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iQué le parecid el ambiente en la Divisidn de Educacibn Continua?

‘ AGRADWBLE

DESAGRADABLE

| MY AGRADABLE
|

|

!

Medio de comunicacifn por el que se enterb del curso:

PERIODIQ? EXCELSIOR
ANINCIC TITULADO DI
VISION DE FDUCACION
CONTINUA

PERIODICO NOVEDADES
ANUNCIO TITULADO DI
VISION DE EDUCACION
CONTINUA

FOLLETO DEL CURSO

CARTEL MENSUAL

RADIO IWIVERSIDAD

COMINICACION CARTA,
TELEFONO, VERBAL,
ETC.

REVISTAS TECNICAS | FOLLETO ANUAL | CARTELERA UNAM "LOS GACETA
UNTVERSITARIOS HOY! URAM
Medio de transporte utilizade para venir al Palacio de Mineria:
AUTOMOVIL METRO OTRO MEDIO
PARTIQJLAR

curso?

- (Qué cambios harfa usted en el programa para tratar de perfeccionar el

iRecomendarfa el curso a otras personas?

Sl NGO




6. iQué cursos le gustaria que ofreciera la THvisiSn de Educacifn Contimua?

7. lLa coordinaci6n académica fue:

EXCELENTE | BUENA REGULAR MALA

8. S5i estd interesado en tomar alglin curse intensive ;Cufl es el horario -
mis conveniente para usted?
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VIERNES DE 17 A 21 H4 VIERNES DE 17 A 2
SARADOS IE 9 A 14 H. | SABADQS DE 9 A 1
DE 14 a 18 H.

1 H. OTRO
3Y

%. (QuéE servicios adicionales desearia que tuviese la Divisidn de Educacifn
Continua, para los asistentes?
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SYSTEMS PROGRAMMING

JOHN [. DONOVAN
p—y

background 2

This boak has 1o major objectives: 1o teach procedures for the design of wafl-
wate sysiems and 1o provide o basis for judgement in the design of soliware. To
lacilitate our lask, we have taken specific examples [rom sysiems peogtama. We
discuse the design and snplementation of Lthe major system componenix

What is systems programiming? You may Yisualize a coripuler as ime soct of
beast that obeys abl commands, 1t has been said thal compuiers are baskally

. people made cut of melal or, conversciy, people are computers made gui of

flesh and blood. However, once we get close (o compulers, we se¢ that they are
basically machires that lallow v’ery specific and primilive insiruclions,

lo the early days of compulers, people communicaled with them by gm and
off swilches denoling primitive instructions. Soon people wanled to give more
complex instructlons, For examphe, they wanked 10 be able 1o vy X = 30+ ¥,

< given (hal ¥ = [0, whal 5 X7 Present day compuien cannot understand such

language without the 1t of fysiems programs Sysiems program {e.g.. com-
prlens, loaders, macrd processods, operating syslems) wore developed (o make
computers betler adapled to Lhe needs of their users. Further, people wanled
more assislance in the mechanics of preparing their programs.

Compilers are syslems programs that accept people-tike languages and trznslaie
Ihem inta machine langeage. Loaders are systems programa that prepare machine
languape proprams Tor execulion, Maceo processors allow programmens 10 use

. abbrevistions. Operatlng systems and lile systems allow flexible stating and

retrieval of information (Fig. 1.51).

These are over 100,000 computers in use now in virtually every application.
The peoductivity of rath computer is heavily depeadent upon the elfecliveness,
efficiency, and sophisticasion of the gy stems programs

In this chapter we introduce some teiminology and outline machine structure

and Lhe basic tasks af an operaling system. .
1
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MALHINE $TAUCTURE
. BACKGROUND ]

The contents of & word may be interpreted i dase (values to be operated on)
o rgfrechions {eperation: 10 be performed). A processor it 2 device that pee.
forms » smquence of vperauons zpecified by instructions in memery. A program
{o¢ procedure) is & sequence of tnstructions.

Memory may be thought of u madboxes containing groups ol ones and zeios
Below we depict & setier of mmemary locitions whose sddresses yre 10,000

P L, ) -
T ——iiic Wy

through 10,002, . .
t
ManageT.ent }
FIGURE 1.7 Foundyom of o stomy _ Agorer Conrenn !
10,00 DOOD G000 000G DOOT
- 10,001 001100000000 6006 | -
i 10,007 o030 QOO0 GO DID0 . oo

1.9 MACHINE STAUCTURE

An 1BM 1130 proct par e Ling locstion 10,00 35 an instruction would inter-
pret its contents ma @ *hall™ instroction. Treating the same tocation s numerical
datz, the prooesor wodld interpret its contents 2s the binary number 0011 0000
0000 000 (decimal 12,288). Thus instructions and daia ghare the tume sorage
medium,

information in memory i coded into groups of bits that mry e interpreled
. a3 characters, lulructions, or numbers A eodr ia 2 st of rules for inlerpreting
J groups of bits, .., odes Tor yepresentation of decimal digins (BCDY, for char-
v aciers {ERCDIC, or ASQIL, or (o instructions {specific processy operalmn
rodes). We have depicied 1wo types of processors: Faput{Qurpur{1{0) processorn
and Central Frocecgimg Unity (CPUs). The 1/0 processors are concerned with the
i transfer of date betweepn memsry and peripheral devices yuch as disks, druma,

printert, ard 1ypewtiters, The CPUs are concemed with manipulsiiony of data
| 0 stored in memory. The 10 processors execure [0 instructions that are sioted in
memory; they ase generally activated by 8 command [rom the CPU. Typically,
this consists of an “execute 1O instruciion whose Irgunt=nt ja the sddress of
the sprt of the 1O progtam. The CFU interprets this instraction and pasyes the
argument to the LfO processor (commonly catied 0 cluinels)

The 1O instruciion s61 may bA enizely different {oom that of the CPU and
may be execuled asynchrongusly (simmultanecusly) with CPU operation. Asyn-
chroneus operation of 1/0 channtls and CPUs was cne of the caclient forms of
Pudtiprocersing. Multiplocessing means having more than one prodegor Oper-
sting on the ame memory glmullanepudy.

the form gf ¥ ¥ew information 1y he; ;
Bir. Dits are I:HT; T[nd Eefon, E_ach GNE Of 2e1q 13 3 separate binarze:!r:a':“;llfddm
Memory |¢¢at£m Y Brouped in units that are cay)ey words :h:raclerqm u: & Er .
) ate specilied by gdr, ' % yies,
tpecifie byte, word, o characre, d Fases, Whete each sddreys idenlifies 4

— T —mam - .

Since insttuctions, Jike dwis, are stored in memory and cad be treated a9 data,
by changing the bt configuration of an struciion — adding 3 nam bes to it — we
may change it 1o 4 dilTerent jnstruction. Progedures that medify themselves are



5 Wiiting such proced
Othet programmers find them difﬁcu!]: o u:::

shared by multiple processors. Each
madifies s Cantents. Another
cedure may tNcounter djfferen
e not readily repsable, A Pure
the instruciigns are (the gape
lre-cuerany e0de) are emplaycd,

A M poor progeam Ming practice,
+ Ad moregver they cannot be
Processor execuling an impure procedyre
pTﬂtcisur atlempilng to execure the same pre-
L bshuclions or daty, Thus, impure procedures
Proc editre does noy modily iself. To ensure that

1.2 EvDLy ) :
TIOM OF THE COMPONENTS OF A FROGRAMMING SYSTEM

12¢% Asymiblers

Let s reviow SCHTIE 33,

; Prcts of ihe deve]
sing Syt opment

af the componenty of g Progtam-
AL ORE timne the comy , -
. ' PUler progfammer had is di
1hat inferpreted 3t his disposal 2 basi i
P IF;m m;nlhmush h:rd!u.f:lre. certan fundamental inslrucliun: ‘;{I:::hlm
Place them (o IF'un:r _hy WINg 3 series of cnes ang 208 fmag hin .h ould
! the memary of the machine, and press a but ¢ lnevage).
I P o would siart 1o inlerpret them ay ingtrucyions, 190 whertupon the
Fogrammiers found it d,1r; ul .
) E 1o writ ™ :
In their que I & or rexgd Programs in myeh;
(9 mbunqr:;!: rc: o Mmore Converient language, ihey began 1 u::h o omglage.
1015 moshi Ilc machine insiruction, which they woyid cubséquent ]:inrrrw:rir
1he language. Such 3 mneman; i eRLY tamslate
2esEmbl wnic machine lan j
|un:!_-""v h;.i,:m. Programs known 1 asemblors wers f:ﬁ: j: o called an
ion o . n
Assebly language inta machine language, The ingut 1
: . 0 an 35

sembler program is cafle
il .
tansdation {ohfec; Pfﬂg:ram; Buree program; the oulput is o nitbchine language

122 Losden ‘

pnc: N2 agscimbler Preduces j
MO memmy and executed, 1 |
PIEInS are i se0 d in Moy

The assembler could
conirol g 4, thereby

BACKSAGUND | ’ &

However, this would waste corel by leaving the assembler in memary while the
ety program was being exzeuted. Al the programmer would have to retrany-
Late his program with each execulion, thus wasting translation time. To overcome
the problems af wasted translation tme and wasted memory, systems program-

mens developed another component, called the loader.

A docfer is & prograna Hual places programs jnto memory snd prepates them for
execution. In 2 simple loading scheme, Lhe assembler outpuis the machine
languzge trénslatian of & prograrm o a secondary slotage deviee and a lpader is
placed in core. The lgader places inwe memory the mnchine language version of
the gty program and transfers coprol 1o L Since the loader progzam is much
smaller than the axsembier, this makes more core avaitable to the user's pregram.

The realization thal many users were weiting vitlually the same programs ked
10 the dmloptp#nt of “ready-made” programs (packages}. These packagey weee
written by Lhe computer manulacturers or the users As the proprammer became
mot¢ sophisticaied, he wanled 1o mix and combine teady-made piograms with
by own, Lo response to this demand, » lacility was provided whereby the user
could write s main program that used tevera) other programs of subroutines. A
whroutine is a body of computet intlructions desgned Lo be ustd by other
roulines to accomplish a tagk. There are two lypes of subroulines: closed and
open subroutings. An opert ubrouling o maere definition 13 one whose code is
inserted into the main program (Mow continues), Thus if the same open sub-,
routine were called four tmes, it would appear in fout different places in the
calling program. A closed subroutine can be stored outside he main routine,

. und control tramsfers o the subrovbine, Associawed with the closed subroutine

are two (x5ky the main program must perform: trangfer ol control and transler
of dala :

Initially, closed subroytines hid lo be loaded into memory 81 2 specile nd-
dress. Fot example, if g user wighed to employ a square oot subroulse, he
would have 1o write his main program s that it would iransfer to the locativn
sssigned 1o the square roal routine [SQRT)L His program and the subroutine
would bt avembled togeihes, I 2 s2cond user wished 1o use the same subroutine,
he nlso wonld assemble it along wih his own program, and the complete machine
language translsticn would be loaded into memory. An example of core alloca-
tion nnder this inflexible Ipading scheme is depizied in Figore 1.3, where eote is
depicted ax 1 linear apray of locations with the program sreas shaded.

k

. o
Lutaln memey §s typica by impdrmenied ay magnetic corer benow memory and gore 2wl
hony mouady. -
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WEURE 1.3 Exanophe cort allocation for "bsli e loa ding ‘

Note that program | has “holey™ in
: P¥s part of the SORT whroutine.
| I'I'-“,I'III‘I'II'I'IH:I wished to yae $ubroutines that
¥ 2nd did not want ¢o he concerned w
They expecied the COmputer
10 mubsiitute yddregeg for the
S::!;:I: PIogrammers noted thay would be m
cou i j
e trnnﬂ'a!ed 19t0 an object form that the fpade, could e ™ di
® Uger's program, The task of adjusting pr o they mag bo o)

n arbitrary cote locationg . OBTAM1 20 they may be placed
3 C . T
fonciions: alled reloegiion. Reboeating loaders perform faur

core. Program !Iow&vs and thereby

referred 1o ll:hmher bola

; symbolical.
) lth t!'u: ldd:rr;: of Parts of ikeir programs,
fyslem 1o assign locations to thej; Fabrovtines and
 sYmboli: references,

ore elfictent T s browstines

;_ ;."ltlclll SpAcE in memary for
+ Resolve symbalic references between object decks (finking}

d‘ H ok d-l' 1 F b Il

The ¥3riguy t¥pes of Inaders (hay
felocaling, direet-link; i

the programs (focarion)

a3 and Jdaa intg memory (loading)

+

" BALKGROUND ’

operating ty lems provide a macm procexsing facility, which permity the pro-
grammer 1o deline an abbievistion for a patt of his program end (o use the ab-
Breviation in his program. The macro proc#ysor treatn the identice} pasts of the
program defined by the abbrevistion a8 » macro definition and saves the defini.
tion. The macto procewsor substilutes tha delinition Tor ol securences of the
sbhreviation (macro call) in 1he progrom.

In wddition to helping programmecs sbbreviale their programs, macre facilitiss
have bren used 53 general text handlers and for specializing opérating systerms to
individual computer installations. In specializing opersting systéms (gysteru .
geneationy, Lhe tntire optraling Tystem i1 wrilteo 3y » geriés of macro defind-
tions. To specialize the operating rystemn, B setiet of macro calls are wrilten.
These pre processed by the macto processor by substituting the appropriate
definitions, iwreby producing all the programs for an aperating system. '

124 Compliers

As the user's problems becamne more cavegodized indo areas such as sclentific,
bunnem, and watisticsl peobilems, specialized languages (high level lampuages)
were developed that allowed e user 1o exprest certain prablems concisely and
tasly. These high level Tanguages — examples are FORTRAN, COBOL, ALGOL,
and PLA1 - are processed by compilers and interpreters, A eomrpifer is 0 program
thal accepis 3 program wiillen in & high level language and produces ap object
progiam. An interprefer is & program thal sppedrs 10 ¢xecule 3 sDUTCE program
as il it were machine language. The same pame (FORTRAN, COBOL, eic) is
often used to designate both a compiler und its associaied language. _

Modern compilers must be able to provids the complex lagilities that pro-
gaammers ate now desranding. The compiler musi fernish complen sccesing
methods lor pointet varinbles and dats sirucluces used in languages like PLY,
COBOL, and ALGOL. 6. Modern compilers must interact closely wilh (he oper-
aling system to handle stilements concerning the hardware inlecrupis of a com-
puter [r.'.g'. condilional statements in FLJ1).

125 Formal Systems

A formal sysiem is an uninterpreted calculus. Tr consisty of lﬂillphlbﬂ. a ser of
words called axioms, and a fnite se3 of cetaions called rules of inference. Ex-
amples ol formal sysiems are: set theory, boolean algebra, Post systems. and
Backus Normal Ferm. Formal systems are becoming impartant insthe desgn,
implementation, and study of programming languages. Specifically, they can be

1



328 Digital Principles and Applications

Fig. 12-1. Magnelic cora.

Fernte cores can be consiruched in smaller dimensons than metal-ribbon corey
ard usually have better umformily and lower cost. Furthermore, ferrite cores
typically have resistivilies greater thas 10 {1-cm, which means eddy-current losses
are aegiigible and thus core heating s reduced. For these reasons, they are widely
wseql % the principal memory or starage elements in large-scale digital compulers,

Metal-ribboan cores, on the gther hand, have very good magnetic charactenshics
and generally require a smuller driving currenl for swilching, They are somewhal
better lor the construction of lggic cincuits and shift registers.

The nnary characicristics of a core can be mosl easily seen by examining the
hysieresis curve for a typical core. Hystergsis comes [rom the Grenk woid hysterein,
which means to lag bohind, A magretic core exhibits a lag-behind charactenshic in
tht hysteresss Curve shown i Fig, 12-23, In this ligure, the magnetic fivx denuty B
is plotied as a funclon of the magnetic farce H. However, since the lux density B
s ety proparticnas 10 the Mus ¢ and since the magnetic field H s directly
preportional 1o the current I producing it, 4 plot of ¢ versas 1is 3 Curve of the ame

¢

Fig, 12-2 Ferre-core hysteresis curves.  [a} Magnetic Jlux cennity B verius magnetic
{ieidt H, It Magnetic Hua ¢ versus current |/,

¢
o
g &

rrwkmw— === ==

a
4

Fa | b

ab = amanm

Magnetic Devices and Memories Ky,

general shape. A plod of flux in the core & versus driving current ! is siown in Fig.
1}-ih, We shall base our discussion on this curve since il is genetally eavier 1o talk
i terms of Lhase quantiles.

New. suppose thal 3 curren] source is atlached lo the windings on (ke cone
shown in Fig. 12-1, and 2 positive currenl 15 apolied icuren! fiows inlo the upper
werminal of the winding). This creates a {lua in the core in the ciockwise direclion
shown in the ligure (rermmember the Fghi-hand rule), I the drive Current 15 jusd
shightly greater than L. shown in Fig. 12-2, the pperating pow of inge Core is some
where between points b and © on the ¢ curve, The magrilode of the Rua £ an then
b read from the ¢ axis in this figure,

If the drive current is row removed, the opreraling point moves awng the &f
curve through poinl & 1o point o, The core is now storng energy wo0B 0 npuk
signal, since there is a remaining of fermanent flux in the core at ihis paint. This
property 15 known 28 remanence, and this point is known as 3 remanen! point.

The repeaied application of poaitive current pulscs simply causes the operabing
poinl i move beiween points J and © on the @) curve, Nolice that the eperatng
paint always comes 1o resl al point d when all drive current 15 removed.

if a negalive drive curienl somewhal greater than -f, is now applied W the
winding [in a direction opposie ta thal shown in Fig. 12-1], the operating potnl
maoves i of dewn through @ and steps at a poinl soimewhere Bebaeen aced g on
the & curve. Al this point 1he flux has switched in the core and is now dirccbegd i a
counterciockwise direction in Fig. 12-1. Il the drive current is ngw remaved, the
operaling point comes 1o resl 4t painl h on the ¢! curve of Fig. 1 2-2. Nolice 1hat 1he
Mux has approvimately the same magnitude bul s the negalive of whal 1l w et
previowsly. This indicates that the corg has begn magneired in the opposite direc-
fign. T

Repeated apphicanon ol negative drive currents will simply cause the operaling
point 1 move between points ¢ and b on the ¢f curve, byt 1he Bnal ressing plage
with no applied current will be paint k. Point h then reprewents a second remanen!

. poinl on Lhe §f curve,

By way of summary, a core has w0 remanend ctates: paint d afier the applicahon
of one or more positive current pulsey, pont b alter the application of one or more
negalive current pubses, For the care i Fig. 12-1, pounl of coreeeponds 10 1he core
magnetized with flux in a clockwise directinn, and painl h corresponds 1o magne-
tization with fux in the counterclpckwise direclion.

Example 1247

Cores can be magnelized by utilizing Uhe magnetic field surrgunding a current.car-
rying ware by simply threading (he Cores on the wire, For the twn possible cgnenl
direcnons in the wine shown in Fig, 12-3, what are the corresponding directions of
magnetization for the core?

Solution

Arcording 16 the pghi-hand roie, a current of < magnehzes he core waill The Qus
Wi a clackwise dwegtun around the cone, A currenl of =) magnetizes the care . h
fluw in 2 counterclockwive dires Lion atound L Core,

-
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s Fig. 12-1.

- Wi now guite eawy 1o bee how a magnelic core is used as a binary slorage device
In 2 digial sysiem. The core has 1wo siates, and we fan simply deline one of th
mtusl M 1 and the alber date av a0, 1 s perectly arburary which is which, b X
Fyr JésCussion purposes ley us Aefine pount d as 4 1 and point b as a 0. This rn;Ea:sl
tlha:a:-umwc curreat will recard a T and result in clockwise flux in lh{: core in Fig
¢j;¢: negalive curent will record a O and rt:sult 3 COuntercloc kwise Muk in 1he
nn‘:‘ui; nf‘?vlhm.? 1=e merans for freconding of wibking 3 1oralinthe core but we da
O as vel have any means of detecling the infarmation siored in the CoHe. A ve
simple rec W ique oz accomplishing this i 10 apply o current 1o the enre -.-.'P;ich wirl";
&wm'hl it 12 2 known sate and detect whelber of nal a large flux change occurs
Cu_nsim-r the core shown in Fig. 12-4. Applicaton of a drive current of —; wi.li
twiich the core 10 the 0 state, Il the core has a 0 stored in il the opersting point will
M@ve horween peiny g and b on the of curve g, 12-21 and 2 very small (u
Cnange wall oecur. This 4mall change in ua will induce a very small vollage acms:
L mr_mswwn’?ding terminals, On the other hand, il 1he core has a 1 stored 10, th
operating point will move ftom point ¢ o pount hoan the ¢f curve, resu]linp,:in :
I'mluch larges Rux change in the care. This chanpe in fivx wil induce a much larger
vOilni e n the sense winding, and we can thys detect the gresence of 4 1. 5
Tu summarize, we can getect the Conlenls of & core by applying a read pulse
which resets the core 16 the O state. The oulput voliage at the sense winding is

fIg. 124 Senung the contents of a care.
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characterintica, Magnevc fimld Hoersieds)

much greater when the core comans a 1 than when it contins a N, We can
therefore deiect a by distinguishing beowern the 1w output-village tignals, Mo-
lice Lhal we could seL the Core by applying a read current of +! and delect the
larger output voliage a1 the sense winding as a 4,

The outpul voltage appearing at the sense winding for a typical core s alw
shown in Fig. 12.4. Notice thal there is 3 difference of about 3 to §in oulpulaol-
tage ampliaudde berween a 1 and a O cutpul. Thus & 1 can be detected by using
simple amplitude discrimination in an ampkficr, (o farge systems where many Cores
are ysed on common windings (such as the large memory systems in dignal com-
puters) the O cutput voltage may become considerably larger because of addnive
effecis, In this case, amphiude disermination is quire ofien wsed in Combanation
wilh a stmbing technique. Even thpugh the amplilude of the 0 output vollage may
increase because of addiive efferis, the width of the oulpul will ngt inceease
appres inbly, This means that the O cutpul-valiage sipngl will have decaved and wall
he veary small before \he 1 noipul volage has decayie), Thas il we strols the reard
amplifiers some time atter the application of the read pulse (for 2xample, bereeen
0.5 ard 1.0 w5 in Fig, 12-4), this shoukd improve our detection abiliry.

The switching time of the care it commaonly defined 23 the time required for Lthe
oulpul voltage o go from 10 pricenl up through 3 maximom value and back
dowr g 10 percent again lsee FIR. 12-4) The swilching time (or any one core s a
function of Lhe drive currend as shown in Fig, 12-5, 1t w evidept from thic curve that
an inceeasedd drive current results ina decreased swinching Lime, In general, the
switching time lor a core dopends on 1he physical size of the core, the type of care,
arel the materials used in its construchion, as wetl as the manner in which 1l is used.
L will be suflicient for cur pumpases 10 know Lhal cores are available with wwilching
tmes from amwund 0.7 05 up 1o milliseconds, with dove currents of 100 muk o 1 A

12-2 MAGNETIC.CORE LOGIC

Since a magnetic ©ore is a basic binary element, il can be used in a pumber of
ways 1o implement logical funchions, Because af 114 inherent ruggedness. the core is
& pararularly useful logical element in applications where environmental eatremes
are onprnenced, lor engmple, the temperaure eatremes and radiation expoane ex-
peripnced by space webhacles.

Since the cote is estentially 4 torage devicr amel ds conlem is detected by resst-
Ling e Core B the © state, any loglic Sysbem gsimg cones - sy b o
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Crutpsur a| Fig, 12-6,  Basic magnetic-core logic element,

dynamic system, The basis for using the core as a logical element is shown in Fig,
12-6. A 1 input to the core iy represented by a current of +1 at the input winding;
this sels a 1 in the Core Imagnetizes il ina clockwise direction). An advance pulse
occurs sometime alter the inpit pulsc has disappeared, Logical operations are
caried out during the tme the advance pu'se appears at the advance [resef]
winding. Al this time the core s forced inlo the § stale and a pulse appears a1 the
output winding only «f the core previously stored 2 1. The current in the autpul
winding can (hen be gsed as the input for other cores or other logica) elemrents.

There is some energy Joss 0 the core during swilching. For this reasan, the
output winding noermally bas fore lurns 1han either the input of advance windings,
w0 that 1he ouipul will be capable of drving one o mare cores,

Maiice thal a 0 can be set in the core by application of a current of =1 at the input
winding. Alrernatively, a O could be siored by a cument of +f intg the undotted sids
of the wput winding. The important thing 10 notice (s that either 2 1 or a ¢ can be
stared in the core by applicalion of a current (o the proper terminal of the input
windmng, ,

Tor simplify our chiscussion and the lagic diagrarns, we shal! adopt the symbals for
the core and its windings shown in Fig, 12-7. A pulse at the 1 input sets a 1 in the
core; a pulse at the 0 input sets a © in the core; during the advance pulse, a pulse
dppears an the putpyt anly if the core previously hald a 1. Let us now consider
same of the basic lagic functions using the symbal shown in Fig, 12-75

A nwthod for implementing the or function s showna in Fig. 12.8a, A curreni
pulse ar either the X or ¥ inputs sets g | in Lhe core. Sometime aiter the inpu
Aulsels) have been lermitalied, an pdvance pulse oocurs, !f the core has becn sal o
the T stare, & pelse appedrs at the ouipul winding, Notice that this is truly an or
maction since 4 pulee Al either the X of ¥ input or bath sels a 1 in the core.

The methad shawn in Fig. 12-80 provites the means for ohaining the comple-
ment of a variab'e, The el fopor windeng to the core has a 1 inpul. This means thal
LiLting the it pulse e i winding always bas 3 sefinput current. If there s
g CUrtend ¢ the X input MSnlying X = 00, the corne is set, Thun, when the advance
pelsr Gy, a1 anpears 41 the oulpel, signilying that ¥ = 1, On the other hand, 1

— apamas s
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» Fig. 12.7. Magnetic-core logic efement. (3} Core windings. [b} Logic symbal.

X |, g current appear: at the X input during the 6t (ene, and Hie eflects of the X
inpunt current and the 1 input current cancel one anathee, The cote then Femaing in
the resel ctate frecall that the core is reset during the advance pulsel. o this Case na
pulse appears at the eulput during the advance pulse since the core previously con-
tained a b Thue the oulput represents X = 0. .

The anp luriclion can be implemented Using & core as shawn in Fig. 12-8¢. The
two inputs ta the core are X and ¥ and there are four possible combinalons of
these bwo inputs. Let’s examine these inpul combinations in detail,

Fig. 124, Basic core logic lunciions, te) na. U Complement. {0} and. id) Eaclusive-a,
1
L | 1 I x l

I L
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1. x=0 ¥Y=0 Since X =0, the core Cannot 15 s, Since Ym0, ¥ 1 and 1he
core will then be reset. Thus this input Comtbepaban resets the core and il stares
af

2. X=m Y=1 Singe X =0, the core 0! cannot be 01, ¥ = 1 and therefore.

¥ = () In this input combination, there by po input Curren in either winding
and the core canpot change stare, Thus the core remains in the 0 state becauw
ol the previous agvane pulse.

3. Xx=1,¥ =0, The current in the X windhng will aitempl to set a 1 in the core,
However, ¥ = 1 and this current will atlempt tu resel the core. These 1wo cur-
renis ofiset ane anothet, and the core does not Change slates, T renaing in the
0 state laCauve of the previows advance pulse, ’

4, A=1,Y= 1, The current in the € sy will et a tin the core since ¥ =0
and there iy noe currenl o the ¥ wmding. Thos this combunation sores a 1 in
the care.

In summary, e input X AND ¥ is the onty combination which results in 2 1 being

stored in the core, Thus this is ruly an axD funclion.

An eaclusive-0On function can be anplemented as shown in £ig, 12.8d0 by oring
the outptls Gf beQ A~D.RUNCTHON COres.

Example 12-2

Make a ruth lable for the exclusiveom funclion shawn n Fg. V28d,

Solution .

X v|x?!?v|x?+}v
t t t

¢ u1o'u| o

e o bog 1

1T u| 1

1 I’ﬂl o, o

One of 1he majgr groblems of (o logie beoomes apparent in the operation of
the ewclusive-Or shown W Fig. 1284 TIns iy he prgtd em o the fime reguired lor
the infgrmation io shift down he ine rom e core 1w the next, For the esclo-
sve-0R, the inputs X and ¥ appoar at 1inve &, aneh (he anD Cofes arg sed OF resef al
this tune. Al fime Iy an advance pulse s applied 10 the anD cores and (heir oulfuls
are ysod 10 5et the ar core. Then an Hme &y an advange puelse is applad 1o the ok
core and the fmal outpel appears, IF shomeld e abwigus fiam this disoussion 1ha
the: eprorglion i foe mnee Complicansd Togre Tunglons may legomp cncesdively
Irmg

A sncgntl thficulty wah tis tpe of logic i the et that the impaut palses st e
o ewadl'y the same wading This s particulacly rge Tor funcliong such as the
COMPLOMENT anel Pl anp, simce te ipput sigeals are al bimes reguired 1 cinge|
ane angloen, (0 apparent eae b oo of e gt slgnals 15 wiee than e atlyr,
the e may condain cofrmeens daty otler the dynad paafses Lo dosvpesnsd,

A i —" -——
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Yau will recall thal in onder 1o swilch 4 core inom one stale g another a Cerlain
minimum current fy is required, This is somelimes referred 0 a4 the select Curreni,
The cove arrangement shown in Fig. 12-8a can be used 10 implement an ax0D func-
tion if the X and ¥ inputs are each limiled o ane-ha!l \he select Current Yala In thiy
way, the anly tme the core £an be sel is when both X and Y are present, since this
i+ the only time the core recefves a full select current . Core Iogic funcuGas can
be constructed using the hall-select current wea, This wdea s quite impartant;
iorms the basis of ane type of large-scale menmwory system which we discuss later in
this chapter. -

12-3 MAGNETIC.CORE SHIFT REGISTER

A review af the previous seclion will reveal thal a magaeiic core exhibits at least
rw 0f the majur characteristics of a flip-t'op: lasl, il is a binary device capablie of
storing binary inermation; second, 1t is Capable 0f being set or reset, Thys 1 wou'd
seem reasondtle o expect thar the core could be used 1o construcl 2 shaft register
of a ring cownler. Cores are indeed frequently used lor these purposes, and in this
seclion we consder some of the necessary precautions and rechnigues,

The main iKlea involves connacling the oulpul of cach core (o the input ol Lhe
next core, When a cofe is rewel (or sety, the signal appearing at the pulput of Lhat
core is used 10 w2l (or reser] 1he next core. Such a connection hehveen 1w cores,
cafled a single-dinde ransfer bpop,” is shown in Fig, 12-9.

There are three major probiems to overcame when osing e sing'e-diode
rransfer loop. The first probfem is the gain through the care. This is similar 10 1he
problem discussed previously, and the solution is the same, That is, the losses in
signal through 1he care can be overcome hy constructing Lhe output wingding with
more burmy than the input winding, This ensures 1hal the outpot signal will have sul-
ficrent amplitude o switch the next core.

_The sacond problem concerns the palarity of the output signal. A signal appears
at the purput when the core is set or when the core is reset. These two signals have
cpposite palaritivs, and either is capable of switching the pext core, In general, it is
desirable that only gne of the two outpu! signals be effeclive, apg 1Mus can be
achieved by the use of the dinde shown in Fig. 12-9. n 1his figure, the current
preduced 10 the output wirding will go through the diade in the forward direction
tand thus set the next core] when the core is resel from Lhe 1 stale 1o The § slate. O

-

Flg. 12-9, Single-dipde transfer loop, fab Circwit, (5] Symbalic representation.
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Fig. 1210, Tour.core shilt regiaier, (31 Symbeolic circuit, (bt Wavelorms.

the other hand, when the cure is being set 1o the 1 state, the dipde will prevent cur-
rent low in the outpul and thus 1he nexi core cannol be weiiched, Molce thal the
opposite siuation could be realized by simply reversing the di_ude. .

Thes thin] prohlem arises from the facy that resetting core 2 JF‘Id!..I{IL’!'S. a currenl in
winding iy which will pass through the dipde in the Farwa rd d_uecltnun and thus,
wnd 1o s 3 1 in core 1. This cumtitules the transfer of infarmangn in the reverst
duection and i high'y undesitable, Fortunately, the solution to the {'.”'1 preobiem
hal of gaint resulls in a solution for this problem as well. Tha! is, since My has
ivmut windings than M, thn reverse signal will aot have suffeient amplilude w0
witeh cote 1, With (5 understanding of the basic vingle-diode sranifer loop, fet us
investigate the operation of a simple core shilt CeRister, o

A Lasic magnetic-core shift regisler in symbalic faron is shown in Fig. I!-!U. Two
<ets of advance windings aie eveessary lor shifting infermation down the line. The
advance pulses ougur alternately as showrn in the {wgure. A, is cannecied to COres _1
and 3 and would be connecied 10 all odd-numbered cotes lor 2 larger regisier. Ay |.s
coanecied 1o cores 2 and 4 snd wou'ld be connecied ta alt even-rumbered cores. i
e 3ysurme thal all cores are feset with the ewcepition Bt Tore i, it b ':IH'. lhal_ the
advance pulses will shitt this © down the register from core o care umi.l i iy shifted
et fle end™ when cone 4 v reser. The operation is a3 foflows: the first A, pulse
vesels e 1 and thus sets cons 2, This is folloveed by an Ag pulse whicl resety core

2 and thus wls core 3. The nest A, pulse resets core 3 and sets core 4, and the

jullgwing A, pulse shifts the 1 “out the end™ by resciling, cort 4. Wotice thay 1he
w0 pheses ot advance pulses me reguined, since il is not possible 10 set a care
whiles att qelvance {08 resel) pulse o present. _

the pptpot of each core winding €an e used 2y an input ta an amplilicr 0

e e
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produce the waveforms shown in Flg. 1 2-10b. Nolice that afrer four advance pulses
the 1 has been shifted completely thraugh the register, and the output lines all
remnain low after this time, -

The need for a two-phase clock or advance pulse system cauld be eliminaed i
some delay were introduced berween the cutput of each core and the input of the
next Core. Suppase that a delay greater than the width of the advance pulses were
introduc ed hetween each pair of cones. In this cave, it would be possible 16 drive
every cove with the same advance pufse since the oulput of any cote could nat ar-
rive at the input ha the next core wntil after the advance pulse had disappeared.

One method for intreducing a delay between cores is shown in Fig. 1211, The
advance-pilse amplilude s several times the minirmom required ta switch the carmg
and will rest all cores to the O state, |f a core previvusly contained a 0, no
switching occurs and thus na signal appears ar the output winding, On the gther
hand, il a core previously contained a 1, current Nows in the output weinding angd
charges Lhe capacitor. Some turrent Rows through the set winding of the nest core,
but it i+ small because of the presence of the resistor; furtherrmgre, if is overridden
by the magniude of the advance pulw, However, at the cessation of the advance
pulse, C remains charged. Thus C discharges through the mpu winding and R,
and sets core 2 to the 1 siate, .

In this system, the amplilvde of the advance pulses is not oo critical, Lyp the
wadth marst b matched to the B tirme constant of the loop. Il the advance pulses
are too long, or allernatively il the RC ime constant is too short, the Capacilur will
discharge tno much during the advance pufuwe tme and will be incapeble of seting
Ihe core al the Cessation of the advance pulse. The RC time constant may limge the
upper irequency of operation; it should be noted, hgwever, that resEting @ Core in-
ducesla curent i ils inpul winding in a disection which tends to discharge the
capacilar,

The arrangements we have discussed here are called one-core-per-bit registors.
Therg are numergus other methods (oo many o discuss herel for implementing

Fig. 12-11.  Core shifl register Using » tapacilor lor delay bebween cores.
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regisiors ang counters, and e reatler is relarred to the references for more ad-

soed webrigques, Some of the gther melthods include two.core-per-hit syslems,
modiisd-advane e-putse sysiems,  modifisdwinding-core syslems, split-winding-
roee Syslers, amd currer]-rouling-transfor sysierms,

Example 12-3

Using core symiboly and the capaciiot-delay lechnique, draw (he diagram for a
forsr-atage Ting Counter, Show the rapecied wavelorms,

Solution

& rirg counler ¢an be formed from a simple shadt register by using the output af 1he
Last core as hie input o the first core, Such a sysiem, along with the expecied
waveinrms, 15 shown in Fig. 12-12,

124 COWNCIDEST-CURRENT MEMORY

T cone shint regster discussed in the previous section suggests the possitnlity of
USHITE @0 array of Mapnelic cores fure wionng words of binary informalion. For -
ampie, a it core shitl regisier coald be wsed 1o wore 2 10-h word. The opera-
Lan would T senal iniorm, much like the 10-bit flipllop shil register discussed
eacner. 11 woulld, foavever, e subgect to the same speed limitstions observed in the
serial Thgeling reaeacr, Toat s, since fach bt must travel down (he register frum
Core o L, o mgenres A clock periods to shafl an n-tnt ward imro o oul ol the reg-
e, Thiy shall ferre may Docome oagpwively long in some caves, and a fasler
i My thea e developed, Much taaer operation can be achveved if Lhe in.
Soarmalinn sownles ale and read 0wl ol the Cores in g paralle] manner, Since ail
e ity are pricessod smublaneously an entire word can be lranslerred in only one

M. 1212, Tour-sldge ning counter for Example 12-3.
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Fig. 12-13. Magnelic-core coincident-cuftenl memory.

clock period. A straight parallel syyem wauld, however, requine one input wire and
one oulput wire for gach core. For 3 large number of coees the talal number of
wires makes Lhis arrangement impractical, and some other lorm af core seleclion
must be developed.

The mos| poputar method for storing birary information in paraliel foirn using
magnetic cores is the coincideni-cutrenl drive sysiem. Suclt memory $ysitems are
widely uscd in all types of digital systerns fram small-scale special-purpose ma-
chines up 1o large-scale digital compulers, The basic idea ivolves arranging comsy
in a matrix and using wo falf-sefect currents; the method is shown in Fig. 12-1).

The malrix consists of twe sets of drive wites: tha X drive wires iverticalt and the
¥ drive wires ihatizonial). Notice that each care in the mairis s threaded by one X
wire ang ane ¥ wire. Suppoese ane hallsetecl current Waly 15 applied 10 hoe X, andd
one hall-select current Yal s applied 1o line ¥,. Then the core whirh s threaded
by both lines X, and ¥, wiil have a total of Yal, + Wala = I, passing through i, and
it will switch slates, The remaning cores which are threaded by A, or ¥, will each
receive only Yalm and they wall therefose ol switch stales. Thus we hive suc-

ceeded in switching one of the Ve cores by selecting wo of the input lines tone of |

the ¥ lines and one of the ¥ linr). We designate the core thal swilched in this case
as core XY, since il was swiched by whecung lines X, and ¥, The desiznation
X,¥, 15 called the address of the corr unce i specilies ity Incauon. We can then
swilch any core XY, localed at atkhiess K.Y, by applying Yl 1o hoes Xy and ¥
For examplre, the core located in the lewer night-kand corner of the Malis 15 2l the
address X,¥, and can be switched by appiying Yzl b hnes X, and Yo

Q
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in order 1hat 1he selecled core will swich, the ditaclions of the hatl-select cur-
rents through the X line and the ¥ fine must be addilive in the core, In Fig. 12-13,
the X select cussents must flow threugh the X lines from the top toveard the botiom,
white the ¥ sefecl currents flaw Lhegugh the ¥ lines from beft 1o right, Agplication ol
the righi-hand rie will demensirale that currenls in Lhis direclion switch the core
such that the core fuv is in 3 clockwise direction Qooking Irom the 1op), We dehine
lins as switchwg the core to the 1 state, 1tis olivious, then, thal reversing the direc-
hons of bath the X and ¥ line corrents will swaich (he core to the O slate. MNotice that
if the X and ¥ line currenls are in 2 sublraclve directipn the selacted core receives
Yila = Vila = O and Lhe rore aces not change state.

Wilh Lhis system we now have lhe ability 1o switch any one of 16 cores by
selecting any two of eight wires, This is a saving of 50 percent over a direct parallel
sHechon syslem, This dving in inpul wires becames cven more impressive if we
enlarge the existimg matrix to 100 cores {a square matrie with 10 cores on each
soe). In this case, weare gbde 10 swiich any one of 100 cores by splecuing any two
of only 20 wires, This represents a reducticn ol 5 1o | over a straighi parahel weleg-
o Lyslem,

Al this paint we need W develop a method of sensing 1he conterts of a core. This
far he very tawiy accomplished by threading nne sense wire through vvery cane in
the matnin, Sinee oaly ene core is selrvied (vwilched) at a Ume, any gutpul on the
st wine will be due 16 the changing of slaie of the wiecled core, and we will
anepw which core it i since the core address s prerequisite 1 selecling, Soboe that
the sense wire passes through hail (ke cores in ono direction and through the ether
il 4n the pppgsite direction, Thus the outpu) srgnal may be either a posiive or a
Apabve pulie. For this reason, the gulput fram the sease wire ic usually amplifed
s rechleel W proture an oulput pulse which always appears wilh the same
mualarity.

Exampie 12-4

Feum the siandipunt of construction, the cote marex in Fiy, 12-14 5 more can-
vnel, Expiaan the necrsaary diregtions of ball.seiect currents in the X and ¥ lines
oe proper operation of The auatriv,

solution

Core X% s rxachy similar to Lhe previously digcuswed matric i Fig 12-13, Thus a
cuirenl passing down theough X, and (o 1he nght theough ¥, will sel core X, ¥, 1o he
i sle. To el core X,y 1o the 1 slate, current musl pass down thraugh bine X, but
curresl must pass ont the eight 1 the left through Lo ¥y icheck with te righy-
Busd sulel, creceeding o dhis [ashien, we soe thal cone XY, i sedar 1o XY,
Thieelgre, Cuiienl M pass throwyh hine Yy lram et 10 aghl. Similacly, core XY, is
simlar o core ¥, and cuerent musd Bwenctore pass through line ¥, wom nghl 0
loft, In gemaeral, current snust pass iron fel o eght thraugh e adg-nuimlered ¥
hwes, e Frewm gt aee bely throgh sver-numbnered ¥ lines.

N, siace currenl must pass from [efl tnorighy thoough hee ¥, ol s easily ween
LRt cuareent mwst pass upseartl mvoagh bee kg oan order 1o 0] core KY,, Hy an
argument sintkar et given foe e 3 Tines, Lyrent musl pass divereaand throggh
the odd-numbenad & lnes and epwend thirough the svea-numbeted ¥ hines
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The matrix shown in Fig. 12-14 has one exira winding which we have nol yer
discussed. This is the inhibit wire. In grder 1o underatand its nperation and funclion,
let w5 examine the methods for writing informanion into the matns and reading in-
formation fram Lhe malrix,

Towrile a 1 any Core that is, 10 set the core to the 1 stated, of i only necessary
1o apply Yala to the X and ¥ lises selecting that core address. if we desiced ta write
af1in any core Gihal s, set the core to the  state), we could simply apply a curren)
of =2l 1o the ¥ and ¥ lines selocting that core adedress. We can also write a 0 in
any core by making use of the inhibi wire shown in Fig. 12-14. [We assume thay
all cores are initially in the O state.) Notice thal the applicapon of Vil 10 (hiy wire
in the direction shown on the Digure resulty in 2 complete canceilahon of the Y line
select current (il also lends 1o cancel an X line curreni). Thus 1o write 2 00 any
core, it is only necessary to selecl the core in the same manner as 1If writing a 1, and
al the satre Ume apply an infbet current to the jadiebit wire, The major reason finr
writing a 0 ir this lashion will become clear when we yse Lhewe matrnix planes o
foem a complete memony. .

To summarize, wr wide a 1 invany core X, Y. lw applying ¥ale 10 the select lines
X, aml ¥y A [ can be wnitlen in I same fashion by simply applying ¥al. to the
inhibit ine a1 1he same ume @6 all Cores are intially resel),

To read 1he inforcation slated in any core, we simply apply —4al iy e proper X
and ¥ lines and detegt the oulpul an the sense wire, The sl corrents of = ailg
resel the core, and il the core previposly held a 1, an oulput pulve ocooes, §f Lhe
gore grevouasly hebd o O, 8 thees ol swalch, amel ao oatput palbor apears,

This, b, is the s ormsalete o idenl-current seled o LI T I T T A T Tl
Nolice that eeading te idormation ool nf the memory resulty o 3 comperte loss of

14
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Fig- 1215, Complewe conncident-curreni memory System,

in[nrmalnun from ke miomry, sipce all cores are resst during the read oporation
This v eeferred 16 4y a desiruciove readout ar RO systen, This matrls plane is um:i
1o store one il ana word, and 1t is nocessary to wer a of thase planes ta stare an
A=l word.

A onmplete o o sdent-currenl memocy syslem. can be constcuciod by
“iduan 4 INE bawg memory pianes nothe manner shown in Fig. 12-15. All the X
.Zim-u WP GTE Ll e 0 S0 from plane 10 plane as are all the ¥ drive lines.
Vs bl appdicatwen o Yl w lines X, and ¥, resusds o o selection af core XYy in
EVery |1I.1.r!|e. I Imes fasnion we can simullaneausly swich o cores where a1 iy the
n?mb«:‘f of planes, These o cores reprosent ane ward of n bits. For cuample, 1he 1op
prame gkl be the LSE, the nend o (e 1np plame wouid Then b the second LSB
anel =t on; 1he luitom piane weold Thea Bold the MSH, '

Ter read informating irom the memary, we simply apply —Y%2lo 10 the proper
agdress and sense (Re oulfpuls on The nownase lines. Reinember that readeut resules
M restling all corey o tne O skare, aew thus thal warrd position i the memary is
Cooarid ] by ali s

'u._; while wdlpmigte s o the memony, we simply apply Y¥alo 1o the proper X ang
Y »-e.n'i: ey, Thes will, bowsysor, wnie a 1 evory cote. S0 0or The cores ino whach
we dosre a0, we amiodamtaouly apaly el o the inhibi lice, For example, o
wrle 100} in the oer Towr planes i Fip, 1205, we apply Yl e the proper X

amd ¥ iines and a1 same b apgiy Vel o the bt lines of the secand and

[LTH ISR T

Tiuy method af wonag assemes gl all cones were previeosiy aothe 4 stale, For
S IR s Coinman e oeline a ekt Cecie One meaary Cycle is dedmed
an g el operatean relowerd By o wrie opweration, Fios sempes fovn parpases: Diest i
ensares thal all Ine cores gee in the ) staie gunng The wiile apecatnn; secoed, il
provities the baws lor designing a nondestiuctve roadont (SDRGY wystem,

A oo My m—-

——
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W is quite inconveniend to lose the dala stored «n the memory every time they are -
read oul. For this reason, the NDRO has heon developed. Cne method far ac-
compiishing this function is to read the inlarmation put of the memony into a tem-
porary storage register ((Lip-Nops perhansl, The outputs of 1he flip-flops are Lhen
used 1o drive the inhibit tines duting 1he write operation which follows Linhibil 10
write a 0 and do not inhihit to wrile a 11. Thus the basic memory cycle allows us 1o
form an KDRO memory from a DRG memory.

Example 12-5

Descrie how 3 coinCident-curren Mmemory might be ronstucled if 1t must be
capable of storing 1,024 rwenty-bit words.

Solution

Since there are 20 bits in gach woed, there must pe 20 planes in the memory (therr
is one piane for each bill, 1n order 1o stare 1,024 words, we could make Ihe plansy
square. In this case, cach plane would contain 1,024 cores; it would e Con-
sirucled with 32 fows and 32 columns since AF24)E =u (217 = 2% e 32, This
memory is Then capable of siening 1,024 % 20 = 20,480 bils of infarmatinn, Typi-
cally, a memory of this size might be constructed in a 31-in cube. Notice that in this
memory. we have Lhe atiiity to swich any one of 20,480 cores by contrelling 1be
currcrt levels on only B4 wires (32 X lines, 32Y lines, and 20 inkibit inesl, This 4s
indeed a mudest number of control lines.

Example 12-6

Dievise a means for making the memary $ystem in the previous example a NDRO
syslem.

Solution

One method for accomplishing this is shown in fig. 12-16. The basic core atay
consists of Iwenty 32-by-32 core planes. For comveniency, only the three LSB
planes and the MSB core plane are shown in the disgram, The winng and opeda-
non for the other planes are Lhe same, For claity, the X and ¥ sefect hnes have 1o
been omitted. The oulput sense line of sach plane is fed inta a bipolar ampliler
whicl rectifies and amplifies the cutput 5o that a positive pulse 2ppeats any Lme 3
set Core is rase’ 1o the O state. A complete memany cyeln consists of 2 rlear pulsa
lpllowed by a read pulse lollowed by a write pulse, The proper waveforms are
shown in Fig. 12-17. The clear pulse furst sets all Dip-Mops 16 Lhe O stae Bhic clear
pulse can be penerated (rom the frailing edge af Lhe wrte pulsel. When the read
line gews high, all the aND gates driven by the bipolar ampiliers are enabled,
Shartly after the rise of Ihe read pulse, =zl is applied 1o 1he X and Y hires desig-
natng the address of the word 16 I read gul. This resets all cores in the seleriexd
wortl 1o the O slate, and any core which contained a 1 weil| swatlch, Any core which
vwitches generales a pulte on the st ling which is amplified and appears as a
positive pulse at the cutpul of one al the bipalar amplifers. Since the tead anD
gales are enabled, a posidive puls: al the culpul of any ampidiet passes thrgugh the
ann pate and sets the fhp-flop. Shoniy thereafler the hali-welect currents diappear,

0g
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Fig, i2-16. WDREC wystem lor Laarnpla 17244,

e read line goes low, antk the flip-Fops now contain the datn which were
inviously i the selocted cones. Shotily afier the read iine govs low., the were line
koes high, and tivis enables the wrie anp gates {connected to the inhibit Line
drwvers,. The @ wae af any flip-Aap which has a 0 sored n il is high, and thy
rnnh_Im ihe wenite ano gates v which it is fannected. tn s manner an inbudul cur-
wenk s agplicd 1o any core which ptvvicusly lweid a 0. Shorlly afer the fse al The
wrlr pulee posilive half-wlest tureale anp appled to the came X and ¥ linec
Frese sl owerenis set o 1 any core which does ml have an inhihug cul‘:!“l‘!lt.
Iy thee ivfarmalain stoesd in e Hig-Nopt s wrten directly back inlg 1he r.urf.';
friem whieh ot cuse, Yoe pallosolot correns ¢ lhen ol to zern, ond e wrre
.rim- gaes lnw. The faid of the weree L is used 1o rosel fhe flip-flaps, and the system
vonow reany Tae amolher reanfaerre tycle,

The NORD d:emary systenn div usaed o (e Hrewe g cwample e (e
rsaas for D miormdign o Whar s legny e e it the awlivigiual bus
shereel dr e oives. T have 3 complels momory sy, we mosd Bave e

Ginmr —— o EEERAAEmRA- A A s L
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Fig. 12-17. NDRO wavelgrmg Igr Fig, 12-16 [read from memory],

fm

c:p.;hulm_.r e wrile informalion inta the cares from same eslernal source (e.d . input
data). The write gperation can be realized by making use of the exact same MDRO
wavelorms shown in Fig, 12-17. We musl, howover, add some additional gates 1o
the wystem such thal dunng the read pulse the data set into the Ehip-Tlops will be the
external data we wish slored in the cores. This cauled easily be accomplished by add-
ing 4 second sel of anD gales which can be uwexd 10 set 1he Mip-liops. The logikc

\ diagram for the complete memory system 18 shuwn in Fig. 12-18. For simplcity,

only the LSB is shown since the logic for every el is ideatical,

For the compiele memory sysiem wa recopnise that there are two daslingl opera-
Lions. They are wrile inlo memory (e, store ewlernal data in the coves) and read
fram: rmemory {18, astract dara from the chiros 10 be used elwewhere), Far These Do
QEeralions we must recessanly generale pwa cishingl sets ol conirp! wavelorms. The

" wavelurms for read from momory are exacily those shown in Fig. 12-17, and the

events are summarized as fmlows:

1. The chrear pulse resets all Aip-flops.

1, DNunnyg the read pulse, ail cores o the whecied addres are resel to 0, and the
data stored in thermn are leansfered o the ihp-Qlogs e means of the read asD
pales.

3. Duting the wnte pulse, the data held o the flip-tlope are slored Bags in the
cores by applying pasdive balt-selecl currents e inhibd currenis are con-
trolicd by the O sides ni the Rip-flops and provide the means of storing Oy in Lhe
COMES).

The writd iAf MEANEY wavelomms ane exacily 1he same a5 shawn in Fig, 12-17
with ane coceplion: thal is. the read pulve s oplaced with 1he enter daie jlse.
The evonts for wiile inie mennary are shown in Fig. 12-19, and are summansed as
Terklorwes:

1. The olear pulse rescis il thipeMogie,

12, During ine cafee Jata pulse, 1he nepadve hall-wslect urrends resed ol €oves i
the seles il atfdress, The core ourpots are ool o, boweve-, ande the aead
andy e are e omalidegl, lesieaed, osbrenal daba g St o P pr-lase

il Bl enler A pales

e
[
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Fig, 12-13. Complete NDRO memary syytem L38 plane oniy).

3. During the write pulse, data heid in the flip-flops are slored in 1he cones exactly
a5 belore.

In canclusian, we see that wiite into memery and read from mermary are exaclly
i same operatians with the excegbon of te daa siared in the tip-flops. The
wavelorms are nactiy the same when the read and emie: data polses are used
apprapnalely, ardd lac same total cycle lime is required for echer gperalion,

it shauld be pounied ool that o number of difliculling are encounivred wih this
brpe of system. Diesd of ail, singe Lhe senve wire in each plane threads BVEIY CORE 11
ihat plane, a numiswer of undesired signals will be on the sense wire. These un-
wuwsited sieals ane o resuit af the fach that many of 1he €ores in the plane receve a
had-selet currenl and (hus eakibal 3 sl zht o change.

The grometncal padletn of core artangrement and wiring shown i Fig. 1213 rep-
resenls an akempl o manimize be sense-ling forse by cancellation. Far example,
the signais induced i the sense line by the X and ¥ ceive currents would hapefully

F1g. 1219, WDRG wavelorms for Fig, 1218 (wrile into memary;.

- -1 memory cyclt ——— T
Clear _"L n_
Enrer dal.a_'f_'—'i
Wrsirr I—-—_L_-
Hpfd e

f
A | BT S —
aif | Ji
wleel ¢+ f2 ==
curreniyly u_L—{_/—i
| Y2 —

Magnetic Devices and Memories 37

be canceled out since the sense fine crosses 1iese lines in ihe opposite drection the
same number of limes. Furtbarmaore, the sente line i3 aiways a1 3 45" angle i the X
and ¥ select lines. Similarly, the nnise signals induced in the sease line ky 1he par-
tial switching of cores receiving half-select cumrents should cancel e another,
This, however, assumes that all cares are meptical, which is hardly ever frue;

Another method lor eliminaling noise due 10 cores receiving half.seloct cusrents
would be 1o have a core which exhibts an absolutely rectangular BH Cunve as
shown in Fig. 12.20a. In this case, a hall-select cutrent would move the nperating
pannt of the core perhaps from point a to poinl b on the curve. However, since the
lop of the curve iy horizontal, no flux change would occur, and therefore no un-
desired signal cou'd be induced in the sense wire, This is an ideal curve, however,
and canngt be realized in actual practce. A measure of core quality i given by the
squarenesy ratice, which s defined as

. B
Squareneass ralig = -
8.

This is the ratio of the lux density at the remanent poanl B, o Lhe flux density at the
swilching point B, and is shown graphically in Fig."12-20k, The wdeal value is, of
course, 1.0, but values between 0.4 and 1.0 are the best ublain.‘.lhlt:.

12-5 MEMORY ADDRESSING

n thiy section we investigate the means for aclivabing the ¥ and ¥ seleciion iines
wehich supply the hal{-select curronts far swiiching the cares in the ineenasy, Fiest of
all, since it typically requires 100 to 500 mA o each setecl Line (that s, T iy
typecally betwoen 100 and 300 mA). exch seloct line musl be driven by 4 curren)
amphilier, A special class of ransistors has been devreloped Tor thes purpase: 1hey
are eefereed 1o as core divers 1n data sherts. What s then needed s the means for
aclnating 1he propre core-driver ampliflier,

Ulp o this poind, we have tiesignaree he ¥ hnes ac X, 8y, Xy, 0 X, and the ¥

Dig 1220, Hysteress curves, () Ideal, (b1 Pracical Uealizabie),
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braes as ¥0 Ve Wy L L L Y Far A square miateix, s (e number of cones i each
mra o columin, and nere are then mt cores iy a plane. Whon the planes are ar-
rangedd in a stk of & phanes, where M is the number of bits in 2 word, we have 4
memoey Capalile of stanng o7, A-bilwards, Any twe seleel lines can ihen e used
o ek of wole 1 word i memory, and the address of that word is K,V where a
464 b a0 B any sumber from ¥ to o, Fer exampie, X,¥, representc the column of

Ao AL IR andeeses ion of the X, and ¥y seiect lines, aned we can hen $ay fhat Lthe
anfrirese ol e weid s 23, Notice 1hat the [iry digit inthe address as thae ¥ line and
i second deg s the ¥ line. This s artitrary and cou’dl be reversed.

This method m address designation eniails ot one progiem: in a digilal system
WE Can v Ay e numibers 1 and . The problem s easily rosolved, however,
since the acddiew 23, Tor mxample, can b repuesented by 630011 in himary form. If
w e asg ke Iols fur the X line position and three biis for 1he ¥ bine pOSILion, we can
then dhesigaaie ihe atdress of any worth in @ memory having a capacity of 64 wards
er des This o eaey to wee, wnge walh Lwne hits s £ repreaent eighl decimal
AURHATS, WL Cans we can oefinge an 8 =< B e 4 word memory. i owe Chose an
cignteiul adchres, four bus Toe the X Iine and four biis Ior k2 ¥ Line, we could geline
4 memiey having M % 2 m 16 % 1hm 256 words. 10 grreral, an address of 8 b
can i psed Ju dehee 1 sguase memoey of 2 words, where Jhare are 873 Lits o
the Vimes andd G12 inis loe the Y lines. From (his discussion o n easy o see why
Wl SO0 Conncidenl-urrrn MEMory systems usaaliy Dave a capacily which is an
vaen rmwer of 2

Jaampie 127

Wit wear e she structure of the nnary address ior a memory system having a4
Capacaly al L2 words?

Solution

seree =L add, mens woulld bases o e 10 Gity in ve acddress werd, § e firgl T
* TUHee R0 o by desipinale one of e reguiced 32 X unes, and ke second Tive
" cowith b usd i oesignate one of the 12 1 lines,

Canmiple 12-4

For ihe memoty svstem desonbed onone previows exgmpie, what is the decimal
adaiess o Hee odimaany biary awldressest
L TR I N T T
11007 1010
ol bbb G DO

Soutian
vl The Diesk fve Bts ade e X e amd torrespond to tive decimal number 27,

s e gral B Tty soqirreenl G0 Y fine and carrespend (o the decimal nuember 5.
Bt sidelres s A v .

e 1000, e 25, .lmi t-mm. = 10, Therewpre, the address iy X, Vi
ey Fhe address o Y,

0 B bits ol lwe aodress in g Wpical GBI sychom are siored 4 o of thp-

W m A UER L b R r——————— " R

A a . e Em e
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Fig. 1211, Coincident-curreat memory addressing.

ilops called tee “acdddross eegestier,” The adeleess in binary iorm must then e
decoded into decimal rm in onder (o dove pne of the X Line dovers and one ol the
¥ line driver ampiiliers as shawn in Fig, 12.21, The & and Y decnday mateices
shevan in the Dguee can e itdentical asd are cssentially  linaryto-decimal
decoders. Binary-io-decimal dedoding and appropriale matrices were discussed in
Chap, 10

T#6 SEMICGNDUCTOR MEMORIES ~ BIPCLAR

Reduced cost and saze, improves relialnlay anel speed of operatwn, and ingreased
packing deasiy are ameng the doc beodogic al advanges which bBave matle wemicon-
duClot memones 3 realiy in nlern digital cosems, A fuppler memory 5 can.
steoctngd using, the familiac bipalar rransisige, whiie the 305 memony makes use ol
the MOSFET, In this wlion we contitder the characlernshies of hipolar semicon-
duciur memones; MO5 memonies are considored in 1he nexl section.

A Minemory cell™ is 3 unit capable of stonng Dirary inlpsmatian; the lasc memoeny
unitin 3 hipolar semiconducton memary s L agelop iatein shewn an Tigo 122232,
Thie cobl o 3efog frod by caovang e X sebecr lyve ane 1lae ¥ oseleet Lines o wense lines
are both returned through low.resistance wnse amplifiers 10 groend. J (he cefl con-
Lins A 1, current s poesenl i the 1 sense bine, On the other hand, (o the cefl can-
tams a Q, currenl js prosent i the @ weoge Jine,

Ty write infurmatian e the vell, e X and ¥ select Lines are hawd high: holding
the U wease Tine high 140 V] whude the 1 wopse ling i graunded wines 3 1t the
culb, Alcemabively, bohloag the 1 owmse bine high 1405 and the O sense line a1
wrapnel (honng a sebc wnies 4 0 into the cell, The basuic bipolar memory cell an
Fryg 1223 004n ber usenl iz store oo beaary degil Unt), and thas many sach cells are
tetpireeF 1o fowen 4 oy,

tiateen of the KBy Hipedop cvleoan Tid, 13027 have bewen arranged ina deiy-4 mas

[
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[4 12-22. Bpolar memeny cell Circgt,

tow Lo taem a 1i-wortl Py one-lmp memory 0 Fig, 12227, W is relerred o as a
gt ae o semary (RAM singe gach hit is individually addressable by se-
A ling one X e ana get Y iiee, e also a nondedtructable readoul yind o thee read
i G el S 1T [Ee stale gl ine selegied flyg-fiop, This memory comes an a
st sereandus o Chip [in o single packaged a< shown in Fig. 12-242 Ta con-
S ba bB-ward menory wilh ninre \ran one Bil pes word reguires slacany these
v’ Ll For csgmpee, fix 0f Ihese chips can be used 1o construel 4 1g-word by
el e mory s shoswen o Fig 12245, The & and ¥ addeess fines a0 ail con-
Ao e 0 paraliel, The units shown in Figs. 12-33 and 12-24 are essertially
vtpnvalent 1o the Tewas lnstruments 9031 and Faircrabkd 93407 (5033 or 9013,
Dvample 12-9

Lamg a 9033, pwplain bow to Construct & 1o-word by 12-bit memory, What
denf g wrnnig et the §2-mil word formed by Uhe s in column §oand mw | of
car B pnaned

Solution

Tomreel weive Thowertl by o et memary planes in parallel. The address
Ak Mg B VLY VLY m 1D IO sty The i3 i the first endumn and the first row of
enh place 1a L2l word represenied by the veeloral columo of 12 Iuts)

bu larger momones, 1he appropriate addiess decoding, driver amg lifiers, and
eaddfu e i are atl camstiucied iy a single package, Such a weit, lor example, is
P Farchid 94415 —ahis 15 a 1.0 4-wond by wne-bid readfwrite RASL The lugic
dagram v slgwn wm Fig. B22)% An addiess o 10 by - reaquared
WALA, Ay A AL L ALA LAY 10 alan 1,024 words, Thag i, » buls prnvade 27 word

-t -y
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Eachsgaare reareientsy
onr bit of storape.

Al .
coud
M Address é ?
W= Woldanpul
W W

hg. 1271 beward 1-bil memory,
L]

brcatngs. Iy this cose. the 10- adtbeess s diviged inbe (wa groups ol Lyve Bl
each, The first Sive LAq Ay Ay Ay, A eclot! 3 umeque oo of 32 himes 1rom 1he
32-by-12 arrav. The sovond e (A, Ay A A, A selec) ewactly gne af the 52
freselecied lines for rrading or writing. These bacic ynits are then stacked i paral.
fel a< shewn previowhy; 2w provide a memary having 1024 worris by 1 hats,

Acther interesting aned gselul 13700 of semiCondulor memody s shossn i Fig.
Pd=20 This s a lapalar TTL reael-cody anemery (RIS, Thar infiormaion «oesl in a
RO can bwe read ool but aew iniocmalon cannal e weten ol il Thos, the -
lormaton Gared is permancnt in nalure, ROM: can be wsed 10 sore mathematcad
taliles, code traoslanons, anid oifer fised data. The logec 'rs:qurrprj [EOEE X T
sineratly simplor thar hal regeired B a reaefierilo memocy, and The ol s a
Fig. 12-20 fequivalent 1 a THA00H o Carchakd 9 5434) provicdee an eigbr.iul butpul
wiorrd fir Parh Tive-la, ;e arlefns, There arg, of coourse, 17 words. “iee an
atlebrese o Fivg bls parctelos T3 werrels (2% = 12

-
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Fig. 1224, {at Lo eliagram, (6} qix Chips
vacked 10 get a Terword W gelnt memory.
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Example 12-10

How many address bits are required bor a 123-word by lour-bit ROM consteucied
similarly to the unit in Fig. 12-267 How many memory cebls are there in such a
unit?

Solution

I requires seven address bits, since 2T= 128, There would be 128 » 4 = 512
memory cells.

12-7  SEMICONDUCTOR MEMORIES —MOS

The basic device used in Lhe consiruction of an MOS swmiconducior memary is the
MOSFET, Both pechannel and p-channel gevices are available. The a-channel
memarics have simpler power requirements, wieally only +v.., and are quite com-
pauble with TTL dnce they are uwally neferenced 10 ground and have positive
sipnal lavels up Yo + V... The gchannel devices generally require wo powerwpply
vallages and may requite signal inversion in order to be compatible with TTL. MOS
devices are somewhal simpler than bipolar devices; as a resull, MO5 memories can
be constructed with more bus an a chip, and they are genecally Jess expensive than
bipaiar memories, The intinsic capacitance associaled with an MOS device gen-
erally means thal MOS memonies are slower lhan bipolar units, bul 1this capaci-
tance can be used 1o good advantage, as we shall see,

Fig. 12.26, 25&-bit (3-word ¥ B-pit] ROM,
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An S'-T Hip-ficgy canstructed wang MOSEETs is shown an Fig, 12-27, i a sl
tlard bistable crc e, wath £, and Qg as the bam attive dovices amll Q an; a:;-
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Lr'"L:Ifc;lr‘r:l;l:Tllar to Fag, 12-25. Thus particular uni 15 a 26032 a5 manulaciured by Sig-

ﬁim-emor'fr ce.l wang p-channey SMOSFETs is showa n Fig. 12-28. () and Qy are
e e aflwe devices doemm g Ine Qip-flop, while O and Q, act as active ’iu'd
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as power is applied Lo the Sircuit. Als0. & Magnelic COMR FEMALNS set or resel, Fven if
porwer is remaved, These hasic remary cells are used 10 form a static memory. On
the alher hand, 4 dyREmIC MEmOry componed of memary cells whaose cantmnis
tend 1o decay over a prand of time [perhaps milliseconds or srconds): thus, their
conlenls mmsl ke resiored (refreshed) perigrlically. "The icaky capaceance 3

- wociated with @ MOSFET can be used to store charge. anil this .5 then the basic unit

used 1o form a dynamic memory, [There are no dynamic lupoiar memories b due
there 15 no suilable ininsic capatitance for charge statage) The need for £wra

-

Fig. 1225, BawC dyramic memary cell.
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syslerms are said to be random-access since any word in the mamory can be
selectd al random, The primary disadvanlage of this type of memory sysiem is Lhe
cost of construction for the amount of storage available, As an example, recall that
a magnctic Lape is capable of storing large quantilies of data at 2 refatively low cost
per it of slorage. A typical 1ape might be capabie of sioning up lo 20 million
chararters, which correspands to 120 million bits (Chap, 101. To construcl such 2
memary with magnelic cores requires about 3 millinn cores per plang, assuming
we use a slack of 36 planes couresponding ta a Yo-b ward. IUis quite easy to un-
Jerstand the impracticality of constructing such a syslem, What is needed, then. is
a syslen Capable of storing information with less cost per kit bul having a greates
capamly,

Such & systemn is the maprelicdrum slotage system. The basis of a magnelc
drum is 3 cylindocal-shaped drum, the surface ol which has been coatrd with a
magnelic malerial. The drum is rotated on ils axis s shown in Fig. 12-31, ana the
readfwrite heads aré used o record information on lhe drum of read information
from the drum. Since the surface of the drum is magnetic, it exhibits a reclangular
hysterssis-loop property and can thus be magnelized. The process of recording on
the drum is much the same a5 for recording on magnetic lape, as discussed i
Chap. 10, and the same methots for recording are commony used {i.e, R, NRZ,
and MNRZI. The data are recorded in tracks argund the circumfergnce of the drum,
and there 15 one readfvrite head for each Irack. There are thiee major methods for
sloring infurmation on the drum surface; they are bilserial, twi-paratlel, and bit-
serigl-praraliol,

1n hi-serigl recording, all 1he s v onc'word are siored <equentially, side by
side, i one track of the drym. Bit-serial storage is shown in Fig. 32-12a. Siorage
denates of 200t 1,000 Lits per inare typical {or magnetc doums. & g diam
right be B in in diameter and thus have the capatily to slare @ 3 8 in % 200 1l
per in m 5,024 bus in each lrack, Orums have been constructed with anywbere
feom 15 1o 400 tracks, and 2 spacing of 20 wracks In e inch s typical. If we 3s-
sume this paicubar drum s 8 0 witle and has a wotal of 100 tracks, we see M-
mediaiely \hat 1 has a storage capataty of 5,034 bis per track % 100 jracks =

Fig. 12-31,  Maghetie-drgm sioragu,
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head lor the track, it is 2asy 1o e that we may have 1o wail 10 road 2ny ane wird,
That is, the drum is rotating, and the word we want 1o read may not be under the
read head at the lime we chaost to read i It rray in fac1 have just passed under the
head, and we wiil have 1o wal unul 1he drum completes nearly a Ll revolution

. belgre i i5 under 1he head again, This paints out one of the major disadvantages of

Llhe drum compared with the core storage. That is the problem of access time. On
lhe average, we Can assumvd that we will have 10 wart the i mequined lor the
drum 1 complete one-half a revolution. A drum iy thus said 1o have restricred
2CCESS.

Example 12-12

H the drum in Example 12-11 rotates a1 a speed of 3,000 rpm, what is the average
accwess ime for the drom?

Soluticn

3,000 rpm = 50 tps. Thus the lime lor one revoluten is 150 ms) = 20 ms. Thys,
lhe average acress time is one-hall the lime of one revolution, which is 10 ms.
Conirast this with a coincidenl-current core memary which has a direct access time
of a lew microseconds. '

Matice in the previous example that il requires a shon period of lime 1o read the
36 bits of lhe word, snce they appesr under the read head one bit a1 a ime in 3

. senal lashion, The aclyal ume tequired is wmall compared with the access ume and

is hound O be o nsfrifis 1) words per rack! ™ 40 ps. This read time can be
reduced by stonng the dala on the drum in a parallel manner, as shown in Fig
12-126.

The average access time for bi-parallel siorage is the same as for fat-serial
storage, bur it is possible to read and recond information 31 & mach faster rare with
the t-parallel sysiem, Let us use the drum in Example 12-11 once mome. Since
there are 523 words around each track, and since the drum rolates at 50 (ps. we
tan read for wote) 523 words per revalution X 50 rps = 26,150 wonds per second,
W the data were stoied in paraliel lashion, we could read (or wnitel al 36 Lmes this
rale, of al 4 raie of 18,840 words per revelution X 50 rps = 942,000 words pet se¢-
ond. We would, of course, attange to have \he number of fracks on the drom an
even multipie of the_ number of bits in a word, For example, with a 36-bi word we
roight uie a drum having 36 or 72 or 108 yracks. _

A third method for recording data on a drum is calied “bit-secial-paralie! * The

o Methoed is shown in Fig. 12-32¢ and is commonly used. for stanng BCD inlorme-

tign The access and read (or wiite) limes are a combination of the serial and paral-
fel umes. One BCD chavacter occupies one bat in each of fpur adjaCent tracks.
Thus, every four tracks might be called 2 “band,” and each BCD chacacter pc-
Cupics one space in lhe band, If there are 36 BCD characters in a2 worg, we can
store 523 words on the drom of Exarmple 12-11. .

Quite oilen the access ume s speeded up by the addilion of extra reaaiwrite
heads around Ihe drum. For rrampie, we might use two sets of heads placed on
‘oppasie sides of the drum, This would olviously cul the accesy time in hali, Alter-
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natively, we might yse three sets of heads arranged arcund 1he drum at 120" angles.
This would reduce the access time by one-third,

Since writling on and 1eading (rom the drum musl be very carefully timed, one
track in the drum % usually reserved as a himing track On this irack, a senes of
uming pulses is permangnlly recorded and is used synchronize the wrile and
read operatiges. For the drum discussed in Example 12-11, there are 523 words in
each track around the circumicrence of the drum_ We might then record a series of
523 equally spaced timing marks aroung the circumlerence of the Lming 'rack,
Each pulse would then desigrawe thie read of wiite post un lor a word an the drum.

STUDY AIDS

Surmimary

A wide varicty of magnend devices can be used 2y binary devices in digital
systoms, Ty lar the most widely wsed is the magnetic core. Cores can be used to
implement warious logic functnns such a% ANO, OR, and NOT, and mare compli-
cated functions Can b formed [rom combinations ol these basic Circuils. Magnelic-
core shilt registeny and ring counters can be constructed by using the single-licde
transler lpop betwien Lorcs. Magnelic-core logic is particularly useful in applea-
HONS EsprrenCing fayiramnrienal exiremes.

DHrech-acCess mwmotivs with wery fasl access fimes Can be conveniently con-
structed using edher magnetic cores or ansistors, The most popular method Tor
constructing, these memerics is the comgidenl-current technique. MBTICTIeS COn-
Jructed using cores are inherently DRO-lype memaries but can be transiormed
ko NORO memories Ty the additan of eaiernal logic,

Semic onducior memares construcied from bipolar rransistars or MOSTETS are
avallable. Bipotar mumanes e slatic nwemddies, but are avadalde a» randorm-
Jncess RN, i as camnphote seadffocene wnits MOS memones can be either sLauc
ur dynamic, and are avaitoblo s KAk,

MIgHelE drums anc disks priavide larger $107age Capacities at 2 lower cost per bit
than Core-type mMemudivs. They du. howeven, @iier the disadvantage of increased
avcess Lime.

Glossary

aceeis rme For a4 coincidenloursenl memory, it is the time reguired lor one
reddfwrie Cycle, In general, o is the lime requized 10 wrils one word anto
memory of W readd oo wrgd am memory.

sddiess  Asenos of bindiy digits usee! 10 specify the focation of 3 word steied it a
Moy,

coinvittent L urrent sehetion  The techaigque of applying Yaly on cach of twa lines
Pasaiog Uweaaph 0 mapgnelic desice in such J way that the net current ol £, will
st e ey e,

DREY Uesiin fres reacdon,

Ferrafitn e A memory whise comtents mu be restared periodically.

