattH' dtffcrcnce 
X - X, :1ccdcd for :nterpolJ.tlon. IH: sluft ¡/¡¡¿m mw u 'leconJ accumu!ator 

~) 
1 

1 

1 
[ 

f 
r 
! 

1 
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(accumulator c\tcn:.:on, \tQ r~gt~t.:r, Sc1.·. 2-WJ and sa\e them for mu:t,pl:
cat¡on. Th~ stgn ba of X, 1s compkmentcd to form thc bre::1l:pomt 1nJ(x 1. 

Y.hích i-; added to the tJ.bie ongm YO (!ocauon of }~J to proJu:::e a po1ntcr to ... 
Y,. Thc entm: operat¡on requ1r~s under -W me:por¡ q.c:es (t;piC<ill¡ le~s 
than 40 JiSec) and can be generalized for nonunu·orm brcc1kpomt ~pacmg 
and funct10ns of t\\ o or :no re "ariab:es ( Ref lO). 

(b) Prograrn S"itcht:s. A program S\\itth stores the re>ult of a b!nar.: or 
f!lUiliple branching de:::¡~:-Jn to implement the actual branchtng larer on m 
another part or parts of the program. An example is precomputation and 
'storage of decis10ns for use mside loops (Ref. 3) to free the latter of reoeated 
decision making. The decision result can be st~red in a mcmor:: lo~at~on, 
in a pr~essor flag (íf it is not otherwise in use), or, if possible, in an index 
register. 

EXAMPLE. 
LOAD ACCUMULATOR 

ADD INTO ACCUMULATOR 

A1 

AZ 
ADD 11\!TO ACCUMULATOR AJ 

SUBTRACT 8 
CLEAR INOEll REGISTeR 

!JIUP IF ACCUMULATOR NOT POSITIVE 

INCAEMENT INDEX REGISTE'! 

SIUP IF ACCUMULATOR NOT ZERO 

INCAEMENT INOEX REGISTER Pos111\e or zero 

The mde"< reg1ster nov. rcads O. l. or 2 ,r Al - AZ- Al- a "Js negJt!\e. zero. or posit!\~. 
respe¡:U\el). The des1red thrce·\\ay brJnch c.m be obtam.:d no-... or l.lter v.1th 

JUMP. INDEXEO. INO!RECT VIA PTR 

The program 'olo!li JUmp \1.1 PTR. PTA -1 or PTR - 2. 

(e) Miscellaneous Examples. The program segments of Ftg. ~-8 illustr ate 
useful programmmg techniques possible \\Ith typ1cal minicomputer mstruc
tion sets (see also Chap 6). 

LOAD ACCUMULATOR A 

SHIFT LEFT. UNSIGNED 

STOAE ACCUMUL:.TOR IN HMI' 

LOAD ACCUMULA (Q;, ¡¡, 

SHIFT LEFT UNSIGr;E!:l 

Cli;AFI CAR"'Y FlAG 

AOO INTO :.-::CUMULATOR TEMP 

LOAD ACCU....,ULATOR A 

AOD INTO ACCUMULATOq B 

SKIP ON CARRY é"LAG CLE.O.R 

JUMP TO OFLO 

STORE ACCUMUL.>.TOR 1!11 C 

fig. 4-ga Ü\ert1c" .:h.:ck for ~s-corr'p'~mér.t .tdd!t•on 1 1 - 8 = C1 un .1 m~.:hmé h.1' 1n~ .1 

("air] n~~ het nt.) ~rut: 0\t:rflO\\ ~~l; C . .lrf\~) fr,Jnl the "110'\t -;¡¿n:ñ~..Jnt bll.Jnd from tht: ~~gn -~t: 
.. He ~ulh J.l!tH\~J hJ -;;or-¡pkllL;'1t thc: c.ur: ti.lg 1'1 tL..rn. SO ~h.¡r t:l::.'\. .Ht: t!ITCUI\.d) XÜR..:J 
i'ée J.l<o S.:Ls 1-'l<t Jnd 2-IO,,¡ 
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CLEAR CARRY FlAG 

LOAD ACCU..,ULATOR 

ADD INTO ACCUMULATOR 

STORE ACCUMULATOR IN 

LOAD ACCUMULATOR 

SltiP IF NO CARR't 

INCREME"'T ACCUMU!.ATOR 

ADO INTO A::CU'\;!UlATOR 

STORE ACCUMULATOR 111: 

A2 
82 

A2 

Al 

Bl 

Al 

1 Used instead of 
f AOO CARRY inst:uction 
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F¡g. 4-8b. Oouble-pr:-..<sion a~dinon on a mi!hcompt.ter w~th;:,ut oouBLE ADD or AOD CARRY 

instrucuoos. A double-prec¡sion number 15 added from 81 82 mto Al. A2. Al and 81 hold s1gns 
and most significan! bits. ~o overfio"' check is inc!uded. 

1 ONE-ACCUMULATOR M:.CHlNE 

1 ~lEEOS 12 CYCLES 

tO:..O ACCUf",~UtAiOq A 

STORE ACCUMUL~TOR IN TEMP 
LO.C..O ACCUMUlATQA S 
STORE ;.C~UM\Jt.-'-T:;ñ IN A 

?..0~'0 A::Cú,"'l.~LAT0R T'E:' .. i? 

STORE ACCtJr,HJ~..,-0~ iN 13 

1 TWO·ACCUMULATOR MACHINE 

1 NEEOS 8 CYCLES 

LOAD ACCUMULATOR 1 

LOAD ACCUMULATOR Z 

A 

8 
STORc. ACCUMli!.ATO'I 1 IN B 

STORE ACCUMULATOR 2 1111 A 

Flg. ~.e~ ~1:.ú.i;;l~ a:cu.:::'-2~2.~!):-s.ca¡; u ·':'en 5<:.\e ti:ne-coGs::mtüg rr!::no=Jr ref:!rences by sen-:ng 
¿;; ..d..:.;..:~y access:l:-!! ter::p~Jra..-y-storage !oca:tonsb As a:1 exaraple, the Data General NOVA/ 
SUPERNOVA mar.u:iÍ c;:nn¡;a~ routmes for ínterchanging the contems of two memory 
~ocalions A s (e g .• in sortmg op<!r'!::')•:s) 

~!,'j:O!J ~CCLt~"!L~LA7Cñ iM,\:éC~~TE 

AN"D INTO Pt':C:J'\'HJL!.-'! ~"!rt 

SiDllé ACC•JML>~TOI' !:< 
!.:>AD ACCt.JfJ'ULATOil 

t~iFT RfG\tT 9 a~-;-~r U~~!'~~>'Z'tfEJ 

.lOO INTO ACCU'AuLAfCf; 

mc-Jc / l.. vzd r::ask 
'f 1' ~~í:..;k 9 io .,.;.o;d~r bits 
T=MP ¡ Sav,~ resnh 
X 

/ Sh~ft right 
T<:M>' í CcmbEl.:: wnh Y 

~ag.. 4-8d. Th:~ routír.e- tru*'!.::ati!'S tVwo lg-b,t nur.1b~r~ X~, Y' t~; Q htt·, ..:tnd 9acks. the truncat~d 
words into one 1 8-bít li.vrd frn a .:athode-ray-!ube dtspla) ISec. 7-9¡ ~ 1s tru;¡cated b~ mJ.sktng, 
and X 15 truncated b~ shíf:c-:g. 

o 

1 
r 
l 

í 
1 

1 ¡ 
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SUBROl:TI:\ES A:\"0 C.\LLJ:--;G SEQtiE~CES 

4-!2. lntroduction: Subroutim:s ~ithout Direct D.::ta Trano;;fcr. In many 
appiications, a r~asonab!~ invoh .::d program sectio"n is used O\er and O\er 
again in the course of a computation. We rr.a;. then sa\e a great deal of 
memory if ;ve store such a subroutine onl;. once. jump to its ügg~d startmg 
location "hhenever the subroi.lt~Pe is needed. and make a return JU~p to the 
calling program \\ hen the subiOutine ts finished. Bes1des savrng mer.1ory, the 
use of subroutines can giH: o-:.1r programs a more easily understood "mod u b r" 
structure, but subroutines w!lJ not save time compared to stra1ghr-!in~ 

programming. They wi!l (at the least) add extra jump ¡nstruct;ons as 
.. overhead'" and can provtde excellent chances for making programmmg 
errors, espec1ally when subroutines must ca!! one another. 

The simplest subroutines do not process data passed to them directly by 
the various subroutme-calling sections of the mam prog::-am. A :;ocd 
example is a subroutin<: \\ hich, at several points of a data-prch~ess•ag 

program, transfers the v.ords of the same buffer area m meroorv te <.'. ¡¡,.e 
~ ~ -

pnnter, perhaps doing so:ne reformatt:ng and checking on thc ~"a~. -Thé:> 
can be a rather long subroutine (100 or more mstruct10ns, see also Sec 5-:?íl. 
It will be a real relief te store 1t on!y once in memory and to ha·;c r0 ''-:te 
it only once in our program. Cal!ing this parttcular subrot:tmF! is ~:rr.;:~e. 
for the call:r:g progran~ n~ed not tell the subrout~ne what dnta 1-::, r.·oce,s· 
the subroutme alw:1ys operates on the same buf.'er. 

When \>e JUmp ~o the subroutwe. \\e mmt sare !he retum ,;dd;·cs~· :"Jr ~'·•t 

later return to the cailmg program Most mmicomputers de rLts ·.; irt: ti1•: 

Í;J.structíon 
JUM? AND SAVt {effective address) 

which "hill store the correct return address (incremented program-.:ounter 
contents) at the efíectl\e address, say SUBR, \Vtlich precedes that cf the 
first subroutine instruction. 

After our subroutme is fimshed. an !nd1rect JUmp vía the !ccat:•Jn 
SUBR (v.. he re the return address !s stored) \\ 11! rerurn us to tht: ca!l:ng 
program (Ftg. 4-9). 

The instructio:1 JUM? AND SAVE can a!so b-:: used \•ith mdtrect 
addr·.:ssmg 

NOTE Contents of processor rt:g1sters (~ccumulators. 1nde-c.. rt:g~:)t~r:!o Pl-~C.: ....... .,r !l..i~"' pa~o;;: 
rr:¡;:~ter. rnt~rrup~ mask) n~~ded 1.1ter bv the c.llhng pmgrJrr 1~ • .:•. ;,,,-.~ to b¿ :,J.~J tn m~mor~ 
be¡~('C~ v.o~: e !!l a 5ubrout~r.e 1,t, h,ch us..:s tre::.e regt-.t~rs. In '3Cr"':..!" co:-npur..:r~ th.! Jú~~1? ~~o 
SPiVE instru .... t1on .!Utomatica1h s:.r-.es proct::isor ft:lgs ~11d the p:.tgt! reg:I~ti!r '" ..tn >=\tr~~ luc..!t:Of¡.J 
foilo,~íng the r~turn :~ádress. 

~-B. Arg¡;mcnt and Result Transfer through Processor Registers. \of.w:;;__, 
subroutines \\ ill process argumcnts (paramcters\ p.tssl!d to th\!m b) ea..:h 
progré1m section \\ hich c.lils the subroutint:. Ar~u:nents c~o d.1t.l \\ ord:, 



() 

012 JUI\1? Ai'.D SAVE 

IFig. 4-9. Stmpt.: :;ubroutinc: cal! and return ~o spectal pro,·¡s,on, a~: rnac!e to transfer 
:!rguments or re~ults. 

but mav also be symbolic addrl;"sses. Subroutmes wil! also have to return 
results to calling programs. Quite often, only one argument_ and/or re.sult 
or only a fev~.· arguments and/or resu!ts must be passed. ~ m a funchon
generating subroutine (e.g., square ro~t, table-lookup functwn). Note that 
while the cede for the subroutme rematns the same for each call. a~gument(s} 
and/or result(s) will dtffer. A simple v.ay ~o pass one dat_a \\.?rd ts to place 
it into an accumulator or index register dunng the subroutme JUmp or return 
jump; sevt:ral words can be passed if severa! registers are a\ at!able. 

cn1 (h:.st mstru~twn of calltng program) 
Ot2 JUMP ANO SAVE SUBR -------------~ 

y (y stored m 014 b) calltng program) subroutme 
.1: (X stcrerl .n 013 b) calling programl } 

A (A wrll be stored m 015 by ~ubroutt'lel .:alhng 
11 (8 ""d! be stored m ors by subroutrnel sequence 

1m' (call,ng progm:n contmues) 

1 sus~ (ou wdl be mtti"ll~ stored here for this cal!) 
! rsubrouttne s:artst 
1

11 

LOAD ACCUMULATOR IND!RE•;T V!A 

(subr<lutme contmu.:~) 
j INCREMENT MEMORY SKIP IF ZERC 

'1 LOAD ACCUMULAT.JR INDIAECT VIA 

!.i 

(subrout1ne contmue-.. pide~' .t 1n accurr:ulator) 
\NCREMENT ME'VIORY SKI? 1~ .c!ERO 

STORE ACCUMULATOA. I'IIOIRECT VIA 

¡ (subrout,m: cont.nu::>. piac.;<; 8 m acc¡¡mul.ltorl 
' INCAEMErJ-:" '-'EfVIORV SKIP IF ZEI'<O 

1 

SlORE ACCUMULATOR. INDtRECT VtA 

(subroutl!'l<: cnd·;l 
INCREMFNT MEr.\ORV SKIP IF ZERO 

L_ __ ,IUMP INOIRECT V!A 

SUBR 

SUBR 
SUBA 

SU~R 

suan 

SUBA 
SUBR 

SUSR 
SUBA 

1 JUmp address 

· transfer X 

· t~ansf~r Y 

re:_,rn ~ 

~:::~m 8 

return JUmp 

o 
i 
1 

1 

t 
f 
¡ 

t 

1 

1 
t 
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4-f .. t Argument amf Rc~ult Tran;;fer throu;;b a Callin:.; Sequu1ce. l~e of 
an Jndc\. Re;;i-,ter. Qua.; often. \~e must pa.>s r.1orc subro:Jt.nc Jrgume'i.J..'> 
and/or results than >\e hJ >e processor regrst;;!rs. or our r~·gr~ters are othcm 15;: 

occupicd. In such cases. \\e can emplo} a subroutine callin~ scqurncc. 
In Fig. 4-!0a, the callmg program resenes locatrons for th:: argum~nL>. sa: 
X, Y, and for the re::ults. say A, B. immed!atci) follov. ing the subrou11ne 
jump. The subroutine can then acccss x. Y. A, and B :n turn b; rndirect 
addressing and succcssive incrementation of the jump address SUBR, 

The last incrementatlon produces the correct return address. 
A few minicomputers can avord the repeated ISZ mstruct:ons in Frg 

4-lOa by postindex~ng the indirect addrcss or b: suppl)mg an autoincrement 
addressin~ mode, \\hich incr'!ments mdirectl) addressed memory locat10ns 
when a special operation-code b1t is set (Secs. 2-7 and 6-7c) Other mini
eomputers use :m index register to store the return address f or the first calling
sequence addres:.l through the mstructron JUMP ANO s .... vE •N tNDEX 

:Secs.l-llb and 6-10}. In th1s case, we can access the subrout:ne arguments 
and transfer results more raptdly through indexed addressing. It abo 
becomes much easier to dcal w:th arguments and results m random order 
rather than stnctl)' consecutn.ely {Fig. 4-lOb). 

Ot1 

CtU 

r---013 

014 

015 

016 

OH 
020 

SU !IR 

o OCTAl. 

(last mstructton of callmg programl 
JUMP AtoO SAVE 1'11 IN DE)( SUBR 
JUMP TO .-s 

.DEFINE AODRESS lC 

.DEFINE ADDRESS y 

.DEFINE ADDRESS A 

.DEFINE AODRESS a 
{calling prog. ·-n cont1 

(s~Jbroulmt! starts) 
LOAD ACCUMULATOR INOEXED 

(subroutme .:ontr'1u~, 1 

/ Jump around argu-

1 ~" ood ~'"' .] 

1 Jump address ------' 
1 1 Transft!r X 

LOAD ACCUMULArOR INDEXED Z / Transfl!r Y 
(subroutrne <'Ontmu~s pla.:e' 1 rr ac.:umu!Jtorl 
STORE ACCUMULA?OR INOEXED :t fi.eturn { 
(~ubrout•n•: • nnt,nUt'>. pl.1~e> B •n accumubtorl 
STORE ACCI..MULATC'! INOEXED ~ R<!!Urn 8 
(subroutrn.: ~'1d>l 

¡__ ___ JUMP. INOf.~EO e ! R~turn JUrr•p 

Fi:.;. 4-illb. Subrouttnc .tnd C .. dl:n" sc..;u.r.-~ ~.::ot '. li1:C :h. JUMP AND SA'IE IN INDEX 

rn>truct,on. 1\"ot~ th.Jt ar,¡um.:nt:< .!Pd rt!,ul!; c0uld ~ JUSt J> .;_¡,,h .tcce,~J 111 .m~ oth~r 
order The r.ett.m Jllmp ~'~h 'lud.: to !o.:Jtlon 013 'r:r.1~dt..ttel~ follov.mg tre surrout•Pe 
jump)v.lth an e ;rr:¡ JU:np Jrotmd :fJe c.•:J,n~ ,,._,ucnce .terr' Th•s ts J coment:on ~~pt:ctc-J of 
subtout¡nes c<1!k"'d b\ sv..,t~m oro':.!r.lms 1n -.,ü-:l: ..:o·nrutcr :,~st~m:; Otht: ... \\,~~ ~~ r.:rum Jltri'P 
thrdugf-t JUMP INOÉxÉo 5 \\~'L"J b~ 'llm:;,~r _:qJ f..t:,t~r 

------- ·----- -----------
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, etc. 
Rewrn addrt'S' (to routtne ~) 

Topo[ stack 
(fo,.est addrcss) 

Locatwns for sa. :r-1 rrocr>ssor rt?g/511!'5 
(at th.: !lm<: of .3d ,ump) 

Temporar_1 -sror::,]< !occi.ons for rout1 ne ~ 
Rewrn addrc.<S i!O ruc.' 'le 1l 
Locarwns for se• .~.] processor rt?g/Srers 

(a! the t1me oi :d JUmp) 
Temporar_\-stora;¡¿ !ocanons for routtne 1 
Rerurn address (to mam program) 
Locatzons far saw'g processor regtsters 

(at the ltfT1e of lstjump) 
(a) 

1 tNTERRUPT 0'1 SUBROUTl:liE JUMP STORES RETURN ADDRESS 

f AT LOCATION ADDR THE'J GOES TO INSTRUCTION AT START 

¡ tNDEX REGISTER IS INITIALLY RESET TO ZERO AFTER EACH INTER-

/ RUPT. INTERRUPT SYSTEM IS AUTOMATICALLY DISABLED UNTIL TURNED ON 
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STAAT DECREMENT III<DEX REGISTER 
1 Push-save accu-STORE ACCUMULATOR INDEXED BOTTOM 

(save other reg¡sters on stack as needed) 
LOAD ACCUMULATOR INDIRECT VIA ADDR 

DECREMENi IND"EX REGISTER 

STORE ACCUMULATOR INDEXED BOTTOM 

(rouune contmues: interrupt can be tumed 
on tf tl was d1~abledl 

DECREMENT l:IIDEX REGISiER 
STORE ACCUMULATOR INDEXED BOTTOM 

(routme contmues) 
LOAD ACCUMULATO'l INDEXED BOTTOM 

!NCfiEI\1ENT INDEX REGISTE>! 

(routmc contmues) 
'LOAO ACCUMULATOR. INDEXED 

INCREMENT 1'\IDEX REGISTER 
STOR!: ACCU:~UlATOR 
LOAD ACCUMULATOR. INDEXED 

11\JCREMENT INDEA: REGISfER 

JUMP INDIRECT V!A 
(bl 

BOTTOM 

RADDR 

BOTTOM 

RADDR 

/ mulator contents 
1 Get return address 
¡ and push 1t 
j onto stack 

1 Push a tempo-
/ rary-storage ttem 

Popa temporary-
/ storage ttem from 
1 stack 

1 Pop return 
1 address 
1 <\nd set po1nter 
f P0p to restor.: 
¡ accur1ul:ltor 
¡ Return jump 

l!'lg. 4-it. A pu-;hciov.n s:ac.:: ·or ;;:nmg retufT' :!cldresses. pror.·:S5vr·regtster contents, and 
temporary-storJge 1tems for re·;ntrant nest-~d subrout.•'lt"i and/or tnterrupt-st:rV!Ce roull~~s 
(a) and tvptcal program;mns (hl An 1:1de\ reg¡;;ter tS used ro prodJce the effcctt~e stacK
pomter ;JJ~,,, ~uta!~ mJ.·::cc-adJr._" p~·Jn'~r c,,:l h: used rf no 1'1<.kx rt:gt>ta 1> free i'ec 
·1M r 9 4 "l A ['\ rr ~ ,~,-,rJter> hJ.\c •.pert:ll ,raó.-pmmer rccflller· w!->tch ,¡re luto-
li ~· j lt: ~'J \,;.., • '' .... .J . t 
matlc~JJ.¡ JecremcnterJ ,1 ~~J . -: ::-r _:f'"'.?nt~J \\ h:n .111 1 nt~n utY::·ser--.. Ke r ... )ufiPt' ~ :.nT-.., or PI cornplt!tt!i._ 
bc.c ah¿ '}~_e 6-lOJ .'~, .. ''nl: rc~:.._t~~ :..ontent:- ... u~d .. }r t.:mpur .. tr: -qor~1ge lh~m;; m .. 1 ~ 

not g~t ,IOrcJ tJcfo." :he lh"'• .r ;r¡·~pt OCC<ll> 

4-15. St1broutine'i C:::l\í·lf?; Other Subnr~tine". H, asís frequent!y the case, 
a subrout1 n~ ca 11; 2-: :Jt her su brout!ne (11rsting :::-f subwcltincs), then thc 
followmg po¡¡¡b ma:. ~;.·],Ulre ..tttcntíOn· 

l. If thc compu: :~ 
statu'i v-ou ;n 

:wr~s :-;ubroutine rcturn QCJr.:s~cs and/or CO!l1t1uter 
sp;;cial regtsters (e g , an ,nJex n:gi:>ter) o:- in fixcd o 
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memor} !ocat!O:-JS, then the1r contc:nts mu~t be sa\ed pnor to the 
subroutine c,tll It v,¡ll be necessar: to establish an Ohkr!;. proccdure 
for saving anl! restonng th::se 1tems \\lth each nev. ~ubrvútJnc call 

2. A spec•a! problt:m ar:ses ¡fa subroutine ca!ls Jtscif(rccuishc subrout.nc 
cal!, Rd. 3). - ·· · 

4-16. Interrupt--;¡,nice Routl!le~ 2nd Reentrant Su!Jroutrnes. An interrupt-~enicc roatin~ ,, a 
~ubrouttne c.Jlled rruo actlon b) .! '1:,\ll.il (:ntet n.pt requesl) from Out>rde thc computcr or hcciirl e-: 
ot an alarm condrt10n t'l the <.:l''~?l·l•.:r ;pv'' ~r-s :ppi: ialiure. v10lauon of m~mor'> ;.:rot.:ct o~¡ 
rather than by a cornput.:r-prognm cali hterrupt-s;-st.:m hardv.are anú progrdmmrn~ ,.,,¡¡ 
be dtscussed m sorne detarltn Chap 5. but ¡¡ \\ t!l be useiul to see nght he re how tnterrupt-sentce 
programmmg drffers from ordrnJ.ry ,ubrmmne prognn"-:-Png 

The es:.enttal pomt ts th:s W;; 1-.no» v.here m our programa subroutme wt!l be callcd an.J \\C 

can prepdre data, sa\e reg1sters. etc, beforehand But ''e do not m general kno" \~herc an 
mterrupt req~e>l v.t!l cause our progr.1m to JUmp tu an mtarupt-ser\IC~ rouun.:: (at be,¡ ·;,e 
can >uppr. ;s mterrupts Jwmg cnttcal program ph.1ses. Chap 5) Hencc wte.-~u¡::t·S·'~' ''" 
routmes ca.nnot employ cJ!lmg sequences and the_. must do an) >dvm:; and rc>ccmn~ of rc:t.un 
addre~ses, reg1ster contents. and status v.ord<; themsel\e~ v.ahout any help irom trc m-110 
program 

A spoctal program anses \\hen a subroutme (>ay a hbrary routme for computt•.¡! r~:: ;,qu.tr~ 
root) ts mtem1pted, and the rnterrupt-sentce program calls rhe same subroutm~ fhe ~r;guul 
subrouune cal! may cause rrítennedtate-result storage tn tempot ary-storage lc-c~tt""IS. SJ) 

TEMP1 and TEMP2 l:nkss 'spectal precautwns are taken, mtermed,.Jte rc~uits f . .;;;~, thc 
second subroutrnc cal! can ot"emrrre TEMP1 and TEM"2 so that the program ".!1 LL: ~:rnr 
return from mterrupt The lthran subrout111n ofmo¡r FORTR 4 :V 5\.\Tems f~d .11 ,¡,,\ l?"cl·'·h'l 

Subroutmes desrgned to \\Ork properl~ v.hen the~ a.re •nterrupted ;,nd recalled fe:- tr<terr."; t 
servtce are cal!ed reentranr Stncé "real-ttm~·- computatwns mvohmg !'lany ·::terrupt-<;>1 .o:¡; 

program segmerts are lrl'pon~nt rPJn,computer arpll.:.i:tons. reentrdnt p:c·=-I..l:rn:itP~ 1.:. u·~ .. n 
des1rable A good \\:J.] to obt~rn rcentr:tnt sul)rouun.:=s ::..s \\ell a-. assured ~hdiJ of n"Lif'1 

addresses, regtster conrents. etc . ts to store al! temporary->torage and s.wed tt~n·s 1n ¿ >:h:... 
(Sec 4-IOb¡, a stad. pot~tcr ~> dd1a.nccd dnJ retracteJ •" the suhrotwne ,, .;al!ed .. rd c."mplet~.! 
(Frg 4-ll, see also Secs 5-16 and G-IQ1 

IRELOCATION AND THE LINKING LOADER 

41-17. Problem Statement (see also Sec 3-6) Mmicomputcrs lo.drng 

mamly s1ngle spectal-purpose programs or mterprerer progr ams (such as 
BASIC, Sec. 3-8) v .. lil not reqwre program relocation. For genera!-purpcse 
computat!on, though, one Ht!! want ro combine d!}fe1e!l! prouram se:¡ment\ 
and itbrar; subrol!tmes, so it must be poss1ble to relocate prugiUm' ,¡;;;.\'-he re 
m the cornputer memory. Program segments \\IIl, moreover, \\ant to cail 
other program segments a~ subroutmes. and rt ,,¡JI be necc~sary to p-1··~ 

arguments and results be•.,,een programs Th1s requ¡res t
1
echn1ques for 

program linkage, i e. for assoctat¡ng :he proper relocltd addresse;, \\;th 
symbohc names of e'\ternal refcrences. Programmmg s;.stems permrtt1ng 
reloratiOn and lmkage \\tll reqwre. 

L An assembier (or comptler) specifica!!_t de~igned to permrt rdoc.1t10n 
and hnbge 

2. A relocating/linking !oadcr program, \\ hH.:h supplies the corrcct 
addr•~<:5es and cro5s rcfe¡r.:nces .1t load time o 

a' 
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4-18. Relocation. An Js~::mbkr (or compiler) designed to produce 
relocJtabk coje cre,lt<.:s a preliminary \ersion of the object program. '' ith 
addresses J.nd program--:ounter readings normally rderred to location o 
as a fictttious ori!!tn. The assembler (or compilcr) \\ill. moreover, mar!. 
évery ~ore, addrt:~s. ~nd syrhbbl to be relod.ted \vitH a re!ócatiün bit. b}te, 
or ftord so that the lo3der '' !ll kno1> \\ hich 11 ords and addre::.ses to modify. 
These \\Ords and addresses usu::llly appC"ar marked \\ tth an R in the assembler 
llsting (Fig. 4-3j and indude: 

l. Most ofthe normal insrruc:fon ami data 1\'0rds ofthc program, ;.~ith the 
exception of special potntecs on page O 

20 Symbolic anc! nurnencal addresses in the prugram, again with the 
exception of spec1al references to page O 

The nonrelocataole addresse~ are known as absolute addresses (see also 
Fig. 4-3). 

The rélocating/linking loader will complete the assembly (or compilation) 
preces~ to produce the actual executable object program. The loader 
determines the true relative origin (relocation base) foreach program segment, 
normally the first free location following the mstructions and data of a 
preceding program. This relocation base is then added to each address 
márked as reJocatable b) the assembler. 

Special problems m a~ anse \\Ith the relocatiOi1 of ::ddresses specified as 5_1 mbo!tc expressrons 
(Sec. 4-3). Wh:le an expres>Jon IIke A,. z \\Ill be relacated correct!} 1f "'e s1mply add the 
relocatwn base toA, A- a- 3 \\Íl! cause trouble If borh A and 8 are relocatable addresses: the 
assembler mav ma&k the hne contammg A- B- 3 as a "possJble rc!oca!Ion error" The 
express1on A~ s. on the other hand, defines an ahsofwe address 1i both A and B are 
relocatab!e. 

Note also th.H mimcomputcrs makmg e~tens1\e use of relame addresJma (Scc. 2-7) w,i! 
requtre rewer computdtzons m the relocation process 

4-í.~. Linking Externa! Refcrences. Assemblers intended for u:;e with a 
!ínking !oad•.:r usually reqlllre the user to list al! externa! references (and fre
quently al! symbols to be used as externa! references by other program 
segments) somewhere in the program, th1:s, 

.,EXT A1, AñG. SYMS 

Note th?t the:;e "global" symbols mu!:>t IJe umc.¡ue!) defined. v.hde symbols 
not trsed as extern:::.l references can be used w1th d1fferent meanmgs in 
d1f!c~.ent program s..:gments V..ithout cau~mg any tro_ubk. _ 

A typ1cal hnking ioader for a min:com¡.;uter opcrates much IIkc anothcr 
a%cmblcr [t crea te~ a loarlcr s: m bol tablc which me lude~ thc global 
symbolo. idePtii]ed m each program segm:;nt. and then supplles the conect 
addn:o.,~c.., aík~ thc reiocat1on ba'>e for cach progrJm h.t~ been establishcJ 
1 he Jt)ader symbol tablc IS thcn u~cd much l1kc .tn a~scmblcr ~ymbol tabk 
for thc loader\ "rcJ>Scmbly" jOb 

o 

! 
¡ 
t 

1 
1 
¡ 

llJ •• .. ron-, 

When a lmkmg loader 1s gi\cn a librar: tape contau. _ · a set ,)f utili:'. 
programs (such as arithmet¡c or mput/ot:tput routmes). 1t \'.!]! usuaii_:. :o::;~ 
only those rout1n·~s \\ h:ch ar:; actually reque:>ted by other programs. 

4-20. C~mbination of A~sembl¡-languagé Programs and FORTHA.'\ Pw

grams. Combinat:o '' of assemb~y-!anguag~ and FORTRAN pro~raí:1 
segments are of st.:b·:t:mt::ll practJcalimportance becausc: 

L FORTRAN READ, 'NRITE, and FORMAT statements are often the 
rriost conveni..:nt wa1 to cal! the compiicated formattmg and líO 
routines requ1red to deal with numericdl data on standard penpherals 
such as card readers and !me primers. Th1s is true e•en for mlnJ
computers v.ith relati\el) comenient input/output macros (see a!so 
Sécs. 5-27 to 5-32). 

2. Frequently used or special-purpose program segments may be \HJtkn 

in asserhbly language for efficient execution and called as ~ub:-outmes 
or functions by FORTRAN programs. Agam, input¡output routmes, 
this time for nonstandard peripherals, are good examples. 

In general, thé FORTRAN compiler for a given minicomputer \\Ji! 

exparid a call toan assembly-language subroutine, say 

CALL SUBR (I.K) 

into code corresponding to a standardiz::d assemb!y-Ianguage calling 
sequence specified in the computer reference manual, e.g .. 

.eXT 
JUMP ANO SAVE 11\IDIRECT VIA 

JUMP 

.. DEFINE ADDRESS 

oOEF!NE ADDRESS 

SUBR 1 Externa! reference 
SUBR / Subroutme JUmp 
• + 3 1 Jump around argurnents 

1 after return 
1 

K 

and the assembly-language subroutme must access 1 and K accordingl) 
(Sec. 4-14). The FORTRAN compder ·,\1!1 expect a similar cail:ng sequence 
when an assembly-language program calls a FORTRAN subroutme 
SUSR (I.K). Refcr t you~ rnimc.ornpl:ter manu.1í for the speclfic con
ventwns used to acc<:é <-. 6oatmg-pomt or dout,!~:· •rec;sion dzta. 

, MACROS A~D COi\DITIO~AL ASSE:\IBLY 

~21: Macros: (a) Macro Definitions ahri Macro Calls. A rnacroas.;cm
lller allows the user to dd!nC" an e11t1re seq.Jence of a~sembi:-Lmgu.lgc 
Sl.atcmcnts as a macro in~truction (maan) callcd o: a symbol;c narne Ead1 
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.MACRO SUM Z.X.V 

LOAD ACCUMULATOR 

ADD INTO ACCUMULATOR 

STORE ACCUMULATOR !N 

.ENDMACRO 

X 
y 

z 

The pseudo-instruction \\Ords oMACRO and .ENDMACRO delimit the 
macro definition; SUM is the macro name, and z. X. V are dummy argu
ments. Once the macro IS defined (which could be anywhere m a program), 
the user can employ a one-line macro call to generate the entire code 
sequence with new arguments as often as desired. Thus, the user-program 
sequence 

START SUM A.A1.A2 

SUM B.B1.B2 

will produce code (and, rf desired, a listing) corresponding to 

START LOAD ACCUMULATOR A1 Expansion 
ADD INTO ACCUMULATOR A2 of 
STORE ACCUMULATOR IN A SUM A.A1.A2 

LOAD ACCU:v!ULATOR 81 Expansion 
ADD H\ITO ACCUMULATOR 82 of 
STORE ACCUMULATOR IN 8 SUM 8,81,82 

Note that the label START was not pan of the macro-cal! expansion. 
A macro may or may not have arguments. Arguments can be symbols, 

expressions, numb~rs, or literal constants and can appear as location tags 
as well as addresses. The better macwassemblers permit calls to other 
macros within a macro def.nition (see Sec. 4-22b for an example). 

Ca!!s to the sa•ne macro (recurshl? macro calls) lead to compÍlcdi!Ons but can produce 
mterestmg progra::; ;equence,; .... h~n u,~J m conjuncttc'l '' nh conditton,d asscmbly (Sec 4-23, 
see also Ref 91. 

Beware of unintentwnal!y using symbols other than arguments m macro 
defínitíons; they will stay the same in d1fferent macro-call expans10ns and 
may cause overwnting. Thus. if a sequence :1ke 

TEST SKIP IF ACCUMULATOR POSITIVE 

JIJMP TO ACT 

JUMP TO ACT --."t 

ACT !i\iVEF. -, ACCUMULATOR 

o o 
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appears m a macro definition. ir slzould he rep!aced liH/r 

SKIP IF ACCUMULATOR POSITIVE 

JUMPTO oT2 

JUMP TO • Tl 

INVERT ACCUMULATOR 

Sorne macroassemb!ers haH: the faci!.t: of automattc .. tlly "crc.:tJí.= .. nt;\\ 
symbolic labels in such situations when the macro IS cal!ed more th<.~n once, 
but the necessary proccdures rc.ther comphc .. lte programming 

(b) lmportance of Macros. :\lacros are not simpl) a programming 
convenience or shorthand notation: their po-,;er in enlarging the scope of 
assembl)-language prograrnming can hardly be meremphasized. A macro
assembler permits you to create and use ent1re classes of ne•,« computer 
operations, which can simp/if_¡ programming and/or help »-ith applications
related modeling. 

(e) Macros and Subroutines. As \\e saw in Sec. 4-14. funcuonal program 
modules can also be called as subroutines, v.ith arguments and results m 
appropnate calling sequences. It is important to distinguish betv.cen 
subroutines and macros. Each macro ca!! will generate nPw in-lme code 
so that long macros will not sa\oe memory like long subroutines. Short 
macros can be more economtcal than short subroutines because of the 
overhead associated with subroutine jumps. calhng sequence, and data 
transfers; in any case, macros 1.\Ill execute more qu;ckly. 

Macro calls wtth multiple arguments are more '"natural., for rno~t 

programmers than subroutme calhng sequences. Hence 1t is conveme:1t 
to define the complete data-transfer and caiÍlng sequences of frequently use:! 
subroutmes as subroutine-<:alling macros. This technique is í!>ed, m 
particular, to define system macros ca!ling input/ output subrouí m;:s (S-:,c 5-31 }. 

4-22. Two mteresting Applications. (a) Computer Emulatian. T o e m u
late the operatJOn (mstructwn set) of a dtfferent digital computer o:-: a;¡ 
ex1sting "host" computer, \\e can\\ nte a macro for each computer m;truct10n 
to be simulated. If \\e can take care of input/output. our "host" computcr 
should then be able to run an:-. assembly-language program written for the 
emulated "target" computer 
EXAMPLE EmulJtJL•n of Inckx~d :¡J.JJtion on a smgle-accumui.Jt•.'r m.nlé·,'mputa 
memory locatiOn INDEX sJmuL!t.:s J S1'1gk mde'l: r.:gJst.:r m th~ "targcr·· c0mpu:a 

• MACRO ADDX A 

STORE ACCU'VIULATO'l IN 
LOAD O.CCUIII'U~ATOR 

AOO INTO I'<CCU~I:Jl:_To'l 

STORE ACCUMULATOR 1'1 

LOAO ACCUMULATOR 

AOD INO'RéCT VIA 

.EIIIDMAC"'O 

SAVAC Sa'e accumulator 
; ... 

(A) Comput<! 
INOEX mJo:~ed 

ADOR ' addrt>SS 
SAVAC R<!stor~ acc:umul.ltor 
ADO'l , Perform .¡daHwn 

o 

1hc 
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~ote th,t! m th•' e\.t;nrl: ti-~ t~mpor.u:·s!or.~g~ s:r·1b0ls SAV"-C .trd ADOR \\tll Por c.tu<;e 
troubh: tn I.J.ta m.t.:rv .:Jll, 

See also Scc. 6-13 for other computer-emulation techniques (micro
prografnrñing). 

(h) Writing Simple Procedural Languages. Macros make it possible to 
write apphcation programs so!dy in terms of opcrations dircctly related to 
the '..Iser's application. Once the macros have been written (pcrhaps by a 
professional programmer), the lucky user will be ab!e to \Hite his application 
programs using only a fe\\ simple rules (syntax) n ithow knowing any assembfy 

A1 ¡r-----,~ 

q MULT l r Cutput 

BETA 

-(0 531 

Flg. 4-12. A block dtagr<!m producmg 

RESLT = AI 2(BETA- 0.53) +ALFA 

language at a/f. As a generally applicable example, we shall develop a 
blockodiagram language suitable for doing any sort of arithmetic and/or 
function generation v.ith fixcd-point numbers (integers and scaled fmct10ns. 
Sec. 1-8). The user need not know assembly language; the block-diagram 
language will actually be a simple substitute for a compiler language and 
will generate remarkably efficient code. 

Scaled-fraction inpuH Xl, X2 . .. a11d outpuls Y!, Y2, ... will be referred 
to as symbolic loc;:;,tions, v, hose contcnts cae be accessed by input/output 
routínes (which can also be called ir! macro form) as necded. We now 
é.efine a sct of macros for a!gehraic-operation blocks (Table 4-1), pius extra 
t;;ocks for funct¡;:m gcnerat10n (sine, cosine. table-lookup funct10ns) if we 
need them. We wn now combine such bfocks ro compute any reasonahfe 
scaled expre:,\ion, say 