Heatireas Lhersged troom thee Crent wennd desrerein, which imcans W lag Lichind.

sty Cure Urnesally a lon el mtnebie thua density B ensus magoetic luece
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H. Can also refer to the plot of magnelic flux ¢ versus magnetizing current 1,

memary cycle  1n o coinciden-curent mernory systemn, a read operation ulowed
by a wrile cperation,

NORC  MNondesiruclive readout.

RAM  Random-access memory,

RO Read-on'y memary,

sf*fl?t't currenl . The minimem current required to switch a magnetic dewvice.

single-diode wansler locp A method of coupling the output of one magnetic Core
Io the input of the nest magnetic core.

$GquUardness ratio A measure of core guality, From {he hysloesis curve, ot is The
ralic 8./0,.

stabic memory A memory capable of sloring binary information indefiniely,

Review Crisshians

1. Mame one advanwage of a fernie core over a metal-nibbon core,
2. MName gne advantage of a metal-ribbaon core over 2 forrie core.
3. [Dwescribe the method for detecting a stored ! in a core,

4. Why fs a strobing technique often used o detect the gutpet af 3 switched
core?

5. Mow is core switching lime t affecied by the wwitching Currentd

b, E_ncpfain why more complicated logic lunclions using coves can fead 10 Bxgey-
siver pperaling times,

7. What is the purpose of the dinde in the single-diode transfur toon?
Why i a delay in signal ransfer between cores desired?

Explain how the R and C in Fig. 12.11 introduce a delay in s'gnal tramsfer
e Lorey,

10. _E:uplain the cperation of the sense wire in a magnelic-core malris plane. Yyhy
i 1! posable 10 thead every core in Ibe plane with the same wire?

11, Explain how  is possible 1o store & 0 in 3 coingident-current memusy T
using the inhibit line, //

17, Why ij a bauc coincidentcurrent <ore memory inherently . R0-Iype
sy stemy

12, I the Lasic memory oycle tor a caingident-curment com,-*Lmary sysiem, Whh,
- Musl the read operation come belore the wrae - <! ’
‘.,,...—-v" c.-:

. - L :
M. What iy the differénce hetween the =% 0 Biemory and the read from
mwrAney Lycles for a cnincidt‘!;,_,-f-"“ o CORE Memory system?

= g ,
15.  txplain the meaning ﬂ,;:_,m - e deword by vight-bit siatic RAM.™
16. Why are there F“;.f'_,_.ﬂnu_,.-c bipalar memorip,?

17, Wha!ld:y)/

ST Meeleesh™ o dynamic memory]

r—
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8. Cwsonilwe the difivvence lpehween randoin-access and restricied- access mem-

O prs.

i Dess vibe the advanlages of wing a magretic.drum slafage sysem.

I'rrlafienay

12-1. Draw 3 Gpial hysieresis curve lor a core, and showy the wp remanent
[Hnns,

230 Shenw graphically nnoa b curve the path of the aperaling painl as the core
15 wwilglved from o 1o @ 0. Bepeat for swilching rom 2 B raa 1,

i2-3. Draw tie svmbol for 3 magneticcore logic element, and eapfiain the func-
e 0 pach wanehing

124,
L must operate fotice ol reguires anly two clocks which are spaced 180" owt

[I'H ML

1250 D g eiediode dransied [ogp belween twa cores, and explam vs opera-
Ty s wh At s 1F needed).

126, Dvuw u s brmalre and the wavelorms for a core ring counter which pro-
WICEC S SEVEN Duipul pa s

12-F, [waw a kel and explaan b 3 core can of switched by 1he coinciden|-
Current mmdbiod,

12-8. Make o sheich similar to Fig. 12-15 showing a (hree-dwmensional core

memary capable of storing 100 1en-bin owords. Show all input and ewriput limes
ciratly,

13-4, Dwcdilw e poameiry of o concidenl-current core memory Capable of
worny, 4,096 1hirtvsn-tel wards die, how many planes, how many cores per
L ol T

13200 Plow nay bds can b slgeed g the memary in Prob, 12-97

411, How puov £onirgi wnes are required ‘or the memory in Prog, 12-9¢
V120 Show grapmnigddy Ine meana g of squareness ralio 101 a magneid corg, and
L aeAIT P IO ARG dOr MAZNetic-care Memonies,

12-13. Dresgnbe a sirugiore for the add ress which could be used for the memory
af Prob. 13-9,

12-T4. Jf a cartain ¢ i momory is composed of square matrices, what 15 the word
ity ol 1he aelcatesy i 12 Dinary ehigils?

_—

o230 Hiowy mars kit ane reguired in the adaress of o 256word by one-bi
eaclfwrie bipalar RANG

2.16.  Draw the pownty o the steved charge on the gatg capatitance shown in
1w Dasie dynamic nurnory cell i Fig. 1225,

Graw o sl of waveforms showing how the excluswe.gr circuil of Fig.

T g = T . =

e dabr e — —

- p—- =
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12-17. ‘What is llhﬂl‘_' bit-storage rapacily of alm_agnutuc drur;*. IQ in in diameter 1f
data a}e srared with a density of 200 bils per in in 20 Iracks

[ apabie of storing 3,140

- hat would be the drameter of 3 magnetic drum CARAIE & _

:hzinivu-;ix}i:t i:rordﬁ if there are 10 tracks aml data are slored bit-serial at 300 birs
. i it i les at
$2-19.  Wha js Lhe average access lime for the drum I'rob. ul;:r B it E::crt{;?uf a
Jﬁmﬁ rpmi what could be dane to reduce this acress time By 3

12-20. For the drum in Prob, 12-18, at what bil rale must data be moved lie.,
read or wiig) il 1he drsm rolabes at 36,000 rpmi

np



| IVYOLUTION oF OPMRATING SygTRMS
used 1o gecify 1he Iyrtax {form} and the
language;, They have been e in symiax i
tion, and complexity studiey of Iangusges

SETantics {meaning) of PIOgAAMMing
recied compilalion, vompiler verifica.

13 EVOLuTiON OF OPERATING :YSTEM.?

Just & few yeary ago & FORTRAN the compurer

With his source deek in hit Jeft hand and a Efeen deck of cards hy, would he »
FORTRAN compiker in hia right hznd_ pe would:

I. Place the FORTR

*

1. Place his wurce language deck ingo the card hopper, The FORTRAN com-
Piler would Proceed 1o it i

waz punched onig red cArds.
3. Reack 1o the g IWrary for 3 pink deck of cards marked “loader,” gng

Place shem in the card hopper. The COMputer would load the Joader into
ils memory, '

4, Place his newly trangdared ob

Ject deck in the card hopper. The loader
would load il gy the machine, ’

5 Place in the card hopper he decks of any subroutines which his program
called. The loader warpld load Lhegs subroutines,

§. Finally, the Joyger would irantier execution to the yger's Program, which
might require the reading of dera Lards.

This ystem of multicolored decks Wat omewha UNSactory, and there L
HTONg molivation for MONNG 10 4 mote (exible SYStem, One reagon was (ha
valuable COMpUTET (iMe wey being wasted as the machine stopd idje ¢ uring carg-

handling activities and berween jobs. (A Job i n upiy of peciflied woik, eg g
isembly of 2 progeam imi

. Hity to bagcn jobs way
Piovoded, PETMlLIRE b number of jobs to be placed Lagether into the cqpd hopper
] of batching jobs. For .

perform steps | thzough 6 above ririeving |he
FORTRAN compiler and loader fro secondary storage,

As the demangs far CORmPUIEr Lime, Memary, devices, and (ijes ingreased, rhe
eflicien; Fanagement of these Fesnurees became more critical. In Chapter 9 we
discuss various methods of mannging Uiem, These fesources are valuable, and jn.

ellicient management of them can fe cosily. The management of Each resource
has evolved as 1he cont and sophistication of i1y yee Encreaswd,

. I simple batched sysiems, the MEMATY resoutte wan allocared lotally to 4

. »
RACKGRAUND '

] l

al-
were seveloped 1o circurenit this problemu Muitiprogrammig
. COFE pematy

the same time, Pro-
i T ide in separate press of core gt
tiple progrums o reyide : N i
.:mu! m::::: .:m s fixed portion of coce i;.ln‘:afi‘:;:'lI'n:v.,'-.ra:r.-irrmtuwi ::mehh vk
{MFT)} or 1 varying-iza portion af core (Multiprogmemming th Variable Tus :
....'\-‘ -
i s stemy some portion could not be wed .

{“;ﬂn }-m rich partitioned memory sy of?.:: e unind
Dften w'sm“‘mmntllnlpmsnnuﬁaprcl-bltm anised by
:brmﬁ:uw:mi ts called froyrmenrarion. Frapmentation hus been

the techniqes of relocatable partitions (Burroughs 6300 and by paging (XS

parliony 1 be
540, HI5S 645). Relocajable pertitioned core wllown tye unwd pt::ruum
m:-nml. into ont contmuous pant of tire, . e
Paging iz 3 method of memory allocstion by which the pl‘ﬂlrl::: :'?Ibdwdhm
int rpmtinm or pages, and cort is subdivided into squal por
o MU )
ed into blocks. - _ O
The m“wb:ﬂw'q techniques: smple and demand, [n Wfrpqﬁ. .
. Thmfm ; mal be in coce for ::uuuo?,lndenmdmviz[ Prowm
me;:::e:ur:zl:‘mmt all pages being in corz, ie., pages are [e .
can Iched

- a8 they arc necded (demanded).

with severn] procesyos is
The reader will rgull t'ﬂ;:;::t ::1;-;‘ 1 ;$: :o l:::;; ongiates the procen
s mptmm The resource of procesor thme 15 allocated by ;:rnm
o heduier, The prmeu;:lr coneerned with 10 s tefml:nli o
. “nﬂ: ‘:nd plﬂi;lrnnm this proceggor it cylled 10 propnmm:; '
ﬂglr::uum of files of informalion i.’ llloc:teﬂ by the‘f.!: r::ﬂk’mmm .
i oup of {nformation thal & user wu.'lm. [£4) tf!rlt n e ot seopreny
ments, Th two types of ilea (1) directorien lnd {2 f peograms
Phect TIH" IJ:':it'l the locations of cther fies. 1o a hrrm‘.h:hll .ﬂ,::mh;
g:::;:::::: ;:uinl to other directories, which in (urn may point 1o
e t ocessor thrw, [ is typically char-
ﬁﬁhﬂrﬁni::rfmmpwﬁ;“aﬁ m::ﬂcinl of the CPLIs tone to allow
RCtElT . |
quick response to u;:' ::‘m address space) consiats of ﬂtoﬂ.ldﬁ;hliﬂ ":1::
o ted by ¥ processor during execulion of v,a.:i:nr:qu.u'm'.m‘ﬂ.‘i —
o W;:;m of the set of pddzetoes that cotrespond 19 phymlhd o
::n:ii:: The technigue of segmenrarion pravides o lazrge name pace

L
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P'l'olnctinn mechaniem . Protect; .
accers to wgments ection and sharing are methods of aliowing controled

14 OPERATING SYSTEM 1iSER VIEWPQINT: FUNCTIONS

From: tw uter's po; :
10 assist hin put::u ol :;- the piirpose of an aperating gystem (monitor) ;
e fer of mh"lnl th‘kn‘].l Spﬁciﬁcmh the Iﬂ"t‘\"lﬂ:

+ m’#
3. Etror handjing Fitiagement

As we have paid, 1h |
With its own q:ccialiu:ilm [ IH be thiught of 25 a separate com uter
1o program it (] %1 ol inxtructions. Mot users da MOL want to e Ph r
£omply sy in h]': ::"1" W”“R’iuire § complicated task), The yser 'n.wl:ruh;la rI[:.‘rc “t“"

gram, L Etd," - Lhe = e1o
F3M 15 the [0 channe} for :xecuiiom::g@ R E;t"t?;’;t:?dif;suww apro-

Huence of clogely inlerwoven ;
iy L mt:-r_rupt foutines that handle the sitvalion
*I:_Jl'.-_ H .:n Mr. 170 Chiane|, did You tective (hyy :hm:m‘:“lf;wm .
uwnnmer o “F::.uu RIrd ¥ou jecejved jpom *Yes, I'm sure "Okay lti? [ ':
| . N et . ik sen
“Semt 1 send i.” “You're Sufe YOU wank me 1o send mnather gpet
An extremely i
important funciion of an DPETRLING Bysiem i3 (g Protect che pger

r ' ' -
] 3 ] "

SACKQADUND "
programentiog course is given ot MILT., 'we find that duo 1o the lage pumber of
students participating it is very dificalt 10 personaily grade svery program ros
ot the machine problems. Sc lor the very simple problems — certalnly the first
problemy which may be to count the number of A'v in & register and leave
the snewer in another regisler — we huve woitten a grading prograsth chad is i
cluded as part of the operating sysiem. The prading program calls the student’s
program and teasalers control to it. In this gmpie problem the student's program
procesaes 1he contenly of the register, lzaves hi hnswer in ano ther register, and
returns to ihe grading piopam. The latter checks to flod out if the gorrect
number has been Jelt in the answer register. Alterwards, the grading program
prings out 2 listing of al) the students in 1he claxs and thelr grades. Fot example:

VITA KON — CORRECT
RACHEL BUXBAUM  =— GORAECT

JOE LEVIN -~ {NCORRECT

LOFTI ZADEH — CORRECT

On last year's run, the computer listing began as follows:

JAMES ARCHER — CORAECT
EQ MCCARTHY — CORRECT
ELLEM NANGLE —  INEORRECT
JOHN SCHWARTZ — MAYBE

{(We are pot suze how John Schwartz did this; we gave him an A in the course.}
* Secondary porepe mzoagement is a (e performed by an operaling gystem in

conjunclion with the use of ¢isks, tapes, and olher wcondary stotage for 4 user's

programs and dala.

An Operating fy siem must regpond 10 efcors. For example, if the programumer

. shoyld overflow o regisler, it is nol economical for the computer to Emply stop
and wait for an operator to intervens. When an ¢rror oocir, the operiting system

sl take appropriate astion. -

15 QPERATING SYSTEM USER VIEWPOINT:
BATCH CONTROL LAMGUAGE

Many users view an eperting system only through_the balch system control

cardy by which they must preface their programs. [n thls section we wil] discon
a simple monitor system and the control cards associated with it. Other mare
L

complex monltors are discussed in Chapter 9, '
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Monitor i a 1ezm {hat Tefers to the control programa of en operating gyetem,

Typieally, i » batch sistem the jobs wre stacked In 2 card reader, and the
memiter gysten sequentially processes tach job. A [ob may congst of stverg

sepante projramy to be execuitd ssquentially, each individual program being

called a fob siep. In g Datek monttor fystem the yser communicates with the

system by Wiy of & control Language. 18 & Emple batch momitor system we have

two clazsn of control canly eecution cunds and defindtion cands. For example,
an execulion card mey be Lo the following format:

i mup sirvw EXEC  mamwy of progeiw 1o b dxecyiid, Argaresnd [, A npiienart 2

The Jab control card, a definition card, may take on the following format;

¥ ol revrm 2O i P, i SHCaitr, snpecied Crmg wim_ Tines 40
" b privsind owd, #3pectid rumber of concly 19 be printed

ok,
Usually there is #n end-of-fiie card, whoss format might consist of /%, xignilying

the lerminztion of a coflectian of daly. Let uy take the foflowing example of 2
FORTRAN job.

NEXAMPLE

08 DONOVAN, TIEL1,1000
HATEM EXEC FORTRAN, NOFUNCH
READ 100N
DOl =1 N
12 =1
13=1*1*

100 MUNT 810G, 1,12,13 -
§100 FORMAT 1310

ENO
P -
IBTErY EXEC LOAD
’i
IATERY EXEC QBIECT
10
FL

The first control casd s wn example of & definitlon ¢ard. We have defined Lhe
user o be Donoven. The sysiem must s! up an sccounting (e For the umer,
noting thal ke expects to use one minule of time, t4 outpui & hundred lines of
ouipul, and to punch no cardt. The nexi conlrol card, EXEC FORTRAN,

. NOPUNCH, is an example of gn execution card; that is, the ryslem is to eXicute
the progrem FORTRAN, given coe argument — NOPUNCE. This argument o
lowa the monitor system to perferm maore ellicienily; sinee no cards are to be
punched, it need not unlize the punch routines, The data 1o Lhe compiler i3 the
FORTRAN progiam shown, lerminaled by an end-of-file card f*.

The pexd contrel cand is anather example of an evecution card and in this

T

13
RACKORDAUND

the axpeution of tha Joader. The progrim that has just b"i:‘:n“"' h:F ..
cask CAudEL - thet with a1l (he ¢ outines necessary for {la execuli :nb e
will be h"'ﬂ::;:”:“ whind™ the subroutines to the mait PWET'_““';':;;J'I e,
rer u:llttd by an end-of-(ile card. The EXEC OBIECE o ::’ am jusl cooF
ulimn ina the monilor tystem £a execule dhe :_:nb.'ltct P dEL e end-ol-
h::d“'lr‘:;cd.:u ;:d 10, s input to The program and is followe BY 15
pied. i

The y i La-
|J.;'n 1= loop thown In Figure 1.4 presenls aa qyerview ol an implenen
P

in the first card,
of & batch manilor tystem. The maeilor tystem musl resd 1 LR
tion ¢f &

i d. Lhe Monitor wves the user's,
job card. o p:umsnngljob card,
presumably & b

bey. allotted lime, card punch limit, and line print bt I
Nt nurnkeEr, .

i ill
name, accou n execution card, then the mumllnr wi
the next conirol card happens }?ﬁ: ' dary sloTERe grd proces the job step
load the

b:l" [tll‘l!!:'l'nl'l! mi[ﬂl 18 Lhe “m‘_"“].h 1] m"m II Lhere i an oA dﬂtlﬂl
r ‘ I r k 1o proctss the nexi jﬂh

rocnﬂ'mg the I}f!tlm noles [he #Iood and EoEy bac p

P .

nﬂ!p-

Proces conlia] cae

L

Errot Procens
Procia Job 1w Eeror | )
!f Mp wTor
No Enc &f jot? '

. . en
Flﬁuné 14, Makleop of a ilmpie basch monitor 71

e
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1.8 OPERATING SYETEM USER VIEWPDINT: FAQIUTIES

For the spplications-ofiented wser, the function of the operating system b to
provide facilltits to help sclve problems. The quastions of scheduling or protes-
ton are of oo interegt to him; what ha ls concerns?d with it the mmailable gftwrs,
The following facilities are typically provided by modern openting systemys

1. Aswembln

2. Compilars, ruch a3 FORTRAN, COBOL, and PLA

3. Scbroufine Livraries, such a SINE, COSINE, SQUARE ROOT

4. Lirkegs editcry &nd progrem Foaders that bind subroutines together gix]
prepars programs for éxacution

5, Utility routines, much as SORT/MERGE and TAFE COFY

6. Agplication packages, such & clrouii snalysds or vrmlstion

7. Debugring facilities, ruch as programn raciog and “cone dumpe™
8. Dala cunagement and file procassing : ’

9. Management of eystem hardware

Althcogh this “Dnclitey™ aspect of ko operating Eritem may be of preat
interest 10 the user, we foel that the snrwer to the queation, “How many com-
Plara does thal operating nystem have?™ may tell more sbout the orieatetion of

the manulaciurer's murketing foroe than [t does sbout the dnacture end of-
feithveresy of the Opetating tysiem,

1.7 ELMMARY

The mzjor components of 4 programming systent are:

-

1. Arsambler
Loput t0 an assembier fs en orsembly largusge program. Cutput iy an object pro-

grein plus information that enables the loades 1o prepare tha obj=et program for
wecation,

Z  Mwcro Proceusor

A maerg call i an abbrevlation (of neme) for wxne code. A macro defindtion iy a
wquence of code that haa & game (macro calll. A Msore Processor is s program
that substitutey and speciajizes macro definitions for macro cally.

Y Loader

A loader in a routine that rosds un object program nd prepayes It for execution,

There . : abtolute,
virlous Joading schemes: & : ,
W"l";" loader must bad, rrbnqu. md link the object program

.-“ 1 R , Pwra

SACKAROYND

celocating, and directdinking. in

-

" & Compikn

A compiler hlmmﬂ pecepls b GUTCE pmstm"in (] h;;h-mll impur
and produces 1 corresponding object program- :

8. Oparating Syitems

i rvicey,
AR pperaling gysiem Iy concerned with the altocation of resources and &
n

devices, and informalion. The opersiing SYsiem

wch i L
. to manape Lhese CCIOLCEL,
mrwmmnd '?Ehx:::r:fmwmm‘ ent module, 10 progrens, and 8 fle.
conl ' '

.
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input-Output
‘Devices
DIGITAL PRINCIPLES AND
APPLICATIONS

Matvio/LEACH

Inany thigital sysiemot 15 necessary in have a Tink of Conumunsication 1shween man
arkl machine. This commumcation link 5 ehen callvgd fhe “man-maghine ner-
face’” and ol piosenin 3 number of problems, Dignal wpsems ae capalile of
OPEraling on informanan at spects moch greater than mana's, ane! thys o one o' | e
moul impotan aurlwles. For example, a bugessedle dygnal comsputer is capacne af
pedlorming Moee han 500,300 soditians por secontd,

Thefrralde here iy lo provide data indul Lo e system al e lughest mssitie
rale. AL the same imz, there s the prolviem of dcomainge shila polpul Srom i
Sysiern bl te highest posuble rate. Tae probfer s fugber g fesd s e nosd
digital sveiems do not speak Enplish, o amy giter lapguape o0 gl mates
some sysiem of spmbals rrust Iherclore e weed Tor commumcanine sthatrg 1y al
present a conuderdive amount of research in this arca, amd some systens bave
bern deveioped which will acoont spoken Commantds aned pve ol feyranwey on
lirmige] asic.

Since thigal systemy operaie ina Hinary moche, a momler ol codle systems witich
ATt berary 1eprresentalions have Been developed andd are T v gy ibe Lamggage
o} communicshion bebween st and maching, Ia this clhiapier we ghCuss 4 agmiaer
of hesie Cotles angl, 3l the Sauiet bme, consider e NCerysary INpLUE-guipul W ip-
menad, .

The pormaay obyective of thes chapter is 1o acgquire the abulity 10

1. taplawn Denw Hollerah cocke ind ASCH code are used inoimputfoutpul ouwshi,

2. Destwss wechninues for magrehc recarching of digtal inlormisign, nclulag 17,
K7L angl SRFL

Y. Dewonbe the Emilatons of @ numr of differon digital wnputfouljaul wimts,

4. Do the logic diagrams for 3 simple ves decoder and a balanced muelnphica-
e b iather,

2685
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10-1  PUNCHED CARDS

One of the mast widely wsed media for entering data into a machine, or for ob-
Laiing outpel ol from a machine, is the punched card. Some comman examples
ol these cards are college registration cards. government checks, monthly oil com-
pany statermnents, and Dank satements, It is guite simple o use this mediom 1o rep-
feant binary infaemation, sinee only two condiliom are rwguired. Typically, a hole
in the card represents o 1 and 1he absence of 3 hole represents o 0. Thos, the cand
providdes the mvans of presenting informaunn in hinary lurm, and it is only neces-
sary W devetop e Liwle,

The typital proec el cargd s o Large-seale data-prrge casing sysloms s 7% in
Terg, YWoin wide, and D07 am dhick, Each cardd bas B vertical columns, and
there are 1Y hrzontal roaws, ay shown in D, 101, The oelomns arg numbered 1
through BU along W bottom odgf-wl e cand, Boginming a0 the 1op of 1he card, the
rowy are dessnatedd 12, 11,0, 1, 2, 3, 4,5, 6, 7, 8, and 9. The bottom odge of 1he
cared 5t 0 ede, aned the foge colge is the 22 edpe. Floles inthe 12, 11, and 1 rows
are called rone peaches, andd holes in the {4 through 9 mews are called digae
punches. Noticr thal row 06 huth a zone-and a digit-punch row, Any number, any
berter i the alphale o any of severa! spechn! Llaracters can be represented on the
vafd by punching one or more hales in any one cofumn Thes, the card hag the
vaparity of B nombers, letters, gr Comlinain,, :

Fralialdy the most wiclely vsed system for ncording information on 3 punched
card iy the Flalonnh conde, In this codi the nembers Q Theough 9 are represented by
a wngle puach g vertical cofumn. For example, 2 hole panched in the Tifth row
of column 12 represents a 5§ i that cohwnn, The lomers of the a'phaber are
soprestented Ly Bwve penchoes inoany one column, The lelers A theouagh Toare
represented Dy o rone punchoan mew P2 and a punch in mws | through 9, The
lewers | ieough B e regresented e a zooepunch in row 11 and a punch in rows
I through 9. The Ietters S through 2 are repivsented by a rone punch in row 0 anel
g pench i s 2 throwgh 9, Yhos, any of the 10 decimal digits and any ol the 26
tevers of the alphalaet can Y represented iy o Rinary Tashion by punching e
proper boles in the cand. In addition, a number of speeial characiers can he
regeonted by punching combinatuns of boles ina calirmin which are not vswed for
i rumbers gr Teiters of the alphalael, These Chatacleons are shown with the proper
punchi in Fig 10-1,

An casy dewecy for remembering the alphabetc charatwers is the phraso VIR s
11" Motce that the letters | through B have an 11 punch, thase beloe have a 12
punch, and those aller have a O punch, 1 3y also nuecessary 10 remembaer that 5
bwgims o 3 Y and nof a1,

txample 10-1
Dhcode the inormation punched inothe coed in Fig. 10-2,

Solutian

Caolwinn 1 has a rone punch i rowe 0 and a punchoin soaw 3, 000s therefone the lenter

i Column D A sone punely o orow 12 and another ponch i orew B0 s

[

S et r—— —————
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fig. 10-1. $tandard punched card using Hullerith code,
.o
ey H, Conunuing in this fashion, you chould wee that the compfetd

efore the | : c
e FOL JUMPED OVEN THF LAY [MOLS BALK.

messagr reads, “THE QUICK BROMWN

mumeric talphabetic and pumericl IFFeAr YRATICHEY £arY
pm, On the other hand, the wyylem iy CajLibie ot
fGrmation 1o 1the user, In weienl e disg i, e
i i - jnd nosuch
information might be missile flight pumber, locatan, _ur! B ldnTt.L_ u: urn'.l.la}u.: t-:u.m
: E 1. In business disciplines, the intanmaliuin ges
s pilch rate, ralh rate, and yaw ra :
?Jezccounl numbers, names, addresus, monthly statements, e1c. In any IIr.-n.-ue, l:lh.t.
inigrmation is punched on the card with one character per coluinn, and tw Caf! i
- i imum of B0 chalacters.
then capabhe of Conlaming a mas . ! . _ .
Each card is conselered as one Hock or unit qf miurrﬁahon. Sinre the m“..hm-t:
operales un one card al a time, the punched gard is ofiea referecd o as A o
record " oreover, the digtal eguipment used top punch cards, read cards inlg a

0 LT} H M nl.!l‘
! s relemred 16 as “unil-record equipme
e o o is entirely namenc: thal

with 1has eard code, any alpha
be vsed as inpul 10 & digual syst
delivering alphanumeens oulput 1a

syslerm, worl ) ;
T{:}ctﬂ'ﬁiﬂnﬂ”\r. thee indormation used with a digital s.-,rs.len; i y numen; th!
i i cial ¢ e o requited. In this case, 11 1S p e
is, na alphaletic or special characiers ar : e : .
input e information o the system by punchm?\ the Icards Wy A straight .blr:ar-.-
jashian. 1n this system, the atsence of 2 punch is a hinary G, ang 3 punih is a

Fig. 10-2. Ewample W1,
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bifary 1. 1t is then possibie 10 punch 80 X 12 = 960 bits of binary tnformarion an
o ¢argd,

Many farge-scale dala-processing systems; use binary information in blocks of 34
bits. Each block of 14 Buts is called 2 "word, You will recall from the previoy,
Chapter that a register capahle of HONNE 2 J6-bit word mug contain 36 flip-tiop,,
Theie is nothing magical about |he 6Bt word, and therp are in facl other systems
which vperate with giher wong lengths. Even 50, M’y see how binary information
attanged in words of 36 bis might be punched on cards,

There are i mcthads. The fiest method stares 1he Information an the cargd
harizontally by Punching acrasy the carg frgm lon g fight. The first 3. Lit waord s
punLhed in sow 9 in colemns 1 through 36, The second word is also in row 5, in
Columns 37 through 72, The third word is iy row g, Columns | through 36, and so
on. Thuy a igral gi teenty-tour 3e-bit words can be punched in the card in siraighe
binary form_ It is then possible 10 store g6.4 bits of inforaation on the caurd,

The setond Mo uvalves penching [he infarmatian vertically in columny
ralver than rows, Heginning in row 12 g €olumn 1, the first 12 bigs of the word arg
punched m rawy 12, 17, g, -+« s 9 The nexl 12 bilg gre punched in cnlumn 2,
and thy femaining 12 bits are Punched in ealump 3 Thus, a 36-bit word Can be
punthed in every thiee columns, The card is then capalile of conlaining twenty-sin
36-Lit wards,

The mast commyn method of enterng information ing punched cardg initially is
by means of the kev-punch machine. This machine QPEraTes very much the same a4

4 Wypewriter, and the speed aof accacy of the gperation depend enlirely on the
apetator. The indormation on the punched cards can then e read into the digital
SYSICM Ly misany gl g g feader. The (nformalion £an be eniered intg |he system

althe rate of 100 10 L0 cards per minule, depending on the wpe of card rea der
Usexd,

The basic methd 1or changag the punched information intg 1he NECENSAry olot
ncat signals is shgwn in Fig. 1023, The cardg are stacked in (b rogd hopper and
are deawn Irom 1 e ay # lime, Ereh Card pagses under 1he read heads, which are
#uthet beyshes or phome e, There is one pead head lor each column on the cand,
and when a hole dPIMas unter the reaq Pead an elevyical signal is generaje

Fig. 10-3, Cardereading aperation,
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; 1, and this infarmatipn
i ] heads represents a binary 1, _ o
Thus, each signal tl"lt:':‘_;lr;;:e\::ich farm the input Horage rEgisier. T;::‘r: Tt:;(_lr_:::;
o u&edht; ?ﬁlmf anct are placed in the stacker, TPTHE 1 ﬂlll_:'f" uchrck S
IHIS; ﬁ*‘ﬁdut hi::h reads the data a second time o provide a validiry
read head w

reading process

Example 10-2 - has lwenty-
sI: a deck of cards has binary data punched in thE:L Ei{ﬁl;‘ Ti w:bat in the

'[.iufp-l;ﬁ bit words. H the cards are read 1 rate of 600 cards pe

aur 36- .

- r
rate at which data are entering the system?

Sotution . - 14,400 words per
Since each card contains 24 words, the dara rare I; 2; :I:Iﬂho?aits per meaule, o
mingte. This /5 couivatent to 36 X% 14,400 = 515, .

518,400/60 = 8,640 biis per second,

. dala putpul from a
3 medium for ac<eping .
ards €an dlso be used as - ' e ed in
d';::ﬂr:c:;;?;“ 1 s Case, 2 slack of Dlank cars tha Iggn:?;rlh::fel:yp:m diginal
S ; d pranch which i : d
held in a hopper in a car . ime and punche
thetm}:"ﬁw Eh?ank cards are drawn {rom the hopper ont Mdﬂh:::!s a\»hich chech
g‘f:mhle proper inlormation. They are then passed um!-_rr e nutpu!.h"ﬂi}l’“ Cod
the alidity of the punching operation, and siacked in inure depenifing on thy |
1 ‘h s are Lapable of operating a1 100 o 250 cards per minuwe,
purchu- . i
i I which 1
system used, nant advaniages, the first ol w
L a number of 1mpo _ . Iv. Siner
Punched cards presen ing informMant'on permanently.
s ol sloring info
the catds represent 3 means of * : - pripicd on
l:le fa:g:'h::'linn 15 in machine code, and since thli_ll‘lfﬂl’matlﬂ: CFITL;"ITUH_INHUH
L eunun! f the carg, thiy is 3 wery fonveriont ”“-'-“"‘1 H Thine is alo 1
" 1 & e N B N 10T LY 1
the 10n v h: :nd machine, and between machine and man hine. N L;,-,rmmation
hg_-qwc-mlmu { peripheral equipment which ¢an be used w n;url sn e,
witle vatiuty '::! p?'fhp mosl common are sorters, collators, Calcutan !!.sF' o cm'
carcy. Ihoe ) . . Efy vy .
5turedl ‘:?ng punches, and accounting mdchmel-s_l.'\-‘lurﬁ:l:m. 1t.|:r‘;~‘: I
refrL uchan?.u Ihe iformation stoed, sincs it is only rr'l.‘f'-':bi inally, these cards
e ::! disd and replace il Uherm! wilh the Corrected onefsh. Finally,
desired Cardis

drE QuELE INexpenyive. —
10-2 PAPER TAPE et

i ? i nched- paper tape, It b5 used in
A“T‘Ihl::‘il_:‘:j:::’ ::fal:g::fmu:a:r:';;"pe: IEI“;E wds delﬁ'ﬂ'lnpe{:l :::-;h:.‘:r- E'f:‘trj.;:
;ﬁuuri"i:“'- AL mﬁ'ﬁ%\ﬁ i::grrn:::ri;: !I':c:r:'l lI-1:"1[‘?:::_I.im_- o imadtuine,
Paper e Ao i st i oot 3 s  Comtingoun ro" MU

- 1 M iyl

:‘r:'lp;:m'. I;? infiarmation can e punched into 5 rn,;:}.:,lr 1:]{ L:np-:L.;l.-E mre
alplutwtic or aunneic Character, as Wl'”.aﬂ: nu o
l S e Wl the ey 1He progaer 0.

. K
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- i Solution
Tape heed

. o .
- Space The first character has punches in Fhanneh o, 1, am:l czt;:;nlm s X, O, arl B
ABCDEFGH | IKLMNOPORS TUVWEYZ0123450 7691781 W% "De wecond chatacter 1s the fetter K, since there ire pu

. - [ it punch.etl un the
g I iy - i ! 1atIEﬂlE5HgEIslhvE'samelst
. I Conlmuing yind shou d see th I h
card in 'E:narnple 10-1,

this is the loer T The

i
CHECK -
. il Rk
saae -3 shad

[ ] .:

Seb A o

4 and B are guide holes, used 0
ller holes hetween channels . . . Can
Th"‘ row do_f m:: ¢ pe under 1he read posilicns. The infoemation ?:,éhﬁ, :m:.: ;’n:g
o Ji:dd b'wl:uii'ﬂ:': or photocells a5 shawn in Fig. h}s'. The m::gm i ’ wimi-
beimmm:linn }Imm the paper Lape and inputting il into the JIB:I:I Is of Tl:.]'::: vsed,
IlI:r 1o that used o reading punched cards.ltiﬁ::;;dg;ﬁl ;3 tlcl ‘m characters per
' sn be read inwg the system &8 8 2 ing indormation
in bt::'ldal.:;::uf:';"  otice that this is only slightly fasies than reading inlorm
serond.
cands. . . . frotm 4 digital
Iro:l m:‘r:?;dcan e used 2% a means of accepting 'nmm‘-‘.:m:'n‘:::’::m dala unsthe
wstzf: In this Case the syslem ((ves & uﬁ* zﬂr‘::::: ar:: copable ot operng
. - er holes. Typical fa " . .

tape by Punch'.;g,t::mﬁgmﬁe. wecond, and the tata are punched wh.;:ﬂt ‘-E:::I:L “
R u{h] “5"!:: i:1uur'r|'f:a-5:r of characters per inch s referred 0 ;s lm:j "t:' ' onef;)l
waihe nch. o tmper-lﬂf-h- Recording density n .

H e cave the densiy is 10 charad . - ; discusws! in the
a!nd i;:;::acnt jeatures of MagnenC-1ape recarding which will be di
e

. . Wl . I Tk
" Eessi:;\;: can a'sa be periorated by 2 manual zpe punch. This umt 1 very =
Faper ’

ER R e

. - - B agpde b
e —— r_ ' LA SENE BREP - » e

fe}
fig. 104, Punched paper lape. ia] Eight-hole code. 161 Example 10-3.

-
.
LR X
¢ B
il
L LR R
LE ™
LN ]
LR ]
L »
|
]
as
i il o - it Al + =

e asracinll. St Ak et

There are a number of codes lor punching data in paper lape, but one ol the
st widely used iy the eight-hefe code in Fig. 10-42, Holes, representing data, arg
punched in eight para’lel channcls which run the lengih of the tape, (The channets

; - Iecteic typewtiess Wit
" ! ncdeed in some cawes & .
ate labwled 3, 2, 4, B, party. 0. X, and end of line) Each character, — numenc, ) lar to an eleCi(ic 1ys Ilﬂ;u;inir; used. The accuracy and of s t\‘::-:
Mphabelic, ¢ spevial, — oUcupivy one column of eighl pesitions acrass the width gf ) special p“"‘;hm?. u: ':; ?;La:ixachine operalor, One advantage uf hus method i
ihe tape. are again a furclio ;
Num:bers are representied Iy punchey in one or more channels labeled O, 1, ot . ding mechanism.
2, 4, and 8, and #ach number is the sum of the punch positions. For esample, § jy iy Fig. 10-5. Paperispe drive and reacing
represented by o single punch in the B channel; 1 is represenied by a single punch . ’

Eight rcsd beushes

. N R K . [L1%
inthis 1 l:h..mncl: 2a 'in'lI"IHIL" runch in chanme 1: Jisa puﬂfh in channe: 1 and a f“ phatd <

nunch in channel 2, etc. Alphalwtic characions are represented by a combinalun of
punches in channels X, &, 1, 4 4, and B, Channels X and 0 are used much as the
zone punches in punched Catds, For exarmple, the letter A is designated by puncd hay
w channels X, 0, and 1. The speeisl characiens are represented by combinations ot
punches i all channels which are not used 10 designate etther numbers or letten,
A punch in ihe end-ol-line channed signifirs the end of a block of infarmation, o
the end of record, This ks the only 1ime 4 punch appears in this channe!,

A1 @ means ol checking the valdity of the information punched on 1he tape, the
paty channel w'used 1g ensute thal cach characier i represented by an oo
numbes of holes. for examply, the lener C is represented by punches in channely X

C0. 1, and 2. Since an wohd numbier of holes 15 required for vach characten, the code
for the letier € abho has & punch in the panty channel, and thus a total o free
punchies 15 used for thas Tetter,

Example 10-2

What irf~rmatign is held in the pedorated tape in Fg. 10-db?

R
.*4_*

o

R I T TS
'
.

"



-

208 Digital Principles and Applications

the Iypewiter provides 3 writien copy of whar is punched o the jape, This copy
can be used for verifrcation of the punched informaton.

10-3 MAGNETIC TAPE

bMagnene tape has become ane of the maost important mulhods for stonng large
trahilities of jnigrmation, Magrelic rape offes 3 number of advanlages over
punched cards and punched paper 1ape, Ooe ol the most important is the fac1 that
mugnelc [Ape Can be eraced and used over and pver, Reading ‘and recording are
much faster than with either cards ar paper tope, Howaver, they recquire Lhe use af
a Lare-dnve unit which is much more expensive than the equipment used with
cands and papes lape, On Lhe other hand, il is possible o store up 10 20 million
characters on one 2 400-§1 rew] of magnetic 1ape, and J a high volume of data is
one of the sysiem requirements, the use of magnelc tape is well uspbed. Most
commonly, Magnenc lape 15 supplied on 2,400-f reels. Thr lape itself is a Y2-in-
wide sirip of plastic with & magnetic oxide Coaling on one Side,

Dlata are recorded on the tape in seven parsllel channels diong the length of the
Lape. The chanmels are labeled 1, 2. £, 8, A, 8 and C 33 shawn in Fig. 10-b. Sice
the nformalion fecanded on the ape must be digital in form, that is, there must be
two stales, it ig fergreey] by magnetizing spots on the @ape wnoone of fwo direchions.

A simplified presentation of the wede and read opcralions is shown in Fig. 10-7,
The magnetic 5pois 2re reCorded on (he Lape a5 ] passes over The wriie head as
sheywr in Erg, 10-7.0. I 3 poative paise of cursent s applied 1o the were-head codl,
as shown i the (rgore, 2 magnebc fux is set up in a Clockwise direciion around the
wrile freard, As this Tux passes through the record gap, it spreads slightly and passes
through |he oxitle ¢oaling on the magnetic lape. This causes 3 small area on the
tajse to be magnetizod with the pularity shown in 1he ligure, If 3 current pul se of the
ot polandy is applied. the fux i sed up in the opposibe direction, and a $pol
magnetized in the oppgsite direchion s recorded on the tape. Thus, il is possible to
eecord data on the lape in a digual fashion, The sputs shown in the figure are
groally exapgeraled in size 1 show lhe direction of magnetization cleadly,

v ihe read operatinn shown in Fig, 10-7h, a magretired spot on the pe sets up
4 lux in the read heay as the Rpe passes over the redd gap. This Tua induces a
gmall volizge in Ihe read-head con which can e amplified and used 10 300 o reset
& fip-fop. Spats of opposie polyrities on the tape induce vollages of opposite

Fig. 10-6. Magnelic-lape coge.
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tepresented by spots in channels 1, A, and 8, Since this s only three spals, an addr-
honal spol i recorded in channe! 0 maintdin even pardy for this character.

The secand systern is the horizental parity-check it This s sometimes relerred
tr as the longrudingd parity hit, and it is wrniten, when needed, at the end of a
Llock of nfrrntation of recard, The total nundber of bis receedoed in each channel
w mondored, and at the end al a record, a panity oot 15 witten U necessary 1o keep
1ae lal number of Dits an evea number. Thess two sysems form an even panty
systern. They could, of course, jusl as easily be implernented 1o form an odd-parily
systemn. Information can also b recorded on the lape in stratght binary form. In this
case, a JE-it word i5 writlen atross the witih of 1he tape in groups of six bis. Thus
it requires ux columns to record one 36-bit word. ]

The verical spacing between the recorded soGts on the lape s fixed by the pori-

bons of Lhe readfwrite heads, The harizontal spacing is a Tunclion of the lape .

and the recording spevd. Tape speeds vary rom 50 o 200 infs, but 75 and 1712.5
1Ay afe Guile COMmon. . K

The maxinum number of characiers recorded in 1 in of lape is called the
“recarding densdy.’” and i i 3 Tunclion of the lape speed and the rale 31 which
dala are suppleed 1o the write head. Typical recording densibes are 200, 556, and
8O0 bus per inch, Thus il can be seen (hal a okl of SO0 X% ZA00 X 17 =
23.02 x 10" characters can b stored oo one 2,406-fi reel of tape. This would
mean 1hal the data would have 1o be stored with no gaps between characiery or
groups of characier, i

Fow purpones ol lecating infarmatinn on 1ape, it i most common g recodd infor-
rahon in groups of Mocks called Urecords” In betwern records there is a blank
waace of lape called the “interrecord gap.” Thys gap is typically a 0.75-in space of
blank 1ape, and o is positioned Ower the readfwtite heads when the tape stops, The
inteerecond gap prowedes the spare necessary for the tape 1o come up e the proper
sperd before reconding or reading of informanion can 1ake place. The wial number
of chatacten, rcorded o0 a ape 14 thenalso a funclion of the ecord length {or the
ntal number of nlerrecord gaps. since they represent blank space on the lapo).

The dala as reconded on the tase, ncluding records tactual datal and interrecord
paps, Can be representedd as shown in Fig. 10-5, Wl there were no interrecord gaps,
the wlal number of chararters recarded could be found by mulniplying 1he length of
the wpe 1 iches by the recording density in chacaciets per inch, I the recond
were exactly the same length as the interrecond gap, the tolal storage would be cut
i1 hail, Thus, it is desirable to keep he records as long as passible in order o ue
the tape masl efficient!y. )

Fig. -3, Recording dala on raagnehic lapr,
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b

and the recoeding densily, Wi 2 simple matlef 10 de-

Given sy o 80 onsider e lenglh of tape ComMe

jesmine the aclual slorage capacity of the Lape- com® 10-6. This length of 1ape
- sed of ane record and one record gap 3% shown in Fig. ,
po

ber of
h oof the tape. The Lotal pum _
. ¢ and over down the lengt ) h aclers in
15h rEp'"T:.I;dth:Tt'ﬂUH he stared in. this lengih of Lape 15 ::; !_xun:hc:‘ :1_-: ;;ary o The
Charae . ld be slo mn T
the characters which <ou'd ecording
tne r;:ui':' :h::‘::ters which could be siored in the gap hll'qualh't: l:r gh;ucteri
:u:‘! r1'.'.‘* muliiplied Ly 1he gap length G. Thus the lm;: +.-.er The rato of the
ol Il he stored in this length of tape 5 BIVER oy % lted a tape-ulil zation
“:u:h :::;cluil“'f cecorded R 1o the tota! possible coulkd e ca
charac

facior £ and is given by

(- I
="R+Cch

110-1)
F

cor shows that it 1he totdl pumber ol
ter of Charagters which could be stored
05. This ynilizanion faclor c:fﬂ e used
magnetic lane i the recording drnsily
total numbar of Chardclers ctored on A

Eaaminaton of the Lipe-ulilization I'.!m
characlers in the record cquat to the num
in the gap, the wtilization faclor redu._nccs °
1o getrrmine the tolal sIDFIge capacily ﬂh-g
and 1he record length are known. Thus
lape CHAR is given by

2
CHAR = [ DF (-1}

= [prgth of Lape, in _
where jLE.I - r:cnrding density, characiers per inch.

F - W J - H'II.II in Eq.
Ora sla a

(10-7) reduces o

2.400 ¥ 12 % DR
——
R+ 0.750

{10-3}
CHAR =

Example 10-4

Wha! 1 the Iotal stora
rpcorded at a density @
characterst

ic tape f data are

i [ rmagret
ge capacity ol a 1ADD-ft reel O 1 e s 100

[ 556 characiees pef inch and the rec

Solutian

l sing £q. 110-2).
The tolal n

umber of characiees can be found U

2,400 X 12 X 556 X 100 _ 4 1 1pe
CHAR = ~007710.75 ® 556}

VI

tapee-utilization factor.

Thas result Can 12 « P hevd by calculating thr
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Fmm - i
100 F (0.75 % 556) ~ §.17 = ©-19

e Paxuvum ngmilser gf characiens that can be stared on the lape is 2400 % 12 =
S50 = 160128 » 10, Muiliplying this by the uulization factor v

CHAR = 160428 X 10° X 5—1”-- 110 % 14

13-4 DIGITAL RECORDING METHODS

There are a _numlnr-r of methods for recording dala on a magnetic wriace. The
melhmls,lall ln!n Iwi genral categories, called “relurn-toezere” and ”nun-rélurn-
1o-zefn,” and tivy apply to magnelic-tape recording as well as recarding on ma

Pebic the k and deum sudaces Imagnenc.dish and g etic lam s ill e .
Cuscet] i a later chapior, we vl e

In the prevings sectinn, il was slaicd 1hat digitab information could be recorded

an Migeehc lape by mapnelizing spols en the Lape with opposite polarities. This

:}-.p{' af reeoidhag is kRown as return-to-zern, -or BZ foe shor recording. The tech
ngue inr rﬁ:arding dala on 1ape wsing s methed ix to ap;'.ll'f a wi-rs.- of curf{*n;
UL 10 Ui ivnie- head winding a5 shown in Fig. 10-10. The curreat pulses et up
arresponderg luaes v the weitp head, an &
L on dhe e pave palarities corresponding o the dienclion of the Mux wave-
berm, ang it " anly netesary In cnange (he ditechon of the inpul cutrent tg wrile
Ts oF Os, Nodioooangd she input Cutrent and rhe Do wavelom ietuin 1o a zeng refor-
ence rvel beiween individual bits. Thus the 1erm “return o zero.™

Whei 1i v itesred 10 read The recorded informaton irom the lape, tha tape is
i.Jﬂ?‘rl‘d over the read bears and the magnetized spols indyce vollagrs.in Ine read-
cuil wanling an showm i the e, Notice that there is samewhat of a problem
here, unce ail the pulses have botn potinve and negalive porlions. One methnd of

acirching thesr levels properly w10 strobe the oulpul wavelprm. That is, the oulpul-

Kewnrd

currenl pulus B

Record [iua JH/—/\—/\_VW_/L\F
Reay

wind 111 g il _ﬁw h' ||r ”I I|I “ !

Sirobe puisws -.-LJ]—fL.—ﬂ—_ﬂ_n__l.L_ﬂ__
. ' 2 I 4 6 @ 1 0
Rradcaie  _J; | . Fue. 1031 Relurn-lo-zero

1wl ertanling and reading.

ewn i the figure, The spols magne- |

| .
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y oo v 1 0 1 0 0 b
s, T TUTL L T
current pulter

Hegowd flux

Read
wnnding oulput

fig. 16-11, Biased relurn-to-zera recording and reading.

voltage waveforns is applied to one inpul of an AND gale (alter faing, amplified), and
a clock o¢ sirobe pulse 18 applied 10 the ather inDut 1o 1he gate. The strobe pulwe
must he very carefully timed 10 ensure 1hay il samples the pulput waveform at the
proper lime, This is one of the major difficuliies of this type of recording. and it in
therefore seldom used escept on magnetic drums, On 2 magneuc druem, the strobe
wavelorm can be recorded gn one rack ol the drum, and thus |he proper Liming is
achieved,

& second dhiliculry wath (his type of recording is the facl thal betwagn bils thers is
no record current, and thus between the 3pots on the lape the magnelic surface i3
randormly oriented. This means thal if a new recording is 10 be made over old daa.
the new data have o be recorded precisely on top of 1he old dala. il Iney are nok,
1he old data will not be erased, and 1he tape will tonlain a conglameraiion ¢ wbor-
mation. The tape coubd be erased hy installing another sel of erase heads, bugihis is

woostly and unnecessary.

A method for curing Lhese problems is to bias the reCord nead with 3 Curent
which wiil saturate the wape in either one direclivn or e other, I this wslem, A
current pulse of positive polarity i= applicd only when il i desired nownie a 1 on
the 1ape as shown in Fig. 10-11. A1 all athey limes the ilud in the write Reads iy b -
ficirnl to magnciize the eanre 1back in the 0 dutchion. Pow, reCrrding Gal) Ovet
old data is not a problem since the tape 15 eficchvely ersved as it payses Over ine
rerord heads. Moreever, the iming is nol w crilical singe (1is nol necessary (o record
exatily over the previous data. When data are recorded in this fashon and then
played back, a puise appears at the mulpul of the rrad winding only when 3 1 has
heen recarded o0 the tape. This makes reading the inlormation from the 1lape much
imyser, .

The nan-frolum-to-z0fo, of NRZ, recording Wchnigue is a vanation of the R
technique where the write currenl pultes do not relurn lg somé reference level
betweeny bits, The MRZ recording technique can be best explained by £xamuning
the record-currenl waveform shown in Fig 10-12, Noiice that 1he current s at =1
while recording 15 and at =1 while recontling 0% Since the cument levels are aiways
at eilher +) or —L the recordmg prollems of the fiest RZ system do not exiyl here.

Motice that the voltaps a1 the rearh-winding oulput hat 1 pulse only when Lhe
recorded Uala Change from a 1 10 a § or wice wery, Theretore, some means nf
sensing the recorged dana is necrssary for the trad pperation. If the read-winding

vilLage is amplified and w10 W A reset a flipeThop a4 shosyn in the Ligure, e A
agde ol the fhp-lop is baph during cach Ume Wl a b beng reacd 0 low during
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Fig- 1072, NRz recording and resding.

d::'dlqm{' whun the .l‘iﬂhl bewng read is a 0. Thus Jf the A output of the lip-flop is
wserd a5 a control signal a1l one inpur of an amg 2aie, whiie the gther input s a
rl.m'-:, Lhe sulput of the AxD gaie is an exact repica of the chgital data being read
olice that tl_'-r_= clock must be carefully synthyonired with 11w dara train frE mhe
read-head winding. Notce 3l that the maximum rape : .
when reconding o readingt aliernale 15 and pe,

In compasing this with 1he RZ recording methads, you can ee that the MHRZ
method offtrs |he distingg atheantage that the maximum rate of (lux changes is only
:::::Il‘ lr::‘; tor RZ recording. Thus the rr:;d;wr-:e heads and assaciated electronics

e uted_rmulrornenls Ior operation an the seme raies, o they are capable
ol BPETAting at twic e (he rate dor the same pecificanons, >

fﬁ v_analu_nn on s basic form of NRZ recording is <hawn in fig. 10-13, This
o Argue ik quirf- oiten Called "mretumm-:ero-mwmd." MNRTL '!;lrif? hc;uh 1
and 0% are 1ecorged a1 bath the hinh and fnw Laburalion.cornent Ielw-]« THE k ,
Hiis methmi Ol record-ng js that a 1 is sensed whenever there is ; .f;ux rchw .
w:dmlmt Il be posifive ar ncgaliu?;yli the read-winding Dutpul. volla;;e s amp;;::‘f;;l
|am- d;::r;:'-.tt;dlw gh_-c- O 2atr a5 shown in l_he figure, the putpul of the gate will be

o de data wrain, The upprr Schrmin irigger o weasilive ondy 10 prasitive )]s,
whilt: (he fower gne i songpivp only 1o negative mulses Both outputs of the SChanit
lr-m-.u are lw unid 2 pulse arrves, Agthis Ume [he oulpi gors pOsive for fmcldl
duration and wenerales lhe ttesired putpul pulse. e

ol flux changes poours

Fig- 10:13.  NRZ| recording and reading.
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10-5 QOTHER PERIPHERAL EQUIPMENT

A wide variety of petipheral equipnvent has been developed for use with digilal
sydlemns. Only a cutsary descoplion of some of the various equipment will be given
terr, and the reader is encouraged to stedy equipment of particular interewt by con-
switing the data manyals af the various manufaclurers,

One ol the simplest means of inputling informalion into a digital sysiem is by the
use of switches, These switches could be push-bultan, toggle, eic., but the impor-
tant thing is the facl that they are capable of representing binary inlormation. A row
of 10 swithes conld, fw exampie, be switched o represent the 10 binary bits in 2
10-bet woed,

Sitmularly, one of the simplest means of reading data oul of a digilal sysiem is 1o
pul lights on the cutputs of the flip-flops in & storage register. Adminedly, (his is 3
rather slow means of communicalion, since the operabd must convert the dis-
played binary data inlo something more meaningful, Nevertheless, this represents
an inexpensive and practical means of communication betwern man and machine,

A much more sophisiicated method for reading data out of a digital wstem is by
means of 2 cathode-ray Wwbe, One Iype of cathode-ray tube used s very simirlar
the wie used in oscilloscopes, and the gperation of the tube is pearly the same,
The unit is generally ysed to dosplay curves representing iniprmation which has
been procmssed by the syslem, and a camera can be atached o sonve wmirs i pho-
tograph the tusplay lor a permanent record. The inlermation displayed might be the
transienl response of an electrical network or a guided-missile traectory.

A secord bype of cathode-ray tube (or display is called 3 “charactraa’ It has
the ability to display alphanumeric charaziers on the face of The sureen. This lube
pperales by shooting an eleciron beam thraugh a marrix {mask] which has each ol
the charaCiers cul in 1. As the beam passes throuph the matrix it is shaped in the
form of the characler through which it passes. and this shaped beam 15 then
iecused on the lace of the screen. Since the oporation of 1he electron beam s very
Tasl. il is pussibie 10 wrile information on the face of the lube, and 1he Operator Can
then read e display,

Same whes of this ype which are used in large rgdar sysiems have Mmatrces with
the proper chacacies 1o display map coordinale, friendly airciafl, unlriendly
aircrafl, eic. The operatar thus sees a dispay of the surrounding area complele wilh
all aircrafl, properly designated. in the vicinity. These sysiems usually have an add-
henal acossory called a “light pen'” which enables the pperatoe to input infonma.
Lo inio the digital system by placing the light penoon the surface of the ukbw and
activaling i, The operator can do such things as expand an area ol wteres). request
informateon on an unidentified flying ohject, and designale certain aircrall as
largets

A somewhal more Lemmon picoe of rquipment, bl nevertheless uselul when
large quanplies of data are beng handfed, s the panter, Pengers are avadahie
which will rst the gelput g i siwnpht binaty fomt ocial form. or all the
alptungmieeie Characien,. The typical printer has the abluy 1o pront ininrmabion o
A TMapace e Al pati~ fvmy a2 Tewe uandoed lings pp Inoover 1,008 Lines e
miinule, The simgsiest pemtes dee cgnveied, o sproeally anade, eicoing vl

L
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R0 as Ccharacier-at-adi - -
spoecls of 101 30 l'h:fﬂ{:z::en::l?;::r;d,Thw are rolalvely slow and gperste al
. A moie soplisticated prinket is keyown as (he “line-al-a-time grinter® s
tiee hww of 120 clgragiers i prnted o une operation. This praFnrr-_ singe an on-
of operation al rates of amund 250 ines per minuu-t s lype of arinter is capalde
TI‘?D:::T|:|::1 ;:FW aperalion s possibie with machines which use a print wheel,
T~ printodnr'.:!{;:- i‘::ef?pﬂsed al 120 wheels, one far cach pasition on the
s under the prin;t' l1-.114'-::m| » rolale cantinuously, and when Lhe proper characler
which eqntacts 'hf‘?n'sed ha hammer snkes an nked nbbon dgainsl the paper,
of operahinn af the I,:IL nfl; ;;?]C:FF on the print wheel, Wheel printers are capable
160 charac ters per fine. ' ines per minule 'and have a maximum capaciy of
One atl:er i
Thuses unilf-':dr:p:eu::?&:‘;";;:ﬁfmdn;rﬂt@heralsﬂu;pmt 1s the digual plotrer.
Lmatie dral i s in a wide variery ol lasks, inCluding av-
i i, vl v, o o s o i
o o s nr management iniormation,
o b s o ke T 8 3 n 5 o
el of 4 svilr.m |: Un .w:.nju[ it of digital pivting is wsed when the dighal
awisioct ot the nest r.h{ t verlen 1o andhsg form (digilal-o-analog canversion is 1he
ve e of granh a‘p er) [ i;i.'u..-r: F(‘Nf‘.lrnutf'.lrs which posiioh @ Cursar of [en, A
 en 3 Inrr r : r:ﬂ'ulmnr-u c1 a fly pinting surface, and the pen s Caused
Averther St ”U;1I-‘:C- N respoace 1o Inumlmrt roceved fram The digaal system,
Inciaten fromal e I i: ‘: B Speem, wh.u.:h is more uly 4 digital plotter, makes use of
i DDing TG10rS 10 posilion 1he pen and thus plot the information on
nnrﬁ\l'::l‘:_‘f. h‘: this syster, which 15 known as a “tigital incrementad plotien,” the
sl hl' JEa:L: ;I;.-,r.:fl-:‘u-a:iatug !I:on.verfian is eliminaled, and Lhew 53"-"“""”; are
of plota inrrlvnu-:L a‘n Snlml.c-r in Sl.iﬂ. [hpital incremental plothers are capable
the Tiylaed n'-c..uiq*l I‘h -:II* mal os u'm:-, in anel alfer muck greater accucacies than
s e 2 pm..;,d uriRermre, lheae pigliers are cagable of piething A e rate of
: mg & complete system of annotation and latseling.

10-6 TELETYPEVWRITER. TERMINALS

Thie by e i f
Ty .lnf_ .“'” (TTY is prosently ore af he mast populae Jnpratfoutp.ag uhis A
- an ivaparhie] and versatoe fink Iwaween man and compaler, whelher I!'
UI’ Ll ! I i
‘ rmii:ul*_‘ " l:‘ the small-seaie general- purpose e, ot & large-staie model us-d1 .
E waivant Bgsis, b i Coemmia pes on
) practce 1o use a YTY i
Fed e e Laedieaal N a5 a remote (riminal con-
e I '.-1nfrl waie general-purplse computed via teiephone lines. The b
o ]:" .. s {1 gnd 1 us.cd anthe TTY and 1he ¢ gripualer Can e representod
s L '|' nul Audw reguend ies which are thea ransmidited muer lelephone JIiﬂE'S
RIS [ i i )
Ju"mur y .u.m rripher .|1 usrd n Compeng o with the TTY 10 rapslate data fnom
. ln e i o Tegie levels, amd vice versa, The eentral Compuier o« be
arel A Loy ' X o han
:" ‘ 'n | Lonveniont i, and aiorss 1o the computer wia o TTY weentinal i
Jiboel nndy dwe e recplareniend toe 4 telephone [ine e
ATIY venuper p ] :
A e g s s ol G L ey e 1ar lying moanformadnm, 4wl a print-
$ v Feasen dor g onErg e torerna Fln ssatpol rooa s g ompraler. SAany 1Ty
- ¥ W

Bl ol b

m e k. g —
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also equipped with 3 paper-lape punch, aml Ihus vither input dala o cutgul daia

can pe recorded on purc hod paper 13pe,

pAns! modern TTYS ust an eighl-hale punched paper taje, There
tempt lo standaidize on an atphanureric codle, and the danernan graatlara Codre
for informanon Interchange (ASCIN i3 widely used. An eighl-hole code has =150
combinations, sulficient 1o provide for bath uppercase and towercaw aiphabets,
ihe 10 numecrals, and a number ol special characiers and control signals. The

ASCH code 1s shown in Table 10-1.

has teeen an k-

10-7 ENCODING AND DECODING MATRICES

Encoding and decoding matrices are cien used o aller jhe form of the dala Bemg
patered into or taken pul of a sysirm. A decoding matrin is uied to decode the
pinary informaton in 2 digita! sysiem by Changing it b some giher aumber
system, For example, in a prEvious chapier he binary oulpilt of a regisier was
decoded inip decimal ierm ly means of aND gales, and the decodod owipul was
usad 1o drve nixie lubes. Encoding infgrmaton is just Ihe reverse process and
could, for example, involve charging decimal signals into exuivalent bwiary signals
(or crtey inlo a dinftal systen.

The mosl straightinnvard way of decoding informalion is simply 1o comsituct the
necessary AND gales, 33 was dane far the niie lubes. Decoding in Ims fachign i
guile smple and is mosl easily accompiished lry using he lruth tale OF wavelorms
for the signaks invoherd. The decnding of A four-flin-Aop © oumer witwiil, [of Bx-
amgle. require 18 jour-inoul AND Rales, wince there gt 16 posuble stares duter-
mincd by the feur Mi-fops. This vpe of drcodling then reguires A x 2" diodes,
where 7 it the numbes of fiip-Thops, for the complele decoding [ LU L

Example 10-5
Draw the 16 gales neCessary 10 decoce o (our-lhip-flap counier.

Solution
The necesary gales can besl be implemented by using a truth (able o determne
(he necessary gate cannectigns. The gates are shown in Fig. 10-14.

There 15 a <econ] method of dacoding which can be peed 1o real|7e @ savings in
duodes. This metied i referred 1o as “irre drcoding,” and it resglis i1 a recluchien
of the number of teguired diodes by groumnyg the stares 1o he deroded. Decoding
of the fourflip-fop counier seussedd M the previous eaamgpic £an imr AL
ramplislied by soparating lhe uuns imo Bour growgpe. These groups e N1y
4.5.6.7; B9 10.11; and 12,04.14,15, Mome thal (e Tusl praup £an e dlis-
pnguished by an AND gate whose vutnul i« DT the wrond group by (C. the thed
group by D, and Hue lasy groug lw DC. Each of these Faur groups can Inen T3
divicleel in hail by wsing B o A Those eipht subigroups ©an then e lwiner devided
o the V6 couate Iy uving A anc A, The cumplete deceding -t s B RRwen Lo

Fe. 10047,
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A A
Tabie 10-1 b o 2— 1
THE AMERICAN STAMDARD CODE FOR INTORMATION EXCHANOGE* E 5
' Lo b oo | oewo | e ool e[ iuesling] a 4
oooo | were | o OC, b (RiTew| @ P . . ED‘ ¢ 9
" . ' =
com | sod ac, ! TeELome| A 7] | o
Lount )
| 0a10) £0a | o6, " TRp.. | 8 # ; Dojche 4 . ,; *; 0
(ot ] EoM | oE, ) o« #u3t gl 5 3 3 E. ? ? ¢ L
mos | gor o, ' R A T ! E 3 1 ? % ° y
ACLCLIN L A 1 LT I ' o |T{olo] 4 ! ';-{ 1
9110 | &i syaed s it £ v . ! S N R I I S P c ]
0ill | BELL LEM : 17 | € W , ol byl 3 o o
1000 | FE, | 5 { Cagd | K X Unanigned 1_1 g g ":Ii g A a;_:
Foon | H i 5, ] g :?"-"_‘fiﬂ i ¥ I I lu 1 ll.'lln ;-EI g LA 12
- e — vio | o
HiHY L _31‘. - "'w'hﬂ: : v f 4 i i -1 1y lo o 11 &
1011 Vian 5, o b B i | £ { ‘ -1' l: ? | :.'r ?Ii A ?f
o | FF 5, N < LT ACK A fr i ¢ - ’
U0 | Lk PooS,  prmeZ ) o=, oMo | @ niojolo 0 b o
{1110 ) 50 L5, e > | N £3C A 4;
TR Y T T 7 ] 0 | - DEL _ g 6 ¢ "
i £
Example | 100 | 0001 | * A ) L 4 p '
Y H i 1 7 & 15 ¢
— o i
The ahbreviatigns used in Uhe EUure mean: —‘ l . )
ML Nullid'e - " Cartiage return ' Fig. 10-14. Four-flip-Nlap counter decoding.
! ;g:l' Starl of rwart 54 Srullt ot 1 ]
: £l pf addrewn 5f Shily i H
1| EQM End ol message Ny lgl}n-i[t conlrat CI:} i A H%‘iﬂE ol B dindes has heen achirved, sincoe e previum dl‘fﬂdlﬂﬂ '_v(hlf‘ﬂ'llt"u:-
| . L;:::t::‘d‘::r data | required &4 diodes and this methed only requires 56, The sawing in dheacles heee i
L “L End af iranseiviion VY Devict control | | pot very sperctacular, bul the constructian of 2 mateix in this mannef 1o d;f“di‘ f"b';
v "W e you ™ Ertor . ' iy irg of 40 dindes. As Ihe number of flip-tlops 1o
U i, L. SYNC heonous Wil flip-Nops would resull in a savirg ! - H
PAFLL a,.?.:.?;.gmn LEM E;:::a: end :n[.dmidu ,l d{:‘ﬂjEd' increases, the saving n digdes increascs very rapidly,
Il Ffmi effector 505 - 304 separatar (infurmatiin] : Tivs type of drcoding mateix does have the disadvantage that the decodrd
i " Fontantal Labulion o T;me {'bl::mk]'l E ignals ;:sl pass hrough mote than one fevel of gains lin the previous method the
' - . normally non-prin %l L )
] s,; Skip [punched casg) Aé;.’ Agknowbedzr ' . 1iina! passes thiough only one gate). The gulput 3ignal jevel may lherﬁ?re safler
L Lwie ced Unassgned canirol . ) T . che A rnalation
A e ulation it Escine ! . considerable reduction in ampliude. Fu.nhcrmn:l . lhl:]: may h muw mhl i
FF Form lead fals Delete idie | " due o the number of gales throwgeh weliieh the decaot EIgnals .

' A third type ‘of decoding setwork is known a% 3 “balanced mubtiplicative
drcoder” This always resulls i the minmum pumber o du’]-dﬂ".l. required lor the

decod ng provess, The idea it much the same as a tree decoder, singe the counts o
* Reprnmbied freem Deerlt! Comypater Fancdamentaly by Thomeas C, Barder, Copynghi :

he docoded are divided into groups, However, in this sysiem {be Hi:rl-ﬂum o be
cinlk unh by SAeGrase ok oe, Lsed walh pormission of soCirawe- il ook drcoded are dwided intg grups of pwn, and the 1esulls aee then combned 1o give
NI

"
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Fig. 115 Trer decoding matris,

Fig. 10-16. Balanted mulliplicative gecoder,

DCBA= ljD DCBA = 14

OC8A= 11|:D-DCHA-15
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the desired output signals, To decode the four (ip-flops discussed previously, four
Eroups are formed by combining fip-flops C and O just as before. In addition, Nip-
flops & and A are combined in 2 similar amangement. The putpuls of these eight
gates are then combined in 16 AND gates ta form the 16 putput signals. The reselts
are shown in Fig. 10-16. | can be seen thal 3 otal of 48 diodes are requered; 3
saving of 16 diodes is then realized aver the limt melbod, while a saving of §
ciades is nealized aver the tree method. Tnis stheme again has the same disadvan-
lages of signai-levet degradation and speed limitation as the Irec decoder.

Encoding a number is just the reverse of decoding. COne of the simplest examples
of encoding would he the use of & thumb-wheel switch (@ 10-posilion switchi
which is used 1 enter dala into 2 digital System. The operator can set the switch o
any ane of 10 positions which repeesent decimal pumbers, The output of the swilch
is then Uansiormed by a proper encoding matrix whichchanges the decimal
rumber 10 an equivalent binary number.

An encoding malris which changes a decimal number 1o an equivalenl bnary
number and slores it in a regisler i shown in Fig. 10-17, Setling Lthe switch to a

S
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- 1018, Another degimal encoding matrin.

Ll T WY = R R

yosilion places a pogitive voltage on the line connecied 1o that posilicn. Mauce thal
ht'_ Rand 5 iaput tn cach fip-llop i csserially the putpul of an gr gare,

Far ewampie, 1 the swigch is st to position 1, the diodes connecied o 1inal hing
e y pirsilive voliage on ther plates whey are thereiare tarward-buased), Thus the
el iniput 1 flip-llog A goes kigh while 1he reset inputs 1o Mip-Nops 8, C, and D por
g Thi's se1s the hanaty mumbee 0001 in the ilip-flops, where A is the Trast signifi-
4 bul, Nolice that this encoding mairix reuires 40 diodes. As might by expecied
s possible 10 redduce the number of diodies required oy combining the input func:
Ons 35 was gone vwilh decoding malrices. One methopd ni dging this is shown in

'gd 10-18; 1 represents a saving ol 7 diodes, unce this scheme requires anly 33
i Lol 3

— kel = = e ——,
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Any encoder or decoder can be constructed irom basic gales as shown in this
seclion, and when only one or bwo functions are needed this may provide the best
technigue. However, a5 shown in Chap. 1, many of the more common decoeding
lunci:ons are available as MSI W Examples are the 74471 jor 74741} pCD-p-
decimal decoder dover, the 7843 rucess-3o-decimal decoder, 1he 7446 BCD-to-
sever-segmenl decoder diiver, amtd the 74145 1-of-10 decoder driver, Thee are
numerows olhers, and you are urged 1o Consull Manulfacturers” data sheels lor spe-
cihe inkrmation,

There are also a few encoders available as MASHICs — [ caample, the Fairchilg
9376 righ-inpui priority encoder, Thit unil accepts eight inputs and produces 4
binary wrighled code of the highes-order putput, Again, you should consy spe-
cific manufacturers’ dala sheets for detailed information on encoders,

STUDY AlDs

SUmumary

1 R ——
Punched cards provide ane of the maost uselil and widely used media for sioring
binary infgrmation, Fach carg is considersd as a block ar umt of infermation and 5
therelore refered W a5 a4 “und recond.” Furlbermnore, punched-card equipment
Iunches, sarters, readers, ete) i3 cammonky called “uvmi-record aguiprment ™

Alphanumenc information, as we|l as special characiers, can be punched intg
cards by means af a code. The mes! rommon code in use is the Hollerdh code,

A similar medium for informal.on dlorage is punched paper tape. Alphanumerc
and spetial characters are recoeded hy pecfaraling Lhe tape according 10 a cooe,
There are 3 numbes of codes, It the one mest commenly vsed is the eighi-hole
tode, A perforated role of paper lape is a continuous recard and is thus disunct
from Lhe unil recoril ipunched cand),

For handling large quantilies of informatian, magnetic 1age* is 3 moxl canvenienl
recording medium. Magnelic tape offers the advantages of much higher processing
rate and much greater recordung densities, Moreover, magnelic tape can be erawd
and usrd over and over.

The three maost comman methods far recarding on magnele lape are the return.
to-rero [RF). the nop.return.o-zere NRZL and the non-return-io.zero-inveried
ISRZD. The NRZ and NRZD methods cifechively erase gr clean the wape auloma-
tically during Ihe record operation and thus eliminate one of (he prablems ol R2
recording, These twe methods also lond themselves 1o higher recording rates,

Encoding and decoding mainces form an ampartant part of inpul-putpul eguips
ment. These mairices are genedally used to change infarmation from gne ferm 1o
another, for example, binary 1o outal, or binary 10 decimal, or decimal 1o hinary,

There it a wide variety of digilal penpheral equipment inciuding unul-record
cquipment, nhnters, Cathode-ray-1ue displays, and plofers. The Choice of periph-
eral equipment 10 b ysed wilh 10y syslem v a major engineering deciswon. The
decigion nvohes esahlishing the systorp retoircments, Mudying the available
equipmenl, meeling wilh the rquipment manotaciurers, and then making he
decisien based on operahional chataclesisiics, delivery nme, and <o,

nz
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Clossary .

alpnanumeric infgrmation  Infermal)
on compased h
_ the numbers, and speecial characpers. of the leters of the alphabet,
bit  Qre binary digil.
h
character A number, letler, or symbo| represented by a combinaton of bils,

dEEUL“”.I ”a“lﬂ A F I:
H Elg LIEEd to a]t a m orr i
I 1< th fl:ll' al ﬂf 1l [ alio lak“" For thE

encochny matrix A matris psed | i
s o alier the format of informalion being entered

Hollersth codde The sysiemn for e P
' Presenting inf : :
prescribed meaner in a punched carf;. .E informaton by punching holes in a

nterrecard gap A Lilank piece aof 3
7 tape hetween reconded inf i
NRI  Morretusn-io-zero recording, ormation.

VRZi .?'unarﬁurn-ln-n-m inveried recording.
arity The methed of uing an addinonal punched hole igr magnedic spot for

Magnel recond.angl 1o e
Characier i gven Ei uddflwm "3t the toral number of hoies for spots) for each

:;:Tr:?: :::?ns.-':_y The number of characters recoided per inch of 1ape.
uh on Jactor  The ratio of the pumber of characiers aclally rerorded to
maamum numiser of characiers that could be recarded

nit record. A punched card r -
; : Epresen .
unit or block of information. 15 a unil record since each card contains a

teview Cestions

1. Describe some of the problems of the man-machine interface,

1. Describe a ypical punched card (size, number of columss, number of rows).
3. Which rows aze the zone punches on a punched cand?

4. Whah rows are the digit punches on a punched card?

5. What is the Hoileath codet What does *JR. is 11" sigrinfy?

6. Hew is binary information i ey
reprecented on a card; B8, w
reseni, and what does the absence of a hole represent? Pl * hole rep-

7. What is the meaning of unit record?

8. Name lhree pieces of unil-record i ;
descriplon of how lhey are ured, pesipheral equipment, and give & orief

% Dewnbe the eght-hote code wsed 10 punch information o paper tape.

Desczile how 1s and O
. A are recordsy : .
pelic record hoarl ecd an magnedic 1ape by means of & mag-

L. Haw is alphanumeric informatinn recorded on magnelic tape!
1. Huow is binary inigrmation recorded on magnet i tapel

- . [eplain the dual-parity systern used in magnelic-tape recording.

o — i —— e ——1

Input-Ouiput Devices

14. What is (he purpose of 2n interrecord gap o0 Magnelc Lapel

15. How can the Lape-utilizaion facier be used to determine thi telal aumber ol
characters stored on a magnelic tapet

16. Descnbe the operation of the RZ recording method, Whal are some of the dil-
ficuliies with Lhis systernd

17. Describe the gpetation of the NRZ recording method. Whal advanlages toes
this melhod offer over RZ recordingi

18. Dwscribe the MRZI recording technigue.

19. Why is a digiral incremental plotier a Lrug digital plotting sysiemi

20, Whal is Ihe difference between an encoding and’a decoding malrixi

Problems -

10-1. Ma'kea. sketch of 3 punched card and code your name. address, and social
security number using the Hollenth code. Use a dark sl 16 iepresent 2 hole,

2. Change ',r\our social secarity number to the eruivalent inary number. Make
a sketch of 2 punched card, and record this nurmber on the card in Whe borizontal
b-par'f fashion.

10-3. Repeat Prob, 10-2. but record Lee number on the card in the venical
fashion,

10-4, Assume that alpkanumeric information is being punched inta cards at lhe

rate of 250 cards per mirute, | he cards have an average of 65 characlers each, al
whal rate in characlers per second is Lhe informalna being rocessed?

10-5. Male a sheteh of a irngth of paper tape. Using the eighl-hale code, recorrd
your name, address, and social security number on the tape Use a datk spol 1o rep-
resent a hale.

10:6. + What length of paper 1apr is requirad for the storage of B0.000 characiers ol
alphanumeric infprmation using (he eight-hole codel Assume no recird gaps,

10-7.  Whal length of magnetc 1ape would be requised to slore tne informalon in
frob. 10-6 if 1he recording densiry 15 500 bus pur inchi Assume ng recard gaps.

10-B. Assume thatdala are recorded on magnelic Tape 2t a denuly of 208 s por
inch. if the recard lengih is 200 characiers, and Lhe interrecand gan is 0.75 'n, what
is the tape-ublization factor? Using {his scheme, how many characlers can be
sored in 1,000 f of lapef

10-9. Venly the solution to Proh. 10-8 abave by using Eq. 110-1). Kotice that the
2,400 in the egualion must be replaced by 1,000, since tus 3 Ihe lape lenglh.

10-10. Repeal Probs, 10-8 and 10-9 for 2 density of B0 s per inch.

19-11. What Tergth of magnelic 1ape 15 required lo store 10% ¢haraciers e onied
at a density of 800 bite per inch wilh a recard length af 503 characters?
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11-3, - Venly the voltapc-output levels for the network of Fig, 11-5 using Millman®s
Ihegrem. Draw the equivalent Circuils.

11-4. Assume the divider in Prob. 10-2 has +10 ¥ full-scale gutpyt, and find the
iollowing: )

(a) Theclange in ouliput vallage due 1o a change in the L5B.

{9} The outpul voltage fur an inpul of 1101714

11-5. A t0-bil resislive divider is cnns:ructeﬂ such that the current through the
L5 resision iy 100 A, Determine the maximum current that will Now through the
M58 resisior,

11-6.  What is Lhe full-scale gulpul voltage of a sin-bit binary ladder if O = 0 V and
1=+ 0 W1 What i~ it for an eighi-bit ladder?

11-7. Find the output voltage of a sik-bil bunary ladder with the follgwing inpuls:
(at T0T(HME,
B 111011,
ic) 1100401,

11-8. Check the results of Prob. 13-7 by adding the individiral but contributions,

11-8, What is the resolution ol a 12-bu D/A converter which used a binary
lagieler? I the full-scaie aulput is +10 W, what is the resolution in voles?

11-10.  How many bas are requied i a binary Lidder 16 achieve a resolulion of
1 my o full scale is +5 Wi

1i-171. How many comparalon are iequired 1a ld a five-hit simcltaneous AJD
conwverker{

11-12, Ruyrlesign the encoding matrix and read gates of Fig. 11-20 using NaND
Rales.

11-313. Find the following for 3 12-bil Counter-type AJD converter using a 1-MHz
chock:

{41 Mawimuomh Conversign Lme,

Ibi Average Cunversion Iime,

[£] Maximum conversion rale.

11-14. What cinck lrequency must be used with a 10-bit counier-type A/D con-
verler i M musl be'capable of makiog at least 7,000 conversions per second?

11-15. Whal is the conversion ime ol 5 12.bit successive-approximation-type
AID canwerier using a 1-MHz Choad

11-16, What 5 the conversion Tune of a 12-bit wchon-countectvpe A/D con-
verler using 4 1-MHz clockt The counter is divided itk three orual sections,

1117, What overall accuracy could you reasonahly rapect from a4 12-bie AJD
comvester?

11-18. What degree of resolulin c2n be oblaned wsing a 12-bil opical encoder?
11-19,  Redesign Ihe Gray-to-binary encoder in Fig. 13-32 using NAND gales.

11-2. Redesign lne Cray-10-binaty encoder III'I\FIIE. 11-32 using exclusive-or
pales.

LRt b

= -

A T - — b

Magnetic Devices
and Memories

There is 2 large class of devices and systems whech are useful as digial elemenyy
trecause of thewr magnetic behavior. A lerromagnetic material can be magnetized in
a particular direction by the application of a soitable magnelizng lorce {a magnetic
flux resulting from a current flow), The malerial remains magnetized in that duee-
tion afier the removal of the excilation. Apphcation of a magnetizing force of Ihe
opposite polarily will swilch the matenal, and o wall rermain magnetized in the op.
posite direction after removal of the excilation. Thus the ahility to store informaton
in two different slates iv available, and a large class of binary elements has Leen
devised uting these principles. In this chapler we invesiigate a number of thess
devices and systems that make uie of jhem,
After studying this chapier you shoud e able o

1. Ulustrate how magnetic cores are used Lo slore inary information, ¢
1. Explain the fundamental principles of a cowncident-current memory.
3. Describe the operabon of a semconductor memony using either bpolac or
MOS devices,
Do

12-1 MAGNETIC CORES o

One of the mast widely used magnwtic ciements is the magnetd core. The lypral
core is toroidal (doughnul-shaped), as shown in Fig. 12-1, and is usually constructeg
in ore of 1wa ways. The metal-nbiban core is consirucled by winding a very thin
metallic ribbon on a ceramic-care form, 4 popular ribbon is ¥emikthick 4-79
molybdenum-permaloy (known as ulirathin nbhan), amd a typical core mughi con-
sish ol 20 turns of this ribbon wotnd on a 0.2-in-tiameier coramic form,

Ferrite cores are constiucled from a finclv powdered muinture of magncule,
various bivalenl melals surh 24 magnesium or magancer, and a binder matenal,
The powder is pressed inlo the desrad shapre and (red. During finng. the owder
fused intg a4 <olid, huomogeneous, polycrysialline form. Ferrile cores such as this 1+
commonly constracted willi 50 mi| guside rliamoters and 30 ml insde diamod 1y,

r r o
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POP=11 FUNDAMENTALS A.D INETRUCYTICHS

This course presents the organization and features
of the POP-11. It is spplicable to all procesmcrs in the
Fo7-11 famlly, and is designed to prepars the student
for further training in POP=-1]1 hard<acze or software at m
mechice or assembly language Iavel.

Largths 5§ days

A

Prevequisjtes: The student should ba familiar with blparcy
and octal puakerlng systems, comvecsions, amd arjthmecic
and logic operatlons im these bases. Frior sxparience with
machine or assetbly language insteuctions fa reguired. Ex-
preisnce with “higher level” languages much 48 Fortran,
Banic, Cobol, 4tc. does pob gengrally prapils the studsnt
for thia conraa. Atiendance of the Introductios to Miai=
Conputars coursy i recomwended for thoss aot ssgeating the
apora preceqguialtad. .

Content1 The fallowing major toplcs sra pressnted: Featured

coemon bz all PDP-)18, mmaory organizstion, registers, pperand

Vaddrexalng, instruction set, stack operations. mubroutines,
drcision making, cosomnication with pacipherals, priority
interrupt sEructurs, traps. and paper tapa loadacy.

The fourss 8130 pressnts an overview ofy cen-
bral procwssar orgecizacion and operation, anibus Lrane-
acticons, standard softwars, and sdditiomal features of
largar PRP-114. A& portion of the courss will be devoted

Lo sopurvizsd laboratory saspions. . '

A3

g

PPP 11 SYSTEM BLOCK DIAGRAM

4 1

tm | PM A

LS4
FRisntTINGZ (v[ct P S

TN

GPR

UNjBUS R —
CONTROL E2
PRIORITY| | ARITHMETIC DY
i N H
ARBITRATION Ui o
. ouRCE

CENTRAL PROCESSOR

- CORE MEMORY

MEMORY MAHAGEMEMT . .
FLOAKT UG PN N '
EXITCNIET E’HI‘FR_ULT'I gH 3T

OPTIONS:

TE LET_}"F E (keyeoARTASE) (TEICPRINTERAL P}

HiGH SPEED READER / PUNCH

LINE PRINTER

DisK

DECTAPE

CUSTOMER PEVYICES

A-5




RN ETATER

1. Purpmesl o cbigin an Lestrectlon fréwm exmory.

2. CF will #nter FETTH u;on completion of previous ipstruction.

1, M epecifias Prom whaps intepucvion wlll coma, and i
inceecwntsd Wr two after uma.

i, Testructicon [ccta} coda) dalivared to bnstroctisa regiaster.

§. Instruction decodsdr ftx metufy Jobormitned Fadt aajor sbate.

XX [5kC)
1, Purpoms: chtals soarcy operasd.
T. CF will entex Spc if the lnstruction Le dochls gpexrand
and source aldrgzs wede ¥ .
Y. Addzens calendeewd: detn cbialomd and stored Ln gaC regivixr.
4. CF sptars DEATIXATION or EXLLCUTE major ftate.

BESTDTION (BET]
1, Furposar 0 obtale destloation opesasd,
1, CF say wotar BDST Froa «itbar FITCE a5 GRC.
1. Mddreaw caleodwped: data gbtained and broaght to sxitheariy
undt,
4. CF satwrd COCUTE ajur atats.

[ == y1] -
l. TPurpaore: sapcuts the Loxtroction and stors Ehe rewwlt.
. CF way wolad DOCTIT from sither FITON, SAC or DSt

FROCEINON ETATTE WOAD
L BT I r?cff.lll‘m“,nnﬂ

CopbITION Chiicy

E bit (bie B} « sot 4f carry [rom most aigmificest wie,
¥ ble {bit 1} = wat if aritheetle cwseflow,
E eit {bie 1) - st if resnlt = §,
B bie {(bit 3] = sut 1f rewmit ls sw@tive.
TRACE TEAF

T bit Mele §] ~ LI pot, cuwssy procetint trap {wesd by 00T,

HICATTT
it 5 % T Speclfy warwet priofity Lol of processor,

PAEYTICE HOCT
foles 12, 13] Pode prine t the last lakbsisupt OF Exrap.
Larval = B, Seax v 1),

COWREET T
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POP-1]1 DIFFERFHRCE LIST

11/8% 11719 11/1% 11720 hasss . Alfap Nz 1738
orH Eud Usar GEM End Unar DEH End User | OEM End Usar

LY -
bazmic Insifuction mar Bapic Instruction a=t Baziz lastrusteion mat & Same s 11740 & HUL, DIV,

MCR, BOH, MARX, 5XT, RIT

AEN, ABIC, EPL

JHMBSINE (M) + uscd (ragle-
ter} afpar sutodnce.

Game s 11705 JHPAIER (R)+ Lwugs lcmg-
iscer} pefors sutciner,

Sams ma 11744

o
-

JWP /ISR MIE Crapa Lo loc, fama aw 11/9% SEama a3 1 5 JRP /ISR '
4 {lLllwgal inecruction]),. . 18 lr-:arvq:nizzzﬁzc:?oig.
»

+

A

o !
OPR MR, I0}+ pr =IR) or CFR LR, [A)+ ar =|h] ar Samn an j1/24 Same a3 L)/05

hIéR}* or @=(R}
usis A bafore autalner./
autodan,

BiR}+ ox B~|A) yses K
afcer avtoiner. fautcdeao.

ML,LOC atoras PT of
inateustlon + 2 in Lont,

11785 11418

fama a0 11725 '
MoV PCLLOC storea PC of .t
inatFuction + 4 Ln LOC,

11715 11/20] 11735 11748

Eamg ad 11708

10745 11?’5’

Upon program HALT, PC oot
instructien Just past
RALT is dinplaysd.

Upon Program ILALT, B of Sama &y LL/§%*
the HALY inmgructlon is
displaysd. .

Exma aw 11705

LOAD ACDR s nac mapdif Lacl
during wxotution., To sfiart
ProGras Agaln, dapresw
START. LOAD ADDR in £a3.
17 and can be addr by tha
CPU am 177717, 9 & program
cin S&t up & naw sbart
addr.

LOAD ADDA'valua La modified |[Same as 11/85 sucept oan-
ohca GTART Ly pressed,. T |not be addr by progras.
sterk again, first LOAD
ADOR .

Aama &8 11/24

Attompts to EXAM/DEF add
siire [wkeopt GFRe] will
cayzq bit } of addr to ba
disreqarded {i.a. 1801
will reaule in 18383,

-

i

-

-

Attampts to- EXAH/DER odd foms am L1788,
addre {except GERa) will

ang the Cru. To unhang,
aprass START with HALT
awitch snabled.

ADCR a7 light comm
on. Ta unhang, depress
BTART wlth EALT swltch
snpbled .,

O addr or nonoxklesbEnk
refersncas uning the 5P
cRusk & HALT (i.w, doubls
Lus orror acenring bn Erap
pervice of Lizrmt srEor).

Caxe am L1/@S Gdd addr or nonexiwk. oa-
farsnced uping 5F paugs &

[acal trap. On bu® wexr in
LCap ROLYVice, 4 new BLACK

im sraskead at locs. § and

.

oa¢ addr or nonmxiat.
refurdncan cauma LEAP
ta lpa. 4. Bus oyele
aborted during bus -
pauam OF that lpekr.
and snme me 11540,

Dytn aperations ta odd bridq Byts ppacdtlond o odd Fams um LL/8Y

ol F3 4o not tryap. Mok
ajl bite may aalst.

N

nyce of BB cavaa odd
i ETHpE,

Sama &2 11743




11/m5% 11/10 7 11/15% LLAIF y LLADS 11748 11745 11750
EWAR 1pecr claar V. EWAR lnocr doam not Eama am LL/0S ) fams an 11703
afface V. ' ]
Stack Llmit Eoundlrr Sane ag 11703 Cptional variable stack Rama an 11748 -
fiwcd at dA0,, violations limit boundary. Use of
atrviced by B L tEap. red of yellow Timas on .
aithar basic of varizbhle
boundary. .
L] '
Ko red pone On b ack over-, Sams as L1705 Rad 2one trap occurm iR Rad =onq crdp oSours
flew, atack La » 1§ words be- 1f atach ia lé words
low boundary. This trap bayond limit. feves
r saven FO+] and PE on pew | wame ax 114K .
s stack at loce. B and }.
Raad rafafencsa to stack Eend relarsnce b0 atack Samy &5 L1/NS . Aama &3 11708 *
will pot cause gverllow can gause ovarflow trap.
Erap, '
Fleat Lnptc in an inter= Firat indty in an intex- Eama as 11703 . Aame Az 1105
rupk routine will nok ke Tupk saC¥ice poutine iw ' ! .
wxucutad i snothef Quazsncaad to ke execuced. i
interrupty with higher . ' :
grioyxity occuza,
1 ) ¥
11 '
dds 1718, 11714 11/28 (1028 1L/48 | 10743 11738
HPAR Arp noy Eearvicad In Sams 2a 11785 i aa 11?!! KFBe arao sacviced In
HALT statas. HALT mtatd.

LUS REQUESTES 4rw sarviced | BUS AEQUESTS afe not dac- | Eaba as L1/09 y a

in gingla inptr mods. vicad in alngle ipptr mdda. ) Ae aa L2
Ii RTI aeks T bit, T bic | Eame as 13795 4 !

Lrap is scknowlodgud af ter ! Bit teap ta aapale T f... as ik

inatyuction followlng RTI.

-
4

-

-

bit trap in acknowlwdged
ismedistaly following RTI.
|Use ATT ko accomplish
aams g L1/2K).

Her BTT inetruction.

Samy 4z 11795

It KTT awta T hit, T bit Samm an 11748
krap occurs afrar Lhatruc—
tion following RTT, . . ' !

If an interrupt ogourg
gurlng an lnegruction
that hea tha T bie L1 1

T it trap e acknow gad
ht?ﬂr- Lhw tn:lrruptf.d

Samg an 13/0% |

If wn LAtar t DOCuUrd
o }1{!5 during an i:::ruetlbn
chat hav Lha T pit sak
tha interzupy la sC=
Inow ledged afors T bi
trag,
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The STAlK
Definltliom

The STACA ie an wres of memiry resarved by tra programser far
AUBLOUtite S Imarfupt linwage or tEwOrary storega.

It s n dy-amic inwarted toble ueing the "leet in, firac ougs
concept which advepcws dewvrwsed g8 1teds ard added amd " fetcents
ypeurd p8 it4mE Ara Temoved,

Inktimlitatigh

General Purposs Feglaker & aervan am tha system STACK polatar,
At will avtomatically kesp track of “whers you ara® Lo the $TACK,
Hanca, the first imskruction 4n & prograo 1 weusnjly that which ins
itinllzen the BIACK pointer.

Although tha progre=mer aay begin the ETACK st sny address, |t
1n curtomsrily benor Bt USER FROGAAM BTART ADDREEI-J and will ddewarm
tovard sddrges 448 [wdvarci hll.unl wddpena AFF wil]l causa w FTACK
ovarflow grror Lrsp to ocour

ngn=pIC FiS
{0 1 " [ 1.0 1]
f o= %
SETETR MoV . ,3F all
SYTETE, M3V PO EF
TAT -(%F)

Usnge
Any of the conditions below will cacss deta tn be sutciTloally

‘nddwd {"prated ™) onte the ATACK By the systes,

ump b3 Subfoutine jeatruction
- svice LRLwriupt
polftvnra 1ntarcurt (any trap inatruction)
hatvare interfupt {any srror toap cemiitian)

Eithar of tha instructlond balov will cauves datsn Eo Da Edtometl-
cally remnead ["poppel®| from the STACK by tha zysbame

ReTurn from Bubroutine jnetruction
Eefurn fren Imiarcupt ynetruction

T progrimesr say ules usg v FTACK for storage and retflaval
of data by simulabting the suviosklie pyatem oparétionr above.
- -
¥o stors, “MEM e cetrivva, "0

#OV INT,-(EF) v (AF]s 0ST

- b . —— - -

-2



ESummary of hrgument Handllag
4 SUBRDUT IME EXMMPLY
; TAPYT JER YALHLY, SORT, AMD

Autolncrement MOV (RS}, R QUTAUT THEA 1N DWLLEST TO LARGEST DRCER
TOo accwss sequantial srgueents am ocpecands. Rp=Zh
J5R 5, SUB R1=T)
17, p2=iy
1e44 R3=1)
LT Ra=id
Ro=i%
5Pt
htoincresent Drlerrad L NI TIEN P ) [ 5 45
TES 17156
To dcceds seque-'lal sargumants s affactive addremenw. TEB TS+
J5R Ri, 50U s TPS=TEAsZ
FLoi TPR=TP3e2
FLD2
IR
TIrdened Mov &i{ns).m) ILLTSE: MDY ¢, P -3 IMIYINL[ZE STACKE POINTER
. J5R BCCRLF i ED ID CRLF SUERIUTINE
fo accass arqueents randowly a8 oparands. J3R 5, CUTRUT 1 &0 TO OUTPUT ZUBRGIT IRE
JER K5, 508 LINET T SA OF LINE | BIFFER
1ed. . . 59. 1 NUMBER OF OUTRUTS
. 1% KT LIf i GO YD CRLF SHBapyT IME
5. - J5R ES, OuTrT ;G0 YO QUTRUT SUFROUTIEE
S, LINEZ 5 0r LIHE 2 INFFER
-] + NUMEER OF DUTPUTS
Indazed Dafszrad MOV B4 {R5) 2 J5R PC_CRLF i GO TD CRLF SUBROUTIME
+ TR P INTIT s B0 TD INPUT SUBRC.T A
To accwsy arquments Capdomly as affsctive sddzesaes. J5R K500 T : B0 TO SORT SUBRDSTINE
JAR K3 ,508 . JER M CRLF ; 60 T CRLF SUSROUTING
FLOA J5R RS, (MTPAUT a0 10 CUTPUT SUBROUTINE
FLDB ' BUFFLR t INPUT BUFFEN AREAN
- FLOC 1p. 1 MLMBER OF GJTPDTS
rLog . - J5A PMLCRLF
HALT 1 THE Rt}
1 SUCAOUTIHE TO OUTPUT A LR & LF
MRLF: TSTE #7F; + TEST TI0 READY STATUS
P CRALF
- f MOYE 11507178 i OUTPUT CARRIAGE RETLRW
LeFD:  FETB Arths 5 TELT TTQ READT ZTATUS
kL LafD
HovE 417 .90TPE + LUTPUT LINE FEED
xS K y EIIT
. + SUBADUTINE TO QUTPUT A YARIAME LEMGTH MESSAGE
ITRTE: MY [N5]+,RA i PICE R S OF DATA 8LOCK
HY [RE)* R1 § PLCK UP MuHBEN OF OUTPUTS
KLG I | REGATE IT
AGAIN: TSTR MTPS } TEST TTO READT STATUS
- - BPL ACKIE
- MYE (83)+,45TH 3 GUTPUT CHARMCTER .
LnC k1 3 M COUNTTA
BAE AGAIN
A2 ETS 0%

37



"; SUBMOTINE TO Ieew TEM YALUES S -

INPUT: WY SEUFCIN RS 3 SET UP SA OF STORAG A
E BUFFER
" THD}' i-18. 2% : SET UPF COUNTER [E&WLE oF ISTERAUPT LEVEL L/0
1 ;tul:-us 1 TEST ETED READT STATLS ::ﬁmmu :cnég;}-n BELL RS @TIL A LOVE FEED
& Elﬁ’;!ﬂ ; TEST TT0 READT STETUS 1T PAINTE ERTIRE MESEAGE
MOYB ArTES 3FIPB 3 EEHO CHARMCTER *
[ LT FITK!-,: [RE )+ ; STORE CHARACTER RA=LY
e i INC COMTER R1-1s
s K ; ENT . =12
i SUERDT INE TO SGRT TEW WALV B5=%5
SORT: MOV F-10. R4 $ (g
NEXT:  MOY COUNT.R3 , Pt T
a0 A A
HIvR {Eir.n TES~1T756K . :
LOOP:  CHFE [Rpj+ K ' TEE=1775&2 v
BGE 4T i
LY: 'r':::n:: I-I':R(‘J;]u .ﬂmﬂ" TTRSVE KL TTPSYC 0
. * -
T mwRnLE — . AT MW, 5P 1SET STACE PGINTER
(1 H It ®3 . A AHBLUT R 1170 BUETTER ADORESS
BiE LGOP MOV BL,RZ
ImetrT: :Fﬂrllfl.wrrmu.{nﬂ Eﬁ: E-rru: rFLAC TO TELL WHEN 10 RALT
THC COUNT . BIS 113, MITER rSCT REMDER ENABLE + INTERR. EMANLE
7 T [ 2T £ TS RS {PELAY COUNTLIN
wof 4.5, LT - BNE BACK rNIT AEADY TO SEWD RELL YRT
Prd g . ; gj}ﬂll LOCATION Counvt Cx: TSTE §ITPS ;19 PAINTER AEADY
2PL CF IROT YET
COUNT: .MORD -¥, KoVB 7. MITFA IMOVE BELL CODE TO FAINT BJFFER
VU LS TST ks L BISTT LES -1); 1/ 2t Mgk Mot TP SERS
H‘_n% ASCIL JSRANLEST 70 LARGEST é""m f EALT JBTOP ROW ... M CONTAIME HHAR OF
T g . - - . ' PCHARS TH HAME
BR BTART JTO PESTART
BN DTS i FINDSHER ! Tmover e m MNP CHAR COUNT
WOVD IUTRE, R JMAVE CHAR JUST TYPED TO R)
. BIC bI06, R JCLEAR BIT B
Move R), {R1)+ JMOVE CHAR TO MY BUFTER
- Cuia jl, $pL2 [MAS LT h LIME FEED TERMINATOR?
BAE TTESRT NG ... CONTINUE
BIC 41Nf 84TEE ICLEAR FEYSCARD INTERRUPT CMANLE
. - BIS PLEN WOTRE pECT FRINTIR INTERKUPT EWABLE
. LZMET: RrI 1 EETUAN
. TIPMVe:  Move (RZ)+ . HITER pHOVE ETTE FROM BUFFER TC PRINTEIR BOFTF
. . CMF R2,AL s SENT ALL YET?
. BXE TIPSAT IBOT YET
BIC 4100, 01tPa JCLEAR PRAINTER INTERRUFT EMARLE

~ INC WLTFLG IBET BALT FLAG pOM
Gl Rl ]

o IiG: woRn o

e, =t L1, JBUFFER FOR 1§§ CHAPACTERS

-END ETART

- . +

A-M



. {EXAMPLE OF INTERRUPT LEVEL 1/0
JEXANPLY OF DITERRUPT LEVEL /0

i RACKGADUND AINGS *TY HELL
FBACKGROUND RIHCE TTY BELL, JTORZGROD MCCEFTE CRARACTERS FROH RLADTE unTIL
1FORECROAND ACCEPTS CEARACTERS UMTLL A LINT FEmD th LINE FEED TEIN FRINTE ENTIAL MISSASE
. S THEN FRINTS ENTIAE MESSAGE
Ri=up
Rl=y1)
Ri=n3
- =13
Ri=44
RSagt
EP=14
FPEe117TTRE
TEE»17 7564
. TXR=TES+}
TF5alTEEd : TFSuTHE+Z
'ﬂ'l—}ﬂ“i TPA=TEFR+2
TES=177een - LT
TEA=17r1582 IHNIT: WOV §. 5P i SET STACE MOINTER
=En MOV BUTFLE, X1 i 10 WIFFER ADDRESS
-WoRD rTESVC LT B T
ey e WOV JTAYSOR, 8868 1 SET VP FECTORS
ETART v ., 5P JHET ETACK POINTER . L gyg2
Y OIHAGE KL rI/0 BUFFFA ADDRESE MOV (TPASOE,#H64
v Al .. LR PIEE -
L= - CLE Ej 3 EPARALTER COUmTER
CLE HLITLG iTLAG TO TELL WHEN TC RALT NIE §15L,BITKE ISET TTYT IKFIT PNARLE, INTTERUFPT ENABLE
NI5S 1147, W4TFS ISET READER ENABLE + INTERM. ENARLE BACILDE TRC pA ¢ DELAY LOOP .
BACK INC k3 IRELAY COUNTER ENT mALRCD
- BACK IHGT READY TO &END PELL YEL ) BIS JA4H, #4PE § RAISE CP PRIGNITY TO FRCYENT [WTERRUFT
L=t TSI HUTFE i13 PRINTEN READY WATT: ISTH RiTFS i TCST TTO0 REAST STATUS
wova vt Bt TO PRINT BUFFER oy T BUTRUT BELY,
BV JT, RATHE +HWE BELL CODE INT nove 47, 81TFR H
TST MRS ITINE TO HALT? BIC 1 iF e1pH } LONER CF PRIDRLTT TO ALLOW ENTERKUPT
BED BACE tHOY IF Zpmo . ) BR BACEGD
AALT IETOP HOM ... 5§ CONTAING . NER OF TXYSOR: P $213, 0 ITES FTEST rn;t Lr -
3CAARE TN NAME BIO FCM STES, PREPANT FOR G T rin
MA STANT 109 PESTART , MOVE gTEE, [K1}+ ; m CHARALTER [
. NG RE
TIRSVEY INC Ay 1BUMP CHAR CounT I paTES IKET TIY CHASLE
ROVE 1iTRR, ¢ IMOVE CHAR JUST TYPED 10 R P N
BIC $240.R1 1CLEAR BIT EOM: BIT SIFN.NITED |ﬂm"?§1m m“t
¥OUR M), (K1) ~IHONE CHAL 10 KT BUFFER _ RIS PIES. RITRR -1
= L ILFNT IV $WAS IT A LINE FEED TERMINATORF - 4 . e
BIC dipp s T ieiEAR rErmoAnT NTERRUPT EMABLE ' . : :
BIC 1PN, HitES 1CLE YBOARD 1 .
BIS V100, 04TPS  — . JEIT PRINTER INTERAUFT ENABLE TERSOB) MOVE {R2}+,04TPR rmrur'r A CHARACTER
TTRERTL ETI . $RDTURA . oKF n2,ml v nIHIIll:E
TIPSWC1  MCVE [RI]1+,HTFR 1POVE BYYE FAOM BUTTER 1O FRINTEL 3IPT MG FIKIZE H it
(=T 7 911 SENT ALL ¥ET} I :EI.IH}R
BNE TTPSKY . JHOT YET sTaF:  KALT BALT ) -
.+ BIC Ilgp, ¥rzPR iCLEAR PRINTIR INTEMAUFT ENAHLE. . - TINIEH: EALE JCORRECT EALT: -». -
THC MLrrLg AEET EALT FLAG MOW T J .
TIFSRT:  pIi - - KD INIT
WLTFLE:  .wORD g
T - 4160, FBUTFER TOR 16§ CRARACTERS
~END ATANT : .
AL

A3y



INTY:

EREET

;CEAKPLE OF INTERFUFT LEVEL IO
: TAPE DUPLICATOR PRIGAAM [HSN/KSF)

DAMHPLE

TRAF HAHDLIR

Ri=%p

R1=11

[ FET Y

|12 ] ]

PRS*1 775510

PRE=PRS+2

PPE=FPB+2

PFR=FFE+2

TP5e1773E4

TrA=TFEr 1

SUETE

WY 1, 5P ;5T UPF STACE

HO¥ IBUTFER,RL ;RUFFER ADDRESE POINTER TO Rl (INPUY)
wov AL, Rl | BUFTEN ADDRESE POINTER TO R1I {OUTPUT)
s PEERSEV,PTF 13A KR BERVICE ROUTINE TO VECTOR

cLa §4172 ;W0 WEED TO SPECIFT EEW PRIORITY LEVEL
HoV IHSTERV. T T 1SA ESF SERVICE KOUIINE T4 VECTOR

=3 WTE MO WEXID TO IPECIFY oEW PRIONLTY LEVEL
AIE 141 04FRE JEET MEADER EMABLE, INTERAUFY EMANLE
me ki =

IiT BACEG ;EXAMPLY BACECRODND PROCIAN TO

578 ¢ITPS PCENTINUCUSLT PING TTYR SELL

EPL CF .

MR AT, MTER

WA BACEG

T5T FIPFNE [CRECE TRROR BLIT (1%)

NI EOH sEOM MEMAS [HPUT DOME

MOVE FITRE, (RI)# 1 STORE CRARACTER }

mC f#PRs ;5ET AEADER EMMAPLE HIT

AL FAETURN TO BACKGACGUHD FROGRAM

EIC 1EF, RIFRE
MIS 4100, R4PFE

| HPUT DOME—-CLEAR H5R INTLRRUFT
1EET INTERRUPT ENABLE FOR mIF

RIL _.._ sRCTURNM TO RACKGROUND FROCRAM
T5T JHrTS JCRICK ERFDR BIT (15)

EMI STOP IPHYS ERACA--ETOP FROGRAM

MR (A2}, REFTR pFUNCE CHARMTER

4F k2,01 —_— FOONE}

BED CLXTH . JTTR-=CLEMN, INTERAUET ANMD RETORM
RTI == JW—FEEF INTERAUFT ARD AETURA
Mg v —- '

I

RALT - FERROR COMD IT 1CM—EALY

[ jREST DF COXKE IR BMOTEER ARIA
-om

THHDLA)  BIC wP@@a17.21EP)  $CLEMR LASEW PE ©C MITH
MOV RY,-IS5F} 1SAVE
MOV N4 [5E] sALL
Y 23, -{5F]) G
MOV A2, -(5F) 104
MOV AL, (5P} | THE
Hﬂ: AP, -(5E). i STACK
MV 140581 ,AR IFICK UF COPY OF FAIH FROGRAM K
(AT T TTIN 31 1USE IT TO GET TRAF 1RSTRUCTION
:.:r: :IIHHI'H 1 EXTRACT USER Cone
L I1ITQ ML ADDRESE VALUI-—MAKE IT kVIM -
JrF witaBLE(RY) 150 T0 INGICATED RCULINE
RETLAMH, Bl BWFE . 16(0F} ISET 2P ™ O RITR EFLECT AOUTI
MOV {IPI;,RI IRESTCRE TTh to R * e
oY {BPle AL rALL
oy (SF)e B3 1S7R
O [EF}e B3 iFRoH
K [(5P)s R4 ITHE
oY [(5F) s RS IETACK
. ATI REVIAN TO FALN FROGRAK
TTARLEy  Tanws D 1L PATCH
. TASK] iTAELE
TAENZ ICCHTA IRI NG "
. 1ALL ¥
. |ROUTINE
TAEKTT |ADOA TS SIF
| —— = r s e .. . -
TAinl, OFf
HP RETORM
TAEX]Y oA
-
JHF AETIE
TR CPR
JHP ACTURN
L
-
TASKTH Ci
THE RITURM .
A-42



INIT:
ACL:

A2

PACKE:
CK:

AKESAYL

RSFENY

i EXAMFLE OF INTERALUPT LEVEL I/0
TRPE DUPLICATOR PHOGEAN [HSR/HEF}
FROSITION INDEPENJELNT COGT

FEen g
kl=n1
Ri=tz
spang
FC=v7
FRE=17755K
PPRzapugsd
PRS- PRB+]
PPE=PPE4
TPEAlTIEE
TPA=TPE+3
AlER

Mo
57T
i
A
ROV
oy
ADD
Ko
ELR
[ rid
AlD
MY
CLR

™C
£E

PC, 5P
- (3P|

PC. Al
HACFFER=ACL-Z, AL
R, m2

PC.RE
TESASRV-ACI-2 R
RE.H4TR — -
172 -
PC .
INSPERT-AL =1, 0y
kA AT

pite

1101, 04752

rE
BACEG

TSTE FITFR

BPL

CK

movE §7, TR
BER MALEG

T5T
MI

tiPnsg
40

FIUB VAPRE, [N1)+

NC
Krl
NIC
BIS
KTI

T5T
M1

fPAS o

;5ET UF STACK FOR

IPIC PROGRAK

CALCULATE PUFTER ADDRESE FOINTER FOR
TRIC PROGRAM

184 OF BUFFEIR TO Rl (INPUT)--m2 [OUTPOT)
FCALCULATE Sa OrF

JHERN SERYICE ROUTINET

, 1LOAD IR VECTOR ARDRESS

JHD FEED TO EPECLIFY KEW PRIOAITY LEVIL
ICALCULATE RBA OF

IE3F SERVICE ROUTINE

rLOAD IN VECTOR ADCGRESE

rRC HEED TO EPECIEY HEW FRIDRITY 1EVEL

JEET RAFANFR FRAALE, INTERRDPT DNALLE

ITEAMPLYE BACKCROUND PROGAMN
T INDOUSLY RING TTYF 3ELL

iCHECK ERROR BIT {1%)

sEOM HEANS IHPUT DOWE

;STORE CHARACTER

$5ET AFADEAM ENARLE BIT
(RETURK TO BACECRDUND PROGRAM

1108, 84FRE - = ;INPUT DONE--CL¥AR HSR IKTERRUFT

1108, BIPPE ———.

NrPE —
T

MOVE (A2]* . 41FFR

P
BLy
m"TI

nIc
L3 S

RZ ALl
CLRTH

1 I-"r! I

EALT

FSET IHTEANGEFY INARLE FDR ESF
IAETURN TO BACKCROUHD TROGARN

ICHECE ERMOR BIT (1X5])

;PHTS ERROR--5TCOP PADGCRAM

$FUMCKE CHARACTEIR

JDCME?

JYEY-—C1EAR INTFRARUPT AND PETURM

tNO—EFEF INTERRLFT AMD RETUKN -

TEMROR CONDITION-=HALY

IREET OF CORE 1§ BUFTER AREX

A- 41

POF-11 FAPER TAPE SOFTWARE OVERYIIW

UTILITY FROGRAM PRG-
YIDIWG ON-LINL SOARCE
L2ITING AND CFDATING

EOURCE FRACLRAM I3 AN~
SEMBLED TETQ QRJECT
FORMAT (MACHINE LAN-

GUMGE Ok

FLOAT INC-FOIRT HATA
FACRAGE FROVIDING
174 WOKD ARITHMETIC
ARG CORVERS10M Ch-

FARILITIES

STSTER FROGRNA
THAT AMK)oRd
"LNAEIOLVID
ALDREASES; AND
LIMKS MAIN FE(-

CRARE TO EXTEMWAL

ALBEOUTINES

b

~00e R
FRILEN *

—0

EbIT-11

ECURCE
HODILE

o

Fal-11%
pRACMRLER

mtIcT

ASEEMNLY
LI1STING

rr-11

LINF=-11%
LINKER




IKPUT-OUTFIT RANDLER
PROVIDING [NTERRLPT
DRIVER DATA XFERS AT
"READ-MAITE" LEVEL

UTTLITY FPROGRAM PRI~
VIDING "DYNMNIC OM-
LINE DERUGGING® CR*"
PARILITIES

CURY MLMGRY DM
PROCIAMS ALLDM MG
“EXAFEHOT" Dreges OF
BELECTLD MANEAS OF
CORE OHTC FERIFRER-
AL, PEVILES

10X
-
In
EXECUTE
PROGCPAN

A-i5

CONSOLE OFERMNTION

TC CXAMINE MEMGRY )

i.
Z.
1.
1.

HALI'T the proCEREOE.
et SR fpr the des_sed anciwes,
-Frexn the LOAD ALORESS hey.
Presa the EXAMIHE kay.

0 DEPOSIY IN HEMORY:

1.

:‘.

3.
1.
5.

_ HALT thm procBEEBOT.
Set SX for the destlied sddress.
Press tha LOAD ADDRESS key.
Eat 53 for thw deilred cootent.
Ralsy tha QEPOEIT kay.

TO MM A PROGRAM:

HALT tha procERSCI.
Eat SR for stacting sddzaws of progras,
Freas the LOAD ADDRZLS hay.

Set PUALE/RALT =vitch ko ENAMLE.
Pream tha ETAKRT kary. )



L1 A A

T & #T[T [IT ;1

I

3
i

HALI10TN MOLIMNE

IYHEIY TLYINE Aiva

HENEENERENRAAEREN

AVTidIa WSl wEEVOTY

DR TT-804

LOADTT AMD VERIFYINRG THE RACTETRAY LOAZTH

{8X Sysen---Hlgh Spesd Faper Tapa Meader)

Locstion

EIitad
FEEFT)
Fi1ysm
PITI8T
237754
F171754
ITrem
Farrar
517764
mI74s
AXTIA
Byimm
FI1T77T4
FITIMR

Cgrtent

ENR
EsdRze
F12782
RERIS]
PES 211
ips711
. lrmze
11ei62
magpa
4P
Bdize?
177754
EZNTRS
177559

|5at 52 to pa74a |
® v

| #rwsn conn Annn::;]

Lond

1 :4; & ta l:nwgl'_]

Llllii ODIFCETY

S

L. |

oY

+
H Prass DArINE  J4——

l Anias DEPOSTT ]

1;

far ER ta mEct contant

[ ormm )

Jut SR o
Carratht contank




LOADING WITH THE BOCTITRAF LOADTR

Thx 3OCTATPAF LCADIR program ig dwafgned to load any tape in booketrap
forrat difectly benwhth 1teslf [eex 3llocatlon disgzea of 6-12). Prusently,
Oniy Lra AZIDLUME LOADIR program ard Lhe cof® dump programd (OUMPTT/DIMEAR
are previded in thia fordat=—a® they are short smough ta CIt in the spece
allottwml.

. Sermraslly, the abscluts formatisd core dunp PrOgrams s usedl, srd they

A is t oad T Al LTI .
- - -
pat ERBLEAALY
ks MALT
LOAD ALORIZE starting addrasg of
e Td4 MOOTETIAE LOADIN
h 4
pPlace Tipe 1B ition b pe .
high spasd readar ﬁ::ing taps f+ed butten]
By Ehat the "special
. lwader® [35] zpdal 1
over tha seheore
h 4 Cutelog i v
T II:E:ALIMT Adare ¢ ®
o BLE
yios

¥
r;'nu FTRIE j AMSOLUTE LOADER wifl bm

at sddrass XOUF.

=

" e Aftc meeory brglnsieg

LORDINS WITH THE AASOLUTE LOAPER

The AMSOLUTE LOADER progras Lo designed to losd sy Laps Ll absoleny
Fforkst == the mfarity of tha syatam sofywazs {ppl- 1y, [0~ IT, LIW%- 31X,
oot- 11, 100, PAL- 1LK, str.l and your ossc progréms which haws Deas apsembled
and procusied by BAL~ L1g and LIKK- 115 op sessmbled by The abeolute sgweénblas
M- 1A,

I mpgt casan. bHee lied sddrgar 18 pm Usr BIBAKY Ty, Pralllba.
baveirtnr, URAY Eha Frepres say ba vwittes . ls Porlbios Fedepemdent Cede (FICH °
ard thap Lp Ukin case the Sesr mpy tapresg Wy denirsd loed afSreas st bisg
Elma.

at DRALE/ERLY Ly
KALT

LOAD REhRIFE - Farting wliress of
MyRCLITTE LOADES

Flats taps In aelwet Flank taps Porlbioned
randur orar SAAierh

v

! 4t EN tn refiect TTDW B K o f o moreg)

I af 1oad k= AFERNIL ¥ guntinuouy
1 ik v M o Tupd bing
e e =

- htmﬂ_

TRANLE
Trees VAT Blmary tape will be reed
Anioy tomry SRSy Ty ki ey
ati  wlirwesy &8 tape {imm—pICH
wdrvas bn EL TPEC)



USleg THE TLET FO7TOR

The text editor 1y uaed to
YEnerdte jource tapes of Lhe ucpr’
Tha wditor {1 Toaded Wiling the ABSDLUTE LEaDER and I3 lllllf::l:r::::r“‘

Te input text, type:
Inr o1 TEXT I
wheea: A = petal Mo umber -

C/T » CONTROL TAg
& * REtuRm

Te change a 11
r:" e of Text, retype thy 1ine correctiy uiing the sims 11ng

To datete & lipe, tree the Jine mabyr, CONTROL TAN, thwen AETURN
Coevandt haye tha forwmats

I
Wiy EvL, K, orp

The B eorpand reads
ot B tape from LSK or s3p, 12 clears the buffar befory

Tha ¥ comand punches the text §n t!ﬁ buffar ta LS or 5P, "It does ot ¥

clear the byffer.
ML coompnd 11515 the sntire buffer on thy TTT, r
o choar che buffer, Lrpe R with s Eape fn Uhe reader,

To . . )
[ Fl'bﬂlru“ “h:t"::::‘l'}:.!ﬁ?'m PrOgrAN, Clear the butter, and thin Fead

Bevar uay Tim foud o rvbour, -

L 2] ]

USING THF ASSEPMELTA (PAL-11AY

PAL~11A Ll used ta assemble symbalic code Into binary eode——to create
from the zynbolie tape of your pregram & birary tape of your progras whick
can subsequently be losded inte core memory and executsd,

This Le rormally accomplished ip two pasews, with an epticoal third
pens for a listing uf your program (the latest werslon of the FE assembhlar
will glve both bloary tape and listing on the secand passl). .

After you have loaded the PAL-11a pwz:u fusing the ANSQLUTE LOADER),
it will start iteelf avtcmatically and begln the INITIAL DIALOGUE—-=

PAL-L1A typas kb " this indicat=s
, "1 ¥}ar Lo Eyabolic tape ta bm
Eaad fromw HSR oz LIM
by Hd or Lal Pipary taps to be
. output on HSF or LSP
A ] TJ) Listing to be cutput

o Teleprinter

T Tl uswr aymbol Tahle to

) be cutput on Telaprinter

%ho cartaln your sym-
bolle tape is in the
Fropar reasder belforw
you respard S

7]

ASSTMALY DIALDGHE .
Pauk 11 (mymdiilie tape read in and symbol table owtput on talapelater)

END? e paax 1 over; put sym-
bollc taps back in HEN
and type CR for pass }

Pasd 2y (wymbalic teps reead in ard bhirary taps cutpot on #5F]

phazs 1 ovelr) put sym-
bolic tape back in HER
and typs CRk for padm 1

END? a

Pamg 33 . (yymbalic Eape read ln and sxsembly listing cutpuk on teleprintsr)

fgnorm PAL~11A cwaldy for

bt
arotkar asnsably

Fush the fawd buttcn Lo genarsate soms TAAILYR for the binary teps of
Four program, and resovs it from  the B5e, '

Malyr Ty yespouss Y BOFT fa B Iodicating & ofgei AHD wintesest,
- o e
| F



EE. CaCLar

fore fawd

line Cwad
earrings returm
1

FAL=11A SPECIAL CRMNAMCTERS

Tunction

Turminates & line of mource code.
Terminaces & line of scorce coda.
Terminares tha apurce -;.n-mt.
Labul terminator,

Direct sssignimnt indicator.
Register torm ll"lﬂ..l.l:l.tﬂ!‘.

Torminates an ligw or fiwld,

Tarminatex an item . or figld,

Iec4diste #:preanion l.ndicl..tnt [mode 1)

Duferswd addiwaning indicater-
Inltlal registar ’..n.d;nlt-ﬂr;
Termingl :tgi‘;t-r indlcator.
Cparand fiald meparator.
Commant flald indiecator.
Acrithigtic additign opesrator.
Arithmmtle subkractlon oparatar.

_ Iogicnl AMD cparator.

Logieal INCLOSIVE op oparater.
Double ARCIL charsctar indleatpr.

Slngla ABCII character indicater.
Anwmmb] y tarTent locstion egantar.

.- *

PAL - 11A ERR CODES

The error cofas prioted beaide tha octal and sysbolic code in the
atienbly listing have the follewing meanings:

ror Coda
A

M=a Hll‘l!

Addressing wrror.  An address wighin the instruction
is incerrect.

Bunding arror. Instructiond or word fata are being
assamblad xt an odd saddcwEs In Ll s The locaticn
counter im updated by +l.

poubly—defined synbol referanced. Reference wan made
to a4 symbol which s defined wore than onca.

Illegqil charscier datected. Illegul characters which
arw 4180 pon-printipg are replaced by 4 7 on the lisc=
ing.

Lina ffer cverflew, Extra chactecrs on § llne [mGre
than 723! ar+ lgnored.

Multiple deripieian of 4 label. A label was encoun-
fered which was wqulvalent (in tha flrsk alx charac-
taral to & pravicusly encountered labal,

FumbeI contaloing § ar % haw no decioal polot.

Fhaxe srror. A labsl's definitfon or valus vaties
From ons pase to wnothar.

Eue:tiﬂﬂ.hle syntax, Thers ary mlszing arguments or
the inptiuction scan wal not cooplated or § carriage
retorn wap pot losadistely followved by & 1lne Fawd

or form fead. .

Regiiter-typs wrror. AR Invalid use of or reference
to & reginter hay basn made, .

1 table overflow., When the yuanticy of osez-
efined spymbole excesads the allocated spacy avellable
in the usgar‘s lrlbul table, the atsenmbler outputs tha
corrant source line with the § erfor cody, then raturna
to the initizl dislogue.

Truncation arror. X mmbar generated more than 16
Eits of lign:ﬂclhea a0 AR wxprezilon gensrated more
than ¥ bits of significince during the -u of the
ATTE dizectlva,

cnidefined wymbol. An undefined gymbol was sncountared
Juring the avaluation of an sxprussion. PRelstlve to
the exprwasion, CLhe andefinsd pymbal ie sasglgred &
ralud af Ters.

.y



CHALEETGE. FROGAAN 11

LOADING YOUR BINARY TAPE

Twn tables of numecical data in created in semory. fhr..n-
Tha paper tape outpyt of the PAL-11A Aszesblar 1 in ab luts Cagks are to b6 performed oh thixs data. The resultd are oo
bindry formst and is tharefore loaded by the AASOLUTE :.DA;I:I.“ " be Jalt in Genvral Purposs Esgisters.

1 ndno
Rafurence the ha Ut entitled LOADING WITH THE ABEOLUTE LOKDER, M} = the nunber of negative values (16 bit, algned, lwos

compliment) in both tablws.

AWHING YOUR FROCRAN R = E:h"m:;“ corrvsponding matches betwesn entdbes of
After you have losdwd your proqram lgto memo s tim e Ri = the n ¥ of total matches betveen all satries 8 -.*
ARSOLUTE LOADEK, you &f4 rendy 0 ruo 4it., The prncrrhn"ri kable. '
an followar
L. Set the ENABLE/RALT awitch to BALYT. TABLE A TRELE B
2. Set swltch reglster te the starting sddrwas of :H:i: ﬁggggi
¥Your progres. . 1ESDO4 . o55581
LesD0% 1oodpl
J. Fresa LOAD AOENESS, 0tl1:z . 8713112
1. Swt the EHABLEAHALT switch to ENMABLE, ﬁ;gigf g:gg;:
01040% ag0o77?
V5. Press ETART, 140001 Foooal
' 171715} 1777176
L1777% [-LiJ-E ]
DI5)5) - 035341
WHEAE DID 1 GO WAOWGT \ «OEO07% orIIveE
164551 164550

Sapafully, yonr will have no newd to referswnce this section!
Bur pcoasianelly programs do not run as intended--halting without
piring aniged ruu.’l.t_ or failing tpo halt at all. If this has
happansd to you, taks the fellowing remedial stepar Rotwi wach taak should ba coded separstaly.
I. Repeat tha above pequenca (txy LOADING YOUR RIMANT *
TAPE and XUNKIHG YSUR PEOGAAN again] . )

1. - EEMMINE your program in wesacyr coapaza it with
the asswnbly listing.

). Chack your program THOROUGHLY; detwimine whether
ar oot tha correct {mstructions have besn used.

. 4.7 CALZ PR CEELF from your Anetroctor:tit B

LE1] LY}



-CRALLENCE FEOSAAM 07

Thiy program wlll recoqnize two ASCII characters withip tha
context of sicple opazation interaction. ‘The program will
request tha upcr;bn: tp Eyps 4 "T" on a4 "N". If "Y', tha
program will print “EE"..1f "N", the proyram will prine "0+
if other than "¥* or "T" the program wili respond =“TRY AGAIR®.

EAMPLE KUN

PLEAKE TYFL A "Y' OR "H™ ¥ER
FLEALE TTFE A *"T" OF *A™ 3O
FLEALZE TYPE A "T" OR "N* G
AT ACATN

FLEASE TYPE 5 "T- [ “X-

=13

CHRALLENCE FROCRAM {3

Five linesof taxt are to ba printed out on the conscls terminal.,
Esch lina gf tant in = dil!!rent length. ‘fhe-progras should uss
% sybrouting to do the £ata transfers. If one line of taxt

exceads 64 charactwrs, th# subroutlre will insart « *cR" carriagr

Ieturn and "LF" Llire: Saad.

Each liom of text should ba a asntence, twa of whiich eacend Ed
charactwrs t= tmstr the CF/LF apec!ficstlon.

=1}



REVIEW 5NLET (Day 1)

BINAAT » DECTML. COJUEEMIDN

BINARY SuURTRactiod

Fre Eld hBD CF1 ICH ) 0=

I+ NXR COR POA N)Y |13 DR

=DM Dyl D mry 111 IR

2. BAR #0A AQR IRE 22) 1)

=RAE PaP FAR B3 100 111

BCTM. ATDITION [orris-wu]

s E3a342 2. aml3zi
WTInas pedant
gLl LhETY I LELUEL

DETM. SUTTRACTION jyr ===}

I #1211 RE- W11l
~AIFEsE

-

1387

LOQICAL AMD

1- MAh @W: 218 N1 A 1MW)

tEE] EIR BLL JRA TED N1E

IMCLUSIVE ON

k= WEL WIW SIL TER S0} Liw
YB1¥® W1 ImA 01 11m KB

ExRLLUSIVE OR

2. MR EEE EPF BE4 IIN N1Gv
BECIMAL » BINART CONUIASION
1+ JEE= T,
E: BYi=
OCTAL * DECIAAL COMVERSION
be SERTAZA
¥ avigrEs
DECIMAL » DETAL EEKVTASION
I+ SERe :
2. Inge=
PUIARY » OCTAL CWVERSION
f- SAP svS SAL WLE 411 1Ae=
E- Bew RFAS 09F LED 111 18~
OCTAL ® BIMARY CONVEXSION
Te PRETI4= -
T- AESSDAw e
BHaRY ADDITION
e EAR ARE (@B L18 P12 180
aEAR 3N 1IN 518 12E AL
¥- PEP BAR ALL 81 IR 8L

=pgs ARA LR 1117117 T

I« WIW HLY 10 18] 1|8 MIL

i1 ihm Rl 116 31] Bep

Directions:

11

i}

4]

&}

£

chlenrm Fe e CPosr 2D

Picald salect Lhe best pomnible answer.

Giveh the assembler code CLE R), the Octal Code iay

Al 105002
B} 05002
C1 4s5bolz

9] Kope of tha Above

The stacting addrezs for the Absol _
Eystem ia ® Abscluts Losder on & 1ik Ppp-ll

A} xddva4
B 050
€} pirra
R} 005744

Thr Uanibua iz oot capable of bidirecricngl tramafers.
True or Falus

The Instruction HOVE FRLPE? will MOVE the byta
16 bic word. s ot .

Trul or Talae
Mode 7 ia callsd
Al ralaciwe
B  abhsclute

€] indax
D] relative dsfarred

"The maxisum amount of trus memory thatcan b csed in the

Lasic POR-11 {I/C Fage pagluded) ia °

A} AEK wurds
B IL¥ word:
1 12K worda N
Tl ZiK worda

It: 16 bit word, bit 15, {the mcet sighificant bit) iz called
1]

A}  the positive bit

B) the leading bit

C) tha negativa bit

D} cthe signed biL

(contlhnued on back]

"



£}

1

Given the assembler code MOV X, Rl the octal code im:

Al Bl 0p 10
Bl 40 1o 0%
€1 el oo m
bl 1o o i

Tha procwis ©of subtraction is accomplished io the FoP-11 by

A} migmed Arithreric

8) eirqple~wnitary addition

C) subtracy and &arcy

D) corplerentary aubcraction

In losding paper tape softvare programs, thwe Fditor Producas

to b read by the PAL 11x Assembler.
Al Blnecy Taps - T
2] . Objwck Tapu

C] HMignapic Tops

D) ARCII Source Taps

REVIEW SHEET IDay 1|

1a Eﬂllﬂ. CISIDER EACH 19STHUCTIUY T2 RE TWE IV|TIML TS TROC Tl

CIVEdy ML COYDITIO CODE BITE « & bUR EACY JYATRUTT[OY

CHET=1AXD CIERE:=]um AT RENE ) t1fr= ] TThIe 133414
(R21=2430 civaa ) ~upy [ 0-FLb ELILE ] 1TThi= T4
A1 1=283p CI058 ru 3 [l FLET [ L] fLTTkrdud
[ TFLELT ) LAk raaml CAQEI* AN tamym iR TH - all
TR&T» LIRD (9 -1 1 N3) Y]] [EARI= g £-3-3L7Y 11TTh? 509
AT =38 - (Semyn L (50k=% EaTTE = alY
F[;!ui,,‘l‘"
OCTmL OBL | ASSEMBLER CODE -| SEm bTa 1DLA) 1 H W l:j
-] brxrer ¢
LELYF] b
-0 BIERAR
3] nB423] >
u.] doed1TL b
17aTTR
Apgaen
=] FRSEEE
[ SUE 4 EA&, FRERG
T ADD Rle=¢AL)
L I Sval »-TR12
L LA HVTTTTR
A AR




REVIEM SHEFT (Day 4)

Wardwars P41l ire doet nat oceur wery often.... Before calllng DEIC
Field Servige try the follouwlng, If evary #bteogt 0 fun fatls -

imeclodiog

Laava *Ext mod= and try comrand mode,

ABRDAT oFr CTRL/C and restart program,

Mabootatrap the Iyates, then retry.

Mount a fresh disk and reboctatrap-

Ihovever, never oount & HASTER {issus) disk until tha
érive has baen checked out.]

%, Etart from scratch. Auild or EYSCEN onto a clean for—
mattnd digk.

Ry
a4

TRY THE FOLLOWING

from the fromt parel you can sntel & fow |nstructioas io find out
if thw PIpCEAEDT, BexcfY, Dr the Conscle terminsl are dend.

4 Toggle Lato the last ey locatlon
vy -[RT}, =(R]]
should ioad 0li747 everywhars Ln wemory.

TEROr CMP #0J4T4Y, (mAl+ r [Ra]I=10
BEQ IERD . m
HALT

should datsct an ebvious mamory fallure.

4 %oggle ax location pera

of 0liTOn

1/ “Geplo

&F vosarm ~-

& 200776 -

abouid Joad TEroer-wvacywihares lh memory.

zérol CMP Ig. imf)e ¢ RE=lN
BEQ IERD
HALT

akould dateact an sbylous memory fallurce.

* Try thisg toe ses if you'rs hoohwd up.
(TN 138
FL1TERA
o Alogary
Folona? —
FiTI50E
Pk
/850137

Fopgadn

POP-11 ASSEMALY LANGUAGE 7ROGKAMMING COMPRIHFNSIVE FINAL EXAMTNATIOW

A Programmar has Juae received che attached PAL-11) azuanbly
Unting for his syeten and is attempting to analyse §t. Ba ham m
POP~1l/40 with a conmcle telsprinter and linm frequuncy elock am
Atandard sguipment.

Tou have beun askwd to help his shsver scms questione about
this program in oitar to descnstrate your ability to apsiyze POM-11
prograns. Tou may b4 moy writian rafaiences avallable to Anyesr
his guestiony. IF you run inte _dlftir-'ultr in the classroom, you
may asw the FOR~-11 laboratory compotuz# to experiment with this
Program. -

¥ou have ope-half day and ae mapy abbempts AN necangary to
aclve his problems. When you have finished, pledsw ank t:- inskructar
o Cliti!r your results, You ars uxpacted ko andwer 3 of the 4%
questions, corrwetl¥. Flaasw work kindividually, dlrscting any

quustions to cthe instruetpr.

Motm) -
This progras has bLesn asyembldd with 5 special printont foImat im
ardar ko sutomabically sagquescs pusber #ech statement, The lins
nyober to the left Of wach statement will serve an a rafarence for

all of the E&llowing guoaestiond,
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3 FIFMI} Fiati
1 ELIar b | *ieild
| i da LFFT gl
| ol 24 5 Y LITIL]
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» rezm el
] FYEET MEnt? s
13 EFRET Y I
1) #eTiag zep e Epaler N ETRPE L luT, TN tranfiZa w229 853, #efaaziy
1z LI TR PRl LL) .
13 13548 LSk rriag
14 B2udPa T15789 AeirEat ELLE ST ayfaar, 18 PINITIAL IIE 3TIEL FOTATER
; IR1EC4  IM4%4T EWTIZ: JHA #1,=234a0 ITEIULYT 4 ELGlT Tiwf Fram afig«ZX
eI ISUT S SRR L . LHUNE FAYanT FRRaLIAGR aRGurinT, PIIWTESD
P Ie1712 azarar urila . <4 L, [wmyt pisPuT TIFE In SLCZw0y T¢ 22
19 381718 Biredr AREPR4, L1 ta,p8L4", Jaavd Ti=g BELAP [NTEdwy,
TR P T LT T JIarl} mIy sagf, ,Ticn B J1wlTTaL JT% CLZCR wam3p®d TaLmT
37 CTFIT ATTAAT EaFriR cLe 1Eszsn |
1 AT:34 SREFIF O WFUET W PTan L 3] :t.a.--:tt:l JATHRTUP L IWE CLECH
T2 2%1raz aizlpy TACPYX i niy #1729 JOMTE QlIAMLe? w1T a4 fTLIw
Y ET0T40  [3fFaF  RAITAY  (darAy LICRI = !!::tu.t!Ll? JAELAY [inmf wr?
Ié arit2a Z23p133 1114 (1LY 4 jra
T3 Aviiag firawn 14174 tup
1 ZelTsd Frdper aoL LT3 r*araTy L15=Th {Ilaud,=F7 Sw ¥}
F [ FEF1] 'T-14 (T3 Fule® wmynl
ramgpal walf FOLSPLAT Nz, BLEIEF gwiy I<TEWRIT
tazrpy m LESP
Fagrar Jiride 17r44n comis $IE PLER, FaLALIR INTEN ERo2N
rrsana - HalT ' FAEPLACE TI3 alfs =uppe 4FTEF “I37
AArrly (1] FTUeT INE=ETiaT JF w37 TouTiuck 3afzin
10T h FOX raln Talgaum
36 FMLLERE g Ticxn ET-1] ] r JELCER 1/0% SEC, Etumtiw
13 arpy2d payvay £ §=C- FRREE-L ] B IRLOCH 3IC0ACE
4 p2iia1 Javzap IELATT L=QF] 3 JINTEAwY,
LER LI R M rit req~Ff1 _ETTL 12,33 1E2=F
LRSS T a4 133 li« +3EE] ATerL o @ QIGIT CEII™aL wg=tfT FLTug
AN w1 a7y (1] rtE [ ] PTERALMSTON =uLl
4% _!g.l
[ ::;:.‘ 1L £ET"L M YT 74 T 3
AT FELIsT DaRar VTR it Ivg Tice LLCUeY wm TICE) PIR S97pn]
A1 #iida prtay) s Ladil JaN0Tafa JECImpYT
44 dAFi)an >drrzra3 aty %0, mfghr TICWInd
4 dwEi?r miaval UMPTR FFrea Le3fZ1 =gy LRI T N FALIeiTlaniZl TiCna
AE IFLITS ppaqMT OSTRIIR i Ing L1441
4F EI3223 y1273F  RDavEF O 1FTNMg nove af aeThd IeLEP
MO F41Er a3rpad L8|
iy TIOBAGUTLE 1% bAgal & rEILINT
ap 177344 TRIaLE7 304 IANIOLE TILEFAINTER
2 1773210 TEANL?T S0
I XIINY Sriag - =I3dFLi "Cv (421 =,%1 14QGWETY BF MESILEE Palavfffs
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ANTWER SKIET) POP-L1 ASEPMALY LARCUAGE PROGRANNING FIHAL EEXAMINATIOD

1, i
m— ey -
1. aecoh Identify the number of tha sddressing mdu of the instroctions on
L M. amco the following linas, : _
[l L 2]
*. R — | 15, “1. Linm 4E (dextination) I3 T =
. 5. ApcCD 3. Line 3% {scurce) R PV YT -'_;.:-.-Tf.
1. “3. Linw &1 ({destination} L YT
B e —— N
#. amco i1, Line 62 {pource) Ty ;H;_hnh,{u
5. i 27, . -4, Linme £} {destinaktion] ) s
|
E. ARCD 1. : -
. Y . ~6. Afrer line 15 is sxscutasd
7. ABCH 2%,
¥ [ —- | . A, " kha syabol TICK = :I.H'I'Nl..
[ |
. —y . e, 3 4, ths contents of location llﬂlrln'?ﬂl.-
. a3CD . ' -
1 C. overflow cecurs slsce & negatlve nosber 18 created.
lo. ¢ F a— 3. - . .
-_—_—— . ° D, the contenta of location 100 = -6f;g.
lr, a8 cCp - 1. amco .
12. ABCD M. - 1., The iostroction mt locabipm 10211 WOV 1-60., TICK Places tht._
' - . 4 nusbel lnto memory Ln:lueu 110217 .
1z, . _ . - .:_!
! — B u . A, Q04053 . LI
4. ABCOD 1%, . . 051027 . ' 4
A - o *
15 . . oL
— e 8 ©. 011767 1t.' L
6. . 1. ] ) RN
1 — ' . »D. 177704 .o
7. ABRCOD 1. Apco : R .
s, ) . Tr ’ ™. ror the instrucrion &t line 29, tha OEA 13 calculated ag followey
—_— . .
1. ARCOD T i1, rr . ' {a7] = oorola
- - +X =4 oS o {twon compliment Form)
W, AP 2. Tr PER™ =+ -+ 3  ibeth muet be carrect)
#. am3co — 3. 17 ‘
. —— A, The lnstructios a%t location Y043 WOV ATT, l.l' will diaplary m:
2}, ABRCPD - b a, Tp in the fronc p-.n-l data lights? &=0n O=OIf
M, T A. § OWD 108 O8O 408 O8O
/ R. © Q0% 008 DED BOD Owd
o ow e . " £ 0 GO0 DGO DOO NER B8
‘l‘ B D, & Med Aék gak GO0 D00
i _.ﬁ, red ¥ oar
: > .-1'“_. KB cu EF J"J..-dr,
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1%. After th® Junp to Subrootine ipstruction at line I8 im

10. Civen gecond = GOOGOP amnd DELAY = Q001Y, the next executed executad , .
fnstruction (after line 23, 24) iy taken.frem'lirm 3).
(L) = . i. tha contents of R3p fl!] g ar
) ‘ . o t 5 ® e
&l. Givin that the contents of RF=176000 bafors lilnes 2% thru 2. the contests of SB¢ [k} =374

27 arm sxwcuted., What arw the contents of RBF giter exscatlony

. et == - 17.- In tha aubroutice te print & cessage, after Rl Iscaives the
h. OT7000, .- . number at mamory location.l0if,.Rl Lt then ussd as
R, 17440, A, an accumylitor (cparand raglstsr]. ) e
M, l‘ltunl. . B. & countac,
b. indeterminate, as the coogple dats lighty aré rotating . an index.
cycllcally #very time &b asynchoonogs Cloch inteITupt oCrurs.
L - . ) .ﬂ’: a pointar,
al, Tha "background” prnirl.l'ﬁ'lll caune tha Bits presasced in the
data lights to "moval. * They will sppear ro ip. TDurlng prograg inivializatian, & mewiagw 1= printed out by
the *MESAGE" mubreuting {lins 49}, Ona arguwent Le Peanyd.,
JA, worm to tha lefc, What 18 tha walus of the argunanc? ..
N. mgve to the Cight. ] i .

€. [rlicker {random onfsoff).
1¥. In the mevisge Fibrouting (line 4%}, which instrectica picks

b, alegrnate [(blte oo = then bits offd. np ths arqunent?
A. TPE = 111856 ' -

-

AL MOV [RSpe, K1

11. For tha instruction at ling )2, the DEAis caleulakted xy follows; -

irc] _ .- Qa31o02
+ix crfsat —TAl L 4 zoawf g (iwod.coaplimant foral ’ C, MWOVE {Rll+, 44 IrB
—-—E '*.u.‘— {hoth wat bs correct) b e

| D, hTE ms ) '

14, _H'h.lt.pu:pau.d-uhun;dl Serve?
— y 20. If the coatentw of Wl = 00111%,, the I .structicon® on.ilres 31

M. Ay a MALT inskructisn (OPCOOE=000000) aftar the male program threugh 3§ will
B. Creates s symbol at spbembly Lime apd squates It to zero
F-2 'Inii;nn l_-‘ll-hl-"—l'--“ veably time and squater it to location A. ceuss & talsprinter/puosch isterrvpt to OCcur,
N 5, ootpot & carTisge return on the teleprinter/punch,
b. thitiallies memory locatlion IIH. to 0000 wwery Cime the L‘: cutpat & 4 nﬂf facimal number on the telsprintsr/punch.
progeam is sxscyted, 0. Output & carriage raturn, linw fsed, and prupuu. mussagn

) on um talsprinterc/punch,

15, For thid progrim, what ia the upper stack limjt?
e i e e —_—_— I.
1240 aser livs 4




21, The return froa subroutine ipstruction o line 537 will
A. trap through location 4.
B, return to malem progras at line 15,
C. Tetarn to main program st line 14,

oD. ruturs to sain progras st Iine 1T.

23. Given that lirs §3 has just besn axecocsd and moching bawe
Bawn-typed on the terminal, which Lins will b axwcuted aext?

A. K2

¥E. B
C. "' B .-n__nu-:l:—_t
p. §E "

2], Puring progrem inirislicscfon, & declmal mumbar is acceprad
by the "INPUT" subroubing, Now many ATgulesats are grabswd
whan tha subroutine 19 called?

A pans ' )
B. ooa
£, twa = -

0. foeuwr

4. Im the subrouting to-input a decimal ovmber, CFR R} La wedd aw

R, an -cg-mﬁqr_-‘-{_m:m ragister]. ’

o, & countar, _.

C. mm indax, - . - 0=

bD. = polntar.

25, 1In tha subroutlne ko lnput & decimal nusber, M4 is used ap
A, an sceumulstor,
B. & countmrs
C. an indwx,

D, & pointear.

4

T 26, Afear the numeral 1 has been typwd cn the tooaale k

and linss 71 through 73 have bewsn wxwevtad, whak wi]ll B

contaln?
A,  Managl 3
B, O0D0D5] )

C. o008l . . ’ -

. 1111:1.

Aftmr tha fumaral 1 bhas besd typad oo the conecls keyboard amd

linas §1=-76 have besn execoted, what will he tha Ccontunts of the

follouwing regidtarm)

., a2 I X
n 2 2
. m { t

0. If R = QG000Ll and the nRuwwaral f haw been typed, what will

ba the contents of R4 after lines £3-75 have bean exscutsly

R4 F 2

311. LECER iline #1)) is the 15 bit reqlate, for which devics,” .

optice or CFUY f[onctiac?

s l’n-: S J'{‘:-Ju {.L;:\
o
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Xz Intery
“FL¥ from the dsvice at UK
IPDE address 17
7545 (line ¥y

3.

will trap 1o what low oOry sddrwagy
- il - *

i

L |
Liee 21 wi]l
+ A enable cipck ioterrupe,
B. diganig clock lnterrupe,
€+ rErat the 1lra cloek to ting ooneog,

P. caupw a linw clogk ka poeur,

If 2 clock {ater ‘
REquence iy FUPt requent iax granteg i
*recutud ofter the Ln-m‘_u:: :—:'IIEE ;:d E intwrrups
) N wha't ary

.

L T

iF = iy
—_——T1s . .

PEW - S —

"1
1 i“-_ :u:. the stapk* | A
-{zeY )
When an inger ’ |
™ ECpt swquents goeyr -
INT [1ips 1a)] Lntt:mt,nnl.;;':;::i::'?ir;:ﬁ *e e
K], u ngw

P5N will be suppliee fron
level will chy £ sbaalute
Procesapr priorivy e location 102, whet
ba ®ed Yo during tha
I.E.A_ ¥

{2 1

The €lock fnte . ,
chazactey ““l':':fj E:::ﬂ ;m wabkomtine i3] eatput which

Ay TMR
R. TICE -
Ca T

«0, gor

Prowided thiy Prosjram bas Lesh started from the begisning aod
0410 on the conEole keyboard, indicate which of

tha opErator b
the following are T=Trua, or F-False.

£_ Tha computer halts ismediately at location 1&?‘ (lmmpdintely

b,
= within 1 milligeceand],

41, £ Toe clock handlar sascuter once per gecond.

42, 4/ The conputer helts ot locstiom 1076, after 10 meconds,

43, ¥ The terminal besps wvary sscoisd for 10 seconds.

i, 3y The dafa lighte {11/45-70} sppear to rotets left aftur
avary clock tick. ' v
la pripted when aay key L9 strock on tha

15, Tha alapaed time
'Em:nll‘-‘mmuﬂ-

: - -
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Llamadas a subrutinas en MACRU-11 desde programas en FORTRAN

Un programz en FORTRAN puede 1lamar subrutinas escritas pov 21 usuwario en
MACRD-11, con el consiguiente ahorro de memoria y ticnipo de ejecucicn que
implica el realizar una tarea en ensamblador en lugar de FORTRAN.

En esta nota se mencionan las instrucciones que el usuaric dehe incluir -

LT

en sus subrutinas para que éstas sean accesibles desde FORTRMM,

{1) Punto de entrada:

La subrutina debe definir un punto de entrada que el sistenw voerativa --
R5X-11M recomece con cualguiera de estus 2 modos: '

a) Usando 1z afirmacign .GLOBL al principio de 1a rutinz.
ta forma de 12 afirmzcidn es:
.GLOBL ARG .
dende ARG es la etiqueta que sirve como punto de entiads,

b} Usando Ta ctigueta directomente come punto de entrad:.
Para ello, se acompaiiza la etiqueta con 2 puntos, 2 vecas:

LABEL ::

(2) USO DE REGISTRCS.

La subrutina puede hacer uso de Tos registros RP a R4 con toda libertad:-
RS apunt2 a una Jista de argumentos de acuerdo a la siguiente tabla:

£

RS No definido # de argumentos
Dir. de Dir. de Arg., 1
Dir, de Dir. de Arg. 2
Dir. de Dir. de - Arg., 3

-
L]

' Dir., de Dir. de Arg. N’




7 oar

R5 queda disponible despufs de que Tos argumentos hayan sico iancorporados
2 1a subrutina, Se recomienda no utilizar R6 ni R7, puas' amhos ticnen fun
cignes asignadas por el ${stema.

(3) REGRESO AL PROGRAMA PRINCIPAL

A1 terminar las instrucciones de Ta subrutina, se regresa al programa en
FORTRAN con las instrucciones:

RTS PC
.END

En los programas de MACRD-11 se termina con Ta ‘instruccidn .E# ARG, don-
de ARG representa el punto de entrada del programa. Cuande s trata de --
subrutinas, no se especifica el punto de entrada en la instruccidn (END.

{4) EJEMPLO:

Se escribib e] programa EVFMAl en FORTRAM que 1lama a ta subrutina INIARR
en MACRC-11.

- INIARR da un valor inicial IVAL a los N elementos del arreglo 1AR.

Se listan a continuacion los programas EVFMPL, emsamblar INIRRE, encade--
nar usando el "TASK BUILDER" sus médulos objeto para -producir una tarea -
ejecutable, y por (1timo, ordenar.la ejecucidn de la tarea.

Se &nexa un ejempio.
' ¢

‘Para mayor informacién, consultar Ya Secridn 2-4 del manual 1AS/RSX-11
FORTRAN IV User's Guide, '

EDITOR: EDUARDO VARGAS ORTEGA
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CUANDO SE TIENE QUE PRACTICAR UN CONJUNTO DE -INSTRUCCIONES

SOBRE DIFERENTES VALORES.