RESLT = At 2(BETA- 0.53) +ALFA 

in tt:rm<; of a corrr:'>pond,ng h!ock diaqram. much like an analog-computei 
block d1agr<~m (F1g ~-12) We c:tn thcn \Hite an asscmbly-Lmguagc 
routmc producmg the dc~ired e'\prcs5íon by >Impl; hstmg thc b[o~;k macros 

~~~~~--~~~~~~---·----

() 

• MACRO SUM Z X. "f 

LOAD ACCUMU~AT0'1 

CLEAR OVERFlOW HAC 

ADO IN!'O ACCUMU~j~-;.:;""' 

OTEST 

STORE ACCUMULATOR 11\! 

oEIIIOMACRO 

oMACRO NEGATE Z.X 

lOAD ACCUMU~ATQR 

INVERT ACCUMU~ATOR 

STORE ACCUMUI..ATOR lrJ 

oENOMACRO 

o MACRO SCALE Z. X. M 

LOAD ACCUMULA'l"OR 

CLEAR OVERFLOW FlAG 

y 

z 
z 

z 

ll 

lOII!G SIGNEO SH1FT UFT M BITS 

OTEST z 
STOPE ACCUMULATOR IN z 
.ENOMAC~O 

oMACRO MULT Z. X. V 

LOAO ACCUMULATOR 

MULTIPLV !!V 

LONG SIGNED SHIFT LEFT, 1 SJT 

STORE ACC\JMULATOR IN 

oENOMACRO 

.MACRO CIV Z l< "f 

LOAO ACCUMULATOR 

CLEAR OVERFLOW FLAG 

OIVIOE BY 
OTEST 

MOVE 11.'0 TO ACCU:Ii'ULATCR 

STOAE ACCUMU~ATOR 1111 

.ENOMACRO 

• MACRO OTEST 

SKIF' ON OVERF~OW FLAG 

JUMP' TO 

lOAO ACCUMUlATOI' 

JUMP. TO 

.ENDMACRO 

X 

y 

z 

X 

V 

z 

z. 

z 

C) 

! <h:rfl.O\I.·lest macro. sec bclo" 

1 Z= -X 

1 Z = 2" X, ~~~ohere M 1s a posllt\e tntc:gcr 

i Z= XY 

1 Xlí'2 m accumu!ator (Sec 1-9) 
/ X Y in accumu!ator 

1 Z =X/Y 

;' Test for O\erflo,_. of fr.Ict1on 
1 0\erfto·.,., 
/ ~o. go on 
' ld.:nuti.:> gUiit~ \.In.1bk for 

~ ... ro ,... ... '~a::..: r\._,U'·n.: 
ErrvF"-rrJ·:"-..,J.,4~ r-,JUtlílt! 
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'"ith th.:1r mput and o;;tput \ anables: 

START 

o DECIMAL 

MULT B. A1. A1 

SUM C. BETA, ( -0.53) 
MULT 

SUM 

A. B. C 
RESLT, A. ALFA 

128 

As in any procedurallanguage, we hate taken careto \rr:;<? .::ny intermediare 
result A, B, e, as well ll.'> the result RESL T only if it has b>fen compwed (as 
a block output) in a preceding fine. Such a program IS ::r.cst easily written 
when we start v.ith the !ast block: Our simple scheme is. :r: fact, simulating 
the reverse Polish string generated by an algebraic comp:;er! After sorne 
practice, we may not e\en have to draw the block diagram. 

Our simple block-diagram language generates quite efficient code 
(probably better than most minicomputer FORTRAK1. lt includes an 
error-message routine (not shown in Table 4-1) whicb ';1.-ill print out the 
symbol-table number of any block-output variable which 0\ erflows beca use 
of fauity scaling. A similar set of blocks could read!ly be written for 
fioating-point arithmetic. ' 

Exoansion of our macro blocks shows that almost al1 block macros end 
vvith .STO RE ACCUMULATOR IN Q, \\ hich !S often fo:lO\\Cd by lOAD 

ACCUMULATOR a in the next macro. Such store :e,ch pairs are re
dunda!'lt; each \\'astes four memory cydes. Our block-diagram language 
car.. be modified (.Jr reprocessed) to cancel redundar.t store/fetch pairs 
{Refs. 9 and 10); the resulttng code can be as efficient as tbat written by a 
good assembly-language programmer. -

4-23. Conditional Assembly. Conditional assembly dirxtsr the assembler 
to :.uppress speciJ'iea sectiorn of code unless stated cond:·r'ons are met by the 
program at assemb(1 time. Conditiona~ assembly 1s a:· :i!able w1th so~e 
ordinary assemblers but is ffi:)St useful Vvith macroasse:r::-.:rs. One can, m 
particular, modify the deflrutions of user-defined or S} ste::: :-nacros if named 
syr:.üols do or do not c.ppcar m the program or if certa:;: s:.mbolic vanabfes 
are zero, positive, or negative a~ assemóf_t 'Íme. 

Specifically, all statements íir.struct\Ons and/or dat2.) 1:-..;t· ... een the pseudo 
instructions .IFDEF x and .ENDCOND v.tll be asse::::::é if and only if 
the named symbol x io; c!<:.An::d anyv.he;e in the p:-c;:-a:n. Other con
ditions are senilarl; emplo\ed. 01. t!1e _lSc:ldo !r.s::--..:·:.Jns ~IFUNDEF, 
e!FZERO, ~ lFI\lQ!\IZR_ • !FPOS, ~ ¡;:NEG Note t\l::.t the C·:":ditlOn cxprcs~cd 
by 

mean~ that thc symbo~~ .J and B referencc the -;a:-:_,, . 2 <abk or mcmory 
lu;:!tlion. 

o 

1 

1 

o 
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As a vcry S1mple example. considera multi·input summcr t;;.,_, .• ur th:.:: 
simple algebra1c bJock-dJag~am !Jnguage of S::c. 4-22h. We \\lll \H1tc a 
macro to add a maximum of four mputs. Xl, X2, X3. and .!.:_.;. to produce 
an output Z: ·--

.MACRO SUMR Z. X1. X2. X3, X4 
lOAD ACCUMULATOR 

C!.EAR OVERFLOW FLAG 
X1 

ADD INTO .O.CCUMULATOR X2 

eiFDEF X3 

ADD INTO ACCUMULATO'l X3 

oENDCOND 

.,IFDEF X4 

ADD INTO ACCUMULATOR X4 

.. ENOCOND 

OTEST 

STORE ACCUMULATOR IN Z 
.,EI\IDMACRO 

We now see the beaut) ofthe conditional-assembly feature. If our four
input summer is given only three inputs, say X1, X2, and X4, \\lth Jtl undefin~á 
in our program, then the assembler \\ill omit the unneeded ADO INTO 

ACCUMULATOR X3; this saves memor,;v and execut10n time. \Ve couid 
similarly omit X4 or both X3 and X4. 

4-24. Nested Macro Definitions. We mentioned in See. 4-21 that macro 
definitions may contain macro cal/s {see also Table 4-l), A rnacw 
definition which contams another macro definition. as m 

o MACRO MAC1 Z. X 
LOAD ACCUMULATOR X 

STORE ACCUMULATOR IN Z 
o MACRO MAC2 U. V 

XOR INTO ACCUíVIULATOR V 

STORE ACCUMULATOR IN U 

.EN O MACRO 

ROTATE ACCUIV1ULATOR LEFT 

oENDMACRO ;-

(nestd d:::linitions). is a d:~aent snu:!!:oP._ Th;! a.ssem::-ler r.:gards MAC2 

a:, undqfi¡¡:d m thc part of l)Uf prc.: -: pr~~.eding th~ first c:1ll for MAC1. s,t) 

MAC1 P. a 

o 



LOAD ACCUMULATOR 

STORE ACCUMULATOR !N 

ROTATE ACCUMULATOR LEFT 

Q 

p 
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Note that no codc d11c ro MAC2 is gcnermcd tlris time. but MAC2 is now 
defined and can be called either alone or through the ne\t ca 11 to MAC1 

Multipk nest•ng of definitions is possible. W.;: have here another means 
of turning assembly of a section of code off and on. 
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CHAPTER 5 

!NTERFACI~G THE ~'IINICO:\IPL'I ER 
WITH THE OUTSIDE WORLD 

INTRODVCilO:\' A~D SURVEY 

A 

The exceptional power ofthe sma!l digital computer is substantially based on 
its ready interaction with real-world devices-analog-to-digital converters 
(ADCs), digital-to-ana!og converters (DACs}, transducers, displa:s, Iogi.:: 
controllers, alarm systems-in addition to the usual card readers, line 
printers, and tape dri .. es. To the outside world. the minicomputer presents 
a relatively small number (30 to 80) of bus-line terminations. These lines 
transmit and recei\e digital data words together '' ith a few command pulses 
and controllevels, \~hich select de\ ices and functions or a!ert the computer. 
in turn. to ne\\ real-\\ orld situations. 

This chapter introduces the basic log1c and programming princ1pjes for 
such interfaces. With inexpensive. ofi-the-shdf d!gital and analog s:stem 
components v.idel;. and readily ava!lable, a Etrle knO\\kdge of mterfacmg 
principies can produce dramaticall: eff..:cti\e ne\\ s: stems and al so surprising 
cost savmgs. A ~andful of íntegraced circwts, cards. and connectors. \\ hich 
you can \\ire·\Hap: · .. ;self for a tú!,d ~v<>t of :;::•;e qu;te e.1sii: gets to be a 
$3,000 SUbS)Stem if ~- vü purchase it from an ms:rt.!1lent m..lnufJ.cturer. 

Sections 5-l through 5-8 de J.! \\ 1th progra,.z-cont'll!{¿c/ input owput and 
sensing operations. Sections 5-9 to 5-16 d.:scribe r:::mcomputer imerrup~ 
systems-the bas1c means for time-sharing the sm.!!l computers bt:t\\een 
dilferent hrr.l.!~ntlcal task~. SectJOns 5-17 to 5-23 de Ji '' 1th direct memor.1 
access and auron:arié block transferl, \\ ht~h p.:rmlt not o ni: remark.1 blc 
tune S3\Ings but ;.dso more manc~:\c:ab!e input output pro~:rJmmmg. The 

!JI 
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rcm.ttnJ~r of thc ch.:;-·:· .:.JJs a little lrardnare knmt·-l!o11 and c:s..::~sses 

thc ekmcnts of 111['11" ,-_,·::,, proyramming. Addi!wnal app!·c.:::::·:.s and 
examples will be gi\Cn m C:..1p. :. 

PROGRA:\1\lED 110 OPERA TIO::\S 

S.. l. The Part)-line 1,'0 Bus. Minicomputers usuall: tran5;:; -, digital 
data on parallel 8- to 18-bit buses: i.e., all data b1ts are transrr. .. :::~ simul
taneously in the mterest of processing speed. Serial data trans-:- :ssion is 
usually,.restricted to communicat¡on links. 

Processor 

__ ___. 

Dato 

Jlddress
control 

Mu1T ;ea.e"" 

==':l 

le;: 

Col 

Devoce 
1 

BotO 

Bot 1 Jato 
•nes 

foo ene 

S.t 2 
:le·nce 

Address :;---: ;.,.nol 

(1 ,f selected) 

(b) 

Hg. 5-1. S1mple SIOI1Ch1g (r-:~ ·:.p!.::1mg) of mulllple bus !mes \\llh a mult1plexer .:::.~d in the 
proceso;M cahmet (a) and sv.¡:c" .~g cJrcuns for one set ofprocessor output data l!nes ,•,_ In this 
arrangement. hus-dm mg cJ~~-- :; :J:e loaded only by one processor-to-de' 1ce bu; :o: 1 t::ne. and 
no de \Ice addrc~'~' neeJ be :-~:-!>fi',tt<-d O\er the bus But mult1ple-lme s·" J!cl::::~ becomes 
curr:hersor!'le !f thcre are !TIC'".::-:_: e fev. de\ ICes 

The 8~ to l 8-data-bit En:!s can be bidirectional (this takes extra logic at 
ea eh device, Fig. 5-1 9c ). o:- v.e can ha ve separa te input ar.d o•Jtput buses. 
(This takes les5 logic but !!:ore mterconnections, F1g. 5-19b.) b add1tion 
to the data !mes, we ,..¡1] n~d a comparable number of interface-control~logic 
§i¡¡es. 

If the computer mu;t service only a few externa! dcvices. p~ocessor 
instmct1ons can select :n¿i\idual buses for each device through r.:..:::plexing 
gates \fig. 5-l). But the círcu¡ts needed to r.-l'llt;piex data an::l c.~:::;ollines 
for more than 4 (and ~·e:;-:~ps as many ;.1s í,OO:!) Ccvtces co"!d .:e-~ ~om!se 
the process-x desi~n. T:;•Js, most mterface ~y~tem-; emplo~. a p~·-line 
1/0 bus of the gen;:n: ::.pe illu<>trated in F!g. 5-2. H~~r:. "·: ··¿e, tces" 
(pnntcrs, display>. ADC~. 0.\Cs. etc.} mter:ded ta r::ct:J' (:o: '~:..:-;::::t data 
words a:e wírcd tos ;;:c·~:>ll O da~a bus cor.n,:c~cd tt) f' ¡).·o~·:-:~::·~ r:!g~:;ter 

vm su1t:1o!..: logic. .-".·~: ':v::r.! party-!:ne wiro::~ c.-::·ry '> !t:o;-:q.; stgnals 

o o 

iJJ PROGRA \1-CO'\TROLLt:l) DE\ ICE S[LECTIO'\ A:'-D OI'ER,\TIO' 5-2 

ior selecting a spccific de'vice and its function (e.g .. trans:nission or rcception) 
and synchrontze data transfers '.\·ith the digítal-computcr operatmg cycle. 

~2. Program-controlled Dcdcc Selection and Operation. Fp~ a mmímum 
of linkage hard\\are. interfaces \\Ork with programmed diglj_al-computcr 
instructions (inputjoutput instructions, I/0 instructions; refer to Se c. 5-17 for 

e,,.,,,.,,, { 
•nstruc11on 
reg•ster 

Data from orto { 
accumulator 
ar memory 

,, Cev:cs -select,cn l1nes (levelsl 

----> ---

11 
1 1 1, 2, or 3 
1 : t1med pulses 
1 1 

---~ 

ill 
---1 1 1 

1 1 
1 1 ~ . 
1 IEXTERNt..L EXTERNAL I/0 tro~s 

pulses go r 1 1SELECT Dev1CP. SELECT 
1 1 .:J-

selector o-
1 1 
1 1 
1 1 1 
1 1 
1 1 
1 1 
1,..! 

_a, 
"'(1 

"" I/0 
cable 

' : 
t 

~~ ~t.-
Doto tronsferred 
to or from dev•ce 

reg1ster 1 

' 

Dev•ce 
selector by devor.e 

seleciors 
2 

:_____) 1 

~ 

Dato Iones (lcvelsl 

--

1 ~~v 
Dota tror~ferrtd 
to or from de v .ce 

reg1ster 2 

_,.,_ 
-:}=¡_ 

rer 
ed 

Fig. S--2. Programmed control of muitJp!e de\ ic.:s by a miniwmputer "Jth :1 pany·ii¡-¡.; !,'0 bus 
An I/0 instruction addressed toa speCI!k de, ice JS recogmzed b~ a d·:,Jcc sekct:n wn•ch g:¡t~'i 
data-transfer or command pulses :o the de, ice in questlon (baseJ ory Rd 61 

direct-memory-access operation). Figure S-3 sho"s hoh the i!!dhídu••í bits 
oran inputjoutput instruction "ord in a typical processor determine de~oice
selection and control-line signals 6n a party-line I/0 bus: 

l. Bits O to 4 tell the processor that an !,10 instruction is wanted. Or.e 
of these bits can select a READ or WRITE operatwn, or this decís ion 
may be left toa logic input from the device. 

2. Bits 5 to 10 (de,ice-address bits) place logic levels (O or 1) on dc~ice
!relection Unes parallel-connected to al! de\ ices on the I/0 bus. When 
tbese !in es ca m the de\ ice-o;election code assigned to a specific deHce, 
its de.,ice selector (decoding ANO gate) accept~ (and regenerates) a -
set of one" tv.o. or threc succe'-S!H~ command pulses (TO pulses) used 
to effect data transfers and other opcrat10n~ m the sel.::cted de\ 1ce as " 
determined b: H1~truc;ror bits 13 to 15. 

o 



____ _J 

---=] 
·--

í 
/ 

Operct.on 
code to · 
processor 

o 

B<tS 
Oto 4 

B:n 
5 to 10 
used to• 

dev<ce 
selectoon 

B•ts 
11 to 12. 

Bot$ 
13 te 15 

Dev.ce- sele::to' !og.c 

Control bots 
for specool 
•nterfoce 
logoc (tf usedl 

1 IO cable 

1 

1 •f se lec 'e:l 

·~ 

Commond pulses 
for flmon~. 
transfer, etc 
(voa pulse 
amplof<ers) 

~ 

Fig. S-3. Program-controlled selecuon ídecoding) or d<!\ICe addres!>C!> and de\ICe functlons 
(bused on Ref ~) 

-- ' 

3. Bits 11 and 12 (control bits, select bits, ·or subdevice -bits) determine 
levels on two control lines. These can be osee to select additional 
devices or different functions to be performed by a given device. 

4. Bits 13; 14, and 15, respectively, produce successive timed comm·and 
pulses 101, 102, and 103 on three separate control lines. A pulse 
occurs if the corresponding bit is 1. 

_, With t~c arrangement of Fig. 5-3, a 16-bit I/0 instruction can select one 
of 2 1 l = 2,048 possible devices and/or device functions through differel1t 
C()mbjn_ations of dev¡ce-address bits, contrd bits, and command pulses. 
This parqcular_ .sy-..stym requires four co~plete dig¡t~!-COf11pÚter rnemory 
cycles fór .each 1/0 operation, one to' fetch the in~tructiOn, and one fór each 

, , , ~ - ~ , ~ , , .,. - r~ 

IO P!-1\:::::_- .. M.<my_ mo'di~c~~10~s ·ar our basic rrogram'mcd~f/0 se heme are 
po'>~lble·; e.g.~ · .;·- :- · ,.,. ··-_ · · · · · ' - · · · '- · 

~í·-~, 1 ¡\;¡ ¡J Íl ~· ... :. l,~ 1 ' :·~~ ~,·~ 

·.,.{::Dlff~rentm:U!1Jbcrs of·¡~roc~ss'or-cod~_bíts. de',ÍC;--selcction btts. control 
_,· ... c;bíts, and)q:pulses•ma)'rbe U'icd. - _ 
-· _ · 2:, [Q pulses_can·bc,simult:lneou·; (on different lrncs). rather than successive. 

_to sav~ .cxccut10n time .. , .. 

~~rne more rnéi~ive. m~;¿¡fidítions' WIII be deseribed in Sccs S-6, 5~7 .'aDd 6-9 
' ~ ·, .. • ' ' '- '., 1 ~ 

5--3. Pro:,:rammcd Data Tran-.fcrs. Thc most cr)mmon appl1catton of tlK 
dcv!cc-~clc'éto'r-gatcd coimnario' pulses JS · data··transfcr to · and from thc 

- --------- ·------

o 
' 135 

() 
S-3 

Prc:essc .. 

·' 
... -, 

' 1 a,, 1 

proc~or. ~n our basic ,programmed-I/q scheme, the IO pulses are syn
ch~~mzed. wrth 'the processor operatio~ cycle, and thus \\ith the computer·s 
abthty to accept or transmit data. · 

fn, fig. 5-4a. the correctly ti!Jled 102 puls~ ·gat~s data fr~m an externa! 
dev!ce (c.g., an ADC) intC? a processor regist~r (accumu!ator) via the I/0-bus 
data Iines. 
. Fi~re 5-4b illustrates clear-and-strobe data transfer from the I/0 data 

lines mto the flip-fiops of a device register. Each flip-flop ts fir~t cieared by 

__ _¡ 
CL~t.Ri 

IO 2 

1 ' 

1 srRcSE- TR.li',SF-~R 
ro 3 ro 3 

(b) (el 

r:o dctc l.~es 

¡· : 
LO~D Bu;:=~~; ---

I02 

Id) 

[J !' ,,., 

1 -1 ._.:'"'o'C• 

!u,o:lr'E-
!O 3 
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102: then 103 strob~5 the ls on the data bus into the flip-fiop reg1ster. 
Figure 5-4c shows jam transfer of bus data into a de\ ice rl!gister (see al so 
Sec. 1-6). Jam transfers require only a single transfer pulse and must be 
employed whenever cleanng and strobing opcrations would dtsturb device 
functions. This is true, for mstance. \\Ith DACs requircd to sv,¡tch through 
successive voltage le\els \\ ithout returnmg toO in bet\•een. 

Figure S-4d illustrates a double-buffered-register data transfer. Data are 
first transferred into the buffer register and then into the devtce register 
proper. In an analog:b) brid computer or display system, for instance, one 
can load a set of DAC buffer registers in turn and then "update" all DAC 
registers simultaneously '-Vith another I/0 instruction or with a clock pulse. 

54. Device Control Registers. Many peripheral devices have more 
different functions or operating modes than we can control with a few 
control bits orlO-pulse bits in a single I/0 instruction. Such devtces can be 
designed to accept, store, and execute multibit "devtce instruct1Óns" loaded 
into a device control register or registers vía the I/0-bus data lines (just 
like into a data reg¡ster). In general, control registers will require jam 
transfers or double-buffered transfers (Fig. 5-4b and e).- An important 
example of a control register is the multiplexer control register for selecting 
different multiplexer mput channels for an A.DC. Control registers may 
perm1t incrementatwn, 1.e., the cont;:-ol register can be a counter set to a 
givcn initial co1,¡nt b:y an I/0 mstruction and then incremented by 1/0 
pulses as needed; the variety of posstble arrangements is endless. Control 
registers of ma;:.y old-fashwned process controllers simply operate electro
mechanicd rela_rs. 

Typical exampies of more complex devices whose status and function 
are established by computer-controlled reg¡sters are process controllers, 
cathode-ray-tuiJe ..!isria::.s (Sec. 7-9), automattc data channels (Sec. 5-19), 
analog_'hycrid comput;:r<; (Sec. 7-18), and other d1g1tal computers 

:5--5. Inteñadng ..,ith Incremental and Ser! al Data Representatinns. Dev!ce
selector-gated command pulses (IO pulses) are not ~1sed only to transfer data 
and contro!-reg!steí se~twgs Comr:;.cu;d pu!ses can al$~ set, f{'Set, or 
comp!em~nt spedal fli¡rfbps and ir.crem¿nt or decrement cm.:ntcrs in device 
interiaces (f1g. 5-5l. 

Compute:-r-ead digit2! coumt:rs .::2n als:; accumulate externa! incrcmcf!tal 
data (~ 3.íiables pro¡::OrtíL\n?.!. tv pu!~e rateo,' imo para!lel dtgJtaJ \vOrds 
Incr~~mt:n~:~.l d'it:1 rep~c:<:entatíon i:; em;"!oyed in con:rnl :>nd na-v¡gatíon 
sy:.t<:"ms ba<;ed on digi;d-dif(eremial-anaí_t=c:r (DDAJ integJU!t•IS (Ref 19). 

D1gítal communic<!.tíon systems, te!etype\HÍter ke::, fL)a.-ú/printer~, and 
disk or drum stora¿e ':· ~terr1s emp!o) scri2! dat3 l"Pprc_.; .;:¡¡tntio:> (Sec. 1-3}. 
Parallcl-to-suia! and sr·riai-tu-¡:Hiwl!d comrrskm l.., a~.- .. ,;·np!ished by eithcr 

o ' 

b 
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Octa Lt:-".es, f:,r P·~s.:t"'¡;-,,; 

¡ ~-- ---· ----

103 
( INCREI,'é.NT 
m~truc 'ron} 

lO 2 
(PRESET 
onstruct1on l 

!01 
(CLEAR 
'nstructiQrd 

__,._ ______ ..J._ 

1 

1 
1 

Fig. 5-5. Th•x d1fferent proce;sor tr:struct!ons empio;.- one ofthree su:o:-;;: ·= command pulses 
from the sam~ de\IC~ ,elector to clear strobe, or mcremenr a bina!) cou:::e;. A fotJrth Jn>truc· 
t1on combme, [01 dr,d 102 for clear-and-strobe preset!Jn~ (>ce ai;;o 1 o';;~ !-5b¡. 

of two methods: 

1. Serial n-bit data words (usually 8-bit bytes) are shif~:.:d in or out of a 
sh.ift registe; in the interface by shirt pulses from a c:ock osciilator. 
which is stopped by a control counter after n, n -L 1, or rt -+ 2 shift 
pulses. The extra shift pulses transmit or rec.:l\e ;ta-t and 5'00 t·lts 
maddng spaces between senal words in some s:. sr.:ms. Th;:;. ~tJ,:, 
reg¡ster i~ para!lel-loaded or read by the digital cc:-;,puter l1ke <.Fl) 

other devi.:;e reg1ster. 
2. Sh1ft pulses cause int<:rrupt-activated processor instr:..::::twns for ,[1,(:: ~:~ 

data words bit by bit into or out cf an accumulawr can-::. bi;. 

5--6. Timing Considerations: S)nchronous and Asynchror.ous f, 'O Oper;::rinns. 
Programmed data-tramfer operatiOns '-'lth proc::5so:--:.i71cd co:nir.a.n:i 
pulses require that an externa! device accept or transm:: é::;:;, !::;.:::!,; '-'Íthín the 
allotted mstructton ttme More specifically, timmg d:.::;;~~;¡slike Ftg. 5-6, 
supplied in every rninicomputer mterface manual, shc- ; , ;::~naps cb> lOúSl)) 

that a set of data-bit le~e!s must b? esrabli51ted lthen tf:e e ·r:,cessor tssues the 
data-transfer command pul5e (lO pulse). , 

We will assume here that our dence (sa:- an ADC) ;s ::.:-:::::.d: prepared to 
transfer data m the sense that an ADC comersion h<!S '::·::::: compieted; \\1! 

can, and should, make sure of th1s through :1 sense ir,;·:- .:·.on ISec. 5-8) or 
intcrrupt ope1 ation (Sec. 5-9). W!nt \\e are concer:oe:: ::~::ere~~ that dar:1 _ 
leve!s may not be establishcd so'Jn enough or long er:r)·:-:·:- :0 complete a d;:¡ta 
transíer, a JI O\\ mg for cab!e-trdn'imis~:on and !og1c e-.::-:· o .!r.d me times 
Cable delays are, at best, about 1.5 nsec,'ft, progr ¿::-_ -:-::.rO mstruct1on "' 
timing usually ailows for up t;) 50 ft of I/0 bus cabt.:. 

o 
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UO ¡nstrucl•on 

Fit:- S-6. Typ¡cal ummg for processor-s~nchronind programmd data transfers 
mu•t oc read: for the bus \\hen transf~r pulses occur. 
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Wben cable and/or !ogic delays become critica!, we ::an escape the 
tyranny cf the proccssor clock thwugh asynchronous ("hand-shaking") I/0 
operations. An asynchronousdata-transfer instruction addresses an ~xt~rnal 
device with address levels, as in Sec. 5-3. But the processor does not 1ssue 
an automatically timed IO pulse. Instead, it waits until the device-select~r
gate output has set an ADDRESS ACTIVE flip-flop in the addressed devt.ce 
(Fig. 5-7). The resulting voltage step returns to the processor over a spectal 
inteñace line; onlv then will the processor issue the appropriate ro pulse or 
pulses The pro~e~sor may now continue with the next instruction after a 

W1re lmks, estoo!¡sh 
dev1ce address 

~ Dev•ce-se,ectcr 
( 1 O e ~~ND gate ADDRESS ACTIVE 

:m bus i B•t ¡__r~ __ .r··\ 1 fllp-flop 
dato ~ -----v~ ! u~-;--- . 
trnes 1 ~---~ -----1 Da.~ 

L ~~~R_BITS.2_ ___ ---- ---1 1 1 1 

Address pulse 
{after oddress 
levels are on 
dota í1nesl 

..n .. 
IO puls'! 
(after data 
te•;<;IS are en 
data l;nesl 

--. . Jc 1 

''""' t__j 1 

AOoem REWvEo '" '""'"''-~T 
1 

1 
Doto- +ransfe' puls2 

Fi:;. ~-i. i\n ADDP.f.')') .\( 1 IVE ll•r-tl<)p (t)pe D tl•p-tlop. 1 .tbk l-51!; tnd1utc' r~~cpuon of 
ü•c d<:\dCC add1e'' ..~nd ·"'o >l"r'"' thc dc\!Cc-,clector output v.hcn th·_· ,tJdrc>' lc\d' :!re n•' 
!or..t;·~-- .::on th·.: hu") '\:otc r'1.·t .~1! AODP [':,'- >\Cl !VE flq,-f1(1o', v hr\..\~ ti.: l!t'' ~~(1 ( 1 ""·~~...,--.:~l \~~:: 
r-~~ r:'Jd o~~~~ _\~.:~_.,• '-'~·) -:....... . ';v'tl~ ~.-< .. ~ 'úC 'J-"J t~¡ ·~~i e!!-: ~r~~l: 1~\tCC ...!.~~-._.,".) 
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deccnt m ter\! al. lf \V O: \\ :s!: to be even :'lo re cJreful, the proces;oí m ay not •· 
continue rts opcration until the datJ-transfer pulse actuales ano:~~r d-:•.,¡ce
rcsponsc ~rgnal signif)ing that the IO pulse has b~en rccci\Cd and that thc 
cata transfer is complete. 

S-7. Minicompute:-:> < k;¿ Data Unb for De\-ice Addressing. To save 
interconncctwns at t:,_ .. c.\pense of time and interface hardv.are, sorne 
minicomputer I/0 sy~tems transmit the device address over the data fines. 
After the address levels are on the bus, an ADDRESS control leve! or pul~ 
from the processor sets an ADDRESS ACTIVE fi:p-flop in the addre~sed 
device and resets al! other ADDRESS ACTIVE ft1p-ftops (Fig. 5-7). The 
output ofthe ADDRESS ACTIVE fhp-fiop substitutes for the simple de\ ice
selector output of Fig. 5-3; 1t can activa te non-data-transfer operations 
immediately, or it can gare data transfersfrom and to the bus after the ad.1ress 
has been removed from the data fines. There are two main t}p("5 of such 
systems: 

1. In the Varían Data Systems 620i and 6.:!0f. thc successive addressing 
and data-transfer operations form part of rlzc same 16-bit I/0 mstruct10n; 
the address bits come from the processor instruction register, as i:1 
Sec. S-2. 

2. In the 8-bit Interdata Model 1, we must first load the desired device 
address into the accwnufaror. Then a separare addressing instruction 
places the address bits from the accumulator on the data line to act1vate 
the selected dev1ce. Data-transfer operations (to or from the accumu
lator) follow; note that one addressing operation may do for se .. eral 
data tran:>fers from and/or to the same devi.::e. 

~8. Sense-line Operation and Status Registers.. The IO pulses tmplement 
program-controlled operations at ttmes determmed by the dig1tal-computer 
program. But a devtce thu'> aGdressed might not be rcady: an tmport&nt 
example is an ADC whJch has not completed a comersion. In such cases. 
program-contro!led data or control-log¡c tr,msfers may be preceded b~ a 
sen-.e-linc interrogation or tbg test. The de\tce status rs mdicatedb:_, a flag 
(logic leve!, usuatly a ihrflop output). A sp~~.·wl [n,~;uctton Jddre:;scd to 
the associated de'. ice se.:cctor gates one of the command pubes (fO 1 in 
Ftg 5-8) into a scnse gatc and. if the flag leve! (sense ltnc) 1s up. onto thc skip 
bus 10 the mterface cable. The pul~e on the sktp bus then mcrcments the 
processor mstruction counter, \\ i11ch thus skip::: the next mstructwn to 
produce a program branch An examp!e \\ o:!ld be 

SKIP IF ADC FLAG IS UP 

REPEAl U\ST 1:\JSl RUCT'ON 
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Fig. 5-8. Sense-hne operati<ln u,mg J. de1 1ce selector. sen,mg gatc ,wd common skip bus 

The program will cycie until the device flag is up, at which time the 
program continues, usually with a data-transft:r instruction. The ADC flag 
must be reset by the READ ADC mstruction and,'or by the STARTCONVERSION 

instruction or timing puls.:. 
Other sense-l!ne systems exist. Many computers do a\\a)' with device

se!ector addressing of sense gates by sirnply acceptmg flag levels on m u! tiple 
sense lines, wh1ch are interrogated wtth processor instructiOns like 
SKIP IF SENSE LINE 5 IS UP. 

Flag Iogic levels controlled by manually operated sense Sl\itches perrnit 
a human operator to control program branchmg during comput:~tion. 

linstead of interrogatmg multiple ~cnse lines m turn, v.e can treat severa! 
flag flip-flops (which m:1y or may not be a~soc1ated vvith the same peripheral 
device) as a device status register. The processcr can read this reg1ster 
(REAO FLAGS or READ ST.Il.TUS instruct:on) VIa the data bus. The 
resulting "status word" m the processor accumu!ator can then be logJcally 
mterpreted by the computer program; m particular, the status word may 
serve asan indm:ct addres:; for the next instructiOn and thus permit multiplc 
branchtng 

Scnsc/skip in<;tructions can be profit:~bl) combined 'ñíth data-transfer 
ope;ations. Thus, the stngle mstruct10n SKIP ANO READ ADC IF ADC 
FLAG IS UP cornbmes rVJo mstr'.lCtl0ns by usmg the IOl pube to te~t the 
fL1g and the 103 pulse ro transfcr data; ¡he fiag le\cl nsclf 1s emplo}cd !O 

gate 103 oñ 1f the ADC IS not rce1dy 
I/0 ~ystems ,., :th a'.Jnchru,¡~IUS dma tran~ti:r (Scc, 5-6) do not need a sensc/ 

skip ioop to watt for d~v1..::c read1ncs<;. The de>:cc-flag leve! can Slmply 
opcrate a gat~:: wlm.:h keeps thc ADDRFSS RCCEIVED ~~~na! in F1g 5-7 
from rcturntng :o the procc-;~or un~il !Íl·~ dt.v:ct lS ft.~'ld) fo.- t;lc data tran~fcr 

Scns;: iin~:; un; Jflt' . .,.p~HSIVC, but c:wn ~rn::ll d•gJtal computt:1s can nncl; 
afford thc t.mc for "t.J 1,," s,ens~.:/.-.kip J.Jcps ~c:ch ·'~ the :;i¡¡¡pk ADC ~xa:npk 
<ihown abOVl' S~n ~r.: },nr:~ .lr~:} thcreft:H C., u~c~J !11d 1 n !y fu!· dr..'C!~!G!!S bct\\'CCn 

d~vicc-dcp-:qd.:nt ! ,, t.'~un; br:1nchcs ,., h:..:l~ J,,, t~z,i ctu _;e i J · 'ng Oth~rwtse 

\\'~ l l!q Uirt.: pruyra;Jt 1(¡[ t._'i 1 lf: \.L 

o 
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il\iTERRUPT SYSTE:'\15 

5-9. Simple Intcrrupt-">) sh:m OperJ.tioa;,. In 
device-flag leve! (INTERRL.'PT REQUEST) 
program on <:omplt-tion of thc current instruction. 
causes a subroutinc julllp (S:·c 4-12)· 

an intcrrupt SI <;te m, a 
',,....... .. 

interruph ::': computl:r 
Processor h::I;Jv.:ue thcn 

1. Contcnts of the m..:remc:nted prograrn counter and of ot!:::r '::l::ctd 
processor register:. (if any) are automatically saved m spccd"ic rremor; 
locatlons or in spare registers. 

2. The program counter is rest:t to start a new mstruct1on sequer.cc 
(interrupt-'ienice subroutine) from a specific mernory loc:won (''tr:1p 
location ") associatcJ w1th the interrupL The tntcrrupc ttlct5 actd 
upon is di:,ab!ed :.o that it ca:.-~not inc~:rmpltLS own serv¡ce rou:m;;. 

Mmicomputer intermpt-service routines must usually first íat e tlzc C•Jil

tenrs of prvcessor registers (such as act:umulators} which are need.•d :· ¡· t.'tc 
main program, but which ar(' nor saced automatical!y b.v the ho.rdHüre. \\'t: 
might also have to save (and later restare) sorne peripheral-.jt-v:c~ co¡¡trol 
registers. Only then can the actual mterrupt service procced: thc ser, tce 
routine can tramfer data after an ADC-converswn -completed interrllpt, 
implement emergency-shutáown procedures after a power-s~1pp!y failL•rc. 
etc. Either the service routine or the mterrupt-system hardware fficl<~ then 
clear tlze intet rupt-causing flag to prepare it for ne\""" interrupts. ~rhc ser-. h:e 
routine endr, by reMonng n:{jisters and proqram C''!l'ltc:- w return ~o t!:c C."''JI:Ji, r 

program, like any subroutine (Sec. 4-12). As the stnice ro•Jtlne c:':npl:;;t:: 
its job, it must al so reenable the wterrupt. 

EXAMPLE: Consider a s1mple minicomputer wh;ch storc~ only ~he 
program counter automatJcaily after an interrupí. t nc- (nt.::n Dp>~,;. · ;, ,o 

routine is to read an 4DC afler its com erswn-complete n::tcrrupt. 

location Label !Instruction or Word D:.~ta 
(main program) 

1713 C~lrrpnt instruction 1 Interrupt occurs h·2re 

oooo 1714 1 Incrernented program 

1 counta (1714) w!ll be 
1 stored her.:: by h.írd-1 
1 ware 1 

0<.}()1 JUf-.,,1;> TO ~C::V!CE 1 Trap locatiL)n, contains 

3600 
1 JUmp to rclocatabi'e 

SflV!CE STORE J'\Cr::UMlJlATOR lí\! SAVAC ! service rou:int 

() o 



3600 

3601 

3602 
l6SI3 

3605 

o 
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SRVICE STORE ACCUMULATOFi I~J SAVAC 

READ ADC 

STORE ACCU"v1ULATOR IN X 

LOAD ACCUMUUHOR SAVAC 

INTERRUPT 0:\! 

JUMP !NDIRECT VIA 0000 

(main program) 

/ Save accumulator 
/ Read ADC ínto 
1 accumulator and 
1 clear ADC flag 
,· Stor.e ADC readir.g 
.' Restore accurnulator 
1 Tum interrupt back on 
/ Return jump 

1 !nterrupted program 
1 continues 

NOTE: Interrupts do not \\ork when the computer is HALTed, so 1re 
cannot test interrupts wl!en :,reppmg a program manuafly. 

5-W. Multiplc Interrupts, Interrupt-system operat10n would be simple if 
there we~e only one poss1ble source of mterrupts, but this is practically 
never trhe. Even a stand-alone digital computer usually has severa! 
interrupts corresponding to peripheral malfunctions (tape umt out of tape, 
printer out of paper), and flight stmulators. space-vehicle controllers, and 
process-contro! systems may ha ve lwndred~ of different mterrupts. 

A practica! multip!c-interrupt system will have to: 

l. ••Tr:,;p" the program to differer.t memory locanon:; corresponding to 
specific indi•¡¡duai interrupts 

2. Assign priorities to simu!taneous or successive interrupts 
3" Stfl1"2 lower-priority interrupt requests to be serviced af~er higher

priority routines are co.-npleted 
4. Permit highcr-priority interrup!s to interrupt Ior.er-pr¡m:ity sen ice 

wutines as ::.oc•n as the return address and any autornatically saved 
registers are safely stored 

Note th:1t pro.~rams and/or l::ardware mnst carcfully sale successive 
ieveis of program-countc:: and rcgistcr contents, \\h1ch wdl have to b<: 
recov:::red as needed. Ir.terrupt-syster.1 programmmg \Úl! be further 
discusscd in Sec. 5-'!6. 

More sophisticatd sy:;tem:; will be ab:e to reaHign ne~r prioriiics !/1rough 
progra.n;md mstructions as the needs of a process or program chang" (sec 
also Sec-5. 5-12, 5-14, and 5-16}. 

5-i. L Skip-dmin Jdcntificntlon of [ntcrrup~~- The most prir.1itive multip!;;;
mtcrrupt systcm:, stmply OR a!t intcriUpt f1ag> ont_o a siii~¡!~ i11terrup1 /me. 
The lllll'nurt-.\cnice rouruu: tlu:11 cmplo.Ls .\en1e: 1bp lll'>lru-:!10111" (Sec. 5-~) 

ro te1t sucL·nsnc dc1trc flar;s 111 arder of de\(uulu•y pnoray. 

() 
1 
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r 
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¡ 
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Supposc that the SI:npk m ten upt sy:.tt:m d1scus~cd m Sec 5-9 \\as 
connccted not only to th..: ADC rcquesting serv1ce !:lut also to "emer~ency·· 
intcrrupts from a tire alarm and from the ::-omputer po·.\ er supply (Se e 2- J) ¡.
A sk1p-chain sen;ce roLit1ne wtth appropnate branches for tire alarm, 
emergency shutdo\'" u;d ·\GC m1gl!L look !Jk: 'h1~ (Only thc ADC servJce 
routine i::; actual!;. sh<>.: \: 

SRVICE 

ADC 

SKI? IF FIRE-Al.ARM FLAG LOW 

JUMP TO F!RE 

SKIP IF POWER FLAG LOW 

JUMP TO LOWPWR 

SKIP !F ADC DONE FLAG LOW 

JUMP TO ADC 

JUMP TO ERROR 

STORE ACCUM:.JlATOR 

READ ADC 

STORE ACCUMülATOR 

lOAD ACCUMULATOR 

INTERRUPT ON 

JUMP INDIRECT VIA 

~N SAVAC 

IN X 

SAVAC 

0000 

1 Fire alar m? 
1 Y es, go to sennce 
1 routine 
1 No; pO\'ver-suppiy 
1 trouble" 
1 Y es, go to sen.1ce 
1 routine 
/ No; ADC 'ervice 
1 request? 
1 Y es, service it 
/ No; spurious 
1 interrupt-print 
1 error message 
1 ADC sen·ice routme 

1 Restore accumulator 
1 Tum interrupts back 
1 on 
1 Return jump 

The sk1p-chain system reqUires 0;1!y simple electronic.> and d1sposes of 
the priority problem, but the flag-ser:.smg program IS t1me-consuming 
(n devices may requrre log2 n succe~sive d¡!CISIOns even 1f the flag sensing 
is done by successtve binary deciswns ). A sorne\\ hat fas ter method 1S to 
employ a flag status wot'd (Sec. 5-S), whtch Cdn be tested b1t by b1t or used 
for mdirect addressing of dt!Terer,t sen, ice wuttne:; (Sec. 4-l la) 

Note also that our pnmttive ORed-mterrupt S)Stem must automa!!Cd.Il) 
disable al! interrupb ..~., soon and as !on\! as an:· 111terrupt !S recogniz;;:d. 
We cannot interrupt c•t:•l !O\\-prior:ty Lrtt~;:rrúpt·.,cnice routmes. 

5-12. Pmgr2m~controHcd ln!crrupt ;v¡r,<;king. It ts often useful to enabk 
(arm) or d1sable (áisarm) tnd¡viduJI mterrupts undcr program control to 
mect special conditions. Improved multiple-¡nterrupt s;stems g.1te mdi
vidu,ll interrupt-request linc-; \\ ith musk flip-flops \\ h1ch can be set and reset 
by programmed mstr uct10n~. Thc ordercd sct of m.tsk fl1p-tlops 1s usual!~ 
treatc:d as a control reg1sta (intf'rrupt mask r~gis{rr) \vh1ch is ioaded \\Ith 
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~ppropriatc Os and ls from <w accumulator through a programmed [:Q 

instruction. Groups of tnt:::rrupts quite oftcn have a common mask fl¡p
flop (see al so Sec 5-l ~) 

A lery important application of programmed masking instr~ctions ~s to 
ghe selectcd portions of main programs (a~ \\Cll as intcrrupt-scntce routmes) 
greater or lesscr protcction from interrupts. . 

Note that we will have to rcstore the mask reg1ster on returmng from any 
interrupt-serv1ce routtne which has changed the mask. so program or 
hardware must keep track of mask changes. We must also shll provide 
programmed instructions tu enabk and disable the ent1re mterrupt system 
without ch::mging the mdsk. 

EXAMPLE. A s:.-ip··cham sysrem with mask fiip-jlops. Addition of mask 
flip-flops to our simpk skip-chain interrupt system (Fig. 5-9) makes 1t 
practica! to interrupt lower-prio~ity service routines. Each such routine 
mttst no1v have lts t:H\'n menwry /ocution to saL'e tlze program cmmter, and the 
mask must b¡: restored before the interrupt is dismissed. The ADC serv11.C' 
routine of S ce. 5-11 is moJ tfied as fullows (all interrupts are initially cli~::-.blrrl \ 

ADC STORE ACCUrv1ULATOF: IN SAVAC 

lOAD ACCUMULATOR t:ooo 1 Save program 1 

ST.JRE ACCUIV1ULATO~ IN SAVPC 1 counter 1 

LOAO .<\CCUMlJLATOR !V! ASK 1 Save 1 
STORE ACC\Ji'viUi..ATOR IN S\/ MSK 1 current ma:,l 
LOAD ACCUMULATOR MASK i 1 Arm higher-
LO.O.D MASK REGISTE:'. í priority inter·"p'· 
1!\lTERRld=>T Oí\! 1 Enable intetlli¡.:: ·¡~;ten-
READ AD~ 

5TORE ~\C .... 'UMULATOil lN )( 

ii\JTERt;UPT Oi"F 

!.0.'~0 ACCUMULATOR SVMSK Re~ e'- r~ 

l..OAD M.i.\SK i-lEG:STEJ\ pre\'iou' 
ST0RE ACCUMULATOR ~,JI ASK 1 mn:;k~ .~.~~· 1 

LOAD ACCUf\ltUU\TOH S.Q.VJ\C restore accun' 
if\ITEñRU?T o:--: 
JUi\.1? IND!FlECT VL:;. ;:,:vpc Rcturn 1ur:1p 

Sincs ~r:~-,st rni-"·r:-:.~rnptHcr rtkl-; 1~ (~:6\Ster·" ... ·~nr~ot h~ .. ' rCil.J by the p:c,;: · "' 
the m,bi;: S\:t:,:~~~ i~ dnp!;,._·<>lcd m thc IT'f'!'l:>:y !oc::l;on r.:¡,:..:JK S0111C 

minlcompukr:, (~ :: , PTJr>-9, Pí)l' l :1, P..,\} trcd; 706) ~'lk·V'-' only a n:·.;tri..:td 
¡ • ·' , • , ,>t· .t....;..,' -.·,~ ~,,Ir- r ..... ·l ,,~ ..-l\ 1· .... \., ·tncl sct ofn~d~k;;;: ;_:nc pt:..~VhJL' ~~~c~:1. tí'!::-.:: 'J\ dl)l1 ... \'\ ~.:, .. t ~~-"t ,;t) ,.¿(~"'!~ .), •• "';"-' ~ 

r ~-... ..::tor·t''l'\ ·v·,· tL), ~._;.-- ;;-;~, "~ ~f·u:-huJ,_>-: ~avin~ t.\~.~~~ Clü nv.;r~; accumuLltor~; ""l t 'o ......... '" · ·- _, .... · ~ ~ ,_.. , ~ ., · ·-· 

can reserve ont.: oft.hr,..r.-~ t~) ~tun.; th;.: nHlS~ ar~~ 1 ~~,·J:) ~,~\' r.-. .,,,,lOfj rcf:n:nl-""',.,, 

o o 
1 
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----------

fig. 5-9 : 
~LIICi. ..,_' 

rupt fl12.'1ktng Tl1e f':..t5k ftrp-r1vps a,..e trer~t~d a~ z contr .. J1 reg,-,te: f'l: t.:...;- .... rt>r) 

~kar~d .md kndd b; I 'O mstruct1om. -

5-13. i. ;' Jrity-inkrrupt Systems: Request/Grant Logic. We could rcpbv 
the skip .ham s;stem of Sec. 5-II wnh hardHare for poll1ng succ,·o·'•< 
interrup' 

1
' tt'S in order of descendmg pnont\. hut thts 1S sol! rclati\C\1. ;;¡,,,_, 

if thete:: • _ m.my imerrupts \Ve prefer th~ priOrHy-·retHl<~St !O!!IC ot: F,<!:s. 
5-lO Oí 5-l t, which can be !ocmed m the processor, on spec;alintc~r"<~cc: e~' r~~ 
and/or on ll1dtvJdu::LI devJce-controlter C<:lrd:>. -

Refer to Ftg. S-lOe. Ií thc imcrrupt 1s nol disabled b~ ¡he mask flip-~lor 
or b_:. tbe PfUOR!T\' i:;"\1 lme, a senlc:<! reqw:sí \de\'lce-:'b¡;; leve¡) wd! se: ti 1-~ 
REQUEST ftip-ftop, whtch is clockeJ b;' penodtc proccssot ;}u!~;:s ií, O 
SYNC) to fit the processor cycle and to rtme the pr-¡ontv ck;:tston. rJ-c> 
resulting ttmed PRIORITY REQUEST step has three JOb~-. 

l. It preenabies the "ACTIVE" flip-Hop bdongmg to the sam~ inkl'' upt 
circuit. 

2. [t blocks lower-prionty interrupts. 
3. lt informs the processor th<1t ::m mterrupt is wanted 

If th:::: 1nkrrupt system 1s on (and ~f there Jre no dir~t.:t-memor)-:ll"Cc.'S;, 
requests rendmg, Sec. 5-17), thc processor anS\\CfS \\tth an 1~1ERRl"PT 
ACK:'\'OWLEDGE puhc JUSt before the cu:-rr.:nt insrruct:o;~ ts . .:;omp!eteJ 
(Ftg. ~-l3) Th;,; sets the preenabled "ACTIVE" fl1p-flop. \\htdi nO\\ g.ltes 
thc cw,;:,~t tr.:p adci,·..:ss ontc :1 set of bus lir:·~s--the 1;1t..:rruot :s i.!C!i,e. 
lNTE:RRUPT ACKNO\VLEDGE <!~so r:s;?t~ al! REQL'EST t1!p-flops to 
ready tbcrn for r;~rc~1.ted or PCH" rr:(.'nt~" r~~lucst.,. 

E>r.b mr;;Hup: In-> thrcc- sV'(,s· b:\<:tile, r.:1itin;,; (dc.'\icc-ibg f11p-flop set). 
and :1c.:tivc" Wa!!':-![ m~errupts vviil b..: s..:n 1r:ed a~ 30011 Jo posstbk Unkss 
resct by prv,:;:L~:-,¡ or hard>\arc, th,· Jevi-:t.: tlag m.1int;11ns thc ··\\altmg" st:!tc: 

o 
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-.--- Proce~so· 

Memory 
address 
to 
p¡o.:e$SOr 
(wrr.>'oo to al! 
'rtterrupts) -t- ------

Addiess : 
gati'S 

Serv1ce ~"eG,uest 

from de.J1ce frcg 

f-tg. 3-·!0 • ..:. Prtl'"'Jty-ch~~':l t1ITnnz 1'-t'J~t.!lng :o~1c f('r eme Je•..tce l'iee also the t1m1ng dtagram of 
ic¡;; 5-l:!) T!lc: \CK 1\;QWL EDGI: [me 1> cor.:rnon 10 ::tll mterrupts on the ch,w; ~o te how 
:f.c fllp-tlcps ,¡r~ tlmeJ b) the pro.;~,,jr-suprl!~d !.C.' SYi'C ¡::uls~s MAS1FR CLEAR" 
hS~l~ by the pr .. Jcc~svr v.i1en~·.:!r [iU'.\-et E Turned cr. and through a ccn~ote pushbutton. te 
reset lhp-flcps t:lll¡:Jll:• :'-!~ni ,mTerent n•or;Jilc-dt: •n; ,,rttm c,·cu,t e\''>t lseP also F1g 5-ll) 
~tr.dar fogt~ :t.S U~f~d tnr dlrect~rrt~mcry~acc.:-s:.- Je•i~_.::s':; 

'~ni k htgh':' c-pnonty ~erv¡ce routmr:s run a .:1d eveP.. \\ htle 1ts I!1terrupt ts 
dtsarn:::d or "~'htL-: th~ er.ttr~ 1ntcrrupt ~yst~m I'i tt!rned ofT. 

.J~,!~~~ ?rior!ty l?.rtJr."!~3don ~nd flriorit) &.:h.1n:;;cs. Thcre ar~ t\\ e ba~,JC 

mcthod'> for suppres::mr low'.'r-pr1or 1t:· ínr:rrupts. Th:e first is the nired
pdorlty-chain mctlud tllu~tratcd m F ig. 5-10. Refernng to Fi:;. 5-lOa, the 
PRIORrTY fN tcrmmal of the iO\\est-priority dev1ce is wHed to the 
PR!ORrTY OuT ter m mal of thc de\ 1cc ·,\Jth thc ncxt-h1ghcr priorit). ~'fh.i 
SI) on. Tbu' thc tJmed requcst:i f:o~n highcr-pnont: dcv1ces block lü\\Cr
pnonty rcqucst<; The PRIORfTY í?'\ tcrm,nal of the h1ghest-pnonty 
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C~a·~ Cno:n 
pnonfy Ir. prtor,tv out ""' .---_,;-/ 

Fro'TI-,--
MASTt:R MASK 

fi:¡;-f1op 
(~'lua!!y rn 
processor) 

lntc;r·J~t 1 

l__l 
(H'g"'e5• 
prro·rt;'l 

(b) 

(Lc-,est 
PfiOr•t¡) 

5-!4 

From 
MASTER M.C.SK 

flip- f'op -4Jtf---

5 6 

(e) 

fig. ~10b ~~~d c. W¡r~d-ch:1m pnoray-propagatton circu1ts Smce each subs s•cm an -
assoc1at~a wmng) delays the prc·r>.i¡:atcd REQUES T flip-ílop step; rf1,, '-lOa) b) .0 ~) d_~:~ 
the >•mp1~ cham of Ft" ) '0b ' ·'J h ' => - ) 

1 ro - 1 n'""· 
· . e --' ;,w~. not a 'e more !hdn fvur toS!.\ lmk<. the c1rcu1t off¡<> 'i.¡ 0c 

bypa>><=> pnonty-m~l!bltmz steps for f:mer propagation (based on Rej. 10) =>·-

(Pre-enarle 
1 cf 3 oiher .UCT1VE 

fl!p- flops) ,_....___, 
. t L W•nn:ng ~ ' Timed 

PRIQ¡:¡¡Tv 1 ' 1 pnorrt~ requests 
REQUES1 1 i i from 4 mter•upts "-'"""'"'' (Jt¡ T , -~ ~ 11 

_..,_ 

'".:r<NOV:Lt:::>GE 
(PRJORITY GR<lNT) C'J•>e 

(comrr·on 1o aH mterrup~s) 

1 1 ' 1 
1 1 r-t-r----

1

1 1 ,..---,--:::__] l REOuEST 

~r~t~---4~'"'1 
~-~ __ j 1 1 

Pr~onty-a•~r:r:~-- LJ 
gates 

/ _ ;lCTivE 
L~~::_e~~~es ACTIVt ít:o·ttop¡ ,..-- f!:o-r :o 

------¡ '\·¡De'~ h ------------ ---·-------- --LJ!u·- 1 

---1 ro.1'"r~, 

ro 3 reset pclse, o• - -
r /0 syr.c 

f¡~· 5-!1. 1h:s mod1A·"' \~r ¡o·~' •h· -rr- ~,....., ... ~ .. v! •• :;.. pri.Jrtt~-lnt~rrupr lo~ te In F 1<' "'-10" P.b prr~._,:-n.:-
.''P .. g.ltlüll ga:c, at thc: ourput r,tthc1 th.m .H th.: mput ofth~ REQL·E:<¡- · 

many Slm!l..tr Clrr:ui!> é\t>! ., '1!p-lk;J \;.>tn 
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dev1ce (usual!} a pü\\Cr-failure. parit:-error. or real-ttme-c!ock interrupt 
in the processor ttsell) connects to a processor fltp-flop ("master-mask" 
fttp-flop), ''hich can thus arm or disarm the entire chain (Fig. 5-lOh ande). 

The computer program can load mask-register fltp-flops (Ftg. 5-lOa_) _to 
disarm selected interrupts in such a wired cham. but the relattve pnonttes 
of al! armed interrupts are determmed by thetr posttions tn the chain. It ts 
possible, though, to asstgn t\\ o or more dtfferent_Pri~rittes to a given ?e' tce 
flag: we connect tt to two or more separate pnonty ctrcutts tn the chatn and 
arm one of them under program or devtce control. 

F1gure 5-11 illustrates the second t: pe of priorit: -propagation logic, 
which permits every armed interrupt to set its REQlJEST fltp-flop. _The 
timed PRIORITY REQUEST steps from dtfferent interrupts are combmed 
in a "priority-arbitration" gate circuit, v, htch lets only the highest-prionty 
REQUEST step pass to preenable its "ACTIVE" fttp-flop. Sorne I_ar~er 
dig1tal computers implement dynamic prionty reallocation by modtfymg 
their priority-arbitratwn logic under program control, but most mim-
computers are content with progmmmed masking. _ _ 

The two priority-propagation schemes can be combined. Severa! ~tm
computer systems (e g., PDP-9, PDP-15) employ four separate wtred
pnority chams, each armed or dtsarmed by a comn:o~ "master-m~sk" 
filp-flop m the processor Interrupts fro·n the four chams are -::ombmed 
through a pnonty-arb1trat10n net\vork \Vhtch. together :vtth ~he_ ~rogram
controlled "master-mask" f!tp-flops, e!>tablishes the relatt\e pnonttes ofthe 

four chains. 

5-~5. Complete Priority-interrupt Systems. (a) Program-controlled A.d-· 
dress Transfer. The "ACTIVE'' fltp-flop 1n Flg. 5-lOa or 5-11 places tne 
startmg address of the correct mterrupt-servtcc routme on a set of addres~. 
!mes common to al! mterrupts Automattc or "hardware" pnority
imerrupt sysrems will then immed!ately trap to thc desired address (~ec. 
5-lSb). But m many small computers (e g. PDP-8 senes. SUPERNOVA), 
the priority logic 1s only an add-on card for a ba_s1c smgle-level (ORcd) 
interrupt sy~tem Such systems cannot access dtfferent trap addresses 
directlv. W1th the mterrupt system on, erery PRIORITY REQUEST 
disabl~s further imerrupts and causes the program to trap to the same 
memorv locatwn, <;ay 0000, and to store the píOgram counter,just as in Sec. 
5-9. 1:he trap loca~ion conta.ns a jump t0 the service routme 

SRV!Ci STORE .~CCUivALATQf; ;¡-.,¡ SAVAC / Unless \\C hJVC 

¡ a. spare 
1 accumul..1tor 

RfA[; !~·TERBU?! ADDPES"~ 

SIORE -~'CCi..''·· •_;l_ 1\TOR i~! P"CR 

JUMP li'D!:iECT VIA PTP. 

o 

¡ 
¡ 

1 
~ 
1 

¡ 

i 
1 
¡ 
1 

1 
1 

1 
l 

f 

1 

b 
1 

CO\lPU 1( !'HIOrnT'.-1'-TfHRU'T S1STE\I:, 5-15 

READ INTERRUPT ADDRESS 1~ an ordi:1ary !10 imtructJon. \\h1ch emp!o;s 
a dev1cc selector to rcad thc 1:1tcrrupt-addrcs; lmcs mto tre accvn•uhtor 
{Sec 5-9). lhe 102 pulse from the devtce selector can s~ne as thc 
ACKNOWLEDGE pulse in Ftg 5-IOa or 5-ll (in fact. the '"ACTIVE"' 
flip-flop can be omitted m tl1IS stmple system) The program then transfer~ 
the addrcss \vord to a pc1!1ter locat10n PTR m memory, and an tndtrcct 
jump lands us \\here \~e \\ant to be. 

Unfortunately, the ser vice routine for each indi-... idual de\ tcc, sa¡ for 
an ADC, must save and restore program counter, mask. and accur:h .. :"_:ur 
(see also Sec. 5-12): 

ADC lOAD ACCUIV!ULATOR 0000 

STORE ACCUMULATOR IN SAVPC 

LOAD ACCUMULATOR SAVAC 

STORE ACCUMULATOR IN SAVAC2 

lOAD ACCUMULA10R MASK 

STORE ACCUMULATOR IN SVMSK 

tOAD ACCUMULATOR MASK 1 

STORE ACCUMULATOR MASK 

LOAD MASK REGISTER 

INTERRUPT ON 

READ .ü.DC / Vsefu! v,c.,-lc 

STORE ACCL'iVlUL.e..TOR IN ~< 1 don~ only r.~rc' 
INTERRUPT OFF 

LOAD ACCUMULATOR SVMSK 

STORE ACCUMULATOR MAS!<. 

LOAD lli1ASK REGISTER 

LOAD ACCUMULATOR SAVAC 2 

INTERRUPT ON 

JUMP INDIRECT VIA SAVPC 

Note that most of the ttme and memory used up by thts mutmc; !S OH:rhead 
devoted to stonng and savmg regtsters 

(b) A Fully Automatic ("Hardnare") Priorit)-interrupt Sy,tem. Ir. Jn 
automatic or "hard" are" priorit)-interrupt S) stem, the ··ACTIVE .. fi1p-nop 
tn Ftg. 5-lOa <Yr 5-ll gates the trap address of the acttve mtcrrupt mto the 
processor memory address register as soon as the current instruct1on ts 
completed (Ftg. 5-12) Thts reqmres spectal address lines tn the mput.' 
output bus anda little extra processor logtc. This hard\\are bu¡s tmpro\ed 
response ttmc and stmp!tfles programmtng. 

l. Thr pmgram traps immdiatel) to a difíerent trap lootion for lach 
intemtpi: r:.-.:r~ is no need fur lhc pn,g:-~w1 to ide:1t1f;. the mterrupt 

2. Tht're :s n~. need to s;ne program countcr .tnd regtsters t\\Jt:e J~ tn 

Secs. 5-iL 5-12, and 5-!5a. o 
" 
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!'0 SYNC 

~. 
nLO'J~Sl ¡ f-).-

1 
--- , 

FL!P-FL0° ' 

ACKNO'NLEuCC _________ __s:--~
1 

i~ : __ _ 
PULSE FROf\11 !1 ---- ,_Ero_:_¡ c.t;•¡e-t ·"_structlon 
PROCESSOR _ 

Rese~ :-; iO ¡:t.. se 7rom 
ACTIVE ---- - ~---- --~ processcr or ht :10 sync 
Ft.IP-F"LOP 

fig. 5-12. T 1mmg d:agr:;m for the prw:-:t:.-::::t~-rup: logic nf Fi~s 5-10 and _ 5-! 1 fhe 
ACKNOWLEDGE puls.! r~m:uns O~ ur;:J :::~trap address t> transterred (etther tmmedt~tely 
o-.er sp;:cw.l 2ddress lm~s or b0 a progral'!lm~ :;:;truction) 

In:::. typical system. each hard\\ are-::!esig:1ated trap Io::ation is loaded with 
a mod 1fied JUMP ANO SAVE ins~rt;ction (Sec. 2-J l) Its effective address, 
say SRVICE. will ~tore the interrup;. retum address (plus sorne status bits); 
this is followed by the interrupt-sen·ice routine, which can be re:ocatable: 

SRVICE XXXX 

STORE ACCUMULATOR 1'1 SAVAC 

lOAD ACCUMULATOR Mr.;SK 

ST'JRE ACCUMULATOR i'J SVMSK 

lOJ:..D /lCCUMULATOR MD.S:< 

STOciE ACC~MUlATOR l'J :v!ASK 

lOAO MAS<( F¡EG!5TEr1 

li"JT~RP.\JPT (J~~ 

/ Incremented program-
/ counter reading 
/ (retum address) 
/ sa\ed here 
/ Save accumu!ator 

Save current 
/ ITlask 
; Get 
/ nel,\ 

/ m3~k 

f-l EAc:l ,I),QC / Acw:1l v. ork be ;si ns he re 

$~\;ng (and !o.tet tcStorir.3) t;,,; -:···.:~íU¡:'t mask !O th!s program ÍS the same 
as m :.ec'>. 5-l~ and S- !5o an¿ 1~ :.~;¡ to be q:.ut::: a cum'xrsome operation 
A little extra procc~sor hQrd\\ar~ :::::.-_ s1mpltfy this job: 

L W•! car- combine the LOt:C. ~.1.C.SK REGISTER and INTERRUPTION 

instruction~ into a single 1, O '::structton. 

' 

i 
l 

1 

1 
í 
¡ 

~ ¡ 
t 

o 
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2. We can use oniy masks d1sarmtn~ d/1nre;-rupts \\ith priont1·~~ ó:!m." 
lc'vel 1, 2, 3, . . . . Such 'itmple masks are easicr to store auto
matica!ly. 

In the more soph¡stic:-ted interrupt ~ystcms. the interrupt rdu~n-jump 
Ínstrw.:tion is rcpL;c:-c· "' -, c¡X:Clal Ír".trnc.tíon (r.r oURi'J F~O\r: INTERnUPT). 

whtch automatica!l; '"-,'-.~(:,; rh<' piiY~ram-co:.mtcr re:1ding 2r.c! al: auto
m<ltically saved register~. Be sure to consuit the mteriace manual for your 
own 'YIJntcomputer to determine which hardware features ami sofn,ar.: 
techniques are avallc.b!e 

5-16. mscussion oflnterrllpt-systcm Fe3tmes nnd Applications. Intern,p~s 
are the basic mechanism fo!:" sharing a dtg~tal computer bet\\een dtffcrent, 
vften ttme-cntical, tasks. The pr:lctical effect¡veness of a mimcomputer 
interrupt system wtll c!epend on: 

L The time needrd to sen ice possibl)' critica! situations 
2. The total time :md program overhead tmposed by saving, restoring. anJ 

masking operattvns assoc:ated v.ith mterr\,lpts 
3. The number of pnority levels needed versu<; the number '" hich can b~.~ 

readily tmp!emented 
4. Programmmg flexibihty and convenience 

The mínimum time needed to obtam serv1ce \\ill mc!ude· 

L The "raw·· !atency time, Le., the time needed to complete the longest 
possible processor mstruct10n (mc!uding any indm:ct addrt:ssmg). 
most minicomputfrs are al 5o des1gned so that the píccessor ~\di 
always execute tbe mstruct.un iollowi.1g an) 1/0 READ o::- SENSE/ 

SKIP instruction. \Ve are su re you \vil! be able to teil v. hj! Check 
your inte;face manu<:JI. 

2. The tl!m: needed for any ncc(SS . .lrY S<i.ving ::wd/or masklng op-:r,·:lOn. 

A loJk at the mterrupt-serv1ce programs oi Secs 5-ll. )-12. 5-l Sa. ,,r,d 
5-15h will dlu~~rate ho\', succcssJvel¡ more S;)phisticated pnont~-mterrupt 
systems prov1de faster se¡v¡ce w1th !ess overhead You sr.ouid. ho\o.e\er. 
~akc a hard-nosed attitude ro estab!tsi, ·,\hethcr }OU rc,1lty need the more 
advanced features tP V<''lr s¡¡e-.:tfic ,lpol~c.Jtíon 

It !S useful at thtS "'' .:t to ir-.r tbc_ r\r 'K'":' 1 :oprlicatton< of tntt::rrupts 
Man) 1n~errupts are 'L c,,..;¡::uerl w!tL ', :) roué,;,.:~ ior rebti' dy slO\\ de\ tcc3 
such a"> teletypewnters and tape r':!ader. po_mchJ.:s, and tbousands of m,m
C0mpucer;, servtce these hzrpdy \\J~it 'ilmpk sk:p-ch:11n s_,stems Th,ngs 
l::ccorne :-nore crit:c:1I in mstrumentatto;-¡ and coctrol systcms. \\ !11ch n.ust 
not miss real-time-.:l0clz 1r..rerrupts mter:ded to log t1me. to re..1d tnstrUP1ents. 
orto perform control operations. Tlme-cnt•c..I! jobs reqlllrefmr re,po·r~es. 
rf there are nun)' time-cntlC.!l Operatrons Or any tnne-sbariPg COlllpUt,ltiOnS. 
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the compuriny rin:.' lta_,;ed in 01 c1 hc·ud o¡;e, anon1· b~_:()t11CS mter~stíng. 

Somc r-:al-timc s:stc;<l~ nu: ha\c pc'nods of peak !oads \\ hcn rt becomes 
actual!) tmpossibk to s<:!n rcc al! interrupt requE'sts. At th1s polllt. the 
destgner must d<:!cJde '.\ hether to bu;. an Impro,ed s:stem or \\hich interrupt 
requests are at least t~·•1porar:ly e\ ¡;<-":ldabk. It is 111 the lattcr connecttün 
that cJ.¡nmmc p110rU.\ L:.'!ocanon bec.omc~ useful: it ma:-. for ¡nstance. be 
exped1ent to mas k cen,zm m ten uprs durmg peak-load peuods. l n other 
situations we mrght. mstead, /,;H er ¡/¡¿ re/m¡¡ e prwrity of the m a m computer 
program by umnask:ng acíd·nonal mterrurts dunng peak reaf-t,me foads 

If two or more mterrupt-sen. Ice routmes emploj the same hbrary sub
routine, 'Ne are faced. as m Sec. 4-16, w1th the problem of reentrant 
programmmg. Temporary-storage locat10ns used by the common sub
routine may be \\tped out unless \\e either duphcate the subroutine program 
m memory for each mterrupt or unless \\e prov1de true reentrant subroutines. 
Th1s is not usual!;. the case for FORTRAN-compller-supphed library 
routmes. Only a fe\\ mimcomputer manufacturers and software houses 
prov1de reenrrant FORTRAN (somet1mes called "real-time" FORTRAN). 
The best way to store sa\ed reg1sters and temporary mtermcdtate results is 
in a stack (Sec. 4-16): a stack polllter is advanced \';henever a nev. mterrupt tS 

recognized and retracted when an mterrupt is dismissed The bese mmi
compwer interrupr 5_! o;rems hate !wrdaare for automat¡cally adrancrng and 
retract111g such a swcl.. pv.nter (Sec 6- 10). 

If very fast mterrupt serv1ce rs r.ot a paramount consideratwn, we can get 
around reentrant coái11g by programmzng mterrupr masks which simpfy 
prevent interrupuon of cntiL·a/ sernce rourmes. 

In concluswn, remember that the ch1ef purpose of mterrupt systems ts to 
initiate computer operations more comphcated than simple data transfet~. 
The best methort for time-cntiCal readmg and Vvritmg as such 1s---not through 
intcirupl-s.:rvlce .-outines w1th the1r a\\b\ard programmmg overhead but 
w1th a dm:ct-memor_¡ -access :,_~stem, \\ hich has no such problems at al!. 

D!RECT ME:\10RY ACCESS A:"\D 
AUTOMATl!C BLOCK TRAJ"SFfRS 

S-i7. Cyde Stca!fng. Ster-by-step program-controlled data transfers 
!imit data-tran'W1óSiOíl rares and L!Se \aluilble processor t1mc fvr alternate 
ins1n;ciion fetches ilrd c:\CCl1lJOn: programmtng 1S also ted1ous It tS oftcn 
prr.;~::-'::.~~~e to us~ :1dct~~JO:!:JÍ ~1ard'.\d.r(:: fe; tnterf~~Jn~ (,t pdr-?~~ei d~u1 Ln:s 
dzrt.ct1y \\ah tt<;·: d~ .. ,~:~d-..:0i1l~;ut\.·r f'1Cn1o:; dat:1 regisU~.:- :ind to reqtH!St ,ln~.r'--

gran\ l-C)C;c p;·u<~, :n. processor c¡r:rat~C!:l f.C~r direct tn•nsfer of data to 
or f::om :11cmnrJ ('-¡tedace or .::c:e-:;lf.:a!ín;r vp·:rauon¡ b. larger 3tg¡;,tl 
machine~, .m.! opt,or}ailv m _t fC'v, rn;llicomput·_:r:, (PDP-iS), :i data bus C<!n 

cven acccss une rnc:1!0r;. b.tnk '~ 1t~,out <>toppr:~~ prc,r:-.-:ssor inteía:::t¡on \\ 1th 
othcr mero· banks at all. 

i 

1 
l 
¡ 
) 

() 
l 

l5J ID\1 •, 1'<, fF.R! ,\Ct tOGI( 

Note th;~t qdt; st, .. •lir.3 in fl') ~~:;:· di5tuch'> !lic p;ogrnm <,eqt.Jence. E .:;¡1 

though ~mal!er digit<JI co,np~tr~¡ ,~ must sto;¡ co:nputat10n dunns:! JT·~í'ror. 
tran:,f\:rs, th~ pro\:!~<~m ~Implv sk!rJs a ~~·ele at ti.,. ,·r·d •"Jf •l1 ~ ~..'·,.-:-,. 0-, _,_,~,,-,~· .. .._. .. t -.,) "J. l-. '~ • l, \,.. l i o.. ~ , J J _.'' ¡ 1 J ¡ 

cycle í~o n<::cd to co;~1plcr<.: thc currcnt 111\il;lcuon; and !ar.;r -r,;-,.~''>i j'-';t 
where It lcft off. Onc c!oo;;, not hao,c to s;ne regi-;teí contc.r:ts or ,;:h':t 

informat1on, as Wlth progr.1m mterrupb 

Fig. 5-11. A Lhrect-m.:mot:.-access tDMA) rntorfdce 
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5-18. D:\1A Interface llogic. To m.1ke dh-ect mem&rj :~CU">S (D:'' 'f \¡ 
practica), the interface must be able to: 

l. Address desired locations in memorv 
2. Synchromze cycle stealmg w1th pr~cessor operation 
3. linitiate transfers by devtce requests (th1s includes clock-t1med transferol 

or by the computer program · 
4. De al \';lth priorities and queuing of ser.·ice requests ¡f t•.vo or mor-: 

de\lces request data transfers 

DMA pr10rrty¡'queumg log1c IS cssent1ally the same as rhc pnorn}-Interrupt 
logtc of F1gs 5-10 and 5-11; mdeed. Identical logic cards oftcn sen e both 
purposes DMA senice requests are always ghen priorit) o'er coneurrent 
mterrupt requcstL 

,lr•·>t a~ 1n f¡g 5-l l. a Di\.íA sen ice request (caust'd bv a dev¡ce-tl.l'! k\d) 
prodt,ces a C}clc-ste:::: requc"t un le% tt ts tnhibitcd b;. a h1gher-~;nur ,¡, _ 
~;.q uest, the proce.;;sor anS\\ ers \\ tth an acknO\\ !rdg(' (priorit) -gr::m!) pulse. 
~.us stgnal th-:n sets a proccssor-cl('\cl;:ed "ACTfVE" tltp-llop. \dr!ch 
strobr~ a SL!':;bk me:110!)· addre~.c mto th•: processor memor: ad.Jres~" 
reg1~ter ar.d th~'n causes n1e:nory and dev1ce logre to transfer dat.\ from or 
to the DMA d,tt.t bus (Fi¿;. 5-13). o 



1~ 
5-19 

In som<: computcr s~ stcm' (e.g. Digital EqU!pmcnt Corporation PDP-:5), 
thc 0\-1...\ d.lta hncs :.~te idcntu:al \\ :th the programmed-transfer data !mes. 
Thts stmpltfics mtcrconnccttons at the e-<pcnsc of processor ha_rd\\ are In 
other svstem5 • thc D~viA. Jata !mes are also used to ~ransmtt the DMA 
address- to the processor before data are transferred T_his further reduces 
tht: numb<:r of bus !mes, but compltcates hard1.\are and ttmmg. 

r Doto ____ oa:a¡ 
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Eí 
~ 
¡y 
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llernor~ REACl OR WRiTE ~ TRANSFER 
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oddress counter sequence 
counter RESET 1--- control {1f ony) 
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Address ~r,.. INITIAL; l.f~ ADORE SS 

INTERRUPT AFTER LAST 
1 "' 

1 
1 ?RESET 
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WORO {TRANSFER 

111 
COUNT 

COMPLETED) 

Dev1ce 

O,g,tol / selector TURN DEVICE Dev1ce 

Progrommed I/0 bus ON ANO OFF on chcnnel 
computer 

(Oato,oddress,and 
controlllnes) 

Hg. 5-l4. A <;lmp:~ data channel for automat.c block transf;;~<; 

.::._19 Automatic Block Transfers. A'5 wc descnbed it, the DMA data 

.., -. • • .1 
transfer 15 dcL:1ce-1mttakd. A progr.zm-depeadera decision to tr .mster ~ata. 
e•;en directly from or te mcmory, ~t!Í1 requuf:s a programmed instruct;;:m to 
cause a DMA sen•tce request This ¡s barcly \VOrth the trouble for a 
smg/1!-ltard transfi:r Most DMA transfers, v-hetlv'r áevice or prügrarn 
;:'!itiarcd, invo\vc not c; 1ngk 'l'.ords but block" ;:-f ten;;, hundreds, or even 

thou:;a.nds of dat,l word<>. 
f-¡gur.:: 5-14 show:, ho\': thc simple 0MA syste:-n of ~tg 5-13 ma) be 

exp<tndcd 1nto an atttomatk data ch::mncl for block tran<,tcrs. Data for ~ 
block Lan arm·c or dcpart asynchronously. and the DMA controller \\d, 
stcal c;cleo; as nccdcd and pcrm1t thc program to go on bctween cycles A 
block of ,...,ords to be tr,tnsfcrrcd wt\1, tn gcnerJ.!. occupy a corrcspord1ng 
block of adj.tecnt mcmory rcg.istcrs. Succc'>~tvc mcmory ad¿resscs can he 

o 
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gatcd into the munory ~dJrcs'i regi'>tered by a coun ter, the curn.nt-:J.ddrc-.'> 
counter. Befoce any datn transfer takes place. a programrnccl mstruction 
sets the cur¡cnt-address counter to the desircd mit1al addrcss; thc dcm,'u 
number ofwords (block ic:,)g,h) IS set into a second counter, the \\Ord counter, 
wh1ch \vdl count dO"d1 ,-.rth each data transfer untll O is reachcd aftcr the 
dc~m.:d number of transfers. As service requests arme from. sa::. Jn 
analog-to-digital con·:erter or data link, the DMA control !ogtc tmp!e.:len:s 
successive cycle-steal requests and gates succeSS!\e current addrcsses mw 
the memory address register as the current-address counter counts up (see 
a\so Fig. 5-5a). 

The word coumer !S simt!arly dec1emented once per data \vord. When <! 

block transfer is completed, the word counter C"an stop the device from 
requesting further data transfers. The word-counter carry pulse can aiso 
cause an interrupr so that a new block ofdata can be processed. The \\Oni 

countcr may, 1f destred, also serve for sequencmg dev1ce fun:;tiOilS (e g~. 
for selecting successivt: ADC multiplexer addresses). 

Sorne computers replace the word counter v-tth a program-loaded final
address register, whose contents are compared with the current-address 
counter to determine the end of the block. 

A DMA system often involves severa! data channels, each \\ith a 0\P. 
control, addrcss gates, a current-address counter, anda \\Ord counter. \•.nh 
different priorities asstgned to different channels. For efficient handltng of 
randomly timed requests from multiple devices (and to prevent Joss of data 
words), data-channel systems mayincorporate buffer registers in the interface 
or in devices such as ADCs or DACs. 

S-20. Advantages of D:\1A Systems (see Ref. 6). D1rect-rnemory-access 
systems can transfer data biocks at very h1gh rates (106 words/sec ts readd:_. 
possible) w1thout ebborate [/0 programmmg. Thc processor essentnll¡ 
deals mainly \\tth buffer Jreds w its own rnemory, and only a fe\\ I O 
mstructions are r.eeded to mtttalize or remit1abze tramfers . 

At!tomaric data channcls are espectal!y s ... ntable for serncing penpherals 
w1th high data rates. su eh as disks~ drurns. and fasl ADCs and D -\Cs. 
But fast data trartsfer \"lth rnmimal program O\~rhe,td JS extremd~ \alu,lble 
m many other apr!tcattoas, especially tf there are man;. d~,, 1ces to ce 
serviced. To mdtcate the remarkablc eff.c¡ency of c~de-ste:ll.ng d1recé 
memory acces'5 w1th multtpk block-transfer data ch,lílnels. constder tl-te 
opcrattOn of a tr,unmg-type digital fttght smlU!Jtor. \\ht•.:h sol\ es ;mcr.lft 
and engine equat10ns and serv¡ces an elabora~e cockptt mock-up \\Ith m.m~ 

controls and mstrument disp!ays. Dunng each 160-msec ttme mcrernent. 
the interface not onl; performs 174 analog-to-digttal convers10ns requrrmg 
a total convcrsion ttmc of7 7 msec but al so 430 d1gttal-to-analog com ers10ns. 
and handles 540 eight-b1t bytes of dtscrete control mformat1on. Thc ,Jcttul 
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time requmo:d to transfer al! th:s 1nformatwn m and out ofthe data channels 
!S 143m~~-:: pt:r t'm<' increment, but becduse of the tast d1rect memory 
tnmsfer'>,l"~ ck-st.:-a\mg subtracts only 3 2 m se e fcr ea eh 160 m se e ofproct>ssor 
timr (Ref. 2) 

.S-21. [\.'!emory~íi<Crd11ent T~.:hnh:¡ue foa Amplitudt!-distlibution ;\1easure
rnents. ln many mintcomputers, a spccial pulse mput vdl mcrement the 
contents of a m..:mocy locatwn ,tddrcssed by che DMA address !mes; an 
interrupt can be '!Cncrated whe11 one of the memory ce lis~~ fu!!. When ADC 
outpms rep((.:•· . ..:nt: r.g successtve S«mpics of a random voltJge are applled 
to the DM h, addre;,s lxncs. thc memor)-im:r~rncnt fea tu re •>ill cffecthc!y 
g~ncmte a moJel of thc input-n,ltn;_::c amplitudc distribution in the computcr 

'. 

fi-~1~. s .. {5b . .\n d 11('1:l~!t! .. ~d.i-.,r bU,lt''""' J,:.p 1 .t~ ,)!:'~• 1 1tlt:<J i•\' ~¡,. ::1'..;\!,(ta.,_l nr !:"lJ.! )~15~J. {f}lljlftlf 

Eqtupml.!r:t Cnrrora"/tlt 1 1 
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mcmory: Each mcmory addrcss corrcsponds to a voltagc cla~~ mt~¡, "tl, 
and thc contcnts of thc mcmory rcg1:>ta rcpre..;cnt tht: numb..:r of -;a;-:'p:.:, 
falltng into th<tt class tntcrval. Data takmg is tcrmmat..:d,_::ftcr a pr\..~Ct 
numbcr of samplcs or \\ hcn thc first mcmory reg1ster overloads ( Ftg 5-15a). 
The empírica( amplitude distnbution thus creatcd in mcmory mc~y be d¡s
playcd or plotted by a dtsplay routine (Ftg. 5-l5b}, and statisttL'S such as 

;;,z _ 1 ~ x2 
A---~~ k 

n k~ 1 

are readdy comput<:d aftcr thc d1::.tribut:m1 ts complete Thts t~t.;¡ml{ue 
has been extensivcl y applied to the ana!y:>i:. of pube-energy sp..:.:lr -1 t'rort~ 

nuclcar-phys:cs expcn mcnts. 
Jomt d11tributiom ufnro umdom ranahfcs X, Yc<tn be stmtlarly compilcd. 

It 1!> only ncl:essary to apply, say, a 12-btt \\Ord X. Yc,)r.:ros:::d of tw~• (-I:J•t 

bytes ~orrespondir>g to t\\O ADC outputs X and 1" to ~\¡,:. rr~-~.110t·;. ,\ddr~s> 

register. Now each acidressed memory locat!On wdl corrcspúnd to ,h<: 
regton X,;::; X< X,+ 1 , Yt. :s; Y< Yk.+t m XYspacc. 

5-22. A.dd-to-.. memory Tedmique ofSignal A\craging. Anothcr Ct)"1mand.
pulse input to some DMA mterfaces wlll add a data \\•)Cd on tb;c, J 'O-bu'> 
data !mes to the memory !ocatiOn addressed by th..: DMA ~.d:.h::s~ !:c.:::, 
wtthout cvcr bothcnng the digltdl-computer ::mthm:tic ur,n or th.:: '"'f,).?i<~Li 

Thts "add-to-mcmory" !'eature perm:t:> us~ful lmc,\r ooa~ltiOil' •L1 <Í.'t; 

obtained from vanous instrumems; th~ only appb:at;0n we!I lno\t 11 ,¡: , ;,,_; 

ttme !S tn d:Ha :neraging . 
Figur~ 5-l6a and b 1l!uslrates an cspcc!1liy intc.:est11\[? uppl:c.HJnn ,_,f d:n,, 

, averagmg, wh1ch has been very fru,tfu1 tn btolo:pcai-dat,t rduo::t:'¡'l (<e;. 
e!ectroencephalogram ana!ys1s). Penodically J.pplicd stirmdt pr·J.i'.h:•' ·ht:' 
same system response after each swnulus so that one obt:nn, :t!1 .1 ,,,,·o~: 

waveform periodtc wtth the penod T of the appllcd sumu!t. To p,t¡; tflc 

desircd function X(t) out of addit1ve zero-mcan random neis·;. onc: ,,Jt.!~ 

X(t), X(l + T), X(t + 2T), . during ~uccessive penod, to ~·nhan-.: thc 
stgnal, whtle the no1se wtll tencl to average out. Figure 5-16c ~lhl\\~ thc 
extract10n of a signa! from add,tt\í.: n01se in successlve dnt:l-:¡vcr,lgtn!,; run'. 

5-23. implemrnting Current-uddre<;s and Word Counter-; in the Prr-:l''.>50r 
Mcmor~. Sorne mt'1tcomputers (tn parttcular, PDP-9, PD~-15. ,1nd th~ 

PDP-8 ">enes) have. m additton to the1r regular DMA fat.:dtt'c~. ,1 set oi ti\d 
corc ·mcmoíy locatiOns to he u~cd as data-chanr.d addrcss and \\l)d 

countcr s Ord in:1ry processor mstruct1on~ (not I /0 ¡nstruct1on,) ;,,,:d. 
thesc íoc:J.tion-;_ rcspcc!lvely, w1th thc block st:Httng addrc~> :md '' nh 
minu~ thc block ·::aunt. Thc dc~ta-ch:.mnclmtcrfa,;~ card (Ftg 5-17) ~ur~'ltes 
<he addrc"s .;·· onc ofthe four to .;¡ght addr,:s~-countcr lo.:-a11ons ct\ ::iL1hk !n• 

thc r~orcsso;: · thc \\ ord cou nter ~~ the locat11Jn io!lo\\ mg the add rcss cot.:nt-:r. 

o 
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Fig. S-l6a and b. S•gnal enhancement by penod¡c averaging (a) and add·to-memory :ech;:nque 
íor stg!:3l averagmg (b) (based on Rej 6) 

Nov., successive sennce req u<.:scs steal uot une but three or four cycle<> sin ce 
t:ile pwccs~or must increment the two counter locatiom, and tbey then 
transfer data to or from :;ucccssive mernory cells inJi::-ectly addressed via 
t:1.: adJress counter. When rhe wod cou:,:u rc3chts O \from its negz.tive 
i!!it¡" ~ :;ettmg;, the procr:ssor t~sue~ a spe::i<tl signa! wl1tch !S u sed to stop 
furtht~r s..:r .. ice reque'it~ and usually to mtenupt the r~ocessor (Fig. 5-17). 

l 1 • '. Sorne rnemory-'mpkment~d datJ chan;j(;h Wi 1 a.sc permn aGd-to-

C:1.:mmy operatw!1 (PDP-9, PDP-15). The Honeywc:i 316/516 m"-chme" 
inw!emcnt a !lnai-addrc~s reg¡,ter in memo:-y rather than a word counter 
(Sc.c 5-19) and pcr;nit autom;t1c altcr:;atwn of data tr~,nsfers to or from two 
bloás of mern;)rv ioc:ltions (,'wingmg buffcrs). 

Mrmory-irilp!c;nentrd rla~a ch~1nn~l<> prrrr.it amom:1tk blo~k transfcrs with a 
mínínum: of iutt';;-facc hardware s~ncc they elimmatc the two externa! counter/ 
rcgistcrs plus the c1rcuits needcd to preset thcm. On the other hand, logic 

------------------·- ------------------

/) \_, 

1 

1 

o 
15'.1 FR0\1 RL"dJí.\l \DE TO DO-ll·HJU<SLLF 1'-Tf.RL\lh $-2-1 

8 rep~tltion> 32 repetlt 10ns 

128 repe!liJOns 512 repetrttons 

Fig. S-l6c. A penodrcally retnggered 1'a\ eform extracted from additive n01se through ;uccessih; 
stgnal-averagmg runs ThE d.sp!ay ts self-scalmg, 1 e , ordínate 11ords are sh1fted ;¡ght b) 1 b,¡ 
after 2,4, 8, . rcpetttlons 1 o d1' tde ac.:un•ulated sums b) thc- number ofrep::•Híons ( c.:nn t'rSIIJ 
of Arr:ona, PDP-9 data ra:..en b_. H Af •(¡¡;) 

circuits are becomJn~ more z.n~ more inexpensh e, and true data channeis ste:li 
only one-third to one-foúrth :J.S much proctssor time as memor_y-implemt>ntPd 
cham:els. 

SOME .i.NTERFACE··H.UWWARE 
CONSIDERATIO>,S 

5-2,~. Fwr.; Re::::ly-:,~sde h Do-it-~ 'J'::-;,ei[ inr~rfaces. De:·. le~ co;¡trol!ers 
for typical periphcral deviCes havc m;¡ny common fe2.tmes, so se'.er:l! md11· 

computer manufactUíers seH :;t1ndard inL.'rfucc cnrds. T) prc.ll de\ JCC

controi!er cards imp:ement a device selector. bus gates, a reg¡srer. and/or 
some devil:e-flag flrp-t1ops and scnse g,ttc:-. The samc card or d sccond 
card may compnse mterrupt log1c or a data-clnnnd :ontro!lcr Sorne 
minícomputer main-framcs (e.g., HC\\ lett-P.1ckard. Data Generai) ha\ r..: 
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fig. S-17. Wtth oata·c\oannel address J.nd v.ord counters 1mplemented m the processor memory. 
data·channel operauon reqUir~s only a s1mple mterface card contammg prtorit~ queumg and 
address logtc hke that 1n f¡g 5·!0, b•lt eaLh data tr.1nsfer steals three cr four processor c)cles. 
not JUSt one qck 

soecial slots for mterface cards. In other systems, a substantial portion of 
the interface log\C 1s physic:tlly assoc1ared wtth each dev1ce 

interface !ogic, al! the way from strnp:e data-tramfer and sensing logic to 
new anrl ~pec1ai controiíers, d:spiays, and accesso:y anthm<!ti.: umts, is 
remarkz.bly easy to make from commencally ava!lab!e logic cards and/or 
socket-mountcd intcgratcd Circu1ts. Severai manufacturer~ sell log1c and 
related analog/dtglt;l ctrcutt cards (ADCs, DACs, electron¡c S\\Ítchcs, 
arnphfiers, po\vcr S\lppl¡es), plus vcry convement rrooummg hardware, 
enclo->cz es. panel sv ... ítchcs, md¡ca!nr<;, etc (F. g 5-18) T rans1~:.or/ transistor 
logtc (TTL) :nte¡iar:-:~ :i.1~w.dly .;,;(:-.; mos~ mtnJcornpt.tcrs. but lllgh-nOise· 
tnl'l'ltmity !cqic (\i· ¡tvrola HTL. D;g:t,:l E.:¡u·¡m1c:r,t C·,r;-;orOJtlOn K-sene~ 
c.uds) should b..: con-,¡Je,..:J f;¡r high-nc1sc cnv:ronnw••h. t)-,-:;,;; circu¡ts have 
largcr logic-!cvcl S\~ mg'i andan: 1 ntcnt1onally siowc· ;: r<::L(e rhe poss:bli tl)' 

Of randorc:r<;C triggenng 

,--~~~~~~~~-

¡ 

q 

Hil 
5-2:" 

.:- J 

-' 

fig. 5-1&. llvfu~h of the m<crface log•c m th.s H~" lett· P;:cl.arJ 2100.'. >\S km,, 0 , " _: ;·, ;,,,: .. '"' 
supphed Interface card;; pluggeJ mto the proce-;,or chas-;•s \He11 !et;·PadwJ C cr;"' ;r: J~l 1 

We recomrnend wire wrappíng with a simple "squeeze glln ·· (F1g. :5- i8c1. 
rather than soldenng, for convement :md rehable connect1ons ex:ceot f0r fast 
emttter-c0upled logtc (ECL) and radio-fr-=quenc) c¡rcults_ A \·~r-, llttie 
knowledge ofdigital-log¡c design goes a long way(Table l-5), but if~c_;;¡ [m e 
problems, we suggest that you hire a graduate student from the r.earest 
electrical engineenng department part time. 

5-25. I/0-bus Lines and Signals. Party-line I/0 buses (Sec. 5-l) are 
u.:;ually "datsy-chained" from device to device through male Tcmak 
connector patrs, Wtth a suitable line termmatton plugged mto the last fef1nle 
connector. 

_ Figure 5-19 shows sorne typtcal bus c1rcuits. Most minicomputcr TTL 
mterfaces ernploy open-collector mtegrated circmts (gates or arnpl.fi<!rs) .l'i 

line drivers (Fig_ 5-l9a). Off-the-shelf ICs not specd'icalh deSIS!ned a-; ltne 
dnvers m ay require testmg for voltage le\ ds and nse illnes- OrdmM\ 
gate<; used as line recei'<ers may also have to be tested for saf~ lo:,c-k\¿¡ 
thre'-holds. It 1s sure!y best to em!"'lO} spec1al dmers and r~cC:I\ers ~ 
(perlnps evcn push-pull dri,1ers anó rece1vers. Sec. 5-2ó). but thts ma\ not be 
nece,s .. lfy for short busc~. Jf :n dot~bt, u~e spec1ai ctrds suppkl1- b~ th~. 
COMpute:: mant:facturcr. 

o 
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With wmng dclays (at ]c3St 1.5 nsec/ft) ofthc samc ord<'r a3log:c rise times, 
tran<>rni',S¡On-!lr.~ reflcctions must be considcred (Frg. 5-20). ·u thc powcr tCl 
eaé d•:\ ir: e: on :1 dai-;y-chr.iacd bus can be tur ncd off separa te! y, thc interface 
dcc;igncr mu'it mah surc that this ~,¡¡¡ not afrcct propcr op~ration of oth:r 
dnic.c<; (.;ce also fr¿~. 5-19 and 5-20! 
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Fig. ~--19a. Output stages of an cpen-colkc:or, nncrtmg TTL bus dmer and it> ec¡.mak:Jí 
source 1mpd:mce 
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Fig. 5-19ú and c. A ut.rat1 -uorr,,! p10L .. ""~~or~ro-dntu) hu.) (b} anJ J. bidi,I!Uiohat b.L'> le.) e~'ll1 
\\.HhOu[ C,¡ff;;rentlal ltn.: re.::~~ ... e:~ i..'Y'ditr~\. rulf' JJ .1.~' ~ ~.; ''"uL._•r:,dr bllS !Jn~> ... , ouiG ab.o bt: 
t~nnmJted at hoth end~ ·1~ ~~~ F1~ '-19~ 

Us::' !:nes wbose char:1ctenstic impedance Z 0 is at !e,!st 90 ohms (93-ohm 
coax or lOO-ohm No. 26 or 28 tw1st::d parr. ::~bout 30 turns,lft), \\ 1th grounJ 
r<::mrn. Flat cable, wrth srgnal conductors ~ep<~rated by ground returns, 
and poss;bly with a shrcldmg backplane, IS 'wery conve!llent, e~p.::ciall~ for 
short (be!O\\ l to 3ft) c::~bk runs. A diode or Schottk)-dwde re\erse 
terrnmatrou at the output end \\ill !Imit negatrve O\t:rshoot; follO\\ th~ 
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Fig •. 5-20:. /'.1 senes-termmated: uansmtsswn¡ line· rhe· e!fect on· the· dnvmg ctrcutt does not 
clíange:when·the.recener powP.r suppl'y t>•turned o!f. T !S the hne-propa,gatton.dCby 

computer· manufacturer:'s· recommend'ations. Do not use· flip'-flops as. line 
dnvers,. 

!jQ':.bus, i'ogic: kvels, are not usua1ly, the same as: standard logiC' levels but 
w1H depend. on rhe· ous.syst~;;m and loading.. Note' m part1cu!ar that many 
mi"nicompufer I¡'O' buse:;, are dnven by ampEfiers or gates \' hich invert iogic 
ievl.'i'> (e.g:,, Fig·. 5'-lY~l ¡:. i e., bus Sl¡p.als cor.respondmg, ro· !ogical 1 may be 
LdW' voltag~ ("ACTIVE LOW" !:Hgnals).. Check your interface· manual,. 
which will also spectfy the: load eacll bus; llne can· drive under vanous 
condi'tlons .. 

$26. Noíse:, fn''err.onnections:- and Ground. Systems.. Dlgltal-computer 
interfaces a:;e very often· connected to· sens1trve: and accurate analog. 
i'nstrumentat1on and' computir1g Clícuit's. Di"gital-system noise~. espec1aily 
high-f; é<:;:uerty s;nkes and pulse' rmg1n-g,.can cause very obj'ectlOnable n01se 
i'n· artafog ct'rc'llts vi a p;rol!n·ct curre·nts and ra'dirt.ttOn'. Tftis can &e· frue even·. 
thougfr tn'5'd:eirJ.LcJ:-cutts· tbeniselves: ""ork- wf.U vnthi'n theú noise'-i'mmc:n¡fy 
hrr:tt.>-.- ·r rariSÍ'itor/tr-ir.stst;:,r· log!C' \1-TL)~ ;>:n·d diúdejn:a.n.>lstor logic· (DTL)\. 
?.'l~f. tnc:r ffa;;sf:·r·rüu;·,d-cu:·(r'nt LranSJ~nh-: ánd re!at1v-::ly hi:?;h ciuf¡'rut ¡mpetf
a'i"ice'i~- are' 6ad. offe¡.dc::.;· J rb:•s~ re·;pcci. Srn''t~v ·;vupb' :c:l?;i'c' W'C:L} ¡-¡,,". 
nea¡ ... c1j"'¡!S;~a;rll í~)"(>G:1d~ \""' 1 i n'crit, r t;\r.,' l0t~lC' !ev(~i~:," c.ni':i ifv.v O u.~ p G: t Írhpedances.,, 
'..tt'd'i t~r~~a got.:d;~:r(.n~·~;:: ¡'r~, "'v.::' -~ ¡\::-,:1~ ~:,_rf~"f~~ ... LJr-;¡'.ú1j 3 t2.,l·J(2/li .gi ~¿Lc·f';\":-H2 rs t)it.~:·:~ l!v· 
.:cr.frofler: ~-:~: .. 1-I(:s- ·,··~ ~-~-~-~(!.:-~s G~·,-,L-1~5! f:i·l~);::r:-ro-~·:.1-¿f,:>~ GG•1'V(.:·:·tc-~rs,. $2u:cp'!e

h(;i(A: c¡~rG'~!~~' r;~·u~:t;f~.;·~cL~~~ :;¡-~.~ uf.:t ÍJt:· ée;-,-.:~~~~~~:'. t·} r.!.:'t~;···il.1(; frttpr;c{,;nE:t"s· 
c()n~¡:-r~6:~: n·;, {~·:· :~:·t~ .. ~~ 3f.\.ií .· ;1 ~~t {f.;_5- ·~f~tr:rrs .· 

,._~, -... ~ ~ • ..f ~ ...... ~ .. ._, .;:».,., .... ~-.s" . .,.,...,.., .,·;-r,.:;>.v-,.~- ~-:;;;.r·., ,fl ·, .... " .~-t-~ .e- t ,..;.·~· ~""'~·u~o ~.:;-r•n,·,"' 
Vi'vUi"b•·~u-• Oh:',_,, '-'• ._¡, ·.r.;,,.,,"',.;' ~"""u ·,_~ '' ,, . ,,.L~·-. · o<•·' "'· •~ .-<;;, !v<.>> 
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p~oblems. A good earth grou;;:d i5 not al v. a;. s easy to come by, a nd the 
pov.er:-line '"indu->tnat" ground _::1auld be usi.'d for ac return onl<.. To 
minimJz::: co:nmor; ,;r0und Jmpedaiices \\ithm a cabrnr:t or subs¡stc~. it 1s 
best to. select a s! ";;··~ comm'Jn grot•n.d piJint and to return aH ~i·¿nal. po'>'. e~, 
and: chassts grounds separatel;. to th1s point. \\hich is a!so connectc::l to 
earth ground. 

Unfortunatel), this simple technique may not v.ork \\hcn \'o~.: mu;t srcund 
.,videty sep3.rated subsystems interconnected by signa! !Jnes (e.g .. a -d•git:tl 

IFig. 5-U. (¡:t!rconn~ct.on a.nd gro~.<oC:tns oftwo t) p1mi sJ.~'5}>ter:ts Chtl:r~nti,"! !tr.-: re.~¡·.:;; 
cancel comrnon-n1ode glcund· .. fl)•)P anJ other c!tsturb~t!!c..;s !il1 e ... cr~ b..:tte: :: .. e \~....: ; _ ~t.:. L.:~ 

pu>h-puií l.r:e receners anc' ltne dmer:: ''"thou! art) g'cnmd retum t<.;r,¿.:n :"J-<:r·,; 
Rad:atlon fror.i.'digit;:d ci:"CI.l~ts lS sun a prr.Jblem (')>!t: a..1';.0 1 a.bt~ 5-l) s~ ... l.h-gro...:.!'d cr.r --r..: ,~,.:rr:~ 
reqUlred for electncal ,afety. ma) need sh1eldl~:z Po\\el-sup¡Jl)! 3.C ,¡•pds m.:., rrc<:.! <JJ:!:o
frequet:'C) filter>. and po" er trar.sformers mcl) need electrostartc sh1~lds. 

computcr and an ana!o~ subsystem 40ft awa:y). We wi!l then gi"t;; each 
subsystem a: common ground pomt and try to keep ali po\~oer-su.pply loop:::. 
wi't!un each subs)stem. But tf each subs;stem has an earth ground. (often 
requ1red for electrical safety). thcn \\e ha>e a ground :oop endose¿ by tr1e 

ground conne..::tíon:; and each :,;gnal \\tre. Such mductÍH! loops v.íii ptck 
up and/or rad1ate noise (F1g. 5-21) The best Y.ay to fix th1s ts to us~ 
dl!'fere;:~tíitl (push-pull) SJgti:\l transmtsston or at le:\st diffc:..:r.tial ::igr:.1i 
recd'ier'i, ~·h1c.h \\l'll cancel ground-loop no1sc and other dt~turb:wc~:> 

comn;::>.-;· to ho:h d;ffcren tic,! inputs ( Fig. 5-21: se e alsa Tabk 5-l j 
H ck.::::~i,;:ál• sáfcty ís r-;c.· problGrn, \\e may om1t one earth grvund ami·· 

lr¡tCté0nn¿,c~ Üít' sub<;]Stt:rrt grnmo~ th;ough a ground return ltn~ m the 
~tg':d; < ... ~~)rt: $;;~r~,~~<:a.bíc .,f,~:-~;l~ fi1c:~ .. L .~1t.'( ¿r carr; grGunJ currents. they 
óf(}fna.r:::~ c~nrL~c~t t0 cffa,. .. ;~¡~~ g:rtJurtL! ar i~;t 5ourcc end E\cn so. \\C n·~.ly 
sta; t·o ··"' -, r- ~~.,-A k :5"" r" ·' ~' ·d :1 '~"u,,,_ J.·.;; k·•~" re"'ot'\l''" '"S n ~ cL-::lúactt 'il' ~"s , • ,~ r "- ¿,> ,, •'<·- •" ¡• ._,. •u- ••· •V :;,11 ,,., , '•e,~ ;,,_, . •'-" ,_ •

0
, , , ,,_._ . 
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Fig. 5-22. Ladder-netY.ork digllal-to-analog conHíter for con\erting 2s-complement b¡nary 
oumbers (u) an::J a feedback-t:pe analog-to-dogHal C<ln·.erter (b) (Based on G A Kom t.md 
TM. Korn, Eleccronn -tr.alog cnd f/¡bru! Corr.pucers. ~d ed. ,'v!cGrall-flr/1. Ne" Yorl;;, !972) 

Table 5-1 summarize'i general rules for minimizing digita1-circuit noise !n 

::r.alog subsystems. 
You must consult the interface ma:wai for your specific minicomputer in 

'i:Vfry case to check on · 

The specific inte;-face-!ogic schem,~ emp!oyed and detai!s of its operattcn 
an·j tir.ung 

5pewt! í/0 1nstrüctiom usd 
Tokrances on iogic lc'véls, rise tJrr:es. p:.;lse-t:ming permissilJie circmt loads 

(fa'1.JUt), total bu·; lengti:, etc. 
Integrated-circlllt modules re,omr:;::nded fcr ínterfacmg 
Whether the powcr to lndtvidué.l devíces can be turncd off without 

aiTccting the rest of thc system 

Dií1Üe;¡t m a nu[Jcturers employ tcr--:1s l:k'.: nu:!ripfexer channe!, data channel, 
and .seft·ctor hu> \\ tth complete!) ct!T~rcnt meanmgs. Each of thcsc t~rm~ 

y 
1 

o 
1/0-SOFT\\ \lH. REQliRF\IL'lS 

TAlli.E S-1. Chec'<li>t for \!inimí7ing Digita!-noi~e f!Tcct~ in Co.-,hJred \nJ!u:;:. 
Di;:ital S~stcm~ (b~s:d on Rd' 1 "\ and 21 J 

To red .• ce the d'g1tal r.o1<e at J!S soune, a'o'd bng J.r.cs ''h1ch are r0t cucfL.llv !;r;P'na<:6 
a:~J,or cl~1mpeJ to pr.:H:-rt r1ng1ng C-...""~::· u::: rhc :!pp1JC .. trJon3 ::1..!ll..!,11 for tb;.. ~~·De .-_.f lo~·c 
C1rcu1t~ ll"~d \V11.:..; from t.: .. l;h ctr\.Ult_-'1nuld fan nut not cont':1U~ frn-r¡ pr)':lt i(l oo:¡t 

2 lt is tmportan: ro ~22p"' -...!tch of ,,!.,; d gda,' f'tllSe a .. r•lH~o~'e ,. r:l.m tl.e dttntal-urcuil ca:d.'i 
and o:at ofpoH.er-supp/. ti' 1 yr.;•trd czrcu::s ~-: ... d ;.-;.~e .... :· 1 /Jc. 1 ,, .2".fer UJ' cf ;he ana/f)g circ 1' l 

as be¡¡ posstb!e. For :i' s reason, e\C<} d¡g¡ra! Jnd an.1log e ~cu ¡ cud sl-0·~ld ha·-~ 

decoaplmg crrcuit on ea::h ;JO\\Cr-supply !me A gro!md plar.e ought to b-! u<;d on ca~;¡ 
card, '101 so much for cícctro;tJtic sh!.::ld1ng .I'> tu reduce th~ ared'> of !11dc'Che loor,, 
Laminated po~<er-supp{_l b~1es also hdp Y.rth dccoupltng 

3. Dig¡tal ground returns (" h1ch ;:.ct as tran<mJt!Ing antennao; ') should l:x: :::ept sepa· a!e and "e!! 
away from analcg g~ou:1d lea es It J'\, m fact, a good ¡Jea to keep dtgltal .md analo~ CJrcun' 
m separatc slllelded enc!osur~s and to Opér¡J!C :'!err :JOY.er supplie'> from drffcre;¡t phase-s of 
the three-phase hr.~. ~r!h RF filters m each ac lead. 

4. Where a dtglial cvr-:pw?r lS CO'Inr>ctcd to~ a lm/..age or o,a/r>g .llibS}Stem, 11e mu;t at O'd return, "!J 
any digital s1gnals tlrrouqh r!,e c01.cman ground !t ~~ !y;.;t to use pu>h-pu:l /:ne Jr'ters .. ,,th 
tw1sted and shieldcd !mes mto differentral/me recetrers, or at leas! ddTeren!Jal !me rece•·, e·:, 
fed with the d1g¡tal s1gnal and drg¡tal ground-rett.m hne> Balun transformers ha'e ~!so 
been successfully used te repta~ actual dJfferenual lrn~; Slo\~ log1c s:3mls (be!O\' :!0 w 
lOO k Hz) can be •solated by Iight-coupled semJconductor SY.Itches 

S. Fimilly, make sure that ali operat10nal amphfiers and other analog feedback cucuit' ar.: 
equalized so asto avoid h1gh-frequency pe<iks (whoch cause nne:Jn" \\hen e"<clled b\ d¡;mal 
aoise). ~ " • -

W1th all these precaut!Ons, it 1s possible to keep d1g¡tal noise on analog circuHs be!oY. 5 to 
lO mv peak to peak. 

could refer toa multip!exed 1/0 bus (Sec. 5-l }, a party-line !/0 bus (Sec. 5-! }, 
ora direct-memory-access interface (Sec. 5-19). 

ELEMENTS OF I!'iPl'T/OUTPUT SOFTWARE 

5--27. i/0-softnare Rcquirrments. We ha ve airead y exhibited sorne simple 
!!O routines in Secs, 5-8 to 5-15 (see also Table 5-l). Most practicai 
applications will involve mu!ttple data transfers: a program m a:- need an 
arra.v of 1,000 ADC readings in memory, or one may \vant to print a 72-
clwracter fine taken from a list of t\>o~ch<lr<icter 16-bit \\Ords. StorJ2e 
areas for arrays thus mtended for f/0 are kno\•n as bufTE-rs. 

Smce externa! devices usua!l;. process data at rates d1fferent from that of 
the program, we may ha ve to prO\ .de mtermed1ate 5torage m th;; for m oi· 

two or more buffer<;,! memor) so th;.;t. for 1nstance. ADC te,dJng~ c,w be 
recorded 1n one art "';\\hile thc ~"'i-,"':_lf '¡T't ~~-~\, .., Jn c~rh~r r..:?~ldtrf~ tn;) 
second buffer. We ;;;a,1 thcn •n:, ciwnuc: óuj_:Í!d (b) changtng po1ntcr 
addresses) \\ hen the processor or the ADC 1s f.n1shed \\ 1th one arra;.: :f 

necessary, three or more such buflás may héne to be rronded 
\Ve cdn nO\\ d1scern requtrements typ.cal of mput,!output progr1lmrnmg· 

l. Practtcaliy all input/output routines reqtl!re careful programmin;:: of 
intcrrupt sen ice, l.C , ofprtontJcs. m<~sking. reg,ster s.l\ ing ,1nd rólt'fin~. 
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etc. (c\en D!\1A bloc\.. transfcrs are usual!~ terminJtcd and rcinitiatcc! 
by mtcrrupts). 

2. These mtcrrupt-sen tcc programs must al so managc assignmcnt :md 
reassignmcnt of buffer arcas so as to avoid intcrference bet\\ e en data
proccssmg and 1/0 operat10ns. 

3. Numerical-character 1/0 for numencal computations is necessarily 
associated with formatting routines relatmg numencal input or output 
data to binary fixed-point or floating-point number representations 
used in the computer. Character packing/unpacking (Sec. 4-11) is in 
a similar category. Formatting and packinglunpackmg are not 
themselves 1/0 operations but are often combined wtth 1/0. 

4. In addition to thts, inputjoutput programs often include error routines 
which advise the programmer of incorrect I/0 requests (e.g., calls to 
devices which do not exist orare assigned to other jobs), parity errors, 
etc. 

As a result of these requirements, mput/output programming always 
involves an ugly amount of tedious (but 1mportant) detall, \\hich has little 
todo with the computer application as such To relie\e the computer user 
(who would like to concentrate on his applications programs), computer 
manufacturers furnish "canned" I/0 and formatting routines and special 
system programs \Vhtch make tt easy to call I,'O-related routines from user 
programs. 

5-28. Use of FORTRAN formatting and I/0. Most readers \\lll be 
familiar wlth FORTRAN formattmg and I/0 statements like 

12 FORMAT 

READ 
(E 10.4) 

(2. 12) X 

wherc E 10.4 calls for a floattng-pomt convers:on, 2 is the number of the 
peripheral device to be read, and 12 refers to the assoctated FORMAT 

statement. Unformarted READ or WRITE statements Jike 

WRITE {7} X. Y, Z 

cal! for mput or output ofthe liskd quanttt1cs m binar) form (e.g., for ADCs 
aP.d DACs). 

Mtmcomputer FORTRA ~~ cornpdcr:. recogmze such statements and 
autom.tttcaliy gc11.::rarc thc aprropn.JL~ for:nat,.n¡; and 1 O rouu:1es \\tthout 
furthcr ctlort on thc oart of thc programr1•cr \Vtth D:<-l_cran;~ '' ntten in 
0\\emh/y !wlfJ'W':J" ~.f,¡· ::as;c,l \vay to produc<? formattcd r,u·ner¡~·al tnputj 
output is st:!l t.:) ltPk thc ~\<,o • .:::nbly-bngu:•g..: n:ogr,¡m to" ;;h·lrt FORTRAN 

r ~~,-q, 'D.·.· 't o •S . '"l0) -r¡ > j "i' e~·· "'"1 h·· ti·. program 10r ~ "'~'t\.li'-.r\l·~ / \ .. L-e.~""- a H.: ,,r~ ....... :\~~ .. :1t.l...u '--) H ... 

(un<-ccn, but ylllte fnrmlt:~:h:l') FOR l RA!\:-gcn,:c 1t:::J i :r:,<~lt.ng and l,10 

o 
¡ 

o 
1 

lti9 

rou!inc!> \\lll rarcly b_>thcr )OU \\1!1: slO\\ kc,: bo:1rd,'pCJnter 1·0, although 
you might not1cc the time lost \\Jth clph~lnumcnc cathude·ray-tubc displdys 
supervistng real-time computatlOns. 

S-29. lnterprctcr-program Formatting and 1/0. Interprct~?r s:stcms (e g., 
BASIC and FOCAL, Sec 3-8) 1nclude formattmg and I 'O commands us.::d 
much hke the corresponding FORTR.-\N statements. rlus spec1al commat:ds 
for simple cathode·ray-tube and plotter graphtcs output. Se\eral mmt
computer manufacturers ~upply specta! versions of mtcrpreter system-s su::h 
as BASIC Wlth greatly enhanced r;o capabthttes for ·'conversational"' 
programming of mstruments, test systems, and process controllcrs (Scc. 
7-3). Su eh systems are extra com enient, but their range of appilca!!Ons m ay 
be restncted. Interpreters do not genera te relocatable e o de \\ hich can be 
combincd "" ith other programs. and execution m ay be !.lO\\. 

5-30. lf/0 at thc Assembly-language Le, el: Del'ice Drhcrs, At tht 
assembly-language leve!,..: complete I/0 operation is calied as a subroutme 
known as a de~ice drher or delice handler. The most importdnt drivcrg 
implement block transfers, and any one device driver can mvolv·~ al! ·~r 

most of the I/0-related JObs ltsted in. Sec. 5-27, includmg formatting Thc
same penpheral dcvtce (a paper-tape punch, say) could have two, t:,ree. or 
more associated dnvers for dtfferent jobs or formats (e .g , binJ ry and ASCII 
output). , 

Most devtce drivers involve interrupt service and can, therefor<!. be 
separated into two sections. The initiator subroutine resen.:es buP."er space 
in memory through p~eudo m~tructions like 

BUFFR • BLOCK StZE / S::tves SIZE locations 
/ starttng at BUFFR 

initializes buffer potnters, and prepares a peripheral dcv 1ce by clearing flag;,, 
setting control regtsters, and checking status. 

The continuator sect10n ofthe devtce dnver typtcally tntt!at·~s dat2 tr~msfer 
(e.g, START ADC CONVERSION or ENABLE DATA CHANI\:E:..) and 
returns to the matn program to \\att for an tnterrupt. The contmu.1tor 
sect10n of the dev1ce dmer d!so compnses the mterr upt-sen u:e ro u ttnc(s) 
needed for data transfer and/or tts termmation (as m D\-!A bloc\.. tr.tn~f~rs, 
Scc. 5-!9). Both init1ator and contmuator routtnes \\Ill. m gcne;,¡l, h.!\e 
exits to the main computer program and to ell'or prullour 01 d11plar St·h
rolllmes (m ca~e we ha ve called for a nonextstent, tllegal. or unread: de\ 1ce: 
¡f there ts no buffer space kft. etc) 

Frequenth necded áevu.:c dmers (e g .. for read1ng ~1nd printtng a lm~ o~ 
text. re~tcltng.J.nd \\f!ting >\SClf and bm::try tape records. etc) are pr<~ctic,ltly 
a\ways furr;;shcd b:> the~computcr manufactureras l!br,Jr) routtnes. Com
plete d~v1ce drtv~rs for ~p:ci!ic s~ ~tems, mduJmg son1e D\IA dm crs.
v .. ill ~'2 ···Ji.!'Yi !11 cach !il!!ll·_·on'í'~ltt:r nl.lnual. Thc:. can oftcn be uscd .1s 

o 
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1 \BI ~-5-1 T~p·c~l \link.,,npulcr P,·npheul Dnic,, Jn<l 1 O l:"htru,;ic.r,, (SCC .¡¡,,, 
Scc• 3-111 3-l-l. .tnd '--11 

4 P\PER-T-\P~--;~~-D[R~P[R-T-\PE' ~'L ',CH. KEHlO\!W. TELEPRINTER 1 
[ach of thc;.e ~k.:tror1~chJntcal ch:~ralle~-handhng de\ICes !:;:;s an 8-bit de>ice rcgbter 1 

(cbraclc< buff~rl, "hn:ro e 211 >x; re:~d or lo;:;ded b~ a processor l· O ¡-:strL~:· :I~• But each su eh 
dJt~ tr~n'f~r ".lU't '' att u m·! c:ompktton of ..1 ~-=latl\ely slo" ekc:rc :;:e:'l:,r: ~al readmg. puncn
mg. o; pnntmg op~rauon IS s1gnaled by a de>ice íbg (fhp-flop) \la a s<:n~ or .ntcrrupt ltne 
Typ•C d! mst ructtcns a re · 

CLEAR Di:VICE FlA~/OPERATOR ON NEXT CHARACTER ck,¡rs :f-: ~~g .. tnJ parntb thc 
de,•ce reg¡,ter !O rece!\•: or tr..Jn;mlt a ne" ch~r.¡ctcr thro·Jgh electro-¡e~hJn¡cal operat10ns 
•shift 3 b7ts 11110 GCH:e reg1ster from ke~board 1/ a J..e_. 11 Jtruck. r::d and advance tape, 
punch, pnnt) 

2. ~EAD (LOAD) DEVICE REGISTER <: fo~st, all-electncal data tra::sf~r to or from a proeessor 
accumul.l!or 

J. SK•i' or~ DEVtCE FLAG used to implerr:~nt a sk1p loop as in Sec 5-8 for nonmterrupt 
operat10n 

4. T~<o or aif three of these ;:ISintCI/ons can be comba:ed znto a singl~ 1 ,o rns!ruction employing 
t\I.O or three IO pulses (Scc 5-3). 

Spec1al cont,ol characters control spec1a1•c!epnnter operauons (tab.lme feed, form feed, etc) 

S. M-\GNETIC-TAPE TRANSPORTS (s~t:> aiso S~c 3-10¡ 

Tape-transport-controller logic "repacks'' R- to 18-bit computl"r v.ords mto 7-blt or 9-blt 
tape v.ord,, aádmg e\tra parity b1ts as needed. Bmary or charJcter fonnats can be selected 
through processor 1nstructton~ 

Data tran~fecs to and frorn magnet1c tape J.re usuall;. d1re-.:t-memor:- -access block transfers, 
so the controllcr has a current-aádresJ counter anda 11 ord counu:r (Se.: 5-191. "h1ch can be preset 
b] proccssor mstructtons. Smce ta;x: kccps monng once a transfer is m1ttated and may 
transfer as many as 50,000 b~tes¡':;ec. t!'!e tape-transport cont•olle• emplo~s double buffenng 
(f¡g 5-4á) bel\~een tape and memory Only one transport ata u me trdnsfers data, but others 
can wmd tJr re,Hnd at th~ same t1me. 

The controller has a control reg/Sier (Se~ 5-4)" hose control b•t> ·¡re :>et by processor mstruc
taons v.h1ch tmplement (and poss1bly ccmbme) functtons ltke 

5ekct o no;: of 4 to 16 lran,ports 
S.:kct hínary or charach:r formdt 
Sch:ct tape speed 
:i..:!<.:ct :ecord densot) 
'.'fr;t~ end cf file 

Wnte (read) forw:.rd 
Wnte (read) bacb;ard 
Rev.md 
Backspace 
A.dnn•:e to ene! or file 

Tr.e -.:urrent·3ddre>s ccounter dnd th, ,;~¡u, ofthe control r~2t,rer c~n :11so b~ readby processor 
u:,truu,ons In addtt:cn, t.J¡:e tran: pun fiag lj¡~-f1op Cdn t'e <:e:;~O: or cause tntcrrupts to 

'L-n:::;;!Joil not rt.ad)' {no pe \~ter, 10 tapcl 
Tr .!"l',r.ort bu'y 
\\' ord-cOL<Itter o~w er 110\\ 

Pant't or c~.;c~ -surn .!fiOr 

~ ... s::t,n..;r~c~ia~ .. cin\-eí rout1nes arr- uosu .. ~lly suop!rc:d as p2rt of .,:.sl..:'~ .. programo.; (S~cs 3-12 
l.!r: 5-31) a!"l.d r..an L>c ~u.tc cor.:p!1t:,J~2d SIPCC haiC~ .. J.rc dnd pro; .. ~~:; ,.,!1!, respecuvely, cht:l..k 
l~! 1 •::r...:l a,1d longttucJa~~d pdnt ... (Se~~ 3-!0J lhc contro!!ercJ'1 • !"~~r: ·· r.::l.J11:g or ''-'r1t1ng \'-hcn 

l 
1 ¡ 
1 

1 
,~ HXED-H[AD DI'>KS <\ND DRU\fS ! 

A d~-,k t.ii ~ l.\r, rotdtt!~ conrl!IUO'Jsiy E..lC'~ cu.-...1:->utc~ · ... o!'J f~!L-'5 é ;'l:inty b:t and \'vord-1 
dC:J'1i~t1ng ~u.trJ bit")¡::, rec0rd .... d 'il!r:l.l!t along nur'1b~r~.:d ttc!C} s. '·" tb 0:--1~ rcL!d/\\f![C hi.!~td in 

~:.H h tr.,~;.; Edch mcmory loc.ttton on <.~ d¡•,k s~ >t(:lll (clt,i: ~'~:'-: _, , ,;.·:c1ficd by 11> tf,,~ J 

Q 
' 

o 
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1.\BLF: 5-:l:. l)pic.J! \lir.ico.'l;:JUcr Pcriphcral Dc>ÍC!:' Jnd 1,'0 Jr.,lructinw; 1;~,; al•,o 
Seco; 3-10 J-1-l . .JnJ 7·')1 ¡c,,,.iln/1,·,!¡ 

5-30 

r: --- -· -¡ 

nher, /rack numher. and 'it!(Jrth11if address S;!grr~nt ..!C:.lrl!s;;~s are p'"erecord,;d on dn addrl?;\ ~ 
(k. each segment adore,; IS ~~o.d befor~ th~ cone>¡Jvrd.ng 1\0rd> pas" und<:r the r~;:d,\Htt~ 

hc:¡ds 

Dala transfers (t)p•cally '(l OC;) to !80;YJO --,o:d• ::<:1 ::.n· D'.!A blo~k tr~n5fer:; ·.:a J du/.. 
hz:ffeJ te.¡t)/er. \\luch bvfr,;,-., ": r;;J ~,r r~g~s:t:'r t~.¡;: ... ;i~L .. J:-.._; tr,:" p..::a'i!.:' ;;e¡¡al or sen .. d/p:.tr::tiki 
C0nver;;¡un. fhe contro!~;: ... -._!S a cunenr-::dt...'rt'r.j ccunff!T ar:d a 1t1Jrd counrer .. \\h ... h can ~ 
preset by pro.;:ess.Jr tn>tru:t.ons (Ser 5-19¡ D\.L\ \>Ord-tro.nsfer re;:;ues· pulses synchro'lt7cd 
"''h the d1sk rot;:;t,on are d~rnd from o1no•h~r prerecorded tn:ck Ail prerccorded track' uc 
duphcatcd m ca:>e onc gets d2.maged · 

A t)plcal d1sk ma} ha\e !23 ddta tracks. v.lth 2,0-13 \\Grd !acat10ns andan end-of-tro.ck g.1p 
on each track Word sequenccs can be wntten or re:.td consrcutt\P.l} along a tnck, S\\lt~h1n; 
to the ne~t tro.ck \\hen the end-of-track g,lp 1s reac!-~d (''spiral" v.r.tmg or readmg) !fa slo\\er 
d,!ta-trano;fer rat'! is des•rable. the wntrol!er can also read e\ery other \\Ord, or every founh 
v.ord, along ea;;h track, so that \\Ords are dfectl\e!;. mterlea,ed 

To !D!Uate a data transfer. programmed tnstructtons :>et a disk control regmer to WR!TE or 
READ and preset the mrrenr-address regu1er, :he 110rd cowuer, and the d1s/.. address reqtster 
The latter Í'' h1ch ma) be a tv. o-•,; ord reg1ster) spcctfies the d1sk. tra..:\¡, and segmPnt ~ddre;s for 
the lirst word of a data block. When the se~ment address matches that read on the addrcso 
track, the d1sk controller imt1ate$ the block t;:11:sfa. "h1ch stops v.hen the v.ord counter ru1ts 
out; th1s v.ill also cause a progrJ.m interrupt (Sec 5-19) 

8es1des WRITE and READ, d1sk systerns ha'e a CHECK (CO:'o.IPARE, SEARCHJ mode 
\\ohich compares a \\Ord se! mto the dtsk buffa reg~>ter v.ith the v.ord currently read from th~ 
d1sk tolo th~ ,h,ft reg1ster. o1nd v.h~~:h >Cb <Jn tn!crrupt f:<.~g "hen the v.ord> agrc~. Th1s mod~" 
uscd for checkmg purposes, and can also find \\Ords on the d1sk 

Oth.:r mterrupt flags det.:ct par11_1 errors. mzss1ng prerecorded-tracl.. has, !lleg.¡l addresscs, etc 
Front-panel llrlle-lock Sllilcf1es can protect selected tr:~c!;:s from O\er\\ntm~, e.g, to protec: 
system programs. 

D. REAL-TIME CLOCKS 

Timing pr1lses needed lo relate computer operatwns to real t:me are deri\ed ctthcr from the 
1 60-Hz !me frequency (50 Hz 1"1 Europe) or from a 10-Hz to 1-\!Hz Cr)stal osc:llator (c/ocf... ~ 

oscdiator); counter ft1p-flops )leld submultiples of th~ dock frequency, as demed. T1mtng ~ 
pubes can be start.:d by an external ~ate stgnJI or by a p~ogr.Jmmed mstructwn s.:-ttmg a control- ~ 

, reg1ster b1t (Sec 5-4). or the dock ma} run free ! 
T1m1ng pulses 3r~ cou:1ted by a cinc k uJ11wa !f :he dock counrer 1S imt1ally re-.~l toO b} J ¡ 

programmed l,'O m~tructíOn. the cJuPt '' t!l be prcpor!•C::JJI to l!lap,·ed nme and c.m be rc.1d b:·· , 
the ccrnputcr prograrr \lhen destrcd To mari. ,, pre,er ::n.e 1111en al. \\C pr;:,,;t ti--e dock- ~ 
counter recoQ.rtttton Qdte {1\;AND Q:Jtt!. S\.!r: a:so "Lthlr: l-5ar. \<...htch det~.:t::; \ .. hen tT1e .._'Olinter i 
reaches O aft;r ,\ clc,:-k pu!s~s- Th-c g.ne outpJt ~~:~n mt~rru;:Jts the Draces:,o- (r/oc~ ln"~rr,¡ptl .1 

The ensUJng tnt-:rrupt-ser\tCe rowt·11.r: P~'"ÚJíiTtS ''hate\~; ttrrt:J opcr~rtHJn !S \\antcd ,u,d c,.tn 
rcset the dock counter to repeut l'enodtc n efes ,! 

In 01..1n:. flllrucor11purcrs tbc ~:.e)..::... Cl"'Un:cr ¡.:;: no! ~I fi~p~llL)P r~g "L . ."r ~1u! Jil. rnl r._'P!t.'lltuhle ~ 
rnerror_l lura!Jnn trnenloi;-:!'lcr\.!'m•:r¡t techn~qu~. Scc 5~:1r ~ 

E 

Tt1';! n!O~t conlrtlcn!! ur·~'.J di{/,·~,!· ·o-en r!oq C•JJ 1 t rí.-.'T"I (D-; C\) dr;::- rL"s: .... L.tr1('~ :1~.)\\ Ji" k S\\ h0'v.:" 
output \olu¡;:~ 0r currcnt !S dc:t<'f!Tn·;J b:· :m .tn.liog mput :rd,·r,·¡,,, , olrc~w 1 .Jrd ,, d,~,¡ li 
nun1~,;r ~et :nto th"! D \C t\p-t1l"'r rt:-g '.t.:r "'é.1c;¡ rcg.stcr b~t L'IJntr~o.)l, l-,n .. · of 1hc t. .. kcrr,JPl·.: 
'•'•Iteres (hu IIIIICII<'.1l. \\ h;~h rogc•hcr d~t~rnnn~ th~ •'L'fl .:ct Putput -\, .1 t~ ptc.tl ~\.tmpk. thc 

l
• laddcr-ld!tllo•J.. D ~C of F1g 5-"2~a, dc"gncd to cc'n'.:rt :,-.:ompklll< n;-.;,,dcd bm.tr: nu.nb.:" 

T.t"k> 1-1 and l-"2) mw po<:t•1.: .tnd n.:g.tll\~ .1n.1!og ''utput Con,<:rt,:r, for m.tn: N ha ~,,,k, 
e!! RC~. T¡ohlc l -41 e'."t 1 R~f l '' 

fr t',\0 cr Olorc 0-\C~ mu"r b(• up~o.Lt~d $'I'tliiL'f1Ct..Hbh ( .. b In C.ithc(.',>r~t\'-tuh¡; dt,r.LI\S. s~ ... · • • • f 

---- ·--------·--------- --1 

¡ 
l 



5-31 l'-lER~ \CT'G lllr 'll'ICO\IPl rtR \\ITH THI:. OL T'-IDt. \'.ORU> Ji2 

T \BI F 5-! T~p,JI \lmic,m;putcr Pcriphcr.¡( !1e\léé' ~nd 1 n ln-lruCII"0' 1<-:~ .lbO 
Scc.;; ~·111 _":.J..f .1[;,..1 -:'_l)l tC,,~ , •u/\ 

7-9. or anak'g h~ hnd comru,~·sJ. th~ du!lble-nu./JewJq s..:h~m~ of r1g 5-.. ·1 pam1ts JOÚJ\ ¡Jual 
lo.tdJOg of 0-\C buff~r r~g¡ste·s -\11 D-\Cs cJn th~n b~ upd.ttcd >lmult3ncou>l: through .¡ 

progr Jmmed JOstruct•on prcd~·:·r~ J -:cmmon tran-;fer pulse lf on~ muS! sa\ 1ce more DACs 
thJn ther~ .trc r~.ld1l: J\ J• 1 J bk 1 O ,,.; Jrc,scs. 0.-\C .lddrc>scs can be ent~rcd as d.ll,l '' ords Jllto 
a control r~gtstcr (D ~C u,U,,~,, re,, "·' 1 

F ANALOG-TO-DIGIT -\L CO'\. \ ERTERS 

Analog-tu-dlqltal conr crter> 1 ~ DC<I .1rc discusscd JO dcta1!JO Rcf 1 S There arel\\ o pnnc1pal 
t:pcs Man: d'gttal \oltmcterscm:-,lo: ana/,•g-tn-t.me com crs1on 1 e .the START CONVERSION 
command c.1uses a bJOaf) or dec:m.1l counter to count clod pulses "hile an analog S\\Cep 
\Olrage vanes bcl\\tcn J rcfa.:r,,-.: \0ltJge leve! anda \Oltagc le\ el prooort•on.tlto the unl-..no\\n 
mput (or. JO the more .lccurJ•e '"•',Fa:.ug comerters.to a time ,1\erage ofthc 1nput) See Ref 
18. The count thcn termmJtes :Jnd the CO:"JVERSIO'\; CO\IPLETE flag le,cl goes up, the 
counter can no\\ be read b~ !Pe dtgnal .:omputcr S- to l.:l-b1t prec1sre-n 1s posstble, wllh 
convero;10n u mes bet\\een O 5 and 500 msec 

Fdster bmar)' ADCs emplo:. the feedhac~ prmc¡p/e tllustrated m F1g 5-11h After the 
START CONVERSION SJgnal. d:grra//oqiC trieS 10 Se/ a D~C reg151er so tirar tile D 4C O!IIJ'III 

approx¡mates tire unknuun analog 111p111 as c/ose/1 asrnm/>1¿ A toltaqe compararor (bastcally ,¡ 
h1gh-gam amphfierl produces l0g1c 1 output 1f the comp:mson DA.C output ts too Iarge, andO 
othei'\\ISe The most comn'onl: used ADC feedbacl-.. logtc Sl!ccesst\el) tnes the stgn btt (\\llh 
al! other DAC b11s at 0). then the most stgn!ficanl b1t. etc (successne-arprownnnon 4DC) 
Th1s reqUires n ~oltage compansons for 11 blls. The CONVERS10:-o é0\1 PLETE flag gocs 
u p. and the ADC output can be read from the D·\C reg1ster "hen th~ companson voltage equals 
the unknO\\O JOput \\tlhtn one-half of the >oltage step determJOed by the leas! s1gmficant h1t 
Up lo !5-bn prec<><O'l" pos>:blo. but that m ay rcqtl!re 3.= !O 50 ¡.tsec. 1 to 20 ¡tscc tS typ1cal for 
H- to 1:!-btr prec:swn 

Thc: •\DC t1a:; :s r~s~t (clearodl b: thc READ AOC tnstruct10n andlor by thc START CONVERStON 
JO>truct•on or tlmmg pul" 

An ADC oft~n senes mul:,¡:te ~nJiog ch.wncls through an analog-s\\1tchmg scheme (rel<~y or 
cl:ctromc uralog mulnp!e·<er) Tne mult.pk~cr addres; " dcterm1ned by a control rcgtster 
(•rwlllplewr add1 éS5 réiJII/erl. •,, h,ch mc~, be o;ct b:> the dtgJtJl computer or c,m be •ncremcnted to 
sean successl\e mput ch.mn.:l> 

Beca use ofthc fin1le -\OC .:0:1\ers1o" tm1c. ac.:uratcl~ t•med '~1mp!lng oft•me-,anable analog 
s1gnJ!s m a~ reqUire .1n anal o~ swPple-hold urclll/. "h1ch hold' th~ de" red a'l.llog voltage sampl~ 
lon!! enou11h for conerstc'l IR~·· lSi 

... ~Ht- Óther omportunl dód •r:tcrc,ttng p.:npher,tl-•ntcrfd,'C ,:.,tem'> d•scu,sed 10 th1s book are 
carhnde-ra; -luÓe d;,p/a.l 1 (Sec 7-ill ar:d COIIIIIWntwllon-s) -re m ln/erfaces (Sec 7-14) 

"------·----------··-------·-----------------' 
modc!s for new or modlficd dmers Refcrence~ 1 O and 11 g1ve detailed 
instruct1ons for 'Mit•ng drivers fittcd to He\\ ktt- P ack:.trd computers and 
opcrJting ;;;ystems 

S..3L E"nput/Output Control S)stcm<; noCS). (a) Subroutine Calls for 
Dc,ice Ori•c1s. The subroutme calltP;!, sequencc for a devtce-drivcr 
mit1ator (\\ hid1 m a: a],.) ras~ parJn1ctcrs te 1ts cü:;:;nuawr) mu<>t transfer 
dcvtce nu:n~l..::r .~nd ÍL•llCt:on. but1r·r wu~t,onl"l ~:nJ sizcís) and pointcrs to 
error routiflCS. T'.; ·;•:::;Jl1f: anJ :.\:tnun.rd,;:= -:::tl\s fo~ !,O üp(¡·;¡tions ancl to 
simplii") as-;tgnrnc:H e,:·.;_:, .·2~~ t•J (!:tlcH .. nl t.1 ,;..~ \?.,::.:. 5-~n¡, t'1<.: bcttcr m,ni

computt.:r S) ~c::•n-; n-::l'r:or.¡tc ,h._·¡r d('v:cc:·d:twr Í•br::r •.·, wto a spcc.ll 
sy-,tcm ;:nogr,nn, th-: input 'ol'l¡·•1t ,:,:nt~(·l ")"t(·r:t ::\)e·::_.!, '\ tllch ts usuaíi¡. 
furnt~hcd as o of '-' r;,on·:<5r or cxccuttv,; ") s::, : ¡S.._·_· .: -12). 

\V¡th YOCS. thc dc:\ICC dr'v.~r" tn th~ !DCS l!brilry .trc nc\cr c.tllcd 
drrcctl). Instcad. user prograrns rcquc·<;ting i/0 call on a sin;;le mu•,tcr 
suhroutine, IOCS. \\ ho~e follf-\\ ord to ctght-\\ ord ca llmg ~:que 'ice ~r..:ct fies 

devtcc, functton;;, formatt¡r;g (if any), buílcr(s), and error C\tC 

JUMP ANO SAVE IOCS 

(de> tce/functton1 form,tt. code) 
(addrcss of error routine) 
(buffer stc~r?;ng address) 
(buffer size) 

The propcr codes to be used \\ tll be found in your minicomputcr manual 
The !OCS submuttnc p..1s~es the information tn thc cdlltPg scc¡u.:ncc to 
the appropriate dev¡cc dnver, calls its mttiator routinc, and rcturn> control 
to thc call!ng program Interrupb \'l-h1ch occuc dunng or on ¡;:ran;,:nton 

of thc transfer are process.:d enttrcly by the s_:,5tem: no mu!r'rupr-lu:Ndi,nr; 

subroutines a't:: reqt~ired in the user's program (Ref. JO¡. 
With such a system, the user program requires only a single .F-XTE¡:;rJAL 

reference (Sec. 4-19) to iOCS for any and all drivers. S'.) me op..:ralÍn':' ~:·_,l.<' m<;. 
however, save core space by requiring a list ofthe dev1ces or drí• . .:::> ;·,;tua!]) 
used, e.g., 

o EXTERNAL IOCS 3.4. 1 

so that the Ioader necd only load the dcvtce drivers \'>hich are 1cwally t:~-:d, 

NOTE To ma'-e IOCS praclical. the aso;cmhkr uo;ed muse reriT'I' L' ta•: . .t ¡,,,~~''!•' ,"' 
IOCS. or elo;~ the !OCS ;,ubroutme and th~ assoc1ated de\tCc drner~ muse e•: ,urrl•c•i '" '' ~ 
a~sembler ,¡,elf JUSI as some FOR.TR \N comp1kro; supph thc~r 0\\'1 1,'0 p.ogr 1rrc:1.n;: ,,séé·1·· 

(b) Buffer-status Management. In connection with apprcrpn·:\': (j~\Í·~e 
handlers, an input/output control system aiso ma;ntains sun·: 1\'ord~ 
wh1ch can spectfy not only device status but also the buff.:r(sl ct.rrcntly 
kept busy by program or devtces. Special IOCS-subroutmc cal\tng 
sequences or IOCS macros can read these status \\Ord<> for use b~ thc u-;cr 
program. We ma) also ha\e spectal roes subrouttnCS or maCfl)<; (e,g. 
•WAIT m, n) whtch stop tiTe' !15cr program until a rc,¡uired bzo'Já 1s )1 ee (tht,; \S 

analoeous to. but rwt the samc as. a skip loop \\::titing fot de\ ice r.::~1dtne~'). 
More·-elabora te de\ ice handlers may do such buffer managemcnt :wln

maticalh 
(e) JÓCS :\lacros (see also Sec 4-21) As a funhcr con\enicn.::e. th.:: 

larg(;f mtnicomput•;:r mput¡'output control systcms rcplace e.1ch 10c .. s 
subroutmc cal! and tts elabomte calltng scqucncc by an lOCS macro, such as 

,READ 

~l ~ b, e. d 
a. h. e, d 



o 
error C'\it Ass.::ml,!~-l.mgu.tgc I.'O pro~r,ttnm¡ng thcn a;;pro,Khcs the 
srmpllclt) of FORTK·\i\ I O. \\lth htr!OUS opt1onal tr,\d.:-oiTs bct\\ccn 
progrc~mming ile\Il:>ilny and S!rnplicity. It is, for insUme::. possib!c to 
st::md,udtze bufia s1zes so tlut tht>y n(cd not be induded as parametcrs. 

(d) Uelice-indept'iHlcr.t iOCS (see also Sec. 3-12). Good input/output 
contrül s:st~m~ pcrm11 duicc-indcpcndcnt prograrnm:ng;; e. user programs 
refer to each peripl:eral Óe\h.:e b) the !ogka! de\lrc numbcr to v.hich a 
phys¡cal de\ÍCe (1dentiílcd b; á ph)sical device ilt:mber, name, or code) 
:~ attached th:-ough prvgram statements. Device-independent IOCS 
v .. ill, of course, let us reassign mult1ple simtiar peripneral:; such as tape 
drivers, but it doe;; more. Th··ough stmple device-number reasstgnment, 
a.1 otherwi:,e unchanged program can, for instance, either process real data 
írorn a commumcations interface orbe tested w1th analogous d:tta from cards 
or tape; ora comptler can accept so urce programs from paper tape, magnet1c 
tape, or a disk. 

Device-independent IOCS subrouiines or macros do not call device 
drivers directly but reference a de•ice-assignment tablc which assigns a 
ph;sicaf device number to each logical dev1ce number. The user sets up 
bis own "normal" device assignments for system programs (monitor, 
ébsemoler, compiler, debugging program, etc.} when the computer system is 
first put together; most computers have a special conv~rsational P{¡Ogram 
("system generator") for this purpose. The "normal" device assignments 
are reestablished .vhenl!ver a system progrdm is first !oaded, but the user can 
change device assignments through special commands like 

.. ASSIGN TIYO 3 / Teleprinter becomes 
1 logical device 3 

Thc user can also requt:~t printout or displa} of the current dev1ce assign
:.n::nt table. 

5·}2, Dis.ctr;s:mL A conven,~::Jt input/output control system permits the 
w:er to con<entrate on hts aprt!c~ltlcn" pcogram v.tthout hwing to bother 
wí~h tile mass1ve detall tnvo!ved m !JO, buflú m.:magement, formattmg, 
a;-,(i p:.~ckíng/unpackin¡; opcra~10ns Ii1CS io: ,,n ir.d~~p10mabie Pclrt of 
moC:ern opcr:1t1ng system~ wh1ch make it <;implc to store. ~etrievc:. load, 
,_:o;¡¡:;ine, ai"'d .:x~cutc mc•ót:la~ progrants. TIH': :;J;óora!e devtce dnvcrs 
éUíc' m;.,h 1plc ::.u[Jrout¡ne cdlls of an JOCS system do e~ . .1ct a pÚlC ;n comr.utinz 
l;,,, ::. in the rnnst t1me-cri~ic.Jl aprlicat10ns, t:ser:; may ha ve to write 
~:;:1phfi{'d dcv¡cc d!tvers a~d imert rbcn: into the1r own programs. 
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CH \PTER 7 

A SURYEY Of 
IVHNICO~IPUTER APPLÍCATIONS 

INTRODUCfiON 
In this chapter, we V.·ill try to outline the móst lfupoftaht caiegories ofmini
coínputer appiicatiórís. Thé Üst in Table 7-1 is justa süií:ter. There are 
literálly thousands of applicatiohs, ahd moré néw appÍications develop 
every day. Á detailed. useful ex:positión of each inajór applicatioh area 
would fin a oook in its own right. This is true nót bedúise óf the coinputer 
hardware ahd programs but because fairly sophisticated l<howledge of the 
applié:atións is required. If minicomputer appÍications were completely 

Éímple; théy might r:ot neeU the éompúter. 

CONTROL; ÍNSTRV~tE:-.."TATibN, TÉST!NG, 
AND SUPERVfSORY APPLÍCATIONS 
í-1. Scqueh'ciñg, TinÜn'g, a'nd L'ogic. Process-control applicatíóns of 
m:n_ic~,mpUt'ers reí; orl tneir abilíty tó communic:!te ioex:pen~ivel)r and 
i.'c.:.ibly v>'ith cxtei rái ck';icés. In the irnpórtant ct:iss of sequencing, tiimng, 
and lógic applications needcd to control i-natcrial-handlin~ systerrls, countmg 
opcro.tíons; b::1nÍ<:s of élevator';, p,;ychoiogica! experimcnts. etc., a rninl
comput::r cóntrols d:c,.:rete o•Jtputs. such ~" reby closures, ~oleno1d valves, 
-;tcpping motót ;. lights, el~., usua!!y through program-loaded control 
reg,ister>; {s·ec. s--1;. The coñí'púfer ·acccpts discrctc mputs rrom hn11t 
swtkhcs, ¡;u'sh buttons, and assortcd tcmpcraturc, prcs~ure, and voltagc 

scn.,or'> through sen:-c and interrupt Íincs (Sccs. 5-8 ami 5-9}. 
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217 EX-\\IPLES OF ~PPUCHIO'S 

TABLE 7-1. ['\amnko or \!"· · · •· Th _ • ' · !.n~omputer ApptlC:l!Jons. 
b ll~t of nllnlcompdtcr ..tf1~; ~_.~,o~·:;---b· nn '11"'d 

by Gcnaal Autom··•wn [nc. '"1 h· ~e-' 1 f. - Tl'i dn e'l.l¡austl\e IJ>t--\\<IS corhpli;;J 
• '"-~ • ·' • • .. t ... 1m. a 1 orn:a_ 

r--------:-
MANUFACTlJRING 
f>ROD!JCTfO'- MACH,í'.tS 

Control' and monrtor·: ,,,_.. _¿¡;e and man· 
ually opcr.1ted pr<?duu: , ;.!ch¡n;:s at a 
h1gher sustained efficJenC0 , ~t~ \!onitórs 
the ~dual piece-count, prc¿ucuon arid 
machi~e. statu~ J.nd sign~.í·· 6t:t·of-lmui 
condJttons as. th'e}. oc'cur Ei,:l'Jie> corree
!! ve act!on, lO be takén Jr!TIC¿I2.tC!} 
PACK~GE PRoc~J~G 

c<?.nt:ols ' ~Jgh_-speed packag;ng equtpment 
an~ preven_ts t~G.ctu;a!é ór::~..~::;:,n and break
do\On~ " _G:ontrol~ the spced cf the filling 
de~tc~ a~d th_e amou'?-: ór product in the 
pa~.bge to be fllled; ahd \\e13hs each package 
a;:curateiy 

SH'o!>-FLÓOR ·éo-... nv'L DA 1 A 
ProVidC:s in econ0:-7t,~:ii ¿:H:l..:o!leCtion S)Stem 
~o~ ~hop-~oor ,:?•¡:~o! \al!d.!:ton of ship
ments .• ~on,ltormg ar.a testJrig of goods, and 
~~~ S~~g111;g of goods for prcdu:tlOtl momtor· 
1.~g o.~ plant fác1hhes, momtonng of the 
~~ten~~rce .• produdivay, .1nc :he etiic1ency 
~f. productton pérsorinel; Jnd 01rect dls
pa~chmg of Jobs m a predetermmed pnorit) 
sequence. 