= ACOMODAR UNA LISTA DE VALORES EN OADEN CRECEINTE © DECRE-
CIENTE., (N1 COMPARACIONES)™ . '

Existen dos formas para soluclornar este:

-~ Copiar ¢l cflige tantas vectes came $a necesite
»~ Agrupar las instrucciones y usar alg@n meanisnﬂ para lf?-
gar B este lugar '
+ Elecutar las in:t;ucciunnslr TCETE3ar.
El lc:lnlsno utilizade para brincar el conjunto de instrucelones
1¢ le conoce como *1lamada™ y al conjunto de instrucciones se

le conoce com "subrutina".

El mecanisma para maﬁejar subrutinas consiste de dos pasos:

-’

To. Preservar la direccién de reg}csu

lg. Cargar al PC con !a direccibn de 1a subrutina ¥ se uzan

dos téenicas en ayda de estag

= Liga o spuntador (uns localided) *
-«  Anidacidn (stack)

JSR R, d

at
123 byts
5 9 65
= Rt dut
ALGORITMO

4

1.- Preservar el valer de Reglstro involucrado

1.- Preservar el PC en el Reglstro involucrade

3.- Se cavrga el “PC" con la direccidn de 1s subrutiag

FECH [ALGORITHOY} J
MAR == I'C
PC - PC + 2

MDR <—— MEMORIA [ Linf,..KAR|

THP = HDR + PC

RL6)-2
MAR w— R 6]

MOMORIA [Linf. .MAR) e R [ 5}

R [5] —— PC

PL s TMF

SR

-

-

OFFSET

t DE PALABRAS A SALTAR

TOF + 2
ATUNTA AL SP

SALVA EL R [ 5]}
[

. |
PC SALVADD

!
DIRECCION

- 'En PDP-11 la 1nstrucciée que ﬁernltl el manejo de subrutinas es
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Lap lastrucciones etigquetndns con Bl » B blu contrel n ia
instruccisn ¢tiquetada con *5UN", cuando 1n etiquets “RETURN™
&3 sncontrads, ®1 control regress a €1 p C2 dependiendo de

cufi fue 1o 1lanads.

ETIQUETA . CODIGO GPERANDOS COMENTARIOS
L Las 933 JER S, SUB _ LLAMADA A LA SUBRUTINA
1.+ Cis HOY X, AC : REGAESO
. roLL
3. BI: Jsa V5, SuB LLAMADA A SUS
.- €13 WOV Y, AL REGRESO
) e 1
$.. SuB: INC AC ! tera. INSTRUCCION DE SUB .- ..
LET) e : tl'l"‘h l';"."- R .
RETGRNO: s s i DE Wi S1 SE QBTIENE EL
) NEGRESD, :
"1
1
)
b

=

omas amim -

& ENYIANL OPERANDDS A LA SUBRUTINA Y RECIBIR LOS RESULTADOS ES
* LO OUE SE CONOCE COMO PASAR PARMIETROS.- )

+ Cuande tranamizimos parimelros lo que pretendemcs v9 minimizar

#1 ticmpo de ejecucifn y los r'-q!.ftrlnienlul da wemorln,
= CuatTo maneray bAzicas de payar parizectros,

la. AREA DE DATOS COMUN (GLOBAL}
"+ P, P, ¥ 5B TIENEN ACCESD A ELLA

# LA DISTAKCLIA EX EL DIRECCICNAMIENTO {114, -117)
1o, USAR LOS REGISTROS B
- + SON POCOS REGISTROS (R}
+ USAR MEMORIA PARA PRESERVAL LDS REGISTROS,
LABEL CODE . GPERAND COMHESTS
1. PARMM - V1
. hw PHAE, PR § RITEPARYA holdy the ad-
. . 1 dreas of paramcrer el
5. KN ANG1, [PARAM] « 3 Transalit fivat parsetcsr.
i. g AREE (PARNMY) + ; Second pararcrer.
L Y " ARGy, [ PARRM) - ; Last parameter.
b. J5A . ¢ Enter subroutine
7. H PAREA
1B, ’ + Parmmtter arez
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MACRK
AHACH
LLASLA LS

COSUES
EFECTD

R R R g mom e B b b b g

as a9 FUlD
0 COAVES,

HONDRE, CL1STAY

Y1EJD R3S
Mo, 9 .

4

ANE M .
R:-»ER-3 B DE ARCS, |

LLAMA & ta RUTIHA NC=3RE CON LO5 FARAMETAGE DE LA LISTA
EN EL ETACr CCH FOAMATO

 HACAR GOEURS  marE, LISTA I LLAMA A FORTRAM
O MOw R3. =158 H
DOSUT 10 t
. TR L, CLISTA>
MOy L =15P )
COSUD 1=50500 L+ 1 1
. CENDHM
Ho -Fnsunx.-{sprl
MO 59, R3]
J5R Fe. HAME
ADD -ztfusuu:+2 SP
1] .
¥
) HALCRD CDS5UlR
1 LLAMADA
i COSUIR NOMARE. A0, A L. A2, Ad, Ad, &S
, EFEETBSE CARC#M Lus TRE HD
' ARG ® AR QUMER HD MULDOS AD..... A% EM LOS REGS.
i HOTA HO.... R: ¥ S WmACE U4 JSR PL.HCMBRE
]
¥ ND sE BALVaM PREVIAFENTE LDS REGISTROS -
I LOS REGS MO UzaDOs KO SE MODIFICAHM
i AD, ... &% GEDEN SEi FRGUMENTOS WaLIDOS PRRA MOV
]
.MACRD  GOSUIR  NAME, AD, A1, A2, AT, A3, AT . LLAHMA CON LOS REGS.
,MCALL GooSuD
QGOSUD  LAQR, RO '
cCOT SAIX AL .
ECOELG <A, HY
ecosUt  <a3x . R3 .
GCOSUT LAk R4
LGOSUR AT R
JSR PC. HA .
CENDM
. HACRAD CQEOBUD AR
CI1F NO. €A}, MOw a.R
- ENDH ' -
1 -
] MACRQ dasSuUBRF
1 .
] LA cuor  MOMDRE. cLISTAY
1 + L
+ EFECTOD . . .
' LLAMA A L& RUTTNA NIHORE . LOS PARASETROS SE pasSar
i_HnTn EN EL FORHATD DE FORTRAN
¥
’ FORTRAMN EBPERA ARGUHENTDS CALL 3Y MAME.I1.E. an GUE POMER
: o A LOG AR ]
. HACRDO COSUDF NAHEqLIETﬂ
CHMCALL  PUSH. PO
eﬂﬁunlna -
CELISTAS
’ GEEUD:-GDSUDiﬁl
BUSH CAD,R1, A2 R R4, A3>
sub l.-CDEUﬂl*E.SF
noyv S, R
0SB, tR5)+
1RP T, wL]1STAS
L., (A3
- EMNDH .
noy SP.R3 -
JSR P NAME -
ADD e LOSud ) +2. SP
rFOor CH3. R4, B2, A2, Al RO>
.ENDH
1343478901030 5705 * B5Y-11H L BT () w050, AL LR
QLloTdaaATDR0 | 23400709 2 FSi-11R X Dk= k= ED 0, 0 4G o)
QLIJAS6TAV0LZ I44aT70T s RSN=-11M V3. SA=JaN-ED 20 50 & GrO:
sRERCRROD LE w 5C355IS HH  PRERRERH oponon

1PUERPOS Al
Py mFOP, HAL
1PYSHPOP. RAL

'J‘ijj

PRPRRPPE

Wy o



2.

g

DIRECTOPIO [E ALLMEE DEL CURS0: INTROCUCION & LS SONIOOMPUTROORAS

e -1

Sergio Aoufie Mirands

Petry Imponleros Proywctm, § oA
Shakesperrw 152

Bya. hnrarag

M.oHLZAlgn

Mixien, 0. F,

I 11 72 Fax, 25

Gulllerso Barvin Peren
{la,, Gral, de Radiologta
Priv, do la Frowincia 82
Ban Jerdndmo Lidice
ACEregia

Mixico, O, F,

Framtiam Rohadille Cobes

raTx

fupria, daewl, ﬁmw
WeracTur, Ver.

Ervit Carachy Liper Yallaje
IxP

Av.Dentral LArsmm CArderss 152
Lindlorista

G174 wadoo, D.F,

567 54 16

Plctor F. Crux ¥illagrin

Jorge b, Pernirches Juooes -

Arutog 143-4
Tlarepaniln, B30, da Mixion
33 15 310

Ry, do lop Moattes 18
Portalog

E.Jufrer

1300 MExion, D.F,
tBan -

F.5lliooo 70
Fra?. Raform

Yerarony, Yer.
T 7428 7 I

HEda, 5n, Moolis El Grausdm ¥-. 51
Hda. dal Femaris

Arcapet rplon

G4 N Mbdoo, DT,

3T E

Meave 11 A
Oentro

Crrciy o™
MExiona, D, F,

.o M

Posres O Gatfiitn
Mo

L5213 A

9. Sergin Tejeda Segawchi

10, Lula Garcla Gitlfrrez
Faoulrad de Csiwdiog Superiores
Cuautltlan
Km. 10.5 Care. Cuautitlfn-Teoloyucan
054 800 Mkico, CLF,

I, Hogo A, Garefs Vargas |
Perry Proyecios de Ingenlerfa, S A,
Shegkespeare |A2
Mva, Anmres
LS9 Mex ko, D P
15077 63 :

12.Mz. de Lourdes Gonzdiez [Maz
Coleglode Cicaclas ¥y Hurminldades
Flane| Sor
Paseo del Pedregal v Liaoura
México, D.F,

13, Enrlque Gonzdlez Mata |
Omniks de México, 5.4, deC"i
Insurgenes ke, az
Sa. Ma, |la Ribera
Cuauktémoe -

06400 Mixlco, DLF,
597 18 36

14, Reyrrundo Hlerndoder Orozoo
sABRH
[gnacic Vallaria 1
Centro
* Cuoaubtémac
México, DLF.
535 B5 29

15. Sexrgs Jambon

Compaiifa Goneral de Redivlogfa
" Frivada [a Providencia 82

San krdnlmn

tMixicn, D.F.

653 % 19

6. Cecar Marfn Marifnes
ENEP Acatlin =
San Juan Totolepee y Alcantores
Mixico
b rk B-EN

7. Dapee Martfner Te

Tympe Com S.A.
Cdz. M, Teceta 973
Hulchapun

11299 México, D.E.

Cacama 88

&ra. Tmabel Tola
010 Menicn, BB,
TR OR 58

Manueln Loablzanz Manz. 7 G
Lotz 10D Depoa. 300
Culhuscin lafonarit

Mtxion, D.F.

Cerrads Cabriel Mancers bs-j)
Dl Vulle

B. pdrez

QAo México, DLP,

536 461 6%

falapa 18
Loma Dordta
Ayotla, Mixioo
Intapaluca,

Fuente de Coanajugro 173
Tecarmaclhalon

Wex oo,

587 43 68

Lawro Aguirre 295, o
Agrlculivra

Miguel Flldxlgn
Mexion, DF,

HIM D9

Lago Cultzeo 234-102
Andhuac

Migwel Hidslgo
Méxjco, DLF.



18. Carlos ). alndez Culoe
Construceifin y Alcanterillado y
Frovecos de Cambnos
Vista Hermosa 106 Bie
Portales
B, Jircz
México, D.F,

672 46 46

9. Rubdn |, Mindez Cobow
Const, Alcantarilias y Proyec.
de Caminos
Vigta Hermosa 106G Bia
Fortaks
B. Juirez
Mixleo, LR,

672 46 46

. Benito Montoya Varels
Capmpufifa General de Radiologfe
Priv, de l» Providencls &2
San krianimo Lidice
Mixico, O,F,

&8} 15 19

. Alejerdro Morda Silva i
Perry Ingenleras Proyecton, 5,4,
Thakeapeare 182
ANzZures
Miguel Hidalge
Megicn, D.F,

1 IF T2

22, pacufn Fox Avala
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PDP-M

04/34/85/55 .
PROCESSOR :
HANDBOOK CHAFTER 2

o SYSTEM ARCHITECTURE

2.1 UN!BU!

Mast computer system components lnﬁ peripheraly connect to and com-
municate with each other on a singee high-speed bul Angnen s the
UMIBUS— & ey to the POP-11's many strengihs. Addressey, data, snd
cantrod informetion are sent along the 56 lines of the bus. {

N S N B A

[ ]
v Ly | 1= 146 L 140 —

LFiuurl 2-1 PDP-1} System Simplified Block Diagram

Tha form of communication s tha same for svery device oa the UNLBUS.
The processar rses the same set of signals 1o communicate with mem-
ory an with peripheral deviges. Pariphersl devices alsa use this set of
signaly when communicating with the processor, memory ar other pe-
ripharal devices, Each davige, including memaory [ocations, processar
registers, and periphardl devica regisiers, o sssigned &0 addrets on the
LUNIBUS. Thus, peripheral davice registers may be manipufated s flex-
ihly aw torm enamoary by the central processor. Al the [nstroctions that
can be applied to dMta in core memory can ba applied squally well o
dala in periphasa] device regislers, This is an espacially powerlul Taaturs,
considering the spatisl tagability of POP1] instructiana to process data
in any mamory location as though it were an deoumulator.

2.1.1 Hidirectionasl Lines

With bidivectional and asynchrongous cummunlutinns an the UNIBUS,
devices can send, receive, ahd scchange date Independently without
procassor intervention. For emampin, & cathoda ray tube (CRT) display
can refresh itsslf fzom » disk fie while the centrel processer unit (CPL)
attangs 1o other Lazks. Becausa it is ssynchrenous, the UNIBUS is com-
patible with devices operating over a wide ranga of speada.

21.2 Master-Sleva Relation ™

Communication batweern two devices on tha bus ix in the form of »
master-slave ralationabip. At say point in time, there s one device that
has controd of the bus. Thia controling devies in turmed the “bus mas-
tar' The master cdevics controls the bus whan communiceting with
snother devica pn the bps, termed the “'steve.’" A typlcal sspmpla of
this retathanship s th proceasor, as mantar, feiching sa inrtruction freon
memaory [which |x always & sleve), Angiher sxampis (8 the disk,
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magter, transferring data to memory, as slave. Masier-slove relption.
thips are gynamic, The processor, for exarmple, may pass bus conlral
lo & disk, The dish, 82 master, could then communicate with a slaye
mamory bank. . N

Since the UNIBUS is used by the procwssar and all (/O devices, there ix
a prigrity structurs to detwrmine which device gets contrsl of the bus,
FEwvery davice on the UNIBUS which i3 capable of becoming bus master
is magigned & priority, When two deviees, which wre capabla of becoming
a4 bus master, request gse of the bus simultanscusiy, the device with
the highar prianty will recens control.

2.1.1 Interloched Commumicatian

Communication on the UNIBUS 15 interloched 5o thet for sach conlral
signal issued by the muster device, 1hers must by & response irom the
alave in order to complel= the transfer. Therefors, communication g
indapenden] of the physical bus length [(as far a3 timing Is concerned)
and the tmung of each transier is dependent pnly yvpon the response
i of the master and stave devices. Tha saynchronous aperation pes-
cludes the nesd for synchroniting with, and wailing lar, clock Impulses,
Thus, each syatem |5 aillgwed t0 operate st 113 maximum possible 1pesd.

input/ sutput devices transferring directly to of from memary ara given
hirghast praanty #nd may request bus mastership und stesl bus and mam.
oy cycles during instruction operations. The processar reaumes opary-
tion Immediately after tha memary transter. Multipls devices can gpecate
simultanagusly at marimum divect mamdory atcess (DMA) rates by
stealing’” bus sycles.

Full 15-bwt words or 8-t bytes of informabon can be transfemed on the
bus betwesn a masiar and 3 Slave. The information can be instructions,
addresses, or data, This type of operatian occurs when the procesior, as
master, i3 fetching instructions, operands, and dals from memory, and
stonng the resulis (nte memery sfter execution of instructions. Oirect
dala transfers occur betwesn & peripheral device control snd memory,

2.2 CENTRAL PROCES3OR '

The central processor, connecied to the UNIAUS a3 » subsystem, con-
trols the time allocation of the UNIBUS for peripherals and performs
arithmetic and logic oparations and instruction decoding. b containg
muttiple high-spesd geriral-purposa registers which can ba used &5 sccy-
mulators, pddrats poinlers, index registers, and other apecialiong fune-
tions. The proceisor can perform date transfers directly between 170
devicas and ramory without disturtang the processor regishers; does

both singl#- #nd double-operand wddressing and handies both 16-bit

ward and 8 il byte datas.

2.1 Ganersl Registery
The centrsl procwssar containg 8 ganeral registers which can be uted
far » variely of purposes {The PDP-11/55, 11745 contans  1&  genarai

2
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wral negister. Refar 1o Figure 2-2.

_ "Lagt-in First-Out™ charactariatics).

registors.) The registers can be used ms sccumulstons, Index fegisters,
autgincrernant registert, sutedecrement registers, or as stack ponters
for tampaorary storage of gats. Chapter 3 on Addressing descnbes these
usea of tha gerarsl registars in mors detml. Arithmatic gperations can
be from ops genarsl register te another, frem one mamory of device
register to another, of bgtwlen rmemaory or x device register and -z gen-
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Fgure 2-2 The Genaral Registars

T

R7 iy used at the machine’s program counter (PC) and r.ont-inlltht
address of the nest Instructian 1o be, exkcuted. It is & genammi register
hprmallty uvsed only for addressing purposes and not &3 an sttumultor
for mrithmetic operations.

L‘r‘ha RE& ragister is normaily used as the Stack Pointer indlcating the jast

entry in the approprista sisch (8 COmMMon tBMPOTary strage arsd with
222 Inxtruction Set ;

The instruction complemant uses the Maxibility of the gensral-purpoce
registers to provide over 400 powerful hard-wired instructions—:the most
comprahansive and powerlul instruction repertcing of any computer in
the 1&-bit clust. Unlike conventional 16-bit computers, which usually
have three clazses of instructions (memory reference inttructions, opar-
ate or AC contral instructieny and /0 instroctions) all ¢parations in the
PDF-11 are accomplished with ona set of instructions. Since panphersl
devics regiaters can be manupulated as flexibly s core memory by the
central processor, instructions that ars used to manipulate data in core
memory may be used equally well lor dats in periphersl devica registers,
For axample, duta in &0 external device register can be tested or modihed
diractly by the CPU, without bringing it into memory or disturbang ihe
genaral registars. One can sdd date directly to @ penpheral device reg-
tster, or comparg logcally or anthmatically, Thuy all PDP-11 instructions
tan be used to creats & new dimansion (o tha treatment of computer
#Q mnd the need for a special class of IfO instructions is eliningted.

The basid order coda of tha PRP-11 gaes both single snd double opeiandg
sddress instructions for words or bytas. The PDP-11 therefors parfc-ms
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vary eticiently in one s1¢p, SUCh opergtions a3 edding of sublracting 1wo
operands, or moving an operand from one location Lo ARGLher.

FDP-11 Approach

"AQD AB _ iwdd tontents of iocation A to loce
tion 8, store reavits at location B*

Conventinnal Aapmch

LDAA iload contents of memary Iocation A
into AC
ADD B wdd contents of mamary location B to
AC .
STA B ;5tore result at location B
Addresting

Much af the power of the PDP.11 iy denved from ity wide renge of ad-
dressing capabibties, PDP-11  addrassing modes include sequential
addressing forwards or backwards, addressing indexing. indirect address-
ing, 16 tut word addressing. B-bit byle sddressing and stach kddressing.
Yarabir Tength instryction formating slkows & minimem number af bits
to be used Jor each addressing modes, This misylts in efficlsnt uye of
program storage space.

223 Processdr Status Word

11 I [k [}] 11 ) L] 7 .
7 [r]sfefe]e]
cunment moor + _] ) I
ArvOUL ODE
L T=[1IL] p—

© MODE '] USED ONLY ON POPIL/AS & L1A4S WITH
MEMCAY MANAGEMENT

Figure 2-3  Processor Status Warg

The Processor Status word (PS5}, at location 777776, conmtains infor
malier oA the current Status of the POP-11. This infurmation includes
the currant processs? priofity; currenl and prévious operationat modes;
the condiion codes describing the resubts of the last instroctwn; and
an indicator for detecting the axecution of an iastruction to be trapped
du:ing program dabyagging.

Processar Prionly

The Centrat Processor operates at any ane of aight levels of prority, O-7.
When the CPUY s operatring at ievel 7 an extarnal devce cannot interrupt
il with & reques) for samvice. Tha Cantral Processor must be operaling
st 8 lgwer prionty than the ssterngl device's request i cridor lor the
interruption 1o take elfect. The currsnt priority iy maintsined in the
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processor statuy word (bits 5-7). The B processor levels provids an
afiective: tnierropt mask.

Condition Coders
The condition codes contsin information on the resuit of iha last CPU
aperation. .

The bits are sut as follows:

Z = 1, 1f the result was zerg

M = 1, if the result was negative

& = 1. If tha gperation rasuited [n & carry from the M5B
¥ = 1, if the opafation risuited in an anthmetd overflow

Tra '

Thtptrap kit {T} can be sal or ttedared undér program control, when e,
A processor trep will occur thraugh location 14 on ¢complation Gf igstruc-
tion exscution and a new Processor Staius Word will be Inaded. This bt
m especislly uselul for dabugging programs as it provides an eHcient
muthod of instaling bredkpeints,

224 Stacks o

In the POP-11, & stack 3 3 tempaorary data storage area which allows
program to make efficient use gl frequently sccessed data A program
can add or delete words ar byles withln the stack, Tha stack uses the
“ipabin, first-oul™ concept; that is, verous ltams may be added to &
stack n yequential orger and retrieved or deletad from the stack in
reverse order. On tha POP-11, a stachk starts at tha highest location re-
servad for it end espands lineary downwarg 39 the |gwest gddnrg =
iterns arm added. The slack is ysed avlomatically by program interzupts,
subroutind calis, and trap instructions, When the processor s inter-
rupted, the central processor status word and the program caounter are
saved (pushed] gnitoc the stack area, while the processor services the
intermupting device, A new stalus word is then automatically acquired
from an area in core mamory which is reserved for nterrupg instruc-
ticny (vactor araa), A return frgm the jnterrupt instruction restores tha
ariginal processor statug Bnd returns to the Interfupted program witfout
softwars intervention.
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2.3 MEMQRY

Memory Organiceion

4 memary can be viewed as a senies of locations, with a number {ad-
dress) »asigned to each location, Thus an B,192-word POP-11 memory
could be shown o3 in Figura 2-4.

1 LK ATYONA

L)) '

ol —

oc
ADDRESIPS |

Qitita

*h LA, ]
- L -5 E3 b

Figurm 2.4 Mamory Addresses

Bacause PDP-11 mermonss gre designed to accommodate both j6-t .

words and B-bnt byles, the total number of wddresass dowy not come
spand to the numbar of words. An BK-word memary can contain 16K
bytes and consist of 037777 octal incations. Words slways stert al even:
numberad iccatons.

A PDP-11 word is divided mlo a high byte and a low byta as shawn in
Figurs 2-5.

o 4 7
[ MiGH BTTE . LW BTE
1 M i 1 x . 1 1 1 a M 1 - i

Figure 2.5  High & Low Byte

Low bytes ara storsd at even-oumbered memory locations and hugh
byles 8t cdd-numbered menory JOCALOOY. Thus it 1% convement (o YW
the POP-11 mamory as Bhownan Figure 2-6.
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Figurm 26 Word and Byte Addresses © o

Certain memory locations have been reserved by the system for inter-
rupt and trap handiing. processor stacks, genaral regisiers, and pt | ph-
era) device registers. Addresses from D 10 370, are aiways ressrved and
those to 777, are resarved on Jarge system configurations for traps end
interrupt harding.

A 16-tut word vsed for byle addressing can address 3 manumum of 32K
wards, However, the top 4,096 word locations are reserved for paripharal
and register addresses and the user therefore has Z2BX of cors to pro-
gram, With the PDP-11/%5 ang 11/4%, the user can eapamd abave
28K with the Memaory Management, This dewvice provides an 18t
eMective memory addreds which permils addressing up 1o 124K words
of actual memyy.

It the Memory Management oplion i3 not useg, an octal address be
tween 160 OG0 ang 177 777 s anterpreied as 760 DOG to 777 777, That
13, if bot 15, 14 and 12 are 1"s_ then tuis 17 snd 16 {1he extended ad-
grese hits} are considered to be 1's, which relocates the last 4K words
{BK bytes] to becoms ihe highest locations sccessed by the UNIBLS.

2.4 AUTOMATIC FRIORITY INTERRUPTS

Tha multi-Mve| autematic pricrity interrupt system pirmits the processar
to respongd automsztically to conditions cutsida the system. Any number
of separats devices can ba attached to each levei. .
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Flgure 2-7  UMIBUS Prority

Each penphersl device in the PDP-11 system has a pointer to its Oown
pair o memory words {One points bo the deyices'™s senace roubine, and
the ather conlmns the new processgr status informabon). This umigue
utentifation ghiminates the need lor palling of devices to «dently an
interrupt, singe the intecropt service hasdware selecls and begint #2-
ecuting the approprale service rouline atter bhaving automatically saved
the slatus of the interfupted program segment.

The devices’ wterrgpt Prionty and sarvice roubing prority aré indepen-
dent. This allows adjustrnent ol system benavior in response to real-tima
canditipns, by dypamically changing the pronty level of the service
rouline,

The interrupt systam zlows the processor 1o eontinually compare s
own programmanle prenty with the pronty of any mterrupting gences
and to acknowledge 1he device with [he highest level abowe the procss-
sor's prionty level, Tha sarwong of an inlerrapt for 8 device can be in-
terrupted in order to service an inlerrupt of & higher prionty, Sernce 1o
the lower pnorly device is resumed sutomatically opon comgpletion af
the higher Jeyel servicing, Such a process, called nested nterrupt Ser
wiging, £an be carned Gut to any level without requinng the sgfwarae to
save ang restore processor status at each level,

When a device {other than tha central processor) is capable of becom- -

ing bus master and requests use of Lhe bus, & is generally Tor ona af
Wi purposes:

1. To make a non-processor transfer of dats dwectly to or from
TNy
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2. To lnterrupt &8 program wescution and forca the processor (o
go to a specihc address whers an interrupt sarvice routing
is located.

o

Direct Memory Accoss

All PDP-11'5 provide for divect mccess to memory. Any nember of TMA
devices may b4 sttathed to tha UNIBUS., Macimum priority is given ta
DMA devices, \Nus allowing mentory dats storage or relneval at memary
cycle speeds. Response lirne i§ minimired by the organization and loge
al lhe UHIBUS, which samples requests and prioribes in paraliel with
data translars,

Direct mamory o direct data transfers can be accomplished betwesn
any bwo penphersls widhout processor superyiton. These npon procellor
request transfers, called NPR wvel data transfers, pre ususlly made tor
Cirect Memory Access (Mamory tof frem mass storage} or direct device
transters (disk relreshing & CRT display).

Bus Requestz

Bus requests from mxternal devices can be mads on one of five request
lings Highest prionity is sssigned to non-processor request (MPR). Thess
are chiract memory acCesd typa translecs, and wre hongregd by the pro-
Co550r belween bus Cycles of an instruction sxecution.

The processor'y priofily can be 3ot ynder program control to one of sght
ievels uxing bits 7, 6, and 5 in the processor status register. These hifs
s&t a priority level that Inhibits granting of bus requests on lower levaly
of 60 the same (eyel. When the proceszor's prorty is se! 1o & el lor
ezample PG, all bos requests on BRE and below are ignored,

When mare than ong device is conneciad Lo the sarme bus request (BR)
kne, a device naarer the céntral processor has a higher pnority than
device farther away. Any number of devices can be connected Lo a glven
B8R or NPR line.

Thut the pronty system is two-dirmensional and proviges each devics
willl a unigque prigfity. Eacli dewice may be dynamically, selectively
enabled or disabled under program cantrol.

Oncte a device other than the précessoi' has control al the bus, it may
do one of two types of operations. data transfers or interrupt gperations.

MPR Data Transfers

NPR data transfers can be made beiween any two paripheral devices
without Ihe supervition of the processor, Mormally, NPR transfers sre
between B mass stardge device, such as 3 disk, and cora mameory, The
shructura of the bus als0 permits device to.davice transfers, allowing
customaer-designed penpharal controllers to access othar deviees, such
a5 dishs, direchly.

An MPR device has very [ast access to Lha bus and can frapsher af gh
data rates once it has control. The processgr slata s pot affected by
Ine tranafer; thergipre |he processor can relinquish control while &5 in
struction % i progress. Tlas can occur &l tha end of any bus Cycles
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exfept in between 2 read. modily weite sequence. An HFR device in con-
trol of the bus reay transler 16.bt words from memory at memory speed,

ER Transfers
Dewices thal gain us cantrgl with qne of the Bus Request lines {BR 7.
BRA4Y can Lake full advantags ol the Central Peocessor by reguasting an

interrupl. In Ihis way, the satire ingtroction set i3 available for menipu.
lating date and stéluy régaters.

When a service reuting is to be run, the currenl lask being performed
by the central proCessor i |nterrupted. and the device sarvice routing

is intiated, Once the request has baen salisfied, the Processor refurng
o s Tormer tasic

Inlarrupt Procedure

Interrupt handling is automatic in the POP-11. Mg devica palling is re-
quired [ determune which service routine [o sxecute. The operations
raquired to service an interrupt are as follgws:

1. Processor relinquishes controb of the bus, pricrities permitting.

2. When a master gains gontrol, o sands the procesyor an interrupe
command and an unlgue memory sddres: which cantaing the ad.
g¢ress of the device's service routine, called the interrupt wecikor
address. immadiately following this pointer sddress is a waord (lo-

Caled pl vector pddress 4 23 which i3 10 be used as' s new Processor
Status Word.

3. The processor stores the current Processor Status (PS) and the cur.”

tent Program Counter {PC} inlg CPU temporary registers.

4, The new PC and PS {Interrupt vector) are taken from the specified

address, Toe old PS #nd PC wre then pushed onto the -::urrurlt stack,
The service routme 1% then iniliated,

5. The dewice serace ruut}ni CAA Cause the processor to resume the
interrupted process by ezecuting tha Refurn from Intertupt instrue.
tion, described in Chapter 4, which pops the two top words from
the current processar stack angd uses them to load the PC and P5
ragistars, .

A device rguline can bte interrupted by & higher pronty bus request any
time after the new PC and PS have been loaded. H such an intecrupt
octurs, the PC and PS of the service routing meg automstically storad
i the temperary registears and than pushad onto the now current stach,
and 1he pnew device routine is intlated.

Interrupt Servicing

Every hardware device capgbie of mterruptmg the processor et 8 unique
st of localons (2 words) reserved for ite interropl vectar, The first word
conlaing the localion of the device's sarvice rovtine, and the second, the
Processor Status Word that is to be vyed by the service rouline, Through
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proper yse of the F3, tha progrmmmar ¢en switch the oparatienal mode
of the processor, and modity the Processor's Priority level to mask out
lorwer lavel Intarrupts.

Resntrant Code

Both the interrupt handling hardware and 1he subrouting ¢all hardware
facilltate writing reentrant code for the POP-11. This type of code allows
a singls copy of & given subroatine or progmm to be shansd by mora
than one process of teck. This reduces the. amount of com nesded Tor
multi-task appiications such =8 the concurrml samcing of mnmr pariph-
wral denvices. '

L)

v

Power Fal and Rexiart . *

Wheningr AC powst draps balow 95 volts for 110v pomr {190 wolts far
220v) or putside a limit of 47 to 63 HE, a3 measured by DC power, the
power fail sequence s initiated. The Central Processor sutornaticaivy
traps to location 24 and the power fall program has 2 meec. 1o saye all:
wvolatidy information (dats In ug-stnn] and to condition peripherss for
powar Tail, '

L Whan perarsd 18 restOrsd the processor trape bo location 24 and esecutes
“the powlr up routing to restors the maching to its state prior Lo power
faflure,

-
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CHAPTER 8

PDP-11/34 MEMORY MANAGEMENT

B.1 GENERAL

8.1.1 Memory Managemant

This chapier descnbes tha Memory Manegement vt of Lhe 11734
Central Pracessor, The POP-11/34 provides the hardware facililies neces.
sary for complete rmemory managamaent and proteclon, [t is desigred ta
ba &8 memory management facility for systems where the memory $ze 18
greater than 28K words and 1or multi-user, multi-programming sysiems
whare protection and relocation facilhes =re necessary.

B.1.2 Progmming

The Memary Management hardware has been optimized towarids 2 muln.
programainng envirgnment and the processor can cperate in two mModes,
Kernel and User, YWhen in Merpel mode, the program has cOmMpiete
control and can exzecute all instructions. Momtors and supendisory pro-
grams would be exacuted i [his mode,

When in User Mode, the program i3 prevented frim executing Certain
instructians that could:

3] causs tha modification of the Kernel program,
b) halt the caomputer.
C] us® MAMGry Space assigned to the Kernel of othel vsers.

It & mult-grograrmming environment several user programs would e
resident in mernory AL any given time. The lash of the supenasory pro-
gram would te: contral Lhe evecutwon of the wanpus Wser Programs,
manape the allocauen of memory and peripheral gewvice resources, and
safsguard the mtegnty of the system as. s whole by carelul controf af |
wach user program.

a1



In & mulli-pogremming systam, the Management Umit provides the
mannd 10r ASLigning pages {reloCatable memory Segments) to & user
program and preventing that user figin making any unauthorized actess
to those pages outside hiz assigned ares. Thus, a yser can efectively
be privanted from accidental or wiltliul destruction of any other user
program-gr the systam exscutive program.

Hardwars implemented features enablke the aperating system ta dy-
namically allecale memory upon deémand while a program |8 bEing ron,
These features are particulary usalul when running higher-level language
programs, whers, for axample, arreys amy constructed at iecution time,
Mo fixed spacw i3 raserved for them by the comptier. Lacking dynamic
memery allocation capability, the program would have 1o calculate and
sllow wwMicient memory Space [0 stcommodate the worst case. Memory
Management aimirates this time-consuming and wasteful proceduss.

B.1.3 Basic Addressing

The sddrusses generwted by all PDP-11 Family Centrai Processor Units
(CPUx) are 18 -bit direet byte addrices. Although the POP-11 Family word
langth & 16 bity, the UNIBUS and CPU sddressing iogic actually iz 18
bits. Thus, whila the PDP-11 word can anly contain address refererces
up to 32K words [(B4K Dytes) the CPU and UNIBUS can raferenca ad-
dresses yp to 128K words (256K byles). These extra bwo hits of address-
ing legle pravide the bas framewirk for sxpanding memory raferances,

¢

In adgiupn to the word length constraint on bawc memory addressing
space, the upparmost 4K words of address space |5 Always reserved for
UNIBUS 11O device registers. In a basic POP.11 mamory configuration
(without Management} ali address references {0 the upparmost 4K words
of 16l acdrass space (160000177777) are converted 4 jult 1B-bnt
rafarences with bits 17 and 16 always st to 1. Thus, a 15-tnt referance
to the [0 device register at addrass 173224 15 automatically internally
converied to 3 Jull 18- bt reference to the register at address 773224,
Accardingiy, the basic PDP-11 configuration can dwectiy address yp to
ZBK worde of true memory, and 4K words of UNIBUS IO device registers,

B.1.4 Active Page Rujlstars

The Memory Managemant Unil usés twa sete of eight 32-bit Active Page
Ragisters. An APR is atlually 3 pair of 16 bit registers: 3 Pagn Address
Registar {FAR) and » Page Descrniptor Register (PDR). These regitters

" are Nlways used 2% A pair and contain all the informatign needsd to

descnbe and relocate 1he currently active memory pages.

Cne get of APR's 15 used in Kernel mode, and the other in User mode.
The cho:ice of which set to b used s delermined by tha currant CFL
modes canta.ned in the Processor Statys word,

+
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Figurs B.1 Active Page Registars

B.1.5 Caspabilities Provided by Memory Managemant

Mamory Size {wards} 1XK, mar {plus 4K for /O & registers)
Address Space; Yirtual (156 B3]
. : Physicar (L8 pits)
Modes of Operation: HKarnei & Liser
Siack Pointers: 2 fone 1or each mode}
Memory Relgcaticn:
MNumber ot Pages: 16 {B lar each rode)
Page Lengih: 32 to 4,096 words
Memary Protection: no ALCESS
read anly
read wnta

B.2 RELOCATION

8.21 Yirtusi Addnssing

When {hs Memory Management Unaid 8 operating, the narmal 16-It
diract byle addrecs is no longer intarprated as a direct Physical Address
{FA) but a5 a Virlyal Address (VA) containing inflarmation to be used in
construtling & new L3-tvt phyucal addrety, The wnformation coatained
in the Yirtgal Address (VA) 15 combined with relocation snd destripbon
informanon conlained in the Active Paga Registar (APRY to yveid an
18-t Physical Address {FA). '

Because dddressas are automatcally relgrated, the compuber may be
consdered to be aperating i volual addresy space, This means 1nat po
matter where & program s loaded 02 physical mémory, it will not have

’ ' 8-



1o be “re-lnked”; it always appears to be at the same virtual location in
memary,

The virtual address ipace s divided 0o might dK-word pages. Each page
s relocaled separately, This 15 g useful featurs in mulli-programmed
limesharing systems. |t gernuls a new large program to be loaded inta
disrontinuous blocks of physical memory,

A page may be as small as 32 words, so that shart procedures or data
mraag ni_etl DCCURY only a5 much memory as reguired. This is a gysiyl
feature in real-time contrgl iyslems that contain many teparate simal
tEsks. 1t 15 also a wsedul feature for inck and bufer contral. '

A basic funcbion is ta perform memory relocation and provide extended
memocy addressing capability for Syslems with more than 28K of phys-
Yol memary, Two sats of page address repisters are used {o relocate
VIMtual addresses (o physical addresses in feEmory; THes® sOts ro yoed
ac frardware relocabion registers that permut several user's programs,

#ach starting at virtual address 0, to reside simultaneously in i
MG Y. ¥ 10 Physica)

B.2.2 Program Re|peation

The page sddress Fegasters are used to determing the starbng address
of rach relncated program n physical memory. Figure B-2 shows 3 sim-
plified example of tha ralocation concepnt,

Program 4 slaring agdress 0 ig relocated by 3 constant 1 i
; o
Phytical address 6400, ’ Provide

HUDC AT
ACORESS COmatanar
ik B R
LERL- o]
FTIE AL iy
L= IO ]
0L L
PO AL ADORE S _ MOGRAM &
[ wda
DOD{HY

Frgure 82 Simphfed Mermory Relocatinn Cancept

84

IT the rext processor virtual addeess is 2, the relocation conslant will then
cause physicl address 8402 | which 15 the second item of Program A, to
ba accessad, When Program R is running, the relocation constant is
changed to 100000,. Then, Program B virtual addresses starting a1 O, are
relocated to scoess physical sodresses starling at 100000, Using the ae-
tive pags address reglsters to provide relocation elyninates the heed 1o “ra-
link'" & program each time it ia loaded inte & diMsrent physical memory
location., The program slways appears to star! st the same sddress.

A program s relocsted in pages consisting of from 3 to 128 blocks.
Each biock |g 32 words in Mngth, Thus. the maximum fength of & page
is 4096 {128 x 32) words. Using all of the aight availabie sctive page
registers in & et & maximum program length of 32,768 words can be
accommodeted. Each of the eight pages can be relocated snywhers In
the physical memary, a5 leng ax each relocated page begine on a
boundary that is a multiple of 12 wards. However, fof pages.that are
smaller than 4K words, only the memory sctually alipcated to the page
may e accessed.

The relocytion example $hown.in Fugure 8-3 illustrates several points
abyut mamary relocation. -

a) Although the program appesrs 1o be in contiguaus address Spaoe o
the processor, the 32K-word physical address space 15 aclually scat-
Lered through sevaral sepscata aress of physical memory. As long
3% the total available prysical memory space is mdequate, B program
can be josded. The physical memory sphce nesd not ba conliguous.

b} Pagas may be relocsted to higher ar lower-physical addresses, with
rexpect io their virtual sddress ranges. In the ¢xample Figure 8-3,
page.]1 I3 relocated 10 & higher range of physical addresses, page 4
11 relocsled to a lower range, and page 3 13 not ralocated &t il
{even though its relocation constant is non-zero),

c} All of the pages shown in the exampla start on 32-ward Bounderes.

d) Each page is relocated independently. There is no reason why twa or
maore pagey Lould not be relocated to ihe seme physical ey
space. Using more than orne page sddress register in the et o
pccess tha seme 3pACe would be one way of providing differant
memary access rights ta the same data, depanding upon which part.
of & progrem was referencing that data,

Mertory Units } .
Glozhk: . 32 wards ' )

Fags: 1tz 128 blecks {32 to 4,096 words)

M. of pages: 8 per mode -
Size of ralocalsble 27,768 words, max (K x 4 096} - (=
MeEmory:
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124K Word Physical Memory

8.2 PROTECTION

A nmesharing syitern periormms multiprogrammng: it aliows  several
programs to resde in mamory simultanecusly, and to operaie SeqQUen-
Lially, ACCess to lhese programa, and the memeory space they 0CCupy,
must be strctly Jafined angd controlled, Sevecal iypes of memory Dro-
tachion must be aiforded 3 timesharng systerm, Far example;

&) Usar programs must not be allowed to #xpand beyond sllocated
space, yriless autharized by the system.

) Users most ba prevented from moditying commen subrgulings &
algarthms that are resident for all users. K

-

¢) Users must be prevented from gaiming conbrod of or modilying the
operalmg syatem software.

The Menory Manggement aption provides the hardware facihities to im-
plement all ol the above Wypes of mamory protection,

84.3.1 |Inaccessible Mamary

Each page has a 2.t access control key sssogiated with it, The key i3
assigned under program control. When Lhe key is st to 0, Lhe page |s
delined a3 non-resident, Any attempt by & gser program o SCCE3S &
norn-resident page s prévented by an imaoediale abort, Using thes lea-
ture 19 provide memory protection, only those pages asocated with the
Curréent program afe sei ho legal access héys. The access control keys

of all ether program pages are %¢t o 0 which prevents illegal memary
relerencas.

8.3.2 Read Only Mampry

Tre actess conlrgd key lor a page can pe set o 2, which allows t#ad
(fetchy memory refarence; to the page, bul inurediataly aborts any at-
templ L2 wiite wlg thal page. Thes read-only Lype ol memory protéction

HG

tan be aforded to pages that contan common data, subroutines, or
shared afgorithms. This Iype of memory protection kliows Lhe aLess
nghts ta a givan infarmaton modyle to be ysar-depéndent. That 5, 1he
access right to a given formation module may be vaned for diffecent

" ysers by mltering the accass contral hey.

A page address register in each of the sets (Kernet and ifser modes)
may ba set up to refarence the dame ‘physical psge in memory and
sach may be keysd for difflerent access rights, For example, the User
access control key might be 2 (read-only access), and the Kermel access
control key might be & (allowng complete readiwrite access).

8.3.1 Mutltipla Address Space .
Thers are two complete separate PARIPDR sets prowided: one set for
Kernal maode and one set lor User mode, This atords the umesharng
system with another type of memory protection capabihty, The mode of
operation 15 specified by the Proceasar Siatys Ward current mode held,
ar previous mode hekd, a3 defermined by the current snstruction,

Assuming the current mode PS nts are vald, the sctive page register
sels xre =nabled as Follows:

PS[ntsl5, 14) PARIPDR Set Enatlad

00 Kernel mode
?é. ' } lNiegal {all references abortéd on sccess)
11 Liser mode

Thus. & User mods program 15 raiocated by its own PAR/PDR seb, as are
Kernel programs, This makes if impostibie for 3 program runmpg in
ome mode to arcwisntally reference space allocated to another mode
whan the active page regialers ars sal correclly, For axample, a User can-
not trans!ar ko Kernel spece, The Kernel mode addiess space may ba re-
seryed for residenl systern momtgr functiens, such as the basic Inputf
Cutput Cartral routines, memary management trap handlers, angd trine.
shanng seheduling madules, By dividing the types of bmeshaning system
programs functionally befween the Kernel and User modes. A minimum
amount ol space conlrgl housekeeping & reqursd 3% 1he timeshared
agperabng systam sequences from one user piogram 1o the nest. For
example, anly tha User PAR/PDR set needs to be updaled as each new
user pIoEram & Serviced, The two PAR/PDR sets implemented 0 the
Memory Management Umi are shown in Figure -1,

4.4 ACTIVE PAGE REGISTERS .

The Memory Management Unit provides two s#ls of #ight Active Mage
Regislers (APR). Each AFR consists of a Page Address Regisier {PAR)
and ¢ Page Descriptor Register (PDR), These regiyters are always used
as a pair ang contaun all the information reguired Ly locate and describe
the current active pages for each mode of operalion, One PARIPDR et
15 used 0 Kernel mode aed the gther 15 used i User mode, The cur-
rent mads et [or o same cases, Lthe previous mode bits) of the Proces.
sor Status Word determine which sel will bha referengead for each
memary accsss A orograrm opeisting in Ghe mode cannat wse the PAR/
POR xets of the other mode Lo access mendry, Thus, the two sets are

a?
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2 key deature in providng a fuwily protecled eRvircnment for o tinne-
thared mult programmuung syslam.

A specilic processof 1O sgdresy is assigned to sazh PAR and POR of
each set. Table 7-1 is & complete list of address assignment.

NOTE .
UNIBUS devices cannot access PARs or PDRs .

v @ fully-protacted Fulti-programming environment, the implicalion is
that only a program operating in the Karne| mode would be allawed to
writn into the PAR and FOR locations far the purpose of mapping USer's
programs. Howaver, there are no restrmnts imposed by the logc that
will pravent Usar mede programs from writing nto thess registars. Tha
option of implementing Such a festure in the operating sysfer, and this
sxphotly protecting thesa locations from user's programs, is available
Lo the system software designer,

Table 81 FAR/PDR Addrins Asslgnmuents .

Kerne! Active Page Registers User Artive Page Reglsiers
Mo FAR FOR . Ha. FAR POR
0 772340 . FFRI00 4] 17740 FIT600
i Fr234z raage 1 777642 FIrRGZ
2 FFeA 772304 2 FFTEAL 777604
3 FFZIAG FF2INE 3 717646 F1T606
4 772350 Frzai 4 777TERD 777610
5 FF2isz 772312 L) 777652 FITeL2
G 772354 77234 -] FTTE54 Frr6E14
7 FFZINE 774316 7 FFIE5E Tr7616

8.4.1 Page Address Registers (FAR)

The Page Address Regster [PAR), zhown in Figure 84, containg the
' 12-tet Page Address Fuald (PAF} that specifies tha base address of the

page. , -

2

Figure 8-3 Page Address Register

Bits 1517 are unpsed and réserved for posible futvie use.

The Page Address REgiater may be alternatively thought of as » relo-
calian conetant, of a3 & bave register conlairng B base addresk. Ewher
interpretation indicates the bask function of the Page Address Register
(PAR) n tne relpcation scheme, - .

C B4 Page Descriptor Registery (FDR}
The Page Descriplor Regater (POR), shown in Figure 8.5, contans in-
farmation relstive 10 page expansion. psge lengtii, and wccess controd.

B8
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Figure 5-5 Paga Dexcriptor Regpster

Accesy Contrpd Fiedd (ACF) .

This 2-tit Fetd, pits 2 and 1, of the PDR duscribes the access rights to
this particu'ar page. The access codes or “Weyy” specify the msnner
in which a page may be acceased and whether oF not & givien access
should result in sn abort of the Current operation, A memory refarence
that causas an aboet in not completed and is larminated immediately.

~
Abcrts are causad by sttempts to a00ess non-resident pages, page
length efrors, of accasy violations, such as atiemphing 1o writa intg &
read-Gnly page. Traps mre udad &8 an #id in gathering memory manage-
ment information.

In the context of access contrel, the tarm “wrle™ (s used Lo indcate
the action of sny Instruction which modifies tha contanis of ary ad-
dressable word. A "wrile” 5 Syn0myrmnous wilh what is wstually callsd a
“siore't or "modify” in many computer systemy. Table B-2 lists the ACF
kays and their tunctions. The ACF ¢ written into the PDR undar program
control. e

Tahin 8-2 Accass Contral Fisld Keys

Dasciiplion Funchon
00 2] Won-resident Abort any attempt to access this
non-resdent page
1)1 2 Resident read-only Abart any atlempt to write inio
ihis page,
10 &4 (unosed) Abort all Accesses,
il & Racident read| write Read gr Write sllowed. No trap

or abort ecury.

Ezpansien Direclion {ED)

The £0 bit located in PR Ed poation 3 indicates the authorized direg-
bon in which the page can expand. A fogic O in this bt {E0 = 0) indi
cotex Lhe page can eapapnd upward from relative zaro, A logic 1 in i
Wt {ED == 1} indicates 1ha page can axpand downward toward relative
et The ED Dit is wntiten wnto Lha PDR under program control, When
the supansion directian iy upward (ED = O}, tha page lengti-is increased
by adding blocks with higher relative sddresses. Upward expansion i%
usuatly specified for program of data peges to add mewe program aof
table space. An example of Sage vxpansion upward |s shown in Figure 86

When the sapansion duechion iy downwaerd (ED = 13, the page length if
incraxsed by adding blochks with lower retative addresses. Downward
BApatsion is specilied for stAce pages so that more stack S$pace CAn y»
added. Ao exampls of pags axpansion downward 1% shown in Flgure 8-7.
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Writtan Into (W)

Tha W bit kocated in PDR bt position 6 indwcates whather the page has
been wnttan intd since it was Ioaded nte mEmory. W =] 15 aMirma
tive. Tha W bit is saulomatically ¢laared when the PAR or FDR of that
page 15 written into. It can only be s#t by the contrpl logic.

In dizsk swapping and memory overlay apolications, tha W bit {tt 6} can
& used to determine whith pages in metmory have been modified by a
user. Thosa that have besn witten ;ate must be aved in their current
form. Thaose that have not beer; wrtten into (W = 3}, nesd not be yaved
and can ha overlayed with new pages, il necassary,

Page Lengih Fieid (PLF)

The 7-bit PLF located in PDR (bits 14-8) specifies Ihe authorized length
of the page, in 32-word bipeks, The PLF holds bieck numbers fram 0 to
177,; thus sliowing any page length trom 1 to 123,, blochs. The PLF
i3 written in the POR ynder program control, .
PLF for an tpward Exparisbie Page

When the page expands upward, the PLF must be get to one less 1hao
the intended Rumbar of blochs wuthonzed 'or thal page, For edarmpls.

if 32, (42,,) biocks are suthgrized, the PLF i st to 51, (41,3 (Figure
H-6). Tha hardware compares the virtual address Hock numb-er VA [bits
12-8) with the PLF to determina il the wirtusl address is within the su-

thorized page length,

Whan the virtual sdaress block pumber iz l€35 than or equal to ihe £LF,
the virtual address 15 within the authorized page length, I the virtual ad-
drass is grester than tha PLF, a8 pape lengih fault {address too highd
i% delected by the hardware and an aborl gocurs. In this case, the wr-
tual addrass spaca |#gal 1y the program i pon-contiguous becauss the
thres rmost significant bits of the virdual address are used to select {he
PARIPOR wet,

PLF fer a Downward Expandable Page

The capability of providing downward expansian for a page is intended
specificaily for thote pages that are Lo be used a3 stacks. In the PDP-11.
2 atack starts at the highest location reserved [ar ot and sapands down-
ward toward the lowest address as items #re added ta the stack,

When the ppge s to be downward acpandable, the PLF must be et to
aylhorize & page length, in Llocks, that slarts at the nighest address cl
the page. That is always Biock 177,. Refer Lo Figure 8-7, whith ghows
an example of a downward eapandable page. A page iength of 42 .+
Blocks s arbitranly chosen so thal the #xampid an be comparad with.
the vpward expandable ¢xample shown In Figure 8-5,

NOTE )
The sarme PAF 13 used 0 both exampley. This (& s
dore 1o emphasize that the PAF, 35 the base 'y

address, diways deterttnes the lowest sddress
ol the page, whather (95 ppward of downward
sxpandable.
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————

The calculations lod complementing the number of Hlogks required to
obtain the PLF is as fallows:

MAXIMUM BLOCK NO. MINUS REQUIRED LENGTH EQUALS  PLF
177, . - 52, = 125,
127,, - az,, = 85,

8% VIRTUAL & PHYSICAL ADDRESSES

Tha Memory Management Lt is located between the Cantral Processor
Uit and the UNIBUS address lines, When Memory Management is
enabled, the Processor ceases 1o supply address infermation to the Uni-
bus. Instead. addresses ara sent to tha Mamory Management Unit where
they are relocated hy wanous constants coinputed within the Memory
Sanagement Limt,

B.5.1 Constructlon of 3 Physlcal Address

Tha basic information needed for the construction of & Physical Address
(PA) comes from ihe Yirtual Address [VA], whuch re fllustrated in Figure
.8, and the appropriate APR set,

e ] ___ . |

Tl P d FLLT ELLENT L LY

Figure 8B Interpretation of 3 Viruat Address

The Virtual Address (VA) consists ol

1. The Achive Page Field (APFY, This 3.t feld determines which af
aight Active Pape Regsters {APRO-APRTY wi'| be used to lorm the
Physical Address [PAY

2. The Duplac?rnrni Field (DF), Thas 13t field contane an addiess
ielative to the bepinning of a page, Tlus peranls page lengths up (o
4K words [2'7 = AK kytes), The OF a3 {urther subdivided inta bwo
Nelds as shown in Figore B-9,

L - __

T AL T I s L]

Atk =

Figure 5.9 ‘Disf:racement Frald of Yirtual Address

The Cesplacenient Fietd {DF) consisla af

1., The Block Mumber (BHN), Thin 7.tat Leld 15 nterpreted a5 the brack
numbar within the furrent page, -

2. The Displacemen! in Bloch (DIB). Thr 6 bt 'eld conlding the dis
placament w.thin tie blogk refenad to by the Block Number,
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The re-naagec of the infpraiabian needed o construct the Physical Ad-
dress comes lrom the 12-brt Page Address Furld (PAF) [part ©f the Active
Page Regestar] and specifies the starmy address ol the mamaory which
that APR dedcibas, The PAF 3 artually a Block number in the physical
memory, & 3. PAF = 3 indicales & starting addrtss of 95, (3 x 32 = 96}
words it phySical mamary.

The formation of the Physical Addresy is illustrated bn Figure 8-10.

—. L L] H ]
M I RN = w4 —

L] LY ] 2
T e —
F —r g T L

ry
[ L Bl e T

Figura B-10 Construction of & Fhysical Addrass

The fogical sequenca inyolved in constructing a Physical Address 15 as
Tolipws!

1. Seimct a set of Achive Page Repisters depending on current mode,
|

2. The Active Page Fielg ©f the Virlual Addiess ¢ used lo gelect an
Active Page Regiater (APRDAPRY). [

3. Tha Pape Address Field of the sslagied Active Page Register con-
tains the starting sddeess of the curféntly achve page as & hioch
numbar in phys«cal memory,

4. The Biock Number Irom the Yerloal Adgress o8 addged -tz 1he bloch
Rumber Irem the Page Adiress Neld 1o yelt the number ol ihe
block in physical mermory whith will contas Lhe Physicsl Address
being constructed,

5, The Dsplscement i Glock from the Chaplacement Fueld of the Virtoal
Address % janed tn {he Physical Block Humber 1o yield & lrue 18 Lt
Physicar Address.

B.5.2 Determining the Program Phytical Address

A 16:bil vwtual address can specify up to 32ﬁ ‘wolds i the range Irorn
O to 177770, (word boundares arg even|ucla| numbers}, The lHree
magt significanl virtua! adaress hils designale the PARTPOR sel 10 be
tefarénced dunng page address reacation, Tatue B 3 Dhsts the wirtual
addarese ranget that 1necily each of the PAR/PDIE sets,

8-14

Tabix B-3 Relating Virlusl Adidress to PAR/PDR St
¥irtual Address Range PAR!FDR Set

OQUC00-17776 a
020000.37776
G4 0000-57 776
CBOO0O-F 7776
100000-117776
i 20000-137776
140000-157 776
160000-177776

e RN L T L )

NOTE

Any uie af page lengths less than 4K words

causés holes to be Iaft in the virtyal address s

DAL E. '
E& STATUS REGISTERS
Aborts peneraied by the protection hargware are vecigred through Kernel
virtual 1aCation 250, Status Registers 20 and # 2 are used to deteninine
why {he abor octurred. Mote thet an abort to a incarion which s itsell
an invahe sddress will cayse anather #bort, Thus the Kemel program
must insure that Kernel Yidual Address 250 is mappad into 3 wahd ad-
drezs, otherwise a fogp will accur which will require consgle intervention,

A6.1  Stastus Registar O {5

SRO contains aberl eiror Hags, memory management enable, plus gthsr
essenlial information required by an aparating Syslem (o reCover Irmn
an abgrt of seryike 3 Memory Management irap, The 5SRO format is
shown in Figure 8-11. |ts address is 777 BFZ,

v W Wy Y r 1 7 ] ;] . ] 1 o

Cid T (i3 T4 . 13
FR— i__j_._; z iy

[} ! ——rrm——t )

g ] T i S
e e Mt { ! '
f&qw‘“;‘m —— | ;
Pl SAWREE - |
EppkhLl Wb e —

. Figure 8-11 Format of Siatus Register 20 (5RO

Buts 15-13 are the abort flags. They may be (unsidersd to be i 2
“prignty guewe’” n that “lags to the nght™ are less sigmficanl a:d
should h& gnored, For example. & "agn-resgant’”’ abort aempcd roniine
wiolld ignore pag® lenpgth ard access control flags. A "page lengih™
abort service routine would ignore an access control fault,
HNOTE
Bt 15, 14, or 13, when set (abprt conditions)
Cause the logwe to treete the contents af SRO
. bits 1 to & and skatus register SRZ,. This s done
to facidifate recovary fram the abort,
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Protecuon is enabied when an sddrecs iy being relocated, This imphies
that &ither SRO, bit O3 equal 1o 1 [Memory Management snabled) or
that SRO, bit B, 15 ¢qual t¢ 1 and the mamory refergnce is the final one
of o destinaton calculation {rmaintenance fdestination mode).

Mote that 5RO bils 0 angd B can be set ynder prograrm control to pro-
vide meaningful memary manegement cantrol information. Howdyer,
inforitation written infto all other hits is ngt meanlngful. Only that in-
formatian which 15 agtematically wrilten inta thess remainng bits as a
result of hardware actions 15 useful a5 & monitor of the slatus of the
mémthry managerment unit. SMuUng bits 15-13 under- program control
will Aol cause traps to ofcur. These bits, howeyver, must ba reset ta O
alter an abort or trap has occuried in grder to resume monitoring
memory management.

Abort-Monresidant ‘

it 15 4 the “Abart-Monresident’” bip it b3 s&f by sttampting to access
4 page with an access control held (ACF) key egual to O or 4 or by an-
abling refocabon with an dlgal mode in the P5.

Abort—Page Lengih

Bl 14 s the “Abort-Page Lengih™ Bt it o3 set by stiempling [0 Access
a locatian in & page with & block number (virtual eddress bais 12-6) that
i5 outside the area autharized by the Page Length Field (PFL) of the
FOR lor that page.

r
Abor-Read Dnljr .
Elt 13 is tha "Abort Fead 'Dr'l'_-' bit. It s wat by attemphing to write in a
“Read Only™ page having an accesy key of 2.

NOTE
There arg no restiictong that any abort bils
cauld not be set simultaneously by the zamae
access attempl.

Maintenancal Destination Mode

Bit 8 specities mainlenance use ¢f the Memory Management Lindt, It s
used for gagnostic purposes, For the msbruchions wsed in the wtual
diagnosie program, bit 8 5 =#1 %3 1hat anly the {mal deslinalon refer.
ence s relocated, L is useful 10 prove the capabilty aof relocating
addrasses.

Mede of Gperation . -

Bits 3 and & indicate the CPY mode (Lser ar Kerpel) associated wnth
the page causing the apart. {Kernel —Q0, User = 1}).

-

Pape Number

Bits 2.1 conlain the page numbe’ of refarence. Pages, bka blacks, are
nuttbrered from O upwards, The page number bit 4 used by the eoror
reco.ery routine Lo wenlily the page benp accessed if an abort oceurs.

Ensble Retocalion and Frotection
Bt 0% the “Enanle™ i, Whena o % got 1 1, all addresses ard ralodaled

Ble

a_rld protected by the memory management unit. When bit 0 n set to 3,
tne memary mansgement unit is disabied and addresses sre nedther re
lecated nar protected.

B.6.2 Siatus Reglyter 2 (SR2)

SR2 iy 1paded with the 16-bit Yirtusl Addreas (VA a1 the beginning ol
anch instruction 1etch but s nol updated if the instruction fetch fais
SR2 is read only; & write attemp\ will not modiy its contents. SR2 ix
the Yiriusl Address Programt Counter, Upon an sbort, the result of SRQ
bils 15, 14, or 13 being set, will freaze SRZ antl the SRO abar Hags aig

clearad, Tha address of SAZ is 777 576,

T T aDRESS ]

L] ] FIFT

Figurs B-12 Formal of Status Register 2 (SR2);

B.7 INSTRLUCTIONS

Memory Manapement pravides the ability to communicale betwesn two
Lipaces, 3y determined by the current mag pravious rnoues ol the Pro.
cogsor Status word {PS).

Mnemonic Tnstruction Op Code
MFPI fowe trom previous instruction space 00655 S
MI1p| M to BrEvIous instruction space -~ Q0BLED
MFPO RiDve Irofm previous data spacs 106555
MTPD move $o previous data space 106600

These instructons are directly campatinie with the larger 1] camputers.

The PDP-11/45 Memory Managerment unit, the KT11.C, implements n
sgparate inswruciton and data address space. 'n the POP-11/34, thera
i ng differantiation between instrurlion or dats spece. The 2 instructions
MFPD eng MTPD (Move to and from provious data space) exacute iden.
tically to MFPI and MTPI.

c1
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MFPD
MFPI

mave (rom previous dats space 106555
move [rom previous nstrechon space Q5555
k] &

ﬁplrl Lion:

Condition Codes;

Descriptian;

Example:

The erecubign of thes inSiructian cEuLes

(tamp)+(sre)
L(SP) ~({temp)

HM: set if the soures <00 olherwise Cleared
2 setf the source =0; otherwise cleared

y: cleared
C: unatfected

Yhis instruchion pushes a worg onta the current stach
IrOm an sddress A previpus space, Processor Siatus
(bits 13, 12}, The sgurce address »s computed using
the Cuffenl registers and memory map.

MFPI @ (R2}

k2 = LO)O
1000 = a7526

the contents ol [relative)

A7526 of the prewipus address space 1o be pushed gnta the gurrent
stack as delarmined by the P5S {bits 15, 14},

8-ja

MTPD
MTPI
morvd to previous Jath gpace 106600
méve 1o previous instruction space Q0660D
7] 3 L]
Illu‘l‘nl1 LT B .‘4‘.‘.]

Cond tion Codes:

Deseription:

Example:

{temp)—{3F) 1
{ast) «(temnp}

N: satif the sourse <0; gtherwise cleared
Z: satal (e source =0; otherwise cleared
y; clearsd

C: unalected

This instruchon pops » word off the Currenl Stack
deterrmned by PS (bits 1%, 14) and stoiss that ward
intd an address in previous space PS (bt 13, 12,
The destination mddress o3 computed using the cur-
rerl registers and memory map. An eiample is a3
Tolloray;

R2 = L3O

MTP & {R2) 1500 = 37526

The exwcution of this instruction Causes the top word of the current
stack to get stored nto the (relative) 37526 ol the previous address

space,
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A
MTP1 AND MFP|, MODE O, REGISTER 6 ARE UNIQUE IN THAT THESE
INSTRUCTIONS ENABLE COMMUNICATIONS TO AND FROM THE PRE-
VIOUS USER STACK, ' )

: MFPL MODE D, NOT REGISTER &

MOV KMPUM, PEW
MOV oL, — 28

: KMOOE, PREY USER
s MOYE —1 on karnel steckh —2

CLR =40
ING & 2 5RO 1 ENABLE MEM MGT -
MFPL 240 ; —(K5P) R0 CONTENTS

The —1 in the kernel stack is now replaced by the cantents ol RO which

in O.
: MFPI, MODE O, REGISTER B
T MOV #UM4PUM, PSW

CLA %6

MOY s EMLPUM, PSW ; K MO0E, PREY USER
MOV 1, 2 {B)

NG & # SRD 1 ENABLE MEM MGT
MFPl %6 ; - [XSP) ~R16 CONTENTS

The —1 w1 e herne! atack 13 now repiaced by the contants of Ale
{user stach pointer which s Q).

:SET R1G=D

To obtam inly from the user stack il the status is s&l to kerns mgde,
prav user, two staps are needed,

MFPI oo
MFF1 @6+

: gel cantenls of R1B-user ponter
@t user painles from kernel Slack
; use address ghtained 1o get dats

s fromy user Mpde unng the prand

s mode

The desired Hata from the user ylack o3 now on the kerpal 3tack and has
replaced Ihe user slack address.

8-20

.

-

: MTPI, MORE O . NOT REGISTER &

MOV g EMAPUM, PSW : RKERNEL MODE, PREY UISES
MGV B TAGN, (&) : PUT NEW PC ON STACK

INC @ # SRO : ENABLE KT
MTPI o7 P %7 (6)+
HLT ; ERACR
TAGX:CLR @ #SRO : QISABLE MEM MGT

The new PC it pagped aff the current stack and since this is mode 9 and
not regisier G tha destination « register 7.

; MTPI, MOBGE 0, REGISTER 6
MOY  2UM4FUM, PSW
CLR %86

MOV 4 KM 3-PUM, PSW
MOV #—1, _{6)

1 user mode, Pres Lser

;3et user SP=0 (R16)

; Kernel mode, prev user

T MDVYE —1 into K stack {RG)
INC & # 5SRO ; Enabie MEM MET

MTPl %E P Eale (6] ¢

The O in R16 isx now replaced with —! from the contenta of the kerne!
stack.

To Mace 1afo o the user stack if the ttatus i3 $&% 1o kernel mode, plev
user maode, 3 sepasate steps are naeded,

MFPl %5 i et cantent of R1G=uyser pointer
MOV ZOATA, —{B) ' put dald on curtent stack
MTPI  @{6)4 D @E)+ [final address relocaled]

. (RE)+

The dau_r unsirgd s obtained from the karnel stack then the destinat.on
address is obisinad (rom the hernel stack gnd ralocated thraugh the pre-
vious mode.

' T
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Mode Deseriplion

ln Kernel mode the operating program has voresincted vy ol the
iachine, The program ¢a#n map users’ program3 Anywhera in core and
thus eaphcitly protect key areas (inthuting the dhliﬂ_.- regsters and the
Processar Status word) from the USer opa;ating #nvironm ent.

bn User rnode & program is inhibeted from exscuting a HALT instructian
and the protessor will trap through locatign 10 o an sttemft 5 made
lo execyte this instrucbion, A RESET instruction results «n sascubion of
8 NOF {no-operabion) anstructon.

There are two itacka galled the Kerndl Stack ang the User Stach, vsed
by tha central processor when operating in mithar the Kern#l or User
mode, respectively.

Stack Limet winlations are disabled in User mode. Stack protection is
provided by memory pratect leatures.

interrupt Conditions

The Memory Managemenl Unil relocates all addresses. Thus, when Man.
kgement is enabled, 2l trap, abart, and interrupt vectors are conmdered
tn ke in Kernel mode Virtual Addr#ss Space. When a vectorsd Lransfer
ocouers, contral 1§ transferred according Lo & new Pregram Counter (PC)
ard Pracessor Statos Word (P5) conisned in a twoword vector relocated
through the Kernei Active Page Ragisler Set,

When a (rap, abort, ar wnterfupt occurs the "push” of the oid PC, oid £§
m 1o the User! Kernel RE stack specihed by CPU mode bits 19, Ld of 1he
new PS5 o0 the veclor (00 == Kernel, 11 = User). The CPU mode its
also deteirmne the new APR set. In this manne: H 1 possible for a
Kernel mmode pregram to have com plete control Over Service asugnments
for all imerrupl condilions, sence the inderrypt yeclar s docated in Kernal
apace, The Herrel program may assgn the senace of some of these ton-
ditions to 3 User mote program by miply setling the CPU mMoge s
of the new PS5 10 the vector to raturn conirol to the approprdle mode,

User Procesanr Status {P5) operales as foliows:

User Traps,' Cxpilzit

PS5 Bits User RTH RTT Interrupts | PS Access

Cond, Codes {3.0) oaded lromy - |caded 1rurr; *
shack vector |

Trap (4] loaged from Ioaded from cannot be
<tach vecior | changed

Prigrnty (7-5) cannat be loaded trom .

. Changed veclor

Previpus (13.12) cannot be copied from .
changed PS5 (15, 14)

Curtent {15-14) cannat be loaged from .
thangey vector |

* Exphert operstione can be rmade T e Processar Slatus o mapped in
Lser space. k

B-22 C



i1 SIMPLY [NTERAALUPT-SYSTEM OFERATIONS 9

MINICOMPUTERS FOR ENGINEIERS INTERRUPT S5YSTEMS
AND SCIENTISTS.

59, Simple Interrupt-system Chperalions. In an intcrrupt system, a

device-fag leve! (INTERRUPT REQGUEST) interrupts the computer

progeam on completion of the current insteuction.  Processor hardware then
G.A. KORN. cnuses 2 subroutine jump (Sec. 4-12):

1. Contents of the incremenicd propram counter and of ether selected
processor registers (if any) are astomatically saved in specific memory
locatlions 9r in spare regisiers,

2. The program caunier is rescl 10 slarl a now inslruction sequence
{inlerrupi-ser¥ice subrouting) from a spccific memory locaben (“trap
iocation™} associated with the intérrupt, The interrupt thus acted
upon is disabled so Lhat it cannol inlecrupl ils own service rouline.

“Minicomputer interrupt-service routines must usually first save the con-
tents of processor registers (such as accumulators) which are needed by the
main program, but which ere not saved automatically by the hardware. We
might also have to save {and laler restore) some penpheral-device cenlrol
registers. Oniy then can the agtual interrupt service proceed: Lhe service
routing can iransfer data afler an ADC-conversion-completed interrupt,
implement emergency-shutdown procedures after a_pawer-supply failure,
etc.  Either the service routing or the interrupt-system hardware must then
clear the interrupt-causing flog o prepare it for new inkerrupts.  The service
routine ends by restaring registors and program counfer lo refurn Lo the original
program, like any subrouting (Scc. 4-12).  As the service rouline compleles
its jab. it must also reenable the interrupi.

EXAMPLE: Consider a simpie minicompuler which stores only the
nrogram counter automatically alter an interrupt, The inlerrupt-service
rouline is 1o read an ADC afier ils conversion-complele inlerrupt.

Locatien [.abel [nstruciion or Ward Dala Comiments
|main program) '

¢ AT currenl instruction { Interrupt occurs here
1
0000 1714 [ incremented program
F f o counter {1714) will be
' ! stared here by hoard-
f ware
0001 JUMP TO 5RVICE f Trap locatwn, contains
. { jump Lo relocatable
3650 SRVICE STORE ACCUMULATOR IN  SAVAC [ scnvice rouline



ELi0

602
1503
uga
1805

174
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SAVAC | Save accumulalor

{ Read ADYC inlo

accumulator and

clear ADC flag

Siere ADC reading
estore accumulator

R
Tum interrupt back on
R

SRVICE STORE ACCUMULATORIN

READ ADC

/

i

STORE ACCUMULATORIN X !
LOAD ACCUMULATOR SAVAC
INTERHUPT ON !
!

JUMP INDIRECT VIA Q000

eturn jump

! Interrupled program
| | continugs

{main program)

NOTE: Interrupls do not work when the compuler|is HALTed, 50 we

cannal test interrupis when siepping @ program manualfy,

510, Multiple Interrupts.  Inierrupt-system operation would be simple if
there were only ane possible source ol inlcrrupls, hut|lhis is practically
never true. Even a sland-alone digital computer u%uall}' has several
interrupts corresponding o peripheral malfunctions (tape unit oul of tape,
printer out of paper), and flight simulaors, amce-vch:clﬂ controllers, and
process-control systems may have findreds of dilferent mt:rrupls

A practicul muliple-interrupe sysfem will have to:

1. “Trap" the program 1o ditfferent memory locations correspanding o
specific individual interrupls

2. Assign prieritics 1o simultanegus of successive mtcn‘ums

Y Store lgwer-priority interropt requesis Lo be S:I‘V!Lﬂd afrer hlbhl.:l'v
prionty roulings are compleied

o 3
", . '
inferrupt systerms simply OR all interrupt Migs onto o smgh' fterrupt fine,
The interrugi-servive ronfine Miert ertprliens veevefekip IHJ‘IFHHMHJ {Sec. 5-8)
ey fetif v

4. Permit higher-priority interrupts o interrupt In-nln'r-priaﬁty service

roctines as soon as the return dddress and any automatically sived
registers are safely stored

MWote that programs andfor hardware must carefully save successive

levels of propram-countcr #nd register contents, which will have 10 be
recovered  as needed,
discussed in Sec. 5-14,

Interrupt-syslem prngrammirig will be Rarther

More sophisticated svstems will be able to reassign new privrities through

prengraismed fnsreneiions as the needs of 3 process or p'mgram change {sce
alse Sees. 517, 5-14, and 5 180),

Ship-chain ldenfification of Interrupts.  The most primitive multiple-

tire derice Hoae in order of descending prmrm

— —— e = 4
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Suppose that the simple interrupt system discussed ian-x. 59 wits

connected nol only to the ADXC requesting service but al30 10 “emergency”
interrupts from a fire alarm and [rom the computer power supply (See. 2-15),
A skipchain service routine with apprepnale branches lor fire alarm,
emergency shutdown, and ADC might look like this tenly the ADXC servivce
routine is actually shownd:

SAVICE  SKIF IF FIRE-ALARM FLAOG LOW J Fire alarm?
JUMP TO FIRE { Yes, un 1o gervice
/. rouline
SAIP IF POWER FLAG LOW { No: power.supply
' ! truwhle!
JUMP TO LOWPWR I Yes, oo to service
;o reuting
SKIP |F ADC DOMNE FLAG LOW { Mo ANC service
f rmeguest?
JUMP TO ADC [ Yes, service it
JUMP TD ERROR { Mo; spurious
/  imlerrupt- -print
{  error message
ADLC STQRE ACCUMULATOR IN SAvAC § ATIC service routine,

READ ADC
STORE ACCUMULATOR IN X

LOAD ACCUMULATOR SAVAC
INTERRUPT ON
JUMP INTHRECT ViA 0000

/ Restore aceumulitor
{ Turn :nterrups bac
! on

J/ Return jump

The skip-chain system requires only simple clectronics and disposes of
the priority problem, but the fag-sensing program is timec-consuming,
{n deviees may require log, 1 successive decisions cven if the fay sensing
15 dene by successive binary dacisions). A somewhat faster method s 1o
employ & fiag srains werd [Sec, 5-8), which cun be tested it by bit or used
for indirect addressing of different service routines (Sec. 4-11ah,

Mote alse that our primitive ORed-interrupl system must autamatically
disable alf interrupts as soom and as long as any inlerrep is recopnized.
We zannot inlerrupl even low-priority interrupl-service routings,

5-12. Program-conirolled Intecrupt Masking. It is often wsefu! to cnable
farm) or disuble {disarm) individual interrupts under progrim comrol o
meet special conditions,  Improved multiple-interrupl systems gate indi-
vidiea] interrypl-request lines with mask flip-flops which can be set and reset
by programmed instructions.  The ordered set of mask Rip-P- 5 15 ustially
treated as a control register {inferrupt mask repister) which adedt with

Ay
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appropriate 08 and Is from an accumulatlor through a programmed 10O
nstruction.  Groups of interfupts quite often have a common mask flip-
Nup (see also Sec. 5-14),

A very important application of programmed masking instructions is 1o
mive selecled portions of main programs (ay well as interrupt-service routines)
preater of lesser protection [rom interrupts. ,

Note that we will have 1o restore Lhe mask register on returning from any
inlerrupl-serviee routine which has changed the mask, so program or
hardware musl keep track of mask changes. We must also still provide
programmed instructions 1o cnable and disable the entire intecrupl system
without changing the mask.