Í:-~ousrRrAL TESnsG Svsn~~s 
Mónitors. and c~ntrols ·~oínple'( testing 
seque~~es, ~~. an 1~dustna! testing s}stem. 
Opcrattons mclude· product Jédltlficattón, 
selectton of test sequence, calibratJOn check 
or test e~~ip~ent •. automauc handling of 
umts ~unng _lestmg, source collectJOn and 
~-n~lysJs of test data, accéptjrejt<.:t det.:níuna
lton or lestmg umts, iind pn:l!out of test 
results 

~uTor...lonvE 
INTER'JAL CO\IBL'~ ![Q'\; EVH"<ES 

Acquires data recorded from sensors att:Jched 
to the 1nternal combu,t,on eng·n~ l\l~as
ures water temperature "II t~m¡:-er,Hure 

RPM speed. torque. 01! - ~~scurc ~~h.b,t 
temperature. m<~mfold prc''"rc . .1nJ t'nm;g 

~UlOMOTIVE E\HAIJST E\!:<;sto-.. 
J~entofies vehJc!t: for record purposes 
'.n<~lyze~ samplcs ofcxhau'i: g.~, cowDon.:nts 
durmg the test c:.cle Computes the con· 
centratwn o~nJ/or ~ <;JI:Hne of e.tch monuored 
ga-.cous constltucnt Jnd co:-1 plks a t.:st 
record 

PRüDL'CTlO'· TESTI'-G l 
Pro~íJe5 on:line a!iai}~ís ·ar auiolnori\e 1 
::·t ,·e:·)~; •'"\ l high-\olumc productJOl 1 

a_s~.e,r~b~:·, !me , Stgmficantl} r~ducc> the tcit ¡ 
u me requ;:ed \\nJ!c pro\ Jdmg d gredter \ Jc!d ¡ 
of bett~r quallt} carburetors. • • ~ 