EXAMPLE: A skip-chain system with musk flip-flops.  Addition of mask
Nip-flops to our simple skip-chain inerrupl system (Fig. 5-9) makes it
practical to inlerrupl lower-prierity servioe roulines.  Eoch such routine
st now hgre ies cvn pemory locaiion (o save the program counter, and the
mask must be resiored helore Lhe interrupt is dismissed. The ADC service
routine of 5ec. 5-11 s modified as follows (allinterrupts are initially disabled):

ADC STCORE ACCUMULATOR IN SAVAL

L0AD ACCUMULATOR 0000 { Save program

STORE 4ACCUMULATOR IN  SAVPG {/ counter

LOAD ACCUMULATOR MASK / Save

STORE ACCUMULATOR IN  SYMSK {f curren{ mask

LOAD ACCUMULATOR MASK 1 J Arm higher-

LOAD MASK REGISTER {  priority inlerrupis
INTERRLUAT ON { Enable interrupt system
AEAD ADC

STORE ACCUMULATOR IN X
INTERRUPT OFF

LOAD ACCUMULATOR SVYMEK { Reostore

LOAD MASK REGISTER ! previoys

STORE ACCUMULATOR MASK {  mask, and

LOAD ACCUMULATOR SAVAC {  reslorz accumulator
INTERRUPT ON

JUMP INDIRECT VIA SVPC { Return jump

Since most minicompuler mask registers canaot be read by the program,
the mask seuing is duplicated m the memory location MASK.  Some
minicomputers {¢.g.. PDP-9, PDP-15. Raythcon 706) allow only a restricted
sel of masks and provide special instructions which simphly mask saving and
resloring (see aiso Sec. 3-151. Machines having two ar more aceumulators
can reserse one of 1hem 1o slore the magk and thus save memory references.

e ——— L, . P
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Fig, 59, Intersups manking,  The mask Mip-Aops are Lreated &1 8 eonirol register (mask regiver),

which can be cleared and loaded by 1H0 inaructinns.

5-13.  Priority-intcrrupt Systems; Request/Grant Logic, We could repiace
Ihe skipchain system of Sce. $-11 with Aardware for polling successive
!n:crrupt lines in order of descending priorily, but this is still relatively slow
il Ihere are many interrupts.  We prefer the priority-request logic of Figs,
5-10 67 5-11, which can be located in Lhe processor, on special interface cards,
and/or on individual device-controller cards. ’

Refer Lo Fig. 5-10a.  IT the interrupt is non disabled by the mask Mip-flop
or by the PRIGRITY IN line, a service request {device-lag level) will set the
REQUEST Rip-flop, which is clacked by periodic processor pulses (1,0
SYNG) to fit the processor cycle ind to lime the pricrity decision. The
resulting timed PRIORITY REQUEST step has shree jobs:

L. It preenabies the “ACTIVE™ flip-flop belonging io the same interrupt
cireuil,

. [ blocks lower-priarity interrupts.

. Itinforms the processor that an interrupt is wanled.

e b

Il the interrupt system is on fand il Ihcre are no direct-memary-access
requests pending, Sec. 5-17), the processor answers wilh an INTERRUPT
ACKNOWLEDGE pulse just befare the current inslruction is completed
(Fig. 3-13). This scis the preenabled "ACTIVE™ fip-flep, which now gales
lhe correcl trap address onto a set of bus lines—the inlerrupl is active,
INTERRUPT ACKNOWLEDGE also resets aff REQUEST flip-Nops 10
ready them for repeated or new priarily regtiests,

Each interrupt has three states: inactive, waiting (device-lag Aip-Nop set),
and active.  Waiting inlerrupls will be scrviced as soon as possible. Unless
resel by program or hardware, the device flag mainlains the “walling" slate
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while higher-priority service routines run and cven while its intcrruplt is
disurmed or while the entire interrupt system is tumed off.

514, Prigrity Propagstion and Priority Changes, Thlcre are two hasic
mcthods for suppressing lower-priority interrupts, The first is the wired-
prieriry-chain method illustrated in Fig. 5-10. Rcl‘:rrmg to Fig, 5-10a, the
PRIQRITY 1IN terminal of the lowest-prionity device is wired to the
PRIQRITY OUT erminat of the device wilh the next-higher priority, and
sa on.  Thos the Limed requests from higher-prienity devices block lower-
priority requests. The PRIORITY IN terminal of the highest-priority
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device (usually a power-failure, putity-error, or real-lime<clock interrupt
in the processor itsel) connects 1o a processor flip-flop (“master-mask™
frip-lop), which can thus arm or disarm the entire chain (Fig. 5108 and ¢).

The computer program can load mask-register Ap-flops (Fig. 5-102) to
disurm selected inlerrupts in such a wired chain, but the relative priorities
of al! armed interrupts are determined by their positions in the chain.  Iris
possible, though, to assign two or more diflerent priorities Lo a given device
fag: we connect it 16 two Or more scparale priority cireuits in the chain and
arm one of them ender program or device control.

Figure 3-11 illustrates the second type of priority-propagation logic,
which permits every armed interrupt 1o sel its REQUEST flip-lop.  The
timed PRIORITY REQUEST steps lrom different interrupts are combined
in a “priority-arbitration” gate circuit, which lets only the highest-priority
REQUEST step pass 1o preenable its "ACTIVE™ flip-flop. Some larger
digila! computers implement dynamic priority realiocation by modifying
their priarity-arbitration logic under program conlral, but most mini-
computers are content with programmed masking.

The two priority-propagation schemes can be combined. Several mini-
computer systems {e.g, PDP-9, PDP-15) employ lour separate wired-
priority chains, each armed or disurmed by 2 common “master-mask”
flip-flop in the processor. Interrupts [rom the four chains are combined
through a priority-arbitration network which, tagether with the program-
controiled “muster-mask ™ flip-flops. cstablishes Lthe relative priotities of the
lour chains.

¢

515, Complete Priority-Interrupl Systems, {a) Program-controlled Ad-
dress Transfer,  The “"ACTIVE™ flip-flop in Fig. 5-10a or 5-11 places the
starling address of the correct interrupt-service routine on a set of address
lines common 1o all interrupts, Automatic or “hardware™ prionty-
imterrupt systems will then immedinlely trap Lo the desired address {Sec.
3158, Hul in many small computers (¢.., PDP-# series, SUPERNOVA),
she priority logic is only #n add-on card for a basic single-Tevel (ORed)
interrupt system. Such systems cannot aceesy different trup addresses
directly. With the interrupt system on, every PRIORITY REQUEST
disables further interrupts and causes Lhe program to lrap o rhe same
memory location, say 0000, and to store Lhe program ceunter, just as in Sec.
$-9. The trap location contains a jump 1o the service routine

SAVICE S5TORE ACCUMULATOR IN savat [/ Unless we have
J aspare
/  accumulalor
READ INTERRUPT ADDRESS
STOAE ACCUMULATOR IN PTR
JUMP INDIRECT VIA PTH

i e m

14% COMPLETE PRIORITY.INTERRLFT SYSTEMS 5-r%

READ 'NTERRUPT ADODRESS is an ordinery 1/0 instructien, which employs
a device sefector Lo read the interrupt-address lines into the accumulitor
{Sec. 59). The JO2 pulse from 1he device selector can sene as the
ACKNOWLEDGE pulse in Fig. 5-10¢ or 5-11 {in fact, the “ACTIVE"™
flip-flop can be amitted in this simple system).  The pragram then trmnsfers
the address word 10 a pointer location PTR in memory, and an indirect
jump lands 25 where we wiant to be.

Unfortunately, the service routing for cach individual device, say for
an ADC, must save and restorg program counter, mask, snd aocumuitor
[see also Sec, 5-12):

ADC LOAD ACCUMULATOR 0000
STORE ACCUMULATOR N SAVPL
LOAD ACCUMULATOR SAVAL
STORE ACCUMULATOR IN SAVAC2
LOAD ACCUMULATOR MASK
STORE ACCUMULATOR IN EVMSK
LOAD ACCUMULATOR MASK 1
STORE ACCUMULATOR MASK

LOAD MASK REGISTER
INTERALUPT ON

' READ ADEC ¢ Useful waork
STQRE ACCUMULATOR 18 X / duone only here!
INTERRUPT GFF
LOAD ACCUMULATOR SVMSK
STORE ACCUMULATOR MASK Do
LOAD MASK REGISTER Ca

LOAD ACCLUMULATOR
INTERRUPT ON
JUMP INDIRECT WIA SAVPRC

Note that most of the time and memory used up by this routine is ovethead
devoled to storing and saving registers,

{b) A Fully Auiomatic {"'Hardware"} Triority-interrupt System. In an
automatic of “hardware™ priority-interrupt system, the "ACTIVE™ Aip-flop
in Fig. $-10 ov 5-1] pates the trap uddress of the active (nterrupt into Lhe
processor memory address register as soan as the current instruclion 1s
completed {Fig. 5-12). This reguires special address lines in the inputf
autput bus and a little extra processor logre.  This hardware buys improved
response lime and simplifies programming:

SAVALD 2

1. The program traps immediatcly to a different trap locatlon for sach
fterrupt; there is no need for the program 1o identily the interrupt,

2. There is no need to suve program gounter and repisters (wice 48 in
Secs. 5-11, 512, and 5+135a,
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Tna typieal system, ¢ich hardware-designated teap location is loaded with
a modified JUMP AND SAVE instruction (Sec. 2-11). [t effective address,
say SPVICE, will store the interrupt return address {plus some status bitsk
this is followed hy the inlerrupt-service routine, which ean be relocatable:

SRVICE XXXX { Incremented program-
/ counter reading
o {return address)
[ saved here
STORE ACCUMULATOR IN SAVAC [} Bave accumulator

*

LDAD ACCUMULATOR MaSK [/ Save currenl

STORE ACCUMULATOR IN Svmsx [  mask

LOAD ACCUMULATOR MASK 1 [/ Gel .
STORE ACCUMULATOR tN MASK [/  new

LOAD MASK REGISTER ;  mask

INTERRUPT ON

READQ ADC § Actual work begins here

Saving (and fater restoring) the interrupt mask in this program is the same
a% in Secs. 5-12 and 5-152 und is seon to be quite a cumbersome operation.
A Ditle enlra provessor hardwars can simplily this joh:

1. We can combine the LOAD MASK REGISTER and INTERAUPTION
instru~ s inte s single [0 instruction.

51 DISCUSSION OF INTERRUPT-SYSTEM FRATURFS A% ARPEIC ATIONS 5-1h

2. We can use only masks disarming off interrupts with priorities hefow
level 1,2,3,.... Such simple masks arc casier to store apto-
matically.

In the mote sophisticated interrupt systems, the interrupl relurn-jump
insteuction is replaced by a special instruction (RETURN FROM INTERRUPT),
which aulomatically restores the program-counter reading amd all aute-
matically saved registers. Be sure to consull the interface manual for your
own municomputer 1o determing which hardware leatures and sofliware
techniques are availzhle, )

5-16.  Disewssion of Interrupt-system Featores and Apnlications, Interrupis
are the basic mechanism fur sharing a digital vompuler between different,
often time-critical, tasks. The practical effectiveness of a minicomputer
interrupt system will depend on:

L. The time needed to service possibdy critical situations

2. The tatal time and program overhead rmposed by saving, restoring. ang
masking operations associated with interrupts

. The number of priority ievels necded versus the aumber which can be
readily implemented

4. Programming Nexibilty and convenience

o

The minimum time nesded to oblain service will include: E

I. The “raw™ latency time, i.e., the time necded 10 compiete the longest
possible processor instruclion [(including any indirevt addressing):
most minicomputers are also designed so Lhat (he processor will
always execute the instruction following any /O READ or SENSE;
SKIP jnstruction. We ate sure you will be able to tell why Check
your inierface manual,

2. The time needed for any necessary saving andfor masking operation.

A lock at the interrupt-service programs of Secs. 5-it, 5-12, 5-154, and
5-15b will illustrate how successively mare suphisticated priarity-interrupt
systems provide faster service with less overhead.  You should, hewever,
take u hard-nosed attitude to establish whether you really need the more
advanced features in your specific application.

It is useful at rhis point 10 list the principal applications of interrupts.
Many interrups are associated with 1/O routines for relatively slow deviges
such as reletypewriters and tape reacer/punches, and thousands of mini-
compulers service these happily with simple skip-chain systeres.  Things
become more critical tn instrumentetion and cuntrol systems, which pust
not miss real-time-clock interrupts intended to og time, to read instruments,
or to perform control operations.  Tine-critical jobs require fosf responges,
If Lhere are many time-critical operations or any time-sharing swlationg,
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the compnting tiwe wasted iooverheod operations beoomes inleresting,
Some real-time systems may have periods of peak loads when il becomes
aciually impossible to service aff interrupt requests. At this point, the
desipner must decide whether 1o buy an improved system or which interrupt
requests are al least temporarily expendable,  I0is in the latier connection
thal demamic priority affocation becomes uschul: 1t may, for instance, be
eepadient to mask cerrain interenpis during peak-foad periods.  In other
siluations we might, instead, fower the relative priovity of the mafn computer
program i uamasking additionol interruprs during peak real-time loads. .

If vwo or more interrupt-service roulines employ the same library sub-
rovtine, we are faced, as in Scc, 4-14, with the problem of reenmtram
programming.  Temporary-storuge focelions used by the common sub-
rouline may be wiped oul unless we either duplicate the subroutine pragram
in memory for eacl interrupt or unless we provide truc reentrant subroutings.
This is not usually the case fur FORTRAN-compiler-sepplied library
reclines, Cnly o few mumicomputer manufacturers and software houoses
provide reentriunt FORTRAN (sometimes called “real-time” FORTRAN).
The best way Lo slore saved repisters and teriporary intermediate results is
ina stack 1Sec. 3-16); a stack poanler s advanced whenever a new inlerrupt is
recopnized and retracied when an interrupl is dismissed.  The beat mini-
vemputer Spterrnipt sestoues fore fordware Jor automarivelly advancing and
retracting wich o stack pointer (Sec. 6=10),

17 very fash intetrupl service is not a paramoun! consideration, we can gt
ground revntrant coding by programeiog fereerapd masks which simply
prevent inmterruption of critical service ratitines.

In conclusion, remember that the chiel purpose of interrupt systems is to
initiate compuier operalions more complicated than simple data irunsfers.
The best inethod for time-criticn! reading and writing as such is not through
inlerrupt-service routines with their awkward programming overhead but
with a dircet-memorv-aceess fvstent, which has no such problems at all,

MRECT MEMORY ACCESS AND
AUTOMATIC BLOCK TRANSFLRS

5-17. Cyele $tealing.  Step-by-siep propram<controlled data transfers
limit dava-transmission rates and wse valuable processor time for alternate
imstruetion fetelies and execution: programming is also tedious. I is often
preferable to use additinnal hardware for interfacing a parallel sduta bas
direerly with the digital-computer memery data register and 10 request and
prant 1-oycle pauses in processor operation for diccet transfer of data to
ar fram memory [(interlace or cycle-sicaling opcration),  In larper digital
niachimes, and optionally in o few mincompuiers (PDP-15), a data bus can
wven actess one memery hank without stopping processor interaction with
ather memory banks ol atl, )
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Note that eycle stenling in no way disturbs the program sequence,  Even
though smaller digital computers must stop vcemputation during memery
transfers, the program simply skips a cycle at the end of the current memory
cycle (no need to complete the current fmstene o) and Laler resumes just
where it left off, One does not have (0 save register conlents or other
information, as with program interrupts.
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5*13.- DMA Interface Logic. To make direct memory aceess [BVA)
pragtical, Lhe interface mues| be able to:

!. Address desired locations in memory

2. Synchrotize cyele stealing with processer operation

3. Initlate transfors by device requests (this includes clock-timed transfers)
or by the compulter program

4. Deal with priorities and queuing of service requests il two or more
devices request dala transfers

DMA priority/queuing fogic is essentially the sume s the priority-intereupt
logic of Figs. 5-10 and 5-11; indeed, identical logic cards often serve bath
purposes.  DMA service requests are always given prierity aver cnncurrent.
ILEFPHAE FEQNESTS.

Just as in Fig. 5-11, a DMA service request (caused by a devive-flag Icw.]j
prodieces a cyclesteal request unless it is inhibited by a higher-priosin
reguest. the processor answers with an acknowledge fpriority-grant) puls,,
This signal then sets a progessor-clocked "ACTIVEY flip-flop, which
strobes a snlable memary address into e processer memors addrew
register amed then causes memory and device logic te trunsfer data frome or
o the DM A data bas (Fip, 5-135
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In some computer systems fe.g., Digital Equipmenl Corporation PDP-15),
the DMA data lines are identical with the programmed-transicr data lines.
Thus simphfies interconnections at the expense of processor hardware.  In
other systems, the DMA dma lines are also used te transmit the DMA
adudress ta Lhe processor belere data are transferred.  This further reduces
the number of bus lines, but complicales hardware and timing.
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519, Automatic RBlock Tramsfers.  As we described 3t, the DMA duta
transfer is device-initialed. A programedependent decision to transfer data,
cven directly [rom or to memary, sill requires 2 pregrammed instruction to
cause a DMA service request. This is hardly worth Lhe 1rouble for a
sigple-ward transfer, Most DMA (ranslers, whether device or program
witeated, involve pot single words but blocks of Lens, hundreds, or cven
thowsands of data words,

Figure 5-14 <hows how the simple DMA system of Fig, 513 may be
expanded into an mutomatic dais channe! for block transfers. Data for a
hloek can arrive or depart asynchronously, and the DMA contreller will
stea] cveles us necded and permit the program to go on between cycles. A
bock of words 10 be transferred will, in general, occupy a corresponding
block of as'  *nt memery registers.  Succossive memory addresses can he

s -

™
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gated inlo the memory address registered hy a counter, the current-adidress
commter. Belore any data transfer takes place, a programmed instruction
sets the current-address counter 1o the desired imitial address; the desired
number of words {block leagth) is set into a second counter, 1he werd counter,
which will counl down with each data transfer until 0 is reached afler the
desired number of transfers. As service requests arrive from, say, an
analog-lo-digital converler or data link, the DMA ¢ontrol logic implements
successive cycle-steal requests and pates successive current addresses into
the memory address register as the current-address counter counts up [see
also Fig. 5-5a).

The word counter is similarly decremented once per datn word.  When ot
block transfer is completed, the word counter can stop the devigy from
requesting further data ininsfers,  The word-counter carry pulse cun ulin
cause an faferrupt $0 that a now block of data can be processed.  The worl
counler tnay, il desired, also serve for sequencing device functiong fe g,
for selecting successive ADC multiplexer addresses).

Some computers replace the word counter with a program-loaded final-
address repister, whose contems are comparcd with the current-address
counter to determing the end of the block,

A DMA syutem often involves several data channels, each with u DMA
control, address pates, a current-address counter, and a word caunter, with
different priorities assigned 1o different channe!s.  Far etficient handimp of
randemly timed requests [rom multiple devices fund to prevent loss of dat
words), data-channel systems may incorporate buffer registers |n the interface

" or m devices such as ADCs or DACS,

5-20. Adranrages of DMA Systerns fsee Refl 6).  Direct-memory-access
systems can bransfer data blocks at very high rates (10° wordsfsec is readily
possible) withaut claborate 10 prognmmmg The processor eswhinlly
deals mair'y with bufler areas in its own memory, and gnty a few ;0
instructions are needed Lo initialize or reinitizbize transfers.

Automatic duta channels are especially suitable for servicing peripherals
with high datu rates, such as disks, drums, and fast ADCs and DACS,
But fast data transfer with minimal program overhead is extremely valpabte
in muny other applicutions, especiully if there are many devices to be
serviced.  To indicate the remarkable efficiency of evele-steuling direet
memory access with multiple block-transfer data channels, consider the
operation of i training-type digiral flight simulator, which solves aircral
and enginc cquutions and services an elaborate cockpit mack-up with mamy
contrals and instrument displays, Choring each 160-msec time meremenl,
the interface not only performs 174 analog-to-digital conversions requiring
a lotal conversion lime 0f 7.7 msec but zbyo 10 digital-to-an: iiogcunv:mnm
and handles $40 eight-hit bytes of discrete control informatic, S5The acteal
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Fig. 5 1%, Klemory-increment technigue of measurang ampliude distributions (based on Ret 8.

nime required 1o transfer ah this information in and out of the data channels
t5 143 meee per time ingrement, bul beeause of the fust direct memaory
iransfers, evcle-stealing subtracts only 1.2 msecforeach 160 msec of progessor
time {Ref. 2),

5X. Memory-increment Technique For Amplitode-distribution Messure
rments,  In many minicompulers, a special pulse input will incremens the
contents of 3 memory location addressed by the DMA address lines; an
intereupl ciun be generdted when one of the memory cellsisfull. When ADC
oulpuls representing sugcessive sarmgles of o random voltage are applied
to the DMA address lines, the memory-increment feature will effectively
genetale 8 model of the input-voltage amplitede distribution in the computer

Vi S-15h, An amplnedestiaednpion display ohtained by e methal of Fip, 81320 (Bigaa!
Fprnperie i Car puerar e |
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memory ! Each memory addeess corresponds to w voltage class interval,
and the contents of the memory regisier represent the number of samples
falling into that class interval.  Data taking s terminated after o preset
number of samples or when the first memory register overloads (Fig. 5-15a).
The empirical amplitude distribution thus created in memory may be dis-
played or plotted by a display rowtine (Fig, 5-158), and s1atishies such as

.v-l}:,‘f. Z“=12Xf )
My LT -\..
are readily computed after the distnibution is complete.  This technique
has becn extensively applicd to the analysis of pulse-energy specira from
nuclear-physies experinents,
Joint dixinbutions of two random variables X | Y can be similarly compiled,
It is only necessary Lo apply, say, o 12-bit word X, Ycomposed of two 6-bil
bytes correspanding te two ADC oulputs X and Yo the memary address
vegister, Now each addressed memory location will correspond to the
region X, = X < X, . %= Y=< Y, in X¥space.

£.22.  Add-to-memory Technique of Signal Averaging.  Another command-
pulse input 10 some DMA interfaces will eddf a data word on the 1;0-bus
data lines to the memory location addressed by the DMA addiess lnes
wilhout ever bothering the digitul-computer atithmetic unit or the program,
This “udd-to-memary” leature permits useful lincir operations on data
obtatned fram various insiruments; the only applicution well known at this
Lime is in data averaging.

Figure 5-16a and h Husirates an especially interesting application of data
averaging, which has been very fruitful in biological-data reduction 1c.e,,
electroencenhalogrum analysis).  Periodically applied stimuli produce 1he
same syslem response afler each stimulus so that ene obtaine an anciog
wavelorm periodic with the period T of the applied sitmuli. Te pull the
desired function Xii} oul of addilive zero-mean rundom noise, one adds
X, X4t + T, X0 + 270 ... during successive peneds 1o cohuece the
signal, while the noise will tend 10 average out,  Figure 5-The shows the
extraction of u signal from addilive noise in sucyessive data-averawng runs.

5.23.. Implementing Current-address and Word Coenters in the Procewsor
Memaory, Somec minicompulers (in particular, PR, POP-15 and the
PDP.8 series) have, in addition to their repular BMA facilitics, a «¢t of Sxed
core-memary [ocations 1o be used as data-channel address and wond
counters. Ordinury processar instruclions (not /O instructiomst food
these locations, respeclively, with the block starting address ool weth
minus the block count.  The data~channe! interface card {Fig. 5-1 7 suppties
the address of one of the four 1o eight address-counter locations ava b on
the provessor; the word counter is the locution following the jutdress seunter.



I
f
[

R G T,
=

21 I

S DIVISION DE EDUCACION CONTINUA
i FACULTAD DE INGENIERIA U.N.A.M.

INTRODUCCION A LAS MINICOMPUTADORAS (PDP-11)

HODOS DE DIRECCIONAMIERTG

Ing. Luis Cordero Borboa

MAYD, 1982

falacio de Minaria  Calle da Tacubs S primer piso  Daley. Cusubiemoc 06000 México, D.F. Tal.: 521-40-20 Apda Postal M. 2285



111. - MODOS DE DIRECCIONAMIENTO

ESQUEMAS DE DIRECCION AMIENTO,

La unidad central de proceso (CFU) en las computadoras debe
realizar las siguientes funciones:

- Obtener y traer de memcria primaria al CPU la siguiente
instruccifn a ejecutar,

- Entender los operandos, esto es, definir la localizacién de
los operandos necesarios para ejecutar la instruccion y
traerlos al CPU. :

- Ejecutar la instruccion.

Para llevar a cabo las funciones anteriores el CPU debe con-
tar con la siguienter informacién:
3
- El codigo de operacitn de la instruccién a ejecutar.
- Las 'direcciones de los operandos y la del resultado.

- La direccién de la siguiente instruccidn a ejecutar.

Existen diferentes soluciones que satisfacen los requerimientos
anteriores, los'cuales determinan la arquitectura de los proce

sadores que las utilizan.

- Se supondran operaciones aritméticas en las que se tienen dos

operandos y un resultado va que son las que proporcicnan el
caso mis general. |
a) Maiquinas de "34+1" direcciones

El formate de instruccidn en este esquema de direcciona--

miento contiene todos los elementos necesitados por el CPU
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para realizar sus funciones,
Un posatble formato de instruccidn se muestra en la figura

1.1

PRIMER SEGUNDO |RESULTADO| LA SIGUIENTE} n de
QPERANDO [ OPERANDO INSTRUCCION | memoria

W) DIRECCION [ DIRECCION [DIRECCION [ DIRECCION DE| Palabra
DE
ERAC. 23

FIG. .1

En este caso se tienen cinco campos én el formato de instruccion: Uno
para el cOdigo de operacidén gue sirve para indicar el tipo de opera---
citn a realizar (suma, resta, multiplicacidn, etc.), tres campos para |
las direcciones de los operandos y resultado de las operaciones, un

: ]
campo para indicar la direccion de la siguiente instruccibn a ejecuiar,

Las instrucciones para &sta mi#quina podrfan ser escritas en forma
simbodlica en la siguiente forma: ADD A, B,C,D donde ADD representa
el cddigo de operacidn suma y A,B,C y D son nombres simbélicos

asignados a localidades de memoria,

Suponiendo que existen las instrucciones suma (ADD), substraccidn---
{(SUB)} v mulriplicacion (MUL), entonces una posible traduccitn de la
expresion A=(B*C)-(D*E} en FORTRAN a lenguaje simbdlico en la mé&-
quina de 3+1 direcciones serfia:

L1:; MUL B,C,TL L3

L3: MUL D,E, T2, L7

L7: SUB T2, TL A LB

L8: Siguiente instruccitn
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donde Tl y T2 representan localidades temporales usadas para guardar

resultados aritméAticos intermedios. -

L]
Las conclusiones méds importantes en este esquemna Son:
Los programas no necesitan estar almacenados en memoria en forma
secuencial ya que el campo de direccioén de la siguiente instruccidn per

mite conocer donde fuercn almacenados.

Debido a que cada instruccidn contiene en forma explicita tres direc--
ciones, no es necesario tener en el CPU hardware para guardar los re

sultados de las operaciones.

by Méaquinas de "3" direcciones

Considerando que dos programas se escriben secuencialmente y que .
por consiguiente es muy logico almacenarlos en este mismo orden,

se llega a un nuevo esquema de direcclonamientc en el cual se sus
tituyen todos los campos de direccion de la siguiente instruccitn

por un solo registro dentro del procesador que lleva en forma se-
cuencial y automdéticamente la direccidon de la sipuicnte instruccitn

a ejecutar. Un posible formato de instruccidn se muestra en la

fig, 1.2 .

Hegrstro Codige [Direccidn [Direccion |Direccion Palabra
en el de primer segundo resultado n de
procesador |operac. |operando joperando memoria

FIG, 111.2
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Utllizande este esquema de direccionamiento la expresi6n A={(R*C)-(D*E)
en FORTRAN quedarfa expresada como:

MUL B,C, Tl

MUL D E, T2

SUB T2, Tl A

Siguiente instruccion
Donde se ha suprimido la direccibn de la sipguiente instruccidn ya que
ésta es llevada en forma secuencial y automitica por un regisiro del

procesador conocido como contador del programa (PC),

Con el esquema de 3 direcciones se logra aprovechar la memoria en
forma m4s eficiente y reducir la longitud de palabra lo que redunda

directarnente en los costos de la misma., >

c) Miquinas de "2" dir ecciones.
En las operaciones aritméticas no siempre es necesario guardar
el resultado en una localidad de memoria y preservar los operan-
dos, por lo que se puede pensar en utilizar uno de ellos para----
guardar el resultado una vez que la operacidn se ha efecruado. Las
consideraciones anteriores llevan a presentar un posible formato de

instruccidn en esta miquina, mostrado en la figura I[I[.3

IR, DE LA | REG. O, DIR. DIR. SEG, Palabra
1G. INST. A] EN EL P, QP. n de
JECUTAR | PROC, QP. OP., , memoria

FIG. 1.3
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En este esquema se usari la direccidn del segundo operando como la
direccién del resultado una vez que la operacidon se haya efectado,
por lo que el segunde operando serd destrufdo. Asl pues la expresidm

A=(B*C)-(D*E) en FORTRAN, quedaria:

MUL B, C
MUL D, E
SUB E,C
ADD A,C

1.a eliminacidon del campo de direccidn del resultado permite reducir la
longitud de la palabra de memoria v los costos de la misma, lo que

permite usar este esquema en méquinae medianas y chicas.

d) Miaquinas de "1" direccidn
.Este esquema de direccionamiento permite eliminar de todas las-ins
trucciones el campo de direccién de uno de los operando y sustitu--
irlo por un registro dentro del procesader, el cual contendrd a unc
de los operandos. A este registro se le conoce como acurnulador, -
El formato de instruccitn para la miquxina de 1 direccidn se mues-

tra en la figura II1. 4

ir. de - Reg., en el COD. DIR,

ig. inst. a procesador F.

i OP. QPERANDQ
egundo Reg. en el
Dperando procesador

FIG, IIl.4
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Lo anterior implica la creacién de instrucciones que perrmitan cargar .
el acumulador con el segundo operando {LAC) y depositar el contenido

del acumulador en memoria (DAC). .

Es importante hacer notar Que tedas lag ‘'operaciones se llevan a cabo
implfcitamente contra el acumulador y que éste contendri el resultado
de la operacién efectuada. La expresion A=(B*C)-(D*E) en FORTRAN,

podria traducirse a:

LAC D
MUL E
DAC Tl -
LAC B
MUL C ,
. 1 SUB T1 |
DAC A *

Este esquema de direccionamjento ha sido ampliamente implementado en
upa gran mayorfa de las minicomputadoras, como por ejemplo: PDP-§, --

PDP-15, IBM-1130, IBM-7090 y CDC 3600, .

e¢) Miaguinas de "0 direcciones
Este esquema de direccionamiento solo utiliza el campo de cbdigo
de operacidn, por lo que es necesario ccnl:azl- con algin mecanismo
que implicitamente permiia conocer los operandos.
El mecanismo anterior se implementa usando una pila & stack, e}

cual se puede pensar como un conjunto de localidades contiguas de
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memoria accesadas usando una disciplina UEPS {0ltimas entradas, pri-
meras salidag). De lo anterior se concluye gque en cada momento se

tendrd disponible el elemento que se encuentre en el tope del stack. .

El formato de instruccidn para este esquema de direccionamiento se

encuentra en la figura HI,5

ir. de la Reg, en el :
Eig. inst. CPU
' CcODL Palabra de
DE OP memeoria
Apuntador a]l | Reg. en el .
ope del stack CPU

FIG. MIL.5

Es necesario contar con inatrucciones que permitan meter elementos
de memoria al stack {PUSH) y sacar elementos del stack a memoria-

(POP).

La expresitn A=(B*C)}-{D*E) en FORTRAN,podria expresarse como;

F1G. UL 6
[ {(Apuntador al tope
FUSH D D del stack).
PUSH E T
E - —T
D B*C
MUL *H
PUSH B T
Dt f
PUSH C /T
MUL IT
B B*C-D*E
SUB *
T
POP A .
o= I
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En la fig. 1II.6 se ilustra el estado del stack despu&s de cada una de

las inst. anteriores.

L .
Se puede concluir que el conjunto de instrucciones de la miquina no

estA formado solamente por instruccioneés de cero direcciones ya que
también se requieren instrucciones de una direccion para meter v sa-

car elementos al stack.

Se requiere un registro en el procesador que apunte al tnﬁe del stack
y se elimine el acumulador ya que el resultado de las operaciones --

tarnbién quedard en el stack.
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2.- METODCS DE DIRECCIONAMIENTO

En las micquinas de una sola direccién el formato de las instruccio-
nes que hJace referencia a memoria consta ae dos campos: el campo
de cddigo de operacitn y el campo de direccién del operan-:lcrl. Si su
ponemos que el campo de direccidn consta de n bits, entonces l.a ’

méxima capacidad de memoria dirt.:ccionable serf 2" localidades.Lo
anterior puede resultar bastante dristico en el caso de las minicom-
putedoras ya que por lo general tienen palabras,de 12 6 16 bits y si

se asignan cuatro de elles al campe de ctdige de operacidn solo se
pueden direccionar 28 = 356 localidades de memoria en el caso de pa
labras de 12 bits 0 212= 4096 localidades de memoria en el caso de

palabras de 16 bits, lo cual resulta insuficiente para la gran mayo--

ria de las aplicaciones.

- - ' r
Lo anterior ha ocasionado diferentes modos de direccionamiento, en
los cuales el campe de direccidn sirve para calcular la direccitn

efectiva del operando, logrando una mayor capacidad de memoria di-

reccionable.

a}) Inmediato
En este caso el operando puede estar contenido directamen‘te en
el .campo de direccién 6 en la localidad de memoria siguiente a
la instruccidn.
Serf necesario dedicar un bit de la palabra para saber como se

debe interpretar la instruccion.
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Directo

Existe direccionamiento directo cuando el campo de direccion de
\ ] _ , |

la Instruccidn contiene la direccifn del operando & cuando éste

campo combinado con algin registro & palabra de memoria gene

. ran la direccitn del operando.

L)

b.1) Usendo pagina cero
Uno de los esquemas méis comunes de organizacin de me
moria, divide ésta en n pdginas de longitud fija, donde n

dependeri del tamafio de la memoria y del tamafio de las

' péginas. ‘ . ' ;oo

Las miquinas que usan estos esquermnas generalmente usan

la pAgina cero con propésitos especiales, como son: mane-

jo de interrupciones, traps, localidades autoincremenrtables,

cte, - .

- L

La forma de indicar si el contenido del campo de direcci6tn

se refiere a la pdgina cero, es usando un bit para este pro
pésito, p. ej. si este bit es cero el campo de direccifn

apunta a una localidad en la pigina ceroc.

b.2) Usando pdgina actual
1

-

Si el bit de pigina estd en uno, se asume gque el campe de

direccibn apunta a una localidad en la pigina en la gque se
N ’ - s

encuentra la instruccidn, A esta pigina se ie conoce como



- 11-
11

pigina acrual,
La direccitn del operando se determina sumando los bits

de orden superior del PC al campo de direccion de la ing

truccion.
b.3) Relativo al PC

En este modo de direcclonamiento el contenide del campo
de direccidn de la instruccidn, interpretado como un ente-
ro con signo, se suma al PC para obtener la direccidon del -

operando.

b.4) Relativo a3 un registro fndice

r
.

El contenido del campo de dit;eccliﬁn de la instruccidn, in-
terpretado como un enterc con signo, se suma al conteni-
do de un registro indice para obtener la direccitn del ope
rando, En caso de existir mis de un regjistro indice es

preciso agignar los bits necesarios para su identificacidn,

Indirecto

En el direccionamiento indirecro el campo de direccidn de la ins-
truccidon contiene un apuntador a la direccion del operando & este
campo combinado con algin registro 6 palabra de memoria genera
un apuntador a la direccitn del operando.

Mediante un bit en la instruccidn se puede saber si el direcciona-

miento usado es directo & indirecto.



c.1)

c.2)

c. 3}

La combinacitn de todos los métodos de direccicnamiento anteriores
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Usando pégina cero
El campo de direccién de la instruccion apunta a una loca-
lidad en la pdgina cero, A su vez é&sta localidad contiene

la direccidn del operando.

U sando pégina actual
El campo de direccifn de la instruccidn apunta a una loca--
lidad en la pigina actual. Esta localidad contiene la direc--

cidon del cperando,

Relativo al PC
El contenido del campo de direccidon de la instruccidn, inter
pretado como un entero con signo, se suma al PC para ob-

tener la direccidn del apuntador al operando.

El contenido del campo de direccidn de la instruccidn, inter-
pretado como un enterc con signo, se suma al contenido de
un registro indice para obtener la direccitn del apuntador al

operando.

con registros de proposito general, permiten lograr modos de direccio-
namiento bagtante poderosos. Cuando se usan los registros de propdsito
general, el campo de direccibn de la instruccidn especffica que registro

se usa y como se interpreta-la informacidn que contiene,
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3.- DIRECCIONAMIENTO EN PDP-11

a) Con dos operandos
La computadora PDP-11 es una migquina de dos direcciones por
lo que su formato de instruccidn tiene campos para cddige de

operacibn y operandos. Lo anterior se observa en la fig. III.'7

15 1211 98 b5 32 0

[ | Modo JRegistro [Modo [Registro |

CHdigo op. dir. fuente dir. destino
FIG, .7 ,

Los bits 12-15 contienen el cddige de operacitn
Los bits 6-11 contienen la dir. fuente

Los bitg 0- 5 contienen la dir. destino .

" Las direcciones fuente y destino serdn utilizadas para el cilcu-
lo de la direccion efectiva de los operandos, interpreﬁndo el

modo y el registro usados,

La direccidn fuente contiene dos subcampos de 3 bits cada uno,
de esta forma es posible indicar cual de los ocho registros de
propdsito general serd usado, asf como la interpretacién que se

le dard de acuerdo a los oche modos de direccionamiento,

El modo y 'régistro en la dir destine se entienden en la misma
forma que en la dir fuente. La dir destino también ser4 usada

para almacenar el resultado de la operacidn una vez que esta

se haya efectuado.



-14..

14

b) En esta miquina existen instrucciones que solc requieren un

operande en cuyo casg se utiliza un formato de instruccidn con
campos de codigo de operacién y direccidn destino, segin se
muestra en la fig. I, 8

65 "0

15
| | MODO + REGISTRO |
odige op. Dir, destino

FIG, 1.8 -

La interprelacidn dada a la direccibn fuente es la misma qu.e en el

caso de dos operandos.

Para poder ejemplificar los modos de dircccionamiento se usari el

. L]
siguiente conjunto de instrucciones; asi mismo se asumird que todos
b

log ndmeros estAn en octal:

Mnemonico Codigo Octal Descripcidn

CLR . - 0030DD limpia {pone a ceros el des
1050DD tino}.

INC 0052DD Incremento {suma uno al con
INCB 1052DD tenido del destingc})
COM 0051DD Complementa logicamente el
COMB 1051DD destino
ADD ¢655DD Suma

¢) Direcciopamiento directo
Existen cuatro modos usadeos en direccionamiento directe, los cua

les se explican a continuacion:
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Registro

Forma general: OPR Rn

Degcripcidn: El registro especificado contiene el operando
requerido por la instruccién.

QPR representa un co0digo de operacién en forma general.

Modo: 0

Ejemplos: 1

Autolncremento ' ! g r

Forma general: OPR (RnH

Degcripclidn: El contenido del registro es incrementado des-
pués de ser usado como apuntader al operando. Si la instruccidn

f v d .
es de palabra se autoincremente en dos y si es de byte en uno.

Modo: 2 ‘ . . !

Ejemplos: 2

Autodecremento

Ferma general: OPR-{(Rn)

Descripcifin: El contenido del registro es decrementado antes
de ser vusado comog apuntador al operando. Si la instruccidn es

de palabra se autodecrementa en dos y si es de byte en uno,

Modo: 4

Ejemplos: 3
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Indice ' . -
Forma general: OPR X{Rn) . ,
Descripcidn: La suma de X ¥y e!‘ contenido_del regisiro se

utiliza como la direccion del operando.

Modo: 6

Ejemplos: 4

Direccionamiento indirecto

 Existen 4 modos de direccionar en forma indirecta, las. cuales

utilizan los modos bdsicos (direccionamiento directo) en forma

dierida, .

Registro diferido - ' 2
Forma general: OPR €Rn

Descripcitn: El registro contiene la direccién del operando.

Maodo: 1

Ejemplas: 5 v

Autoincremento diferido

i

Forma general: OPR° &Rn}H
.4 . \ . .
Descripc idn: El contenido del registro es incrementado des-

pués de ser usade como apuntador a la direccion del operando. -
El autoincremento serd en dos, tanto para instrucciones de byte

como de palabra. ST
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Modo: 3 .

Ejemplos: 6 : .

Autodecremento diferido

Forma general: OPR (@-(Rn)

Descripcifn: El contenido del registro es decrementado antes
de ser usado como apuntador a ia direccién del operando, El
autodecremento serd en dos, tanto para instrucciones de byte

comg de palabra,

Modo: 5

Ejemplos: 7

Indice diferido

Forma general: OPR (@X(Rn}

Descripcidn: La suma de X y el contenido del registro se uti
liza como apuntador 2 la direccitn del operando. La palabra de
Indice X estd almacenada en la localidad de memoria sigujiente g
la instruccidn.

El valor de Rn y X no se modifica.

Modo: 7

Ejemplos: 8

Uso del PC en direccionamiento
El registro siete, tiene el propfsito especffico de servir como con

tador de programa (PC), por lo cual cada vez que el procesador
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usa el R7 para traer una palabra de memoria el R7 se incremen
ta autométicamente en des de tal forma qQue siempre apunta a la
siguiente instruccitn a ejecutar 0 a la siguiente palabra de la ins

truccién que actualmente se estd ejecutando,

Lo anterior permite usar el PC con propdsites de'direccicnamien-
to, permitiendo lograr ventajas cuando se utiliza con alguno de

los modos 2,3,6 0 7. +

Inmediato
Forma general: OPR#n, DD
Descripciodn: El operando estd en la localidad de memoria si

guiente a la instruccitn.
N

Modo: 2 usando R7

Ejemplos: 9 . '
- . o ] ]

Absoluto

4
d a

Forma general: OPR €%

Descripcitn: La localidad de memoria sigulente a la instruc

-

cidn contiene la direccion abscluta del operando.

Modo: 3 usando R7

LY

Ejemplos: 10

Relativo

Forma general: OPR A
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Descripcidn: La localidad de memoria siguiente a la ins--
truccitn, sumada al PC proporcionan la direccién del operan--

do.

Modo: 6 usando R7

Ejemplos: 11

Relativo diferido

Forma general: OPR @A

Descripcitén: La localidad de memoria sigoiente a 1a ins--
truccidon sumads al PC proporciona el apuntador a la direccidn

del operando,

Modo: 7 usando R7 ' ,

Ejemplos: 12

LULS CORDERQO BORBOA



1.0,
005200

1.2

105102

1.3
040103

—

-

EJEMPLOS

FAVI

¥

INLC

RO

2U

JSUMA UNO AL CONTENIDO DE RO.

;
Antes

0012025005200
—$¢/000000
~$75001202
-$5/70G0000

x
r

COME

R2

# COMFLEMENTO LOGICO

F
Antes

00120&£/105102
$2/10324%2

$7/7001206
%5/170020

ADD

R1rR3

Despues

Q012027005200 b
- $Q/000001
~-3$7/001204
-$8/170020

DEL BYTE BAJO(BITS 0-7) EN R2,
FLAS INSTRUCCIONES IE
iREGISTRDS GENERAZES SOLO OPERAN EN LOS BITS 0-7

BEYTE USADAS SOBRE LUS

- Despues

00120456/105102
-$2/7103125

_$7/7001210
-3%5/170021

fSUMA EL CONTENIDD DE K1 AL CONTENIDO DE R3.

Antes

0012047040103
-%$1/000003

~$3/000007
~-3%7/7001204
~$5/170020

Depues

PoL204/0460103
—$1/000005

_52/000014
_%72/001206&
~$5/170020
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2.1
005024 CLK {RA)+
P
;USA EL CONTENIDCO LE R4 COMO LA DIRECCION DEL
;OPERANDO. FPONE A CER(OS EL OPERANDD{FALAERA) E
i INCREMENTA EL CONTENIDO LE R4 EN DOS.
i
{f
0012107005024 001210/005024
_s4f6$39?3 -%$4/000012 .
_000010/17421& -00Q010/000000
877001210 -$7/001212
-$5/1720021 _ _§5/170024
2.2 .
105024 CLRE (R4 Y+
rF
;USA EL CONTENIDO DE R4 COMO LA DIRECCION DEL
iOPERANDG. FONE A CERDS, EL OFERANDOC(BYTE) E
i INCREMENTA EL. CDONTENIDO DE R4 EN UND,
3
Antes . Despues
001212/105024 001212/105024
_$4/000004 _$4/000007
_00D004/173215 _000004 /7173000
_$72/001212 _$7/001714
_$5/170024 _$S/170024
2.3
0460022 aAnD , ROs (R2) 4
;
;EL CONTENIDO DE RO SERA SUMADD 4L OFERANDO
+CUYA DIRECCICGN ESTA CONTENIDA EN R2. LESFPUES
;SE INCREMENTA R2 EN DOS.
;
Antes ‘ Despues
= = 001214/080027
_‘33}@%358300 2 _£0/000007
-$2/000024 -$2/7000026
_00Q024/000007 -000024/000014
$7/001214 _$7/001214

~%5/7170024 -%5/170020



3.7 .

005245

3,2 .

105245

3,3

044401

- ei =

§

-(R3)

*EL CONTENIDO DE RS SE DECREMENTA EN DDS Y
rDESPUES SE USA COMO LA DIRECCION DEL OFERANDD.
+EL OPERANDO(PALABRA) SE INCREMENTA EN UNC.

Antes

Q0121467005245
922538438
_0000146/002222

~-$7/001215
~$£5/170020

Despues

00121456/005245
-$37000014

_000016/002223
_$7/001220

-$5/170020Q

={R3)

¥
fEL CONYENIDD LE RS SE DECREMENTA EN UNO Y
rDESFUES SE USA COMO LA DIRECCION DEL OFERANDD.
tEL OFERANDD{(BYTE) SE INCREMENTA EN UND.

Antes

001220/105245
—$5/7000347

—000344/043721
-$7/008220
-$5/170020

.
[

o

Despues

3808885395243

0003445 /043720
77001222
~$5/7170030G

-{R4):R1

FEL. CONTEMIDO DE R4 SE DECREMENTA EN LQS Y
+DESFUES SE UTILIZA COMD LA DIRECCION LEL
OFERANDD QUE SERA SUMADO AL CDNTENIDO DE K1,

Antes

T 001222/064401

-$1/0Q0017
-$4/000032
~000030/000045
-$7/001222
-$5/170000

Despues

001222/044401
-$1/7000054

~-$4/000030
~000030/,000045
_$77001224
_$5/7170020



-23-

243
1.1
005063 000100 ' CLR’ 100 (R3)
;
;SE PONE A CERDS LA LOCALIDAD(PALAERA)
iDIRECCIONADA POR LA SUMA DE 100 Y EL GCONTENIDO
iDE R3. EL CONYENIDO DE R3 NO SE ALTERA.
Antes Despueg
001224/0050563 0012247005063
_00127&/000100 . -001334/000100
_$3/000004 _$3/000004
_000104/177333 _000104/000000
_$7/001224 -$7/001230
_$6/170020 _$5/170024
412 .
' 105164 000200 | COMB  Z200(R4)
; _
: s COMPLEMENTA LDGICAMENTE Et CONTENIDO DE LA
i sLOCALIDAD(RYTE) DIRECCIONADA FOR LA SUM& DE
#200 Y R4. EL CONTENIDO DE R4 NO SE ALTERA.
>
Anteg. Despues
z 0012320/105144 001230/105164
_001232/000200 _001332/000200
_$4/000002 147000007
"-%7/001230 4770017234
_$5/170000 - _18/170031
4.3.
066340 000010 000020 ADD 10(R3) s Z0(RQ)}

FSUMA EL CONTENIDO DE Lé& LOCALIDAD DIRECCIONADA
+FOR LA S5UHA DE 10 Y R3r AL CONTENIDD DE LA
FLOCALIDAD LIRECCIONALDD FOR LA SUMA DE 20 Y RO.

»
Antes Despues
001234/046360 o
-001334/,000010 _331%32,8563¢8
_001240/000020  ~ _001240/000020
_$0/000030 _30/000030
_$3/000050 _$3/000050
-000050/000037 ° . _000050/0001 34
_000050/000075 _000040/060075
_$7/001234 -$7/001242

-3$S/170031 -$5/170020



- 24 -

5.1 _ 24
005011 . CLR @R
j -
;EL CONTENIDO DE R1 APUNTA AL OFERANID QUE
}SERA FUESTO A CEROS.
’
Antes Despues
1242/005011 ' 00124%/005011
393585633 _$1/000044
_000044/035240 . _000044/000000
_$7/,001242 _$7/001244
_$S/170020 _$5/170024
5.2
105212 INCH @R2
} .
tEL CONTENILDO DE R2 AFUNTA AL OPERANDO GUE
. _ ; SERA INCREMENTADD EN UND.
}
Antes Despues
. _ T
001244/105212 - -
_$27000070 . 9912447105212
_000070/000000 _000070/000001
_$7/001244 _$7/001246
_$5/170024 _$5/170020
6 .
005234 . INC R(R4Y+

+EL CONTENMIDO DE R4 AFUNTA A LA LIRECCION
fDEL OPERANDD QUE SERA INCREHMENTADIO EN URND»
FDESPUES DE LD CUAL Ra SE INEREMENTA EN DODS.
¥

~

Antes Despues

o 5234 001244/0052
-2255335%24 3 _$47000046" 34
_000034/000054 - _000034 /000054
_000054/,000007 000054000010
-$7/7001244 ~$7/001050
_$5/170020 ~3S/170020



- 25 -

7
005155 coM @-(RS)
] .
iEL. CONTENIDD DE RS SE DECREMENTA EN LOS,
;VESPUES LE LO CUAL AFUNTA A LA DIRECCIGN
iIEL OFERANDO QUE SERA COMPLEMENTADO
iLOGICAMENTE,
;
Antes Despues
001250/005155 * L 001250/005155
_$57000040 * $5/000034
-000036/000020~ _000036/000020
~000020/000000 _o00020s1 27777
_+7/001250 _47/001252
_$5/170020 _$5/170031
ot .
f
8 _ : . .
0467300 000200 | ADD B200(R3)» RO

7 .
iLA SUMA DE 200 Y R3I DETERMINA EL APUNTADOR A
ilbAd DNIRECCION DE La LOCALILDAD QUE SERA SUMADA A KO,

Antes Despues
agn 202 Fa

8815237862338 0015537860200
-$0/000015 _$0/000033
-$3/000010, ~$3/7000010
-000210/000012 -000210/000C )2
-000012/000016 ~000012/000016
-$7/001252 -$7/001254

 -%S/170031 _$5/170020



. 26 -
26

o | | . L.
012704 000010 HaV $10rR4 ‘
1
: . - JHUEVE A R4 EL NUMERO 10
il" ) - ]
Antes Despues
001256/012704 ' 0017256/012704
_001350,000010 _60134067000010
_$4/000000 _$4/000010
377001254 477001262
-$5/7170000 _45/7170020
10
063701 000100 ADD @#100 R 1
; : )
‘:5uMA EL CONMTENIDD ME LA LODCALIDAD 300 A R1.
t F .. )
Antes Despues
001266/0563701 &8/043701
_ 0012707000100 ! _331%45,85313%
~$1/000033 _$1/000126
_000100/000073 —000100/000073
_$7/0012464 _$7/001072
_$5/170000. _$5/170020

—



13
005247

32
005077

000044 INC y4 '
¥
+ INCREMENTA EL CONTENIDO DE LA LOCALIDAD
iSTHEOLICA Z EN UND. EL CONTENIDD LE LA FALAERA
sSIGUIENTE A LA INSTRUCCION SE SUMA AL PC PARA
Antes Despues
001272/005267 T 001272,005267
_00151747000044 0012747000044
, -001342/000000 . _001242/000001
_$7/001272 _$7/001274
_$5/170020 _$5/170020
L
000040 CLR ez

¥ .
SLA LOCALIDAD SIMBOLICA Z AFUNTA A LA
;DIRECCION DEL OPERANDO QUE SERA FUESTOD A CEROS.
$EL CONTENIDD LE LA FALARRA SIGUIENTE A LA
FINSTRUCCION SE SUMA al FC PARA OBTENER LA
sINIRECCION DE Z.
]

001276 /005077 0012746/005077

_C01300/,000040 001 308/880&40

0013427000100 _001342/000100

_000100/000073 _000100/000000

_$77001274& _37/7001302

LE57170020 _ES5/170024

LUTS OORDERG BOREBOA
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PDP - 11" :
04/34/45/755

. PROCESSOR

HANDBOOK

CHAPTER 4

_ " "INSTRUCTION SET

4.1 INTRODUCTION

The specification for esch Instruction includes the mpemonic, octal cody,
binary code, & diagram showing the format of the lastruction, a symbolic
notation describing ity sxecution and the afect on the condAn codaes,

. 0 dewcription, specisl commants, and sxamples.

MNEMGCNIC: This s Indicated at the top carnar of each page. When the
word instruttion has a byte squivalent, the byte mnemonic is ats shown,

INSTRUCTION FORMAT: A disgram sccompanying esch instruction
shows the octal op code, 1he Inary op code, and Bt essignrments. (Hote
that ia byts ingtructions the most significant et {bit 15) is shways & 1.)

SYMBOLS:
(} = contents of
S5 or src = source address
DD or dst = destination address I
ot = loeation
+ = becomes
t = "is popped trom stack’
+ ="is pushed onio statk"
4'= Booisan AND
v = boolean QR
= axClusive CR
~ == bpolean nat
R;: or B = register

A = Byte
N 2 jor word
=
[1- for Dyl



4.2 INSTRUCTION FORMATS

_ The major instruction formats ars;

Single Operand Group

OF Lot ot
1 1 1 . i I. 1 I.
-] ]
Double Oparanw Group
0P Coda Sre dat
| a1 | [P | !
15 iz 1] ]
ng-il'.tll‘*ﬁﬂl.l!‘ﬂl. or Gastination
OF Coule St
1 1 ‘i ; I T L [ | 1
.} ]
Branch
Bew  Cade ot
l. L i L 'y l 1 . l Kl
13

Hyle tnstructions .

Tha POP.11 processor includes & full comptament of instructians that
manipulate byte operands. Since all PDP-11 addressing ic byte ariented,
byte munipulation addrassing is straighiterward. Byle instructions with
sutoicrement or putodecrement divett esddressing Cause the specified
register 1o be modifad by one 1o poini Lo the neat byte of data. Byte
cperations in register rnode access the low-order byte of the specified
register. Thess provisians snable the POP-1] to perfarm 8t eilher 3 word
or byls processor. The numbering schems for word and ayte addresses
in cors mamory ix;

HIGH BYTE

WORD OR INTE
ADDAFSS
L0200 arTE | &TE O uyatat ai]
o020y BYTE 3 YTE 2 Q02002

The most significant bit (Bit 15) of the instruction word is sat to indicate
& byte instruction,

Exarmpla: -‘ .
Symbolk Cctal
CLR o0s0D0 Clear word
«  CLRA 1054600 Char Oyiw L
L
NOTE ' .
The tarm PC (Program Counter) in the Opers: o
M " tona sxplanation of the instructions rafers L0 the
upetated PC. -

4-3
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4.3 LIST OF INSTRUCTIONS | , PROGRAM CONTROL -
Instructions are shown in the [ollowing sequence. Cther instructions are .
found in Chapters 3, 11, am:lllz. . Mnamonic Inltrl.ll:tlﬂl_‘l i , Op Coda
A-—The 5XT, XOR, MARK, S0B, and RTT instructions are impemented ) . or
in the POP-11/34, 11745 snd 11755, l : Basa Code Page
*—The SPL instructron is implemented oaly in the POP-11/45 and PDP- Branch . N .
11/55. The MFPS and MTPS instrucuions are implamanted only [n the ] EEE _ :rm:rr:-iguu:tandmﬂ:g } ................. gglil;gg :-g:
POP-11/34. rant not dquis L { 1] ORI T
/ 1 BEQ- - branch if squal (to nm_] v 00100 4-37
SINGLE OPERAND APL brench if plus ..oeeeeceees e 100006 4-38
ami branch if minu . e rmnieees 10400 439
W nemonk Instruction Op Code Pagn ByC Granch it mrﬂw JI- :Inr ,,,,,,,,, et 102000 440
: I ; BYS  BIBOCK 1f OVErTOw ik SEL ... oo 102400  4.4)
General BCC - brench If carry is clear .. .. ... 103000 442
~ CLR(B) clear destiowtion . .....c.ccoveeone. W050D0 46 BCS branch if camry is 38t e 103400 4-43
COM(B) complament dst ... w5100 4.7 i Conditionel
- INC{BY  incremEnt dEL e WOSZ2D0 4.8 “‘"'mu £ Branch
. bruneh if graater than or equal
D‘EC{B} decrement 51 e wd530D 4'9 . {to zero) QO 2000 445
? w500 418 1 e COIEO) s
NEG(D)  negate dat ... 0EO0 411 BLT - branch If less than {zare) .. ...cooeeeee, QU400 4-46
TST(BI  test o8t s - - - BGT beaneh if greater than (zero) ................ 003000  4.47
. - BLE branch ifdeas than or squal (to zera} ... 003400  4-48
Shift & Rotate .
ASR(B) arithmetic shift right ... WOGZDD  4-13 ' Unsigned WLBHEH .
ASL{BY  anthmetic shift left ......oocoooomeeeeeene, . =063D0  4-14 _ gfclls m:zh :: Qg::rn;- e igiﬁ :-g‘:
ROLE]  rotate teqt e 0D A BHIS  branch if higher oc $ma - oo o 100000 452
SWAB awap DYONS o e, OOC30D 4:17 , BLO brench i lower T T 10300 453
. Jump & Subrovting
Muttipla Preclsion - - impe FEMIE i e s e 0001CD 454
ADCIEY  mod CRIFY oo inin e e it w5500  4-19 J5R Jump to Subrouting ... OMRDD 456
SRC{BY  subtract cErrY .. pSE00  4-20 :}iﬁ peturn fram subrcutine | QO0Z0R 458
& BXT Sign axtend e OoETD0D 4-21 i o mark . . 005400  4.59
MFPS mova byte from pmcnmr status .. wl0G7D0D 4-22 & S0R subdract one |nd hrlm‘.h (d' ;:: Dj QI7ROO 463
MTP5 mave byle 1o processor stxtus | . wlOB455 4.23 * SPL ot proority Iaval | s DJOEIN 452
Trap & Interrupt '
‘DOUHLE DPERAND EMT TG TTIE L2 1 T 104000—10437F  4.63
TRAP trap ... vere 1MRO0— 104777 A-54
Ganersl BFT huahpoiﬂt h‘lp e e QQO0OY  4-85
MOVIB) move source ta destination ... ........ B1S50D 425 o7 INPULIOUIPUL TE8P . DOOO0M 466
CMP(B) compara src 10 dst e, W25500 4-26 ATI retern from lntlrrl.lpt ,,,,,,,,,,,,,,,,,,,,,,,,,,,, o0oo02 467
ACD ad SrC 1O A%t e s 085500 '4-27 & RTT return from interrupt 00005 . 4-68
sUB subtract sre Irom 251 . 165500 4-28 MISCELLANEOUS _
. - . HALT halt ... FRUPIPUNINIEIPN ¢ 4.8 4 4 8 B B §-
Logical WAIT wail far Jnttrmpt S b rrreare 4-73
BIT(B) Battest ..o . E3ZE00 430 t RESET  reset eeternal hys ... .. . a4
(Hotq . T30 =Y. S #4550D  4.31 ! )
BIS{EE Bt SBE i oo s vme rvmsreinnns #55500 432 © Cendition Code Operstion :
] CLC, CLY, Ct2, CLN, CCC clear ........,... ... 000240 475
& X0OR axclusive OR i s TR ATLRDD  4-33 SEC, SEVY, SE2, SEN, SCC et _...ooooviiriiins 000260 4-79
4-4 ! 4.5



4.4 SINGLE OPERAND INSTRUCT|QNS .
. cOM
c LR ' " ] COM B
CLRB : .
. complement 45t w5100
t .
Clear destination i 05000 ot &1 o O © o | O0'0 x4 4 & & 4 o
. , L | TN T ST R [ T T _I._t
Fﬂbﬂﬂlﬂlﬂ-rﬂﬂddiﬂd'd‘ 3 LI 0
| 1 i | 3 L | N s i L | 1 X _._
= . * & o DOparsibon: {51} ~(rfal]
- et alion: (5t hsid Condiion Codes: N S#t it most s micant bl of resull is sal, cleared ptherwise
" ) Z: sl it regull is O Clrared otherwise
Conditban Codes: M clearad i - Y. claared !
I et - C: sut
¥, cheared
C cleared . ’ . Dot phinen: Replacas tha contents of the deshinatan sddress by M log-
.. . ksl complerrimt (each hit egual to O iy set and each bit equat
Durc Fiphicn: Weoed. Contents ol specilind destinaton are replaced with za. . to 15 clearad}
foes. . Byle; Same
Byte: Sama -
. . Expipgler: COM RO
Example; CLR Rl
' Bulora w MASr
Before KTter L} (RD) = 013333 (RO} = LG4ddd
(Rl)= 337737 (R1] = 000000 . )
HZVC NIVE
MIVC NI¥C . - 0110 1001
1111 Gioo . .
. (
I
T=1%
| ‘
46 . 4.7




r ) . ‘ _— .
. . - i - 1
INCB - : S : DECB
-incremaht dst . ' ) ’ .;]-5255 . decrement dzt 205300
oo D.ﬂ'."-.ﬂ I.IGH :'ri"_u‘-.u1- T S a1 ¢ 0 9 1 o 1t OF%1 T i d a8 4 4 4
l_l " ;'._]. -l I | L A J_'J. P | I | l + T II_I 1 [ 1 i L 1 N 1 T y N E f
15 . ) . £ 5 A ) * 5 4 0
Oparation:: ° (dMjelosl) + ] o T L Oparstion: [t hafetst)-1
Condition ﬁ;h "N et it msult 18 20y cleared nlherwrll- .. .o Condition Codes:  N: set if result 11 <0, cledrad otherwise
. T T gt iloresylt is O Chara Oheriosd’ e . . I sef il resuli iz O clearsd atherwite
-'l"‘ g1 1t {dst) heid G77777 {word) or 177 {hyh} . - _ ¥, sat if (dst) was 100000 (word} or 200 {byte)
- CREATSCL DLl . . ' . cheared pitwerwisd
) ¢ m:'! alfect.d LT R C ol altecied
. Description: : Word: Add oni &u.cmlmtsoi dmmailon - Dwscription: Word: Subtract | from the cantmits gl the destnation
Ayiln Game | . . ) Lo : l Byta: Sarme
"~ Example ) N (Lol ) oL ' ) oo 1 Example DEC RS
- 1 - = I
Belore ! AR : Betore After
L2} =000333 " {R2)= 000334 {RS} = 000001 (R} = 000000 ]
NIVC - - NZVC NIWC W2yl
! . L
k
o
. I .
4B '

F 9
-]
.



negeta dit =054 00
ornuunin.‘.!i‘nog-uq;.]
1 1 1 . 1 1 1 1 L ] -4 g
[ 6 .1 o
Oparation: {catie —{dst}
Condition Codes: M: sat |l [he result 5 <O cheared olherwse
Z: vt of resytl 1n O caared of harwita
V. sl il the resull 5 (00000 (word) or 200 {byte] .
clearml ghtverwrse
{0 clwarsd (f Lhe resytt im0 st gthersags
Daacription: Worel: Rep|aces the contenls of the destination addeesa by 15
bu's compheent, Note that 100000 1 replaced by osel? (in
tw's cOmplament nolanon The mosl negatve Aumber has
O PO e courtepar).
Byte: Samw
Example NEG RO
Belore After
(RO] = DCOGLO (R = 1737230 -
NIWC . MZVC
Qooo . 1001}

4-10
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TST

"TSTB
test dst - *05700
[ﬂ”la.uxa_l'1u_._ll1:_..‘[’;d-']_"-.1‘]
15 s 5 o
Operation: {dat)fdst)

M. cat ol 1he result <0, clearad othersxe
L et o resudt 13 ¢ cleared otherwrse

Condition Codes:

¥ cleared
C; clenred
e plion; Word: Sets Uhe consibion codes N and Z socortng 10 the con-
tents of the destinabion address
Byte Sama
Expmphac TST R]
Belore AR
{R1y=012340 (R1) = 012340
HIVE NZIVE
ool ogQeo
r
o



ROL

rotte et ) . _IOEIDD
a7 0 O O 1 1 @& | a8 1|4 a4 4 ; ‘. 4
ﬁ B 1 § Fl B 'y . h : L n

Condition Codes:  M: set ! tha high-order tnt of the destination bs sat

Dot pt it

{reslt < ), cleared obwswse L

I wat if 2t ity of Hhe cestination = 0 Charsd olhariries

V- [oadect with tha Exciuyrws OR of tha H-bit and C-bit {ey sat
by the complebon of the rotate operation}

C: leaded with W high-order bit of 1he destination

Werd: Rotate afl beta of 1 destination Wit ane place Bij 15 -
W oaded aitg e C-tat of the stetus word e 1ha privicus
contenta of the C-tat ary npded inta Bd 0 of tha destinstan
Bryte: Same .
Yord;
—
m“la'l,.j..ll.LA I..l
1 11
Brytey
=] Tdx
I L 3 b 4 a1 I [ P | PO i

416

2 g

SWAB
swap bytes ' 000300
inlu o ul“:“n“l";'-'l‘-';‘l' ‘.'I
[] . B [-]
Oparation: Byte 1/Byts O = Bytw O/Byta 1
Condition Codes: M sat if ligh-arder bit of low-order byte (it 7) of result < wl;
cleared Dthixwise
I sat of low-order byte of reastt =0 Chppted Othimwise
¥ cleared
C. creared
Dwatription: Exchanges high-order byte and iow-order byte of the dashna
ton word {(destination muat b & word sodress).
Exmmpla: SwaB R1
Belore AHeor
(RIy=0F7211 (Rlyw 177577
NIVC NZIVE
1111 oQoo0
o
;
4-17



Mutiple Prechslon

It is sorelimes nacessary Lo do snthmeb: an opecands consasred as mulhphe
words O Cyies, Tha PDP-11 makes specit | prosasion dor such oparations walh Lhe
ndtruciions ADC (Add Carry) and SBC {Sublract Carry) and ther byte aguiva-
lonts.

For sxarnple hen 16 bil words myy be combirsd Nt & 32 bit doubie precison
word snd acdad or subtraciad as shown belows -

Tha sdtition ol -1 and -1 could ba periormed wy 1ofows:
-1 = TN
{R1) = 177777 (Rh = L77PNT7

(A = L77777 (R4} = 172777

ADD  R1RAZ
ADC  R3
ADD R4AR]

1. Alter (RL} and (R2) are adsed, L 15 foaded inlo the C bt

2, ADG instroction adds C el 1 (R3): (R3) =

3. {R3) and (R4} wre sdded .
& Rewit is 77TITITIIE6 or -2

a-16

i ———

ADC
. ADCB
add &arry s(BR0OD
"o o ¢ o t o v 170 1[d ¢ & o & 4
1 1 M " | M 1 M L l Tyt ] n i _]
= 1 1 Q

Oparekion; (st El) + (O

Conditien Colas: N st if resull <0; clearsd ptherwise
Z: s of result = clearsd otherense
V. oaet il (dst) ws OF 7777 {word} or 200 {byte)

and (T} way 1; cleared otherwie
C: st il (st way 177777 (ward) or 377 (byta)
wnd (T} was 1: cleared 0f herwrs :

Dwscripl icn: Addy b contents of the C-bit into the deatinabon, Thes per
ity ik CAPFY Iroen fhe addibon of the low.arder words to be
carrind into W high-orde Fasuil,

Byle' Same
Examphe: Dot prretision ackhitrdn My be dore with the foliowing o

siruchon sequencr:

ADD  A0.BOD ;mdd oo orger parts
ARG Bl : add carry into hugh-order
ADD  al.Bl

: oikd MER ordar parts



5BC

SBCB
apbiract carry . . . 05500
Fre ooyt o o e eyt
L] B % -]
Operation: (st laidst)-{C)

CondRion Codex: M et if result () cleared otherste
Z: selaf result &, clpareds atherwils
¥ sel ol (dst) wat 100000 {word) or 200 {byte}
cleared otherwse
C! set ol {B3t) was O angd C was 1 cleared ofhdhabon

CupsLription: Word. Subtracty the contenis ol 1he C Bt from the destina.-
* o0, Thes peruty fhe carry Hom the subtraction of Two Iow-
of ey words 10 be wbtracled from the hugh order gart ol the

rEesyll.
Byte Same
Examplx Ooubke precison soblracion of Gone by
SUB  AD.BOD
SBC Bl
U8  A)Bl

4.20

———

SXT
) Lhaad in the PDP-11/34 11745 and 11/55
“aign extend 0067DD
¢ o 0 0O 1 1 g1
S R AL LT
-] 5 3 Q2
Oparation: (st) e O if N bil 15 chaar
(d5) = -1 M bt is gat
mm N: l}l‘l'l\.ﬂ!‘ﬂld
£ set if M bit glear
¥ cheared
" C: unaffected o
W H the condilion codé b N 15 set Lhen a =1 i placed in the

- destintan operand: f N bt s chear, then a 013 placed n the

deslmaton aperand. This inslmchon is partcutarty uselut n

muthiple precison arithimetic because i pamuts the Hgn o

b extended Ihwough muttiple words,

4-21
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move byte from processod status ward

Used In tha POP.11/34

106700

Lo

-] b 1 -] I1I 1 dlllidl
1 A L L . L i x 1 M 1

Operation: (dst) = PS <72
dst lowar B bits .
Condition Code .
Bits: N = it PS it 7 = 1; clasred otharwise
7 = st if P§ £0:75 = 0: tleared ptherwise
¥ = clpared )
C = not affected
Derweyipiion: The'B bit corldats of the'PS are'moved to the eflec
tive cestimation. "1 destnation ismode O, PS bit_ T
‘gign’ extanded through 1 upper byte of the register.
The destination oparsnd sddress is tnnj'tnd a5 a byte
o T,
Exmmpla: MFPS A0
betort afer
RO [0 RO [DOOC14]
P& (D00014] PS [OOOG14]

*22

MFPS

e e -

——— o mm —

M‘I'P-s ' Used In the PDP-11734
move byts to processor status word - 106455
rl a 8¢ 2 ] 1 o 1 1 &9 " . 1 1 1 .
L 1 L Nl 3 L [ | Y

PS 072 « (SRACY

Condition Codws: Set nccording to affectiva SRC operand bits 0-3.,

Dot gl

-

The B bits of the affectlve opesrand replacas the cur-
rent coments of tha PS o 0:75. The source operand
aodress {3 trealed o o byte sddress.

Mote that the T bit:-{PE bit 4) cannot be pet with this. - -

irstruction, The SRC: opsrand- remains unchinged,
This Instruction can be yesd to chenge the priconity bits
(PS5 <5 72] in the F5.

T
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A ’ MOV
MOVB
" mowva source 1o destination a185DD

|lun G o 1
1

[} 2 1 I []
. . - i Oparation: (st afsre)
\ - . .
Condrtgy Code: M. set if (src] <O cleared
- I spt of (8rc) w ) Cimared

4.5 DOUBLE OPERAND INSTRUCTIONS 'h'“ clﬂrﬁmtm
Daubhe operand IMsiructions provide an instrughion [and time} sanng fsciity . C: ot
since they shiminate the need for "load™and “save” sequences such as thosa

iption: Word: 1he h t I )
Lisad in accumulator-Griented machines Owscription ord: Werves spurce operand (o the destination poalgn

The previous cantents of lhe destmalgn are kst The con
tents of the source sddress are nal aMecled.

Byte Same as MOV, The MOVE to g regisier (unqus amng
byle istructions) evlends Ihe matt sgralcant et of the low
order byle (sign eulmswen) Qihersnswe MOYE pperales on
brybes #xaslly a3 MOV gpersisy gn whrdy

| Expmpia MOy XEXR] : Dads Repster 1 wth the con-
. _ tents of memary localion; XX% represents & g grammen-de
{sted Mnerrrsd used 10 represent s memory locahon -

MOy @ 20R0 . loads the number 20 nto
Register O = 2 inchcates that e value 2 % the operand

Oy @ & 20, -(RE} . pushes |he operand con-
. taned 10 location 20 onto the slack

MOy (RE}+ @ ® 177565 © pops Ine cperand ol the Stack
ang moves iFnta memory locshon 1 TT556 (terminal print
bulter}

MO¥  R1R3 T perlorma an nter
register trarsler

i
= ——— e e .
L

MOVE @ # 177562, @ ® 177566  : moves & character
Irorm terinal heybonrd bulter to Iurrnuul printar baiter

a4 4-25 L
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compare src to d=t -EBSDD
i ) » [ L] L] ] d d ]
[milulliallli.‘x'l‘l’I i 1L | 1 1
15 d o N a
Oparation: {erc)-{dat}
Conditsn Codw: M. et -asult -0, cleared gihErsie
. 2. wel of resgll = O cleared oiherwizse
W, gal ot thers was arthrmetic ovecfiow: that ry, pperands werd
i ol oppowle signs ang Ihe sign of the deshination was [he
K same a3 the sign of the resull; chared ol herwise
O claared if thes was & carry from tha moat sgnfcant il of
the resull; tal othersase .
Dancriplion: Compares 1he source #nch ceshination operands #nd sets Lhe

condition codes, which may then be used e peitheretc snd
el condtional branches. Both opersnds ars wria Heched
The anly action s to Set Lhe condihon cooes. T EOMpate |5
customanly folgwed by A condilional branch (el nachion.
Mote thal wnike [he Subtracl matructon the order of oper
aton is {src)-{dstL Nol (dst{src)

4-26
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Hid erc 1o dst 0BS5S DD
L]
{ulliqlu-]' EENEE 1|]l‘l‘l ! ;'.‘]
1 3T & 5 o
Operstien: (st)e{s7e) + (dst)
Condition Coder: N sl (! reslt < cleared pihermyy

Dwstriphian:

2. wet of resull = O Cleared gtherense

¥ set ! there was anttemehc owerlicw 3% & resul b of Hree oper
atmn; thal 15 both operands wivg of Lhe 32ame ugn nmd the
resull was ol the opposite ign: Clearsd atharmse

C: st ! there was & carry Troim the mast sgrefcant bt of the
reaull; clapred athersnse

Adcrs |he source oparand 1o [he destinaton opersnd and
atores the result at the deshinalon dodress The orgmal Con-
lenis ¢l 1he cestnation are logt. Thie conlents of Lhe Soprce
ae b ateclell Two's complamen] dddto i3 parformies.

Add ta regisier; abD 20RO
Add te PrHETOEY ADD  RYXER
Akl reglitH.In regates: ADD  RLRAZ

Add mermory o mermry: ADTHID # 17750, XXX

XXX 3 progeammer-caf inkd namone; for & tremiory 106
b

T

4.27



SuB ' o

subiracl src from dst 165500
. ' ¢ o da o d .
[1 1 ' 1 ‘ Fl 0 l . 1 ' L ! i ' i * A * l L L I L i } r -
1% 2 1 .} -] 1] [ %
Opergtion; (st Jel 1) {arc)
. Conditwon Cotws: N st f resull <0 claared oihermse T .

Z- set if resull =0 chaaned atherwise

W =81 11 there wid ntturmetic overliow a5 3 result ol the oper- .

alon. thal ot gparands were of Opposibe 1gnS pad the g :

ol the saurce was the samme au the sign of [he el cesred U

theerw 1 '
£ sleared if Ihers wad o Carry from the most Sy lcant b of »

the resull; sl offdren e ' Logical

These instructions have the same formal a3 the double operand anthmetic group

Oascripiion: Subtracts Ine source operand irom Lhe destinanion operard They permH oparaticns on daty at fhe bt level.

and [kaves the rasull at the desbination addresy The origrial
conterts ol (e desbnatan are st The contents ol the

. source are ot sllectad. In doubie precruon Afthmehic the C-
bl wheen 3l indicales & “howrgw ™

i
Exwmplc . SUR R1.R2 i -
Belgre After
(Ri)=0L1111 (R1r=0L1111
(RZ) = (12345 (R2) = 001234 }
- M2IVE NIV( i
1111 0000 by ‘”*
[
- ! c_'
428 4-29




BITB ‘
kit test 835500
) -
o1 oo | ba ¢ u d- a4 u
l_[ oy b, ‘i‘_:!‘.:.flj | 1 i 1—]
15 P & 95 []
Opgration: {wch A (dal)
- Candition Codax: N sl il tigh-order tit of result set: cleared otherwise
It of reslt =0 chenrad cthermse
¥. Clemryd
C: not aHecied . .
3
Boamcri e Parlgems jogical “and"comparizon of the source and ‘sesii”
. natioh opdfinds and modifes comdihon cooes scoondingly,
Meithe the source nor destiagtion operands are afiected
Thi BIT imtruchon may be used o test whalher any of 1he
COFE3poncang il that gre set in T destindhor are aisg sl
ir: il sourCe or whitthar #il Corrsaponding bets 3ot 0 1he dey-
. hiralion ste Clgsr in The source
Ecumpla: BT =30A3 Jlestbivg Jand ol A% o vl

« it bath ereaH

{303ty OO0 DOO D00 011 OO0

4.30
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pit clemr

BIC
BICB

wASSDD

tﬂ'l 0 nl. s v 1Ty ;Iu d 4 u « -1
L L L ) 1 | M 1 L L4 1
w [F 3T E]

L]

(bl Yae = [3re) (st

N get of hegh arder bet of result wet: cleared othgrwise

L st ol gttt = O clasred gtharwce
¥ clesrnd
C not atlected

Cledrs anch ek 10 the destinat:on that COrPPpondy to B set
Blin |he source The onginal contents of the deshimaton are
lost, Tra contants af 1he source are unetiecled.

BIC RI.R4

Belors it
(A3 = 001234 {R3) =D01234
(Rér=DOIL1L < {R4] = D101

NZIVC NIVE

1111 0oni
Batore; {RI)=0 000 001 010 911 100

(R4)==0 03C QO1 DJ1 DOL OOt

Aftnr: (R4)=0 000 000D 001 DOD 0Ol

4-31
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BIS

BISB
bt et 55500
! 4 4 & 4 4
u”lll_l._nj‘!‘l.a‘!..linli L 1 l L J.J
" TEEE 4 1 [
Operation: {ast]=farc) v [dst)
Conddion Codet: ™ ot o fphorder bit of result set, cieare] othernse
7 tet o result w0 cleareg alferm e
¥. deared .
el atbecred
[eperiptinm: Perlgems “trckusive DR operabion between the saufce and
® destnatun gperands and lesves the resul 21 the deshnation
address: 1hat 15, correspanding s st in the source are ol
i Ihe destinaton. The conlints of 1he destiration are kst
Exampie 815 RO.R1
Belore . After
) LROY - 001234 (RO =0012H _ |
(R1y=0GIL1 (R = {11135
NIVEC NIVC
Qo0G oGO0
Batorn: (RO =0 000 001 010 011 100
(R1)=0 000 001 091 a0l 091
At (R1}=0 000 001 O11 D11 10}
A-32

eaclusive OR

XOR

Usad [n the PDP-11/34, 11/45 and 11/55

074RDD

; T :
Loy, ryr e ofeie oo o aje o o]
[ ] 4 L ] L] o
Oparation: {03t haHuledsl}

Condilion Codes:

. Durtcrigton;

Exampie:

N osel il the resylt <0, cleared othersase
I el o resull =0 cleared olfverwise &
V. cleateg

C unsfieted

Tre gxciusree OR ol IR register and gestinglon goerand s
stored m \he destinalon aodreds Contents of register are
urg Mected Asgembler format 5 XOR R.D

FOR ROR2Z
Belare Altar
(RO =D01234 (ROy m OO1234
(R21=DOL111 R =000325
Bafore; (R=0 OO0 001 010 oLl 100
{RN=0 000 001 Q01 DOl Q0!
Adter: (R2)=0 000 DOJ QL1 010 10}

I}IT
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4.6 PROGAAM COMTROL INSTRUCTIONS
Brarches

The Nsiructan eauses a branch Lo 2 location defined by ﬂw sum ot the offset
(rmultiplied by 23 and the curniil contents of the Program Counter l:

a) the branch (mslructhcn is unconditions

B} it i1 cendional ar:d e conchbans ars met afier ey the mlndition :

codes (status word)

T olisel 15 1he numiber ot wards from e current contents of the PC, Note (it
the Curranl contents of the PC point to the word followng 1he branch imroction.

Although the PC axpretses a byte address the oftset is eiprtyed in words. The
affeet 15 sutomabeatly mutiplied by b Lo acpress bytes Belors it 15 added to Lhe
PO B 7 s U i OF I albamt. 1f o is Seb bhe aFfet is reganre and The branch

. 1 m; i Lt e hward Jeachon. Semblercky ol it 5 nol et L u'l'l'm v poutve

ancd thar branch o dare i tha Rerward derechion.

The & i olhat gllows branching in the backward direction by 200, words (400,
bytes} irom tha coreent PC, and o the fgrward :llur.mn b I o (376,
bytes) Inoem 1T Qurcen] PC,

Tree FOP. 11 atsembler handies address anlbrebic lor the user pnd compuies and
wisembies tha propar ofiset Held for bBranch nslruct o 10 1he orm.

Ban e

Where ~Bax” 13 the branch instruchon and “lec™ 5 the adgress 10 which Ihe
bwanch s |o be mgde The assemiblar gives an aror indic AHGN i the IREtructon
Ihe pererngsalbie pranch range 15 excended. Branch insliruchony have nd afiect on
Gondilon cooes.

434

BR

_ braneh {unconditicnsl) 000400 Plus off sat
A 0 o o oF
Ll ° M L ¢ L M 9 M 1 ! . L LF.SE:' L n 1 —I
» . n 7 o
Oprar tionm PC a PC + (2 x oltser)

Proviget a wity ol transterring prograém conirdd wathin
rangd ab =128 o + 127 words with 2 one wond imtruchon.

Dot ptin:

New PC addresy = updated PG 4 {2 X affget)
Updated PC = sddress of branch instruction 4 2

Exsmpla: with the Branch instruction at location 509, the following off-

et g poly.
Mew PC Addresy Offset Coda Citsat (decimal
474 . ars -3
475 aTh -2
S00 I -1
w2 . oG 1]
504 i o1 +1
40 ) Do2 +2
[
cr.
4-35



BPL
branch i plus 100000 Plus m‘lsfi
- OFFSET -
r.]uiﬂjalulnlal L ] i L I'l L _!
1% [ L -]
Operation: "PC W PG 4+ (210ikel} I NaD
Deascri plicn Tests the state of the M-bit and csuses & branch # N is-

clesr, (positive result).

2.38

braench H minus

Law T

100400 Plus off swt

t oF FIE‘T

e i 1 " . | .

v 7 5

PC +PC + (2xalfset) it N=1
LvaThucted

Tests tha state of tha N-bi and causes a branch if M
aet. b used to test the sign {most significamt bit) af
the reault of the previous operstion}, branching if vEg-
wtive.,

-~
'

oo
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BNE

T branch if net equal (o rern) OULOOO Plus off set
Lﬂlﬂlﬂlﬂ‘lulﬂ‘lilﬂ] M icﬁmr L. " l
13 ] T 2]

Opwration: PC aPO + (2aoiat} ! 7 =0

Conditwon Conjen:  Linalecind . . .

Descriplion: Tusty the state ol tee 2 bl arvd eautes & beanch il the 7 bt s
zhear BNE i3 |he-corm plermentary Operahon ta BED. 11 s used
by Tedl inaquatity Rallowing a CMP, 1o hest Lhat soma Duls s
i Ihe Beshrdtion were 50 0 the sburce, Following a BIT,
and generslly, 1o test thal tha result of the pravidus oper
atiot way not pero.

Exampis: CMP AR ccompare A and B
BNE O s branchaf Lhey are not sgusl

wilbrarnch1oC it A £ B

a0 Tha Lequence .
ADD AR ;add A to B

BME © © o Branch oL It retyLig ol
aqualta Q

wil ranch o Gt A + B30

4-36

BEQ
brarsch il equsl {to zer0) 001400 Pius oM 3et
4 o 0 a9 9 @9 '
l . 1 | 1 A cfpstxr | Sl —-'
T} . o
. Dparation: PC wPC + (2 cothen i I=]
Conditisn Codws:  Unat'acied
_ Dancriptio: Tests 1he slateot the 2t and causes 2 beaneh i F o go1 As

an expmpie. 1 o5 used o test equakty iotiowng & CMP gper-

Ahon, to tag] thet no tuby set o) the destinalon ware alwo set

i the source lolowang g BIT gperation, snd dsnarsity, 10 test
. at the mault of the pravicus operstion was Zec.

Exarmple CMFP AR
BEQ C

wilbranchiaCilA = B

and th Sauants

ADD AR
BEQ C

Wl branch 0 CitA « B = 0.

4.37

Leormnpare A snd B
i branch il they are squal

h-B=0Q -

radd Ao B
:brlmhil'thlrrnult-ﬂ



BVC

branch it overflow is clasr 102000 Plus gl sel

"% 9 o, 0 I 0, O , OFFSET ]
| I M el I
w a T ]
Optrwrtiany: PC o PC + [2rohelld Vel
Dwacription: Tests Ihe slate of the ¥ bt and esuses 3 branch ot bl o5

citer. BYC 13 compamdrary Gperalhon to BYS

440

BVS

branch if pwarflow 15 aet 102400 Pius offsel

OFFSET
. | f f L A
LH) . A T -]

PC aPC o+ [2xolhethl V=]

Teats tht wisle of ¥ bk (OwprTiow) prd cautes 8 DX anchal the
¥ bt o5 sel. BYS 15 uted o detect anfmete overliow mo the
Presvioaty Qo abon .

o

1.41
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BCC | - BCS

pranch it carry is claar 103000 Plus offset branch it carry is set 103400 Pius offset
B
‘lolunalul";iluj_l I ufFSELT I. 1 l_l l—l lnlnlnl.‘_l.1—l '_1 'l lﬂiFSEJT -l ' l—t
" . L [ L] LI . Q
Operation: PC 4 PC. + (21 0itsety i1 C=0 Operation: PC#PL + (Zxoftset) it Cal
Cwrscrighion. Tests the state of the C-bd and causes a beanch if © is clear, Description: Tests the stale of the £.bit And causes & branch if C 15 set. 1t
BCC 15 Ibe compiemeniary operstion to BCS ;‘h::“‘ to tesl ior 3 carry In the result of @ previous pper. 3

A

A-42 4.41
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BLY : ¥ BGT

oranch if less than {zem) . OOZ400 Mys aff set braach it greater than (zaro) 003000 Flus of Iset

I Kl I 1 T

EE 0 -] .7 a

' a 1 FSET [+ o o o Q 1 1 F '
[uln‘_o.n o I | OFFSET i | 1 °  FFEET I
L]

Operation: PCaPC + (Zxofset)ifNw ¥ = 1 Operation: PCoPC + aoMsell i ZuN e V) = 0

Dmcriplion: ali i

Description: Causes a branch il the “Exclusres Orof the N and ¥ bifs are Qe ion ot BGT is smiiac to BGE, except BGT wil not cause
1. Thus BLT will atways wanch lollowing an operation that = ' '
added two negatie rumbers, evn il overflow goiowred. )
In partiodar, BLT will always causa 3 branch it it iolioes 3
CMP wistruction operating on & negl thee 3ource #nd & posi-
trws castmaton (e f overfiow otcurred). Further, BLT wd
nerver caue 3 branch when it lolkows 8 CMP inatruchon oper-
aling on a positive source avd nagatfve deslinaton. BLT wl
nol cause 3 branch if the nesuit ol the previous oo dtion wil

" perg (without owerfiow)

be

446 447

- —— e ——
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Signed Condfonst Branchet _
Paricular comisnatond of the congibon code D45 are tested with the signed con-
‘ditwonal Branches. Thess imatructhons sne used Lo lest the results ol nstnactons in
which ihe ooersnds eere conudwtd as sgned (two's compherment} values.

Ncle that 1he sene of gned comparmsan diffters from that of unsgned cm-
parsons i That in ugrad 16k, beo's cOMplemen?t arithmet: the sequence

values 11 Hollowy:

largesl

pory v

reag b iea

et

Qrrrx;y
i ] *

o000
000000
17027
137176

100001
10000

whereas in uniigned 16 B anthmehc the sequence 5 considered g be

hig hesl

bt

1772#7

000002
0000} .

LR

BGE
beanch il greater than or squal L 002000 Plus offset
{to zem}
[ejo 0, 0,06 4 00]  oeer | |
- B T ]
Oparation: PCAaPC + (Ipothat)if v ¥ =0
Dwrstription:

Causes a branch of N and V arw sither both chesr or bodh sy
BGE 11 tha complementary operation to BLT. Thus BGE wil
HaayYI cause & branch when 1| followt a0 opwahon ihat

caured addit:an of twa poubive rambeers, BIGE will 210 cause
¥ branch an 3 sere retult.

£¢
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BLE | '

branch if lets than or wqual {to 1eqo) DO300 Plus olf st
e . 0 o 0o .o ' 1 | OFFSET
rﬁ[ L L I_; i f.}?l J A " ) -nll -c £l i B ]
TMUWN“CQMMH&MM.““’W“"‘“M“
. SR SN BRI LGNS iN whech Th Sperands dre conudered a5 unsigred valpes
Opersiion: PCuPC + (Zrottat) d IwNw¥)=1 . . .
Dvpscriphir v Operdtn o amder 10 BLT bt i aichBan ml Chuss & o

brpnch f i rasull o the pravicos opetstion wis et

G¢

4.48 j 428



L

...
| ' ‘BLOS
‘BHI
branch if higher 101000 Plus offset branch 1l lower oF $ame LG40 Plus off set
. 1.0 0 ©, 0 '
1lulu1°ln1njl_j.n—l A INJ_F!JT I- i 1 ] I | L l 'uJ-‘I-‘I A ‘.unFFSETJ 'l I_I
i) e 7 . ® 15 roT o oo
. o
Opersliors. PCa P+ (ZaoMulid Co0and I=10 } Operwtion: PCaPC + RQreoimidlv? = |
Dancrigtipn: - Causex a branch if tw peavanous Qparation SEuusd mither 3 - Descriptinn: Cautes & brasth of the previous operation caused sither 3
- . carry o 5 rert resull, Thes will happen in corparmgn {CMP) t CTY OF & Py tariatt, BLOS o5 |t complemantary operabon M
opper ates, dg borng s Dl scnaen ekt 4 INET prapread vakie 10 BHI. Tha dranch wil occur 1 companson operations s
than the destinebon. - NG 34 1he 30UMTE 1% QU 10, OF hs 3 Iowsr wergriie] valoe
. than 1he gestnaton. ]
, :
Y
[ X
: '
'1 e
. N
: 450 4-51
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BHIS

branch il higher or seme 103000 Piws ot set
FSET
l_ll ° . u_. e ) ¢ A ' L ° ] " I Uf SE. 1 A ]
T BT 0
Opwration; PCaPC + [2rnolleetydC =0

Owacription:

BHIS g the same inatructron as BOC This mewmams 1 mo -
clgded only for Comverence

4-52

BLO

branch- i lower E 103400 Plus pffser

rlu 1] ulq 1 .j| *, QOFFSET i

D T B E——— —
Operation: PO PC + (Z2agHmt3d Om1
" Dwscriptions BL{Y i same instruchion as BCE Thus mnemone 18 sciutded
ofly tar COMEnce.

g
.

4.53
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pumap D000
o 0o g o—~a o 9 D ' o 1 d 4 d d 0 0
l. ] I I L I 1 I rl
] ] [
Operation: PCa(dst)
Condition Coder. ot affacied
Do i A i N JMP provwudes mare fenkle program branching than provided

with the branch mstructions Conlrol may be translerred o
any kocalion in memonry [N fange lrmtaton) and Can be 3t
compiihed wih the 1ol feotvkty of the »iesung modes.
walh the saceglion of register made O. Extcuton of 2 umpe
wilh mode O will cause an hegal imstructn” cond hign.
{Program control cannol be traraferred to s regriier. ) Reges
tar calerred mode 1s legal snd will cause program cantiol lo
be [ransierrad 10 the addracs hald in the specfed register,
Note 1hat instructions are word data and must therefore ba
felched from an even numbered address, A ‘bourdary ef
e Lrap COAdition wall readt wheht Lhe processor aftemols -
latch an irslruchon Frovn an odd MKirEss.

e

Deterrag der mode JMP wstructcns permut transier o
contral 1o the aodress conlaned i a selsclabie element ol 3
tatee of dapalch veciors

[T

4.54

Subroutine brytructions
The subroeting call ¥ the POP L] provaes o automabe n brouti
esimg of su s,
remedrancy. and rastbple sty paints. Subroulines may es nthﬂE submutewes (or
H;ldﬂd thamaeves) 1o any level of nealing wilheA Makicg spacial prowsion tor
Horage or return wiresses at wach lewvet of subrouline call, The subroutine cull-
ing mechanism does not modity any foced Kcation in mvermary, thus praviding tor
urunir:'bcy. Thix allows om Copy of 5 subroultine (o ba shared smong several in-
“rrug“ r:" pr;:um. For more detibed description of subroutine programming

4.55
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JSR -

jump to subrouting MRDOD
je,° 8 o, @ alr . o [0 o oy o o
* B A o)
Opaerstion: TSP (pwsh reg contents onlo prposscor Lbach)
rage PC (PG toids location fodlawing JSA: Ty sodiess
o puUt i gl

PCids)  [PC now paints to subrowting destination)
Deacription: In enecution of the J5R, 1he old contenis ol the specrliag reg-

Cantacrupl serace rouling. Esecutian of the imdtial subrogtine

mber [the “LINKAGE POINTER'") mre sulomabicaly pushed
&0t the processor steck snd rew [Inkage inlprmalion placed
i the register, Thus subdgutines nested wafun subroutines
ta any depth may a0 ba calted wilh th $3MmH indage register.
There v o need ailber to plar e mazimum geplh gl which
any particular subrouline will be called or 1o iClude inatruc.
ligng it #ach routine Io save and ragtore the inhage painter,
Further, since all Iinksgas are saved In & resntran] manoet
o the procéssar stack anscution of B sufoutine may be m-
terrupted. lhe same subrouling reentersd and exscuted by an

can ther be tesumed whan olher raguesls are sahisfed This
process [callad resting) e grocesd 1o any level

A subroutine calied with 3 J5A reg dsl insfrChon can access
Ihe arguments iodowng tha call with eilher autoincrement «
acirasyr g (rig) &, (1 Brgurenls Ars accessed saguentialty}
or by ircdesmd addreveng. Xieag), (1 accessad in random or
de-]. Thige addressing modelr may alad be deferred.
GxXreg)+ and GEX(rag) f the paramelers ark aperand ad |
dressas raither than ihe operands ihtmsttes,

456 ’

Altar:

JER PC. gzt is a spacial cae of tha PDP-11 subrautine call
sudalite for webroutine calls Ihat transmut paramelery
through the general reginlers. Tha SP and the PC are the oply
regraiers thal may be modihed by Hus call.

Ancther special case of the JSR instruction s JSR PO,
@ASP) + which exchanges the top dlemant ol 1he processqr
Stack ang the conlenls ol the program counter. Use of this
INStrctaen Mlaws wo routines to 1wap program control gne
TESuUme operalian when recalied wheee Lhey left 0¥, Such rou.
tines are caied o routines ’

Returh trom & subrouline 15 done by the RTS matruchon. RTS
reg Wiads the contents of reg ima the PC and POEE [he lop
slament of the processar stack intp 1he apecified regrster.

J5R RS, SBR
-
o

. \ #1
RS PC+2

4.57
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K MARK

L)

RTS ) ) Uawd in the PDP-11/34, 11/45 and 11755
t mark . 0D 64 MM
retyrn fiom subrowtine GO0 20R L I__olﬂlu.u_l'_i.ullra,_ajl.'.'l'.".'_l
: l " s T ¥ 3 a
I_u (9 0 a |°.°.°i°:T ij“;u.ul' v ]
15 2 o ] Operation: SPu PC 4 2nn nn = number of parametsrs ¢
PC RS
Oparation: PCarag R3«(3P) 4
aP1E
red (5F) , Condition Codes:  unatfecied
Dwariplion: Loais contends ol rag Inta PC and pops the tog elerrmnd ol
tha processor stack inio the specifisd regisher, Dwscriptben: Used as part of the standard PDP- 1| subroushine retyr con-
Return from 4 fonrsendrant submoutns 5 typecally made warlion, MARNK facditates the stach clean up procedures m.
through Lhe Servd registec that was used in its call, Thus, 8 vidved in subroutine et Assembier farmai i3 MARK N
subroutine called wih a JSR PC. it exits with 3 RTS PC and ‘
a sabrouline Called with & JSR RS, dst. may pick up para- Exampie: MOV R5. (5P} . :piece old RS on stach
meters wilh adgdressng modes (RS} 4. X{RS). o @RS} MOV P1.-(57) :blace N parameters
vl teratly wats with an RTS RS W P2 (5P .on [he stach o be
et thare by the
rsubroutane
Exampie: RTS RS MOV PN .{5F)
MOY 2 MARKN, {5 ;places the inslruchion
MARKE N on the stack
Before: (PG} R7 Stack | MOV SE RS ‘aet up addvess at Mark N in-
struction '
* BR PCESUE (Mg o subroutineg
{(Sm R&

N A
\ - At this poinl the stack is &3 foliows:
n42

After: Rr? N
; '——'] |- oo A
H Bl
RE — DATA
- o
RS AN W
{ oD P
My
- Ly
4.58 : 4-59
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And tha program 5 al the address SUBR which (s the Deginning

af the subroutine.
SUR © exrecution of the subroutineg it

el

RIS RS Jthe rELtn Doegins thes Causes

the conlents of RS to be placed n the PC whaoh [hen fesuils
n b mrcution of the nsieucton MARK M. The contenit of
old PC ae placed in RS

WMARK, M caures [1)the slack pornler [0 be adjusted to poind
to Ihe ot RS vakge; [2) 'he value nowin 5 (1he old PC) to be
plated i 1he PO and (3] conleits of Ihe The olid RS 1o be
popped inte RS 1hus completing the relurn from subroutbine

4.60

- SOB

Used in the POP-11/34, 11745 and 11/5%
sublract one and branch (If 3 O)

OFFROOD Plus off pet

u I ' A ! _I. ! A ! L ' } ' : ' L ' I A A w‘fr 'y L
13 ] L} [ 1 . ] a
Operation: Ra R -1 if Ihis result « O then PC w PC (2 & ofiset)

Corwlition Codes: ~ unafiected

Dascriphion:

The regicier 11 dacrementad it i el aqual 1o O Ewice e
Oll5et 13 subtracted from the PC {now POnbng 10 1 foBow-
ing word). Thee otiset is interprated 33 2 mabet positive rm-
ber. Thes instruchion provdes a facl stfcent mathod of loop
Qonbrol, Assenoier symitax is:

‘S08 Aa
Whare A 13 the address to whach transler is ta be made 1l the
decremented R i not equal to 3, Mote thal the SOB instruc:

:?un can not be uset ta transter conlrol in the Iorward dinec-
g .
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SPL _
Used in the POP-11/45 and J1/55
Set Priority Luvel 00023N
rnouunuunuonuun..l
n n | 1 L N PR | i i | L "
18 3 2 0
Opeeration: PS5 {tits 7-5)~Prionty {priorty = A nn)
Conditsyn Codey: not atfecied
Description The least Sigmblicant 1hres bits of the instruchion
are [oad#d into the Program Status Word [P5) beis
. 7.5 thus causing a changed priorty. The oM pranily
i¥ lost,
Aszembler syntax is: SFL N
Note: This instroclion 15 & no op an User and
- Supennsor modes.
Traps

Trap imstructhions proside lor calls o emulatocs. (1O mamtriors, deboagpng pach -
ages, and wear Gl e isrpeetErs. A trap o sthecinesly an indermupt genarsbid by
saftwire Whan § ap pooyrs e contents oF the oprent Program Counter [PC)
and Frogram Status Word (P5) are pushed Oonto |he processor stach andg re.
placed By Ine conlents ol a bwp-word trap v lor conlarng a new PC and new
F3. The retuen sequence from a Irap imvolers executing a0 RTHor RTT imtruc

tion which reslorey Lhe ofd PG and okd PS by popping  them Iroem The Stack . Trap
vecloes are loratad 8 permanently aasigred Toed addresses

4-62

EMT

104000 — 104377

Condition Codes:

Dascriphion; -

Bafore:

After.

° | ! s U“ nl 0 i_.l. 1 i s | L a
| ] T [+]
¥ (5P PSS
(5P PT
PCa [ 3
PEae(32)

N: loaded from [rap wectoe
I: loaded from frap vector
V- lgaded from trap vector
C: loaded trom frap wactor

M gperation rodes trom LOAOOG to 104377 are EMT jmatruc-
bors and may b vied Lo Irsnsont micmatuon [ the ermdat
g roytine (e g, lunchon o be perfomned). The rap vechor
For EMT 15 3t adaress 30 The new PC s taken Irgem the wgrd
2t addrats A Lhe new central processor status (P5) s laken
from the word ab addreas 32,

Caytion; EMT 15 usad lrequently by DEC system solbwere and
t5 thevatars ngt recommended for gensTal use,

.
RG, 5P n
: e |
ps [~ (32 l
. [
P51
w o
e e————— e w1

4-H3
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frap 104400 — 104777
RN L
T A T c .
Operation: ¥ (5P )a PS
T {5F I PC .
P {34
P ¥ .

Conditiny Codesx:

thril!iunrl

K: loade from Irap vector
2: Iraded lrom trap vecior
V. lopcec Trom trap vechor
C: loadea Irpn~ frap Jector

Qparsir: codes frove 104400 1o 14777 are TRAP instruc

tigns. TRAPs and EMTs zre idenhcal in operkbon, sctept
thal the 'ap vechor [or TRAP is al address 34

Moto: Sincd OED soliwara makes frequent ust of EMT, the
THAPR jnstuction: ot recommended for general Lye

464

breawpoint trap
rn'ntnlaluln_oln °© o 0 u‘nlu‘alml
=
Opearation: * [SF PS5
» [P PC
PC o [14)
P5 = (16)

Condthon Codes: M kpacted fraom trap vectar
1. loaded from Irap vector

V. loaded] lrom rap vector

_ % toaded from trap vestor

Panncriphio n:

Bugging amls
{na infgrmation i Irsnsmetled in Ahe low Dyte )

465

Perlarms & trap sequence with & trap veclaor sderess ol 14
Uared to call debugdng auds. The user 15 cagloned aganst
emplaying code Q0003 i programs run pnder these de.

L!
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1021

inputfoutoul trag . OO{}DG-!
! 0 o 1 0 .p
{Dla.n o .0 © e, 0 0 0, 0 \ —I
13 -]
Oparaiion: . ¥ (5P
(5P Pl
PC20)
PSa{ 72}
Condition Codwa:  Milozded from Irap vecior
I joacded lrom brap vechor
Yipaded from WEp weior .
Cloaced irom trap wector
Dnnriﬂi.-n: Purtorma & trap sequence with a trap vector address of 20

Used to calt the 340 Execulree rontee 10X in tha paper taps
sottware tystem. and for arror ceporting 1n the Dian Oper.

ating Sysiem.
{na wlormaton i3 transmetted 1n the low b_rtt}

4.65

RTI
raturn from interrup LOO0O2
9 0 ® © © 0 0 0 'O 0 O -
AP RS PR BANLATRAE N R
FLE) . . 3
Oparation: PlaiBPia -
FS.a(5P)a

Condition Cotrs:  M: doagad From ovooe1ior sTack
L loaded from procesaor stach
¥, loaded from processor stack
C. loaded from processor stack

Ouracription: * Lhsed ta el from an inberrupt & TRAP sarvice routine The
PCand PS5 are resionsd (popped) trom the processor stack.

W
N

be

-

4-67
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RTT

Used in the PDP-11434, 11/45 and 11/55

raturn foom intErrupt QOO00G

r L
a O 0 o o 2 0,8 @& D 1 1 Ei
| L L 1 i i l_l. ML | s

I o o o
%5
Oparation:
Condiion Codr:
Dwscription;

PCa{SP
P3P
N lpaded {roem processor stack
2. nacded Mo processor slack
Y lpaded lrom prOCESSOr StaCh
LG loade? |roim processor slack

This rs the Same a5 Lhe BT iatrucion eccegd thal o infrieis
atrare Irap while RTE perrmis a Urate Irapn 11 a trace Lrao (3
pending, 1he frst instruchion atter the RTT will be sugtuted
prar 1o the nedt " T7trap In Ihe case of the RTHinstructon
e T trap wmill pocur wnmecdiately atier the BTL

463

Revervet Instrogtion Traps - Thece are caused by Bllempts to acecute ipatruchion
codes resarved for future Drocessor expansion (reserved instruthong) or imbroe:
tipny wilh diegal sodressing moes [ilegat instructang). Orter codes nol corre
sponding tp any of the instructions describad are considered 10 be ressryed 0
structions. IMP ang JSR with register mode deshinabions are itlegal imstrocthons
Aeyervecd and ilegal ingtruchon traps pcour 23 described under EMT, byt rap
through <ectars at aodresses 10 and 4 respecinely,

Hach Qvarflow Trap
Bus me. Traps - Bus Error Traps arwe

i. Boundary Errors - sttempts lo relerenge (nstructions or ward
uperands at odd addradies.

2. Tima-Qul Errors - attampts to referance addressas on the bus
that mede no response within a cartaln length of time. In genersl,
thatd wre caused by sttempis (9 referencs pon-exisient memary,
ang Attempts to réfermce non-existent periphersl devices.

Bus #éor Laps Causw processor raps Through the trep visCior gdoress &4

Trace Trap - Trace Trap snables bit 4 of the PS5 and causes processor Lraps at
tha and of instruclion sxecubiong The instroction that 13 dxecuted after the .
struction thel 1et ihe T-pil will proceed o complaton and then Caute a ProGEor
frap Ihrough fhe trop vactor aF aodoess (4. Nole thal 1he trace [Fap is @ gy3tem
epug@ing and and iv bransparent o the ganecal progracmer,

The fodcwing are spacial cases sod_are detaked i subsequeni paragraphs
1. The trapmd instruchion ceared the T it
2. The lraced inshruiction s the T-bic
3. The bzcad ipsirbclion ceuser an instruthan Hap
2 Tha trocec isatruction caused o bus error lrap,
5. Tha T RCER IS IALCHEN Causerl 3 stach overfiow brap
&

. The process wit interruption beiwaen Lhe time (b T-tut was set 3nd 1he
feictang of thw vntructon Lhal wiy o be traced.

7. The fraced imstruchon wos @ WAIT.
L
B The lraced wsurichor wis 3 HALT
@, Tha traced 1aslruction was a Ratur from Trep

e

- -

KMoty The traced instruchon 15 the instruchon aller Ve ore tha! sets the T it

Az inslruc:lon Lhat chearsd the T-bat - Upon fetching ine traced ingbruchion: a0 m-
terral Pap the ace Lag, was sol. Tha Ienp will still oocur at the end of execution
nd thg insirechan. The sidcked status word, however will hayve a clear T bt

An lattrgcdion That s tha T-bit - Bince 1ha T-bil was oiready set. setiing (0 &; =~
has ng aftecy, The Iran wll Orqur '
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An instruction that caused an Instruction Trap. The insiruthion trap n
sprung and 1he antire routing lor the service trap s exetuled. It the
s&Pvice rputine #2'% with an R11 or i any other way restores the slacked
status word, tThe Tt 1s seb apan, the instrition 10llgwing the traced
inskruction is axecuted and. uniass it 15 one of the Special cases noted
above, s trace frap OCCurs.

An instrucon that caused a Bus Ercor Trap, This is freated as a0 In-
struction Trap, The only diffarence is that the error service 15 not as
pely tn exit with an {171, 5o that the trace (rap may ROL GoCur.

An instruction that caused a staek ovediow, The instruction compleies
saECcUhion 45 usudl—the Stack Owerllow does not cause @ trap. The
Trace Trap Vecior is icaded into the PC and P, and the ok PC and PS
are pushed onto The siack. Stack Overflow otgurs Agan, and rhis Dime
the trap is made, .

An Interryp? belween setting of the T-bd and fetch of the traced imtroc.
tion. The &nbra (Aterrgpt senace routine is #xecuted and 1hen the Tt
% 5et agmn by the exting RTL. The traced wstruction 1s eaecuted (iF
there have begn no other inlerrgpts) and, uniess it 15 3 speciaF case
noted above causes & trace trap,

Mate that mlerrapts may be achnowledped immedialely afier the (gading
of the new PC and PS5 at the trap vector InCation. To lock out ali inter-
.Fupts, the PS5 at the trap vector SHhould réise the processor prionty 1o
lavel 7, )

A WAIT, The trap ocours immaediatehy.

& HALT, The processor halts. When the continue hey on the console is
pressed, Lhe inxtruction following the HALT o fetched and erxecutdd.
Uniess 4t 3 one of the exceptigns noted above, the trap occurs imme-
thately following execution. T -

A Return from Trap. The return from trap instruction ether clears ar sets

the T-tur. It inatats the trace Lrap. i7 the T-brt was sst gnd RTT % the
traced wostructipn the rep 8 delaysd untl completign ol the peat an
struchian.

Power Failure Trap. is a standargd POF 11 feature. Trap pocurs whendwer
the AC puaer drops below 95 volls of culSide 47 10 63 Herntz. Two nuth-
seconds are then allowed for power gown processing. Trap vectDr for
power Talure 15 al locatigns 24 and 26,

a.70

Trap peiorities, In casa multiphe prucuiur trap condittons octur simul-
' taneQusly the folicwing onder af priorities w observed (from high to (ow);

11704 . -
1. Odd Address
2, Timmout
3. Trap instroctiong
4, Trace Trap
5. Power Failure

11/34
1. Odd Address
2. Mamory Managemeat Yiolaton
A, Timeout -
4. Parity Error
5. Trap Irstrustion
h Trace Trap o
7. Stach Owarflow
8. Power Faul
3. Interrupt .t
10. HALT From Conzole

11/45, 11/55
1. Odd Address
2. Fatat Stack Violation
3. Segment Violelon
4, Timeouwt
5. Perity Error -
6 Comsole Flag .
7. Segment Management Trap
B. Wamning Stack Yi¢lation
9. Powsers Fallure

Thqlv deiaie on the trace trap process have bewn described in the trace
trap operztionesd depcription which includes Casas in which an instruee-
tion being traced causes a Gul #rmof. inStFUCtEm trap, of & STACH Over-

flow trap.

i & bus erar is caused by the trap process handling instruction traps,
trace trapy, Stack owerflow trapy, or & Yeviols bus STor, (e processor

is hulted,

I & stack Owerfiow IS Caused by the trap proCess in handhing bus ermors,
nStruction traps, or trace tregs, the process (8 completed and then the

stach overfiow trap i sprung.

471
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AT MISCELLAMEDNS

HALT

Candition Catat: gt &tched

Cavses Lhe procensar operklion o cedse The i

gvTcmh'olnfmbus.Th-mnmlduartm ?s::rhﬂ:: .

cantents of RO, the console address Kghts display 1he ad:

f.r::“r_. aftar the halt instruction. Transfers on the UNIBLS are

" nated ivvrdedtely. The PC posnts b the mext irsinoc.
0N 19 ba exetatod. Predsing the confinue key on the coneche

CEURES ; .
aven. processor operation o resyme, Mo INIT ﬂlf‘l.l .

Noter A hall jazued in a irap

472

WAIT
weait for interrupt DOOOC S
T
l|°1°.°.°1° °.°|°.°1°1°.°‘°|°.°.'l|
" [ -]

Conditin Codes:

Deacriptian.

not atecied

Provides a way for the processor 10 relinguish yse af
the bous while it wats for an external inlermupl.
Having been given a WAIT command, the protessar
will Dot competa for bus use by Tetching instrucbions
or operands fram memory. This permirs higher trans.
fer rates LHetwesn 3 dévice and MEMOrY, SinCE ND
protessorinduced latencids wilt be encouniered by
bus requests from lhe device  In waIT, as in all -
structions, ihe PC points o the nest ingtruction tol-
lowing the WAIT operalion. Thus when an interrupt
causes the PC and PS5 to be pushed onta the pro
cecsor stack, Lhe address of the next instruction
following the WAIT 15 saved, The exd frem the in-
terrupt routine (i@ exegution af an RTI instruction)
will cause resumption of tha interrupted process at
the instruction foltowing Lhe WAIT.

(%
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RESET

reset axternal bus

e

Y
o 1
l 4 ' A n I- u Fl o iy a l n A a L n I 1 I n L ]

Condition Codas:
Dwmcript ion:

nal alheched

Sty INIT o tha UNIES. Al devces on tha LINI-

BLUS are raset 1o ther siate at powar up.

4
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Conditinn Cosle Opirators

CLN SEN
CLZ SEZ
CLV  SEV
-CLC  SEC
CCC SCC

condition code operators DD

[he 0000 00 o oefefv]e]
- 3 4+ 2 3 1 0

Ourptriphisn; Set and chear condihon (ode bats. Selectabie combinations of
thase Ints may be cleared or sot IDgether, Conditon e bty
correspondng b bits v The condhion code operator (Bity O
3) are mocileed according o the sense al bk 4, the set/clat
but of 1he gperatar. Le. et the o specdad by it 0, 1, 2or 3,
et & ixn 1, Crear corresponding ity al it 4 =

Mirvbrrona: )

Oparstion OF Code

CLC Clear xi2al

OV Clew¥ oo02a2

cLe Clmar 7 CO02a4

ClN  ClarN L0025

SEG 58 . 000261

5BV Setv . QI 62

SEZ Set? OO0254 —~

SEN  SetMN o020 - r&'“

L SatslfCCw Q0027

CCC  CearafdCCy g5y

Clasr ¥ and C 000243 h
HOP  No Operabon D02 40

Combinahons of Ihe sbove s or clesr operations May be ORed 1ogelher o oom
covabinsd instr e vy .

a-75
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MINICOMPUTER SYSTEMS

R.H. ECKHOUSE, jR.

A
4 PROGRAMMING TECHNIQQUES

Mastery of a basic instruciion set is the first step in learning to program.
The next step is to learn to use the instruction set to obtain correct results
and to obtain them efficientily. This is best done by studying the following
programming technigues. Examples, which should further familiarize the
. reader with the tota! instruction set and its use, are given to illustrate each
techniguae,

4.9, POSITIONAMDEPENDEMT PROGRAMMING

Mast programs written {0 run on a computer are writien so as to occupy
specified memory locations (e.g., the current location eounter is used Lo
QDdefine the location of the first instruction). Such programs are said 1o be
shsolute or position-dependent programs, However, it is sometimes desirable
to have a standard program which is available to many different users. Since
it will not be known a priori where Lhe standard pragrams are Lo be loaded,
it is necessary Lo be able to load the program inlo different areas of core and
to run it there. There are severid ways to do this:

1. Resssernble the program atb Lhe desired location.

2. Use a relocating loader which accepts specially coded binary from a
relocatable assembier.

3. Have the program relocate itself after it is loaded.

4. Write s program that is position-independent.

On small machines, reassembly is often performed. Whed the required
core is available, a relocating loader (usually called a linking fnoder) is



SEC. 4.1 FOSITION.INDEPENDENT PROGH AMMING ™ < ar
preferable, It generally is not economical 10 have & program relocate ilse!f,
since hundreds or thousands of addresses may need adpisiment., Writing
position-independent code is usually not possible because of the structure of
the addressing of the object machine. However, on the PDP-11, position-
independent code (PIC) is possible,

PIC is achieved on the PDXP.11 by using addressing modes which form an
effertive memeory address relative to the program counter {I’C). Thus, if an
instruetion and its ebjecl{s} are moved in such 8 way Lhat the relative dis-
tance between them is not altered, the same offset relative Lo the PC can be
used in all positions in memory. Thus PIC usually references locations reta.
tive to the cuwrrent location. PIC propriums may make absolute refrrences as
long as the locations referenced stay in the same place while the PIC program
is relocated.

2.1.1. Pasition-Independent Mades

There are three position-independent modes or forms of instruetinns,
They are:

1. Branches: the conditional bram:hos, as well as the unconditional
- branch, BR, are posilion-independent, since the branch address is computed
as an offset to the PC.

2. Reiative memory referenices: any relalive memory reference of the
form

CLF ¥
oy ¥y
N ER w

ie pogitign-independent because the assembler zssembles it as an offset in-
dexed by the PC. The offset is the difference between the referenced loca-
tion and the FC. For example, assume thal the instruction CLTL 200 is at
address 100:

Lina Symbolic
Mumbaer Address Conlenta Imsteuction Commenls
1 00GI100 005087 CLR 200 FINST WORD OF INSTRUCTION
0po074 DFFRET=200—103

The offset is added to the PC. The PC eantains 104, which is the address of
the word following the oifset (the second word of this lwo-waerd instruclion),
Note that although the form CLR X is position-independont, the form CL 1
®X is not, We may see this when we consider the following:



illa FROGHAMMING TECIIMIQULS | 'J CHAP, 4

Line Symbolic
Mumber Addrew Conlenls Lab#l Instruction Comments
‘1 601000 005077 5 CLR &@X CLEAR LOCATION A
000774 .
2. ﬁﬂiﬂﬂﬂ a030o0 x: iWOHD A JFOINTER TG A
3. 003000  0DO0OC A: WORD 0

The eontents of location X are used as the address of the operand, which is
symbaolically labeled A. Thevalue stored at location X is the absolute address
of the symbaolic location A rather than the retative address or offset between
location X and A. Thus, if all the code is relocailed afler assembly, the con-
tents of location X must be altered to reflect the fact Lthat locition A now
stands for a new absolute address.T 1f A, howeaver, was the name associated
with a fixed, absolute location, statements 5 and X could be relocated be-
vause now it js imporlant for A to remain fixed, +Thus Lhe following code is
position-independent:

Line 8y mbolic
SNumhbet Addren Conlenis Labal Instruction Comments
1 000036 A=38  :FIXED ADDRESS OF 36
2 001040 005077 5: CLR €X LLEAR LOCATION A
000774
3 002000  0ODD36 X:  WORDA FOINTERTO A

3. 'mmediale operands: the assembler addressing form #X specifies im-
mediate data; that is, the operand is in the instruction. Tmmediate dala that
are nat addresses are position-independent, since they are a part of the instrue-
{ion and are moved with the instruction. Consequently, a SUB #2 HERE is
position-independent {since #2115 not an address), while MOV # A ADRFTR
is position-dependent il A is a4 symbolic address, This is sa even though
the gperand is feiched, in bolh cases, using the PC in the aulsinermment

TTa verify this point the reader is #ncouriged Lo relocale the code, afler aswembly,
into leeplions 4000, 5000, und GO0, By doing w0 he will diveover that the contenis of
These tocualiony are the same a5 for the crigingl ¢code and that Lhe sontents of localion
5000 do nol poinl to lacation B000.
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mode, since it 1s the quanlity fetched that is being used rather than its form
of addressing,

4.1.2. A't;snlute Modes

Any time a memory location or register is used as a poinier 10 data, the
reference is absolute. If the referenced data remain always fixed in memory
{e.g., an absojute memory location) indepandent of the position ol the PIC,
the absolute modes must be used,t Altermnatively, if the dala ure relative to
the position of the code, the absolute modes must not he used unloss the
pointers involved are modified. Restating this point in different wards, if
addressing is direct and relative, it is position-independent; if it is indirect
and either relative or absolute, it is ot position-independent. For example,
the instruction

oy exx. HELE

“move the cantents of the word pointed to {indirecUy referenced by) the FC
(in this case absolute location X) to the word indexed relative Lo the PC
{symbolically rcalled HERE}" contains one operind that is referenced indi-
rectly {X) and one operand that is referenced relatively (HERLL). This in-
struction can be moved anywhere In memory as iong as absolule Iocation X
stays the same, that is, it does not move with the instruction or program;
otherwige it may not be.
The absolute modes are:

X Localion X i5 a pointer,

L The immediste word it & pointer,

{R) : The register it 2 painter.

{R)+ and [R} The register |z u poinier,

S{R}+ and #—(R) The regiiler phints 1o A pointer,

XIRYR#G or 7 The base, X, modified by (R, 1 the address of 1he oparand,
SX(R) The bage, modified by (T}, is 0 painter,

The nondeferred index modes require a littde clartfication. As described
in Chapter 3, the form X{7)TT is the normal mede in which to reference
memory and i3 2 relative mode. Index mode, using 2 register, it also a rela-
tive mode and may be used conveniently in PIC. Basically, the register
painter points to a dynamic storpe area, and the index mode is userd Lo
access data relative Lo the pointer, Once the pointer is set up, all data are
referenced relative to the pointer,

TWhen PIC is not bring wrillen, referapces 1o fixed locations may be performed with
either the mbsolule or relativa forma,

TtRecall thet X(7) iz equivalent 1o x.[H'?]. which js= eguiyaTent o MIPC) where POLRT.
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. J
4,1.3. Writing Auotomatic FIC

Automatic PIC is code (hat requires no alteration of addresses or pointers.
Thus memory relerences are limited to relalive modes unless the location
referapced i3 fixed. In sddition Lo the above rules, the following must be
observed:

1. Start the program with .=0 1o alow easy relocation using the absolute
loader (see Chapter 7).

o, Al location-setting statements must be of the form = .2 X or .= func-
tion of symbols within the PIC. For example, .= A+ 10, where A is a local
label.

3. There must not be any absolule location-setting statements. This
means that a block of PIC cannot set up specified core Ereas at load time
with statements such sz

. =248
. HORE TEAFH. 248 i FRE-LLORD r4@, 347

The absolute loader, when it is relocating PIC, relocates all data by the load
bias {see Chapter 7). Thus the data far the absoluie location would b
relocated to some other place. Such areas must be set at execution time:

Hiy ETRACH, R4 P FUT AOEE TH ABS LOL Z4(
nory Kidg, maJA2 P AMD- RS LOCAHTION 42

4‘1+4L_Jwri1ing Konarigmatuc PIC

Often it is not possible or economical to write lotally avtomated PIC.
In these cases some relocation may be easily performed at execution time.
Some of the required methods of solution are presented below. Basically,
the methods operate by axamining the PC to determine where the PIC is
aciually located. Then a relocation facter can be easily computed. In all
examples it is assumed that the code is assembled at zevo and has been re.
located sornewhere else by the absolule Inader.

41,5 Senting Up Fined Core Locations

Consider first the previous example te clear 1the contents of A indirectly.
The pointer 10 A, containad in symbalic Tocatipn X, must be chapged if the
code is Lo be relocated. The program segment in Fig. 4-1 recomputes the
pointer value each time that il is executed, Thus the pointer value no longer
depends on the value of the lecation rounter at the time the program was
assembled, but on the value of the PC where it is loaded,
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MBRPPR Ffm i . yLETIME EM
opaen? F{aic? LEFIME P&
CRPRRE @LRTRD 5@ My [ T JEd = (ALLE OF Ei+2
sopbBr: QEITHD ALD RS- 2, Fp fADE TN GFFSET
. T Ch R e
BoPOPE Q1GACT MY Fir. iFOYE FOINTERE TD o
PRATES
Gappiz ph%BTry CLFr i yCLERER YALUE THDIREC YLy
Qe rED
BERALE SGenpb HALT . STGF
peLo0s " +TER
B310806 BFILER X , HORD F L FOINTEE TO A
L]
BAZPAD L, +7TE ' .
ORZOAR BDFERAR A: SWOED @ +WALUE T EE CLERFED
BEEaL . END:
Fig. 4-1

¥

Now if ihit program i3 loaded into locations 4000 and higher, it should
be clear that none of the program values is changed. This point could be
shown pictorizlly by taking the Fig. 4.1 material, recopying it, hut ¢hanging
only the values in the leftmost column, the address column. Thus if ane
were to look in, say, location 40190, the contents would Le 766 and the value
found in location 5000 would be 2000 (i.e., neither value is changed).

Given that the propram data have not changed, the question is: 1low does
it wark? The answer is that the offset A—5—2is equivalent to A—(5+2) and
S+2 is the value of PC which is placed in RO by the statemeont MOV PC RO
At assemhbly time the offset value is A—PCy, where PO, =5+ 2 and PC,, is
the PC that was assumed for Lhe program when assembled Leginning ot
logation 0.

Later, afler the program has been relocated, Lthe meve instruction will no
longer store PC, in RO, but a new value, PC,, which is the current value ol
PC for the executing program. However, the add instruction still adds in thre
immediate value A—PC,, producing e linal resull in RO:

PC,+({A-PC,) = A+(PC, -PC,)

which is the desired value, since it yields the new absolute 'oeation of A
[e.g., the assembled value of A plus the relocation factor (PC,-PC,)].

* . -

4.1.6. Relocating Painters

. 1f poinlers must be used, they may be relocaied as we have jusl shown,
For exemnple, assume that a list of dalz is Lo be accessed with the inslraction
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K4

ALD Ry, R
The pointer to the list, list L, may be caleulated at execution time as follows:

LN MOy L o] - s GET CURRENT FC
RO IL=HF~-2, F¢ PRDO DFFEET

Another variation is Lo gather all pointers’into a table. The relocation
factor may be calculated once and then applied to afl pointers in the table in
a loop, The program in Fig. 4-2 is an example of this technigue. The reader
should verify {Exercise 1 at the end of this chapter] that if this program s
relocated so that if it beging in location 10000, the values in Lhe pointet

table, PTRTBL, will be 10000, 10020, and 10030,

DEdepg FoaXa DEFIMNE k@

OoObeL Fiwpl LDEFIHE K& R
BpdoBZ [ s JDEFTHE R2

BREdE7 FC=XV sDEFIMNE FC

piaFog x; HOY PC. Rp JEELOCATE ALL EMTRIEES IN FTETEL
IE2VeR SUR L - ] sCALCULATE FELOCATION FACTOR
DoRB0e

6Lz 7PL HOY SFTETEL. K1 +GET AND RELGCATE A FOINTER
ppl@3Ip

PEQABL ARDD Fe. k1 » TG FTRTEL

eilovpe MO ATELLEN. K2 JGET LENGTH OF TRELE

LR

PooBrl LOOF: ADD Ed, (Rij+ s FELOC ATE RN ENTEY

aniDe FEC ke S COUNT COMN

CRELITS ENE OGP + BRANCM |IF NOT DOHE

QAR HALT JSTOF WHEW DOME

[l 1]ay 250 TELLEWN=3 s LEMGTH OF THELE

COedElE PTRTEL: . WORD ¥, LODF, PTRTEL

[l el g -
abnalp '
OPRARL . END

of pointers.

Fig. 4-2

Care must be exercised when restarting a program that relocates a table

The restart procedure must not include the reiocating a2gain
{i.e., the 1able muet be relocated exuctly once afler each load),

4.2, JUMP INSTRUCTION

L]

Although mentioned earlier, the JMP instrucliion has been overlooked
somewhat up to now. The astute reader will, no doubt, recognize that the
necessity of & jump instruction is dictaled by the fart that the branch in-
structions, although reiative, are incapable of branching more than 200 words
in either a positive or a negative direction, Thus to branch from one end of
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memory to another, & jump instruction must be a part of Lhe inslruclion set
and must allow full-werd addressing.

The jump instruction is indeed a part of the PDP-11 instruction set and
belongs to the single-operand group.  As a result, fJumps may be refative,
absolule, indirect, and indexed. This fexibility in determining the effective
jump address is quite useful in solving a particolar class of problems that
occur in programming. This class is best illustrated by example,

4.2.1. Jump Table Prokliem )

& comman type of problem js one in which the input dala represent a
code for an action to be performed. Far each code, the program is to lake a

certain action by execuling a specified block of code. Such n problem would
be coded in FORTRAN a3

READ. 1NDEX
60 TO <18, 1PP. 37, 1450, ., 7). INDEX

v

-

In other words, based oh the value of index, the program will go to the
statement labelad 10, 100, 37, and 50 on.

a————

5 The “computed GO TO™ in FORTRAN must sventually be translated into
t machine language. One possibility in the language of the PDPE.11 would be
§ -

%

i

+ .

3 RERD INDEX iR OPSEUDD-TINSTEUCTION

i navy INDEX. KL CELACE 17 IN K2

i BEC R1 ; OO NDE CuMby -1

., RGD Ri, R1 i FORM % [NDEX

A Jne BTRELE (K1) S TNDIRECT Jupe

I

TRELE: . &OKD Li@, L1ép, LXF L3156, ., LT

ET The method used is called the jirmp fable method since 1t uses a table of
jaddresses Lo jurnp to. The method works as follows:

3,

[

H 1. The value of INDEX is abrained.

b
i

: .
! 2. Since the range of INDEX is 1 < INDEX € maximumvalue, 1 is sub-
tracied fram the index so that tsrange is 0 € INDEX < max — 1.

- —

g nint A e
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3. The value of index is doubled Lo take care of the fact that labels in
the table are stored in even addresses; i.e., full words;

4, The address for the JMP instruction is utilized both a$ indexed and
indirect, such lhat it points to an address to be jumped to in lhe table

Although the jumnp instruction transfers control to the correcl program
label, it does not specify any way Lo come back. In the next section, where
we shall consider subroutining, we shall see that a slight modification of the
jump instructions allows for an orderly translfer of control, and a return,
from one section of code to another.

4.3, SUBROUTINES

A good propramming practice to get into is to sepurale large programs
into smaller subprograms, which are easier to manage. These subprograms
are activated’eilher by a main program or by each other, allowing for the
sharing of routines among the different programs and subprograms, .

The saving in memaory space resulting from having only one copy of the
needed routine is & definite advantage., Equally important is the saving in
time [or the programmer, who needs Lo code the routine only once. How-
ever, in order to share common subprograms, there must b¢ a mechanism to

1. Allow the transfer of control from one routine to another,

2. Pass values among the various routines.

The mechanism that accomplishes these requirements is called the subrouline
tinkage and is, in general, a combinalion of hardware features and software
conventions.

The hardware features on the PDP-11 which assist in perfonning the
sulrroutine linkage are Lhe instructions JSE and RTS. These instructions are
in the subroutine ¢all and return graup and have the following asscmbler
form and instruetion formatt:

JSH regonier, destrtaton

L KEn 'IMHIJ'I.'E fu n

HEEREREEENEEEE

'.5 ; .‘J N f ‘5 4 1 7 D.
Op vode —— ! H

L [aTina oo sddtesy

Linkape puanlet «cm—

YDepending on Lhe mode of addressing, one or two wards are used for the JSR
inslruclicn.
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W15 reynler

—_—
—
4
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Y
. LI .
Op code ———— Tmkagy prunter

Both instructions make use of & ‘‘stack” mechanism similar -to the stack
mechanism described for zero-address machines in Section 1.2.8.6.

4

4.3.1. Stack

A stack is an mrea of memory set aside by the programmer Tor temporary
storage or subreutinefinterrunt senvice linkage. The instructions that Tacili-
tate stack handling {e.g., autoincrement and autodecrament} are uselul fea-
tures that may be found in low-cast computers, They allow a program. to
dynamically establish, modify, or delete a stack and ilems on it , The stack
uses the lest-in, first-out or LIFO ¢oncept; that is, various ilems may be
added to u stack in sequential order and retrieved or deletcd from the slack
in reverse order {Fig. 4-3}. On the POP-11, a siack starts at the highest loca-
tion reserved for it and expands lincarly downward 1o the lowest address as
items are added to the stack., - \

Low dcldrewses

Ihgh addresaes

. L Fig. 4-3 -Swack afdresses,

The programmer does not need la keep track of the actual Tocations his
data are being stacked into. This is done avlomalically through a slech
pointer. To keep track of the last item added Lo the stack (or *where we
are™ in the stack), a general register always contains the memory auldress
where the last item is stored in the stack. In the PDIN11 nny rogister except
register 7 (the PC) may be used as a stack painter untler program control;
however, instructions associnled with subrguline linkage and interrupt ser-
vive aulomatically use register & {RG) as a hardware stack peinter. For this
repson RG is frequently referred to as the system S0

Stacks in the PDP-11 may be mointained in eilher full-word or byte unils,
This is true for a stack pointed to by any register except RG, which muost be
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organized in [ull-word units only. Byte stacks (Fig. 4-4) reguire instructions
capable of operzling on bytes rather than full words {byte handling is dis-
cussed in Section 4.6 .

Ward stath
007066 '
007070 ot
w0 [ wemes | - se [ oz +
007074 | liem# 3 ' '
00107h hem 2 .
007 R0 Hein & 1 .
Rl
Hyte siack

007075 | tem# 4 -—-sr-

GO liem # 3

ﬂUTﬂITT. Nern & 2 Fote: Byley are

artanged i wards
007100 Ierm & | a1 (oklorwang:

Pyre 39 Hyte 2 .

Byic | | Byre O

[ v

Fig. 4-4 Word and byte slacks,

Iterns are added to m stack uzsing the autedecrement addressing mede with
the appropriate pointer register. (See Chapter 2 for a descniption of the
autoincrementfdecrement modes,)

This operation is pecomplished as follows:

MDY COURCE. = (5SF) MOYE SOURCE WOFD DNTH THE STRCK
or

MOVE EOURCE, —(5P) sROYE SOURCE EYTE DNTO THE STRCK

This is called a “push” because data are “‘pushed onto the stack.”

YSee Section 4.6 for & discussion of byle instructions.
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To remove an item from stack the autaincrement addressing mode with
the appropriate SP is employed, - This is accomplished in the following
manner:

noy (SF)+ DEST L MDVE DESTINATION WOKD OFF STRCK
or

nove (EFRYe, EST MOYE DESTINRTION EvTE OFF £TACK

Removing an item from 2 stack is called a pop, for “popping from the stack.”
Afler an item has been popped, its stack loeation is considered free and
available for other use. The stack poinler points Lo the last-used location,
implying that the next (lower) location s free. Thus 1 stack may feprosent
a pool of shareable temporary storage Jocations.

4.3.2. Subroutine Calls and Aeturnc

When a JSR is executed, the conlents of the linkape regisier nre saved on
the system HB stack as if & MOV yeg,—{5P) has been perflormed, Then the
same register is loaded with the memory address following the JAR instrue-
tion (the conients of the current PC) and a jump is made Lo the enlry loca-
tion specified. The effect, then, of execuling one JSH instruction is the
same as simultaneously executing two MOVs and a JMP; for example,

A0y EEG.-CZF) JEPUEH REGISTER IWTO THE STARK

JSR REG,SUER_ pOY FC, KEG SFUT RETURN BC INTO KEGISTER
JMP SUBR , JUME TO SUERGUT I NE

Figure 4-5 gives the “befare” and afler conditions when executing Lthe sizb-
routine nstruction JSR R5,1064,

Belore . Al

(R5) = p0a1 32 fH S = 0D HKA

fRé) = 0D T7hH i e pg 174
M) & (R7 Y w )10 1Py = (K Ty = 0D

mmz' L i

0017M 01774 ] 00112 [o—— s
— . -
R el ] mynmm ) -.— SF ‘ I ’ LUt in

002000 | annnnn 012100

Fig. 4-5 J5H instrugtion,

T



_— Ty,

ok FROGRAMMING TECHNIQUES lti CHav 4

In order to return from a suliroutine, the RTS instruction s executed. [t
performs the inverse operation of the JSI, the unstacking and restoning of
the saved register value, and the return of rontrol to the instruction follow-
ing the JSR nstruclion. The equivalent of an RTS is a concurrant MOV
instruction patr:

RTS REL MOy FEG. L sRESTORE FC
Ay (SZF)+, FEQ FRESTORE REGISTER

The ute of a stack mechanism for subrouline calls and retumns is particu.
larly advantageocus for two reasons, First, many JSR instruetions can be
exeécuted without the need to provide any saving procedure for the linkage
information, since all Yinkage information is aulomaiically pushed into the
slack in sequential order, Retyrns can simply be made by aulomatically
popping this information from the stack in epposite order.~ Such linkage
address bookkeeping is called automatic nesting of subroutine calls. This
feature enahles the programmer o construct fast, efficient linkages in an
easy, flexible manner, Ii even permiis a routine te be recalled or to call
jtsel? in those cages where this is meaningful {Sections 4.3.5 and 4.3.8),
Olher ramifications will appear after we examine the interrupt mechanism
for the PDP.11 (Section 6.4}

The second advantage of the stack mechanism is Tound In its case of use
for saving and restoring regislers. This case arizes when a subroutline wants
10 use the general registers, butl these registers were already in use by the
calling program 8snd must therefore be returmed Lo it with their contents
intact. The called subroutine (JSRPC, SURR) could be writien, then, as
shown in Fig. 4-6.

SUER: MOy ELl, TEMFE s SAVE k1
oo MDY s TEMFE+2 ;EAVE B2
MO TEAFS+2. K2 LRESTORE RE
Moy TENFS, FL s FESTORE WL
: RTE FL s FETUREN
TERFL, | WOFE e, B, B, 8, 0, R , SAYE FAKERA

or uging the slack as

EUEK: HaY KL, —(FE) JFLISH K1
MOY EE, =(FE) L FOEH KT
IHEI"r' CREs», R iFOF E2
HHY CRéEX+ R P FOE EL
kTS Fi i KETURN

Fig. 4-6 Saving and restoring r!gisb;rl using the glack,
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The second routine uses Lwo fewer words per register save/restore and
allows another routine to use the temporary slock storase al a latler polnt
rather than permanently tying some memory lovations {VEMPS) to a partic-
ular routine. This ability 1o share temporary stornge in the Jorm ol a stack is
a very economical way Lo save on momory usage, especially when the total
amount of memory is limited,

The reader should note that Lhe subroutine m]l J5R PC.SUBR is a leqili-
mate form for a subroutine jump. The instruction does not utilize ar stack
any registers but the BC. On the other hand, the instruction JSR SP,SUBR,
where SP = BB, is pot normally considered 8 meaninpful combination.
Later, however, utilizing register & will ho considered (see Section 4.3.7),

4 31 Argument Trantmission ) '

* The JSH and RTS instructions handle the linkage prablem for transfer-
ring control. What remains is the problem of passing arpuments hack and
forth to the subroutine during its invocation. As it turns out, this is r fairly
straightforward problem, and the real question becomes one of choosing one
sclution from the large number of ways for passinp values.

A very simple.minded approach for argument transmission would be to
apree ahead of time on the locations that might e used. For exampte, sup-
pose that there exists a subroutine MUL which multiplies two 16-bit words
together, producing 2 32-bit result, The subroutine expects the mullipltier
and multiplicand to be placed in symbolic locations ARG] and ARGZ2 ra-

“tpectively, and upon completion, the subroutine will leave the resuliant in
the same locations.

The subrouvtine linkage needed Lo set up, cal), and save the generated
resulls might look like: '

noy ¥, BRGL iMILTIELTER

now ¥, AEGE FHULTIEL YEAND
JEF L 1L R SCALL MuLTIFLY
Moy HE Gl FELT P ZRYE THE TH
iV REGE, FELT»L +  HOEE FESLT

As an alternative to this linkage, one could use the repisters Tor the subrou-
tine arguments and write:

nov X Rl JHU L TIFLER
oY Y. k2 UL TIELTCAMD

JER Fi. ML s CALL MULTIFLY

This last method, although acceptable, is somewhal restricted in that a
maximum af six arguments could be transmitled, corre-pronding Lo the rum.
ber of general registers available, As a result of Lhis restriction, aroether -
ternative is used which makes use of the memory locations peinted to hy the
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linkage register of the J5R instruction. ‘Since this register points to the fimt
word following the JSR instruction, it may be used as # pointer to the first
word of a veetor of arguments or argument addresses.

Considering the fust case where the arguments follow the J3R instrue-
tian, the subroutine linkage would be of the form:

JER E . ML JCAL'Y. HIPLTIFLY
., WORD FYRLUE, YWALLE i FEGLIMENTS

These arpuments could be accessed using autoincrement mode:

MUL nov CRE)s, K1 iGET MULTIFLJER
HhY (E@)e. B2 SRET MM TIPLICAND
RTS R s RETLREN

At the time of returt, the value (address pointer) in RO will have heen incre.
mented by 4 zo thalt R0 contains the address of the next executable instrue-
tion following the JSR.

In the second case, where the addresses of the arguments follow the
subroutiine call, the linkage looks like

JER R, MUL LUALL MULTIELY
, WA D EARLE, YRDOR i ARGIUMMENT S

For this case, the values to be manipulated are fetched indirectly:

HUL HOVY riRp»+, F1 JFETEM MULTIFLIER
HOY BiFg)y+, P2 GFETCLH MULTIFLICARE
kTS PO i REVUEN

Anolhar method of transmitting arguments is 1o transmit cnly the ad-
dress of the firsL ilem by placing this atddress In a general-purpose register,
It is nat necessary to have the aclual argument 115 {n the same general area ag
the subroutine call, Thus asubroutine van be called to work on data located
anywhere jn memary. In fact, in mzny cases, the gperations performed by
the subroutine van ke applied directly to the data located on or pointed to
by & stack (Fig. +1-7) without ever actually needing t¢ move these data inlo

the subrouiine area,
livmoa?? I
NN =~—HI l Poinl 5 1o g 2 |]

i

Fip. 4-7 Tramamitting slacks ve arguments,
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Calling program:

nov SO INTER, R 1 SEET UF FOINTER

JER FEC, SUEE P CALL SUDEROMTINE
Subroutine:

ALD CELy+, tR1; LhADS JTEM Bl TO ITEM &2

JELALE FESULT IN O ITER B2, FL
SFOINTE TO O ITEHA el wOY

or
BOD tRYy, Z(RLD sErE EFFECT AS ABCYE EWCEFRT
s THAT F1 ETILL FOINTE TO
; JTEHR 21

v

" Giver these many ways to pass arpuments to 2 subroutine, it is worth.
while to ask, why have 5o many been presented and what is the rationale
for presenting them al'? The answer is that each method was presented s
being somewhat “betler” than Lhe last, in that

1. Few regisiers were used to Lransmit arpumen ts.
2. The number of parameters passed could be guite Yarge,

3. The linkage mechanism was simplified to the point where only the
address of the subroutine was needed to transfer conlrel and pass prameters.

Point 3 requires some additional explanation. Since subroutines, like
any other programs, may be written in position-independent code, it is pos-
sible Lo write and assemble them independently [rom the main program that
uses them. The problem is filling in the apprupriate address for the JER
instruction.

Filling in the address fisld in the JSR instruction is the job of the linking
loader, since it can not enly relocate IMIC programs but nlso fill in sulbroutine
adidresses, ie,, firnk themn together. The resull i= thal a relocatable subroutine
may be loaded anywhere in memory and he linked with one or more ealling
programs andfor subprograms. There will be only one copy of Lhe routine,
But it may Be used in & repetitive anner by other progrims locatled any-
where ¢lse in memory.

Another point nat to be overlooked in recapping fRrpument passing is the
significant difference in the methods used. The firsl teelininques presented
used the simple method of passing a volue to the subroutine. The later Lech-
nigues pessed the eddress of the value, The diflerence in these two Loeh-
niques, cof! by oefue and call by address, can be quile important, as dles.
trated by the following FORTR AN-like prograra exemple:
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FROGRAM TRICHY CEUEROUTINE SHAR{x, ¥ ’
A=l, TEFFagn
| 2" I Y
FEINT. A=E YaTEMP
CALL SWAFLL, , 23 EETIRM
At E MI» :
Enz. o
ERINY. A=E b
EMl

If the real constants are passed in by value, both prind stalements will print
out a —1. This occurs because subroutine S¥ AP interchanges the values Lhat
it has received, not the actual contents of the arpuments themsclvas,

However, if the real conslants are passed in by address, the two print
statements will produce 1. and 1., respectively. In this case the subroutine
SWAP references to real constants themselves, interchan pin g the actual argu-
ment values,

Higher-level language, such as FORTRAN, can pass parameters both by
value and by sddress, Often the normal mode is by address, but when the
argument is an expression, the address represents the location of the evaluated
expressian. Therefore, if one wished to call SWAP by value, it could be
performed as

CRLL SHAFLL, *1, .2 -8 3

causing the contents of the expressions, but not the ennstunts themselves,
to be switched,

These techniques for pasting parameters are easy to undersiand at the
assembly lanpuage leve! because the programmer can sed exaclly what meth-
od is being used. In higher-level lunguages, however, where the lechnique is
not so transparent, interesting results can occur. Thus the knowledgeable
higherlevel language programmer must be aware of the techniques used if he
is to avoid unusual or unexpected results.

4.3.4. Subroutine Regittar Lisage

A subroutine, like any other program, will use the registers during its
execution. As a tesult, the contents of the registers at Lhe time that the
subroutine is invaled may nol be the same as when the subrouvline returns,
The sharing of these comman resources (8.8, the registers) therefore dictates
that on entry to Lhe subrouline the registers be saved and, on exit, restored.

The responsibility {or perfarming the save and restore function falls
ether on the calling routine or the called routine. Althouph arguments exist
for making the calling program save the regislers {since il need save only the
ones in current usel, it is more common for the subroutine itsell wo save and
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reslore all repisters used. On the I'DE1D the sawve and restore routine iy
greatly simplified by the use of a stack, ns was itJvstrnled 0 Fig, 4-G,

As pointed cul previously, stacks grow downwurd in memory and are
tradilionally defined 1o occupy the momory space immediately precoding
the proegram{s) (hat use them. One of the Mitst things that any program
which uses a stack (in particular one thal execules o JSRY must ¢o s to set
the stack pointer up. For example, if 5P {i.e., RG) is to De used, the program
should begin with

+EBEG IS THE FLFLT
) VINSTRUCT MO OF THE FROGEAHA
BEG: MOy FL.EP s SFwALBE FEG+ 2
TET ~EEPY JLECEEMENT £F Ev I
fAOFUEH ONTO THE STEfy HLL
FETORE THE [ATA AT EEG-I

This initializalion routine is writlen in FIC Form, and had H heen assembled
beginning at lecation 0 (=0}, the program could be easily relocated. The
‘routing uses a programming trick W decrement the state: 1t wses the test in-
struction in avlodecremenl mode and ignores w seiting af Whe condition
codes. The alternative 1o using the TST instruction weuld by wo SUB L2580,
but this would reguire an extira insinclion weord.

4315, Resntrangy

Further advantapes of stack arganization beeome apparent in eomplex
siiuations which ¢an arise 'n program systems Lthal are engaged in the concur-
renl handling of several tasks. Such multilask program environments may
range from relatively simple single-user applications which must manape an
intermix of I}O service and backyround computation tg Lirge complex multi-
programming sysiems Lhal manage a very intrieate mistore of exreutive and
multiuser programming sitvations. 1n all these applications thene is o need
far Nexibility and time/memary economy, “Ihoe ose of the stack provides
this cconomy and Tlexibility by providing a method for aliowiog many tasis
to use a single copy of the same routine and o simple, yeambicrous method
for keeping track ol complex program Tinkapes,

The ability 1o share a single copy of a siven progerun amanme users or Lasks
is valled reenfrancy. Reentrant program routines differ from ordinary suls-
roulines in that it i unnecessary Tar reentrany routines Lo finish processing
a given task before they can Le used by snother Lask, Moltiple tisks can be
in various stages of completion in the same rautine aL any Lime. Thus the
sitkation shown in Fig. 4-8 may oveur.
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Memoy . Yemary
AR -
Progrum 1k Subrguline 44
Frogram 1 e AR
Programn * | Swbroniine A
Program 1 PINEF P e et e ]
Pregram ¥ FSufrounne A4

A e e

TITIrr A Trrred

Piogram 3 :/S-Ilhlmlllﬁl' Al

Resnizam apprnach .
Cuonventional approuch

Frograms |, 2 and 1 can A wparate copy of wuhrouline A
share subrourting A must be pravided Tar cach program

Fig. 4-8 Reentrani roulines, .

The chief programming dislinelion between o nonshareable routine and a
reentrant routine is that the reentrant rouline is composed solely of pure .
code; that is, it contiains only instructions and constants. Thus a section of
programn cade is reentrant (shareable) i and only if il is non-self-modifying;
that is, no informatlon within it is subject to modification. The philosephy
behind pure code is actually not limited to reeptrant routines. Any non-
maodifying program segment Lhat has no temporary storage or data associated
with it will be

1. Simpler ta debug,

2. Read-only protectable (ie., it can be Kept in read-only memory),
3. Interruptable and restarlable, besides being reentrant.
Using reentrant routines, control of 2 given routine may be shared as

ilustrated in Fig. 4.9,

'T.nLJII |Ta\hﬂ|

Koemitant
LELITRNTIT S ak

£

Fiz. 49 Reenlrant rouline tharing.