RUEBER . ~ 
RL'BBER PRübL'CTI0\1 ~ 
~oniról~, l!l·proce>s inventoncs and ma XI- 1 
!DIZ~S ?li!t7atJon of machme too!s in the ' 
pro,ductioh o~ rubbt:r product<; Substan- b 
~~~ll~ r~~uc~ the hn:eand pa,onnel requ1red ¡ 
t~ ~!Jm~anze and re~i~w the stnpcharts of ~ 
productJOn ach~ll] and the manually pro- i 
duced shift-end í-<:ports. ¡, 

ELECTRONICS 
PERIPHER.-\L TEST ~ 
Compúter interfacing and mu!t1unit control ~ 

of mput/output peripheral'i for large-scale ,, 
c?rnputer installation. l/0 umts indudc: a 1, 

!me pnnter. card reader, card punch, and [. 

C
magnetic tapes.,_ ~,; 
ou. WI-.DI"G PRODUCTI0\1 

Control of automdllc wmdmg machmes for ¡ 
the m~ss productJOn of small coils for ~ 
magnehc-latching reed swltche., EJght t 
~vmdmg pa!!<:ms are stored m the computer·s 
~emol'). All e1ght of the patterns can be 
run on up ~o 16 machines. Coils are \\our.d ~ 
on pbstJ~ ~nserts in a stee! pldt<: on an 8 m b\ 
8 m matm. lnsert~ extend from both plat~ ; 
surfac~; and provide 64 wmdmg cores on ~ 
each s1de ~ 

PC Bo~RD PRODL'CTI0\1 r 
U sed for the ,~utomatJc developmcnt, formal- ( 
tmg. and c~n~~rswn ofmstru.:t10n progrJmo; t 
for numencal,y controlled prmteJ CJr Ul' ~ 
board, dri!lirig machmcs Complete ~.Jt: ~ 
terns are stored m the cJmputer mcmon to , 
perform step-:ind-repc.1t oper&twns • .ll- ' 

cur.!tely. Fre<.Juentl) repc.JteJ pc~ttcrns for 
,• '"'"'~ -:t ; 1 ~ - lit! entcr..:d tnto memon 
,.,, ' ;,,, ¡J.~:d) define all pomts m th~ 
patt-rn aner onl: (\\o pomt-. hJ~e bccn 
loc.ned b) the oper.Jtor 

Et EcTRO'-IC TESTI"G 

Tests e.1::h of electrtc,'electrontc con1ponent tn 

3 h1gh \Olumc productwn !me E\ecut~s 
tests ~~ .l prcddcrmmcd m a xmwm rate. ¡ 
·.ana!Jons m m.mual opcrator rJtcs are ¡ 
ehmmatcJ. i _________________! 
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TE.\fi'-G A'[) r\'-Al\SIS OF C!R<TITS 
Controls ctrcutt te,ung and an,d~ sts s~ stcms. 
Coordm.1te, the testmg opcr.lttc'Ib. >pectfica
ltons, s1gnals. and the test sequence at 
electromc spceds. mclud:ng contmu1t~. ¡m
pedance,test st1muh, and measurement ofthe 
Clrcu1t output 

AEROSPACE 
AIRCRAFT WISG PRooucno...; 
Contro\s and momtors automallc nvetmg 
machmes for manufactunng aircraft wmgs 
R1vetmg patterns are stored m the com
puter's memor) to perforrn step-and-repeat 
operatlons accuratel~ and qu1ck\) 

fATIGUE TESTI'<G 
Acqu1res, processes, and analyzes fat1gue 
stress data for a \ anet) of metals as we\1 as 
bonded Jomed matenals Prmts out data 
for correctl\e act1on, thereb) preventmg 
potentaal accideots and malfunct10n due to 
fatigue stress 

METALS AND WOODWORKING 
STEEL\IAKISG 
Controls and operates steel furnaces, and 

produces the metal m exact accordance y, lth 
preset spec¡ficatlons Calculates ox) gen 
requ1rements, alloy addllloos, and pO\\er 
req uiremen ts 

METAL A'lALYSíS 
Momtors and controls opt1cal emtss10n and 
x-ray spectrometers wtdel) used in the metals 
mdustry for htgh-speed determmat10n of t11e 
chemtcal compos1t10n of metal 

TENSILF TtsTI~G 
Provtdc~ quahty cont.-oi, producuon tcch
ntqucs evaluatton. product c!J.s>tficat!OO, 
and customer cert1ficat1on Calcu!ates the 
product's 'trength and other charactensllc~. 
records and calculJks >ttal matenJI propcr
tles, and mca>ures and computes tens1le 
strcng.th 

TRAN~!-~R LI'.E 
Mon·to'- and controls transfer lu-:~; prot.!uc
mg tngh productwn p"rts and cons•.~tmg of 
rr~anv rnachunng ~tat1nn~ m~liJJnH .... ul: (On
nc~...t~d b, \; 01 Y-rrccc t. ,3,j1.f.;c mcchanhm'l 
and cJ,y,ely if1:,.:r locl(t:d '-'? ¡¡;, dcctr:-.:.d coTl~ 

troi"' Rccetvc~o.. 111pllt ,.rt..Jlr! opcro.tor or 
SCO\Of"i, thcn ,:01 [..JJíftnt;• d"t\!L:-.s th-2 opcrat-
10gCo)qJ¡t!On cf:tf'L :,-, 1,l-·'-'-..

1 .l•ntrOIS, t..t\.(C\ 

pr'Jt ...... dl\e ~H_t1un J, th'll -e(1t.!lr•.: ... ~. ;:'! Hlt', ~Jut 

a r\!port of Ül'.! ¡;1,ltlun.:P'11l lnl. gcncr,J.tt.:" 
pr,,dw ... tlon rcíJOrh 

MATERl.\LS HANDLING 
AL•TO\IATED W ARniOt:SI'.G 
Pro' 1dcs opumum space u tthz,Jtton. stgmfi
cant manpower sa\ mgs. and h1gh turnar~un~ 
for mJtenal requcsts m an autom,¡tcd "n1gn 
cube" ventea! storJg~ \\Mchous~ Keep, 
track of numerou~ umh of mcrchandtsc and 
opt1m1zes the movemcnt of stacf..er crancs 
Prov1des real-ttme mventory control and 
warehousmg apphcat1ons to be mtegrated 
mto a plant-w1de mformat1on system. 

MATF.RIAL-HAl'oDLil'oG SYSTE~I 
Controls complex matenal-handhng system 

mcludmg storage and retneval eqUipment 
Processes orders, prepares sh1ppmg docu
ments and mvo1ces, provtdes operator gUtd
ance, mamtams accurate mventones. and 
prov1des d1rect control of transport fac1httes 
and stacker umts 

PAPER 
PAPER-Mlll PRODUCTION 
Regulates the average bas1s wetght and 

m01sture variables m each paper grade 
Mampulates the steam flow vahe. adjusts 
the :tock val veto the regulated bas1s v.e1ght, 
and momtors and/or controls total flO\\ and 
drgital filtermg of mstru-nents' s1gnals 

TRANSPORT ATION 
RAILROAD 
Counts and tdentlfies ratlroad cars transport

mg matenals and goods Provtdes accurate 
w;1ghmg of each rat!road car as 11 pa-;ses 
through the sca\e we1ghmg system w1thout 
stoppmg 

Al'TO\IOllfLE 
Pro; tde~ centralr7ed computer control of an 
eiectrontc traffic control S) stem Reco;ds. 
,wahzes, and prtnh out traffic count .md 
flow.at, anou<; trme penad>. acctdent control 
and not1ficatton. control of traffic hghh. etc 

AIRLI'-~ 

Momtors and dtspla)' arrime fl1ght arn,als 
and departure<; Prov1des accurate up-to
date mformat10n on atr fltght> to numcrou> 
a1r termHuls and arrime o!Tices 

COM:\1[RC!.\L 
B-• '.KI"G 
P.e.td'i~ JJ1'.tl]l"C5, and ~abui..t!c~ chst:f. (,tt~t 
..1nd morcu•y tr,¡r< u.t •. )n<; m re.tl-tlr.lc ! 
a.rp¡¡,',\c'""' .tt hc~f',h •JIT1c, Centr.!l<:<1nl·J 
j"''1t~! , .. { th\.. n· _Un t lLlk prULC~"\I~f ccr·{~[ 

p¡ 0 '" 1 fiL-.. Lt·.t .. :.~"' 1\ ,:,:-, ,lrtrJ tO\d l~ f'.1r m,t n 1:. e~ 
ment co~¡;rn! 

----o o 

:!í9 

1\cqulrc,, proces,es. Jnd pnnt; out m.1n-hour; 
or. thc-Job for ¡o!:J lunctton t•mc e\Jiu.Itton 

E'<\JRO'-'H'TAL Co-..rROL 
Control~ and monnors en' 1ronment,tl condl

tlon> throughuut J. lM¡;~ oF.:~ b~·ld¡-;g 
E\aluate> and momtors temperaiur~. 
hum1dtt). pollen, atrbornc d1rt and 1rntanrs, 
etc , 'htthm the contro!led en' 1ronment 

PRINTING 
PRISTI'<G PRESSF.S 
Momtors and controls the opcr Jllon of large 
multicolor pnntmg presse> Preset mk 
fountain and compensator pos1t10ns are 
mamtarned dunng runnmg, takrng mto 
constderatton temperature, hum1dtt), m k 
absorpt1on, etc 

TYPESETTI~G 

Automatlon of formattmg and typesettmg m a 
htgh-volume newspaper operation. 

RETAIL 
MERCHA'.I)l'iE 
Automates check-out-stand operat1ons m 
large retatl store> Computes transJct1ons 
ror accountmg and tn\entor} control 

Fooo 
Computes transacttons qU!ck!j and accuratel~ 

m a fast-food servtce Mamtams "mstant .. 
mventory control throughout the food 
eh a m 's operat10n 

D!SPLA \ S\ STEMS 
EXTER"AL 
Momtors and controls seo re board dtsp!J) s 
located m sports 'stad1ums pro' tdmg se ore 
mformat1on, an1mat1on dtspla) s. and 
audtcnce messages Stores repclltl\e mes
sage' and ammatton programs of al! !) pes 

1-.;TfR'>;Al 
Provrde' generatton and controi of ar.::hltec
tural d1splay, hght, sound, and temp~r,tture 
effects of rcmote-stte data from m1crophoncs 
and CCTV ~ets 

COM:'>iUNICAT!Oi'S 

7-i 

\1o'1i!0r' rt:íf'VLeh th: P¡,~ • ..,,cdl <;Catu~ of 
obj~~¡-, dP ;-- .:b. pcop!-. or th~ ctl'.trun
ment m sp2.ce A1gl,t, E·. :!lu,l!e> ~~'''m,rg 
dat.J. for rehtt\e tmponance ar;d ~a~~~~c~ 
l.:;o:2!.; .. u5::.ui d~t..t from l·nohc · a:1t! c~:-~r 

spur.ous sign,J\;. 

BROADCASTI'-G 
Pro,td~s al.lom..~t:c tam:-tg coPtrol of audto· 
visual processes for rad1o and tele,Iswn 
statwnbreak advert1srng :\Luntatns ttrne
of-da) s:-nchroniZatton w1th the n¿tlonal 
nel'-' orks. 

EDLCAT!O...; 
Pro\tdes auJ1o \lsual cont~ul of tlH· te:lcber'; 

presentauon and real-time d.1t:• a:..,u:s•tton 
Processes and tabub.te~ s:tudent r .;,-.,pl~'1 n::-

TELE'-1510~ 

Pro\1des real-time data acqlllsltlon ar.J pro.:-
essmg of audrence-\ IC\\er re;;po•¡sc-; 111 

audience pamcipation sh<'v.~ T:tc Ii.tt6 1 
and pnnt50Ut responses fN "1r.stan." r~.,ul:; 1 
"'htle sull on th.: a1r. 

' 
POWER 1 
StBST-I,T[Q'>; ~\tO'.<TORI:-.G A:>:O Cr1'· '"Oi. 'e-.¡. 
Monitors and controls fugh 'OitJ:;. -" :~ trJ: 1 
htgh >oltage substat:ons trom -:- · '·7•:.1 ~ 
dtspatchmg office-; \ 
PLA~'T Powu. S\sTE\f 
Assures proper dtstnbutton of a•.IIh':J~ -i.:c
trtclt)', g.1s. or steatn m ut1 11t: ... ;st~.:~-
Monltor> po,,erho~se fJc,hr:e,, s~k'~'''"' 
dtstnbu~10n of th;;: ~n~rg\ and f-H ,).J .. L::~, 
operatmg dt<trtbut1on logs 

LABORUORY \TEDICAL 
PH) SIOLOGIC \L \!0'-l fOR!'-G 

Monaor> the pJtter¡:'s dt,ü·Jcr. mduJ1r.g h:' 
blooJ pres,ur.:. resp1rat1oP te:::::-~r ~r~:r.: 
appearan.::e. unne ou1put bloc-d ~~e tlu,,i 
loss, fluid and ekcrr,11) te mt.1k.:: bloc'-i 

s, '-CHRO'-OLS D,\T A E-.:CHA '-G" chem1str). y, etght. Jnd el.:ctra' JrJtL'gr.tm 
The 'ijnchronous c~chJnge of mform.lttC'n on SPECfRO\!fTER ÜPfR~TIO'-
mcd:um~~p~t!d ro hrgh-~pccd d.ltJ. Iln~s 1n- Prv\ h.:i-.!..:; th;! C0n1puL\tll)n.Il fu'1ctrun · ~ ~"!.'iJ. 
vol'e' onull1proccssvr or multlde\tce com- commlln•·~J'll'n C.ipJbillttes for oprtmt'r>' u< 
pkxe~ Re mote computer~ perf\1rn1 pro·.:ess of :1 s.r~.:t:-~,....,~c-te:- U'it:d rn rndu~tn..1I J.r~lt'--1- -
conirol or data-gathertn?, Clt,trtbutton usk'. t1om Trts mcluces cb~~l;rng <cqt•~r<.:::ng. 
c1nd pro\IU.e ..1 sup.:nr-.,or~ cc-wpu[-:r \\lth C .. llcu1..tt..~_g perl:ent.tgt:: cc)mDQ..,¡~ Ctl of ~.,~_h 

~ lníor~, í_f 1 tn~ J.r¡t• L1ta íc•r .~l0Lt.3:!> ~lnd ._,r c•~m~:~t L"~ltru~ur~ r~'U'b tnJ t.:-.li\...1 1\ 1r1n•T 

1 r •. ,n.t¡:cn'·:r.t \.:r_'ll el('!,,,¡-:,: ,,,mn;,¡nJ, •r,¡,·r~\·-;·~¡·¡ ~~;~·-t . ·- .. " "] 

--~---------·--~------------- ----------·-------
(J 
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T-\BLF 7-i. [\3mpks of \ltnkomputl'r Applic3tion-; ICe1 ·u;·¡ed) 

\': ( HRO\IATUGR \PH< 

cur.Hclv mcJsure;: chrom:;tog~Jrh stgnal 
utput ;n..i LL1ntro!s m.;tn.:n:'it funct1on-. 
m.:nable to ,:\terna! contrJI. su.;h as I<:nt· 

-------------------------. 
anal}sts for a wtde range of pl.tsttc matenab 
Ca!culates the product's slrcngth, records 
and calculates m;~tenal properttcs, measures 
and computes elasttclt} and hardncss 

• ~ra~ 11r~ prograrrimmg c0TJ~~n S\\ uci11ng: 
! A ·-.r:-.c A CID A" \L Y~ts 

1 
Controi, mstrumentat10n obtamtng amino 

actd analys.s dJt.i Evaluar~. acquties, and 
1 processes data for meamngful mfor!'1attnn 

E\PLOS!\ [S 

Pro,!de> dat.1 acquts.uon anJ anal;sts of 
explost\e shock w;nes Meusure~ and cal
culates e-..plostve force and durat10n 

[)y E.<; 

1 
and dtspla) s mfom1at1on for laboratory 
personnel 

~ 

Momtors and controls the processing of dyes 
used m the textde mdustry Provtdes ac
curate piOcessi.:g of color blendmg and 
matching to predetermmed values i CHEMICAL 

! A"'~toc;IA A:-ID ETH\LP.."E PRO<.ESSr;-..o 
lrlentifics mechamcal problems in large com

pressors used to manufacture ammoma, 
eth} lene, etc Momtors b.:anng tempera
tures, operatwn of clearance pod.ets, 
compresscr speed, po"er consumptton, 
vtbratwn, dtscharge temperatures pressures. 
suctton flow, and gas composmons. 

PLASTICS 

Acqutres, processes, and pro\ ides stress 

PETROLEUM 
GAS TRA~.S\I!Ssro;;; A:"'D DrsTR!BUTION 

Momtors and controls pressures and flows 
of gas transmtsston and dtstnbut1on S)Stem~ 
Data ts gathered, measured m the field, and 
transmllted to the System 18í30 

ÜIL FlELD 

Pro\tdes on-stte acqutsttton and processmg 
of data recetved from drtlhng ngs on depth, 
densit), etc 

In typical applications ofthis kind, the processor steps through a progr~m 
of instructions in response to a real-time clock (Table 5-2). Seqm:ncmg 
Iogic is readily added through tests of sense lines, which produce sense/skip 
loops (Sec. 5-8) until sorne externa! condition is s~tisfie~ .. The ~omputer 
program can 1mplement any desíred logical relat10nsh1p mvolvmg dock 
signals, exter_)nal conditions, and results of computer op~rations Ex~mples 
oí such apphcé'tiOns are !Jroduction-line control, countmg parts. ltm1t .tesrs 
ofproduct10n tolcrances, and actions responding to vanous alarm -:ondttlons. 
In the premtnicomputer era, such operations were commonly perforn:ed b~ 
banks o! re! ay~ and stepp111g S\<. itcnes conné'cted to produce thc des1re~ 
logicai reiatwnsh1p~. Relay C!rcuiL v-ere la ter íep;aced by sol!d-state 
logíc. The present trend rs to r:1;11w :•mputers. which may be mtntmum-cost 
";;trippcd" proccssors \\Ithout fronl panels or opt:on.;. Qutte often. 
progr:.1rns or part~ of pro;pams can be implementcd m rcad-only mernory, 
'.:~ing pl~,;g-In RO.\f cJrd> for progr:.>rn ch::mges Many tnmng, scque~clllg, 
and log1c opcrat;opo; ín autornated factoties are relat:vcly slow. M:my 
jd1<.. may be ab~c tü shar;; a small compe1tcr. v,i,JC!i could sti!i ha\ e time for 
s•nnc data k.:.,;gmg 'i!:d r-:port gcneratíon 

IntcrLtcc lo;ic r!:'qt:ircd foi such opcrat1ons 1s a·;J.:Iabie from mar.y 
m,\:Oi•Íacwrcr~ in the form cr plug-m cards \•.[th wirc-w;·app~d tnlcrconncc
twm, mud1 llJ....: those <;huv:n in F1g. 5-18b Thi:, lor,tc r>1ay ha ve to functiOn 
in eicc:r.c<tlly no:~:,.' factoty cmironments, but nccd not be overly f,¡o,t 
Spccia! logic farml:c> w1th large logic leve!~ and slowed-down f11p-tlop 
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inputs havc been des1gncd for th!s purpose. and man; compatible 
acce~sones, such a:. t1mers. mdícators, thumb-\>hee:-s>•.:tch encodcrs 
powcr-li ne control relays, and spec:al racks and cabmets. are avai!abiC 
(Ref. 81) 

1-2. Digital Control c.f 7\.rachir•· L·r.l< .2n•J Prn(.C'-S(-s. (a) l\i¡;mcrica!
controi S) stems (se e R e1::.. 12 to 16¡. I\ um~ríca !-control svstems nos¡tJnn 
and feed cuttmg tools in terms of digila! coordina te \ alues~ Cont~c.i m~~~ 
involve a single dimension or axis (e g , a sionple la the), two a>:('S (plat~ 
drilling, simple milling), or thre~, four, and up to t\\elve axes in comple;;. 
machmes permittíng angular position;ng of multiple too!s Numcrical 
control may require ;{0 , 000 -m precision throughout a !00-in posítioning 
range, which requires double pre-.:tsion with 12- and 16-bJt words; su~h 
accurate positioning cannot be achie\ ed \\ ith stepping motors, but rcquires 
mcremcntal digital senomechanisms. These adjust tool posit:ons throu2:h 
position feedback from shaft encoders or pulse generators \\hich produ~e 
pulses corresponc.ling to small tool-displacement increments. The incre
mental servo counts these pulses. compares the total count with a specified 
or computed desired count \alue. and positions a servomotor as needed 
Point-to-point numerical control simply positions the too! (or the \\Ork, say 
by moving a-drill-press tab!e) on successi\e points ofa programmed pattem. 
Contouring controllers, on the other hand, inrerpolate many intermediate 
points between specified positions to move a cutting or gnndmg too! 
continuously along a programmed contour; both straiglzt-!zne and circular
are interpolation can be obtamed. In addttion, feed rate, dnlling depth, etc., 
can be preset or feedback-contro!led, and sequences of different tools (e.g., 
on a turret lathe) may be specified b: d1gita! commands. 

Cmnputer-controlled dr:.1fting systems have qU!te similar requirements. 
There á re two baste wa.1 s of wzft:ing digital compzliers in nztmel ical-conrro! 

systems: 

l. The computer ts u sed to prepare a punched tape containmg the coord!nate 
values spectfying 2 dt:sired Dattern. The tape 1s read b\ a ~e0arate 
dedtcated mschine-too! co~troller. \YhiCh positions ll.;e trJo.l and 
performs thc: des1red stra¡gfn-líne or circular-are interpoLltlon for 
cr-ntounng w¡!l, :h.: a¡j of h:1rd-\\Jred di~itai Iogic ~operat10n:li 
digrtal-comput;n¿ elemc;,[,. <.\,·'·_;.\.: ~"'_' ., . ol:!:JÍ;_.:z.er C\fCUilS, Rd5 
15 ami t6). 

2. In direct numeric:1! co:H:·oi. a nHT'.lCOmputcr. asan Ink¿1al p.¡~·r uf tl.e 
machiíle-tool controlkr. !S used to program and edit the control 
program. to perform the desrré'd interpolat10n, and to ~upen1se and 
lag the performance of the cutting op<>ratJOns Th1s mforlllatiOn 
caf' be- com!l1ur:.Icated to ~n opcr<ttor anri orto a supenisory drgit,il 
C0mputC"r, \\hich ma:- c>l~o store patterns ;.1nd progrdms on a c'1:.k or 
tape {see also Sec. 7-6). 
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f!Jbur.ttc mul: "'''' >:>~:ms ma~ C\Cn cn·plo: or.c mmtcomputcr for coarsc 'tntcr
pol.lltc>n and a sccond rntmcomputa for fi'l: mterpolatton .tnJ too! acceleral:on/ 
decderatton 

The future probably bdongs to direct numerical control. While this still 
requires high-quality senomotors and feedback transducers, the computer 
replaces an expensi\e and potentially troublesome paper-tape reader and thc 
dedicated interpolat10n logtc. A smgle PD P-8, e can control two multiaxis 
machines, and more elaborate m1mcomputers may control up to twelve 
machines. Only "stripped" minicomputers with few options are needed, 

Time 

Time 

Step 
where 
too! 

broke 

Set up 

Tool Quant¡ ty 
no 
and 
11fe 

Job QuOfltJ ty 
t1me 

W0 04 0 0 cs. 0 

M1n, avg, max 
lood t1me 

{al 

V/0 04, 0 05, 0 

M1n, avg, rr.a.x. 
load t1me 

{ bl 

08 F0 52, 0 60, 0 80 72 

Mm, avg, max % 
tloor -to- floor Sp:ndle 

t1me utJIJzahon 

07 F0 56, 0 60, 0 74 66 

M1n, aYg, mox % 
floor- to- tloor Sp1ndle 

t1me utJI¡zatJon 

Fig. 7-1. Example o fa trouble report (al ando fa su m mar~ report (b) prepared bj a mmtcomputcr 
1mplementmg dJrect numen-:al control Such reporb can be typed out on the opaator's 
telepnnter, or they can go toa superv1sory computer (Digtral Eq111pment CorporatJOn) 

and as the1r price is reduced by more and more large-scale mtegration, they 
will not cost too much more than dedtcated interpolation logic. Convement 
generat10n and 1ogging of product10n reports (time reqUired per JOb, times 
and rates of too! failures, etc., f¡g 7-1) are of 1mportance m plant operat10n 
with supervtsory computers (Sec. 7-6); ~hile srnall JOb shops can use su1table 
minicomputer systerns to prepare the numencal-control programs on line, 
w1th the mimcornpltter simultaneously controlling tts machme tools on 
anothcr job 

(b) A Simple ;\umerical-contro! Language (see Ref. 81) Stmp!e and 
convcment languages br spectfymg numenca 1-control programs permit 
either rcmote-computer preparatwn of p<~per tapes or dtrect numerical 
control. Thc Dtg•t;:l [qutpmellt Corpor<~tton's QUICKPOINT languagc, 
de,;gno:-d ma•nly fo,- prepar:tl1on of¡'J:nt-to pomt tapes, ts a fire examplc of 
wbat can he <n::}lp,;. _\,.,¡¡he! ver) ~mn 1 l compeler tPDP-8,1e, Scc. 6-2a). in 
ad:]lt¡on to JtS }if¡·ir:cr :ng chJiC::., t!J<: ['r,)zcam can hanéle 32 to 256 di~erete 
mpu!,\, S<ly frnrn L ·;·;t 5\\l~v}w.., or o¡•:::r¿t~<Jr pu<:.h bu.t:· .. :J~, ph''> a ::.1md·u 
numbcr of J,ICrdc ou:¡;ut1 (motor ;,~artns. :;.::¡J,;r-,o!2s, pMt';-~undling. 

dev¡cc<>. etc.) 

o Q 

A scc¡;.¡cncc or p;);nt:; Cdll k sp..:~fficd by then coord!!l{l[e wl!t"'i. ~u eh ilS 

X 3 91 

)( 3.99 

y 7.30 

z 2.00 
z 1.01 

/ Rcpeats Y= 7 30 

or in tcrms of coordina te increments (designated by the prcfi.x o), \\ h1c.h are 
referrcd to thc last-speC'lfi~d point posit10n · 

)( 4.12 DY 2.14 DZ -3 05 

Thc c.ommand OFFSET, follov,ed by a set of coordmate valu~s. ,, di 
a,utomatically off::.et all subsequcnt coordmates by the va!ues entcrcd 
1 h1s helps with machines havmg fixed-positioning coordina te ongins 

Examples of pattern commands are: 

1. 

2. 

3. 

4. 

5 

INC m/(R, L. U. orO) S n 

g~nerates n points separated from the preceding point by success 1 >e 
d1stances Sto the nght, left, up. or do\.,.n. 

lAA m/(angle in degrees) S n 

(line at ~ngle) generates n poims separated from the preceding p.:;1nt b; 
s_uccesstve d1stances S along a Iine at the specified angle from a reíerenc~ 
!me. 

GRO m/(R or L) SI, nl (V or D) S2, n2 

gener~tes an n 1 x n2 grid right or left, up or dov.n, [ro m the !ast f'<)!lct. 
with mcrement~ S1, 52 m the x and y direct10ns. 

MOV/ X O 51 Y 7.32 

BHC m/(radius) ~starting angle) (number of hoks) 

gene.r~tes a bo!t-ho!e circ!e \\ith center coordtnates O 51. 7 ]"} dn,i c1 

spectfied radlUs. number of holes, anda startmg angle úuwic oi first 
hok ~1th respect to X ax1s). MOV can also speCify ;ncronent_, 
DX, DY mstead of X and¡'or Y. · 

M OV 1 X O 51 Y 7 32 

ARC m/(radius) (stdftmg angle) (angular increment) (numb..:r of holc~) 

generates pomts along a c1rcular are, as spectficd 

'T ¡, ' 
i .a:: macnm::: remcmbcrs eJch pattern. \\ hich can be rr:called b; lls p,ttt;;rn 

numbcr '11 dllrtng the current progr.tm, e g . 

GRO 22 

!~i1'JV/ X 5 34 

8:1C i9 
DY O 11 

o 
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The opcrator ca:-~ 2iso p¡ '}<ene lúe 0''·7' pauerns th:-ough 2. sort of rn.ILro 
gencratwn (Scc. 4-21). Th..: des:r.~c pattem, delim!tcd by PAT mian~\ 

E.ND, rnust 5p~ctf)' only incremmls and can be callcd at '-Yill with P.!l.T 111 
Thus, 

PAT7í 
CX21!0Y-0.33 

~HC 2/0 55 

DY 912 

(i\!D 

0.00 8 

can be started from the reference locdtion 5.00, 6.00 \\ith 

):{ 5.00 

PAT7 

Y6.00 

It is also poss¡ble to preser.c patterns, such as BHC 22, GRO 9, or 
PAT 7, for other programs by writ1r.g an) nllmber of thcm withtn thc 
delimiters LPM (load permw,ent me mor;) and EN D. 

Figure 7-'2. shows an exarnple of a real QülCKPOI!'-11 program. 
An examp!e of a more elaborate J;mguage permittmg straight-linc and 

circular-are imerpolation for contouring as \\el! as pomt-to-point numertc<:l 
control is the üNIAPT lar.guage designed b: Genera! Automation, Inc. 
for its 18¡'30 minicomputer numerical-control sy~tem. 

(e) Direct Digital Process Control. .;, dtgital process-control systern may 
simply present and comert dJgJtal setpoint \·alues for >ahe displacements, 
temperatures, pressures, etc., to mubp!e anaJog comroller~ (seP.-os. thcrmo
s~ats, pressure •ontrollers, vgJtage regubtors. "te.), wh1ch do the :!ctual 
adjusting and co!ltrol. In direct ciigita! control (\\hich \\e have alre:J.dy 
encountered m the e\ampie of dirc:ct numau~al ro:Jtrol oí machínc tooís, 
Sec. 7-2a), the dig1tal comp'.lt<:r JS 1bdf part of a ser. o íeedb.1c~ loop; 1 e, 
¡t suppl!es correctlor~s. ior th..: a<:tu::tl co:1trollet owp:as as well as the dc~,¡rcd 
setpoint va!ues. fhe compu:.:r e,o_¡",a:es sa· :pled dúta e;rors and ..:mploys 
tbem 1n SUitahle contro! ,i/qun:f,ms to p>odu.::c ;he dc:s:ied response \Rd 80) 
Maily prccess contru: s~~tc,ns h;.t\f; ;dJ.tt\d) [L.ng- ti11.: •:or.st:wts (m,nute·, 
or how.rs), so~ d~g~tál cornpu~cr ~~~-In bf' t~t7lc-~~;.t!.-eJ ..1n1on,g f11l!.itip!c: contra!~ 
!crs. The compuv- :~J;. also pvf,:'rrr~ ,1ll J.::r.d~. nr sq:,ea<.:Ing, ttmtng, 
log:c .. ddtd a:quts·~~ ... '~~ ar:d 0-n.t 1'-- !''J,r .. ,_ :~ '.·-r.:\,..L: :;Jr~1pled-rl.ltd. contro1 
nperati.Jns. Extr-~· ~~:;."JIJth~~~!~~) t-"l,y ... ;:.j30r~ cün unprO\t! t:1t: :Jth~~r\\,r:::c 

poss1bly precariou~ r.:!iab,ln:· c-f ->)·'!: s:,st;;'m:; Tht: ]O\\ pnc.:s of thc nc;·; 
lllt:1íC(·mputers fnc;lttJ.te sucb r..:d••r.dar:~:·. 

T!-¡cc<; are :!.bo tmr;~nce-. c:f much fast~r d!r-:ct digital-control systcrns, !L 

v.lu-::tJ an entH·~ Ir!lmcol!~r'uter ts deJ;c,Hcd to one pos~tbly compl:catcd 
:n·1ltídimensio,1,d contrc>l or.:~Jtton Rd'::~~xc 80 ts a good startin:; pom! 
fcr thc cu:nputer aigNtthr.Js neeJed 111 d.r<.'Ct d[g¡ta! controL 
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7-3. hl'>trumcnt:¡!ion ~y.~1cms ¡j\Jd Control of Expt·ri:nent.... (::1) J'rol,lt'm 

Statemenf. Computer-automatcd in:.trumeniatton 1s raptdly tran~forn11f•g 
expcnrncntal techniques in physics, chem1stry, biomedical sctencc., thc e~rth 
scicnces, and psychology ns v.ell as m engineenng dc5ign, tc-,tmg, and 
quality control (sce also Scc 7-4). Computer operation of in~r:-Ll[nents 
rcquircs measuring dev¡ces dc~i,3ned or mod!f1ed so that thcy are C!J.Jlputer
compatible: mea su red outputs must be available as binar y or btnar) -coded 
decimal words with suitvble log1c levels, and it must be possible to ''~ 1rch 
measuremcnt modes and measurement ran.ges with dig1tal logic k~·cls. 
Many optical and mechanical mstruments also require mechanical pvsitton
ing (translation, rotaiion, focusmg). 

Computer-controlled experimentation involves automat10n of thee follow
ing procedures: 

1. Program experiment or test timing and !ogic (switch. system con
figuration, signa! sources, measuring mstrun,.;nt modes and rangcs. 
pos1tion measuring devices) This encompasses a range of op,'rations 
similar to those discussed in Sec. 7-1. A rea!-time-clock-<:ontro!led 

fig, "f.>/''. Phnr''!:f.iph of !he ~utom.w.: tc't S)stem of Ftg 7-Ja (Hn,ft'tc-P,u \.11<1 
Corp ,r,,··ron } 

o 
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oper,1tion sequcn..:e nuy \\Cll take place without human-operator 
intcnention. sa: O\er a weekend. 

2. Program te-.t o;ignals or signa! sequences. 
3. Acquln:, proct:<.<;, and.'or record instrumcnt ·1ata. Data-acquisition 

sy<;h-ms mos: frequently involve ana!og-to-digít<tl couvcrtcrs prC\:'.'ded 
by mult!chJnnel rnultt¡:¡le\.ers set up by a program-loaded cor;tro! 
register (Table 5-2), plus s1gnakondition.ng filter5 and sample-hold 
c1rcuits needed for arquiring fast voltage waveforms. Depending 
on the computing time availablc, the mmtcomputer may also pcrform 
computatíons or formatting opt.:rattOns on the acqu1red data (data 
pmce~sing). Data ma; be passed toa supervtsory computer, or th.::y 
may be prmted out or rt:corded on magnetic tape (data logging). 

4. Make dedsions (acc~pt, reject, change test cond1tions; note and act 
on r.larm condit10ns). 

5. Do.:unH'•It rcsults. This IS not restncted to printing out the results 
of data-logging operations, but may include complete reports on the 
hístory of each cxperimenl, spectal conditions encountered, eqUtpment 
failures, etc. 

Evei1 more sophisticated systems may also involve direct digital control, 
say for a:::curate posit:oning of pro bes or catheters. 

As we p:Jiuted out in Chap. 5, the design of computer mterfaces for a wide 
var;ety of mstrur.1ents and other devices is not difficult with prepackaged 
components and logic cards. The user must, ho'-Vever, face the costs not 
only of this (retatl\ely simpie) haráwaxe design but also the possibly largcr 
costs of writing device drivers and other input/output software for h1s 
sy:;tem. Sorne mstrurnent manufacturers (notably the Hewlett-Packard 
Cúrporatií•n), as wel: as m1racomputer manufacturc;is, have placed speci¡¡! 
~mn!w~m on 1!1~kim.! a v.ide vanety of mstruments computer-compatib!c by 
de:dopmg sp~..:;:wl -;ntf!rfacc c<.rdo. and as5ocmted dev1ce-dnver softvvare. 
You süould re<.i!Ize that th.cs~ vc1y ::Lbsl<>.ntta! convtPien;::es are not free but 
ar~ reflccted in the prtec of mstru;-Ecr:ts ilnG prep:KLt_:!-ed tnterface cards. 

1he f..~\JNE .... orr.Jr:IPCI: nf rhe CClmm1s~irn (Jf th" i:.o~r.)pe~n Curnmur~tle-, h.t ... c~t~hlt~hr.:d 
ir.tcrí~tr~~hd'th,"·•rr crck'.,l'~ ~1nJ bu~-c;!ón .. d •,t:\!1!...' trd.., f('~r :n'JtPirr.2tlLJ.t!Orl ímamlv 1r:. ~ctlc,tr 

ph~·L~~c·~} ~ fld r rÜ', 1 t>f r.l<! ·¡._.;J.,·:un'\'l hu:U :: "TliP\lf!t:r. t) fur 1 ~!¡;; Ci\ \'f ,\C ~) :,tsnll Rd: ~ tnd ()} 

(b) Progm:nmh1g Jt.:wgt<nge:; ;~m! OpuaH1:;; ;;;ystem<; for Computcr
.cvntroíted [il"'\truirl.~.!~tat!u!1. Orce t b·"" nc:c~<.;s'"lry dcvt~c:-dn ver routtn~~} ha-te 
b~en ,.d il~Cn (o~ rf!;ldc ava.ilóbie V:.'i·;• standc:_r.J ínstruments), 1nstl-un1crltatton 

;no~"2!•1'i !•~r tmling und seqdc:JCmg n::asurerncnts, for cí,¡:,: proc-cy;m~. ar.d 
fcr ;.~r__.~.)r~ '""1:-cpard.~JOfl t:..c,n bf,! \l,.'f!ttc;--l :n a\seni.h(" ,'anuuafJr' tf mdx.¡n¡un• 
cxec~{:on spt.:•.:J 1s c,í thc c~<;cnct.:. :l1nc<; ~h:.: prouc~'' uf a computcr
controllc:d cxpcnmcnt v.dl dcpcnd on many rcdl-timc-::lor:k dnd wstrumcnt 

o 
229 I'I,STRL \IES1-\l:O'- 5\Sfl':\!S .-1.;\D CO'\IROL OF L\PEP.I\lf.'-15 7-3 

. 
interrupt'>, a real-time exccu;ite pr:;gmm is alrr>ost rnandator: in Oíder to 
free thc programn:er f:0;:1 tl-1>:: detal!::; of mtcrrupt servicmg !Sec 3-13). 

ln many cxpenm:.:nl:;, hov.e.er, time mtcrval_; betv."!.:-n expcriments are 
measur~d !'1 rr:mutes r2ther than m m!llisecor.ds. and thc mstrurn·.:n:_, 
themselves h:wc sim:!.arl) !on¿ time "Onstants. \Ve .::an thcn safe!v ava!l 
OL'rsclve3 of the con\ct:·f:ice 0f f.·:r.::,.p:':..:·er ~'~.r cornpi!er !anguúg?s. v .. h~c!1 ar:. 
clo<ser to ordinary English-cum-:r:a!hemat¡cs and pcrmit sca!~-L:nor-fre-: 
floating-point computatwns. 

Conversational programming with \nterpreter ianguages (Sec. 3-S) 1s 
particu!aíly com·enicn~ \\hen an operator v.orks \\ith the instrumenta<o:1 
system todo swrtching and plu~-in opt:ratlons and to enter sorne data upon 
typcd or CRT-displa::ed commandsjfom the cvmputer. A neat e'<'amole of 
su eh an interpreter h11gu« ge is Hcwieit- Packard CorporatiOn 's exte~síon 
of the BASIC bnguag;: for instrumentation control (Refs. 21 and 22). The 
progf<hnmer can define variables and pr:)gram computation~ iP BASIC 
(Table 3-2), whH:h is extended to call for inputjoutput operat10ns ser. n,g 
many standard ;n:::tr~Jmcnts through library subroutines. Figure 7-4 
shows an example of su eh a program; the statement 

220 CALL (1 O, 2. 0.1. í) 

uses a digital '-Oitmeter (instrument 10) w rnake an ac measun~ment (mode 2} 
on the 0.1-volt range and to !abe! the result as 1. The 5tatement 

WA!T (30) 

delays the program for 30 msec to allov. ;m instrument to scttle Sud. 
programs permit brancl:ing through additional staternents, such as 

¡F G lESS THAI\l S i"HEN 320 

(Fig 7-4) Such programs are v,cidely u~cd for auts:11ated testmg o¡::er<lttor.-, 
(Sec 7-5). Timcd m~asuremcnb ~3.n b.:: perfo:-med through IF su:c
!nents tied to re<<l-tim<>-r:lock opcration, cut tlle SiMn!c B.-\SIC DrO!Cí,!r.íPJ.:;¿ 

systcm is not SU!tabie for fNesround/bJ.ckgronnd .operation ~' tth multtpi; 
interrupts. 

A more powerfuJ--and stil! e:>.;:¡;) kaiae,1-rrograrnmtng 5)~~cm ,:-, 

IN_?·~c_. j?li'tiy de.· elop.:d b;. L¡¡g¡;::l Fqt!tpment Cor¡Joratior. únd th-c 
Rr·u le:e¡:·.l¡..)flC l:.J.:)t)fJt:Jn~~ r~l)\.\t,'l~~;S -:.-, [1r;"' :Iupin~:lt c:rcup (Rc:(5 

4 awl. 80). Tb: ~:-·:•:, \'t rhe !~-;:~,:v . ._ :"r'-~'-'-l'-'c ¡, st!',tlar to that of B-\SiC. 
hut INDAC ¡o u~·ed "'a c.ompdcí ian¿tug~ ¡¡; ·;oniunctiun \\Hh a d:~t .. b.!~-:,1 
rea1-time cx·::·:u~!.~ p;ogrcrn. \\hic!-1 1s as!o.1rsh¡,-;::.:) pc.>crfu! and ~1m¡k r,1 

use if onc <.'C!Liders that t!1c syst.;:m \\ orks \\ :th 'ite :>mal; 112-bit) PD f' ~:e 
INDAC program scg~ents .;onstst of S.-\S!C-li~·c statcmcnb. plus 

spccíall¡O ro:..tunes c.1l!ed b: statemcn!s !Jke GETa~d sE,._:D fF'g 7-5). 
Th,; ex.ecuti\(: progr~!m IS mformc¿ ofthc I;'O-de\tces to be us:d throu_:::h ,• 
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Program Commcr:t 
--------- -----------------------

100 C.!,LL (8. l. O. 1) 

110 Ct\LL (8, 2. O, 1) 
120 PRINT "PLUG IN A\-IPLIFIER" 
125 PRINT "SERIAL NU\IBER 1S" 
130 INPLJT S 
140 CALL (6, 4, 3, O. O) 

150 CALL (8, l. - 12, 100) 
160 CALL (8, 2, 12, 100) 
170 FOR F = 1000 TO 5000 
STEP 1000 
180 CALL (S, F, 10) 

190 CALL (7, 7, O, O, O) 
200 CALL (9, S) 
210 WAIT (30) 
220 CALL (10, 2, 1, l) 
230 CALL (9, 23) 
240 WAIT (30) 
2SO CALL (10, 2, 10, V) 
260 LET G = V(I 
270 IF G < 5 THEN 320 
280 IF G > 10 THEN 340 
290 NEXT F 
300 PRINT "AMPLIFIER 

SERIAL" S "GAIN OK. 
GAIN =" G "AT 5000 Hí: 

310 GO TO 290 
320 PRINT "AMPL SERIAL" 

S "GAIN LOW GAIN =" G 
"AT" F "HZ" 

330 GO TO 290 
340 PRINT "AMPL SERIAL" S 

"GAIN HIGH GAIN =" G "Al' 
F"HZ" 

3SO GOTO 290 
360 END 

Sct> po· ... cr suppl:. 1 to 1~ro 
Sets pu.\~r suppl~:: te zero 
lnstructs operator 
Asks oper..~tor f0r •nformat1on 
Operator l~P'' .-, ;~:.:1 numbcr 
Connects supp;~ :o 1 to output 4, 
suppl~ # 2 to ovtp.H 3 

Sets suppl~ # 1 to -C. 100 mA max 
Sets supply #2 to -1:: 100 mA ma'l 
Establ!shes loop for chang1 ng freq uency 

Sets osc1llator to LOOO (then 2.000. 
3,000, 4,000, S.0001 Hz, O 1 vo1t 

Conn::cts osctllator to output 7 
Connects osctllator output to DVM 
Dela)S 30 msec to allo\\ settltng 
Measures tnput ac \O!tage on O 1 range 
Connects arnphfier output to DVM 
Del a) s 30 rnsec to a !lo\\ settling 
Measures amphfier output 
Calculares gam 
Checks for lo\\ gain 
Checks for high gain 
Return to 170 for ne'lt frequency 

fig. 7-4. Progr.tm for testmg an aud1o arnphfier. \HJtlcn m He\\lett-P<!;;kard extended BASIC 
Tíw tc,llbdl!'> dUtomdtlc, but the comput~r lJ.P~' r~que,rs to plug m the <~mphfier and to enter 
ltS sena! numbcr (R H Gr~mm, flcwlctr-Pa[kard J _ At.gllsl 1969 See a!so Rei 21) 

system-gencrator program (Sec. 3-126) at the time the instrumentation 
system ts configured or changed. The executtve \\Íll then sen·ice al! intcr
rupts as ncedcJ, u~tnz ;;t:mdard l/0 routines load;:d only whcn the uscr 
pro¡;rarr: con:ains rc.b-ence.c: te ~he J/0 df~\ í·:es E1 quest:on. 

Figure 7. 5 i!lu< trates a ~yp!Cal íND/\C pro~r <!Ti<. r\ll f"<:CCuta ble tasks are 
organt7cd routir:c·: (¡ysually intcrrupt-sc:-\ .ce rout:nesl callc:d SNAPS. A 
SNAP maj mv::Jl'vc I O opcrat10os anJ/or dé~t:J pro.-es<n6, conditioning, or 
logging; timed oper;eltlun> me callcd by ~tatemc:-'cS l!J,'Ilving AT . . and 
[VERY ... (! ·~:s 7 -5). Co~re<;po:Hh'lg to t_: pictl "}'-te.-:, :-cquircment'>, thcsc 

o o 
l 

-------~ ----..~-~~- - n--rl-..-<wO..,..-- "-~- ~-~-----~--~ ----~-------

PROGR-\ \1 LISTI:\;G 

Ecrupme--:t Sp ·nficatirJn Srat~_'nL'!'lS 
.EOUJP'.IE•n lnd:r;,t.;:.- tltJ! th~ follo,...tng st,ltcrncnh 

f #1111 

o>10 

(up !o n"xt >tatemcntl comprhc 2. d~'Clip
tto'1 (Jf lh~ total cqutp,11Cnt COnl[lkmcnt 
needed t.:: <.:X(.~u!c the pro;;r;"n 

CHAN(1) TEMPA Jdent1fies thc tnput \Jrtdbie \\treJ ¡o thP 

first channel of (!;~ AF04 as fE\! PA, 
CHAN(2) TEMPB second channcl mput as T[\.!Pl3, ,;nd 
CHAN(J) lEMPC thud channel mput as TE:I.Ii'C 

DC,10'JMV •• ~1 o o TCOI'N Th1s staternent spec1fie~ that an operatron 

oPHASE 

oACTIQN 

DO SNAP #2 EVERY 19 SEC 

TIMER(START. # 10) 

.SNAP 

.PROCESS 

rdeotJfied as TCONV 1s to he pcrformed 
for each cbannel tnput The tdentlfkd 
operat10n is norrnally "- pLrg-w s,!b
progr3m used to perfor m a s:and.trd 
conw:rs10n, scalmg, or oti1cr '>rgr,:?.; conur
tmmng operal!on. 

Phase Starements 
lntro<!uccs a prograrn PHA5E ~cbmc'l:. 

Indi•ates that all of the fo!lo\,rng sé,,:e
ments up to the ne't t) staterr:~r:t are 

concerned '.\rth the schedulmg n,;:rat·ons 
performed v.rthnr lh1> PHASE 

Specifies that the SNAP :.¡~~ed ;.!'; ís t0 
~ performed cvcry ! O se e '-

Begios the tirning oper:wcl!l spcc-fi:.: 1r> 
the statement tatHted 1- lO 

Snap Stalements --
Identifies a SNAP progr<i:~i segmcn~ 

.., hieh is ta¡tged # 2 

lndicates that al! of thc statc:.•ents up !O 

the next O stat~ment are to b~ e~ecut~(l 
to carry out the procc.;s dS>tgnod t.J tht' 
SNAP 

GET (AF04.#1!l1) TEMPA.TEMPB,TEMPC ThlS statement d1rects the S\Sl~m lO ~.:t 

from dev1ce AF04 tnputs TE-\1 P \ B .1~•d 
C and tO perform On each !!'pUl tlo~ 
operat10n descnbed m control ,; trc·rt~ont 
# 101 (te, TCONV) 

SENO (nY) TEMPA,TEMPB,TEMPC Thts statement d1rects 'the SjS!.'Il' W '.'1111 

the data proces<ed tn th.: rrec.:ciln!o' 't.lll'
rnent (TE :'.1 r .1,, etc ) to thc tclc!l ¡'..:" rr" r 
1.'0 dt:\KC for pnntout: -

EX1T lr.dicates thc end of the current S N A. P 
prograrn s~~ncnt, comnund ret u rl" C<'ll· 

trol to thr; L>pa;¡ung S) S km 

lnd1cates the "nd of the progr.1m ---·---------------------,-.,------
f"ig. 7-5.1. Santp!c INDA.C dJt.>acqut>lllon program. (Dtgtral EqwpOCflrporatll'll) 

231 
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In th1" \Cf~Jon. th~ 1!--.t cf ~.h_¡¡:•'.._~ ... =- rLJu~·cj 
ro a sm~k st.Jt~mcnr CHA~,, 3) T~:\IP. 

wh1ch '" ;~t-:rpr~r.:J ,h · mpu" en .:hannd 
lthrou•'h _:¡ ,1 r~ ,¡0 r.:J m a:1 .:·r ·: ¡c,·ntlfed lccnt•ficatJOn of mput channcls !S ab-
a> 'T::MP .. Also. a fxr·' t >t.\: :tr.;:nt bre\'I..Jted mput s•gnals are sugge-;ted 

1s usd to sp:.:•f:- thc ".1) ¡!-¡~ , ··u:' ,hould / \\ 1th smgle arra~ (TE '.1P) 

tr~ pnntcd .n th.: logg•ng :ekt:-P~''n:c~/' 

Des1red AFO-' control opuuns are sp~ci

/ fied, 1 e, de measuremen! !OD m V range, 

/ 

O 01% reso~utwn 

.EOUIPMENT 
0 AFC4 _, 

CHAN(1.3) TEM~ 
OC.1COMV .01 DO TCONV t #HI1 

c1 0 PI~ASE 

.ACTION 

¡~~10 DO SNAP ólZ EVERY 10 SEC 
T!MEfi(START, i' 10) 

#2 .SNAP 

.. 41l .FORMAT 

3(.'<Xl( ,l:YX ) 

.ewo 

0 PROCESS 

GST ( Fli4.#1fl1) TEMP 

SENO (TTv ... 4C¡ 1'EMP 

EJ(IT 

Requ1red temperature convers10n routme 

Added FORMAT statement, abbrev1attd 
form 

Changes m GEl and SENO st..tterr.~nts 

"Were pe~mm~d b) changcs ¡n AF04 :nput 
¡der:tifi,ation statement 

fig. 7-Sb. Condenscd ve1s:cn ofi:\ D•\C ddl?·a:q.: . .;:tlon program showrm F1g 7-Sa ID1g1tal 

i.Tt.t.t¡:P•c'Ft Corpor~ll'O'' 1
1 

r:Jut!lleS <!re oJ"gamzerl mto ttl!C·~ typcs o!so-called pha<;cs, viz., 

l. F•m:ground phascs ind:.~de t1sks c:t:Icd for by re~l-t1me dock intenupts, 
e.g., pcn,Jd¡c r:1casu~cme:-,t~ a;:d data-pcoccs<;mg upcratwns. Thcre 
ciln be scveraí such fmcgro .. md .1ADses, carrc~pondtng to dtfferent 

do<..:k-timcd oper;¡ttOm. 
., 1b;.: prior;·1y pha~'·, v,J-11 cl¡ Includ~::. C'.J·=ratÍO<l' it: re'.pvmc to in<;trum~nt 

or p1·ec-.:s'> m::!! upls Gthf.:· ~han ord1:nry ciod: 1nterrup~~- INDAC 
adnnts on:y d 'Jln~:1~ pr¡Oííty rhasf.: 

3. TiH: b;:cí-;ground pha\C can be any oad.¿·round computm:!- operatlon, 
such as routln~ dalct p:-occ'i:;•n¡;. uscd ~o occupy tdlc time betwccn 
w!c·rrupt~. íl'-'0/-,C adnnts Q¡l]~· onc backg:rm:nd pha'>C 

The !NDAC ~:xccut¡vc pcrmits thc Vélnom ph,o:;cs to tnnc-shar..: the 
available corc (whtch may be as small as SK v.ord~) by sw.tpp1ng progrc1m 

r:J 
\..,~ 

' i 
o 
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scgmcnt<; bctws..::n e ore and disk as needcd. It J'> a !so pos'iiblc to eh a m 
(ovcrlay) Eegmcr.ts of long prograínS (S::c. 3-10). Such core S\\ap¡1mg v.!ll. 
of coursc requirc t1mc, INDAC programs are mter,d·:¿ for thc rcl,ttl\ei;T 
slow opentions (invr)Í\Ing seconds o;: minutes ra~her chan ¡mcrosccond:.) 
typical of müst iw:.[ru.ner.iat;on requ!ri':ments. 

r'-"- an eh.amplc or 11 ~tdi mr..11 e po.H:r fu! o;.-..·~1.'ií:i s:. "J!¿¡·n u~~ful for ho·r. Ifl"iirumcnt,ll!On (!né 
proce~s con!10l. v.c menllon H·Jneyv.cil lnfor:r2.t10r. :::~stem.i OLERT íon-llné e~ccull'-e fJr 
real time), a FORTRAN IV-basd saft.o a.re s:.st~r-. prv\Idmg rea\-tm1~ rJult•¡:;íOgrJmm•;,g for 
the ODP-516 co;,¡pt.ter The OLEi<T ~\~,;:uti\t agJm har:(Jies <il! •nterrupls. sorts out the 
rdat11c ¡:11ont1es ofd¡fferent con.pu~mg ard instrument~t·on .:on::o! tas!._i pcrnuts FORTRA~ 
progr<~mmmg ami hnk'lge of ne" subprogr:1r:1>, and opt!On2ll:. contallh a hbr,lfy of rccntrant 
Ut1hty IOUtines (Sec 4-16) 

(e) Labnrator)-Computer Packazes. Specia! Jaborator~-computcr pack
ages COC.Ststing Ot a mÍnÍCOtnputcr_ se!ected pe:-ipher,¡J:; and Ir.Struments, 
and much softv.are, ha•e been developed for ~eneral~purposc expen
mentalion, especialiy in uruversit;. laboratories. An important eX1mpk is 
the Dig1tal EqUJpment Corporation PDP-12 (Fig. 7-6) v.htch, hkc lts pred
ecessor LINC-8, combine-; a l:!-bit PDP-8-class minicomputer, a s;mpk 
graphic-display osctlloscope, a smal! d1sk and/or unformatted magnetJc 
tape, a rcal-ttme el oc k, analog· tn-dig:ical and digital-to-a nalog converters, 
discrete-logic input and output line.>, and a pulse generator which can be 
triggcred by externai inputs to generate interrupts or DMA request pu!.;;es. 
The central processor has al! the capabihttes of a PDP-8. In addit10n, a 
specia! instrm:tion (UNC) p!aces th·c PDP-12 into Its U r\'C mode; a ne\'. 
instruction set co:nprising both one·'.\ ord and h\ o-word instructiom JS nov. 
in forct: and permits autoincrementing of indirect memory addre-;ses. 
addit10n of accumulator contents into a memory iocation, h•o-word dir~ct 
addressing, 6-bit byte ,nan:pulat;on. a.nd ·;ario!ls multtpllcation and shifting 
instructions. A largc number of standard I/0 in~tructions opaatc th~ 
penpherals supp!ied \\ Ith the PDP-12. The er::ire instruction set 1s designcd 
to .::mu!ate that of the LINC laborat:)r) computer project sponsored b;, th~ 
Unticd States governmen: at WJ5ht;1¿Wn Uni\er)tt~ dunng the 1960s; 