1. Task A has requesied processing by reenlrant routine €,

2. Task A temporarnily relinguishes control of reentrant routine Q (i.e., is
interrupted) before it finishes processing.
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3. Task B starts processing in the same capy of reentrant rouline Q.

4. Task B relinquishes contro! of reentrant routine @ al some point in
its processing,

5. Task A regains control of reentrant routine Q and resumes processing
from where it stopped.

The use of reentrant programming allows many Lasks to share frequently
used routines such as device service routines and ASCI-Binuy conversion
rotines, In faet, in a multivser system it is possible, for instance, to con-
struct a reeptrant FORTRAN compiler that can be used as w single copy by
Many LSET Proprams.

4.3 6. Recursion

It is often meaningful for a program segment to call itself, The ability Lo
nest subroutine calls to the sume subroutine iz called self-rcentroncy ar
recursion, The use of a stack organization permils easy unambiguous re-
cursion. The technique of recursion is of pgreat use to the maihematical
analyst, as it also permits the evaluation of some othenvise noncompulable
mathematica! functions, This technique often permits very significant mem.-
ory and spred economies in the linpuistic operations of compilers and other
higher-level software proprams, as we shall Hustrate,

A classicnl example of the technique af recursion ean be found in com-
puting &' factorial (N!). Although

Nis Noo (N~ 1) % (N = 2} sl
it i also true that -

1'=1

Written in "pseudo.FORTRAN," u lunction for calculating &' would look
like;

INTELEE FUNCTION FSLTLMD
IF W MNE 2 G TO 2
FRLT=1
FETHEREH *+ *

1 FACT=NaFACLN=1)
RETURN
ENE

This code is pseude-FORTRAN because it cannot ;u:tt:aﬂ_-..- be tramiated
by most FORTRAN compilers; the problem it thal the recursier eall requires
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A stack capable of maintaining both the curment values of FACT and the
return pointers sither to the function itself or its calling program. However,
the funclion may Le coded in PDP-11 assembly lanauage in a simple Tashion
by taking advantage of its stack mechanism. Assuming that the velue ol A is
in RO angd the value of &' is to be left in R1, the function FACT could be
coded recursively as shown in Fig. 4-10,

FRCT TST Rl v IS Foasiy - '
EEQ Ex1Y i WEE
MOV ED. ={SF} i SAYE M
pEC kD «TRY N=1L

R JER FC,FACT v LOHFMTE (W=212

RET; oy CEF I+, RL JFETCH FEDE STALK

. JER Fr, HMLIL CMULTIFLY VALLES

EXTT: kTS FL + FETUEM -

Fig. 4-1¢ Hecursive coding of faclorial funclion.

The pragram of Fip. 4-10 calls itself recursively by executing the JSR
PC.FACT instruction. Each time it does so, it places both the ¢urrent value
ol N and the returmn address {label RET) in the stack. When N = (, the RTS
instruction causes the return address 1o be popped off the stack, Nextan M
value is placed in R1, and a nontecursive call is made to the MUL subroutine.

The subroutine mulliply (MULY uses the value of R1 to perform a multi-
plication of R1 by the value of an internal number {initially 1), hel¢ in MUL,
which represents the partial product. This partial product is also left in R1

Upon returning from the multiply subroutine, the program next en-
counters the RTS fastruction again. Either the stack contains the retum
nddress of the calling program for FACT, or else another address-data pair of
words generated by a recursive call on FACT. n the latter case, R1 is again
Ioaded with an N value that is 1o be multiplied by the partial product being
held locally in the MUL subroutine, and the abow: process is again repeated.
Otherwise, tha relurn to the calling program is performed, with A held in R1.

4.3.7. Coroutiner

In some situations it happens that several program segrments of roulines
are highly intarpclive, Control is passed Back and forth between the routines,
and each poes through a period of suspension befare being resumed. Because
the reutines maintain a symnmetric relalionship to each other, they are called
ruarontines.

Basically, the coroutine idea i$ an extension of the subreutine concspt.
The difference between them it thai a subroutine is subordinate 10 a larger
cnlling program while the coroutline is not. Consequently, passing control is
difterent for the lwo concepts,
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When the calling program makes 2 c2ll to a subroutine, it suspends itself
and transfers control 1o the subroutine, The subroutine is ontered st its
beginning, performs its function, and term:nutes by passing control back to
the calling program, which is thrreupun resumed.

In passing control from one corouijne to another, execution begins in
the newly activated routine where it lasi left off—not at the entrance to the
routine. The flow of control passes back and forth hetween coroutines, and
each time a coroutine pains control, ils m‘.mpum'*onn] profress 5 advanced
until it passes control on to another cumut:l e,

The PDP-11, with its hardware stack feiiure, can be easily programmed
to implement a coroutine relulionship bﬁl\;'-un \wo interacting routines,
Using & special case of the JSH instruction fie., JSR PC@®{NGY+], which
exchanges the top element of the refister G p;.bcvssur stack and the ¢conlenis
of the program counter [PC), the two roulites may e permitted 1o swap
program contral and resume operation where they.slopped, when recadled.
This contro] swepping is llusirated in Fig. 4- 1.? \

"
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L

Rnutm: # | o operating, it rthem
. ERETU e

JSR P 6 (RE) ¥

s — -

wilh Lhe [allowing resuliy:

(11 PC2 s popped from the slack
ared the SP uutoancremented V4

(71 5P awiodecremented and 1he
old ®C e, ML 5 pushed

(1) conmlralin Iran;femd o Uw
Socation PC2 fi.e., mautine & 2} 5P

Rouline # 2 is operating, it ihen ":"
taccules! { .

JSRPMC & {R&) + 5p

PR, ] :

with rhe result That PCY b eachangnd §
for POt an 1he #1ack and conirol is
tramalerred buck 1o routinge ¥ |,

Fig. 4-11 Corouting interaciion,

The power of 2 coroutine structure is to be found inYiyodern operating
systems, a topic beyond the scope of this baok. Howeve 'in Chapter 6 it is
possible o demonstrate the use af eproutines for the doutss buffering of 150
while everlapping computation, The example presented 4 that chapter is

. elegant in its seeming simplicity, and yet it represents one i, the mast basic

[JO opernations to be performed in most pperating systems, \
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Fara efectuar una funcibn de entrada salida, el progra
madoer debe especificar donde se encuentran los dates, de donde vie-

nen o van y como el dispositivo de entrada salida debe ser manejado.

A esto se le denomina programacidn de entrada salida.

Dependiendo de la funcidn de entrada salida se puede
requerir que el procesador espere hasta que la funcidn de L/O sea -
completada o por otro lado el procesador puede continuar ejeculan-

do tareas simultineamente con !a ejecucidn de la funcidn de /0.

El poder programar una computadera para realizar cidl
culos em de poca aplicacion si no hubiera manera de cbtener resulta
dos de la miquina.’ De la misrmna manera 8e hace necesarlo proveer
a la computadora con informacifn a ger procesada. Por lo tante, el
programador dne;beri contar con medios para tranaferir informacibn
entre la computadora y log dispositivos periféricos que permiten -

vargar datos de entrada y obtener los de salida.

Para la familia PDP 11, la programacion de los peri-
féricos es extremadamente gsimple, ya que una instruccidn especial
para la entrada salida es innecesaria. la arquitectura de la miqui-

na permite direccionar los registros de estado y datos de los perifé
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ricos de manera directa como lecalidades de memoria. Por lotan
to, lap operaciones en dichos registros como es la transferencia -
de informacién a o de ellos as{ corno la manipulacion de datos den-
tro de ellos es llevada a cabo con instrucciones normales de refe-

rencia a memoria. .

El uso de todas lag instrucciones de referencia a me
moria en los regiastros de los periféricos incrementa gradualmente
ia flexibilidad de la programacidn de entrada aalida. Todos log re-

gistros de periféricos pueden ger tratados ¢omo acumuladores.

Actualmente en la PDP-11, lae direcciones corres-
pendientes a las 4 k palabras superiores, eatin reservadas para -
los registros interno; del proceasador y para regiastros externos de
entrada salida, por lo tantc, en casc de tratarse de una migquina chi
ca, la memoria se veri limitada a 28 k palabras de memoria f{sica

¥y 4 k de tocalidades reservadas para los regigtros del procesador y

4

dispositivos de entrada salida. En caso de contar con '"Memaory
Management' lo que provae bits extra de dircccionamiente 2 en el
cago de la PDP 11/40 tendremons una capacidad total de 124 k pala-

bras de memoria ffaica aparte delos 4 k de] drea de registros an-

tes mencionada.

Todos los dispositivos periféricos son especificados

or un juego de registros que son direccionados como memoria
Jjueg g = ¥



manipulades con la flexibilidad de un acumulader. Para cada dispo-
sitivo hay 2 tipos de registros asociados:
1. Registros de control y estada

2, Registroua de Datoa

Cada periférico puede constar de uno o mis regiatros
de control }r‘eutadu (CSH) que contienen toda la informacitn necensa-

ria para comunicaree con dicho dispositivo.

El unibus cs una via comiin gue interconecta el pro-
cegador, memoria y periféricos. Debido a la arquitectura de la ma
guina sblo puede haber un dispositivo conireolando €l unibua en cual-

' quier tiempo.. A este dispositivo se le denomina Master. Los
dimpositivea pueden solicitar ser I\:-'[a.sters. ya sea haciendo una solici

tud de Bus © una solicitud de no procesador a la 16gica de arbitraje de

prioridadesde] procegador.

La solicitud e8 atendida si es la de mayor prioridad.
El nuevgo master asume el control del bus cuando el actual maaster -
libera el ;:untral del bua. El nuevo maestro puede solicitar gue ci
procesador atienda el periférico o puede iniciar una transferencia -

de datos sin intervencidn del procesador.

Las interfaseg en la PDP-11 pueden clasificarse en

3 tipos:



1. Slave (esclava) - Esta interfase no esti prevista
para ser Master. Ella sélamente puede tranaferir datos a o deade

el unjbug por comando de un dispositivo Maeatro.

2. Interrupt (interruptar) - Esta interfase ticne la ha
bilidad de ganar el contral del bus en 2] orden de dar al procesador

la direccifn de la subrutina, lo cual es vgada para atender la soli-

citud del periférico.

DMA, Esta interfape ticne la habilidad de ganar el

r
control del bus de manera de transierir informacién entre ella y al

L]
gin otro periférico.
F

Un mola interfase puede emplear los 3 tipos anterior-

res.



DL 11

La interfase para llnea asfncrona DL 1l es una inter
fase para comunicaciones designada para cenvertir datos de serie a
paralelo. la interfase cuenta con 2 unidades independienter, {recep
tor y transmiscr), capaces de establecer comunicacibn sirmulténea

en ambos sentidon.

La interfage DLI1I lleva a cabo 't_)éﬂicamente 2 opera-
ciones: recepcibn y tranamicion de datos as{ncronos. Cuando reci-
be datos, la interfase convierte un caracter scrie asincrong prove--
niente de un dispositivo externo en un c:ar-e:ctcr en parall?lﬂ requerida
para una transierencia al unibus, Este caracter puede gser mandado
peor el bus a la mermnoria, o un registro en el preocesador a alglin otro
disposgitive. Cuando se transmiten datos en paralelo desde el bua scn
convertidos a setie para su transmisién a un disgusitiva externa. -
Debido a que las 2 unidades son independien_tEE,.es posible estable-
cer comunicacién de manera simultinea en ambos sentidos. El re
ceptor y el tranamisocr operan por medio de 2 registros: el regia-
tro de control yl estado, para comande y monitoreo de funciones ¥ -

el buffer de datos para guardar los datos antes de tranaferirlos al

bus o a un dispositivo externo.



b
Descripecin DL1! Teletype Control
Transmisidn
Cuando el CFUbus direcciona el Unibus, la interfasc DL 11
decodifica la direccion para determinar si el teletipo es el dispositi-
vo externo seleccionade y 5i es el seleccionado quit funcidn debe desem
pefiar, cntrada o salida. S5i por ecjemplo el teletipo ha pido !elleccin‘ma-
do para dceptar [nformacitn 2 imprimir, datoa en paralelo provemen-
tes del unibus 2on cargades en el buffer de transmicion del D 11, En
este punte la bandera de XMIT RDY baja.debidn a que la logica del -
- x .
transmiact ha sido activado (la bandera vuelve a estar baja {m*a frac-
cibn de ‘Il:.ii.t desﬁuéﬁ sirel tran!misnr+nalge- encuentra active en eae -
mumenfo} La intérfau genera el bit de arranque vy transmite bit par
1bit en Iserie al teletlﬁm. :de nuevo pone la bandera XMIT RDY (tan -
pronte como el regiatro'de buffer se encuentra vacfo afin cuando el

registro decorrimicnto ae encuentre activo., Despuls transmite -

el nGmeto requerido de bits de STOP.

Recepcibn

-

. La seccidn de receptar la longitud del caracter es sg
leccicnable por medio de un selector, EIl caracter recibido aparece

justificado a la derecho en ¢l registro buffer recepcibn eliminando -

los hits de arrangue y paro.



El caracter completo es formado en el UART y eg -
transferido al registro bufferl de recepcidn (RBUF} en el momento en
que el centro del primer bit es muestreado, En ese motnenta el bit
de rccepeion sfect@a el registro de entrada y control ¢s prendido si
e] bit de Interrupt Enable ae encunt‘raba prendido sc gencra una sefal
de solicitud de interrupeidn. Les bite no usados son llenados cun ce
ros v los bits 12-15 contienen informacidn acerca del caracter inte-
grado por el UART. Notece que el programa tiene un caracter com
plv..-.t.c de tiempo para retirar el caracter completo del buffer de da-
tos antes de gue el nueve caracter aea colocado en cl registro de re
cepcidn por el TART,. En el caso de que el programa falle en leer
este caracter anterior, se pierde y el hit de exceso y error son pren
didos (bit 14-15) en el registrc buffer de recepcifin, En el casoc de
que no s& presente normalmente el bit de paro el UART presenta lo

que gupuestamente recibib, més el hit error 13y15 prendidos.

Programacidn

La interfase entre el programa corriendo en el proce
sador PDP-11 y 2] DL-11 ae lleva a cabo mediante 4 registros, Es-
tos son regiatros' de estado de recepcidn {RCSR); 2) registro buffer
de recepcidon (RBUF), 3) registro buffer de estado de transmicibn
{(XCSR); v 4) Registro buffer de tranemiaibn {XBUf‘}. La funcibn de

cada uno de estos bits se da a continuacidn,



‘CR - 1}

La lectora de tarjetas CR-11, lee tarjetae perfora-
das de 80 columpnas. La lectora esatd disefiada para leer secuencial
mente, 1os datos en 80 columnas empezando con la columpna 1. Ca
da columna tiene 12 zonas o renglones, una perforacidn es inter-
pretada como un une binario y la augencia de perforacibn come un -
cero. Laa datoa son leldos de la tarjeta una columna a la vez. Los
datos son presentados en dos formatos para entrada a la computado

_'.I.'E-

Modo Comprimido.- Las 12 zonas de la tarjeta son
codificadas en un byte (Bbits), perm'itiendo un almacenamiento mis

eficiente de la informacibn.

.

Modo no comprimido.- Un bit es empleade para pre

sentar el estado de cada zona en la tarjeta.

La Lectora CR il consta de 3 registros para comuni
carse c¢on la computadera. Estas scn registro de estado y dos re-
gistros de datcs. Unc de loa cuales; presenta los datos no comprimi
dos y la otra comprimidos. La seleccidn de fermatoes se lleva a ca
bo seleccionanda el registro apropiado, Los dates en ambas formas

sc encuentran siempre prcsentea. A continuacién se presenta la es-

tructura de dichos registroa.



RIP#M

El RIP®4 es un subsistema de disco de cabeza mo-
vil &l cual consiate en un controlador RH 11 y de uno a ocho drivers

de disco RP@M.

El Unibus provee la interfase entre el procesador la
memoria, y el controlador RH 11. Todas las transferencias efec-
tuadas entre la memoria y el RH 1] por medio de la facilidad de -

DMA del Unibua.
El RH 11 contiene des puertos en ¢l Unibusg: uno de-
. I

signado como un puerto de control y el segundo como un puerto de

datos.

L )

Los datos pueden ser transferidos a través de ambos
repgistros. Para operacibn normal con memoria conectada a Unibua

A como se muestra en la figura 1 sélamente ¢s usado ¢l puerto de -

control, el puerto de datos no se usa.

El RH 11 se encuentra dividido en dea pgrupos funciona-

les, linea de rcgistro ¥ control y linea de DMA.

La linea de registro y control permite al programa

leer y/o escribir en cualquier registro contenido en el RH 11. Hay
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un total de 4 repistros en el RH 11, i5 registros en cada drive y 1
registro compartido que as parcialmente compartidoen el RH 11 y

en el Drive seleccionado.

La 1fnea de DMA funcionalmente conmiste en una me-

moria FIFO de 66 palabrag por 18 bits y su logica de control.

La f;nciﬁn primoerdial de csta memoria, gue de aguf
en at‘:elante llatnarernos SILO a5 el Je buffer de datus. para compen
sar fl.uctuacian‘ea de retard:n en el Unibua al solicitar el DMA.

Cuando unga instruccidn en la PDP 11 direcciona el -
F:H 11 para l;mr o escribir cualguier registro en el RH 11 0 en algln
Drive, se inicia un ciclo de Unibus. y los datea son dirigidos al o de
el RH11. Si el registro a ser direccionado eg local {s¢ encuentra
en el RH 11}, la logica de control de registrog permite el acceso al
registro apropiado. Si el registro direccionado ep remoto (conteni
dc en uno de les drives, la 16gica de control de los registros inicja
un ciclo de control de fhiassbus. El acceso a los regiatros en el -
Drive por medio de la 16gica de control del bus no interfiere con la
tranflferencia DMA la que puede llevarse a cabo simultineamente,
Los registros locales del RH 11 eupeéifican parirmetros tales como
direccitn del Bus y contador de palabras, mientras que los regis-

tros del Drive especifican parametros como direccion deseada en el

dico, infermacion de estade, etc.
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La linea de datos de DMA funcionalrnente consiste en
el Bus de datos Mapebus, la memoria SILC vy la lbgica de NPR del -

Inibua.

La figura 2 preaenta un diagrama de blogues aimplifi

cado de la 1fnea de DMA con un sbdle Unibua.

Los 3 comando de transferencia de datos que pueden
ser llevadoa a cabo por el RH 11 gon escritura, lectura y checada de

esgcritura.

Antes que cualquiera de eatamg operaciones ocurra, ¢l
programa especifica una direccidn en memoria (MA), una direccidn
de cilindro {CA), una direccidn deseada de sector y piata (DA] vy el
nlimero de palabras, la direccidn de Memoria representa la locali-
dad de memoria donde se iniciara la lectura o escritura. La direc-
cidn de cilindro deseada es la posicién en la que la cabeza deberd -

poaicionarse,

El sector y pista deseado representa la direccibn de
inicio en la superficie del disco donde los datos serin escritos o -

leidos.

El nfimero de palabraa a ser transferidas a o del dis

co.
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The Mini Computer as a Control Element
Dudley B. Hartung )
Management Methods, Inc., Waltham, Massachusetts

Minl computers have been used to control a wide variety of processes
and functions including machine tools, chemical processes, steel
mills, and warehousing systems. Articles in technical journals and
talks at seminars have described in sorme detail many of these indivi-
dual applications. But what is a guod application -- when do you use a
hard wired control system and when should you consider a mini com-
puter?

The decision must be based on costs dollars per function -- and relia
bility and maintainability, In general, reliability can be disposed of —
as being indirectly related to dollars, The simplest or mass-produced
systemn is normally the cheapest system and also the most reliable
gystem. Maintainability can be given a cost value, The decision, there
fore, can be directly related to costs, Costs nawrally refer to the ini
tial capital cost of the equipment and also 10 recurring ¢ost of opera-
tion, including the aforementioned maintainahility cost, operator cost,
quality of product value, etc. Some of these costs can only be rough-
ly approximated and may be intuitive guesses. The cost of the eqiip--
ment, however, should be fairly ensy to derive bv knowledgeable payle
during initial planning stages.

A control system -- any control system -- consists of inputs, outputs,
and decision makers. In comparing hard wired systems with compu--
ter systems, the input and output devices probably stay comparable
in cost. Input and output devices consist of operator switches, sen--
sorg, solenoids, servo or discrete {on-off) moror conctrols, etc. The
decision maker is the logical system which determines the effect of
input changes upon ourput actions, With a hard wired system, each
subdecision or each function of the control system has its own logic,
A mini computer time shares its logic to accomplish many functions
with a relatively small logical device., The mini computer, therefore,
becomes essentially the complete decision maker, even when there
are hundreds of inputs and outputs with varying degrees of interrela-
tionship. This is where the cost savings of a computer system comeg,

Many more decisions can be made per dollar with a2 computer compa
red to hard-wired logic, -
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The are some inherently costly aspects of a computer system. Hol- -
ding functions must be stored externally. All inputs and outputs of
data are in high speed serial word which means that switch inputs,
for instance, must be held on until pelied by the computer. The
helding device might be the operator's finger. The outputs must have
holding relays or their solid state equivalent. Inputs and outputs to
the computer are always the same binary words at low levels, requi-
ring filtering and level conversion at the interface, No power is avai-
lable for force-type functions, requiring amplifiers and power relays.
Of course, some of these restrictions apply to many hard-wired con-
trols, DBut if the declsions are very simple, the input and output hiffe
ring, filtering, and holding may be more expensive than the complete
hard-wired control,

The computer irself is limited by speed and by rthe size of internal
mermory utilized for storing data and computer program. It may be
cheaper even in a computer controlled system to do some cemplex
but frequently used and repetitive functions externally. For example,
a servo loop could be performed in a computer hbut in most cases is
done externally. Interpolation for a machine tool, which is the pre-
cise control of velocities in two or more axis to draw a straight
cut or a circular cut is expensive in computer time in rhat it takes
a large portion of a computer. A saingle computer can do all inter--
polation and control one or two high speed, high accuracy machine
tools. If the interpelation is done externally, 3-20 machine tools
can be similarly controlled.

So how is a decision made to go hard-wired or mini computer? The
system costs must be estimated in both ways. This requires some
understanding of the end of process and the requirements of both a
hard-wired system and the capabilities of computers. In many cases,
the computer can supply additicnal functions at very low cost which
have to have some value placed on them (o honestly compare systems,
In other cases, the funcrion te be performed is so complex that it is
immediately obvious the computer is the solution. l.abor costs of both
of the design and building of a system and the operation must be con-
sldered.

Costs also include effects of lead time wvariation, ser-up speed, and
rejects, All of these costa vary and relate to a particular applica--
tion.

Rules of thumb are dangerous and can be misleading, but there are
some systems where computer contrel should be looked at very care-
fully. [f many simple decisions -- or many monitoring points, such
as those on a transfer line, are required or if very complex relay
trees or logical decisions must be made, a computer should be con-
sidered. Complicated decisions requiring mathematical functions,
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particularly if changing either between runs or over a period of time
or the requirement for a great deal of stored dara for look-up tables
or individual parts programs suggest computer control. Finally very
specialized problems or machines or processes with only one system
.or a few systems being built, particularly where modifications bet--
ween initial concept and final operating equipment are foreseen due

to technical unknowns, are particularly good applications for computer
control, This is true not only because of the possible savings in hard
ware costs, but more importantly, because of the normally much lo--
wer design cost.

The mini computer ¢an he a panacea for many ills, and should be
looked at by the builders and users of any controlled system. It will
be found that not all svstems justify on an economic basis the utili---
zation of computers, but conversely, it will be found that whar seems
like an expensive and sophisticated contrel system can often be easily
justified purely on an economic basis.

o
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ABSTRACT : YACLTM DEPOSITION PROCESS CONTROL

Wich the sdvent of the lov cosc minlcooputer, Gopcrol Requirsnents
_ fall sutopgeic ronteol of yacyyy di tien prs— -

ckdued appasry hoth rechnically feawible aad =co- The basl¢ wacyuum daposition processes
m‘wm“. Lo dake, vacyum deporition covered 12 this paper ars ﬂ-:__t_rn:_r.ui'&w
Processes have heen liggaly comizolled eanyally, and yputeering. Thasa TWo basic egsigd ga-
altheugh sizpls comtrollerw have bxst svallabla conpasy Fenbk SoLTALLpra .,
f ::r contralling portiocs of tha process suth as izcla [rg:
& vacyipy pumpdewn and tha depopition cats dur- —-—
4 fng waporatm. wm.“ co {1) ¥acuim eycle comtraol
,._f:;‘:'_,:-"'f laprove argceas efficisccy and pzrfgrzagce, and {1) Frassura castrol
- to Improve tne uniforwity of the resultaz: pro- (3) Subatrate comditiomt
. ' p¢dugtn, GhIXE Tresfni teraoogel frop royiine = ns

LTS, b; oparating tasks. The approach ta compuler cop- {4) Evapotatlion source control

m depanitios processas {evapora-

tion and sputtaring) if discussmd, and the coo- (3) Sputtering cnut:ul.
captual dasige of en actomaCic process comerollar {&) Glow Jdiacharge cleanipg
baswd om g oinicompater 18 presscted. Tha

Advantages of sutomutirg thess procktess ars (7} Substrate rotation

reviesnd, {8} Ball jar and base plats coaling
INTAODUCTION Ench of thess fymetions is & somewhat In-
depecdent operatiom, althovgh they ust by
Thias paper discusses the application of approprigtely groupwd And tcordinabed to yleld
snall digital computsy, Of miniccmpuler, to the desir#d process swequance. Each of rcheds
autosatic control of wactum depowiticn procasses.  Uperationd raquires coatrol fumcticas. Iz scza, s
‘:’,__J":'}, Inelodad ave £l wataplisnment and contrel pof the E“ﬂwwm;:d -
: tha vacuum envigonment, roncrol of che evapora- PISRRTET ralerive tp A degivad or g4ospolil gpaud. -

it Elon proceas, contzol ef the apygterisg pIocass, Fluseure contrploand base plarg a-d hell +gr . ..

Sl IEZ-J“— e o
. tontrol of a rumber pf lesaer Lunctions pe- C35.Ang wra axamplas of this Lyc grrol. Jfa "~

Sl lated Yo ¥hesa procssses. Exphasis is placed on offier canes, “forcrol i baged on_s tized Joqualis, .-

; ABGAETTiTIE The feasibiltry of anplying o dogt- AF 15 Gapersally tha rast fom apul-eridg smd zlew
e cated cowputel fo the contwol of 3 sinzle vacuum HIIII:EI._I._'_E;_I_E_]-[I;_!P‘I.E]. Evaporatlon sgurss Leatrsl L U
aspositicn #ysten, althaugn of course other La an exacpls of ag gpeation wharsoioth hases
cooputar/oeposition-svatem relasiomahips may ba of cenzral are usgpd: Che scak pewver Ievad I3 .-
praferabla mudes careals ¢lfoumdcances, notmally maintained foT & Cimed period, wharesa
during getual despogitlon scurece powsr iz usually
In the followiog segticcy the coarsol re- controlled to yield & wpacifis deposlcion rats
quizements for the vacuun depositicn processss imeil & spreified Filw thickness 1is achimwved, .
- . are revievad, togethar Wwith the Pressgs cethods Duricg the pracess control sequepcs, zgac of e /.0
o of concrol and nqne of thaiy digadvantages. Tha tecs 1iared roouire only alople gnopfY o ryra cin- o -
. ;. Bpproach to compuler automation ¢f theae pro— (Tal of tolenoid valwes, pover mupplies o wiZel -
vt M4 chipes is chen described £3d the conctprual da— Ule volLARA OF cozTent 1_gggmm_n:n,—_nt. B
aaf, o Bign of an automatie controller iy presentad, N IEYETs. Freasure control® fnvolves adtusi- -
v FI“II}‘. ¥E™T¥ ahom thac co=zuter akteeaticn edot of a variasle wvalve, while subftrate coadi-
,_,‘.,t‘;) ::::s e %E%ng-!d ’:'EE:_ T‘:"E:.. 1::_.'_;_-13.?""_' o tionircp and I'Ilp?t‘n.:iﬂ'ﬂ. soures comtrol ray fo-
L . LEp-OvED procier mi Al T iy Afde tue frpaing  VOolve the control of wvaviable powa? suprlies.
9o Elruunnel :"::_g_:_“t_c_u'_:_*_‘_::t_ap‘e_r__._lg_;ln Epsca.  All Thus, a vacuum depogitlon process say include a
toage ars ulcizately Sallecied] 23 elonomic o er of steps or operations, but aech cpearation
Advactages. by frself cozacirures & relacively ei=ple coocrol

requirepsnt which can resdily be autcoataed,
The fpilosicy diacussion of -ontrol regutire-

meots gnd contyoller design concepry 1M apeaifi- Traseat Contral Methoda
s ., + oally arientsd toward che Sacchotvpe Miquum depo -
L2 steton Averen. Lowioyga¥ ne 4t gRneva; Ie dpte, vacuun fepomicion Jrocssss haug
. dphroach can be alsd spplied to the duirmacizn baan larcely eontrosred maOuacly, althougt sipole
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haciuiped, todular devices ol uoirs, sach concrol-
ng 4 sinEI vraraclon, and are ginlrany limltad
t0 CUD ATARAR: WADyGL™ sneitl and gva-ora-
tion source control. Evaporation source control
1o generally aciomplished through che combined
afforce of two podules or units. Ons {9 2 moni-
tor wnit which determines film thicknesas and
deposition tare, and provides 4 sigral or contace
cloayre vhen thicknass reachas ths sat 76ipt valua,

The second unit provides = signe} for controlling

fcurce power during the soak and deposition por-
ticn of the cyile, using signals from the moniter
unit as the basls For control during the deposi-
tian porcica.

Thu.- r2thods of control have g nunbar of

diacince disacvancaces a3 follows: Frequant
atzentlon by 2n operator is reguirsd durlpg the
edUTad =T ThE PIOCERR oycl® or run. Even when

the previogusly cited control modules are caed,
their oparation 12 noroally uncoordinated. Whes
the vacuus ovcle conptraller has established cha
proper anvironmant, the cpearactor is requirsad co
initiate the source gonerel cyele o the actual
“prucass™. When the letcar 1s completed, the
OpATALOT EyAt Agaln ganyally Inltiate the Teturn
of the chazher to atmoapharie condivioms, {ithar
anxiliary opecaticons, such a9 glow discharge
cleanicg, must also be mapually increduced in the
cycle a5 roguired. Thus personnal who m

parforming ather tadiks are Fied un in Touting
equippent operation.

wmﬂm
also influence the procesn im af Imasr Tyo nmebgr
Wxrs. Fizar, sipes =k -
sach be ioltlated by Ehe oprrator, unneceskary
daTzys may ba inguryed betwsen the cSTpigidns, of
m’ﬁe‘"ﬁgtrlt on_and _the dtapg of the mex:, thers
by feducing E‘.thflcitnr_'y of tha process and
increasing the ovarall run time. Second, since
mAT comtrel af cthe process invelvas a certaln
sgree of oparator judgment In sooe of tha
steps, the possibilicy exlsts for varlagloas ip
product qualicy wilformity irom batch-to-
Batch. All of thesa disadvantages are ultimately

teflected Lo cost factors which would be lmproved
by antomacie¢ ¢omtrol of the procasa.

L - iy

Approach to Computer Aytomarion

aible for agme time. The alze g the
comrucnrs whiich have bean l.vei]'..ble, howavar,
have ganerally mida such Jducomatian igpgacfical
i ecanosizally unsound, Efxcwprlionw to thiy are
Casd: #|EI€ [N@ CCRPUTET caR am gsed [o rantrol
A ol e Of Wdouw® depatlbion syste=y, or <herw
tHEToNThEET £an Be uied £0 conbral a degaiiilion
PISCIIN T BIIIETON £ [ Arforrang GUHEr gunies.
Tas recent advent_af small leopnet giof-g--
putety bhas chucpad the olctice drpacically.

fow an autoracie vacoum derosition process gon-
LIOller Dased toon che usa 3f A Small Aed{caped
coSPuTal ano deslanel to zerve g sipgla svstenm
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appaare ta be both techolcally feanitla and eco-
MTr&EmZ_LU Wi, L[ s 1o chia approsch
thar wva cow direct further wtfentfon, The next
secCion describey an wutomacic controilac based
on this approach. The sdvantages of such A con-
troller &fe ourlispd = ;¢ .u‘g'uquﬂnn sactiom.
An Aytomatlic Vacuues Derosition Process
Controller .

It vas noted 4arlier io thias paper that & ,
vacuum depoaltion process s sade up of & mmuber f,f“r
of dlffrress opapazions, egch nf wsich corati- - F L
Cubed 3 abralohrfopiard contpel mpoblem, An ;4
dutomatic contfollier based oa ine ume of & digd- C -
tal cozpuler can serve Lo Srzacige, cpordirata, ST
and epontTel the exssutlics of these oberaticns. Lt

Controller Fuscrionyt The automatic waduwmm ' -
depasition prodens concroller could be capabis of | .-
perforzing the followlag Funcolons: g

(1) Autamatie wvacyum eycle! eoocrol of '
che bell jar: the vesc, coughing, Lot
foreline, and hi-vac valves; and the & -"_
loo tube filarent. Protection of the T
diffusion puzy from niernnacing and/ -
OF axcEssive fOTE oreasurt. o

{2) Autogatic pressure contral; aontzol . o
darper valve o keep chacber pressure L
¢onsfant L 4 presec valus Eor parxe r:
er all of the operatiog cyale. "

{1} Substrate conditioning centrel: con- <L ui
trz]l hestlng {tc bake oz cocdizlsaizg 7
tecparature) , zansaliog, 4od eodliog
of the substrate.

(50 Thickress-race funcpians! wusing thiek- -
n&ss Ircul algnal, calculate dtpﬂ‘.’r_i_— .‘,r.-"'
fI0n race an) Decermire when thicknass .~
rETTMEY Rl rolnt values. These dara i
wBLId B¢ used F¥ [he eyagupatior. source
CankTol tenction.

{5) Evaporation sour tral: ronrrnl A
t_{__z__q_t_w.nl"mc&zmmipmr 1
rine, scak, depanicion rate, a=d .

. afOrTeYTS .
e

{g) Sputteriog cootral: turn on presec
filament, anode, and f{argat powers
supplles at prograed zolint 1Io cyzis
wad zalntain far cioed seguence. Hooi-
tor target current wihila sputtaring.
locerrupt timed sedquetnce awnd Agumd
alarn Af curreot drops balow a4 fresac -
waluye,

(7] Glow discharge cleaning: ITurn m fixed
povar supply on for & preset tloe in-

Cavvas ab sy of several pre-programmed
peiots in the cycle,

(8) Scbartrate rotatien: turs substrsce

retation moter 93 and off Ak ore-
detarzined polnce in the gycle. Fixed
epumd (ranually variakle via cortrel
pot provided}. '
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{3) Bell jar and base plate couling! tursz
coolant eyetes o and eff, Turn on
vhenevar amsed cerparaturs zxcamds a
aet poing walus,

Comtroller Descrintion: The sutcmatic
wacuun dapoaibicn controller would be based oo a
epall digieal miriccmgpytar with a cesd-coly
memory. Flgura 1 is a block slagram showing the
relationship of che contreollar to the vacuum
daposition system, vhils Figute 7 Lo w aioplifiad
block diggram of che auCtomatic controller iceelf.

b

eCe.) could be introduced vik che chucbwhesl
evitchk, (Altarmative smechoda of farroducing chess
inputs might iorjudse: (1) potencicmeters, whomw
sutput wigneles would ke sent £o the cosputer via
the poleiplexer and analog~to-digital converter
and {2) o punchad card and card-reader

arroogement. ) f;" .
. Hf.c‘
facgil Lyoe. sacual foputs, such ae Tcyels 00
atart’ ., " sutomstlc recycle”, and "resst" would E

ba incrpduced to che computer by oesns of & sCatus
veagister, To-cff signals fzom the procass, auch

ﬁ tor switech; a four-digic rhimbvhasal swiceh wich

funceion nell:tur switch; several toggle and push-
button switches; and & tumber of atatus or lodica-
tar lighta,

The umit wvould have conpecticocs ac tha —ear
for mll 1oput signals and for enaleg and on-off
type cutput (system concrol) signals.  Al] wari-
able inpyt algmnals frop exter—mal sou-ceg arp

ured o0 08 dnaloz de voltazes. Thess would
1EETUH:‘F?E;:E?ET-?Efiﬁ?EZure.and thickness aig-
nals. FHormalizing amplifisrs would ba providaed
to adjust the relative woltaze levelw of thoge
vignazs. The normalized 9iznals are fad to cha
computer by pears af 4 guitliplexar and aa analeg-
to-digital converter.

- Yariable carapaters to bhe disataye 24
- Jribe read oot elther o She ZmCer ar an the digteal

.- A d—!-E ay .

A et R T

VAT LED i

*mapyally {sst points, moas power,
. e

ctise tigas,
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- Figure 2 = Siogplifiad Automeris Controller Block Diagram
- qE%_5E5EE&Liﬂ.EEEIIELiEI"EEHlﬁ'h.'Eit:'d as from ball-jay hoiet limit switches vill be .
with 2 f{ront panel typically containing the handled in the soze way. g tymed gf gemepal * .
. folléalng: AR ATAIGE EfFer and & digiral EEEEELE-ﬂil-ﬂsﬂxiﬂFd' Dgiltal-to-gnalog conver- -
t {¥Txle tube) readout, sach with a function selac~ tors provide analog volfiges ¥or functions where o -,

‘variable conmtrol algnaly are requited. Qpoaff
type control signals or coptact cloguyres are pro-
vided for the onara Y lyeg 2nd
galenold-operated sauiters, turning preset paver -t
wupplies on mad off, eperacing bell Jjar hofst
and substrate rocatiom satgre, and ip fact most
of tha syaram control functions.

The iopur and output ifnterface circuirs
would be mounced oo plug=-in cards and housed ip
unused apace in the computer cabiaer, The entirca
autpmatic conerolley could he packagad in 2 small
bench-tcp cabipet, or as & small rack-mouated
unie, eccupylog lezs chan 24 inches of papel
helght.

Unce the warlous canual ippute aTe ser,
pormal oparation ef tha system consinte aircply
af pressing the "cycle starc™ button., Yo fup—
Lher actencion 1o reguited untll the sutomatic
¢y:le hom baen cozpleced and che ball jar haw



been ralsed. Provisiors for veset and othet con-
trole would ba pravided, however, foT uas vhen

manual intarvenClion 14 felt nscassary.

Advantages of Computer Automation
1

Computer mutomartion of the yacyeg Jeoo-
wition proceseass hay significanc advnntaﬁeg
respect Lo either canual conffol or che

s Supafatg fodu.dr yoite 1o dutomst Tha
£oRtrol of individual OthltiDﬂE. -

; llustrates the cost Advanrage

of compurer autcoatlon of the vacuum deposition

process, &% comparad wich the use of a pumbar
of ind!vrideal hardwired comirel codules en
sccooplish the saza cbiecilva. The diagrem

_ ahows relacive controller cost versus the rele-

tive degrae of aurpmatiop. The ot versan

fearures auvtomated for the modular approach will

rise at a fairly unifors rata. 7Tha coae of

“{I.I' ._H_:mmuur fraalf. Automatipn of

w i additional fasrures co igela,
_"1{"‘ bowewar, since this oainly invelves a rvavision

I.:_’f' f .'t to the computer prograz and the addicion of ep-

“*r propriate Incerfaca circulta. The crossover

4 }é-,w" point at vhich tha coat 2f coSputer du:opation
A

dropa below that of the msodular contreller
A" approach gcours whan only & relacively few
oparations are to bw auctcmatad. Modular coo-
+q  trollezs ars noc known o be avallable at

. h¥ nressant far seze of the feztures fncluded withi-
..i" ,+ the seopa o2f che autooatlc vatuwsn depositicn
£y r process controller described herein.
‘5
I ” MELATIVE
COAT
a

MOLLLAR
HaRWwIRED
CONTROLLERS

, coqputer aurcsation of onoly & siaopls cperation
L,-' ) 1 iy dlnce 1t would Taclude Ehe

RELATIVE DEGREE
OF AUTCARLATIEN

Figure } - Cost Varsus Degrae of iuzomerion

The cocputer automated cantrollar also
resulis 1a g amker of porformances OT OpeTa-
tional advantages;

(1) Flaxibiliry: [or t-o usaz having
varvin e > H
flexicd fty. The aTeraflons of the

sequencu tan bg culss e atded, grlgred,

s

DInerviss aggerad, and aet-poinca

cap be satablished by maann of switches

and ochar concrols op the paoal af

the autoascic contrallar.

(2} FProcess Repeatakllitv: Faor the user
caking the sass =713 epebitive.y,

it oricrs & high cepcpg ol piocegs
TEpEALA LY, oocd & glven fequance
Tis bess esgablished opd ask-poin:t
values have bacn wac, cesulting Lo
umnifer=ity of the resoltant product.

{1} Prosfezas Efficiency: Tha Sabamalt =
controiier vill cwnvide sscoth and
:mfc: ore sperasien
choplecieg the cyele or run fn a cind-
pum of time and thus enhancing the
efficioney 0f the process.

(4) Persgrnel Advantages: Opce fhem sa-
gudnce and S4C-polni valyes hays
BENA entaboisumd, the operatge In_guly
m%rméiﬁhq “atare' hurieg
MYt Toonlfre cvsie vill ba executad
mmz'.j"'m&f;i?;an‘"_m“;r} Erawd
f1az coutloe oacciiiog Saskc.
i e e e pmen

All of chese ara uvleisacely reflected in
economlie advantaged of aurtoparic ¢omputer concral
of racuyn deposition process.

COBCLUSIONS

Although vacuuz deposition proceanss raguire

2 relatively lavre nuzher of eancrol functicns,
each funcrien I3 revdonab.yv stopie and lends de-
%L Gulle Tatfi'y to aifooabic confzpd Tech-

UEd. wow advensk nf“:hﬁnu*:uit olnlcczpuier
I Mhppeara o cake computer Automation of racLm
deposition processess both tachodleally [easible
and economically atcraceive. Automated cormfrol
cffars & nuzber of operarional advantages o er
presantly used Fexlautomacle concrol zethods,
many of which are wlei=arely reflected aa addi-
tional ecomenic acvantages, Henca it may oa
expected that coopaler jutcpatlion ©f the conirol
of vacins deposiilon procassed will achleve zrow-
ing Ilmportance in Lhm omar [uturs.
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Batch Control with a Minicomputer

; R. YOUNG, Emery Industries,

Inc. and

D, E. SYOBODA, Jackson Aswnciates

At Emery [ndustries, o minicomauter conm o boeen

productian of chemicels, conssting ot gsree =i 2r m
reactions of fr:r!y o] |d5}rmrh BlEimaly b e

of the mini.s

shem fgnce frem o ev-le ot

- =

monitoring o dabd-

o ——

The outhors Costnite 1me s s

ware ond softwire for 6 sysiern 1mst gemonatenie

tha minicomputer's v=lue a5 om g omem 2=l ria,,

ible, sephisticoted producticn tog!

FOL PROCESS APPLICATIONS, it's often more
eoonomicsl 1o design the control svstem a
digital cormpter rarher than fjareTw, ey
NENEs A .mafmr w*mm_q___:-m Prices af
IaneempUters salk ab 55000 to $4.000 “.thuu: CLne
wemery; therefore, for all but the <implest svstems,
the 2ot ¢f the compu e Lian the cuat
6! the Jurdwars it Iupmuﬁ

In addition, the qurrd! trpired 1 desien
cotmpitey sofsvare [even uith assemblv-lanage
programmingd i less than that reauired for repoy-
alint |1'1r;;k5' e, Al Hie Gompailer programs Jane
easier to rodify. bnln..mmtul contrnl_aleasthmny
that can rednee anenating costs—out which are
difFonll 1o implewent with hardware—can usualis
he programmed for a computer with litde difieulrs,

The process control svstem descnbed in this
article performs a varietv of functions typical of
computer-based svsterns. These [rppHeps inelude
“pontict-claaire” input andd outpu' .rmlr:rg inmu
and output, dirert digral eoutpel St of anilon
process ‘-"-rl‘lh]rs FUTIENE QMMT Srnet e i Bt Ora. s
t‘.tf.“l'l-ri-,'mlu. .DL__.;L"I.HL GE IO AT ek i L P,
THE computer hardware 13 dsdased ot toiloweg
by an explaiation of propramming technlgues.

Hardware [or the mini
T}‘lF comniter enntral tvstem '*hﬂﬂ n in ﬂn' 1""r1:*

is DUILE aroand Ly bl b A S PP~ Lant
puter znd PC.HH.ET.H ._.'r,"'.}rr‘t s TR0 maznetic

e et et
[#heDR TS

AdeTinonil ene sapanent T n._..::lﬂ-...
tn-a ".nmI AT SR s el a R AT .

i r‘L‘rh I'"'Hmvl: cigsnre .rlpl.h oL :Jlltp“n 5t |r1‘ "
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oA ey 1 A Mincomputer-based Syslem for Batch Contraf Tt Tt
3 Cheono-iog Pegheral Equipment Corp, i
i i
] : Digiod chock Moqg-Tope 1820-% :
Digita! inguty ; Digitel oulputs
' Limit wpwriches Eolenoid mafves | ¢
21) Bl KPAsL Power ol | oot Equgment Corp. f— add
- P
2 Lvel detestors | p———o—t  Tiow inferrypt PcuﬂBIL ' | o] Alarm asruscagtoss
: (4} - s
- Stoll ggrm (4,096, 12-but word)
N Alarm swriches -~ |  Irdicator lgmps
‘24! . [ | {23]
U TREE S CrIE T SIS
Oparglor sonlrcs &0 o I w|  Motor contrals
129 Roytheon Computer Fryeheon Computer el
24-channel MADC IO T=chonrel MDA 2
Spores - ) Y - Spares '
(1] t 1 (s
Angiag (npud o t s Andleq oulput
: - watype ASR-3 . :
P I - t--\--...-l‘ W -----I‘ [ ot . --‘

hy transistors, are used where continuity is desir-
able in case of a logic power supply fallure. The
ct;ntact-clo:ure autputs are also arranged in groups
of 12,

Each contact-closure output has a storage fAip-
Rop which receives and halds the data from one of
the cutpur lines. Croups of contact-closure outputs
are selected to receive data by codes provided on
the six address lines. The outputs include signals
to the annunciatar panel, motor start/stop signals,
and signals to solenoid-operated pilot valves that
supply air to the prucess valves,

Analog vollate inputs are multiplexed to an A/D

canverter, cnauged to binary numbers, and pul o
the input data lines of the computer. Brocess 1ani-
ables such rabhir
entered anta the eompniter vin the A converter,
Mangal setphigts fopera ::;r-.-j_d]u-.n.-d patrabometers)
ahir pass through the A7D comverter.

The D/A converters accept binary output datz and
produce coresponding analog voltuges, A separate
converter is used for each anulag output. with a
range of =10 valie, each DFY coenmip ha o
separate <ix-Lik ::ﬂﬂrrss. Analowr oerpat vidtazes oo
to ]LIT'IE] ru-kery whish t"g:'..'_n' T IR AL ALY
At to clecireapne e b B eemy prtees w-hich

provice air w throtthne contral vaives,

The interval tHmer geperates & time-interniot siomal
FoF The cnmpnirer v BV il g securil. the basie
et fng ssomenzine of e Proces, TF.I‘ 1 T T
alse provideg o reterenge sog nennl agd denga-
fve contpol o phoe o

L.QL.HJ&-.L.U... dl-l\--!kbups.
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The stall alarm cansist of two 10-millisecond timers
that can be reset by the pregram. The timers must
be reset so that at least one is mlways running:
otherwise, an alarm signal is produced. If a pro-
grain error or hardwara malfunction aiters the
normal sequence of the pregram, the timers -t
n;:.t be reset often enough, thereby actuating a stail
afarm.

The teletypewriter and clock are used in a conven-
tional manmner for event logging. Time in hours,
minutes, and srconds can be read from the elock
and printed by the teletypewriter with a rypical
message: 08:16:57 THEBMINGL FROM ESTERI-
FIER LOW FLOWW.

Software for the mini

The computer programming, or software, regulates
the oprration af a computer-controlled process. and
constitutes a major part of the design and develop-
meat effort of such a system. Some of the general
tasks for Emery Industries’ compuier can be men-
tioned: they are hpical for a control computer that
is applicd to a bateh proces.

Bepending on the product’s requirements. the
software sequepces the vilves, prosides timing, and
momitors the status functions that determine when
steps should be taken, The computer chechs six
variahle and 14 {ogical {ves or no) “endpoints,” any
combination of which can control the duration of 2
siep or the branching to one of severa! possible
next steps. Cornpirer saftware must alse cheek a
tatal of 3 temperatures, manuai valve pusitions,
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and other statuy signais that show the system is

" anerating normally, Oritical status errers can stop

the chemical nrocess. :

The annunciation funclion of the suftware puts
out printed messages (oo the teletypewriter) con-
cerning the status indicators and program flow,
A selfochecking function detects and annunciates
computer malfunctions,

It's impressive that the minicomputer has soffi.
cient capacity for zll of these functions. The kev
to ftting them in was_the careful orcanizanng of

Hesides the nnrmal

advantames of casicp fro Wﬂgl,m{l

prograny thanues, an lingortant feature af_sub-

routines Jor i application 13 that a suhroutine
iy e e

AN Re rcalletl many Heoos g A PROETIm se-
?f-—__'ll—ﬂﬂ"."'— o .

T T e R

Ler RELYD slatements, For a program of

routine operaticns but unique sequence and dura-

tion of the operations, this approach greatly short-
ens its length,

A general principle of the software organizabon:
every Junction which 15 FOLLE 15 a8 subprogram,
anc ouly those functions uwnigque to the partipplar
chemical produst remain in the main program,
Une operation im this
principal. Changing the combinatien of the 47
onoff valves of the process svstem can happen
as many as 30 times duaring the batch process.-A
change takes two program statements, a valve-
change subroutine call followed by an encoded
combination. The valve-change subroutine decodes
the combination, sclects the valves te be opened
or closed, and produces a valve-change mcesiage
which gets printed by the annunciator subprogram.
Finally, the proper valves are actuated by the up-
date subprogram which does all /0O functions.

Time-sharing is another familiar tool that has been
applied in this system. Simultanecus operation of
functions such as output printing, system rrror
detecting, endpaint detection, and dde was deemed
necessary; thervfore, a time-interrupt system for
time-sharing was devised. W'

rogram is_divi i : ine St cach
of which roniains pagts of the pregrammmng. Faigr
passes por secont thimughth 13 SHa ¢ T TSAMIEd
fOr the exrcyting of ail_siptements. At the end of
the hrst lis-second interval within each slot, the
contents of the accumulator and the address of the
next statement to be executed {in that particular
time slot) are saved by the executive before going
on to the next slol, and on to the 15th.

At the start of the corresponding time slot dur-
ing the next % sccond pass, the accumulater is
restored by the executive and the program proceeds
as if the interruption had not taken place.

An executive “fork control” subroutine (an un-

conditional jump] permits programming in oot <kt
to alter the How of that in another slet. Parameter
values in one time slot can be read o modifed
from another slot.

The dde loops go inta a single time slot. These
loaps are the digital-computer squivalent of analog
control loops that aperate «zles. Five valves cone
trel nine process variahles. Eacl loop lins setpoint
inputs from the main pracram and process vari-
able inputs [rem the update program. The control
algorithm resembles that ol 2 normal anmalog loop,
eacent that summatien replaces upalog intergration
anl cigital ¢hilerentiation replaces analog,

A “tune-up” contral pamel permits rapid optimiza-
tisn of vanaus constants fur these toaps. Consider-
ing the computer specd and the time constants
of this application, the ddc control is indistinguish-
ahle from analog control but it is much easer to
tunc and medify.

Because of possible failures, safemuard procedures
have been included in the software deston. Maougl
takerver al anvy valve or any ildedaon serening s
JIRET LRI | L DpErar s e t_l;!lyn{‘li‘t 3 E_hat U t-
tratig control oan b reegtaly mmumﬂ)

‘ap witety e well ge cows caiencs all of the
ahme software is stored on magnete IJEE “'mh
is tead ntn The COPmpUten By L s ur 0,0 pro-
fram. . oomallv. all subproeruns remain i the
computer core amd_onlg the mewn orotram is repd
1?55‘3@_5&192%'“ vach chemical prpeess, Provi-
IO T T TR RO SRS TP Y,
the softwgre.

In Emery Industriey’ syitem, every phase of real-
time tomputer usage is’represented—from simple
alarm-point monitoring to unattended direct dimtal
conteal with self-checking features. The system has
been designed so that the operator can interact
with the conttol system to aleer setpoints f necas-
sary, or adjust the control svstem to handle precess
upsets manually if the need anises.

Same of the software concepts hormwed from
computer time-sharing technology {which permit
many subroutines to be activated simultaneousiv),
conlrtbuted to the Bexibility of the svstem. This
organization permils a new main program to .be
written for an entirely new product with a mind-
murm of eflart, inasmuch as the main programs con-
sist primanly of 2 sequence of calls to the various
utility subroutines, along with their required end-
points and setpornts,

Dr. Agbert Young is Deredtor of EnZineerlog at ‘E.me'r!r

181

lndustries, Inc., Cinewnpati, Ohig: Tr. Deun E. Svaboda
ig a comltant with Jackson Associates, Cotembuas, Ohda,
Article s hased oo paper presented at the Confsrence on
Solid-State Devices for [ndustrial Applications, sponscred
by 1EEE with 154 ar 4 cosperiting socicty, Cleveland, 1970,
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Part 5
Process Control Applications
Inciuding Direct Control,

'. Supervisory Control,

and Advanced Control

introductory Comments

Avtomation in tha process industiries has been under way tor many yesrs. The variery of

. 2pplications is extentive. Basly=eystemicterndad- 100t utalhe wlar 08 [HOCOTSGOM M BOMDUTEr 40

HTETET T AR nORS-we o single-plan . The advent of the mintcqmouter has poovcad
anephtermrrE e r=the dedicasian of 3 MipicyRugTerIa. gl task. o, Ak Most- & soih

nymberofralatedtesker. This approach 10 automation has been termed “Mmd:-n-t.mmnun”
el Tttt L et Lt ki s Ol prprberrt= Thiis b, of courss, e a0 alternate
set of problems, WWHM. singe various minicomputer appicatians wli
be required to share infermatian concerned with resources, crders, gLc.

The papers (in this part describe the various control applications that arisé in industrial
processes. They are selected in arder to iltustrate the variety of problems, the varidts o1 contrat,
theory, and technotogy that can be applied, and the problems of implementing such syst=mi.
The first papar by Rebeddouly, Jescribas co-gevme-getart-P3rio o £0Ca TGNt 17 8 tVRital Sheedls
mlonbaahich praviis Sopartuil i So0-a Gradl. vleiaty-of chiferere cortra b4 eormes toebe-xonps e,
The organization of such a complex contrel system {5 important, for it may mean the difference
betweer, succa:s and failere in gny specific instarce, Mowlydeecrihat- na-sweyp—plants . are
PR T O T T e TR b - T DO e 20d i onder o pronide o pfestive
ST,

Tidimiepprtor 5T BTN Lo do-descriDes CONEIgr t-The lovesst-beppbemzmmeby, meect
contol whe st f s Rt T COMDUTEr bt e see s a i o TE w4, - w0l B i b LW g
flant. Of impartance hers (b m-segr et ot T omerstorsaln- the SuRinohswitvn-greeess 35
thdegnng) o ity wrrposedt e mTeltabiTitv.  In particuler, the design of the 2pplication must t2by
inte account 1hebe chunmak o fon o r Ty AT T ey LD T M e P EC—rTuae
LT Ry T - BATEmE R TO MR R Eon Tt ant ramtabroerol e vtk ey gooetly the
DGl g Wik $F6 Gt Cigitas CONITS 5y stam. This poper Do dtustrats 1ne v gov of ooy
ouTpUt davices throunh wh-ch A MM BT st comMmunicaT® with buman eeinos anc the
Frocess, Thathidpoper, by M. Geuner, M. R fiunsuy, anc B, A B Pich, Guies al 2170 el e
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VT ITTUTTOET A0l | Ter—rrner-themerperierte—tinirt-tpr=besr Jairer “vorrtorrots
insdalled o ouss T [ Y G2 OO i et A ot ST PTITTTTT CTHE B e o iy e |
hadchacice and safvace oroblemtin-detail.

Tttty G MO S L i b B M U L SR it 1S, BBl vives et s syt 2
AL el P P bt b s L0 T L G, Dl ool i o i e el Pl i i E
T et T bk 5l b i e P e EL - e -prhr Wttt e e &
rithaecoongl ciz_Nas du-ats, o v dro- aonirol -theorr—yrienrm to—maert==ffective.  That is, m
B e D £ N0 N LA O 11— O DOk D04 - Hr Tl th il i s, dhetmiont |
LI A Ml G T2 | T3 R e MLE AT T G e s oy e PO Ty (b mirbpts -1 L) FHT
CADILOLIE L OG0 L4 S G ACI MMy e b ot e ritoare,  This, coupled with
ALt PO b | W TP TYRETTES . | et eyt Py e i ety e O m-taepyer 1 |
Sl ey e ey T e o et cla g, Toliestn s e g £ el e g g
Sibeiimstloin b adiarend ameo T e LT PO T T D T it D PO MO LR bR

il i D e B o i e L 2 0 bt i = -t ke ey e T e vl
Gaancibe goonomicd] Lu-spediviemtiout-i-digital-aompu tar.  This is in contrast to many applica-
tions where the computer duplicates the function of an analog control system but perhaps ot
Fower cost TM&MWMnHmmmmd
read T AR mannar,

Tmmrmﬂqmwmmmﬂmwmmmj -

i apkpern s d ot Corn e -ty mmmmuMm}meﬁwﬂ& :
tiam  However, mﬁﬂmumwrmm mmni-'ther
LA Dkl a0 1ES, bt SAGLCR ARRTILS, O PR L SRR N DI, mmr:-j
WAL e S0 SaOheE ey a0-Fuppore |he-application,
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Systems Engineering in the Glass Industry
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revodsdion. The mechamcal age had begun, characterizad
by, in the words of Mebssmn [1], * iha-toohuspma-ni-tien -
QLG LAl DUt =it nceniummolrnenlecknalog:,
5 Wik ita. emphamienrthaindivid unbemvnbesnb-iheciong -
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The rmeshasiacl agre is poumeeding. Weare living in the

1,p1 “elostsemee.!” The infacmaliom-rewsution—the process of

our time—is taking place, forciug us to reshape and re-

structure our procedves and 10 rsve=memrThiy - TI0m
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These statementa provide the bacigmund fnr the survey

that follows. It conssts of three major parts. Kesulymite
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I1. GEvERsL Svs5TEWS ExGiveertsg CoNcErTS
A. Definiliong .

What da the terms
mean? There are almost wy many definitions ga thers are
wnlkery oo the subject. The concept of 2vstems is an ancient
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A modern definition [2] rewds n8 follows: ' desstemtrmn
vk s e T TIE  F PTTTE T Ty
tamuesegial.' Syatems engineering is the art or the tech-
niqque of building systems. This, in el would not e a
new activity were it nok for wws=Fresses e chitmelerize
BN A NN L e L 3 o . e e i i R L
engineering. Thehper-frowr—orthe-formmmemeem= ot the
]mmnhmhﬂmﬂm FHAF] S W < BTN,
Thp o £ b - o e v - ] T in o e AT -
tagimion. It says that the whole is more than the sum of
the p'u*"l

WMMHM L. There
ate bwo fundamentaliy different approaches to the svstem

deﬁlgn problem. Tﬁq-w-aﬁeﬁnm"w-{-}ﬁﬁe

angioearing. 1 consists :sll'nph of buiiding a avstem whieh
does the jub. The dircet approach i3 acceptable fur small
aystems, but as systems become increasingly complicatd
and extensive, it is froguently inadequate if optimum de-
sign i5 to be achigved. In addition, the nsk and eosts in-
volved in exlensive expenimentition might be prahibitive.
N T o L e e e Lt L om b v T T
seTeNTiATIIpreAch; it begins with the replacement of the
real wortd problem by o preblem involviog m:ith lthmn il
I'Elﬂ.'lm'l.':hlp'! -In uther words, the first <tep Comsi=t- of
formulting n suitable model of the physical proge-z. tia
systcm objeerives, and the imposed constraints. .‘umul.:.~
tiont of ""“h‘-’.,"l‘_l..'f I_relatinn-hips on 2 cnmpuu-r Giten
el
pay o vitad role moche seareh fur wosolution, Yario ol
native designs cin be cumF'I.r\eu nnd evaluaten, Lhen sl
MR onls, o K¥aLeh 1 Danls
W-&Am diisialrend tpanf the et s d
theremtaemiam)l ek The difeer approswlt & lkeiv
Ue tisad I the stpQetuning of the whole svcten wheiee
the standund approsch will b tken for the design of
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various componentys, The standard approach has been & t'::\ .‘:"E‘ I B
extensively used by engineers for the desizn of coptrg! oot ,..':j il
systems. R o |

The manufacturing process is the system we are in- b '4':'.'1i AN _H_ﬂ______
tercsted in. I shall discuss its nature from o RYstems cn- ,-i.\\" .{‘? LG
ElDeering viewpoint snd particularly examine the mle of ) o TaT e,

el ey

the information network and show how it relates to the
aconomics of process control.

ﬂ—ﬁmammf'ﬁmrfﬂmw [31

Tttt mbprmeswrstern, Wibobhart pbre-rrmrirere-
MMMWMM a
wivslemindustry, can he deaked-rianmtho-py pmidad strc-
2, consisting of weew=shiesprrermberme o
o the phwneri-proremrrnd-theeimmiler. Thi-sontreber's
1P FkapbiGln.is A ommiinipuinteshenplmi=ior prder dnanptimize

',.{ Hetrprocomemitiiremect-ta-the mranmmfactaring: system.ob-
A AT dwetires.

mmmw.umg
capbpel-fumct oo be-idontificd. At the o T
find the Praevscrosidbndiubiebmprurihic ninetnedet hestrple.
Bukisdapprrrt ¢ plesn e BT RO e Y ey crremthy amnin e
vath=dre control ofpromor ot Rasdwsbiamwrwiitieat
thamperomd—teur) minrt o gridancerfor-t heareilirm o s f
piaduetin: faeilibise iLoover suth activiterey sehedobin Es
T YO g p TRt T and-wrenieing. The man-
agement conirol (unctions ai tiw thied level include the
setting of objertives ta be achicved by the system within
.the constraints of policy. i . . s

oy . y . ' rels, we pan
wentify o Mﬂd—miom—wu.
S e TSN —ARY we
-move taward the top of the pyramid. It can also be
observed that, e s T e (T L PLPET
CRA SO Lbe & o b -t e P emEvari bemcheerenmmess
T I e PUN A PR PRI L e PR N
igmbbidaciaan- making oo Mo bPolefuretiing.

Other imporrant characteristies of the enutral system are
the chimsmoves irprmereseriorhet ettt and the
EMMM}LMWMiH&IEM a3
one rizes through the hierarchy of control levels. It sheyll
also be pointed out thut comoebpmireee-ar—rhe-rn et
level are esentially those of u Cetarmismtsomien,
whereds A% one rapiclldwsdh-thehermthy, the nature of
the problems beeimes wcioasiadl prababitistie,

Thia hivrarehieal control strueture cun be idertified in
most industrial processes wlthough not abways in o Y5
lemutic form, We find that nwchiney, such as esntroliers
seqquential eontru! sysiems, etc.. are carrying ous suto-
matically sume of the contral funerions at the lowest leyed
of eontrel, v i . F ey ||
Mﬂ%@nmb&mp | e ————Tr—
Sl o o ot b i el e e ), e at b
Sl b P LSS, LT, DLkt ey ik w2 vl 1 TI ]
mﬂ@*ﬂ;ﬂ:ﬁ# | et i iy - S hidar: .-.né‘ﬂ.ﬁ-“
bbb, dfug i o, Lo Lk s i wteiom.
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Efforts to ey tace
IWM&&WMMMth*MpphM of J ey
PlctinsiO0 U0l lers. Libbiaremihi ~be—viome—re—thwtngher | . 2
[Mmegm WHETE b rrv sy the-ehigl o] {'v"'y
Mb&pﬂlﬂqwmm Thremecond ¢ o

1L el g s ST tem-rernhistion « whigh
Basotaadiedaasl - wlosted-vurconeepts of promsemrrral
hmwmwmmamhs. Onthe .

one hond, wi

Lo prbcsirom et e atod avabarne-thiot willpectarn contryl -
I L gt e e byt ofAbe-hiersrmhy. Such svaiem: are
technnlogically  fesible. Why shion|d they be imple-
rmentd? Wmﬁwm&‘wm
a1 PO P - PYEA B et the-cerhmime tetrriye
wppRR T UTISTP ry brye et e Snefist fies. In ooder ta

answer the question, we should examine the nsture of the

relustwemanp that AT Y~ P ey T v ompreret 5]
irwrerrrent i niid - the wermmmiesof the procesa,

. Procesa Contrel and Procesy Eronemicr

We know, intuitively, that there jg 5 relationzhip hew
tween these Lwo subjects, bul it is only recently, however,
that the nuanti- wive nabure of this relationaihip has i!:u*rut
extablished, Tropeznikov shows in 8 rreent paper {7 Fihat's
surtfoliing & prrocesa gonzists in orierng infernLition,
Avra e e e e L o
tiwrare vt tentd stom bvmsme -t ottt s v asirmrrte £l The
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entopy of the aystem will increase, Talusepargeegdagg -
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B, being the measure of the degree of disorder in the sys
tem ssociated with 1the amount of control wlormatinn fy

Elfictency ehould be taken here in a very eeneral sense,
and in particular, it can be locked at a4 proft. The rela-
tonship, illusirated mebig. 3, can be locked at an & formai

u:pm of the HMHM{

* siplegiferrreper =t ST ST Oy -
taces Tt WWm
mhip between return and eflort expreased in monetary
ynita.

Imporisnt practicsl conclusions ean be drawn from
these considerntions;

1} Rewssmealociivanrss Ancosbwts-ropid bv-nt=—feameish
Bemasiug-Looulidge, DUlmivornetmr—afr-the—tnte—mon-
Dgagiiy i i Folationmhip, the issesrmenetreoomt ol

D A s b B DR T L B DTN - A L

Lonnei.

2) Lawsdorsiuranirmve-she-mecmmmrorer i eeetive-
1 e N Vbt i Do - g pom o i v -
it alllovels '

3} Mmmm the

serreedivionally,
the mwjor function of instrumentation and contrel en-
gincering has been Lo increase the ordering of information
ai the process control Jevel, the first level of the eonimol
hierarchy. The automatic eoordinated sontrel nf majoc
units hus not progressed s rapidly, bagieally because watil
recently no control tools were avaulzble 1o process seiiuhiy
eostrob information in read time, Tt sheald, numequmth
sty 14 G0 LB T ik b i
WMJWM@
ofdbadiotsrent, iphuindo o wdii e tsiads-f s ab
L3R PR S LTLY.

II1. Syerevs ExGINEENING 1N THE Giass [NDUSTRY

I sholl now review apecific examples of applications of
systems engincering concepts in the glaas industry, I
shall focus on two subjects—peocess modeling and com-
putar pontrol systems.

A. FProcsss 5fodels and Aodeling Techniques

The plaot or process is the ceniral and most funda-
mental isuc In proces control, kmowledgs of process be-
havier comes first. Models which represent the essentia)

nupects of the process are needed in order to apply the
standard approach to systems Jesign,

e T T e e tive

. W%Wmﬂmhnw

Cantimilotbcicofoninr mshivhure it r-for-t he-prerpuse

“beisg-conmdered” [5]. We shall not consider either physical
.- scale modrels, such a3 tank models using viscous anlutiona
* {8)-111], or wetivily models, ruch ns FERT, but will dis

-cuss only medels in which mathematics is used to deseribe

the salient features of the process behavier and which are
intended primarily for use in the synthesis of control sys-
tems. The mothematica! relationships of interest are
those which relate the process inputs, manipulated var-
ablea, and disturbances 10 the intermediate varables and
cutputs migelehiiiisevbinyifor-prommrmenrrrmisprerbier
Sl T e AT T T T b

b vealriras sl oo
Models can be clmbiabemmesrprrimerus bt baosasi|

aceording to the techmigues through which they are de-
veloped. dmpmessloiamasialioppill | requires the ub-
servation of the protess variables in order that the state of
the process may be recorded under 2 variety of eonditions.
I T T el i S e
T e . L TR TR 1)
wmhnm-!h!ps Mn-

DroTasnt
Yl it o] TR IPI e LY i o el il {1 5
1 i viitasbbor o 61 3 v Sl

)

SR -l ¥ L E Ok She prOCT e msTei T oonmerv mLiGDu
TS, CpprErEn-srered mwarr-hefrme n et adeerp-
s i ik i b, i St

In any case, the validity and usefulness of the model
generally depend heavily upon the ingenuity of the model
Laulder, hia elear understanding of the purpose of the nuodel
and his prier knowledge of the process.

Beveral exampler of expenimental and theureticul
mirdels developed fur the design of control systems in the
gl283 wdustry will be reviewed i the foltoaing.

IS R RTVAPE CITVPTER LR AL 1§ iy~ SEr R e R N
MWM The problem i~ 1 de
\LH]!.T‘ H1H mm‘“’wl -
1 Pt e TP TT T PR S e PP T
i

The process i3 shown in Fig 3. Gluss i3 delivered 1o the

forming process through a refractory ring plaeed at the
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bottom of the bewl. Air is blows through o pipa in the cen- | |
— e

ter of Lhe ring while the tubing is drawz by a pulling
machine. At the end of the runway, 2 cotting machine culs
the tubing into tubes of proper length. .
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Yt b <l e,

2) B ibdaiimtlidrhisviendi rercemer=ddumle!  [14 |; D dely
wom develgpnd i CORLAE b | b i) gyl g —tO M-
it T w3 ol L it PO =t TIOTiON S
of bl sl et ert bsorerrrerieey fp=}), These mudela
which nccount for the process behavier, including the
quslity contm! sampling procedures, were used in a dig-
tal computet amulation to evaluste alternate control

Fig. 9. Ribbun machine proces,

: ] - Hlili_li Ll LT L :h; :nh‘-i-muhi-m T:.g::fz i VE L TH ::I::,‘u':
thaatmaniut batioen LET D o RO i i ikl 4. [ agrts
LT R e T
T 1 A : rre | L L] ] a3 -+ a 4 | ! LI 1
Py Mg be—ottTed T TERIGaeR Gontrol. } I . R
i ! CLATADLT : bl T L+ . Sl e { 4=
W g e S T Y A N ;
1 ] [ i ﬂ_ e ‘III:EIDEDI ﬂnd E “HE Irﬂ.nﬁ‘ | tPe s 'l
k . i . : : £ ° L | ,::“t ' iy .y e 4 I Coug !
(W Thepracgss dlistuchansepare coslmubatadb i Lhirmsnpmpian } ] l '
-}1 w j a1 w2 R | uy ‘
b Sidasad i st 4 hrot=t e Ty e ont st bl e -leant :
I e P e YT T TET Ttttk |
st . -‘ .. . . B I L:._ o .H,{h'l 3 .“l'i.p 'ii"-L'l MJLI. L-‘ !I

< o , S
B T e &y e et e DRt me-studics. The
sutometic conticl of the luw-lrequency components of the .
error signal resulled in a sigoifieant reduetion of the Ao P s o i ian
variability of the product dimensions. TR

3
FEFIEW FATY o

dmebj \When the Waf
1 i b it it VP i it L] Y,
there willeibeeslgprromp=et tre B R et he
nut;.-l-mlk 0 1 kit e i -

e

Fig. 10. Ribbon ruachine Pruieas model

m
|

—_—————— e—— ——
——— . —— -H\__‘L

tal
14

T T T

i bt ] bbb L2115 L il [ 111

=S

'pq_ 1‘ |

for mwmmltnd Sem i E T
£ 103 ket i bbbl i, TUL LT 1 : o -
In generad, the tansfer funetion muy br.' approxinuied
i By 4 T e e ] o e
tln.u_.n—h-luhl-—r lh—-a—h-mm—u-—tmurﬂ

L
.!z.-

1 T

U

]

rig. 11. L owon machine proces oomputer conrol syaten:.

eyt

L TR, e 4 A s Rk 112 ,Mac"’f fo :f ot -+
-.v.l'ucn §: e TP by W -~
of ool

7i f%



U &

[EEE TIAKBACTIONY O STRTEMB SCIENCE AND CYBERNCTICE, OCTORER 150

L1 - -y L] L3 L ] -

Fig. 12 Glug compoaition reaponye to s slep change in batch
aoraposition,

Fig. 13. Forebearth channal—cooling eone croms section,

. The videbuidinssavmesar be

; L
a . Comparing Ty, v, and Ty
ean give some idea as to what extent the glass ia ideally
mixed. The derivative of the step response gives the
residence time distribution of the glass Fig. 17 illustratea
some experimenlal results,

For a furnace with a glies capacity of 200 tons and »
pull of 84 tonsfday, Ty = 50 houry; the transfer funetion
without eullet retumn convisted of o transportation lag
T. = 3 hours and & time constunt r = 4{) hours. With a
cullet return of 30 percent afzer 20 heurs, the transporta-
tion lag was 3 bours oa beflore, but the time constant in-
creased ta 100 hours.

F . : w—-ﬁr-mhudnhg}
UmechetercanerRTes M throrctient miodnk bassd=on phsical
L awfri e T b s ispiiobntimtebuutitin ot e |
[FIITPR HIPRTPTS U TP A ST R Ly g aai
Lo ca e D 0k plivacal e 2 lappluapprent-
At aiaaiaubary wod initl conditions, anek 4) solve e egan-
LiGies drw wrvaly Livul OF RUMLeTICAl @means.