the1 efore a su ~star•t;a! amount of usdui m'>trum-:nt...: twn centro! softv. are ts 
added to t!1e u.lread:. l<~.rge soft\\:l.f•~ s:5t-:m ;~\3\b.blc for the PDP-t: 

Fcr expenmt:nter-;; v,ho ~.ke te prvgram ;;; ass~mt:) !anguage, thc !_INC 
instructivn set ma;. 1 

•' :::·-::.r,: ¡10'\~rf:ll '~nj co:ncntent than th::t ofthe PDP-~ 
-:h:>5 alorre, althotJgr. Lí"\iC "·"' ;.,~z~,--- . .: ·.- .- ·J:lé.':: ts r:ot e;;,pcet;lli) L1st 
1'he po~\'C"" of rilf. F'O ; 2 e~"~- f",l, ~ .... '~uf.: '"'!Lb~oll_\ 1,;:!uu' ed ar rl~lutn el_\ ton 
':.'u:;t óy addm!] the F P í'-! 2 floa'lli~J-;."V ·nr pw, cs:wr (S,·c 6- l 2) which. to:;cth-:1 
with 2 nev; FORTRAN compt!e1·. ¡:crmi¡s m'Jch ;,:¡b.):atory wod; to bc 
done in th::. FORTRAN la:Jg..!:>g:: u~i:1g .;;cz,íe-!.J.ctor-ftec floatmg-po:qt 
notation 

P D P-12 soft\\are tn.:-lt.des a com¿lete k e:,. board opere1tmg systcrn (S eL· 

3-ll) and a largc number of arp!.c,ltion rrograms includmg progr.nns fo¡ 
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fig. 7-6. PDP-12 \aborator) computer The PDP-12 control panel ts more elaborate thJn 
that of a PDP-8\Ftg 3-l ¡ the operator can for mstancc \odJ the proce,.;or m'tructton regtstcr 
from a >cparate swttch rc¡;tstcr and the:n cxccute thc mstructton JUSt loaded (Dtgiral Eqwplllellt 

Corporarwn ) 

stgnal averag1ng, tlme-interval htstograms, signa\ edtttng and frequency 
analysts, software to service chernical-analysis mstrumentatiOn, multt
instrument data acquisit10n, BASIC, FORTRAN, and FOCAL, and even 
a business-oricntcd data-proces~1ng I~Hig'.:ag:e called DIBOL. The PDP-12 
anJ selccted apphcatwns are dcscr;bd 1:1 dctml m Rcf l. 

For rc<;ed.rchers Je<;c; mterec;ted tn the LJ~~C instruction set, LAB 8/e ts a 
lower-cost modular laborator; packa?-e combmmg a PDP-8/e (Sec. 6-2a), 
a display oc;cilloscopc. a rcal-tlmC Cl0CK, ::md a w1de vanety of pcripher,tl 
opti;;r.~. Wlnlc, a' -~re have notcd tr ~·x 1-24, it !S not d¡flicult for a knowl
edgcable rc~carchcr to interface instrumt:nts, dispbys, etc .. w1th a miní
computcr t!lrnself, tbc rr:ain c'.C~var.ta§'C of ~;! :::r:,ckagcd bboratOI y computcrs 
is thc ~tandard l ,'0 soit\'> ;..~e and r],: ': -;;rocc~~ing subrout: nc" provided b) 

the manufacturcrs of' SlJC. b s:·)tcms. 
{;J) Sv:ci.:ll in<;trumcntation Package<,. 1-o; n1pon::.nt instrumcntat¡on 

apphca ,;Ú fu li-ümc-Jcd ,ca t cd m• meo m r u'" ' h'"' eo bcon com hmcd w• t~ 
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1 
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!D~!IU111C 1 <l~. SfJ.:C 1i 1 Í CO:lt;(Jj ¡;,·r:-· 1 
•• :•r,c! sn'CI'1]-p·lf'VJ , ~r 1 . ce n 1 ,, • • • '. ' e 1' ''- '; _·.: ,,tr-.: ,;,t) 

'"1¡) ,,e 11,, ... -llr:l':n:J[¡I,;l p.lc:-a~L '· For orerJtor Cf")-c,:r :::: •' 1 

tnSlfUll!OJ;~ C~)¡j¡¡¡._¡n::h. and ~UDíOUtJll("'> can b" C11]~-i "" t r ·'" l '- .)\.. ,,¡ ,.~,., ~.~~U U.! .1 !•' r l'l t ¡,....,, 

JfOIII control-pune! kcn rathcr than b)' conYcn'LIOn·ll pro< r~ . . ' ·,· 1 . ' ¿, dn1111ln" f 

te ctypc>\ntcr may stlll be a\a:bbk, and extended BASIC or FOR1°R-\N 
progr<ttns_C<\n co~tam sprc1al me,15urcrnent and data-procc><;:n 12 rout:n·>; . 

As an mtercc;tmg C\ample, the Hev>'lctt-Packard T·p"" "• ~"J \ e -·. A 1 : ~ _-.~•· JOUna 

na yzer s_hown m F1g. 7-7 tllustr J.tc;:; the use of acc~ssor\ moduks to tí,., ;
form a ~m¡con:puter into a keyboard-controlled spec-ta!-purposc ms~;·:1 • 
~ent wh'1'ch pcrlorms ver; complex operations easily and sunph. Wnh a 

canned paper-tape program loaded, the operator necd not • kno\~ <Ht\ 

compu:<.:r programm;ng ~t all. He mercly operates front-par,,·; ke'vS ilild 
swttch~:::-. to produce osc¡\loc;cope or plotter graphs sho":lr'" th·' ·~ 0 ,, •'r 
S t d ' ._, " 11 •• ._ 
pec rum ma~mtu e, phase, comp\ex, components. N;quist, 0 ~ B:'dc 

dtagrams for t.1e founer transform of a voltaae inpur A d ·t· ¡ d , (d k "' •· l!?:t a l~f·vl'-
ar arca at the nght of CRT) automatically md1catcs the scak-dnd r.-pe ·;f 

plot. -~ther k"eyboard commands control data acqu1silion and ston.:.~c a¡.r1 

produc ... transier functwns, coherence functions, amplitude d:strc\Jl!tlons 

--- --~- ---:¡ 

1 

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

·'. ~ 

o 
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and corrdat1on functwns, al! without computcr programming But the 
fuli pov.cr of the di¡;Ita! computcr is stJ!l avaiiable to more knowlcdgcablc 
opcra:.ors. 

/-4. D'"ra-píoceo;;<,ing Op::rations. Thc most frequently er.countered 
miPicomputer d:H;>.--proccsc:;ing operations inc1.Jde code comcrsion and 
dat:, format!ing, signa! cunditioning by digital fi:trr-ing, and comptJtation of 
st~üistics, such as a\erages, mea11 squares, V<lrianre'<, corrclation functions, 
spcctra, and arnplitudc di'itributions. Processíng of graphic data from 
digital-scar.ner outputs ar;d patt~rn recognition a.l<>o belong m this category. 
Data-process:ng operations m:1y take place on fine as part of an automaric 
instrumentation s:skm, or oJJ!me. l'requently with data read from magnetic
tape storage m analog or d;~ntal form. 

Reference 77 IS a good mtroduction to drg¡tal filtering and contains a Iacge 
bibliography. The vast fieid of statistical data processing WIII not fit into 
this volume, but we would !ike to rcmmd the reader that the cumulative 
oddaions invoh·ed in statisllcal at eraqmg ¡¡·itlz minicomputers usual/y requh e 
double-¡;recisi:Jr1 accunwlation in flrder to avoid successiLe truncation errors 
(see also Sec. l-5a) 

The fast-Fouricr-transform technique, which has revolutiomzed the 
· computation not only of Fourier transforms and spectra but also of correla

tion functíons and digita!-filter ourputs, is introduced neatly in Ref 79; 
Ref. 7'K ~~a comprehens1ve bJbÍlography While fast Fourier transforms for 
Iarge drgital computrc:; are natura!ly in floating-point format, ffiimcomputers 
with as: httle as 8K of memory can do very fast fixed-pomt Fourier tram
fvrmations; a 1 ,024-point transfor ;nation will take in the arder of 1 sec. 
A aumber cf rnanufacturers supply special accessory processors to speed up 
mmicomputer fast Founcr transformatwn 

Flheasurement of puhr-amplitudc distributions ts of the greatest 1rnportancc 
w ¡¡udear phys:n:Jts. Typ¡cal pulse~ to be analyzed are generatcd by 
chargcd-pnruc!e ,-:;r ga mrna -ray dett:ctors, v, hose output pulses are propor
iiOníil to !1 1 1clear-partrc\~ enctgies. The nca~c::,t tnstrumcnta(lon package~ 
for pulse-herght anulys;s ¡rrc budt :un;¡,¡c ~he ctirec:t-mcmor}-accrss/mrmor:v
i;;•:n!mcnt technique desc;-¡b<:c\ m S-ce 5-2 t A -,.e<y small rmmcomputer C<J n 
;e:Jdily dccumulatc 2mp!rtt!CÍe-dtstnbutiOll :>tatist,c'> foí :;evera! thou~:1nd 

; i¿ss int.;rvals. .J"owt clt-;tr,0tl ~¡(•ns of t\" o or r•lO><.: ",, f'abks----say, th n~e 
v:tri2blcs vnth FlO cb~s mtcrv,ds c:l::-1;~---v:Jll, ho'.'.";·;~r. ro;q;JÍP: lTl'Jre C\ellt

dds~ '\:ovntcr·;'' th..cn 1n.: ,¡v;;Jlable Itl ordm:,ry rnimcomputcr memoncs 
)\;ote. 1.boug~, th:.t ~mcf: thc t,•wi numbcr uf p\:)se<; mcasuícd may be much 
fc.vc.- ¡han lOO x !00 x 100 or 10(', mo·:: of lhe ¡JOS:>tble events wlll ncver 
t;,kc pkc'" Ycry clcgfllll ~cattct-storagc lcchmques USJrlg both corc and 
J1sk mc:mouc'-' h<l\C bccn dcvclopcc~ to ut1i17c t[¡¡~, fJct (Ref\. 7 to 9) 

/"'\, 
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.~.nothcr mmi~ompu:;;;~ dlrcct-mcmory-acces<, trchniguc, viz , thc arld
to-mcmory s:gnnl-a \ cr a;;;ing mcthocl of S ce 5-22, JS of thc grcatest lmportancc 
for e\OhÜ· rC'>pons,~ ~tu die~ m biornedtcal research, as well a<> 111 othcr 
Sl~Udtions requrr;ng reco,·ery of sma:i penod1c signals sub'11ergcd in no;~e 
A nun~ b::r of :opecd r "n ;co;.1ptHC:r íno~ruf'1cnt par:bl.gcs hove b::cn develop;;d 
for :;Lrch mci\sure!Y';;:¡;,, 

7-5. Automatic Tt~t S;stuas. Automa~ed compon~nt and sy~tem tc.stmg 
achíe\e more titan dir.::c:t te~t-cost reductiOn. /\1Jtomat10n makcs it poss,ble 
to pcrform much more complete t:sti.1g or inspection (e g., lOO percem 
inspr;..:tíon of mcoming or out.::_soiag parts, or of system functtOns) and m U1IS 
way can radind!¡ Íl:npro·•e safe~y, relia.bdl~Y and/or loss rates. 

Automated test S)Sí:ems are special mstrumentation-control system~ 

which, in addition to the experiment-controlling procedures listed m St'c 
7-4, may invohe. 

Parts hand!mg \\rth co:ne)Or bdts, turntables, mechanical compon~r.! 
feeders 

A~ctomated decisions accepting, rejecting, or grading tested items 
Documentation of test results or test statistics to prov1de mana~emc!lt 

information 

A test program can be entirely computer-controlled, ot a computer may 
display messag<:s such as '·DEPRESS SWITCH 7" for thc opc1ator w 
detcrmrne tñ.e further progress of a test procedure. Re::,ults can be dtspl.!) cd 
on meter~, dig:tal mdicators, or oscllloscope~- Hard copy and/or t:¡rx 
output for off-line da~a proce~sing can be provided. As m other autornaélOP 
:.ystems, substitutron of computers for hard-wired cont~olkrs savc:, !o;,. e 
design, 1mproves fiex.ibil!ty \\ lth a v1ew toward poss1 ble test-prodccurc 
changes, and permits test-related d:lta processmg ,\n auwmattc te~t 

statwn can be self-conta[ned (portable, ¡f desired) w1th 1ts O\~ n n~In:rompull' ... 
or it can t1me-share a !..1rgcr computer. 

Refcrcnces 21 to 29 htg'-tlíght a lwD1be-r ofmimcomputer-ba·;cd systcm~ ~·or 
test1ng e/ectnca! cornponc1: i<; a r,d netn ot',;s, su eh as cable~. Wlfl ng harnc<;-,,'~ 
cJrcuit cards, and mt:::_¿r.2tec cJrcuits (F:g. 7-3). <\utomatc.J u.u\¡uu,)

czrcwt teHs are espec:r~dl; .mporta!1! becau:>e of the VfT~ br~e nu•nucr' cf 
parts(a:1GL'fdliTer: r.:.ts)!r:,olve-1 Att>o;;tncan· 

~'er ¡-.... uuercc, ',, . · ~ un::!¡¡)~- ... ~ __ ~y t~ ~¡; .. .. ~ .~.th a con1ptl:er-pro~!r,! rnrncd 
te~t-:>12nal pa:t.orn o:: checl-.:ug thc- outrut-signal 'cc¡ucPL'C ag,tlP-t .: 
computa prog:a:"J' (cr J.ga<mt a compa:·ison module) 

Chf:'cl: elecfnc.;¡! ore ,urs ~~ zd1, cn¡put.:·.--proyranuned de and ac tc1t .ll{)!WII b:: 
read1ng d:gna I \ oltmeters. <'.u~oma• ic bridg~ circmts, frcq ucrKy counll', ~
..:t~· , a!l V.. Ilh C0:-:1_¡J\.ic<.':r-CO!Tl~ clttb!c m oc!.? o.,w:tchmg and OlllflUt~ 
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Checf... circwt or s_1 ~rcm toletance~ under worst-casc power-supply, 
signa!, and emironmental conditions 

Whcclcd or truck-mounted automatic test systems, which may use 
standard or ruggcdw:d 'crsions of commercially availablc mmtcomputers, 
pcrform complete chccks of entire aircraft or missile avwmcs systems. 

W1th suitable transducers, a wide variety of none/ectrical apparatus is 
similarly tested. Internal-combustion engmes and gas compressors can be 
autornatically checked for prcssures, tempcraturcs, fue! flow, exhaust 
components, efficiency. etc. Reference 23 further discusses automatic testing. 

7-6. Multicomputer Control of Manufacturing Operations. Minicomputer 
sequencing logtc. numerical control, and automatic testing (Secs. 7-l to 
7-5) may be said to implement automation at the "worker" leve! on the 
factory floor. Computers used in these operations can be "strippcd" 
minicornputers, each compnsing little more than a basic processor, interface 
logic, and read-only rnemory, plus a little core memory 1f frequent program 
changes are anticipated. More advanced plant-automatwn systems will 
link these "worker" rninicomputers into a larger "supervisor" digital 
cornputer-this can still be a 16-bit minicomputer-which can: 

Transmit ne\\ parameter values and/or :,tored programs to the "worker" 
computers 

Schedule operations of mdividual fabricating machines and test stations 
with respect to one another 

Reschedule operations in case of equipment failures or other emergencies 
Provide operating statisttcs and system status as management mformation 

Each "worker leve!" minicomputer will, then, not only control a test 
station or one to a dozen fabncatmg machines, but wtll communicate test 
results or status toa "supervisor" computer, which mtght also transmit new 
programs. The supentsory mtmcornputcr may further commumcate wtth 
a large central d1gítal computer, wh1ch need not be locatcd m the manu
factunng plant. The design of such systems requires careful attent10n to 
graceful degradation in case of computer Lulures; thi~, indeed, is the reason 
why the uo:;e of mu!tip!e "worker" and "supervisor" mimcomputers at the 
plant locatwn seems prefcrablc to more centralt1(;d <;ystems hmc-sharing a 
single largc digital con~putci. It is fatr to say that rnulttcomputer plant
autorr.<,TJOil s:.stem Jesisn ts stillm 1ts mfancy 

Somc of thc mo·;~ -;,t~Jktng, applícattOih of multicomputcr controi have 
bccn dc.;,irncd b:. the luternatíonal Busmcs.;, Machtnc-> Corporauon for use 
in its ov,n plants, !mking IBM ll30, Jl-)00, anJ Systcm/7 computcrs into 
largcr central m2.chincc;. PractJcally all mtHÍcomputcr manufacturcr<; are 
attcmpting to break into thi~ ficld, which rcquirc'> much systcm-enginccring 
and manoctunng know-how in addition to compu:cr dcvclopmcnt. An 
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that we should at k.!st men~ion it here. A typ1cal and cspecially 1mportant 
app!Jcation is ml'zfc·mrp;aer aurumation o.f sup't!rmarh.et check-out stands, as 
de,·cloped b; Hon;:y,,~lJ Informat10n Systems. As individual saies itcms 
are chcckcd out. the operator either m,tr:ually key., a code number pnnted 

f r¡~ (1 t•l< "U mi er 

Ofl 05 -<-------- and tne del~ 

1
1 03 _,____________ cLec•s;dr~-n~mber 

255 327 MT-- \ 

ltem code-¡aent•:ol 1 039 GR _ 1 \ 
to tne cede nwr.b~r __ 2742 0 12 PR l 1 Decartmental 

proüuct pro ce lat:e1 98 0'4:? GR • :.n = ,·tear, 
pnnte·J on ecch 

1 

\ abbre•úcJt¡ons, e g , 

95 1 54 GRTX ! GR = Gracery' 
¡ PR = Produce 

9'59 1.32 DX 1 

1 6 028 GR 1 
l·sted ,ter-Js, 600 3 49 MT 

mclud•ng tox '\ 
9122 297 MD TX 

\ 
va,ue of a 12e 1448 TT 

Total cost of all ~~ 223~6 0"-5 PR- ~ 

coupon tendere: Cl!s"omer dec1des 
by "he co..sto"'e·-1~- 12 CP to reto..rn a leal of 

r- --- 14 36 TT '¡ /brec.d-•+ern cr~d1ted 
¡ / and 1nventory ad¡usted 

NPw total- O.i~IJS / 2742 . 12 CR t / 
tne 12e value of 

the coupon 1 .'424 TT ~ N¿N total reflects 
1 ¡a de::Juct:on of 39 t 

Ne+ total- am"Jud ± 1 
.3

9 
CTRT :- _1 

d~e ftJ'" cus1o.,-,e,--- ·------ 1385 -~ Ca:.h or check for 
r r ----- 23 íTX .$1400 tendered by 

ArnoJn• of ia< po•,1 / 1 
2 14 00 CT _L_____,/ cus;omer 

- .¡:0r Custcrn,r:r S 1 1 
·eco•:s 138 O 15 CHG -<---, 15~ change c. e-

f '-.r.:lu! f38 starnpc; 
J de!. ,r;red to the 
~ CL S h; .. ,iier 

1 
~~ .. /\./''-•/\/'-. 

( j~:. i-9. ~v~>nr..:O:!lplJt,~r-;:¡!".=pa-_..1 5tzr-;:-rrr¡,,_rkd Sc~~e~ fFt,;c~pt, )nJ¡(:''r 1 n~ tht: ar.l•Junt of !nforrn..:.-
t¡;)f' ::~ndfr;d by ~nr CGrnyJ·{.~; !o_,~~:::r~1 tH?ne)'..'elf fl1,_(r;r·n~tttor. :;_\:..[t:m'5 J 

-:..-H tf!;~ indÍ"/,dU2,} c~n 0r c~rt.él pac1-:age n~to a local 1-r:irl~rornputrr. ot thc 
C:J·.~~ js read :jt:.l·Jí!l~ttic2-:!y -.. ... jth a ma;k-:-cadjng sensin¿ prcbc. 

Tne ~hc-cJ.: ... out terr·~·=--~a! dlsph~ys the itcm'& pr1c!: (and .. íf :c!e\-ant~ its 
we:ght, tü thc custo:n'-!r ar:d computes th,: total purd1,:ss pricc and sales 
tlx, ~md p;·¡;-¡:~ ·1 :él.-, t<,pe iF13 7-9]. Th'~ chccker ne2d ~,o• reaci, COl!J¡:tJl::, 

or cntcr priccs 01 sú::'> tot;.ll'>. A computcr-con.pcttJble scalc ncxt to tloc 
terminal !S used to v.-=1zh preducc. 

' -
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Thc stor~: manager DJ'> d Wllllterpart of thc check-out terminal ("manager\ 
mterrogation éc\JSe," MID¡ Smce tn..: m~nicomputer kecps track cf the 
sale of e<::ch indJv1duai ítem, tr.c manager can U'le his termma! to asc;;rtdtn 
his mvcntory of any prodn::t, to dctro:rmin<: sa!cs up to the momcnt in 011:y 

dep,1.rt.z;1a'1t or. at. aé'l!f ro:he-:k. out ::.~a!1d. tf· :<()C'-W ~!)L:,~ ;aks-,. to chall8'' }'f'€CS, 

to see whcther a;-~y purc:'J.J ~es haw be..::n pa1d f•:>r with coupons or food 
stamp;,. and to detc.:m11ie what taxes have been paid. In add1t10n, al[ 
bookkcepmg conce!'Ded with ;;aíes and inventaries is taken care of by thc 
small computer, books are ha!anced more accurately because autom::~tic 
comp;.!lation has repiaced huraan arithmet¡c error3. The rnmicomputer 
will prerare daily sales reports of the entire store, showing the number of 
custom¡;rs hanc'Ied oy each checker at each check-out stand, te permit 
management to schedule ~md ratc store personnc! and thus to reduce costs. 
A daily sales report by ston.::s and with total transactions permits manage
ment te evaluatc store operat10n, the effect of sp~cial promotions, anu to 
handle its own invenlor::r pwblem. These reports can be printed out and 
sent throczgh the rnail, or the lesa! m!rucompt.:ter may be connected to a 
supervi3ory computer al a centra! iocatwn through a communication link 

CATHODE-RAY-TUBE GRAPHIC DISPLA \'S 
AND SERVO PLOTTERS 

i-8. Cathode-ray-tube Dispiays. A cathode-ray-ttlbe graphic display 
posttions and hnghtens a CRT beam to plot a sequcnce of pomts (and/or 
bnghtens the beam berween points to draw line segments or "vectors"). 
Small dzsp!2.ys (up to 11-in diameter) employ e!ectrostatic deflection m the 
X and Y direct10ns and can p!ct up to 106 dtstinct pomts/sec. Larger 
d!sp!ays use electromagnetic defl.ection for better fccusmg and resolut10n, 
out such display; are slower (up to 100,000 points/sec). H1gh-qu<t!Ity 
electromagnet¡c:-det1ectJOn displays may add fast electrostattc deflecuor. 
for small beam dtsplacements (e g .. to display charactets labeling a p1cture). 

figure 7-10 shows how the X and Ydefl~:ct10n arnpl\fiers ofa CRT dtsplay 
are drivcn by X aml Y rligital-to-:malog nmvertn<; (DACs). A digtt.zliy 
controlkd brightcning voltage (Z-axis 'oltagc) is atsu mdtcated. 9-i::Ht 
X and Yresolution I" c;u•:, ~at1sfa:::tor; f,_;: ;n,~~r C"::;.T ,¡l~plays, but mally 
d1splays ba~;c 10-lú OA(> 

Vt:ry t:!labor:ote d1sp1aJ s c..!n u'~ tul! 16-b:t res,J!et,on to sr~c:fy po1nb tn a p1.:ture flluc:1 L1r~cr 
til;;n ,•c:'""~l)' di>pl ... ;ed oro the r:RT screen !0-bl' ,,ort,c'ls oithc 16-b·t X- :.:nd }-coodJn,•t~ 
words ~u; :hcu sh1fted mto püHill:"l tu dtoplay >m .• ll or tJrg~ port10n, o!~~~-~ o.er.ll! p1cture at 
dillercr.l ~c"lc·, (lr'•.\Wfaíg) ' 

Dr~pl;-,y~d picturt:s rangc from ~1mple 256-point graphs \vith coordinate 
axcs tu e!aborat~ des1gn dnt>\Ings \VIt!t sev::rd! thousanc!s of pornts, plus 
a!pha; umcnc sh,tr.tcter:> A srorage-tuhe CRTd1splay (Fig. 7-11) pcn111b 
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you to VIt:v, thc dtspla:,cd poínb ;;fta they havc been Mittcn onl:. once-
thc d1~play rcmatm 'vt<;iblc until a manual]~ controlled or cornputcr
controllcd \Oitagc pui.;c 1::. app!Jed to :.n erasing ek:ctroJe m the storagc tL:bc 
Storage CRTs havc cxccllent rc~olutton and greatly stmp!Jf;. d1~play 
opcration. But the:. cannot dt:.pla) n;oting p1ctures and reqUire complete 
era'>urc and rewrillng for tf,3pla) edtttllg. Mo'>t cJ¡g•tal dt~pla:.s. thcr·~forc, 
use short-persistence cathcde-ray tubes (P7 phospl1orj and must w •. rite 
(r(;frro;,h) thc entire dbpla} pcriodicall) :;e 1"' fíO tirr:esjsec. Thts reqUirc:, not 

--'::: 

-- ~ 
- '':..:-:;;;-':. " -

--~-- -------------------""""" 
(a) (b) 

Ftg. 7-11. CRl dt'>pla~s (a} dlld s~no pk>t ibt proJuc~d h:. th: stmp:~ Jbpl.-'_• pÍ·Jtt~; ct.cut -Ji 
Ftg 7-10 BothPOI:-..-landLI'-EmoJ~<areus~JtnFcg 7-lla not~thcdk:t•J!~•_:chrtn~il·: 
ltnc-brtghtness-compen:.atton tlm~ consunt P~rfer:t cornp.:ns.llion for tho e\¡Jon.:nt; ,¡ 
change m th.: \Htttng rJk ''·~> IWl po>S!bk because th~ compcn>Jtton \Olt.!gc :eqJ, lo ,':'·J•'•" 
the beam (Unnersll.t of An=olla) 

only many fast \Hitmg operations but a display-refrcshing memor) capable 
of stonng coordtnate and bnghtness mformat!on for 1.000 to 6 000 points 
and/or vectors AlpltanumellC c/a¡racters are generated :md refreshed as 
sets ofpomts or vectors (strokes) usuall: stored in special read-on!: memoric;; 
(charactP.r generators) and called out by special ch.uacter-code displa;.
instructJOn words. 

Each d1splay pomt \\ill requ1re 18 to 20 bits of rcfrcshcr stor,lgc for X 
anc! Y plus, posstbly, sorne e\.tra btts to specif) brightne~s or spcci,tl di::,pl.t) 
0pcrat•ons. Some CRT d1spla:.;; espel·1all) the more clJbor.¡tc di~r'.~~s 
u:-.cd V.Ith larger digital compukrs, ha\e thetr O\\n 16- to 2-l-bit rcfreshcr 
mcmones, perh<-1ps 4K to i6K \\Ords A minicomputcr di<:pl:l~ can con
vcnientl,y s!:mre thc minicornpt~ter me mor), Thts SIInplilics com~'uter 
operatinns on display worcl:, ,:md makcs the extra memor: .l\ailablc to thc 
computcr •:.hcr the dt~piay !S r.ot u:.:d: although thc time ncc-ded for dtspby- ~ 
rcfre~hing opcrd!!Ons \'-'dl ne~cssanly siO\\ concurrent comput:1ttons_ 

o 
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?-9. Ui~pL1y Opcrations :md interfaces. (a) Simple Point Display. To 
d1spla) 3 po1nt, \\C transfcr its X- and Y:.coordinate \\Ords from a processor 
res1ste1 or from memory mto the X and Y DAC registers (F1g 7-12) and then 
brightcn the beam Th1s cJn be done through programm~d T/0 in-;tructions 
\\lth ddTerent control bits and 10 pulses (Sec 5-2), but it is much more 

PROCESSOR 110 ANO DMA BUS 

Upper 
9 bitS 

¡ 

1 

1 

Y·DAC 

Data 

S1multaneous 
X, Y trans ters 

/ 

x'ÁJ/ 
reg1sler 
9 b1ts 

X·DAC 

To cscdlo5Cope or recorder 

~rol 
e- selector 

and 
trol-bll 
IOQIC 

CLEAR 

DMA request 
pul ses 

D•splay 
request 
cloCk 

Cc:1~rol reglster 

9 b1ts 

!NCREMEN '!.---,,.--,.--·-.r-..J 

Double "buffered 
X +ransf~rs. or 
X 1ncremcnt1ng 

Log.c :eJels controlling 
brtgnu~ess, X mcrement, 
ltne /¡:.J1nt. etc 

Fi:.:. 7~1Z. Dcotgn of a gr,¡phtc-Jt>pla) .nt~rfoce for an 18-b:l mmlCC•r.Jpukr ProgramnwJ or 
D:.íA dé.t<l tr,msfer, c.tn rr.tmmtt pdchcJ X, Y v.c¡Js 01 loQd a bu !Ter.,, ••h X dnJ :hen tran,fa X 
irom tbe bl,ffer .tnJ Y from th; J0,l.l hu> lt !S also possible to SlmiJl: '•'cremcm the Y b:1~cr 
for gr~ph plottln~ 1•.h:le trdno;ferrrn~ only Y-coordmate 11ords fro'Utr,e l--uo, 1 he 9-bH control 
reg1stcr ¡;, loodcd \\!lh thc l?>I 9 bi!~ of any DMr\ data \\Ord s·ar11rg w11h 100 000 000 
!L llltNIIl,l of An;uHa, :;ce aL;o Rcf J9 and S~~ 7-lO) 

dTident to cmpluy dircct-m¡;>;~Ior,r-acr~:-.s. block traiJr,fers (Sec 5-19). A 
DN!A dispiay interface can rcadily requ.::st and trar>>fe:- alternate X and Y 
'-;.:m:ls (from on.: ;¡rray or two arrays in m..:mory), but an espe<::íally neat 
§.chune is to use an IR-bit minicomputcr \~ith ()--bit X and } b)tes packul into 
a single -...ord; this ha he"\ ti"; e refresh memory nceded and the computer lime' 

_, n;;cdeJ U refrcsh :he disrlay, 3fld simpliries the Íilt::rfJ:::'::. F1gurc 4-8d 
;;hov.s a ::;uitabk word-pacbng program. In F1g. 7-J~. ;~ b:ightness contro: 
bit g.:ttc; lile tral1<;fer puló.C lo':ldn-;¡; thc X and/or r DAC !Oto a patr of 
wono'>tab!c multivibrators to bnghtcn the bcam Onc u-;ually controls 

~-nnghtnc:,~ by changing thc Juratwn o[ thc bnghtenir1g \vaveform (e g, gy 
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ORing outputs of diffcrent logic-control!ed monostable mu!tJVIorators). 
Beam cwrent changes will al so contrvl brightness, but may defocu:. thc be:mc. 

(h} Simple Linc-scgmcnt Gcner:1t:on. Figure 7-10 al so illu~tratcs the
Der:'Juzos technique of di:>playmg fine segmenrs betwecn display points 
1he X and Y DACs sl:o·vn drn;e oper,'1tiono1-.··n1Jhfier !o.r-pm.l filien 11ith 
equa! time constants RC so that tÍle heam lvi!l more from point !o pui111 a long a 
srraight !me after the X ami Y DA Cs har;e been loaded sunultaneousl) (r:g 
7-lObt. This line is brightened if-a control bit gates the DAC transfer pulse 
into monostable multivibrator 1. U nfortunately, the be a m speed varics 
expor:entially a!ong each line segment, so the beam becomes progressively 

· ·· brighter. This is pártially éompensated--in Fig. 7-11 by a diiTcrentiating 
network in the hnghtness control circuit, but beam defocusing makes pcrf.:ct 
compensation impossible (Fig. 7-lla). 17ze simple Derlmfros line-segment 
generation technique is, howerer, excellent for producing hard cop; with a 
s;mple se..-w plotter Figure 7-llb shows a drav.ing produced by feedmg thc 
X and Y inputs of a servo reccrder w1th the display circuit of F1g. 7-lla; 
the brightP-ess voltage lowers the pen to plot line segments. The transfe:
ra(e was about 10 _ points¡'sec, and the monÓstable-multivibrator time 
cor.s.tant was appropriately longer (Ref5. 39 and 40). 

(e) Imprmed Line-segment Generation and Incremental Display Tccil
ruqu~<>. More elaborate line-segment generators employ operatwnal
ampiifier integrators for straiglzt-fzne mterpolation bet\'<een successive 
coordinHte voltages so that !ine brightness will remain constant bet\>een 
successive display points. If the time interval between success1ve display 
poínts remains constant, ~nough, short line segments will necessanly be 
brighter than long ones. For this reason, elaborate displays employ dtgital 
interpo!ation {hardware or software similar to numerical-control methc.ds, 
Sec. 7-2) to place extra display pomts between widely separated points: 
ana!og mterpolation may stiil be used. Eleclromagnet1ca!!y detlectcd 
CRT beam" c:an, ir; generai, fol!ow short displacements more quickly than 
long ones. 

In many of the better grapl-nc d1spíay<>, DAC register!> (or DAC buffcrs) 
are implcmented as ret'ers.hle binary cr.:unter3, \\·hich can be incrememed or 
decremented by IO pulses to produce 3mall bcam d:splc~cemcnt; Thc 
increm:cr:ting pulse .-u--'. be gated to h:gher-orr\cr or lo-,,c..--orl;,:; bits to 
produce ::-,cremento, of • feV> d:ff.::-cnt "'.:-',, '1:1· , ::': (~·spla:;.s 0:1iy pcrm1t 

so mcrcmer,t/decr.::ment ope:-attons car; move a display pomt only in one of 
eight direct10ns ~ep:nated by 45° angles. Incremcnllri¡J·nwdi! di~play 

programs can gcnf.!rate any re:1sonable curve from such d'~rdaccmcnts 
Ir, display ptctut..:s contatning cont.nuous curves or sma!l deta:L Jncrc

frlc:n~in~~-modc i nstructions -:::m sa ve reft esh mcmory anJ m-:nw; y a~·c-.~s~.,, 

¡ ____ -- --- -- - - -----
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at thc expense of extra display-logtc hardware. For example, thc iO-btt 
X and y coordinates of a smglc pomt rcqture tn·o 16-btt words. But a 
single 16-bit \\ord could spcctfy up to _ 216 diiTcrc~t combmatwns o: X 
and y increments (usually thc hard ''~u e \\ tll not per_m1t all poss1bl~ combtna
tions). w1th still more elabora te hard\\ are, a dtsplay can be mstructed, 
say, to repeat the same beam displacement n times to generate a stratght 

hne from n line segments. 
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7-13 A stm le homem<~Je graphtc dtspla) IS comb1ned wtth a 1 V --;c.m a!phdnumcnc 
~l.,. 

1
• • tht'i ~ntcomputa S\';tem for on-lme soluuon o! ordm~try dt!Terentt..tl equ,ttlon> 

Rl:fd~~"~~oorJm..¡tc l:!hcl> and s~aks nff thc ,t!phanumenc c!tsplay ¡, much !tkc readtng d figure 
!egend ~nd un poses no hard,h:p ( Unttenrt) of Arr:otw) 

Even 51mple CRT displays may pcrmit incrcmentiug t~e X coordmate to 
permit graph plottmg (Y Yersus X m equal mcrements) wtthout any necd to 

fetch X-coordmate words (F1g. 7-12). . . _ 
(d) A Sugge-.tion for Do-it-yoursdf Display;;;. Add1t10n of alphanumencs 

to eraohs and p1ctute<. (e g, labels on coordmate axes) compltcates d1splay 

ha;dw.arc a11d sofl w<.tr,;, bcc<n.Isc: 

'r1 l (: ' t 1 ~' m'tny r•i-.play po; •¡t~ 1. Thc J¡·,play oí ch:mtctcr~ aa ... s ,"";"~~.e 1.1r,e u~.a1. anu ' "'- . .', 
2 Characlcr'> :,.re gcnentcd from poin~-; (f¡vc by scvcu det matr,x) or 

· f · · ' } · .t - •· ··t b" storcd e·the• lfl stxnh:;s b• rp,.._:r,•jl<'C ~n ~ alf-SI.lé' t:lL.C. W.W>l .¡,!],,. " - ' 
"· .Y • ·' • · ~ ".. • • • . ~· ,._ 'l~· ,_,, .1 ••• r · n\:•OSFl"l' 

t ' cr 1111'',''·1:',,-¡ Of !O G1SplaV-·.--~nd0L .... u~r...,~-Ac.LC \~ L :1c co•n:1LH.:. - -
re¡.¡d-J"l.l wernory: 
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3. Thc need for char,,c:..:r spa.:i··:::- o:'ld l1r,c fcc:d requ1r~s stillmor..: ~oft\.,:rc 
andjo1 hard\\arc 

' 
An cxcellent \\ay t0 simplify this situation i<; to prO\ide 1110 di'>pl(l)" '>idc b) '>ide, 
VJZ., a s1mple graphH.: d1spla) (refreshed or stor<tge-tubc d!~play) u,zcf an 
incxpcn~Jvc TV-scan alphanumcric display \\ith MOSF· ET ch,¡rac.tci 
gcncrat1on and refre~her sh1ft rcgisters (FI~ 7-13). v.h1ch pcrntlb con'.cr.J~nt 
tcxt cditlng and can work \\Íth only shght modd1catJOn of tclctyp..:\~rttcr 
software (Scc 3-14). 

7-10. From Displa) Control Rcgisters to Display Processors. The stmple~t 
graphtc di5pla)S ha\e only a Simple point mode ~\tth a single bnghtnc~~ 
leve!. Su eh a dp.,p]a) can be operated \\ zth vnly 1110 I/0 in<tr uwons, 
VÍZ., TRANSFER X and TRANSFER Y AND BRIGHTEN If we use packcJ 
l8-b1t X, Y \\ ords, a smg!l! I/0 instructwn WIII do (TP.AI\J~ !ER ~\N D 

BRIGHTEN) 

A~ we noted, though, it is b) far more effiCJent to fetch alternate ~- and 
Y-coordinate \\Ords, or packed X, Y words, by direct memory accc1s. For 
exampk, the points of a Simple p1cture may be represented a<; p2.cked lS-b:t 
X, Y words stored in an N-word block startmg at the mcmory loca t10n 

PICT. 

To display the picture (i.e., its N succe'>slve points), the program first 
places the addresscs of PICT and N mto two pointer locatLOns m mernory 
The program then enables mterrupts from a real-time clock in th<' di,pb~ 
or proccssor to refresh the d1splay 30 to 60 timesjsec through the bilO\\ 1ng 
interrupt-service routine. 

l. Programmed I/0 instruct!Ons preset a current-address cow,to ,¡ild a. 
word counter (Sec. 5-19) in the dtspiay (or in the compute: Plcrnot·:y, 
Sec. 5-23) to PICT and toN, rc:spectJvely. 

2. Another programmed mstruction enables a Di\'i'A teqc:C'5t-pu!<;e 
oscillator in the dtspla) to produce succesSI\'e cy.::J;>steai lllg co
ordmate-data transfers and to display succesS!\C pomts 

3. Thc word counter counts dO\\D fwm N ~\ith each DMA tran~fcr and 
stops the request oscdlaror \vhen the count reachcs O, presumab1] 
before the next clock interrupt repeats the process. 

More comphcated dtsplay programs \\lll d1spia) mult1ple blocks of pl'lllts, 
corrcsponding to dtfferent port10ns of an O\erall p1cture (Scc ·7-11). 

D. _;:-.by opt.ons assoc1ated ''-Ith mdt\ tdual d1spl,1) pomts, such as dlfh:1 cnt 
brtg!:tllc5ses, ltne brightemng, and X mcrementing for plotting grdphs, are _ 
co;-¡,trolkd v, 1th !ogtc le veis from a display control rcgister (Se..:. 5--l-). ~' h 11:h 
rr.a) havc benvern l and 1~~ [l,p-flops. Programrned dtspLty instructions 
can Í'1;;j¡_,d·: a fe,., contr0I bits, :P1d thcrc llH) be spccia! instructtons to load ~ 

ihe cuntrol rcg¡ster. To übt,1 ;P the contro!-regtster inform.1t1on tl11ough 

o 
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l. Control bits ma\ 1;:-,e p,•,cked into data w0rds (e.g, a 16-b~t \>ord cou1d 
cor:~:~in a !O-bit Ycoordin:~té and 6 control bits) 

2. Thc d1splay w:l\ aL\a~s re,1'!cst X words, Y \\Qr(-l~_ and control-
register v. ords 111 succession Th1s can ''aste fl goc•d d.ca! of t1me. 

3. The di5phy rn.1:- ::ccogmze certain codes a$ data \\ NÓS and snme a~ 

control \\Ords. 

Asan eur1ple nf th~ last pü"> bt!It¡, paékeci 18-b!t X, Yv.vrds ne.:d .:ot re~·esenr X = -1 
and Y= -- i, St•1C~ X ~ 1 and r = i ,ue n~t a;a,lüb:e tn 2s -:omplemer.: .c-.:e e.tha. Th~s. 
•hto: wordsh<iJlllll/1'9 m endlll~J" th lOO 000 000 can b~ useJ to l0ad t\\O '>tJ,¡ co~ .. 0l reg¡o;t~rs. 
~~eh control \\ords c~n ~~ fr,:ely msated tnto the dts¡:-lay file. dS neL,Jcd r·;L·c 

7 -<J íllustrates 
tbc de,tgn ofa strnrle gra;--h•r. ¿._.play wterfdce v .• th a contml ·eg:ster (Re' ~}J. 

Our d¡rect-memcry-access display interface .:an he rcgarded asan accessory 
p~ocessor (display processor) \\hich shares the computer memory. accepts 
progri!mmed instructions from the central processor. and can re-;pond '"'ith 
[nterrupts (see also Sec. 6-l2a) The accessory processor ha~: 

A program counter (the DMA V~Grd counter) 
A memory address register (the DMA current-address counter) 
A memory data register (DAC reg1ster or buffer) 
An instruction register (the d1splay control r~gtster) 

Thc s:mple "instruct;o:-:s" executed by the display proct>ssor are DISPLAY 

A POINT (using X- and }:coord:nate mformattOn), CHANGE SRIGHTNESS. 

etc. \Vtth more daborate d:splay operat10ns. ihc display processor !ooks 
more and more lil· e a 5:"it<tll srored-program comp!.!ter, it might implernent· 

C;~ordir¡ate-incremer.!i>t(} insrructim:s (Sec 7-9b) 
D1spfay subroutuze JUmps c.nd retums, using a display iiuk:::1ge reg1ster to 

store re~urn 2dd~es::.es 
f!ard,w,rcd .;ub:outu-:n (ROM-1mplcmcntcd character gencrdtion caiL:~ 

by 'i"Jlt,:¡bie contrul \\01 d;;) 
Ozapur ta tr.t,fnpfe C ,o:;. T conso!es 

;( =-= aX' + h Y-= aY' +e (TIZA!'JSLAT!ON Al·.'D 
SCALl.VG OF PiCTURE 
OR SUBP!CTLRE) 

X '"-" X' cos J t- Y' sin J f = --X' '-In :J + Y' co~ 'J (ROTA TI O Y! 

can be irnp~cn~·:J:tuJ e1tber i•1 the rna•n pnH:cssor or m thc displJ;. proc-e~so.-. 
a kv. Ó!'>foi,ty prüCC'',o~~ ín-::orpo1ate fast multipÍ)Wg d:g;ta!-to-an:>lc~; 
convcrter~ !'cr ro1<:t1on opcr.t: 'un<>. The d1-;play proc.cs~c·r e~,;-¡ be a comrl:::.:-

mrrncomputcr. 
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7~!1. The Di~p!.l) File and Display Soft\Hlfe. The display fi:~ for a 
srmplc plctmc 1s a block of \\Ords conta1mng dtspla)-pomt-coordrnak and 
d1::.play-control mfo¡ mation. There must also be "header" \vord'> spec1f, 1w, _ 
~.he b!ocl starting aádn>s "lnd thc block Slle ( ?ICT and N m Se: e 7: ¡ Ó~ 
:~ w1ll be c-.;p':d:ent :o:;·· ..1crure d:srl2.y file~ fo,- m -.-e ''-·''Plic<ltcd p:c,.res <E 

.,nt-edhs--(S'~ ..t ¡rq · ,· :t · ,. · · ~ 
h ~·... l.) • ~~ •• - ... \}'...: .. 1cn 1 en1 1:-~ .ill .. t~SL l:; . ..:, s-~!optcí.ur~ n~ · eno1rn..:: \\ 1th a 

pomter tO the s~art of Lr::; ne:~t subpicturc file ano ~~~ biocf.. :,1z..:: D:splav 
requcs.ts can then _fetch ca~h subpicture w turn, and it wJ!l stdl be pc.-;s 1 bl~ 
t.:lbpe_norm ope:-at10ns suctl as era~ure, sc-alin:;, or rotatwn only on selccted 
su piel u res. _ 
~Su.table head.:r or labd \'vCrds car. further structure subpictures mto 

hu!rarchJ~s of ~ub-subpictures, so operations can be performed Oi1 sets cf 
~u~-subp1~t~re~ .vhich :n_ son:e sense "belong together." Displ<.ty-struc
.unng ana d!sp•ay-mod¡fymg operahons can be called as assembly-lam:u:J.·ge 
subr~utmes or macros andas FORTRAN subroutir:.es, with symoolic ;;-am~s 
for d1splay files and subpictures 

7~12.. OperatorfDisp!:ly Int~raction. Joy stick.s, various tablet-sh lus com
bma~~ns; and the "mouse''. rolling ?na table surface al! contam du;l a nalog
to-digJtat convers10n dev1ces wh1ch enter X and Y coordinares mto a 
~om~uter dispiay file so that the operator can "draw" points and !me.> on thc 
\..R1 screen. 

A light pcil contains a photoce!f, \vhich is held 2_a~unst a CRT d1spi t' ,-"'"'~n ~ t • o .._ j _, ... ._~ .... 

~n-. wwch re5ponds to thc flash of a dtsplay pomt w1th an mtern,pt or sense-
lme response The cor.1putcr can then mark the X and Y coorJ 1ndtcs o:· 
the poim in question to uase or further bngf-.ten thc point Thc com-,uter 
ca t d. ' •· · · tJ n genera.e a rm1y 11gntec raster or random-scan pattrrn and bn'!hlen 
p~mts t0uCh"d by the l!gnt pe:1 (which contains a bu~ton S\vitch to j~abk 
~1:s acuon, if desired), so the operittor can clra\': plo.'turcs on thc CRT screr:l. 
l he coruputcr can aiso gener;ne d track.inq patr'trn w1th a prograrr'. d~.~ 12 nr·J 
to move tht:> p:ittern tn orde< to center it on tl-1c: :wht pe>n ·,h~,c ,, •r¡ 1¡·,·0- b. ~ ~ .:;. ~ \... ~ l.) .... (~, '" ~ '.,; 

used for dra\\ mg on the screetJ anú fc)r movhi'~ -;._¡hr;¡ctur"o (n" •'•rctJ · 0 ... e•- "-"r ~ ._,} ""-. ~~ IL l 

bíod.-d,;:;3ram symboh) 1nto desired scr~en ¡.>;)sit:or.<; \\ith thc: 1.1g1 1t per1 

Ftnc!ly, the cumpt,t;:-z- m J. y d!'5pia~ :; "m:::mt -· of poss:blc dcc~'>tens or 
commands on the CRT 5Creen, each \\lrh a ·'t>ght-button" pattern \\h,c!'1 1s 
touchcd b; the ltgllt :-,,,,, 'o tctpiement the ,_;omm.wd . 

fRO:\'T-C\DI:\G, D.-\ TA-C0\1.\i L'i\.ICA T!8:\S, 
A(.;D ~IL'LTIPROC[SSOR 
Tl\1[-SHARI:--.;G SYSTE:\IS 

7-13. i\linicon:putC'r<; as ln¡wt/Output Proccc;sor s. An ever-l!lCfC.lStli!2 
nurnbt:r of mJllll'Omputers are emplojcd ciS front ends mtcnckd to rt?l1nc ~~ 

-------------------------------------------------- ------ ----------'-------
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larger d1gital computcr of input/output operations and its memory of 
multiple input/output routincs. We discussed in Scc. 7-10 how a data 
channcl desumcd to implement block transfers of input and output data 

· (and to perf;rm a few extra device-control chores) acquires many of the 
features of a small digital processor. A minicomputcr transferring data 

"-- _ blocks by direct memory access and communicating with a larger digital 
computer through prograrnmed instruchons and interrupts (see also Sec. 
6-12) can perform data-transfer and control operations equivalen! to those 
of severa! data channels; like a data channel, it accepts programmed 
instructions to preset address counters, word counters, and control registers 
and, in turn, speaks to the larger digital computer through pwccssor 
interrupts. 

But a minicomputer can do much more than transfer data blocks and 
control device functions. The mmicomputer memory bu.ffers externa! 
devices, which can thus operate at their optimal speed without waiting for 
the main digital-cornputer program, and vice versa. If there is the ti~e, 
moreover, the minicomputer peripheral processor can perform formattmg, 
scaling, and code-changing operations, sense and announce error conditions, 
and perform parity and syntax checks. What is more,. many i~~ut(output 
programs, interrupt-service routmes, etc., C"n be stored m the m1mcomputer 
memory at substantlally Iower cost than is possible in the more expens1ve 
large-computer memory with its greater word length. Tens of thousa~1~S 
ofbytes ofmain-computer core storage may be saved in th1s manner. Mml
computers have been used as peripheral processors for practlcally all types 
of penpherals, such as mulhple teletypewriters, CRT dtsplays, line pnnters, 
disks, multiple tape umb, and communication interfaces (Sec. 7-14). Such 
apphcatwns fa\ or rnmicomputer mstructwn sets whtch perm1t 8-btt _byte 
handhnrr and operc.tions on multibyte data words. In particular, mtc~o
progran~med minicomputers may be furnished wi.t~ instruction sets espe
cially ad.1pted to those of an assoctated largc dtgttal comput:r. As an 
examplc, the !T'icropogrammed Interda ta Models 70 and 80 ha ve ms~ructton 
sets convc:rucntl) relsted to !hose of IBiv1 Sy5ter.1/360 and 370 machmes 

7-14. !\:1inicomgutcrs and Data Communications (see Rcfs. 48 to 58) 
For d~ta commur.ic.:;_tion over dtstances greater than a few hundred feet, 
dtgttal \'•ords are tr'tnsmitted senally (btt by bn, Sec. 1-3) and modulare a 
cc:·,·1c, on a ~orr::-::di!IC8tJOn linc 'J' wirel•.:"'> d<1ta link. J\m~htude, phase, 
frc4ucncy n~cdui.::: oP. or coiT'bn;a!lon am;)lttu(k and phase modu!atton 
ís uscd Comrm.~··-.~t;on l;nh ;,pccially dr·:;¡gncd for digital data trcns
m1s<;1on may crq:'o·. radJo-frcqucncy carr1-'>'>, but audto frequencics ar.:: 
U'>cd on tclcphür,c line, (•,ihwh are not prÍl\ínnl:,· dec;tgncd for d<1ta t1a'1S·, 

ml'>Sion). At c:d: cnd oí <t>lY carJJcr !mt~, onc ~equiícs a modu!n.wr; 

o:lcmc-d"lU'~'-"r (mo.1cm). 1 

Ci 
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Simple\ tr .• n;nHss:on " or.. l11rectwn orl) hJ!f-du;ll<'l: pcrnlib c•-,mmun
1
¡_,,¡

10
n 

111 
bo:h 

d1rcctJOn'i, but onl) onc ata t1mc. full-dup!t' perr111ts s1rnuiun~ous traw.rlh'>Jon ,;
11

rJ r-:lcpl.nn 
fe g, on t"o l\\O·'"dre hncs) 

Convcrsion betwccn parallel computcr inputjoutput lincs allll <,¡:rbl bit 
strcams JS usual!y ach1evcd v.ith slzzjt regi5ters havmg parallcl lnput/~cn,¡J 
output a~d'or serial input,'parallel output (Table l-5b; scc al<,o Scc 5-l) 
Most dlg1tal data transmiscion is in terms of 8-bit ASCII-charactc.:r h

1 
tes, 

1 bit being a parity bit (Sec. 1-4) It is necessary to mark thc start Jn-,1 ur 

T1me -------

ldle O t t 1 O O O 1 O 1 t late (mork)UlJ1J-J--Imor<) 
stcte 1 slo:"-

1 
1 1 

11 '--<-'
1 

11 1 

1 1 Least- 91 msec 1 1 1 
1 Slgn¡f,cant 1 1 1 
1 bl: 1 l 

'-v-' 

Stort 
bit 

1110 sec 

~'---y----' 

Panty 2 stop 
b1t b1!5 

~ig. 7-1~; Sena! representatiOn for an ASCII 7-blt-and-panty character. St~rt anti ,:,Jr r,.¡, 
dehmtt thc sena! characler represent.ltlon for a>) nchronous tran"1ll~ston 1 mw1¡, 

1
s r,,, '" 

ASR-33 teletype\HJter opcratmg at 110 bauJ (blts.sec) or 10 chardcters'scc 

end of ea eh byte or word uneqmvocally. In asynchronous datu tr<: ,FflllSSlün. 

this is done through start/stop bits mserted betwcen data \WJrtL bv tbc 
transmitttng shtft-register interface (Ftg. 7-14). Smce 3 start/swp' bits 
transmttted w1th each 8-blt byte waste a good deal of time, r.synch 1onous 
transmtSSlOn ts used only v.ith low-cost, slow data-transmtss1on s;stcp

1
s 

(up to 1,400 btts/sec). Faster data-comllJunicatwn systcms JUSt¡fy the cost 
of synchronous transmiss10n. \\htch transmits a contrnuou.;; stream of true 

data bits and marks the start of a message (not the start of a word or b-. te) 

W1th a synchronmng s1gna! (or the end o[ a UNE IDLE s1gnal) transmrtL·d 
ot:er an extra fin k or can 1er frequenc.~. In any case, thc intcrf,¡cc bct1·. e en ,1 

pMallel computer I/0 bus and the sena! input/output of a modem reqtm,''· 
bestdcs a shift reg1stcr, a b1t-rate-determming clock, a btt countcr. ano ~nmc 
log1c which gcnerates or recognizcs sta1 t/stop b1ts or synchrontzmg SJgrLlb 

Ttus interface. \~~uch j<¡ usuaily dcsigncd for a spccitlc computcr. !S callcd cl

dníil-Sc;t coup!tr (datJ.-sct conírol!':'r) and connccts to a gene¡ ;d-pu1 f'L''..: 
Glitú ~rt combm.ng the functJOil'> of a rnodcm and V:tf!OUS op!lO!lS, Slk'h el~. 
automatíc tclephoPc dialilig. 
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Table 7-2 lists typ1cal data sets. Wires and o;,gnal<; betwcen a data-sc:t 
couplcr includc: 

l. Ring indicator: Data set to terminal--it indicatcs that a callcr 
rcque<>t'. local c:•t"~nection of thc dat(l <;ct to th~ linc. Tk: t<:; n1mal 
responds with d·\ia tcrminai RDY 

2. Data terminnl RDY; !his requests thc data set to conncct to the 
telephone line. 

3. Data set RDY: This informs the terminal that the d;1ta set is cocnectcd 
to the line and is ready to exchange data. 

4. RCV signal detect: Th1s is used for status. 
5. Request send: From terminal to data set-it is used to start trans

míssion. 

6. Ready to send: This indica tes that the !ine a;:np!ificrs are stabiked and 
that the remate terminal is able to receive. The terrntl'al may pa~s 
data to the modem. 

7. Scnd data: Data path from terminal to data set. 
8. Receiv!! data: Data path from data set to terminaL 
9. Present next digit: ACU 1 has dialed one digit and ís ready for thc next 

10. Digit present: The adapter has the next digit available. 
11. Abandon call: ACU has reached the end of its time out and since 

there was no ans\'.er, it invites a disconnect. 

Ordínary ASR-33/35 teletypewriter lmks (Sec. 3-3) operate at 110 bitsjsec 
(bauás) using the 11-bit character format Illustrated in F1g. 7-14. Diaf-ur 
telepn?ne fines, which i:1vo!ve telepho!le-exchct.nge S\'.itching, can have data 
rates up to 2,400 bitsjsec, but spec!al !me cond:tioning is needed to get 
more than 1,800 b;tsjsec. Jl!gh-qualzty prh>ate fines, !me condit10mng, and 
speciai modems permtt rates abo\ e 40,000 bit:./sec. 

S mee many data streams--say. to and from teletypewntcrs--are sl(mer 
than a !ine w1ll admit, severa! dat<l stre:tms may sharc the line banch\íd~h 
(f;cqucncy multipk'o.ing); or \\,e :..an :nterle~1Ve bits or (preferably) ch31é1Ctt:rs 

in t¡:r¡c ttime-dh isíon flm!tiple'-ir.g). A time-divi~ion muHiplexcr/rlemulti
plexcr (or data concentrator/cec~"mcentr3tor¡ imolves;:. bt~fjer memory \\luch 
transfer:; para !le! data bytes to anC: from 3 d:gttal compu ter <'.S nccded, \\hile if 
attempt:; to ttaüs.n.t or rccc:i·;e a sr:ridl data stream O\;;;r th~ comPtur,,catJOn 
link ;11 \eS optimal bit, .c>e (F;g_ 7-1:5] 

"\ JHinico~nputi;r ~~ H · /;cciu.l r:,_:lf,nd· . . LU.ll:...lt~l!J?r.. and :.:onzpu, cr-to 4 co, npulLJr 

imerfac•'S can neatÍ} perfomz data cm;ce,Jtrmion/decm:cemr,Jiion, ustng zts 
core n1C'nzory for bz(Jerinq. In add1tion, su eh a mmicom~'uter communi
catio:·s ..:ontrollc> act<; asan c:>.t.J eme! y f1ex: blc peripheral processor (Sec 7-1 3) 
wl!ich combmes multiplexing/dc'lmltzpicx.mg \\lth man) uscful functions, 

1 Automat1c control umt for d1al!ng 
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7-15. :\iinicnm,;,¡;._,r TilfH.:-•,inri;·,;~ ~y~h:lllS. lscc Reí, 69 to 74¡ Th·~ 

simplcst m • mcompc,! CI tm:e-shctnng ~ystems are fore:_.>r o•.líld:b:1ckgrou nd 
systems (Sec. 3-15), \'.rJJcr. shar-:: thc avallab!c core mcmory an¡ong a h:Lck
ground program, an interrupt-dnvcn foreground progiGt'l, and a s1mpL:: 
time-sharing-executne p1 ogr"am, relying on memory-protection in ten uph 
to pre\cnt ovenHiting (Sec 2-15). Such systems are sc\c,~l; lun;tccl by th'.' 
available core rnemory. 

More powerful tlme-sharing systems swap user programs in and out of a 
di;k or dzsks in response to us<:r-tern:Ít1al interrupts. Each uscr Cdn 
program h1s work a'i though he had sole access to a set of core-metnor) 
pages all !"lis own, a:though these pages are/really disk-resident when he JS 

not looking 
Besides doing a great deal of computing for different users, a t1me-:hann:; 

system muo,t serv1ce mult1p:e teletypewnters and/or CRT ter¡¡,;¡;,tJ;;, ;-:,;e; it 
w11l have a formidrtble e;.,er:utive program to handle th(' dtsk swapping anc! 
file n¡anipulation for severai users. To relleve the JOb proces<>:;x w:1icl! .:lne~ 
the actual computing, one employs an extra m1nicomputer ror ev·.ll t'.' ,¡ 

minicomputers, f¡g í-16) for penpheral processmg tSec. 7-13) a~1c fc:r 
holdmg rnost of the executive program. The tin:e-sha:ing systenL :hu~ 

becomes a wdtiprocessor s_ntem. The mimcomputer holdH,g thc re:adcnt 
executive program takes the role of the master proccs.1or. It re:ogniLes 
interrupts from user-termmal commands and proccssor job-compi<::tic'n 
interrupts, and it 1Ssues pro¿n .tmmed instruction~ to Jmtl<,te d,n ct- rncn:.or'1 -

access block transfcrs of programs and data cet\veen pwce:.sor~ ctnd d:s: ~ 

(see also Sec. 6-12) A mimcomputer JOb processor, thu~ r·:!ie'.e<J ,,¡ I fj 
and executi\e operations, can do respectable BASIC and Füf. fl<r' >: u me 
shanng for up to 32 users, wlth typ1cal access tim..:s below 2 se.~. ·;·¡í:1•> 
sharing file-mampulation commands pemut each nser to prot~·-~: ;,; f·te~. 

lt zs a good zdea to hare an extra processor for red1rndancy 11, C'io;c of 
processor fat!ures. An elabora te t1me-shanng system mÍ!fhl h:r.' t\ u c•r 
more job processors, but the1r simultaneous operatwn \\ 1ll satCJrate a s~ng:.:: 
d!rect-rnemoíy-access bus between processors. At this po1m, onc needs 
mult1port memones and mult1ple DMA buses, and the Inultiproces:,or 
system beco mes more comphcated and expensivc; but \\ ith q u o nttt)
produced modular mterface componcnts th1s \\Jl! be thc dueet1on of future 
developrnent (see also F1g 6-5, Rcfs. 71 and 73). Two mmJCornputt.r JOb 
processors wdl, in all probahdity, rarely work together on the samc JO~.', so 
thty rr·ay not need to comrnumcatc wah eac/1 otlze1 dunng compu!,1lion 

l\HSCEU M\Eül'S APPLICATIOI\'S 

7-l~). .\.1iHictJP1IJUtt:r., '•<ers::s J:leciiOnic D.::s!; Calcul«tors (sce Rcf. 76) 
_.,-f,•ít;,1i:m · t:;"--.{;.1'~\YKlK de{: calct•\aLor;; co~n pcrfo¡ nJ b!rly CO!ltp!.c.ttcd 
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calculations, v.hich can involve trigonon. \í!L- and ex ponen tia! functinm. 
Such machines have multiple rcg1strr~ for storing tntcrmediate re~ult~ anc.L 
can store small programs on magnctic cards. The more aJvanccd desk 
calculator:. can even acccpt inst;ument inputs and may be uscc~ for auto
matic o>cilloscope d1spla) and plutling oí graphs. 

Neverthelesc;, the Slmplc:..t mtnicomputcr progn.1mmed ¡,, comcrsational 
BASIC is incomparably r.~orc powerful and flexible Evcn user:, qUite 
averse to real computer programming can use calculator-rnode commanJs 
(Table 3-2}, e.g., 

lET A = 1.573 - SIN (O 35) 

PRINT B = A - 0.333 

lf you sti!l prefer to punc:h keys instead of typing, 1t is easy to construct 
keyboards whích call arithmetic operations through keyboarr! interrupts; 
since the human operator is relatl\rely slow, the most primi1ive interrupt 
system will do. Desk calculators have only one real advantage over most 
currently available BASIC systems, and that is their 10-digit (decJmal) or 
better precision. Mimcomputer BASIC is usually designed for only five
digit or six-digit precision, and fev .. minicomputer BASIC systems prov1dc 
for double-precision operation, although this could be readily added w1th 
a little effort. 

7-17. Continuous-systcm Simulation. Digital continuous-system simulntion 
employs a digital computer for "experimentation •· with the modeí of a 
physical system (e.g., an.aircraft or chemical proccss) represented by a set of 
ordinary differential equations 

i= l,2, ... ,n 

(system statc equations). The computer svlves these different1al equations 
with vanous initial condition<> and S)Stem patametct s to produce time hbtoncs 
of thc state vana bies ( or of funcuons of thP.sc state \ ariables); one can thcn 
Stt.!dy th(; e!Tect5 of para meter variatiom 0:1 th.: systctt> performance lf the 
computer is fast enough to permir synchmnizdtion ofits tn11e-h1story output 
with a real-time el oc k.' '•('n thc smJUiat::-d s:1ste!n (\peration car. be e, p.:ncnccd 
in real t¡me Re .. d-tim': simulutzon !'-A e~ t' gil·.:' · l :-:-rortancc l!l tr~qmng
type simuldtors St1ch a~ fhght S!P1u;anrs, n.:rospacc-missior. snnulator~. and 
proces:>-control tramers, \\ h~eh perrnit on-'mc rnodlf1catwn of thc digital 
stmulat1on through cxternal-dcvJce tnputs from control sllcks, S\\Ítchcs, 
etc., as well as on-line- instrumcnt-output displays and tdt-table or cockp1t 
motion. 

A training-typr lli¡:,h! ~illlul:: lor, \1 h1ch m él y support mult1plc ere\\ posit1ün:, 
and an instruc · .. , ·lli~0k, lll..l) h.tvc to solvc ovcr 20 h1ghl: nonhnc.tr 

-----------
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d1fTercnttal equations :1nd scrvice of the ordcr of 1,000 imtrumcnt displays 
and cockpit-control mputs (thc lattc; n¡ostl) m the form of dJscrcte-switch 
settings). These form1dable input;output rcqum:ments are readlly handlcd 
v.ith a dtrect-memor)-access system, v.hich can transfer dtscrete mputs and 
outputs a~ mu\tJbtt-register \\Ords (Sec 5-20). Small dig1tal computcrs 
have replaced analog computallon m pr3cttca\1y al! commercwlly ava!labk 
flight simu\ators Sorne 24-bit machines are used in \arge simulators, but 
mmicomputers \\Ill usually do. As a rule of thumb, an l8-b1t 1-JlSCC 

machine (PO P-15, 620,f, Sec. 6-4) \\ 1ll readtly simula te a twin-engined air
craft in real time, using fixed-point arithmetic. Trainmg-type flight 
simulators need not simulate high-speed subsystems such as hydraultc 

servos. 
General-purpose continuous-system simulation, most frequently slower than 

real time, is so important for engineering design that severa! special 
continuous-system-simulation languages have been written for this purpose 
Such languages do a\\ ay With the need to program comphcated integration 
formulas and to plot routines in FORTRAN. One merely types o: carel
punches the system's d!lferential equations in a form iike 

X1' =-A • X2-'- B • S!N (W •T) 

X2' = A • X1 - C • XJ 

Onc adds a number of statements \\ hich specify parameter vaf!Íes (e g , 
A= o 332), initwl ra!ues (e.g., X1 =o, X2 = -1 5), and, if des1red, iteratwn 
programsfor consecutne solutwn runs, plus output requests hke 

PLOT X1, X2. VS T 

Most contmuous-system-simulation Ianguages are batch-processed on 
large digital cor.1 puters. It is, hü\\C\er, poss•ble to do a respectabk 
stmulation (mvoivir:g 20 to 30 nonlrnear d1fferenttal equations and consider
able control programs) on nunico;nputers, especwily if tloaung-pomt 
h:::rd~~tare options are avatlable. The accesstbtl!ty of the mm1computcr 
makc'i 1t poss1ble t<) obtain so1utioas 011 .'¡r¡P- by typmg differentlal equat!Ons 
dtrcctl) or: an alph2.r.umenc CRT and to obtJ.1!1 ~o!ut;ons on an adJaccnt 
simpk .s,raphtc displá) (Ftg 7-13), YJ the user ccm im'11ediately assess tlu: 
effect oj LCI') 117g paromr::tcr5 a•1d :;fl¡er program changes, a very uscful feawrc 
Thc fir ;t on-!m•: rn::¡!··or, r·LllCí ~ tnn· at!c•n system of thls rype was dcvclop-::d 
at t~c tJ ruversi ty e/" r\ L ~Lona u r1Cct L. S g'J\ ern~-fH .. nt ~r~\Jnsorsh;p us1 ng 8 
l6K P~)I'-'1 or PIJ1)·15 v:ith lf)¡( t.nd a snmll dtsk (P;·oJCC: DARF, fot 

dlfl~crentt:.tl (;f¡ tJ:,~'(r rcpiJc~,Tir;r:-~ 
DARí:·t)'í)(; sím.: :cÍCll' ~-;m re¡:: .. .:~ co~1H"r.tiom1l an,· 1Cf:, somputat,of' ;n 

mc.nj áppiKatior.•; 0;~ a. rrHmcc;:L~)l:tcr, though, se,: k -"~·doí-fn·,: i!oattng 
p01nt comp,no.ti'ln'- ,1Jc tdO s!r;\\ to ¡•err:Ú, s~·y. tr:c.c-dim·2!lSJOnui ~;·,;hr 
;,irnuJaticn Ín l"Cdl t;rnc: el SÍrr:pJc 12-CC¡ll:it!•:•n ,,,~¡-.__;.;¡"::·c. qmul;•t¡on !ll\•OJ''l!lg 

o 
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a few function g::ncrat1on> an•l tri<>ollomctricai tnnsi< ,- · t ~ ·o~- L .J¡j J"' .lt;~O 

admtt :-la!c-vanah~·: chang:::s Vdth frcC¡UC!H.:y COfllp0!1C!ItS fa:,Lr·r than 1)] Jlz 
(Ref. 6~). f'or th1s rcaS(';,, Prowct DAR[ al~o dc\clop_.¿; a jLw!:p01 ,;; 

sm:u!atwrz .\)Jtem em¡>lo:¡ ¡;¡g the macro-block te:::hn1c¡L:c outllli~C~ 1n S::c. 
4-22h to gc¡,t;r~~ te ass:::rr1 b!y-· <: n ?.U a ¡¡:e proí'rams capa 'ole of \ c1·y' r~ t ~ .-. -· 1t e n ~ ._ ._. o ld).t,.;•,~..-CL , J.1. 

DARf.: Jf pnr:11 1.., r,¿,J-tim~· f1·ght snnulatt•.'•l usmg a PDfJ-15, thf :>cd
pomt vari<tbie~ must b ~c.~! e·.! m thc mannet of Sec. l-8, JUSt as 1n anah,;
comp~tc~ sirn'.l!atiun (Re;. 6?; D.'\RE II ¡¡¡¡-?gratwn stcps car: oc ~;~1 -
chronizea wtth a real-tirne ciock, so DARE Il can be u:>cd ,. 1·L'r1 '~n;.lrrr 
0 

' 4-wd >Uo 

mputs and outputs (e g, il1ght stnlU!atwn witn a human pi!ot w thc: Jeoo. 
partJa!-sy~~em test of autopJlot cornponents on a tilt tablc). · 

í-18. Hybrid Analo¡~/Digital Computation. H~brid c>Jrnptó.:L ·'·!rk!y 
empl~'yed !or fast contmuous-system smwlation (espccially 1n thc; <:~<J~¡•J.:•·, 
c~em¡ca!, and nuclear-rea:::tor desJgn arca:;), combir . .:: d1g1ta: ·:OL!rJuLer, 

w1th analog computcrs (clcctromc d ,fferwtial ana!y?ers) whcre e,: J, , ... ,, v 
d~ff~r.::ntw.l equations must be solved more qUlckly than !S po~sd:.lc \' n;, 
digJt_al_ computers aione. Such computmg tccln:ques are dc~r rin:t.! ,r, 
deta!l m Ref~ 66 dnd 67. Hyhrid-computer applkati•)lh f:!ll ini.-;1 tÍm'.:: bz·~::d 

classe~: 

l. Digital-computer control of (one hopes fast) all:.J!og compufutlon" Tk 
analog cornpl't..::r sol\eo;; a dtfferentiai-equatlvn system m,mv t•rm:s 

wit? dtfrerent sy..,tem parameters or 1mtJal condltions suppl!~~; by a 
d!gital-comp~lter program, whtch also eva!uates the analog-sun.!':tf'd
system performance afte; each d!ITercntial-equatJOn solv:uQ rLm 

Principal appltcatiom m vol ve iterathe optimization of s-1m e -~vs~c· 1-; 
performance measure (e.g, controi-system error) by tr·.; ,¿¡_21 t·:í· 
computcr program, and digital accumulation e~· st;;.;h:tié':·· :·r,_~m ;;. 
samplc of analog-computer runs v,¡th random inputs U\'~ontc Car)o 
simulation). 

2. Combined analog/digital simulation. where the drgttal compute:: and 
mterface actuall; com·ert and process simulatecl-systcm \·anabico :md 
return computcd outputs through digltal-to-analog conveners mto 
the Slmtilated system An espcctally importan! applicatton 1 ~ di~ítal 

stcr~ge and table Iookup of empírica! functions nccdcd by the a n~tlo::; 
computcr 

3 Simulation of actual digital computing equipment m s1muÍated an.:tlog, 
digital control. gn¡dan.:::, and r:ommEmcation s~stcms. · -

Each hybrt•]-<:cr¡~íldtcr s;.stem rcqlllrc-> an analooídinital interface or 
,. ~ • t-o. b 

lim;ng¡· compi :smg multtpie'xr; ana!og-to-digttal com cncrs. multipk dt<::tU l-
t~'1;-a~ 'l~-~a "'n ,--.rt,... J ~· -, 1 , -..¡ · ~ · .... '" ·'· ,, ::_, c,;n\c. 'rs, O::Clv•-"~ mtrrlaetng f,x swttchtng :malog-computcr 
co:npo:,<'nt'' l~o~:,¡tJÍ) ev..::- mcluding d1git:~l control of dnalo!C-cornputa -
patchin.t,', :wd scns,' atx! mkrn.pt !Jn:.:s. ~ 

o 
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Dtyital control <1 m:ol!'g compurar'on is a natural application for mmi
compurers, so much so that e\ en mejium-size analogihybrid computcrs 
oiten mcorporate a minicomputer asan integral part ofthc analog-computcr 
consok. Closcd-loop. combmed analo~/dtqital simulation, wh1ch is subject 
to sc-.,cre samplc:d-data frcquency-response errors, IS a by f.u more d1fftcult 
and cumbcrsome tec}"lnique and applles rnainly to rcal-ttrne or fast-time 
simulation of large sys~ems \\ here all-digital simulation m ay stlll be too slow 
or too expensive. Becaus.: such problems are usually largc- ones, a mini
computer may lack sufficient ~omputing power unless fixcd-pomt arithmetic 
i5satisfactory, but this exclud·:s FORTRAN programming. The simulation
software systems of Refs. 63 and 6S (see also Sec. 7-18) replace or simpllfy 
asscmbly-Janguage programming for fixed-point computations. Another 
possible apphcation of minicomputers in combmcd analogjdigital ~imulation 
is in lp;:.:id-purpose h_¡ bridfunction generators (Ref. 67). 

1·19. Editing and Typesetting. Minicomputer editmg software (Scc. 
3Gl6b) was originall:,. designed mainly for editing computer programs. 
Similaí programs are directly useful for editing many types of reference lisrs 
which require frequent updating, e.g., catalogs, invcntones, directones, and 
time tablcs. As noted in Sec. 3-16b, the best way to perform such edíting 
operations is with the aid of an alphanumeric CRT terminal. 

With the cxpansion of the character set to incorpora te lowercase as well as 
uppercase letters, on-hne minicomputer editing becomes applicable to 
genera! texr material in letters, reports, and books. An early application 
was on-line computcr iusertion of d1fferent names, addrcsses, prices, and 
account numbers in form letters stored on magnetic tape; a single tape unit 
can control multiple electric typev.riters. 

Typcsetting machines for both hot-metal and photocomposition type 
tand, m particular, machines for setting newspaper type) mually accept 
ínputs from punched paper tape a~ \>el! as from keyboards. Tapes are now 
commonly prtpared \\ ith thc a id of minicomputer programs v, hich acccpt 
unjustiftcd arK~ unh:, ph;::nated paper-tape or kcyboard tnput anc convcrt 
1t to justd-:ect, h.\ ph<:nated fo1 .11. Th;;:~::; programs takc account ofthe dlf'íneqt 
charactcr ,•¡idlh': and ¡¡ us '>ave saacc aucomEtically. Sucb systemc, produce 
text, adveitiscmc:1ts, and hcadi~g~ m >arious formats; they can set upwarcl 
of 10,000 lmc<;fhr; r,cv.spJper itc:::.s or headmgs •.vhtch rc:occur da!ly can be 
swrcd on if,c compt.:ter d1sk or magnrtic tape. 

Cornbínat;on of mmicompt..ter p;ugrams for on ·ltrc tcxt cditing ancl type 
preparatton offcrs espe::ia!ly intngc11ng posstbllities for ultrafast preparat10n 
and updating of ne,, s bulletins and reports. 
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147 
29-1 
58!) 
179 
3.)!) 

719 
43b 
877 
755 
511 
023 
0-H.i 
UQ3 
¡gr. 

372 
7H 
4RS 
•no 
953 

1 
2 
4 
8 

16 
32 
65 

131 
262 
524 
048 
097 
194 
388 
777 
551 
108 
217 
435 
870 
741 
483 
967 
93-l 
869 
738 
-!76 
933 
\106 
813 
627 
253 
5il 
022 
(lH 

088 
177 
a;,5 
ílO 
421 

1 
2 
-l 
:-\ 

16 
3? 
6~ 

12~ 

256 
512 
024 
0-18 
096 
192 
38-l 
768 
536 
072 
1H 
288 
576 
152 
30~ 

60S 
216 
432 
864 
7::!8 
456 
912 
82-! 
64~ 
2,)f, 

592 
l~-1 

3GS 
':'36 
-i'i2 

94-1 
8S~ 

77tJ 
;).j-.:? 

101 
2(¡-; 

416 
8'32 
66-1 
328 
().){) 

312 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
a~ 

34 
3.'i 
36 
37 
38 
39 
40 
41 
42, 
43 
4·1 
45 
4ü 
4i 
48 

o 

1 
2 
4 
9 

¡g 

39 
7\J 

15-S 
316 
e;n 
2f;J' 

l 
2 
4 
9 

18 
36 

1-!l 

2S'> 
.'176 
1.'12 

2 305 
4. 611 
9 223 

11'! 44G 
36 893 
73 786 

J 4'1 573 
295 147 
590 295 

1 180 5\H 
2 36! 183 
4 722 3G6 
9 4H 732 

18 88() -16.') 

37 Ti8 931 
75 557 863 

151 115 727 
302 2'H 
604 462 

1 208 92.'i 
2 417 851 
4 835 703 
9 671 406 

19 342 8l3 
38 6S5 626 
77 371 212 

15-l 742 504 
309 4S5 009 
618 970 019 
2a1 9-W 03!l 
475 880 OiS 
951 760 157 
U03 520 314 
<;Oi 0-10 62.'. 

614 OSl 217 
22S Hi2 51! 
-1.16 32.'i o·)~ 

0u 6.:io o.:.; 
'::~5 ;)tJG lli 
f;.:.o 6UO :t2" 

4'i.i. 
909 
819 
639 
278 
556 
113 
22~ 

-155 

910 
sn 
6-12 
255 
570 
141 
2-.3 
566 
132 
2íl-l 
s:.:s 
037 
!ll 
221} 

12.) 

251 
503 
007 
014 
028 
057 
115 
230 
4GO 
921 
843 
686 
372 
74<1 
483 
976 
952 
905 
810 
620 
241 
4S2 
965 
931 
S62 
7:?3 
451 
90.3 
807 
614 
22') 
45.': 
91'1 
S'3-l 
6ó:-. 
336 
6:'2 
"·-,) ¡,¡) 

6UO 
3SO 
760 
521 
042 
OSI 
168 
337 
675 
~}0 

itl•J 
!01 

S9\J 
íCi') 
5!l:l 
lfJ') 
3r,.;: 

797 
594 
188 
376 
752 
504 
OOft 
018 
036 
073 
147 
294 
589 
179 
358 
i'l7 
434 
869 
739 
478 
9.')7 
91~ 

S2S 
6)7 
31-! 
6:2fl 
2.)S 
,')Jt) 

03.3 
06ti 
1'33 
2Gi 
5~-1: 

OGS 
137 
21-1 
.'i-19 
09() 
l'l\l 

3oJS 
7<lG 
ii\1.~ 

!Si 

~·cG 
81'3 
627 
25-l 
50() 
018 
037 
075 
151 
303 
606 
213 
427 
85-i 
709 
419 
838 
676 
352 
i05 
411 
822 
645 
290 
580 
161 

6,16 
293 
587 
li-t 
~-El 

6DS 
3fli' 

i\15 
5()0 
!SI 
362 
72-! 
419 
S\19 
79S 
59G 
!02 

3S5 
771 
543 
OS7 
l i'j 
3.íl 

8t2 
tJS) 
310 
740 
.,¡;;;¡ 

9G'~ 

927 
35.5 
711 
423 
8-16 
693 
3S7 
7i5 
551 
]()3 
206 
412 
825 
6.31 
303 
60('. 

213 
4:~7 

851 
709 
HQ 
838 
676 
333 
i06 
412 
82-! 
u.J~) 

2llS 

.sn7 
1'15 
3~10 
;,..,¡ 
562 
12-! 
2¡.;: 
4\)6 
\)\1.3 

\).-;¡ 

D75 
\1 ii) 
90;) 
~lll 

602 

{4¡ 

-!S':< 
976 
9o2 
!)O! 

;-., 
;,1) 

51 
.52 
.')'3 
.'i4 
.)j 

-5G 
57 
5S 
.)'J 
60 
61 
62 
':\3 
6-1 
6.3 
bC 
67 
6$ 
G9 
,'1) 

\1') 

7ll:l 20.i 31 íl tl'O ·---------o------------ -2(1-, 



API'I '\DI'\. RI'F[Rr'\Cl T \BU.S 268 

-------------------------
X 

O (){JI 
J f't)~ 
l) ttt:l 

0 PC~ 
o Q1¡5 

o 1)()6 

o 007 
O OOh 
0009 

l' 
1 00061J :,3~ 1~ 6~5S1 
1 oo1·3~ 7c5)7 11335 

1 0020~ 160'0'9''' 
1 00~71 64359 01078 
1 00347 174S5 09503 
1.0~16 75432 38973 
l 00436 38204 23785 
1 00556 05803 98468 
1 00625 78234 97782 

·' 
o 01 
0•02 
o ¡)3 

0\H 

'o 05 
o 06 
o 07 
o 08 
o 09 

,. 
1 00695 S55ü0 56~1Q 
1 013954~-,· qu,J29 
1 0~1u1 :r~~-~~-:..;~ 
1 02f.ll ''='' ''(,',7 

l 0352649:3~ ~1377 
1 ~246 5760S 41121 
1 ~971 66336 23067 
1 05701 8~05 61380 
1 06437 01824 53360 

·' o 1 
02 
o 3 
o~ 

05 
06 
07 
08 
09 

2' 
'07177 )J625 36293 
1 t4oW ~3549 'POJ5 
~ 21!J4441334~ 1Jló 

l 319'0 7YI07 7~1<'1~ 
l 41421 35623 73ú95 
1 515 71 65665 10398 
1 62450 47927 12471 
1 74110 11:65 92248 
1 R660ó 59830 73615 

10 .. IN OCTAL 

10" n to~· 

1 o 1 000 000 000 000 000 000 00 
12 1 o 063 146 314 631 463 146 31 

,44 ~ ~.oas ll7' ~4! 2 '7 2;o 243 66 
1 750 3 o 000 ~ú6 111 564 570 651 77 

2}420 4 000003215561353070415 

10" n 
112 ~02 762 000 10 

1 351 035 564 000 11 
16432451210000 12 

221411634520000 13 
2 657 142 036 440 000 14 

w-· 
o 000 000 000 006 676 337 66 
o 000 000 000 000 537 657 77 
o 000 000 000 000 0~3 136 32 
o 000 000 000 000 003411 35 
o 000 000 000 000 000 264 11 

30J240 5 00000024761326107066-1 
) 641100 6 o 000 000 206 !57 364 055 37 

46113200 7 000000001532774515215 
575 360400 8 o 000000001257143 56106 

7 346 545 000 9 O 000 OOi) 000 104 560 276 41 

34 327 724 461 500 000 15 o 000 000 000 000 000 022 o l 
434 157 115 760 200 000 16 O 000 000 GOO 000 000 001 63 

5432127413542400000 17 000000000000()00000014 
67405 553164 731000000 18 000000000000000000001 

n lllg, 0 2, n log2 10 1" DECI~AL 

,¡ - ::iog 1-0 1 
! o 30102 99957 
2 o 60205 99913 
3 o 90308 99870 
4 1 20411 99827 
S 1 50514 99783 

11log, 10 
3 32192 80949 
6 64385 61898 
9 96578 42847 

13 28771 23795 
16 60964 04744 

n 
6 
7 
g 
9 

10 

n log 10 2 
1 80617 99740 
2 10720 99696 
2 40823 99653 
2 70'126 9961 o 
3 01029 9956ó 

n log 2 10 
19 93156 85693 
23 25349 66642 
26 57542 47591 
29 89735 28540 
33 21928 09489 

ADDIT!ON AND MULTIPLICATION TABLES 

o 

Add1~con 

o+ o : o 

0+1=1+0= 1 
1 + 1 = 10 

Bmary Scale 

Octal Sca1e 

01 02 03 04 0) 06 07 

Mull1phc•t•on 

0 X 0 = 0 
0 X ( = 1 M Ú = Ú 

l X 1 = j 

1 . o~ o:t o.¡ os or, 01 . 
_.__---~-------

2 ' 04 OG 10 1~ 14 !IJ 
~f.---------------

1 
2 
) 

4 
5 
6 
7 

02 03 04 os 06 07 1 o 
03 04 05 CG 07 lO 11 
04 05 06 07 10 11 !2 
os 06 07 t o 1 1 12 t 3 
Q(¡ 07 1 o 11 12 13 14 
07 1 o t 1 [2 13 14 15 
lO 1 ¡ 12 13 14 15 16 

06 t 1 14 1 7 22 ~) 
4 10 14 20 24 30 34 
S 12 17 H 31 36 43 
6 14 2? 30 )6 44 52 
7 ; 16 25 3.1 43 S2 61 

MAl!ICM.I\liCAL CONSl-'."-1~ 1:" OClAI SCAIF -- - -- -~--- -- -- ----- - --------------- --

!1 = 311037 552421, 
lt- 1 = 0.24276 30!556, 

e = 2 557G0 521305, 
f!-i =o 27~26 530661~ 

. 0·147~2 1477(!7. 
In; = -0 431~7 233602, 

log,; = ·-0 6~573 030645, 

. ./2 = 1 32401 í463:'0. 
In 2 = O 54271 027760, 

,¡.~ = 151337611067, 

In" ~ 1 11206 404435, 
lo¡;, " = '1 '>! 544' 1 (,3223. 

¡¡,; ~ J 12l05 4onr.7, 

----------

Je :" 1 51411 230704. 

log 10 e = O 33(,26 754251, 
•lng2 e- =-- ·1 3~252 J 66~<!5d 

1og
2

10 = 32~!()"~..,~1136, Ir. 10 ~ 2 21273 Oh715S, 

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

Q 
1 

T,\í:l f. \-.l. Oct.oi-Dctim.tl L _,,, (nn•cr~iun Tahlc. 

----------

Octal 
10000 = 
20000 = 
30000 = 
40000 = 
50000 = 
60000 ~ 
70000 = 

Decimal 
4096 
8192 

12::!88 
16334 
20450 
24576 
28672 

----------------
X 

ox 
lX 
2X 
3X 
·!X 
5X 
6X 
7X 

lO X 
llX 
12X 
13X 
14X 
lSX 
16X 
17X 

20X 
2IX 
22X 
23X 
2-tX 
25X 
26X 
2iX 

30X 
31X 
32X 
33X 
34X 
35X 
36X 
37X 

40X 
-ux 
42X 
43X 
4-!X 
45X 
46X 
47X 

50 X 
51 X 
52 X 
53 X 

o 

o 
8 

~6 

Z4 
32 
40 
48 
56 

64 
72 
80 
88 
96 

104 
112 
120 

1 
\) 

!7 
2.j 

33 
41 
49 
57 

65 
73 
81 
89 
97 

105 
113 
121 

2 

2 
10 
18 
26 
31 
42 
50 
58 

66 
74 
82 
90 
98 

106 
11-l. 
122 

3 

3 
11 
19 
27 
35 
43 
51 
59 

4 

4 
12 
21) 

H 
52 
60 

5 

5 
n 
'21 
2!) 

45 
53 
61 

67 68 69 
75 76 77 
83 84 85 
91 -92 93 
99 - too~ 101 

107 108 109 
115 116 117 
123 124 12.5 

6 
H 
¡,_¿ 

:JO 
3S 
-16 
54 
62 

70 
78 
86 
94 

102 
110 
118 
126 

í 

¡o 

15 
2'l 
31 
3!) 

47 
55 
63 

71 
79 
87 
95 

103 
111 
119 
127 

128 129 130 131 132 133 134 13v 
136 137 138 139 140 141 142 14J 
144 145 146 1·17 148 }4\) 150 151 
152 153 154 155 156 157 15S 159 
160 161 162 163 16-1 165 16G 167 
168 169 170 171 172 173 174 175 
176 177 178 179 ISO 181 182 183 
184 185 186 187 188 189 19() 191 

192 193 194 195 196 197 198 199 
200 201 202 203 204 205 206 20i 
208 209 210 211 212 213 21& 215 
216 217 218 219 220 221 222 22J 
22~ 225 226 227 228 229 210 23: 
232 233 234 235 236 23i 21S 239 
240 241 242 243 244 245 246 2~7 

248 249 250 251 252 253 231 255 

256 237 23S 250 260 261 262 2G3 
264 265 26~ 267 268 269 270 211 
27:.! 
2S!'· 
::!8", 
296 
304 
312 

21a 214 215 216 ,, .... , 
. '· 

2i7 
;:¡;;; 

}S~ 2VU 2Ul ~~~ ~~3 

297 29S ~99 300 301 
305 306 307 3US 30~1 

313 314 315 31G 311 

2iS 27\l 
?SfJ 237 
29-l 2~1j 

302 303 
310 311 
3lS 31'.) 

3~0 321 322 323 324 323 326 327 
328 329 3;)(l 331 332 3:~3 33-~ 333 
336 337 338 339~ 3~0 3~1 312 313 
341 3~3 346 347 318 3~0 350 351 

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



X= 

54 X 
55 X 
56 X 
57 X 

60X 
61X 
62X 
63X 
64X 
65X 
66X 
67X 

70X 
71X 
72X 
73X 
74X 
75X 
76X 
77X 

100X 
101X 
102X 
103X 
104X 
105X 
106X 
107X 

llOX 
1l1X 
112X 
113X 
114X 
ll.'íX 
llBX 
117X 

o 

352 353 
360 361 
368 36\1 
376 377 

2 

3H 
36::? 

3 4. 5 

355 356 35~ 

363 361 365 
371 372 373 
3;9 3SO 3~1 

6 7 

355 359 
31)6 367 
37-! 375 

383 

384 385 3Sf, 3S7 388 3S9 390 391 
392 393 3~4 395 396 3~7 39S 399 
400 401 40~ 403 404 405 406 407 
408 409 410 411 412 413 414 415 
416 417 415 419 420 4~1 422 423 
424 425 4::?6 427 428 429 430 431 
432 433 434 435 436 437 438 439 
440 441 4.42 +43 444 445 446 447 

448 449 450 451 452 453 454 455 
456 457 45S 459 460 461 462 463 
464 465 466 467 468 469 470 471 
472 473 474 475 476 477 478 479 
480 481 4S2 4S3 484 455 486 487 
488 489 490 491 492 493 494 495 
496 497 49S 499 500 501 502 503 
504 505 506 507 508 509 510 )11 

512 513 
520 521 
528 529 
536 537 
544 545 
552 553 
550 561 
568 569 )70 

515 516 517 518 519 
523 524 5~5 526 527 
531 532 533 534 535 
539 540 5~1 542 543 
547 548 5~Q 550 551 
555 556 557 558 559 
563 564 565 566 567 
571 ,572 573 574 575 

576 577 57S 579 580 
581 583 5~6 557 5SS 
592 393 5'!4 5Q3 590 
r.oo 601 e/•'> 603 60! 
608 609 610 611 61? 
616 617 GlS 019 6?.~ 

582 583 
.')')0 591 
5\JS 599 
606 607 
614 615 
6'22 623 
630 631 
6'38 639 

624 62'i 
G32 6.'3'3 

• ¡; ,_ ' 617 62S 
O::,).j 63'j 

120X o 1·1 t>-í 1 ¿.~-, 64t) t)H 

r~',3 6.54 655 
Vil 61)2 GG3 

121X 611\ c.;·; 
122X t;;,G G~,7 

123X 664 GS~ (·.·, 

124X G72 {,7'3 C ~ t;T:-; 
l?íX 6~0 6'.·1 r,<! G'S:J 
12fJX 58g l.iS'J &;'::0 6')J 

1~7 x ____ (._J_ GS7 _'-~''-)-6'J3 

r,;_:_, C. 70 671 
e;-·¡ Gi8 Gi() 
fo''i 686 687 
C·'3 W-1 6'J."; 
7•,1 702 703 

Octal 
100000 = 
200000 = 
300000 = 
400000 = 
500000 = 
600000 = 
700000 = 

Decimal 
32768 
65536 
98304 

131072 
163840 
196608 
229376 

1 t\ HU: A-.'\. Octal-Drcimal l¡,ft ;.:>·l ( nn ., · ,, , ' 1, 

·------------ ------·-· . 

Octal 
1000000 = 
2000000 = 

3000000 = 
4000000 = 
5000000 = 
6000000 = 
7000000 = 

D~cimal 
262144 
5:24288 
786432 

1048576 
1310720 
157286·1 
1835008 

13fJX 
13lX 
132X 
13:3.': 
1.1-t.Y 
135X 
i36X 
137X 

140X 
141X 
142X 
143X 
144X 
l45X 
H6X 
U7X 

l.''iOX 
~5!X 

152X 
153X 
l<'HX 
155.\" 
156X 
157X 

160X 
161X 
162X 
163X 
164X 
165X 
166.\" 
167X 

170X 
171X 
172X 
173X 
174.\" 
17.JX 
176.\" 
17íX 

200X 
2f:l_f 
20:?X 
203.\" 
20-L\ 
20.iX ------------------. 

o 4 5 c. 

704 70~ ;os 707 7G; 10~ 110 111 
7 1:! 7 !.3 ;"14 ;-¡,:; i i 6 ; 17 7 1 S 71 ~~ 
720 721 
;::>~ ;2~ 

j' ~6 j.3;' 
7H 745 
752 7.53 
760 761 

712 72'3 :-24 
730 731 7.3,! 
7 3" 7 .'3'1 ;- -;1¡ 

7H\ 747 7-l" 
754 755 75& 
762 763 764 

-r; • 1 ,_, 

7-!2 
i.)ft 

¡;,~ 

76('. 

7.!7 
735 

¡~ jr .1 

iGi' 

768 769 770 771 77'2 7i3 íí 4 7i.) 
776 777 i78 779 iSO 78l 7~2 íS~ 
784 785 786 787 788 78'1 'I'JrJ 791 
792 793 794 79.') 796 ¡cq 7•¡S 7P9 
800 801 S02 803 80-t ~05 80C 801 
80S 809 810 811 812 gl~ 81~ &1~ 
816 817 SlS Sl[~ S2ll b21 '~ú 52:: 
824 825 826 '827 828 SJS 8.30 g:3 J 

832 833 834 83.:; S% 8.3'1 11~:~ 1:.·;0 
8-10 8-! l 842 84~1 S-14 8-\.; 'S4~j 'i-l7 
848 849 850 851 852 8.".3 r,;;~ F5'i 
856 857 858 839 860 861 862 66l 
So-l 865 S66 S6i sf:-: 869 8:-n s; J 
812 813 8i4 813 875 87, X/1 ~;g 
880 881 SS2 833 s,q 3~3 ¿,;.~ ~~;,¡ 

888 ísS9 890 se¡¡ S92 s~n 8\'-1 i,\i.í 

896 89i sgs 899 goo 90t ~o:·: 903 
90-1 905 906 907 90S 90:.! ·JJ t1 01 l. 
912 913 914 915 916 917 ~JQ ~19 
920 921 9::?2 923 9°4 125 02~ 927 
928 929 930 931 932 '}'33 931 ~35 
936 9~7 93S 939 910 9-11 9l2 913 
944 9-!5 946 947 9~S 919 900 951 
952 953 954 955 936 g,:¡¡ 9.5S 95'.} 

960 961 962 953 9EI 965 966 967 
968 969 970 971 9;"2 973 974 975 
976 977 978 9i9 9SO 951 982 933 
9S4 9S5 986 9S7 93S 9SV 990 901 
992 993 994 99~ S8G 907 90S 9)9 

1000 1001 1002 1001 1~)~ 1005 1006 1007 
100S 1009 1010 1011 1012 1013 1014 1015 
1016 1017 1U1S 1019 10~U 1021 1027 l02i 

l024 1025 10:?6 1027 102S 10::?0 1031l 1031 
103~ i~i3 1034 1033 103J !037 1035 1039 
1(~0 1011 104::? 104'3 10!~ 1015 10~6 10\7 
104S 1019 1030 lOJl 1052 10~3 103! 10~5 
1 ·.¡· 1fl.'J7 105S '03::1 IOGO 1001 10G2 IOG:3 
1'' . · ·" 'f1•1t' 1067 lOoS()[l 107U 1071 

---- --~-- ----- -----
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X= 

206.\ 
207X 

210X 

f.!l:\ 
212.\ 
2I3X 
214X 
215X 
216X 
217X 

220X 
221X 
222X 
223X 
224X 
~~5X 
226X 
227X 

230X 
23q' 
232X 
233X -- .. _,. 
~.,)Jt¿~ 

235X 
236X 
237X 

240X 
2-UX 
2-12X 
243X 
244.x
~15X 
24~L~{ 

247X 

?50Jf 
;n~LX 
&;¡s;_.r 
2!j1)f 
2·~4X. 
25.5~ 
25~X 

2,5? -~· 

(J 2 3 5 6 7 

1072 1073 1074 1075 1076 1077 lOiS 1079 
lOSO 1081 1052 1083 10S4 10S5 10S6 10S7 

IOSS 1089 lODO 1091 1092 1093 109~ 1095 
1096 1007 1098 1099 1100 1101 1102 1103 
1104 1105 1106 1107 110S 1109 1110 1111 
1112 11;3 1114 1115 1116 1117 1118 1119 
1120 1121 11~2 il23 1124 1125 1126 1127 
1128 ~129 1130 1131 1132 1133 1134 1135 
1136 1137 1138 1139 1140 1141 1142 1143 
1144 1!45 1146 1147 1148 1149 1150 1151 

1152 115~ 1154 1155 1156 1157 1158 1159 
1160 1161 1162 1163 1164 1165 1166 1167 
1168 1169 1170 1171 1172 1173 1174 1175 
1176 1177 1178 1179-1180 1181 1182 1183 
1184 1185 1186 1187 1188 1189 1190 1191 
1~9~ 11~~ 1194 ~195 1196 1197 1198 1l99 
1~00 1201 1202 1203 1204 1203 1206 1207 
1208 1?09 1210 1211 1212 1213 1214 1215 

~216 1217 1218 1219 1220 1221 1222 1223 
1224 1225 1226 1227 1228 1229 1230 1231 
1232 1233 1234 1235 1236 1237 1238 1239 
1240 1241 ~242 1243 1244 1245 i24G 1247 
\~40 1249 1250 1251 1252 1253 1254 1255 
1256 125? 1258 1259 1260 1261 1262 1263 
1264 12~~ 12~6 1267 1268 1?69 1270 1271 
127? ~273 1274 121a 1276 1277 1278 1279 

1~80 128,1 1282 1283 1284 1285 1286 1?87 
1288 128~ 1290 1291 1292 1293 12!H 1295 
1~96 129.7 1298 12!l9 1300 130,1 1302 1303 
1304 13Q5 130.6 1307 1308 qo9 J3lo ~311 
1312 1313 1314 1315 ~316 l~l( ~318 13~9 
1320 1321 1322 13?~ 1324 13~5 1326 13?7 
1?2& 1a29 I33o 133.1 13.32 13éii' F'~"- !335 
<3.3~ 13,3Z 1338 1339 1340 124 ~ 1342 ~3·13 

q44 13"15 13,46, q-t7 1:348. q49 1350 13il 
1352 135~ 1354 135,5 13'56 1357 13jS q59 
135,0, 1361 1.352 1363 1364 1355 1360 13G7 
~iGs, \3Q,9 13(q i3h \~7? 1:::73 137-t ~3(5. 
l ?.7G ~~(7 13(1~ 13'7,9 1380 1,~31 l '382 1383 
l?R:~ 13.8.). qso I_3s_¡; !3.88 t::\89 1390 1391 
1~92 prJ.3 1394 13~15 l'::fJG !3')7 13!)8 1399 
140.0 qo1 140~ 140::1 1404 1-tO.>. t40G !407 

2GOX 1~0~8 14,0'J 14,10 1411 1412 1413 1414 l4!.'J 
:!GICX l41G. 14_l7 14)8 111') 1-120. 1421 1422 1423 
2C2X 1421 1-12rJ 1·VG 1·1:?7 1428 1429 1·1:30 1·Bl 

Octal 
10000000 = 
20000000 = 
30000000 = 
40000000 = 
50000000 = 
6QOOQOOO = 
70000000 = 

Dcrirnal 
2097152 
419-!304 
62914.56 
8388608 

10485760 
12582912 
i4680064 

1 Al:t.• \-.•. Octal-D,n:-p,\1 lnttgcr Con,lr-ii"n 1 ab!~ ¡( .;, :.• •.'G, 

Octal Decimal 
100000000 "" 16777216 
200000000 = 33554432 
300000000 ~' 50331648 
•!00000000 = 67I08S64 
500000000 ~- 83886080 
600'JOOC0ll = 10066.3296 
700000000 = 117440512 

---:--::-=:==-:::···--·----
X= o 

263X 1412 H3.'3 141-~ 1415 1-E) l~'ii 14~:, 11':~¡ 

264X H-!0 1441 144:? 144'3 14-í-! 1 ;.;) 14H) 1 t ;7 
2o5X lH>; 1449 H50 1451 1452 1-\)3 1-1~1 l F.'i 
'?:56X 14.56 14.57 14.5S 14.59 1 F{l 1-f':l 1: '! l.)f,'', 

267X 146-1 HG.5 14~6 1~67 P· •, ~-··"·J H:U Hí't 

270)( 1172 1173 1474 1475 14:6 1477 !478 !479 
~71X 1480 14~1 14S2 1483 14~4 1435 1-1'36 1437 
~72X 1~88 1439 1490 1491 1492 1491 1-104 HQ5 
27~X 1496 1497 H9S 1499 15•!0 !.i01 1.102 15'J3 
274F 1504 1505 1506 1507 15os 1.so9 t31o 1511 
~75X 1512 1513 1514 1515 I.'i16 1.517 !518 1519 
?i6{( 1520 1521 15~2 15~3 1524 1.52.5 1.526 1527 
277X 1578 15~9 1530 1531 1532 1533 1534 1535 

3Q9!
~01X 
302X 
303X 
304X 
305X 
306X 
307)( 

310X 
311X 
3l~X 

313X 
314X 
~15X 
316X 
317X 

320.\' 
321X 
322_\' 
323.\ 
32<L\" 
325X 
326X 
327.'( 

1536 1537 1538 1339 1540 15·!1 J 542 1543 
1544 1545 1546 1547 154S 1-549 1550 1551 
1552 1553 1554 1555 15.56 1557 1558 1559 
1560 1561 1562 1563 1564 1565 1566 1567 
1568 1569 1570 1571 1572 1573 1574 1575 
1576 1577 1578 1579 1530 1581 1582 1583 
1584 l5S.5 15S6 15S7 15SS 1589 1590 1591 
159~ 1593 159~ 1505 1596 15~7 lq98 1599 

1600 160~ 160~ 1603 1604 1605 160G 1607 
1608 1609 1610 1611 1612 16!3 1614 1GJ5 
1616 1617 161S 1619 1620 1621 1622 1623 
16~4 1625 I62o 1627 l62S 1629 1630 1631 
~632 1633 1634 1635 163o 1637 1638 1639 
1640 1641 1€42 1643 1644 1645 1646 1647 
1648 1649 1650 1651 1652 1653 165,1 165.5 
1656 1657 l63S 1659 1660 1661 1662 1663 

1664 1665 1GeG 1667 l66S 1669 1670 1671 
1672 1673 16;4 1675 1676 1677 1678 1679 
1680 16~1 1G~2 l0S3 1GS~ 16S5 16SG· 16~7 
16SS 16~P 10~0 16>)1 lc92 1ó93 169-1 1C0.j 
1696 1697 1698 !6U9 17CO 1701 1702 1703 
170-1 1705 170i\ 17(•7 170~ 17tl9.17JI) 1ill 
1712 1713 1714 1715 1710 1717 1i1S 1719 

~ - ' ' 
' - t 17.'6 li27 

330.\' li2S 1729 1:-.J•) 1731 173! 1733 173-l 1735 
331X 17Jll 1737 17 >S 17.39 1; -<0 l; -1~ 17-L' 17 !'1 
332.\ 1744 174j 1746 1747 li~S 17~9 1750 1ij1 
333.\ 175:? 175J 175-i 1755 ¡¡,;J 1757 175S 1759 
33·1.\' liGO liül 176~ 1763 17•.J4 17L;:, 17GG 1767 
3~5X 1(6;; l\G9 ~~~O 1771 1-\~ 1773 ~77-1 1775 
336.\ lí"lt; 1;;-¡ ¡;-¡~ 1779 17.;•¡ 17Sl liS2 u.-;; 
337.\ li·~-1 17S5 17SG 17Si 17SS l7St1 17\10 li\'1 

---~ ·-~--- -... ~~-~-~·w----~··----·-------·-w-•---------~-------- "'--~---~-------------------------------·---------

-------



- ------------------------
X= 

340.\ 
341.\ 
342.\ 
343X 
344.\ 
345.\ 
346X 
347X 

350X 
35IX 
352X 
353X 
354X 
355X 
356X 
357X 

360X 
361X 
362X 
353.\ 
364X 
365X 
366X 
367X 

370X 
371X 
372X 
373X 
3í4X 
375X 
376X 
3i7X 

400X 
401X 
402X 
403X 
40-IX 
40;,y 
40fl ... \· 
4rr,x 

o 2 3 5 G 7 

1792 1793 1'i04 1 7()j 1796 1797 1798 1799 
1800 1801 I~J2 1Sil3 !SO-l 1805 1806 1807 
!SOS 1809 1 S lf' 1"11 1812 1813 1814 1815 
1816 1817 1"1'- lSl~ 1820 1821 1822 1823 

1824 1S2i 1 '21~ ¡:,.:;- 182S lS29 1830 1811 

1832 1833 1834 IS.3.5 1836 1.'-li IS'3S 1839 
1840 1841 1S42 IS!3 1844 1845 1846 1847 

1848 1849 1850 1831 1852 1853 1854 1855 

1856 1857 1858 1859 1860 1861 1862 1863 
1864 1865 1866 18&7 1868 1869 1870 1871 
1872 1873 1874 1875 1876 1877 1878 1879 
1880 1881 1882 1883 1884 1885 1886 1887 
1888 1889 1890 1891 1892 1893 1894 1895 
1896 1897 1898 1899 1900 1901 1902 1903 
1904 1905 1906 1907 1908 1909 1910 1911 
1912 1913 1914 1915 1916 1917 1918 1919 

1920 1921 1922 1923 1924 1925 1926 1927 

1928 1929 1930 1931 1932 1933 193·1 1935 
1936 1937 1938 1939 1940 1941 1942 1943 

1944 1945 1946 1g47 1948 1949 1930 19.51 

1952 19.)3 1954 19~3 1956 1957 1958 1939 
1960 1961 1062 1963 1964 1965 1966 1967 
1968 19G9 1970 !971 1972 1973 1974 1975 

1976 19i7 1978 1979 1980 1981 HJ82 1983 

198-1 1985 19~6 1987 1988 1989 1990 1991 
1992 1993 1994 1993 1996 1997 1998 1999 
2000 2001 2002 2003 2004 2003 2006 2007 
2008 2009 2010 2011 2012 2013 2014 2015 
2016 2r17 201S 2111\J 2020 2021 2022 2023 
2024 202) 2026 2•l27 2028 202\J 2030 2031 
2032 2033 20'~.J. :.?ll:l5 20% 20:37 2038 20:l9 
2040 2041 2042 2043 20-H 204.) 2016 2047 

2048 2049 2050 20.)1 20tJ2 20.53 2054 20)3 
2036 20)7 2058 2059 2060 2061 2062 2063 
20G4 20G'i 2066 2067 2068 20G'I 2070 2071 
2íJ72 :'(Jj;j .21)74 207.1 2fl76 2077 2078 2079 
ZO'~O '2()81 2052 208:l :!()S.J. 2085 20"6 2037 
2fJS8 20';'J :?fJ\10 ~0~11 ~WJ2 20~J3 '209·! 2WJ.) 
20VG 20'f; zr¡r¡-; 20')[) :2!0í• 2101 2102 2!03 
2101 2IO.i 2liiG 210.~ 2:0S 2!0!J 2tl0 2lll 

41UX 2112 2113 2Jl4 211.'5 2l!G 21!7 z¡¡,-; 2il!l 
4ll~ 2120 2121 212! ~123 212.J. ~!2~ 2l2b 21?7 
4J2X 212i'l 212:; 21:)u 21:5¡ :21.1:? 2:';'; :z¡:J-1 :n:l.í 
4nx 21:JG 2137 z¡·¡~ :n:)·: :n.;:_, 21 ;· 2t!2 :n·13 
4HX 2144 2141 21-H; :nn 2l4'l 21,.'1 2!.i0 21 íl 
415X 2!.12 21.):3 2! ¡.¡ 21:).¡ :¿J '¡0 :n:H 213~ 2I.iH __ (\.___________ ·-----

274 \___./ 

¡ 
1 

0 1 ¡ 

______________________ ., --~--------- -----~---- ------
X= O 2 3 4 5 C 7 

41GX 
41iX 

420X 
421X 
422X 
423X 
424X 
425X 
42fJX 
427X 

430X 
431X 
432X 
433X 
434X 
435X 
436X 
·1t37X 

440X 
441X 
442X 
443X 
444X 
445X 
446X 
447X 

450X 
451X 
452X 
453X 
454.\" 
455X 
456X 
457X 

460.\ 
461.\ 
462X 
463X 
464X 
465X 
4G6X 
4C7X 

2160 2161 2162 2163 216-< 2165 2i':') :!J;,-~ 
2168 2169 2170 2171 2172 2173 2174 217~ 

2176 2177 2178 2179 2180 2181 21~2 L;;¡ 
21S± 2J'i.') 213•; 21S7 2l.S'l 21S'J 2:'/1 ~:·! 

21Q2 2101 ]104 21~5 ZIU0 2197 21~~ ~ ·~ 

2200 2201 :2202 2203 220-< 2205 2:!'··, L:;'1i 
220~ 220U 2210 2211 2212 2213 2214 2215 
2216 2217 2218 2219 2220 2221 2222 ~~~¡ 
22?4 2223 2226 2227 2228 2229 221~ 2~11 
2~32 2233 2234 2235 2236 2237 22J~ 2~1~ 

2240 2241 2242 2:243 224·1 22-15 22!6 :22!7 
2248 2249 2250 2251 2252 2263 2~¿4 2~~\ 

2256 2257 2258 2259 2260 22tH 2:?U '2 s, 
2264 2265 2266 2267 226$ 2269 22~(1 :!~71 
2272 2273 2274 227.5 2276 227i" 2.?~~ :!?.7~J 

2280 22<-:ll 2282 22.33 2284 2285 22S·3 ~2:; 
22SS 2269 2290 2291 2292 2293 ~?~¡ ~2~5 
2:.:!96 2297 2298 2290 2300 2301 2'h! 2'~rJ:~ 

2ao-! 2305 2306 23o·¡ 2308 2309 23FJ :··~~ 1 
2312 2313 2314 2315 2316 2317 ~3lS 2;!0 
23.?0 ~321 2322 2323 2324 23~~ ~1?~ ?~2; 
2328 2.329 2330 2331 :233:2 23.3.3 :.:3:5-l ~ ;.;.' 
2336 2337 2338 2339 2340 2341 2~~2 =~!3 

2344 2345 2346 2347 234S 2319 23~0 ~~~~ 
2352 2353 2354 2355 2356 2357 235S ~;~) 
2360 2361 2362 2363 2364 2353 23Cr 2':·,~ 

236S 2369 23i0 2371 23i2 2373 237~ ~;;, 
2376 2377 2378 23i9 2380 2381 23S2 ~;~; 
23S4 2JS5 2386 2387 238S 2380 23~: ~~11 
2,<>12 2,~93 2394 2395 2396 2397 2.)·~- 2:·..-) 
2400 2-iül 2402 2403 2404 240.5 z~r ·~ ~: ·~ 
240S 2409 2410 2411 2412 2413 2~;~ -~·~ 
2416 2417 2.J.IS 2419 2420 2421 2~-: ~~2: 

24:?4 2425 2426 242i 242S 2429 2! ;r. ::~-, 1 

2432 2433 2434 2435 2436 2437 24\' 
2440 2441 2442 2443 2444 2443 2~!~ 
2448 2449 2~30 2431 2452 2453 2~:~ 
2150 2457 2~~S 243~ ~4GO 24Gl 2~-~ 

2401 2463 24G6 2~G7 24GS ~4G9 2~;· 

.. 
--: . 

24~2 2473 24i4 24i5 24i6 24í7 2~-; 
24S0 2481 2482 24S3 24S4 24"3 2~~~ j::7 
24~s z;so 2490 2491 2492 2 .. 03 ~.-~ - ~ - J 

4'i'OX 2-iL~t; ::-t\li :'~~IS :?.JD9 '2;100 2501 2:- ~ - l 
47L\ :zsc1 2505 250ü 2507 :z.:;os 230'J Jj_: __ , 
-172.\" 2.)!:' 2513 2514 2313 2516 2517 _':.,~ ::~;-___ , _________ ,___ ·-----e---------·-;~~ 



f \ 
\.__j 

1 \11\ 1 \- ~ (), 111-Dc.:• ... •\ lniL'~'''r ConH'<-Ínn l.1hl~ { Cn•Him¡¡•tf) 

-t7JX 
41 -L\' 
-l'i.'íX 
4/o.Y 
4/'i.\ 

50 0 .Y 
50 IX 
502X 
503X 
51H.Y 
505X 
506X 
5D7_.Y 

510 X 
511X 
51!!X 
513X 
514X 
515X 
516.\ 
5li.tY 

b20X 
5ZlX 
522X 
523X 
524.-\ 
525X 
52üX 
527X 

53 0 X 
.33lX 
!i.12X 
5::l3X 
f:34X 
5'~3X 

5.3GX 
5J7X 

MOX 
54ÍX 
542X 
54:JX 
5·11X 
54.)X 
ii·ll.X 
¡¡ i7 .i 

----------
o 2 3 5 ti 7 

:?520 2:121 2522 2C>2:1 2.j24 2.í2.j 2526 2.')27 
2.í2S 2.'i~<l 2.j30 :?.i31 2.í.32 2.1:3.3 2.53-1 2533 
2.'i36 2: •. :>:- ::.i3~ 2.;:39 2.í-!O 2541 234~ 2543 
25-14 2~1~ 23-16 2~-17 2.í4S 2549 2350 2551 
2JJ2 2J~3 2~~4 2~~~ 2336 2J57 2338 255~ 

2360 2561 23G2 2563 2564 2565 2566 2567 
2568 236Q 2370 2371 2.í72 2573 2~74 2575 
2576 25i7 2378 :!3i"9 2380 2581 2-'iS2 2583 
2584 2385 2586 2387 2588 2589 2590 2591 
259:? 25'.)3 259-l 2.595 2596 2597 2598 2599 
2600 2601 2602 2603 2604 2605 2606 2607 
2608 2609 2610 2611 2612 2613 2614 2615 
2616 2617 2618 2619 2620 2621 2622 2623 

26~4 2625 2626 2627 2628 2629 2G30 2631 
2632 2633 2634 263.5 2636 2G37 2638 2639 
2640 264t 26-12 2643 264-.1 2645 2646 2647 
2648 2649 2650 2551 2652 2653 2654 2G55 
2656 2657 2658 2659 2660 2661 2662 2663 
2664 266.5 266G 2667 2668 2669 2670 2671 
2672 2673 2674 2675 2676 2677 26i8 2679 
2fi80 2681 26S::! 2683 268-.1 268.) 26SG 2687 

2688 26S9 2690 2691 2692 2693 2G94 2605 
2696 2697 2698 2G99 2700 ::?701 2702 2703 
2704 2705 2706 2707 2708 2709 2710 2711 
2712 2713 2714 2713 2716 2717 2718 2719 
2720 2721 2722 2723 2724 2723 2726 2727 
2728 2729 2730 2731 2732 2733 2734 2735 
27'56 2737 2738 273Q 2740 2741 2742 2'i43 
2744 274:5 2H6 2747 2748 2749 27.'j0 27.j1 

~'752 2753 2751 27J3 27~G 27~'7 2758 2759 
2760 27G1 2762 27G.> 2/tj-.1 27G.'í 2766 27b7 
21ss 21rn1 z¡¡o z¡;r J772 2773 2774 277J 
277ti 2777 2/7S 2779 27RO 278l 27&2 2783 
~7~4 z;dl 2~SG 2787 ~7b8 2789 ~7~0 2791 
27J2 2~93 2¡y4 279~ 27UG 1797 2798 27Y9 
213WJ 2SUl :!302 28(}:3 :.!~ll t :?.SO:J ~'>OG 2';;07 
2bOi; ::.:sou 2810 281 i 2812 2S1:) :?'>!1 2',15 

281G 2817 2818 2819 2820 2~21 ~S22 2823 
:?S2't 282.) 2S2G :?R:?i 282E:. 2S21l 2::;:30 28:31 
2832 ~833 2S34 283:J 2836 2R37 2S3S 2810 
28·10 2811 2l-l 12 28-1:; 2S44 28-l.'i 28-lü 2S-17 
2S·IS :?-.,!') -¿:-;;o 2S.il 2'l-,:~ 2S::O'l 2~:i4 -~~~,j 

2.'\.~(, :¿:-.,11 2s·.s 2.<.;;," 2:,w 2">G1 :?"''2 2.';u:l 
2.~0 1 ~~(' -) ~'-bt, 2~GI :!:~t,~ 2~ f,'l 2~-.;¡-o 2~í l 
:?;-..72 2:'170 :!~~71 2.~,¡¡ :?""Tt, :_!,...._¡-~· :!:0:7~ :!.'-)7D 

T\HI 1 \-.'· Octai-Ocdmalln•·.,_;,• (on,u,·.- ·¡,'>': ·(,, '!lllt,·dl 

---- ---------·---~-- ---------~·----------·---

X O 5 6 -. 
550X 
551X 
[l.b:!_\." 
5J~L\ 

5fi4.\ 
555:\ 
5f•6X 
557X 

56 0 X 
551X 
562X 
553X 
!iB4X 
565X 
56fiX 
~67.;Y 

57 0 X 
a7IX 
572X 
573X 
574X 
575X 
57GX 
57"/ X 

60GX 
60lX 
ú02X 
603X 
604X 
605X 
60GX 
607X 

610:\ 
61L\ 
5iV-
613X 
6HX 
t)¡.)j 

61G.\' 
Gl'lX 

620X 
62l){ 

622X 
623X 
624X 
625X 

z~;n 2SSI 2~3~ 2~~~ ?-~; 2~3~ 2S8G 25~7 
2~SS ]~~"'~' 2~'J0 ~'"':1 2"'~2 2~'J:1 2S91 23CI5 
')S% '2''!'í h'•S 2: _., .::'_·~·· ?:-llJl 2902 :;:· r¡3 
2~lli.f 2~•0.j 2!Jr:c 2 . _ )'!'J:• !::'J l r• ?'•ll 
2n12 2(Jt.~ ~>rq~ _ ~ , ~ ", ~~n ~- ¿~lp;, :_:rq r,, 

2020 2U?l 20'22 ]G]l 2~2~ 2J25 202L 2~27 
292S 2929 2930 2~.i :s12 ~g~j ~934 ~~~~ 
2936 2937 293S ~~]~ 2il0 2941 2942 2Y43 

2944- 2~ !.'i ::?!HG 2'•-l/ 2':--!S 20-W 29j0 2!J.jl 
2952 2953 2954 2~5~ 2~~5 2Q57 2958 20~9 
::900 2üG1 2962 ]·,,,_, 2'_oG-! 29G.5 2966 2:)()7 
2968 ~OG9 2970 ~~;~ 2iJ~2 2973 2974 2975 
2~76 29;7 2978 2~;~ 20~0 2981 2952 2083 
2984 2985 2f,SG '.!'Y: Y•~S 2989 2900 2991 
2992 29'JJ 2994 2~· ~ ~~sb 2997 2Y9S 2999 
3000 3001 3002 30:·_.-) ),1.14 ~~OO.'i 3006 3007 

3005 3009 :3')10 .3011 30!2 3013 3014 3015 
SOüi 3017 3018 .3•): ,. ~''20 ZOZI 3022 3023 
3024 302.') 30~6 3r;2; ;'12;; 3029 3030 3031 
30'3~ 30:33 60'3! '3'/:;: cy, :6 3037 3038 3fB9 
31140 3~'H 3042 .'3-'-~; :".1~-k 30H 30-!6 3017 
3048 30-!S 30~0 3~:. ~·:~2 30~3 30~4 S055 
3050 .3037 3055- 31;> ~. ,,'•) .30t5l 30()2 3U6'3 
306-1 306~ 3006 ~~~~ ~~~~ ~069 3070 307i 

3072 3073 30;4 30:~ 
3080 3081 3052 :·:~ 
:)03S 30S!:I 3090 ::· -: 
309~ 309; 300S 2~,~~ 

31~t 3105 ;3Lt],-- .)l 1 ~ 

3112 .')ll3 :)JI~ '3:; ~ 
a120 3121 31~2 ~12' 
3123 3!29 3110 3~~1 

::;DG 3131 '3~::;s , 
3144 3i;3 3141~ ~~~-
~~LJ:2 '315'3 :31~--1 

3JG:) ;_;r~J 31•~' 

31!.J' )l(\~) :Jl ~ 

31 S 1 3 ; S.J 3 1 • -~ 
3l~J:: 310~~ jJI...: 

3::?110 ~)2U 1 31C2 
32(1S 3.?0~) 3..! l '.! 
3215 3:)\ ;- :3li S 

3224 ~~2' 322·~ 
3:,:3.! 3::?:3:~ 3:! )-; 
3::'40 3::-1 1 2..?.;1 

-'- .: 

__ e 3077 3078 30/A 
: '~ 3035 30S6 3037 
= ~2 3033 3~04 3095 
1¡nu 3101 J1G2 .3l03 
;;os ~109 3110 3111 
~'i6 3117 31iS 3119 

-,. ""'') 
) .!. J ~ 

3121 312(> .312: 
313:} 31:~4 :\l3:i 

~111 3!41 311? 3!43 
~!\S 3t!9 3150 31~\ 
) 1 )'.__} 31 'S'i 3 L'iS 'lt ~0 

.Jlt~) '3H~l~ ;)¡G;' 
J ; j ) '--
} \ ' ~ 1 ') 

_ ~-: 1 ) l ~ L ¿ ~ · _, 31 ~.3 
>;:~ JlSl) :H~,;) .iL~ll 

~=~1 3101 31~~ 3190 

?:r~ 3203 320G 3~07 
~~12 3213 32i4 32\5 
:J?O 3221 3~11 3221 
=~¿~ :322~1 a2.31) 32:-tl 

3~~6 3237 323S 3~30 
·~.:-L-.1 324~; 3:'41j .3'~4 i 

~-- ------------------------------
-.--· l,[, 



T \BLF \-:l 0"-t~li-Dí:c! • ·llr~t~...!li ( ~ · .. ·· -: i -\..' ... ' ( ' 

X 

62GX 
627X 

630X 
631X 
632X 
633X 
634X 
635X 
636X 
637X 

640X 
641X 
6·i2X 
643X 
644X 
645X 
646X 
647X 

650X 
651X 
652X 
653X 
654X 
655X 
656X 
657X 

660X 
66lX 
662X 
66ax 
6G4X 
665X 
6ü6X 
667X 

-----------------------------
o 7 

3245 324\l .:•- · .:~31 3.?j2 3213 32.54 3255 
3~~6 3~S7 3~-, -~~ 1 32~0 32~1 3262 3263 

3204 3265 3::,- '- ',¡ 326~ 3269 3270 3271 
3272 3273 3~-~ ::;5 J2;ti 32;7 3275 3279 
3250 32S1 2:;~ -~~3 3254 3255 32S6 3237 
32SS 32S9 3.:·-·- ~2·! 1 32\12 3293 32~•4 329.5 
3296 3297 32=~ a.:~q 33no 3301 3302 3303 
3.31)4 3305 33r"r:; .).3ft7 3305 3309 3310 3311 
3312 3313 33]~ ~315 3316 3317 331S 3319 
3320 3321 33.::2 3-323 3324 3-~2-5 3326 3327 

3328 3329 33J•"¡ 3331 3332 3333 3334 3335 
3336 3337 33':'~ 3339 3340 3341 3342 3343 
33H 3345 33~·~ 3347 3345 3349 3350 3351 
3352 3353 33~ :1-355 3356 3357 3358 3359 
3360 3361 33:2 3363 3364 3365 3366 3367 
3368 3369 337·:· 3371 3372 3373 3374 3375 
3376 33í7 3::- ~ 'l-?.79 3350 33S 1 3382 33'l3 
3354 3385 3~;~ 23S7 3355 3359 3390 3391 

3392 3393 3: :..~ 3-395 3396 3397 3398 3399 
3400 3401 ¿:; .:: A03 34',4 3405 3406 3407 
3408 3409 )-L·_· 3411 3-11.2 3413 3414 3415 
34Hi 3417 3-;:~ 3-!19 3420 3421 3422 3423 
3424 3425 :;~.::: 3-!27 3425 3429 3430 3431 
3432 3403 3~:~ 3435 3436 3437 3438 3439 
34~0 3441 3~~2 3443 3444 3445 3446 3447 
3448 3449 :~-;: l .34.51 3-1 'i:? 3453 3454 3455 

34)6 34-'ii ;,~--- 34'i9 34f·0 3461 3462 3463 
3464 346"• ·~-;-- 3~·~;- 3-E·~ 3469 3470 3471 
3472 3473 ~~~; 1;;5 347& 3477 3478 3479 
34~0 31~1 ~~;~ ;4'3 3~S4 34S5 3486 3487 
3488 34<;:~> -~-
34'1G 3497 -~ · ~ 
3504 3.j0 j ::- " 

3512 3.jl3 

140] 3~02 ~~~3 3494 3495 
~~0~ 3500 3~Ul 35n2 3503 
~507 3~~5 350~ 3510 3511 
~515 3.516 3517 3jlS 3.519 

670X 3"i?u as:n -,~,n 3',.?4 3j2j :r· . .:>c :i.J27 

671 x 3523 3::.:!.< -,~;: :~:¡ ;2 :n·n :Fll 35T'i 
672X :;~3r, 35::;¡ ~ ~ ~,' ; ~~·· ·n 11 :n-1.! '>543 
673X ~~44 351~ ~~~~ 3~47 3 :, ~~&9 3550 ~::.51 

674.\' 
675X 
(j7l).\ 
G7'l ;; 

j~¡-)2 3'¡:/J ~: >~ ~:j5 ~)·_,: _', ;~)j7 :1~.)~ :35~') 

~J:t.rJ ;J~C! ·_ --:.:. ~~~<~ ;~:,F.~ )~fJ) ~fjfij 3='~G7 

3~GS 35C! ~j;¡ 3~7.! ~~7~ 3j74 117::. 

X= 

703X 
i04X 
70.'JX 
706X 
707X 

7!0X 
7l!X 
712X 
713X 
714X 
715X 
716X 
717X 

nox 
721X 
722X 
723K 
724X 
725X 
726X 
727X 

' 730X 

1 
731X 
732X 

1 733X 

l 734X 
735X 
736X 

1 737X 

74ClX 
741X 
742X 
743X 
744X 
i4-5X 
H6X 
747X 

750X 
751X 
75'.!.\' .. - . ,. 
1 '\,)~ ... 

7.)L\ 
7:i.i.\ 
7:,hX 
75'7X 

o 

o 2 

3608 3600 3010 3611 361~ 1613 
3616 2Gl7 36lh 3Ll~ 3620 3L21 
3624 3G~5 3G26 3027 362R 36~~ 
3632 3031 363! ~G1~ 3636 3617 
3640 3L11 3G~2 3G~3 3G41 3G~~ 

!j 

::~; 11 
~~f)L _¿ 

3f/~(} 

:~c·~cs 

~~r¡,; f' 

7 

·; 1 J J .~J 

:~ (),! '; 

·;~/31 

'¡f','¡[) 

'~; ,:7 

364'1 ;y,4r¡ ~it,é>O 3631 3G'i2 36):{ :~6)1 'h'!') 
36~6 36~7 363S 3051 3600 3661 3LL2 1~~3 

3GG,1 3ri% 3C6G 3667 :.,on8 366!.1 3f>'i() lfJ7 J 
0672 ~673 3674 3675 3676 3677 3L7S 3L79 
36SO JBS! 36~2 36S3 36S1 3DS3 3G86 3G~7 
3688 3689 36DO 3691 3~~2 ~6~3 3601 3~)~ 
3fi\J6 3697 369S 3G99 37oo a7nJ ~>702 :no:3 
3704 0705 3706 3707 3708 370(l 371 'J ~5711 

3712 S713 3714 3715 3718 3717 371~ 31!9 
3720 3721 3722 3723 3724 3725 3726 3727 
3728 3729 3730 3731 3732 3733 3734 3~1~ 
3736 3737 3738 373\l 37 40 37::fl :Ji~~ :;;T3 
3744 3745 3748 3747 3748 3749 37~0 3751 
3752 3753 3754 3755 3756 3757 37~~ 375~ 
3760 3761 3762 3763 3764 3765 37bG 3767 
3768 3769 3770 3771 3772 3773 3774 3775 

3776 3777 3778 3779 3780 3781 37~2 ~783 
3784 37R5 3786 3787 3788 37b~ J7S~ 3791 
3792 3793 3794 3795 3796 3797 37~~ 3799 
3SOO 3SlH 3802 3803 3804 3S05 3'-NJ 3~07 
3808 3809 3810 3811 3812 381:1 3~14 35)1.') 
3816 3817 3818 3819 3820 3S2l 'F'U ·~.~23 

3824 3825 3826 3927 3828 3829 3S10 3S1l 
3832 3833 3834 3835 3836 3837 3~3~ 3S39 

3840 3841 3842 3843 3844 384-'i 3S-!~: ·~S-!7 

3848 :3S49 3S.'JO 3851 3852 3853 'j ~ ~4 ~ --
'J ~)) 

3856 38.)7 3S.5S 3S.j9 3<"60 3SGI ~~;~~~ --~ ... ,.~ 3 
3864 3SG5 3SG6 3SGi JSt38 35tiC; '3 ~ 7rJ .. ~ ~ 7i 
3872 3873 3Si4 3.-175 3576 3877 5~~~ '":;)79 
3880 3'<81 3SS2 3SS.3 3SS1 3SS3 :: ': .) ... ~ . ...,-
3SSS 3859 3590 3891 :3~92 3'.CI3 ;- -. J ~·:.) 

3St16 3S97 3S9S 359~1 3VOO 3C;I)1 
' 

-, r~<,()3 

3904 390.) ;{906 3907 :3'JOS 3909 r~ •;': (1 3 !ll 
3tll2 301~{ 3~ll-! 391-'i :3~11 (j 3917 ';·_ . ~ .3'~·l ~' 

39.?0 3\)21 3P22 3~l2:3 3~12:1. '"'(J)-
) -- J 

_., .~·t-,27 

~hl.'S 3~~1 !P :l\l:3i) 3!1:31 3~i·~,_:! ;)•,_,,-~ 3 :.; ·l j 
3D:l6 ~~1_1;) ~~ :3~1:JS 'J\1.}<• )~.140 :)~j-i! ,_ ~·:..t 3 
311-ll :EH:, ~)U-lG ;_ll) ¡; :)'~1' ~1C! ~ t1 ~ -·) 1 
a~~:~:! '3!1,:.;¡ ,jq,j-! ;)~ljj d'¡)tj :)~l-1; - 2 ;,)U 

3tlGll 3('fll ;.~~lü:? 3%.~ :j~ltJ-1 :;~:cj _-, ~(:ü7 
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1 , q¡_[ \-.'. Ocl.ll-Dc•ctm~l lntcgcr Con>ersion Tnhle !Coll<n.!lcd l 

X 

760X 
761X 
762X 
763X 
764X 
7o;:;x 
7ü6X 
767X 

nex 
771X 
772X 
773X 
774X 
775X 
775X 
777X 

-----------------
o 2 3 4 5 6 7 

39GS 3969 3970 .3971 3fl72 3Cl73 3974 3H7:í 
3976 3977 3978 3979 3950 39~1 39~2 3983 
3984 3985 3SS6 3987 3QSS 3QS9 3890 3991 
3992 3993 39tl4 39\)5 3996 :3~)~17 3998 39\J\l 
4000 4001 4002 4003 4004 4005 4006 4007 
400S 4009 4010 4011 4012 4013 4014 4015 
4016 4017 4018 4019 4020 4021 4022 4023 
4024 4025 4026 4027 4028 4029 4030 4031 

4032 4033 4034 4035 4036 4037 4038 4039 
4040 4041 4042 4043 4044 4045 4046 4047 
40-iS 4049 40.'50 4051 4052 40')3 40o4 4055 
4056 4057 4058 4059 4060 4061 4062 4063 
4064 4063 4066 4067 4068 40()\J 4070 ,1071 
40i2 40íJ 4074 4073 40i6 40i7 4078 4079 
4080 4031 4082 4083 4084 4085 4086 4087 
4088 4089 4090 4091 4092 4093 4094 4095 

1 ABL F. A-4. ?n"crs of Shteen. 

----· 16" 1 n 

----------------- ~----
1 . o 

16 l 
256 ¿ 

4 096 3 
6) 536 4 

l 04~ 576 ; 
16 777 216 6 

263 435 ~56 7 
4 294 'JG7 296 8 

óK 719 476 7)6 9 
¡ U~Y 511 627 7~6 10 

17 S~2 1H6 O~~ 41G ll 
2K1 414 '176 710 656 12 

4 503 5'1'! 627 370 496 13 
72 057 5··, 037 9'27 9_;r, 14 

1 152 'J21 ' (,!)(, ~ ;r, ')7(, ' I~ 
'----,--- -----· ----.....,.----- ------

IL~...Inl d \',:lL"_.., 

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

280 

i 
r 

r' ) 
'~1 

1 

' 1 
i 

1 

l 
1 

Octal 

.000 
001 
%2 

.003 

.004 

.00'} 
OOG 

.007 

.(110 

011 
.012 
013 

.014 
015 

.016 

.017 

.020 
02t 
022 

.023 
024 
025 

.026 
027 

.030 
031 

.032 
033 

.034. 

.035 
03G 
037 
010 

. 041 
042 
.0·~3 

,04-1 
045 
C4G 

.017 
050 
0::.1 

.052 

.053 

.0.)4 
05.'> 
O.jG 
057 

.nG'I 

-------------' --------'"·---------
Decimal 

oooouooo 
00105313 
OC·~FlOu'.! ', 
00.~8.: g;¡t, 

007817~50 

009765f]3 
.0117187:': 
.013ó7188 
OliJ62.'i00 
O\ í ,'i<Sl3 

.01\153125 

. OZ1484:.;s 
023437.í0 
1!2539062 

.027::'1375 

.02929588 
03125000 
0332Gál3 
0351562;) 
03710!138 
03906250 

. 04101~i()3 
04295875 
OHCI21S~ 

04687500 
04SS2bl3 
Q.'i0í8125 
0527.H38 
05468750 
056li4063 
05859375 
06054688 
06250000 
0644~.~H3 

G664úG25 
0683:>938 
Oi'O:H2~0 

O~i22l1btJ::i 

Uí42i87''' 
076ljlS0 
07Si2;',00 
OSOfl781:5 
0820312;; 
0839'S43'> 
O~,j\!.17 .JO 
OSiS\JOC.'\ 
OS\!'>1.31 5 

.0917%SS 
0!1375000 

.'l(j 1 

OG:2 
t)):} 

UIJ-} 

065 
06G 

.OG7 
ü70 

. 071 
072 
on 
074 
Oi'5 
.07l~ 

.077 
100 

.101 
102 
103 

.104 
105 

.106 
i07 

.110 
lll 
112 
113 
11,~ 

ns 
J !6 
117 
120 
l~l 

.1Z2 
123 
}~.;. 

U."> 

J27 
l60 
1:::1 
132 
1a3 
13-t 
135 
13C 
137 

.1-10 
Hl 

Decimal 

005;'0313 
097t.l5G2éJ 
09CJ6003S 
101562j0 

.10351".63 
10546~75 

.1074:.7188 

.1093i.500 
J1 I:l2Sl1 
J1,)),8J 25 
ll ,)23-138 
11718750 
119H063 
!2109.)i" 5 
12:30?688 

. i2500000 
12695313 
1~8006?.5 

13CS59.3~ 

132812.30 
l3.J.i6563 
136í'l875 
13Stl7!8S 

'!·1002500 
.142{>7SU 
14.45312:5 
146·13438 
l4843i.'JO 
1503906~ 

.15~34375 

1542!l•SSS 
156~.5000 

15.S20:: !3 
160156:25 
1 n:: ll1>13S 
í640G?.50 
1 GGl•lbG~3 
J(i7%~7~ 

i 6')921.:':~ 
¡;u~;5oo 

17;)~2313 

1 i'51.Sl ~\-. 
l 7773-JO::)-:; 
1 7Ut.is;·.so 
!81C4%3 
IS3J~).r;-5 
1$.:,:;,\tiSS 

1."750000 
189453!3 

Veta! 

14.? 
. H..~ 

J.J.-1 
H'J 
14G 

.Hi 
150 
131 
152 
1.)3 

15-t 
15.3 
l5C 
15:-' 
160 
161 
!62 
1\33 

. 164 
165 
166 
167 

.líO 
li'l 
17:? 
173 

. 17-1 
175 
lit! 
¡¡¡· 

:200 
2i)1 

.202 

.203 
:.!ill 
•)t\J 

2(lti 
2Q; 
~~ !\ 

;2 1 1 

.-,., \ 

Dec1m::d 

191406.:?5 
19.),jfil'\ 
1 DJ:3l.?'i0 

. El').?l07.'; 

2011 í'lSS 
::o.~12.:.oo 

2050:-&13 
. 2070312: • 
20S9SBS 

. ?1003750 
212SS063 
'.lt45-l.37;) 

. ~'16íSGSS 
:-JS;'.'.iOOO 

/:?2070.31.3 
2:!265625 
2'.l46093S 
226-56.:?50 
'?2551563 

.230+6Si5 
23:?42188 
23-437500 
2.3li3281.3 

. 2.3S2Sl:2.) 
2~[)~34,)8 

.24:?1Si50 

.24-114063 

.:.?4609375 
, :'4S046S8 
:.?500i)Q0(1 
:?5195313 

. :?S3~1 (1 b2.) 

2jjSJ~I3S 

~3:-~1])0 

:.? .j~l':' t\ 'iG '3 

:2{' .. >_;; l.S~ 
. ' ~' ·' 

27~390ü'~ 

:277 3.n;.-, 

.::~12 )tl<.ltJ 

2:'02l) ~ l :: 

Octal 

221 

2 .. ,,j 

'2!7 
z:w 
2'31 
2:\.:": 
23:! 
21-1 

. 2.15 
~-36 

217 
. ·z *o 
:¿4¡ 

24'? 
'?4J 
244 
2~.) 

24G 
2·17 
?.~o 

:?i>l. 
2.):! 
2.)3 
2:14 
25.'J 
2.56 
2.)i 
250 
261 
21.2 
:2G~ 

26'i 
2úti 
267 
27ll 
/il 
272 
r.:-· .. 
.:. 1 ,) 

2i6 
277 
300 
:w 1 
302 
:;o:; 

1 JecJmfll 

2871093'3 
2':JOG:15(J 
:!~il()l.)fj3 

. 2'l2f,6S 7 :· 

3{)078 l ~ ·, 
:~0:-27.'3 L1'' 
30-t;:;;-,);) 

:30GS.J.Q(J.\ 
30S:, !3'/.-, 
:-no=1!c~·~ 

3L'-,PnC"I 
3i t t;)'j 13 

.31Gl11V.':; 
31S:~.J~J;;~' 

a21n12:,o 
:]:2 2 2tJ.)t: ; 
'3242 i .. ~.7 ~. 

.:l2G17i.~'; 

3~'i\_);,f);¡ 

a'}OU7Sl:~ 

3.\.Els\.h 
3:>:,~•37,"¡'1 

:137SCl0fi:, 
3.3~1'! 1.l7 5 
341/'JIJSS 
34 '' ~, 1JOO 
,q -,; l),j l ') 

;;.ji ti ·,1¡~1 ) 

:l-1' ,C., le'''.;; 
3)1-,C_,-,r . 
:3.'j3">1 ")ir:\ 
a 'J,J4GS; .~ 

33i 42 t~~' 
3.j')3i ;¡;]() 

3613~813 

3G3:23l~~ 

~t)'\2:1 ·,:\:; 
.::;GIJS7:JO 
3u'' l.J.OG3 
37lG~\17 5 
3i3tl4u"S 
37ii000C:l 
37üD.;'~ t.~ 

37:_-::.)fl'l.l-, 
351),-14! )"-

.................. ,___.., ___ _,__~-------- ... ·---------·------ -----~~- -- ·-·-·------



Jct11l 

304 
.305 
.306 
.307 
.310 
.311 
.312 
313 
314 
315 
316 

.317 

.320 

.321 

.322 

Decunal 

38281250 
38·1 76 )63 

.38G71S75 
38867188 
39062500 

.39257813 
39453125 
39648438 

.39843750 
4003906J 
40234375 

.40429688 
40625000 
40820313 
41015625 

323 
324 
325 

.326 
327 
330 
331 
332 
333 
334 
335 
336 
337 
340 
341 

41210938 
4140G~j•) 

4160l.~6J 

. .U796S75 
41992\SS 
!2187500 
42382813 
42578125 
4277.3438 
42968750 
43164063 
43359375 
43554688 
43750000 
43945313 

Ocbl 

34.:' 
343 
3-H 
345 

.346 
.3-!7 
3.~0 

351 
3.52 

.353 
3'í4 
355 

.356 
3.57 

.360 

Decimal 

44140625 
4-1r~=)o1s 

44'íll250 
44726563 
4-192187 5 
4.'1117188 
45312500 
4.')507813 
45703125 
45898438 
46093750 
46289063 
46484375 

.46679688 
46875000 

Note: (0.4)a = (O 5)!o 
therefore, for example, 

(0.652) 8 = (O.~S2,', + (0.5)¡o 
= (0.33.:'1)312.Sl,o + (0.5),o 

o 

Octal 

361 
362 
363 
364 
365 
366 
367 
370 
371 

.372 
373 
374 

.375 

.376 
377 

282 

Deumal 

47070313 
4726.562.5 
47460938 
476.56250 
47851563 

.48046875 
48242188 
48437500 
48632813 
48828125 

.49023438 
49218750 
49414063 
49609375 
49804688 

o 

. OOOW!O 

.OOfJflfJl 
(J(l(J(J(J2 

Q(J(}()!J:j 

()i)()(¡(J! 

IJ')(;!J(J.j 

.ú(J(J()(J(i 

. 0000fJ7 
000010 
000011 
000012 

.000013 

.000014 

.00001!} 
000016 

.000017 
000020 
000021 
000022 
000023 

.000024 

.00002.5 
000026 
000027 
000030 

.000031 

.000032 

.000033 

.OOO!H4 
00003:> 
000036 
0000~7 

000040 
000041 

.000042 

.000043 
000044 
000045 
000046 
000047 
OOOO.jO 
0000.51 
OOOO.i:! 
ll0íJO.i1 
000'J.j4 
()¡)()l);'j,) 

nnuo:;c 
IJ00ild7 

Dccir.l.:l 

()[)()()()()¡ ¡() 

CIJOIJfJ ;-;¡ 
t)[)()()(Jíf):l 

úfJOOll !-1 
WJOfJI 'i2G 
000(1](11)/ 
000íJ.:2~S 

()()()!1261(! 

OOU·:':rJs! 
OOC03l-~~ 

00003S15 
000(¡4_]\)(j 
00004578 
001)04959 
0000,')3-J-1 
00005722 
0000Glü4 
íJOOt.'5.J.S5 
OU0068GG 

.000072-iS 
000076'29 

. 0(/)080 11 
00008392 
00003714 
0000\Jl.:i.) 

.00009537 
00009918 

.00010300 
00010681 
00011063 
00011441 
00011826 
00012.:'07 
000!25S9 
00012970 
0001.3351 
0001:3733 
00014114 
00014-196 
00014'77 
000l:J2.5\:J 
onof i6-!0 
0001C022 
OD016-HJ:3 

.000tü7S.i 
OO\Jl7!6G 
o::'117.i 1'-' 
Ollill; \.129 

UOOOt!fl 
fJI)f)IJG l 
(j[)f)(if¡.,! 

()(J(JIJ63 

fJf)'JUG4 
~Hl00G5 

OOOtJr-:G 
OOOCC7 
(¡1;(;(;70 
000071 
000Ca72 

. OCHJI)iJ 
000071 

.000075 
OOOJ76 
00007i 
OüOlOO 
000101 

.000102 
000103 
00010-l 
000105 
000106 
000107 
000110 
000111 

.000112 
000Jl3 
000114 
000115 
000116 

.000117 
000120 
000121 
0001:.~2 

000123 
000124 
0001:2.) 
00012ti 
000127 
000130 
000131 
0001,~2 

0Li0133 
()OIJ!:H 

OOOlJ:J 
OOlll ;)¡; 
01101,{7 

Of¡fJ!Srll 1 

OliOlSG''-! 
Q(¡;¡lfll¡; :¡ 

OIJOI '' t jj 
() ( )f)l • , ~ ; ~ 

00 1121)21" 
OOtr::!IJiG~ 

00021)'!Sl 
00021362 
00021744 
{tfl02:.C l2'í 
OC')' .':i07 
()f¡()22SS<.; 

0(10023'270 
000::'3ti.')t 
OGO:! 1033 
QIJ02HH 
000247\JG 
0002517i' 
0002.55.)8 
0002.5()-4,) 
0002'33:?1 
0002G7U3 
OOt12iOS-i 
00027-Hi6 
{)()027:347 
0002.~2~,, 

ü002Sü10 
OOO:!.S\J')! 
00029373 
0002975.) 
00030!36 
00030519 
000.30599 
Otl0312S1 
000'3!6G.:' 
000321)4 3 
000.32-!..'.j 
0003..'~1)Li 

0003.3ISS 
0003.3569 
000:3.3\1.)1 
{)()()'34'33.? 

001)31114 
000.3:>'::0 j 
00(13)-1;·7 
O(IOJ ·,-:;s 
OlJIJ.~ul·l'~ 

f 1 • Ji ; J 

fi(J J!--i.? 

00fJ1 ~·; 
OOO!jl 
(}(;')1 ~:: 

l)l)o)!·l) 

(\I)Q[~; 

oo,·;¡ , ~ 
.CIJO; .}1.} 

00016.) 
Oll01ril 

.OOuJS.e 
000Jt.l1 
()()!/ ,,·__¡ 
OGOít_:i 
tJOO" '-·~; 
000 i ;j 

ooo.-" 
()r)f)l :·: 

001)1 i''; 
.000i73 
00017t 
0001:-> 
OOG1 i3 
oon;- ,· 
00C12V1 
(li)(j]'J \ 

000.202 
1)1)1_12¡] ~ 

1)!)<1.?!>-l 

I)•)()Jil i 

f)nn.:.,;
I'IIO~Jn 

1)00211 
(1(1()212 

!11]1•21 { 

00().211 
()!J().?J.i 

llllO:liG 
01 ttl:ll 7 

(;~; ') )1',(: _J: 
( í 1) ~ -;-1 H 1, ~ 

(_;' ,'' ) : . ! ~ .. 

i,'-, 1 •• - .:._' 

OOO'~IJ•j7'¡ 

1}1)0 ¡rj()j 1 

0004' J 1 'lll 
QC(J~rJ): 7 
OC<IHl ¡:::1 

000-,;·nc,; 
. 0!)1'1 i ~ ~ ,,• 

¡:••,,1---, -~ 

Q~}!J 1 ¡' -. ~·, 

!_{r{~ 1: '~', .... ~, 

(10d ~; ,J!'_) 

_of;" 1~~~·,; 
{r.'\ÍJ L...,),¡"¡ 

l_,l)tl''-1: 17 

~ H lt! ~' ,._ l !! 

1)1)1 1 j' -,' 1 

fl!' 

( 1• ,, • ·, l ! 1 ~ 

IPJ!I·,¡1 ,..., 

!JI)' ,-,1 '" ' 

j¡ílli-,}_¡,1 

¡:, 

ll! 1• ·, ;, '- 1 

(ji) 1-¡-,¡1 ¡, 

(\IIJ)j >7< 
(}l)(l"d ~ ¡,~1 • 

f)IH 1 d -,-,., 

---------.. ~----~---~~------- -~~------~- --~------ --------

o 



T \IU 1 \-S 

Octal 

0002'20 
.ooo~:.n 

000:?:22 
000:?.:!1 
000224 

.000225 
000225 
000227 
000230 
000231 

.000232 
000233 

.000234 
C00235 
000236 
()00237 

.000240 
00024l 

.000242 

.000243 

.000244 

.000245 
000246 
000247 

.000250 
1100251 

.000252 
0002.53 

.0002.14 
OC0255 
(' !02.)b 
(:(1·}';.')7 

Q;;í)2i":J 

1)(;()~52 

'JOfJ,~:J'i 

·:-'ll/21.;() 
¡_,-,.?n7 

')1)027.) 

G0ff274 

lll!027fJ 

OIJOz77 
oornoo 
OiJ(J:¡o¡ 

Dccun:\1 

.00034932 
0005.5~13 

00035690 
OOO.:>GOiü 
000.'55458 
00056S39 
00057220 
000.')7602 

.00057983 
0005836.) 

.00058746 
OOO.'i912S 
00059509 
00059891 
00050272 
00060554 
00061035 
00051417 
00061798 
00062lSO 
00062561 
00062943 
00063324 

.00063705 

.00064087 
00064465 
00064850 
00065231 
0006.')613 
00065'}94 
00066'376 
0006075i 
000üll3'l 
00067520 
OOOG7902 
onrJt.o:.>83 
OOOG81liJ) 
.OOOC~04.6 

~)ÜU~V~J7 

.(~OOD93u9 

.ouo;·c1so 

.00(;70;)7~ 

000'/0JY> 
.00íJ7l;:i~'j 

.00(/ilí 1(, 
OOOi2:JJS 
U(t~J72479 

. 0007:-t~'~ 1 
ono7::Q;2 

.ooonr;::.; 

Oct:il 

000302 
000303 

.000304 

.000305 

.0003UG 

.000301 
000310 
000311 

.000312 
00tJ313 

.000314 
000315 
000316 

.000317 
000320 
000321 

.000322 
000323 

.00032·1 
000325 
000326 
00032i 
000330 
000331 

.000332 
000333 
00033-~ 

000335 
.000336 
000337 
000340 
OOJ31l 
000342 
0003-11 

. QíJ¡j~~-1-t 

.oov:H& 
000346 
0003-ii 
00035fJ 
00():~.51 

OOOJ.J2 
0003'5:1 
000'3~~ 

00035.) 
. ooo~::;6 
0003.J7 
0003fJJ 
000'3Cl 
0003G2 
ooo;1c3 

-------~---·~·------ -- -~--

Decimal 

00074005 
0007.J.3Si 

.0007476S 
00:)751.50 
oorJ; 5)31 

.00015912 
0t)Oi629..i 
000i6675 

.00077057 

.000ii438 
(0077820 
G007S201 
00078jS3 

.00073964 
00079346 
000i9i2i 
00080109 
OOOS0-190 

.OOOS08i2 
OOOSJ253 
00081635 

.00082016 

.00082397 
00082779 

.00083160 
~00083.)~2 
00083923 
00084305 
OOOS46SG 
00085068 
00085..1·19 
OOOS.j83l 
00086212 
OíJOS53~H 

Ü'Y)S69i."' 
'J00&73:>7 
.000377;~ 

O'JOSSl:!'l 
üOGSS:>Oi 
coossss~ 

.OOOS9:.'v-í. 
flfJ'l'SOG 15 
Oú0Jú'J27 
OiJ\no-:os 
0:J090790 

. 000911 íl 
OGOQ1533 
01}00192·1 
000!)2316 
000925!)7 

Octal 

.000364 
00036.') 
0003GG 
000367 
000370 
OOOJ71 

.D00372 
0003i"3 
000374 
000375 
000376 

.000377 

.0004.00 
000401 

.000402 
000403 
000404 
000405 
000406 
000407 
000410 
000411 
000412 
000413 
C00414 
000415 
000416 
000417 
000120 
000421 
000422 

.000423 
000424 
00042.) 
000426 
000127 
000430 
000431 
000·1.32 
0004:)3 
000434 
00043'> 
00013C 
000~37 

OOOHO 
000441 
000·112 
000·113 
000·!4.4 
00041.j 

Decimal 

00093079 
00093·160 
00093842 
00094223 
00094604 
OOJ94936 

.00095357 
00095749 
000!)6130 
00095512 
00096393 
00097275 
00097656 
00098038 
00098419 
00098801 

.00099182 
00099564 
00099945 
00100327 
00100708 
00101089 
00101471 
00101852 
00102234 

.00102615 
00102997 

.00103378 
00103760 
00104141 
00104523 
00104904 
00105236 
001056G7 
001060,19 
00106430 
0010fiSl2 
00107!93 
00107574 
00107\l.'iG 
OOJOS:.l37 
00108719 
0010\JlOO 
00109·182 
00109SG3 
00110243 
0011062G 
00111008 

.0011138!) 
00111771 

----- ----~ ~------------------

1 

o 
1 
1 

1 
Octal 

.000146 

.00fJ44i 
ooo"¡jr¡ 
0004.il 
C00-1.>2 

.0001:-J:i 

. (l(I(J.},~-1 

0004.i.5 
0()0-f,)tJ 
000·1.57 
000460 

.000461 

.000-H\2 
000453 
000464 

.000465 
000466 
000467 

.000470 
000471 
000472 
0004i3 
000474 
000475 
000475 
00047i 

.000500 
000501 

.000502 
000503 
000501 
000505 

.000.}06 . 

.000507 
000.510 
000511 
OOO.'íl2 
00%13 

.000514 
000.'1!5 
00001(. 
000517 
oco:;~o 

000):21 
000.):?.2 
000523 
000.)24 
000.):~3 

000.126 
OOO.J..?? 

Decuual 

00112152 
00il2.í:H 
001l'~Yl3 

0011'{:!9í 
OOII:):iíS 
OOlJ.\I¡;jtJ 
00114-\.H 
0011 -iS22 
.00115~04 

00115.)8.1 
00115V67 

.00llü34S 

.00116730 
00117111 
00117493 
00117874 
00118256 
00118637 
00119019 
00119400 
00119781 
00120163 
00120544 
00120926 
00121307 
00121689 

.00122070 
00122452 

.00122833 
00123215 
00123595 
00123978 
00124339 
00121741 
00125122 

.0012350-!. 
00125883 
0012G26G 
OOI2GG-±8 
00!2702H 
OOI274il 
00!2770/ 
00l2S1 i -1 
0012>;:,;;.:; 
0012S9:',i 
00129318 
00!29700 
001300Sl 
0013046~{ 

0013081·1 

Octal 

.000530 
OOO.'i31 
OOO;i32 
O~J05~-;3 

GUO):)c:, 
OOOj.J;j 
0005'35 
0005:)7 
000540 
000541 
000542 
000543 
000544 
000545 
000546 
000547 
000550 
000551 
000.')52 
000553 
000554 
0005.)5 
000556 
000.)57 
000560 
000561 
000562 
000563 
000564 
0005&5 

.OJJ56G 
000567 

. 000570 
000571 
(")J572 
0005i3 
000:>7-i 
000.)75 
C0057G 
000577 
OCOGO<'J 
OOOGU1 
OOOGO:! 
00061''{ 

000604 
000605 

.OOOGOG 
00060i' 
OOOG!O 
000611 

OOI31221J 
0013161J7 
001319S'J 
00i~237U 

001321.31 
o01:331~n 

00! '3 "·'il·l 
OOJ3'3SUG 
001342i7 

.001346'í9 

.00!35040 
00135422 

.00135S03 
00136185 
00136565 
00136948 
00137329 
0013i711 
00138092 

.00138474 
00138855 
00139236 

.00139618 
00139999 
00140381 
00140762 
00141144 
00141525 

.00141907 
00142285 
00142b70 
00143051 
00i43-133 
00143S14 
00144!96 
0014!577 
0014-4958 
00145340 
001437:.?1 
00146103 
00: -1t~tS~t 
JOl·lti'i·Y: 
001~72..;~~ 

()~; 1 : - .... _' ~ 

ooHSul'J 
0014.'3392 
0014877.3 
00149155 
00149336 

.001·19918 
--------------------

o 
Octal 

000612 
G0051:3 
0r)oP,J4 
OOI:t)J;) 
Oí ,.,,·d G 

O~JUGii 

OOOG20 
000521 
000622 
000623 
000524 
000625 
OOOG25 
000627 

.000530 
000531 
000632 
000633 
000634 

.000635 
000035 
000637 
000640 
000541 
000642 
000643 
000644 
000645 
000646 
000647 
0006.50 
000651 
00065'2 
000653 
000654 
OOOG55 
000555 
0006.)7 
OOOGGO 
OOOGGl 
ólllUfG:.? 
1}0flbf>3 

OOOGC5 
0006GG 
OOOG57 
000610 
000571 
000672 
000673 

Dcc1ma.l -

OOJ;;02J9 
OrJl.J(JGSl 
'J()] j) (J(j'¿ 

(JI)]=.].;;') 

()(jj.'j!,':.'~ 

•J()j j2'::.-;fJ 

001-52 .).'i3 
co 1.52f<6!J 
001.1:)3.)1 
001.)3732 
0015411~ 

001.).;!10~ 

.00154';77 
0015')2):; 

. •}0_1 oo'1~ 1 

. 001561(;:< 

.C'Ol-''>61.-H 

.OOl~'llóG 

.001.17547 
0') i5~~l2i;; 
OC;J,s5<::ro 
00 15'36Cl 1 
0Q[,')'J0i3 
00!59-1 j 1 
001.5GR.'35 
OOH\0217 
00160.5f:l9 

.00160930 
001613:3? 
00161743 
0016212.') 
0016'2.50<3 
00i62~S2 

o o u~.: 2Gq 
ooiB3G:Sl 
001 G !:!'3? 
00]().gj ') 

001G~}~9u 

001G:il76 
0016.'15;,¡; 
01)] ().J(l;',C) 

OU l Gc:iu7 
00167031 
0016i4C5 
OOH}';'S17 
00H)82~8 

.001680\0 

.00165991 



\I'PI "\lll'- RU 1 Rl "-CI T \lll FS 286 2H7 

1 -\ni L \-5 Oct.d-D,·u ol'll rr.tcliun l<hl'l'T"nnl ~hlc iC'"'""ucd) 

Octal Decim:t.l Oct.<tl Decimal Octal Decimal 

.000674 0016037:3 000721 00\iS\46 

000675 00169754 000724 0017S.3:!S 

00067G 0017013.'1 000725 001 íS•)09 

000677 001705\i 000726 00179291 

.000700 00170S9S .000727 001796]2 

000701 00171280 000730 001800.3-l 

00070~ 00171661 000731 00180435 

.000703 00172043 000732 001SOS17 

.000704 00172424 .000733 00181198 

000705 .00172SOG 000734 00181580 

.000706 00173187 000735 00181961 

.000707 .00173569 000736 00182343 

000710 00173950 000737 00182724. 

000711 00174332 000740 00183103 

000712 00174713 000741 00183487 

.000713 0017.)005 000742 001838GS 

000714 00171)47() 000743 001842-'iO 

000715 00175858 000744 00184631 

01)0716 001762.19 000745 00185c~3 

.000717 00176620 000746 00185394 

000720 00177002 000747 0018.1776 

000721 00177383 000750 00186157 

000752 00186920 
000753 00187302 
0007.54 00187683 
000755 00188065 
000756 00188446 
000757 00188828 
000760 00189209 
000761 00189590 
000762 00189972 
000763 00190353 
000764 00190735 
00076.':) 00191116 

_000766 00191498 
000767 00191879 
000770 001\12261 
000771 .00192612 
000772 00193024 
000773 00193403 
000774 00!937Si' 
000775 00194loS 
000776 0(1194.)50 
000777 0019-!93 t 

00072_~ 00177765 .000751 0018Gi'i39 

o o o 



e 288 o 

58 60 68 70 
1 

78 8 
-- ----

63 6C 75 7E 87J~ 
6[ 78 82 se 96 A 

79 1 84 l 8f 9A l AS B 

84 1 90 1 9C AS B4 e 
--¡--

SF 9C 1 A9 B6 C3 D 
1 -- t--

9A 1 A8 B6 C4 02 E 

TAL:U: A-7. 1 clrt)pr• Coúc 

1 
o 
1 

o 

o 

o 
o 

o 
1 

1 
o 
1 
o 

o 

o 

1 
o 

o 
1 
i 
o 

1 
o 

(} 

I 

011 
012 

013 

014 
015 

016 
017 
020 
021 

022 

023 

024 

025 

026 
027 

030 
031 
032 
03:1 

034 
035 

036 

037 

0-10 
041 
0-12 ---~--'------

HT 
LF 

VT 

FF 
CR 

so 
S! 
DLE 
DCl 

DC2 

DC3 

DC4 

NAK 

SYN 
ETB 

CAN 
EM 
SCB 
ESC 

FS 
GS 

RS 

lJS 

SP 

End of m-:dtum Cont1ol Y 
s,,b,tt;utc Control Z 
Es.:~~· ... · pt ~fi ·. TI·.~ coJe t'i J.':-,c. gcn~ratt'd b) 
COPtn_-; shtft K on l\lock! JJ ami~" 

¡:1~~ sc..;\~lll¡•)f Cn i 1 __ ,~ ..,:¡,ft lon~tc'c' .. l.1J~1 nd35 
(i;.-,,¡i' s,ps:,:,•: -- vr.trol ~111ft M on 1\lodd J3 
and :15 

Record scpJr.!lor. Control slnft N on Modd '-' 
and 35 

U111t scp,lfJtor. Control shtft O on Modd 33 
and 35 

Sp.tcc 

·------------------ ----
í'_ 1ekt}'f.: ~~ ,t r~,._sr"\t,. :d tt- .dt..'r.ldtk of (~l·~ 1d .. t~~r~~ Corpo:.n:~)n 

----------------- -----
_____ .!.St,' 



TARLF . .\-7. Tekt~pe Code 1("r• ·:, _,,·}J 

bcn 7-bll 
pant> oct.l! Ch:Hact~-

bcn 1 7-blt '¡ 

p.lfll> i octJ! 

290 

Character 
hn .:od~ ________ l _____ _ bn · coJc 

--'----~---~ 
! 0-B rr O 116 

1¡ 1" 
() O+l $ 1 117 o 
1 045 " o 120 p 
1 046 &. 1 121 Q 
O 0-H 1 122 R 
O 050 O 123 S 
1 051 1 124 T 
l 052 o 125 u 
O 053 + O 1~6 V 
1 054 1 127 w 
O 055 1 130 X 
o 056 o 131 y 
l 057 o 13~ z 
o 060 o 1 133 [ 
1 061 1 o 134 \ 
l 062 2 1 135 ] 
o 063 3 1 136 T 
1 064 4 o 137 +-

o 065 5 o 140 
o 066 6 1 141 
1 067 7 1 142 
l 070 8 o !43 
o 071 9 1 144 
o 072 o 145 
1 073 o 146 
o 074 < 1 !47 
1 075 1 150 
1 076 > o 151 
o 077 o 152 
l 100 @_ 1 153 
O 101 A O 154 
O 102 B 1 !55 
1 103 e 1 1 s6 
o 104 [) o 157 
1 !05 E 1 160 
1 106 f o 161 
O 107 G O 162 
O 110 H ! 163 
1 lll ! (J 164 
1 112 J 1 165 

a 
h 

d 
t: 

f 
g 
h 

J 
k 
1 
m 
n 
o 
p 
4 

u 
1¡ l ¡3 K 1 16(, 
1 j !14 L (J 167 "' 

Sh1ft K on Modd 33 ancl 35 
Sh1ft L on Model 33 Jnd 35 
Sh1ft M on Modcl 33 Jnd 35 

1 1 ' 
__ ,_J ___ _:..._1 ='_· -----~~- __ __¡ __ 1 __ v ___ ...!.!~ __ : ______ -----·------- __ 

o o 

2'11 

TAfll.l. ,\-7. Tcl~·t~p~ Cod~ (Cu,,¡,¡·udJ --------- ----· 
7 -h.t 

1 
1 

p.mty hll ' 

---¡ 
(' , JJ. : C'h:u actcr 1 

\.\,!,u r..; 1 1 

1 
1 
o 
1 
o 
o 

~7~-r- ·--- --r------ ------------- _ .. ___ _ 
172 ¡ z ; 
173 { ! 

1 1 

1 175 1 

, 176 1 - 1 On early \<:r:.ton' of thc \lo<i.;l 31 .t11J ~: t: •, 

174 

j ! ¡ cod•- n::t;. he g~n~r,ucd h:, •:,th~, "·'-' \L ¡ 

--~--1--~~L--~~----:---~~~~~~:~;l~~:~~~-~~~~,,n_:~,~~-~l-'7 ________ _ 
Key"J ilun ge1·crorc no (ú(lt.., 

RFPT Modcl13 dlld 35 on!) <.Jth.:, ~n'. oth~r : .. ~ th.tl "<ruc\, to 
repcat tontlnuoml;. ur:t!l RF PT b reka,:d 

PAPfR ADVANCE \1odel 371ocni ltnc fccci. 
LOCAL RETl!kN ¡ Modcl J7 local t,•rr,u;¡~ rcmr;¡ 
LOC U Modcl 33 and 35 loc.tlltnc kcd 
LOC CR ¡' Model 33 and 35 ((leal carna~c return 
INTfRRUPT BR[/t K Opcns the hnc (mJch1ne ~e;fh :1 c0nt1r'.·'hJ~ ~~!P:¿ ..::r r1~t1: 

-HPRro~;·_F~~---D_. B' __ ~ •_~_.s _____ ll _B_~_~:_~_ar_c~_~:_:~!e (not "pphoblc) 
• _ ,, ____________ Transrnll> pn:dctcrnllncd ~0-<:ll.of.l·.,~r 111.:, .t1c 

-------~- --------------·------- -----------~--

-------...__~---- ---- - -- ....... ~~ 

o 



e o o 
AN'F:\Ill'\ · Rrl FR['\('f T \1:1 FS 292 193 APP!:'\DI'\: REFF.RE'\(1 TAP.l!" 

1 \Bl 1' \·8. 1 l'ltl~¡'l • l'.t1,er-t.tpe Co:k 

------·---
=-~, = H:)LE PUNChE:J = MA~~ = 1 BIT MOST S!GNIFICANT BIT 

iQ) ~NO HOL' PUNCHE'D~ SPACE ~O BiT 

1 1 • oiotio ~~ 
FFh~i-ol ~ ~r H- !oloT -~ o el' 

-~ i 1 o: o 1 o o o 
1 Olg_WCl O!]j 

o¡e 1 ¡o loTo 
. o 1 ~-f_j_Qffi%1 

olo,~oc:o: 

i-t-io1o¡- ¡olili~ f-+--1--t<U o, e o o 1 

, ' o,eL_fe~~ 
oio' e o o 
O lO Q ()!(1 

t-- 1--1--~ o 01 o 
o o o o¡ o 
~10 O:€ljO 

010 mml loto looo 
~ro ~~ 

• 1 0 o 'llllCii o 

qp-·~,- .,,, 0•0 1 '0 0'0 
t--~ 010101 

~1•- OiOTO] ' 91 Q o ¡-¡n-6 1 
-1 oe oo 1-ªJ 

-~- . 

--~1 ' 
--

. '-~f- -
3 e 

:1 t---4 D 

1 5 E u 



APPE"-01'\: REFrl~r'\;CE T \Poi ES 294 

TABU. A-10. ASCII Card-Code ConHro;ion Tahlr. 
-----------r------~--

~r~ph1C 1 A8S~:I Grapl-;1c 
8-b1t 

ASCII 
7-bll 

ASCII 
coJe 

7-b1t 
ASCII 
codc 

Card 
e o de 

code j_i~cte 
---- 1 ------1-------J----

S PACE 

# 
$ .. 
!o 
& 

+ 

') 

1 

5 
6 
1 

3 

< 

AO 20 0-8-2 @ \ CO 
Al 21 12-8-7 A Cl 
A2 22 8-i B 1 C2 
A3 23 8-3 C 1 C3 
A4 24 ll-8-3 D 1 C4 
AS 25 0-S-4 1 E CS 
A6 26 12 F Có 
A 7 27 8-5 

1 
G 1 C7 

A8 28 12-8-5 H 1 C8 
A9 29 11-8-5 l I \ C9 
AA 2A ll-8-4 J CA 
AB 2B 12-íl-6 l K 1 CB 

~g ~g u~~-3 ll ?v1 \ ~g 
AE 2E 12-8-3 11 N CE 
Af 2f 0-l j! O '¡ CF 
BU 30 O ¡! P DO 
Bl Ji · Q i DI 
!.r1 32 2 R i D2 
B3 33 1

1 

3 S l 03 
B4 34 4 T \ 04 

85 35 \ 5 íJ os 
Bó 36 !S \ \' DG 
B7 37 7 ¡ W 07 
SS 33 1 8 !l X D8 
B9 39 1 9 ! Y 09 

j
'A n2 ¡, D\ 

~;, 3B 1 11-~~6 1'1 _, DB 
se K 1 17.-8-4 1 ) oc 

> B[ J!: ! 0-3-6 11 -: l Dr_ 
flD 3D 1 8-6 '1 ! DD 

_.:_ __ _:~--~-L_::__ .. l~~~~JL__:-___ L~~f- --

o 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
4A 
48 
4C 
4D 
4E 
4f 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
SA 
5B 
se 
50 
SE 
sr 

8-4 
12-1 
12-2 
12-3 
12-4 
12-5 
12-ó 
12-7 
12-8 
12-9 
1 t-l 
J 1-2 
ll-3 
11-4 
ll-5 
!l-6 
1 !-7 
¡ 1-8 
ll-9 
0-2 
0-3 
0-4 
0-5 
0-6 
0-7 
0-8 
0-9 

12-8-2 
i l-8-1 
ll-B-2 
fl-8-7 
o 2-5 

o 

295 

T \IIU. A-11. 7-bit :lltd lí hit···¡ rim~J·.d" .\<:,(1¡ ( r,dL'>. 
-----

Pnntmo j 7-b.t --~----6-b1t-- - --~-r-1 r-,:-m-.,-----;_·:1~-------·;:~:t 
ch"r"ct.;r ASCII 1 trirnmcd cha~act;r i ASCII tn J' ,·~e' 

1 ASCII • A'>Cii ---------- ------1-------- _______ l __ - -- -- ~----

Nuli 

@ 100 1 00 (Spac.e) 040 41} 
A 101 : O! r 041 41 
B j 10~ • o~ , 042 42 
e 101 ! o3 1' # oj 1 -13 
~ 1 !04 0--1 ¡· $ 0-+4 4-l 

FG 1 ¡~¿ 1 ~~ ¡; ~;~ ~~ 
j\)/ 1 07 1 047 .:; i 

H 
¡ 
J 
K 
L 
M 
N 
o 
p ,, 
·-<. 
R 
S 
T 
¡· u 

V 
w 
X 
y 

z 
r· 
\ ,. 
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0ctd1 üeb~1g~cr- 3-17 
C1ctat n~J!l¡uer l J 

CUD\._,1 '-1 10n L~bk~. Aor:·ndl\. T ~bks 
A-J. ,\-5 . 

Odd p]r• ty 1-4 
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J í 
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Relocatabk code. 3-6 4-17. 6-
Relocation. 4-17, ~-18 
Rema:nder. 1-9. 2-1-\ 
Repeat operator. .t-6 
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for 0:-..lA sy>:c:rn, 5-18 
for intnrupt> 5-13 
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Solll ce adctrc>s. 6-9 
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S,,urcc L!p~. 3-.'-
SL>Ufl~ t1mt:, 6-9 
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St.1ck, 4-!0. 6-S. 6- iO 

for reentrant progra'llmtng 4-16 
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Stad. oper,lltOI',, nltl:-roprogr<~mmed, 6-13 
Su.cl.. pc1flter 6-6. 6-8. 6-10 
Start bt t, 7-1 ~ 
Statc: \anabk. 1-7, i-17 
Status \\Ord, 6-10 
Stop b1t, 7-1-l 
Stor¿ge tub~. 7-8 
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"Stnpped"' mm1.:0r1puter, 7-6 
Subde\Jce btt, 5-2 
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SUPERI\'OV-\ tst<e Data General Corp) 
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Table lookup, 2-7,4-11 
T:1biet, 7-12 
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Tune-di\ t' Jc)' 1 Pn!lllplcx¡ng, 7-14 
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l. ~NG. ARMA~DG MALDONADO T. 
L<~oli,.)Ccl-.~ 42 9-5 
~ , 

1
J

0 : • Condesa 
V, • · •e x 1 e o , J o ·-T , , • r. 
e l : 5-5 3- 2 O- 40 

.. ~!S. R03ERTO MAASS 
~J,~seo_ :\o, 61 
._,Q 1 • A 1 ,-,e; S 
~ .. - ' n2x j eo ') '1 ,.., r 

T ~-U, iJ. r. 
e): 5-.93-64-05 

'MART!N MEJIA ~SP!NOSA 
~a1Je Cadena No. 177 
Lo}· Metropolitana 

\ Méx. i eo 9, O • F. 

\ 
~\·. GERMAN MONROY AYALA 
~en re 55 No. 335 
\}a de Cortes. 

1 eo í 3 O F 
' • o 

\5-33-27-14 
\ 

\ 
\ORTEGA OL! VARES 
1C 838 Edif. G-303 
\r8s·_. Tetepi leo 
\ D -- e:-

• 1 • 

'2-95-07 
\ 
\ 
\ 

'?O ORT 1 Z AGU 1 LAR 
) • 1 1 3 

\ 

S 

UNIVERSIDAD AUTONOMA METROPOLi~ANA 
tZIAPALAPA 
Av. Mlchoacan y la Purisim~ 
lztapalapa 
México 13, D. F. 
Tel: 5-81-50-55 Ext. 221 

INSTITUTO NACIONAL DE ENERGiA 
NUCLEAR 
Providencia 1229 
Col. del Valle -
t1é x i e o 1 2 , D • F • 
Tel: 5-75-60-96 

COLEGIO DE CIENCIAS Y HUMANIGA~[S 
Canal de San Juan y Prolonua~iaG 
de Plutarco E1ias C. 
Tepa1cates 
,"ié x í e o 9 • D • F • 

INSTITUTO MEXICANO DEL SEGURO sG~ 
CiAL 
Paseo de la Reforma No. 194 
Méx i co , O • F. 

C O L E G 1 O DE C 1 E N C 1 A S Y H Ui'-1\f-. 1\] ¡ ; ; <: ,-· 
Canal de San Juan y Prolong. 
P1utarco EJ:as C. 
Co1. Agrfeo1a Orienta1 
Mé x i e o , O • F • 

DIN, ii~GENlEROS 
Quintana Roo No. i41 Desp. l.HJ';: 
Co ·¡ • Condesa 
Méx i co 1 1 , D . F • 
Tel: 5-74-40-28 

,, 
\ ~ 

1 

\ 

/ ~ 
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27. CARLOS ORT:Z ROSAS 
Guacemala 16-17 
México 1, D. F. 

28. ING. SA~VADQR PANAME~O MARTI~EZ 
Cerro de 1 a Es t re 11 a No. 1 3 7 
Col. Campestre Churubusco 
M~xico 21) D. F. 
Te i : 5-49-45-90 

L!C. VICTOR M. PEREZ TORRES 
Av. Framboyanes No. 106 
La Pe r 1 a 
Netzahualcoyotl 
Jl.l.éxico, D. F. 

JUAN R!VAS SANCHEZ 
3a. Privada de Tula No. 7 
Co1. Sta. Ma. Maninalco 
México 16, D. F. 

31. MIGUEL ANGEL RODRIGUEZ CHAVEZ 
Bcrlin 13 del Carmen 
Coyoacán 
México 21 O r:: , • 1 o 

Te1: 5-54-10-75 

~2. RJBERTO ~ODRIGUEZ LEYVA 
Calle 16-4 
Co 1 • Moc rezuma 
Méx i e o· 9 , D • F o 

33. 1 NG. JOSE H. SALINAS AL TES 
Rincónada Diligencias 19-A 
Lor.1as Verdes 

ü 
Nauca:pan, Edo. de México 
Tel: 5-72-52-57 

E ~1PRE SA Y O l ["{E Cf.LQ.t:J.. 

U.N.A.M. 
Canal de San Juan y Pro1. 
Plutarco E. Calles 
México, D. F. 

NACIONAL FINANCIERA 
Isabel la Católica No. Sl-3e:r,P. 
tv'éx i e o 1 , O • F • 
Tel: 5-10-11-24 

COL E G 1 O DE C 1 E N C 1 A S Y HU f'I¡A N !. U;\ U 1:;· :' 

Av. Canal de San Juan s/n 
Col. Agrícola Oriental 
México, O. F. 

COLEGIO DE CIENCIAS Y HUMANiDAD~~ 
Canal d~~san Jua~ 
Col. Agrícola Oriental 
Méx i co , O • F • 

COL E G 1 O O E C 1 E N C 1 A S Y HUMA~,~ \ rJ ~\ >: ·~ 
Cana 1 de San Juan y Pro 1 onqd:: 1 ·J·

1 

Plutarco E. Cal1es 
Méx i co, D. F • 

COL E G 1 O DE C 1 E N C 1 A S Y HU ~'\f}¡ ;-; \ lí 1~ ;~; 
Av. Canal de San Juan s/n 
Tepa1cates 
Méx i co , O o F • 

1 NSTI TUTO MEXICANO OELPE!ROL"i:c: 1 ,., 

Av. de los Cien Metros No= ···'" 
San Bartola Atepehuacan 
México 14, D. F. 
lel: 5-67-66~00 Exto 3S8 



NOMBRE Y D!RECCION 
---------.~~~~ 

3L¡." GUI LLERHO Sli~Tl LLAN 0ALTAZAi~ 
Cctl J¡; 1

';{
11 EcJificio '+2-L¡. 

Prados Coyoacán 
México 22 D f. ' . . 

35. !NG. LEDA SPEZIALE DE GUZMAN 
Av. Centrl No. 23 
Col • Ce.-.·.:: i ne la 
1'-';éx i e o 2 l , D. F. 
Tel: 5-49-21-33 

36. JOSE R. TELlCH 
1'vla r Banda 18 
Col. Popot 1 a 
México i7, D. F. 
Te l: 5-47-36-09 

37. T~C. SALVADOR TORRENTS JIMENEZ 
Calz. Nonoalco 217-A-204 
Tlate lo1co 
l"'léx i e o 3 , O • F. 
Tel: 5-83-13-81 

Jd. iNG. CARLOS VADILLO ROCA 
Cda. Cerro de 1a Miel No. 26 
Col. Romero de Terreros 
M~x i e o 2 1 , O • F • 
Te 1: 5-54-91-05 

59. ING. JOAQUIN VALLE CUELLAR 
Nicolás Bravo No. 117-A 
Chihuahua, Chih. 

~:-, • 1 

EMPRESA Y DiRECCION 

COLEGIO DE CIENCIAS Y HUMANiDADES 

FA:ULTAD DE i NGENIERIAP UNAM 
Ciudad Universitaria 
S¿¡(, Ange 1 
México 20, D. F. 
Te i : 5-48-96 -~4 

HOSPITAL ESPAÑOL 
Av. Ejército Nacional 613 
Co 1 • Granada 
Méx i e o 5. D. F. 
Te1: 5-313300 Ext. 218 

PETROLEO$ MEXICANOS 
Av. Marina Nacional No. 329 
Méx i e o, O • F. 
Tel: 5-45-74-60 Ext. 3268 

DI!~ INGENIEROS~ S. C. 
Quintana Roo No. 141-403 
Col. Hipódromo Condesa 
Méx i co, D • F • 
Te i : 5-74-40-38 

o 

SECRETARiA DE RECURSOS Hl Dn/\;J: l ;~¡,.~e 

A1dama y 3a. 
Chihuahua~ Chih. 
Tel: 2-09-93 

o 
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