The forehearth delivers the glass i an open channe! from
the furnace to the forming machine and conditions the

clars to w predeletimined delivery letnpetninn: by-medns of”

wind cuoling and gus heating as showa in Fig. 13. -

a w The basic energy
equation—The general differentizl equation for heat

tranafer of 5 Sessbmetntiind ot e TR
miarlanigitilebd onire i TR I

ahuammery, By tuking an ruergy halanee on g differential
volume_element of dimenmons dz, dy, dz the energy

equation 13
AU T) - L e

T

o 5) 43

rate of coergy input by tute of e.nergy
conduetion and radiastion  input by mas;
flow
. oT
- 1
- #Cy a* (1)

rate of accurmula-
tion of energy

In deriving {1 .! ihe follgwing pssu@prigpaare made.
eat How by radiation cay be regarded as h-emldur
t.n a 'muﬂnm@uﬂmjeg T ja the
mmpemture and a js the absorption eoufliciens for

the energy of of wav e!enth mm«guﬂq_gzg 10, lemperature
i EVHTS THad L ghn g

T TEe factor & in (111,
pIUs mdmtl-::rn f.'unduct'wity
u B eﬂectne muductmtv k', density of elaa_l,
and the apecibie h,ﬁk_ﬂ_r EL_I'N (. &rE » ot temoern "-;
perulent ;hence not a fungtion of the  spice fooTdingtes).

oy The velnm i ,,gqthg.‘:.dmtmp fdirection of figw)
ia not a funetion of z. I'hu.u (1} reduces to

v (8T | a7 aT 3T
gl ralorEE @

Equation (2} is applicable only in the interior of the
glass. To completely apecify the system, appropriate
hundmmfm?m?{t@m,mm -ru_gp_hed__Ihese
are the {ollowing.

i) The temperature distribution on_the glars-reiractory
boundaries at the hottom {y = 0} and the sides i» = {7

of the chnunel are a“lt.tl"lﬂl to be Time-nvanant and linear

..... ...,.....p—l—-u-l--rqn-q-- g —

e e = W

T{I!Ulz} - ﬁ!{-r:ﬂ is '!FIBC'I_EQTI

ey -

(3}
Tiz.y.u) = ¢u(z,y) ia specified.

i) At the inferfage between the gl and the g8 {y -
d), the boundary is » cadipting boyndugy wheze Ay b
iz exclh: mE_.ng__hlﬂ! it energy pdithotha chesrel enclusure
[’re!mr'tarv erawnl. Further, the 728 in 1he spuce beeween
the glass und rhe crown al-5 eyehar nzes heir with the sys-
tem mnm_h Iy I"lr'lt-"lﬂL " U.U..r.,"_']’ tinn. The : Anilarinn for

LI
the; guaa-!,u interface s awain deriv ‘of busml on ere gy

) S L L
baliges =7

-

i

4
Il 4

= aF [Tourat — T4 — KT — T,
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Figp. 14 Malting aystem schamalis.

where .
r Btefzn Boltaman eonstant
F view factor derived with the assumption thst
- the glas surface and the crown are two opposite
infinite parallel planes
A Eaa heat tranafer poefficient

T wewn, these teniperatures are inputs to the model and
Tou st be either assumed or determined by
measurement on actual forebearths.

iii) Since glaxs tempe ratury i symmetrie with respect to
the center of the chanm‘:] {z »= 0},

4
al,
———— .,
1v) At toma zero, the tem%mmm distrjbution at some
location must ppectfied 44 an inidi ilion.

Usually the e_temperacure distributinn st the inlst to the

forehearth j J:i_;wen
h) O i - hie

{5)

o, T

[Py F R T A e T YT E L
3) Moulbsugabiplomwerdwsde ++ 1.0 of the earlicat examplea

of the application of mordeling mcmuques s the anaiysi~ ol

control system problems in the glasy indusiry is given by
Oppelt [i7]. His puper presents » conceptusl elementary
multivariate dynamic model of a glass tank and suggests
improved cantrol strategies using feedback and feedior-

ward technigues.
bt iead b okl cathl e S
aliitiegiata st i et ot Taw-ma-
TRO Pt O L

SR vl P e - TOT ST R
. ipgpbidlet-rooyeler and-comtroh wystems. Feestedyrrsie

T R S
pavermr=—miity, such py W

The fipgt step it approaching the problen is tu construct
mathematical models for nll the proeess units by taking
one of the most important aspects of the entire process into
cansideration: the physical transformation of granular
rateriad, '

A general model is developed which, when specialized,
can be used to model ailos, mixers, and mixing tanks along
with other process components. Thia general model wA4l? be
described bnefly for a wlo.

A zilo is delined us a temporary storage device whereby
granular material is dumped into the top, stored, and at
some later time removed from the buttom, The made] was
deveioped under the following reasoning.

a) The filled siks i3 divide] intn spaces of batch volume
size {refler to Fig. 13).

bl Asspristed with each apace i3 a corresponding batch
and it describing constitusnt vector.

¢l When o bateh i3 removed from the bottom, all the
batrh constitucnt vector shove it move down one apace.

d) When 1he matenial is either »ntered or excracted, it is
done discretely in time,

¢l Beeapze of the mixing cfect between wijsrent

tches, the sutpul batch b some cymbination of any in-
put batch,
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Fig. 15. Bchematic silo.

f) All materials which are placed in the silo together
bave equal or nearly equal densities.

g} A batch of materinls, or sny part thereof, has a maxi-
mum and 8 minimum length of the siio Lo transverse, and

this transvernal ocours within s7me maximum and mini-

rum oumber of output batches.
These' assumpticos, together with maes and impulse
balance, yield the {oilowing set of equations:

T ora

YU - T AR - X ©®
Twm =1 )

_i‘l WK — i+ 1)~ XK — i + 1) = Xy(K) (8)

Ky m Xl — )= XK = ) = .-
=X K -m+1). 9
By substituting (9} into (8), then rearrangiog it, there
rezults

WK = | — :E; WK =i+ 1) (£0)

where

X {K) constituent vector of the material at the ith
position in the compartmencalized silo, just
priot to the &th output

T(K) Hth output buleh constituent vestor

m maximum range over whick an input bateh will

be spread over the outpug batch

the weighing value which de-ignate: the per-

centage of inputs that are in the outpat at time

NT.

WK}

22

Fig. 18, Activity raalms.

The weighing values are amumed {o be of a matistiesl
pature. The particular disturbenee associated viith the
random varinbles of the mode! is dependent upon the par.
ticular silo to be modcled and the material to be stored,
Thus the weighing values not only must satisfy the con-
straints imposed by (7) and {iD), but ai=o must be gracr-
ated in accordsace with the information extracied from
the actual data obtained by conducting experiment- cn a
particular siln. Onee the weighing valusx are derermined,
{(6) c2u be vued tu express the physieal troncfarmasion
taking plave bepween input and output batches within the
ailo, :

The second step is lo mmhme all the component
models into a “multisetivity systom.”" Broud|y defined, the
mods] is composed of four activity realms (Fig. 16). The
first realm defines the functions of the cemponents of the
process. The second realm defines the interactions and per.
forms structure coordination, The third realm defines the
supervisory functions {contml), atid the fourth reslm de.
fines the policy msking and piznning (unctions,

The complete system model for bateh syatems i3 amen-
able to digital computer simulation and has been used 1o
investigate process design and conerel problems,

8} C%n—mr—mm—m in-

spgiied.
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Finally, ikttt tapmrormprrasreyyreeet=rrredeh.

e vprpmmtaomel rtaisapledimrie: i1 4

The essential role pluyed by the eontmoller of the
manufacturing process, the information netwerk, was die-
cussed in Scetion II-B. It was stated that the eompurer
technology makes it now pos<ible to sutomaie control
functions at all levels of the hierarchy. It 4 within this
frumework that we will now survey, on the basis of scarce
published infortnation, the status of the implementatica
of such systems in the gluss mdustry,

Une of the first camputer control svstems implemented
in the gloes industry was mentioned in the section on
protess modeling iSection iII-A) It s the process vome-
puter control avstera developed for the automatic contr!
of & nbben murbine {13} Tihis s¥slemn poerfivins eoenifol
functiona only. Tha structure of the sy=tem is depictid in

T TEmMMAL
B » (mETAw W ERTATION fLONTRSL

Flant process aontrol computer system,

Fig. 17. Quality coutrel mforation i entered manually
and processed by 2 process contral computer which in turm
monipulates a number of viriablea on the forchearth and
ribbon machine.

Another example of prove-s computer contrel applies-
tion is given by the eoutrol svstem used in the plants of
the Owens-Carning Filvrgls~ Corporation. Gn the busis of
published informuativn, it appears that the-e aystems are
eseentially process coutrol rvsirms performing firar level
eontrol furcrions o the mwliing and delivery areay of the
proce=s, “ithough -onw prwlnetion schedoling might be
effected in snme in-tanee- T14[=[21 ]

Other =upervisory coutred apitications have ajzo been
annotnecd recently by plies container manvfactines
[22), |23 Cumpruter control =¥ stems are being used fur b
control of batehing, melting. and inspeeting operation. st
the Lakeland, Fla., plane af Owene, Tllinais, The function
of the compnler is tv suprrviae and moniwr the wire
Proess,

T TP WL LR TP ok

et T T T T v bt

ST o RSP
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MAMAGEMENT
OROANIZATION

PRODUCTION
CONTROL
SYSTEM

LMERTES 3yyTLM

PROCESS
+ CORTROL
SYSTEM

. TEAACAnAECT)
Wk *l paccess
EENRRREEE pamisng | SO Dl | b mm pron TP I R - OV
— e - o i ) . »

i
1 -
1
L]
'
1

'r - Tl
e m-mumf CTROL

S~ _,; Fig. 1. Plast process control cottiputer system with peatral control room,
T L . .
calledeimmidpneiburmredbive, The process computer control Lf'r |

syaiem contzola o Hoat glass manufacturing process [24], /

[25]: wmp. . e '! R T
PERFIR Aol nbrotomr Ty e T hoT et roset )

udh—_-—-nh—m ThE centm! con-

trol room is represented in Fiz. 19. The operator censole.

Fiz 12. Central cuntrol =Fred 3acor
on-line printer, alarm typewriter: television display and i entral cundrol rom [mh.n?l Iﬁw Company | Llearbors,

recording devices, and graphic paneis ean be identified.
The seareity uf recording instruments is upprarent.

On the basis of these examples. it would appear that the
glass industry, following Ihe trend piopeered by other

' . 224
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Fig. 2. Integrutad plant mptmol ayatem.

procesa indusiries, is slowly moving, in an evoluticoary
fashion, towerd computer-directed, central, pmem ron-
trol syatems.

Tt is believed that the trend toward iniegration will not
stop at the procees control Jevel, but that prodietion con-
trol and management contro} functions will progremively
- be included into the design of fully integrated on-line,
" realtime contral systemns. Tt aeyteewemebap =il s
_ tamimienbensed e puspiblecio togaated. oLt Lot o]
mm-b-r&-ml'mﬂm-
" tagaihmhs) st Dc A s bat i ol Al peeoies anid
WIW Wrve e~ ki L0ge The
MWMM Peparrgencmton
) seanlighly. auidnudsd. Thasswtreuiotstas of the eotive
Pl bk e fra- aritute-lo-minute. hasls i e 7-
Iidive e T LT TP e T b wimad v a i L Do blied e~
EN et T prp st WA el P linints. b i-buisii 8 -
L hewieryemm ot e HOmr T e bremeremin. whor, Leededs
There ia no evidenee that such integrated conirol sy iems
are in operation wday slihouch, a8 we nemioned pre-
vipuzly, scme of the existing contrel tystems might al-
ready have developed to nelude sume production control
functions.

The serien of diagrama, the last cne in particular, also
suggesta s clear trend toward making computing power
avnilable as s utility throughout the system in mueh the
aamt way o5 electric power is aveilable todny.

The tegrated contrel systems approach should natu-
mlly be expected to affeet our basic concepts of plant de-
ngn and operation. In particular. it should be expected to
have B very significant impmet on the management acd
organizational structure of the plant. This is the subject
that will be discussed in the following section.

IV, Bouax Facrors [261-|29]

The emphasis of this survey has heen so far on the
economit and technologienl azpeets of svatems develop-
ment in the giaey industry. We heve discussed problems
reluting to the development of the autematic sentrol loop
represcnted by the disgram in Fig. 21, symbolizing the
physical process controlled by an on-line computer, Jint
mannfsctapieg sowtems are man-mpechine cvstemz orgeai-
Zalins Wiy compubicnts are Maent g n u'hmth t.{‘d ‘}1

r—— ST TPL IR
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Fig. 71. The sutomatie control loop.
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Wihammnmduwols) 1 100 bake 1Lped - tasemblen Urone- ei—the- ma-
c b wr- ncdware- components.  Planning for the design
and development of human components of systefns has not
teen as sy atEﬂIJlICJ“} pursued in the past ns it mighr hove
been. ' o el
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Unifeg Siatrs this s probably best pes of
doeuments required_pf potentisl congtpetprs dor, the de-
velopment of compley man-marking systems, Qualitative
and qummtnlw__“p«w}nn#l T‘!"I'Lutn'mf"ltﬂ informating
(QQPRI) t.m:umentq nh:rh Tépecify the Jdegign zng de-
velopineat ol iie. persunnel, sulsywiam uecessary for im-
plemeniaiion, maintenance, and.gperation ol these eom-
plex systems are required. This can o longer be an evolu-
tionary dévelspment process, Tt must be planned and de-
aigned as the physical sabsystemfs) ia
Fig. 23 srhematicaily representa Lhe man-maching ays-
tem development ¢ycle. dulamwielryerspnescdevalobo T
nmmmww—ﬁ
MMMﬂMMn
AL it rirbp e LG b L te- ot ettt The
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meent. Ona of the primary values to be gainwd from such a
man-machine svstems development nppecaabbuein the re-
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In addition to assuming that all reguired compononts ere
availabie at a specified end point, the continuing inwr-
octions cectabute imnienstly 16 preventing the need for
coatly and time-conauming retrofittinge of rompanents und
mejor system modifications. To accumplish this, however,
implies the developrent of an ahility to communicate efe
fectively and interrelate an the part of reprentatives of
diverse dixiplines. Compromises and trade-offs will be
requited. Ultimate optimization of each subsystem will
undoubtedly not be possilde, Lul wtal system optumizailion
and eflectiveness will be more rlosely approximared.
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W‘Entmrer the end produc: of an integrated phnt T COMT
pany. sontrol system tirns out to be, it ia almoel pertain to
. require differeat appronches to. the arganization, manage-
ment, dwehpmmt and maintenance of the humsn eom-

mu“hwm

¥. CoNCLUBIONS

In thia survey wa have discussed some of the economie,
technological, and human aspects of systems engineering.
We son syptens enginesring 83 the technique through which
the electric technology, exemplified by the digital com-
puter, ia being applied o our industry.

Several mm trends that chnmwnu the evolution of
systems engineering technology in our industry hava be:en
identified : :

1} Wﬁhm
NN ats L s OO S G i it DL R 0QRLR e

Betons.

wmsml.h:
2) Wmmmw im-
Jenet-sostive-doargrretopriare mers-

Az angineers, we find ourselves increasingly moving in a
position to influence dirsctly social and humasn patterns.
The nature of our work must chenge as our essential
responxibility becomes one of education of tha pablic in
modern technokory.
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Thoolace of-dicital-backip-int

direet-digitat-controt-system

shamipnoler-dol) il BR800
The Foxboro Company
Fo:bm'n. Massachuseits

wisll-taduencod-comrobet -howomtvorali-pps temmreor.
Controt concepts for continuous processes use the
computing, monitoring, information siorzge and
amalytical ability of the disect digital coptrol com-
puter. In the baich or discontinuous process the com-
parr's logic capability:is empbasized. To perform
bu.chmg operations, a comprehensive fogic system
it necessary, lmplemeniation of such a system using
digital techniques provides many ldvmar.s over
implememtation uslng analg cquipment with mlilry
digital logic circuita.

To (ully appreciate these advantages, the rel.der
must have a basic understanding of continuous control
systerns as well as the butch type systems, The fol-

lowing will describe single loop conirol, severa} ad-
vanced control concepts ard control of semicontinu-
ous processes, as an imroduciion o digital compuler
application amd backup.

Siasplomaimgleicomfredtackrremtrob-r—the - most
mANOM-CONt pob-fou nd-sre-the- process—indusimes. 1
Wwidpd-Sarmomrolling -owricvel; tempermere.ves-
SRR Y-gthotbariabics. Dethr=srrrwrmnetto-emwd

I . I H *I I I I . i - i . .-s
typanal-aontiol,

Basicaily, these controllers compare ihe measure-

ment of a variable with its d=sired valee or se1 point.
H the two values are not equal, the coatroller adiusts

*

& control value 1o minimize the difference (Figure 1).

In action, the controller is an analog computer
which calculates 8 one, two or three Lerm expression,

PR i Tam™|
A T R
- tele i | e
o kst i Te e [} Cawyr il
LR -

Figurs l-T?plc:! wingle ~ariahls fecdback coayrol loop

Reprinted with parmitsion from AFiPS Comd. Proc., Voi. 30, 1967 Sprng Joawe Comput. Cant,, pa, TT1-778,
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Figure 2 = Advance control techniques applied o @
heat #uchanger

depending an the type of control aclion required by
the process. Tipmdmee—terme=dofre=peopasiioaal,
rescr-arrd-derivaiba-Conirol -action. Dunng process
start-up, cnefficients of the wree terms are manuaiiy
set on the controiler 16 pruvide the besi response
under normal operating conditions. Meajpesuking-ear;-
L a3 T b W DL G0 £ 8 D PR T i ik e LT
sei-poinl-radical ytbe-coclficicnta-are-ao Ibnngm at
OpdWmunr values.

it el coomisil-eermcepls

deihiisianiial-prohlam becomes mor e complicaled,

swple.doop Lecdbac k. Conirohis-no-bouge r-sutiicient,
[(E//'f Figure. 2.illustrales-thiee 1ypes-of advanced control:

iréerential, femdforward and cewede,

bomthaeindere nlial-euoni Ful s relebomiinp decaloolaled
Il (b ok DT TN - SRS ISETEMENE S WhHICH —eyed
Lmmconl i - thedesired bal-unminzes ureble-vanabie=in
a2 the Bty computer periormy-a-crculalion
toteetie g L2 adiH LR e ACE el weeTrm £ vt e L-iafrdhed THCT
NPT e b e B aloe chunver (T2 ~T1) s
taccaflcvorspr= ol process Muid throwgh the heat #x-
Chanper, Tie s MU i K U~ G- b - deal
tramaferred - e the. process. (unl — dasemimesstine de-

TRpraof - hert- erreit Bt roeded ediidini bk €55

fuid westput temperature T,

Analog cuomputing Jevicos perform the necessary
calewdations and conliol eun Be execured with con-
vertional analoe seniroi devizes. Addnional calcula-
tions muy be nccessary Defore some variadles are

combined. For czample, the difforpntial

dndmm -t emmde g h wmw—

signal provided by the commonly used erifice plate
is propamional to the square of the flow? A cownputing
element is therefore necessary to extract the sdguuare
root of the differeniai pressure sienal.

Rigaigwdeciin s it cudon-fecd fosward conlrol. Fise
Rt Wbkt breat transferd Bluk tate s Uiead fosward ™
LRadd)ust e Dow- o s hesiing «oF cooling ' uid s and
ohange fempereture F3. Thiz-feedforward caiculaion
anieirales disturbances-in both inlet temperature T
ad-proceas flow - F |, Tumprosid pommpecssl ublewn niro]
abd-dr-tinerfrod (Orward . signal aniicipaies the clange
iDiatrdpub. required, Theamagnitede- of dhe fead.
fanuard—-woton—m—out v~ determimed - by - enpern-
mgeplaticon-and may have 1o be adjusied perodically,
sinaethe- head dramsler-characlenistics of 1he heal ex-
changer change wath age.

Asdirdevonirol technrrgoe thrtrated by Frgure-? 5
caseadecamtrol = a " techmgue where wne contrailer
Biljui iseblus et poing oF am er contriter<Tive puipui
Olnemperature - conlieier. i -5 -fed- (cmacaded) o
Lrrewet—porint of temperature controiter-C2 Akrough a
muliiplying- device A Hemore-otimmey=—er——rooe
Factinbonyis pask i TLARees F 2 i Tecrmaiess e parns uny
CODLFERCGE st B T R T R et et raf.
mrc.

Tehaormerodeioryms drctese (otmreeeer a0 e
DO T Y TS ST A T O e ey
T L T L R L L T PR LR P SR o R P T
LR Y L D ol (I ST S ST R EN ST TE. (0P T P T S
whu-in o i b ade ey eV ST TR TH Y 4 TEReYY TOTTA
mﬂf L!‘I“I!'I' ¢R ArE Mg ARL § S ———— i1+
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b g TeeetldTSE Tl T EEACFED s e W3 PR
LT T

|“q-u'-1-|-luqhi ey g sk e ar A ekl e el R
M ALY TR AT Wy ontA W mPe PRCOEY M T O
b iRl TETALTJEY TTD Met LS TeM -y -

ikt i Ty o Syl Ly £ -
meakbavwbiebeerery-imited. Many high production
petrochemical processes are in Use conlinuoty process
CAREROTY.

Conirol of sermicontinuous processes e
gl pecanminsivpust-cimebhnhipre e e r

LGk RO =rri-teriroled-seqeereing be-

CIMINE! VAT S PC T T T el iwp pexd
ﬂtmtly. produerTen e T T frequently
A apasaliog -jtaaelany change. 1t should be ooted
thal Moekhmisbmirg=pOTHTITR=proonesc 3 still wse
fecdbagimcontrol, but withepeogrammadeabangss of
COTILalRobmpoint,

Figure } tllustrates a simph¢ chemical reactor.
Ingredients arc added seéquentially and temperature
i+ maintained according 10 vanous presel programs
o pruwd: the chemical reactions necessary for
various products Tt L ati b vl 2 11
N ST € LT TN S OL YEFIT: wliar reprthe (-
datliog-gwele. Heatn inntruer-torbold. i vt mpns -
hﬁhm:mmmm_rmh

tach.pew-prodest. For instance, there may be chanzes
in specified ingredient mix and heating and coaling

13t

femperniures and temperature rates of change. P=e.
S B Ol PO Ui i3l et i b o U T O PO
SRphabOw AT e~ fotbiatiiyd o ttwermr wrmic
A AL S S N A pravipivep o). Tt
nmmm
" . I ;

In Figure 3, the ol -resie tgmbierr aor-bbnge=i
itianitallyaslordbwcicywrrrobrproblom. However,
the prabismedsscormpiicatsd, SinowTobwosst ohirg: al
(e DIGPOLLS, SO T Rl L by a7l
OlhpL dititimaiaaowrirliodriie. Also, the sequence
of events must be readily changed, depending on the
imended product.

Combinations of special purpose digital and anaiog
control equipment have been built which satisfy he
demzands of the discontipuous process. However,
the programming of this eguipment is relatively in-
fhiexible and the control cannot be weli-tuned because
of the cyclic nature of batch processes. Many of thess
systems are not ased at full operaling speed. since
the control constants dre a COmprotuse. .~/

Applving ke J:'gim’u' comparer

Nhuchiponctly - puonsurn ble., :mmun-nh-: Doadaap ikl ¢
Gk acOCTing 2 & preplase g achanule, el la
BRTH L Bt ki e ST slatialodel Sl i L U i bl g e Y %
s il e g R oo e e prgra ined. L0
adametbaavadall S ot onl oy sl B, Lol e L CE 547
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5. Many
of the installations use direct digita! controt wchmques
on a! or some of the contrel problems. -

Table fu T iyl
wmmr S VI L1
PEAGAR D PG i e rufmryisay-S fumriiog

(1S vl i OS5 11 - -

tigabeaalawlasions, the uthrnwm
WMH
Wmm_:hw
Olisapbeln s ; Uit i STarer i " ' .
" saReadetentve]. Fhomiomyappassiouisly=mae-shird

, SO | -

W‘ vy L
[FH 2 T
Tabie: | -~ Comparison of computer sysiem ingufousput
beiwetn combinoous and berch seocess contel
el Bl il Y

Mim i T X ] AN -

Siall i 1T W DOWTIGL

Lo} m

CONMEEL L
1TaLL
CAS BN
FEIR FaEalM

&

AR Il {EOWTACTYY na

P

E'—ﬂ;.fa

[LLTIE N LU SRl [E]]

Table Twsbe® shows the inputfoutput Jistribution
for a lwmmﬂy being
implemented by s digital COmpuUtér system. Ye-seu-

. ..
] il | . . ]
Dok iandapnepFeonTroromtpow. [ nandetueesemm e

ISP T DIV renS .  ATSO, Saiienghe -

1 ! " > -
b mi".'" on-undoll. !' " i
oveese. Increased nomber of push butions, signal
lights and the increased size of digital displays re-
quire more digital inpots and outputs.

I EIWI-

2D wit e e nemrrTrptes FECTIINNS, dEpenieg 0N
L N ikt | R P PR arr =TT PP N1
GlmperrremanL,

<y

The philosophy af DDC

Vbbbt trirodronerr ol =These I rrrompoter e
Lainpriecrr-comrot-frchdit-bocame-os idenithat gl -
Lishidayrbit =i 7 L 1T EPT) oM Mo s el
ma—nmuwmw
ovthemEtiox Todctr—wwhichr-wosidpermi-improved
provesyamirel.

r
cinpbavizod - SUpcrvivory-comtrel-inrawhich- the. com-
pator=pdiasted-1 mrct-poiie of- wheATYrOR= CORLFOHE T
[N il i i trrrier=re (ainEd= he

(I SRS SPreTTTsss, Hitteibbabeympritceatis-
famory; in fact, O L eSO 5~
Caingily, immnaboubchenmiiffETeTICTTomReL st oo -
il skl T A, T e R bt Tha i
A5, Rl iidrthiretiesinm shimer=a
itntiparicommgonspmcr. This made [he prlis
opasala-Bagpy . but in many instances the pveowees
prTI pt. There was
no guarantee that the operators would achieve the
optimum ¢onirol seltings for the plant.

What Dbttt e £ ol iRy TO-
wie? If 30 desired, tmmmmd-
fovwerd, semade and |MMh
W
PR > DTN § E ousseomnigeereor, ATRNLS
relaliogeiibebinltsinbinala nce, thrwtury.
¢1Cambiibidabamdoveioped. In B sense, TTLIC
TRabhacaaka L St amrepos iDle, wWhercas a-peeeess
jussesassimemdedge. §n addition, the on-line process
computer performed other usefal work (e aid opera-
tors, plant supervisors and process engineers: sec
Table 11

Tabie LI —Some non-critical functicas of an online
PeOCELE COMpUlET

@ LOG OPEALRTING BATD IH ENGINEERING UMITS

& CALCULATE N0 DISPLRY OPERATOR GUIDEX
& INTEGRATION OF MATERIAL FLOW
& AEFGAT DN PROLESS STATISTICS - MRTERIAL U3ED

FUEL USRGE, THROUGHPUT, ETC.

CALCYLATE NG CISPLEY OR RECORD UNAEASURERBLE
VARIAALES SUCH AS HTU RATE, MAS5 Filw

MOMLTOR ABMD ALARM FROCESS LIMITS

AECOAD PAQCESS EYENTS QUR ING UMUSDAL DISTURBANCES

WONITOR AMD KECORD CHANGES M SET PRINTS, ALARM
LEMITS, EVC. HMAQE BY THE GPERATOR

PRCyICE OW 2E7UANT OPLRATIR (K7 DAS3T{0M ZuTw R0

TREND RECGROING. ALARW 5TATYS REPORT.
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: [ -r_r - - - H
\ .'!"il""-l Whmsroter : I“-I"-’"II." i
p“m-pmnnz
ottt dnpaiaianemws].! It was reasoncd that
DD would reduce the cost of a process control com-

_ puter by eliminating the cost of the individual fecd-

back controllers. Since the conrcller merely per-

forms a calculation, why couldn’t Lthe compuier per-

form the calculation? Severa! experimental ventures
showed that the DDC concept was physically pos-
sible.™ The feadback control lzw wes caleulated
within a general purpose computer and the resuliing
signal outpatied dircctly (o the control valve.

St itriinns gopt 5 r o) What-vivoutva doumff-betwoemsin -
disiidanl=hvepr-cortroteryrand. & direct-digitab-aontro]
(BDG-computer was m the arex of 200 foopy=There
unpy-p-hooker - however-This rade-of*did-not- in-
failadeFor-most-installations ' this meant waing emlog
enntrollery to-back- up-the-BDC computeron-sach
ledp.considered critical.

The DM~ uwrTre-despred=sorhar T
Sl d, & atlainemersiorenvmivirpeir |

.. Figure 4 shows two loops from a large system. The
measurement Myysfabeyalpemarnadeoowtepiepu e |,

With the evolutionary history of digital procesy
computer equipment, i is Impossible to more than
estimate phldibiinsiseeefetitmes (MTBF). For
the smaller digital computers, including inputfourpat
equipment, that have beecn applied o the process
control problems, calculated MTBF has ranged from
10080 10 2000 hours. Advances in circuit design indi-
cate 1hat seliahiliipamilbnorease, but reliability sla-

fistics on integrated circuits are oot yer availzble,

However, igabiititenldimpaaionowmrrmt=tiers|-

mamewynse. However, the user must be fully aware

- ich that wﬂmmal
- opssizstion, 35 well &8 1the functions listed in Table
-t . 11, ifetpemporer=fiils. Pcrhaps most important,
E::_:- ..;.—.:;--. - o, LT
prfmaver=ton -8 [ 1 funed

FISLML A SMLT NETAL CONTRGL !

Figure 4 - Direct &gtal conurnl
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amy m that was dependent upon the
computer, such as Gedddovwnrd, ipemdosandemniti-

NPTV PR TR W ESPRENE-SPAFFY. TPy oe VAT, N
ossbinmminaibllatiogukbiir doniinlisnoda i s

It alss=backy=op=rMmicrioer-ronrolr=mewell as
all ysquenoe-cermrel action.

In addition, thiseapcleindiieteuinmre=r=PeriorT
{ ittt mesbalern orio ey =R ey =ryyreeiiyfega n
Tekiewl!. It thrrefore pamtlecmnere=temsomyn e

couipmubiet sl fail, Note 1hal iesmyiidduiumc-
shaced.acuinsminiads, processaenimbitdcansiecrred

T aliC i lnktii ettt ity STIFAT data’

. which compare the availability of a single computer

system with a parallel computer system. The table
assumes that the MPDF alsmprasbyeonupuionansle m
Fnbivtnsssnseionmtidt b sssmppboinpiprghgrii
poppiicbuguowpwierngpytern. Experience hay shown
that repair time for various fallures, with on-sile
maintenance personne!, averages between 5 and 8
hours, depending upon the skill of the maintenance
personnel, the availabiliny of spare equipment, etc.
With the parallel system, it appears that the average
repair time can be maintained under 5 hours, since
the system incorporates claborate programs for self-
diaghwrsis to ensure proper iransfer 1o the backup

Tabte 111~ Availability — single camputer va. dual
COmpUler 3y Hem

L] L1 ] :!II ri yolif g
-y o -
- —
oy o -u.-tl gt lery g J gert
- "
rans | my Jirovm] my hnwsfuew Jiae
—
Caxal] =
i (mut | s ey e e wm g
ottt | ma hrmom| wy fuanm|mn |nawm
P el el mdenliE et SR Bl d LR
- pombeiyy
LRI R T (TR TR U RS T VR IR
. - -
prote | oo be ) mem g o e
j_TH: WLET * 8§ A =R N [
ke q# A S ey e
iy Y LT
CRutyaa eyt

TN ey e et e i s e O Tl ey

to the Yackupiaboustem. 3 WL b A P Gl (4TS WO e 1
L]
[ T
1
1
. |
|
— Cr—r [ a——re —
] -
ThR AR b AT £ g |
, . i
B e e Sy
I H .
KO T T et ——— , —— e —
— 1 Lol -:-m-
. ot - —as
. — ] _I . I
|- f ——
o L § =, )
— ‘ 1 =3
‘___.'ltf - " e
[‘.::::i—u:w -— L——jﬁ’—,
e e e e e e e T e T e e e
[0 LN ] I ; I | j
| epmp——— | r] |

Fil s 2 -, {U0my a0 u'e DG RIS o

Figure 3 = Dal computer— DI wik oygral nuckup

233



—————— e

32 .

Spring Joint Computer Conf., 1967

system. The failed computtr subsysiem is available
for self-checking while the backop subsystem main-
tains process control.

MMW: "

BOGbl s ptidt-—mert=-triyvl htvtatoniialecontrol,
L ; . bt aic

shep-opeieiiths. A parallel control processor using
direcy digital control tu:hm‘qu:s takes full advantags

of the digita! computer's process contral capabibiy
withost reservation and compromise. It can include
advanced control techniques, such a9 self-tuning or
adaptive control which cannut be obtained witly set
point control. The parallel computer processing sys-
tetn may provide these features and, in addition, may
offer cost adventages over a conventiona analog con-
trol system for the large continuous process.

FowthetiTINGoUS process I Tameir e computer

s S G

I 'IE'"I""E"':I' of :’I’II:“' “I :i'” e e
Inputioutput squipment

Figures 4 and 3 show that in DOC, ns in al) control
systems, measuting elements and final control ae-
vices are siill essentizl, Each measurement is in-
dividuatty conditionsd before being fed to the multi-
plexer of the computer input/potput aystem. Failure

-gof any inpul or output therefore is simsiar to failure

of & single controfler and will not disable other loaps.

Ww—-m of
Mg nacrppilics. Also, m&-ﬂ“m,

Al failed devices must be sasily removed for re-
placement. Any disruption of normal functions dor-
ing rcpair should be limsted rta the few inputs or out-
puts which share the same printed circuait as the failed
element.

35

chs for vl rowmgpss on-0T
CONLT Rl bbb ik Mg gPato-smainiiin. LLEIE status
And/orouipmeninai, showlskiusenidumprgmdtumimnte
ba ey sysiem, in case of system AC pow:r

While nmmmnodc, the Sardledecen-
t%tﬂ
fraenmoparulingmoput end~watyrrTonrebteeites. Re-
pair can then proceed with no fear of acgidental inter-
ference with process conirol. .

In pormalesperstion, Witk senissbsopwmuler
ieaaenanand, the |resbigmmpysivarmmsonbetomtiniinly
chaolsiesimputivorret-operttiow-to-enseretheibeo i -
lipeiieaailable.

The inhibit logic must be fail-safe so that its failure
will not disturb the system in control. It musi be
tested automatically to ensure that transfer to backup
can take place if a transfer iy commuanded by a failure
detection. If inhibit logic will nat tmansler the oiher
computer automatically, the sysiem should annunci-
pte that fai and provide an independent manual
override which forces transfer of the coatrol of the
inpuifauipul equipment to the other computer.

LR |

Other system design requirements

The mmmmutcr
CasmuMCMien-=tnk which omamierbitspbetes=th:
Dk b e} e el bmtecis Pt G i e
Wb sis. Thebas kupasompuiemtonrovervry—dy-
R . 4 ot I .
pesmed {in the order of seconds for a bateh process).

T Dbt it worlige-mpigaiir Bulb—mmmhﬁmmn
1 AT AL OF AT [0 S v—atmstrecherm-al 3
baluboprogram, diagriee g ame. foan Lot detec-
timndandprrprer T T Erd-rreeTemc 2. Sophisiicated
men-mading communication programs. which ia-
volve lengthy message storage, can alse be included.

Dhitgreesviremppenery s o oyt omip Ut or
communications link shoulddstwhorbrice=triure, 1.1
MkBaiiat. 2= L P A=t O 2T C T e Oy ol
tanlbe, Dociupemeystem. A program system purmitsl
updaiing and on-line diagnosuies while time-sharng
the real-ume programs in bulk memory.
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subpyrrsm. Anolher procedure and program is re-
quired to transfer &l operating programs from the
backup subsystem back to the repaired computer,

without interfering with process control.

- Wine i i bialtup—oyste mr—is—moten—ronttolmiis -

inmasripteiamey coowrrofemeremcesy. When backup

computer takes over process control, these programs

are diacontinued,

CONCLUSION

By using M with complele inputfoulput <ontrol
and computer backup, the pas ekl mmpattr=yrrtgmn -
A e i AL L A g
il courstaotechwwgues. 11 takes full advaniage of
the logic and computetional ability of the digital com-
puter, whercas a computer system which depends
on analog sct point control or analog backup cannot.

© [ 1

The paralle] control compuler system progre 3 stor-
age abiliiy, together with backup of logic cozirol,
program sequence and formulation, makes it ideally
suited for camplex batch or start-up and shotdown
applications.

Complex conlinuous control sysiems would alo
benefit with this contrel system. Buijt with state-
of-the-art electronics. the systiem should challenge
the economics of computer set point ¢ontrol and single
computer divect digital control with analog backup.
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of Cement Plants

F. H. GAUTIER, JR., MYROXN RE. HURLBUT. szsaen, 1k, axn EDWANRD A E. RICH, <EvioM Mevnin, IEEF

Abstraci—0Over a decade hap pavaed since process compulars werd
HirstL applied o contro] party of the cement manufacturing process.
The path from there to the present hay successes —and failurex—
along dte way, Over 30 cement plant's have installed such computers
a5 part of their #¥arss ta kecp profit margins from shricking. Progress
in vxing these process conteol technigues has been largely evolo-
lionary, Cerfuin faclors can now be identifed more cerisinly as
esscntial ingredients for sutcess. Among these are the following.
1) People faciore'’ of the cement madulncture: stand a5 flret in
impurtance, Thess include maoagement support, procens know-bow,
training and supervision of opeiators, and an inner cenfidenie and
determinatios 1hat “fwe can make it work." 2)'Well-dope interface
jnbs of edapting tontrol reom design and operntors to esch otheyr,
aviomation coruponenfs with the process and its machinery, and
plant design 1o At Automatic contrel fundamentale, 3) Designing the
process to reqily be controllable. 4 Control hardware and software
which it the natare of this industry. Each of the foregoing factors is
cxpanded with rmphasis on how recent developments of hetter
underslanding, coo'rol functions, hardware, pofrware, and of
process and plant dealgn are merging 1o help shage the fulure of
zutemation in the cemenl indutiry.

Puper 71 TP U-I4i A, approved by the Cronent Tndie=tey Cocnitiey
of the JTEEE 1GA Urop for preserdation gt Lhie 1871 Tlartecah
Aand 1EEDD Ceavent Tdosdey Techmieal Conlereaiee, Seatthe,
Wa=h, Alay 1103, Mamieenipl reveived Tune 113, 1971,

L Ctier wndd AL T nrlbun wre with the Manufseinring snd
Priave= Asromation Bo-ineas Davidon, Genersl Elecieis Compay,
Wenl Lynn, Miosa i

FooA 12 Dieli- with the Tiduatry =abes ond Eogiso-ering Uhara-
thow, 1 ic neral Bl Company, Sehenecindy, N30 12345
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YER 10 veare Lave elupeed sinee sligital poocess gon-

trod eoeaputers woere fiset indmodueed 10 the cepent

mapufactiring tudustry (of reforetces) Aver 30 Lave by

inedalled or sovn will be. ®one have sehieved cngoess,
Sonmie Tave ot Some wre wuals el ely sgeeeso).

Vrariuge this periond v era b distin et trends have cmerped.
Smomi these is the realicntian That the s seetadie] T edionts
(g sucressiul procy s s o Tral svstems, o showi o Table T,
tleo apply 1o the coment e dusry, These ingredient< wiere
ilerived from aostudy of diverse proeess inla-ires which
luwl wed process eoutrol camputer -y -tems v further
Cd b inereasing evidenee that veotomie b eliv. of 11
mnre sureessful sestpme i coment placts tend e e at
Lt comiad ta those =hown in Tuble 11,

Ko snhilitional tyends are 1he following,

11 Tnevensed aswanetesa— d sl justing too tloe pliva-
thmes—uof the c=senlial impoemaeee of silepete penple
factors" tooopeeste el suppwrt such ~veten «

B The ~preshinge v-c of dircet digital consed 11 1) e
peart ol Al sl e ==t as contresled 1o 0ot
wsing ~upervigory methoads of dage vomtrol ol

31 The developunent od addvigate interfzer eosaepts and
Lopdw e 1o ;ld::jll thie anitomnation svstemn e The [EIELLR vk
snd Lo e eople n=dng the contenl <vsatem,
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A1 Tl ioereasieg aowarenes< by menny engnged o plane
deaizn that automatie process coctrol prineiples provide a
brasis Lotk bnngg migni B b i) o aieqila in foliy aspects
of plant diston, To some goees the totu] plant investmen:
feutred s Bovorabd v ofected,

3 Thee lurges ietrease of tota] aotomatie conrol faaes
Vs being pecforme! where nutjor vuresidenul lon wl -nely
aulvanadic contpol is taleen i design aesl operatim ol Lew
eereut plant-. This has becn espnciably o Jor 20me jldant -
desteied by Panopueans.

i) The incewee ol awvaibability of automatic proscee
contrid sy<tenss when the major enmponents of the =3 <tem

i

are sipplicd with needed poser by o isadated “clean® e
thronpeh power suppiy.

73 The recent develsproent of spedl or minecinptees,
with aclequat e supgorting interlieee Lercds pre o ~oftware,
makes posasible economic automatie contnl of andler
scgments of the provess than wos praetical hitherto, In
eflvet, & priecess segment becotmes controlled hy its own
Udedicated” computer, Ve smadl eomputer provides the
possibility of ecenomicidly adding aurematic emtrol 1o
seleeted parts of muny existing ns well as new plonts, This
13 especially frue where plant design and operating realities
favor a stretched out step-bay-step approach with a mini-
munt of interactim between euch new stop ol thoee al-
ready 1aken.

Prorne Facipus

“frenple factuea™ wre the wagnr hey o achioviing stivecss
ful profable automatie process control. Fyven s slower
Hrst-generntion process cantral computers are =11 egroing
their wav wheo sdequate people fuctoes lave bewn createl
aml muintaingd in place over Lhe veurs. The fa-ter acd qure
pouerful third- and [ourth-generstion computers do oot
bring sueress where udeqpuate supparting peopte lictors are
oot desigied and maintaimed in plnee. What are =omw ol
thesc people fuctors which ean be corsidered vital 1w
HUCCs”

A Farerable FHrvivocnent for Cendral Combeod Cpecaba:
Thix [avoruble covironment which i erenfed nustly Dy
plint management inehudes the following, 1] There shoulild
be no sharme on. or theeat 1o the =ecurity of, the operators
if the autenudie Avstem eontrols the process benter oversl)
thuns the operators o 23 There showld be 5 de-ire on e
pairt of each colral operator and their sapervisors in tha
they wawnt the conlrel mvatem io suceeed, they befiere they
e help nipke it sneeeyd. and they toke the peeeary steps
to minke it sweeew ! Fionlly, this resolis in the realization
that making the system work well i really a contnbotion
to his compauy's profilability, henee 1o betier job ~ ewnty,
3) Thete should be written and reasdily availeble npemting
rules. To be offective theee must be simgde, clissely it the
locud dituation, and then be enforeed dairly, Yot moans
mu~t be tetainel for zeerpiog sl ploeiog o effeer valig
augeestion=  for mprovenwats coming  from opesting
et

Teaining Nappleaerted by Kegulor Heficider Cationrs;
Lenoranee el midsconception=s shout aufemation are o
nujor source of npprehen =ion about automcdion on the
petet o opwrndors weud thelr supervisons, This g oraney s
uften well disgui-ed, Well-desigood trainis g ol refresher
eostreee, expecia sy tallorad to the weeds wed capebilin -
uf thwse persanael, provide o taelul ver effective wav tu
elimpd riFivient funurm e bt anromation soo ot g
Progress = pelievil

Ther best trainin g ssauees for operaiors ger rally resalt
s lven preepsnned il adiaind=terml e tose having neeponsie
Ble charee aal wlmini=tration of eonteed of e fenuent
muking prooves, Slart eoueses of tEanisg in eoteol sy oA
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femp comneepts il spphieitions are slso desicable for higher
levels of rement plat manugement and for thes roper-
viaury personnel who, while net responsible for process eon-
trul, Sgficantly affect s resnlte by the quality of sup-
gt anid anderstanding they give in disclinrging 1heir
duties. Traiving mid practiee i maintenare of antoma-
tiom vomponents i~ ala vitl, U=aally the highest aval-
abitity om eantrol his ben fonnd tooesist where the owner
Jues most af li= own modntenauee wark s autolnation
<ystem eomposents Trabiing i programmning for 2 or 3
cement plant per-onne] 1= very wseful, The pature of the
cement making process i sweh thar emmditions often
change. These ehanges way ariae frown wear, chenrien] o
phyeieal propertios, msl o her canrees. A rensonable pro-
licieney in amnlifving the contrel progrime 1o eloscly
aceommenliie thexe clonges, when they affect process
control, does much to waintain peoad control cffivieney.
Equnlly imporiant. & high confidence level in the processs
conlrol ®vatem izl 1= thereby muintained.

Adjusting Job Descriptions of Plamt Supciviswy and
Fooceta Cosdral Permnriel: “The goal of this i te make the
descriplions more closely fit the realitier of “noanatic
pracess control. For example, the four majur continguus
parlz of most cement plants (raw grinding, homeyenizng
or Llending, burcing, snd finizh gonding) highly interact
with each other. cepreially in the dowmstream direction.
(1")auts which v=e hwt Liln gar for diving have evin more
comples interacticg control problems.} How often does aie
see ball mill eperuors taking setivn= which influence chem-
mlry, of viee versa, but withont ecordinaling with the
rhemivts 1o arsure averall minimum perturbations 1o the
process?  Conceptually. the best arrangements, tnking
sutgmutic cotit ol of the process Into oeeount, Tollow,

13 A single manager of process contrul wlo at lenst
maeiger opperating contral of e prinding. bleading, msd
Larning eperations. He i= responsible for (raining ad dis-
eipline of e eentral operutors, e is alao serountoble for
eperation of the continuous parte of the process.

2] The chemical und other operiting peronnel act
more s advirors o this Proeess Control Aapaper bt with
no direet auwlority wier cenint opernting peruanel,

3 Tivs singie Process Cotral Manager usually will
ake minor prugemm aeijustinents neerssary 10 keep
abreast of process chinges s (o make desired impaove-
inea, This can be delegatod in whole or in jart to others,
hut i1 is his resporsbility 10 judge, install, verify, and
fiually determine 1he waeluloess of sueh ehanges.

Some plants have nxxlernized their supervisory il
uperading, sbinclures 1o achivve  succcssful - antmnatic
process conire! with e eversll ineresee of perannel,
Semie ather pants have retaiped traditionn] job Jdeaceip-
tinz. The highest plant supepvision has terded e 20y
busily, sincerely, aed relatively adoal Trom aedsdeessTeyg
themselves 1o adinsting 10 the impeheations of aotontion,
Frustratingly ciwngeh, most of 1T Quilioees jod 1nsl

wiperisses e otz in 1 his plaes,

Th b b TH Y SRAETIO N e 1k INIIRTHY .!.'\ISGI.IL\I. WFLHT EErs =, JELY v w [NT]

Heopte Factors of Aulmnabion Seppdiors: Bappdicr’™s poopge
are n ke ngredient in nssisting o nser of aondion 1,
achieve suceee-ful vondrol of 1he prcess, ospeeiaily w !
applivation softwine Tur proces contrel 35 pure 1
Their know-how . ronbined with hoow-hew ol the s
peprerenbptives, begely provides the bosts Tor e Toter
stieress ar (niluee af the nes gontrol =estonn The tnetad 141
Better ovgauiae the planning, training. bl el
u]u-r:l'l'inn of auboalion sy etetus to tahis Sieeees e
e lain.

Dhiees Tharrwn Costi

13367 time shares tloe digitad comprns todirectly veetrol

the hiral elenwnn, saeh as a0 vidve, donper, ete, Usnally

sorne: furm of baekuap loindware  computer imanmal Voo,

Ak an exanple exists o e central perator’s paeed fur
cach final eutput desder being condrobbad. Thas bk
deviee gtleg providen o means of wommal adjn-nment
of the final autpar diviee when the computer b= g of
serviee. It muy even be In the forn of o ol saeadog vens
troller.

Many of the carlicr eooent mitvmation =y sthems alilige
conventional annlog Tnstrument contrallers 1o manipkant e
thuee proces- variables which are within the eapabilities
of such midog cantrellos. Supervisory opie, often enlled
“Lawel 2" enlenlntes the autpu ~iguads to catise manijuila-
tien of the set points of sneh amabog controllers Supeervisory
lenmic 1+ weed 10 Jimedle Vhine=e contro] ~ituations o ot eom-
Litcoions of iteraetions with otler condrol b=, -
linvarition, ¥4y b procoss delay- od gy i
ealevlations make vonal o connrolhors relanved: .
less, Thin =ystemn 15 abso kuowo o digatad sondeg eont il
{DACY; ur digitally direeted apadog control (DIYAC)
Aol nre, anned cepecindly s ool supnorting sofrsore,
browome available in the Jast Linll of the Vel 1 <oead
s that pew W s it cholee i inany nen Tn-tallatiens,
Armaeg the aelvantapes DDC pnovielo s, as compored Otk
e getvendtianad oo iestratentatioo, are o follis=,

1; The LT computer readily chechs Timits, provildes
digivd Hterimg wver hmg yeticdds of time, wakes e he-
mgrtical colewlntions, wnd does deeisdon nakiog-—many of
which are ditficudt o impreactical with wiados e rrumenta-
Uit epaiprent.

25 I omany i stanges more Preeise contoed seslie b
cotme the iift problens within the regabivar iteell iz
alegnt.

1 The use- of DG orees aqwerators to b ay-bematie in
dorurmentiog sl constimgts pssoctided with caeh repadating
loup. This is rarely done with aualog regulsting =3 -1eins,
although =ueh wvstens voald sk boetter 3 soeh dewus
weplzbion was dome wad kept ap e date, anal desd
s tain st el justeend s,

1) DI i eongurativels easily oavanged foy buppdees
tran<fer for difTeremt miodes of squeration, proevestion of
remet witabige bl sttt be Tdiire deteetion,

A1 Wil B bt com? debeticon of Joopes ol ¢l -

i e eanteed, coatione Do be vamd e emsiby o, 10
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Fig. 1. DX uperator’s eomnle.

Fue. 20 Aliivnompmiter with CRT - operanr's sonsole for eenoenl
pree~ cunlnb,

i espeei Dy efub during a onotie staret-up nod shut-los n
of meajor parts of the tutnl process during which Irans<ient
tianipntbabion of gentral loaps g often required.

) In oo DG eomputer the overall higher lewvel of
prsress cantrd fealted Lewd] 2 or supervisory tuntrol)
tetls to be miore eeslly done sings the coniputer must only
conmnunicate with itsell to chunge set puinls, switeh loaops
in atl put. meadify contml equutions, aod so forth.

73 Insnadyzging ~everal esi=ring installations it ix evident
thut o well<lone carefully rhought-through amil well-
niw rated ddigital computer svstem using anaiog cegulabor
wn lewsprs fur s hiieh they are suitablbe can provide essentially
am ol o eemt ol af Phe preoeess as can DI for muty parts
of rhe continwes process. Howewver., this i= oot toae
iring sitomatie =tart-up. A= the complexity of the rg-
tlarrinse longrs inereasvs (auch i mone cuzes where eoinples
g flow patterns exist between raw grinding and the kiln-
conder deprrtpentd, DIYC pravides signilicanr pdviantames
by rewdily permiiting wisy switehing of regulating loops
el e lifs i thieir ferns ta follow rhe variable gos Hov s
whicl; ~uch plant- v,

Fie 1 <l one foenn of o 700 apenibor's consofe teel
fur the man- eonegmater wterface o a DBC s <lew, Fig, 2
ehin - a eathode-ray tabe WCHT) input gutpit console
ey feeet |y available Tor conwent plant eoptwd, The e
of CIT oo bl 1o apmead,

Iwtenescl Coacerls avn Havpw ik

Tretsedl= orad exynorivievs chearly show that esecrtial i
groslouta fur =pepessMal eement autamadion gl piclude
whojearely  interfecing 1y the gentral contrel paom

. :jlf nl

de~igh i the contral operatirs to eneh otler; 21 rhe
anbtnation compuenents with the preces and ite we-
ehinery; 3} the plu design with the automation systeo;
4) the plant power distribution system lavour with the
sutymation xyalem; 5} many drives and their eontrol with
the logie in the autometion ayatens whoere autonutie stare-
gpshitdown g dneluded o the antamntion system fur
selected frirts of the plant proce-ses,

Other fauiors exist. The forcgoing are the most im-
portant. Diseussign of each fillews.

faferfacing Central Cantiol Rovm with
Central Operators

Simplificatbon of the lawvouts of the central toam aal of
the eentral operator’s panel {(COP) is worthwhile, Sweh
sdmplification temls ty lower Witk eosts for centesl contend
oo eqUipment and wiring. Operating, trouble -hoorine,
aned muititenande procedures are greatly =implilio! i g
coteePta ave Leed Ln such layouts, Ainnng the Fwetors which
pernit goud simplification without saerificing operubiliny
o reliability are ax follows.

L} [t would be wise to simplify the control reom o -
tur's job. A rypieal eentrad operntor s hard-preseel s
elfectively mumilor wnl properly respuand to mure than .
Feewt b el alisplaved item of intornmtion, Yot voe sonw-
tinws finds o COF in g cement plant having 1000 2000
differcnt dudientiog light~, 20-200 aneters and in-
dieators. 20 40 recorders, 200 630 push-buttan statinis
amil selector awitches, 30-50 eentrolloes s 21 puint
stations, cte, Why 50 muany?

2) In the design stage 1ighlly  question whether it
is neccaanry for each device to be in the centenl rowin. Tt ix
unn smmeler fwinwrily inteded for neintenanee uses, 16
probably belongs on the motor control ceuter for Hee otor
in queation. II it is wo indicating light showing stains
of an individual drive, whut can the aiAarator da akrr
that light? Often such stutus lights are betrer on theic de-
purtoeatal moter contrel center or relay parel. Mainte-
naner iy be their prinny purpose. 1 sa. it is better done
b hIWillg such lights at the motor coukral center or relay
panel, I it i 3 reeonler, wouhl vot the puipos of the
central aperator be better =ceved if e were limited 1o
chart~ ol the rigieal variables galy? Other analog varihles
can b reconded by switehing to ore o mwre Ahaned ze-
conlers when spreinl teets mind gb~crvidions are fo b
mitle

A} Group <tarting of o complete geirding mild with i<
annilianive o of o nbdepartinent penits Leree reduetimes
ottt COP of push btk b idientive Lights, Oroup
simitingg h(‘i].‘.- highbhahr the distioetiog in the desigo ~tage
betw et thoee dovie = really weeded s the COT el tloesn
dewiees el foe meintemnse, Dviees Tor mnintenne:
are eenerilly e usefule ol lss g sive oversll
i boeated on e ouder cant ol contor or the seeoei: rel
refey punel, The loeatiom of imbividual deive stoius s
dicuting devices an the orresponding deparimebad nedo
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control conter or reluy punel permits quick fualt finding by
muintenanee personnel when 1he arniral operator notifies
e thut B =oquenee of sinMing et be eormpieted.

4) Where fully untomatic compmicr-direeted start-up
sl shutdown is being planmed, inelndicg transient manip-
Watious of reguluting kuqw, arrange that the proceduris
fur manun! and comper stari-nps ad sladowns be s
<imilur as po-sible, Thi= heljlz 160ch the uperator correet
proecdures By having him ohegve compnrter star-ups. 1t
alva helps the operutor seimse and disgio=e difficulties when
wmething s ami= in the compmer-controlled pro-
evidure,

Petecfacing Awtowaltivn with the Process and il
fia Wachinery

To cenurel a proces firet requires rensonuble knowledgy:
by the process controller of proccss conditions. Since aute-
malic process control digital eomputers are olectrond
devices, their process sintus kponledge comes from Ire-
guent nuwmitoring of =tatusr of selected contaetz and analog
signals <= all deyiviad from proces canditions.

Switehes nnd their transducers help deteel process limits.
process Buws, levels <tarvation, and o forth, am! provide
the compiler ind the eontrol olwernos vita | <1aty« informu-
tion. Some of these switehes alao provide part of 1he tradi-
tioun) process-flow requenee interlocking,

UVroeesa varizbles sueh as selevted fonperatures, Ao
nutes, pressures, speeds, and -0 forth, provide process
knowledge 16 the compuier by using silpble trunsmitlers
e cativer 10 Suitable analog npat wigiels (o the enputer,
The clise trend for new constmetion is 10 at least make
such fredbaek signnls eompatible with lulure prucess eon-
tral eompuices,

. Tht seentad major Tacior in remctely and antomatically
conlralling the proees< is that all variabies reguired to
achieve process holdpoints must be phasically availuhly
aml remntely controllable. The trends discerned from -
v ing wutometion show thid this oy mewi: 1) sibstitating
adfustable swewi G drives for damper controllid gas fiaw
cirewits iy zome eases; 2) aueuring that all feeder drives and
their feeding deviees have adequate physioal range of feed
eites 10 meet artual proeess eondrol necda; 3} providing sul-
fickent number ol independent raw feedersso that the chem-
1esl hedd puint= de-ired e, I fuct, be nchivved witha
eaea=sive dependencs on duenstream blending facilities 10
hopefnlly make up for deficienciex in thin srea; 4) selection
of kiley, cooler grwtes, atud ather o rives s that they are iow
ilrift, have prefersbly zma deid-hand iu santrol, have com.
parmtively flat speed-torque curves, surd ean have vernier
speed climges mndw of s ow 34 0 ] pereent when regpired;
amel ) wrranging sl snch “eonnmgnded™ varisbles wit),
Neres~ary eomponents so That they are compalible with
commanda from the eomnputer o its ausociated deviees
withonl tequiring wicrvention by propde: neither <hould
eace=:ive wenr of the Gnal meehani-m pe-nlt When ~ub-
peeted ta large vmbers of siall cont rol ehees,

LEEE TRAMRATTIGNR (% 1%I BTIY _1.\_"“,_,“_““_S-BH'J.HH.\.-',Jl’l.'ﬁ' AL E N [N

Trites faeiny Plan ”FHFUH wilhe the Avtoretion Mygrde

The trendd is 1o madily new plant derigne ol o i
procedures} und the natomntion system (o betler I e
otlier. For existing plate, some are sn desigiod ne gt 1
be very rompatible with mutomutie prwves contod, Yer
many exeting plants are eompetible with antemation i
certain parts uf 1heir process, For those, the seend o nrd
using minicomputers 1rmds ta be o ool BT Fpecitie
detudls of plunt design interfacing with antama ion wre
elaborated o a following seetion of 11)ix puper,

fuleifacing the Plant Purer Distrilition Syt Langnnd
it A ntamntion

A gootl trend based on souned cugines g, but emaphieized
by nuinmatic proeres control consileratious, is 1o ~triey
drpartmentalize sll power cijeuit=. Thic means: let snin
power fecders serve the ruwm deparement from the raw-
materiad feeders under raw «los_ to the Inprats o rew -
nugenizing filos aned nothing else. Let the cement eripding
eleetrical power feeders serve that departnient und nething
¢l=e. and w0 on, throughowt 1he plant. Antumatic eopirol
helps highlight 1he impurtance of 1 well Inid ont power
distribation ayelem, espeeinlly when autenjtie start-up
and ghutdow are plapmed.

Puart of the luterfucing of 1he nutnmatic Pruee-= coitrol
sysloms with 1he power di=tribution sy ELCH T T canefully
consiler 10 advance the effeets. prevention, nud vire of
SUFges wPTearing in The power di~iribution si#tem: vl Lijuh-
speed reclosing by remote wility eifeuit brenkers: troae
sient voltage dips and iosses of whigtever durstion :nd
origin; and just Where pmer fur the prucess conirol
shotld actunlly Be taken fron the main power distgibu-
tisl syvetem, )

An N-ray ppalyeer o the Liborulory that = n ~Jhihslve
to wehling remowlierg olse in 1 e PEMI, wr o spatting of a
ball mill matur. Tends to be relatively uscless 0l 1 hose
times, In faet, 11 may even give out ermneous dats, A
pesser anpply for the process sontmd tabhen from cireair-
whith ure »ubject to freguent vitapes or have soyre
suileliing trapwients, wneh as T ersne on them, 1etul- to
alse Lo a poar cludee, Trnsient ot vivolages amd sevire
shor L eircuitin inpman- it wiring Luove cach been hr:ow s
T "wipe qut" Lirge =ectints of autianatic proce:s eontrol
stipment i eement il Loathe: plants. O Innophaee
cnginer1ing of 1he power distributiog =xstom el of the
L omatic process condrol s u distinel tresd and is “worth-
whibe (o o l“'.l;lll‘l.:rﬂ}'. A sph cific enlulieny) 10 by of hgese
problems 2 given o greater detzsil i0on follow F11er =yt L of
uf i~ papaer,

fuderfocing Drtves und Plhen Conddred with A wlcomatee §% oeese
Conbiof WWhen  Avwtomelic Stoor-d roand Shuhlern e
.lrﬂf'hnﬁ‘rf e Hee Anteirntion ﬂy;fe,”

'1.'1-;—_\' few romeint Pt~ in the Unitedd Stgn B i
elubisd siutaimtie st toup sl shutdown of seleerd e
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tions of the procesa i thelr provess computer eontool ays-
tem. dany ure dotisg greup atacting and stopping of deives
only by other menaa, with the nperator mupulating the
loupa for the transient couditions during such start-up-
shutdiewn.,  However, a Jen  European-designed  large
throughpot new cemcint plants have inclieded goch fealures.
The work of Joing this showd that gigorous sblonbion st
be pail o the process meclanical equipment and to s
reliahility when part of un overall sysliem, ao well gy to the
design of the nutomatic sture-up and shutdown logic itsell,
if real sucera in executiog this functinn i3 to resalt.

The implementing of thid autonutic Atart-up nod shit-
down elearly shows that first elass (uterface etginecring
between machinery bailders, plant desigoners, aml aito-
mutic process control desiguerm is best uecomplished before
the plant i= phy sically built, Not only mu=t complete poeai-
ble revpuenees of stact-upe sind shutdow o and thelr variations
be forescen il aeenrat ely doxeribead whiead of Hose, bt the
perfirmanee sonl behavior of thee various proeess lows
amd toosient eotditions must al=o he foteseen aml de-
seribed s aevurarely os posathle ghed of tinne. Where suehy
exten rigorous thinking i- dour conpletely during the disign
st autuinatie =tark-up sl sholdewn, inchdiog 11
trteient guaanipalation of reultiog boope, beeomies e
eadby accomplislied. When ~geh pigovons thinkiog s et
done abew]l of time, rhen the setual implementing of the
atart-ip and shutdoan tends o be more protrucied, ue-
nloessarily expensive, and prubably the functivn shoull
not then be in the computer, An effect of apulyiug this
functinn aleeady hus been to contribute to modificntions
in process aml machite design,

EFFETIA oF AvrousTion oy Prast Desicy

Here i3 where o truly excitiug sspeet of autumation be-
giv- te be vvident. Good autematic precess control hinadly
provides w mieans of making s maderials ot fnisloed
cemwnt relatively aquickly and aecurately onee the raw
matcrial: are conunitted into the raw grimling ~cstem.
Cortain other odustries have poted ond taken sdvantnge
uf tle ahility ol antumatic precess contrul to reduce the
sturgte berween succesgive Tollowing parts of the procers.
The erment industey s bexinming to use these technigmes
muste arnd e [4] Selected wapect= Tullow,

feaw Depactioeid aod Cantiof

esiguers of one retntively wew Uiirel Spates” eomient
phont understond aod igalementel e iles of ndnimdzing
time aelays tween vaw mill baed ez sl goickly ebiiin-
ings o] wetiogs upon chemieal ioformad o about the =toeon
gring inte theit dow natresn Junmome-sizer. By somlardaoy
o=line: XKooy ehoenival maaging, technbgues of gl ras
coapaiting with =hoet tines for tan-poct, samplbe oy =is,
they were able 1o utihae
Sl I hommgenizing veese] Between theie fas departioenn
Cuned their Kilon thverall, they Felt that this appreeach =aeed
them a investinent of approsinetely 1 pallig dollaes,

amnl CiH Iy l.li.\[ .u.lluuh, ) .'-IIP}.‘.Tl

tna

HII.I._'.I [s
[N
e
TAMPL G| g
ATal[w
_ it H
:QHFiﬂEl

o o o B
- - - iy

En= UNIT WoMOEEn I TER ERAGR
=

o3 1 -
L3
& _'I'_’+T.|4T1rT,, |
L Bl e B P —_— ——
. ]
= T, ~&1%
¥oa
x
it
B
H]
-]
e t
-
H
3%
.
=

L)

. B 03 LG 3 Lo

Ty Waund
ek

A Tipe delays |m-l rmd X Coupaosi o ereleol s araeies.
il} [dealiced caw iy ool wyatem for paalyding e Jelaya
LTl hnmg!_m:tr siving. th) Ftleriv of tine drhk-s and too-
Ernizer size un raw pux rpntnel (o) FHects of control it epval Lind
Ayabenh U el e on raw iy enntol,

Another planr in Westers Earope cambined gowd on-
i ganging of raw mix cemmical comipoesition ar tee iz
charke prodnt of the raw mill gooelieg oirealt with <hore-
tie delavs in making eortvetions wed with cuniprer
cunttal of their peclawgenizing pile Twihbeg ol eome
Puter g Lanwe bnoguares opeTating, By learoing the feeli-
migpues sl perfonning them coti-tently sell, they were
able tu completely elitnininbe dow st e |l|4|u|f11.:1'll'|:tirlg
eouipment wirh the corre=pordisg Bizh opesaing e
uf auch vessels.

Another LS plant ordgiaadly boel plianod oo ise oz
bk Feed biges Betweon the raw mill Feeders weoed vl raw
il Analysi= of the offecks of the time delazs suel, il
teed Bins wanll Lave oo deereasing possibile ebesabedd
aveucteis el thean to eliminate saeh Lree B Bige ol
reduee the Jdelies T Phat preticn of Hie matrial tre ot
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“irenis b sheat 100 min jnetead of the 2 b plansed origa-
el

A analvticnl approach ta o=t in nnder<dmsdling the
efTeets an rebuetion of process deka S rspont sanpling,
ansle fisy el correetion times o Topwoving 1he aeeurneies
ul jnweesa cuntrol, is given i Fig. Ha)-{e).

1ig. 3¢a) is 2 block dingram of o simpdifical raw i con-
Tral spstem that can be used fo ealenlte spprosimate
warsl ease error® in 1 he humogenizer sedyris doe 1o syt
traneport times. The grinding circuit, the <sopling sy-tem,
Uie sampling indecval, and the cond sl interval HI‘!.*'I!'E‘.:I'T!'{!
as eauging simple 1ime deluy= T T, Ty, nnd T, pesprees
tively, The boanagenizing filo hus o filling vime T, corres
spumding 10 1he actual “Talincss"" at which the silois in f2et
opepnting. When un e11or oceurs i the feed composition,
the computer contro] program can do weibing updd! 1t
l¢lects the error at the ouiput of the mampling =vstem.
Tt may take ap t the =um of all these delays for the con-
irol program to detect the errur and correct the leedera.
Dirdag this time then. atotadof Ty + T, + T + T hed
bad madzrial has gone into the =ystem, The maximum
error in the homogenizer eatnpo<ition will oceur if the feed
error neeurs when the homagenizer is near full, and there is
no {imd Jeft to eorreet the error. Thus Iith the bateh nnd
canlivmour homogenizera may be considered the =aume,
and the maxinoum fraction of the inpnt rrror that will be
prerend i the hamogenizer it put is then given by
Tod T+ Tt To

1_;:'. - —

h T.F

W here

£y Unit homogenizer error, commesponding to 8 unit
raw material feeder chemical composition error.

T. Tranzport delavs [or time consumed by material

traveling lcom rvw material feeders to the kampling

#lalion, h.

S.mple interval, h (zeru Tor dncline gauging i1 the

exoomyde but 15 maore for lsboratory Xeoray and

matuual chemieal wnalyv=es).

T, SBatmple preparation aml snaly=i~ time, h (0.0 h
used In example). .

T, Cuptwol intervel, b (tvpiesllv 3 min to | b,

i A{h) uses this eqintion Lo <how the elfect of getnd.
ing circnit tr:"IHj_‘.oi.ll]"i limes Ty on the homogenizer error
E, for hemogenizers with 8-, 12-, und 18-h Aling times and
aseirning & condrol program intervalof 1h (T, = 1.0) and
& 15-min eampling time (T, = (.25 h), To show the im-
phcatiins of these curves, considet o sislem with a dehy
of 1.4 W oand adilling Gme of 18 b I the delay were reduecd
1o 063 h 1he woome me=ulte eondd he aclieved with a <iloof
vily TLh eapueiny,

The results <iown in Fig. 3(b) wereobtdned winh conree-
s mande s 1 h dntervals Fige 3ed sliwws The ofeet of
increas g atd decpeasing the terval hetween torpertiog-
G I o b seen 1l dheerensang the iderval to k3 D

IRLE TSR Foss s PYIC R THY S50 Sl sk v wl el wpdees-, 211y 3 l:!J'\-l' I“Tr
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Fig. & Labwratory Xergy chiemieal aogly cer i remend plant,

shovws =mall gain with & 12-h filling time, bt that m-
creaeing the interval 10 2 b cnwser w comdderabde hes i
ACCUITEY,

Tl resnbts show the nece==ity of shortening the Tor-
wanl path aned feelback path time delavs in the ruw ooix
s et .

The posible imphicstions of  redueing  invesmen
in the “lmont end” of the plant by wdng principle-
shown in Fig. 3 represent o dietinet and relatively me
trend which will likely be vsed moee in the future, Figs. +
and 5 show views of Neryv elermieal wnnlszers uled in
el pluing,

Faeproving Kiln-Cooder Derign Cowtepls from a
Comtrad Viewpoid

Analyars of thie trends show the Tillowing,

1) Tnereading empliz<as is being placed on hevpine the
artntigement of process Mo atd agxilieey deviees o the
kiln-roaler cireuit oe simple ax pos-ihle.

2y The comments abemt charclenstics ke rranges
s ol Kiln, eooder, grate, snd selected Fam drives pre-
viomshe given in this paper are applicahile,

%) The Lirger grate ty e uf falers are wore controlfable
i tnchividual dpives are pooavided oenteod i flos 1o ek
major comDartment and for (e eoider exlizo<n, The older
practice of w-ing very fen coaler Fans armged with
sejrarate dunpers to controluir fos ol wajor ot -
ruent makes for a taugh comtrolbtdihty probdem. Tle teend
1= ar proviile e parate fins for eaeh Dope tion =0 o peenni
e oder v aeliove s Tt parTormines o< g bt T
eypieratar and g~y cocder of elinker 150

VoW hen eoal e med e el tles vend B tee tey e pes
e e variaad o= I ctanpaei ., cSeeciall thye ge=i tomne
Tend of the Foall Soeh vl vens illt'\'-l.hlhl_\' |il'l-l|ill't‘ w’
varition= iy chengiea l'irl|||11|=i!51rl1 ol thes ehinther wlr
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Fig. 6, T davs of compoier coniool uf ceuent kibn.

i jor enm unent is the widely varving ash content of the
caal a3t enters the butning prucess. Blemling of =uely cual
muy kel Parehasing higher grade coul may kel Some
has # wven shifltwed to other types of foel as the problems pnd
ensta of wsing ol have becone mere evident.

31 Another tremd 33 te return dust to the kiln 0w mewe
uniform manner o mpeve eaatrollahility, Avalanchiog of
=t in hoppers wader precipitators or dust collectors and
~tarving f dust feed ot other times are fuctors tendling tu
revine violeol eonteol actions to resgoud to such Kilo
feed pertirbation-. The tremd is to treal return dust e an-
uther ~cparate kil feed ood Install & retart dust ~urges Bin
wndd return dust mesterng eouipanent arratggetd teo geal-
wally menlubate the averge return dust feed rate to bt the
wenpetal level ol retton dust being generated,

Gy Sazing all pronsesa components subiciently large -0
ax A provile Uroom® for contenl ul top posdlurton rales is
anather trem], Tt G diffieolt to abtuin top gulaity eonlnl if
the itilueed elraft Tan, fuel Teeder, Kiln doive, amd o furth
abe aperating “wide open® af their e linnit, e ol of
H IO )

73 T heres 3= mwrne emplen-is beioe phuees] oe e regipaera-
Yoo gsfiect of the cooder Ly oliainiog grel secandary air
rmperanare nastieements and then neing wlegate logie
T etnplecios bewt peruperation, Sate lave piabecre) ol
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Fig. 7. Twoodavs of neammal comngal of same cement Lilnas in Fig 0

»

per~evered in making gl nensurementa of secomdary oir
temperuture,

Figs< 6 amd 7 <how :.,mn-cl goparative it typieal resaits
with and without conputer coutrol on a kilutooler 11 a
cement planl.

firtmdmg M Cierurd Design and Automatic
Process Cantrod

The basic objective of grinding mill riccuil couteol = 1o
nintain finenesz within o oarcow bard, n=ually at some
nuximum prodoction level con-ictent wilh the exisling
prieess anrl aachine cotstesintz, Usaally imdiceet inea-npe-
et are Feguized Hnee el many fneness sen-oes ab
et operating, Yet ot does exi=t o apply ol dae o
fintes= seli=or~, particully in cement  grincding  mill
cirenits (G Tremwls in grinding ! ciceain te=ign w hirh wee
etmpha=ized even further by enpsiderations of autonntic
proey - codtrol inciude the follews ing.

1) Obtain geewl  nicpetirennents of mifl feed
etther by wetphing feoders ar by oa eomilioetin of todal
mill fevad valercom ] webictea D weighing feeders For wbditive-,

D In closadrirent grinding, ~en-ing ol inpot watis 1
eleviatoes, aeparntar=, mind bedl mills Goalways proederable 1

rate=s,

wtemipling lo abrin vepavalont measurenaent- i i,
inpat amiperes, Power sastom velbage affeels dove g
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Fig. % Prwes contml annpuiter v tallation in cenaent plant.
*
Fig. 9. Preers tmpninl comput 1 in-latlation in vement plaut.

amperes but only slightly affects dnve input watts, Thus
contrel hosed on ampere readings may, at times, he ba-ed
war Talse informalion,

3] The trend is1a place imore emphisis on adeguat e sig-
ing of all cranpuments of the grinding mill eirguit. This
eapecially upplies to those hadling recirculating load,
Ciood rontrol may T inpraetical if scane of the recirenlat-
ing load auriliaries, or of viker components, prevent ade
quate handling of the flow rate which may be inherent due
1o varistions o the process matenals actwally used.

1) Some cement plnnts derigued by Furnpeans nre now
Leing built and inelude features for closed-luop contrel of
fineness nARRE cuntinnons fnenuses setuoers,

Figs. 8 and 9 =how a proecss compoter installition in
# fement plant,

THEN S % AU PMATe CONTHOL 17U Serinss
HEIxG PERFORMED

The majurity of United Siates” comem plants u-ing
dhgita] process compuier euntrol Technigues have applied
them o the control of raw mix chemiend comjpusition. Xiln-
eonler eontrol, sensor validity cheeking and alarm hysing.
prociuction snd trend daty logging, niel daily operating
reparta.

Grining mill lusd control and DDC are als vperating
in 2 number of .8 cement plants with DX heing minre
widelv wsed in the lst few vears, Most pew coment ploits
atade of the United] States nnd Connln are che<igned hy
Furupeans, Tn -ome instanii= selected Foropwean de-igued
coment Hunt= have been significantly altered in 1lwir
drsien congerds to better Interface with pulgmiatie proeess
contral principles aml equipment. The purmes has abe
been to ko overall suvestnoent to o mnnonm, Flas
tremed for stedy plan e s te ol ondy yosfoem e eonnrad ainl
ulberr funclion- ju-t listed, Lt 1o oo ineduelis, s -
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prizat e, sedifitional funetions of 4 l’-)v

11 apunery seheduling goidanee;

2y prelunngeniging pile baildimg rondaul:
