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SYSTEMS PROGRAMMING

JOHN ], DONOVAN
—

background

LT

This book kas two major objeclives: (o tench procedures Tor the design of o1
ware syslems and {o provide a bags for judgement in Lhe design of soltwere, To
lazilitate our lask, We have taken specific examples from syslems programs, We
discuss the destgn and implementation of the major gy slem compenents.

What i5 sysiems programming? You may visualize 3 compuler aysome sorl of
beast Lhat obeys ail commands. It has been taid thal compulers are basicully

. prople made out of melal or, conversely, people are computers made ouy of

Nesh and blood. However, pace we gel close 1o computers, we see that they are
basically machines thal follow very specific and primitive instructions.

In the early days of compulers, peopie communicated wilh them by an and
off switches denoling primilive ingtruclions, Soon people wanted o give mote
complex instructiony. For example, they wanted to be able lg say X = 30+ ¥,

-given thal ¥ o= 10, whal is X7 Presenl day compulers cannct umderstand such

tangusge without 1he aid of sysicms programs, Sysiems programs (c.5., <onr
pilers, Ioaders, macto processors, operating systems) wete developed 1o make
compulers beiter adapled 1o the needs of their uwers. Further, people wanied
more assisiance i The mechanics of preparing their programs.

Compilers are syslems proprams thal accepl pegphe-like languages 2nd trandaie
them into machine languape. Loaders ate sysiems programs thal prepare michine
language programs lor exteation. Macrn processors allow proprammers to use

. abbreviationt. Operating systems and file systems allow Mexible sioting and

eetrigval of information (Fig, 1.1).

Thete ate over 100000 computers in use now in virtually every application
The productivity of each compuler is heavdy dependent upon the #llectiveness
eflicency, and sophistication of the gyslems programs.

In this chapter we inlroduce some Lermmelogy and oulline machine strusiurt
and the basic _t:du pf an operating system,
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FIGURL 1.4 Foundailong gf Lystems programpng

1.1 MACHINE STRUCTURE

bl Bits wre Iypically g i

Memoty locations are
_ specified by o
specific byte, word, or charaerer 7 e, where ead

+chatactery, or bytes,
1 addiess identifios 1

e ——

= T e — o w—

et

SACKOROURE :

The contents of a word may be interpreted 25 data (values Lo be aperated on)
of tnstuciions {operations to be petformedy. A protessor is a device Lhat per-
forma 2 sequence of operations speeified by instructions in memory . A program
(or pruceduie} iz a sequence of instructions.

Memory may be thought of s madbox es conaining groups of ones and 2ercs.
Below we depict 1 series of memory locationy whose sddresses are 10 000

through 10,002 . i
¢
- Contenrd .
10,000 DOOO,_pO09_ 0000 oo
10004 00110000 poCD a0 -
10,002 0000 0000 000G D100 - re

An JEM 1130 proctysor tresting location 10,001 a3 an instruction would inter-
Pret ils conlents at 8 “hal™ inpirecijon, Treating the tame location as numerical
daty, the processor wonild interpret jts conlents us the binary aumber 0011 000G
DOOG D00 (decinal 12,288). Thus instructions and dats share the came storage
frdium,

Information in memory Is coded into groups of bits Lthet may be interpreted
s characiers, instroclions, of numbers. A code B3 o 36t of rules for interpreting
woups of bits, e.g., codes [or representation of decinal digits (BCDY, for char-
aclers (EBCDIC, ar ASCITY, ot for instructiony (specific processor operation
codes). We have depicted two types of procepsors: faputfQuipur (1/X) processons
wnd Central Procesang Unitr (CPUGY. The /O processors we concerned with the
trander of daia beiween memory and peripheryd devices such a5 disks, drgma,
printers, and cypewtijers The CPUs are concerped with manspulations af dals
sloted in memory. The 1/0 processors execure 10 inatructions that are stoted in
memory; they &re generally sctivaled by & command from the CPU. Typically,
this consists of an “execute 1/0™ instruction whoss srgument is the address of
the start of the 1/O program. The CPU interprets this instructlon and passes the
wrgument 1 the 1fD processct (commondy called [/O channels).

The 1f0 instrotion et may be entizely different from that of the CPU and
may be excculed arynchronously (simuitantougy} with CFU operation. Asyn
chranaus operation of 10 channels and CPUs was oae of the earliest forms o
mulip rocessing. Mulliprocessiog means having more than one processa opet
ating on the same memory simultaneauyy.

Singe instructions, Tke data, are stored in memory and can be ireated as daty
by changing the bil configuration of an mstruction — adding x number ta .l —w
may change it to a different instruction. Procedures thal modify themselves ar
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called impure procedues Writing sueh procedures
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sembler program |5
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translation {adifecy Program). Program. 1he output js a machine lanpuage

ros {Machipe language),
bution, whereupan the

1.2.2 L oaders

On
e the yssemibier producey
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PIUEFIms aie plaee d iy InCmeyy
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canltpd o

in obiect progra m, that program mug be placed
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1e machine languape PEOEram to be exepurhd,

COMPONINTS OF A FRQGHHMMFNG SYSTEM

1% poo; Pregramming practice,
read, and moregye; they cannpt be

BACKARQUND . :

Huwgwr, this would waste core! by leaving Lhe asscmbler in memory wihile tlie
user's program was being exsculed. Also the progrynmer would have toeteaes-
lalz his prggram with #2ch execulion, thus wasling teanslation bene. To overcome
the problems of wasted trantiation time and wasted memory, syslems progracy

mers developed another component, called the loader.

A Joader is 2 program that places programs into memary and prepares them for
exccution. In a simple loading scheme, the assembler oulputs the machine
kanguige wranslation af a program on a secondary storape device and & leader s
placed in core, The loader plages inta memary the machine Janguage version of
the wser's program and transfers contral to it Sinee the loader program bs much
amalier than the agéambler, Lhis makes mozz core available o the user's program.

The ztalization thal many users were wrilicg virlually the sgme progeams led -
Lo the development of “ready made™ programs {packages). These packagts were
wriilen by the compuler manufacturers or the users, As the programmer become
more sophistivated, he wanted 1 mix and comblne ready-made programs with
his own. Ln response Lo this demand, o facilty was provided wherely Lhe vier
could wrile a main progiam that used several othes programs or suboutings. A
schrouitine 18 2 body of compuler instructions designed to'be ustd by other
Toulines 1o sccomplish a task, There are twa ypes of subroutines: closed and
open subroutines. An open Ribrouline or macro definition is one whose code is
mserted jnto the main progtam {flow continues). Thus i the same opEn sub-
touting were called four rimes, it would appear in {our diffecent places in the
calling program. A closed subrouting can be slored outgside Lhe main routine,

, #ind conirol tranalers to Lhe subroutine. Anociated with the cloved subfgutine

are (wo tasks the man program must perform: transfer of conteol and transler
of data, .

Initially, closed gubtoynines had to be loaded into memory at a speerfic-ad-
dress, Far example, if 2 user wished 10 employ 3 square foot subroutipe; he
would have Lo wrile his main program o that i would tzansler to the Togatiop
aigned to the square root routing (SQRT). H program and the subfodine
would be axsembled together. 12 second ustt wished 1o use the same subroutine
he also would assemble it slong wilh his awn progtam, and the complele machine
language trangation would be loaded inlo memory. An example of care alloca
tiop under this infexible loading scheme s depicted in Figure 1.3, where core§
depicted as & linear atray of 1ocations with the program areas shaded,

{
Yatain memary bs Iypizally lmpletent od 23 mag netle cores; hence meatory and qare aee uet
W ROTYMOLdY, . ‘
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Example coce aliocaiion for belute loading
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Note (hat Program | has “hples™
desiroyy part of the SORT mbroutne,

Programmers withed Lo up wbroutines that
Iy and di¢ noy Wan: to be concerned with the
They expected the CCTpuler system Lo 2ysepn

dresses for thejr symbolic references,

I. Allocate ypace i, memory for

rh Rrg:lv: symbolic 1eferencey belween nhjec;d:ck:{.’r‘nk.«'ng}

3. Adjust 4| addressdepe nden locations, such gg addiess constants, gp e
respond to 1he allocated space (relocation) o

4. Physically phce he machine instructjons and @

the programs {allacarion)

11 inte memary (loedting).
The Tr:riuuls types of loadets thay we will dixuu(“mmp ik-2nd-go," abyolute
rclu-:aung, due-:t-ljnkmg. dymmic-loading. and dynamip[i.nkin;] dil’i'a_:r imari] f
in the manner in which these four basic funcyjong are atcomplishad prmeny

The perjod or Extoution of » gery Program s called fl'fmﬁl;‘rl lirpe, The

Penod of tr:nr;!:ling ¥ USE's wipep PrOgram iz cafled arsembly of compile time
Logd rme e trs to Lhe pep i ( :
execta Peniod of Ioading and PIEp3ting an object program foc

1.2.3 Miacrm

. N ’
To relieve programmers of the peed 10 repeay entical pars of the; program

in pore, Program 3 overlny and Iheraty

Teferred to each orher rmbolical
ddress of paris of their programa.
tocations to their subroulines 3n 4

. 7
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cperaling systems pravide o macro processing Dacility, which perits e pro-
grammer to define an abbreviatjon fog a part of his program nnld to use th ab-
breviation in his program. The macro processor treals the idenis] paits of lhc
pmga;'n defined by the abbteviation as a mracro definfrion znd saves e §<fing-
tion. The macro processor substitutes the defanition Tor all cccurrences ol the
abbreviation {macro call) in the program,

In addition to helping progtammers abbrevlate their programs, macru faciiitie:
have been vsed as general text hapdlers and for specializing operating systems te
individwal compuier instalhuons in specializing operating sysitms (system

" generation), the entire operaling system it writlen as a series of macto defiad

tiona, To specialize the ¢peraling system, a'séries of maceo cally are wmfm
These are processed by the macro processor by g:hsti'lur..mg, the appropriat
definitions, theieby producing ali the programs [9r an operaling sy stem.

124 Compiters

As the user’s prablems became more calegorized into areas tuch us acieatific
business, and statistical problems, specialized languages (Righ fevel lingtiage:
were devejoped that ailowed the user 1o express conlain prablems eonciaely an
easily. These high level lanpuages — examples are FORTRAN, E'{_JI!D.L. M.GUI}
and PL{T — are processed by compilers and interpreters. A compiler is 2 PIoETY:
that accepts & program wiilten in a high level languace and produces an chye

program. An inrerprerer is & program thal appears 10 execule 3 $OUNCE pIOE
a5 il it were mlaching language. The same name {FORTRAN, COBOL, e1c.)

ofien used Lo designate both a compiler and i13 associated !ang_unglt. .

Muodern compibers must be able to provide the complex Tacilities that pf
grammers are now demand:ng. The compier must furnish complex .at:ccm
melhods ot pointer variables and dala structures ustd in 1:ngu|ng like PL
CODAL, and ALGOL 68. Moderp compiless must interazt closely with the op
aling sysiem to handle statements concerning the hargware interrupts of 1 €0
pulcr {eg congditional slatements in PLSI).

+

1.25 Fomal Systema

A foemmal system is sn uninterpleted caleulus. Lt consists of an llp!x:hel. Hc:
words called axioms, and & Mingie set of relations called rules of inference.

amples of formal sysiems wre! sct theory, boolean :lg_,=bu, !‘usl.:ymms,:
Packuy Normal Form. Formal systemt are hecoming uﬂPDTIHI'II in *lhtldCJ
impicmentation, and study of programming languages. Specifically, they can
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ningte program. Thua, il a progrum did not need the entire memory, 4 poction of
thal resource was wasted. Multiprogiamming operating systems with parnirfionec

. core mentory were developed Lo circumvent Lhis problem. Multiprogromening al-

lows rmultiple programs to reside in separaie wreay of core al the same time, Pro-
grams were glven a fixed portion of core {Mulriprogramedrg with Fixed Tash:
(MFT)) o 2 varying-size porlion of core (Multiprogremming with Varighle Tasks
MV, :

Often in such partitioned memory systems some portion could not be used
since it was 0o small te contain a program. The problem of “hales' or unused
portions of core is calied fragmenrsrion. Fragmentation has been minfmized by
the technique of relocatable partitions {Burroughs 6500) and by paging (XD
040, HIS 545). Relocatatile partitioned core wllows the unueed portions 1o be
condensed jnio one continuous parl of core, "

Poxing i 2 method of memory atlocstlon by which the program is subdivided
inte equal portions or pages, and core is subdivided into equal portions ur blocks,
The pages are loaded inlo blocks. . '

+ There are two paging techriques: timple and demand, In simple paging all Lha:
pages of a program musl be in core for execution, [r demand paging a progrart
can be exzcuted without atl pages belng ln core, Le., pages are felched into core
as they are needed (demended). '

The reader will recall from section 1,1 that a tyslem with peveral processars is
termed & multiprocessing system. The traffic coniroller coordinales the proces-
sors and the processes. The resource of processor time i3 allocated by a program
knawn a3 the soheduler. The procemor concerned with [f0Q is referred 1o g5 the
IO processor, ard programming this processor is catled J/0 programaning.

The resource of filex of informalion is allocated by Lhe ffle syriem. A zegment
ir & group of informatien thal v user wishes Lo ifeal 23 a0 enlity, Filer are seg-
menly There are cwo types of fdex (1) directoties and {2) data 01 programs,
Direcionies contain the locetions of other fies. In & hierarchical file gystem,
direciories may point 1o ather directories, which in furn may point to directories
or liles.

Time-sharing is one method of allocsting processor time. 1t is typically chau-
acterized by interactive peocesting and timealicing of the CPU's lime 1o allow
quick responss to tach wr. . ' .

A virtual memory (name space, addrest space) conslsts of those addresses that
may be generaled by n processor during execulion of & compulalion, The mem-
ory poce congisls of the wet of addressat thal correspond to physical memory
locathans. The technique of repmeniation provides a large name space and a good
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14 OPERATING SYSTEM USER VIEWPOINT: FUNCTIONS

From the use’s poinl of view., the purpose of an operating sysigm {moniter} is
to amist him in the mechmics of salving problems. Specilicaliy, the follaving
funetions are performed by the system:

1. Job tequencing, scheduling, and inalfic controller operation

. Inputfoutput programming

3. Protegiing itseif from the user; protecting the user from othes users
4. Secandary storage management

3, Error handling

Consider the situation i which one user has a job that takes four hours, and
another uzer has a jobr thay takes four seconds. If Loth jobs were submitted
simult aneously, it would stem Lo be more appiopriate for the four-second user

1o have his sun go first. Bazed on consideations such ag this, job scheduling it

wutomalically performed by the operating system. 11 it is porsible Lo do input
and oufpul while simultancously executing & program, a s it the case with many
commputer tystems, all thess functions are scheduled by the imafiic conlroller,

As wt have wid, the [/O channe] may be thought of as a separate computer
with its own specizlized ot of instructions. Mos! users do nof want 1o learn how
o profram i {0 many cases quile 3 compliceted task]). The user would ke to
simply @y in his program, “Read," capsing the monitor sysiem to supply a pro-
gram to the [f0 channel lor execuiion, Such p faclity is provided by operating
systems. [n miny <ases the program supplied 10 the 10 channel conssts of 2
sequence of closely inlerwoven interzupt routines thet handle the situation in
tlis way: "Hey, Mr. 1/O Channe!, did you receive (drat character ™ “Yes, 1 re-
ceived iL" “Are you sure you received 6T UWes, I'm sure” "Okay, [l send
another one.” "Fine, pend 3t “You're sure you wenl me 1o send another one?”
“Send "

An exiremely imporiant function of an cperkting sy stem is to proiect the user
frem being hurt, either malicioudly or accidenieliy, by other users, chat is, po-
tect i when crher wsers are execuling or changing their progzams, files, or data
baser The operating gystem musl insere jnviolabiify. As well as protecting
usets from each other, the operating system must also prolect itsell from users
wha, whethet madiciowly oF accidentally, might “crash” the system. *

Students are greal challengers of proteclion mechanisms. When the systems

1
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T:tf'.-" difficult 1o peesonally grade every I:IT::LT 1:::'
i blems — eertain
5o for the very simple o 1 : T
[ A'yin g register and 1F
Y 1o count Uw number o : i
A wmi:hm:zg::eg;tcr — we have wlillen & grading p;{:ﬁutmh :I::du:ni:
t;:d::i:;aﬂ of the Operating ryrl!m g Thfmﬂ:f':ﬂ::g f;: m;mt,‘ ognr
fers conteo] to it. In thix &RF : . prusnn
PWWE“'“ . “mt:::ti of Lhe register, 2aves his finswer in mnmﬂt:f;mmn“
. m:mm:nding program. The latter checks to find out £ oo
retums o

i rds, the grading propf
umiel angwer register. Aflerwa . :
] b e hﬁ :;:rlI :ll: studenls in the class and theif grades. For gxamplt

the large numb e ol
programming course is Bj.
students participaling it |
on the machine problems,

prints oul 2 1isting

— COARECT
e B RHECT
M -~ CO
AACHEL BUXOAUM 2 inconreeT
RAE
LOFTI ZADEH — O
[ H
On last year's T, the comp pler Lisling began &4 foitow
]
' -—— CORRECT
JAMES ARCHER g RECT
B oL — (NCORRECT
ELLEN NANGLE — oo

JOHN SCHWARTL

in 1the couts
tmr:huw!ohnSchw:ﬂzduth‘n;m puhimmﬁ.mt £
{We are 0o

radary EEOTTE formed by an operaling syttem
¢ mamagement 119 task per e or s
ujm?;ﬂmm with Lhe u3e of disks, LIpes, and other eondary ¥

roprams and dala-

° :Er: operating sysiem must respond 1o ereoz

shoyld overflow @ eeghslet, it Is not economic ! forthe
. and wail for an operator ia ntervenc. When &0

magst lake appropriate action.

s, For example, il the ptlogramn
al for the eomputer 10 simply ¥
3, the operating 5¥3
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" pATCH CONTROL LAhEGUEGE o
em only through the batch sy m: -
g In this gection wk Wil G
ed with 1. Other @

1

rs view M upeutin; i .
::Ig hl;rﬂwhl.dt they musl preface theif progeam )
o simple monitor Tysiem and the control cards associd

connplzx mORitors aré discussed in Chapterd- ‘



12 CPERATING SYSTEM VIER VIEWPOINT

Monitor {1 & term that refery 1o the control program of an cperating tystem,
Typically, in » batch fyslem the jobs are stacked in g card reader, and the
Monitor gystem sequentially procenes exch jol. A job may congist of Kveral
WPuRE PrOgrams (0 be executed bequentiaily, each individus FIOETIm being
callec w jod wep, [n 2 darch monifor gyaterm the user comununicates with the

Rguzge. Ir 2 imple batch monitor system we have

two clasees of contrgl cards: execulion cards nd definibon cards. For example,
n execilion exrd may be in the following format:

ff et neme EXEC  rara of Srograes fo be RIS, Argument 1, drgument 2

The job conirg) card, a definiticn card, Thay Lake on the follewing formal:

i Jobr raeve 303 et many L L T — 13T Y,

lints 1o
be printed out, expatie et of carcks 1o by printed
ot -

Usually there is an end-of-file cand,

whear format Might censist of f*, signllying
the termiination of & coflection of data, Lel us lake the following sxample of a
FORTRAN job.
FEXAMPLE 5B DONOVAN,  Tiga1 10,0
IRTEF] EXEQ

FORATHAM, NOPUNCH
FEAD 100 M

DO W02 | = 5,5 :
12=tv
13=1°4]
190 PRINT 9700, 1,12, 13 -
+  0IDZ FOAMAT {210)

END
" -
ISTEP2 EXEC 1AL
F.‘
1ATERD EXEC DBJECT
10
,’I-

The fust control card iy an example of & definition card. We have defined 1he
uset Lo be Donoven, The system rugt KL up an sccounting file for the uger,

neling that he eapects 1o use ope minute of time, to oulpul w hundred lines of
ollput, end to punch no cards, The next contrsl card, EXEC FORTRAN,
NGPURNCH, is an exam

Pl af an execution card; that ju, the sysiem is 1o execute
the program FORT

RAN, given one arpument - NOPUNCH. This srgument gl-
lews he moniloe s¥alerm Lo perform more efTicienily; since no cards are 1o be
punched, it need nol wulize the punch roulines. The dala to the compiler is the
FORTRAN program shown, lerminsted by an end cf-file card /*,

The next coniro) card is another example of an execution card and in this

13
BACHGROUND

et been comp-iied
i . The program Lhal has jus
execulion of the loader. T .
case uuu:ditl: tagether with all the routines pecessary lor iy ’t“w';h .
e Iuadlr will “bind™ :he subroutines 1a Lthe main progtam. ul.‘ i b
o : l C analher -
1i:::p::::mi-:.a::r:l by an end-offile card. The EXEC D?JEEE; .::.“:, :y,m o
l i i 10 execuie :
. , Causing the monitor sysiem : . ot
uiT:dH';:c dala :ard 10, is input to Ihe program and is felfewed by th
pried. +
‘ YTV IEw impleme nia-
" m'i'l le loop shown in Figure |4 presents A1 oveTvies uf_an ;Tf‘, e
'The I'SJ m‘tfa:ch r:unhm gyslem. The monitar system st read in : he fl e
- :bl a job card. In processing a job gard, l_he. mo::?irmu e
Pat, acco t number, wlotted time, card punch limit. a P snilos wil
e o ‘Wﬂu": ol card l:nappens to be an execulion card, then the ":h, s
'
tlwdrfh:t :;?:;pundjng program [rom secondary storage z:d P'-T::mu: i
or «ferring conirol Lo the execulable program. If there 1cm N
il l:::;g the tystem naoles the eror and goss kack o pro
proc .

skep.

St

Errgr Frocem
Procesjobsted = Eror

Na mrror !

¥
End of job?

Ho

I'r Yu

FIGURE YA Maln'loop of o simple batch monlior gyatem



14 OPERATINIL SVETEM VEEN VIEYPINT

16 OPERATING SYSTEM USER VIEWPCINT: FACILITIES

For the applications-oriented user, the function of the opeating eystem Is to
provide facilitics 10 help solve probiems. The quertions of scheduling 6r protec-
tingt kre of 2o interet (o him; what he It concerped with is the svaable softwase,
Tbr (cllowing faclities are typially provided by modern operating pystemr
. dgwmblers

. Compilers, such 1 FORTRAN, COBOL, and PL{T

. Subroutine Lbraries, such ay SINE, COSINE, SQUARR ROOT

. Linkpge editors and program losders that bind subroutines togtiher and
prepure progamy for exscution

3. Utiity roulinet, sach a1 SORTMERGE and TAPE CGFY

6. Application packages, such 2z cirouis analysls or simulaton

7 Debugping [acilitizs, tnch as program tracing and ¥t dumpe™

8. Da t2 munagement and file procesting :

9. Munagenert of gysiem Yordwam

Although this “isciities™ aspect of un operaling syetem may be of geat
Intentst to the woer, we fcel that the anywer (o the quertion, “How gweny con-
pilers doey that opeating system hawe T mxy tell more ebout the orientstion of

the mamufacivrer's marketing force than it docs aboul the greclum eod of-
fectireness of the operating rystem,

F

17 SLMMARY

The major componenty of a progresuming sysiem are:
1. Rxpembler

eput (0 0 amembler Iy an ersembly bmpraape progrem. Qutput b an otjest pro-

gun plus information that enabies the loader ta prepare the object program for
axeLution,

2. Mpos Pregvan

A maocro coff b an abbreviation {or name) for some code. A maone deflnition Is &
mequence of code that has & fame (macro call). A mocro proceofor & a program
that wibsiitutes and wpecialives macro defmitions for macio cails.

3 Lowder

A loader is a youline that loadt 2n chject program and preparsy it for execution,

1
Hcﬂﬂﬂnu“ﬂ 1 | |
I i C Jinkin
ill‘: 2 [ l‘uul 1Dﬂdiﬂg St!'lf"lf!: Ihmllult, rE]u:atlnE. 3 d d‘lf:l u B
H) ] ; = R ' r k
Etﬂtrlll th: lﬂidff muSl bﬂ'd. f{lﬂﬂﬂ'f‘, .-nd. Il'.l'tk 'I-hl thtﬂ.l. Pru‘a am

-

. 4. Campilars

"in o high-level languag
A compiler is 2 program that accepls 3 saurce program “in ¢ high-leve

and producet & corresponditg pbject propram.

i tems -
B d with the sllocation of 1esoUICes :n.d sen';:::
vices. and information. The operating w5
’ resources, such a8 a traly
HO programs, and a fi

An operalng $yutem s cunmr::
sach 35 memory, PrOCEROTY, .
correspandingly includes profgams to m:mg:”lr:ds:k
controtier, 1 scheduter, memory Managenen '

spstem.



input-Outout
‘Devices
Dig17TAL PRINCIPLES AND

{ | APPLICATIONS
Af
MaLvIo/LEACH

In any digital system i iy pecessary I bave a hnk of commencaton helwevis nan
and machinge, This Commumcation lnk s oien calfd the “matpaghome migr-
face” and o pepsenis @ number of proliems, Qg 1al sysems g canali’e of
apeTaling on tformation a7 speeds much proater s anaes, aeel fv e ame of e
masl inportant aiributes. For oxample, 0 Loge-scale digal enmpies s capanne ol
prealoemng more han 500,000 addilions per second.

Thef prulslem here By 1o provide data inpul e B syslem at e Jughoesl (pess!ine
rate. At the same ime, thete is the proldem of aceephing data ouiput fram e
system 31 the highest possibie rate. The proldem s fotFee meagnidasd i e most
digada! syutems do net apeak Enplish, oo amy wther Langaaee i that maner, sl
some systern of symbols must theivdore e wsisd Tor Commume Mum e i A
presenl & comitherali'e amownt of rosearch in Mad arca, anl seme spsbeoms hgyee
twen developed wiich will accept spohen cammands amd g aral fesponsed on d
Ferenel Dasish,

Since digital systonnd aperate in 4 lzimary mgee, o nomdbes of Coele spstenns wineh
arl Linary represenrations have becen deyveloped andd are et wasgd oy B Zamgu e
al cammanication between man and machine. in s chaer we diguss 3 ngmlwer
of these codes anl, al the same time, conkle: Thet mecesary Mpul-outpul eguip-
rrent,

The prmiary objectrve of this chapler is lo acquire the absliy 1o

amt

Caplain oy Hollerilh code and ASCH cocde are weed o inputfoulpul neeed.

2. [hescwss v hovicroed lae oognelic recorhng of dugial ifacmatwn, inglolog 747,
HZL and NRA.

3. Descndwr the Iimalabens of 3 number af dilferent dnal inpulfouipul units.

4. Draw the b dagrams for a simple rree deciier sl a balaneed inultithca-

tive decoeler,
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' Drigital Principles and Applications

1 PUNCHED CARDS

S.:nm [:":r I:Tt wf-dt-!r used rr_redref for vriering daly inlo a machiae, or for ob-
. .g l. pat At r:un'- A rachine, is the punched card, Some Lommon examples
s cards aee colfege registration cards, gorvermment chee ks, monihly gil ‘
pany ~1L|.l+.~|1*.ur?n=., an 1_:.-r|k temnents 1 is quite siorplp 1o uwe Il;i'- e i-.'::ln':I 'mc‘::w
:’:“-:I':: E:"";:f'r'.lf‘lf'-lfiﬂni1 Wn, e e pedy bwed condilisn Jee reguired, Typically, a hi:liljv
M presentt a1 angd the absence nf 3 el represciils 3 8, Thuys, the card
Prosades the nicans of presiniing informarion i binary | His on W
sary I heselign Hee canhe, i and ih enly neces
. ol H
]ﬂ:rh ::.I”: al “’_“”_f‘!“l Curid uu.'d in farge-scale data-processing sysiems is 7% in
th. ¥ .4I ":h"-\‘lt_ilr Al VNR7 ip ekl Each canl D, B0 wertical golymns, dng
o L .I = LY horizona ] rows, Ly shuv_ev!n in o, 10-1. The columis are umibored 1
'D:.:llit'l H{T:u_lu;'rng Wit Bestisen egdgleal tive cargl, Bieginning at shis 10ps uf The card, the
”msii :‘Fﬁ::ﬂaui;dlh I.;-ll 0o, 2 _3. 4.5 6.7 0, amnd 9. The Boltgn o ige c:‘F 1he
S s the oo, 16 0D exfiie iv IP_w L2 ogge, Holes in the 12, 11, and O rows
v Clierl 2une punches. and holes in the through 9 raws aie called digi
.I():.anrlf:.-s. Nulce that row 0 is hoth g zone-and 2 digit-punch row, Any number ;f.-t
::::T }I:, t::r::!:?iha,tw, l:.lf ARy of wovera’ T_,,J:t.w:'i.ﬂ characters can e represenied a;m thI
o ng ane or Mg holes Moy une cefurmm. Thus, the card has the
apacily of 30 nembers, fetlen, or combinations, .
Prt?lr.lhlr the most withely used system (or (oo urding informarion bredd
carq i the Halieoah code, In this code the ngmber, thigusgh & are 'un . pulr; ;I
;!funp,h- punch in a vethiCal Lolpma, For example, a hale punc:ht-d if:h?;;s:‘i?th rm:
o :t‘llf"':f tl:! r‘i_'prw'nl‘p d 5. in that culumn. The leters of the alphabet are
Prisaonie ¥ two punclics in any one co'wmnn. The leller A through |
repreaeatel bee g come puseh in mwe 132 and a punch in rows 1 th UE‘ e
Meien | pirough 8 e represented By odoroene pumehoim row 11 aned mugh _*]- o
1 llumrlgh 4. The It_'lrle'rs SIrhrm,.;.;h 2 are represonted |y a mnelpun::f:milnmr:m:anﬂlz::j
apnlhoin rowes 3 ihegueh 9, Thys by ¢ q. g
Wty ot the .l-'[]h.ll.lrl t!:lﬂ be l:plr::::l:-:‘u:i ’:} E:;Tr:ai!af;l?:; a;rd on {:;[- " flﬁ
proper holes o the card, In adivtion, a numilner ol spetiul ch.mﬂﬁ ::E; Ib:
lr;-in:"c'::r: by punching comipnations of heles in a4 column whith are not used lor
umbwers or letters of the aiphalwe, These haraciens age shuwn with
e s i Figl 1041, i the praper
An vasy device dor remenhering the alphaluetic vharacters is the ph o
PLY Sewstog kot the [etiery | livigugh % have an 11 punch, those hl-ﬁp '1:15"3 ] III;
punch, and thase afee have 3 0 punch, b in alsn neccs;ary w0 rt*mt:mt;:‘ilfat 5

bacgns o a2 gl et 3 1,
Example 10-1

[t ppeta 1l ke nation jamnched i the e in F'H 10-2

Solurion

T syrm 7 T .
L r“"“.h 0 e O and & I_bun(h in row 3.1 is iherelyre the s

{ 1ermn [RILL N | ul
. Al
1 1} a il e few 'y row 1! ﬂﬂtl 'II'II'_IIh{'r pernc hoan ow B Il

[

T ————— i il

-

LI ]
o
(W)

Input-Quiput Devices

1 L [ POl o 4y TalF=aa, < b
wnim LI |

| I |
ax HETM ek anlanbanpd

Wi

LI .f

" ~|;1-|_m-§

] Benenbblirdnnsnn !

1 '|.|.|.|‘l.:~|.,|.|:|:|.|. -uIII-I'llrlrlilli:l::rlln-ui E-vpmupaln wpy prkitIgg
T PR O R T L P T L R EL NN PR R PR PR E R R ER R SR LR L
i bR TR R LB DRk by LS e R R L
I

I

TTITE SR I N Ll FR TR L T L L L IR I TR R LT RN N LR

1.0

wrgpsreatl pvperepenrnn sty Tl E e e e b b e b b R

[RITR L

I L R T L L L e TR L e R LR T L T RN R ER L LR L] !

P L T L T L L L T T A TN O EE PR N TR e NN PN PR RN
prdanendnn boguna REEARR TR e bl g pnn pnnnln bRA I 1 1

TR LTI L T

sprnnanintipn Pty
A siam . leemamiEg,

ETEEEE LRGN TS ECT LR TR TR R AN PV LYY TL LL]
alitee ma M .- e

e T

Fig. 10-1, stendard punched card using Hloliermb o,

Meredare the letler H, Containg in this Tashion, you should see thar the cump’ee
magsage reads, “THE QULICK BROWS PO HIMPLD OVER THE LaZh OGS At K

Whith this cord code, any alphanumenic lalphabetc and Numenic) Moo mane £41
twe Lised as input to a dignal sysvem, On the ather hand, The syshem s cagehe o
deliverning alphanumere oulpul informalien o the wser. |0 scieafdw el e e
infestmation might e missite 1ight number, location, or guitanee mfonmaeas et
as prich rate, rol rate, and yaw rate, o Business disciplenes, the inlonmgoe Cou L
b aCcount fumbxers, names, addresses, monthly slatements, oL, 0 any casc. e
information is punched on the card with one charaCler per column, and tee oo s
then ¢apable of conlaining 4 masimom of 86 characien.

Each card is consicderce as one block or weit ol information, Since e macung
operass an one card a4 o Lme, the purched card 5 otlon poferned 1o a4 T Lt
recnrel, Moreower, the digilal squipmieal used 1o punch cards, rood cands oo @
sysiom, Aort cards, e, is referred o as Cunilapecond equsmen

Cx casianally, the jnlormation gsed wilh a dagita! system iy ety e g
is, no atphabwelic of special characters are required. In this case, 1 s Domstie W
inpul the informanon te the system by punching the Cards in a stra'ght s aafy
fashion, In this sysiem, the absence of 2 gunch is o bnary 0, and 3 pu=C, is .

tig, 10-2.  Example 10-1,

J N
I moinn 1 [ I T [ B B )| bane
! "R IR T T Y I DR ' N b—
1 wapebornnbiennand gt UF LT LITE] jadipdnnpnid

; M R PR HET PETR
H T R L L T T L e B T T PR E T IR Y LoRrE
! O R RN TR L LRI e LR AN SR RN T PR RN e LR ER Y SRR N L L PR PR LR T
i atapadst Bt el b e R e R e e e o
FTTEEY SRRt R R L I AT ER R R AR RN NN RN AR PR
........... Thvas

I R T L T L T TR R LA R L TR R AN AR L

T LTI LR IR L R T NIRRT FERN PN N LN AN RN

TELEL AR IR R R AL

T L RN TP BT EN L ER R EENN TN INRL LIRS R IER L]

I PR TR LR LR

TELL ELITY REETTT T
g T i TN B e o e Rl e ——— i —— = —
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litary 1.4 iy thoy tosnbilo W mich Bg w 12 = S50 ity o Binary indowematinn an
e cargl,

Many Largeescaly data-processing Y5y use binary inforrmation in hlocks of 1g
Puts. Fach Ik of W buty is called 4 “word." You will pegal) lrom the provio,
chapter that a regiytres Capable ot string 2 36-bit word must conlain 36 Mip-tops.
Thete iy nothing magical about he 36-hir ward, angd thee are N fact ohor sy srems
which uperate with other word lengths, Even wo, 11’y siw how binary information
arratul in words ol $6 i, might b pgng b an tanly,

Thire e fwn muthuele, The [jrat methiarl ey the mformatioa an jhoe carcl

Fovizuntally by pune hing acras (e capl from fel i right. The first 3ol wisrd s
punched 1n row 9 in columag thtQuuk 16 The second word is alsa in row 9, in
colernns 37 thegugh 77, The third word is in row 8, columps 1 through 36, and sa
on. Ty a 1atal of bventy-lour 36.bit wards can b punched in the card in staight
BRary loim It os Then Posuble w wiore 864 b of information on (he Card.

The second muthod o, punching the information vertically i calumns
tathes 1than rows, Byyinn g in fow 12 of ¢ alumn 1. the first 12 it of the word arg
punched in rows 17, 11, f ... 9 The neay 12 bits are punched in column 3,
and the remainig 13 Bty are punched in fulumn 3, Thag, & 364 ward van be
panched in tvery threi coluning, The caril is 1hen capabile of CONAINING pwenty.six
18- it weards,

Thet most common rmetbod ol entesing information intg Punched cards initial'y is
by means of the btpepunch machipe, This mathipe Operates very much the sama as
a pewriter, and the speed and MCunacy of the opirainn tepend enbrely on the
oLttalor, The iInlotmatson o The eunched cards can (hen be ;ead Il the digial
welem by means of 2 card redder, The indormativg can ke entered iato the L
AR fate of 100 10 1,000 cards DEr Mingle, depending on the type of card reader
L,

The basic muethock gy Changing the punched information inta the NeCessary oo
trical signals is shown in Fig 10-3. The cacds dre slacked in the ragr) hapmer and
AN U n From W ong a1 4 ume. Euch card pasies under the read heg s, which are
wither Lroshey pr photacetls. There iy pnge aaef head lor pach cnlumn gn |he card,
and when g hele Apears untler the weud head an electricat s

Fig, 11, L'ard-pr.nh'ng Operation.

-r

-

—

T T e — . .
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Input-Ouiput Devices

LT ' i T, ang s infeemalnen
i Yy nepprotnils o hinary 1,
e osignal 1o the reaed hear : . ane it o
! st’:dt .1;':] set ilip-Nops which form he inpul wurage register, The can i
T . e . Ihe e
Ep:ﬂ o L-fu ther rollers and are placed |0 the stagker, *h_ue ] '-'Iu_lt*_: t li ha thn“w
T; h:adu hich reads the dol 4 second time to pros e 2 validig « by
e whi y

reading |HOCs.

Example 10-2 | R
wppose a deck af cards has Binary data punched in Lflu.r:m Eaxh 'f:ri 1-.;,h.1.1 e
:"UF'“_”- bil wartls, 1w carddy are readd ab a rate of OO0 canids per mingte,

ur 3h-hil w . ! ta

rate gt which data are epering the systene!

o 1 = 14,400 woichy

SinCe each card conmtaing 24 words, the dala rale 1y 24 = E:l}i!.';t— lt.,ﬂ':“;.,u.u -
.' I;'u: This is egquivalent o 316 14,400 = 518,400 v 3 ,

minuge, -

518, 300/60 = 8,640 Ity per second.

. A
i ! Eping data ouput from
medium for accep :
| cards can alsp be Lsed a5 a . i w el in
_EUTFhE{: :':n n this Case, a sack of Blank conds g “Gl‘hul"‘l!' ":‘;' i ekl
H . 1l B . . [ ] hh
t:ll-;lr:_:’l ::: Twld in a fwpper in a card punch which s controle :,.r‘d 1[,“.-.,‘:1._:(:1
[ “-.:m:]n The Dlank cards are drawn from the hopper one at ﬂﬂhh::'i ;}1-rl.11 chech
with the propet infarmarion. They ace thenf:;l Mdku;;d n o ot ‘hoppre, Card
- ; ration, and stacked i i ]
ity of the punching ope . ety i I
lh{'n::!ldam copable of atins at 100 w 750 cards per nuoute, dypenning gn
PunChesy opef
ed, - hich i
ws:!'m :;d ards present a number of inpanant advantages, the il ol I'lw :- N
C . .o ; MG F It et
t 1t:n_c1 thar the cards represent a means of storing H‘-“;‘”“d“““ ““"“‘;' L:ril:mrl o
e A L d inge thiy information cun e ’
. s i d sifigee thig in d )
' i1 s machine code, an . _ eatin
oy I“{mrr-‘l.f_llit”:II of the card, this iz 3 vory convenient means of LTI::HH‘IIU.JII e
. il . . . T o1k R
:{1:_'1 tu::n n,:n artd machine, and hetween machine and inachine. The 'rLf.-’mmnau
2w C swed 10 ProCuss o
X . : ment which ¢an be u
: varicty of peripheral #quip 1oy nches,
WdL-dvon :ardspeThu mas! Commeon aig sorters, collalars, caleu’abny, Wm ol
sl ) ' ; i Aareuver, iy vy eday -
. Ling matheney, ' . .
cing puntches, snd acLoun T, PHSTRAE
Fﬁ!muchag Pe the information, stored, swce it is only receisary 1';"‘ ";"" : ;mr
* ; i b *
a:r:leil' f:i rar:?lfh and replace it (themd with the corecied onels), Finafly, |
LRl r
are qL’-i!f j'|'||-_l}|.'|]lf_‘l"l'il\'l.".
[
L] F-.l
10-2  PAPER TAPE
. o used in
Another widely uwed iput-owpar mediom i punached Dilptltr Iami.n i:i:::']'r o the
uth the same way & punched catds. Papes lape was dew:mm wl eatenminey
T ¥ " f
rr:Jl’p-ﬂ'SE ol yansraiting efepraph messages Quet wres. i e 1:::; 1ur P hine,
p ¢ storing infoumanian and for transmaung itetmation 1rﬂmt ;Fr s, aty
5 . . " e ah, s
o uh sioolitiers o cangds in thag at s a c:mhnuou:. ral v .PJP'-T. e
oy [rl:r[ informigtion can e punched wig a ol I s powsilile 1‘:‘ ”'“I'r ‘nH
. In] LT e aclvry,
!ﬂlh:Eem or numentic characnee, a5 well ag a number rﬁf special charmeters
d ) H ] ¥ 1.
Paper tape Ly pund hing holes in he Dipe By 1He proper places
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Fig. 10+, Funched paper ape. (20 Eight-hole code. i) Evample 10-3.

Thore are a pumber af Lodhes e punching data in paper tape, but one of the
st widely vsed s the ceplit-liede cotle in Fig. 10-44. Holes, sepresenting dala, are
s Faed a0 gl pacatiel chanocls which ron tie length of the tape, (The channets

are Mol 0 2 A B pay, 0, X amel padd of line) Each characier, — pumeric,
alphalwetic. 9f speCial, — acCupiey one column uf eight positions 3Cross the width gf
the tapme.

Numbers are represented by punches in one or more channels labeled 0, 1,
204 and 8, and each numbeer is the som of the punch positions. For example, 0 s
represenied By a sing'e punch in the O channel; 1is represented by a single punch
i ke tochannel; 2 s o sinple punchoin Channed 2; 3 s a punch in channet 1 and a
runch in ghannal 2, e, Alphalaetic characters ane represented by a comlinatawn gf
punches in channe!s &, 0, 1, 2, 4, and 8. Channels X and O are wsd much as 1he
aone punches in punebed cards. For example, the letier A s designated by punchas
i channehy X, 0, and LTl special characiees dre represented by combinatians of
puriches in &'l Chanmnels which ae mot teed 10 designate either nombens or letes,
A punel wnhe end-olline chaane! sigaifieg e end of a black of Tnlgrmation, o
e engl o record. This i e only me 2 panch appears in this channef,

As a means of checking Me validuy of the infurmation punched an the tape, the
party channe? ousee! 10 ensare that each characier is represented by an ody
number ol lws'es. For enample, the letter Cis represenied by punches in channels &,

D1, and 2, seoce an odd number of bales 15 reguired lor each characier, the coule
for the detrer C also fuy g punch in the panty chanpel, and thus o total of e
punches 5 use! for thas hetter,

Example 10-3

What anformation is helid in the perforated 1ape in Fig. 10.4b1
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card in Eagmple 101,

v owspirde hules, psand 10
. Jrarnels 4 ol Boare g
ol smaller holes lween © e _ : e can
T;e r:dhd'ive U fupe undee the reeadd p-usmqny._'l e m{m"[r:'lll:l:::::l?ux! for neadtiogd
B I iy brushiss ne pruitoc elly a4 shown in Fig, 1'0-5.. Sl
b " ?”-':‘ papat lape and Tnpratling i inbe the dligal ytem Iy very
i At IR Ihe

1 L] 5 i T I n:..]r.!-. L 1',
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g 1,000 Charas e (T
. fue pead Nt The syuliem ata rate o 150  chataslen B8
information can et {asier than reading intoon

eecand, You will notice thal s 1 anly lightly
frgm pune g cartls,

eF lape Can b used a . o
Pla?n In Usis Case the ayslem drives a lape punch ywhiat e
sy slEmm.

T nches are Capalfe i apefaing
B - B p"ﬂ'p':: :;:;T:?l:;:nl;:;’:um;r: purw hed w-;thr 1) L?L-rr.'.lt.:l.-r:
o o mmalbezzi:characm;s per inch i retertind 10 a4 the dqta dt::‘rﬂ‘
0 lhf" |r1C_h- The ”}“r“dtnsiry is 10 chardflers per inch. Recording df_f'l.'l'sll'l.'y' |:! o
and " thlra:\l;lb;:t:lfr?a i magnetiv-1ape recording witich will The (liscuisey
ve mpal H

f i 1t Fram o eligital
CCEpiLngg yrifearmiabion uu
e e pur w e clota v L
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Papps 1 £an also e ;
Jar o an electnc m_:-cwntteé; d oo b accuracy 2
wpEi i ta LT
ial punching wnils 2 hed . acy o
aft again a lunction of the machine Speralor e a

ch. This unil 15 yery st

a manual 1zpe pun . ‘
DEHmmm‘ meed in Some Caier elecine Dypewinets weith
e nd spicd wi this erasthan)
of this method is thal

Fig. 115, Papertapt drive and reading mechanism.
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thir trpaeawerit
) or jdevnefos o
v can be w i ' L. writthen Copy of whal .
ced inr vendicaton of Ihe punched Iiitf“ punched inta the tape. This copy
tlorinatem, .

10-3 MAGNETIC TAPE

AMagnele e has |
eluoaniitis of rn:’nrrn":::‘-:'::eh:nﬂ GFI the most impetant method
puncheel cactbs and nunchlm-_! ageetic tape offers 3 aumbe ads (or sheing large
PCHC e Caf I8 or paper 1ape. One of the mont _Imf of advantages over
murit faser 1han with & h:‘d aned useg over and oo, R”d:::"r!anl is tha lac! thal
A Ligelrve it \-.n.m" rcards o paper Lape. However hpﬁ and recardmg 3¢
canels ol paper taje n‘:JlrF :ﬂuch mare expensive (han rh'l ¥ require (he use ol
chara e on o 4rnn ?1 the ather hand, it is possilie rﬂt‘ !I"quril'menl werd wth
ane of the wslem r;'{'u-l:(: tecl of magnetic ape, and if 3 }5'0':@ up f 20 milion
commanly, A ‘l-lpemenhl e use of magnetic I!arlx-e tigh volume of dafa is
wice strip of plashe with is wppired on 2,400- reeis Th;-ls well wshined, Mot
Data are recorded u:. ":e magnelic Oxide casting an e ‘_ﬂ_upe wsclf is 2 Vain-
Lipe. The channels are rairr'ﬂw in seven parailel channels ;.“'
ther yformalinn mx orther e 1. 2,4, 8, A B, and T as tho l:.]ﬂg !ht."' lergh of the
U dlades Bl 5 recarnde h[?n the fape Mt ke digizal in F:;.rm“!{: iy Fif. 10-6. Since
,’ﬂ" simplied presomiat ¢ magnelizing spots on the tape '.n' hat i<, there must be
The magnetic spon 1; on of th: write and read operar one af iwo diregtions.
shown in FIg. 10-74 ‘ue tocarded on (he lape as i pa‘wim is shown in Fig. 10-7.
a¢ shown in the frgure ? porilive pulse of curresl is aﬂul.'c-da:rhlhﬂ wrie: ead as
wrie head, As this ”u;-p:':iﬂﬂH;( ua i3 setup in a f;mhwisr ll @ write-hrad coil.
Ihrough the ovide coatiny w s through ine record gap, 0 "I-'rfadr irection around the
tapn i be magnedized w:’:? the magnrlic Lape. This causes s slightly and paswes
(E L Dﬂr.‘lruy is .mph‘:‘d ﬂ: PGTEIHE}’ howen 10 the gure ]F_!d small anea o, the
g netized in the oppos .:: e flux 11 st up in the Opi]uﬁrrlc d'curr?m pulse of the
ncord data on the Lpe e directugn 15 recor ded on the tape. T :e:lu.au.-;. and a +pnt
wreby enagperatnd in ;i;:; a ius:mr fashion, The spols iu;w m- it 15 pusnble 1p
11 Y Fead oporation sh “ i the direciipn of n1a~p;1'|n"'1:utal'n in the Hgure ate
a flaw in the read head own in Fig, 10-74, a magnetized ion ciearly.
tall voltage in the n:- faf-: ihe tape pasees ovor the read spol on he tape s¢ls up
u diyrilop. Spots of -:;“ “head coul which can be amphil gap. Thes flux infuees a
pRusite pataciies on the Iapep_:r:(;tf{.:ﬂﬂ l;m‘d 10 sed ar ekl
vollages of oppouite

F.H. 10-6. Magrlfllcdlpr conge.
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Fip. 10-7- MagFALc tape recar

fjon,

ad coih, and thus [wyh 1% am

pol ariLies N Ihe re
LCven chanreds nn thie Lape. Typally.

peagfweite head lof pach ol Ibe
heads are consirpeied 1 aairs as shown (0 fig. J0-
I wel up 33 3 self-checking Gperalion. That s, a1l
diately read As they pass wver the road R0 amdd €A
A coding sysem amilar 1o hat weed b punch dala
alphanumeri< irfgrmation on japr. Each charagies ocrupies one ©
bits acrens the width of the tape. The cowle is shawnd in
degenlent syslems jor checking L valihty of 1ne inlgrmatmn 36T
The first sysiem is a vertical pary kit which 1§ w1
This is called a "chamclnrarhn(k il and 15 wrillen 11 Lhanne O o prsure inal

characters a'® mprewnltrd by an e¥en il per o bils For exampie,

an gards 1 sl
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l'?-]u':"u.nlnl ey spxuts 1 ghannels 1, A, and . )
Bonal e ior - A and B Since Lhes is only theee s e
e v ‘;‘;:::‘1 ;:,::mnEI C 1o mgitlain ven parity [:n l.?::'t-;::r:g:.r
e s 1 gt shinad e IuTnzo.-uaJ party-check bt This i sometimes rele ed
ok of mfetrm o ﬂ:*- l.':" ut:_nnd Itas writien, wien needed, ap the pod "[
o oterest al Ihnr::i;r:l. The linal numlier of luts recm:lru'lm gach ch-,ﬂ' :ll
el et o b nd nf & recond, g panty bit is wrilten o peeessa ml : 10
system. hey cotdd, of :;_:n ever number. These two systems form an E'vwen- i
sysiem. In ’mn".uiun'r.m ﬁ;:wl.;lusl as eauly be implemented o larm an ndd-pa:::r
st 5 Tihil word 1s w1 1' » recordsd 6 1he rape i deabpht binary form I‘:‘ I'n"‘r
PO I SR Columng onees across the vedih of the tape in groups of stx h'trﬁ Tl .
T el b ::;”'EUFI:[ cine eIt word, - Thus
nptis of the “”.id..l’wn;t, N ‘1":'l“f'r1 Ihe recomdold spols en the Lape is fixed by the .
ndl the rwnﬂln ‘peﬁ; atds, The hanzontal spacing is a funclion of Lhe | pos
/s e quile ¢ Bt « Tape speeds vary rom 50 1o 203 inds, by © lape spoed
amnan, Lbut 75 and 112.5

. Tive mawimom pumlyy of {j“lr:'lclf‘ﬂ; } )
‘recorfing densdy,” and it s a reeonded 0 1 in nf lape s called the
dara e ) uncna of the lape specd an Tt
B4 hils'*::-J:hzi-}:G [:1;:- WRIE head, Typical rucﬂrdingi:ienmn[: -::::: Er;:]e ;L:hiﬂ‘
5102 % 1o l_ham;c:mu:;t ;:n be seen ghal a todal of 800 » 24{;0 o 'i;”i
rean that the data woul i l:u e stared on gne 2,400 ool of I:apel This wpuld
groups of ¢ haracter o have w0 be siored with no gaps betwreen cha o
e chonact . characters or
- of Iocabing informeion an | i "
M iR g o i#€, H 1 mos CoMmnn r ; .
s ol |.1’::-r' (t:lﬁulll:’r ::f;x;lk-. cailed “reconds,” In [ebwern recerds rlt:?:»r:i:m;i ;Trﬂrk
blank fape, .n.m-j it is mmj::::;mmrd gap ™ This gap is typically a 9_75_,-“' SJ-_,,,;[”:“
interrceond yap proides ih over 1he rradfwrite heads wien the lape sdops. Th
certed before. recording n: ;: ;:l:acp necesary for he lape tn come up 1o Lhe p-:up;
af Characters recevded un a tng of information can ke place, The wtal numbe
mtyl number of intereconl ape l_hen also 3 function of thr revard length ior th :
The flata as rectudod o lFf::]t:-;e st::l l:;_vy mpm:fﬁ“ blank space oa the t:nl'l!e;:
FAD, CAn PE fepre er IRCUEING rLares tactual ala) v i el
lhe liad numt:zfn::::d .':ﬁ shown in Fig. 10-9. Il there weree no |r1tr:rt:l1::-l:_::;«:;-et e
e tope in inches by ;.:. T;Ft n:.;l:?-rdm could I.ae found by ml.l|hl'li‘f'll'lé.fhﬂ ren:;.p;
were exacliv he Lo mE. den:‘-uty in characters per inch. If b
¥ the same lendth as the intesricord gap, the lotal !.Iurag[: wululij ::md
cul

j 1 Ilul” T ol i d i
' Y, I 1% {"'“rﬁhlf n kr‘E‘ Ih(‘ t‘l'“'f[!i QIR 4% m™IfR [FLY
. .I l | p r a5 1 E_ m‘ﬂlm i L‘ll‘d{‘ [1+]

Fig. 109, Recording dala o0 magreis tape.
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Civen any ond lape syslem and the 1og ond ing dertaly. s A o e maict 1o de-
jepmine the acluai I0MAEC capac Ay of Lhe 1ape. Consigrr e lenith nl 1% o™~
porsed ul noe recoid and one recard gapt a5 shawnn Fiy. 109, This lengsh nf ape
ix pepoalod over and over dawn Ihe tergth of the e The el pumies of
characters il kel L staresgh in this Jenptly of tajne thee sum pf the charalers in
the record ® and the characlers which could be geeneel in e recond gapr. Tl
nurmber of charatters which coulg b stored 0 e gap is equal ro e recnrding
dmsiy D mpluplicd by the 22p iengin G. Thu® whe lotal number o ¢ haratiers
which cuukl be stoeed 10 this length of lape 1 pven by R + 2. The rabn al the
characters agiually rocarded R 1o the ol possitie could becalled a jape-uliiration

factar £ and 15 piwen by

R
- ———— 1
f R+ CD Ge-h

Eramination of the tape-ublliralon jactor shows thal 3 the ol pumber of
characiars in the recard is equal o the puminer ol charagiers which coud be stared
in 1the gap, the urilization facwr regduces to 1.5 Thiy wnhlization factar can be word
o determing the I0ial shorage capaciiy of a FRagnelic Lam if the rerodding demsly
and the record lengih are known, Thus (e jo12! number of charagters slored on @
sape CHAR is given by

CHAR = LOF (16-2)

where L= lenglh of lape, i
O = recording densily. eharaclers per inch.

For a slandard 2,900-1 reel of tape having 3 0.75an recond g;p, (his fgrmula Ey.

(10-2) reduces 1

1 400 12 = DK
2400 x 32 % LR 103
R+ 0750 ALY

CIIAR =
Example 10-4
What is the fplal siorage capacily of
rocorded a1 a densily of 556 charac
characterst

a 2,400-0 recd ol magnelic lape ff data are
rors per inch and the revard fengih 15 100

Solution

The Iptal number ol characters can he found using £G- {10-11

2,40 M 2% 550K L1
LA XA Pl e RO X 1T
CHAR = " 10,75 % 550 [

bT

Tt resaill tan 1o 1 ok Iy calouiating thr tagse-phlizabinon farin-
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fa 100 i
00 + 1075 x 5567 57— 019

S maamin numbes of Characiers tha) can be sinved gn

h :
556 = 160128 x %, AUl o Do % 2400 x 12 %

plyng this by the anlization factor grves

CHAR = 150128 % —1'--
0= xs.l? 10 =g

10-4  DIGITAL RECORDING METHODS

There are a numlwr of menwads for recording data on o mageelic surlace, The

el ls fol :nllu o grnetal Latpories, calieg “reurn-1o- 200" and “oon-retuen-
Ir-\::lrierr:.': a:rld 1:-&-; appiy 10 magnetic-lape igording as well as recording on nl:ag-
C i i i
nele I-.:.: |.]|E:Tﬂ;‘::.{;;1_:ﬂ Iragnetic-desk and magnelic-drum storage will be the-
gn":n[::.-.:::;:;:;: :.J:-g:n,f;;v:.ls stated that digital information could be recordid
on ma r&nfdi h}k;c:f i2ing spoly on the lipe with opposite polarities. This
s ,“m;f * b 2k returaslozene, of B2 for shord, tecording, The tlech.
‘ HIE data on lape veng this method s 1o apply a senes of cumen)
P 1o e wikie-nead wanding as shown in Fra. 10-10. The Current pulses set
corresponday fuses i the wnre bead, a5 shen in the hgore, The spols oy
b flwe L inaee pesdartoe, cnretponding ta the dirt_'cllurr1 ™ - ax weve,

the fMlux wave-
furan, and o s oalv peceuarg 1 chuape 1|y

dweclion of the in
or . : L [t Currenl g wile
L OF T, SO T (R e 10l £ urrent anct 1he Hus wavelorn celurn b a rery reler-
et les gl betwren incbovnlbugl ints. Tnus the term “reemn 1o gt

Whan ot 1 devirea M icad the recordad informaton irom lhe lape, the lape
2adegd vt Kb peaef heands ane| Lhe magneheed sposs (nduce wollages in the read-

Conk it 1 A% slwrt in e fgure, Nobee tut there is somewhat of a problem

J'Irere. sirwe ali the pulees have both positive and negalive portigis, One method of
tletechng these ievein properly 14 10 sirobe the oulput wavelorm. That is, the gulpul-

) 1T 0 1 1 0 0 1 0O
ey ey

Record hur J\NJ\J\\]_V_/LV-‘
Head

windify eulpul

SIruhe pukyes —ﬂ_ll—n—ﬂ_ﬂ_ﬂ.__ﬁ__ﬂ_.
T 9 v 1 8 a9 1 P
Arard pale l il i I g ¥
mwﬁ.: N Fig. 30-1. Ectorn 0.zrmg

reLordig and readng,

e mEr T il

nput-Ouipul Duvices 73

o PR I 1 G R 1O
current pylset !

Hecord Flex

Read
wainding oulpist

fIg. 10-11, Basedd relurmneto-zerd tecording and reading.

yollage wavefarm is applied o one input of a0 ani gale e being amglied), and

‘a clock or sirale pulse is applied 1o the aiher input ta The gawe. The srabe pulse
must be very carelully timed 1o enwre that it samplics the ouiput was ciorm al the
proper ume_ This s one of the magpr difliculties of this ype of recording. and s
therefore seidom used exgepl on magnetic drums, On a magnelic doum, The siobe
wavelorm ran be reordoed on one ack of 1he clrim, and thus the propet lming, is
achieved.

A second dilficuity with this type of recording is the faci that Betwagn 1ls Lhee is
no recerd current, and thus Detwesn the spots on the tape the magaens swelice is
rangomly oriented. This means Lhal if a new recarding is 10 be maae over old daja,
the new data have w0 be recorded precicely on 1op of the old data. i they are nol,
the old data will not be erased, and 1he lape will contain a canglomiecation of infor-
mation. The tape could be erased hy installing anather ser of erase heads, hut this is

Wosthy and ynnecessary.,

A method for curing Lhese problems is 10 ias the reCord head wilh a current
which will saturate the lape in either bre direction of the other, I Lhis weem, a
current pulse of positive palarily is apphied only when it is desied th wale a 3 on
the tape as shown an Fig. 10-11, Ay all athes hemes the flus 1n the wee hinads i sul-
fic iem 10 magnrlize the entiec rack in 1he 0 drechon, Now, recording dat over
ol data is ot a prohlem singe the ape s efieclively Prased a5 10 pasues over Lae
record heads. Moreover, the Lmang 15 not sa cntical $ing e 1L s nit ieeossary (@ record
suactly over the previous data. When dala are recorded in this fashion and then
played back, a pulte appears at lhe output of tie read winding onlv when a1 has
lween recorded an the 1ape, This makes reading the wlommabion irem the wape much
s afier,

The ngn-refuet-inpern, or NRE, recarding echndue is a vanation af e BE
irchnigue where the write curreal puises de ngl relurn 15 some tefvrencr level
ielween has, The NRZ recording lechnigue can be best explained by 2 3Mining
the record-curment wavelpmm shinwn in Fisl, 10-12, Mowige 1naL toe corenl is AL 2
while recording 1s and a1 —i while eecivdhing G4, Since the current irvels are alo ays
at oither 4 1 or =1 the recording prabilems uf the fust RZ sysaen do el ruisl here,

Notice that the voltage at e read-winding output bas a puise oaly whoen the
recarded data chunge from o 1 e a @ 0F wice versd, Thoeeinre, sume méeas nf
sensing The recorded data s negessary (or the read ppecatnn. If the rar-winding
volage 15 amphfed and userd W set of tesel 5 lip-liog 4% sneer in ke lgure, the A
vide of the flp-fing 15 hagth during cach lme that a 1% being, readd. i s low dunng

T
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ARy e when (he flata beny, read is a 0, Tha. i th
weedd av 3 comernl sienal ar one Wiput o an anp
elork, the ougma of the anD gate is an o
SobCe thal the ciock mypsy e carcfully synchrnnizod with the data train i Lhe
relad-hud windme, MNotce also that the masimum fale of Quz changes occurs
when I ofthng for reading) aiternate 1s and Os, .

In coptmng this wath the RT recording mﬂhods..wu
methond oflors the disting ¢ advaniage thal the
one-hall that inr BZ reg ording, Thus the readivrite heads and associaiee elec lionic
can bave reduced requiromients iar DPEralinn at the same rates, or they are ca a.blz

of operaung at twice the rale or the same specifcalions. B . P

A Vanaborn on v bane inrm of NRZ recording is shown i Fig. 10-11. Thi

lecnainue is quite aiten gailed TADN-reluMn-to- Teronvented  NRZ), since b-:_llth 1:
f:nd 04 are recarden at both the high and faw sam ratlon-cu;ren[ Iev:z-h 'nlw key b
e marihind g eecarding 15 that a 1 1 sensed wheaover hers is 2 fiux t hange
whether 1L be posilive o5 negative, | the resd-winding Hulpui. ﬁ:lmge i% arm Inffa:;

and gresenied by (e ox gate as:%rawn in the ligure, the ourput of the gale -fill be

lhf‘_[ll’.‘\ll'l.‘ﬂ data fran. The wpper Schann INEER! is sensilive anly 10 pusities pulses
w_hnlr- the Inwor ore s senwtive aaly tg negative pulses. Brath gutputs of the SI:T-nmi.ti

Iregrgers ey lowwr gyrngk a Pulse armves. At this me the gt pul ROws posilive for a lived

tiuration and yeoerates the desired oulput pulse.

A oulpul of the fdip.flog is
B, while the other imput is 4
act replica of the digiral data being read.

Can see that the NRZ
mawirmum rale of flux changes is only

Fig_ 101}, XNgz) recording and readng
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10-3 OTHER PERIPHERAL EGQUIPMENT

A wide variely of periphecal equipment has been developird for use wilh digical
sysiemi. Only o cutsary description of some of ike vatipus equipment will be given
here, and the reader is ercouraged o sludy equipment of particulsr interest by con-
suiting the dala manuals of the vanous manulactureds,

Cre ol the simplest means of inputhng information g a digital system o by the
use of swiches, These switches could be push-bution, woggle, @1, but the impor
tant thing is the fact that they ara capable of representing unary infarmation, A pow
of 10 swiiches could, for example, be switched to represent the 14 binary biis in a
V0t wedd,

Similarly, one of the simplest means o! reading data out of a digilal system s 1o
put lights an the oviputy of the Rip-fops in a starage register. Adroatiedly, this iy a
rather slaw means ol communication, since the operalur must convert the dis-
played hinary data into something more meaningful. Nevenheless, this represents
an inexpensive and praclical means of communication belween man ana machine,

A much more sophisticated method for reading data ou of 3 dizual sysiem s by
means of a cathode-ray tube. One 1ype of cathode-ray lube wsed 13 very similar 1o
the wbe ysed in oscilloscopes, and the operalion of the ube is peany the wme.
The unin s generally used to display curves representing information which has
been processed by 1he system, and 2 camera can be altached 10 some unils 10 pho-
lograph the display for a permanent recond, The informanon displayed might be the
transien] rewponse of an electrical netwery ar a guided. mistile rajeciory.

A second type of calhoderay ube for dispiay is called 3 "Characuon™ K hat
the abluy 1o display alphanumeric charaigrs on the face of the screen. This Wwhe
operates by shooting an clectron beam through 2 malris [mask) which has rach of
the characters cul in il A5 the beam passrs throggh the matrie 18 is shapusl in the
form ol the characier through which il passes, and this shaped beam 15 then
focused on the faceo of the screen. Since the operation of the electron beam % very
fast, 1 b5 possible 16 wite information on the face of 1he be, and 1he aperalor can
then read the display,

Some (ules of Lhis type which are vsed in large radar systems have matrices with
the proper characters to display map Coordinates, frienedly aircrail, undtiendly
arcrafl, pte. The operator thus sees a display of 1he sunaunding arca complete with
ali aircrafl, properly designated, in the viCinity. These systoms wsually have an addi-
tional accessary cafled a “light pen’” which enables the opermor 16 inpul inioema-
tion intg the digital sysimm by placing the Light pea on the surlate af the lube and
achwvating it, The operator can da such things as expand an ares of interesl, revjuest
information on an pnidentiied ilying olyeel, and rlesignale certain aircrabl as
fargett.

A wmewhal mom common piece of equipment, but pverihales vaelul when
barge Quantthes of dals are being handied, is the pontiee. Prnters e availshibe
which witl prat the ouwipul data s straight lunaey foon, olai loim, of il the
alphanumeric chatac i, The Wypacal inader has e abaldy 1o pong ateeomalion on
a 120space line ap pates T g G band e Doess ope wooveee 12060 [irmee prert
e, Thye sompbiet premsters are vaecetton), of specaely: e, aics =5 1y pesaens
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alsn oquipped witly 2 prapet-lags pung lr, aned thus el Ui clila o ot data
can he recordged on punched paper Lape.

aost mekdern TTYs use an eighl-haie punchied paper L. Tivere hat lewen an al
tempt 1@ slandardize pa an alphanumend oo, anil 1he Amctican Srandase Codre
Tor Wnfurmalion Imrrchange ARSI s witlody usedl | A1 ghehoe roudn has 7= 450
combinalions, sulhicienl 1o prevvide [of hoth upgercas and Irpas e reast Alalwrs,
lhe 0 numetals. and a number of special characters and canirul signals. The
ASCH code 1s Shown in Tatde 10-1.

10-7 ENCODING AND DECODING MATRICES

Encoding and decoding malrices are arten used to alier the form of the gata b
amered inlo or 1aken gutl of & System. A docodink mattie 15 Ll O drcimie 1ne
Uinary infarmatn i a digal yslem by chanpgmg i Nk same eher rumber
sysiem, For evample, in 2 previous chapter the binary culpu! of 4 register was
decoded inio decimal inrm by means of AND gates, and Ihe decoded outpul was
wsed 10 drive nive whes. fncoding information it qust IDE FEVETUT ProCest and
coulid, far example, involve changing decimal signals inlo przuivalbent Dunary SIEAAYS
for Bry imo a digial system.

The masl straighliorwand way of decoding infgrmabion is yirply 10 CoRstruct the
fieC CSsary AND gates, a5 was dane igr the Aixe lubes. Decncing i Lhis Tashion it
guile Simple and is mosi easily accomplished by ueing (e truth 1l or wavetorms
igr the signals involved. The decading of + fraur-fhip digga counhe wolel, [or exe
aniphe, require 18 [gur-iapat AMD gales. vince there are 16 possilde states deter
mincd by the lour fiip-itops, This Lype af fdecoding then Teguires n 2 2% dvndes,
where 1 is the number of fig-llops. lor the Lmtele gecrdmg nriverk.

Example 10-5
[iraw the §6 gales PECessany 10 drcode a Tourfip-ilop counler.

Solution
The necessary gates can besl b implemenied by usieg a tuth table o deiermane
jhe necessarty gale connechont. The gales are shown n Fig. 10-14.

Thore is a soeand method of decoding which Can be wsed o tealize 4 savings m
duwles. This method referptd 10 as THCR doending,’” ard i1 reswlis ina reuctnm
ol 1he number Gf required drodes ty grouping 1he slates 15 b theeocded. Decothng
ot the lour-flip-llop counier divrusaptd i The preanut example €an beoare
comphished by separating the counts b {oue groupe Thesp grgups are DB
4567, 8.910,11; angl 1A 1014,15, Moy thar e IS0 gooufd £otn bre s
tnguished by an a~D pale w bt pulput is DG the v rant Lriup by D, 1l tiand
proup by DE, and the iasl Broup by O, Each af e Sour graups van hen I
ehvielod 1 hadf Ly weeng B o J Theor cipht submproaes 139 inen D dursher devided
it i V6 counly by usicg A and A Tlue coimpie]n 0 HENE etk s Jeanm

Fag. [Y-T5.

(3
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the desiwed outihal signals. To docode the four flipeflops diccossed proviousky, Tour
groups are formed by combining flip-llops € and 0 jusl as belare. in addilian, G-
flops 8 and A are combined in a simiar arrangement. The outpuls of these cghl
gales are then combined in 16 ann gates (o lorm the 16 oulput sgnals. The resulis
are shown in Fig. 10-16, It can be seen thar 2 iotal of 48 ditsles are roguired; s
saving, of 16 diodes s then realized over the firi method, while a saving of 3
digdes 1s realized aver the iree method, This scheme agzin has the same disadvan-
tages of signal-level degradation and speed Jimilatinn as the tree decoder.

Encoding 3 number s just the reverse of decoding, One of Lthe simplit examples
of encoding would be the use of a ihemb-wheel switch fa 10-posiion swachh
which 15 used lo enler data inda a thgital syshem. The aperator can sel the switch to
any one of 10 positions which regresent digimal numbers. The oulput of the switch
i then baslormed by a proper cncoding maina whith,changﬁ the digumal
AU ler 1o an eglivaliont bibary aomber,

An encoding matrix which changes a decimal auymber 1o an equivalenl binary
number and stores it in a regisier s shown in Fig. 10-17. Sciting the switch 10 2

e

Fig. 1017, Devimal encoding maifix,

AT

.
£

LS

|
Ly
ST
-
e
7
A
[



282 Digial Principles and Appiicalions

- Se )
- ' et c
|
i
i Rewl O
i
n
I Rewet O

= Resrr B

-— BLA

- Gl A

= Hew) 4

i tﬂj,J v X

BE h B e o WA e —

Fig. 10-18. Another decima! encoding matrn,

paution places A positive vohage on the line connected to thal position, Notice Thal
the £ aral & pul i each flip-fiop is cssenlially 1he pupnat of an or paie,

‘ T r--:n_:;u't-. i the swilch is sl 1o powition 1, the digpes connecied 1o thal line
P a 1w1-.|||'~r.v vollage: on thear plates ithey are thergfore lorwarg-bisesd), Thus the
ey m|mll teo Nip=flenpy Kows haphowhile the rea inpugs by ihp-flops B, C, and RO
high Thhis \ch the beeary numbaer GOG1 in the ihp-flops, where A i< the [past signili-
want tnl. Notice that this racoding matrin reguires 40 dioges. As mighl be expecied
1®is putilie to reduce the numiber of diodes requiced by comhining the inpa I‘unc:
LS as was done with decoding marrices. One method of doing iy is shown in

Tr:-l 10-18; a1 represents a saving of 7 dindes, since 1nis scheme reguires only 13
LF
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Any encoder or decoder can be canstrucied rom basic gates as shown in s
sechion, and whin only 00e or Two funclions are pecded thes mav provide Lhe [esl
lechnigue, However, a4 shown in Chap. 3, many of the more cammaon deconing
funclions are available as M5 ICc Evamples are the 7441 or 74141 DCD-to-
cecimal decoder diner, The 7445 oxoms- doedroimal aceacdor, the 2146 800-10-
sevenssegnient deeotlor dreiver, aml the 7314% 1-66-10 decoder diver, Thore are
numerous slhers, and you are urged 10 consull manulacturers” daty shoets or spe-
cific infoematin,

There are ahao a few epcoders availalbe as 850 [Co— S0 examyple, the Farchild
FH6 eighl-inpul prionly encodder, This uail acerpts cighl nputs and proguces o
banary weighted code of the highesi-order sulpul. Again, vou should consult pe-
cifw manufaciorers” dala sheets for detaiied information on epcpders,

STUDY AlIDS

Sumwmary

Punched cards provide one of the most uselul and witicly used mirgia for saring
binary informalins, £ach card i considered as a hlock or umil of infarmatien and -
therelure referred 10 as a oMb record.” Furnthermore, punched card egquipmen
tpunches, sorters, roaders, etc.) s commonly calied “unierecord equipment,'”

Alphanumeric informalion, as well as special characters, can e punched ina
cards by means ol a code, The mos commuon ootde in wee is the Hollenth code,

A singlar mediun lur informalion siurage is punched paper Lipe, Alphasomene
and special characters are recorded hy perfasating the lape arcording 10 4 code,
There are 3 number of codrs, by Lhe one most commonly used 15 he cighl-hole
code. & perforated rele of paper Lape s a conlinuous record and js thus dishingl
from the unil record (pung hied carcl),

For handling Yarge quaniiies of informatian, magnelic tape is a mosl convenient
recording medium, Magmetic tape offers the advantages of mech higher pracessing
rale and much greater recarding densitins. Moreoves, magnotic lape can be crased
and used over and over.

The lthree mast comman methods far recording on magpetc lpe are the rejurn-
o-zerp (RZ), the pon-retyrnenezers (RZR and the non-return-lo. gero-inverted
INRZH. The NR7 and NRZI mothods olfeciively crase or clran e lape automa.
ixally during the recond operalion and 1hus eliminare eoc of the protirms of RZ
recarding, Those (wo methodls also lond tThemsatlves 10 higher recording rates.

Encoding and decoding matricos farm an imgortant part of inprl-outph eaquips
ment. These malnces sre grocraily wsed o chamie information rom oae form to
annther, for example, Sinary 1o ncral, of mnaty 0 decimal, or decimal 16 hnacy,

There s a wide vaioly of dial prripheral equipment meluding uot-regarg
cquipment, printers, calhode-tay-ube displays, and plaiers. Thie Chinee of periphs
eral equipment Lo be used wilh any syslem 5 a mapor engitestng decsien Tie
rhecrsion amolves ostablishing the wystirm repiiremonts, stusdyiog the avalalie
equipmenl, mecting willt the tquigment manolcleeers, antl then moking the
gimrsion hased o0 operational charagienshes, diineery e, anl ooal,
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Glossary

aliHianumene infarmaiten talormatign composed of the trtters of the alphabel,
ie mumbers, and special charsters,

! Gine binary degit,

thawicler A number, leter, or s¥mbol represented by 1 combination of bils.

tiE iy Miteic A malix used 1o alter the formal of infoirration 1aken from the
il ol A cviiem,

BACOGE raitis A maltic vsed 10 alier the formal of information being emered
iflen & svsiem,

hisiesith comde The sestem for repesenhing informaion by punc hing holes in 2
privC et manper in ; punched card, !

nlevrecind gop A hlank prece of lape betwoen reconded informaton.
“RZ Nonerurndo.soro recording.

NRA Nosseturn-lo-soio inves |l feconding,

MY The method of ving an additional punched hole fgr magneli spot far

Magnein recordini 1o ensuce that the total number of hotes {o¢ pots; for each
CRatacIer {5 even or udd,

rrotdhing deasity The avmber of characien regorde perinch of 1ape,
dpe-dihisanon fackor The ratio uf the number af charatiers aclually recorded g
the nuomum number of characip- thal could be recanded,

st fecord A punched cand represents a unil record singce each card containg 2
unit or binck of infurralion,

ieview Questions

1. Deswiibe some of e prob'ems of the man-mae hing interface,

2. Descnbe 2 ypical punched card {size. number ol columns, number af rows].
3. Whieh rows are the zare punthes on a punched card? )

4o Which tows are the digit punches on 2 punched cards

3. What is the Hollenith code? What does "IR. 458 117 sgnify?

G How is winary infermatinn epresented on a card; i, what does a hole req-
fesenl, ant what dues the albsencn of a hole representt

7. What is the reaniny of unil recoed?

B. Nane thiee picoes of unid-record periphoral cquipment, amd give a bief
dlescription af how thisy ape ysed,

5. Drsenla ihe eghi-hole code used o punch infgprmatian mio paper tape.

8. Drecdw how 1y and D are rreigded on Magnetic tape by mrans of a mag-
el rinn] Fregd

1o Pl s alphanunwse information recorded on magnetic Lapet
. Huw is binary infgrmatan recorded on muagnelic tape?

3. Bxplain the dual-panty syslem wied iy magnelic-tape reconding,,

T L et e 2 S e m—
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14. What is the putpose of an interrcCord gap on magnelc tapel

15, How can the tape-ublization faclr be used o determine te tatal number of
characlers slored on 3 magnehc lapei | |

Th. Degrnbe the gperaion of the R recording method. Whal are some of the dil
hicullies with this sysiem?

17, Descrbe the aperation of the NRZ recording melhod, What advaniages does
this method plfer over 87 recording i

16. Describe the NRZL recording techrique.

19, Whylis a digital incrementat piotier 3 true digital plotng .ws'lemi

20, What is the dilierence botween an encoding and ‘a decoding matrixt

Froblerny

. cial
10-1. Miake a sketch of a punched card and code your name, address, :::'H:‘ S-Elﬂ;.;
mcur.it'y pumbar using the Hadlerith cawle, Use a dark spot o represos .

i [ i ber Maue
ial urily number 1o the cquivalem bmarl\_r numiber.
:T&:clf:?gg;uﬁeﬁ?rdﬁnd recard this number on the card in the horizontal
binary fashion, | _
10-3. Repeal Prpb. 10-2, bul record the number on the card in the verica
fashion, | -
104, Assume Lhat alphanumenic information is being punched inin cands at 1he

b, at
i iage of 79 characiars each,

[ 25¢ cacds per minute, I the carrds h:m;- AN Aveiage

::it'satu ralﬁn zhar:{lers per second is the information being processed?

10-5.  Make a sketch of a lengih of paper tape. Lising the eigm-hcfe I::Qdejt :::r?:m
your.nar'n.t- address, and social security aumber un the tape. Use a dark spo p
resent a hole,

H
i for the sinvage of B0000 characters g
. Whal lengih of paper lape is relquurcd -
;ﬁ)-:anumeric information using Ihe eighi-hole codel Assume no record gaps

i [y ecqyuired 10 sipre the information in
+ What length of magnetic lape would | i .
:’i; 1;?{- il thfgrecmding density 15 500 bilt per inch? Assume no record gaps

i a denwuty of 20 (W[ Hr

that data are recorded pn mapnetic 1ape at& ¢ . .
j[r'|.::q:il“lf ;?ﬁft::-lcenrd lemglh is 200 characiers, and tho interrecord “n?‘;s D'.?f‘ r:.;:ht;:

!I! thle lape-utilization faclor! Lsing Thic scheme, how many characie

stored in 1,008 k of taped ) .
i : g Ty {1030, Notior thal trae

faticn to Mrob. 10-18 alwrve Ly us g o {10- .
;'::1.30 i: I;;::r' ;EJT;:I '?nusl be replaced by 1,000, since this is the tape leagih,

10-10. Repeat Probs. 10-8 and 10-9 for a density of 800 bis per inch,

10-13.  What lengih ol magaetic tape iy requiced 1o sise 104 l.1lﬂf_ﬂ£l[‘;} recorded
at ; d:!mit-,- of 300 bits per inch with a record fength of 500 characier
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11-3. Wrerdy Ine ol lageouipu loveds for the aetwork of Fig. 11-5 using Miliman’s
Hyeearerm. Dt 1he eequiv i ol £,

11-4.  Assume Live cliveler i Prods, 11-2 has + 10 ¥ lull-scaie oulput, and Dirdd the
inlowing:

(2t The Change in guiput valtage tru:' i a4 chnge in the LSB.

i) The ouipat waltare fur an inpal af 1108400,

11-5. A 10-hat resashive dovadier s constrocted wwrh (bat the oueent through the
LSE roseerr o3 100 wA. Beterming 1he Maximuarn Current that will How throwgh the
MASE res st

11-6. What o Ihe fullscale culpul vallape of a sis-bat binary ladger if 0 = 0V and
1= =10 W What o Tor an eighi-bt ladder?

11-F. Fwechthe oulpul wvoltage of o sx-bit benary Bacedee wirh the foiiowang inpuals:
Gad TonnoT.
i 111015,
o)y 110001,

11-8. Chock the resoits of Prols. 11-7 by adding e indevidual et eontnbulions,

11-%. What is the resoluton of a 12-bit DA converler whech uses 3 bunary
ravaeri Il the Tull-scafe pulgut is +10 V. what is the resclution in woels{

11-10.  Fhw many bals gre required ina binary ladd er 1o achieve 3 recolunga ol
i My affull scale is +5 W

11-11.  How many comparalars are requared to build a llwe-bit simultancaus AMD
canserer!

11-12. Redewgn ibe epcoding mains and read gares of Fig. 11.20 using NasD
Kales,

11-13.  Funel the loilowing for a 12-bit counter-gype A0 converter using a b-MHz
ClaCk;

LAl B amurt Coneerasan Lime,

1 Averaee Cunversiim lime,

00T S UTIUm OIS rate,

11-14. What cincx inguercy musd be used with a 10bu countes-ype AfD con-
worfir i i miwsl be capable of making al least 7,000 conversions per s ond{

VI-1E0 wWhnat s he conversen tme of a4 12-Dib suCoessive- aproaimalivnslype
MO conmverey waang 2 1-MHZ Cige b

1=, What » the copversinn ime of a 12-bil s ipn-counter-ivpe A con-
voerter uang 4 1-MHs ciock? The counter iy divided into three cgual seclions,

11-17. wWhat overall gocuacy could you reasgnably expect Trom o 12-bi AJD
calverif

18 What riegree o resolution can be aldained using a 12- 1k oplical envoder?
11-1% Rewhsagno the Gray-in-binary encader i Fig 11.32 using manp gairs.

ti-dh  Reepsign the Gray-io bvaary encoder '.n.'F'lg. 11-32 wung exthitive-ax
RIIE

-

Magnetic Devices
and Memories

Thete 15 a farge class of dewices and sy<rems which are useful as digital elements
becayse of their magnenic bobavior, A ferromuagnelic material € an b magaetizred
a particuwlar direchion by the applicalion of a suitable magneizing borce ta magnobc
Mux resulling from a cucrenm flow), The material remains magnetized in that dimg-
tior alter the rernoval af the excitalian. Applicabon of & magnetizing force of tie
oppasile polarly will swatch the matenal, and i will remain magaelized in the op-
oasite direction afler remaval of the excitation, Thus the abilily to store information
in fwo chifferent states is availabie, aml a large class 0f inary eiemens has been
dewised using these principles, bn lhos chapter we invesligaie a numbor of ths
deviers and sysiems that make vse of Lhem.
Afier studying this chapler vou should be abic 10

1, Nlustrate how magnetic corcs are used 10 sionre binary snioemation,
2. [«lain 1he fundamental principles of 3 concident-Couteng Maenwry,
3. Dwesgribwe the operation of a semicomduc bor memary  geing citber brpolas or
MOS devicis.
g}

12-1 MAGNETIC CORES bo

One of the mas widely uaed mageeic clemients s Ine mgnee cese, The typaeal
core 5 toraidal idoughnut shaped), as shown in Tig. 12-1, aad 15 uswally ¢ anstrod el
in one of two ways, The metdi-ribdon core 8 constructed by winding 3 very thin
metallic nbbon @n a ceramic-core form. A popular obbin s Me-milahack 4-79
migdyixlenum. premaloy Hendrwn as ultrathin rdalwsah, aned o rypacel core mighl Con-
sist of 20 turns of this rllon wound on a 0.2-in-diameter ceramic fpnm.

Ferrtte coves are construclod Trom g finely powrdired] musdure i magnenae,
varinus bivalenl metals such as magonesium or maganese, aad a biaeder paienal,
The poswder s prpseeg indo the desireed shapues aed Ll During, firmg, bl siovnrler
fuved inltr 2 soled, Bomepennus, paiveredalline fierge Foerite sores such as ths ae
conunonl y consiructed with 52 mil gulsufr diameties sl 30 ool inscde duamneises,

37
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Fig. 1241, Magnetic core.

Fertte cores can iw consiructed m wmaller dimensiaons than metal-nbben cores
arkl usually hawe Ietter Gniformady and boaver cost. Furthermore, fetrle cores
pically have rosistiviiios greater 1tan 100 fl-om, which means eddy-current Josses
are neglighie ok 1hus core heating i« reduces. lor theso teasans, they aee widely
weet! as the pringipal memoey or siorage elements in large-scale digial computes,

Motal-ribbon cotes, en tke other hang, have very good megnetic charaglenst:cs
ang generaly requaie 4 smufler duving current lor swaiching, They are somewhat
tetier for 1he convbiuchon of logic circwils and shift registers.

Tha innary characIrsislics of 3 coee can be mast easily <oen by examining the
brvstergses curve 108 8 lypical core, Hystertsis comes from the Greek word hystersin,
whi hroeans 1o iag bwhinn, A magnetic core exhibits 3 lag-behind characterishe in
the hyteress cunve shown in Fig. 12-2a. In this ligure, the magnelic 1ivs density B
in motied as a funclhon of the magnenc force Ho Howewer, since Lhe lux densily B
woaeeg y proparnonal o the lux #, and sance the magnetic Tiedd H o directy
propwrhunal iooke current ! producing o, a plot of ¢ versus [is a curve of 1he same

Fig. 132 Tetrie-nre hysteresis curves. W] Magnetic Hus density B versus magnetic
hew #l. (b1 bagrein fluc @ versus curment 1.
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Magnetic Devices and Memorics 3

gracral shape, A plol ol dlus in the core & versos drving currenl { s shawn i bg
13-2b. We shall buse cor discussionn an s Coove sinte 1t is generally casicr o malk
in terms of these guanutes.

Now. suppose thal a currenl sowice 05 allached 40 the winghings aa the coee
thoswn in Fig 12-1, and a positive gureent 12 apphied fcurren] Doy inta the wpper
terminal of the winding), This creates a fles in the core in the clibwe direclion
shown in the (igure fremember the righthand ratels B iRe dose curem s ue
slightly greater than f, shown tn Fig. 12-2, the operating poiat of e care s sonie
where belween points b and © on the 8 canee, The magn.lude ol 1he Hux can then
b read from the & axis in this fpuree,

If the drive correnl is now remoned, the operaling painl moves siong ke ¢!
curve through painl & to poad . The core is mow SIoing energy walh ng it
signal, since {hese 15 3 remaining or renienent Hos in the core a1 s paint. Thes
property is known as remanence, and this poan) i known 05 0 romanent poinl

The repesled application of positive Current ppuluey simply causes the opcraling
paint lo mave bobween points d and £ an The Bf curve. Nolice thal The operaling
point always comes 1 resl al point o when all drive current is removed.

il a negalive drive current <omewhat greater than -1y 15 now aphied 10 Jhe
winding (in a direction apppsite fo that shown in Fig. 12-FH e aperaling pon!
muves fiom o down dhrough e ard stops a1 a pomd seimewhene berween fand ¢ on
the ¢f curve. Al this poinl the [lus hat switched n the core and s now directed in 9
counlercloCkwise direction in Fig. 12-3. il 1he drive current 14 now removed. the
opEOTating point comes I rest at pownl b an the ! curve ol Fig_ 32,2, Kobee 1hat the
{lux has approumalely the same magnitude ol s the negalive of whal it was
previousky. This indicates that Lhe core has been niggarlized in 1ne oppoute direc-
tion,

Repeated applicavion of regative drive currents will simply cause the operatng
point 16 mave between points g and b on the & curve. bt the Tinal reving place
with no applied cument will he point h, Painl K thea represents a second remangnt
poonl on the & curve,

Ny way of summary, & core has lwa mermanest states: podnt g afler the applicaton
of nne of mare positive currenl pulses, poing h after the appiicaton of nne or morne
negalive current pulses. For the core in Tig, 12.1, ponl d cerrewponds i the Lore
magnetized wilh Nua i 3 clockwive dircclin, amd POt £ Corresponds g Magne-
tiration with flux in the counterclorkwise direclhion,

Example 12-1

Cores can be magnetized by uliliring the magorie el surroundmng a corenl-car-
rying wire by simply rkreadiog the cores on the wae. Far the bwe potable curreni
dhrecions in the wire shown on Fig. 52-3, what are 1he corespanddong dirg ions ol
magnetizalwon for the core?

Solution

Accoreling W the nghl-hana rule, o coerent of +J magnetoss e coee walh the s
in & cinClwise direy Lgn aepwmt Hhie ¢ eees A cument ol =1 Bagaete the e with o

flux in o countereiog kweae oo im angokl the core
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Fig. 12.3,

1 e QUIle Basy 10 sew how 3 MAgRENC Coze 15 used a5 3 binary storage device
e gunti] syserm, The com has bwo states, and we can simply defice are al (ha
Hales as a1 and the other state g5 a 0. 1 is perdectly arhitrary which 5 which, hut
wr discyssion purposes le us dofing point o as a 1 and paint f as a 6. This msans
1K1k 2 pesitive cuirent wiil record 2 1 ano restdt in clockwise flus in the core in Fig.
12-1. 4 negatve currenl will record a 0 and rosull in A counrerc e cwise Mux in the
[ 1 B L

W ngew have the means lgr torording or witing 3 1 or a 0 in the core hul we dn

Ml 05 vEL DAV ANy meang nltherecting the information sloreed in the core. A wiry
simpde 160 D gL Tor accamplishing this is 10 apply a current 1o 1he core whith will
WAL LD @ known uate and detecl whether o no a large flux change ocrurs.
Convwer the core shown in Fig. 12-4. Application of a drve Curment of =1 will
“.1CM Wne core to Lhe O slate, I Ihe core has 4 O stored in it, the opevating poind will
ot Bl DOANLS g and b i the gl curve WiR. 12-2% and a very senall Auw
e will eccur, This small Change in flus will induce a very smalj valtagn acigss
e senee-winding ferminals. On the other hand, 1l the core hay a 1 stored in 1L the
Gperatng point will mave from peunt d 1o poinl b on the of curve, resuliing in 2
muciarges Bus change in the core, Thas <hange in fiux will imduce o much larger
voulage o the sense wanding, and we can thus detect the prosence of a 1,

To summafize, we can detect the conlents ol a core by appiving a read pulse

Wwhidy resets ihe Cuie 10 the O slate. The outpul vollage &1 the sense winding s

fig- 124, Senmng the conlenis of 3 core.

T
-1 :;1'.".'0 i |
_-;.-m LJ# u { s oipul vallage
'-t::au i= .:-. I Seme %: 1
.y winding, : 30[‘ 0 culput valuu\
o0l :
© I v TS 2 st
fror— e

. [ 1 [ 331
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mudh greater when the core cortaps a 1 Lhan when ol contains a 0 '~';-'|=.- :m
therelom delect 2 3 iy detinguishing Letween the lwg oulpal-vallage vpnals, bp-
toe thal we could o0t e core iy applying o el turrent of +7 apo detert Ine
Hage at the sense winding as a O, o
la?ﬁ:-ﬂ::?:;tmwlhfge appearing ab e “enwe swinding for a Iypical_ core i a-u?
shown 10 Fig. 124, Molice 1hat thore s a dificrence of shout 310 1 in w:.pul-\ﬂ.:
tage amplitude between a 1 and a Q ouipui. Thue a 1 can be detedied '.r.mmb
smple arplilude discrimination in an ampifier, o barge systems whn?re many cures
are yred on common winduigs [such s the large mmmory syslems in digilal cl:rrﬁ*
pulersi the [ oulput voitage may bucome considerably larger Imcalus.e ol afirﬁul_lw
eflegis, In his case, amplifude discrimination s quite oltcn uwd in combiaation
wath a strobing technigue. Even Lthough the amplinude of tive O oulput voliage mav
nCregse pecause of addane elfects, the widih gf the outpul will not |r1{rt'11.‘~:i‘
appreciably, This rmasans that thin G cugaal-vaitage signab wall have decayed ;]|"Inf1 o :;-j
be very small belore the 1 puiput voliage has decayod, Thus i we ilm}n‘ 1;: I{‘qﬂ
amplilwers some ume alier the application of 1he read pulse .lfrlr exampie, Derw ey
0.5 and 1.0 ps in Fig 12-4], this should improve pur detection ataliy, . .
The wwitching time of the core is commonly defingd as the time n:fnnrm 16§ E
outpa! voiage to go fraom 10 percest up through |.l\ mjmlmum wokge and bBac
duwn 10 10 pertent again [see Fig, 12-4hk The swale hing lu.mv lor any poe Corne : a
furkLipn of the drive current as shown in Fig 1225, s Ewdenl. (rom this cune that
an ngreased dowe gureent reawits in a decreased -j.'n|-|-.-itr|Et-|i.n.prr hime, In genetal, the
siilchung time [or o core doprends on the phvm':d e ol fhe m"_"" lhe.tﬁm‘ ot mr!;.
antl the materials woed in its Comstructhion, as woil as the manner o which # Is u:?‘: .
Il Lo suffhc ient e our pufioses o know 1thal Lares are aviolahle wath swite m:
tirre from around G 1 s up 10 milleeronds, wilth drive correnls af 100 mA Gy 1 A,

12.2 MAGNETIC-CORE LOGIC

SinCe g faznebic £ore s a basd bipary viemienl, it can be uueld i nlul:r.hrr.ni

ways 1o HmpRemenl ogical Wnclons Bﬁaug al it inherenl l'l.ls,ﬁl"ill‘ll:‘“. *; \:‘m‘ri:“:‘

a parculay useful lngical eloment (a applcaiwms where t-n_\rbrnnmpn:.l th n "

are gwaer eaced, ir caamiple, the temperalure exstremes aod raddtasl s juane
Ao " 1h N} 5,

" ;I.Lr:T:;‘i:il::::at:::w:l.if:lhf a shrape desice g als cneienb s et el dn ||*~T*t-

urg the core 10 the O slale, any Kific sysiem using Ligrs s N TR TT R

B2
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Ouiput iy Fig. 17-6.  Basic magnelic-core logic vlement,

dynamic system_ The basis for ysing the core a3 a logical element is shawn in Fig.
12-6. A 1 inpul % the Care s represenied By a current of +1 at The inpul winding;
this wp1s a tin the core {magnetiZes it in a clockwise direction). An advance pulse
oocuars sometime aller the input ulse has disappeared. Logical operations are
carrid out during ke lime the advance polwe appears al the Jdvance lresel}
winding. Al this 1ime the core is larced inlg the © state and 2 pulse appears al the
outpi! winding only il the core proviously siored a 1. The cyrrent M the ouwrput
winding can 1hen be vsed as the input for othee cores or other fogical elements.

There is wome energy loss in the core doring switching, For this reasan, the
culput winding normally has more lurns than either the input o advance windings,
sa Lhat the cutput will be capable of driving one or move cares.

Nouce thet 3 0 can be se in the core Ly application of a current of —f al (he frpuwet
winding, Alternatively, A 0 could e stored by g corrent of +iinfo the undotted side
of Ing ingut winding, The impartard thing fo notice is thal either a 1 or a 0 can be
stoted in the core by dpplication of a current to Lhe proper lerminal of the nput
winding, .

Ta simplify out discussion angd the lugic diagrams, we shall adopt the symbals for
the core and i's wrdings shown in Fig, 12-7. A pulse atthe 1 input sets a 1 nihe
core; 3 pulse 2l ihe O input ety a Q in the core; during the advance pulse, 2 pulse
dppears a1 the oulpal anly il the core preniously hetd a 1o Lol us now consider
some of the Basic logw functions wsing the symbol shown in Fig, 12-7h

A methed rar implementing the ok funcuon s shewn in Fig. 12.8a. A corrent
puda g either e X oor ¥ oingonts se1s a1 g the core. Sometme alter the pe
pu'seful hayve Bevn terminated, an advancy pulse occurs. Il the core has been ser to
the T starg, 4 puise appedrs al the owiput winding. Nolice thal this is ruby an o
manC on wirce A pulsae at gither the X of ¥ input or Goth sets a2 1 B0 the Core.

The method shown in Fig, 12-8D prosides the means for oliaining the congles
mert of o ovatahle, The sel fopet windog ta the corc has 2 1 inpul. This means that
duran the arpne pulse 1ime this wirkbng dlways has a set input cucrent, [l there is
N Lure et gt e Xinput (Sgnifving £ 04 the core is ser. Then, when the advance
gt et 4 1 APeans @t thwe outpid, signifyimg that ¥ =1, On the other hand, o

Magnelic Devices and Memories EXX!
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« Fig.- 117, magnelic-care loge element. (@) Core windings. b Loge symbol.

X =1, a currenl appears at the X inpul during the st ime, and the effucty of the X
input current and the 1 inpu: current cancel ane aruther. The core then renwing in
the reset state recall that the core is reset during the advance pulse), In this ©ade no
pulse appuars a1 the output during the advance pu'se since the core previpu sty con-
tained 3 0. Thus the output represents X = .

Thes ant lunclion can be implemented using a core iy shown in Fig, 12-8¢. The
two inputy o the core are X and ¥ and there are tour possible combinationy oi
thizie two mpuls. LEUs examoae these Input combinations in detad,

Fig. 128 Basic care logic functons, 13} 08, 15 Complement. () an. (ob Dxclusive-oa,
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Fig. 12-10.  Fouwi-Core shaft register. () Symbolic chrcul, 16) Wavelorms.

the other hand, when the core is being set 1o the 1 state, 1he dioJe will prevent cur-
renl tlow in The ouput and thus the next core Cannot be swilched, Nolice thal the
oppotite situalian could be realized by simply reversing the diode, )

The thirgd problem arises from the facl thal rewetting core 2 induces a cureentan
winding vy which witl pass through the dide in 1he fgrward d:rec!iun and thus
wndd tnset @ 1in core 1, This constilutes the wansfer of infermatwon in i reveree
direcuon and is highly undesitable, Forunalely, the solutian 10 t!rw f{rst problem
that un gaind resplis in 2 solution lor this prablem as well. Thm_ is, since Ny has
wer windings 1han #,, this reverse signal will not have suffcient amplitude to
wwile Ty core 1. Willy 1his undorstanding of the basic single-diode transfer loop, let us
iveshigate the opecation of a simple core shilt register, )

A basic magnelic-core shift segisier in symbalic form is shawn in Fig. 1 2- 1 0. Two
sets of advance windings are pedeysary lor shifung infermation down the line, The
advance pulses oe ur alternalely as thown in the ligure. A, is connected lo cores 1
and 1and would be connected 10 a1 odd-numbered cores for a larger register. A, is
cunnucied to comts 2 and  and would be conneaied wa all even-numbered cones. H
wer aswume that 2l cores are resct wih he exteption of core 1, it is -:Ie.lr. t!mt. the
Mivance pulses wit] ghip this T down the register from Core 1o corc until it is shilied
ol the el when cone 3 i e The operation is as fnlluws: the first A, e
vttt care 1 and thuy ety core 2. This is iollowed by an Ay pulse which resets <ore
3ol thus sty Core 3. The oext A, pulse rescls core 3 and sety core 4, ang b
mlliwing A putw shilts the 1 “oul the end” By reseiting cone 4, HMatice thal the
pan phases of alvandy pulsey are segeined, singe it is not possible 1o set a Core
winhe an atdvanti- for resal] pulw v presenl _

e opaput oF each Cote windmg can be used a5 anoinput 10 an amphfier 1o

—_— - e -

Magneric Devices and Memaories 3

produce the wavelorms shown tn Fig. 12,108, Noticw that alter fuur advance pots
the 1 has been shified completely through the register, and the owput bines .
Hemain low afler this ume,

The need lor a Iwe-phase clock of advance pulse system could e olipynanad
wome delay were introduced between the owtpul of eacth core sne e input ol ¢
next Core, Supnose thal a delay greator than the width af the slvance pulaes we
introducad between each pair ol £ores In this cdwe, it wouold e ROsi brler bty
vy Cove with Lhe same advance pulse since (he output of any core could not o
e Al the inpul to the nent core Ll afier the advance pulse had dhappeane

One method for introducing a delay between cures s shown m Fig, 12217, 1t
advance.pulse amplilude is several times the minimum required 10 switch the cor
and will reset 2'l cores 1o the O state, If a core previous'y contrined o,
switching occurs and 1hus no signa! appeans at the output winding. Oin the oth
handd, il a core previowsly contained a 1, comen! flaws in Lhe oulput windhing ar
charges the capacaor. Some current NMows through 1he set winding of the nest cor
but il is small because of the presence af e resbstinr furtiee s, 1 is owerridio
by the magnitude of the advance pulse. However, at the cessalivn of the acyane
pulse,  remains charged, Thus € discharges through the input winding s
and sets core 2 1w the | slate.

In this system, the amplilude of the advance pulses is nal too critical, bur 1l
width marst o matebed te the RC time constanl of the lerop P4 advance puls
are to6 |ong, or aliernatively if the RC Hmie constent is 100 shan, the Capaciter w
distharge oo much during Ihe advancn pulse 1ime and will be intapable of settit
the core a1 the cessation of the advance pulse. The RC ume constant may limt 1)
upper frequency of operation: 1 should te noted, however, that resestiog a core i
duces a current in its inpul winding in a direclivn which tends 10 discharge 11
CaphbC Hor,

The arrangements we have discussed here are called one-care-per-hi FLgintert
There e numergus clher methods oo many o discuss heres for implenenti

Fig. 1211, Core shitt register using « Capacitor fur delay between ceres.
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b Digilal Principles and Applications

regisbrs and counters, aacl e rewder s reforeed v Ll felerenges for maane ad-
vabce L b Begues, Sume ol the oider e heds include bova-Care per-bie Systons,
modfed-athvance-pilw secems, apodificd-vanding-core systems,  sphit-winding-
oo Aysheme, anck Cur:rnhruunng-tr,]nifnr Sy REEITIA

Example 123

wang rane wenibens and the capar doedeiay lechnigue, draw the diagram for a
M SLIEe iy Counder. Show the enpiciend wavelovns.

Solution

A& ning counter ¢an v Inemed Troim a simple shdt regisler by using 1he outpul of the
cil one a% We dnpul iog the Bt coce, Such a swslem, along with the expecied
wean el 15 shown in Frg. 12-12,

124 COINCIDUNT-CURRENT MEMORY

e cone shifl fegaster discussed in The pePvious wlion sutgests the possibday of
wedng Wl Aty 0 magnchic cores (or sigring worls of binany mfoesaton, For pa-
a3 =Tl cvaee shll regisier £ aold be userl inostore o 70 lue wond, The npwera-
Lo waoultl e serad it arm, much e the 10-hit [Lp-flop shitl register discussed
earer, f would, cooversaes, T subyect o the same spweod leerirations posorved in the
werial fapefing resgeier, That ac, wance pach il mutl ravel cown the regriter from
cone b coer, b eruorres moelock peneds o =R an m-Bil word ante o ol of the reg-
wrr, This shufi ninwe iy become exceasively dang in some Casns, and 4 {aster
Al s Bien i clevpinper], M it fasler aperalion Cats bBeoachieved i b in-
KA s wdiies At and read ot of the cores an A paralbel mannen, Since all
L1 this Jre procesaed amuilancaudy an eatire wora ¢an be iranslerred in anly one

lig. W12 Tour-slage pong, counler bor Frample 12,4,
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Xaclecd hnes

Yaleer
lines

Senie o tpul wre

Fig. 12-12. Magnelic-core coingudent-current memaory,

clock perod. A straight parallel system would, however, cequire anc inpul wire and
one guiput wire for each core. For a large number of cores the 1044l number of
wires makes This arrangemaont impractical, and same ather form of ¢are selechon
must be dewlopéd.

The maost popular methed for stonng Dinary information in pairallel fnrm psing
magnelic cores is the coincideni-Curtent drive system. Such memory sysdems are
widely used n 3 types af dignal sysiems fram small-scabe sponial purpose Ma-
clunes up to large-scale digita] computers, The basic idea involves ATTINRING cores
in a mateix and using wo halfselect corrends; the method 15 shosen i Fig. 12-13.

Tho maltic consisis of tao seis 0f drive wires: |he X drive wires {vcrlical) and the
¥ drive wires {hotzontal]. Notice that each core in the matax is Ibreaded py nne ¥
wire and one ¥ wire, Suppose one haif-select curent Yalg s applied 1o loe X, ont!
ane haif-setect currenl Yo, v agaliod to line ¥, Then the core whic tirraded
Iy baath ines W, andd ¥, will have a total of Yalo + Vafo = i passing el ;.l. vl
it will swalch sates. The romaining eoves whacle are thaeaded by X ar ¥y will wach
recrive only Yalo. and they wall Wherefore mat switch staies. Thus we Py swl-
Lerled im switching one of the L6 rores by <electing twiy of the inpal luns [une ut
e X fings anch one of the ¥ linesl, We designate the core Uil swa hid i the casr
as core X,Y,, singe il was swilchod By osescrtag Lines X, ol Ty Tl vivagingio ¥
X,¥, s called tiw address of 1he €oee since specils s lecaton. We can 'h_'-:"
swilch any com X%, locausd ar atdress 3,5, by applyeg Wl i ines X, ot '
Foor examipie, he core bovateel o e Tonver fggln-luaned comwer ol 1l AL s Al 1R
ackehess %%, and can booswald e Dy apgrivang Yalg Lo boes &y ard ¥

2
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In onder bt e welecied core will swatth, ™he dirpcbons ol the hall-selecl cur-
reals thironpds the ¥ dwwe anel the ¥ hoe must bee addinae n the core, tn Fig. 12413,
et X sefee b uinrenis must 'ow thraugh the X Lines irom the 10D foward the botsom,

Wi e ¥ seled! currents Gow through the ¥ lines fram lest 1o right, Applicabon af

0 dpihueent e will demonsdrate 1nal cureents in this duection swilch the core
Such thal Ine cone e 45 in 3 deckwive diredlion dogking fan: the top). We deline
1w as swils hiy the care tn tze | state, it is obviows, then, that reversing the direc-
Lons of Dotk ke X and ¥ bae currenis will swatch the core 1o the O vale, Malice (hal
il the X aml ¥ Line currents are i a subtrachive d.rection the seinciod core receives
Yelw — Y2l = 00 and (he « ore does not ehange stale.

Wah Lhis sydem we aow have the ababiy o swich any one of Va6 coret by
s PCHOE any two o caphl wores. Thae is 2 saving of 50 poCent over a direst paraliel
SO DU BESTRIAL TS Saving i inpul wires beComes even moee iniaressive (f we
vahirge the exisling maltin o 100 coros {3 sguare maks with 10 cores on each

Bk o dnis case, we are able o vwich any one o7 100 cores by salecling any Two
i onlv 20 wires, This represents a teduction of § 1o § over a straght paraliel selec-
voh vy shom,

AL Lhis paint we negd o develop 2 method of wnsag the cormepts of 3 core, This
can be very casily accompliched by threading ane sense wire through every 1 g in
1 malras, Siare anly ore cove is seliecied (switched) af a ime. any Gulput on the
yerse wire will [ due (o the chaaging of slate af the selected core, and we will
sheiy which con it s sitc e the core address is prevequisie 10 welection, NoLe that
Wi s ware passs heowth ball the cores in one direclion and through the otner
M the opsasite divechon, Thus the cutput signai may be efther . POsAve e A
rgalive pistlse, For this reason, Lhe oulpui from the sense wire is usually amphiied
.ir‘:] reutiliet] 10 produce an outpul pulse which siways appears with the same
sy,

Exampte 12-4

Crom the sanifpoanl of construction, the core mains Fig. 12-14 i+ more ¢on-
ven et Byl the argosary duccons of halfseiect currents in the X and ¥ Lines
it e gperahion of the mairix,

»olution

Core 3¥ voesae e sinnlar 10 the presviguely desgusses matris in Fig. 12-13. Thus a
cuttenl passing deowea Hwaugh ay and to he nght thiowen ¥, will sl coee %%, W e
Celwie, To set cee XY to the 1 stae, cuirent mindd pass dowan through line X, b
vartenl st sy rom the nghl In the lefl ihrouzn iine ¥, wcheck sl tiwe righi-
Pt ruleis Mooceoding e this asken, we soe thatl core A, Y, i similar 1o XY,
Tiwnfere, cuetenl mgst s threspph Tine ¥y feon fen o nghl, Sinvdacly, core 3, is
wnhaf 3 ot XY, and current must theschare pass tuough bee ¥, from nght 1o
nL A praeta, rorenl must pass feom el o right trough the odu-numbered ¥
dnme wrwd froms eghs o fedl dowuph eeem-numibaered ¥ Lines,

NI ST L BT AGsE pass Bom Bel e right teougn e Y, 0l s sasily seen
U Evaenl st s wisward Heoagh line by i orter et core XY, By an
argu el simnbar e Gead gieen e thar ¥ hines, current most pass dewnsard Hirempgh
e ewhd-numbsered X Tines and epwand Thraugh the even-numibsened] X lines.

——mmmam rE sy
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Fig. 12-14. Comncideni-curtent memory mairx [one plang],

The matris shown in Fig. 12-14 has gne 2a1rp windhng which we haoe il yet
descussed, This is the inhilist were, Inoorder 10 wnderstand s operatien ami function,
let s cxarmine the methods for woling nlormmation o the matis and reatlog ine
formation from Lhe malix.

Towrie a 1 in any core (Ihat is, 0 w0 the core tu The 1 sdaten, ol is ondy nodessary
o apply Yof, tothe X and ¥ lines setecting that core adilress, IF weo desined 1oowrile
a 0in any vore fthat is. sef the core 1o e Q stateh, we Couid simply appiy a curienl
of —Yilo 1o the X and ¥ lines seleching that core address, Whe can alva wrile 3 O
any core by making use of the inhilir ware shown in Fig. 12-14, 1We assume 1hat
all cores are wnitially in the [ stabe] Nogic e thad e apgahcation of Yaig 1o 1his wire
in {he diregtien shown on the (igure resulls in 3 complote cangetlilion of the ¥ line
select current £ 2050 tends 10 cancel an X line Current), Thus 1o weile a T anoany
oo, it s anly necessary o seledt the enre in the same manner as o woling o 1, and
al 1he saume e apply an infubit current tn the fafalnl wine, The mpjnr eeason fod
writing a 0 in this fashion will become Clear when we use Lhese matrix planes 1o
lorm a complele memany.

To sunmarize, wi wiide a 110 any ¢neg X, ¥, by applying Yaf, 10 the splect lines
X, and ¥, A 0 can be written in ke sanwe fashion by simply applying Yala 10 the
inhrlit T 3t 1he same dime W atl 2ores are inatially neef).

To rrad thee mfarmalion stored 0 any Core, we sioply apply = Yal | to e proper X
and ¥ lnes and depscn the ot on the sense ware, The weles | ourrents of — Yl
reset the core, gl o the core previensly ikl a 1 e aulpul polae oowes, 15 he
care prevaowsly beid a OO o thoes nod wwein B e e ou it ks dppacars,

This, Ween, s The conapiele comemioni-c ureenl sebcbiom sy sbeon e ome Hane,
Rahce 1l readoeg dhe informaateny gt el e momory fesaids moaocomgplele oss of
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Fig. 12415, Complete concideni-current memary syclem,

infurmation from the momory, singe il cores ane reset durrng the read vperation,
Thus a5 referred 10 as & destructive roadout o DRU syslem, This malrix plane s uwed
b3 store o ol ana wiwd, amd 1 s necessary (B uve 1 oof these planes 1o stare an
n-but word,

A Corpiebe ardien Conncident-correnl memory Sysiem can be constructed by
st eang i Base memon planes i e mannec shown in FIig. 1215, All the X
vrjnw e A0 Cpnaccied inosetees Trom plane 1o plane av are all the ¥ dove lines,
s e appiadian of Yoo lines &, and ¥y results an g selechan of core XY, in
ryesy nane, D L fasnion we can simuallaneowsly swich n cores, where nis the
ALmRer of plancs, These noores reprosent one wosd of a bels, Foe exanple, the top
haow mughl be e LS, the neat 1o ke 10p plane wowid then be the second L5E,
andi s o the Botiony plane would 1hen bold the MSE,

Tooread anformiation frem the memory, we simly apaly =%, 1o the proper
adovess and veose the outpals on the o wense hoes. Remenber that readout resulis

N aeecleay all cores to the 0 state, and (s that word posilion n e memory 15
Coraryl 1o ali Os,

Tu wrEe ntarmalwn infe the memory, we simply apply ¥ala 1o the proges X and .

¥ounee hres, Thus will, fiopwover, wte a 110 overy oo, 30 Tar the coms o which
wr e e 3 1, we simwillameoushy apply ¥l e the bt Tine, For ceanmpie, 0
whle 1w dhe waeer four planes i3 Fg. 1E-15, we applv Vil to the pooper &
w1 b gl Al et samie e apoiy ¥ty e the mkebir Imes of the second and
anon puid 10,

et el ol weling assoes thal al cores were previowsly oo lse O dlale, For
i iceasan ol i Cominka o define g merusy oylde. Ooe memwory cycoe i defanerd
as o reoboperalom Welenvet] T a werise nperatien s, Thes sorves foaoo o Tiest ol
wrisures Eat ali e Cones are o e 1 slabes foeng e wente apaerateass secomd 18
proncanies e bagses Jor thsgring & pondfesireclive reaclioul NIl wyp<lom,

Magnetic Devices and Memories 343

W is guite inconvenient 1o lose the data storedd in Ine memory svery hme Lthey are
read out. For this reason, the NRO has been developed, One metned fur ac-
complishing this funclion is ia rpad the infgrmalion au ol the memoy inlo 4 bem-
porary slorage register Hip-flops perhapsl. The outpuits of the flip-Rops are then
used 1o rrnve the inhibil bines dusing the wrde pperation which fallows tinhatat o
write 4 0 and do nol inhilul to write a 15, Thus the basic memory cycle aliows us o
farm an KDRO memory lrom a DRO memory.

Example 12-5
Dew hipe how 3 coincidenl-currenl MeEmony mught be fonstructed 1f it must be
capable ul stonng 1,024 twenty-bil wards.

Solution

Since there are 20 bits in each word, there must be 20 planes in the memory (there
is one plane for each bitl. In order o sore 1,074 words, we could make Lhe granes
5quavfe. in this case, cach piang would gentain 1,024 cores; i would be pon-
sruciod with 32 rows and 32 columns since (1024)!7 = (211 == 25 =32, Tt
memory is then capable of staring 1.024 X 20 = 20,480 bils af information, TYpi-
cally, a memary of this size might be constructed in 2 3-in cubwe, Nohce that in Lhis
memary. we have the alility to swilth any one of 20,400 cores by controlliag the
current levels on oniy B4 wires {32 X lines, 32 ¥ lines, and 20 fnhubet fines), This @5
indeed a modest number of control nes.

Example 12-6

Devive a means lgr making the memory $yslem in the previgus example a RO
syslem.

Sclution

One method for accomplshing Ihs is shown in Fig. 12-16. The basic core armay
consists o twenty 12-by-32 rore planes. For convenionce, only the thees LSB
plarws and the M5B core plane are shown in the dupram. The winng and opera-
1son fo: the olher planes are Lhe same. For clanty, the ¥ and ¥ seloci lines have aisc
been omited. The outpul sense line af each plane is fod inle 3 bipolar armpuilier
which rectilies and amplifies the cutpul so lhal a positive pulse appears any hme &
sel core 15 resel to 1he 0 slale. A complete memary Cycle eomsts of g clear pulse
ipllowed by 2 read pulse lollowed by a wrie pulse. The praper wavetorms are
shown in Fig. 12-17. The clear pulse fst scts all flip-liops to the O sate his Clea
pulse can be genedated from the wrailing edye af e write pulee), When the read
line poes high. all the anp gales drven Ly the bupotar ampliliers are enable.
Shorily after the rise of the read pulee. — Y20 s appiudl fo the X and ¥ lines iesi
nating the adiress of the word o be read out, This fesets all cores in e seiccted
word 10 the 0 siae, and any core which contaned a will swalgh, Any cone which
switches gencrales & pulse on the sense line: wehich b ampliled and apgeeas a® a
poslive pulse at lne gulpul of une of the bipalar amphiiers. Sce the read and
gates are enabbed, a poslive ul 2 At e ool o any amiphlier pasees thegugh 1he
amD gate and sety 1he Thp-lop, thonly therrafter e hall-select currenls disaponr-r,

noe
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Fip. 12-16. NDRO sysem for Exaniple 12,6,

'S .rp"d ant pos Inw, and the lip-fiops new contain the data which wire
H -vurrmf_v ke siveted coses. Shorlly afer the moged fne woes law, o werie hne
with dngh, aml s enables he write ann gates fconnected 1o the infub line
UIVOrS, v sicie of any [lip-fiap which has a O stared in 4 i kigh, and I1his
i she u-Ini.‘ﬂ' anD Eale 10 which it is connected, a this mannet an induint cus.
Al G 1o any core which Mevigusly held a . Shorily afier the rise of lhe
v.:n:.- by sitive hallselecy LUITERs are applcd 1o 1w same X and ¥ lines,
:.:'u*w \t'lllt'r.'l currenit sed a 1an a0y Core which does nal have an inhofir Cutienl
foles e satafmation stored i ine ip-Mops is wrillen duect bag= inlg the :'mo\-
st Bl carae, e half-seivct currenis e then reriuced i:n Fenl aneh lhe wale

L avags Ir:w._‘.‘hv fali ool the weite line 1 yeed 1o resel the (lig-tops. and the system
i mww oy Tar anoliver reagdharie cycle.

The NDRO AT SYSlen ussed n the precoiling exanpie roviges Lhe
n nlﬂls r::l e IﬁffiJm-'I[inl'l Iram1 the sysiem wiilawl eosng the anuvaguad Dt
shreal i e v, T B e g complele memory ysECY, e sl b (he

Magneuc Devices and Memgries 345

bt e e Ry Oyl — m————

Clear __n - In
Read _r_—'_'t
Wrile ]

TN R

% o
Myl fmi2 LJ_/_I
st § apr == [ e W

currendy L}' 4 1] ﬂ

fig. 1297, KDROD wavelorms for [ig, 12-16 Iread from memory).

capatnlity b wrile indormalion inig the cores fram some exieenal source - T]
data). The write aperation can be realized by making use of the exacl same MNORO
wavelormy shown in Fig 12-17. We mosl, however, add some adgional jpales 1o
tye sy stoin such thal tharng the read puise the data setinlo Qe Thip-lops wall be ke
eaternal dala we wish sinred in Qe cores, Tha could fasily be accmnplished by ada-
ing 3 serond e of awd gatet which can be used o wl ke 1hp fieps. The g

- dhagram for the comglee membry syslem s shown in Fig. 12-18, For sampicaly,

only the L3R is shown since the logic for ewvery bit s identeal,

For the complele momory syslem we recopnize Lhat there are two distingd upers-
tions, They are wrile inlo memory fiee., stuee ontemnal daia in the cones) and read
fepm memury (1.2, exttac] data froem the cores 10 bae wad elsowbere], For these oo
operations we musl neressarily gencrale wo dsbnet sels of coatial wavelonms T ne
wavefgims lor read from memory are exaclly those shown in Fig. 12-17, and jhe
events are summarized a5 lollows;

1. The cler pulse resels all Hepedlogss.

2. During ihe read pulse, ail vores 1 the seiected adilress are revel ta O, and 1ne
daka slered in them are icansferrcd 10 e Thip-Tlops by means @ Ino roat asn
gales,

3. Danng the wite pulie, the dina held in e ip-tlops are shared Laca i jhe
cores by applying posilive habisselegt guerents (U infbie currends are Con-
wolled v Lhe § sides of the Dip-llops and provide The megns of dormg 04 0 he
rores|.

The wring g memory wavefarms are v Uy e sane o Jwwn oan Fig, 1207
wilh one caceplion: IR IS, Ihe reail Juaise s repiac o] wath the enler data puise,
The evenls for write inig memory are shown m Fig 122149, and are curmisanred as
fralhinaes-

1. The clear poise owets a3l ibig-flope

12, Drurng e enrer data o, (T poogalive lad-seies | oiients mesel all cones gy
s samied Wyl aoirdsess, T cgne oudpuls aie ot ke, Toosever, s e ey,
an gt pates are pob craoeedds pshisarl, osloemal oloba e s e e sl

Ihrcwapee Lias drdeer a1l gahes,

LY
-
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.. 12216, Complete NORD memory system (L5@ plane aaly),

1. Duang e werede pulse, dale heid in the flip-flops are sored in the cores exac ity
as beigre,

in eneclgsem, we see (R VN il moenrery acd reacd fegmge momoey are gg_“:[i-'r
e S eralans with the exceplan af the dxla sieved in the fop-flaps. The
winrinrme e cvactly the wame when the read and enter data pultes are used
amwapiahy, amd the same 1otal cycle time iy roquired Ing ether gRerabion,

i shouid In printed out that 4 aumber of difl.culiios are encountiered wath 1his
i ol syatem Farsl ol all, since the wease wine it cach plane threads every core in
hat plane, a nuinber of uadesited signals wall be on the sepse wure. These un-
dewied sipaals are a desalt of the fact that many of the cores in the plane receive a
haibeseiesd curvent and thus exhitnt a slehe Hux change,

The gromvtrns” patleen af core arrangement and wiring shown in Frg. 12213 rep.
TEAERIY an AMCPLH G sz he sease-line noise by cancellavon, For snample,
ther sagrais intlutd in the sease line by the X and ¥ drive currents would hopeluily

Fig. 12-19. NDHRO wavelorms for Fig, 12,18 fwede inlo memory).

-1 MmOy {yhe——————
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Eriter data e
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L canculed oul since the sease bine orosses Weeses e i G o Bpuesie chreclinn e
same number of times. Furiiermaes, the senss e i abways al 2 45 angarin the X
and ¥ select lines. Sirmilarki. 1he noase signats indurcd inthe sende line by (e par-
hal swilching of cores receiving ha'lselect currents shouid cancel ane anober.
Thiz, howover, assurnes that all cores are ithenlical. which i hardly vwer rue,

Another mettod for eliminating poise due 10 Lors receiving hall-seiccl currenlds
wiuld be 1o have a core which eshibity an absolotely rectanguiae IH ronee as
showen in Fig, 12-20a, o Bis case, a hallseloct cusren) wooid mose the apm tating
point of the core perhaps from point a 1o pounl A on the curve. However, wnoe (e
lop of he curve is havirontal, no fluxs change would ocrur, and Iherelooe ne un-
desired signal could e mducerd in the sense wire. This is an deal curve, however,

" and cannut be realizeg o actual practice, A measure of core gualily is grven by the

squarenesi ratio, which is defined as

Squareness ralio = —-
8.

This is the ratin of the liux densty al the remanent pain B. to the fiusy gensitv at the
swile hing point 8., and 15 shown graphically in Fig. 12205, The ileal vaiue 15, ol
courwe, 1.0, but values between 0.5 and 1.0 are the el pliinahle,

12-5 MEMORY ADDRESSING

A this section we inveigale the means Jor aclivabng the X 3mi ¥ seleion hines
which supply the hall-sefect currents ior swilching the roares it the memary, First af
all, since o iypically respeires 300 w0 500 WA i eacly seeed hineonhag e,
typically between 300 and 500 mAlL cach scioct ling must e doven Iy o cugeent
amphier, A special class of ransistars has been develoned for 1he purpoew; 1hos
are reforred 1o as core drivess in data sheets, What 3 then necded s the mcas it
achivating the proper ¢ ore-tioes aniphifuer,

Up o this paird, we have designated he X Lines as X, ¥y, Ky o 2.

i ang the ¥

Ng. 12-20.  Hystercss curves. {ap (dreal. (b Praclical drealizablel.
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areas YWY, b A sGuare niatne o e nembet of Comes in cach
fioe £ s Aiuma, ane there are ben G coees in a mare. When the plangy s ar-
LAl & siach of M planes, where M i the numied of b in a warg, we hawr a
ety Capalie ol swanag v, Mot wonis, Amy two st | liness can Hen be gsid
Lk Sail €W T8 g v en awmiry, ufd the adaress al tha! weur is Wy where o
ol Bwan e winy puaber S 1 e o For owamiper X,v, tepresents Ihe column of
coren At S sierastluon of the b, and ¥y weie ) ines, aned woe can ihen say that the
TR LT ki 0k 23 Nohce Hhal The Ty dad an e acioress s the X Lne and
e veciand ozt s e ¥ hpe, This dFIntrary and cenle e revoraed,

Tius methon of andeess designation entaly but goe problem: i oa thghal system
WE Cant use ceny Ine numbers §oand G, The probiem o easily resalved, fpovwever,
Loce T gt s Fi o evampie, can be represenied LUy 010011 in minary farm, o
Wt e e i or e X Love pressition anel theee s (or he ¥ hine (s o, we can
et rlosraie aoe elefress ol any werd i g MMy bavingd a Capaci v of B4 words
5w Thie sy 13 see, wbee Wit thipe hils we can represent ¢nl ciroimal
SRR WEIC RS WP Can gelhane ay A= 8= pd wond T emry, H e chaee un
eignl-Inlanidnes e bas ot A line and four Bits (or 108 ¥ line, we ool define
a mertory Raving X 2 =10 W 1k = 256 words. In pereral, an address of 8§ s
Cait b el o eliog 3 suare memaory of 2% works, where there are 852 bils lar
ihe & Lnes anei 512 [nds for the ¥ lices, Fram this discussion i i eaty 1o see why
PRGN e Lo R CLIERL MCmIGrY Ssioms usialiy fave a capacity which is an
[T R RINTYF T IR i

cvamp'e 12-7

WWhal wi e She structure of the binary address iar a Mmemory Syilem having a
Cugrac oy of L0 words?

Solution

SAe I L2 e would have 1o Be 10 bins in the address wazg, The sl fove
S EOUE 00 e T designate ane of the reguired 32 X Bines, angd the secand five
i TH useu o designate one of the 12 ¥ lines.

caemple 12-4

tof e Awnnony sesem descnbed n Ine previous exampie, what 15 he decunal
wehiress T il fateawnn g binary addressogd
LR F R R R A
THKI DGy
wi T1EI (Wnls

soiulion

tH T desd v lus are he X Line and coirespond 10 the decimal nanlwer 27,

Cois s o Lve Dugs reprpseny e ¥ line and correspond (o the decimal number 5,
Lot e ke frss s LY o8 .

i LIk = 25, ARdd €D, = 10y, Therefore, the addiis is L P
iy The aghdress s XU Y,

wo i Lale oo 1he audress in a vpical Cligalal S¥lem dre SOroG 11w et of iy
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% Freomy anduligss reisien
e =

¢
ram HEX Aoairey e
! |

A decrwder mainy ]'

H
b & Xipipy =,

} 1
. A-dine disgiy
e
' i i

1 r
From | ¥ , I'l'.'
adudrowt . I:-;ﬂ decenler b’allrnn £ &7 werardy
TegIster ¥hiney l ™My r 'r'_'i of meingry |
I ! r =1
' =t
{ o 1 1 ey \
i L _

Fig. 12-21. Coincdent-currenl memory addressing.

fiops catied 1he “atidress register ' The address in binane divm must then L
decoded inlo dvvimal lorm i arder g dove one al the X [ine drivess and one ol he
¥ line driver amplifiers as shown in Fig, 12.21, The X and ¥ decod-ng marices
shown in the figure can be dentcal amel are gasonlindly bemary-lo-degiom |
decoders. Buiary-tu-decimal decoding and 2pprognate matices were discisssed on
Chap. 10,

12-6 SEMICONDUCTOR MEMORIES — BIPOLAR

Reduced cost and size, improvid rebialnday and speced af operation, and ingreated
pac king density are amoreg the LeeLnedogic d advances which have made <emicon-
ductor memaries a reality in mesdeen dignal syslems. A fipatar memony s come
struc bl wsing the Lamiliar ipobar 1ranuaar, whnle the 240% memos makes use ol
the MOSTET. 1n 1his seclion we consider (b characiensiics of knpolar semigon-
duclor memernes; MO5% memones are Consirdered in Lo pox) seclion,

A memory cell™ i 2 unit capable of stormy bunary inkeomation; the [wsie mermoary
urmt b Inpalar semiconducior memery is 1w Hip-lop dawcls shown in Fig 1222,
The crfl s sefoc tedd by raising the X wedeen Iine and the ¥ wdert hine: he e bngs
are bully returaeel threugh low-resistance sease anphies W gronel, f 1he cell con.
Laems a1 L, cwrresnd o8 ppreseal in e § oserse e, O the athwer band, of the cell cop-
tams A 0, Currend 15 preseal in the [bowense line,

To wiite mformalwn inle the voli, the X and ¥ sefect hines are held high; holdig
the i wae line high (V) whilis the 1 sence ine s grovaned weles 2 1 intu the
el Allernativery, halding tw 1w le Bigh {+ Vo anel ahe O sense lime
groouinl durng a wlect writes 4 0 inta the eell, The basic Gipolar menary col n
Fig. 1 }-22 con be vsl w aare one unaey dapt 1bit, and thus many such cells are
reqquinen D i formm 3 e ey

Sisteen af the B5 fys op ooty o Cipe, 12,22 haye Drpeer arrongecd i 2 Sefry-4 -
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g 1222 Mipolar memory cell cuowl,

tey W0 e a4 To-worg by gne-on memory in Fig. 12-230 10 s reletrexd to as a
a0 e eIy IRAM sipce each Ing s indeidually adoressabie iy se-
Cetng one X Line and ore ¥ lino, It is alsa 2 nondestructable readaut since Lhe read
Cearabion goes s aitet ke state of the selected Dlip-fiop. This memory Comes on 3
v e womiconducion chup lin a single packagr] as shown in Fig. 123-24a. Te con-
Wl a 1hewors memgey with more than one bl per wond requines staceing thewe
e ¢ unile, For example, sixoal these chips can be used 10 constiuet o Looword by
v emeny as shown i Fig. 12-24b. The X and ¥ sodeess hnes are all con-
Ll in paraiei. The uods thown in Figs, 12223 and 12-14 are essenlally
ajvaiont 1 fhe Texas Instruments 9033 and Fairchug 93407 15031 ar 203 1)

Esampie 12-9

Pt a Y, oapiam how o contdrucl 4 16-word by 12-hit memnry, What
ancbresn wiznlt] seeet he 12-bit word formed by Ine tuts i cofumn 1 and row | of
ur iy Piained

Soaulion

Contan ! pepive Jgeword by eeelpl memory planes in paraliel, The sddress
A g4 ¥ W s IO TE0 sulegte thee it b the first puiumn ano the Lest row ol
each phane a3 2ol word repercopled by the verlicsi Coumn of 12 sl

Fou largee musnotees, the appropnate addriss decoding, dnver amplifiers, and
rdfente lapes ane ali comstiucied ina single pockapse, Suvio a unal, far example, 45
Uy Pt bded 93415 =1his is a 3 f24-wond by ooe-int readfwrie RAM. The lupic
Lt a6 sdwenr i Fro P2-25.0 An agarees of 10 s s reguntel
LA A Ay AgA s 10 Bt TU2 wgeds, That e o ons prowine 27 wird

da o ——mr AR e R

P
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A = Wnie inpul Edch square represents
T = SEny Dulpul W, ", one bl of storage.

Frg. 12-23.  1&-word 1-bil memory-

tne.tinns, o thes case. the 10-kib arliress is dearleed nlo twn grogps ol v s
cach. The Girsl fve 1A A, A Age Ay selerl o unicue group of 12 liars lrmm thae
A2y 12 amay, The setomd five 1Ay Aw A Ae Ay wircl exactly one of the 3¢
prevaleg ted ines or reaaing o weding, Thewr hasic units are then slagked o paral-
el as shiown previgusly; o ownts prosathe 3 memary hawing 1,044 wonis s a it

Anctler Inferesing aimd werful Tepe of somiconductar nusmoey is shwman an T,
1ded0. This is a2 dupeglar 7L eemeel-unly eprory TROWA Towe anfarmalon hored 4
HOM tan Iw soad out, bul pow inbrmation cannal e wrileo ol i, Thus, the -
frmabon dorad s permanent in noluee, ROAM can be uswed fo slare mualhematic al
taliles, code lransliaians, and olher foad data, Toe o seguined o g RO s
peacralby simpior Inan Hlat reouaerl ot meachiverse peray, ane] (B i A peran
Fig. 12- 20 ioguivalend o a T o Fanchald 444y areacedee ar eigldapg ot
wiorl for each bveda gt ki There are, ol oy 1w, iy An
aelelrea oof Lisor opfs proendes 32 wortls 128 = 4,
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Fig- 1214, la_-: Logit diagram. (B} 9in chups
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Example 12-10

Hgw many achbeess bits are roquiced for a 123-word by Tous-bo ROM consiercing
similarly 1g the wnit in Fig. 12.267 How many memory cells aoe theee in such 3
unil!

Solution

I requires seven address bils, since 2' w128, There wouid be 128 % 4 =152
memoary cells.

12-7 SEMICONDUCTOR MEMORIES -MOS

The basic device used in the construchion of an MOS semicanducior memory js the
MOSFET, Both pchannel and n-channe! devices are availabie. The a-channel
memaries have simpier powe! requirements, wsially only +V... and are quite coen-
patibie with TTL since they awe usualiy referenced 1o ground and have positive
signal levels up to + V.o The rchannel devices genvrally require Bwa powei-suppy
vollages and may require signal inversion in ovder to be compatible with TTL. p05%
devices are samewhal simpeer than bipolar devices: as 3 resull, MOS memonics can
be constiucted wath more bits on a chip, and iney are generally less expenswve than
bipalar memeries. The inirimsic capaciance assaciated with an MO5 device pen-
erally meams 1hal MOS memories are slower than hupeiar unils, but this capaci-
tance can be uved 10 good advantage, as we shall we,

Fig. 12-36. 256-bil [32-word * 8pilh ROM.

y a1
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Divawm -

— fig. 12.27.

e

An RS Sk constructed uaing MOSFETS is shown a Fig, 12.27. 4 is a slan-
dard metable couitl with @, and (2, a5 (he Iwg acive devices. and Q, and Q,
acting, a4 artae pulaups tessentially resistances), @ and (3, couple e M:p-flop
euiouls i the two bt imes. Thes ¢l s comstructed using r-channel devices, and
seerrqion s acconilished by halding both the woesd lice and the Bd seleet line kigh
- Vepl. The posdine vollage on the wond line turns on O, and 3, and the posilive
VoRlape an e i sedect line turas on ). amd G, Uncloe thik condisn, the Speflop
oLtyals ane coumeea diecctly W ke bil outpel amphfier iane input <ae o high, and
et st et On e alser haod, data can be slored in ihe ol when i is
s el 1) Aapgnving boor D 0F Ve e OV do) at the dala mpul termnal, TRe basic
PN e an B T3 s wnod T constrogt o 1,024 RAM having a lopic
kel ST b Fig 12225 Thas particilar unid w2 2602 as manufaclured by Sig-
By LR

A memory el vsing pechannet MOSFETy is shown i Mg, 12228, 2 and Qy are
e iwve arfive devicrs irming the Gip-lop, while £y akd (@, act av active load
pesiibs, The o i wieried v o low Topee level at the Bt sefect inpul, This
ikt Hee Conieats of the ig-top oul o appropnate amplifiers tas in Fip 12-17)
Vol aniel G

= 0

Al By S s ol e g od doring Disary o anaton e

cttuleny, Tor st e g o AT Luagt Laud FORTLIInS ek faosel d5 bonge

T
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Fig. 12-18.

as power is applied ta the circuit, Ao, 2 PAZReLC COre Temams st nr resel, even if
power is temaved, These basic memory cells are uﬁgd to form a slxauc n:emorv: On
the oliver hand, a dyrarnic memary is cnmpo.:g-q of memory celis whf:ue_l mn.:r'-‘ts
tend 10 decay over a period of time (perhans milliseconds :I:r secon{ls ..l.'-u!-.. L L;r
conlents must be resiored ireleeshed) periodically, The eakv capadilance ac

- socrated wilth a MOSFET can be used In store charge, and thiy is then the Basic unt

wsed to form a dynamic memory, [There are no dynamic npolar Memones 2ty
there is ng suilable intrinsic capacdance for charge storage) The nergd for ewra

Fiz. 11-2%. Basic dynamic memory cell,

Read
B
*
I_ i . —ta Fead dala
l o
! ! I .
1
E g |
' |
| | I
Write data »=f s j_ I t-:] 9 : g
I T e ! i :
L — — '
e
i #
wrile L1
bt
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Ao ' \ ' Mle rraory maLria |
1l aeryy N Reads 4 32 row i
A n_-i qu | ; wrhile i 17 cn'um‘ni i
seleciar . I
A, ! ; dmpl-Tiars (14134 bo1s) l
A, o i i :
L— -
, |
—_ .
g Relresh ampivtien :-..-%ﬂ.u
e madfwrie cplumn 6
v Fanng ————
oy — : Gata owt
Prechirge o— - P
Cemaltlegm— 1
]
Read Wil + of 32 I
. Caiutnin sewpq tor I
Il_.uglc D= et vollgge |
o b o* Low valiaye J' ‘! '
6 4
A’ A‘ AJ. A' A’

Fig. 12-M. 1703 Dynaomc RAM hopgic diapram,

;I.I;...'I:.I-H,]“:Lm,‘? :‘-. Wl 1o poeriediesaaly redresh IhE.d'p‘I‘-.}I'I'II'E My 15 a oisadwvin-
IR v l.“ ather specds and Inwer power dissipatian, and therciore 1he in-
Cotamel il neadsdy, gurveighs thie sisadvantoges. Note that a dynamic m;;
uns s eneigy vty when reading, woling. o refreshing celis, A typical d it
n‘.{;.'::nr". Cod i%owmwn in Fig 1229 ‘ e
H:Ihff:livnanm' r.'nrnu:rr?y ceflin Fig. 12-29 15 canstrucied from pichanne) MOSEETs,
. B -F._E:Iﬂ.ll"mHIHI. ishown a5 o dotied capacitan is used as the basic storiee
:;Lu.'lnwnlt. ml wetle biva e cell requines holdng the write bus at 3 low bage :'r-\:-i‘[-
lh:n: .;::f-f;:cl a .lhu -!-_mre- thita inub charges the gate capacilance <iores 4 | ir;
Lhe wealk Wi the wrie bwgs bkl oo, and a tugh logwe lewes [+ 4,1 al ine wride o,
Ul the FlS €A ang e wodicharged £ Qs stored in the cf:II- e
Ta1 rrau e et L0d renjuanes hoithing tie read bus input a1 a ic11w lariv lowed, H
“.“' I H Icﬂp.u:tl.m: e o ciargedl beell contans g 1, the read data line ﬂ(;;"i § -r'l.lf' :
H 1:1,“ caul conlurs a3 ahe regd dute Ling cemains low, T
m._: l:;;..:T:: ;m; &n l.q.;. 12 29 v weexd by a number of manulac urers 1o construcl
= ¥ I LD24Da dvaamie RAM, The lowic diagram s snosvn in Fug
1230, Redor 1o manufactuners’ data shects for maore detailed operating inr'mm.ulum.-

126 MAGNETIC-DRUM STORAGE

Magatic Loy A weaconieclan devic e arranged i three-dimensional torm
:*”l‘f ke advinlages as memory systems, By far the mgy B HALANE v an|aee is
21 spceed wlt whael data can be wrilton anto or rearl frean the mur-:ln I:

This s colon ]t aue oas fime, aned e COMt MICMory sysems il 45 s ';. |;:H!I- A L-mi:
M Faf e oyt e, Thus Ihe 300 (48 Timae irerily r-:-lau.:tl s the L?n:-m-lr:?:{ ":
R L T L T | R P - THISE Ty n‘;]."lwl::;

——(r - mm

e ——
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sviderms are said 0 be random-acenss since any ward in fhe swemory can be
selected at rangom, The primary disadvantage of Lhis lype of meatry sysiem 5 lhe
cost of construction fnr the amount of siorage availabie. As an paanyie, recall thay
4 mapaetic Lape s capable of slonng large quantitics of ¢dala ot a relatively low oo
per bit of storage. A typical tape might be capable of sloring up 1o 20 million
characters, which corresponds 1o 120 million bits (Chap. 10). Te construct such a
memory with magnetic cores requires about 3 million cares per plane, assuming
we use a sack of 36 planes corresponding 10 3 36-tu word. It s gquudde ecacy 1o un-
derstand the impracticality of constructing such a system. What 15 novded, (hen., iy
a system capahle af staring information with less cosl por bt byt baving a greajer
capacity,

Such a wystem is the magnenic-drum siorage ystem, The basic of a magnenc
drum i a cylindncal-shaped drum, the suriace ol which has beon coxled with a
roagnenic malerial, The drum is rolated on its axis as whown i Fag. 12-31, and e
reactwree heads are used [o record information on the drom oe read nisimation
fram the drum. Since the sudace of the drum & magaelic, it exhints a reclangilar-
hysteresis-loop propery and can thus be magnetized. The process of recording an
the drum is much the same as for reconding on magnetic Lape, a4 discussed in
Chap. 10. and the same methods for recarding are commonly used fi.e, RZ, NRZ,
and NRZI. The data are recarded in racks around Lhe circemlerence ol the drum,
and there is one readfwrite head for cach track, There are three major methods fus
storing, infurmation on the drum surface; they are Uri-serial, Bit-parafled, ann bt
serfal-paraliel,

In buaerial recording, alt the bets in one word are slored sequenbally, side b
side, in one Irack of the drum. Bil-scrial sorage i< shown in Fig. 12-324. Storage
dencities of 200 1 1,000 bits per in are tyjncal bar magnele drunts, A typacal deum
might be B in in diameler and thus have the capacily o More 7 X 8 in % 200 bals
per in = 5.024 bils in each track, Drums have b constiucted with any s here
{rom 15 10 400 tracks, and & spacing of 20 Iracks tn the inch is Iypicai If we e
sume this particular drum is B in wide ard has a tonal of 1000 Iracks, we €2 ym-
medialely that il has a storage capacily of 5024 s per Irack * 100 Watky =

g, 12-11. Aagne b -drum stiage.
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, I weareh af 36 ety

far Trach 1 Teagy 2 Track 3

dn Vet pgyeqe Biis  goag

FLTTIN B PP et Track 35 Trach 38
I
i) 1 BCD characior 18C
0 word of
FLIET 3 16 characiers
i}

F5- 30 Magnetic.drum Organization,

) dilserial-pyralted orige, 1 Biseria Horsge: 1B Bitpanie

Sloge.

M2 ADY hugy f miormation, Compary
rimory, which is 54 rores on a3 sige
p.‘..r-es:. Thiy core memory has 3 capacily
YrCrind die Acually considered

consiructed angd are now in LLe,

Example 12.11

this Capacity with that of a coineident ot
fquite a farge cove Syslemi with G4 core
of 20 x 265 g0, 262,144 s, The drum
wnall, and mych larger drumy have been

A Cetdm magnenc diom s 12
Cairaliiy of the degm
500 bns per g

o diameter and 12 in lon '
. B- What is the siorage
if there are 200 rracks and data are recorded ar 5 densicy f;r

Solution

0 Ihe procwelivg example, vach track bas the abil
wroare J Wit word, we ¢ an Sore bt $23 wore
ans sl "Muendally amound the nruem

iy 1o slore about 15,840 birs, IF
$4n each lrack. Since the wonds
and unce (Lherp s oaly one readiwrie

L m—

L P —
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tead lor the rack, it is casy 10 see thal we may have 1o wail 1o read any one worn.
Thay is, the druam is rolating, and the word wo want to read may not e under the
read head al the time we chaose wo read i 0 may in (act hayve just passed under the
hesl, and we will bave 10 wan untis the drum complelns pearly a Il revoigion
belase it is under the head again. This poinls oul one of the major disadvanta zes of
the drum comparet wilh the core siorage, That s the problem of access bme. On
the average, wre Can assume thal we will have to warl the tme required for the
drum 1o complele one-ball a2 revolulion, A dium is thus said o have restricted
Flaw il

Example 12-12

If the drumm in Examplie 12-11 rotates at a speed of 3,000 rpm, what 15 the average
acress time lor the dromi

Solution

3000 rpm = 50 rps. Thus the time {or one revolution is 1750 rps) = 20 as. Tros,
the average access bme is one-hall the (ime of ane rvedution, which is 10 ms.
Contrast Uhis with a coipcident-current Cure memory which has a direcl access ime
of a few microseconds.

Molce in the previgys example thal W requires a shon periad of Lime 1a read the
36 bits of the word, since \hey appear under the read head ane bt 21 a ume in a
serial {ashuon. The aclual ume required is small compared with 1he accoss 1.me and
is Ipund 16 be (20 mgfnfis21 words per lrack) = 40 us. This read me Can be
reduced by storing the data pn the drum’ in 2 parallel manner, as shown o Fig.

12-320.
. The average access time for bil-paraliel siorage is the same ay for bitsserial

storage, but it is possible to read and record information at 3 mach fasler rate with
the bit-parallel syslem, el us wse the drum in Examgle 12-11 ancr mare, Sinee
theve are 523 words around each track, and since the drum cotates at 50 tps, we
can read lor write} 523 woods per revolution X 50 rps = 26, 150 words per secand,
i the data were stored in parallel fashion, we =ould read {or wrile) a1 36 times this
rale, or a1 a rate of 18,840 words per revglution ¥ 50 rps = 942 000 wonds per wes
ond, We would, of course, arranpe 10 hpve the aumber of tracks an the dum an
oven multiple of the number of bits in 2 word. For example, with 3 Jo-bit word we
might use & drum having 36 or 72 or 108 racks.

A thard mothod for recording data on 3 drom is calied “bit-serial-parallel.” The
methodd is shewn in Fig, 12-32c and iy commonly vsed (or sioring BCD informa-

tivn. The avcess and read (or writed Himes are o combination of the serial and parals
fed times. One BCD characier octupies ane bil in vach of four adjacenl tracks.

Thus, every [our tracks might be called a “band.™ and cach BCO characler ve-
Cupies one space in the bardd. IF Lthere are My BCD charsciers in @ word, we can
slare 523 words on he drum of Example 12-11,

e ahien the access time s specdin] up by e additing of exira readioerite

[

heagy around the drum. For exampiv, we might use two sets of hesds placed on &

oppowie sdes of 1he deum. This woubkd phvigusly cut the access I hali. Aler-
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ptivedy, vee mipht aye theee sets of heads arranped around the doam an 130 angles.
Thim wo'tl reducy the agoess time Ty one-thingd,

Siace whlnyg an and reading front (he deuns must be very carefully tmed, one
rack in the drurs s usuaily reservesd Ss 4 timing track Onothis rack, 2 wenies ol
yming pulsrs i permanently recorded urd is wsd 1o synclronize the write and
peded cperaians, For the giem deneyssetl in Exarple 12-11, there are 523 words in
eath trauh atound the circumferom g of 1he deum. We might then secord 3 series o
533 equaly spaced tming marks around the Circomierence of the iming lrack,
Fach pulte wou'd then desgnae the sontd aar werrte position or o word on the drum,

STUDY AIDS

Summary

A wide vaoety of magnetic devicrs tan be wsed as binary devices fn cligral
walems, By rar e most widely uied i5 the magnetic core. Cores can be used o
implement s anous lugic fungngny sech as «8D, CE, znd w01, armd more Compli-
caterd fon tms caa T feenned fmm combinations ol ihose s cirguis, Magnetic-
core shalt registirs amd ring coumers ¢an be construcied by weing the single-lie e
transter oop between cores Magnetic-core logic is particularly wseful inapplica-
13RS EApCHENC NG en, ronmeilal es s,

DureCTl-accves memares wilh very (s acorss times gan be conweniently Con-
structed usig wither mugnetc cores of tranastars, The maost poputar method Tof
construcling these memones s the Coingidon-coren techingue, Memwries Ccon-
siructed using cores are wherently [DRO-type memaries but can be Iransiormed
inlg X0REG memories by the addison of ealeraal logie.

Somicondu tor memuaries constractid rom bipotar ransistors or MOSFETs are
avarlabhe. Bipolar memonas wie shalic memanes, bul i asadlable a3 random-
aress ROy, 0F 3w compole foacdiwade umits MOS memaiies . e il slanc
or dynamin, and are oy sitable ay HAMs.

Alrenetd drums and 118y grovide larger siorage Capacitios at a 'ower COst per it
than care-ype memarivs. They th, linvewer, offer the disachantage of ncreasl
aUCEss Lirmg,

Clossary

arcoss L Tor 2 coincident-cufrenl memory, # 5 1he bme eguined for o
peadfverile Cycle. Lo general, b i e Y peguired 100 write one word into
memory o e read one word Hm Ny,

addrons A weizes of binary digins ireed 1o specify the location of 4 word sored i g
Moy,

commikent ¢ uroens sehe pon The Wechnigque of applying Yot on each of bwo lnws
passiing rronng’s o magnetic deviee inosuch 8wy that 1hi net cuerent al i will
ey TN LT U TR

PHEE Y DVt i toge rewnifinat,

e ey A iyt et comtents must e restorod prericdicatly.

sty Daernoed o tine Cireeh word Lyaterein, wlhoch means o lag {ichiert,

PR TN R TT AL T AT R LTI :}!ul Ll it Hon tlemsily B werus maneht loree

et g 1 —
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H. Can ahwe refer o the alod of maghelic flus ¢ verses magselizing curient

memery Cpele I camcidenl-curient mumory sysbern, 4 read opoeration folhoase
by a wr:te operation.

NORO  Nondestructive readoat,

RAM  Random-access memory.

ROM  Readsonly memaory,

select currend {o The minimum current required to switch a magnetic dhvice

smgh-qrrmj? trander loop A mothod of coupling the guwlput ¢ oae maunelic Cor
tp the mpul of the pesl magnetic care,

squdieness ratin A measar of core quabty. From the hystesgsiy curee, 10 is 1
ratio B3,

shatic moemory A memory Capable of sloring binary inforaation indefiniiely,

Review Queslions

1. Mame gne advantage of a lerrite core over & metal-nbbon core.
. Wame pne advantage ¢f a metal-ribbon core over 3 fertice cote.
1. Dpscribe the method for detectng g stared 1 in a oo,

E N Why} i a strobing technique often used to detect the oulput of 4 swiihes
corel

Fow is core switching 1ame 1, affected by the swilching cuerent?

b, Elm'-'!'rn wh_'r more compleated logic functions using cores can lead 1o onees
$IvE OpETaliNg times.

What is the purpase of the diode in the single-diode transier 'uap?
Why is o delay in signal transfer herween cores dusired !

9. Explain how the R and € in Fig. 1217 intracluce a defay in aigna’ treasde
Itween Cores. .

10. _Eh_plﬂin the operation of the sense wire in 3 magpelic-core mates plame, Wiy
te it possie 1o thread every core in the plame with the same wired

1. Explain how u is possible 10 store 3 O in 3 cuinaident-current memary core
using the inhikit line,

T2, Why is a hasic coincident-currenl core menwary inhewntly o IR by
EVALE 1

13, In the basic memory cycle (or a coincidenl-cument core menwsry sysiem, wiy

must thee read! operation 1 mme Beivre the wrile operation?
i

19, What is Hw chifercnoe hebween the svnte i memory and The cead o
memery Ccycles for a comgidhent-currenl Core mendey systom?

15, beplain the meaning of the te “sdword by cight-lar siatic £AM"
16. Why are thene nadlynomic hipofar memerices?

17, What dews 0 mean 1o “refresh™ a dynamic mcmony?
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18, Eanenfee the chBerernce berween rasdom-access and reslsic red-ac omss nem-

L he+h

VL Oesrndae Jhe advantages of using a magnric-drum slorage sysiem.

Vroincems

YR Deaw o byricd] hyslesesis curve for a core, and show (he two iemaneni
LITLOES
180 Snewe grapheeally gna o curcp the path nf the operating point as the ¢ ooy
wowitched rrem a1 oo B Repeal for swarching from a o g 1.

PRI Daw te wembol for 3 magnenc-ceve wogic eiement, ard e piain the func-
TN LRI RSP Y

P e g s ol wavelorns showing how e exclusve-or Circul of Fig,
cAeef mudd nperaie edice o reguices only 1w ciocks wich are spaced 1807 our

[T R AT LN

T aInmw g sagle diokle teansior oo belween o cotes and explam 188 opera-
S e il gl e el

106, Drew 4 soncmaac and the wavelarme Jor 3 core Hing counler which pro-
vaghes Sew e owljnal pulses,

Td7. DOtawe o seelcir annd oxplain Feoww a core can be switched by the comcident-
Cureenl methogd

AL Muake g heten similar e Fig. 12-15 showing 2 twee-dimensional core

sertiory Capabie ot sanng 100 (en-bil words, Shovy adl inpet and outiut lines
cuarly.

124, Dvwendw Lhe geonclry ol 0 coincdenl-curtenl core mernory capatie of

iy 4 096 (hiry-sin-tnl words (e, how many ganes, how many COnes per
BT o Talt B

Bl How many [0s can be Stared i the memosy 0 Prah. 12-92
12-11, How many coatrol lines are requited for twe memory o Preb, 1197
12402, Show grapiically The meaning of squareness ratio ior a magnenic core, and
Faglifl iy imparfance foe magnetic-gure memories,

i£1). Desenbe a struciure far the address which couid be used for (he mesvry
o Mrob, 129,

T¢-14. 1§ a certain ¢ore memoey is composed al square marnioes, wlal w 1he woed
wagst y of (e acloress i 12 binary digitsf

1.5 Ihnw marey Y are required in the address of a 256-woed by nne-bit
erandiwertie Digaclar AN ?

12-14.  Oraw the poianly of 1he sgied charge on the gate capacitance shawn in
tw lasic dynamic memary cell in Fig. 11-29,

e -

I - ow mmler TEIE = o W w - - T R

i M
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12-17. What s 1;113 bit-storage Capacily ol alm.u:nc-tir :irruT 10 1o <leammeler ol
data a1ru cored with a density of MUY fuls gt inon 200 traces
12-18. Vhatwould be Wne diameter of & magneuc drum capabie uf_ s:m:n;‘r.ﬂz; lbl.::
lhi;v.:t-;i;-b-l words if Irere are 10 tracks and dala are stared bil-cerial al
per inf N N
i i i Prob, 3218 00N ralates al
Moot e LR AVOTALE access (e for the drum i .

13:.:)30 r‘;}iﬂ?’a%r:l:: tﬂuldbb-e done Lo fhguce this access i by a laclor of M

' i e,
12.20, For the drum in Prob, 12-18, ab wiat il rate musl dgta ho moved {
raad or wiite} if the drum ralales at 36,000 rpmi

Ny



Introduction to
Digital Computers

The gipdal prineipers thscussed o the presitus chapers have boen otbized o
devise & preal maay diforent dyutal sysleme. bhe applicalins are many aml i,
They inclurle simple sysiems such as counters aned digada? coocks, andl more com-

‘phex applicatons such as cigital voltmeters, A/ convenms, requoncy ©Oaiee,

and tme-period measuring systems. Amang Wie mest sopinshicaled digial systems

devised are digial compurers inCludieg spueCial.purprose machines, wmabll praeral-

purpos® compuiers such as the Digtad Equipment Corp. POP-8/EL and large

REnerzhpumpese compulers (spcn as e A M0 and 375 svciemsh in ihes ¢ bapter

we consider sGme of the basic grinciples common tn gduatal Compoter Sykems.
Alter studying 1his chaprer you should e able

1. Suate 1ne thilcrence between a special nurpose and 3 general purpose dhgal
compuler,

2. Discuss the 4 main blocks in & gereral uiposw computor,

3. Wrde a simple compules pRORrAm using Maemcie Cixle.

41 BASIC CLOCKS

The operalion of contrad of a dipifal system con be claseficd in bag penenal il
eporips —synchtonous aned asenciranous. 10w spochronaus sysiem e lige-flogs
are contralled by the system clock and cam therefone change stules only wlen e
clock changes state, Therefore, all T T Tops and Ioge gawes ©haope Mes o
time ior 1 synchrgrismi with the Clock. An evample ol such a syachirommm sosem
a4 the paraliel counter conacted using e masteralice clocked e lopn 1 the
counter, the flip-fleps can charge <ale only whon the Clocs goes low aml ap et
other ume inohice that A system could e consdruc e <o b bal The fipthym wannr)
chamue state when the lock poes highl, O e nlbee hand, in an asoe foastene
wyulemy e iige-tops are Comdrelled Ty enents alug ey g gt Farthoen Baees s

|k

[ R4
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- - 't.lll;i. cyele L

UL UL U
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Fsr. 14-1, Fasar syntermn clock.

e Tp-Cops moye coanpe saies al fandom and are i o syachromasm wih any
Lihi sine Ly b a Cioc= An evample of sech a system might be 1he operalion
ol 2 ks Dulion o a huniaa gpe-ator, Depdesson of te push button wou id couse
a Daga ey e Chaa e slale, %:nce D nperatal can depress she ution ofF any jeme be
e e g leserg b g fop winehd cnange states b s andon e, and this s
il A avenchronous operatuen Mo larpe-scaie digital gesens operate in
i synchrosngs moge: i vou gee a Litie thought W the chedkoul ang mainte-
Angee ol such o sesiem, Gt s Pasy 10 wee why,

Sirsge il o eperal.ons i a synchranoys maching occur in syncivon.sm with a
valh, Lt swsiem Coaea Becoces The basic thming wnit, The syvem clock must
v o potiode” wavelosn winch can be used 35 2 syachronising signai. The
euAre v show i in Fc -7 08 a typical clock wavelform et inoa digital
selran Hoslsogeatl 1w noted Uhal e elpek moed not be g pedectiy svemimoetrical
ahrang it s s |F ol senply Be oo s of posdeve pukves rt:v neRI-Ive
poses Las shwres o1 Fg Tee TR This waelprm o, of course, e consitensd as
AN sy I Myaare weass, The maon eeguiremend s simply mar e clock be
P Ly penonle, Souce it the vieck definos a Basic timing wwerval dunng
woh lopr ogueralzne pust be perigrmod, This basic uning inlenvgl 18 delined as a
che ko cpele e arg o enual o ane period of the ciogck waveliorm, Thuy ail logic

Coesnears, Dpefinns. counlers, gales, etc., must complete thidr ransiiens in less
tran e ok eyrar Dimee,

exaimple 14.1

verat s b ik cvele ime dor o systen which wses a 500-kHe clockd A 2-MElz
it

Salution

A ik ove b e woequal o uor penod of e oloc s, Treselore, the chak cvcle

e r w R Clolk b TSR & 1 m 2 e For a 2-MHZ clock, the clock
R T ULV a  TT T BT

I xample 14-2

coan il gl deiay thrangh a sraseefsdacs cloched fip-ap is diven as 100
e What s s mavinum clowk bequency that can be wsed wah s fls-Hop?

Sepuhion
LY At gt v - »f ll\|rrl-\g'||'lj: [ TTTE TR WL T T | T o | 1T i) tins u’}gl['"l.(

coa dinge Mo CIECIe s s e dess it oo choo bosyeh e, Do

e e ] o i = e gr—— T

.t A mm— "

e ——————
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Introduciion 1O Digilal Compuicrs
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froejueniCy musl be pamn x it =L MH2.
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+ di Ck rhpaggeeed i Chap B el
n E”njnlpl . rur'ﬂrl'\:ll':: El::fkd:j::il I:: I:;:WH g g fdnler, 1L L leac b vlhanges
dinecly 10 e e i aduced. For due reasah. s A eesary '_“ vt
requency. t}“,‘ _-,{IWHW “!I 1r- arnth i_‘:t':mlﬂﬂjﬂt' Ireejuene v in AT lipatal sasdymas
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Sehomn - .
Oncillator 1 brigger Clpey

Fig- -4, Csoillator
and oulpyt amplifier.

I ave nulpul
O -2 ang 14-3 has a sQua
. nin Figs. 14.7 a : ) cquare
: { the ow.illatoes show Arequency inlo a <q
ho;:;no'n and it s Wherefpre necessary o cunverl the ha.'.\lf frﬁ'?hinp, ie 16 15 wom
we before use in the sysiem. The simples way of e hown Fip, 144, s
:?nw ':t :: igaer on liw ouiput of the basic mseillnor us show :

ol H

provides two advaniages:

1.
2,

. . lesirest.
. clock frequency as ¢
. ware wave of the basic N case has
 provices :qhe clock.ouput amphiler the Scheilt Lrigger in l1;|i. o
. ensur:t'!- - Im drivie all 15 necrasary oecuds wilthout loading he La '
CNOUZN power _— :
ctllatfr anid thus changing the escillating {requency

142 CLOCK SYSTEMS

N ane freguency in a system.
S e
Aliernatively, it migh ies. We might then begin with 3 basic clock ‘:*h:c“ :“__“U
k‘.‘"'-‘"t clock ﬁmue?:s::d and develop ol basic clocs W_ Hmewe rmwhlc‘.‘a
h's'b‘_m E;@guent‘f tq 5. As an exampie of this. Suppose we desie a E.THT:‘ ' au:l.
d':wsmn u.smahi'ﬁn:m;k frequencies of 3, 1.5, and 1 MHz -“:'-“ 101':. a 3-MHz
:&}:—.;:S:;:Pby :Einj: the clock system shown in Liﬂ":;_z' :::.;b*:;::il'he 1-AAH7
oscillalor followed Ly 'I]h5;::;;:;:c:?él‘:-.-mc[l::?ixir'J:H the sigral by 2 10 P’”“ideh.th:
signal is then fed lhm;:,.qHz signal is afsn fetl throwgh a divide-by-3 caunter, whic
‘-S'Tilh El'tgckl:"ll:r Clock. ;f‘:lEI‘I'IS having mukiple clock frequencies can pe
prenades y

provided by using this basic method.

3 e U

i NalT LIl | b
ol
1 L !1 —
— 1 | o Q0
1M = Schmin 14 Mris
= = W IgREr

oscill annr

HN

1 kLI h'-"h
c.

Mg, 14-5%, Pawc clock system,
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txample 14-4

Sntiw 4 ek sysem which wil provide clock frequencios of 2 Mz, | MHe, 500
whle, anel 100 kHz,

Safurion

Tiar alewireg] syslem s shawen i Fig 14-6. Et‘ginninp',‘wllh a 2-MHr oscidaer and 2
ol dnigper, 1he 2-MHF ciuck appears at the oulpul of the Scemitt ingger, The
£ ral fipefing dovides the 2 MMz uignal by 2 10 provide the 1 vHz clock, The seq-
cad mp-fiop divices the 1-8M2 clock by 2t provide the 500-%Hz clock, Owiding
Lhe S000MF Iz clock by 5 provides the 100-kHz clock,

14 1% somscie s desicitle 0 have o Lwophase clock in a digital system, A two-
Ao clock samply means we have lwao clock signals of the same equency which
are 180% out of phase wath ope anglher, This tan be accompiiched wih the
outuls of aflyp-fiop. The £ outppt is one phave of the clock and the 0} outpul is
Ine othet phaze, These lwo sgnais are ciearly 180" put 6! phate with one another,
sinfe ane is tne complement of the otber. A systemn for develaping 3 lwo-phate
ciadmnf 1 MHZ w showon in Frg, 14-7, For dishinction, the two clocks are somehmes
seforimg 1 s phase Aand phase B, You will recall that gne use for a Pwo-phise
clovk system is o drive the mawnehe-core shifl regisier discuserd o Chap, 12 (Fig.
V2210 18 e aeresdons 10 Aone that ke bwvo-ghase ciocd wysiem can be Used 10 over-
come [ race probiers encounterenl with the basic paraliel coonter discussed in
Cidgy. 8 iMig. 8-3). The race grobiem 15 wolved by driving the odd fip-fiops lie.,
iipdns AL C L ey wilh phase A of the clock, and the even lig-llops e, Nip-
i A1), F, etc.j with phase B of the clock (sec Proh. 14.12),

Tl racre probien as imitially discussed in Chap, 8 can occur any Time iwg or
more signals ar the wipols of a gale are undergoing changes al the same jomy, The

3
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Fi 148 he LR ﬂ[ d !“'ﬂbe pu15!' ti‘l hrﬂ‘lﬂpul amMO Inl!'fﬂs‘T!‘d b’!f a
E'

pulse. Lo} Wavelams for Lhe a=D gale.

LRl v digihll
| [ y | can pogur anywherg nod ‘
b [ pe ool unigoe 0 coundors ant i
Imemme ﬂ::;?&annn a strobe pulse 6 guile often devoloped u-um-z,1L l::'erlm
r ) | Ty Ll ‘-1 ]
HIM{T:FH:: sHobe pulse is uset) to IntCPIOgSIT the condilicn D{Ia f.,-‘h; dtlhel e
e in 1o levels renoer
i i champng. 1E the ga
¢ inaul lovels 1o the gate e 0o n e e
tttn:luns.- u:i:mdition, a pulse appears al the outpul of lh_e Fﬂea“:iu ;Ii: s used
is applied. Il the gale is false, no pulse sppears, 10 Fig -fr_'.rm5 obe B
ty interrogate lhe simple three-inpul AxD gate. Ti-n;‘:I wmr; rm e o e
i t Irvels to the gate Al
i appear only when the three apul gty
ﬂ'l-:gru ::13.1‘] En racing can possibly oo since the stml::rr"|:ultlm;;|1n:: ;:-].;:;c-ueluppzi v
:':nidwav batween tha inpul-ievel IransiLions. ‘Ih{;‘s:rnl.ﬂ enlu.-,nr:: n::uf e .'
ay i inte the comple .
[ weavs, One way is 10 dillerentia & rh[-
: ”:mb"-?' :d-,r |::: posilive pulses. A srepnd mrthod would be lo ditfereni
i Use 0 . . ; o
:lock and feed it inlg an “ofl” ransHoe as shown in Fig. 14-%
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pl:‘lt'.'ll detail, wa...o others have been Srealed i
sangsd neay bave e neceesary m{; f'" i d mpte general way. In any case you
romynehension a . Arund o sludy any dizisal sysien .
A 1 U':';‘F:.l'l'l“:r.: 1:”"“”'11”"1 o LI”{.W_[' Even so, you May be sgmml;:lt't;ﬁ::‘:
!l,'[!“ns Jﬂd o atlem P‘; [:ﬁal'ﬂﬂ ﬂf Al IIJH‘[E' sYRIgm. in An E;{U” T — th.“
Chasaters, we shal atph tie tagether many of twe ngics discussed in the e
i s fus yme conssder 1he implement previous
feba R3] COmpiny, atton of 2 small special-put-
e special-purpose Computer we shall consi
M goeer fraf e sicler will be used
i 3t e o S o 0
DOte COMmpu'er w uﬁl:i be 15 s the only '."E'e for which 0 % intended, A m-nf.m;.;:w.
number of different appt) a 4I-nnre complicated maghice which might be used for a
* The Dire: stop in the d:f'r‘mi,
munalion of the 5.51.1.,-,1 ﬁ;;’;ﬂ;:ﬂ-\r{i:ngpl?wTr:us; necessanly be the deter-
tha; ihe . s IFETIenly. v first requiremes ]
o o o Sl o oy g 20 13
Top™ be thal the e erzled in a motar vehicie, The second r Guir
Aig for phe read-;:;:dz:: ?;::‘: cempuier be in decimai form, Nixie ‘“h‘L‘:im;:::f;:
WL mpEake e '“h:'s D -ildlrequl-:rc an addiliona] pawerr supply of arouwnd -+ 1440
aecimal readow, and .Ihus modules are commerciaily svaiable whiLh provide
G the 00V "'r‘ri : _GF:"F""E e +6 or +12 ¥ de. These modules do nol
wie. € one of i‘fnnljlr;'rics "Iii?e]ll-:}?da M”,ﬂ chorre in this case, The gl decision
:T:”M pes gallon v l'-"F- the vel'riﬂr:?;l;imair:uu :;hil Ithr Computer aleulate the
ourin requizersen; , . racy of =i mile per gallo
AN ORCE CVeny T;‘:Tw;:i"uimm? i that 1he compuler derlorm a ra?:ufnl:iﬁlhaﬁ
At words, wieo sl Ik e vehicie is "“""EI_"“E al g tpeed grealer than 10 mph
Wil pnge Bvery 15 s 1r,~,,,|c.: 5: ‘o li_urnple the mileage perdarmance of the velicle alt
1703 the compuier be canable ";f;‘;ir:::;; e an::er‘r!.ublc;._ The ffth reguirement 15
r in vehitles yvng foel al ralry Ielwern

-IG arrd Umill"ﬁ oo i
' 4 L Hﬂa[ﬂﬂ. Ve cadn oY su Lo L4 i
T “Pc € O, I.L‘” : mimanz IhE fre basic Meguire T s ol

i P o
) Enwa-r wppiy voltage s either =6 or =12V o
X, by compuic : L ' )
IoTaeen puier must provide a decimal readoud in maes per gallo
e EIL ORI : - ] n, .
4, e .;urnr u:w niusk provide the reatlout to an accuracy of 21 mile pee gall
v . e - : - f1
15 wh;_: ’:{. Fm'l:_l i.'llrc_wlr..ie a readout of miles per gaiion at leas) pr? Ba 00
i} he vehicle is traveling al 3 tpeed . once Bvery
3. grealer thin 10 mph,

Trr commpuler nwsl be € i
apalie nf ralculan [
huls of 10 and 43 miles per galinn. o mies pev gallon bepween the

R TR Pt eI '
al the systern :
. opuirements for 1he
At Ll Sem r lhe compyter under
e arpr-.h;n.:m.l samewhat [ess snagent than in the uswal case 1;”““.!::'!"J h.Ere
b aloss e p'_lmflif'i“‘::::f'rmmade simple in order 1o sinrdufy (he dit;:ut.:iun ::1:3_
' ' * the same cegardess of th ' T
, ey .
H:.'t:'lm' and the sudy 18 therefore istruchive toventy of the systent specili-
W oassLPE 130w hawe ava)! : '
ailable 1wo transd -
wdegdal part of the 0 transducers wilich are (o £
RIdTR the MPG computer. The find transducer is used to ::oam '-'""-'::1 . aln
sure (he vl

b = o — —— o ——
- g m——

= —— e

P
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Pulses (1O .
) L

flow transducts

puler when the rale i il mules per

Prises [1OmM
Jitance Lran ydsiger

big. 1410, Transdocer pulses for the MPG com
pallon,

ume of fuel flowing inta the engine. This flaw tratduce: provicicy olectocan
pul se cach Bme Yoo nf a gaflon af luel passes throwgh il The seecond translucer s
used to measure Whe distance iraveled and is doven by (he specdomrier cahle.
This distance tzansducts pravides an elecirical pulse cach lime jhe vehicle has
wraveiad a distance of Yiooe ol a mile.

Now in oeder 1o implemen! the necessary loRic fof e
e outpuls of the flow arl distance ransdugers, Lel us Liein by assuming that we
have 4 ow transduces which gives an aulput pulse eag b time palinn s userd, antl
wrt have a disanre wransgucer which pives an oulput sulve earh Lme the vehicle
has maveed 1 miie, 1 our vehicle is oblaining a milease stighty beriter 1han ]
miies per gallon the ransducer wavelgrms appeal 3% shown in Fig, 14-10. Nolwe
thal e pumber of distance pulscs appeating between pwery Mo pulses i axaglly
wyual 1o e mies pee goilon we desire, Thus we canl alcutare the mles pei gailon
by simpiy counting the number ol distance pulses prourring lrefween Pvo flowy
pulises. We can cheek this by nowng that. i the vehicle were operating a1 20 rrales
per gallon, there would be 20 dislance pulees bepween Iwo (lorw pulses. otice hat
il the How transduer supplied 10 pulses per pallon, and ai the same lsme the dis
vance lransducer provided 10 pulses prer mile, the basit wavelotn in Fig, 1430
wond rermain unchanged. That is. the numbser af distance pulses appeedring [
tween hwe Row pulses would sull be equal o he aumber of mides per gaiios.
From this it should be clear Ihal we can Choose any numbet of pulses por gakea
from tie Low transducer so long 35 we chouse The same number o1 pulses per mi.e
{ront 1he givance ransducer. The transducers we ac gning o use in Ihe MPG come
puler provide 1,000 pulses par gollon o ilow and 1,000 pulses prr miie af dis-
tance, Therelgre, tho number of milgs gallan can b nitpined by simHaky counts
ing the aumber of dJistance pulses betwern consegutive fow pulses

The reasqn for wsINg lhese translucers can tur spEN by Exadaning the hme
botween How plses Lar us {uryl consder the Gow transducer having one pulse per
gatlon and the distance transducer having nae pulse T mile, If the vehighe were
alitaining a rate of 10 miles por galion. one flow puise would occuf every 10 mides,

i the vehicle were traveling at spreed of 10 mph, the Now puises would ocour al a

rate of oni per houd. This is clearly nol a fas) rnouph sampling rate. £3n the cther

hand, with the specified rransgucers, the Tlow pulses ocour at a rate ol 1,000 pulses
per gailon and at the fale of 1,000 pulses pes hour under the same condions Thus
the fiow pulses noCUr every 1 hrf1000 = 3.0 5. Ths sampding hime ¥ ciear vy within
the speciied rate, The wiorst Case OCOurs when 1w vehecie obtains the Mazirium
milig por galion, At 40 mites per gablon and 10 mipl e Hlowy pubses, 8EEur EVETY
1o x 4= lad s We have thetefore met the yiminiuna-sarplisg ume requuges

computer, (¢l us exdminy

ments
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fhe logic diagram fae the MPG computer can now e drawn; il is shown in Fy.
1411 atung with the ¢omplele wavefnms, The How pulsits are fed fnls o cugadi-
ireng arptfier and then imio a one-shot g develop 1he wavelorm OF, and s,
The dlistance pelses are also fed inte a eondiioning amphfier, Since we desire 1o
ounl the number of distance pulses accuring betwern two pulses, we use the
Tistane e pulies a4 one input 10 the caunt .o gate_ If O3, is used a3 the other inpul
to this anD gate, 11 is £nabled Betwren Mow pulses, and the distance pulses appear
at ils outpul. We use the pulies appearing at the autput of the count anp Elte 1o
diivr 4 counter. Since we desine 1o thaplay the miles per gallon belween the limis

Fig. 1411, Compiete MPGC computer,
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ip-Map 12 Tlespy Ll
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of 10 and 40, we gse a five-llip-Nop shaft counter Tor the uans digits, and 3 thiee
(lp-Nop shilh counter [or 1he rens digis of miles per gallon, .

Ot converygn Nme is the ime Detween tvg fow pulees, and we want 1o ﬂ.'““
the accumulated count imu e dispiay Mip-llons at the end ol each conversion
cyele, Notice first of all that, when 0%, 35 low, the counr AND gate iy du_ml?!ml anl
therefore the unns and ters Counters Cannat Charge statg, I during [ms G 1l
we must shifl the Contents of these Cgunters inte the display illp-l‘:ups._ Wi g e
leading edge of OF, o tngger the shift ore-shot and develop “'il.'.‘ ~!11|1 wavelorm
Q5. The lalling edge of 0%, iy apnlied 1o the shitt Bates, and o .Ihu Lime Thye ot
stored 10l unfls and tens Caunters is shafled toto the display 1lipAans, The |J'|||:I1R
edye of 05, is then used W reset all ilip-llops in the unit and teny counters, T;u:
contents of the display {lip-flops are then decoded and wsedd 10 ilfuminate the -
dicator lights. 1n thiy system, the distance pulves can be considet] w0 e the Iasic
systern clock, The Mow puses form a variable control gate by means of ".h" camlml
ore-shol whith determines the period of tme bl the count AND g is eyl el
and therefome e number ol distance pualses cgunied, The ouipar of the shog one.
shat 0%, can be considencd as a strobe pulve which shifts cala from e cowmiees
into the display £ip-10ps in such a way that 1acing is avnided, The systern learly
has an atcuracy of = gne counl, which cortesponds 1o =1 mile por gallon,

14-4 GENERAL-PURPOSE COMPUTER

The MPG compuler discussed 0 the previous section is {unsidergd 4 'Srp-i:tia!q:ur-
pose compuier since it is detigned and camsttuched 1o pﬁmrm a 5:ngf|_: hend hun; 'n
alter it 52 that iV Could perform another lwndlion would require o major Change in
disign. On the oiber hand, o general-purpose computer is dtilgncf:f son thut 1t ean
perform 2 number of fundarnental eperations — addiion, suh'rlllﬂ.'“ﬂ”. myhiplca.
tion, division, comparison, ¢i¢, The computer can l.hl:ﬂ e wwl in any numbq'.r of
differen applicatrons Ly simply imsirocting 11 to pedform the appropriar: wperations
in an widerly lashipn The functions to be peforme), Hatedd o the on!elf Im wh-_ch
they are lo be accomplished, is known as a program tnstruchien etk This list of in-
structiona, oF program, s noemg'ly siored in the computer memory; welen e gam-
puler is staried, it simply perfooms these imstryclions in the order stored, HFn.c-m
lies the dilference berween an elecignic caltulaler and a gunl_*ra!-purmse. iy 1al
carmnputed — Lhe caleylalor performs a lonction fadd, subtacl, eic) each vnw an
operator depresses a butlon, bul Lhe storel-proeram l:ﬂfnlpul-.*r meeriornrs the com-
plete list of stoded instructiong without hurman intervention, Furthurrtsﬂn_f, Lher o
puter is Capable of cumplevieg the instruetion set in a very Ibhﬂ:rt |:u.:r|ul;F al time
faddition tn perhaps 3 hew miicroseconds), and the ooedatian is ¥i-tuaily efe 'I'rn.-{u.

The simphticd HYock diagram ia Fig. 14-12 shows 1he masic v Lo be oy in
any general-purpose computer syslem. The inputjoutput block Fepreseniy !!u_- nawe-
[ac.e betwien man and owechipe, | coul? stmply Be a eloype unit, where input "-.|.-
[ermation i typed in on e ey boced and ool il'!fufm{![iﬂlI.i‘r|'|fi:1'l1.l';'f".j Of Jraper, it
could alsp rewresent any of the gther inputfoutpet media previnushy discussed, such
as punchid paper 1ape, punched unit-recortl Cards, and magnetc tape 1n any cawe,
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Conprp! ———
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—

———-r—f Memury | Arithme g i Frg, 14.12, Basic compuler
Cutput - ———y ! ¥ '
I ; — | vt black dizgram,

tput data are taken into the syster and stored in the memory accarding to the
approprite siinaly oy generaled by the cant! blac b Sirrilarly, the cantegl unit gen-
erales the appropeiate signals 1o road ¢y trany e memary avd move it 10 The
Gt put boL .

The a«thmetic wnil consisly of 1he icgislers, counlers, and logic required for (he
basic opeeations, including addition, subirachon, complementation, shifting right ar
lefr, comparison, ele. Since the maniputation of data is accamplisbed in 115 untl, 3L
15 sormelmes relereed (0 as [he central processmg unil (CPU). The topics proviagsly
covered Inumber systems, digilal aribmetic, etc.] previde an insight into the hopic
circwits and cenfigurations iyuired in a CPU. Again, the conatrol unit provides the
NECessary $ighals to move datd froim. the memary umit 16 the afithmelic umit, per-
iorm the desired daia manipulation, and move- the resulling data back into memaory,

The memory block represents the asca user! 1o siore the two types of irdormation

present in the compules; namely, the list of instructions {program) and the data 1o
twt operated on as well as the resuliing outpul data. The memury itsell could be
ronsleucted using any of the devices previeusly discussed — magnetic cores, mag-
nic chors o disks, semicanducior memory units, magnelic tapes, and o on.
Readwng data from of writing data into the memory is dgain under the guidance of
the cuniral unit, '

The control unit generatly contains the ¢ounters, registers, and logic necesyary Io
develop the control signals required for moeving data info and wut of The MEmory,
sl tor petfarming the necessawry data manipulations in the ariihmetic vnit, The
wstem efock s a part of the controd unit, and a1 s vsually the starting point for
Renerating the propet canirol signals as discussed in the first part of this chapter.

It < interesting lo consider an actwal gencralpurpose digrtal computer in light of
the abwve discussian, For this peipose, 4 Dock dhagram of the Digilal Equipment
Curp. POP-B/E is shown in Fig. 14.73.' Note how the spytem diagram can be
breken into the four basic blocks previously discussed —inpytfoutpor, arithmetic,
memory, and control, A tal'v-model PDP.B/E s shuwn in Fig. 14-14, and the
lullorwing escerpt gives 2 peneral description uf the system.t

The PDP-B/E is specially designed as a general pempese computer, 18 s fasl,
canpact, inexpensivie, and eisy 1o interface, The POP-BSE is designed 1o mect

' wnall Computer Mapstlouk, ™ che
faFn.

p. 1, Dypta? Equipement Corporabon, sapneed, Mass,
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introduction 1o Digital Computears "

The 71,2014 matrosecond Cycie tinws of 110 mae b provedes . compta-
Lign raie of 335000 adddions per seeangd, Lach o ehbioe gm0 aud o
conds {with ore number n the sccumuolaton aned sublracbum pogquines 50
miCtosecands bvilh the subrrahend in ke accumulitor, sl guon o per
formed G 2505 macroseonntds ar less by g stdosuhine §rat aperales an 1w
signed 12-bu numbeis 1o prodhuce a 24-bi prsluct, leaving the 12 mas sigef-
rcand bils in the aceumuialor, Division of pwo syned 12000 pumiben iy per-
farmid im 3424 microseconds ar less by 3 subroutinge that prosduces a 12-1nl
gualieni in the accumulalor ang a 1200 wemaivrler in core memary, Sirlae
signed gltiglicalion and division operalions e pwriarmed noggarasiniy
40 microsecands, ulilizing e optinnal Fupemied Anthmetic Flement,

The flexible, high-capacity ipputfourinl capatulines of ine Fompuater wliom
it 10 operale a large varivly of periphenl machines, Hesales Tie stamdant
kevboard and papertape punth amd reatder equipnwng these OOmpuiers are
capable of operating in conjunction sih i number of optusal devices fuch
as high-spred perfprated-tape punch and eeader equipment, card reades
equipment, line printers, anr'op-to-digidal converters, catlde ray wiw «CRT)
displays, magneti lape cqupnicat, 3 12,764 word random-aceess disk file, a
26211 2-word randam-access disk fille, £ic).

14-5 COMPUTER ORGANIZATION
AND CONTROL

In this shori chapier devoled 10 digital compulers, we cannot possiltly give an
cxhaushive trealvenl of all machines; however, we can dicust in gereral eime
those aspects of computer arganization and gperation which are common 1o many
differenl lypes of digital compuioers,

The infornation stored in the compuler memary it of (w0 types—eaher gals
words numeric infarmation} of instreciion woeds. In Sec. 13-1, we considered in
some detail the various formals available for storing rumbers, inciuding both Tied.
poinl and Foaling-roind numiees, We must dgw consider an appropriate iormal or
a compuler instuclion word.

in general, a computer instruction word will have Iwo dishnct e ions, as ~hown
in Fig. 14215, In this case the word lengbn is 12 bals) hawewer, the aumliwer of s i
a word vanes from machine io machine (@ g, 36 in the IBM 200077044, 32 in thp™
IBM 364, 36 in lhe GE 635, and 12 in the PDP-8/E). The first section {the threc bis
on the tefl in this casg; are wieel for the operalion code fapecorden of the instructon
1o be perfgrmed. The op-codes are defined by the computer desigaen when the
maching is initially designrd. Tor esample, the op-code for addaion might he
defined as 003, In s case, here are only three lols reserved Toe o oisdes, and 2

compuler gsing this faemat wouid tenclone be linited G 20 = B op-codes.

e remainmg biroan the intttacion word shosenom Dz, 1415 are wsed ha <pec-
ily the adiress in memary 10 which the msirus s apblaes in s case, the mine
hits can be vsed 10 specilfy anv one of 2% =51F hatvan in muemary, As @i .
amphe, he insiagtion word 000 00090 1100 means acai @31 1he contents of tw
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Fig 1415 Inatiuction waord furman,

TRy o0 alis Al aryress 12,q (000201100 1o the canlents of the accumulator
LR RPN R I T TET

Fl‘l_"t"ld".r,:q.' i marmnaey as broken up ime soctions calied Ypancs” in order to
provitie dar e eificaent addoessiog, For example, the POP-8/F has a basic
aeory of 4,040 bveive-hit words, The memany is broxen up into 3} pazes of 178
WOt 00 each paze. Thus any word on a page tan b addressed by means of only
Lo l'..u'l‘- (2 m 281, The insirurtion word for the PDP-B/E s then arranged 3%
WEMA A in P cS-Ba D Ihe adidiess mante bit {hit 1) s 0, the op-code simply refers
Frone Ol the § 18 Bage addresses pien by the last soven Gits in the word, However. -
e 1l11dfPﬁ\ rrode L is 1, indwect acddressing iy indicated, This means the conlm;
v Wil G ot 10 page O or rema.n on (he current page (depending on whether
B4 o Lar iy tare the conlents of the given adoress, and 1reat d 3¢ another
asn The st fove buts of this new address specidy which ol rhe 32 pages
" E_sz. and (ne remaining seven bity give the address on (hat page {27 = | 28)
Conlnmming ihe aard 10 which the opcode applies,

s way, fhe nstreg hon word farmat need only Lave soven Bils devotod o an
sfeiresb, bng e @0 eucdsional 1 2.bis address worg s needed 1o meleenee dala on
=¥ one of the yiber 36 avaitable pages. Clearly this word format 1s more efficient
W smaly carmang §2 02" = 40905 bits lor addness focations in N T TH

A an examyne of indiect addressing, suppose the data being Gperaiod on are
hpand 00 o 15 90 NG MMy — in order 1o Bet 10 andther page, one Musl pse in-
i .?ddr{-mnp,_ Tha nstruchion ward 001 10 0001110 rmeans add o the con-
Wil o Fho dala ckied moadidress 1a,, 0011101 on page 0 o the eonionds of 1he
Hcunty.pior rci.:'.-:e.'l i the arithunet.c und. Nole that Ine 7 i he ioutln it porsition
wICHus indieees dadressing, and the § in the Dith bt posnen refers i page 0.
.“_n:w. ke conients of memnry lucallon {4y on page O s GOI0T WD, The
daty 1o b adideg 10 Ihe accumuliator will be found on page 5, (00100 in locabon
1 1171,

Fig. 1416, PDAA/L wstruginmn word lomal.
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Fig. 14-17. Batic compuler aperaling cyches, (@) Fetch, (&) fxecute,

The instructions ta be executed by the camputer a:e normally Smred. in the
memary in the grder in which Ihey are to be perormed. To b-exir} an aperation, the
agdress in the memory of the fusl instruclion 1o be exccuted is enivred inlo 1he
machine by an operator, The contral und then fen hies Lhit JH%IFUEIIOI‘! from re-m-
ory, evecuies Lhe proper aperation, and procesds W the nexl -nsl:uct.m_slmrd n
the memory. This Dasic wo-cycle Proces continuees unth all the imstructions hase
been completed and the machine stops. Thus the operatien ul a Computer :'nn.be
explained in terms of wo fundamental cycies—letch ana erncute. Let’s examine
heve two Cycies and delermune (he Lasks 1o te sccompuished by the control umit
during cach cycle.

The computer unils involved during a feich cydie are shown
During a fetch cycle, the foliowing operations are pengrmed:

w Fig. 1a-172.

V. The address in memory of the first instruclion o e verculed i~ maced in.thrE
instruction counler, This address is read inlo Lhe Memony address rogister
IMAR] and a readiwrite cyche s initialed in the memory.

2. The instructon stored at the given address in memory o read inig Lhe memory
hutfer register iMBRY. .

3. The ap-code porton of the instruclion in the MBR 15 ihen stored anthe ﬂi'i'flﬂde
reprstier. and the adriress policn i laced in (he BAR fin place of the previgus
acbdenss) in prepargion fir (he following execute cyo®

4. The osruction counter v nrmcasnl by ene in orger 10 ks ready for the nesl

et b oypcle,

qb
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e i ui v @l wnstruchions used with any particylar computer o ?”:d‘ "
o g e ki i I e ter
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Hi T Halts COATRILET operation, Operalor pay roslarl by dipe=sing e
a1 Taatlon.

ADDK (ool Tie conlent ol e mory ecation X
accumitalorn sopster 10 the arlynetic unil.

SUBX \OOMA  The contedt of momory bocation % W
af the accumubalor resgisler in e arithmelic unit.
MPYX (0G11)  The conicnt aof memory lecation X i mullpbied by the contend of
the MO register 10 (ke arithreuc unil, and Lhe product is stored W Hhe MGG regis-
ter.

DIV pin  The content of memary lacation X
the #ACH icgisler anil the guatenl s sored i Lhe MG regasiern

DeAY (10N The tontent of the aecurulator is stored ia memory Incation X,
and the acCumulator i< cleared e 21l zeros.

DCOX @110 The contenl of the MO register i b0
anti the MO ropsien is cicared o all zeros.

JMPX (DT Tive nest instoug tion 15 aken fromn ey leacalion X.

{NQX (1000;  The coatent ol memory location X 15 entpred intg the MG repts

addid Lo the conienl ol e

hiracied from Ihe conieni

is clivrelee] o ther canlent of

red in memosy location X,

1er,
REPX {10y One word of data s read at e

momeny at addres L
PRTX (100G e word of dala is read from memory o address X and prnted

on the oulpl device.

wnpul device and qored in

+

This bist of inslrutlions is of course nnl compliee cnouph o aliaw meery possilne
apuration, but o allows us Lo Hustrate lasic macinne-language PrOyranrnng, foe
tic e thal there are jour bats 0 cach op-code; thi i eCeuary wince wi wint 1o
include more than Eight it fower than 16 instruLlions. Furher, supperse Lo e
slructions are used ina small general-purpose computer having only i 28 memaory

Talhle 13-4
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hacations s that an instructn ywonl is compased al 11, bits — lour bits of opcode
aned weven bads for remory arldisg,

Nuww, ler's wtilize the mtroctions for gur fic laious computen 1o salve the prodilem
=K EAY The program wall coad the yalues of R, A, and ¥, prtform the neces-
Lary i‘_ﬂfl:'-lf-ﬂmt and peint oul the value of 2, The comphae progeam, as witten in
mas e language fimnemonic codvl and 2. siored in memory, would apprar as in
Talde 14-1. .

T initrate the program, 1the opetator sets the imtruction counter al 0 and
fﬁ."pll_ﬁﬂ-ll's the shant sutton. The: compuler initiates a fereh cycle and ohtains the fis
structiga (RED 508 ham inemaony adiress 0. This is followed by an execuiv cycle,
The sl feec It cpcle alaains e isiruglinn in muereory acledress 1, and s an. The
progrant ends after the computed value fye 7 i prntcd ou and The HLT insrueClion
ioottaned inmemary adidness 17,

5TUDY AIDS

Summary

There are baucally two tvpes of digial Compulers —special purpose and general
Purpese, Speial-purpse compuies are designed for a singie purpose anly, while
general-puepose machines €an be useet in any number of different applicangns. A
Ferecal-purpose machine is designid with o basic set of instrucions, and 3 piro-
Brammer Can use such 3 Compuber b sobve specitic problems. The computer solves
probiems by eseculing & set of instroction, s hich vave been ordered and placed in
the computer memoey by 3 programeier. Siosl campulers operate i a basic bwio-
cycle fetchfeaccute mode, and the sppropriste contral wignals are generared in the
CORING. umit in synchromsm with e syatem och,

Clovsary

Fawrc hronows systerm A sysiemin whick ‘upre opesations and level changes soour
GHoFanddom fimes,
ok Cvcie fme One clock period; the reciprocal of clock frequency
Compulvr progeam A list ot specilic instructions which a compuler executes 1o
silve 3 goven probfon,
fetchionecute The two olemating madig of upreration in 3 genecal-purpose com-
felTINE
ﬂgmvr.:.'-purpnu: tompuier A compuler designed to accomplish a number of tashs.
. For exampfe, al the arithowetic aperations as well s decision making fi.e,
_ vepral W, greater than, Yoss 1han, B e 0o,
rslfucion word A computer woed hovine | i ¥
_ VI Lwod sections, the opvode seclion and
the addrpss sectiion. "
macoumic  Inended 10 3355t the memaory.
U}v-':I:“:"'-UI'H'r-'-Ihr:n codde, The coch which delines 2 specilic computer operation,
oecefhelar stabeliy The sialnfity of the froquency ol escillation: wually exprevsed
i [ e thowsaned o pars por mllign fur a3 period of time.

TG
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seconilany Llock A clock ni froguency Igwer than the losic systeon Cloth wlirh iy
derived from 1he Dasic sy stem clock.

spregial ket cOmpUier A cumpnHer desitnet 100 acoenptish only one e, R
enaninfe, the MPCG contputer in this chapter,

strobe polse A pubse developed (W ntermogate dates o 10 shet daba a1 o tune soch
that rawing is avoidied,

synchronous switem A systomn in which logie operations and 'evel Changes occur
sy nchrenism with o sysiem clock,

two-phase ¢loch  The use oi g cock wavelorms of the same Tegquenty which
ares TRUT ownt of phaso with ane anatheer, Tor examfe, the 1 and 3 outats of a
ilip-lep.

Review Cueitrons

1. Explain why a clock must be perfectly periodic,

1. How can lhe clock cvcle tme be Tound from the chock requencyd

3. Why muosl Hig-flops have a detay lime Jess than one clock opcle timef

4. What factew s afiec] the oscillating lrequuncy of the mufevitwatos in Ty 14-27
5. What is thi purpose of the Schmatt tripeer in Fig. 14-34

&, Explain one method for eblaming 4 two-plaao cloc',

7. Whal is the main purpose [or doveloping a strobe mralse?

8. wWhy is il advantageous w develon the strobe pulse in Fig, 149 Ly urmang e
ransistor on rather (han gif?

a, Explain the difference between special- and eenersl-pumpose onpulen,

10, What is a computer progsami

11.  Explain what is mean by feich and ewecute in tetm of computuer opaeration,

Prnhlems
141, Boginning with a symmelrical square wave, show a mrihod lor dew-lopmg
a clock consinting of a series of pasitve pu'ses. A serics of negative pulses,

14-2. What it the Clock Cycle time Tor a system using 8 3-MMr clock? A 25001
Clox W?

14-1,  What is the masimen delay tinee for a Pip-Cop in i s fo b aaed 100 eyt
having an B-MH e clock?

14-4. At what frequency will the mulitvibratar in big. 1420 vscillate if B = 100
Ly, Coo Y00 pof, W == 200 w e, el W = 10 v do?

14-5. What will be the frequency of the muliivitmatar 1 Prol 14-3 o W, s
changed o 20 V' do?
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clee MRl v ol O s reguanee o the muitaileatgr im0 Tig, 14220 6

Vo =o Ve K =47 24l and the desired freguendy s 100 kHet
Ta-7. Whal s 15e enollatng retjuoncy of 1he When-lridye oscillalos in Fig. 14.2h
v =47 kAL awi o= i gl !

M- Wi cry bl omaliaten o Fatl 143 nas a stamdily nf 21 pads in i0° per day,
W an I A e k] mininwm feogoencies of e nscdlatoed

'L

Shrvey THo oI MU saa iy 10 e ook irequeng s of 5 MHZ, 2.5 Midg,
CALA At My w1

vwean, T SopdH e osnliatoe i Pron, 7499 has a stahingy of =1 pard e 16" per
i, AWHOL wall i e masimum and mimmuen reguency of e 1-MHz clook?

F-ET. Vgl v et mas mum and moemen ieneency of the 2000k Hz
o woany Pt 4 iad

P12 [Daiw lew wavrunnes for 3 parallel bindey counies being dosen by 3 lwo-

ceant I s Shwow i thes willh e 1 a solutign ta the race problem, Rerraember
L vat b Hip-tiop bas a linebe detay i,

VTRl cowin ine MPG computer be modiied 10 give @ selulion e the
nearesl 1710 mde per galtont

13-34. Dirgwe o feoCk diagnam shosearg te Tour magor Dlog ks anoa geieral-por pose
I—ilr'l'li'h.ill"l' 'S.‘,'S[En'l._

a5, bl many Gp-tode buls wonan bBe regurred in 3 maching having 15 in-
st sl
PRy P

Horw many addeess s wowig be reguired 10 handie 1,000 words pf
Temanyt

Y4170 Mow paay page agddress bl would e reguired 10 formee 3 Lé-page
swnaory Faving o wonds per paged

it Write a nias hine-language program to solve the problem £ = 3RfA + &),

Appendix A

States and Resolution
tor Binary Numbers
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PDP - 11

04/34/45/55 -

PROCESSOR )

HANDBOOK CHAPTER 2
SYSTEM ARCHITECTURE

2.1 UKIBLS

Mast computer aystem companents and penpherals connect to and gom-
municale with #ach other an a 4ogie hgh-spesd bus anown s Lhe
UNIBUS— a hey to the PO L1°S many stiengths. Addresses fata. and
contral rnformatron are tent algng the 56 lines of the bus. ¢

o - .
S R i B A
ou L :J Lo o 0 | -

Figure 2-1  PDP-11 System Simplifed Block Diagram

Tha Farm of communication 1§ the same for every device on the LINIBUS.
The processor uses the same set of Signals ta communicate with mem-
oy a3 willy peripheral devices, Pariphersl devices 3iso use this set of
rignals when communcating with the processor, memeey o olher pe-
ripheral devicas. Each device, including memory locations, procassor
registers, and peripheral device ragisters, 1§ assigned an sddress on the
LUMNIBUS. Thus., peripheral device regisiers mmay be manipolated as fex-
ibly as core memary by the central processor, All Ihe instruclions that
can be ppplied to data in core memary can ba applied egually well 1o
data in periphersl device regsters. This is an especially powerful feature,
considenng the special capability of POP-11 instruchons to protess data
in vy mamary 1GCatan se thoogh it were an acsumuletor,

2.1.1 Bldirectionsl Lires -

With bihrectional and asynchrohous commueications on the UNIBUS,
devices can send, receive, ahd #xchange daty independently without
processor intervantion. For sxarmple, a cathode ray tube (CRT) display
can refresh itself. trom 2 disk dile while the centra)l processor unit (CPU)
aitends o other tashs, Because it is asynchronoys, the LINIBUS s eom-
patible with devicws operating over & wide range of gpieds,

2.1.%  Master-Slava Relation

Communication between {wn devices on ihe &us 1% in the form of a
master-slave ralationshep, At any poant in time, thers s one device that
hes control of the bus, This contraliing device is tarmed the “bus mas-
ter'" The master devica controls the bus when commonecating mith
another device on tha bus, termed the “slave.™ A 1yprcal sxample of
1his relatignship is the processar, B mastar, lelching 2o ingtroction from
memary {which |3 alwsys & slave), Another axampls s the disk, &5
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mastar, transterring data 1o mernory, A% slave. Master-slave relation-
ships ar® dynamic. The processor, for erample, may pass hus control
1o a disk. The dish, as masler, could then communicste with a slave
memary bank.

Sinoe the UKIBUS is used by the processor and all 1fQ devices, thers I3
a phonty structure ta determine which deyvice gets control of the pus.
fweiy device on the UMIBUS which is capable of hecaming bus master
15 pysigned & prionty, When two devices, which are capatie of hecoming
a bus master, request use of the hus simultaneousiy, 1he devige with
1ha higher prigrity will receive cantrol,

2.1.1  ioierineked Communication
Commyamiation on the UNIRUS o5 inter'ocked so that for each control
sigrai Is5ued by the master device, (here most be a response from the
tlave in arder to gomplete Ihe transfer. Therefore, communicabon 18
independent of tha physical bus length (85 lar s timing {5 concerned}
and the timing of aach transier is dependenl oaly upon the responte

time of the master and sfave devices, The asynchronous operalion pre-
cludes the need for synchronizing with, and wading for, clock impulses.

Thus, #ath eyntem in sliowad to operate st its maximum possible speed.

inputioutput devices transferring dwrectly o or from memoary are given
hughest priority and may request bus masterstup and steal bus and mem-
ory cycles dunmg instruction operationt, The Processor resumes opera-
Lion immediately after Lhe memory transfer. Multiple devices can operate
simuian#Qusly at masimum direct mMemory access {OMA) rates by
"steahng'" bus cycies.

Full 15 bt words or Bt bytes of informalion can be transferred on 1he
bus betwesn 3 master gnd a2 slzve. The informalion can be instructions,
gddresyes, OF date. This type of oparation occurs when the processor, A5
mastar, 15 'etching instructions, opergnds, and data from memary, and
stonng the resuits into memory afler execution of nstructiony, Derect
data translers ocur between a peripheral device control and memary.

22 CENTRAL PROCESSOR '

The centrai processor, connected to the UNIBUS a5 a subsystem, con-
troix the time allocation of tha UNIBUS for perpherais and performs
arithmetic and logic operatians and snslruction decoding. 1t contains
multiple high-speed general-purpose registers which can be ysed as actu-
. Mulstors. wddress pointers, index registers, and other specialired func-
tions, The processor can perdorm dals transters duectly between (/D
devices and memary without distuibing the pracessor registers, foes
bott single- and double-pperand addressing and handies hoth 16-bit
word and 8-l byte dats.

2.21 Genersl Regintars
Tha ¢entral processor cantaing B genwral registers which can be ysed
for a varety of purpbses (The POP-11/55, 11/45 cantains 16 genersi
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registars.] The registars can ba used as accumulators, indev registers.
aulgincrement registers, aviodecrement registers, or ag stack pointers
for temporary storage of data. Chapter 3 on Addressing describes thess
uses of the general regesters in more detad. Ardhmetic operslpns can
pe from one gensral register ta another, [rom one memory or devica
régicter to angther, or bpbtwedn memory or & divice regisier angd » gen-
eral ragster. Refer to Figure 22,

[ w ’

[ H -
LE]

bl

. . o BACE FOwaTE

. MG DO
Fgure 2-2 The Genaral Registers

A7 is used ws the machine's program counler (PC) and contains the
address of ihe pext instruction to pe execuled, It is a general register
narmatly used only for addressing purpeses and not a3 an sccumolator
for ariihmslic aperaticns,

“The R6 register is normally used as the Stack Painler indicating the lart

entry tn the appropriata stack (a common temporary storge ared with

_mskn First-Quf"" charactarsiica).

222 instructon Se

The instruction complement yses tha MNexibulity of the general-purpois
registars to provide over 400 powerlul hard-wired instruclions—the most
comprehensive and powerful instruction repertoire of any computer in
the 15-bit class. Unlike convantional 16-wt computers. which usualiy
have thras classes of wstructions (memnary reference instructions, opér
ate or A control instructions and 10 instractions) sl operations in the
PDP-11 are sccomplished with poe sat of instructions. Since paripheral
davice registers can be manipulated ms flexitly as core meérmory by the
central processor, [nstructions that are used o manipulate data in core
rmemory may be used equally well for data In peripheral device registers.

+ For axample, data in ar external device ragister can be tested or n'?adlilld
diractly by tha CPU, without bringing it oto memery of disturbing the -

genaral registers. One can add data directly to & panphesai device Feg.
ister, gr compare logically or anihineucaily. Thus all FDP-11 instruclions
can pe used 1o create a new gimenson in the treatment of compuler
O and tha pasd for @ spacai class of ({0 instructions is shminated,

The basié onder code of the POP-11 uses both single and double operand
sddress instructions for words or bytas. Tha POP-11 therelcrs parfonna
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very efficiently in ane step, syuch uperalions as addirg or subtrasting two
oparands, of mﬂ'u'mg an operand from orne lpcalipn to anather,

PDF-11 Approsch

ADD AR jagd contents of Iocalion A o OCe-
lign B, store results at lacstion B
Conventianal Approach

LDA A Joad contents of memory location A
into AC

ADDH qadd contents of memory location O 10

= Al ,
5TA B - store resylt at location B
Addrassing

Much of the power of the POP-11 is derived from its wide range of ad-
dressing capalnfities. POP-11 addressing modes include  ssguential
addmssma farmaids or bachwards, addmssing indexing, indirect agdress-
ing, 16-bit word addressing, B-bit byte atoressing, ang slach sddressing.
vanable tngth instructicn formating alicws a minimum number of bis
1o ba geed for each addressing mode. This resuits in efficient use ol
program starage ypoce,

2.2.3 Processor Status Word

B n i 3 F ] )

T LT

F

g

L T

Oy .
el el e QAT =

CuntnT w * —) I )

-
LSED QMLY 0N PORISSS & 1145 WITH

.u
" MODE }. MEMORY MANAGEMENT

Figurs 2-1 Processor Stalus Word

The Processor Status word (P5S), at (ocation 777776, conteins infor
rnation of thé current status of the PORP-11, Tiis informetion includes
the cufrent prodessor prionty: current And previous operational modes!
ihe condition codes describing the results of the last instructign; sad
an indwcator for detecting the suscution.2f an instruction 1o be trapped
during program debugging.

Procassde Priovity
The Central Processor operates at any one ol mght Invels of prionty, Q7.
When the CPU is operating at level 7 an #xlernal device cannot interrudt
‘lt with & request for service, The Central Processor muist be operatng
tEpAt-a lower prionty Lhan the external dewice's request in araer for the

"lnturruptrun to take effect. The currant prionty is maintained in the
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processor statos word (bits
electiva  interrupt mask,

573, The B processor |evels provids an

Comdition Codes
The tondition codes contain Information an tha result of 1he [ast CPU
operalion. .

The bity are s=t &% fodlows:

= 1, if the result was zerg

= 1, il the result was negative

= 1, if tha operation rasulted in & carry from the MSA
= 1, if tha gparatian resulted in an anthmetic overl cw

oz M
I

Trap

The trap bit (T} can be set or cleared under progran control, When oret,
a procassor trap will pecur through lecation 14 on complelsn of instruc.
tion exscution and & new Processor Status Ward will be loaded. This i
is sapeciatly usefu 1or debugging programa a5 1f provides gn efficient
method of installing breakpoints,

22.4 Stacks ey

In the PDP-11, & stach i5 & temporary data stordge area which aliows 2
program to make sficiznt use of frequently sctessed dats, A program
can pod or delete words or bytes wilhin the stack, The ptach uses the
“last-in, first-out” concept; that is, vanovs lems may be sdded io &
slack |n Sequential order and relneved or deleted from (he stack in
reverse prdér. On the POP-11, a atach starts st ihe highest location re
served 1oF it and expands lintacly oownward to the owest address s
items are 3dded. The stack is used aytomalcally by program wnleqrupts,
subrgutine calls, and trap nstruchions. When the processor is inter-
rupled, the central processor status waord and the program counter are
saved {pushed) onlg the stack area, while the processor services the
interrupting device, A néw statuy word i5 then automaticelly scguired
iroen an area in core memory which 5 reserved 1or interrupl instrud
tiony [vector areal, A return from the aterrofpt instroction restores the
origing| processor stalvk and relurns to the inlerrupted prograrm without
software intervantion,
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2.3 MEMORY

Memory Qrganizatian

A remiory een be viewer B85 a senes of locations, with a number {ad-
dress) assigned to each location. Thus an 8,192-word POP-11 memory
could be shown as in Figure 24

a
[Y. T -
-
r

o1 |
[ LA T

G M

- o1rTr
. r

- Figura 7-4 Memory Addresses

Hecause PDP-11 memories are devigned to accommodate both 16t
words and B-bit bytes, the total nomber of sddresses doas not corre-
spand to the number G} words. An BE-word rmemgry Can contain 16K
bytes and consist of 037777 octal locations. Words always slart al £ven-
numbered locations,

A POP-11 word is divided into & hugh byte and a low byte 88 shown in
Figure 2-5.

3 [ ] T )
riH BYTE . WO TR ]

1 " i 1 . A 1 i 1 a M I i

Figure &5 High & Low Byte

Low hytes are stored st sven-numbered memory {ofations and h_lﬂh
bytes af odd-nymbered memory locations. Thus ot is convémenl fo view
lthe PDP-11 memary as shown in Figure 2-8,
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Figure 26 Worgf and Byte Addresses

Certain memory locaticns have been reserved by the system far inter-
fupl and trap handiing, processos stacks, general regisie:s, and penph-
eral device registers. Addresses from O o 270, ar® alwdys reserved and
those to 77} are reserved on large system configuretions for traps and
intarrupt bandiling.

A 160l word usad for byte sddressing can address &4 maumem of 32K
words. However, the top 4.09% ward locations are reserved for peripheral
and register addresses and the user therefore has Z8X of core to pro-
grarn, With the PDF.J 155 and 11/45, tha user can expand ahgve
Z8K wilh the Mempry Managamenl, Thus cdevice provides an 18.bit
effeciive memory sddress which pe-mits addressing up to 124K words
ol actual memory.

if the Memory Managernent opban is not used, an octat address be
tween 160 Q0O ang L7 777 is antecpreled as 760 000 to 777 77#. That
is, if bit 15, 14 and 13 are 1's, then its 17 and 16 {the extendmi ad-
dress iis) are considered to be 1's, whith relocates the last 48 wards
(8K bytes) to become the highest locatwond accessed by ithe UNIBUS.

24 AUTOMATIC PRIORITY INTERRUFTS

The multi-ievel aulomatic pnonty inlerrupt system perouts 1he processor
to respand automaticelly to Conditions oufgide the Sysiem. Any number
of separate devices can be attached Lo each level -
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Figure 2.7 UNIBUS Prignty

Each peripheral davice in the PDP.1, systen has a painter [o ks own
parr of memory words {one paints 1o the dowices's senvice rguling, and
the cther ¢contarng the pew processar status infarmetion]. This umigue
idenbficatinpn elimnates the need tor poiling of devices 10 wentify an
interrupt, since the interrupt service hardware selpcts and beging e
ecuting the appropnate service roufine after having sutomatically Saved
the status of the interrupted Program segmeént,

Tha devices' interrupt poonty and sarvce routine pnofity are indepen.
denl. This allows adjustment of system behavior in responss to rearthime
conditlons, by dynamically changing the prionty level of the service
fouting.

The wnterrupt $yslem allows the processar to ceatinially compace L%
gwn programmable pronty wih the pronty of any interrupting devices
and to mchnowledge tha device with the highest level above the protes-
sor's prigrily level. The serwong of an interrupt for 8 device can beon-
tecrupled in prder to service an inlerrupt of a fugher priaridy. Service to
the lower priofity devics is resumed auiomakcally upan complewon of
the higher tevel servicing Such 8 process. calied nested intwrrupt ser-
wEINE, can ke carnegd oul to any level withou! regquinng the soliware 1o
save and restore processor stafus ot each level

Wwhen a device {cther than the cenlral processor) is capable of Lacom-
g bus master and raquests use of the bus, o 3 generally for one of
1w purposes:

1. Ta mahw » non-protessor transfer of data directly to or from
MeEngry

28
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2. To interrupt a program execution and force the processor to
go 1o a specific address whers an nberrupt service rouling
is |oCcated,

o

Direc! Memory ACLess

Al PDP11's provide for direct aceess 10 memaory, Any nomber of DMA
devices may ba aitached to the UNIBUS. Maximum priority is given ta
OMA devices, thus sllowing memory data storage or relneval al memony
cycle spesds, Rerponte Lime is mimimized by the organization and log.c
of [he UNIBUS, which samples requests and pronties 0 parallel with
gata transfers.

hrect memery or direct data transfers can br accomplished holwesn
any bwa perpherals withgut processor sUperyision. These non-pratessor
request transfers, called NPR 1evel dara transfers, are usually matde far
Direct Memory Access (mamory loffrom Mass sloraBe) or direct fevits
iranslers {disk retreshing a CRY daplay}.

Bus Reguests

Bus raguests from axtarnal devices can be made on one of five request
lines. Highest pricnty is assigned to non processor reqoest (NPR), These
are direct mernory sccess type translers, and are honored by the pro-
cessor petween bug oycles OF an instruction exdcution.

The processor's prionty can be el undes progream control to one of eight
levals using buls 7, 6, and 5 in the processor stalus register. These bily
8t & priority level that snbibits granting of bus requests on lower levels
ar on the same laval, When the processor's priority i set [o s lsvel, for
example PSE, sll bus requests an BRE and belgw are ignored,

When more than oné devic® is connected 1o the same bus reguest (BR)
ling, & device nebrer the centrel processor has a higher prignty than a
device farther away, Any number of davices can be connected to s given
BR or NFR line.

Thus the prignty system 13 fwo dinensiaial and provides each device
with & unigue prionty. Each device may ba dynamicaly, seleclively
#natied or disatdsd onder program contral,

Qnce & device cthar than the processor has contral of the bus, it may
do one of twe types of pperations: deta transfers or interrupt gparatians.

MPR Data Transters

MNFE dala transfers can be mace betwesn any twi peripheral devices
withoul the supsrnsion of the processor, Normally, NPR transiers are
Detweer & mats storage device, such 23 3 disk, and core mematy, The
structure of the bus also permils device-lo-device Wansfers, Alowing
cuslomar-designed peripheral conlrgilers to access other davices, such
as disks, directly,

An NPR device has very [ast accesy 1o the bous and ¢an transfer al gh
dats rales ance it has control. The processor state s not alected by
the transler; therefore 1he processar oan Lahinguich Cantrol while an in
struchion s iR progress. This can occur at Lhe end of any bus cycles
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sacert in beiwesn & read modily-wine sequence, An NPR device in con-
bl of the bus may transier 16t words from reemory at memory speed.

ER Transiers
Dewvices that gain bus control wilh une of the Bus Reguest lines (BR 7-
ER4) can tahe full advantage of the Central Processor by requesting an

interrupt. 10 tus way, the eatire instruction set s svaitable for manipy-
Hting data drtd stalus registers.

Whan a servicd mouting 5 to be run, the current task baing performed
by the centrdl processor is interrupted, and the device service routine
15 imbated. Dnce the request has been satished, the Processor returns
to s former task,

interrupt Frotedure
Interrupt handling is sutomatic in the PDP-11. Mo device palling is re-

quired to detarmine which sennce routing (o #xecute. The aperations
rquired to serdice pn ointerrupt are as follows:

1. Processor relinguishes control of the but, pricritres permitlicg.

2. When a master gainz control, it sends the proceszor an interupt
comimand and ar unique mamary address which contains the ad-
dress af the device’s service routine, called the interrupt vector
‘oddress. Immedistely follgwing thus poinler sddress is a word (lo-
Caled at veclor addoess 2} whith is 10 be uaed a% a new Procsssor
Status Word,

A, The prixéssor ltnres the current Procumr Status (PS5} snd the cuﬁ'

reat Prograin Countar (PC) inte CPU temporary registers,

4. The rew PC snd PS (interrupt vecior) are taken from the spacuncd-

address. The old PS5 and PC are then puthed onto the current sta:k,
The service routine 15 1hen fmha'ted,

5. The device service routing ean cause the processor b resume the

intercupted process by executing tha Return from |nlefropt instrug-
tion, described (n Chapter 4, which pops the two top words from
the current processor stach pnd uses Wem o koed tha PC ang PS
registers. -

A device routine can be interrupled by a higher priarity bus request any
lime atter the new PC and FS have been loaded. If such an interrupt
eccurs, the PC and PS of the zervice rouling ara automatically stared
in the temparary registers and Lhen pushed onto the new current slack,
and the new devicw routing i3 initiated.

inlarrupt Servielng

Every hardware device capabis of interrupting the processar has & unique
et of locatons {2 words) reseryed for s interrapt vector. Tha first word
cantalng the location of the device's seryice® routine, and ihe sacond, the
Processar Status Ward that is to be used by the umca rouline. Through
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proper Ls¢ of the PS, the programmer can switch the operztional mods
af the proceskor, and moaify the Processor’s Priohty level ta mask out
leraer idvel interropis,

Rezntrant Code

Boih Lhe interrupt handling hardware and the subroutine call hardware
facihtate writing resntrant code for the POP-11. Thig type of code allows
a singls copy of a Fivan subroutinge Or program to be shered by more
than one process or ik, This reduces the amount of core nesded for
multi-task spplications such 2% the concurrant nnrlcmg of many periph-
eral davices,

L

Pawer Fall and Restart _

Wheneutt AC power drops below 95 volts for 110v power (199 volls or
220%) oF outside a limit of 47 1o 63 Hz as measured by DC power. Lhe
pawsr fail sequente B Initiated. The Central Processor sutomabcsily
traps to location 24 and tha power [ail program has 2 msec. to save all-
yvolatda infarmation (deta in regittarﬂ and to canditlon periphergfs for
porwesr Yol .

LN DOwer o ristored the processor traps 1o location 25 and executes
the POWEr up foutlng tu restore tha machine to its state prior to power
failury.

2-11
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CHAPTER 8
PDP-11/34 MEMORY MANAGEMENT
B.1 GEMERAL

2.1.3 Memory Management

Thus chapter descnbes the Memory Manapement omt of the 11734
Central Progessor, The POP-11/34 provides Lhe hardware 1aciities neces-
sary for complete memary management and protechon. It is de;igned 1o
be a memory management [agility far systerms where the memory sire i
greater than ZBK words and lor multi-use:, multi-programming systemas
where protettion and relocaton fac_lllties ArE NECESSAry.

8.1.2 Programming

The Memory Meanagement hardware has Leen gptinuzed towards a imolt.
prograring anvironment and the processor Can operate in two modes,
Kerrrel and User. When in Kernel rnode, the program has caomplete
control and Lan eaecute all instructions. Momiors and supervisory pro-
grams would be evecuted (0 this mode.

When in User Mode, The progrem is prevented from executing certain
instructions that could:

a) cause Lhe modification of Lhe Karnel prograns,
t] halt the computar,
) useé mernary space assigned ta the Kernei or gthet users,

In a muiti programming envirgnment several user programs woubd be
residenl in memory at any gven time. The lask of Ve sppenasofy pfo
gram would be. contral the exeCubtion of thie vanous user proprams,
manage the allocation g menory and penpheral device resglrces, and
safeguard (he integrity of the systerm @23 a whole by carelul conlrol of
&ach user prograrm,
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In a mult-programming system, the Management LUnit provides the
midans for Assigning pages [relocplable memory segments) to & wyer
prugram and preventing that user frorn mahing any urauthonzed agcess
1o those pages eutside fus assigned area, Thus, & uter can electively
be pravanted from accidental or willtul destrectign of any ather user
program-or the system executive prograrm.

Hardware implemeénied fealures snable the opecsting system to dy-
A ally alochte memory upon démand whike x program is bing fun,
Thesa features are particularly useful when running higher-level langulge
programs, whers, far exampie, arrays are constructad at seecution fime.
Mo Lixed space is reserved for them by the compiler. Lacking dynamic
mermary allccatian capatality, 1he program would have to calculate and
ailow sufficient memory space to accommodate the worst case. Memary
Mansgement elimingtes this tmea-consuming and westelu! procedure.

A.1.3 8Basic Addressing

The addresses; genergted by all FOP-11 Famity Central Processor Lnits
[CPUs) are 1B-bit doect byte addressas. Although the PP 11 Family word
length i1 16 Sits, the UNIBUS aad CPU addressing logic actuafly is 18
ix. Thus, while the PDP-11 word can onky contsin address references
vp ta 32K words (B4K bytes) the CPU and UNISUS can reference ad-
dresses up to 128W wordy (2561 bytes), These euvtra two bits of address-
ing logic provide the batic framawork for expanding memcery raferantes,

In addition to the word length constraint on basic memory addressing
spate, the uppermast 4K words of address Space (3 slways réserved for
UNIBUS /O devica ragisters. in & basic POP-11 memory configuration
[withou! Management) all addiess references to the uppermost 4K words
ol 16-bit address space (I600Q0 [77777) are converted 4o full 18-t
relerances with bits 17 and 16 alweys zet to 1. Thus, & 16-bit referénca
16 the 1/Q device regiater at addreys 173224 15 automatically internally
converted to a Jull 1B-tvt refersnce to Lhe register al address 773224,
Accordingly, the batic POF-11 conliguration can directly adgdress up 10
Z2BK words of true memary, and 4K words of UNIBUS |/0 device registers.

8.1.4 Active Puge Rugister

The Memary Management Unit uses two sets of eight 33-bit Active Page
Registers, An APR 5 actuaily a paw of 16-Bit registers; & FPage Address
Repistar (PAR) and & Page Descriptar Register (PDR). These regidters
are plways used &% 8 pair and contam & the informabion nesded to
describe and relpcate the currently sctive memory pages.

One sel of APR's 15 used in Kerngl mod®, and the olher in User mode
The chowce of which set to be used i« determined by the currear CPU
made conta.ned in the Processar Status word.

82

MR Pt ey
1 i

‘ |
L
ke L Wkl 1]
A ] iy 1 -
[T arh t |
akw 3 arh ] il
- bl

amM g ari 3 ~ o eeiting
AN a2 LLLIE ) 1
LN aH i
FTIry ' T
arFar st

T S S ;

Macd aiabaleld BEGHY LT PaGE [ 4 biaTey REGILTRE

Figure B.1 Active Pags Registars

B.1.5 Capabilities Provided by Memory Managemant
Memory Size [words): 124K, max {plus 4K fcr /O & regiaters)

Virtual (16 bits) -
Physical (18 bits}

Address Space:

Modes of Oparation: Karpal & User

Stack Fomnters: 2 fene or each regde)

Memory Relocation:

Numbaer of Pages: 16 (8 Tor each 11oue)

Fage Length: 32 1o 4,096 worrs
Memory Prodection: N ACCR5S
read only
readfwnie

B.2 RELOCATION

B.2.1 ¥irtual Addressing

When the Memory Management Unit is opersting, the normal 16-bit
durect byle address is no longar interpreled as A duect Physical Mdru?;
{PA) but as & Virual Agdress {VA) contawming nformation 1o be used in
constructing & new 18-t physical aduresy. The informaton contrined
in the Virual Address (VA) 8 combined with relocation and deschpiion
informatian tontanad in the Active Page Register {APR] to yreld an
18-bit Physical Address (PA}, '

Because addresses are autpmalcally refecatel, Lthe camputer by be
considered 1o be operating i virtyal address wpace, This means 113k nd
matter whers & program 1 loaded into physical memory, it will agt have

8.3
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to e "re Linked "7 1t Always appears to be at Lhe sama virfuat lccatiur: n
mevhiory.

The witual agdress spat e o5 divided inlo eight 4K-word pages. Each page
& relocated separately, This s 3 wsefyl feature in mwilti-programimed
Pineshanng systems. It garinils @ new larpe program to be loaded into
disconbnugus dlacks ol physicgl memorny.

hopage may be oas small 3¢ 12 words, so thal short protedices or data
areas need oftuPy only a5 much memary sx regurred. This is @ useluf
teatyre in réal-time conlre! systems thal conlain mary epacate small
tashs, I8 15 2'sp a usefyl fealure for stack and buffer cantrol,

A basic funclron it to perform memory relocation and provide extended
memaory addressing capabilily for systems with mom than 28K of phys.
1;:1 menwaty. Twh sets ol page address regidters are used to relocate
virtual gddiesses to physicsl addresses in memory: These 35 are used
#2 hargaaie islpeation regislers thal permit several user's programs,

fach starhing at wirtual agdresy ) to reside Simulaneausly in physical
memory,

.27 Frogram Relocation

The page addiess registers a8 used 10 determine the stading address
of each relncaled program in physical maumary, Figure B 2 shows a sim-
plified sxarnpie ol the Jefgoatron concepl.

Program A starting address O i= relocated by a ¢
. pnstant tag |
phiys.cal address 840, provice

L O
SRl
& 0o

B+ TG0

i
L P my, Do 13

o0 e

faaon

A

Figure 82 Simpaled Memory Relocation Concept

3-4

If the next processor virtual addiess 1% 2, the rakacation constant will then
cause physicat address 6402,, which s tha second itern of Program A, o
be mgcessed, When Program 8 is runaing, the relgcation constant is
changsd te 100000,. Then, Program B virtual addresses starting at 0, are
relocated to access physical addresses starting st LODDOO, . Usiag the ac.
live page adgress registers o provide relocation eliminates the need b "
nk™ a program s#ch tiove it 13 loaded inly a ditferent physical memory
locatign, The program always appears to start 8t the sa#me pddiess.

& program is reiocaled in pages consisting of from 1 to 128 blocks.
Each block is 32 wards in bength, Thus, the mawmum length of 3 page
it 4096 (128 x 32) wards. Using all &l the sight available actve page
regtery in 2 sel, & maximum program (ength of 32,768 words £an ba
sccommodated, Fach of the sight pages can be relocated anywhere in
the physical memory, as iong as each relocated page begirs on a
boundary that is a multipht of 32 words, However, for pages that ace
amaller then 4K words, only the memory actually allocated to the page
May be droessed.

The rglocation sxample shown.in Figure 8-3 ilustretes weverd| Doints
about memory ralocatian,

&) Although the program appuears to be be conliguous 2ddress Sp2ce to
the procassor, the 32K-word physical sddress zpace i actudlly scat-
tered through seversl scparata arsas of physical memory. Ad long
a1 the total availapie physical mamaory spaca s adequata, & PEogram
can be toaded. The physical mamory 5pace need not be contiguous.

b} Pages may be rmiocated ta higher or lower physical addresses, with
resnect to their wirtwal sddress rangss, In the example Figure B-3,
page 1 is relocated to & higher range of physical addresses, page 4
1 reélocated o & lower range, and page 1 in not reiocated =t ali
{aven though its relocation canstant is non-zera).

€} All of the pages thawn In the ezsmple stal on 32-wond boundaries.

di £ach page iy reloceted independently. There is no reasan why lwo or
more pages couid not be reloested to the same physical memory
sppCe. Using mors than one pERe address register in the set to
access tha same Space would be ane wiy of providing dilferent
mermory access nghts to the vame data, depending upon which part..
of a program wai relerencing that data.

Memary Units ,
Bl oek: A2 wards

Page: 1 %o 128 plocks {32 to 4,096 words)

No. of pages: a per mode o
Size of relocatable 27,765 wordy, max (8 a 4,098) :
emary.

B5
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Figure B-3 Relocation of & 32K Word Program into
124K Yrard Physical Memory

4.3 PROTECTION

A fimeshyriag system porforms  multiprogramming: it aliows geveral
programsy {0 resde o memory simuitaneowvaly, and 14 operate sequen-
vally. Access 1o ihese programs, sod the memary space thay gecupy,
must be strictly defwned and conlrghad, Several types of mamory pro-
teciion must be alarded a timeshanng system. Fgr example:

a) User programs musi nol be allowed 10 gxpand beyond alkocated
sgace. unfess authorized by the system.

b} Users must be prevented from modidying common subroulines and
algorithims that are rasident lor atk users. .

-

£} Users must b prevenled from gainirg conlrol of or rodifying the
operaling syslem software.

The Memory Managemenl oplion provides the hardware [acilibes 1o im-
plamant sl of the above types of memory protechon,

8.1.1 |Inaccessible Memary

Each page has a 2-but access conirol key assodialed with it, The key is
assigned under progrem conbrgl, When the wey 15 set ta O, 1he PIEE is
defined ax non-femgent, Any atlempt by 3 usef progiam 1o ACCESS A
aon-residant page iy peevented by an immedale abort. Using this fea-
turer to piovide memary proteclion, only those pages asociated with phe
currenl program are set to legal sccess keys. The access Contrpl keys

of all ather program peges are set ta 0, which prevents illegal memory
relerences.

B8.3.2 Read-Only Memory

The arcess controb key for a page can be set 10 2, which allows read
(Felch) memory refriences to the page, but imiiedialely aborts any at-
templ 1o wrile into that page. This read-oniy lype ol menory protection

&6

tan be aMaorded to pages that conlan common data, submoulines, or
shared atponihms Thes Lype of memory proiecton alfiows e access
nghts to a given information module 1o be user-dependent. Thal s, the
access right to a gwen anfurmation moduls may be vaned lor different
users by altering the access control key.

A page address register in each oi 1he sels (Kernel and User modes)
may be sel up to reference the Same "phySical page in memaory and
#ach may be heyed lor diMesent accesy nghts. For example, the User
acress control key might be 2 (read-anly acceas). and the Rerng| afcess
cantrol kéy roght ba & {allowing camplete readfwrile access).

8.3.3  Muftiple Address Space

There are two complele separate PARIPOR sets provided: ane set for
Kernal mode and one 52l [or User mode. This aflords Lhe timesharing
sy5term with another type of memory protection capabilty. The oiode of
opeialion 15 specified by the Processor Stlatus Word current mode fmeld,
or pravipus mode field, a3 determinad by the curreot instruchon.

Assuming the current mode PS Dils are yalid, the active page regisier
sets ara enabled us foliows:

PS(bits15, 143 PAR/PDR Set Enabled

[# 1) Kernel node
?é ' liegal (all references abaried on access)
11 User mode

Thus, & Uscr mode program 1§ relocated by its own PAR/PDR set, as are
Kernel programs. Thes makes it impessible for a program rennng i
gne moda to accidentally reference space allocated to ancther mode
whan the sctive page registars are el correctly. For exrampie, 3 uler can-
not trapster 1o Kernel space. The Kernel mode address space may be re-
served lor resident systermn martgr fuachions, such as the bawg aputf
Outpul Contrel rootines, memery management trap handlers, and tine-
sharing scheduling modueles. By diating the types of firmeshanng system
programs lunctenally between the Kernel and Us#r mgdes, 3 imenimum
amoypnt of space conirel housekespng S required as the Lmeshared
cperating system sequences from ORe USer program to the nert. For
example, only the User PAR/FOR sel needs 1o be updated as #ach new
user program i serviced. The two PAR/PDR sets implemented in the
Memory Management Unit are shown In Figure 8-1.

8.4 ACTIVE PAGE REGLISTERS

The Memory Managemaat Unil prowndes two sets of eight Acties Page
Registers {(APR). £ach APR conusts of a Page Address Repisier [FAR)
and a Page Descriptor Register (PDR), These tegisters are aluays used
25 & pair and contan all the information regurest Lo (gcate and descnbe
the turrent aclice papes for each mode ol operation, Gne FPARIPOR set
5 used in Kernet mode and the other 15 used i User made, The cur
rent mode bats (ar 1n $ome cases, ibe previous mode aks) of the Praces
sor Status Word determing which el will be referenced for each
meinory access. A program operating in one made cannol use the PAR[
PDR sets gl the olher mode to sccess memory. Thus, the Lwo sets are

a7
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0 ey [eaturs in providing a fully pretected envicorment for a time-
shared sauiie programming system.

A apecific processar IJO sddresy i3 assigned to each PAR and POR of
aeth set. Table 7-1 m & compiete L5t of address assignment.

NOTE
UNIBLUS devices cannot access PARS or PDRs

n & fully-protected multi-programming envirenment, the implicratlan is
that only a program opecaking 1n the Mernel mode would he allgwed to
wnite into the PAR ard FDR tocatians for the purpose ol mapping user's
Eroprams. However, there are no resirzints imposed by the logie that
will prevent User mode programs from writing into thesa registers. The
aptigh of implementing such a leature in the operating $ystem, And thus
eaplicitly protecting these locationd from pser's programs, is syvailable
to ihe sysiem saftware designer.

Tuhix B-1 PFAR/PDR Addrwss Assipnmemnts

Kernel Active Page Registers Liser Achive Pags Ragister

—
1

Mo. PAR Fog Mo, FAR PCR

4] Fr2a0 . FF2ID 4] FFFEA0 TIFEO0
1 FrazA FF2302 1 FIIEAZ 777602
2 Fra3aa 772304 z 777644 777604
| Tr2iae Fr2I0G 1 3 T7FHAE T7TRDG
4 ¥12350 FF2310 q 7TFGS0 FFI610
5 Fr2ing Frziire L] TFTRSZ 77re12
& 7723%4 " 772314 & FITES4 7IT614
T 772356 2316 7 TITLSH T7IB1G

8.4.1 Page Address Registers (PAR)

_ Tha Page Address Register (PAR), shown ln Figure 8-4, contsins the
12-twt Page Address Freld (PAF) that specifies the bass addresy of the
PAgE, .

R 2l _ ras . i

Figura B-4 Page Address Register

Bits 15-127 are unused and resenved for possible futore e,

The Page Address Register may be altermnabively thoupht of 2% a relo-
cabwon constant, or as a base megisler containeng 3 beae gddresy, Edher
iterpretabon indicales the basc lunction of the Page Address Regater
{FPAR) in the telocaton scheme.

" 8.4.2 Page Descriptor Registers {POR)
The Page [Descriptor Ragesler (PDR), shown in Figure 85, cantaing in-
formation relative to DRge eaparsion, page lengih, and ACOESS cantrol.

) g2

AFC

L] 1 [] ¥ L 1 1 ! 2
B e] e 1)

Figura B-5 Page Descriptor Regivter

Accwss Conlrol Field (ACF)

This 2-bit held, bits 2 and 1, of the PDR desciobes the access rights to
this particular gage. The access codes or "keys" specily the manrner
in which & page may br accessed and whather or not a prven atcess
should result in an abert of the current oparation, A memory reférence
that causes sn aberi i3 not completed and is termnated imnediateiy,

| I |
Aborts are tavsed by ettempis to access non-resident pages, page
fength e¢moes, or access wiolations, such a3 stlempling to write nto a
read-onfy page. Traps ara Used wy =0 Aigd 10 gathering memory manage-
ment Information.

in the fontext of access control, the ferm ““wrts' i used 1o ndicate
the action of any Instruction whith modifies the contents of ary ad-
drassatis word, A “write” it aynonymous wilh what i Usually calied o
“stora’” or “‘modify” in meny computar systems. Table B-2 hsts the ACF
hays and thair functions, Tha ACF |3 written inte the PDR under program
control. .

Tabie B.2 Access Control Fisld Xeys

Key Dascription Funchion
00 0  Mon-rovident Abort any atiemp! {0 accesy this
non-riesident page
a1 2 Residant read-anly Abort any attempt 1o wrile Into
) ihix pags.
10 4 (unusad) Abort all Accesses.
11 [ Resident read] write Read or YWrite allowsd, Mo trap

or aboit occurs,

Expansion Dirsction (EQ)

The ED bit Iocated in POR kit postion 3 indicates the authorized direc-
tian in whech the page can espand, A foge O in this bit {ED = 0) indi-
catas the page ¢an eapand upward from redstive zero. & logic 1 0 this
il (ED = 1} indicates the page can expand downward toward retative
Iera. The ED Bl is writien into the PDR under program control, When
the esxpansion girection ik upward (ED = 0], tha page lenglH-is increased
by adding Blocks with higher relabve addresaes, Upward expansion is
usually spaciled for prograrn or data pages 1o add mre progrén of
table space. An exampia of page expansion upward is shown in Figure 8.5,

When the expansion direction s downward {FD = 1}, the page leagth is
wncressed by adging bloths wikth lower refative addresses. Downward
expanmon is 1pecilied for stach pages so thal rare $tack space can be
adoed. An eaample of page eapannon downward is shewn in Figure B-7,

B8-2
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Figura 8-6 Exampte of an Upward Eapandable Page
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Written [nto (W)
The W bt located In PDR bit position € indicales whather the page has
been whttén intd since I was lgadeq inta memory, W =1 s athrma.

Jave Th ¥ bit 15 automatcally clearsd when the PAR or POR of Ihat

page 5 writlen inta. IL c2a only be sel by the control Iogic,

“In disk ywapping #nd memary overlay applicalions. the W bit {bit &) can

be used 10 determing which pages in merngry have been modibed by a
uzer. Those thal have been written inta must be saved in ther curreng
form. Those that have not bean written into (W = 01, need not be Laved
and can be averlayed with new pages, if necessary,

Page Langth Fisld (PLP)

The 7.pit PLF iocated in PDR (bits 14-8) specilws the authorzed length
of tha page, in 32-word bipcks, The PLF holds block numpers trom Q to
177,7 1hvs allowing any page length from 1 to 128, blocks. The PLF
it written in the POR under prograrm cantrol.

PLF for an Upward Expandable Page

When the page eapands upward, the PLF must be 8t Lo onz l=ss Ihaq
the intended number ol blocks suthgrized for that page. For example,
it 52, {A2, ) biocks sre authorized, the PLF is sat 1o El, {81 ) (Figure
&:6}. Tha hardware compares the virtual address block pumber, YA {bits
12-&) with the PLF to detarmine if the virtual address is wihin the so-
tharized page length.

when the virtual addrass block number is less than or equal te 1he PLF,
ithe wirlyal aoddress (5 within tha authorizad page lenpgth, M the virtyeal ad.
dress ig grealer than the PLF, a page length faut (address too high)
13 detectad by the hardware and an abort occurs. In Lhes Case, the wir-
tual address space |egal I the program is non-conbtiguous becaoss bhe
three most significant bits of the wirlusl addresy are used |o selec] the
FARFDR get,

PLF for a Downwerd Expandsbie Page

The capabihty of providing downward ezpansian [or 2 page s intended
specificaly lor those pages thal are 1o be vsed as stacks. In the PP},
a stack starts at the highest locabion reserved far it and expands down.
ward loward the lowest address as items are adoded to Lhe stach,

When the pege s lo be gownward expandable, the PLF must be set 1o
authorize a page langth, in blocks, that starts et the nighest address of
ihe page. That ls always Biock 177,. ftefer ta Figure B-7 which shows
an example of & downwarg ecpandable page. A page lergth of 42, .,
Slocks 15 arbitranly chosen so that the axample can be compared with
the vpward expandable exampla shown in Figure 8 6.

. NMOTE
The same PAF i3 psed in both ecamples. Ths s
done 1z #mphasice Lhal the PAF, as the base I
addiess, always deterrnines the lowest address
o! the page, whather it 15 upward or downwarg

expandabde.
.
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To specity page lengih 1or a downward sxpandablie page, write comple.
ment of blgcks requirad mto high byte of PON.

In this eapmple, a 42-block page is required,
FLF is derved a3 fo'lows: -

42 . = 52,! two's (omplement = 126,
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Figure B8-7 Example of a Downward Expandatle Page

B-12

Tha calculations 1or complementing the numpber o bloghs requied 0
obtain the PLF is as follgws:

MAXIMUM BLOCK NO. MINUS REGUIRED LENGTH  EQUALS  PLF
177, - 52, = 125,
127,, - A2, = 85,,

B.5 VIRTLIAL & PHYSICAL ADURESSES

The Memory Managemenl Uit is lotated between the Central Processor
Unit and the UNIBDS address bnes. Whea Memagry MNanagemenl i1
enabled, the Processor crases 19 supply address informptian to the Uni-
bus. [nstead, addresses ace sent to the Memory Managernent Unit where
they are ralogated by varous constants computed within the Memory
Management Umt.

8.5.1 Construction of & Physical Address

The Basic information needed for (he construction of a Physical Address
(PA) comes [rom the Yirtual Address (YA), which s tiysieated in Fagure
B§-9, and the appropriate APR st

i &

[ . _ !

L T

3] F]

L‘.n

AT et 1210

Figure 88 Interpretatian of a Yrrtual Address

The Yirtual Address (¥A) consists of;

1. The Aclive Page Fimld {APF), This 3-bet fisld deternunes which of
eight Active Page Registers (APRD-APR?) will be used o form fhe
Physical Addrass (PA),

2. The Displacement Freld (OF). This 13-bul feld conlaing an address
retative to the hepinning of a page. This perats page lengths up o
AKX words (2'1 = BK bytes} The OF is furlher subidvided wito two
fialds as shown in Figure B9,

1) [ i -]
. T
[ l L1

o9 L | mibiyl e BDCEL

i Ol pg g §

Figure 8-9 Displacement Fietd of Vintual Address

The Casplacament Field (OF) consisis ol;

1. The Slock Humber (BN} This F it Lefd s nlerpréted as the block
nurriber within the current pags.

2, The Displacement in Biock {DIA). This & et Fetd contains the &is-
placement within the block relered 1o by the Block Nuniber,
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The remawnder of the informastion needed to construct the Physical Ad.
gress comes from the |2-bil Page Addresy Foeld {PAFT (part of the Active
Page Reguter) and specifies the ctarting address ol the memory which
that APR describes. The PAF is actualiy & block number in the Physical
memary, & g PAF = 3 indicates g starting address of 96, (1 x 32 — 263
words in phytical memary. :

The Jormatlan of the Physical Address is illustrated in Figere B-10.

[H [ ) LT | X
I_." [ norn | ™ ]vf'u'--“
1
]
" q_* | I
[ | s oo iy - 1 | | e e
i
A : J
9 o
L k ' 2 i
L i _jn.....' Bk Pl

ek Trled tu REX B4

Figure 8-10 Construction of & Physical Addrevs

Tha logicsl sequence involved in construchng 3 Physicsl Address jx ay
Tod bws

1. Select o et of Active Page Registers dapending on current mode,

2. The Acbwe Page Figld of the Virtusl Address s used 1o weiect an
Active Page Register (APRO-APRT].

3. Tha Page Addresg Field of \he selecled Active Fage REgist#r con-
tains the starting addrest of the currently aclve page »s » biock
NUMber in physSital memory,

A, The Bioch Numbar from the ¥irtual Address 15 added.to the block
nurnber fram the Page Address Field o yielo the Aumber ol Lhe
biock in physical memory which will contain the Physical Address
bemng construcied,

5. The Qisplacement in Biock from the Displacement Field of the Virt,al
Address 1s joined to the Physical Block Nember 1o yimld a true IB-fyt
Physical Address,

B.5.2 Determiniog the Program Physical Address

A 16-bit wirtual address can specify op 1o 32K words, in the range from
0 ta 177776, {word boundanes are even octal numbersh, The three
most sigmhcant virtual addrays bits desgnate Lhe PARIPOR set to pe
relerenced duing poge address relocation, Table 83 ists the wirtual
address renges that Specily each of the PAR/PDH selx.

B-14

Talla 8-3  Reisting Virtusl Address to PAR/PDR Set

Yirtial Address Range PARIPOR Set

« DOGDO-17776 0
020000-37776
DAQO00-57 776
OB0000-7 7776
K000 117776
120000137775
140003-152 776
160000-177776

R e Ly R e

NOTE
Any uie ol page lengths less than 4K words
Chuses holes {0 be left in the virlpal address
$pdce. -
B.6 STATUS REGISTERS

Abortt generated by the protect-on hardware are vectored Lthrouph Kerngj
virtual location 250. Siatys Regislers 50 and #2 are useg to Cetermine
why the abort occurred. Note that an abart to a localion which i3 ites]
an invalid address will cpuse another abort. Thus the Recnel Rrogram
mMust insure that Karmel Victyal Addrass 250 mappad into 8 vehd ad.
dress, clherarss » l0op will oecur which will require console intervantion,

8.6.1 Status Register 0 {$RDY

5RO contains abort error Hags, mamory mahlgument #nable, plus othe-
essential anfarmation reguired by an gperatrag system 1o recaver from
#n abort or sefvice 2 memory management trap, The SRO format is
shown in Figure B-11. It addrass is 777 572,

T L T LT
1 : ! 1
[ l A i I____ E 1 i - i L -— L_—_:
arwrrrimont =1 14 H 1 !
A b e e ——] J 4 1
P P .
&ICEYY wEAPCEL i
Ky A R —_— | ’ :
T — |
P b e f -
A | kR AL Y A=

Figure B11  Format of Status Register £ 0 (5RO}
Bits 15-13 are |he abort faps, They may be considered to be by oa
“prigrity queder™ an thal “flags Lo the rghl™ are |esy sigruficanl and
should be igngred, For tvample. 8 “non-resdent” abart serice rouline
would ignore page lenpth and access control liags, & ““page iwngth'
abort service rgutine would wnore pn Access controb 1aglk :
HOTE
Bil 1%, 14, or 13, when set (abor! condiions}
cause the logic to freeze Lhe contents of RO
. bits 1 v & and status repister SRZ. This s dane
to lagrtate rétovery (rom Lhe aborl,

B-1%
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Profection is enabled when an.address is being relocated. This imphes
that either SHI, bt O is egual to | {Memoiy Mansgement enabled) or
that SRO, ot 8, is sagual to 1 and the memory reference is Lhe tinal one
of a destination caleulation (maintenance/destination mode).

Mote that SRO bits O and 8 can be set upder program control 1o pro-
vile meaningful memary managemént contral inlormation. However,
informaticn wrten into ail other bis 5 0ot meaningful. Only that in-
larmation which is sutomabcally sritlen inlo thess remaining bils a1 a
rasult of hardware actions 15 useful as a momtor of the status of the
memory management vt Setting bits 1513 under progrem control
will o0t cause raps 1o occur, Thewe hits, however, must be reset 10 O
gfter an abort of trap has occurred in order 10 resume manidoring
MEeMory managermant.

.l.hu-rt Nonnessd =t

[ 15 i3 the “"Aport Nnnruldent" b2, It ix set Oy atlempting to access
[ page with an access conbrol field (ACF) kéy egual o Q or 4 or by en-
abling relocation with an illegal mode in the PS.

Abdrl—Page Length

But 14 15 the "Aport-Page Length' bit, It ia et by attermpting to access
& Wcation in 2 page »=ith & hloch number (virffual address betn 12-6) {hat
n Gutside the ares auvthornzed by the Page Length Field (PFL} ol the
POR for that page,

Abort-Resd Qnty -
Gt 13 is the “Abort-Read Only' bit. It s st by atlampting to write in a
“Read-Only"’ page having an aicess key of 2,

T . NOTE
There e po restnctns that sny abort ets
could not be set simultanecusly by the same
access sttemnpt.

o’

Maintenance/Destinstion Mode

Bl 8 specilies maintenance Lse ¢! the Memary Managencent Unit, it is
wied for duagnostic purposes. For tne instructions used in the imtal
diagnostic program, bit 8 «3 52t 50 lhat only lhe final destinsbon refer-

ence s peiocated, 1 s uselul {0 prove the capabibty of refotating

addresses_ .- -

Mods pf Qperation .
Bty 5 and 6 indicate the CPU mode {(User ar Kernel) assncmted with
the page causing the aport, [(Kemel — 00, User = 11).

Paga Muniber

Bits 3-1 contain Ihe page number of reference. Pages, line blachs, are
numbered from O upwards The page number Bt is used by 1he error
recowery routine 1o denbfy thée page beng accessed (| an SHOIL DCCurs.

Erdile Relotation and Protection
Bt © g the “Enable' ik, When it 15 o» ta 1, all addresses ara relocated

Ele

and protecied by the memory managtment und. When tit 0 i3 set to 7,
the memoty management umt 15 disabled and agdresses are nether ra
iocated nor protected.

8.6.2 Status Register 2 {SR2)

S5R2 is loaded with the 1&bit Virlual Address [(VA] at Iha beginmng of
each instructlon fetch but is not updated i the instryction fetgh Tails
SR2 s read only; a write attermpl will not moity its conteats. SR2 s
ire Virtual Address Program Counter, Upgn an abort, the result of SRO
Lits 10, 14, or 13 being set, will freeze SRZ yntl the SAD abort fiags aig
cleared. The address ol SR3 is 777 576,

-

L ]
[T T ST )

}n:mm
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Figure B-12 Format of Stalus Regpster 2 (SR21)
B.7 INSTRUCTIONS )

semary Management provides the ability to commumeste batwasn twy
Spaces, ¥3 determined by tha current snd previous modes of (he Pra.
cELsr Status word (PS).

Mnemnonleg Instrugtion Op Coda
MFPE move Irom previous (nstrochion Space 0QB55E
MTRi mave Lo previgus instroction space - 060D
MFPD move from prévious data spece 10RESS
MTFD move to previous dals space 106600

Thesg Instsuctions arg tirechiy ¢ompsetible with the larger 11 computers.

The PDP-11745 WMemeory Management unit, the KTIL1-C, implemants o
separste instruction and dats address space, in the POP-11734, there
is no diferentislion Detween instructlon or data space, The 2 instroctions
MFFD mngd MYTFD (Move ta and from previous Jata space) sxecute idan.
tiexlly to MFPI ard MTPI.



MFPD

MEPL -
move from previpys data space 106555
move rom prévipus instruction space G355
L] -] 3 L]
[_I? # 8 0 1 1 ] L -] 1 1 ' ' + 1 1
1 a L . 1 [
lf.)perntmn: (termp) e (510)

FISP) {trmp)

Condition Codes: M sebif the source <0Q; olnerwise Clegred
I set i the soures =O; otherwise tleared
¥. tieared
Ci unafiected

Descriptian: Thiz instruction pushes a word anta the current sigch
frdm 20 address in previoos space. Processor Statys
{bitx 13, 12). The source address 15 computed uting
thé eurrent registers and memory map.

R2 = 103G

Exarmgie: MFPI @ (R2) 1000 = 37526 '~.

The erecubion of ."'" instruction tauses the contents of [relapve)
37526 of the previous address space Lo be pushed opta the current
stack &y geternioned &y the PS5 {bits 15, 14).

4

518

MTPD
MTPI
move iy previous dals space 106600
move to previows instruction space el 21 el
1% - » 5 a2
ﬂ‘lﬂ 5‘9'!‘1 Dl‘.‘;“l‘;‘..‘l‘_.’..;]
Oparstion: (ternp) =(SP) 1

(dst) «={temp)

Condition GCodes:  N: set (f the sourse < Q; otherwise cleared
Z: setf the source =Q; atherwige clearnd
¥: cleared
C: unatiected

Description: This instruction pops & word ol the current stack
determined by PS (bits 15, 14) and stores that word
intg an address in prévious space PS5 (s 13, 12),
The destination sddess 5 computed wsing Ihe gyr:
rent regesters and menady map. An ezampé g oas
' Tollgws:

. R2 = 1000
Ellﬂ'lpl.: MTP} @ {RZ} 1000 = 37526

The execution of this instruction causes the top word of the current
stack to get stored into the (relstive) 37526 of the prévious dddress e
pace. s -

4

a1
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MTPt AND VFPL, MODE 0, REGISTER & ARE UNIQUE (N THAT THESE
INSTRUCTIONS ENABLE COMMUNICATIONS TO AND FROM THE PRE-
YIOUS USER STACK. -

: MFPI, MODE Q. NOT REGISTER &

MOY  =KMPUM, PSW * KMODE, PREY USER

WMoY  =.a1, —2(6) . MOYE —1 on harnel slatk —2
CLR =40

sEC & # 5RO s ENABLE MIM MGT

MFP1I o0 T —(K5P) R0 CUNTENT‘:}

The —1 n the kernal stack 15 now replaced by the coatents of RO which

iz O,
; MFPL, MODE 0, REGISTER &
MDY UM+ PUM, PSW

CLR %6 :SET RLG6=0
MOV 2 KM EPUM, PSW : K MOOE, PREY LUISER

MOYW =1, —2(6)

INC @ #5R0 - EMMBLE MEM MGT .
MFPl 246 : —(KSF) +R16 CONTENTS

The --1 in [ne hernel $1aCk is now replaced by the contants of RIG
{usar stath pounter which s 03,

To obi2 infg Trorm the' user stack if the stetus j4 sal to kernel mode,
prev user, two steps are npeged

MFPlL oLk : ; gal contenty of R1Gz=user ponter
MFPl GBI+ ; get user pointar [rom kerfne| RLach
" use address sbtamed to get dats
2 irom user mode usmg the pray
; Fmode

The Jeqred data fram 1hé user slack ‘is now I the kernel gtach and has
repiaced the yagr slack address,

B2

- 4

; MTE, MODE 0 . MOT REGISTER &
MOV # KM PUM,_ FPSW s KERNEL MADE, PREY USES
MoV # TAGY, (G} i PUT HEW PCON STACK
INC @ # 5SRO : ENABLE KT
MTPL 547 LT (6)4
HLT ; ERROR

TAG:CLR @ # 5RO ; DISABLE MEM MGT

The new PC I8 popped off the currant stack and since this is mods O and
nol register & the destination i register 7.

; MTPI, MOCE 0, REGISTER &
MOY UM 4PUM, PSW : user mode, Frev User

LR %6 ; st vaer SP0 (RLEY

MOY g RM4PUM, PSYW ; Kerne! mode, prev user
MOV g1, =(6) : MOVE —1 into K stack {(R6)
INC @ & SRO ; Enabis MEM MGT

MIPI %5 ;%516 ~{B)4

Tha O in A16 i3 now replaced with —1 Irom the contents of the kernel
stack.

To plaée info on the user stack of the stetus ix 16t to kerngl mode, prev
uséar mode, 3 geparata steps are nepded,

MFPl %6 . ; Get content of RLE=user pRinter

MOV 2 DATA, —(6} : put data on currenl stack '

MTPlI @i+ - : @(B)+ (Mnal address relocuted] «
(R6)+

The cate desired is cbtalned from the kernel sieck then the destinat.on
addréss i5 obtained from the karnel stach and relocated through the pre-
vious rmode.
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Mode Descriplion

It Aerpel womode the pperating program has grrestricted use gl the
machue, The program Can nulf} U805’ programs anywhere in oore and
thus sxphcitly prodect key aread (inclugmg the dewvice fegisters and the
Processar Status word) fram the Useér gpaating #nvirgnment,

"I User Mode & program is intubited from execuletg a HALT instruclion
anel the processor will pap through loecaton 10 of an altenpt 11 made
to eceCute this nstruction. & RESET inatruction resulty on execunon of
& MOP (no-gperation} ingtruction,

There aie iwi slaCks called the Kernel Srack and the LUser Stach, vsed
by th® central processor whan operating in eiher the Kernél gr User
mede, respectively.

Stack Limnt wiglaprons are disabled in User moge. Stach pratechon js
pravided by memory probect fealures. .

Intarrupt Conditiona

The Memary Management Ul relocates all addresses, Thys, when Man.
agmnent 15 enabled. all trap, ahort, and waterrupt veclors are considered
14 be in Kernel mode Votual Address Space. when a vectpied bransfer
ocours. Cantrdd i transférred aceoiding to 3 new Frogram Counter (PC)
ancd Processor Slatus word (PS) contained i a two-word vector relocated
Ihrough the Kernel Active Fage Register Sel.

When a trap. abart. or interrupl oCcurs the push™ of the oid PC, old PS
15 o the User! Kernel RE stack specified by CPL mode bits [5, 14 of the
rew PS5 0 the yector (00 — Herel, 11 = User), The CFPLI mode bits
alsy delermune the new AFR 4el. In this manner of s ppssibie for a
Herpel mode program 1o have complets control gver service assignments
lor a1i rntarrupt condibons, smce the intereept vector 5 located m Kernel
space, The ¥erpal prograir may Assign tine servite of some gf these con-
dtions ta a User mode program by simply seiling the CPLU nmegte tals
al the new F3 in the yector to relurn control t9 the approprate mode,

Leer Processor Slatus (P5) operates as lollows:

Lser Traps, Explicit
F5 Oils User RTH RTT Interrupts PS5 Accass
Cond, Codes [3-0) i0aded from - tpaded 'rom ¥
stack vector
Trap (d) loaded fram Ioaded frgm cannal be
stach veclnr changed
Pronily {7-3} cannot e loaded from .
.Lhanaed vertor
PFravigus {13-12) cannol e copied from -
changed PE (L5 14)
Current {15-14) canngt be lnaded from '
changed vechar

* Evplicit gperabons can be made o the Processor Slatus ¢ mapped in
User space.
N
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"AINICOMPUTERS FOR ENGINEERS TERRUPT SYSTEMS
AND 5CIENTISTS,

9. Simple Interruptsystem (dperations. In an interrupl sysieni, 3

device-flag level {(INTERRUPT REQUEST} interrupts the compuler

pragram on <oripletion of the cercent instruclion.  I'rocessar hardware then
G.A. KORN, causes & subroutine jump (Sec. 4-12):

1. Conlents of the incremented progrim counter and of olher selected
processor registess (il any) are automalically saved in specific memory
locations or in spare registers.

2. The program counter is rescl to starl a new instruction sequence
finterrupi-service subroutine) from a specific memary localion {“trap
location™) associated with the interrupt. The interrupt thus acted
upon 15 disabfed so that it cannot interrupl its own service rautine,

Minicomputer interrupt-service routines musl usually first sare the con-
tents of processor registers (such as accumularors) which are needed by the
main grogram, e which are nof saved aurmnaricaffy by the lardware,  We
might zlso have Lo save (and later restore) same peripheral-device control
registers.  Only then can the acleal interrupl scrvice preceed: the service
reuline can Iransfer data alter an ADC-conversion<ompleted interrupt,
implement emergency-shuldown procedures aller a powersupply failure,
etc.  Either the service routine or the inlerrupt-sysiem hardware mast then
clear the interrupt-causing flag to prepare it for new interrupts.  The service
rouiine ends by resioring registers and program coumber (o relure 10 the ariginal
program, like any subroutine (Sec. 4-12].  As the service rouline compleles
ils job_ it mus! also reerable the interrept

EXAMPLE: Consider a simple minicomputer which stores only the
program counter aulomatically after an inlerrupl.  The interrupt-service
routine is to read an ADC after its conversion-complete interrupl.

-

iocatien Label [ostruction or Werd Data Comments
{main program)

1713 curzent instruction { Interrupl occurs here
3
FoooD0n 1714 { incremented program
1 f counter [1714) will be
. { stored here by hard-
{ ware
0001 JUMP TO SRVICE { Trap location, conlains
¢ jump e relociable
J600 EAVICE STORE ACCUMULATOR IN  SAVAC [ sCryvice rouline

(-
1=



IGO0
3601

07
3603
J6l
3603

114

It INTFRFACTSG TR AHISICOMPUTER WITH THE iAW wiRLD 14T

[ Suve uccumulator
! Read ADC mia

{  accumulater and
{ clear ATXC Mag

/ Store ADDC reading

STORE ACCUMULATCR N
READ ALC

SAVICE SAvAC

STORE ACCUMULATDRIN X

LOAD ACCUMULATOR savac [ Restors accomulator
INTEARUFT ON J Tumn interrupt back on
JUMP INDIRECT VIA GO00 ! Return jump

{main program] } Interrupted program

{ continues

NOTE: Interrupts do not work when the compuier is HALTed, 0 we
cantterf fest interrupts when stepping a program maratfy,

S0 Maltiple Interrupts.  Tnierrupt-system operation wonld he simple if
therc were only ane possible source of interrups, bul this is practically
never true, Even a stand-alonc digital compoter usually has several
interrupts correspomding to periphersl malfunctions {tape enit out of tape,
printer out of paper), and flight simulitors, space-vehicle controllers, and
process-conlral systems may have Aundreds of different interrupts.

A practicul multiple-interrupt system will have to:

I. »Trap™ the propram fo different memory locations corresponding to
specifc individual inlerrupts

2. Assign priotitics o sirmulluneous or suceessive Interrupts

1, Store lower-priority irterrupt requests to be serviced after higher-
priority routines are completed

4, Permit higher-priority interrupis to intercupt lower-priarity scrvice
routines s soon as Lhe return address and any automatically saved
registers are safely stored

Note thal proprams andfor hardware must careflully save sueressive
fevels of propram-counter znd register confents, which will have 10 be
recovered a5 meeded,  Imterruptsystern programming will be furthee
discussed in Sec. 5-16.

Muore sophisticated systems will be able 10 rewssign new priorities throtgl
progreatimed fisirietions s the needs of 4 process or progrum change (see
dlae Sews, 5412, 514, snd 5-16).

(1. Skipchain [dentificatiun of Interrupts.  The most primitive multiple-
interoutpt systems ssimply OR all interrupt Mags onto & siugde infereapr fine.
The ftercnp —rrice Foutine then emplars semefskip instraction {Sec. 54)
{0 fevl SHCE deiiee Rowpe i oecler 6f dosornding prioeiry,

——— g

Y
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Suppose that the simple interruptl system diseossed in See. S99 wis
connected not only to the ADC requesting servive bul also 1o “emerpency ™
inferrupts from a fire wlarm and from the computer power supply (Sec, 2-15),
A skip-chain service routing with uppropriate branches for lire alan,
emerpency shutdown, iand ADC might look ke this fonly the ADC servige
Foutine is actually shown):

SAVICE  SK!P IF FIRE.ALARM FLAG LOW f Fire alarm?
JUMP TO FIRE § Yei go tn service
;o Touring
SKIF IF POWER FLAG LOW / Mol poner-supply
J irouhle?
JUMP TO  LOWPRWR FoYes, po b0 service
¢ moeuline
SKIP IF ADC DONE FLAG LOW F No; AP service
;o regugstt
JUMP TD ADC { Yes, service it
JUMP TO ERAODRA J/ No;spurious
/  mlerrupt- prent
fooerrar messaper
ADC STORE ACCUMULATOR 1M SAvaC [ ADC service routing

READ ADC
STORE ACCUMULATOR IN X

LOAD ACCUMULATOR savac  / Restore accumulator
INTERRUPY ON # Turn interrupts buckd™

{oom =
JUMEP INDIRECT viA 000 F Return jump

The skip-chain sysiem requires only simple electronics and dupeoses of
the priority problem, bul the flag-sensing program is Time-consuniinmg,
fr devices may reguirt log, n successive decistons even if the fley sweming
is dont by successive hnary decisions). A somewhit Bister method. s 1o
employ a fug vars word (Sec. 5-8), which can be wsted bit by bit ar wad!
for indirect addressing of different service routines {Sec. 4-114).

Note also that our primitive ORed-interrupt system muose aubegilice! |y
disable aff interrupts o5 soon aed as long as any anlerrupt is recognizad, w
We cannol inlerrupl even low-proority iMlerrepl-servive Toutines,

5-12. Program-controlled Imterrupt Masking, [t s oflen useful 1o ¢nale
farm) or disable (disarm) individieal imerrupts uader progrom controd (o
meet special conditions,  Tmproved muliiple-interrupt systems yale andi-
vidual interrupterocguest Hines with mask ip-Aops which can be
by programmed 1nstructions,  The ordered <t of mask Mip-l s wsuelly
treatod as o control register (iotervupt mask repisterd which s foaded with

Camed e
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apprepiate b and 18 from an accumofator through s peogeammed 140
wisliuckion,  Grawps of inlerrupls guile often have a comman mask Qip-
Mo e silsa Sec. 5145

A very impartanl application of pregrammed masking instruclions is to
give selected porfisus of main programs {as well as interzupt-seryice rautines)
greater or lesser proteclion from interrupts,

Note thul we will have to restore the mash register on returning fram any
imerrupl-service routine which has chaoged the mask, so program or
hardwiare must acep track of masi changes. We must also still provide
progranmined instructions Lo enabic and disable the enlice interrupd system
withoul chunging the mask,

EMNAMPLE: A ship-chain syastess wilh mask fip-flops.  Addition of mask
Mip-Majps to our simple skip-chain interrups system (Flg, 5-9) makes i
pruciical o imterrupl lowge-prionty service roulines.  Earh suelt roiting
alasr g learte ity gwr iy focation (o sace the progrom caurier, and Lhe
mask must be restored before the interrupt is Jismissed.  The ADC service
ronting of Sec, 5- 11 s modified 45 follows fall interrupts are insially disablad )

ADC STORE ACCUMULATOR IN  SAVAS

LOAD ACCUMULATONR ao0g { Save program
STORE ACCUMULATOR IN SAVPC !  counter

LOAD ACCUMULATGR MASYK } Bave

STORE ACCUMULATOR IN  SVMEK ! currenl mask
LUAD ACCUMULATOR MASK 1 B Arm higher-

LOAD MASK REGISTER b priority imterrupts

INTERRUPT ON

READ ADLC

STORE ACCUMULATOR N X
INTERRUPT GFF

! Enabie interrupl system

LAD ACCUMULATOR SVMSEK { Reslore

LOAD MASK REGISTER [ previous

STORE ACCUMULATOR M ASK 5 mask, and

LOAD ACCUMULATCGR SAVAD {0 restore accunmulalor
INTERAUPT ON

JUMP INDIRECT WA SVAC § Reiurn jump

Binee mesl mumcompaler mash repisiers cannat be read by Lhe program,
the masw sciting is duplicated in the memany localion MASK,  Somc
manicemiputers {e.p., PDP-9, P P-15, Rayiheon 706) allow only a restricted
set of mashs aind provide special instructions which simplify rusk saving and
restoning faee also Sec. 5-15). Machines having Iwo or more accumulslors
wan reserve one of them o store Lthe mask and thus save memaory references,
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Fig. %9 Interrapt masioing.  The mak Aip-ops are treated a4 a contral regrster march e cpinrer,
% hich can breleared and loaded by 8 instroations.

3.1} Priovily-interzupt Systens ; Request/Gral Logie. We could replace
.ﬂ't skip-chiin system of Sec. 5-5i with hardware for polling sugcessive
interrupt lines in arder of descending priority, but this is still relatively slow
if there are many interrupts,  We prefer the priofity-reguest legic of Fips,
-10or 5-11, which can be located in the processor, an special interface cards,
andfor on individual devicecontroller cards.

Refer to Fig, 5-10+. Il the nieerup! s not disabled by 1the mask Mip-flop
or hy the PRICRITY IN linc, 4 service request [device-Tlag level} will set the
REQUEST flip-flop, which is clocked by pericilic processar pulses (170
SYNC) to Bt the processor cycle and (o 1ime Uhe priorily decision.  The
cesulting limed PRIGRITY REQUEST siep has three jobs:

l. I! preenables the *ACTIVE™ flip-tlup belonging to |he same inlerrup
cIrcuit.

2, I blocks lower-priority interrupis,

3. Iuinforms Lhe processor that un interrupt is wanted.

I the interrupt syslem is on Gind il there are no direcl-memary-aceess
requests pending, Sce. 3-17), the processor answers with an INTERRUPT
ACKNOWLEDGE pulse just before the current inslruction is compleled
{Fig. 3-13). This scts the precnabled “"ACTIVE" flip-Nop. which now gutes
the correct trap adklress onto i <el of bus lines—1Lhe INCErTUpL 15 metive.
INTERRUPT ACKNOWLEDGE also rescts off REQUEST fip-Naps w
ready them for repeited or now prioniy reguests,

Fach imlerrupt has three states: inuctive, wailing {device-1ig Dip-llop wi,
and active.  Waiting interrupis will be seeviced ax soan as possible.  aless
resel by program or hirdware, the device g maintains the “winbing ™ sl

oo



514 TS IPREACTNEG TIE SUSIOUSMPO  wEn 10, UITSI0E, WORED 44

For il wonge Cantlt —
& .
MASE FlptlLa g} - —— AAerunt
lipcoed by :
EO wptepn Topind ,
) . |
1D mer trrad WASTER LLEAR ;
T ety reguiets] .
- FEQLE ST Do flgp | _
—— Timed — . Seevice regory
1 7 Prign Ty eyt s Trit deoce 1i0g
N e B —
- | E Chaim prgrty in
I ! 10t o hghena
' : Briority de. &k o
VASTE ]
i ! Cfé"nﬁkl ‘ N G 1 s g d
ACHNOALEDGE ) | i i -
PAR:DR'T¥ GRANT ) pulse | 1 Chah grionl ;o
To- B . | ] 118 tgmetr - prshty
’ Legmman 16 ¥ - ACTIE fug-igg - de e !
e ruply & [
Al l - Guta T = fraol Hog
Lit dagsred]
ol ol '
0 S rerat pulean Piom ‘ml_'
wracessar, of 140 wypnc
MASTLI CLEAR
. L. L
T rtoe . s
- .- Mmrr ——— 'Gj - .
- addiess ———G 58t addiedh M)
ta 1 ARt
Pe £ 1587 - I
{commgn rg atl
arpreupral mm————— !
et TYETY |
qatey

Tig, L10a. Priceiy-cham liming 'quering logic for oas desier (soe wl the liming diagram of
Fig. 3121 The AUKNUWLEDGE hine i common o alt intermapfs on the chain,  Neole how
the- Mip-tlape are Tamdd By ihe provesar-somied 40 SYNG pules, MASTER CLEAR b
it by 1he processor whenoves powet by tuded on, amd thruueh o ponsele pushbuotion,
tesat Map-fhips innialty,  Sany JoTerem modingatsine af This crouil gvist (see ulw Fig. 5-11)
Sarmebar kagic it for Joraule M ee s gL g o P i s

while higher-priority service routings run and even while its intercupl is
disarmen) or while the entire inlerrupi sysiem is lorned off.

544, Triorily Propapation and Priority Changes. There are iwe busie
nicthods for suppressing lawer-prionty interrupis.  The first is the wired-

priority-chzin methad illostrated in Fig. 5-10.  Referring 1o Fig. 5-10a, the

PRIORITY TN terminal of the lowest-priority device is wired 1o the
PRIORITY QUT ierminal of the devive with the next-higher priority, ind
s on. Thus the timed requests fram higher-priority devives Block lower.
PIOLY T s The PRIORITY IN termiinal “of the highest-priority
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Jevige fusually o puwer-failure, parity-error, or real-time-chogk interrupl
m the provessor itsell} connects Lo a processor Dip-flop (“master-mask™
Rip-op), which can thus arty ar disarm the enticre chain (Fig, S-105 and ¢,

The vompuler pragram can Josad mask-ropister flip-Naps (Frg, 5-100) 1o
disgrar selevted inteerupts in swch o wired chain, bul the relative priorities
af all armed interrunts are determined by their positions in the chain.  {Lis
possible, thouyh. to assipn two or mere Jitferent priontics to a given device
Rap: we connect 1t W Lwo or fiore sepsrite oty ciecuats in the chain and
arm one of them urader proeram or device canbenl,

Fignre 571 illustrates the second type of prioriy-propagation logie,
which permits every armed nteerepi to st 11s REQUEST Mipflop. The
timed PRICRITY REQUEST sleps from dilferant imterrupts are combined
in a “prioricy-arhitration™ gate circudt, which fets only the highest-prionity
REQUEST step pass 10 precnable its "ACTIVE™ flip-flop.  Some larger
digital camputers implement dynamic priority reallocation by modilying
their prigrity-urbitration lggic under program contred, but most mini-
computers are contenl with programmed masking. '

The ‘wo priorily-propagation schemes can b combined.  Several mini-
compuler systems {c.g, P9, PDP-15) employ four separale wired-
priority chains, euch armed or disarmed by a comman “muster-mask™
fip-Aop in the processar.  Interrupts from the four chains are combined
through a prianity-arbitration network which, together with the pregram-
controlled “master-mask™ flip-flops, establishes the relitive priorities of the
four chains,

&£15 Complete Priority-interrupt Systems.  {a} Program—conteelled Ad-
dress Tramsfer,  The “ACTIVE” Rep-Nop n Fig, 5-102 or 5-11 places the
stathing .ufdress of the correet interrupt-service routine on o set of address
lines vommeon te all isterrupts. Aulomatic or “hardware™ priority-
interrupt systems will then immediately trap te the desired address {Sev.
51581 Butin many small computers (e, PDP-8 series, SUPERNOVA),
the priordy logic iy only an add-on card for a basic single-lesel (O Red)
interrupt system.  Such systems cannot access different irap addresses
dircctly.  With the inlerropt syslem on, erery PRIORITY REQUEST
diszbles further fnterrupts and couses Lhe program 1O trap ta e same
memery focation, say 0900, and (o store the progrim counter, just as in See,
59, The trap location contitine a Jump to the service routing

S5RVICE STORE ACCUMULATOR IN SAVALC f Unless we have
PR 1 tHI 4G
f accumulator
AEAD INTEARUPT ADDRESS
STORE ACCUMULATOR IN PTH
JUMP INDIAECT WVIA PTR

13 COAIM ETE PRICRITY IS TERHT T S3%] EAS LAy

READ INTERRUPT ADDRESS s an ordinary 13} instroction, which emplogs
a device seleclor to read the interrunt-address lines inte *he poenpmulbator
(see. 5391 The 102 pulse froan the device selector cin serve s the
ACKNOWLLEDGE pube tn Fig, 5100 or 5211 {in fuet, e "ACTIVEY
Nip-flop can be omitted in this simple systerm).  The program then transfers
the address word 1o a pofoter location PTA in memors, and an imdired
jump lunds us where we want 1o he,

Unfortunately, the service rouline for each individua! Jevice, say fur
an ADC, must save and revtore program counler, mash, aed accumibi. tur
{see also Sec. 510

AQC LOAD ACCUMULATOR ulaeld]
STORE ACCUMULATOR |N SAVEC
LOAD ACCUMULATOR SAVAL
STORE ACCUMULATOR IN SAVAL2
LOAD ACCUMULATOR MASK
STORAE ACCUMULATOR IM SVYMSK
LOAD ACCUMULATOR MASK 1
STORE ACCUMULATQR BAASK

LOAD MASK REGISTER
INTERRUPT QN

READ ADC J Useful word,
ETOAE ACCUMULATOR 1N X { Alane only here!
INTERRUPT OFF

LOAD AGCUMULATOR SYMSK

STORE ACCUMULATOR  MASK A
LOAD WMASK REGISTER e
LOAD ACCUMULATOR SAVAC 2

INTERAUPT ON

JUMP INDIRECT VIA SAVPL

Note that most of the ime iund memory used up hy this routine i< overhead
devoted to storing and suving repisters,

{hy A Fully Auromatie "ilacdware™] Mrrority-intereupt Ssstem,  [noan
zutomatic or *hardware™ priority-interrupt system, the “AC L IVE™ flipetop
in ¥ig, 5-T0u ¢n $-11 gates the trap address of the active interrupt imte the
processor memory address TERISICr 4% 500n a5 the current inviragtion s
completed {Fig. 5-121. This requires special adifress lines o the input
avtput bus znd a little extra processor Togic,  This hardwere Buvs bnproved
response time and simp!ifies programming:

I. The propram traps immediztely to 2 dilTerent trap logation for cach
wrerruply 1here 1s no dved Yar the progoem to Wdentfy e intenoamt,

2. There s no need o save progrum cownler ane' sow stofy mwce @8
Seos, 511, 3412, andd 51 50, .



L INTFREACINE: THE SN DSMPNTER WITI THE UHT.‘iIJ_iIIZ WIIRLTY 150

A ey Ly O

———
O sTNG __I l_I I_—--.-__-_l I—.J LI I_I L—J I—.-‘
’ *
sgawee T e by et o praguam)
RE s 8 I | i '
EviLE FLAGH 1 ] 1 [
=== I
AECRIEST F | w
FLAP-FL Oy I ; 1
I
Alkh 2wl ECGE .
P SE IRCY —— e .
ERICESSGR ; _.Erd_tﬂ Corranl WethaCTan
ACTevE . Feset by [O puluw 1rom
fFLRRLER T T T poCessor ar Dy | FQ synd

ROTE s wors] Cose vb Wh0mn AZKNCW, EOGE puite (Ould end
1 eycie sowirgr

Fig. 512 Vimang Jdiagram for the prorip-mterrom logic of Figs. 510 and 511, The
AUKNOWLEDGE pulse remains €% until the triap add res s transleered teither immediely
over speeia] ddidress Yines o By 0 programmed inaliygtun)

In a1ypical system, cach hardware-designated 1tp tocation is loaded with
amodiiod JUMP AND SAVE instruclion (Sec. 2-11),  Its effective addiess,
say SRVICE. will store the interrupt retum address [plus some status hils);
this 15 followed by Lhe interrupt-zservice routine, which can be relocalable:

SAVICE  XANEX ¢ Tncremented program-
/ counter reading
J  (retern address)
! saved here
STORE ACCUMULATOR 1N SAvac [ Save accumulalor

LOAD ACCUMULATOR MASK / Rave current
STORE ACCUMULATOR 1IN SyMSK [/  mask
' LOAD ACCUMULATOR Mask v f Gt
S5TORE ACCUMULATOR IN MASK /  new
LOAD MASK REGISTER ] mask
INTERAUPT O
READ AGC / Actual work begins here

Saving {and later restoring) the mmterrupt mask inthis program is the same
as 0 Sees, 512 and 5-13a and is scen to be quite o cumbersnme operalion.
A hitde extra processer hardware can simplify this job:

L Wy can combine the LOAD MASK AESISTER and  INTERRUPTION
iMalrue sinte o siaphs LOY insroction,

151 B | SSEES T INTVRBE PEAYSTEM PV EL Bhs a%00 wBEFP R 1N £
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2. We can vie only masks disarming #ff interrupis with priarnies Aofeer
evel 1.2 3, ... Such simple mashs are eusier to store auto-
matically.

[n the more sephisticated inlecrupt systens. the intercrupt relurn-jumn
instruction is repluced by u specid instruclioe (RETURN FROM INTERRUPT],
which auwtomatically restores the program-cournrer readima wrd ol aate-
matically saved registers.  Be sure ta consult the interface manuul far peonr
own minicomputer o determine which hardware features anpd software
technigues are availuhble,

S-16. Dixcussion of Interrupt-system Features and Applications.  Internipts
are The basic mechunism for sharing a digta’ computer belween different,
olten lime-criticul, 1asks.  The practica) «ffectiveness of o minfcomputer
interrupl system will depend an:

1. The time needed to service possibly crifical situations

Y. The tota! time and program overhead imposed by saving, restoring. amd'
musking operations associated witl interruprs

3. The number of prionty levels necded versus the number which can be
remdily implemented

4. Programming flexibility and convenience .

The minimum time needed (e obrain service w:'! include: I..;‘:

1. The “raw™ latency Hime, i, the lime needsd to complete 1he longest
possible processor imsiruction {including any indirect addressing;
most minicomputers dre also designed so thul the progessar wil
always exconte the imstruction following any 140 READ or SENSES
SKIP instruction. We are sure you will 5c zhle to telf why! Check
yanr inrerface manual.

2. The time needed for any necessury savinz =nd, or masking aperation,

A look @i the nterrupt-service programs of Szes. 511, 5412, 5154, amd
3-150 wall iMustrate how suceessively mare sop™stieated prioritv-nterrup
systems provide fister seevice with less overheed.  You should, howerer,
take a hard-nosed atiitude 10 establish whether vou really need the more
advaneed lealures v sy our specific application.

It 15 wseful at this potnt to sy the principul applications of interrupts.
Many interrupls are associated with 100 rotttnes for relutively slow dovives
such as teletvpewrilers and Lipe reader,puscb=-, ond thousimls of mini-
computers service these happily with simple ~% a-chiin sistenin, Things
become more critical fn instrementation and ol swstems, which wst
nol miss real-ime-ctock interrupts intended 1o og e o te ] ins b,
of o perfurm control operations,  Time-critio " oM fouie © s roguiia,
I there arc mitey tme-critical operatinns or am3 © 7 esharine AL Y,
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tie eompnatiag fiee wasted i pretfad eperatiins heromgs interesting,
Rome real-nmnd svsieins vy kave periods of peal leads when it becomes
agtuaily incpeswibhe o service eff anleroupt reguests. At this potnd, Lhe
desiencr must decide whether to buy an improved systom of which interrupt
Feguests are at Ml twemparanly expemdable, 1L is in the latter connection
that depamic prigrine allocation Lecomes useful: oo wnay, for instance. be
eapaliont ra vtk eeefiin fnterrpts during peek-foad peciods. Tnoother
situations we might, instead, favgr e refative priarity gg,l"hru' Altedin compuer
prist e by unmaiking additional interenpis during pear real-time fogds.

Il two or moie interrupi-service routines emptoy ihe same library suh.
rautine, we awre faced, as in Sce. 4-16, with the problem al reencrons
priviremming.  Temporary-storage Tucations used by the common sub-
rowiline muay be wipedd out uniess we cither duplicate the subroutine program
in menmoey for gach intercupt or anless swe provide tree teentrant subroutines,
This is nmot usually the case for FORTRAN-compiler-suppied Berary
routines.  Only a few mintcemputer manufacturers and softwors huuses
provide reencranl FORTRAN sometimes called “real-time™ FORTRAN)
The hest way (0 dore ened repistars and lemporary inrermediate resalts is
i shick 1Sec. =140 o stk pointer 1 advinoed whonever o new interrupt is
revophized and retrited when an interrunt is dismessed, e best -
eamprier nterenp s stems fave haedwase fie auromatioaffe wdvancing and
Fetracting st o areeh poierer 150c, 6-10),

I very fast interrupl service is nol a paramount consideralion, we cam g#f
arcund reenrrant coding hv progremming inreerupt masks which simply
provest inrerrupifon of erirical service roilings.

In conclusion, remember that the chiel purpose of interrupl systems is to
imitine computer operations more complicated than simple date transfers,
The best methed for time-critical rewding and writing as suclt is not through
interrupt-service routings witk their awkwird programming overhead buy
with a direcr-memory-aecess sesiem, which has no such problems at all.

DIRECT MEMORY ACCESS AND
AUTOMATIC HLOCK TRANSFERS

517, Cyele Sicaling,  Siep-by-step program-controlled data transfers
Lmnit dina-transmission riies and wse valuahle processor time for aliernate
imtruction fetches and ciecution; programming is alse 1cdious, 1t is oflen
preferable (o use additional hardware for inledacing a parallel data bos
directhy with the dignal-compuater memory data register and 1o reguest and
gramt Tocwele rauses i processor operation for direel transfer of data to
or from memary [inferface or cycle-stealing operationy. [ larger digital
newhies, and oplisnally inou few muaceputers (1PI13-15), o0 dat hus can
crett access one memory bank withou! steping processor mteraction with
wther memory banks ot sfl.

152 DAL I%TFREACHE | B0 L) ]

Nole that eyele stealing it 0o way distoebs the program wwyquence,  Even
though smaller digitzl computers must stop compuatation dusing niens-,
translers, the program simply skips a cycle al the end of 1he curren: memory
cycle (no need 10 complete the current inxirnction) and Lnner resumes iy
where it left off. One does not have to save register conten's or oiher
infurmation, as with program interrupts.
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Fig. %11, A direci-memery-aooess 1131 A T inter e

5-18. DMA Interface Logic. To make direct memory secess (DM
practical, the interfuce must be able to.

1. Address desired locations in memory

2. Synchronize cycle sieitling with processer operation

3. Initiate transfers by device requests {this includes clock-timed tramferad
or by the computer program

4, Deal with priorities amd queving of service requests il two or more
deviess reguest data transfers

DMA priority/queaning fogic s essentially the same as the pricnty-inieriupt
logic of Fips. 5-10 and $-11; indecd, identic! (020 cards often wive beth
purposes.  DMA service regquests zre always given prioriy nver concumrent
et reqriests.

Just as in Fig. 5-11, a DMA service request feaused by a doviee-Mae el
produces o cycle-steal request enless it i inhibied by o hipher-prionty
requests the processor answers with an acknnwlode tpriority-prani] ol
This signal then sets a procossorclocked “ACTIVE" Nipfop, whiel
sirhes o suitab'e memory address inte the mocessor menony wldress
register amd then causes memory and deviee loese 10 tramsfur ¢ from oy
e the DMA dada bus g1, 5-13),
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Tnsome compuler sysiems fc.g., | Muital Eguipment Corparation PLDP-15),
the DMA dara lines are identival with the proprammed-transfer duta tinss,
This simplities intereannectionyd at the expense of processor hardware,  In
othar systzms, the DMA dala hnes are alvo used 1o transmit the DAA
address 1o the processor before duta are trumslerred.  This further reduces
the number of bus hines, but complicates hardware and timimg.
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Fig. 514 A simnle data channel for guiamatic Mock raosfors

519, Actomatic Black Tremsfers. As we described it, the DMA data
transfer is derice-imtiated. A program-dependent decision 1o transfer data,
even directly from or to memaory, still requires i proerammed instruction to
cuuse a LIMA scrvice request. This is hardly worth the troubte for a
ungheword transfer. Most [PMA transfers, whether deviee or program
imitted, involve not single words but blecks of \ers, hundreds, or even
thousamds of data words.

Freure 5-14 shows how the simple DMA system of Fig, 5-13 may be
cypanded 1o an sutomatic data channel for block teansfers.  Duta for o
blovk van arrive ar depart asynehranausly, #nd the DMA contraller will
steal cxcles as needed and pormil the propriem to go on between eycles. A
hlock of wor*= (o be transferred will, in peneral, occupy o corresponding
Rlock of ad L memory registers,  Spocessive memory addresses van e

i

0%
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gated g the memory address registered by a counter, the current-address
counter.  Before any Jata transfzr takes plice. a programmed insiruelion
sets 1he current-adedress counter 10 the desired initial uddress: the Uesing!
number of words (Mock lengthy is set into i second counter, the word countur,
which will count down with each data transfer until @ is reached after thye
desired number of ranslers,  As service requests arrive from, say, an
analog-to-digital converter ar data link, the DMA contrel logic implement
successive cycle-steal requests and gates successive current addresses jnie
the memory adless register as the current-addiess counter counts up {ses
also Fig. 5-5a).

The word counter is similarly decremented once per data ward,  When
block transfer is completed, the word counter can stop the device from
requesting further dut transfers.  The ward-counter carry pulse cin alw
cuuse an prerrpt s Lhat a new block aldata can be processed. The won
counter may, if desiced, also serve for sequencing device funetions je g,
for selecting successive ADC multiplexcr addressesh.

Some computers repliace the word counter with a program-loaded final-
address register, whose conlepts are comparcd with the gurreni-addres.
counter to determing the end of the bleck,

A [IMA system often involves severul data channels, cach with o DvA
contre], address gites, d current-addeess counter, and i word counter, witl
different priorities assigned 1o different channels.  For efficicnt handling of
randomly timed requests [rom multiple devices fand (0 prevent loss of duta
words), data-channel sysiems may incorperate buffer regisiers in the interfacy
or in devices such as ADCs or DACs,

520, Advantages of DMA Systems (see RBefl 6). Dirccl-memory-ucces
systems can transfer duti blocks at very high rubes (10" word<fsec is readily
possible) withaut elahorate 1O programming.  The provessor essentially
deals mainly with huffer areas in s own memery, and only a few §;Q)
instructions are needed to imtialize or reimitinlize transfers,

Automatic duta chunnels are especially suitable for servicing peripherals
with high data rates, sueh as disks, drums, and fast ADCs and THAC,
Bul fast data transfer with minimal program ewerhead is extremely viluably
tn many other applications, especiully il there are many devices 10 he
serviced, To tndicale the remarkable eflicicney of cvele-stealing diree
memory pecess with mullip!e block-tramsfer duta channels, consider the
operation of i traiming-4vpe diwital flipht simulitor, which solves areenalt
and engine carations und services an elaborate cockml mock-up with mam
controls and instrument displays,  Thring cach tH)-mace ime meraiment,
the interdace not only performs 174 analop-1o-digital conversions reguining
attal conversion ume of 7.7 msee bt plso 130 ipital-lo-anang comersianm,
and hanrdles 540 cight-bit byles of discreie control informuti The actual
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Fig. 515, Memory-eacremment vechn e of mizagarmg amplitude distributions (hased on B S 6).

time required 1o transiier all thas inforemation in and out of the data channels
is 143 mscc per ume increment, bot because of the fust direct memory
transfers, cycle-stenting subtractsonly 3.2 msecfor cach 160 msecal processor
Lime (Rel. 3).

521, Muemory-increment Technique for Amplitude-distribution Measare-
ments,  [n many minicomputers, a specizl pulse input will increment the
contents af 4 memory location addressed by the DMA address lines; an
tnterrupt cin be penerated when one of the memorycellsisfull. - When ALIC
guipuls representing successive samples of a random voltage are applisd
1o the DMA uddress Tines, the memory-increment feature will effectively

generate a model of the thput-voltage amplitode distribution in the compater .

Pigo S 18h Ancamphiude-disipthurion disphley ohamed by e method of Fig. 503, (Myrtad
1o irpaant £ of gorctnom | .

151 PPLEMESTT U CURKESTADMEESS A WOKE €00 Yia . 513

memory : Bach memory address corresponds 1o a voltage class interval,
and the contents of the memaory register represent the number of sumip'es
fallhing inte that class intorval.  Data taking is termtimated after a prose
number of samples or when the first memory register overloads 5. 5.1 50,
The empirical amplitude distribution thus created in memory may be (Jis-
played or plotted by a display routine (Fig. 5-138), and stubistics sich as

1—

N = Y, X'

5T,

Z -’YE rEr m
A=l

= |-

3

ar¢ readily computed after the distribution is complete, This tcchni:;:r
has been extensively applied o the analysis of pulse-energy specira from
nuclear-physics experiments,

Jeint distertiitévns of twer romelen variahles X, Voun be sielucly compiled.
1t is only necessary to apply, say, s L2-hit word X, Yeomposed of twe g-bi
bytes corresponiding w two ADC outputs X and Yo the memory adidrow
repister,  Now exch addressed memery locatron wall correspond to the
region X, s X < X,, .= ¥Ya ¥, inXVYipace.

522, Add-to-memory Technique of Sipnal Aversging.  Apother command-
pulse input to some DMA interfaces will add a duta word on the FOhus
datz lines 10 the memory location addressed by the DAA address lines
without ever bothering the digital-computer arithmetic amit or the program,
This *add-to-memory” feature permits wseflul linear operations on data
obtained from various instruments; the only application well Known at this
time is in data averaging.

Figure 5-16u and b illusirates an especially interesting application of data
averapging, which has been very fruitful in brological-daa reduction je g,
electroencephalogram anilysisl.  Periodiculty applied stimuli produge the
sime system response aligr each stimulus so thal one ebtuns an nalpw
wavelorm periodic with the period T of the applied stimuli. To pull e
desired Tunction Xir) out of wdditive zero-mean random naise, ene ;s
X, X+ T, X0+ 29, . during succossive periosh Lo enltangg e
sipnal, while the noise will 1end 10 averape out.  Figure 5-1he <lows the
extragtion of a sipnal from additive noise in successive data-averaging ruus,

5-23. Tmplemeniing Current-address and Woard Counters In the 1rocessnr
Mcemory. Some nunicomputers (in particulir, PDT-S, PP-1S, and the
PDP-8 series) have, in addition 10 their regular DMA Goihities, 2 el af froad
core-memory locations Lo he used as duta-channel mdedress and  word
counters.  Ordinary progessor instructions (not 1fO instructionst Lol
these locatians, respeclively, with the black starting awddress amd with
minus the hlock count. The data-channel interfwe curd {Fig. S-17 supplies
the address of one of the fuur to cight address-counler locations avalahle in
the processor; the word eoattpter is the Tocation Tollowing the address oou e,






: ‘:"_.Su.

24T DIVISION DE EDUCACION CONTINUA

i -
LR T

Oy FACULTAD DE INGENIERIA U.N.AM.

INTRODUCCTION A LAS MINICOMPUTADORAS (PDP-11)

MODOS DE DIRECCIONAMIENTO

ING LUIS CORDERO BORBOA

Junto, 1981

Palscio de Minaris Cally du Tacuba § peimar plio México 1,D. F.  Teli 321-40.20  Apdo. Postal M-2285






1. - MODOS DE DIRECCIONAMIENTO
ESQUEMAS DE DIRECCION AMIENTOQ.

La unidad central de proceso (CPU} en las computadoras debe
reaglizar las sipuicntes funciones:

- Obtener y traer de memoria primaria al CPU la siguiente
insiruccibn a ejecutar.

- Entender los operandes, esto es, definir la localizacion de
los cperandos necesarios para ejecutar la instruccion y
traerlos al CPU.

- Ejecutar la instruccitn.

Para llevar a cabo las funciones anteriores el CPU debe con-
tar con Ja siguiente informacion:
- El cédigo de operacidn de la instruccidn a ejecutar,

- Las direcciones de Jos operandes y la del resuliado.

- .2 direccidn de la siguiente instruccidn a ejecutar.

Existen diferentes soluciones que satisfacen los requerimientos
anteriores, los cuales determinan la arquitecwura de los proce
sadores gue las utilizan,
Se supondrdn operaciones aritméticas en las que se tienen dos
operandus y un resultado ya que son Jas que proporcionan el
caso mas gencral.
a}y Maquinas de "3+1" direcciones

El formato de instruccidn en este esquema de direcciona--

miento contienc todos los elementos necesitados por el CPU

b
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ro

para realizar sus funciones.

Ln posible formato de instruccion se muestra en la figura

HIL X

CODIGO DIRECCICN | DIRECCION [DIRECCION | DIRECCION DE] Palabra
DE PRIMER SEGUNDQ RESULTADOQ| LA SIGUIENTE n de
PERAC.| OPLERANDG | OPERANDG INSTRUCCION | memeoria
FIG, (1L 1

En este caso se tienen cinco campos en el formato de instruccion: Uno

para el codigo de operacidn que sirve para indicar el tipo de opera---

¢idn a realizar {suma, resta, multiplicacidn, etc.), tres campos para

las direcciones de los operandos y resultado de las operaciones, un

campe para indicar la direccibn de la sipuiente instruccidn a ejecurar.

Las instrucciunes para &sta miquina podrian ser escritas en forma

simbdlica en la siguiente forma: ADD A, B,C,D donde ADD representa

el cOdigo de operacidn suma y A,B,C y D son nombres simbdlicos

asignados a localidades de memoria.

Supeoniendo que existen las instrucciones suma (ADD), substraccifn---

(SUB) y multiplicacion (MUL), entonces una posible traduccidon de la

expresion A={(B*C)-(D*E} en FORTRAN a lenguaje simbdlico en la mé&-

quina de 3+1 direcciones seria:

Ll MUI.
1.3: MUL
L7: SUR

B,C, Tl L3
D, E, T2, L7

T2, T1, A, 1.8

L8:  Sipuiente instruccidn
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donde Tl y T2 represcntan localidades temporales usadas para guardar

resuliados aritméticos imermedios.

Las conclusiones m#&s importantes en este esquema Son:
lLos prograinas no necesitan estar almacenados en memoria en forma
secuencial ya que el campo de direccion de la siguiente instruccidn per

mite conocer donde fuereon 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.

b} Mdiquinas de "3" direcciones
Considerando que Jos programas se escriben secuencialmente y que
por consiguiente es muy logico almacenarios en este mismo orden,
se Hega a un nuevo esquema de direccionamiento en el cual s¢ sus
tituyen todos los campos de direccitn de la siguiente instruccion
por un solo registro dentro del procesador que lleva en forma se-
cuencial y automiticamente la direccidn de la siguiente instruccién
a ejecutar. Un posible formato de instruccidén se muesira en la

fig, HL2 .

Heplstro Codign |Direccidn [Direccidn [Lireccion Palahra
en ¢l de primer segundo resultado n de
procesador |operac. |operando operando memeoeria

FIG, 1L, 2
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ttilizande este esquema de direccionamiento la expresion A={B‘C)-(6“E)
en FORTRAN quedaria expresada como:
M. B, C,T1
MUL D, E, T2
‘ 5UB T2, TL A
Siguiente instruccion
Donde se ba suprimido la direccidn de la siguiente instruccibn ya que
&sta es llevada en forma secuenci:al y automirica por un registro del

procesador conocido como contador del programa (PC),

Con el esquema de 3 direcciones se logra aprovechar la memoria en
forma mas eficiente y reducir la lengiud de palabra lo que redunda

directamente en los costos de la misma. -

c) Miguinas de "2" direcciones,
in las operaciones aritméticas no siempre es necesario guardar
el resultado en una localidad de memoria y preservar los operan-
dos, por lo gue se puede pensar en utilizar uno de ellos para----
guardar el resultade una vez que la operacidn se ha efectuado. Las
consideraciones anteriores llevan a presentar un posible formato de

instruccion en esta mdiquina, mostrado en la figura I, 3

Em. DE LA | REG. FDD. DIR. DIR. sac_.l Palabra

1G. INST. Ay EN EL F. OP. n de
JECUTAR PROC., op. op, memoria

FIG. NL3



En este esquema se usard la direccidn del segundo operando comio la
direccidn del resultado una vez que la operacibn se haya efecruado,
por lo que el segundo operando serd destrufdo. Asf pues la expresion

A={(B*C)-(D*E) en FORTRAN, quedaria:

MUIL. B, C
MUL D,E
SUB E,C
ADD A,C

I.a eliminacion del campo de direccidn del resultado perm‘ite reducir la
longitud de la palabra de memoria y los costos de la misma, lo que

permite usar este esgquema en miquinas medianas y chicas,

d) Miéquinas de "1" direccidn
Este esquema de direccionamiente permite eliminar de todas las ins
truceiones el campo de direccitn de uno.de los operando y sustitu--
irlo por un registro dentre del procesador, €l cual contendrd a uno
de los operandos. A este registro se le conoce como acurulader. -
El formato de instruccidn para la miquina de 1 direccibn se mues-

tra en la figura 11,4

ir. de la Reg. en el COD. DIR,

ig. inst. a procesador . P,

], OP. OPERANDQ)
equindo Reg. en el

Jperando procesador

FIG. 111.4
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Lo anterior implica la creacidn de instrucciones que permitan cargar

el acumuladoer con el segundo operande (LLAC) y depositar el contenido

del acumulador en memoria {DAC),

Es importante hacer notar que todas las ‘operaciones se llevan a cabo
implicitamente contra el acumulador y que é&ste contendrd el resultado

de la operacitn efectuada. la expresién A={B*C}-(D*E) en FORTRAN,

podria traducirse a:

' LAC D
MUL E
BAC Ti
LAC B
MUL C .
SUB T1
DAC A

Este esquema de direccilonamiento ha sido ampliamente implementado en
una gran mayoria de las minicomputadoras, como por ejemplo: PDP -8, --

PRE-15, IBM-1130, IBM-7090 y CDC 3600,

e) Miquinas de "0" direcciones
Este esquema de direccionamiento solo utiliza et campo de ctdigo
de operacitn, por lo que es necesario contar con algiin mecanismo
gue implicitamente permita conocer-los operandos.
El mecanismo anterior se implementa usando una pila & stack, el

cual se puede pensar come un conjunto de localidades contiguas de
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memoria accesadas usando una disciplina UEPS (dltimas entradas, pri-
meras salidas). De lo anterior se concluye gque en cada momento se

tendrd disponible el elemento gue se encuenire en el tope del stack.

El formato de instruccibn para este esquema de direccionarniento se

encuentra en la figura IS

ir. de la Reg. en el
sig. inst. CPU
CODIGO Palabra de
DE OPf memoria
Apuntador al | Reg. en el
fope del stack CPU
FI1G, IIL.S

Es necesario contar con instrucciones que permitan meter elementos
de memoria al stack (FUSH) y sacar elementos del stack a memoria-

(POP).

l.a expresidn A={B8*C}-(D*'E) en FORTRAN,podria expresarse comao:

FI1G. _Ul.6
!:!'"T (Apuntador al tope
PUSH D | © del stack]).
PUSH E e T
| E | [ —T
D B*C :
MUL .
PUSH B [ It
(D*E]
PUSHT C /T
MUL T »
3 B*C-D*E
SUB D*
[T
POP A ﬁ_
| g m < R |
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En la fig. IlI.6 se ilustra ¢l estado del stack después de cada ung de

las inst, anteriores,

Se puede concivir que el conjunto de instrucciones de la miquina no
estd formado solamente por instrucciones de cero direcciones ya que
también se requieren instrucciones de una direccidn para meter y sa-

car elementos al stack.

Se requiere un registro en €] procesador que apunte al tope dei stack
y se elimine el acumulador ya que el resultado de las operaciones --

también quedard en el stack.

oo
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En las maaquinas de una sola direccion el formato de las jnstruccio-
nes que bhace referencia a mémoria consta de dos campos: €l campo
de cbodigo de operacién y el campo de direccion del operando. 3i su
ponemos que el campo de direccidn consta de n bits, entonces la

mixima capacidad de memoria direccionahle sera 2n r1+|:a+|L:a]|idadu‘.ﬂ:s.L.u:uv

anterior puede resultar bastante drdstico en el caso de las minicom-

putadoras ya qug por lo general tienen palabras de 12 ¢ 16 bits ¥ si

A r‘ ’
se asignan cuatro de ellos al campo de coOdigo de operacidn solo se

pueden direccionar 28 = 256 localidades de memoria en el caso de pa

|
' A
12 4096 1ncalidades de memoria en el caso de

labhras de 12 bits 0 2
palabras de 16 hits, lo cual resulta insuficiente para la gran mayo--

ria de las aplicaciones,

%
Lo anterior ha ocasionado diferentes modos de direccionamiento, €n
los cuales el campo de direccibn sirve para calcular la direccién
efectiva del operande, logrando una mayor capacidad de memoria di-
e .

reccinnahble,

a) Inmediarto
En este caso el operandoe puede estar contenido directamente en
¢l campo de direccién 6 en la localidad de memoria siguiente a
la instruccion.
Serd necesario dedicar un bit de la palabra para saber como se

debe interpretar la instruccidn,

L
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Directo

Existe dirveccionamiento directo cuando el campo de direccidn de
la instrucciém contiene la dircccidn del operando 6 cuando éste
campo comnbinado con algin registro O palabra Jde memoria gene

ran la direccion del operando,

b.l}y Usando pigina ccro
Uno de los esquemas mis comunes de organizacién de me
moria, divide &sta en n paginas de longitud fija, donde n

dependerd del tamafio de la me moria y del tamare de las

piginas.

Las méquinas que usan estos esquemas generalmente usan
la pigina cero con propdsilos especiales, como son: mane-
jo de interrnupciones, traps, localidades autoincrementables,

ctC.

l.a forma dec indicar si el contenido del campo de direccion
se refiere a la pdgina cero, €s usando un bit para este pro
phHsite, p. ej. si este bit es cero el campo de direccidn

apunta a una localidad en la pdgina cero.

b.2) llsando pédgina actual
S5iel bit de piging estd en uno, se asume gue ¢l campo de
direccion apunta o una loealidad en lu pigina en lu gie sc

uncuentra la ingtruecion, A esta piging e ¢ connce ¢omo
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pigina actual,
La direccion del opcrando se determina sumando los hits
de orden superior del PC al campo de direccidn de la ins

truccion,

Relativao al PC

En este modo de direccionamiento el contenido del campo
de direccidn de la Instruccibn, interpretado como un ente-
ro con signo, se suma al PC para obtencr la diveccion del

operando,
Relative a upn registro fndice

i1 contenide del campo de di rucc%:ﬁn de la instruccidn, in-
terpretado come un entere con signo, sc¢ swma al conteni-
do dc un registro indice para obiener la direccion del ope
rando. En caso de existir mas de un registro Indice es

preciso asignar los bifs necesarios para su identificacion.

indirecta

En ¢l direccienamicnto indirecto ¢l campo de direccitn de la ins-

truccidn contiene un apuntador a la direccitn del operando & este

campo combinado con algin registro O palabra de memoria genera

un apuntador a la direccidn del operando.

sediante un bit en la instruccidn se puede saber si el direcciona-

-

micnto usado es dircecto & indireceo.,
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c. 1) Usando pédgina cero
El campe de direccién de la instruccion apunta a8 una loca-
lidad en la pagina cero, A su ves &sta localidad contiene

la direccidn del operando.

c,2) Weando pdgina actual
El campo de direccion de la instruccidn apunta a una loca--
lidad en la pédgina acrual. Esta Jocalidad contiene la direc--

cidn del eperando.

¢.3) Relativa al PC
El contenido del campo de direccidn de la instruccidn, inter
pretado como un entero con signe, se suma al PC para ob-

tener la direccidn del apuntador al operando.

c.4) El contenido del campo de direccion de la instruccién, inter-
pretado como un entero con signo, se suma al contenido de
un registro indice para obtener la direccidon del apuntador al

operando.

L.a combinacidn de todos los métodos de direccionamiento anteriores

.con registros de propbsito general, permiten lograr modos de direccio-
namiento bastante poderosos. Cuando se usan los registros de propdsito
general, el campo de dircecion de la instruccitn especificad que regisiro

se usa v como s¢ imerpreta la informacidn que contienc,
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DIRECCIONAMIENTO EN PDP-11
a) Con dos operandos
La computadora PDP-11 es una miquina de dos direcciongs por
lo que su formato de instruccidn tiene campos para cbdigo de

operacion y operandos. Lo anterior se observa en la fig., HL7

15 & 1211 % 8 65 32 0

L | Modo JRegistro [Modo | ERegistro |

Codigo op. di1}. fuente dir. destino
FIG. M.7 *#

F.os bits 12-15 contienen el cédigo de operacidn

[.os bits 06-11 contiencn la dir. fuente

Los bits 0- 5 contienen la dir. destino

Las direccicnes fuente y destino serdn utilizadas para el cdlcu-
lo de la direccitn efectiva de los operandos, interpretando el

modo y el registro usados,

i,a direccidén fuente contiene dos subcampos de 3 bits cada uno,
de esta forma es posible indicar cual de los ocho regisiros de
proposito gencral serd usado, asi como la interpretacion que se

le dar§ de acuerdo a los ocho modos de direccionamiento,

El modo y registro en la dir destino se entienden en la.misma
forma que en la dir fuente. [.a dir destino también serd usada

L)
para almacenar el resultado de la operacifn una vez que esta

s¢ haya efectuado.
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b) En esta miquina existen instrucciones que solo reguieren un

operando en cuyo caso se utiliza un formato de instruccién con
campos de cidigo de operacitn y direecidn destino,  semin se

muestra en la fig, [11, 8§

15 65 0

| | MODO + REGISTRO |

Codigo op. Dir. destine
FIG. 1.8

La interprelacion dada a la direccibn fuente es la misma que en el

caso de dos operandos,

Para poder ejemplificar los modos de direccionamiento se usari el

siguiente conmjunte de instrucciones; asf mismo se asumird que todos
._j

los nimeras estin en octal:

Mnemonico Codige Octal Descripcidn

CLR Q050DD Limpia {pone a ceros el des
1030DD ring).

INC 0035210D Incremento (suma uno al con
INCB 1032DD tenido del destino)
COM GA31DD Complementa l6gicamente el
COMB 105100 destino
ADD 0655DD Suma

c) Direccionamiento directo
Existen cuatroe modos usados en direccicnamiento directo, }os cua

les se explican a continuacidn:



. i)

Registro '

Forma general: OPR Rn

Descripc ibn: El registro especificado contiene el operando
requerido por la instruccidn,

OPR reprecsenta un cédigo de operacidn en forma general,

Mada: O

Ejemplos: 1

Autoincremento

Forma general; OPR (Rn)t

Descripcién: El contenido del registro ¢s increnmentado des-
pués de sler usado como apuntador a) operande, 5i la instrucciGn

es de palabra se autoincremente en dos y si es de byte en uno,

Modo: 2

Fjemplos: 2

Autodecremento

Forma gencral; OPR-(Rn)

Descripecibn: El contenwla del regisiro es decrementado antes
de ser usado como apuntador al operando. 5i la instruccion es

de palabra se autodecrementa en dos v st es de hyte en uno.

Modo: 4

Ejiemplos: 3
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d)

d. 1)

d. 2
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Indice
Forma general: OPR X(Rn}
Descripcibn: La suma de X y el contenido del registro se

utiliza como la direccidn del operando.

Modo: 6

Ejemplos: 4

Direccionamiento indirecto
Existen 4 modos de direccionar en forma indirecta, los cuales
utilizan los modos bisices (direccionamiento directo) en forma

diferida,

Registro diferido
Forma general: OPR € Rn

Descripcidn: El registro contiene la direccidn del operando.

Modo: 1

Fiemplos: 5

Autcincrementa diferido

FForma general: OPR - @(Rn)+

Descripcidn: El contenido del registro es incrementado des-
puts de sor usado como apunfador a la direceidn del operando. -
El autoincremento serd en dos, tanto para instrucciones de byte

como de palabra,
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Modo: 3

Ejemplos: 6

Autodecremento diferido

Forma gcnera;: OPR (@-(Rn)

Descripcion: El contenido del registro es decrementado antes
de ser usado como apuntador a la direccitn del operando. El
autodecremento serd en dos, tanto para instrucciones de byte

como de palabra.

Modo: 5

Eiemplos: 7

Indice diferido

Forma gencral: OPR @&X(Rn)

Descripcidn: La suma de X y ¢l conlenide del registro se uti
liza como apuntador a la direccion del operando, La palabra de

fndice X estd almacenada en la localidad de memoria siguiente a
la instruccion.

El valor de Rn y X no se modifica.

Modo: 7

Ejernplos: 8

Usu del PC ¢n direccionamiento
El registro siecte, tienc el propdsito especifico de servir como con

tador de programa (PC), por lo cual cada vez gue el procesador
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e, 2)

e, 3)
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1y
usa ¢l R7 para traer una palabra de memoria el R7 se incremen
ta automaticamente en dos de tal forma que siempre apunta a la
sipuiente instruccidn a ejecutar 6 a la siguiente palabra de la ins

truccidn que actualmente se estd gjecutando,*®

Lo anterior permite usar el PC con propdsitos de direccionamien-
to, permitiendo lograr ventajas cuando se utiliza con alguno de

los modos 2,3,6 6 7.

Inmcdi'ato .
Forma general: OPR#n, DD
Descripcidn: El operando estd en la localidad de memoria si
guiente a la instruccidn.
-
Modo: 2 usando RY
Ejemplos: 9
Absoluto

Forma general: OPR @A
Descripcion: La localidad de memoria siguiente 2 la instruc.

cidn contiene la direccién absoluta del operando.

Modo: 3 usando R7

Ejemplos: 10

Relativo

Forma general: OPR A
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Descripcidn: La localidad de memoria siguiente a la ins--
truccion, sumada al PC proporcionan la direccién del operan--

do,

Modo: 6 usande R7

Ejemplos: 11

Relativo diferido

Forma general: OPR @4

Descripcidn: La localidad de memoria siguiente a la ins--
truccidvn sumada al PC proporcionz el apuntador a la direccibn

del operando.

Modo; 7 usando R7 ' ’

Ejemplos: 12

LUIS CORDLERCO BORBOA
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EJEMPLOS

&U

1.1
005200 INC KO
;
;SUMA UND AL CONTENIDOD DE RO.
;
Antes Duspues
001202/005200  001202/005200
_$0/000000 _$0/000001
_$7/001302 _$7/001204
_$5/000000 _$5/17002Q
1.2
105102 COME Rz
: .
s COMPLEMENTO LOGICD DEL BYTE EAJO(EITS 0-7) EN R2.
sLAS INSTRUCGCIONES DE EYTE USAIAS SOBRE LOS
S REGIS IHOS GENERACES SOLO OFERAN EN LOS HITS 0-7.
H
Antes Despues
001706/10%102 001206/105107
42103050 L$2/703105
_$7/001704 _$7/001210
_$5/170020 -15/1700721
1.3
GA0103Z ALD R1'R3

¥
rOUMA L CONTENIDO DE R1 AL CONTENIDO DE R3Z,

Antes Depues
001704/060103 a .
~$1/800005 9912047040103
—$3/000007 ~$3/000014
_47.4001204 477001204

_15/{?0ﬂ20 _E¥5/170020



2.1
QoOo024 CLE (R4
;
rUSA EL CONTENILOD IE R4 COMO La DIRECCION DEL
FOFERANDO. FONE A LCERDS EL OFPERANDD(FALARRAY E
s INCREMEMTA EL CONMTENIDO OE Ra EN DDS.,
r
Antes Despues
GO12310/,005024 0O12156 /005024
_347000010" -$47000012
_00001Q0/174214 ~000010/000000
~$77001210 ~$7/001015
~¥5/170021 ) _$5/170024
2.2
165014 ClLLRH (R4t
'
iUSA EL COMTENIDD OE R4 COMD s DIKECCION DEL
FUFERANLO. FONE A& CEROS FL OFERANDO(EYTEY E
FINCREMENTS EL CONTENIDO DE R4 EN UNQ.
; L]
Antes Despues
GQ13210/105024 0012122105024
_A/0000046 ~F3A5000007
000004373215 _000005 /173000
372700120172 _£7/0012114
LEHS170024 _F5 170024
2.3
REL L6 D Al .RﬂrlH2J+
;
FEL CONTEHIDGO DE O SERA SURAND AL UFEEAH DD

fCUYA HIHERCION CSTA CONMTEHNTDA EH R2. DEGFUED
i 5E INCREMENTA R EN [OS,

Antes Pespues
0012140500272 o121 A4/040020
_$0,s000007 _E0/C000007
_12/0000049 _EDAG000048
_0302a /000007 _ROO0IA000018
_$P/001214 _37/001014

_15/71 70024 _AS/170020



3.3
DOTD4S INC -(R5)
;
}EL CUNTENIDO DE RS SE DECKEMENTA EN LOS Y
;OESFUES SE USA COMO UA DIRECCION LEL OFER&NDO.
SEL OFERANDO(FALARRA) SE INCREMENTA EN LND.
;
Antes Despues
001216/005245 21 6/005245
_$570000207 " RIS O
_00001&/00222D _000014/000223
_$7/001214 _$7/001220
_$5/170020 _$5/170020
3.2
10%245 ‘ INCE —(RS)
;
JEL CONTENIND DE RS SE DECREMENTA EN UND Y
JHESFUES SE USA COMO LA DIRECCION DEL OFERANDO.
JEL OFERANDOCEYTE) SE INCREMENTA EN UND.
;
Antes Despucs
001170/1 05045 NO1270/105045
_$5/000%47° 77" 1205584195295
LO00346/045721 _000ZA46 /043700
_47/001200 _$7/001200
_45/1700320 _1S/170030
3.3
0464101 AT ~CRAY s R
;
SEL CONTUMINO LE R4 SE LECKEHMENTA EN 00S Y

fLESIHUES SE UTILIZA COMO Léa HIRELCCLON DEL
FOFPERANDD (HIE SERA SUMADO AL CONIEMILDD DE R1.

Antes Nespues
QoiIJ22/040401 001222/0644501
~11700G0017 _$1!00GG&$
447000032 ~¥4/7000030
-0045035/000045 -0000320/0000475
-17/001222 -$77001224

~-+ES170000 ~F5/17002¢

A



1.1 _
005043 000100

100C(R3}

fSE 'ONE A CEROS La LOCALIDATMTFALARRA)
rOLRECCTONADA FDE LA SUMA DE 100 Y EL CONIENTIN

+IIE R3,

Antes
001724/005047
0012257000100
_+3/000004
_000104,177333
.3$7/001224
~15/170020

i.2

1051464 000200

CONTENIDO DE R2 NO SE ALTERA.

Des.Puea

001224/005063
_0013246/000100
LE3S000004
-0920104/000000
~$7/7001230
~$5/170024

200(Ka)

rCOMPLEMENTA LOGICAMENTE EL CONTENIDO IE LA
HlLOCALTDATCRYTE ) OIRECCTONADA FOR LA SUMA DE

1200 Y R4,

'

Anies

001230/105144
_OD1TER/00G200

~FAsQO0000

—00A203 174550

_$7/001230
_hSALTO000

4.3
0446360 0006010 Q00020

¥

EL CONTEMIDD NE R4 HN{} SE al.TERA.

De Spues
001230/10%144
SO DED 000000
_4 42000000
_0G02003/174615
_$7/001334
LIB/1T003]

10(R3)r20{R0}

sSUMA EL CONTENIDD DE LA LOCALIDAD DINKECCIONADA
fFOR LA SUMA DE 10 Y R3r AL CONTENIDO IE LA
FLOCALIDAD DIRECCIDMNADD FOR LA SUMA LE 20 Y RO.

ANtes

OO10 L4 064340
0012287000010

~001240/000020
-$0/5000040
-£3.7000050
0000000005
=G00Qa0 /000075
_17/001034
5717090351

Despues

00123470464 350
~R01236 /000010

-0212490/000020
_20/000030
-3 I/G00050
-DO0DEQ/ 000134
=O00AG/OQ0075
-$7/001242
-¥5/1700320



5.7 ©f .
005011 CLK @R1
;
FEL CONTENILIO DE R1 AFUNTA AL OFERANDD QUE
i SERA PUESTD & GCERDS.
;
Antes Despues
N1742/00501 ) 0013242,/005011
_91f005044 _$1/000044
_0000A4/035240 000044000000
_$7/001042 _4£7/001244
_15/170020 _$S/170004
5.2
1052312 INCE eR2
;
PEL CONTEMIND NE R2 AFUNTA AL OFERANIO QUE
;SERA INCREMENTADD EN UNO,
;
Antoes Despues
01244105212 001744/1052310
10 /000070 _%3/000070
_C0Q070/000000 _000070/000001
_17/001244 _$7/001244
_18/170024 _35/170000
&
00534 NG BRAY+

tEL CONTENIDD OE R4 AFUNTS & LA DIRECCION
yDOEL {OFERANDD QUE SERA INCREMENTADO EH UNOD-»
FIESFUES DE LO CUAL K4 SE INCREMENTA EN DS,

Antes Despues
QoL /0050 Eq D017 4 /008,
_£42000034 14006040
_000034/0000%54 _0000%6/000054
_a000%4/000007 -0C00%4/000010
770010244 -$7/001050

=32E85170030 ~ES/170020
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7
605155 cor @—(RS)
H
iEL CONTEHIDD TE RS SE DECREMENTA EN TDOS
sNESFUES DE LO CualL AFUMTA A LA DIRECCION
sOEL OFERANDD QUE SERA COMFLEMENTADQ
sLOGICAMENTE .
¥
Antes ' Despues
001250 /005155 001250/005155
157000040 _$5/00003&
0000347000020 _000036/000020
_000020/000000 _000020/177777
_$7/001250 _47/001252
15120000 _ES/172003)
B
Q57400 QL0200 ALTI PIr00{R3} RO

¥
;LA SUMA DE 200 Y R3I DETERMINA EL AFUNTADOR A
ila DNRECCTION DE LA LOCALIDAD NUE SERA SUMaDA A RO,

F

Mtes Despuoes
90125204710 001252/0567300
_0Q1254,00020 _O01254/000200
_40s00001 ~$+0/000043
—13/000010 ~$3/000010
_000210/000012 _GO0210/000042
00001000014 000012000014
-$7/001252 _$7/7001354

_1S/170031 ~15/170029
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¥10:R4

yMUEVE &4 R4 Ei WUHERGQ 10

9
012704 000010
;
r
Antes
001256/012704
_001340/000010
_$4/000000
_$7/0017256
_45/170000
10
063701 000100

ANl

Despues

01754/012704
0815z 5010

0012460700
_3$4/000010
_$47/0012632
_45/170020

2#10C-E}

FOUHA FL CONTENIDO DE LLa LDCALIBAD 100 & RI.

Antes

Q01284706570
~0012/0/,00010

-%1/0600033
-000100/000073
~t77001266
~-+5/7170000

1
o

Hnspues

D12464/043701
- 915§8/00 1990

-$1/7000124
-0C0100/000073
=ES001270
=1S5/1720020

—



w*

0052467 000044 INC Fi
’
: INCREMENTA EL CONTENIDO DE A LOCALIDAD
sSIMROLICA Z EN UMD. EL CONTENIDO DE LA FALAERA
;SIGUIENTE A LA INSTRUCCION SE S5UMA AL FC FARA

Antes Despues
001272/005267 001273/005247 .
_0013747000044 _001373/000044
_001342/000000 _001342,/000001
_$7/001372 ' _$7/001274
_$5/170020 _$5/170020
12 .
005077 000040 CLR @z

¢ '

LA LLOCALIDAL SIMROLICA Z APUNTA A LA

tDIRECCION LEL OFPERANDO QUE SERA FUESTO A CEROS.
sEL CONTENIDD DE LA FALABRA SIGUIENTE A LA
fINSTRUCCION SE S5UMA AL FC FARA DORTENER LA
+DIRECCION LE Z.

/

Antes Despues
Q01274 /005%G77 Q01274000077
_O013007000040 -0013007000040
0013427000100 “001Z42 000100
_000100/000073 000100000000
_EF/001274 _S7/0013202
_E55170020 357170024

a— - —

1015 CORDERO BORBOA
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PDP -1
04/34/45/55
PROCESSOR
HANDBOOK

CHAPTER 4

INSTRUCTION SET

4.1 INTRODUCTION

The specihicatian for each instruclion includes the mnemonic, ectal code,
binary cade, » diagram showing the format of the instruction, a symbaolic
notation gescribing its exscution ang the efeft on the condition codes,
. # description, special comments, sl £xamples.

MHEMONIC: This is ingicated at the 1op corner of 2ach page. When 1he
word inglruction has a byte equivalent, the byte mnemomic 12 afso shown,

INSTRUCTION FORMAT: A {agram  accompanying <sch instructlon
shows the octs) op code, Lhe binary op code, and bt assigaments, (Nore
that in byte instructions 1tha most aignificart bt (BiT 13) 5 always a 1.)

SYMBOLS: .
{) = conlents of
S5 or src = sourte nddress
00 or g5t = destinstion address
loc = location
= DILQITAE
+ = "is popped from stach”
L = "is pushed pnta stack™

{
A = boolean AND @
¥ == boolean OR
o= sxclusive OR
'—-

~ = boolean not

Reg or R = register

B = Byts
0 for word -
|
[1 for byte

rl

al



£.2 INSTRUCTION FORMATS

The major instrusiion formats are:

Single Operand Group

OF Code . ol
| ol 1 1 i L 1 L l
-
Doubie Dperand Group
OF Code x| dul
l n | 3 1 L i f
15 - 1|
Register-Source or Destination
OF Conly Trag Srrichi
1 1 1 i Az i fl M |
L] ¥
Branch
Bowe  Coda LT
l Nl L ‘ A i A .t
- T

4.2

— o e —————

Byte Instructipne

The POP-11 proceasor includes a full complement of instruchions 1hat
rranipulate Lyte operands. Since all PRP-11 addressing is byte-oriented,
byte manipulation addressing is straightforward, Byte instructions eih
utoincrement or autodecrement direct addressing cause the speci|.ed
register 1o be modiied by one 1o paiat to the nest byte of data, Byle
operations in register mode sccess the low-order byle of Lhe spec hed
register. Thesa pravisions anable the POP-11 to perfarm as either a word
or byte procexsor. The numbering scheme for ward and byte addresees
in corge MEmory 13;

HIGH &YTE . WORD 04 Y TE
ADDRES S ADORESS
o000 | BYTE | ETE O | opzooo

OO0 BYTE 3 BYTE ¥ 00002

The most signthcant bit (Bil 15) of Lhe instruction word is set 1o indicate
a byle instruoction,

Exatnpla: '
Symbolic Octal

LR 005000 Clear Word
CLRA 105000 Clear Byta ‘
{
NOTE )
The term PC (Program {ounter) In the Opers-
tion sxplanation of the instructions refers to the
updated PC. .
4.3



4.3 LIST OF INSTRUGCTIONS

instructions are shown in the f{.':l!h:mmg wequenca, Other imtructions are

found i Chaplers 9, 11, and 12,

A-—The SXT, X0R, MARK, S0OB, and RTT instruclions ara implamentad

in the PDP-11/34, 11745 and 11755,

*—Tha SPL instructron is implementad only in the POP-11/45 and FDP-
11755 The MFPS and MTPS iastructians asg implemented only i the

FOP-11/34.
SINGLE OPERAND

M emonic Instruction
Gnntrll
CLR{B) cloar deshination ...
COM{B) complerment dst ... ...
INC(B) ncrerment sl ... vt rerean
DLC(R)  decrement dst ... T, Ittt
NEG{B) negate S8l oo ccmimimic s e nes
TETIB) reat det . e ere——
Shift & Rolate '
ASRIBY arithmelc shift nght
ASL(B)  arthmebc shifl left ... .
ROR{B) rotaterght. . . . .. .
ROL{BY rotate leit .............. Iaibaiae ot e e
SWAB awap byley e

Mpltipls Pracislon

ADCIRY  #dd COIY o e e
SBCIHE)  Subtratt CAMMY .o ier csiinivenn e
A SKT Sign mtend L e
MFP3 move byty 1rovn processor status ...
MTPS move byle lo processor status ...

‘DAOUVALE OPERAND

Ganaral
MOV(B) move source to deslination ..................
CMP{B} compare sre 12 dst s
ADD add &re 00 g5 e e
sua subtract orc from gL e
Logical
BITBY  BiE el s s
BIC(B)  bil CIEAT ... e res v e e e s san s e e
BIS(A) Bt set .o
& XOR enclusive OR ... e a s
44

Op Code

a)s00n0D
#2100
05200
530D
w5400
wOE70D

w5200
06200
36000
G100
ooo3Dn

wDES50D
w5600
o700
wlOSI00D
2106455

»l 5500
wZsSsD0D
065500
1658500

»35500
s 5500
255500

O7F4RDO0

Fagn

AADL D
= A0~ h

4%
4.20
4.21
4.22
423

q-25
426
427
4-29

4-30
431
432

4.33

L
PROGRAM COMTROL L
Mnemanic Ingtruetion Op Coda
_ . ar
Hawa Code Page
Branch
EBR branch (uncondibional) .....cceeeeen., Q00400 4-35
BNE braneh it not equal (to zero) ... 021000 4-36
BEQ - branch il squal {tu ZEMQY i, 001490 437
BPL Brarmch if pUs Lo e e JOO000G 438
BM| branch if mlnus e VRCAD0 439
BvE branch il overflow Ps r.IL-ar .................... 102000 4.4
+ BYS branch if overflow is ast ..o 102400 4-41
BCC branch F carry is clear _.....ccocorininnnas 103000 4-42
BCS cranch if carry 18 sat . e 103400 343
Slgnvad Conditionsl Branch
BGE branch [{ greater than ar equal
{to zwre) ... cirtmriecreees QUZGCA 4-45
BLT Beanch It less than tnm} e CO2400 4-46
aGT branch if greater than (u-rn] e GQ3OO0 447
BLE branch if 4433 than or sgual {tu zuru_] Q03400 448
Uralgned Conditional Branch.
BH| branchaf higher e 101030 450
BLOS branch i lower or same ... ..o 101400 4.51
BHIS Granch i higher ar same _.................. 103000 452
BLC  branch il lower ........ b e s 103400 4.53
Jump & Subroutine
JMP jump ittt enenes DPQIDD 454
JSR jump to subroutine ... - O4RCD 4556
RTS raturn from subroutine . QOD20R  4-55
4 MARK  mary ... 0O6400 459
A 500 subtract ane :nr.l hrlm:h {lf ;* 0] GTIROC 461
" SPL Eat priority level - ODO23IN 462
Trap & Interrupt
EMT amulatar trap . v 10A000—10437F 483
TRAP L 17 T S IMOD_IM??? 464
arr hreakpotng II"IF D03 465
15T inpul foutout trap ................................ 00000 4-eh
ATl return from interrupl . D002 4.67
& RTT return from interrupt .. 000006 4-68
MISCELLANEOUS -
HALT halt .......... et ar e g en s d e s 472
WalT wail for Iniorrupt 473
RESET  reset external bus . 474
Conditipn Code Dparation
CLC, CLY, CLL, CLM, ECC  clear ...oooeiieeien e GoD240 479
SEC, SEV¥, SEZ, SEN, 5CC  set ..., OOQ2ED 475

. 4.5



4.4 SINGLE DPERAND INSTRUCTIDNS

CLR

CLRB
clear dastination - . ) 105000
o B oo &8 01 0 1 o9Tlg o'd 4 ¢ a4 & 4
| T RN P PR R
5 & 5 +]
Operation: {dat i
Condition Codes: N lmared
FEY »
v cheared -
« ° Coclearsd
D‘;;;'ﬂh“: ‘Word- Conlignts ol Spectied deshinatn e replaced with 2o
rfams
Byle; Samg -
i.'.umplt CLR ARl
L« Betorg Alter
(A1) = 177777 (R 1) = 000000
L . e
Clgr £ R ¥ 17 NZVE
¥ ? " 1111 6100

ag

-

complement dst

COM
COMB

L1 Relu)

l’mnOuioin‘nilaau‘aﬂ
D f T S

Dot rl ke n:

Exampixc

[dstie ~(d5t)

H: 5ot if most sigrahcant bt of resutt is sel Cleared otherante
L. et it resuit is O. choared oiherense

¥; clearmd

C; sat

Replaces Lbe contents of the geshinatwa addoess by ther Jog.
ical compheraent (aach tet equal to 015 22t and each til equal

to | i desrad)
Byte. Same
. COM RO
Gtlore A Har
(RO} = 013333 (RO = § G4
" mzve NZVE

o110 1edl

47



INC . .
INCB- Co
ingremant dst . "05200 ,
tun_u S T a— 0T afa s 4 = s u]
1 i ik l | L l 1 L l | L l ] T
i ) . £ 3 a
Operptipn:- ; (dsi}-{uﬂ;ul . - ' " '

Condition jl:uﬂq:'

- Dezcription:

~ Emmplg

1.“ amtof esult 1y <0 cleared otherwise,
oam aforesult o O clearad olnerdiss -
UEETIRI| {ds1) nerd OFF777 (word] qr 177 {brta)

 CHEAFEL OTharvrkd ’ .
C mot af!'u:ud - L .
- Word Add’ ori Lo contenty o dest-numn L . -
Lyre Same | . e e T 1
INCR2Z . - -
) Before ' Attbr
L(R2)= 000733 {R2) = 000334
HIWC - . HIVC
' - Qooo . .-gooo

4.8 I I

decremant dst

DEC
DECB

r05300

|T:nuuu1o~nf11lue-¢uu
I L L 1 L ] i 1 Il L I € A
" £ n a

Oy bion: (dsi)a{dst)-1
Condition Codws:  N: seral resull iz <0 cheared ptherwise

£o s8] reault o5 O; cleared olherwise

¥.oset if (dat) was 100000 {word) or 200 {byte)

Cleared ptherwise

< not affecied

Dmscriphhen: Word: Subtrecl 1 irom the conlents o the deytination
' Byte: Same
Examgle GEC RS
Before Al
(RS = 00000} (A5} = 000000
MIVD NZIVC
LGOn o100
1
L
(-
49



negate dxt nS4THD
B0 oo @ o1 o8 1 1 B 4 d d
prhe e et eyt e e e ae]
13 £ 3 Q
Opweation: {dst )} {dst)
Condition Coden:  M; 1et (f Ihe regult is =0 cleared otherwise
Z: wot of result 13 O, clpared ofherwise
Wi sl ol Lhe reut s 100000 {word) or 200 (Byts)
Cleared Ohurwse
C: cleared 1f tha result o O s#f atherwise
Derscription: Word- Replaces |he contents ol the daslination address by its
Td"s complement . Mot thatl 109000 & replaced by itsei! {in
twg's compdemenl nolation The most negalme Number has
R pati e cownl Bepa et
Byte: Same
Examplr MNEG RO
Batora After
{RO) = DOO010 (RO) = 177770 - -
NIVE HIVC
0Qoo Lad1

4-10

e ————pr—— A nm—— 4 — ———

test dst

TST
T5T8B

m0ST0O0

Oparation;

CondRion Codes:

Cascriplion:

Exampis

(dst)afdsl)

N setd the rewlt 15 <0 cleared otherw e
I aet 1] result oy O; cleared otherwiae

V. clrarsd ’

C' cleared

Word: Sats the condilion coges I and 2 according 10 the con
tenty of the oodtination address e

Byte. Samsz
15T Rl
Hetora Aliwr
{R1)=012340 (R11=012340
NIV NZIVCE
ooyl 000
T
-

T U T - b - -



arithmetic. shift fight

[+ES T - T - DA : B | R 8 0y Ba e & d e a-I
L. ' | 5, i 1 i o M | A M )
RTEE . & = [

Oplrl'lloh: ' (dsthuldat} ® shiited one place Lo the right

7 Conditon Codws: N sel it the mgh-order hit of the resull 13 sét (result < Oy
. ‘Chnared ofherwese -

- . Iy set It the esult = 0; cisared otherwse
! <, Wiloaged from the Exclusive OR of the N it and C-Dit {ay yet
. © ' by the compietion ol the shit operation) .
Shitty ) C: boagen] 1rem dow order il o the gEabination
Scaimg dats by factars of two is sccomplished by '[.he SNt ingthuctions: . | . hn e . Shits a1l bits of the ﬁ;ﬂlﬁaﬁm n!m-um ciace. Bt 15

g feplicated " Tre Cibt ¢ loaded from it O ol the deslinglion.

ASR . Arithmetic shill nght :
I I T e ASR perlorma Signed divisgn ol the destinatan by twa.

Word: . ar
ASL - Anthmelas shait el . ] »
— ¥ A . —t
The sign tut (vt 1%5) of the opersnd is replcalisd in shiits to the right. The low ' ' g | I P EEUSL U JER R I E
order pul 15 Jilled with O in shefis 1o 1P lefy. Biks shitled oot of the C Int, 33 shown . ? o
in b loliawing scamgies are losl Byte - )

The rolate instruchons operate on the destination word and the Bl as though TH N ADCefsy o
they formed a 17 b “crcuiar buffer’. These nstructions facilitate sequential bl
tetling and delmbed bd marepulslon.

Actrigs . | 'I:i’l bl : -l.'I_;Bi. | YTV I I

%13



ASL

artnmetic shitt lek 35300
o B_ 8 O t 1 0 0'1 s]4 4 4 a 4 4
1 1 L i | L i ] A L l | n I 1 1 l
) P 3
Oparatign: [dsthgidst) Shilted one place i Lhe kef
Condition Code: N 2t o tugh proler et ol 1he resgplt s st freaull < O cheaned
tharwise
I:set of Ihe resutt =0k cleared olhersse
¥ loaded with the exclusive DR gl the Mot and Gk {as set
by the complenon of e shift gper ation}
G- lcaded with the hagh order bl of e gestinaton
Dwstripiion: Word: Shifis all bils of the destination e one place. Bt Dis

iogdad wath #n (. The C.bet of e slalus word 15 ipsded Trom
the rnosl Sigritcant et of the destingtion_ ASL perlorm 3
g red muttiphcation o the destinalion by 2 wath averflow .
A

Word

E]*[Ial.l;L..L..n T L

[1] a
L 4

Hyte: .
BHWQB“M"Q
i [3% [) F Lyl AOiw 55 o

g ppp—

[

ROR
" RORB

mRECOD

[uﬂloluloll_L‘Iﬁlo_ln_uL:I:I-l'I- 'l ;I

rotate right

19

Cogefiion Codan. M- set it the high-orcer it ol the result 5 set (resull < 0);
"o tieared olharwise
Z:emt 1! all bits of result = Q) cleared olherwise
¥ foaded walh the Excluzive DR of the M-bit ang G bit (a5 sel
' by the completion of the motate operahon}
G loaded wath the kKw-Order el o the destinabion

Dascriptian: Aotates afl bis of the destinalion nght e place. Bit O 14
loaded nte Ihe C.bil wnd the previous contents ol the C-bet
are Kaded 10 et 15 0l the destdnalon.

Eyte: Same

Extpmplea

Word:
. @F—-[_l P T | : " R T | j
) T
- yte ' )

4.15



ROL

rotata lett *510D
oA B 0 0 1 1 g A'D 4|4 & & ¢ 4 4
1 -y b I L L I L L 1 i I. b i
-] + 14 [+]
Condition Codes: M set i1 the high-order it al the dettination (v st
(resuit < Gk Clapred olhrn e .
7. sat 4 all nis ¢f the destinahon = clearnd Stharwise
V. lcaded with e Evciusrve OR af the N bil 3d C-bit (o3 50
by tre compiehon of the rotate operahon)
G Joaded with the high order bit of 1he destinalon
Durpcr pthon: Word. Fctate sll bets of the deshnatwn it one place. Bt 15
11 kaded into the G-kl ol the status word and th BrFious
contents ol the O et are loaded into Bit O of tha desLinatmon
Byte Same
Lenmphx -

SWAB
swap bytes Dﬂﬂ:![lﬂ
1°I°Inlululnlala111 I‘l‘]‘l-l".l
) & 5 o
Oprration; Byle 1/Byte D «Byte 0/By1a L
Corsjithan Codes: M sel il high-order bit al krw grder bryte (Bil 7) of resolt s sel;
cleared glherwse
I cab of aw-ander byle of result =0 chpared ol harwse
¥: clearad
C: chearmd
Do ript i Ercharges hugh ordir byte and low-order byta of the deshing.
ticer word (deshinaton musl be a word address),
Example: SWAR R|
Belora After
(R1)=Q7FTFF (R1)= 1775677
NZVC NZVC
1111 Qoo
Ly
4-17F



Mutipls Precislon
A i sometames necesary to 6o arthmets on operands ponsoeved o mulbiple
words of bytes. Tha PDP-11 makes special provision lor wuch oparatigng wilh he

inttruclions ADC {(Add Carry) and SBC (Sublract Carry] and Lhest byts equiva-
ety

For example two 15 it words may be combureed inla g 32t double precuion
word and added or subtracted 23 $hirwn telow: -

¥ AR T wORD

I N

Exarmpiler

Tha addilion of =) and -1 tould be perfarmed as Tollows:
=i = W¥TIFTII

(Ri} = 172177 (R2) = 1P R = 177777 (RA) = 1FP2YY
ADD Rl A2
ADC  R]
ADD  Rap3

1. Atter (R1}) and (R2) &re added. 1 15 inaded info the G bt
2 ADC matruction adds O et to (3L (R3) = 9

3 {R3) and {RA) are added

4 Fasult is 37XFIITIITTG or -2

4-18

e A aad

B el gm—_— A

 r— r——

ndd carry

ADC
ADCB

w5500

FI c & a 1 @ 1 1o III i 4 4 a af
1 L " M 1 n 1 IR 1 n .
1]

Operxtion:

Condition Codas:

Dencription:

Example

{dstyuldst) + [}

M set il resull =0 cleared otherwise

Z:wet ol resylt = 0 cleared gtheranse

V. set o {d5H) was D777 77 {word) or 200 (byte)}
and (C) wat 1; clearwd of herwise

C.uwt il [dst) wes 177777 {word) or 377 [byte) -~
A [Ty was ; clearad of arwise

Addy Ihe conients al the C.it inta |he geshnabon. Tha oer.—
ity the carey Irom the addiion of 1he low-grder words to be
carned into the gh orde resul.

Byle. Sare

Deutile precsion sddition may be dore #ith the lollowing m-
STrUCHIONn SEQUAnCE:

ADD  AD PO : mod ke proer parts
ADC Bl : a0 carry ito hegheorder
ADD  AlB)

; add hugh orger paria

4-1%9



SBC
SBCB

Opuration:

Conilicn Codms: M- cet i result

Owscripticn:

subtracl carry 5&D0D
I-.:m o o o 1 & 1 171N 1 4 o 4 a4 4° uJ
I. A j— L i l L & L Nl I- 1 'l
- L E 9
(chat e Lot p={C)

Q; cleared ptherwise

Z: sat of result O; cleared otherwite

¥, aet o (g5t} was 100000 {word) ar 200 (byte)
cleared olherviie

© seb il (dst was 0 and £ was 1; ¢lpared othemwded

Word: Subtracls the contents of 1he C bl from Lhe destina.
tron. Thiy permids Lhae carry [rom The subtraction of Pwo low.
ofcer words 1o be b scted trovn 1ha gh orcer pact of the
resull.

Byte Same

Exarnplac * Double precison sublracton 15 done by

SU8  AQBO
sac Bl
58 Al.Bl

4-20

——

—— A

SXT

Used in the PDP-11/734, 11/45 and 11755

stgn extend COE700
o ¢ 9 a 1 1 gt
{ l. L i I 1 L ! _Llll ‘I'l‘ I‘u‘.‘
) ' + 3 o
Oparatian: (C%1) = O N bil1s clear
(dnty wm-1 M bt is st
Condltion Codm: . uvnaffectad
L2 sat if N it clear
¥: cleared
C: unaffectad
I tha conditipn code bit M s sel then g =] i Haced 10 (ke

Dlll.:r'l.ptiun:'

©oaestination oparand: F N Bl clear, then a Qs glacad m [hae

destination operand This insbrection 48 particularly useful in
mdltiple pragi40n anthmels because it permits 1he sgn to
be extersded thrgugh mulbgple words

11
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4

: 1
Used in the PDP-11/34 MEPS MTPS - Used in the FOF-11/34

mave byte from processor statys word 106700 rmove byte t0 processor stetus weord. 106455

i_uuan1unj1r-44¢-t Ilnonlfnnnn--;...l‘
| R S S R | PEEE R S ) . | I U I VR p— | PR P R

Oparation: {dst) =~ PS5 o0:7 Oparation: PS 2D ¥ + (SRC)
gt lower B bils ! " . ,
Condition Codes: Set sccording to effective SREC operand bits 0=,

Condition Codr ' . .
Bits: N = a#l f PS5 bit 7 = 1; cleared otherw se .
Z = set1f PS 0:7 2 = O cleared ptherwise
¥ = cleared Deacription: The B bits of the sffective operand replsces the cur-
£ = not afiected . rent contents of thu PS <077, The tource opetand
. address s treated an n byte adoress,
Dewtription: TheB bit eoplsnts of 1he PS are mowed to the effec- . Note that the T bit: (P5:bit 4) cannot ba zet with this,
tive destination, " 1F destination e -mode O, PSS bt 7 s instruction. The SR nperlnd--rnmain'l unchangtd, -
‘aign’ extended through the upper byte of the register. Thix Irrltrul'.".‘i?n can be uskd to change the priority bits
The destingbop opersnd Agdrass |8 traated A a byte {P5 <IH:7>) in tha PS5,
addrass, '
Exampim: MFPS RO
batore ' altar t
RO [C] RO [DDOC14]
PS [000014) PS {0D00014] |

e e — -

-

422 4.23



45 DOUBLE OPERANRD INSTRUCTIONS

Doubbe oparand mstructng promace 30 inslrachon [ard bree] saewng taciity
snce they gimmate the need lor "o 2nd "sive’ sequences such B 1hose
wiad N ACCUma Rt B -arsert el sy iy

4.24

P L]

MOV
MOVB

) move kource to destinatmn *]55DD

Opwration:
Condition Cod:

Dascriptimn!

Exampley:

(dl)a{src)

MN: et (f {src) =0 clepred
I, el ol {src) =0; chearwd
Y cleared

L. not atiecisd

Word: Mowves Lhe spurce operand bo Lhe deshination [ocation
The previous caments ol 1he destination are sl The con-
tants of the wource address are mot alfecled -
Byle. Sarme #1 MOY. The MOVE 1o a regrater funsque #rmofgd
byte inslruchons) extends the most pgmbcant bl afl the jiow
otder byte (Sign satension} Qtherwse MOYHE operates o0
fytey mnactly 33 MOV operales on words

MOY XX R ; oads Register | walh Lhe con-
Tenls ol memory lecatipn; XXX represents a programmer.de-
Lned mnamong used 1o represent 3 mermoey localion

MoV s 20R0 : loady the rumber 20 mitd
Regiater O = & “indicated thal the value 20 43 the operantd

MY @4 20, -{RE} : pushes the optrand con
tamed 1n location 20 onbo the stack

WOY (REY + (F ¥ 1715656 : pops the operand oll the stach
and mowves 1t nbe memory location L7 7565 (terrmunal peinl
bufiery

MY RLR3 L pertorme anoantar
regiatar transis

MOVE @E¥1TI562 @ m L7766 . moves & chatacter
from 1errmunal heybosrd Bulter to taermanal printer Huller

4-25 L



Smiw T T e — -,

CMP

'
CMPB 1
compare ¢ 1o dst e 25500 I
. -
I
T T "
4 o
°"|°J'.°i‘1'.'|'L'.'I‘J'.'1'. 3 |_
" 2o " % )
Oparation: (srch-{ast)
Condition Codes: N set 1l -zsull <=3 cleare] gtheraie
- 7. sal ol result ={F clegred athersie 0
¥ 4l there was anlhment overflow: that 15, operamds were
1 ol pppotile signs and tha %ign of Ihe deshnation was the
' same 31 the sgn of the reyll; cesred obherwese
. cleasmd of There was a carry [rom e meast sgrbcant bt of H
Lhe result; sat olherwse
Dwacriplinn: Cormpgres the source and detination aperands &nd sets the

conchhior codes, which may then be used for anlbmetc and
legical cordibiangl branches. Both operands are unaffected.
The anlfy actian s 10 sel the concbon cooes. The compare 15
custarmarnly Iodowed by # tomdiiaaadl branch imstruction.

Marle thel unlike The subtract mstisction tha order ol opar- '
ption is {src)=(dath nor (chab-{arch

4-26

add Erc to dst

I
I
L)

OESE00
u11n[1--1' 4 d4 4 9 4 4 '
l ] M i M R | 1 ' M ! [ 1 IR L M —L
% 2N ] 3 4]

Ooer ation: {dat}a{arc) + (J5t)
Condition Codes: N set ol resuwit <0, Cleared otherwise
I setf resull = €L cleared sthenrsase
¥.aelal thece was anthmetic overiow 35 8 result of the oper-
atior; that = both operands ware of (e Same 1ign and the
result way of the opposite sagn; cleasred otherense
C- st al Lhere wad & CArfy Pioem the moal kegrafeanat bt of the =+
resull, ¢leared othermiae
s pl burt; Adds Ihe cource Gperardd to the deshination gperand and -
shores the result al 1he deshination adoiess The ongingl con-
tents of the deatinalon ae koat, The contents of the source
are mot allected Two's complemenl 20dilign is performad. * * =
Examples: M bo regiater; ADD 20.RG
Add o manmnary: ADD RLXXX
Add register 1o register, ADD  RIR2

Add mermary to memony. ADDE & 17750 KKK

XXX % 4 programmet delined mn@Mond 10r & meriory 1008
Ton,

BT

427



suB

subtract src from dat

[.-1

Opae atinn:

Conditwony Codes.

Dascription:

Exampis:

st }-ad )45

M- sl ol rosult =0 clearsd alherwise

] lt LI * [}
TR R
1

] n L
13 12

165500
11\1.-'411_‘_4.:-1
s 8 o

-

I-oaet gl redull =0 gleared otherwae

W gat if thire wat anlhmele overtioow 35 & resull of Ehe oper-
atne, gt i o operands were o Gppoute Bgo and e wgN
of the source was [he same as the nign af the result; clesred

olherwine

G- cheared f tnere wat & carry frem the most Bgmbcant it of
Ihe resui]. st oiberaste

Subrracts the source operand Iror Lhe destoalion operand
ang leaved the resull al Ihe destination addreas The ongraal
eonlents ol e desbination are ost. The conlents of e
sOurceE are nol attected In double precision smnmet the C-

bit, when sel, iheates & "Purruw".

Betore
(R1}=0L1311
(R2) = 012345

HEIVC
1111

4285

5U8 R1LR2

Afw
(A =011111
(RN =001234

NIYC
co0n

——— ik — iy - .8 E—

RS

Legical
These nstructians have tha same lormal 3a the double operand anthmetic group.
They perrmit gperations on data at tha bt level,

C-
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wis5sp0

Exampla;

{erz) A (dst)

N: set f high-order bit of resuit set; cleared ptherwie
Iosetof rmaull =i} clearsd Drhtrente

¥ Cluared

C: not staded

PerfonTs logical “andcompanson of the Yource and dest-
ration eperands and madilies condition codes sccardingly.
Ml the source nor destoglion apersnds are alecied,
Tre BiT imtruchon may be used 10 beal whether a0y of the
CorreSponding ts (et are st o the desthinghon are 4 set
wy 1he saurce oF whather all corresponding bits $et in (he des.
finalon gre clear on The Source

R R)

BT slest ity 3 and 4 0 R3 10 s

. 1t both are off

(30%=0 00O DOO 000 011 00O

4-30
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BIC
BICB
it clear A45500
I
[ﬁ.ﬂl'l.ﬂlﬂ-lrllitili_lllI-[_lf-l_lldlll‘ld_}
L] I n [} 3 o
Oparatinn: fast b= {SFC (S

Condition Codes:

Dascriplign-

Exampie:

M 20 it hagh proer bt of msull s#t; cleared otherwe
. setf result & clagred plherwis

Y ocleared

C: not gHacted

[Cislrs mach it in the dedtinahion thal corresponds o 3 st

bl In the sourca The gnginal contenis ! the gEshinaton are
st The conlents ol Lhe source are unallecisd

BIC RA.R4
Betore Atyer
(RI3)=001234 RN =00I2M
(A4 =011LE (R4) = 0OC101
NIVE NIYC
1111 opol
Bafora: (RA=0 000 001 010 D11 104G
(R4)=0 00 001 QD1 801 001
AMter: {R4)=0 000 OOG OCL 00O 001

9T
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BIS

BISB
bit sat 55500
iun1a111-.1'-:luncuudl
1 . ] —- 1 PO Ll | T
= 2 B 5 o
Chper ation: (dstrmiarz) v {dxt) .
Conditlon Codes: M- set of high.arder bt of regult set, cleared gihermse
Z: setof reault =0 gleaced plherense
Y. tleared
C ot allegres
Dowrseriptinn: Petformg inclusive DROepetatinn balwesn the source and
destinahian gperandy and leave the resull al the deshnation
address: Lhat s correspanding biis set in the source are sel
w1 [he desbinatan Tre conlents ol [he destinaton are Wil
Eznrnple RIS RORL
_ Hefore Al
{RC) = 001234 (O] = 001234
(RL=001111 {f) ) =001335
MIVE WIyC
cooo 0Q00
Bafore: (RO}=0 Q0O 001 OI0 Q11 100
(R1y=0 000 001 00l QQl Q01
‘Ater: (R1)=0 000 001 011 01} L0l
4.37

e — ——— - - —— gl

- AL m e am s

| XOR
Used in the PDP-2 1734, 11/45 and 11755
eetlyzive OR FF4R0OD
| " T
u 1- Fi ! rl ! I ! ! D 'y 0 J ' L ' 'l ' I . 'l ﬂ e ‘ l < L ‘ ] '_I
=] L] 1] & |1 o
Dpswratipe: (st yuRuast)

Condilion Codes:

Descriptinn:

Exprmply:

M oset f the result = 0. pleared ptherwide
I saf | regull =0 Clmared atharwie

V. clearwd

C unalfected

The exciusive DR of the register and destinatuon operamt .
slared n Yhe deshnalion address Contess gf register Ara
unallecled Assambler format 15 XOR R D

X0OR RORZ
Belore Adtar
(RO = 001234 (ROp = 00173
(RG=031111 {R2) = DOGIS
1

Before: {(R3=0 000 001 QIO 011 100

(R2)=0 000 0J1 001 0OY 0Ol
Atter: (A2)=0 000 DDO 011 010 LO)

.1
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4.6 PROGRAM COMTROL INSTRUCTIONS
Branche1

The instructan causes » branch to 8 locaticn delired by the sum ol the offset
(mutiiphed by 2 arnd Lha current contents of the Program Counter if:

2) the branch mstruction is ureond bonal

by 1t 1n ennchinonal ”..d the cond.trons are mel afier 1I83hng Lhe condilion -

coches (Slalus word)

the gliset o5 the rurmier o words from the cerrent contents of the PG, Mate Lhat
Ihe curranl eontants ol the PO poini (o the word foliawing the branchnstruchon.

Althgugh the PC exprestet & byte sdd-asy. the allset i sxpressed in words. Tha
tifsel o5 autematically multiphed by rwo to expresy Dytes before il 15 added to the
PR 7 s I sign af the oliset_ iF i 15 set, tu olel 12 regative and 1he braach
5 dare in the backward direchion. Srenfiarty of 11 15 nol set, the oifset 15 positre
and the Sranch s done i the farward direchon.

The B ut ollset ailows branching i |he backward diraction by 200, words (400,
byies) from the currenit PC, and i the forward l;'nru:tm by 177, w34 {376,
bytes) from ihe curreni PC.

The FOP- 1 L stsembler handles address anthmehc los Lhe user and computes and
asembley the proper oflet g ior branch mslrochons in the feem:

Bue  log
Wneee UHax™ is the branch instruction and “loc” 15 the address lo which the
branchia to be made The stsembler groes an efror indicatian i the instruchon if

iha permussable beanch range is enpeeded Brangh instruchiond Rave no eflect on
concilon cides

4.34

e — = i

BR
branch {unconddtignal) 0OO400 Plys ofl et
B ® 0 0 0 € © | OFESET l
1 i PR | i L H . 1 L 1 L L L
= . . T v
Operation: PC « PC + (2 3 otfsel)

Ompcription: Prowdes 2 way ol tranglernng program control wilbin a

range of -1Z6 10 + 127 wordy with 2 one word (rSLAUC .

Mew FC pddress = updated PC 4 (2 % oMaet)
Upeated PC == address of branch instruction + 2

Example: Yith the Branch instruction at location 500, the Tollowing off.

sats ppply.
Mew PC Addrezs Otsxt Code ONset (decimgi)
474 arn -3
478 Ky ] -2
500 3rr —1
502 i 000 i)
204 (v v} 1
506 Q02 +2
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BNE

~ branch it not equal (o zero)

DO1G00 Plus offset

]

0 1. @ FEET
rolalu.nln. L | L- ].cF- i L L 1 ]
" BT [+

Cupar ati - PC PO + 2rofcat]t 7§ = O

Coodition Codet:  Unalfected .

Oescription: Tests the sigte of the T bt angd Causes 2 branch (1 The Tl

s Jear HMNE 15 Ihe complermnlary Ope alion b BEQ. It i used

19 1851 Snaguatity fohowng a CMP, to sl that sarme bas s
i1 The destnabion werd 310 o the shunce foligwing a BIT,
and generaBy. 10 lest that the rasylt of tha previous Dper.
aton was not 2erd,

Ezample CMP &g rtompare A and 8
BNE s beanch ol [hey are not aqual

milbramchtp Gl A £ B

and the sequanck

ADD AR cakiate B
BhE C T s Branch of the resullis nol
acuslta O

whbranchla Sk + g£ 0

4.36

— g

BEQ

branch I equal (1o zero) 001400 Prus otfger
c o0 0 9 4 o ) | DFESET
1 " L i . PR | 1 N L "
[T} [ T 4]
Oparation: PC 4 PL + (25 alsen 7 =1
Condition Codes:  (rnalected
Oascription: Tests the state ol 1he Z-08t 30 cauSeEs  brareh o F s =t An
AN ecample. it s used to teyd aquanty lolwen g a CMP ppar.
#han, 1o test Lhat no ity et o 1he SEstinalir were also aet
wi tha source olawing 8 81T oparation. and generally. 1o 1est
. ST the result of the SrenOuy OperaATIonN wat 26T
Exampla: CMP AR icompzre & and A
BEQ ¢ Dbrancht Lhey are squal
wall branch to Cii A = B h-B=0)
and the vaquance
ADD aAB cadd Ao B
BEQG C D brarch it the regult =9

whbranch G A + B = g

4.37
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BPL BMI
hoif pf 100000 Plus offset
branch if prus ) branch Hf minuy 100400 Flus oftset
ET :
i‘lﬂ‘-ﬁ‘ﬂlﬂ-lﬂlﬂlﬂl . lchsn | I i _I ; | 6 0o B & 0 @ + OFFESET |
v . 7 ) L i L 1 i 1 1 A 1 1 . 1 L L
LR . b L ] " ]
ety o M
Opecation. PC 4 PC 4+ (2ugllsety ! N} Onarathon: PC « PC + (2 x offeel} d N =)
Oescrepimon: Taats the state of the N-bit and causes » branch it M is Condition Codes:  Unaflected
clear, {posilive result), '

Owcription: Tests the state of the N-bil and caunes a branch if N is
set, It is usad 1o test the sign {moyt significant kit) af
the result of the previous operation), oranching o nog- =
ative,

1
i '
i LA
i
! ,
F
I
|
i o
. —_
' . —
! -
i
]
1
L]

138 p a-39



BvVC

branch if owarflow is clear 102000 Plus gftset
LI+ | o, 0 1 9 0 OFFSET
I. I: 1 1 I. 1 R T 1 I. A [
-] [} T ]
Opearation: PC 2 PC & (2 cclbsel)d ¥=0
DwrsCoripl iy Tests the state of the ¥ bl and causes & branch it The ¥ tal 1

clear. BYC w4 cornplermentary operation e BYS.

440

— ke

o ——

pranch if oyverflow is set

BVS

182400 Plus plisel

lnuon-nq]
o 0

OFFSET ]
. 1 L 1

L P |
" a T o
Oparation: ‘PC o PL + (2uallset) i ¥ul
Description- Tests [ 4lals ol ¥ bt {overl lone) 3nc causes 8 branch o the

V bt o5 set. BYS 15 used 1o detec) solhmetic overliow n the
previous oper ahon.

oo

1.4}



BCC

Oranch i carry 1 clear 103000 Plus offset

PR | H;FSE: i —!

Cperation:

st ription:

¥ o

PL wPC- + (2 zottset)dl G =D

Tetts the stale ol Itwe ket Ang coutes 3 DFanch f © is clear.
BCC 15 Lhe complemantary opersion to BCS

4-42

g mma. o

BCS

branch If Carry is 5o 103405 Pus offset

LI B 1
[l A JDID: -.l.] 1 ].EF;FSEIJ.J. 1]

Operation:
Dwicription:

. T . o

PFC «FC & (2uolbelld &=

Tesrs the $tate ol the C bit and causes a Dranch o % 4wl ||

1 used 10 tesl for & carry i the resull ol g DrEvIOUS oper .
Hon, .

£ G

e

443
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Signed Cond?onal Branchi

Particylar cominmations ol the tondibon code tuts are 1$51ed wilh the wgned con.
dilsand) branches Thesr imatrugbrons ace used Lo 1eat the results ol natruCtand n
whach the operands were considered as signed {(Two's comprement) vahaed

BGE

|
!
i
Mote that he sense ol $igeed compansons diflers trom that of undgesed Coem- i Branch if greater than or squal . - 002000 Plus offset
parisons an that i sigried 16 b, Wo's complament arithmetic the sequente of 1 (to zer0)
valurs ts as fallows l 1 v | e o @ | @ v 00 I OFFSET l
! 1 b 'y L I- P I. Nl i J. L L
Lorgeat Qr7717 i . e T @
o777’ '
o live . i
| Cparstion: . PCaPC + (2ol il Nw¥ = 0
L | Cwncription: Tauses » branch il M and Y are st bath tear o Balh el
m{[}tt : BGE 1x the comiplemenlary operaton 1o 8LT. Thus BGE wii
173717 : always cavsé & branch when 1t tollows an gperation |hat
177776 1 causrd addilion of two pasitres numbers. BGE witl also cause
. a branch on B Teeo rebyll
regative
L0020
smaSest 100000

whersas i unsigned 16 et anthmelc the séqueance 1S conucered Lo be t

highst 1N

QOO0

DO00a1 .
fawest QD00

[Pl
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BLT

branch i less than {rero) 002400 Plus offset
Fluunlulnullulll 1”’F$EI'T l_l. i j
L) ] ¥ o
Opsrabion: PC = FC +{2:ofh.¢t]ifhlv'hl"-l
Ouacriptien: Causes 3 beanch if the "Exclushee O et the N pnd V' bt are

1. Thus BLT wnll shways beanch loligmng an ppecation 1hal '
aicied two negative rewmbers. ewen o overfiow ooouered.

In pacicular, BLT will always causs » branch of it fakows &
CMP wstruclion operaling on A negative 30uice and 4 posi-
tive destinalon [even i} overflow occurred). Further, BLT will
never caute & branch when i foliows & CMPinstruction opar
aling on & positive squrce and negalve destingtan. BLT wall
rot causa & Bramch f the resull of the previous oparation wak
Tern {withoul overflow).

45

- L —— kAP ——

O ————— —— W R e

- 8GT

branch I grealer than {(zera) QQIANDD Flus ofiset

Inlnjnlﬂlnlqlllﬁl R Icf‘sﬁrl T
13 | r -]
Oparation; PCaPL & (2% nfful:i'ii IvMHe¥ =0
Dascriplion: Operabonal BGT & srmilar o BGE, except BGT will not cavae

" @ branch on & rero resull.

h e
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Lo

BLE

pranch if lexy than or squal (ta zera) 003400 Plus offset

FSET
Inlo.nluj_nlll_._'ti'!_l | ST )
B

[ 3 T 1]
Oparation: PCaPC +« Zactha)dZvN~Y)=1
Caacriptian: Operation 11 similar 13 BLT Bud in additon wall cause a

branch if et result of the prevituy operaten was 16MQ.

4.48

Lnsigned Condnional Branchen
The Unsigne Candrional Branches provide a mears ior lesting the resuit of
COMpAriLOn oper 11001 in which the opernds are conwudersd 23 unsigned value

S

n

Gé
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BHI
branch if higher 101200 Plus off set
1L°1ulnlnxulllul iy ‘.NLFSET I I I_l
Y ACEE 0
Oparaxtion: PCwPC & (2eotsatid CoDand Zad
Dancription: + Cauvses 3 branch if L premnowrs Gperohion Chusad mether 3
- . carry ror a tere resall. This will happen in companson {C )

operalons a4 long as the source hay a higher unsizned vile

than the destination.

-t

4-50

BLOS

branch if lower or same 101400 Pius gitspt
T Ce eyt e ]
(1] ] T Q
Oparation: PCaPC + Ruplsalid v =1
Description; Causes a branch 1l The previous operation caused edher &

Iy O 3 rero resutt. BLODS 1% the complementary operalion
12 BHL The branch will occur i companson operalons as

Iong as the source 13 egual to, or has 3 lower undigred vahe
than the destination,

e
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-
-
L, . | .
- H ]
e - BLO
o t‘.' ERp
" branch if higher ar sama 103000 Plus affyet branch if lawer : 103400 Plus oifxer
. .
[1l°.°.°l°".'10 L T L ,_1 1',“"“[“' 1 , OFFSET )
b)) " T L4 l'.s * ' ' * I b 7 * ’ * ) : ) ‘{.- r
Dperation: PCaPC + ZxoledC =0 Operalion: PO PC + (2 xolselbit Om 0
Owrbs riplbom: BLO 15 warme rrsirpachon s BOE  Thet manemone 15 nchogen *

T Duicriplion: BHIS 5 the same rstruchion 33 BOC. This moemonig 4 m--
cluded only lor convemence oty lor cormvarience,
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JMP

umg Qoo D0
L]
nnou~nunuu-4aaueaj
| N | . 1. N e | I

15 LI o
Oparation: P [dsE)
Condition Codes;  not alhected
Cmrtcriphecn: ANP prowiges rore tenible progeam bra nching than pravided

with the tranch insliutlions. Control may be Iranslerred ta
any location in memory {na ranie imitatan) and can be ac.
gomphisted with the full feabiity of the addressing mosies,
wath the epephbon of tegister made O Executign ol & ump
wath made 0 widl cause an wHegal mstrucon cond hion
(Frogram control cannol te tranaterrad Lo & register) Regrs
ber gdeterrad mods is legal and wll catse program conbral 1a
ke Iransferied to 1he sddress held in the specifiad register
Mate Ihat ingtruchions are word data and must therslote be
fetched from an even numbered address A hounctsry er
rar-trap condiion wall result when the procetasr atternpts to
teich ar insiruchon from an odd address.

Deferrmd ger made JMP watruchans pevmit trancfer pf
control 1o 1he address contained i a selectable element of a
table o dipalch veltors,

b — e ——

Subroutine Insiruction
The subroubine call in |he POP. 1| provides for automat i

¢ eeshng of subroulines,
reertrancy, and multpee entry pownts. Subroufines may call other subroutas (o
indeed themsahees) to any level of nesting wathou! making special provsion for
slorage of relurn agdresses ak each ievel of subroutine call The subrauline call-
ing macharusm does nat modify any fmed |ocation in memary, thus providing lor
hmm;::c: Ths Iibw; one copy of # subvpuline [o by shared among several ine

ru processes. For aere detsiled descnpton of subrou prog

ol gy pt) $u tine &I

4-55
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JSR -

jump g subroutine QO4ROD
T
B L] ] 9
|
Orwerwtion: ¥ [5F e reg {push reg contents onto procasyar slack) i
reguaFi {PC nedas bacahon Tollowing JSH; tht address
now pub onoreg
PCw{dsl)  {PC now points to scbrouting destination)
Deagriptinn: I execuon al the J5H. Lhe sid conlents of the specitiod reg
rler (Lhe “LINKAGE PCINTER™) are pulpmatcafly pusbhed
onta tne Drocessor stack and new Linkage inlarmation placed

i Ehe pegister. Thus subroylives nestad sojhin gudrautines
19 tAy depth may all be Called b Ehe same hekig e regisier !
There 15 i need =ither 10 plan the masmmum depth at which :
ary particylar subroutne will e cadled o 1o incluce In3trud
Lond in each routine 1o Aawe and resiors the linkage pomber,
Further, &nce 3R hnkages are 3aved in & Feentrard mannes
on Ihe procassor stack execubon of & subloatice mly De o
tertupiad, the sarie subroehiee reenterdd and exacuted by an

©mterrupl wervce routre, Exmcutian ol the initial subrouting

can then be resurmsd when piher requesls are salisled. Thi
process (caflad neshng) can grocesd (0 30y leve|

A subroutine calked wilfi 2 ISR reg. sl instrocton can access |
tve prEamants tokowing the call with &Mty il ot mert
adgressing, {reg) + . {1 arguments are aceoLs o sequenhally)
or by indexed addressing. Xireg), (I acCessad i random oF
der). These addresung moder may dHeo be delerred.
q@ireg) + and (@ireg) 1t the paramelers are oparand ad i
dréssas rather than the operands trv_tmulns.

. |
|
!
i

A.56 ‘

Example:

Befory:

After;

J5H PCodst 15 a special case gf the POP.1| subrowtine cail

sudable for subroutine calls that frangrmit parametars
Wwaugh the general regislers. The 5P and the PC sre (he anly
Tegsters that may be mipchfedd by s call

Ancther specw| case ol 1he ISR wistrychon 1 SR PC.

5P + wl-uqh exchanges |he lop demen) gi [he DL Lor
stack and the conterts of |he prograrm counter. Use ol This
natruchiom allaws two rowhines to swap Progeam Lanlril ang
FESLIMEe aoar glwr when Fecalled where they o1l ol Such oy
tines are calied “co-rout res.

Roturh from a subrautine is done by the RTS s truc bon RTS
reg IDads the conlenls ol reg inlg the PC a4 P03 the top
demant ol the procesior stach into lbe spacitien] regpisier

] JSR RS, SBR
(FC) R7 Stack
(5P} R6 :]—-—-. DATA C

oA ]

:

I

I \ —
RS PC 42
457
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RTS

return from subroutine ) OO0Z0R
Lolu‘u nln.n‘ulul-l ulu‘u‘ulrlrlfj
" F3 a
Operstion: PCarwg
g (3P
Description: Loads contents ol reg inlp PC and pops the top element ol

Exsample:

Dalore:

Alter;

tne processor stachk nlo the Specibed register,

RAetumn from & norcesanlrant sofwoulne iy typically made
through the same regrster that was ussd in its call. Thus. a
subrouline callsd wittr a JSF PC, dil exits wath & BTS PC and
a subwoyuline cathed wilh & JSR HS. dsl, may pech up para
meters with addressing modes (R5)+. X(RS5), or @X(R5}
and finally exts with an RTS RS

RTS RS
: #1
w
R& nj-2 —_—— DATA O
RS

4.58

. MARK

Used in the PDP-11/34, 11745 #nd 11755

mark . 00 &4 HH
T
L] .} * B 3 ]
Operation; SPw PC + Znn nn = npumber of paramelers
FC aR5
R5-«(5F) &

Conditior Codes:  unafiecied

Descripiion: Used as part af 'he standard PDP.11 subvoolins relurn con.
venihipn, MARK lacihlales the slack clean up procedurss in.
volvedd |0 subrguline ent, Assembler lormat iss MARK N

Example: MOV RS.-(5F) ‘place ol HS on slath

MOY  Pl={5P) .place N paramelerg

W P2 -{5P) 2on 1he Staga to he
e there by the -
“Subroutine

WMoY PN, -{SP)

MOV e MARKN (5P (plates P prastriec o

(MAREK N o the slack

MY SP RS 3t up #ddeess Al Mark N on-
$lrucion .
187 PC5uB JUmp e subroulne

Al this point the slack 15 2% {plkaws:

Dol Ay
4|

L]

LD P

459



Angd the pragram o at the agaress SUB which i3 the beginfing
of the Subrouline

SUB: Epacybion of the subroulirne i
E1-13)
RTS RS Jthe retyrn bamins thes causr

the contents ol A5 tabe placed m ihe PO whach Ihen resuits
i the megulion ol the matrocon WARK N, Trhe contenls of

ol PC are placed i RS
MARK N causes {1710 slack posnter 10 be adyusied 19 pont
ta the old A5 vatue, (2} The calu® ROw 1 RS {thwe oid PC) to be

placed i tre PC.oand (3} contents of Ihe 1he old RS 19 b
popped mnto RS thus compleling the return Irom subraudine

4-60

S0B

4sed in the PDP-11/34, 11/45 and 11,755

subtract one and branch (if 3¢ 0)

0F7R0OQ Prys offset

¥
g v 4 1 . OFFSET T
1 1 | ' 1 1 ' i ' 1 ! A i 1 i X
1% 1 £ 2 2]
Opraration: g A =10t thus resadt o 0 then PC 4 PO {2 o oMset)
Condition Codwy:  unaffacted
Dwacription: The reguter i3 gacremmnled i 11 5 not squat to Q. twece the

aff set 1% subiracted Irom Ibe PC (now pornling to the folicw.
ing word). The offsat rs interpreted as & fivhd potrilve pg
beer, That instruchion pegvedes a 1ash sfhoren )l nweihod ol loop
conbral, Assembler wyntax (&

508 R4

Where & 15 the gddress 10 which traatler 15 to be mage * R
decremenied R 1% nel squad to (. Mole thal the S0B nstrt:
Hon can Aot be usad to baryler contrgl (0 the forward drec:
tion,

s
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SPL |
Used in the POP.11/45 and 11/55

Sat Priarity Lewel DOD23IN

{onnunnunlun11.n'q—}
L i i I : i 1 i i F ek | i e
3 . - I ]

Operslion: PS (tuis 7-9)=-Prwahty ([prionfy = nnn)

Condition Codas: not afecied

Dascriplion The lgast sgrulcanl thres Biis of the -lnstruttunn
are Joaded into the Program Status Word (F5) brls
75 thus cauying 4 changed prionty The gid pngnty
it lOxt.
Assembler ayntay is: SPL N
Mate: This jnstroctsn 35 2 ndg op in USEr and

= Supervisor modes.

Traps

Teap mnsiruchond provide Tor calis 1o wmudalors, 170 mointors, debug@ing pack.
ages, and userdefined interpralers. A rap s effacivesly 20 interrupt generated by
software When & trap occurs the conlents ol the current Program Counter (PC)
and Progeam SWatus Word (PS) are pushed onto The processor stack and re
placed by the conlents gl & twi-wird rap veCior contaiming & new PC and naw
PS. The return sequence Irom a lrap (Pvoives executing an RTHoe RTT instrue.
tion whech reslores the oid PC and odd PS by pappeng  ihem biom Ihe 32ack. Trap
vectows are loCated 8t permunently syugmed liced addresses

4-62

EMT

amulator trap 10400011437 7

|_*lul°101+.ﬂ“ﬂ'0, i I " s | N .
bl . L] T o
Oparation; ¥ [5PlaPs
¥ (5P PC
PSa(32)

Condition Codes: N lnaded Irem trap vector
' 7! baded Trom Irap veclar
V. loaded (rom trap vectox
C: loaded from Irap vecior

Al operation codes fram 104000 to [DA37) are EMT ingtruc-
hons and may be used tg fransmit fonmal|on to the emlal
ing routing (8 g . funchon to e performed), The trap vector
jor EMT 5 at address 30, The Mew PC s Laken Trom the word
pt adcrass 30 the new cantral processor sialus (PS) i1 taken
from the word 3l address 32,

Drscripiion:

Cauhgn; EMT y3 used frequently by DEC systtm soltware and
i$ Iharelgre nol recormmendad lor general use,

Betors; PS5 Stach

A7, PC DATA 1

RG, SP n

U\H

After: PS5 (32)

DATA |
F5 1
PC 1

3

2P

F
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04400 —10473 7

['lu,anl',c."i'f N Y ]

Condition Codes:

. -

Dwacription:

s 7 or

5P FS
¥ ISP B
P {3
Pon 3651 .

K lnaced from Irap westor
Z: e from trap WeGtor
VS loade” (rem trap vechor
C: loade frons teap woolov

Twratcor. codes Tronv D000 15 104F 77 are THAF iRsiruc:

(rene, TAAPs and EMTs are wdenticpl in operiiion, sacent
{hal the §ap vector fof TRAP is at address 3.

Fgte %rea GEC soflwine makes frequent vie of EMT, the
TRAP pdiruclan i reCommended for genaral use

4-64

- -

breakpaint trap

[ . N 1 N
i o
Oparation: ¥ (5P PS5
¥ (5P PT
B o (14} .
PSS = {|5)

Conditian Codwi: M loaded lrom trap vector
! lpaded frowm Lrap wector
¥ loaded from trap wector

_ € loaned from Irap vector

Dorncripet i m: Performs & [rap sequence with 2 Irapg vector address of 14

ised 1o call debugging aids. The user % caubored aganst

smployng <ocde DOO00T n programs run unger thase de

Dugging anls

(na niormalion 15 transmitied i the low byte )
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10)9

inputfoutput trap QoGO0

g o T o o I O _p

(P,c0 0520000 0ol

L] a
Operation; . * (5P S
) (TP PC
PCA[200
Poa{22}

Comdition Codes: N loaded Irom brap vactor
2l aded Irom Lrap veclior
Vinaded from frap wecior
C ioaded from: Lap wector

Dwrscripticn: Perforne A trap sequence with a trap veclor sdoeess ol 20

Laed to call the 170 Exscolive roulma KOX 0 The paper Lape

sattware wysiem, and for eeror reparhng i lhe Dk Cpoer.

Ming Syslemn

{ry ifarmateon i transistisg 0 e ow byled

4 66

RTI

Feturn froir anterrupt QRGO

rﬁ 6 0 © 0 0 0 0 5 6 0 @ v o0 t o
i R | P RN R
m 2
Opreration: Prila [5F 14
FS =[5

Condition Codes: N, paded from processor siack
1 lpaded Irom processor stach

V. loaded From procelsor stach

C loaded Irom processor slach

Cescriplign: = itsed (o el rorm anontarcopt or TRAP service routing The
PCand PS5 are restored [papped) from the processor siach

o

4.67
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Hecerwigd bestegrtion Traps - Tl ark Cauced Dy attem pls (o Svecule st rocl.on
cocas ratserved for Luluee proces i enpansicer (Feseryig ingbruclinns) ar ingbrug
nens wilh ulegal addrassing mioges (ilegal astruchons) Oraer codes not orre
RTT - cpart ng 1o 2oy of Ihe nstrechiont descrnibed dra corsidered 10 D Tearesd 0

Used in the POP-11734, 11745 and 1135 sruClicns JME anGg JSR wath regisler mode destinalbons are Megal inslipctions

) ) " Reserved and tlegal mstruction iraps orcur as descrnibed under EMT, but trap
ref ptn fram intert upt LOOO0E threugh vectors st agdresses 10 and 4 respectively.
Yack Overllow Trap
[010 9 0,0 ¢ uin'u 0,6 ¢ 0,1 1 EI Bus Ercor Traps - Bus Emor Traps are:
T2 k, 1 L M . N " -,
L] .
4 1. Boundary Errars - attampts o relerence Instructions ar ward
pparands at odd addreyy®s.
Operation: g:f&;;: 2. Time-Qut Errors - atlempts to ceference addresses on the bus
Condiiion Codes: (ach that made rd resgonse wilhitn 3 ceitain iengle gf tirng, In general,
. = ? lluD:geg :1::; Drrme“: :td:k thazs are CAuted by attarmpls o reMrence non-exiStent Memory,
v Inad:d Iroen ;x:::,cr Sk AnG atemots Lo reference non.existent penpheral devices.

€ toaded trom processor stack Bus errar réps caus® processor Lraps througn the trap veclor address 4

Descripleen: This 15 the same as the RT1nstruchon encept tat d inhibls
airace ap whie RTI perenbs a (rac® trap 10 3 trace trap is
pending. Tha et instaucton alter the RTT wil be encuted
prior to tre peal ~To1rae In The care al the BT ansiruclion
Itee =T Irap »il ocour eameglately after the BTL

Traca 1rap - Trace Trap #natles b 4 af the PS and cavsms processor traps al
e #wd of instroehon ereculiond. The inslructien Lhat s eeectleg attes the .
ghiuction thal sat the T Bt widl proceed to cormp whon and then AU & QroCEsser
trap ¥rgugh the Irap vactor 3t gddress )4, Mote [hal the Woace Irap s a gystem
detugpng #d and s transparenl to Me generdl programiner.

The lallowing are So4cial cases And are detapiad in subssquent paragraphs
L. The traced wslruct:o~ Cabared the T bit,
2. The traced insiructign $¢' the T-bi,
X The bieged shairuchon ckusec 20 inutruchon frap
%, The troced wnSirpcher, couged o bus #efor trap,
5. The t-aced instruchion causer a syl cvedtlow trap

& The procets wat inieerugicnr Setween the lome The Tt was set amg the
letohing of the wastruclion TRAl sas b b traces.

F. The traced ingtruction w's © WAIT,
B The raced inviruclar was & HALT

G The traced nslischon wat a Resurn trem Trap

Loy

¢ %‘--
Mote. Tre tared insleuction s the instruchon 8Tter e one 1hat sels [he T bl
An instrp:bon that cheaseed 1he T-0h - Lpon istzheng ine tragmd anslruchion an o

ternaf ey, the traci T, was sel The trap wall S0l occur al the end of eeeculion
al this indrplae. The Suacked STAtus wgrd, nowever, will have » clear T bt

An nstruction that sel tha T.bit . Tince the Tobit wds already Ser. selong it pgam
han na effpei The rap wdl orcur
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An instruction that caused an Instruction Trap. The nstruchon r2p s
sprung and the entira cgutine for the sequce trap s eueculed, 1! the
s#rvice rguline sxts with an BT grin any Olher way restores the slacked
sbatus word, Lhe T-bet 1y 21 agan, the instructron lollowing the traced
instruckion 5 expcuted and, unless it s pne of the special Cases nateg
aboye, a trace frap occurs.

An instrilion thal caused & Bus Error Trag. This o5 (reated a% an In-
siruction Tiap, The anly difference 15 that The errgr service 15 not 3%
Ihely to exit with an RTY 50 thal the trade IRxp may nol ocCur,

An instruclion that caused 2 stath owerflow, The instruchesn completes
exscution #% usudl—the Stack Overllow does nob cpuse a irap Toe
Trace Trap Vector 15 loaded mig Ihe PC and PS_ and Lhe olf PC and [
are pushed onta the stack. Stack Overfiow gocurs agan, and 1his bme
the trap Is made,

An interrupt between setting of the Tt and fetch of Lhe traced imtrec.
tion. The satire interrupt Service routine s sxeculed and 1hea The T-brt
1% et again by the eunting RTI. The trated instruthon is executed (i
there have been No olhér nterrupts) and, unless 4t 15 a Spedial Case
noted ahbove, causes a lrate lrap.

Nate that interrufts may be achnowledged wnmediately atier the loading
al the new PC and PS5 at the irap vector ICabion. To lock out sl inter.
Jlupts, the P5 at the trap veclor Should raise the processsr pnapty 1o
level 7.

A WAIT. The trap ocours immedately.

A HALT, The protessor halts. When fhe Contings hey on the console is
pressed. the instruchon fallowing the HALT s Felched and execuled,
Uniess ¢ is ane of the excephions noted Abowe, the trag GCCury imme
diately following exeCution. -

A Return from Trap, The return from irap instroclion edther Clears of Sels

Ihe T-buk. I iphibets the trace tegp If the T-bit was se] and RTT is the
traced indtruction the frap s gelayed until compieiwgn of the peat in-
struction. :

Power Failure Trap. 15 a standard POP- 11 leature, Trap ocCurs whensver
the AC power drops beiow 95 volls or outsd e 47 [o 63 Hentz. Two 1muliy-
seconds are 1hen allpwed for power dowan processing Trap vector lor
pawes failure s alb Iocations 24 and 26

4.70

o

Pt

Trap prioritiss, In case mulipls processor trap conditions or::ur.simul-

‘tan#ously the tollowng order of priontias is observed (from high to jow):

12 /04
. Ddd Address
Timegut
. Trap instruchions
Trace Tiap
Power Fadure

Wb

11734

Qdd Andress
Mermory Managemant Yiolation
Timeout -

Farity Error

Trap Instruction
Trace Trap

Stack Cherflow
Power Fail

Interrupt

. HALT From Console

DOHNANE W

11749, 11/5%
. Cdd Address
. Fatal Stack igdation
Segment Yiolation
Thmaout
. Parity Error
. Comuale Flag
Segrent Management Trap
. Warming Stack viclation
Pawer Fallure

Y RN N AT

The detsis on the Lace trap process have bean descnbed in the trace
trap cpsrationg) Oescriplion which includey Céses in which An ipstruc-
tion being traced causes a bus ardr, instruchion tQAR, or A stack ower-
flow trap. .

If 0 hus efrof is caused by the trap process handling instruction 1raps,
trace traps. stach overflow traps, or & prevous bus e°ror, the procetsor
is haltge. '

IF m wtack overflow 15 caused by the trap process in handling bus ermors,
instruction traps, of trace [Faps, 1ha process 5 completed and then the
stach overllcw trap is sprung.

&
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4.7 MISCELLANEOUS

HALT

000000

Conditmn Codus:
Descrption:

2 @ & ¢ & @
e o o0 0 I
| L 1 ] . L ) . Iﬂ‘lﬂ L]
. o

Nt affected

Cautes the processar opergtan 1o ¢ i
eatr. The consok is
dven Control of the bus. The consdie data hghts deplay the

comterts ol RO the comoke sddress -
drecy atter the hatt nisl-Lction, Tfamle:l‘f:tl: rﬂﬂﬁéﬂfs ::'e
termunated immediately The PC poinls to Ihe next ingtruc.
tion to be executed. Pressing the conlinue key on the Console
Causel DNUCEsor Operaton fo resume Mo INIT signal i

Mote. A halt issusd in atrap

4-72

wait for mterrupt L !

)
P o 0. o0 0 g 0 o g o 0
Fl..l. R | .00 . .'I

—_

b |

Corwlition Codes:

Description:

nit afected

Provides & way far tha processor 10 relinguish pse afl
the Lus while it waits for an external interrupt.
Having been gven a WAIT coinmand, the processor
will ngt compele for bus LIe by fetching instruchons
or pperands from memury. This permits higher frans.

‘for rates between a gevice and fmemuary, singe ng

processorinduted latenties will be encountered by
bus requests 1rom the device. tn WAIT, 25 in allin
struchions, 1he PC points 1o the neat inslructien [l
lawing the WAIT operabron. Thus when an iaterrust
causes the PC and PS to be pushed onlg the pro
cessor slack, the address of the nest insfructior
follgwing the WAIT 5 $aved, The eut from the in-
terrupt rouling {ie ex¢Cution of an RTI nslructian)
will cause resuription ©f the interrupted process at
the instruction faltowing Lhe WAIT.

Y
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Condition Cidle Gpermtors

. CLN  SEN
CLZ SEZ

. CLV  SEV
CLC SEC

CCC SCC

condilion code operators oO02xx
) ¢ " I
e e eyl e [ e ]
" 5 4 3 72 1 @
Qwacription: St and clear condibion code bets Selectable combanatoont of

these Dits may be cleared or oef logether, Conchlon coode ity
corresponchng 19 bats i the condtbon code operalor (Bits G

3) e modilad accoeding lo the sense of it 4, the setfclagr

et gl 1rer Gperator. ie. set |he bnf specified by bl | Z0r 3, |
I bt 4 a5 a1, Chear corrmaponding tits ol bl 4 = )

Mn amonic
Operalion OF Coge
CIC  Qewr 00241
CLY  Creary 000242
cLz Clear § CaD0r2 44
CIN Clear N 000250
SEC Sel C . 000261
SEY  Sely . 000262
&L Set D00264
SEN  SetN 000270 &
SC Seta o' 00027y
CCC Claar a9 CC's 600257
Claar ¥ and C 000243
NOP Mo Operabon DO0ZAD

Cormnbinaluns of the abowve 541 Or chear operalions mMay be DRed logelher to loem 7
cominned mnatroctiony
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Q’ PROGRAMMING TECHNIQUES

4

“astery of a basic insiruction set is the first step in learntng to program.
The next step is to learn to use the ipstruction set to obtain correct results
and 1o oblain them cfliciently. This is best done by studying the following
programming technigues. Examples, which should further familiarize the
reader with the total instruction set and its use, are given to illustrate cach
technique,

4.1. POSITION-INDEFENDENT PAOGRAMMING

Most programs written to run on o computer are written so as to occupy
specilied memory locations (e.g., the current location counter is used to
Vefine the location of the first instruction). Such praograms are said to be
ahsolute or position-dependent progrems, However, it is sumetimes desirable
to have a standurd program which is available to many different users. Since
it will not be known a priorl where the standard programs are to be loaded,
it i necessary to be able Lo Joad the program into different areas of core and
to runh il there. There are several ways to do Lhis:

1. Reassemble Lthe program at the dosired Yocation,

2. Use a relocaling I=ader which aceepts specially coded binary from s
relocatable assembler.

3. Have the program refocate itself afler it is loaded.

4. Write a program that is position-independent,

On small machines, reassernbly is ofien periormed. Whed the reqguired
care i5 available, a relocating loader (usually called 2 linking loeder) is

Bf



O )
SEC. 4.1 POSITIONANDEFENDOENT FILOGH AMMING *' L 87
preferable. 1t penerally is nol economical to have & program relocate itself,
since hundreds or thousands ol addresses may need adjusiment. Writing
positien-independent code is usually not possible because of the structure of
the addressing of the obiecl machine. lHowever, on the FDP-11, position.
indapendent code {PIC} is possilie.

PIC is achieved on the PDP-11 by using addressing modes which form an
effective memary acdress relative to the propram counter (PC),. Thus, if an
instruction and its objectfs) are moved in such a way that the relative dis
tance between them is nol altered, the same affset relative 1o the FC can b
used in all positions in memory, Thos PIC useally references tocations rela-
tive to the current location, P progruns may make abselute references s
long us the locations refereneed stay in U same place while the PIC progeam
is ralocatled.

4.1.1. Paosition-tndependent Modes

There are three position-independent modes or forms of instructions.
They are:

1. Branches: the conditional branches, as well as the unconditional
branch, BR, are position-independent, since the branch address is computed
as an offset Lo the P'C.

2. Relotive momory references: any relative memary reference of the
form

cLE v
oy LY
ER .

is posilion-independent bocause the assembler assembles it as an offset in.
dexed by the PC, The oilset is the diffrrence Between the referenced loca-
tion and the PC, Far example, assume thal the instruction CLR 200 is at
address 100:

Line Symliols
Number Addre Cantents Tnslruruon Commenls
1 LTLIG T H nos067 CLR 0 FIHNST WORD OF INSTRUCTION
naguT4 CORESET e =140

The offset is zdded to the PC. The PC contains 1044, which is the address aof
the word following the offset (the second word of Lhis two-word instruction).
MNote that athough the form CLR X is position-indeprndent, the form CLIL
@X is not. We may sec this when we consider the fallowingm:
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Line Symhnlic
Mumber Address Conlenls Labe] Inslruction Comments
1 Q01000 Qos0TT 5. CLA @} CLEAR LOCATION A
00U
2. DOz000 002000 x: :WDRD A POINTER TQO A
3. 0U3000 000000 A WORD 0

The contents of localtion X are used as the address of the operand, which is
symbolically lubeled A, Thevalue stored at location X is the ahsolute address
of the symbolic location A rather than the relative address ar offset between
localion X and A. Thus, if all the eode is relocated afier assembly, the con-
tents of location X must be allered Lo reflect the fact that location A now
stands for a new absolule address.t If A, however, was the name assoclated
with a fixed, absolute !ocation, statements § and X could be relocated be-
cause now it is important for A to remain fixed. Thus the following code is
posilion-independent: -

Line Symbalic
Sumber Address Conlents Lakel Instruclion Comments
1 (190034 A = 36 WFILED ADDRESS QF 26
b Q01000 oanoTT L3 CLR &X CLEAR LOCATION A
Q007 T4
3 00z2000 Q00035 X: MWORD A FPOINTER TO A

2, fmmediale operands: the nssembler addressing form # X specifies jm-
mediate data; that is, the operand is in the instraction. Immediate data that
are not addresses are position-independent, since they are a part of the instrue-
tian and are moved with the Instruction, Cansequently, a SUB #2 HERE is
position-independent (since #2 is not an address}), while MOV #A ADRPTR
is positien-deprendent if A s a symbolic address, This 15 s0 even though
the operand is fetehed, in bolth cases, using the PC oin the autoincrement

TTa werily Ihis point Lhe resfer in rncouraged Lo reloeate the code, after assemhly,
inte locutiens 000, H000, and ROO0. Hy doing s he wibl discover Lhat the contents of
thene tocabiane are the same as for the origingl code end that the contenls of Tocslion
5000 do ot paint o logation GO0,
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maode, sinee it is the quantity fetched that is being used rather than its form
of addressing.

4.1.2. Abwlute Modes

Any time a memoary location or register is used as a pointer 1o data, the
reference is absolute. 1f the referenced data remain always fixed in memory
fe.p., an absolute memory location} independent of the position of the PIC,
the absolule modes must be used.t Allematively, if the dala are retitive to
the pasition of the code, the absolule modes must not be used unless the
painters involved are modified, Restating this poiat in diffecent words, if
addressing 15 direct and relative, it is positien-independent; if it is indirect
and either relative or absolute, it is no! posilion-independent. For example,
the instruction :

MOy Nk, HERE

"move the contents of the word pointed o {indirecty referenced by) the PC
{in this case absotute location X} to the word indexed refative lo the PC
{symbolically called HERE)" contains anc operand that s rolerenced indi-
rectly {X) and cne operand that is referenced relulively (HERE)Y. This in-
siruction can be moved anywhere in memory as long as absolute localion X
stays the same, that is, {t does not move wilth Lthe instruction or program;
olherwise it may not be,
The absolute modes are:

P X Lacation X s 2 pointer.

FEN The immedute word (s a pointer,

(R} The regicler is a powmnler,

(R¥+ and (R) The regisier ic g pointer.

# R+ and €—R) The regisier poinis Lo a pointer.

XE}R+6or 7 The base, X, modified by (R], 1 the address of Lthe oparand.
X R) The bawe, modified Ly {H), s & painter.

The nondeferred index modes require a little clarification. As described
in Chapter 3, the furm X{7)1T is the normal mode in which to refercnce
memory and is a relative mode, Index mmode, using a register, is also a rela-
tive mode and may be uced convenienly in PIC. Basically, the register
pointer points to a dynamic storage ared, and the index mode is used Lo
acvess dala relative 1o the pointer. Onee the pointer is sel up, all data are
refurvneed relative to the pointer,

PWhen PIC 55 not Lieing writlin, references 1o fixed locations may be performed wilh
rither the abaclule or Telative forme,

11 Recall thet X[7] ir #quivalenl to X[RT). which is ruisalent 1o S{PC) where PC-R T,
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#4123, Writing Autematic PIC

Automatie PIC is vode that requires no alteration f addresses or pointers.
Thus memory references are limited 1o relative modes unless the location
referenced is fixed. In sddition to the above rules, the following must he
observed: .

1. Starl the program with .=0 to allow easy relocation using the absqlute
loader (see Chapler 7}.

2. Al location-setlipg siatements must be of the form .= +X or .= func
tion of symbols within the PIC. For example, . =A+10, where A is a2 local
lahel.

3. There must not be any absolute location-setling stalements. This
means that a block of PIC cannot set up specified core arcas &t load time
with statemoents such ag

L))
L RpED TRAFH, 345 fFRE=-LORD Z40, T4

The absolute Toader, when it is relocating PIC, relocates all data by the load
Lizs {see Chapter 7). Thus the data for the absolute location would be
relocated Lo some Gther place. Such Breas must be set at execution time:

noY BTRAFH. B4 LFUT AGLR JH AES LOC T4@
HOW LEE 1 PRLL I s ANL HES LOLATION Zaz

4.1.4. Writing Nonavtamatic PIC
-

ften it is not possible or economical 1o write tetally automated PIC,
In these cases some relocation may be easily performed at execution time,
Some of the reguired methods of solution are presented below. Basically,
the methods operate by examining the PC to determine where the PIC is
actually loruted. Then a relovation foctor can e easily computed. In all
exaniples it is assumed that the code is assembled at 2ero and has been re.
located somewhere efse by the zisolule loader.

2.1.5. Setting Up Fixed Cure Locations

Consider Mirst the provious cxample 10 clear the contents of A indireetly,
The pointer to 4, contained in symbolie location X, must be changed if the
code it 1o be refocated. The program segment in Fig. 4-1 recomputes the
pointer value each time that it is executed. Thus the pointer value no longer
dopends on the value of lhe location counter at the time the program was
assembled, but on the value of the PC where it is lpaded.
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BAROAR Faxlia fLEFIHE £
BEaBn? Fl=:F JOEFINE FC
padbed plETOD 5 My P, ER JFB F RLOE OF €3e%
uophBns DEDTRD ALD AH=5=2. @ iRl N OFFSET
[LFoR Rt A
PQDEPE 100 ? MOy Elde, w JHOWE FUINTEER TD
fli it
Qepbiz QOSprr? CLE LR JCLEAR YALUE IRDIEECTLY
DapTeal
LGBl e DO0ERD HAL T L STOF
L]
folbpp . E, HFEB
POLOBEE @bIEoD X . WER L H LEFOINTER TO R
. L]
ehIuDe N Yo )
Dearbhe oDBpOY A Kok a SYALUE T RE CLERFER
QoOBhEy , EML
Fig. 4-1

Now i this program is loaded into locatiaons 4000 and higher, it should
be clear that none af the program vaues is changed. This point could be
shown pictorially by taking the Fip, 4.1 materal, recopying it hut ehangine
only the values in the lefimost column, the address column, Thos if ane
were 1o look in, say, lecation 4010, the contents would e 766 and the value
found in location 5000 would e 2000 (ie., neither value is chanped).

Given thut the program data have pot changed, the goestion is; low does
it wark? The answer is that the affset A=5—2 s equivaient to A—{5+72) and
5+ 2 is the value of PC which is placed in IO by the stalomoent MOV PCIO,
At assembly time the offset value is A-PC,, where P, =54 2 and PC, is
the PC that was assumed for the program when assembled Leginning at
location .

Later, after the proagram has been relocated, the move instruction will no
longer stare PC, in RO, but a new value, PC |, which is the current value of
PC for the executing program. Tlowever, the add instrection sl adds in the
immediate value A -PC,, productng the final result in 1

PC,+{A-PC,) = A+{(PC,~T'Cy)

which is the desired value, since i yields the new alwelute location of A
|e.g., the assembled value of A plus the relocalion factor (MC,—PC,)].

4.1.6. Relocating Pointers

If pointers must be used, they may be relocated as we have just shown.
Far examnple, assume that a list of data is Lo be arcessed with the instruction

.

et
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The painter to the list, lisl L, may be ealculated at execution time as follows:

H b ]
i TR MOv PG, RE JGET CUDEENT PL
ADD »_~F=-Z. kD i RCD OFFEET

Another variation is io gather all pointers into a table, The relocation
factor may be calculated once ind then applied to a!l poeinters in the table in
2 loop. The program in Fig. 4-2 is an example of this technique. The reader
should verifly (Exercise 1 at the end of this chapter) that if Lthis program is
relocated so that if it begins in location 10000, the vatues in the pointer
table, PTRTBL, will be 10000, 10020, and 10030,

DRpbRi Fpmyd sDEFTHE fB
opabng Fimil ; DEFINE &1
ahpale [t ! ;DEFINE RE
LoRin? FCaxv sDEFIHE FC .
OABRHAR Plofol X MOy FL. Rp v JRELGERTE ALL ENTERJIES N PTRTHL
podop: lel7op SUE AN+, R SCALCULATE FELOCATION FARACTOF
[Tl
QDLDAE DAZTel ROy ¢FTRTEL. K1 +GET AWD FELLGCATE A FOIMNTEFR
pODeI0
phhalc deofal ADD K8 ki 70 PTETEL
OP00LS QLoTo2 MOy ATELLEM. K2 JGBET LEMGTH OF THELE
ODOPraY
a0Bp2p Gcepdi LOOF: nDD EB, (RLD+ sRELOEHTE AN ENTRY
OOk DETIOD EC [ S COUNT DORM
Goe0l4 DRLITS EHE LOCF sERANCH IF HCT pONE
DOOR2e cobOMA HALT P STOF HHEY [-OME
Qoppby TELLEN=3 i LEMGTH GOF THELFE

POBETH GopDD RTRTEL; . MORDP . LOOP. FTETEL
GOGES GopP2A
ORpBIs DOGRTA

Dopapl . EM[

Flg. 4.2

Care must be exercised when reslarting a program that relocates a table
of pointers. The reslart procedure must not include the relocating again
{i.e., the table must be relacated exactly once after each load).

4.2, JUMPINSTRUCTION

Although mentioned earlier, the JMP instruction has been overlooked
somewhat up to now. The astuie reader will, no doubt, recognize that the
necessity of a jJump instruction is diclated by the fact that the branch in-
structions, allthough ndative, are incapable of hranching more than 200 words
in either a positive or a negalive direction. Thus to branch from ene end of
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memory to another, a jJump nstruclion must be a part of the instruction set
and must allow ruil-word addressing.

The jump instruction is indeed a part of the PDP-21 insiruction set and
helongs to the single-operind pgroup. As a result, jJumps may be relative,
absolute, indirect, and indexed. This flexibility in determining the elfective
jump address is quite useful in solving o parbicular class of problems that
oceur in programming, This class is best iflusirated Ly example.

4.2.1, Jump Table Probiem

A common type of problem is one in which the input data represent a
code for an action to be performed. For each code, the program istotakea
certain action by executing a specified bleck of code. Such a problem would
be coded in FORTRAN as

EEAD. IHDEX
GO TO (1@, 28P, 37,1156, , ., . F), INDEX

4

In ather words, based on the value of index, the program will go to the
statement labeled 10, 140, 37, and 50 an.
The “computed GO TO" in FORTRAN must eventually be fransiated into
machine language. One possibility in the languape of the PDIR11 would be
-

RERAD 1DEX A FEEUDD- THETRLICT T (M
MO INDE=, K1 JPLRCE 1T 1w K2

DEC R1 sl NRE Y Caphp =2

RED Fi. K1 JFORM Z4 INEBEA

JHF STRELECRL}  THEFRECT JUMP

TRELE: . &k Lid, L1, L37.LLL5... L7

The method used s called the fump tebie method, sinee 1L uses a table of
addresses to jump to. The method works as follows:

1. The value of [NDEX is aobtpined.

2. Since the range of INDEX {51 € INDREX & npiaximumvalue, 118 sub-
tracied from the index so that its ronpe is 0 o JNDEX £ max - 1.
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3. The value of index is doubled 1o take care of the fact that labels in
the table are stored in even addresses: ie, full words:

4. The address for the JMP instruction is utilized both a$ indexed and
indirect, such that it points Lo an address to be jumped to in the table.

Although the jump instruction transfers control to the correct program
label, it does nol specify any way to come back. In the next section, where
we shall consider sithroutining, we shall see thal a sljpht modification of the
jump instructions allaws for an orderly transfer of control, and 2 return,
from one section of vode to anolher,

4.3, SUHROUTINES

A good propgramming practice to get into is o sepurate large programs
into smaller subprograms, .which are easier to manage. These subprograms
are activaled eilher by a main program or by each other, allowing for the
sharing of routines among the different programs and subprograms.

The saving in memory spage resulting from having only one copy of the
needed rouline i3 a definita advantage. Fqually important is the saving in
time for the programmer, whao needs to code the routine only once. How-
aver, in order 1o share common subprograms, there must be a mechanism to

1. Allow the transfer of control from one routine ta another.

2. Puss values among the various routines,

The mechantsm Lhat asccomplishes these requirements is called Lhe subroutine
linkage and is, in peneral, a3 combination of hardware leutures and software
convenlions,

The bardware featores on (e PDI-11 which assist in performing the
subroutine linkape are the instruetions JSR and RTS. ‘These instructions are
in the subroutine call and relurn group and have the following assembler
form and instruction format?:

JER repnier, Jdedoighian

Kn

|

" iuuu:: o

N Y ' o
1% ui ] .} 6 5 4 -
L) '—v_" - ¥ / s
Op coule - I
Liakage povnder —_— I'—T)ntimllun addreys

1D!pthdil‘l£ en Ihe mode of sddressing, one or two wordy are wsed for the JSH
nEltruclion,

.- a
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WIS repster
' Re
HEEEEENEEREEEE
15 i a
T, —_ iy - "
1 ot
Drh.'ﬂl.h' —————— Rp—— l.||1L..|_-L-]-|1:rnr|.~|r

Both instruclions make use of a “stack”™ mechanism simnlar o the stack
mechanism deseribed for zera-nfdress machines in Section 1.2.8.6.

431, Srack

A stock 15 an area of memory set aside by the programmer for lemporary
storzge or subroutinefinterrupt service linkage., The instructions that facili-
tate stack handling {e.g., avtaiperement and autodecrement) are useful fea-
tures that may be lound in low-cost computers. They allaw a program to
dynamically establish, modify, or delete a stack and items on it. The stack
uses the fast-in, first-out of LIFO concepl; that is, various items may be
adderl to a stack in sequential order and retrieved or deleied from the stack
in reverse order (Fig. 4-3). On the PDP-11, a stack stiris at the highest loca-
tion reserved for it and expands Mnearly downward 1o the lowes! adddress as
items are added Lo the stack.

Hirgh alidie soes

Fig. 4-3 Stack nddresses,

The programmer does not need (o keep track of the actua! localions his
data are being siacked into., This is done avtomativally through a slach
pointer. To Xeep track of the last item added to the stack {or “where wa
are™ in the stagk), a general register nlways contains the memory address
where the last ilem is stored in {he stack, Tn the PRI-1T any register except
register 7 (the PC) may be used as a slack pointer under propram control;
however, instruciions associated with subroutine linkage and Interrupt ser-
vice automatically use repister 6 (R0} as a hardware stack pointer. For this
reasan R6 is frequently referred to as the system S

Stacks in the PDP-11 may be maintiined ineither full-werd or hyte units.
This is Lrue for a stack pointed to by any regisler excent R, which must be
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organized in full-word upits only, Pyte stacks (Fig. 4-4) require instructions
capable of operating on bytles rather than full words (byte handling is dis-
cugsed in Section 4.6),

- Word s1ach,
[T T

L ol

LTV

Lot tiem 24 -- LI Qoo

07T liem 7 3

OOTOTA licin & 2
1

0071060 Tem 4 |

catTigl

- - - - -+

Hyre slack

007075 :mm i ]e—s

00I0Th fiem &1

0o01T ) fema Nare: Bylevare
k atranpged i owords
007100 Iem &1 35 Teslloowing;

Fig. -4 Word and by e atacka,

Mems are added Lo a slack using the autodecrement addressing mode with
the appropriate poinler register. (See Chapter 2 for & description of the
autoincrementfdecrement modes.)

This operation is accomplished as follows:

rov SOURCE. - (EF3 sADYE SOUDECE HORD OWNTO THE STRACK
or

gl fOURCE. -{5F) LHUVE SOUECE EYTE ONTO THE STADK

This is called a *'push" because data are “"pushed onto the stack.”

Tore Section 4.6 for u discusslon of hyie inniructions,
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To remove an item from stack the aptoinerement addressing mode with
the appropriate SP is employed. This s accoamplished in the f{ollowing
mannar:

HOY CEF1e, DEST , MOYE DESTINATION WORD CFF STREK
™
or
v
HOVE {SFY+, DEST LAOVE PESTINATION EYTE OFF STACK

Bemoving an itern from a stack is ealled a pop, {or “popping from the stack.”
After an item has been popped, its stack lovation 15 considered {ree and
avallable for other use. The stack pointer points o the Jast-used location,
implying that e next (lower} location is free. Thus a stack may represent
a pool of shareable temporary storape Jocations,

4.3,2. Subroutine Calls and Returns

When a J5R is executed, the conlents of the linkape register are saved on
the system R6 stack as if a MOV reg,—{SP) has been performed. Then the
same register is loaded with the memory address [ollowing the JSR instrue-
tion {the contents of the cument PCY and a lJump 35 madde to the entey loca-
tion specified. The seffect, then, of executing one JER instruction is the

same as simulianeously execuling two MOVs and a JMFP; Jor example,

, MOV EEG. «(SF} L FUSH REGIETER INTH THE STRER
JER  KEG. SUER. MOV FL.REG JFUT RETLEN PO OINTD KEGICTER
2 OIHP CUHER LJUME TO SR ROUT THE

Figure 4.5 gives the "bhefore™ and after eonditions when executing Lthe sub-
routine instruction JSR [5,1064,

Brlore Atler

(RS =000132 thSy = DOFLnd

ey = iin) 776 tRra e QUL 74
Y= tRT o DUIDOD My = (R 7y = D0 G

00772 332 . l

001774 LoI?78 | U1y fae—se
S

O | ikt [ =e G [ QU7 oy e

002000 | apunnn (N THXG

b T —r—

Flg. 4-5 JSR instruction,
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In crder Lo return from a subroutine, the RTS instruction is executed. Tt
performs the inverse operation of the JSR, the unstacking and restoring of
the saved register value, and the return of contral Lo the Instruction follow-
ing the J5R instruelion. The pguivalent of an RTS is a concurrent MOV
instruction pawr:

ETS FEG HoOw FREG. PO i RESTOEE FC
AGy (SF )+, KEG PREETORE REGISTER

The use of a stach mechanism for subroutine calls and returns is particu-
larly advantageous for two reasons, First, many JSR instructions can be
executed withoul the necd to provide any saving procedure for the linkage
information, since al) linkage information is automatically pushed into the
stack in sequential order. Returns can simply be made by automatically
papping this information from the stack in opposite order. Such linkage
address bookkeeping is cnlled avtomatic nesting of subroutine calls, This
feature enzbles the programmer to construct fast, efficient hnkages in an
eazy, flexible manner, Tt even permits a routine to be recalled or to call
itself in those cases where this is meaningful {Sections 4.8.5 and 4.3.6).
Other ramifications will appear 2fter we examine the interrupt mechanism
for the PDP-11 {Seclion 6.4).

The second advantzpe of the stack mechanism is found in its case of use
for saving and restoring terisiers. This case arises when a subroutine wants
to use the peaerd regislers, but these repisters were already in use by the
calling prograry snd must therefore be returned to it with their contents
intact. The called subrouiine {JSRPC, SUBR) could be writlen, then, as
shown in Fig. 4-6.

SUER: ALY k1. TEMFE IEAVE K1
MmOy RZ, TEMFE+g i SAME RZ
poy TERMFS+ D, RE FRESTORE RI
lal’s TEARE, F1 FFESTORE RA
RTS FC i FETLEN

TEHFE -  WORL G, BB, 0. B8 . ZAYE AKRER

or using the stack wn

SUVEF ! MOy R, =¢(KED P FLCH R1
MO P, =tRED I OTT-RTEN T
My (REYs RL L PO FZ
MOy (REI+.RL i FOF Rl
RI& FC SRETURNM

Fig. 46 Eaving and restoring registers gsing the siack,
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The second mutinr;* uses two fewer words per remsler savefresiore and
allows another routine to use the temporary stack storage at a latler point
rather than permanently tying some memory lucations [TEMPS} to A partie-
ular routine. This ahility Lo share (emporury storage in the Torm of a slack is
a very economical way Lo save on n'u:n'n:u-_',,r usite, espacialy when the total
amount of memary is limited, - )

The reader should note that the subroutine call JSB PC,SUBR &5 a legiti-
mate form for a subroutine jump, The instruction Jdeacs not utilize or staed
any registers but the PC. On the other hand, the inspraction JSR SP SUBR,
where 5P = RE, 1= not normally considered a meaningful combination.
Later, however, utilizing register § will be considered {we Section 4.3.7).

4,3.3. Argurment Tranimitsicn

The JSR and RTS instructions handle the,]ink.'t,qe prablem {or transfer-
ring contral. What remains is the prolilem of passing arpuments back and
forth to the subreutine during its invoczlion. Asit turns oul, Whis is a fairly
straighiforward problem, and the real question beeomes one of choosing one
solution from the large number of ways Tor passing values.

A very simple-minded approach far arpument transmission would be to
agree ahead of time on the iocations that might be used. For example, sup-
pose that there exisis 3 subroutine MUL which multiplies two 16-bil words
together, producing o 33-bit result, The subroutine expects the multiplier
and multiplicand to be placed in symbolic locations ARG] and ARG2 re

“pectively, and upon completion, the subrouting wil! leave the resultant in
the same locations.

The subroutine linkape needed to sot up, calf, and save the generated
rosuits might look like:

L *iFREGL P HULTIFLIER

MOy Y. ARGy c MULTIFLIC AN
JER FC. ML CLALL MULTIFLY
MO ARG RELT s SAVE THE Taf
Moy REGD, EELT+2 o LORD RESINT

As an alternative to this linkage, one could use the repisters for Lhe subrou-
Line arpuments and wrile:

MY . k1 s MULTIFL TEFR
HOY VR CMULTIEL L AND

JER FEL MUL P CHLL MULTIFLY

This last method, although seceptable, is somewhat restricled in that a
maximum of six anuments eould be transmitted, cornsponding to the apm.
ber of penvral registers availabTe.  As a resull of this restriction, another al-
ternative is used which makes vse gf the memory tocations pointed Lo by the
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linkage regisler of the JSR instntetion, -Since this register points Lo the first
word following the JSR inslruction, it may be used as & pointer to the first
word of a vectar of arpuments or argument addresses,

Considering the first case where the arpuments follow the JSH instrue-
tion, the subroutine linkape would be of the form:

J LR ke, MUL SERLL ML TIFLY
. WORD ZA¥ALUE. YYALLUE P AFGLUMENTE

These arguments could be accessed using autoincrement mode:

UL - noy ROye, 1 JGET MULTIFLIER
MOy LRy . B SGET MULTIFLICAND
kTS o L RETURN

At the time of return, the value (address pointer) in BQ will have been incre-

mented by 4 so that R{ contains the address of the next executable instrue-
tion following the JSR,

In the second case, where the addresses of the arpuments [ollow the
subroutine call, the linkage jooks like

JLE LI, LT P CALL MULTIRLY
CHORD KBSk, YRLDR s RREGLMEMTE

Far this case, the values to be manipulated are fetched indirectly:

ML - My Flhfy+, A CSFETEH MULTIFLIER
My e Fpyr, BC iFETCH MULTIFLICAME
kTS Fér JEETUEN

Anolher method of transmitiing arguments is to transmit only the ad-
dress of the first itemn by placing this address in a general-purpose register.
It is not necessary to hove the actual argement list in the same general ares as
the subroutine call. Thusa subroutine ean be called to work on data located
anywhere in memory. In facl, in many cases, the operations performed by
the subrovtine can be applied directly to the data located on or pointed io
by a stack (Fig. 4-7) without ever actually needing to move these dats into
the subrouline irea.

- —

Iema?

— e

Joenn & 1

1"ukianr o U4y gt & |

Fig. 4-7 Tramsmitting stacks as agrgumenle,

iy,
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Calling propram:

0y RO HTER, R JESET LR EQIKTER

JEF FC. SL'ER P DALL SAERGUT INE
Subroutine:

AL (RELy+, {F2) A0l ITEM 1 TO LTER &2

SELALE FESWLT IW O JTEM a2z FL
SFOINTS 10 TTEM al NOW

or
ADD (RL). ERL) LCAME EFFECT &E AEOVE EXCERT
LTHAT F1 STILL FOLRTS TG
.ITEH #]

Given these many ways to pass arguments o a sulbiroutine, it {s worth-
while to ask, why have so many been presented and what is the rationale
tor presenting them oll? The answer is that cach method was presented as
being somewhat "betler” than the last, in that

1. Few registers were used to transmit arguments,
2. The number of paramelers passed could be quile large,

3. The linkage mechanism was simplified to the point where only the
address of the subroutine was needed to transfer contral and pass paramelers.

Point 3 regquires some additional explanation. Since sulroutines, like
any aother programs, may be writien in position-independent code, it is pos-
sible to write and nssemble them independently {rom the main program that
uses them. The problem is [illing in the approsirianie address for the JSRE
instructlion.

Filling in the address Neld in the JSE instruction is the job of the linking
leader, since iU can not only reloente PIC progrms but also Tl in subroutine
addresses, i.e., fink them wogether, The result is that o relocatable subroutine
may be loaded anywhere in memeory and b linked with one or more caliing
pregrams andfor subproprams, Thoere will be only one copy of the routine,
But it may be ased v oa repetitive puomer by other proprioms located any.
where else in memory,

Anather point not to he overlooked in recapping argritnent passing is the
significant differenee in the matheds wsed, The lirst technigues presented
used the simple method of passing a vafue Lo the subrovtine, The later lech-
nigues passed the oddress of the value, The difference in tese two toch-
niques, call by vafue and call by nddress, can e quile important, as Yus
trated by the follawing FORTRAN lixe program example:



| Y]

102 FROGHAMMING TECHNIQUES CHAP, 4
FEOGERN TEICHY TEURRAUTINE SHAPCE. YD
Awl, TEMFas
Fagl Key
FELMT, R=E w=TEMP
Lapl SuUmbCl .o ) FETUENW
ﬁ:i . E.ND
E=g,
FEINT, A-E
EML

If 1he real constunls are passed in by value, both print statements will print
cout a —1. This cceurs because subroutine SWAP interchanges the values that
il has received, not the actual conlenls ol the arpuments Yhemselves,

However, if the real constants are passed in Ly address, the two print
statements will produce =1, and 1., regpectively. In this case the subroutine
SWAT references to real constants themselves, interchanging the actual argu-
ment values,

Higher-level language, such as FORTRAN, can pass parameters bath by
value and by address. Often the normal mode is by address, but when the
argument is an expression, the address represents the location of the evaluated
expression.  Therelore, if one wished Lo cadl SWAP by value, 1L could be
performed as

CALL SWAF{L. =1, .2 =8

causing the contents of the expressions, but not the constanis themselves,
to be switched.

These techniques [or passing parameters are easy Lo understand at the
assambly lunpuage level becavse the proprammer can sed exacily what meth-
od is bwing used. In higherlevel Ianpanges, however, where the technique is
not so transparcnt, interesting results can occur. Thus the knowledgeable
ighordevel language propramimer most be aware of the Leeliniques wsed if he
is ta avoid unusial or unexpecied resuits

A4.3.4. Subrourine Renivier Usage

A subroutine, like any other program, will use the registers during its
execution. As a result, the contenls of the registers at the tirme that the
subrouline is involked may not be the same as when the subroutine returns.
The sharing of ithese commuon resaurces (e g., the registers) therefore dictates
that on entry 10 the subrouline the registers be saved and, on exit, restored.

The respansibitity for performing the save and restare function falls
either an the calling routing or the called routine. Although arguments exist
for making the calling program save the regisiers {since it need save only the
ones in current wse), it is more common for the subroutine itself to save and
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restore all repisiors used, On the PO the syve and restore rouline s
greatly simplified by the use of a stack, as was iHustrated in Fir, 4-6,

As pointed out previously, stacks grow downward in memeon' and are
traditionally defined te eccupy the memory space immedintely preceding
the program(s) that wuse them. One of the first things that any propram
which uses a stack {in particular one that execules a JSR) must do is to set
the stack pointer up. For example, i 5P (i.e. , A is to be used, the program
should Begin with

SFEGQ I8 THE FIEET

CINSTRUCT ION (F THE FCUGERM
EEG: MY L. CF  SFERHOGE BEEG+rD
TET = 5F) JDECFEMENT Sf Ey D

LB FOTH LGNTO THE STF
JETOEE TWE [ATR AT

This imitialization routine is written in PIC form, and had iL heen assemblod
beginning at location 0 (.=0), the program could L easily relocated. The
‘routine uses a programming trick to decrement the state: ouses Lhe Lest in-
struction in autodecrement mode and fgnores the setting of the condition
codes, The aliernative Lo using the T3T instruclion would b to 5T°8B L2.SP,
it this would reguire an extra instrection word.

4.3.5 Resnirancy

Further advantapes of stack organization Leeome apparent in complox
sitnations which eap arige in propgram systems that e enpgared in the caneur-
renl handling of several tasks. Such multitask program cavircmmenis may
range from relatively simple singheiser applications which must manige an
termnis of TAO servies el baekprowss ] computation 1o Lwpe connprlos mutti-
prograniming systems al manage oovery idrieate mislure of execolive and
multivser prograomming situations. I afl these applivations theee i5 8 need
for Oexilalily aond thnefmemery economy. The vse of the stack provides
this economy and Nexibility by providing o methed Tor allowing many tasks
Lo use a sngle copy af the same reasine and a sim)e, -.m.unl'-r-'uous method
for keeping track of complex program Hnkages,

The ability 1o share a single copy of o given progrun among users or Lasks
5 called reentrontey. Reentrant progam roubines dilfer from ordinary suls-
routines in that it is unnecessary for reentrant raulines Lo finish processing
a given task before they can Le used by inother task, Muoltiple tacks can be
in various stages of complelion in the saime routine al any time. Fhus the
sitbation shown in Fig. 4.8 may occur.
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Memuny | . Memory

Program 1 5\|Jhr::|l.rl_|nr A
Pecrpram | AArEh

Mogram 2 | Subrounhe A i
Propram 3

L L
Program 2 FSynroutme o4
FEFIL S AT IT YA

A

Heeniran spproach _
Conventianal approach

Mrogprams |, 2 and Jcan A weparale copy of subrounne A
sliaty subrangg A musl be pravided Tor cach progiam

Fip. 4-8 HReenltranl routinec,

The chiel programming distinclion between s nonshareable routine and a
reentrant routine is that the reentrant routine is composed solely of pure
code, that is, il contains only instructions and canstants, Thus a section of
proyram code is reentrant (shareable) if ang onty if il is non-sell-modifying;
that is, no informalion within it is subject to modification. The philosophy
behind pure code is actually not limited to reentrant routines. Any non.
modilying program segment that has ne temporary storage or dala associated
with it will he

1. Simpler to debug.
2. Read-only protectable (ie., {4 can be kept in read-only memory).

3. Intermuptable and restartable, besides being reentrant,

Using reentranl routines, eantrol of a given rouline may be shared as

itlustrated in Fig, 4.9,
P I Tusk fi

Reentrint
ol e

[.I

Fig. 49 Reentrant routine sharing.

1, Task A has reguesled processing by reentrant routine 6.

2, Task A temporarily rulinguishes control of reentrant routine @ {i.e., is
interrupled) before it finishes processing.
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d. Task B starls processing in the sime copy of reentrant roubine Q.

4. Task B relinguishes control of reentrant routine @ at some point in
its processing. :

5. Task A regains contrel of reentrant routine @ and resumes processing
from where it siopped,

The use of reeatrant programming allows many tasks to share frequently
used routines such as device sepvice routines and ASCIL-Binwry conversion
routines, In fact, in a multicser system it is possible, for instance, to con-
struct a reentrant FOHRTRAN compter that ciin be used as a single copy by
ANy JusSer Programs, ‘

415 Recursion

It is often meaningfu] for a program segment to ca!l itsell. The ability to
nest subroutine calls to the sume subroutine is called se!freentroney or
recursiofi. The use of a stack orpanization permils easy unambifvous re
cursion. The technigue of recursion is of mreat use to the mathematien!
analyst, a5 it also permits the svaluation of some otherwise noncomputable
mathematical functinng, This technigue often permits very sipnilieant mem-
ary and speed evonomies in the linguistie operations of compiters and ather
higher-level software programs, as we shall illustrate.

A classical example of the technigue of recitrsion ean be found in com-
puting M factorial (V1) Although

NUm Now (M= 1) (& = 2« nl
it is alsg true thal '

N' = N=(N - 1)
1! = 1

Written in “pseudo-FORTRAN" n function for calentating A would logk
like:

INTEGER FUNCTION FRACTOND
IF 4 WE 4 G T X
Fe[Tal
FETURY

1 FRAETmMeFAC{N-11
EETLEM
END

This code is pseudaFORTRAN becavse iU cannot actually he transiated
by wost FORTRAN compilers: (s prallem is that the recursive eall reauires
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a2 stack capable of maintaining both the current vajues of FACT and the
relurn pointers cither Lo the fungtion itsell or its calling program. However,
the functien may be coded in PDI%11 assembly lanpuage in » simple fashion
Ly taking udvantipe of its stack mechanism. Assumipg thal the value of NV is
in 0 and the value of N! is lo be left in R1, the function FACT could be
caded recursively as shown in Fig. 4-10.

FROT: TS (1] LI faaps
EEG EXLT JMEE
Moy R, ~(EF; ; SRAYE M
OEC FQ ) TRY N=1
- JEk F(.FALT sCOHEUTE CH=12!
RET: My LEFhe, FL +FETCH FROM STACK
. JER F MUL FMULTIELY VALLIES
EXIT: kTS Fi » FETLIEN

Fip. 410 Recureive coding of faclorial funclion,

The propram of Fig. 4-10 calls ilself recursively by executing the J5R
PC.FACT instruction. Each time it does 5o, it places both the current value
of N and the return address (Jabel RET) in the stack, When N = 0, tha RTS
instruction causes the retum address to be popped off the stack, Nextan N
value is pliced tn 1, and a nonrecursive call is made to the MUL subroutine.

The subroutine muldply (MUL) uses the value of R1 to perform a multi-
plication of Ri by the value of an internal number {initizMy 11, held in MUL,
which represents the partind product. This partial praduct is also left in R1.

Upon returping from ike multiply subroutine, the program nexti en-
counters the TS izstruction again.  Fither the stack contains the retum
address of the calling program for FACT, or else another address-data pair of
words generated by a recursive call on FACT. In the latter case, R1 is amain
loaded with an N value that is to be multiplied by the partial product being
he'd locally in the MUL subroutine, and the above process is apain repeated.
Otherwise, the return to the ealiing program is performed, with A! held in R1,

4.3.7. Coroutlineg

In some situations it kappens that several program segments or routines
are high!y interactive. Control is passed back and forth between the routines,
and cach goes through a period of suspension efore being resumed, Because
the roulines maintain a symmelric relationship to each other, they are called
corgnlines,

Bisically, the rorouline idea i3 an exbension of the subroutine concept.
The difference belween them is thal a subroutine is subordinate to a larger
calling program while the coroutine is nol. Conseauently, passing contral is
different Tor the Lwo concents.
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When the calling proeram makes a call Lo a subroutine, it suspends itsell
and transfers conlrol to the subroutine., The subroutine is entered at its
beginning, performs its function, and terminates by passing control back to
the calling program, which is thereupon resumed.

Tn passing contrel from one coroutine to another, execution beging in
the newly activated routine where it last left oif—not at the entrance to the
routine. The flow of control passes back and forth between corputines, and
each time & corputine pains contlrel, its computationid progress s advanced
until 1t passes egnirol on 1o another coroutine,

The PDP-11, with its hardware stack feature, can be easily programmed
te implemen! a corouline relulionship belween two inleracting rogtines,
Using a special case of Lthe JSR instruction [ie. J5® PC&IIGY* ], which
exchanges the top #lement of the repister G processor sluck and the contonts
of the program counter {PC), the two routines iy be permitied 10 swap
program vontrol and resume operation where they stopped, when recalied,
This control swapping is illusirated in Fig. 4.11,

SEC. 4.7 BEUNTOUTINES

Rouling & ! operating, il then

racLules,
- 1
ISR PC, 6 {RA] * i .
with thg follawing tesulis P ! w2 ,
i
1) PCYa popped Moo e slack N
snd Hhe SPoamaincremented : e
—_—
173 5P o5 aurpadecrenieriod and Lhe [ :
old PO e, T m pushed e —
|ower
- 1
(3} coniro! v ffansferred 1oty , e ———n
tocation PC2 fiie., rouling # 1) so— = i
'

Routing £ 2 iy gperating, il 1hen

cacCntey: {
ISR T fa- (Rt + Al C e g i

L]
wilh the pevalt 1hat P2 e chanpel i
Fur PCY an the siack and vomtrol -
T et b b G roniline 8 0

Fig. 4:11 Cowouline inleraclion.

The power of 3 voroutine structere is o be found in modern operating
systems, & opic beyond the scope of this book, [Towever, in Chapter & it s
possiliie to demanstrate the use of coroutines far the double buffering of 17O
while overlapping computation. The example presented in thal chapter is
clogant in its seemning simplicity, and vet it represents one of the most basic
10 operations to be performed in most operating syslems,
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Para efectuar una funcién de entrada salida, ¢l progra
madotr debe especificar donde se encuentran los datos, de donde vie-
nen o van y como el dispositive de entrada salida debe ser manejado,

A esto se le denomina programacidn de entrada salida.

Dependicndo de la funcién de entrada salida se puede
reaguerir que el procesador espere hasta gue la funcidn de 1/0 sez -
completada o por otro lado el procesador puede continuar ejecutan-

do tareas gimultineamente con la ejecucibn de la funcidn de 1/0.

El poder programar una computadora para realizar cil
culos ca de poca aplicacidn si no hubiera manera de obtener resulta
dos de la mfguina.’ Do li misma manera se hace necesaria proveer
a la computadora con informacidn a ser procesada. Por lo tanto, el
programador deberd contar con medias para transferir informacion
entre la computadora y los dispositives periférices gue permiten -

cargar datos de entrada vy obtener los de salida.,

Para la familia PDI? |1, la programacidon de los peri-
féricos es extremadamente simple, ya que una instruccidn egpecial
para la entrada salida es innecesaria, La arquitectura de la méqgui-

na permite direccionar los registros de eatado y datos de los perif@é



ricoa de manera directa como localidades de memoria. Por lotan
to, las operaciones en dichog registros como es la transfercncia -
de informacién a o de ellos as{ como la manipulacidn de datos den-
tro de ellos es llevada a cabo con instrucciones normales de refe-

rencia a Mmemaoria.

El uso de todas las instrucciones de referencia a me
moria en los registros de los periféricos incrementa gradualmente
la flexibilidad de la programacibn de entrada salida. Todoa los re-

gistros de periféricos pueden ser tratados como acumuladores.

Actualmente en la PDP-11, las direcciones corresg-
pondientes a las 4 k palabras superiores, estin reservadas para -
los registros internos del procesador y para registros externocs de
entrada salida, por lo tanto, en caso de tratarse de una méquina chi
ca, la memoria se verd limitada a 2B k palabras de memoria fisica
y 4 k de localidades rescervadas para los registros del procesador vy
diapositivos de cntrada salida. En caac de contar con "Memory
Mansgement” lo que provee bits extra de dircccionamiento 2 en el
caso de la PDP 11/40 tendremos una capacidad total de 124 k pala-
bras de memoria fiaica aparte de lgs 4 k del drea de registros an-

tes mencionada,

Todos los dispoaitivos periféricos son especificados

por un juepo de registros que son direccionados como mermoria y



manipulados con la flexibilidad de un acumulador. Para cada dispo-
sitivo hay 2 tipos de repgistros asociados:
1. Registros de control y estado

2. Regiatros de Datos

Cada periférice puede constar de uno o mis registros
de control y estado {CSR) gue conticnen toda la infermacién necena-

ria para comunicarse con dicho dispositivo.

El unibus es una via comin que interconccta el pro-
cesador, memoria y periféricos. Debido a la arquitectura de la mi
quina 8dlo puede haber un dispositivo controlando el unibus en cual-
quicr tiempo. A este dispositivo se le denomina Master., Los
digpositivos pueden solicitar ser Masters, va sca haclendo una solici
tud de Bus o una selicitud de no procesader a la ldgica de arbitraje de

prioridadesdel procesador,

La solicitud e=s atendida si es la de mayor prioridad.
El puevo master asume el control del bus cuando el actual master -
libera el control del bus. K] nuvvo maestro pucde solicitar gue el
procesador atienda el periférico o puede [piciar una transferencla -

de datos sia intervencién del procesador,

Lasg interfazes en la PDP-1] pueden clasificarse en

3 tipos;:
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/ 1. Stave {esclava) - Esta interfase no esti prevista
para ser Master. Ella sélamente puede transferir datos a o desde

el unibus por comando de un dispositivo Maestro.

2. Interrupt {interruptor} - Esta interfase tiene la ha
bilidad de ganar el contreol del bus en el orden de dar al procesador
la direccitn de la subrutina, lo cual es usada para atender 1a soli-

citud del periférico.

DMA. Esta interfase tiene la habilidad de panar el
control del bus de manera de transferir informacion entre ella y al

gin otro periférica.

Un sela interfase puede emplear los 3 tipos anterior-

res.,



DI 11

La interfase para linea asfncrona DL 11 es una inter
fase para comunicaciones designada para convertir datos de sarie a
paralelo. La interfase cuenta con 2 unidades independientes, (recep
tor y transmisor), capaces de cstablecer comunicacidn simultinea

en ambos sentidos.

La intecrfase DL11 lleva a cabo bisicamente 2 opera-
ciones; recepcidn y transmicitn de datos asfncronos. Cuando reci-
be datos, la interfase convierte un caracter serie asincrono prove--
niente de un dispositive externo en un caracter en paralelo requerido
para una transferencia al unibus. Este caracter puede ser mandado
por el bus a la memoria, oun registro en ¢l procesador a algln otro
dispositive. Cuando se transmiten datos en paralelo desde el bug son
convertidos a serie para su transmisidn a un dispositive externo. -
Debido a que las 2 unidades sen independientes, es posible estable-
cer comunicacidn de manera simultinea en amhbos scentidos. El re
ceptor y ¢l transmisor operan por medic de 2 registros: el regis-
tro de control y estado, para comande y monitoren de funciones y -
el buffer dc dates para guardar los datos antes de transferirlos al

bus o a un dispositive externo.



Descripcibn DL Teletype Contraol .
Transmiaibn
Cuando el (FJbus direcciona el Unibus, la interiase DL 11

decodifica la direccifn para determinar si el teletipo cs el dispositi-
vo externo scleccionado y gi es el seleccionado gué fun.r:.ifm debe desem
pefiar, entrada o salida. Si por ejemplo el teletipo ha sido selecciona-
do para deeptar informacidn a imprimir, datos en paralelo provenicen-
tes del unibus 8on cargados en el buffer de transmicién del D 11, En
este punto la bandera de XMIT RDY baja debido a que la lbgica del -
trangmisor ha side activado (la bandera vuelve a estar baja una frac-
citn de bit despuis si el transmisor no se encuentra activo en ese -
momentoy La interfase genera el bit de arrangue y transmite bit por
bit en serie al teletipo, de nuevo pone la bandera XMIT REDY {tap -
pronto como el registro de buffer se cncuentra vacio afin cuando el
registro decorrimiento  se encuentre activo. Después transmite -

el nimero requeride de bits de STCP.

Recepeibn

La seccidn de receptar la longitud del caracter es se
leceicnable por medio de un sclector. El caracter recibide aparece
justificado a la derecho en ¢l registroe buffer recepcidn eliminando -

log bits de arrangue y paro.
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El caracter complcte es formado en el UART y €5 -
transferido al registro bufier de recepcidén (RBUF) ¢n el moemento en
que ol centro del primer bit es muestreado. En ese momento el bit
de recepeidn efectia el regigtro de entrada y control es prendide si
el bit de Intarrupt Enable se encontraba prendido se genera una sefial
de solicitud de i-nterrupr.:iﬁn. Los bits no usados son llenados con cg
ro8 ¥ los bits 12-15 contienen informacién acerca del caracter inte-
prado por el Uﬁf;..T. Nntec‘e que el programa tiene un caracter com
pleto de tiempo para retirar ¢l caracter completo del buffer de d‘;-—
tos antes de gque el nuevo caracter gea colecado en el registro de re
cepcion por el UART. En ¢! caso de gue el programa falle en leer
este caracter anterior, se pierde y ¢l bit de exceso y error son pren
didos (bit 14-15) en el registro buffer de recepciédn. En el caso de
qu¢ ne se presente normalmente el bit de paro ¢l UART presenta lo

.que supuestamente recibid, mas el bit error 13yl15 prendides.

Programacién

La interfasc cntre «]l programa corricndo cn el proce
sador PDP-!1 ¥y ¢l DL-1! se¢ lleva a cabo mediante 4 repistros. Es-
tes son registros de estado de recepeién (RCSR); 2) registro buffer
de recepcion {RBUF): 3) registro buffer de estado de tranamicion
(X CER); vy 4) Registre buffer de tranemisidn (XBUF)., La funcidn de

cada uno de g8tos bite se da 2 continuacian,



CR -1l

La lectora de tarjetas CR-11, lec tarjetas perfora-
dag de 80 columnas. La lectora cati diseflada para leer seccuencial
mente, los dates en 30 celumnas empezando con la columna 1: Ca
da columna tiene 12 zonas o renglones, una perforacidn e¢s inter-
pretada como un wno binario y la auaencia de perforacibn como un -
cero. Las dates son leldos de la tarjeta una eolumna a la vez, Los

datos son prescntadas en dos formatos para entrada a la computado

Ta .

Moda Compriumide.- Las !2 zonas de la tarjeta son
codificadas en un byte (8bits), permitiendo un almacenamiento mas

eficiente de la informacibn.

Modo no comprimido.- Un bit es empleado para pre

sentar ¢l estado de cada zona en la tarjeta.

La Lectera CR 1l consta de 3 registros para comuni
carsc con la computadera. FEstog son regisiro de gstado y dos re-
gistros de datos. Uno de los cuales presenta los datog ne comprimi
dos y la otra comprimidos. La seleccidn de formatos se lleva a ca
bo selcccionando el registro apropiado, Los datos en ambas formas
s¢ encuentran siempre presentes. A continuacibdn se presenta la es-

tructura de diches registros.



RJIP (34

El RIP@4 es un subsistermna de disco de caboza mb-
vil el cual consiste en un controlador RH 11 ¥ de uno a ocho drivers

de disco RP@4.

El Unibus provee la interfase entre el procesador la
metmoria, ¥ €l controlador RH 11. Todas las transfercncias efec-
tuadas entre la memoria ¥ ¢l RH ] por medio de la facilidad de -

DMA del Unibus. ¥

El RH 11 centiene dos puertos en el Unibus: uno de-
signado como un puerto de cantrol v el segundo como un puertc de

datos.

l.os datos pueden ser transferidos a través de ambos
registros. Para operacidn normal con memoria conectada a Unibus
A como soc muesatra en la figura ! gGlamente ¢s usado el puerto de -

control, el puerto de datos ne se usa.

El RH 11 se encuentra dividido en dos grupos funcicna-

les, linea de repistro y control ¥ linea de DMA.

1.a lfnea de registro y control permite al programa

leer y/o escribir en cualquier rogistro contcnido en el RH 11, Hay



un total de 4 registros en ¢l RH 11, 15 registros en cada drive y 1
registro compartido que ¢s parcialmente compartido en el RH 1] v

cn el Drive soeleccionadoe.

La linea de DMA funcionalmente congiate &n una me-

moria FIFO de 66 palabras por 18 bits y su légica de control.

La funcifn primordial de esta memoria, gue de aqui
en adelante llamaremos SILC es el de bufier de datos para compen

gar fluctuaciones de retardo en ¢l Unibus al solicitar el DMA.

Cuando una ingtruccibdn en lza PDP 11 direcciona el -
RH 11 para lver o escribir cualquier registre en el RH 11 o en algin
Drive, ge inicia un ¢irlo de Unibus y loa datos son dirigidos al o de
el RH 11. 5i el registro a ser direccionado es local {se cncuentra
cn el RH 11y, la 1&8pica d¢ contral de registros permite ¢l acceso al
registro apropiado. Si el registro direccionado es remota (conteni
do en une de los drives, la lbgica de contrel de los registros inicia
un cicle de control de Massbus. El acceso a los rogistros en el -
Drive por medio de la ldgica de contrel del bus ne interfiere con la
transferencia DMA la que puede llevarse a cabo simultfneamente,
Los registros lecales del RIT 11 especifican parametros tales como
dircceidn del Bus y contador de palabras, mientras que log repis-
tros del Drive especifican paridmetros corno direceidn deseada ¢n el

dico, informacion de estado, etc.



l.a linea de datos de DMA fungionalmente congliste en
el Bus de datos Massbus, la memoria SILO y la légica de NPR del -

Unibus.

La figura 2 presenta un diagrama de bloquea gimplifi

cado de la lMhes de DMA con un 56lo Unibus.

Los 3 comando de transferencia de datos que pueden
ser llevados a cabe por el RH 11 son escritura, lectura y checado de

egoritura.

%
Antes que cualquiera de estas operaciones ocurra, el
programa cspecifica una direccidn en memoria {MA}, una direccién
de cilindro {CA), una direccidn deseada de sector v pista {(DA) v el
nimero de palabras. La direccidn de Memoria representa la locali-
dad de memoria donde se inlciara la lectura o escritura. La direc-
cibn de cilindro deseada es la posicifn en la que la cabeza deberd -

pogicionarse,

El sector y pista deseado represcnta la direccibn de
inicio en la superficic del disco donde los datos seran escritos o -

lefdos.

El nimero de palabras a ser transferidas a o del dia

CO.
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The Mini Computer as 2 Control Llement
Dudley 0. Hartung
Management Methods, Inc., Waltham, Massachusetts

Mini computers have been used ro control a wide variety of processes
and functions including machine tools, chemical processes, steel
mills, and warchousing systems. Articles in technical journals and
talks at seminars have described in some detail many of these indivi-
dual applications. Hut what is a good 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
hility and maintainability, Iln general, reliability can be disposed of
as being indirectly related to dollars. The simplest or mass-produced
system is normally the cheapest system and also the most reliable
system. Maintainability can be given a cost value. The decision, there
fore, can be directly related to costs. Costs naturally refer to the ini
tial capital cost of the equipment and also to recurring cost of opera-
tion, including rhe aforementioned maintainability cost, operator cost,
quality of product value, etc. Some of these costs can only be rough-
ly approximated and may be intuitive guesscs., The cost of the eqip--
ment, however, should be fairly easy to derive by knowledgeable papa
during initinl plaming stages.

A contrel system -- any control system -- consists of inputs, outputs,
and decision makers. In comparing hard wired systerns with compu--
rer systems, the input and output devices probably stay comparable
in cost. Input and cutput devices consist of operator switches, sen--
sord, solencids, servo or discrete (on-offy motor controls, etc, The
decision maker is the Jogical svstem which determines the cffect of
input changes upon output actions. With a hard wired system, each
subdecision or each function of the control system has its own logic.
A mini compuier time shares its logic to accomplish rmany 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 s where the co8t savings of 1 computer system come,

Many more decisions can be made per dollar with a computer Campa
red to hard-wired Togic,
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The are some inherently costly aspects of a computer svstem. 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 polied by the computer. The
holding 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., But if the decisions are very simple, the input and ourput hiffe
ring, filtering, and holding may be more expensive than the complecte
hard-wired control,

-

The computer itself is limired by speed and by the size of internal
memory utilized for storing data and computer program. It may be
cheaper even in a computer controlled system to do some complex
but frequently used and repetitive functions externally, For example,
a servo loop could be performed in a computer but 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
cur or a circular cur is expensive in computer time in that it takes
a large portion of a computer. A single computer can do all inter--
polation and control one or two high speed, high accuracy machine
tools. If the Interpolation is donc externally, 5-20 machine tools
can be similarly controlled.

S0 how is a decision made to go hard-wired or mini computer? The
svstemn costs must be estimated in both ways, This requires some
understanding of the end of process and the requirements of both a
hard-wired svstem and the capabilities of computers. In many cases,
the computer can supply additional functions at very low cost which
have to have some value placed on them to honestly compare sysiems,
In other cases, the funcrion to be performed is so complex that it is
immediately cbvious the compurer is the solution. Labor 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 variation, set-up speed, and
rejects.  All of these costy vary and relate to a particular applica--
tion,

Rules of thumb are dangerous and can be misleading, hut there are
some systems where computer contrel should be looked at very care-
fully. [f many simple decisions -~ or many monitoring points, such
ag those on a transfer line, arc required or if very complex relay
trees or logical decisions must be made, a computer should be con-
sidered, Complicated decisions requiring mathematical functions,



particularly if changing either between runs or over a period of time
or the requirement for a great deal of stored data for look-up tables
or individual parts programs suggest computer contrel. Finally very
specialized problems or machines or processes with only one svstem
or a few systems being built, particularly where modificatons 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 can be 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 systems justify on an economic basis the utili---
zation of computers, but conversely, it will be found that what seems
like an expensive and sophisticated control system can often be easily
justified purely on an economic basis.

[y
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G PUTER QQULTROL OF VACULA TEPQSITION TROCESSES

kK. M. Caprnes #=4 R, A,
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Pendix Resecarch Laborakories
Svuthfiald, Yichigan

ABSTRACT

With the advent of the low cost sfndcagputer,
f1.|11 _antomgtis coatral af wanyug deposition pra-
censes Atrerars both techajcaily frangble god sop-
MIE ALE D7l .  To date, vacuum deposition
procesuey have been lar celv con: tolled mapually,
although sinple “at.tﬂ;-.hra ave been avallabie

ﬁ for controlling portiens of tha procass aych as
? the vacuun puspdown and the deposfition rate dur-
ing svaporatlss. Auzczaci el say O
-".tj_::_-u:}:'}‘ improve grECRRE, i‘fflﬂnﬂlu}" and parfdqrrance, and
Lo EEWF the unifor=ity of the resultast pro-
.~ rducta, mm’ﬂmll freo reurina
q'-"‘:"ff';_. operating taska. Tue approach to compucer cod-
£r51 5f vatgin deponition Processes (evapora-
tiom apd soutfering) is discussed, and the con-
captual design of an automatie proceas contyocllar
baxed oo & mipicomputar 1w pressantad. The
advasrupas of auronecing thess processes are
teviewed.

IRTRODLCTION

This paper discusawns Tthe application of =
sea’l digital cooputer, or cizicomputer, to
. dutmmatie control of vacuum daposition procasses,

A ,;,,., ImCitiiw eie fhe watabilahment sad contro} pf
. the vacuun wnyironzanc, eomiral of che evinora-
R EH_.EW““- central of the gpytRatizg. otocess,
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lazed T thane PIOCfTAs. Ephasis 18 placed on
AEESAFEFATIngG En feasibility of anplein edi-
catad coooutey to she porerel o3 gisgls wgeuny
aeposlcivn areiem, althaupn of couras othaer
ConnuLats depedition-avatem relaticnships may be
preferable tndes cerra’s pliToloatances.
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In the following sectlcss the control re~
Quizenents for —he vacuun depoeicion procwssss
. #ra ravieved, togacher with the sreden: mprhods

fges) of concrel ond some of rheip disddvaptezes, Tha
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The falleving discusgion of zaag:ol reguire-

meaoty and canfrollur cuvlign zoncents L@ specifi-

. cally nti-:'cd Eriari the DATTH-rYRe warcing depo-
e te e !Hion Tyvares, LIt Py Taze aase RTLETAL

YACITM DEFCITTION FAODCESS CONTROL

Comcral Eeguftementa

The basic vacuum deupoeltioo procaames

coversd iz chis papar arce E‘E—:’{-ﬁ'—-‘w
ead sputteripny. Thess two basic prgledssd, en-
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(1) ¥actuum cycla comtrol

{2) Prassura gonfrel

(3) BEubaczrare conditioniog

{4} Evaporation mource goucrol

{5) GSputtaring control

(5] Glow dischacge cleaning

(1) SubEcrate cocation

(8) DPMxll jar and bass plate cooling

Ench of thess fugnctioss 13 4 somevthat iz-
dapandant vpsraticom, although thay tust be
appropriately groupsd and coordineted o Fialld
the dexirad procesn megusnce. Each of fhueae
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Thus, & vacuum depoaition process oay iazluds a
ouch er of ardpd or gperatlocza, but sach operatioo
by iceel? conatliutes 3 valaclvely mimple cozrral
recuiresent which can readily be Eutcmated,
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Controller Fuasc-lionm:

The autooatie wwcym

dapoaition process controller could bs capable of
perfoerning the folleulng functlons: 1
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(8)

Autorarie varuuam cvecla:  contral of
thm bell jar; the wezt, roughiag, P
forelinw, and hi-var valves; and the :
ioyn rube filacen:t. Protesrion of the
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DT exceaFive Eurt DrESRuUTE, .

coptrol " -

Automatic pressure control:

disper valve to kesp chasher pressura e

coostant ac 4 pressc value for part
ar all of the aperating cycle.

Substraie copditicning control! eon- o

trol Rezricg (te baks ar pondiplzzlizg
TesjeTaluTE) , ansealing, end coolling
of the schatrate. .
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oefd input signal, calculate deposi-
fIon Ttk ad JeraTDing uwhen thicknasa <

'purn.t '.rl.lu.e: .

wi] IE BE usco E E! g‘gagg;acinn source .

CQBLIOI ! ocign.

Evanorarion souree
¢ cvcle of Onr Ar, Do foud e - pouwe T .
cise, sous, deposicion rare, and "

- ShulTETS.

S ———

Sputtering conrrel! Lumm om praset
fi{la=ent, enode, And cargnt power
supplies at progra—maed polot in cysle
and maintaln for timad saquence. Moni-
kor targer cyufrant while aputtating.
Interrupe tloed segquence and sound
alarm 1f curtent draps below 4 prasaec
valua.

Clow discharge clegalng: tum ¢ fixed
power Jupply on for &4 presat tice in-
tetrval af 3oy Of saveral pre-prograc=ed
poliats In the cycle

SubstTats rotacion: Eurm subALTEEe
cotation eotor oo and off at pre-
determiced poiots Lo the eyvcle, Fixed
speed (paoually warlable via cookrel
oot providad},

Thess I:L].t.. v



(3} Bell jatr and base plage cooling: Eura
coclant ayste= on ard gff. Turn on
vhensvar wensed gezpazaturs excaeds &

aat point valum,

Lontroller Deagrintion: The automatic
vacurm depoaition ¢onrtoller would be hased oo a
sanll digital minfcomputer with a cead—conly
wemory. Flgure 1 is 4 block ciagram showieg the
relationahip of the comtrollar to the vacuum
daponition sysgem, while Fizure 2 1+ & aimplifiad
block Siagram of che sutomatiec centroller icaelf,

b

ere.) could by introduced vis che chysbwheel

mritch., (Alperrative mathods of introducing thess
inputs might ipclude; (1) poteancicoacers, vhoas

gutpus wigoals would ba sent t3 tha computer via

the muleinlexer and saalog-to-digletal coovwmrier ]
amd (1) & poriched card and card-raader i
ArTangemRTT. )

Fymt
F‘ﬂ':mm inputs, wuch ag “cycla :

o
ptart”, lautomaric recyele", and "reset' would
ba introdeced fo che computer by besns of & abtatus
raeglatar, Oo-off signais froewm the process. wuch

MAMULL iNPUTE e LA
Ay TORATIE mifLar
& LADUPWEE SLLEET AL
AT AT AT EONTROL
& SLTROINTE PO TR ol ORI TION
P SLaaLy RO
» cyiLe aTanl MANLAL
- CONTROLLER et Comimee [ MAHUAL
& RESET_ETC -
rasdt COM TROL
JANLED PROCLLE FARAME T RL
Figurs 1 - Systen Bloek Dlagram
AL O
| — bl -
AN LOG HGRALY
[T T J——
HohaLy DM R F
s (e TROL
waliabLy LT el GmaLf
MANUML ey RTERSACE INTRREACL
T CIACWITE Ciniun T MLTER OA
e DeGuraL
Oh OFF tErLar
[ L'Y Mge——
1
uT ETATLE
A TS

Figurs I - Sipplifiesd Antomat

it Controllear Block Diagram

TR rh_-{ﬁmuu_mmuumizma
L. - with & {ront panel typlcallv containing rhe

follioing: An 3%d.0f CEier and 4 digitsl

3} (FTRle tube) raadout, sach with a function salec-

i tar switch; a four-digit thumbwhaesl switch wich
functiop selector sWwirch; ssaveral foggle and push-
button switcheas; and a numhey of atatus or indlea-
tor lighte.

ahe unit would have connecelions at the rear

- N for all ipput slgnals sand fer analog and on-aff
L type output (system confrél) sigaals. All wari-
- J  able input aignals from extenel s HrrtwtTh
f" S w—ad o bhé atdloz de volrages. Thesw would
) g ipclode pressure, Ceogerdiure,and thickness sig-

. nale, Normalizing amplifiers would be provided

. to adiust The relacive volcage levals of thora
aignals, The normalized signals ate fad to tha
computer by Beans aof 4 mulriplaxer and an analog-
to~digltal convercer.

e Variable aaraTerern to ba d'xnlaye 4
- = ba read out alther of Ehe Twcer or on the aigieal
! L. | a:LdY. ATLAn i o bt ane dnrrar-ad

- mapually faar polnts, E04k pover, rimt Cicks,
L
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an from bell-jar hoisc limic switches will be T

handled in che aame way. w:.

outpuis ste oonvided: Digirsl-to- lag comver- . -
tore provide analog volfages faor funiticns share & -

varlable conppel aignals are requirad, -pff o
type conitol signals or cootact closures ate pro- =
vided for the oneraplog Rl S0iLliidm palss 238
——
werl. tutning pressf power
aupplies of and off, ore-ating bell ‘ar hoiss
and auhstrate potaction mogors, and in fact most
of the systas control functions.

The Inpuc and output interface circuits
would b mourted oo plug-in cards and housed in
mused space Iin che compucar cabinet. The ancice
autowatic eontroller ecould be packaged in & small
bench-top cabinet, or as & wmall rack-mounted
unit, accupy¥iag less than 14 inches of paoal
haight.

Once the varfoun =sausl ioputa Are aec,
ntormal wperation of the system consiats aimply
of pressing che "cvela starc" burton, Yo fur-
ther attaniion i3 Tequired mill tha auctsmaric
cycle nay bego completed and tha ball jar has

LA

-



bheen ralsed,
trols would ba provided, kovever, for use vhen
maiual interventlon i1s fell oeCAENary.

Advancages of Computer Autosaclon

Compures sutomation of the vreur= droo—
lltlun procesaen has plzaiflcant advsnrages
W respuoct i el hcr manual eontrol or the
i Supacaty FQ&EAJ' ufilts to luunalti 25-
contros of individral & eratt oo .
e

luscraces tha coat adveniage
of computer autemation of the vacuus depesiticn
proceds, 48 comparad wich the use ¢f a number
af indfvidual harduvired concrol modules ta
accomplish the gare objectiwe. The diagram
showa telative controller coft varsus the rale-
tive deprae of automatlion., The <ost versus
features sutosatad fay the modolar appreach will
risa of a4 Falirly uniform rate. The copt of

pilci=i-l X
computer automation of nnlz a sin!&e gperation
[T TTY =3 -] 14.51.. RIOCA [ Uﬂu...a J.MI'IJ.D.E tht

ey L the computer Ltpelf. Automation of

i # i ldditinrzl foarures coagse ralsaciieiy It??TE.
it however, aince this mainly involves a tevinion

fﬂ'dg { to the computer program and the addicion of ap-

r "‘propriate interface clreuits. Tha crofsover
L et poln: at which the cost 3{ ¢oopuier autvmatlon
. = drope below that of fhe modular controllee

2+™ amproach occurs when only & relatlvely few

L?r' , operationa are to be auctcnaced. Modular cem-
- «  trollers are oot knowm Co ba available gt
s : premacc for zeso of the festures includac within
At ., the scopo f the autszatic wvasuwcy desositicn
fta procass controller described hersin.
sy ot
[ J 7 RELATIVE
1]*‘ COST

WMODULAR
HARDWIRED
CONTROLLEAS

COMMJITER
CONTROL

RELATIVE DEGREE
GF AUTCMATION

Figure 3 - Comt Tersus Cegres of Avto=ation
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Provisiors for teset and ather con—

The corputer avtomated gozcrollar alao
results in 3 number of perforiance or operE-
tional advanrages:

{1) Flexivilicy: Fog the ccar having

v_,ﬂr._...sﬂin _PIZGEDY £elliirip Dl DLLETS
exiollicy. The opperaticns af the

e —m— i 3
Sequance can be cuvirely addad, Jeosred,
A%0 otheTwvise a_jerdd, and set-polnca
can he established by ceans of suitchas
aod ochar contrals on che paoal of
the agtotatic coatrollar,

(3} Praceas Reneatabilier: Tor the waer

caking che sas roayct TepetitIive.y,
AT orfors z Bigh Jac<oe of QTOCENS

re;e;"zl.‘:i w12y, docs & given skquence
has begn established and wet-point
values hava baen set, reaulting io
uniformity of the resultant product.

{3) Process Efficlency: The gutpzgble
;nn'r_"aller w1l argvide s=eo: "I and

f2nglilon Irgn cone ﬂ;erng}on
o'r'ﬂ"_‘-E‘- 5 va.-ss m ;1_1 Jext,
c!EET:ETEE‘ﬁ1. :;:11 or Tun in a rini-
g of tvine gad chys echancing cthe
afficiancy of tha proceaws.

(4) Purszznel Advantages: Once thy se-
quéence §nd sai-point valuas have
Bica est bilthed, tne nneratqrqiﬁ_gﬁly
aquired fc prt:s th sg};} butcon,
ATy coaplete "vgll wijl e gxgcuzad
uﬁ!TTEEEEE“E‘Ihus persocnal_are frecd
froz coutize ¢pcrin~ie TAsAs.

A ———— R — A
All ¢f thene are ulrimacoly rafliecesd in
aconcmic advantages of automatlc computer contrel
ef vacum deposition process,

CONCLUSIONS

Although vacuum doposition processes requirs

a relatively larze ruzber of contreol fupctiros,
wach fyvpctlon 2z reasongh.w slpgie azd l!nds Jr-
I'TI"'T'TF_'H: 11 s aucomacic ccm,;al t!l:"l.—
QRIS one aivant of the lov-cost Hmaithnyu:l.
BV hppears to make compucer aucomation of vacuum
deprgirien processes hoth fechaically feanibls
and wconomically attraceive. Autseated cocirol
offars a ounber of operaticnal advantages over
prasently used seslancomatic ¢onergl mechods,
zany of vhich are ulrizsctely reflected az asadi-
tional ezonomic acdvancages. Heore {t may be
axpactad that coppuier gufomation «¢f the control
of vaguuzm deposizion processes will achieve grow—
ing imparcance In che nedr furure,



Batch Control with a Minicomputer

R. YOUNCG, Emery Industries,

lic. and

D. E. SYOBODA, Juckson .%wu-uh-s

Al Emery Industries, 0 minicamawer cone-cis bgiem
productten af chaemiccls, C':Jnsr!mr"; O BRECE ho 2t oy

reactions of forty acids with gz
of the mini-gystem rarge

£

"3 '.-“-'.' ty
s —

[ girrple <iare - - -y

monitaring to dic, Tre outhgrs cege

. e—

i - e
bt e eamed,

wareg ard softwere for O swiiem tnsr ge—mmirrooey

the minicarmouter’s ¥olUg o5 A pne-moas 4

"

ible, spphisticotes producticn taal

FOR PROCESS APPLICATIONS, it's often more
economical to design he contrel avsterm arainnd o
digital computer rarher T AN Il Lamap-
m.nn g nalon e Pt sonTealers, Prices of
INIEICAMITH ITETR STATE vE .00 ko 54,000 without eurs
inemony; the rrfo.._, for ail but the simplest systems,
e oout ¢f the eon nptes s Lz dwss thads the cost
of the hardwars it replaces.

In addition, the av rrall ot rpcsired o de tizn
co Nty saftware “(even with assetnbly- |.m|__u.1s:-=-
prozramming} is less than that seanired for LAV
alennt bipdware aad e LUIleItL'T prodraing are
easier by nadify, Sapuisticared conirol
that can redi.e ot raling costs—but whick are
dIFEnIT o nplement wah e harlware—rean vinally
be programmed for 2 computer with little Ciffeulty.

The process control svstem deserbed in this
article performs 2 variety of functions tvpical of
computer-based svstems. These beprSers include
“epntagticlosure” inpmt and eutputb. analeg in::u-.:
ing owiput, dirert diegd sonteel Slder of analag
process variables, siming g S b eIt Bt praess
evenis, ﬂild .DI: II']'E |'|-= T'.I" l"! W LT rlﬂ f"' l"|'1"t.

i A e e el Syl
THe™ computer HATGWATC 15 HhTusiel 1mal, tadow ed
by an explonutian of procramming technigues.

Hardware Far the ming

The comuomter prtral ovetem n\lmu.n_1£1 fhn "'ir'- re

is LG areimd |J-r:*_| Eonun RUER :.i PU{’ N

puter and Pering: el Loufpmeat’s TR0 munnetic
g m——— o T o e

"J.‘\-“ it Al .uu't L i

TLNTUSLT L...I'l\i‘-l\ ﬁl. all |il'.="
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berverr w g b mmom e Ty Wl PRI TT I T "'II"|TL
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ReTiiang €5 TITnT omens 2oy at prvaehied thiough
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Tl :-nr:h[n s f st bohils the centrol nrovram
aml e puzemetor avue et woeth each praduce
et witl b nncatarneead T madeonc-Lore
MMy frenfe i T rag, 1'_'-.'[:'." '-lﬂ.‘lj".t .'i.""_i !"1:5 a

L hemicrmeworud oo le

Conyputer L 00 anlimes connst of 124npuat ard
12-outpat dl--l- Wirey bty ran he wloged and
paees] on e g fines o) Joerprbed frem tie
Batal dites at s, under cnptral st
the prrogeam. I vt fiste e adidiess lievs aoeaineg
b bhe enrertaad Lz s ronte vpnlt e sutpu ri1ka
to or from ewenol ogapaient sk o2y contatd-
clsure semsony arsd J) A Comverters, Contogl linee

t.'ne,

-I:"i‘r"'_.'lﬂ.iT*‘

that can = pulaed ar tested by the prozmam
sunchtuniae the vonmal one with the conuel
Bragram,

Cantact-tio-ure Gipds ape grranged and addressed
in QR 4 o ..rJ.'n--;‘ﬂ‘ar‘.fi to the L.E-uun_:ut
data frzws e e wnmizoter IND input circrits con-
siab b BU Al my oy Laee ond eontichhoaopge tmise’
followed by Soiennt noners 6 eopnern npuls
ta fome leardy ‘U-" I puu _pass throusk  fsoba-
sinn traeafoernes “udodiowles o ey srahn b ode,
CToantn: .l 75 omoade signalc from che
AENE L D et vie ratal poshnputtops, vilve.
gt bt ot ren nd devel dereetors,

STk
Ih+| "

Conlact.cluire mernat Sanhere eondsty mahy of
ATt IR 1o A Oufpok and LTansise
o A hw relers dnven

el ] oarate el

LCVESCLUI LI P watpak

[T T s |



T ey A Mipncamzyter-hased Sysiem for datcn Cortegl T "o "}
i —
. Chrona-Log Feripheral Eguipment Corp '!l
) Digitt tixch Mog-Tape Ju20-9 )
Digital inputs {igiral outputs
Limit sw fches Sotenald volves
2n 1 ' KPA/L Power fod Digital Equipment Corg I . 4N
POFEL )
. Level datmcters | ———md  Time interrugl | e AlOrm OnRUREIICTS |
: {a) ' CPU ()
- 1 el
- Stali alurtn (4,096, 12-bit word)
. Algrm ywitches r . e o Irdicoter lamps
{2al 1 1 123
— t C e e - m me—raa ‘r " .
Ogerator cantre'y Yo oA l. oy Motor conirois
(23 Fythenn Tormpoher Foythaon Computer L3l
24-channal MADC 1D T-ghonnel MDA 2
Spores - - Sparey
ey 4 ¥ t 18]
&nalog apul | B AL Ancing utout
; T ASR- . .
ot e - ame i d i, A . e o .-J Hlf’“ SR-33 R | PR e S, I |

by transistors, are used where continuity is desir-
able in case of a logic power supply failsre. The
contact-closure qutputs are also arranged in groups
of 12.

Each contact-closure output has a storage flip-
Bop which reeeives and holds the datz from one of
the cutput lines. Croups of cortact-closure outputs
are selected to reccive data by codes provided on
the six address lines. The putputs include signals
to the annonciateor panel, motor start/stop signals,
and sigmals to solenoid-operated pilot valves that
supply air to the process valves,

Analog mltm.,e ire inputs are multipleved to an A/D

dBnveiter, changed to binary numbers, and pul'into
the input data lines of the computer. Ppocess vad-
ables such et rahiTe. ppes v arp
entercd intp the crmmite s vin the AfD conyerier.

Aanual seipones o "l‘_“_l,‘fnﬂﬂr‘-.lﬂll stol puHemt gm_i:rs]

alh pass chrouch b ifﬂ‘wnurmr

Th= D/A ronverters accept binany output data and
prodice coreaponding analog voltages. A separate
comverter is used far cach asalog owtput. with a
range of =10 valts: each 144 coocdor bas,a
separate stk nlilress, "ll'mll'}k. onfint vittiges go
tn il mcter L4 PR Ty PR - LT
mt-huru ecrri b e b },:,‘,Lm\r,.ngc.‘i yhich

pmum' T 10 throwhine control vaives,

The interval timer m-lwr;lhr\ a4 Fimeeinterreat simaf
FeY e COAET RST80T Gl L SR, !Iu‘ |.|.mr;
PITIT Fop_eemcoyepstr b AT s, L tmer
also pronarfcs i ruteooun fpr o 'L:.L_,ML'-;W
Mo con 1l L

o oontgl ud

uuum:l\
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The stall alarm consist of two 10-millisecond Hmers
that can be reset by the program. The himers must
be reset so that at least one {5 alwavs running;
atherwise, an alarm signal is produced. If a2 pro-
gram error or hardware malfunction alters the
normal sequence of the arecram, the tmerss o2l
not be reset often enough, thereby actuating a stall
alarm.

The teletypewriter and ¢lock ara used in a copven-
tional manner for event logging, Time in hours,
minutes, and seconds can be read from the clock
and printed by the teletypewrter with a typizal
mestage: $5:16:57 THERMINOL, FROM ESTER!.
FIER LOW FLOW,

Software for the mini

The computer programming, of software, rermlates
the operation of a computer-controlled process. znd
constituies a major part of the design and develop-
ment effort of such a syvstem. Soame of the general
tasks for Emery [ndustries’ computer can be men-
tioned; they are typical for 3 control computer chat
i applied ta a batch proevss.

Depending on the product’s requirements, the
safbware seruences the valves, provides fiming, and
monitars thi- status functions that determine when
steps should he taken, The camputer checks six
virihde and 14 lozical fyes or no) "endpoints,” any
combination o which can control the duration of a
step or the branching to one of several possible
next steps. Compnter software must alse cheek a
total of 5 remipecatures, manual vahe positions,



f o e — b -
The i Bware 1ate sulirentis
hag 11}

T

and olher status sipnais that show the syvstem is

‘operntiﬂg nnrnm]!}'. Critical status oreors can stop

the chemical process.

The annunciation fuaciion of the software puts
out prinied mussages fon the teletypewriter) con-
cerning the statyy indicators and program flow.
A self-checking function delecls and aununciates
computer inalfunctions.

Its improssive 1hat e mipnicompoter Ts sofli
cient capacity for all nf these finctions. The hev

. - - . WemefE———
to Gbtine thetn in \-.'n.-i_l}'m careful armaniciuon_pf
1165, Brsides e nomal
. == e -l === .
advintyies ooy Taty tgupkshasiing sedaimglned
Provram  Caaniies
Al i b

; . . . . oAt
.1_1I|_1lgﬂpnrt.u1t I:i..“.'lt“un Qi &ub-

AL
routimes For this apnlication is

that a_subroyyne
T caller My Lines. AT NECEL2 se-
€ T el many, s, UniEL) L RO
quenee, _l-g,}_rmgn=r:u,:cu.l4:fr‘|-m“ atalrequired. nyg-
ber uf program steteigents. For a program of
routing operations but unique saguence and dura-
tion of the operations, this approach greathy shart-

eny its length, :
¢

A peneral principle of the sofrware organization:
every ranchitn U.'F'IICI'I‘.iH 'I'I:I'I.IEII]{": is 4 suhpmﬂ'mm,

and onlv thuse functions unique o the particular
chemical produst remain in the main program,
One operation illostrates the applicabion of this
prncipal. Changing the combination of the 47
an-oft valves of the process system can happen
as many as 30 times dunng the batch pracess. A
change tzkes btwo program statements, a walve-
change subroutine call foliowed by an encoded
combination, The valve-change subroutine decodes
the combination, sclects the valves to be opened
or closed, and produces a valve-change message
which gets printed Ly the annunciator subprogram.
Finally, the profer valves are actuated by the up-
date subprogram which does &ll 1/0 functions.

Time-sharing is another familiar tool that has been
applied in this system, Simultaneous operation of
functions such as output printing. system  errar
detecting, encdpaint detection, and dde was deemed
necessary, therefore, a time-interrupt system far
time-sharing war devised. The aypcitive oo 1
E_f“afﬂ”miuij:iﬁ:si.ium.limum#u: .. cach
ab whic rnnm‘t_rlt_p_;’._r_!LrE__thl' proa-amminy. Dogr
passes per second throwrh the 13 glate arp saouired
E?‘W{'tnq tan b il stabgments, At the end of
the Frst Yic-secoud interval within each slot. the
contents of the aceemulator and the address of the
next statemert ta be executed {in that particular
time slot) are saved by the cxecutive hefore going
cn to ike next slot. and on to the 15th.

At the sturt of the corresponding fime slot dur-
ing the next % second pass, the accumulator is
restored by the executis e and the program proceeds
as if the interruption had not taken place.

An exccutive “fork control” subeoutine {an un-
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conditional jump) permils prozmamming in o siot
to zlter the Sow of that in unuchee skot. Pazameter
values in one Hme slol can be read or modifed
frony ancther slgt,

The dde loops go o a sinale time slot. These
lonps are the divitsl-camputer equivalent of analog
control loops that aperate « 2lves, Five valves con-
trol ning process vaniabiles, Each Toop has swipoint
inputs from the muin program and proeess vari-
alile inpuats fromm the update progam. The tontrol
algurithm resembiles that of o nonmal unalog loop,
except that summation replaces analog intergration
and digital dilferentiation replaces analog.

A “tune-up” contral pame] permits rapid optimiza-
tion of various constanls fur these ioops. Consider-
ing the computer speed and the bime constants
of this applicatian, the dide control is indistinguish-
ahle from unalog control hut it is much easier to
tunc and modify.

Because of poswsible [ailures, safegnard procedures
have been included in the saftware design. Magual
takeover of anyv svalve ar aps dde-logs seremny s
possibue. tiese optiops are desiened sa that auto-
mattie_contral ean b reestablished smoathly.
or ety vy we]l px convepjence, ail of the
ahove softwiahe )5 stoced on_ magnene tape Wwinch
et i XS el AT Tr—

is rcad lnzo&}}}l;uﬁupm il SR ORGLL A0
aram anrmallv . all sulyprocrans teinain in the
computer core_and only the mau ROTILIL)L 820
inrat thye 1('L_l;il_u_l_wﬁ‘l_ﬂ_._cit‘h__t'h:t;r]1]1;;}]_[3{3[}(_:}'15'_,_31_'_':1&!-‘
St 0F gk b U g e, Lige, L, 3150 DA T 4
e Follwgre.
In Emery Industries’ svstem. every phase of real-
time computer usiage is represented—from simple
alamm-point monitaring to unattended direct digtal
control with scli-checking features. The system has
been designed sa that the operator can interact
with the cuntrel system to alwer setpoints f neces.
sary, or agdjust the contral system to harndle preeess
upsets manually if the need arses.

$ome of the software concepts horrowed from
computer iime-sharing technalogy fwhich permit
many subroutines to be activated simultaneousiy),
contributed to the flexibility of the system. This
organization prrmits 3 new main progrim o -be
written for an entirely new product with a mini-
mum af effort, inasmuch as the main protrams con-
sist pnimanly of 2 svquence of calls to the various
utility subroutities, along with their required end-
poumts and serpotnts.

Dr. Robert Young 0 Dhrector of Engincering at Emery
Industries, Inc., Cincirnan, Chie: De. Dean E. Secboda
i3 3 copwoltant with Jackson Associates, {olembos, Ohde.
Article is based on piper prewnted at the Conference on
Soid-State Devues for Indiserial applicatwns, spoosared
by IEEE with 154 a5 2 cooperating society, Tleveland, 1070,

iy
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Part 5
Process Control Applications
-_ Including Direct Control,
. Supervisory Control,
and Advanced Control

Introductory Comments

Automation in the process industries has been under way for many yesrs. The varicty of
C applications is extensive, Delyegy tba-mrre S0 -0 iliad5 3L s 5 8- £ DUESS-GODM RO, PPt 4T
TR A Yy AT o amene mingleapiant,  The acvent of heminizompuies bhaspoovican
aRepbrrrmrsTive; TRty theoedication of 3 mipjegmouier.tn a.tingzle tak ar, At mosis 2 callk
nymbe: ol calatad-ember. This approach ta auipmatan has been termed ™ ivkerdemtd dutomation’”
L i ot e W L L . SO b i bt en Thiis bowtie, 0f COUrs®, we an allérnate
=t of problems, (SlIRCom il SOwrmwUrnCaHOon, SINCE VAriows mimcomputer applicationy wili
be required to sharg inforration concarned with resources, orders, eic.

The papert (in thit part describe the various centrol applications that arisé in industrizl
processes, They are talected in order toilfustrata tha vanety of problems, the variétv ot control,
oy, and technology that can be applied, and the problerns of implementing such gyyiems,
The first paper by Reedebdoody, Soscsibgs i-poemererarhyd noUs 3o 0 20 LGRET 4 v plBarcracdiss
Rlaotwhich provide opoortunitd Joe .. eal, sdie ty-ok CHepent contror thegnmr 1o be-aprwed
The argarization of such a ¢omplex contral systerm is important, for it may mean the (iflreRgse
betweaarn succais and falure in any wpecific instance, Mocke deacebas . Cha-wey -plante -are
e AT O e lres MU OB-0f3un) Zed. 0 oodar L provide, an eflsntive
e,

T 30T P neT T A el e S T HDE 5 CDNE T 2% -The foAerat ey el TR ey
COOLES] whg s tie fosetron ol T COrDU rE T T o s Py P A i U AT e - ik L 8~ D, -4k FELE
grant. CH impariance Rars b L oibegra o™ O T trmmestor—n - 1 i PP Set e I westh 3%
thirdew ten pearnpnrees Wy rellabilicy,  In particular, the design af the appifcatian rmuzt 1zhe
IRTO JCCOUMNYL {hwr ik el Eres O [T 0 TP T T =y s 36 100 AT d i e Ty U
Lt TON B TR AT TAMDEIe T CORTTR] R reITre s COA e Ard whiio Elnaeet aroatly The
Otgadn wlmpi ol itw divectoigiial cenTigl fysiam, This pager aizo Husirames e vzrey of input
Ut Addites Lhrownh wheh a meicemputief must Communaatd with buman Dangs o the
procest, Thedherdpaper, Sy S0 M Geotier, M, AL Buniout, an= €00 B, Bren, Shiptan Jdsrastm2
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VLT T TIRAIrDL ety Tt ity T ooy
Tgradlo s, PRIl LI i e F I A MO PP TTPTIT P S P —-ar W e i+ g |
herdwaco and sofivvacs Droblomedn-detail,

Tngabpigt =i i |60 bheat—ponal e, pracngs conttol sestdmy.  Seeivebabhinedeoeryr—thc .
Applisation e Anoatin T ik b -ba L COEAEh bt b eI anrl P rb - e SR A=A 1R a,
Tﬂmmhm:awmmwmmwm a
ra bt Gl 012, D Aare S 2 FLw ard S0A Frol S or =Ty e tr-myke—srtiective.,  That i,

M Ol e menta Lon. .o . thi - s dbackcondsol- sigovtthmni- Hhie e s, MI
e R b e et L LT CU iAW bk L (4] SRLTE] RS o it b = P Db =pirnar a1 i
L L o CAr LS Lo il G Wbl g R BT PR Te, T his, coupled with
AU PR O L - PRI HTITIETTYS, | Tt r ey checho e tha ppirrisdsretbv-sren 3 | |
e T DR T TR O e T e o et ce T, TRt ORI e 5-PMCVE T
R by e bty -0 o TR T S T AT S o T T T R Y T T T T P OO b LSS IR .
bt by L F 0 okl b 8 - i st =0 § control twsory e mcessrrerreeinich
Caannt b g oo oo al e ot out-s-digitel-eomputer. This is in contrast to many applica-
tions where the computer duplicates the function of an analog control system but perhaps at

lower cost. Twmmmwwm!mvnd
reedtr AT BN TinE manner, 1
T T M-t e, DAL i bbbt 2 TRA L Wb LR Dy i CTtTOTE—TRET-EAT o0 s A
i phmen ted- T M ttommstess.in. tha Drocest contn -oreavm-Hmited onty-ty one'y imegima. < T
tiom  Howaver, me:amtrmmmei
Rkl e L BT 11, S it 3R ERALEEENTS, ODMSLORCODATMIRIC DN, hm--md-mh-J

VYihemanc the theosy n Ry 040 & Lh-BOpdcation,
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A AC P At it e e,
M-ﬂﬂrmmtﬂd The contm] Hatdbekiatisrr=areom s

con T srpurpores TR TETlewed | examples of theoredcally or srper-
meotatly developed models wre gives. Tnnddpntacasibbappphc -
Hemcar TP e BT T sl Dy A AT Ok iETTRTETID -
 [Ta PR PR TR, LR i T BT T L
pacipd throug hes-osmmmrresterrerrTk. Tieterhoprrereml-rie
p . .
. ; . Y ) _I-I-HI-IHMIM
B it TR DL
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1. IxTRODUCTION

resegintion. The nmchumc.a.l age had begun, charzcterized

by, in the words of Sdedsrhnn [1], " tedasbaiaesi-eas-

| mEELA Al Lt thereraen crnf - musohine—tac hoalogy,

oo “";l_ahuemphmﬂn-m-wiwulmm“

i s L hot T wonterr—for=ther-intenie-
tion and thr bebaviosaliheprocess ¥ a whole.

The meehanical agoimpow-sending. We are living in the
ot Velaabrenmre,” The infecsativi-revmution—the process of
our time—is taking place, forting us 10 reshape and re-
structure our processes and to nasesTmCOYERTYT M0
FragRuimiddrmatow e =Ty o prReTE YT

plmﬂmmmm

-
\a
r [

i
-
L

1.1
sl
=

|
"
-1

Foan
>

Thnse statements prov ile the hackgmund for the survey
that follows. It consista of three major parts. Bt
Seabiir- HEmmmrefrmtrmeer e e i ton -
copssrwib-bre e, Thes daBootiked | bammbeuniihe
nppmnmﬂmwmmﬁmwmmﬁrﬂrbe
preseterts Finally, imtailiolnletlscmmenf-aemmrr-freeors
[PAETRLIRPEPTI e RER R TR SR ERERIE L SR LA T

[[. GESERsL SvsTEMs ENaINEERING CONIEPTS
A, Defimiliuns
What do the tetins " ueiiiiplswviewmengeerm'

mean? There nre almest as many delinitives as theoe are
writors on the subjeet. The conevpt uf systems s an ancient
NG, At porr-rrefrme e T T TATTICTT ey s i

Wanipeript tecwved Devcember 20, 1963 This pa
wetaed wt the b [uleenativual Congress un Lilses,
‘11"‘...4. Jn.l'll' iy L1

The auther b wih the Technical stafla Diviaien, Curpiag Gilasa
Works, {uraiag, X, Y. \

B Rha -
ndap, En-

)
s
L iy
-
= L g -
G

Fig. 1.

FPhysical aystem design spproaches.

Fotiionta | - "Ww*ﬂh'.”
A rmodern definition [2] reads as fallows; © s temerrmme-
Sotho R T T e T T Y O e A phierrn
crmmen-gorl.”! Systerms engincering ia the art or the tech-
rique of building sysiems. This, in itsell, would not ke s
new setivity wers it not for tewfaesorr et ractorize
SR i ULGAMMAMAT P Sl 50T st bt B0 L 2 il
engineering. Therirmotmremrmrrie-formmmrr eyt the
WRpoTtTe-oia T Ob e Dbl w en e DTiene f el
Thr aocopd S Ll e w-ewmiess crpimesrme 1 mpicy -
tegeabon. [t saya that the whele is more than the sum of
the parta

Dt e et bl it O L TR T
et it spoalficatos oty oo il There

are two fundamentaily different approaches to the syatem
de:ugn prablem. Thmﬂiﬂmdﬂbﬂﬂﬂrﬁ?

prauch-cFgm 1).
Thstmiliabrappn ettt re i e the areof
anginaaring. 16 consists simply of building 4 system which
does the job. The dircet appruach is acceptable for smazll
systems, but as systems become increasingly complicated

and extensive, it ia frequently inadequate if eptimum de-

gign is to bo nchtg.r'd In addition, the rsk and eosis in-
volved in sxtensive experimentation mught be prohibitive.

Mudm—ﬂm&md—wﬁuoh—n-dm.mt“ﬁr
pemereiteTppTAch; it _:_E.‘* with the replacerment of the
real world problem by a problem invelving ra nhrmﬂﬁﬂ
relatinnships. - [n other words, the first step Cotini-t4 of
formulittng w suitable mode! of the physical proce-s. the
system objectives, and the imposed constrainty, imula-
tion+ ol mathematiczl_mlationships on a compater ailen
pry s wikd pule g he seareh fur sosolution. Yariag- altere-
natve iz ean be compared and evaiyated. Then. apd
Fhen ondy, a =vaem R YY)

Prostrer - e e T TR I e ey [
Dbt o Wil ia the o bl sl the diveas an
Uit mrrebirl wwmaaincs. The diceer appruwi s likely 12
be gsed in the structuring of the whole Ay-tem, whonee
the standurd apurach witl be when f{or the desim of

Aaprinied trom (EEE Trans. Sval Sci, Ovsden,, val. 85C-5, pp. 200-317, Cet, 3969,
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VBIOUS componenis. The standard spproach has. been
extensively used by engioeers for the desizn of control
aystems.

The manufacturing process iz tha E¥SLAm We are in-
terested in. 1 shall dizeuss its nature from o aystems en-
giueering viewpoing snd partieularly examine the role of
the information network and show how it relates to the
economics of procesa control.

SembirerarchtsieRroerrr A=Y (5]
¢ Tt nrinerering=rystem, W hobhart v dhem-trriorpr-
1 Wi kel - plAn - eIt E ATt oven &
whade-industry, can be 4ok edat fathempyramidal st rac-
7 tdre sheweein Fig, 2, CONSIsting of rmrlivemer=stermen ;o
" the plieni-proces=thd-the=comtrsller. Tho-sontroters
r, fmﬁuhi&-m-mm|i|m+ato-$hunplam-in-~onierd&-nﬁimiza
A UhemprocTte it h-respeci-ta- the- manmuiactoring-systomeob-

A Saumas by b T eTarele wiethree- inbormnting
St conbeel-fumctionseearr beddentifed. At the Beri—tervel, we
’ find the prmmmMMhrﬁm;!&

MitiplmmHthrmmwlb-minm

vt contmit -of-procese wmira Rewiivsiinn—anntroirat

Usemtrermd =bered meiwethey- gridinnoes for t hecut iz eromenof

Eudiset 3ot Fucilitioms dhcimw ers sp bractivitios svsehaduling,

i aebent v £ vt P 06k ot rol s s npd mvoteing. The man-
. agement control functions ab il third level include ithe
sething of abjectives 1o be achieved by the system within
the constraints of pulicy.

et
iy

e\

\

LAy =

identify a hhﬂmminns—m:t,
ML vt Tt T e e — 15 e
-move toward the tap of the pyramid. It can alss be
obwmerved that, B o i L T LS PR Y
CaR Lol ThE bttt -bhve TATY T b wrerin Irbemr el resieras
At lha S0 b bl g bk i sesevamd TP DO T T T
Webhiadacislunynubing or senvml-fumernns,
Otkerimportant charaeteristic< of the sontrol aystem are
the chadimings iewmemmmnsbeehyme et o nd the
LT T SNTRTH U AT PR AP & R AE0ESE A3
one rises throuzh the hierarchy of control levels, It shoyld

alsa be pointed out that € S B er T A =R o L
level are ewwntinlly those of 3 R

whercus 2 pue Timstnellissy lird re-triereliy, the nature of
the problenia becumis W isiialy: probabitistic,

Thin hiersrchical eontrol strietnre gan be identifed iy
mox: idustrisl pruce-ses wlthatizh not alwuys in a sy
termatie form. W And that nukthied, such as .::.u.nL|!'q‘._|.]igm:;J
sequential contrul systems. ete.. are CarPying Qui auto-
mutically some of the eontral functions at the lowest lovel
Of CONEFUL. T abetbdery b T ya e 1 |

LT PRI [ERS NEI NTT- VPR R | =T v
EVETTRETI, SR N POF F i | AT e ), L et ot e
ih-;nbr-r-i'mlﬂnh--i.»lt.-l.lu.’.:i..ul.-Miiih--lhu'hi-ﬁim-ﬂummm
» FLIFL T SRS P IS TR bt
Pl Lhe LdL Sl it e ek i s atom.

. L
WIITHMY ST LB

218

- . - L]
MHM vels, we pan

[t ]

i .

Tt (el
[ TSE 4 0% Pegy,
gl by

LT Il COw race
L T gl
ey 1 T ol TR,
B AT e T Bl
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Fig. 2. Plant functions, A
ks
5 y .I v 1.1. T_he [;V
" D PrOCREC AR e o rarerpharized. Gwit *.‘."'f,-
L , s 7
Pl Oris. mutarialy, oodess, mpemey, pEcesam:]
° . i 5].

e Y ) I .
IWMMMWpMM of | ,-5."-1'
P tnitnntrollers, M-Hmwﬁrrﬁgher ‘J-' E
Lo bttt il 20} oo, Wt e et therdiital £
Cemeprrtemaried-the begnMnE T x-newera. Tiwe-ercond A
N BB iy Lt v Hem— sewnbation - wigah
himterideped-alomp-two-som

L ewhrtdi¥tinm paths. On the Ca

eummmmpﬂ%w
Limbtribnttorst He s AP abent avstemne-shab willperiorm contro)
1 s vty b 0 rthe-hierarehy. Such SVSLEME are
technologically feasible, Why should thev be imple-
mented? Tatbrshmrrni-femmb o oo oW sl |
g Lo 4 OB L TR TP b T b 1 LR o AT T B
s TN vty by et erve dnviwst fes. In order to
answer Lhe question, we should examine the nature uf the
Cadusterrmwdn 0 Lhiit mﬂ-—pﬂm ml
umerrmun wod - the esomomies of the process.

. Process Control and Progess £ crRomics

We know, intuitively, that there i3 o relationship he
tween thess two subjects, but it is only recently, however,
that the quanti*.uive nuture uf this relationship has been
e=tablished. Tezpeznikov shows in a recent paper 171 thut
wntrelling 3 process cousists in orderinz infermuation,
vt e e T e TRt ] e
Liasenreelivterrd: v neerme ~iFH P e £ Che
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Fig. 2. Procem effeclivencst—contml information curve,

eutrnpy of the system will intrease. Trimmepsrpevempdadod -

RO PR ANER TR RS P
Abisialononial relatiooitin . ralntes o thoridebam—al.
fgiencedo. s he oo - controt rrfortiation J

g { P

B, being the measure of the degree of disorder in the sys-
tem assotisted with the amount of contro! information .

Efficiency should be taken hers in a verv genernl sense,
and in partizalar, 1t ¢an be locked ot oy profit. The rels-
Llionship, illustrated wekar. 3, can be looked ot 28 & formanl
expression ol Lho 'sowsmie oo o
“a....l.-nﬁnﬂm-mw-'*‘rﬂhﬁﬁmhrrrmim-m cnmn-l-ﬂr
tasnd. 1t Lmmmrmostmrnrtert neduminer-smnin - asion -
plig between return snd effort expressed in monetary
znita .

Important practical conciusions can be drawn {rom
these considerntion::

1) Biousmmmalloiidin 1056 i adaiv—rmpri] vt mmm-ei ],
igeonasing Laouledpe,  butefmesnse—ot—the—hbaseenon-
Digmeaibyraifn thie - Futadioniship, the iowest premt-memmt ol
shwﬂ-u%—mnam——mmmﬂwhahle
T ]

2} Liiwaapabt-sbemset rieven Hyem e e oot sortive.
I G e prract el - L el L e i sbe o el flosiridy 1
FPRPPIETIPR NPV ) )

3] B fowribn miriavitisd itrennepmbeifoTTIIO N e the
1 il e e B ¥ i b Serepb e el TR Lo ally,
the majur feactivn of m=ttmentstion and ooutnd ens
guweening s becn o inerease the ordering of information
st the pruce-s eontrul Tevel, the nest level of the conirl
hierreky. The autematic eoordinated control of mujor
s has not prodresasl s rmpindly, basieally beeause il
recenily y santeol (ool were available to process mlizbiy
eonteel briprmution me real thiee e showld, ¢oteeuentty,
i ek b 1 H 1L T .I.,.I.'Ll.{.‘"].I.]. MY SYTY RPN P

IR EU I+ NSRRI TR CO P T S I TR 1Y)
D*_.’.Ln.‘li....n o It e T e UJ-UuIr_’I'-rumu_. i1
Tt et e W AR

[ N Y

TII. Sy=Teys ExOINEERING 1N TRE Grass [NDUsTHY

I shall now review specific examplea of applications of
EyELeTn engincering concepts’in the gluss industev, I
shall forus on two subjetts—process modeling and com-
puter control systemas.

A, FProceas Models and Modrling Techniques

The plant or process is the central and most funda-
mentsl issue, In process mntn::l knowledgs of process be-
havior comes first. Models which represent the essential
aepects of the process are needed in order to apply the
standasd approach to systems design.

shprpeiebem g bofmed ey I e e it i
LapEEeuk iatuiof i proscs or-entdesvor- hnt showrtheoi
{ bt dania. Ded Lori w ich-nre srgmifreant forthe-purpose
baingeunardered"” [3]. We shall not consider either phywical
scale modelsy such ns tank models using viseous zolutions
[@]-[11], or activity models, such os PERT, but will di=

-cuss only models in which mathematies is used to describe

the salient [ostures ¢f the process behnvior aad which pre
intended primarily jor use in the synthess of control sys-
tems. The mnthematicsl relntionships of interest nre
those which relate the process inputs, manipuiated var-
ables, and disturbances to tha intermediate veriables aud

Models can be lmmasbmmiem e i el e Lo |
weentding to the techniques through which they are de-
veloped, ‘vl | requires” the ob-
aurvntion of the process vanables in grder that the state of
the process muy be reconded under o variety of eonditions.
Towterrrameatr eyt rrreed 1t SNttt P e
ImatrT T evrwmrr e e et 10
bl R R P CTTEA DS, e ittt 3 0 el ricest 1| -
il e e T RGeS T ST T T
St iy o L0 ] 14 T T P P b e il B i [ 15
Dkl W Pt 4 I T POBEA A e b,

L it e TP TP Yo Pl et o wia i aban
b P M e e, WAL £ MWH TTERT P e
. b LT oY Wl -G - S T b et E Y on L O
TLAMAS, R P AR T T A Y H eI ATy X W s
[HRGSE T FESES NG TV S S TPY I ; (TP | fyeery

In any caye, the validity and vselulness of the model
generally depend heavily upon the ingenuity of the madel
Luatlder, his elear understanding of che purpase of the model
and his prior kngwiedge of the process.

Severnl examples of exverimental wnd  theorstieal
mdeis deveioped for the de=iiqn oi contral syatems in the
gluss Dnfrstey will be reviewed in the following.

I T WENEE ALV INPEL LA 7 gy 13 Hip it S R TP
ettt g b R b i, T probilem (= 0o oje-
VEIID ILIT S o ot P P g .o g #5104 54 8 o
'Mmthm [ H
Ly

The progess i shows in Fig o Gliss iz obelivosed 150
loeming prictzs through o eirietory ring placed o3 ¢

l.
e
by
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botturn of the bowl. Alr is binwn through a pipe io the ceo-
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which aecount for the proeess behavior, neluding the
quality control samplihg procedures, were waed in a digl-
tal compuler simulation to evaluale altemate control
strategies,
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P LR LERETREL TR RUIRCRY |f 7 TR P e - )
e et . . o erho
B tspetiredd. Comparing Ty, v, oond T,
can give some idea as to what extent the glass is ideally
7«*“". mixed. The derivative of the step response gives the
» .- residence time distribution of the giass. Fig. 12 illusirates
Vo Rﬂ sune experimental Tesults,
T Wi v For a furnace with o gl eapaeity of 200 tons and s
Ny ¢ padl of 96 tuns/day, T = 50 houe-: the trunsfer [unction
\‘\L' * without cullet return consizied of o transporiation lag
B t Te » 3 hours and a2 time conslant + = 40 hours, With a
cullet return of 30 percent afier 20 haurs, the transportu-
'11 tign lag war 3 bours as before, bur the time constant in-
ereased 1o 100 hors,
fu vt sl b LT P e R bt P
Useri-te Aunrtmics 8 throrerirat model hased-on phomsicnl
Lot rp 221073 TH st s dusl i b coatatinn.] ol |
Ltk i oy i - it Sudihorte - skt - bmfrmiare themeys-
Latiaewjiin b o huseid 00 phVaiud Lwse D appde apprupti-
alwduatunidury and ini:ial eotditivnz, and 3 sodve the egu-
bl 4w iy icm | wr UL eRca mea s,

The fanclaontlidelivers the e inan epon elanme! frge
the furtace 1o the Torming mashioe and eenditions the
Euine s Lo Prods Tertliied sdelivery beinrwerdngg by rocabs o’
wind cooling and gus heationz wa <hown i Fig, 13, -
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a) E—-—’-ﬁ-—;—,&—qmm; The basic enermy
equation—The generul differential equation for hest
tranafer of o fesamwre: rommsbae i aianatanerers sTrTm T

alatnem: . Ry Wiking nn energy balanca an o differentiu!
volums element o _himensim:s ki, oy, dr, the energy

equution ke ’
A — ]
d [, aT) 2 ( aT) d

— — = k=] = — (0, V.T

ay(" 3y +ﬂz & dz o0,V T)
rate of energy input by rate of energy

eonduction and radiztion  input by mass

Bow

. 8T
- s o

(1

rate of aecumula-
tion of energy

In deriving (1), the following assumptions.age made.

iJ HeaT flow by tadintion ¢an_be regarded as heing due
to a TTullition conduetiviey!! ol §{3a, where T iz the
We‘-’n:ﬁrﬁgrglnpd_ a is the absorpiion coeficient for
the energy of wavelengths eorresponding to_temperyture
r@‘ﬁﬂﬁiﬂlﬁﬂm.tmhmmm'iw
p_l_l.:'s radintion ennductivity.

n} The cffective conductivity &, density of s/,
and the sneeifie feat ol kg C, arm not temperz s do
pendent {hence nat a funetivn of the space poordinates).
TRt} The velocity 7', in the zdirection (directicn of Sgw)
ia not a function of 7. Thus {1} reduces o

E'ﬁ[ﬂ ﬂ'] y T _97 )
oC, Loyt 7 ozt "oz | 8t e

Equation {2) is applicable only in the interior of the
glass, To ecompletely specify the systimn,  apprupriate
boundsry T TR BB iy be. gupplicd, These
uﬁ_ﬁg ‘Euﬂnwing.

1) The temperature distribution on_the slaserelractary
boundaries at the hattum (y = 0) and the sides {2 = 11
of the channel arn assurmed to be time- invarian: and linear
functionS of the space coordinates. .o

e a3 e i ¢ % b

Tiz,0,r) = ¢{2.f} is specifind

3)
Tirp.u) m ofr yh is specificd.

i) At the interfaen between the ghiss and the gus (y =
4}, the boundary iz o tidiating bourdary shere tne giss
13 cti‘maiﬂ g_radiznt ensmey gmith ghe changel enclossra
{rfrmtur}-‘ crown). Further, t!]E gty F}_‘Lﬂ’f.":’":-hﬁt"w"-‘“
the gliss and the crown alg evehangs: heat with the svs-
tem TETVIETTTATN O el girdfagion, The »qnorion for
th giasasgis ileriaee b awtuin vesivid b 1 chukyy
Balsnee =TT T T
.

, 3T,

Y g

= o F T = T~ AT = P 12
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, Fig. 14. Melting gystem schematin,
where control system problems in the glass industry is given by
Bol _ Oppelt [i7]. Hiy paper presents o coneeptunl efementary
a Stefun Boltzman constant i multivariate dynamic model of a glass tank and suggests
F view factor derived with the assumption that

tha glasa surfeee and the crown are two opposite
infinite parallel planes

A gua heat transfer coethicient

Terewn, these teniperatutes are inputs to the model and

T must be either assumed or determined by
mearurement on actual foreheanhs,

1%51::“- tnss temperatur issrmmetrle with respoct to
the center of the channcl fz = ),

T,

a9z [

= i {5)

A err——

) At Lime zern the tcmp{-"uturc dl‘it nbulmn at some

Wk E——

boeation ” "% “must o spectﬁui at an _}ﬂlI_I,LMDIiLUOn
Usaally .hv lvmper.ﬂurﬁ_ﬂlcmhunun at the inlet to the
fo thrrh wogiven. T

h] T Y P PTIP =P IVt s [L &
AR -t EL b b H mmmmmmw
L. T e o it = d e BRI w1 RTETH DR s cnrvo e oy e
Toicabadss e { vyt e el kb b e st e
Coiinbdootiin & L e i i b ik, 2kl e P Nl gt oty 00 AL L LG
Nk s rermates rha —boes Lhdedimtb s it e =k he
AL ST WY TTL 4 TV P N tvremesial oo e
e T P T TR T PYTITRR F

] Apphaseess boemend This mgdel is applicuble

£ the By ek v mmurmmu
fﬂr I kT FLE S Lty HINETRTY S
 FUR NLUPROIFET ST P ¥ L P TR T PLICL SR - R TITT ) HEXC]
AL Cuplianbiid s s e 198 e e e e e | ek 16 a——
[T T T R L e FORTREE  ) Tie a4 i B
B b it mibbed s Hua pate vhares,
33 Mok st ni w5 e ol 3He enrlicet ciamples

af the applicution of medaling perbulegues t (e wvadysis of

improved control strategies using feedback and feedior-
ward technigues.

mdarsirtaiic) v il biisiuiipaleaimde) impatondesiiet he
maablingsviien ilusirulid e Sigel Freotrvmting-oi-raw. ma-
ikt B o At Ch yrreem g and: storeees, melt-
imﬁlﬂ-myo}‘?-am}-mtmi’ sverems  Tmewtrremrde

psatesrrtiita, FUCH A5 Sl YT — 4]
dﬂmﬂwhrumnmw
BYLC ke gt et = e r=rTITRC R O

The first step in approaching the problem is to coustruct
mathematical models for all the process units by taking
one of the most importatt asbects of the entire process into

congideration:
material.

A geners! model is developed which, when specialized,
can be used ta model silos, mixers, and mixing tanks along
with cther provess components, This genera! mede! will be
deseribed briefly for o silo.

A silo ia defined as a teeporary storage device whershy
granular material &5 dumped (nto the tnp, storedl, and at
some later time removed from the botiom. The modei eas
develyped under the fotlowing mauning.

a) The flled o3l s divided into +paces of bateh volume
size (reier tn Fig, 130

b) A-sntisted with each space is a correzponding batch
and its describing eotistituent vegtur.

¢} When 4 baich s removed from the bottom. all the
batrh constithent veeinrs above it move doawn one sparce,

d) When the muteriai i either snrered or extractad. it i
donr tiE-f‘H'LE!}" i time,

2) Beeause of the mixing effect bepween -wilasenr
barches, the sulpnr bateh v ~ome ecumbinazion of any in-
vind batch.

the physical transformation of grunulsr

pys
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Fig. I5. Schematie silo,

f] Al materialy whiek are pliced in
have equal or nearly egual densitics,

£) A batch of materiaks. or any part cthereof, has o maxi-
mum and a minimum length of the sile to trenaverse, and
this transverzal oceers within snme maximum and mini-
mum gumber of outpul batehes,

These es:umptions, together with maas and impulse
balance, vield the foilowing set of equations:

the silo together

YK - .}; W.(K) — X.(K) (8)

T (K) =1

il

(7}

E‘WI{K—f-i-”

=1
oK) = XK = 1) = Xo{K — ) m oon
= V(K - m 3+ 1)

— XK - i+ 1)=X /(K (8

(9}

By subsiituting (1) into 13}, then rearsanging it, there
Festits

-
Wk = 1~ 3K =74 1) {10)
1=
where
XK)  eonatiigent veetar of the material at the fth
pasition in the compartmentabzed silo, just
prior ta the &th ontput
ViKY Ktk output buteh constitnent vestor
i maximum range over which ar inpat bateh will
ba zpread sver the sl tateh
WiK) ke neighing valis ahich duaiznates the sos

centags of inpata that are T the outpat at tine
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Fig. 18, Activity realins,

The weighing vhiucs are assumed to be of & statistical
oature. The partieuinsr disturbance asweiared with the
random vorizhles of the maodel is dependent upon the par-
ticutar silo 10 be modelad nnd the materal (o be stored,
Thus the welghing values not only must satisf¥ tle eon-
straints imposed by (73 und (101, but siso must ke gener-
ated in aceotdunce with the information exgoacted feom
the actusl data obiained hy conducting experiment- on 2
particular silo. Qoee the weighing values nro determined,
(6} con be used tu express the phywical truncformation
taking pluce between input and outpit barehes within the
silo.

The socond step is tn combine all the component
models into a ' multinctivity system.” Broadly debred, vhe
maodel is compo=ed of four ncrivity realms (Frg. 16, The
firgt realm defines the functions of the romponents of the
proces. The second realm defines the interastions and nes-
forme strycture conrdination. The chird realm defines the
supervisory functions {contrel}, an< the fourth realm de-
fines the policy making and planaing functinns.

The complete system model jur bateh systems 8 amep-
able to digitu] computer simulation and hus been gsed 1w
investigate process deuion and contred prablems.
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The esseatial rule plived by theeentroller of the
mangfieturing process, the information network, was di-
fuased in Sevtion -B. It was stated that the eonspniter
technclon makes it now pos<ible to autemate contoel
funedions ot all levels of the Bierarehy, Tt s within this
franiework that we wiil now sirvey, on the basis of scarce
published Informution, the statys of the implementation
of such syatems in the gloss induatr}'.

One of the first computer control systems implemenied
it the glazs indisrey s mentioned 1n the section on
process medeling heedien D11-AY Tt s the proce-- von-
puter contrl #vitem developed for the sutomatic conernl
ol a ribbon mueuiee (4] This Shalerl PulioTine cullifl
functions ouly, Lhe struetere of dee system 13 depieted in

i 1
[
p WARALEWENT
CRGANIZATION
- RO TION
CONTRDL
) SYSTEM
ComPLTER I TLE
FROCESS
CCNTROL
SYSTEM
3
[0 ][4 l_TI—‘” 1A e e
— 1 _1
Lo L I wunay | Frapy iy ! (ST ) TR t PRGCE.EE
arrers | puseacn Innrl_”nu-mj camthi r LEmp [ uanzy | i EQiFMENY
| | |
T TERMINAL
Vi u ImETRuE LR EATIEN ORI
Fig. IT. Plant prooess sontrol computer system.
Finally, notuiletetetwiamiampomivmwmerimermmeeinerier.  Fig. 17. Quality control information 8 entered manuslty

and procesed by o proo-- control computer which o turn
manipulates o number of varablea on the forehearth and
ribbon machine,

Another cxumple of proces computer control apica-
tion is given by the eoutrnl system used in the planta of
the Owens-Corning 1 eretas Corporation. G the busia of
published infurnetivan, i uppears that these -y-tetus are
esentially process conttui svstems performing Arst level
control fauctions in the melting wd delivers aree ol the
process, aAlthirzh -ome powdienien seheduling might be
eMected in~ome nstanices [109[=[21],

Other =upervi=ory conlmnl apphicatioos have slo been
annooneed recently by clees contalner munafacturers
[22], |23} Compaiter centrol sv-tems are being vasd fur the
cuntml of hatchime, melting, and in-pecting opwralions ag
the Lakelawl Fla oiant of Guens, IHingis. The finetion
of the compuier = W oatpenvi=e and menimr e chitice
[roCes.
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. Fig. 15 Plant process control computer systam with ceatral control rocm.
LTl - - L T - Fl ! " B +
ke i tnmrpmprmeerdin. ‘The pricess computer eontrol 5 ¢
s'rstem controls a Huat wliss Menmactering process [24], "
23] Cp— T T T AT - E . . '
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trul room i repeesented in Fig. iEJ. Thr Gperatar cnnagie i
© Fie 1 Cemiml vl maom—Ford Margr Company o Bk,

an-line prifter, ainrm typewriter, television displav ol
reconling devices, and griphie panels e be bdensifid.
Tz sewreity of recording (=trumeants (= sppannt.

Ca the busis of thear examples. i woald apypeas at the
glsa Tndustey, fullowing the trend plonvered by neher

Aieh.,
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process industries. it slowly tmoving, in an evolutionary
fashion, loward computer-diretted, central, process eon-
trol systems,

1y is believed that the trend townrd integration will not
stop at the process contrul level, but that production con-
trol and manngetnent ronitel functions wil] progressively
be included into the design of fullv integrated on-lineg,
real-time control svelems. Frometmersmewer w<2jlre-
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There 12 no evidener thar <uch nnegrated gonteal ~yeiprms
are in ppefation testy alihough, Je WO pantiored pre-
viously, geme wof the existing sontrol aysrema megthe ab
ready have developed w nclude some proriuotion eonizol
funetions.

The series of dingrama, the [ast one in particular, il
gugpests & clear trend toward molang computing power
available ps a utility throughotit the system in much the
same way as electric power i= aveiliable today,

The integrated control systems approach should nacy-
by be expected to affect our basic coneepta of plant de-
sign nnd operation. In particular. it shouid be experied w
have a very significant impact on the menagement 2ad
mrgasizational sttucture of the plant. This 18 the gubieer
that will be diseussed in the iollowing sectian,

IV. Hunwy Facrors [26]-{20]

The emphasiz of thix sarvey has been sa far oo the
veoponlic and teclinologienl aspects of svaterms develop-
meat in the gl mdwstre, Wo hoae disgussed problema
refucing 1o the development of the wutomatie control lnop

aopresented by the diagram in Fip, 21 svmbalizicy ihe
phyrsicul process eontrofled 0y an on-line compurer. Pt
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Fig. 23 schematically represents the man-machipe sys-
lem developmenl cyrle. sdemotme sty oo it e 1 |
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majar system modifications. Te aceomplish this, however,
implies the developmant of an ability to communicate of-
Festively and interrelate on tha part of repeesentatives of
diverse disciplines. Compromises and iradeofa w1l be
required. Ultimate optimization of each subsysiem will
uodoubtediy not be possible, Lut tutal sv2tem optinuzation
and effectiveness will be mere closely cpproximated.
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Whatever Lhw end produet of an integraled pluntor com-
neny conten] wyslem tires out to be, it 5 wlsosl certain to
;equire difierent appruaches to the organization, manaze
ment, development, and maintenanee af the human com-
ponents. Vet i e i1
s ttailestriaret r et verivitrl o vty TP A T TR AT
b -thm rourti oY Lot hevein pawns - must begrrnee if
Vot pti i i . it B B - et néamtrgratedrontrotin
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V. ConcLusions

In this survey we have discussed some of the economie,
technologicat, und human aspects of systems engineering.
e see 5¥8tenis cugineering ax the technique through which
the electric techhnlogy, exemplified by the digital com-
puter, is being applied o our industry.

Beveral majur trends that characterize the evolution of
mysterns engineering technology in our induestry have been
identified:

| I~ T RIS LR BTSSR O AT P R
P e s O Esa 0BT L produciing. Sental. and
Ik Fenudl b eoltrod, finetions.

2 Mlasdaliog b !umwg'miw‘im-
prothidih fudi aid phisuid kead-te she desige of-eptimumnmws
teueshrough: the inlegration of-the desigr-of-the: proeess

wut-wi-ttmeortmberstenn,

3} Tem=ineporamee-of - fuotos cannot e ol
emvprrsized. Owpr-anderrtancinr gt se faotore e of
Sl T T poREH Y - Hie— i~ HNporEm One,
copireirmethe e -implement atiore of  modern. teth-
T e i LTI F AL

As engineers, we fiod curselves inereasingly mwovinz in a
position to influence direetly social nod human patierns,
The naters of our work must change ay our vasentisd
tespansibility becomes one of education of the publie in
modern techinology.
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Hm-mﬂumru?ﬂimw drgitab-commob-on
lrpeindiusirial--processemlion ~im ite-{le i vain
implemenling-cves yday . process - conlegl-problems g
veplueadvanced comrobar-toweroveralbevstenreent.
Control concepts for continuous processes use the
compuling, monitoring, information storage and
analytical ability of the direct digital control com-
puter, In the baich or disconlinuous process the com-
puter's lagic capability is emphasized. To perform
batching operaticns, a comprehansive logic system
is necessary. [mplementation of such a system using
digits]l techniques pravides many advaniages over
implementation using analog equipment with auxiliary
digital Ingic circuits.

To fully appreciate these advantages. the reader
must have a basic understanding of continuaus controd
syslems as weil as the batch type sysiems. The fol-

-

lawing will describe single loop cantrof, several ad-
vanced cantrol concepty and control of semicontinu-
OUs Processes, as an imroduciion o digital compuier
application and backup.

Syt T o .
Shﬁ—ﬁnwmhr mbs<t

QU CONIfal foumd- wmr the- process-indusines—it
eiicd-iar-gontrolling flow,- fewet; temnetanrte; Tras.
supo~-and -MeRy-elher- variables, Botaesrearmtc-and
AR A A i dicd b WIHOTE DY UV G-t S
Urpa-a-conirol,

Basically, these controiiers compare the measure-
ment of a variable with 1ts desired value or set point.
If the two values are not equal. the controller adjusis
a contrel value 1o minimize the differenca {Figure 10

In action. the contreller is an analog computer
which calculates a one, two or three term expression,
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Figure 2~ Advance control wchmques applicd 1o &
heat eachanger

depending on the type of control action required by
the process. Tiessrimeetermedafmes propostional,
resceard-denivalwa-control-aciion, Dunag process
start-up, coefficients of the three terms are manuaily
scb on the gontroller 16 pruvide the best response
under normal operating conditions, Mekitrating-een-
bt DT R bl [ B1 OC L83 PERL DRkl gesnt he
mb—pmm-udmdlypthe-mm,m“mma'imw at
oplimunr values,

" Aot i crimcuncepL S

b Canbind. phable mbovopsi-mant e complicated,
sippladoopJderdback conliol-di-ma-anger-sulhicient,
Figure L-iliusdrates-1hres 1ypeyof wdvanced control:
inkerenlal, feedioremrd and cavomde,
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Tt b vl v e v ST T L E AN E T ETILS ~ Wit ty—rge d
Yt Pt - Lhemtbewi Fed -But U rnireusurable<variablerin
Rt Ao e Guiip tor perTorms=a-calouislion
Evvevmsry il £ va g o Dol wee et e-wuthol aamiamict
T = T e Smrkid Lo B at-c A hunper (T2—=T1} 2w
thanaflow s fem of process tluid through the heat ex-
changer. Thimesekotldine semusaurs «ofs thewat
tramederred - i tha- process. fuid — delermmen-ine de-
Mool ot or-goter o reeded. b Daintw ep 658
fivid ssapot temnerature T,

Analog computing devices perform the necessary
calculations and control can be executad with ¢on-
ventional analowe contred devices. Additiona] ealeula-
lions may be tegessary velore some variasles are
combined. For easmpia, the ditferential speesore

signal provided by the commonly used orifice plate
i8 proportional to the square of the flow! A computing
clement is therefore necessary o exiract the square
roql of the differential pressurs signad.

bignssmaihy il trakese-fuciliooward coalivl. e
Galo disiormol heal sranefert Bl Dude it fod forwasd”
Mladsusether Niow--of hesting wr-eooling fluid: end
abange:tomperarure-T4  Thirfeedforaard calculation
anleipmtes- disturbances it both inket temperature T4
and- process-flow. Rl Riepiuvidcumassnstatewcont rol
ki etheefeodf orward- siznal -anticipaies- the change
iGlidbinput. fequired. Tliwgaugniude of Ahe- feed-
farpard--actromsip—usuaHv— delermined - by - eaneni-
rocplition-and. may iave to be adjusted pedodically,
sipcethe. heat- ramier. characierisics . of (he heal £x-
ehlager-change-with age.

Amddvrdeonirel techmare tloarrmted by Figure-2 {s
cmcndeTomisol U terhigque where one ¢onirotler
aguas b milup et poini-oi-another controiier.-The output
obdemperalure - controlier- Ciis fod- (eaaended) 10

Le—ser-point of - temperature contreller- C2 1hrougn a
ruHiplving- device M, Hemre=rirrrmer=mr—proress
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petrachemical processes are in the continuous process
CATELONY.

Coritrol of semicontinuous processes
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Sl p-opeTATRY OMLONS ATo ROFIRRined. Jees
Lt DO F A0 A O ROy tem—witich
SR LR o T LA~ it —pre -
plusnedeeven/ime=scheduie.  Hveir=gr—semicon-
L RGUE-PLICT s rrequiTe- controted-seqaereme be-
CIMBE VAT AL b MITC AT write: b -XTirten somt abormped
frequently, prodocssrsgnirenformrchrnpe—freqeenily
ariedpcialing patarmebeti change.  should be noted
thal muslahaschegrrnrmorme-areeersts 1!l use
feedpmk-coniroi, bul i h-peogianmadechunpes of
COntral sad-paink.

Figure 3 illustrates a simpie chemical reactor.
Ingredients are added sequentially and temperature
is mainizined according to various presel programs
1o provide the chemical reactions necessary ltor
VENOUS Droducts, T seiil i il in-lue veste lcan
kil T G e R b ENOR TG i i L
ductrarCyele. Honde in-arder wr bodd  sel Leoepera-
Gt (b Codno] 1 vaie ) May- D CEYLb el for awmeiach
frow-heating tie PEBCTOR 40 COOLTE- srw e Lhrae -
ACHKITE STVt Hr PENRETRIE Bn OwWn - heRl

ln-ih-‘ Ly il ETice et o vy |,
‘.--n. [ TSI TH mhuwmﬂl
eaah e mroeient, For mstance. (R may b changes
inospecifled inpredicnt mix and heating and cooling

M

In Figure 3, the Comtent - ronctrom teamporitdeo
ibmbasicull yusa feedback ~oonmet protden. However,
the paobdemciscomptizated, sinceThummst-chance al
Lhe, Praphs L, SO kiistmrehly b e mer Fxsbipon amid
ol hes dilet i L conTPe i A1, Also, the sequonce
of events muat be readily chanzed, depending on the
intended product, .

Combinatiens of special purpose digital an alog
control equipment have been built which satisly (he
demards of ihe discontipuous process. However,
the programming of this eyuipment is relctively in.
flexibie and the control cannot be well-luned bregause
of 1he cyelic nature of batch processes, Many of thess
systems are ngt wsed at full operaning spced _since
the control copstants are a COMEromise. .
! .4,?‘
\ ¢
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O ATTY P, ittt iyt T TR et OO -
morrcs, B ot wicmeriethrrr ettty ddintaiecommred e 15
v SR SRR FFTEL P Y- 1o I PP RIS ST o ¥-
CO bttt o it o Lmitmitrv=bovbpivepervceiiw-plaals. Many
of the insialiaticns use direct digilal control techniques
on alf ar some of the control problems.

Table e vomEaRossTwGEYET e O ITE=ot
M&mtmi writively. AdmdbcemitnCORWC L 5
PRSP L allion. 1 w0 of b refmery- tnoy-530eaiiog
ITL RSN RTIOE: WCT v § il i Wbl 0.0 -
wakwalculaions, the other inporesretorperbsrmance
P Gad B [y misin | iy el D —Oporil O - ANZRY 515, lthe
b0 STy 1 B et peed fover) recr-commiro|
alpgicaphe - oops; (eorcmmimmesd e pedairepn g
plailewdd S dnputy raenctalciwitimcnn tari-aronrsed
gl s PO S H fvarta b e vant st venced=comre]
Lechacpees. t

Table 1--Cemparizon of compuler system inputfouiput
between conlinuous and batch process control
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Table ~abwr shows the inputfoutput distribinion
for a Insgeeberchsentrorrssliatoreoronily being
implemented by a digital computer sysiem. dhempem-
pawier—pl-tre-omrhewnir T YO e-
N R e b7 T3 LB AT P ST} P TI eederit Pepihatl: «
B e PR oo i ey, | itk do-mtTaar &
e il e e g o ST B R SR T T R T
ittt U PTICTHErTOnditions. 4150, Eareede -
o T Rl i Dttt aiat i Vi rloen Ot o -
(eIt I Cr=COTR TR IO Tt et -
opemse. [ncreased number of push buntons, signal
lights and the increcased size of digital Jdisplays re-
quire more digital inpuis and outputs,
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The philosophy cf DDC
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proceres—could-nortreadeqomety=represented - Dy P

metieraticat rrodets—which—woutd-pormit-improved
procesy tiohitrol.

Dachyeat e piaesienpplying «Lvoedighu-compuler
cmplnyized - wpervisory -controb-tn-which- ihe. com-
pureradiusied - be—vet-point - of- ar-anatog-controlier.
IN | e b it E O T TETRTTIOT= C
himbeis TP Tt e Tt eTempme rfaried.
On Mmcs, TH b e =t i 5 -
fandry; in Fact, Omesmmbbiiir y ik ottt L Nd -S4 5~
Cocisaily, Hammnhompriendiierencematrties 1| hoeecom-
PriltioertiveTe O TIO¥. g e IR R T LT
Gl 15, 2 mmieetbinedref oo byl al et iy

LAl UGl 0 AP € This made the preesss -

Opakalosi-Bagpy, bul in many inslances the yrevoes
sopmsorrame TR T TvTIOTsTweroenu | There was

ng guarantee that the operators would achieve the
optimum conlrol settings for the plant.

What aeeitiowsriradwent ascw-lidviissterpeteroro-
amde? If so desired, thesecrrpetorrmidmbke: fed-
fommerd, assealc and infErcnitRseCaCwRIOm- W ich

; . : . A oy
Riactkimecuasideraiions.  Ecommwceconstramts
Tibabingnabigiiske FushnDuli NCE, 1T owpipmes—rrreniory,
CICmmiiiiliderbptireeloped. 1N a SEMe, iepCEmemic
Mkl e il B Lo s b2 whereas e pemoes
IRk bkl i1k # iR e Pty e

piadsss=imewiedge. In addition, the on-line process

computer performed other useful work to aid opera-
tars. plant supervisors and process engineers: see
Table LL.

Tabte || =50me non-critical functions of an oo-line
process compuler

LGS OPERATING DATA IN ENGINEERING UMITS

CELCULATE 4WD DISPLAY QPERATOR GUIDES

(HTEGRATION OF MATERIAL FLOW

REPURT O PROCESS STATISTICS - MATERIAL WSED
FUEL USEGE, THROUGAPRT, ETC.

& CALCYLATE oMY LISPLAY CR RECORD UNMEASYRERELE

WARIMBLES SUCH A5 BTY RATE, MASS FLOW

& MEHITOR gD ALARY PADCESS L1MLTS

& RECDORD PROCESS E7ENTS OuUR NG UWUSUSL DISTUREANCES

& AINITDR Bw) RECOAD CHGNGES 1IN SET POINTS, ALZRM

LiMilS, £7C. "35E BY {HE GPERAIZE

Sk CEMANT CPEIA[OR IMFORMAT|OM SUCu LS

TAEhs RETLROING, AR STLTLS REPLRT,

LR SET FOosT JhJ FIRLMETEA Daii

& PROVIZE
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T T R P HTE T T Ty T e =TT 1 1L
PO e s ieuriisstbetembes || [t Wiy reasoned that
DDC would reduce the cost of a process controt com-
puter by eliminaling the cost of the individual feed-
back conuollers. Since the controller merely per-
forms a calculation, why couldn™ the computer per-
form the calculation? Several experimenial ventures
showed that the DDC concept was physicaily pos-
sible.?? The feedback control law was calculated
within 2 general purpose computer and the resulting
signal outpuited dircetly 1o the controj valve.

Akl b LD aie - Hrot <4 e trademof T ertweerein -
chusdunl leop-comrojlers and-a direct-digitad-sontrol
{DDC) computer was m the arez of 200 loopy. There
wes " hooker, however. This trade-off did-not-m-
clude~my provisions i case-the Tommiter s¥sizm
Luiled ~ For-mosi snstallations this meant using amalog
sevirellers to-back- vp-the - DDC: computer-on-each
leop considersd critical.
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Figure 4 shows two loops from a farg= systen. The
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With ihe evolutionary history of digilal progess
compiter equipment, it is impossible o more than
estimale  Diaaekmseireoerretorts (MTEF). For
the smaller digital computers, including inputfoutpus
equiprneént, that have been applied to the process
control problems, calkenlated MTBFE has ranged frem
1000 to 2000 hours. Advances in ¢ircuil design indi-
cate that mme, but reliability sia-
lislics on inlegrated circuits are not yet available,
However, tigiiiliiteofatintapnsiontacrs somri=te=cs! -
b T g T T PRSI [ RomC DF A AT S i
Al oo pors § exd ity Iti-oW e pepae i rnrred 2 i

For mntlwc:sscs i v IESs ThEN 1 S0
[G0ps, itei et et il b DT S L i by SCT
PR e contrel o D DO Wil heana bt o
2 Gl SiF e e one T an L a0 pee e the
TTHsawe NS Howsever, the user must be fully aware
that 1
ommication, as well as the funcgions listed in Table:

11, {Reidwwcgwweporer=tails. Perhaps most imporiant,
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any adeaspedocy et thal was dependent upon the

computer, such s oo iewmnrd, uketdisbampmdwmulti-

hoeasserned . The procscesowssiprobReTr Ty ¢d
by skepin e a OO POt R £ T O Al AR T~
puisemspstorfaiiure. 1 sebhamicaiypuctorsion in-
STATIC fa Pl 3 B OOl A il bl Aba0. CAN

“rupeawny.” if the precers=wot=pome—r-wtt-chaaged
At dwpropoe 11me.

It siss=bmrey=gr=riimrerioepronrety=epwsll 25
all veypeimce=montrat action.

In addition, 1hisessels et ntirrge=tOmesrey m
{ DGl Fo= P eriom TyC i rr=rhore==tyred=in
Takle=ll. 1t therefor: pocrmemf vy
I ...
cipupn-nhihn-hl fail. Note 1hat sasidpibeibelin e -
shactidetaqinpamnieinns, procukintaRksodlswtaaifcTed
ta the Rackup.esbsygiem.

T. data
which compare the avaitability of a single computer
system with & parallel computer system. The table
assumes that the MPOF alctmtiapiomtamputamopnle ™
P e D Ay vt ¢
posalivepprputomsgprtety, Experience has shown
that repair time for various failures, with on-site
maintenance personnel, averages between 5 and 8
hours, depending upon the skill of the mainienance
personnel, the availability of spare eguipment, etc.
With the parallel system, it appears that the average
repair time can be maintamed under 5 hours, since
the system incorporates ¢laborate programs for self-
diagnotis 10 cnsure proper transfer to the backup

Table LI} — Aveilabnlity —single computer vs. dual
compuler kysiem
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system. The failed computer sobaystem is-available
for selfchecking while the backup subsystem main-
tains process control

A= lrbirimd VPt OO BRIyl LrHEYIV E
Bl bt - P T~ O T Yl eSO N At O O
mﬂmmmm“
swoppperatidhs. A parallel control processor using
direct digital control techniques takes full advantage
of the digital computer's process control capability
without reservation and comproause, It can include
advanced contro! techniques, such as sel-tuning o
adaptive control which cannut k¢ obtained with set
point control. The parallel computer processing sys-
lem may pravide these fealures and, in addition, may
offer cost advantages ¢ver a conventionai analog con-
tro! system for the large continvous process.

ettt tinhinudus croeess i Tatietrhecomputer
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_ Implemennaton o2 Sysrenof-thiseeceswh-{ D€
i amdeeriop-baciorpyeonideXovedthe cont ofimplemens
i wcbomwrth theparzickoreedumdanroomprerscheme,

Inputiontpur equipment

Figures 4 and 5 show that in DDC, as ip all control
systems, measunng elements and final contrgl ae-
vices mre still essential, Each measurement is in-
divideally zonditioned before being fed to the multi-
plexer of the computer input/output system. Failure
of any input or output therefore is similar 1o failure
of & single controller and will not disable other loops.
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All failed devices must be exsily removed for re-
placement. Any disruption of normal Funcrions dur-
ing repair should be limited to the few inputs or out-
puts which share the same printed circuit as the Failed
elerment.
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Guitillodeuices, for valewsperrienimg—ew on-aT
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andlateuipuiesigtial, Showlidacueatsommepsiiey s c
basesvabooiep system, in case of system AC pow:r
toss.

The Wmm

fremmopemtp-rpar andoot o ConToitevies. Re-

pair can then proceed with no fear of accidental inter-
ference with process control.

In norsslsparation, Wiksrioe shalwb=compllicr
immaimanand, the mechupappeommustesort sy
Ghutileaibminpe s iererprt P RTTS Beeret Pt i -
tipmkiapspilable.

The inhibit logic must be fail-safe so that its failure
wiill not disturb the system in contrel. It must be
teated antomatically o ensure that transfer to backup
¢an take place if a transfer is commanded by a failure
detection. If inhibit logic will not transfer the other
compuier sutomatically, the system should annunci-
ate that fact and provide an independent manual
averride which forces transfer of the control of the
inpusfouiput equipment to the other compiter.

Orher gystem desipn requirements

The smewutcr
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pered (it the order of seconds for a batch process).
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baivheprogram, diagriasbigesogeiniie babalitl, detec-
LitGarand=-propramrto-it-remrermance. Sophisticated
man-machine commurication programs, which in-
volve l2ngthy message storage, can also be included.

BT PRI (DT TR TP e oW P LT T
communications link shoubdeforsmbmr=trre—miure, an-
NlDulaatiow tihe (TS CorrrE eI e oy e
to the _boCkameewyicM. A program system permios
wpdaiing and on-line diagnostics while time-sharing
the real-time programs in bulk memory.
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G o S . - i ciiod
abwyre=m. Another procedure and propram i% re-
quired to transfer all operaling programs from the
backup subsystems back to the repared computer,
without interfering with process comirol,

- Vharral herh B ot e Mttt trirtonteed =t~
L Ty T P TSN
T Dy K oDV Ffenecesrasy. When backup
campuler takes over process control, these programs
are discontinued.

CONCLUSION

By using DDC with complete inputfoutput conurol
and computer backup, the parsshlrerrpetet=peooes: -
WRER LN DL 5 L FIC L DD N =D e e
padcd wocrrtrabatechneques. 1t takes full advantage of
the logic and computational ability of the digital com-
puter, whercas a computer system which depends
on analog set point controt or analog backup cannot.

Smf oy - .
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The paralle! control computer system progmm sior-
age aoliiy, topsiher with backup of logic comirol,
program sequence and formulation, makes it ideally
suited for complex batch or start-up and thutdown
applications.

Complex cantinuous control systems wouid also
benefit with this control system. Built wilth state-
ol-thc-arl electronics, the system should challenge
the economics of computer set point control and single
computer direct digital cantro! with analog backup.
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Recent Developmcnts in Automation

EX4

of Cement Plants
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Abstract=—Cver o decade hat pussed singe process computers were
first applied 1o gentrol parte of the cement manyfacluring process.
The puth from here 1o the preserl has guccesyes - and failures —
siung ity way, Over 30 cement plante bave installed sueh cemputeacs
us puri ol their eMoris 1o keep profil snarging from sh.rinking. Progress
in yming these process conbral techmigues has been Luogely evolu-
lionary, Certain factors can now be identified more certainly a
estenilul ingredionts for success. Ameng Lhese are the followipg,
1) “"Peapls fators'' of the cement manafuctarer eland as firel in
importance, Thear intlude management sapport, protess know-how,
trainlog and supeivition of operators, and an inner confidence wnd
determination that *'we can make it work." 2) Well-doos interfage
jobg of adupting eenlrgl ronm design and operators 16 aach ohar,
aulomglivn omponents with the process and it machinery, and
plant devign to 81 putematic conirel fundamentnls. Y Designing the
procexw 1o really be controllable. 41 Contrel hardware and sofimare
whi¢h fit the nature of this indusiry. Each of the foregoing fectors n
cxpanded with emphasis on hew recenl developmenty of hetter
understanding, contrel funclions, hardware, sofrware, and of
pracrat and plant design are mesging o help shape the Tuture of
Avioination in the cement indusiry.
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VER M aears have elapeed sinee dligital poueess rop-

trol eonpaiiers were first ilroduced 0 the comeat

manufactiring idestey (el veforetecsh, Cver 30 have bieen

installed wr ~oon will be, Sore have sohivves] suegess.
o have not, Bone aore meederately sucecseful,

Pruring this puepiodd seveen ] distitef tretuls have enerpeed:
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4 The et sire anaderess by mana eogagel inoplang
tle=tt tleet sntouaiatic proeces condrol prnepdes proaide o
b S mes i -i:.‘.l:li[lii'nnr TS TR T R TP TTR T VALY JTCH 2
uf T ? b spen, I osomae e 1 Lozl ;r]:u.t ¥t LT
Fsgeine i fovoeably alfvcial,

B The Taewe ineronss of td it bie eontl foe-
L= Frednig pq-lr'nrll'.l._li where o n]ur vren=nde mab e af e
At et i v eed 1= takens i lesfan sl u|~.|-|";;tiu|| of fiw

ettt pdanis, Tlas s beon esoclally sy Tor soaae it
S| bew Foeoguean=,

B Fhos dnecregee of availahility of anrongatic [Hrves

Pt ol bR Ll FIES wlhien the l:l.lj-'.r L T TRTET RN Y of e =h=fein

- Jo

Jan

are supplied with pesdel poser by as Bolated “eiean™ Ade-
thooigh prwer sapply.

T 1 e recent l]l_"n'|']|rllili1'||[ f =iadl o I“i-tllli.‘utllj.llllcrﬁ.
with leepate ~uppartiog interface handwane aned coftware.
makes puessible connomie autematic oot of =ualler
arpErenly uf thi LR At Ll wis p:'-.wtit‘;l.l hitloerte, In
cffect, 4 process segment becptoed enntrolled by it own
“dedicatal” computer. The small compuier prosviles the
possibility of ceonomicatly adding antvoatic congml o
selected purts of many existing as well g 2ew plants. This
ia espraatiy triue where plant desizmn and operatine realitivs
favor o stretched our step-byv-step approaric with a naint-
i of inferaetion bepseen cach new step el those ol-
remdy Biken.

Peopne Facrmes

U Bpgple fetors' are el magoe ey in achioving suecess-
Ml prafitable aatmnatic protess control. Fvenn sone <bswer
tirstorenernbion pootess cobir coaputers are <t earming
theic way wbuen arlequnt o reuple Taetors have been ereatal
i i il i pliee over the veas, The Taster and mere
peanerful thired- amd fourth-grresntion compoters o oot
brritier sareess wlo relespuid e suppmeting pesple Gutoes e
oot desigued s madntagted i plaee, What ane some ol
the- peepie facturs which ron be cor-iderel vial 1o
Sttt

A Faveeabfe focframment fin Centeaf Contesd Lhpergtors:
Thi= fuvirabilc envitonment which is ereared puestfy Ty
plant magagement incladcs the following, 1) There shotld
B shagaos an, o theane toothe seeuriey of, the aperators
iF the autumetic system controls the proees better overall
than the wperatnra dine 2) Thire shoudd Be acdesive an the
pait of eoch costrol operatin i thedr supervisoes o that
they west the contral =vstem to suceeed, they fefizes they
can help ik 1F sngeod, usd rhey teke the peeessary sfeji
tir minke it siiceeed, Fleally, this resulis i the realization
that making the syerem work well fa renlfy w contribution
i his compkiny’s prolitability, heeee 1o betrer job sveury.
3) There rhoubl Be weitten wied readily availsble operating
rules. Ty b efTeetive these minst be simple. ciosely dir the
lead =ituation. el thew be wforeml fxiclv. Yer neeens
ma=r b retadbinad foe seecpstieg ! plaricE in effeet valid
sgzestions T lnpnovemienls  eoming it operating
JTRGTny,

Trifuing Nupplevrented fip Regofar Refresbee Capraes;
[envranee at] miscancepbions about astagation are o
negoe soneee of appeecher sione akout atteaastion an thee
paat of vpersbies ol their supervisoes. This 1gr e 1=
alten well dizoied, Wellsde=tgnee oo aml sore=her
cutil=e=, eeprechnlly Gihoal fo the meeds and eapubilitios
of these persenee], peovide o tuerful vel effuerive way to
diapel ~utfivent Tgootnr re abatin auntomation = that el
prnie - 1= pelieved,

Thie best pradiin g eonaraes for operatars e radly resely
wloon prperre ol dlindoiztered By these basdeg oesaoti-i-
Bl clacpse sl wilmad-trting of vigered ol e sennent
el ing proreeess Slore carses of trinieg e casirnl s



el

e eompeepds ol pplicanions aee also desizalde for higle
levids af coment plant o rement wnd Tor Hhose super.
vistry personne] whis wlibe ot respunsibte for proce eo-
traf. .-'i;.[|:|i.|i1-:|,1|.|5_\' alfeet 1= 1eenlie hl'h' 1hie ||l|.I||.it}' of AT IE
et aed npder-tandine tey mve o diselorginge their
dhities, Triving anel preetiee v nointenanee of antomnge
o coanpmenits 1= al=a vitul, Usually the Righest avail-
ability o) contl lies Beeeny Tonpnd to esial wlere the vwner
tdors st of D= own madidenatee sork on anlomstion

svstemn coposents, Training in prsganuning for 2 or 3
coment pliodt peesmine] i< very nseful, The pature of 1w
cement makine process = osuel thed eonlitions often
elummge. Chese elatges naay arise from aear, deemieal o
phivsieal ropertios, obed ther soreee, A peotiiable o
feieney o awwlilving the contral progeames 10 clescly
aeeominebate the=e changes, when ey affecl proces
o rol, e praehe 1o Tl j_'uu:! o ped] I'H-I:'-H'II{‘}.
Eiually impwertaut, o ligh conlilenee level in the piroesss
condrn] =xsie it-eH s thereby maintained.

Ardjusting Job Hrosecfptions of Plant Supervisory dad
Fovwess Cntead Peesonneds Tlhe goad of this is toomake the
dleseriplings more cla-ely it 1he realities of alanatie
Proge- vontral, For exunple. the fonr mnjor soatinuous
pante of besst cement phate G grindiog, Tnanngenizing
ur Bleding, burrping, and finish gritaliogd highly fnleract
with each wther. c=peeially i the dos e-tresm direcrion,
Pt whiedy e Bt B0 gos Tor aleving Tave even mire
eoauples iteruetieg tmtrol problenis ) How often does ane
e Bl midl)l operator= takimgaction= w hich infinence chep-
By, oF vier versi, but witlomt eourdinating with the
vheani=ts Lo sssure overnll mininmng perturbations to the
proces=?  Coneeptunliv, the Best armgemens, taking
anloamatie et rel of e prmoeees Ting aeeonnt, fotlow,

11 A winple manager of process contral who wt e
manzges oprernding condned of the prinling. Bewbng, and
Burninege apaerations. He b= respan=ilide for training and dis-
eipling of e cenral opertors e is also aeeomable Tor
vperzitivn of the continals parke of the proeess,

2 The vhemicsl and other spwratizg persounel el
e s s bvisos to this Proeess Contmol 3ATaeer bat witly
o direet adority over conlral aperating preranned,

3) This singhe 'rewes= Ciadral Manager usnadly will
ia ke mainor TR rnljﬁmﬂnu*nlﬁ ety to '|u'r|1
abirenst ol pooeess cliznmes atad b sl ale=ipand e
peents This cam Te deleraned in whosbe ar i [kt Tu utlhigm,
bt 1t 3= Ms resporssthility o juedpe, mstall, verty, ol
fiendly detvrmine the veelultaess of sueh changes.

Rome plamis Lave mwnlernized their sopervisory ael

1-|H'r:|ﬁ||g dAructures o aclieve  sueecssiol moliate
prsees ecndeet with o ovoedl Teerense of  personnel,
Feaae ol ler plants lovve eetinesd teadicionad s deeserg-
tioti<. The lichesr plant cupeervizine has vepded w sy
by, sipewrely, and rebilively aloof from addees s
th e Tves Loosad s ting to the inngebieatiog:s of aalostion,
Urisiratingds vnemiele mieet of thee Diibuees o] sienders e

At are bautel i this elass.

B TR R aE I a1 5[ P nigﬁl.lnl. APELE = JLEY e s

.f’.r'ul;nr:- Faelenxnf A ref bt e ."\'-ip;l”{ Vet ﬁililp“l |- EEL LIE

At hev _:.“r.u'l“liil'!ﬂ TR LS e A I TR L B I U B D IR T
aeliinve sl control of e [areste me eepreeidly wlier

apspliention =ofbwiies for prowess coptral 3= poncelieenl],
Their ko=l comabiansd with hose-Temw of e oo,
I'l'lilti.'H'|.1'_||i\"l"!', iul'gl'l}' |:ln\'i+|('r- Hye Tests four thie Jater
siprpess oF Faluee of the pew cottrol sestem, The voend 5= 40
b tter arpondze 1the om0, fstatlrionn ed
(.r]u-r:lﬁurl uf anlennalinn ==leimms Ta make SIPFess Tnnpe
cel b,

Vhpeeer Tharran CosTon.

DI 1ime slare e dizirald ot leo diree |}' S RT |
the finn! eleent, =uel o= a vadve, danger. vies Taanlly
some form of Tarkup birdsoare compater mannaad ~1avin,
af an exsanple exlste on the comtrl wpperater’s o] for
eieh fimal outpun device bl contndbed. Thie boekup
device also proviles o ments of  manaal aalie=tmens
of the faud output deviee when the comguitér i= oot of
serviee, It ey even be i the: form of o full seciing vone-
traller, ) —

Moy of the earlier coment mitomation ~y=teies wtihze
conventinnal aualmg instrament cotnrolbers 1o manipulate
thase process voriables which e within the vapahbilities
of wueh sk contrallers, Supervisory kigie, often enlled
“Tawr] 2" ealenkites Hie warpan shgunls teedt=e nenijaii:-
dn ol 1hie set ]Hrilltb of =uch 11!11l]ug votd mllrr;.‘::u}'---n'imr}'
bogie i usedd Lo haawlfe hose eontrol sinetiois wlepe tome-
EBinctions of interaetioee with wtlier eontrol b= non
Herrities, v3ry bing proccs delay~ aud hisliy involved
cilrulations mahe =l analog eantrodles relatively aee-
less. ‘I'his syrtemy = also Liowon ae digghad soeadog eondraol
(DACY; or gty cdircete! snnlog comrol (DTXAL),
As hanbwre, sl espeeiadby as poodd sappestiege softee,
B availivhle i the st bl sl e TG0, T <l
sec 1l poew 41 3= fiest ehwicr oo sy bew inetaibd -,
Aweargg the wlvantages THIC provides. s cotapaansd with
ke eonyent o seedo Bsstennenbabioee are ss [l

1) Phe P comgpter readily clieeke Bentt< puovades
ligitul Wltering over lung prerieds off time, makes nanhe-
watiea ] eadenlwtions, aond dlons dJieision making - ooy of
wlieh are difliralt o Bmprsenead stk aoomlog Lsrmmenna-
tisty ippnncnl.

2} Ty B skiees 1aee precise eostral e=nits e
eanse e il peddene within the repnlator el i
alspt.

Ay The wme of DM Torees opeeeators 1o b =3 stematie
duewmentieg alb comstanms aesociated with vach regulating
fiwags, This is rarely ot with ador megnlating =3 -1es,
although surh svstetns samlil wark better U ~uels doen-
wwndntion war done amd hept up too dates mal el 1w
Bt st kst nend s

13 D0 3 comiprrativedy easily wrranged Tor Bt
trst<for Tor different vwales of opweration. peevention of
reect wivadup atebattonenie Sibire detection,

a) With VI el inieans sorod aliele thim of |H1"li-" annd el
1tk thee eogded, cyuaption ~ 1o ke s are el o, This
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IH " persb e« npende,

Fie 2 Minisoppiter with CRT wperaba’- menenle T czinent
IS R VT

i espeefa |y el dueing atcometie =tart-up anad shanbya g
of niajier prets of the fatal process duriog which smn-iont
maani{mtlation of cot ol Legpe Bx olten voguined,

Gr Lo DY ermganter e overall biphar tevel of
cveves contee] fedbnl Level 2 ar supeevisery contid)
Ll tobe ore eesily dane =inee the computer miust pnly
cottnnicate with igsell 1 chunge ~et points, 2aitel loge
i s ] ot ety coneenl cyuations, gl <o furth,

TF D analveis several exiating inatallations i i evidene
that a carefelly  tlwoughefough aal wells
ot aligital eempailer sxstem wslee anabor regntators
i Jeaspss (o whirki they ore sitable van provide eeseatially

waell-:1iag e

s gimnd e ewntenl ol Hoe proeess s eao T e muny parts
Homwewer, thiv is triw
A= e snanplexity of the ree-
tlatin: bwge inercaees (el as =obme ea~es where congples
- o pathern - exisn beGaeen i gionding qoud the kilos
cosler depinbecnt DY presides sieniflicant ailvimages

of 1l @anlinsiusis [Hovess. 1esl

duriiee skt sErE-ng.

by renndily perinitiing wisy sairchiog of cegnlating loop-
amad nadifving thidiv Noraas to fullow the voriabhe s R -
whieh ol plansr = e,

Faes 1wl e fornn of s DY Gpneracton s cvaasile sl
foe thor am eomapater interface oo DO system, [ 2
s tithe ECTUCT) npuk otpint coped
nne eren iy avaibable for cenwenr plant eoaatrad. Thee 2
al 1T e s |“\l'1." Tne ‘-PI'I’L'JL

sl o earlwndis o

ITwikterse fLC s brd~ wspe Flapkp Anek

Treeala aml cspecrenerss elearly sl thal esacttizd -
el fur =nevessfnd cement atomation ol inelke

:I-'l"’|ll:|h'|l'~ Haber - U e eenkrnl ool Findas

a L
. d ‘J a1
esici il the eenteal apeentors to sael atlice; 2 the
:I.Illnlll:ﬂilm Comtpaoyietif= with tha: Jarcae=~ utll! 1= it~
chitwery: B the plant desipn with the automadinn “Valely;
1} the plant power diststhution system lavaut with rhy
wittestnation #vetem; 3 oy doives amd their control with
the luggic in the automation svsteny where automatie stact.
upr hotdows b qoelidel o the sutnmation syatem for
geleeted prarts of the plant procesces.
Other factors exist, The fore; et are the must img.
frtant. Piscusson of each fotlosws.

ff*l'f"_.f.m}'ﬂ Cenitiinl Canfed ftewsem wrth
Cenlral Opreating

Simplifieation of the Ewouts of the eeatral rogm and uf
the eentral operator's panel (COP) i3 worthwhile, Such
cituplificition bencs to lower itk costa for central eontrad
rowsin erpuipaient and wising, Uperaling, toouble shootioe,
el maintenatee praceduns are gresnd Iy siplilicd i sond
trahey s are dsed insoeh bovont<. s the Tuetors w el
permit goot simplifieation withowt saerificing aperability
or relinhility are as follows, -

1) 1t would be wise to simplify the contrel room uper-
tor's job, A typeal centrul aperaroc is hand-presacd 1
effectively wonitor il properly respond te more than g
P bdred dicpliyed ems of informatioon, Yet ane somp-
times Bmls 0 COP i o renuent plant having 1000900
diferent indieating Bghts, 30-200 ammelets and in-
dlieators, 2010 recouders, 200- M) push-bution <tations
und ielectur -GG controllers ol ser pusing
Atarigns, cte. Why so many?

2) I the alesign stage rigielly  guestion whether it
is neccssary for each device o be in the eeutral pior. TF it jo
an sirneler (imarnily inteonded for maintenmnee uses, i
probably belotgs an the nwstor control eenter for the moroe
i quee-tiens W00t 0= oan indieanting hight showiug starus
of animlividual drivie, what can the operator <o about
thae Heht? Ofren sucli st us [ghits are hetter b their de-
partaental nvetor sotrol eenter o reloy panel. duinte.
peunes ey e Phekr preimacy purpose. [f go, 5t s better dong
hy having el Bight= ul the motor coutrol center or refuy
panel. 100t 0= 5 reronder, would not the pimose of the
vential operaior be beiter served 3 be were Hndtead g
ciitt L= af the eritieal vaziables pnly? Other analog virinbles
e b reeonled by switching o oee or more shoned ne-
curders whet =pevial tests 2l ubservatiogs o o b
e,

A Civredp =taeting o0 o0 e dete greivdiog mill witly e
apsifiarive ot of asabdeparbmenl peemits large peduetions:
e the CUOP o sty b Lt s arnl drodiestios light-. Croups
~rasting b g Bighlizh the di=rinetion fn vhe disign stage
bt Phvsee devie = really oweenlec an thas GO el thies
thewievs s ded fowe g, Previees for maintenzee
s enctally e e ful= sl les eagaer sive overell-

switetes,

il locates] vn tHaeir mator coniral centr or the el b
reley pateel Vhee Toeation of odividuaal deive abatee e
'llf':lfillj{ dhiwives an the 1'1I|'|':-!--1:t||||iiuu 111'|J:'.I'Ilru'||r.'li FLLLRR Y



FIL PR Thiuymgn eas~ wn% [ sl oTKY XD G sk '-|.3-B:|'1|1-nn.'-1 LY ot = T

eahtind eendor of relay proe] e guick ot linding by
niainlennee persanned when Uee contrml opweratoT tutifies
Thenn that @ segnebiee oF starting et e coanpletiad,

A Where folly antianatie onapaibeeedireeted =larl=yp
el =Tastalom = bebng plagoned,iselindines transient manige
nlitings of repubaing heepe. arvange at e proscsldure
Tor mgopad aorel comgmper =taetnpe and Shatdewns e gs
Atnilar as po=<ibles This el teaeh the wiertor eomreer
Proecdures I Tavin T olserve computer start-ups, 1y
ulsn l|'|l‘||1n- the opreratir sepse sl diicmgee dillicnlties w hen
—otething = amis in the vompimeremamlied  pre-
eeliirg,

f:rh'{rm‘r'ug Awtanrtfon with the Process qued weith
Jte Maehinery

To ol o proeess fie=t requtires res-ouable knowledge
by the poraeess controller of process candirions. Stnee aitge
mal i JIrtess et rod {iig‘i.l:l.l codnyeilers are elertronie
devices, thetr prwess status hoowledge eomes from [re-
(uert mmitoning of status of sohcted eontnets and analog
signaid® = bl bivived Teom proeess conditions,

Swieelies and their tranzlueers help deteet proe s limitg,
process fow -, Jevels, starvation. sl <o Torth, sad provide
e evmputer sz the eontrol eperator vital stalus informg-
vias. Sunne of 1hose switelies also provide et of the tridis
ek priwoes-Aow regucnee wlerheling,

Process variahbes sueh ws seleeted Vemgwraiures, Ao
nles. pressires, saeeds, el =40 Lovthe povide priges
Rawiw b fo the comprier by usinge suialde (ransinintons
e eanyert RoniGible anzlom wpas simnals g the canpute,,
The ehear trend Tor new coustraetion s 1o ml Teast make
st feciibaek <iunls campatible with fulure process rog-
tral compniers,

Tl sevond major faetar o vemately aoned o tead)y
coadrolling (e prewess dz that ol vinfadibes recjuiieel {1
wehicvi proeess holdpuint~ s be pliv-ically availalie
an remptely eomtrollible, The trewis disecrned Tram e
Phvivg cobomativa =l thas 1100 i maene Lp=ob-tUiainge
adju=talle spwed S deives for bper santeodled gas M
CIrCNETE g s oy 28 semieinge thant ] feeder Jdeiver and
re of Terd
rtes b bpeet aetual oeess control needs; 33 pooviding sui-
fietent smpbher ol iondvpedent i Feeders so that the clivm-
tesl hold podnts desived g, I Foet, he eliewst witl
eavre-sive dependener v downsticim blending Geilities 1,
hopeily mahe up for deficieneivs in thix gren; 4) selection
of il eanter grates, g othoer alrfives so e they are b
Aleifn, v peelerably zero dend-Temd i endrod, Tiave come-
pairatively fat speed-durgue corves, ol e lave vernior
sprerd eliaipes b be e s Wy ne L] pereent when required -
AT Y arraogime afl a1l Yvoenncmded voariables w il

their evdine ileviers Bave aleguate phasieal

neressry cotgpureent= sy et ey are conapibbe widy
comnds from s voepgoater sl s ssieiated devive
withett penining inlerventio by people: peitlier =hnh]
evcesive wear of the final pwelziam e-ult whin ik
Prrted S B notindsers al sl eonieal ol

Falesfareing Plant Degigi wi fhe | vfamatinn Nysdom

The trend i tes nemlify new plant daesigae ol o rat e
progcthures) and the automatian <y stem 1o berter it ene,
stlier, For exi<ting plants, =ome wre o ibesignod o it vy
b wery emmpatible with suwinmadic procesw coniod, Yoo
nzmy oxi=ling phads are sompeaible with aotenation” o
eertindn prarte of their procets, Por those, e rred vowared
n=tg minieemyraters lends o be a Ugood BT Speecidie
detwilz of piant devign terfaciug with angondion e
elabiernted 3z n fallowing ~eecion of thi- ITHLES

Futeofueing the PMant Pover Lifah ihation Nystere Lo
it Abomeation

A oo treped Bevse] o ~ounel engineeringe. bt vnplio-ized
by suomitic process control considerations, 3~ to ~irictly
departmentalize all pover cirenita, This means: let main
power fecders =erve the raw depurtment from the riwe
meiterinl feplers under raw kilor 10 the inpuis (o rw o
mogenizing silos and nothing elve. Lat the cement rrimling
eleetrical power feeders serye 1t department and cothing
el=e. o wooon, throughoi the plant. Autumatic eontiol
helps highlight 1he bnportance of 2 well laid wut pover
di-tribution sv=tem. ecpecinlly when sutomatic =tort-up
and shutdown are plauned.

Part of the nterfucing of the untomunie process contml
systeme with the power distribution sustem is to carelubly
consiler i advanre the offevis, prevention, and vure o
surges appexrng i the power dieibution sserem; of Licly
speed reclosing by remote wility virewit breakors: tune
sient voltace dips and boeses of whenever darnion ol
urigng and just where poner fur the process conirol
shoub] actually be takens foen the madn posser sdistrilag-
Tioh sy s,

A Ny unadyzer inc the Libortory 1hat s poponsive
tu sseldiigs sonp-w liere else b the piant, of 1o gpatting of o
Lall will motur, 1ends 1o be pelntively useless 0t 1l
Gas, T faet, Ity evel give out erronenus dara, A
power sipply for thee process control tbhen from i
whieh sre sabjeet to freguent outapes or Liave sovor
~witehing tsm=hents, ~uch as foom eraues on them, 1emd- 10
also e o poar elwier, Tratisient overvoltages md sevire
st eireuit- i ingral=outpst siring bave sach been kiown
tu “stipe omat™ Jarge seclions of antonmid b Dragess eotd 1)
erpipinend i ecnent sl 30 other plate, God tnterfuee
enginecting of the povwer distvibution =v=tom el of the
abibenncel e process enntrl 3 a0 distinen treve and i wepth-
wliihe torabo e rectlye & =peeilic solition gy af o
prubilerns B wiven i pervater ghebaib i s Follis g soce i of
of thi= prapwer,

f]lurl'.lllrl']f'i."” foives drerd Thowr fllr”h'mr ik A rfemartie Ffenrss
Conleed When Awlomatic Stard-T'p ared Shatdowu
Focduedot i e A iebeimint rog Kyafein

Vird few rement plands in the Uiitad Sines lgve in-
ehacledl sotomgnie siart-npe wnd <hatadees o of schoceed por-

e,
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Vi w3 the Jrorv=a i thedr groeess cosputer sontrol =y s-
tenn dans are dott weoup starting ond stopgdng of drives
el v By endie® resons, with as e rdor mewdpolarig the
Lwapes e thoe tEnedent comlms during sudy stare-wp-
shutdiwn,  However, o few  Europeanedesigoned  Targe
thronghpat new evment phats have inetude] such fearures.
The werl: of doing this <hows that om0 fend on musg
be praniel ta Hae peucess noeclinnieal eruiproeat sunl ro it
eelinhiliny when peeet of anaveradl system, a8 well ay to the
leaign of the antemutic sbartenp and shurdow o fogie el
i read sngers inexceuting chis function 15 ty resull,

The imapdeanenting of this mitomatie starr-up aml shuol-
dowe elearly slowe that Gt chins interfuce cogineering
btween mugwliine vy butlders, plant desigeeers, el zuto-
minlic proeess contraldestguers is best acoumplishod before
the pling s phgsically built, KXot voly must conglete puresst-
bk sespienees of stact-up el =hutdosw o and theie vonation-
b forresaeon sun | aeetrately disseribed aliem] of time, Byt the
perhortanee il behovior of the viriogs proeess Mows
atnd transient eotulitione post also he fareseen il de-
werilund o eenrately as possible ahewt of tne, Whare sueh
exti pigends thinkime i< doae rompletely during the de<ign
shape. autopubie =lactep sanl shadewn. inghudiog the
teansivnt il of rewulating bap-, becones more
varily areuntpli=licd, When sucly tidorous fhinhing is not
duis b ol tiowe, then the aetual npdmaenting of the
Atiwrt-upe aed shabelowgs tends e beomure proteaeted, -
:Ll.t'l‘.*.-i.u'il:.‘ eapensive, sl paentabidy the funetion shoulil
wi then be o the computer, An etfect of applying thi-
funetion alpemdy Joes been to pantribute womodificatious
in proeesa il moaehine desion.

Frrects o Avtoalciiosy oy Prase Diesos

Here i3 where g otruby exciting dspeet of automation be-
gites o be evislent. Good automatie proecss coatrol Foadly
provides n means of makigg s marerials inte bnished
oot relabively guiekls gl acearately ones the ruw
mitherials wre connnitted ke the faws grindisg =vatens
Coetatn arthet nwbisrries hoave poled aed talien mlvantage
of the ahifity of nurunctie process control to podoce the
Afnigre metween suetessive following port- af 1le [,
Tl vowent =1y 15 bewinningg te dee tlaese teelaieue-
avere cnd e AL Seleetod s ees fallow,

e Fre parts e st aparad Fleipedeed

Dieeimpumrs of e Ll'!.'l'[i'l.'vl} poarse Uliniten ] =10deat oyponenit

}I]:llll tttulep=tvanl sl i!|||rh-|u|.-r|1‘l'l| o iles ol (i iutdneT

tiee Jelivs Tedneen ra ] feodhoas ard guickly obitain-
g b acting apon elendead nfuraed oo ot the e
gt dnte their dowostrem Bobness vizer, 1 coabining
utliees Xeeay eheemiend goowsing tevhiigines gf sootial raw
cocpn-tbie wibh =Lt tines fo i Pk, <l sl -1s
il v Eive b, tha-a woere able ry wiilize o sinzle
E L homsenizing sesel bastason ther cose shqurtioend
arnd therr Lgfar Uheerdl they Telt that tlas appreaneh sl
thes suo Tvestawenie ol approxioebels T millioae ol L,
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Fig. 3. Tinwe deluy= aind rew mis gogppeosidion cunlonl aornraced.
{x} Ideatized ruw i cantnel svatem for anadyzing time delays
vernia homogenizer sixing. th) Filects of Hme delsys pd honies
grrirec sloe ot Few sy fuhtrol, o) FRects of rontred Leeval ond
aystinn e e by v i el

Another plaat in Western Eunpre combiied gowl ou-
B gaugione of vos mia chemical ownghosition at the dis-
chatge poing of the rs il gemling ercait with slore-
tine delavs e making corpeetions mml with compuiler
control of thelr preelionogenizing pibe biildioe aml ecome-
e giidanee inoguarey opreration, By learning e tech-
mipes il peeforming them consi~tenily well, they were
able to eompdetely climibate dowesteeatn honpeenizing
errtigament with the eorte=pordiog high operaring cspense
ol alieh vessel-,

Adther U0 plant wriginally kol plinned o se Lirge
will feenl bins Berween the ras ol feeders awld cacl rw
mill, Analysiz of the effeets of the Hme delays =ach will
feed Bins womld Biove on derrest=ing :‘Hn--'lhiu cherpival
avenreios Jod ther Do eliminate such farpge feed Tan= !
reelnee the Jebs e that prrtion of thee iuaterdal trapsporl
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citemile foalumd T ngice dneteaed of T 20 ke pliennned neigl-
Taliy

Ao sy tica] apprreeh o pesdet o i bertareling the
viivers on reduetion of process delay trmnsport, saonpling,
aclasisg el corregtion s i npreving The accarncies
wl R Lss comtral, i gi‘-‘i‘h in IIL: H[:IP'LL’:J.

I'Ii.g. .'H.'l} A hloel; I'“;l:_[f.‘ll]j af u ."'illl].l'.'iﬁl‘l]. Fah 100X cog-
trol rystem that can be weed o calealue approximale
wor=] e errore i e lopwetsenizer analysic due 16 sx-1en
tresport Hmes. The grindieg eiteait, the compling =v=tem,
the =umpling interval, mud e contrab i erval ore treated
asovnzing =imple tine delays Fa P T and T l‘[‘:-]!n['c-
vively, e Lomugeniging silo has o liling rime ', corre-
rpanading 1o the actual “Julluess’ wf whicl the =ile g in Lt
wpremating, When an exror ueenfrs in the feed compoesition,
the vonnputer coatrel program ean da wathing unti it
dejects the error at the ouiput of the sunpling svstem.
In nay take up te the ~um of all these Jdelayvs for the con-
trol prugram to delect the cvrur and eorrect the feeders.
Dring thi- time then, a1l of To + T, + T+ T hol
beul matzria] has gone into 1the =ystem. The moxinum
eerer o the homegetizer comyrition will secur i the leed
ernk oecurs when Une homogenizer iz near Tull, and there is
s fiine left 1o correet the errar. This both (he bateh and
continnous homogenizers may be considered the <ame,
:enel the masimum fracrion of the input errar thal will he
pre=edit in the hunogenizer autpnt i= 1hen gven by
pow TeF T Tut T,

+ Ty
where

£y Uit homwngeniser errar, corresponding 1o 2 unit
rw material feeder clirmien] composition errar,

T Transpert deluys for time consumed by matenal
1raveling frm mw material feeders 1o the sampling
station, h.

Ta Pamyle intervil b {zero for oo-line gaoging in the
examgile Il is oore for Libaratory Xeray and
nithiual ehemieal anabeses),

T Sample pevparation aned senldvsi~ e, B {0025 b
u-ee i exmnple).

T Control imterval, b (typically 33 nin to 1 h)

Fig, 401 1mes thiz erpudion 1o show hie effect of prind-
g el Tonsyort times ¥, on the homogendzer error
Ey for honnogentaers with G-, 12-0 and 18-h hiling tines and
asanming a coptrod progron intervad of 1h (T, = 1.0) and
a Lemin =ampling 1tme {7, = 025 b} Tu thoew the im-
phivations of these mirves, copsider aosveten with o deley
ofF LA bead o lillg Vinae of 18 40 IF the deluy s pelaemid
o (RS 1t senne nesialts evmbd D sehieved soithe o sihe of
andy 2l ety

The resnele <lwos i in Fie 3y were obtained with eormees
G et 1 30 Titerval= i, die) ~lwws the ofTeet of
e ing zonddevisesing sl interval Tietween covrect ion-
VLT e Tee 2eeme Lhit alessemsinge He jetvn] 1o (L7 b

Fig. 5 Latwrsaton Xoran olemical anals 61 io st plaa,

ahows small gain with a 12-h filling time, bhut that -
crensing the interval te 2 1 enuees & cobedcdershle loss o
ACTUFACY.

These re-ulls show the neeessity of shottening 1he for-
wand path amd feedback path 1ime deburs in the rw mis
suvstem,

The possilble implications of  reduring investmen
in the “front end” of the plant by weing principles
shown in Fig. 3 repacsent o distinet and relatively new
trend which wifl likely b ted mope in the Tonure, 1=, 1
and 3 show views of Xorav clemiead analveers geed o
eenienl plonts,

Foiproiiug Kibo-Cuder Dexign Civecrpts from a
Conebrod irwepusind

Analyses of the trepud= <how the following.

13 Tnerea<ing emphasis % Twing plaeed on hecping 1he
wrrntigement of pomeess Bow o woxiliaey deviees 30 the
hili-gewler ehrgnit as simphe o poseible.

2y The reomimenis abeul charmclerdsties aod  aoraese-
ments of kil enoler, prne, ool seleetal Tan slrives pre.
viously given in s paper ane apldicalide,

A The Barger grate tepe of coolers are i contpo|lable
il incdividual dives are provicdhad 1o eontead air flow (o eack
masjtr enmpart ment aod for e vooler exlizugst, The older
proctice of w-mg vers few rooder fans arranged  with
S T R B T ST R T rod sir flovw terearh J]J:’Ijl Hcom ki -
wend males for s tongh controllab ity poobdeng The el
b Lon P in e =eqrabe danes Ton e li Tonerinn so o o et
Hur powdier 1 aehlong e Yot paerfoppnanee e g0 bt pes
vitpetpler s e muhier of elinker (50

1y When vl s e - o0 fueds thie 10l n to try tone-
e the v artabivas o e pasiton, s peetlly Qe ash vone
ot of the eoal, Saeh varsdbogs Tnevitaldy pesdyee winde
VA T B l'll-'luif'rll |'1r|li|lu-'rliu1:| 0f thas- l'lillllu rowlerse L
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Fig s, Twuday e ol ermpntge vomtnsdd of oepoent hiln.

el ot ogeen o= Hie widely o ing nah content of the
vopl as it enters the buriing process. Blending of sieh coal
may helpe Murchazing higher Srade ol oy help, Sone
have even -hiftml teother Lepe = of fuel e e protde = amel
cosl= af i eoal have become more evident.

A Aather tncte] i o retorn dust to the X3l 0o e
Hniiorn raacoer fo inpeaye condrollabilice, Avalanching of
du-t i beoppers minler preeipitatoes or dust eollectors agol
slarvitie af Just fecil ot ather tines are fuetons teneling ta
resiiite Vinlend enntnd setions o peond to o sueh kifn
Il peectin Lot T he tevan] 35 Lo Frogt pebyt e dust e -
wber setaezete kil el o instadl s mebares st swese i
amd relurie o=t lm'lt'rin;{ ﬂllliplm'ul arrange]d o ol
Hally prwhidate thee anernsne metare disd foml rde to 41 e
gerpetal fevelod setring =1 leipg voetnratel

i B all proress meoay onenta saffwiend s Licee =
et peavithe e Tewe condeel at tage poednetings rates s
atprtFeer teeqal, Tt v oLilTiende 1o ot Lukpn rlu[;l'llj' randtralaf
the dmbiges L o el Tos, Fuel feedier kit elrive, sl s forrh
afe olerating Swide opaen” ot their vap limibs b ot of
Fancde,

O There i wste el is beitar plaecd gt reenpaera-
Than st f the conder by obbainise gond seconedary air
Cern] e radte imsestteciet b aod s wsing asleduese lugie
Pt daie-tiae head ferapeeratioe, Some e ploneenad el
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Fig, 7. Two s of meiand even el of <pone ceent kibn o. in Fig o5,

prersevered in making md tensurermenta of seeennlary air
trnperiture, )

Figg=. &} andd 7 show o] eomparative but 1y pical pe-ilt=
with and withuur sompaier eonteel an 2 Kiln-conler i a
cemuent plant.

(Ceinding Mo Circad Presign and Antomalic
Procesd Condeid

The basie objective of grindimg mill cireuit contral i o
mutintain finciness within o tarrow band. u=oadly ar ~ome
i prsnduetion level consi-tent with the exi-ting
P s il g hine egqe=traint = Uagay bedicert e snre-
T = e I't‘vt[ll::rﬂl it het ARy Rl =5 seneor= e
st upeeradimg, Yoo tretl dues exist toappdy gl dse minee
fitwnn = seti-r=, pacticalaely o cement etiling ol
vivcnils ] Feeneds e peioadingg rodll ciredit de=ico wliiel e
l'l1|j|l|:n-i2-'4| vt T o h_\' eoat=tfera b ol gt ie
privee== control welnbe dae folhswing.

1} Ohraip moseirenents af mill feed  rutes,
either by weihing el or by o combination of ot
mill fin ] rale anied ~elegtaal weighing fesders for awldilive-.

B T eloced-cirenit grimling. sensing of input waunt- o
elevitirs, sobaraboms, ] ball il s alwas s peeferale e

renad

attempding loohrde wnivalent mesuecients s drise
input amiperes. Power sostenn voltae affeets deive ingas



Tida
Fig. ~  Phaese condnd sstagiter e -a0n in cemient pilani,
Fig. 9. Prveees eoatesl mmgeater i tallation in semuent plant,

mnjperes bt only =<liphtly affect= deive g watte, Thgs
rupdrol Dol on ampiere readings mav. ot tines, be lige
po False infurmintjon,

33 The veemd = 1o plase vonre ciapbasis ot audemgpinte g
mee of alb codnponents of the prinding mill cireit, This
espeerundly applive too those hurdlinge vecireaduting land,
Guod ronoad iy be Tnpraeeticn i soaee of the ecirenlng -
g load sunilinrivs, or af other comnponet=, prevent ades
vuate sl of e Bow rate which may be inherent due
a varations in the Jooces: materal actually wsed,

t} Zome erment plants designed by Furepezos are now
Leing built and inlinde features for elamed-Feop ermtmb of
fineness o~ eontinuons fnemess stsoers,

s K o] Y show o proeess coapuer installdjon iy
aeenent .,

TrEsns v derouaTie Coavreaol, Fosorioss
Brisg PERFORMED

The majurity of UVoited States’ coment plants n-ing
tigival prreeess eonnpater conitrol Teehniges Tase applicd
them o thwe cond ol of v o ehamsbea] conpuesitiog, kil
connier eortral, websor ealidd v cloeking oo ol bogeing,
proosluetionn el trewd alata hopeging, aod daily oge riog
Teprts=,

Cirtending ol load enmired aasd TS are ab-o ofatuting
o namher of U5 cement plants with 12 bz iore
widely slmed in the bist Tew vears, Most new cement biots
oit=ile of the Gaited States and Cancndi are designed by
Enrupesns i sorne instanees <electmd Baapean de<ipned
cemend plants bave heen =gnidieant]y altered i their
destzmn catievpts To better Interfiee with notamatic Joucess
control prineiples and egupment. The (mirpose has abo
leeems 1o heepoanerall ive-timent (o a0 sedginmm. ‘- 5
Toenrd for =neh |||-.r|t.- ix Lo ! nul}' Tetfiornt thae eoptef sl
otler fueetions just fistedd, bt v oden ineliobe, s Bparee

Ier b kw7 hpss s b A ey sl el Sbknad, Al v rhex -, JULY

IR B AT

prit e, add it ionnl functinnes of 4 2

1) rtarey selweelehing gubdooee;

B prcleotgenixing pite Tibding contral;

3 prelonmggenidng pilis builiding edenlation-:

4) eritbding mill bl eonteo] with moxinizime e well s
stesudy-state verstons heing wlilized and wioh finehies-
lveqps, dm same eses, being used boenl oonocontitaen-
[ eqess 15008

Y ciment mix coaypesition contrul;

6} comen! silo monitering aod validite eleehine:

71 monitoring of deives fur unseledaled Shatdown-;

S} aatematie start-up and shutdown of  fontipons
process depariments by progeaonned begie, Bt ling
transient manipnlation of regudating leopes ae well ne os vy
vond rob of drives thomnsolves;

4} eontrol of wwerall load caupling for «departments
Letween which relatively low surge eapaeity Tur malerial-
eXist s

A more detailed description of many of these funetions
is gwven in [A).

TNCHEASING AVAILABILITY OF AUTUuaTior Iin s
CosrhnL SveTEM= BV ADEYUATE PowER SUreLIE~

A= boiefBy senthoe] previemaly, o distingt pecd 1< 1
more Thormphly gnalvze the interrelation of the power
snpply for the mutomatie prowess eontml =v=tem el s
nger componends and the power distribution sy -tem
vhazieteristies,  The  distinetive  solution- wwlk tread -
foind uselul in many sach awtomatie progess controb =y s
tems s 1o i=olpie the power =upply for the process cantpeol
compater and eertajn critienl ~ensors (sach as Neray punge
and analyveer, oxygen analvzer, and selbeeted intrmmaenty-
tign). Thi- isolafed pusmer sipply = ollen in the Jorm of o
sequarale indietiom arode motor-dfven adtered o eguipguesd
with a fivwheel and aeces=ary contral 1o fde through mast
perser systenn transient dlisterbonees, Buch ax olded
poes et supply s wlen properly designed, provides elean
prevn e ik these cugit rol o e ety

The resuall of vang <ueh anisdated clean fide Lnngh
prower ~tpply i that the pooeess contrad suipment i- it
Liarmed. e taken out of =erviee, during mnentey dips
ar voltape losses 1n the main piacer =opply, Tocaddiion, the
st whieh sonelimes get ute the ain posoer e e wg-
tonn sy=tent and s e comens-nns ate bept ot of e
[y condril erpripanest.

A plands are desiprned whicl i eprate antumation stad
pehant de~ign together more carefully wnd inclde watomalic
start-up and Shotduwn of ~cfected porlian- of the priseess,
the f=abated ricbe-1hrongh posser =upply eomeept 1= extended
ten b inehade poow et the rebas s cont eIl e pedop
vattre] centers Themselves, Fhis Lavs a besis for e -
start of coitieal poctions of vhe proeess Tallos g tenagsirry
shutdouwn: doe to s =lwort-term la=e of voltaze in e man
Pl Jrawir sa-lem,

I ~omiae mstances the rdisthnongl power -upplye b
FOle= ]'l:llll'l'} ‘ll|r|Hrrh't] fur. -y, |r:'l'iiﬂl'~' uf fererme O 1ot
i e weder to et standIn susiliney THese] sogine
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o et el Do b aetisant e amd Saber veeer s fioction of
STRIT RS et lend Bl for S temdng of the Wil e
1)',1-|‘;;lillL! 1Hana s, fiieess ane] peonfer entes dinng e of
wr e Erorie thue nopiiad mimin prosaer s b Hoe plat,
T abiliny 1 l.l“i""!'\ Iv re-tirt Uhe gentitpppts jrovseess
gt~ aaf Wae gpelan slber o =lonchowon due fo temporary boss

o paaset seatem sappdy o veltoge Is Beeoring Toerea-ing b
etz B el o Muost inlepennnertind gl
arility peewer sasteans st owse Bigleepeeed melosing on
their i Iramstadssiil Jines tor Kerp scporate @emeding
stabionss I svochroniaon dirine forl cirebits scgrmng on
Yine = whicly it ergannecs souch meerating statious. Lnless
the <laort eiveuit is eensaved preoanpddy e e indereunnee-
Liks bebooen gerpeeabors res<torcl ]Il'lllu|ﬂ|}'. the =EPAF Y
et ra kit <tatinnas temnd teswing ape Agilicient [y so thad
thia cannat b sadely reclvsed Gngetlor withuat elas
bar s te Himie-entnnting reay telivonizing, proy isian-,

Tl effees- of this Migh-~pees] <bart-eireuit inlermgtion
ainl =uleuent igh-sirect] reehising, as o at the ceneent
Plavent Brges, is thist pooss ot i Joed feor By pdeally 13- 170 s after
whioh peewer compes baek frong loe wiilite, Daerng that
shorr timw, most deives shol douw o dioe 1o their esimg in-
sbarbydieends ek rved e proete st oo,

Misrcuurerens bok UCrupsr Povet ConThed.

Dt mo=t of the tite o whiel Jigital process com-
psberrs e Bevn wpplivd to coruent plants, adeopste sl -
ware with interlwee ardware and wecessary peripheral

mipsient have been avaitable only o wirh mediumesized
Cevarees ik ral @omjuiteras These melivy presess egntny
cotputer~ have the eapability of doingg sy or all of the
Dupetion= Bxred in the preeeding seettom ol this pupwee. it lher
imhvidiadly o simttltoanenuslv, Becanse soeb maaliong
Jevweas Soanpanters o stz il ol eapadilitios, ey
Cetnbimal b b wnneveinetaaie o Dasn Dieingg sttt lereed fon s sing e
parrt el eomtns Funetion sneha< for esungplde, euntend of
faw X ehemlead gomposition.

=l or mninicomriters have been availuble for many
vear= Yot by thenselves they are relatively eeclezo on
realt it process eotitiol job unfes an wleguate lThrary
g lod software ated gaed appdiention softwam
cape vy aHored fur deal-fine piveeas euntrol are avail-
the bk ol pedes uate suppuerriog ity
G hambware poorticubarly siited e the bt te be
srpip] el tedingent theie e fuli

Surveds of many existing cenven? pknte in the United
Sk eperningg the posshilite of
farranas Contrad Feve dliselosel that theee 3 a0 el manl o
pratepn s eefiliess Boe sodokeagoders f Ilw'k' an wh--
ainl .'I.]lit.rii';l.a

alibi, Moreover,

N I IR L T

applying autonadin

ey gagueipped s ikl Sperting -t ed

Fioy =odbwace, negessary inferfaee loodwape, atnd =H|ort-
g IT.'lillTlr;.', ek ot foer tstalbdicon: weeviee-,
Savho o tevent abevelaprnent s -lown o Fig=o 10012,
e fges show Dok disgeanes of o B of mbodenn-
vradvele b up by adennete =tanedd softw e, o b,
atnd e v ol i o a serviegs tlus =g et of the eeneent

s frur e Tinduastey,
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The three  minicompilerdoeed  antonedion =¥-tems
Slovwn in Figes 10-12 are T raw iy ehemiend consp=ition
conirol, for Kifn control, oned for extended digital -
prchiliny ginelnding geseric DO saftware), Fielimvsten his
tlas fodlow ingg contral gouipmaent and erael [roturea:
they are all built asnd o ALnieompier sestem of Ll
ware and standard Hhrary prugrams desighed o meel
jrore-= vunlrol Feguirement s conl rols proees- thirmigch onit-
puits to control devices 1vpicully on the COT; eaeh utilizes
miedern relinble doviges for iuterfire wWith oqu-rutor -viden
1epe of operatur's console plis toper for eombingdion
aperstor'e log aud alarm logd ench s o4 complete and
independent system; each i= powered from a ride-through
power ~upply; aid each can sommunieste with wtler namoi-
ciinputer-bawd syvetems belonging 10 s own Limily
as '.:inpr:rirrintl'..

The raw niix sy=teme e in Fig, W ineludes an X-ray
anlveer for elemental analyei= of the mw mix ~peam
samples, The Tunelional contrel provided by the pre-
rigineered ~ullware will control yp fo ~ix raw maerial
ferders, puprrecting feeder mutcs s NeCe=sury ta maintain
the samde analysis al the proper chemieal eomposition.
The svstem will alsn eantral up to twe homaogenizers to be
Lateh ur continuous filled for a specific chemienl composi-
tion by adjusting the chemieal eomposition hold eint Tor
the mw nix ~tream. A chemist™s g with paper 1ape ponch
and red erfor dumping and loading progirams aee ineloded,
s is thes enpaeity for varinis custon options,

e kily-evntral system sl b Figo 11 provides the
bhaste  functiong of maintuining stable kifn operation
thraurh proper setting and adjustnent of the preimary Liln
varnbles ~uch as feed rates, speed, fuel Bow, el air1o-
fuel ratio. Conler grater and gas Ao are also controlled as
appmprinte 10 the type of elinker conler used, "Fhe sytem
Lias e eapabilily of being able to coaptral e vurious
tvpes of Kibneerder eomblnztions, dry and wet feerd, with
and without preleater. Wiln perforpuee log iv inelinled.
% 11 the eapneity fur various enstain aptinmes,

The svstem for extendetl digital engrability provides the
capueity Tor exlen=ive datu serpntedt otk Tor T miLtrring und
alorming. wod Tor daily produetion =umeary, snd other
lempeinng funictions; and eambined with the extensive daty
aegnisition capaeity is 1he availabilily of DDEC saltuware
far digit al cantrol of amy- or wll proers= lsape, The s jini-
fur 1he LHX process kug are normally =1 at the upera-
tor's viden=13 e romsele, although sopervizory eonleel= of
those =t pointe Troan another  minisunputes avslem
Faanily perndeer is s poe<iTe {Fig, 18),

Trosuliditionn T the ey owesly theserited eyuipment wnd
opwrationn? fentoes, e sneeesslal miniecanperter-haed
Ao ien sysleis sl continee teineltede The [l eom-
plement of all orgaizstional baeking by bath teers
supplier, welndieg cowareness brakning, ond amgnid ouest
Ly the ser, and anelieding adveipate iestalation start-up
seistanee, wd follo-ngn <erviee availalility Ty the sup-
irliu*r, 1 Moar I‘-linir-rm::uuu-r Brai=it syt Hiery 3= ~bply e
exien<tong nf 1he Falest atibadoation Irtlmulug.\' tor it the

svadving nectds of the coment indu<s v ol the Tamdamaey-
tal reotrirement s Tor sneeess =tll exi=t sl st castionge
T b vt fowr steeessSol sutomadion tooresnlt,

(oA LU RI{INs 44
Wy eomt-lude 1 Mallowing,

1) The cement plant owner and hi= pepresepratives
have wvailable even wiler chunees than before e to the
sizex and paprtalitiee of autamatie process contee ~y=1ems
whicly they can coonomieally wse.

_’} Thi.'-' }Il]h.'llit'lﬁll.g uf ”"Il:‘ }J;l'-l:‘ fnr [ Lt .-_L'.:|-|||.'|r'|1'
cont rod comysners L also inelude the miticempniers. ar-
apately <upperied by ~tandard software and inerfaee
hardwnre, mean= thal many existug plaad- can bave auto-
nistion apdied to sl least portioms of their provess which
iy ot Jive beey veey econemical hitherio,

31 Adequate poeole Taetors nelnding appropriate Job
awdgnment= of operating per=onnel and their supervisun,
combined with goed initial and continied training remain
vital for success in antmnatic contral.

4} The pussibilities of modifving basic plant Jo-fen Jor
e plands to Better adapt to the possitalities of awtomsadie
proeess control are caeting. They lav o basis for ~igniti-
eantly clanging for the better 1otal plant mve-Tment
operating jorefitalakity.

3 Rowerss I achisving automatie process cuntml i= hol
et nd . Sueersa o best designed-n from the beginning,
T b s ained, 3 peineipadly ineliles omoner iuvolvement
from the Depinning, ol therenfier plus heavy =upplice
invalvesnent froem $he Teeginning bt tapering o as opera-
Pl an cunsml proceeds.

6 rineipal esaential eredient- for sueco=~ wilh tle
ivpienl aeeountability for vach have nuw been identified
for nufomatic process fobdnd =catemsoan cement man-
et tring plants. Typienl eeonanie benefits derved fram
speerssful autianalie proeess comtral by digital coniprter
inetalkation tuve als Lo identified.
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The operation of a paper machine is critically affecred by
the complex interaction of subsystems that wradinonally are
cubjected to independent control action. This anigle de-
scribes the design of a centrol system for a paper maching
that rakes into account such interaction, and shows how
the design technigue may be apphed o a basis weight/

moisture-control sysiem. : -

Interactive Control of Paper Machines

E. B. DAHLIN, Measurex, Ing.

Good paper-maching control must include ¢oordina-
tion of such subsyslems as refiner, headbox, and
drver, and speed and stock feed. Without such coor-
dination, contral actions thal are taken in nne part of
the oversil process may be major sources ol upsel in
another parl. Specifically, refiner adjusiments may
upset moisiure conleol: speed changes may influence
paper Turmation unless compensalory headbox ac-
tons are waken: seiproiol chinges in basis weight may
cuuse hoth an upsel in maisture content and a vari-
ation in shest sitengih.

Effective handling of imieractions among paper-
machine subsyslems may be initiated by construct-
ing a control system thal 1akes advanlage of exist-
ing analog contrels while employing the full power af
digital compuling techniques, The resuiting control
syslem s ¢l 100 complex, yel greally improves the
ouipul product, und at the same time keeps open as
much digital computer capacity as possible for more
sophisticatzd algurithm implemcntation.

For a gencral approach te mathematical modeling
for Lhe paper industry, Rel. 1 is supgested. Previous
worh by the authar on certain algerithms sppears in
Refa, 203 4, and 5. The experimental data used in

this arlicke wis gathered as described in Refs 3and 5,

Paper machine influences
The 1able on the pexl page establishes gualilaiive refa-
tionships amang essential independent variubles that
may be cither random disturhances or manipelation
inputs, ard an array of dependent variables. Vari-
ables preceded by an asterisk are normally manipu-
tuterd and variables that can be observed are boxed.
Cunirol objectives may be defined frum a siudy of
this table. The hasic need far automaltic regulation
stems from 1he exislence of the disturbance variables,
Measured 2nd manipulaied variables aford passibili-
ties for florming leedback control loops. The table
dlso indicates sinultaneous effecis of manipulated

b

L]
varjables upon variables related to specifications for
the product quahty, such as basis weight, maisture,
and formation.

1t 1s ofien useful (o stabilize fiber flow by cascaded
control around the stock valve. In the table, fiber
flow is identified as dry stock flow (DSF), and is
defined as the product of consistency and siock flow.
The leedback lpop, closed rom calculated DSF 1o
stock valve position, will be affected by consistency
reading noise and temperature impact on the consis-
tency meler calibration.

Hauwever, these steady-state calibration errors are
not oo critical 1o good control becavse the long-term
behavior of Aber flow is determined by feedback of
hasis weight. The usefuless of the calculated OSF
loop is rather {0 prevent shorl-term variation in con-
sistency Jrom upserting Lhe basis weight and the
maislure content of the reel.

The leedback loop from sicum pressure 10 sleam
valve pusition s normally implemented with analog
prieumatic controllers, Within the dvpamic range of
this- control laop, the effects of steam line pressure
and Rash tank pressure are prevenied fram propagal-
ing thraugh the system to nfluence dryer heul flow
rute wnd reel motstare,

Interaclive counputer contrel sysiem

The block diagram of Figure I shows hew a digital
vamputer may be applied Lo a paper machine for the
purpose of improving prodoct guality threugh more
sophisticated control of inleractions among operating
subsystems, The compuler receives measurements of
guality-defining varizbles 2nd performs highly com-
plex analysis of, for example, nonlinear calibration
characteristics  and  calibration  parameters  for
different paper grades, Production rates, fiber con-
sumption per produced reel, and means and variances
of qualily-defining variabies can be prepared regular-
Iy for management. The computer can caleulate on-

CONTROL ENGINEERING
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FIG. 2, An Nusirathe evmmple of 3 combined basis-weight wnd
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artiche.

required for both the design and the juning phases.

The procedure is 1o introduce small upsets in the
manipulated variables and collect the responsc data
in compuler memory, Afier a small perturbation of
the stock valve, for instance, a vanation in sleck
flow, consistency, basis weight, and moisture will be
observed, Again, a small variation in sicam pressure
sctpaint will cause changes in stcam pressure, mais-
ture, and hasis weight thai are transmitted to the
computer, The required parameters are oltained by
analysis of such response data.

The crilerion for a good model is that it provide
the basis lor goud control-sysiem tuning. The degree
of needed accuracy of parameter estimation also de-
pends on the loop sensilivity 1o discrepancics be-
lween assumed model struciure wilh  parameicr
valugs and actual process dynamics.

In the application being discussed, an adeguate
model siruciure can be derived from the wel-end
model equations of Beecher, Ref, 1, Ignoring the.
tead box time constant, the simplified linear mode)
developed by Reecher is

A8W L N7
ypse e res (N

1. D2f

ri

where 3 W =basis weight change al the reel
A DSF =change of concentraled pulp flow to
paper machine {eallons dry polp per min.)
K\, =pain constant
7 =transport delay fram stock valve to reel
T3 =miking lime canstant in the wire pit
ry =the lraction of fiber flow thar does not
circulate through the wire pis (relentiun)
5 = |Luplacian operator
This madel being accepiable for the wet end of the
machine, the deyer is next considered. The nature of
2 response 10 2 small steam-pressure change is ob-
tained froun a hear-Bow analysis of the drum, Figure

g
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1 B the Melt is the same temperature as the pocket
air, the heat flow per unit area may be modeled as in
Figure 4, The driving signal is the temperature on the
inner surface of the condensate. The sheet is congid-
erced as having a wel and a dry section, the latter re-
sisting waler removal. The rate of water removal is

Fom CH LT, — Ta) ()

where C = reciprocal enthalpy ol water evaporation
e = heat conductlivity per unil area between
ihe wet sheel node
T, = temperature of the fibers in the sheet
T, = temperature of the water in the sheet

With {emaperaiure as the anabog of vohape, heat
capacity as the analog of electric capacity, and heat-
transfer numbers as unalogs of cleciric conductivilies,
the transfer fuaction for Figute 4 may be writicn

b Cn 48

T R G AV A+ B) (3
where
N = — Ulr _
i 1 = incremental {4)
“t Koy + Ry, dryer efficicney
Re=Ra+ R+ R, (5)
© Rym Ragb—— .
L 14 1 {6}
Ult + B
Rhﬂ' 4= Rll}l
R” - h‘u.[

A. B miharacteristic radian {requencies ol the
netwurk

When the sheel is transponied through the dryver

section -all of whase drums are assumed 1o have the

CONTROL FNGINEERING
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tame characteristics  the otsl water content of the : i 3 4 5 & 7
sheel element is : (o eozr ™= T T 94
" ; ) 50 Brushe, *F, ft?
wify; fa) = wifulide) = v Fydt n . .
. : s 4 2
where wir: ) =weight of water per unit area a1 ; BOO 8 1023
time of the element that entered the dryer section at 1 , 3 £
time 1, oA :
t mthe fraction of the total dwelling time in :
the section during which the sheet element is in con- | ’ ! o 1 ! L L 0
tact with the steam drums : i 1 2 3 4
From the concept of Equation 7, the waler cuntent : i |/t Pt dfom width, 1ec, dag F/ Bey
seen by a fixed observer located at the end of the H T mmam s -
dryer section and watching the sheets go by can be ) S ;
capressed by the diflerential equation : FIC. 5. Comparison piod of characlerishie
' endian frequencics L and B
Ef_l-'l-_{flll _ dfwy ; af the dryer-Crum andlng of Figure 4.

dr e
whire wii] = wiler weleht per unit ares at dryer end
w1} = wiler weighl pua al dryer entey
rg = dweliing time in the dryer section
Taking the | aplacian transform of Eauation 8§ and
conibining the result with Equation 3 yields the
dryer-section transfer funytion:

u.'[_'.':.'n L. ICe A g I - t-:ll' ©)

—{t— 1 = 7 [F{y — Ftt — ra} (8) :

FRYEY] R s+ A5+ 8 5

The constunts A ard 8 depend upon the heut-
transfer coetficients and the heat capacities of the sys-
temt, and are ditficult w estimare, [n & typical deyer,
A varies widely while 8 is relutively [ndependent of
the heat transfer to the dium, Figure S The A4
reflects the condition of the internal heat trunsfer of
the drum. Analysis of heat transfer befween drum
and sheey, wet and dry sheet nodes, and sherl o air
pucket shows that 4 and 8 ure bath fairly indepen-
rnt af these parumeters,

Equations | and % define o reasonubly adeguate
mudel structure for purpases of proveas deniifica-

18-
z
=
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tion. It is in practice fessible, Ref. 30 10 cumbine
Lhese twn structures into a single furm;
Nem o
g+ C
where K roand © are pain, transport delay, and
pole. respectively. Each of these patameters is indi-
viduatly deiermined for the two wransfer functions ol
Equations | and 9. If this simplified form is used,
there must be very short intervals hetween perurba-
tiens on \he identification process, Ref. 3. A method
for determining K, 7., and C bv analysis of the data
from an identification caperiment is given in Rels.

2and 6. )
Figure & shows the response 1o perturbalions dur-

ing an identification cxperiment of A, busis weight,
and 8, dry s1ack flow. When the input time series
data of Figure 6B is used to drive the basis-weight
maodel, the solid curve of Figure A results, indicat-
ing by agreement with plotied date that a good pro-

{10}

LRI T PR ‘h oupaw

»
FIi, 1.4 = Plot of deam prescre saelstion olixined
by &y posing ils sefpolat 10 step perturbalions. B. -
Correspondence between obscned reponse of moigure
content and response oblained by drivlag 1he
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cess model has been established in the computer,

Evpasing the steam-pressure  selpoint 16 per-
turbasions iclds the nonlinear behuvier shown in
Figure 7A, revealing the waler-removal imitations of
the steam drums. Figure 7B shows coirespondence
beiween obrerved reaponse of moisture conlenl and
response obtained from driving the model with the
data of Figure 7A.

The method illestrated here has becn wesied aver
many variables on a variety of puper machines. The
conclusion is thut effeelive tuning of Targer systems
can be accomplished by this method of process iden-
tification,

The control abgorithms

For the system of Figure 2, algorithms are designed
1o oblam a specified response to setpoint changes in
cither moislure or basis weighl. This response is over-
shoot-free and has exponential setiling churacter-
istics. Observations of closed-loop operation have
been made on many installations, and the effective-
ness of loop decoupling and transpert delay has been
venfied, Refs. 4 and 5.

The provess model of Figure & is used fur con-
ttoller design, The hold blocks muintain a continucus
cutput signal updaled periodically by the computer,
which ati1s 95 a sampling device. The hold lunctions
are incorporaled in 1he steam manual-auto station
and the analog flew controller shown in Figure 2.

The closed-logp dypamics of'the sieam-pressure
loop are represented by 2 single pole, E, Cross-
coupling characicristics are indicated by parameters
oy and g, An illustrative example of crasscoupling
networks is given in Figure 9 and discussed later in
some detail.

The dynamic eiects of scanning, and of the result-
ing control by the cross-machine averages lor mois-
ture and Lasis weight {alternately bone dry and con-
ditioned), are included in the model of Fipure 8. The
averages are caleulaed from sums farmed over the
samples taken during a single scan. In the model,
cunfinuous inlegralion Serves as an approximation
for this calgulation. Such approximation significantly
reduces the complexity of the final conlrol algurithm
wilhout pruducing any cffect on control-system lun-
ing. The syinhol ™' indicates a time shill egual 10 Lhe
sCANMINg Lime increment T

In Figure 10, specd of settling is shown as being
dependent on a parameier ( & ) thal is choscn as high
as possible consisient with permissible frequency and
amplitude lar steam pressure and stock-fow chanpes
demanded by the controller. Better control reyuires
yrealer sclivity in manipulating variables, Gfien,
however, the maximum value of A is determined by
overshoal characteristics generated by nonlin¢at phe-
nomend not accounted for in the model.

As 1o decoupling, ler it be assumed that a maistare -
scipoint change is made, Figure 9. The algorithm
Cl1 will then ~ee a posilive maisture error 4 and call
for a steam pressure decrease e, When sicam pressure

OO TrFenr FNGINFEERINDG
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decreases, basis weight and moisiure will be affected
secording to response curves indicated by f and g
Prue te process interdclivn, not only s moisture
changed but basis weight is olso upset, Eventually the
Basis weight algorithm €22 would correct the basis
weight error, but this needless upset is avaided by
operation of the decaupling algorithms 12 and £21.

Algorithm C21 will have already se2o the mojsture
errur o that occurred with the sclpoint chunge, and
called Tar a stock-flow decrsuse b This has resulted
g nullifying effect on muisture und basis weight as
indicated by signals j and %, Proper seleclion of al-
gorithm C 17} can similarly offset the cffect of a basis-
weight seipaint changs on maisture,

In addition to interaction-free setpuint change, the
devnupled controller achioves much faster control ac-
tivn than do independent basis weight and moisture
cuntrellers, Figure 11, Using normalized units 1o in-
dicate dusiation from setpoint, the graph shows nwis-
ture respuinae b0 oan upset when the two cuntrollers
are appiied withaut decoupling  algurithims, The
graph muy be compared with moisiure respoinse m
Figare 100, where much vighter control is ohlained
wilh gogd srabiliny.

The decoupled controller prevents annecussary

JANUVARY 1970
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vontrof actions, When a consistency variation causcs
simultanests upset in basis weight and muisture, for
example, the combined effest of the algocithms in
Figure 9 will cause a stock-valve correction, leuving
steam preysure unuffected.

11 is hoped thar this discussion al 2 combined basis
weighl and moisture-controller design has indicated
how the basic priaciples may b applied to much
mare compley control sysiems.
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Supinraey af Eonnpfe Progrom

THE SuUH IS o8
TT13 -=- STOF
*FPIF LCR™
FIF:>sLL <CKI

DIRECTORY LDODIC3I0L 35417
2T=MAY=-77 L4148

AND,OEJ 2 8 2G5-HAY-F7
abpi.T5ws1 29, C 20-HAaY=77
ADD . HAFGL 4, IhE=HAT=77
AbOD.5TIE] 3 2H=-MAY=-F7
abh.FTHi 1 1. 20%nAT=77
ADD.TERGS 2%, C o25-HAY-77
ADD.OBJR1 X JO-HaY-?7
ALD. TSRk o2F. C 20=-MuT-77

TATaL OF ¥9./112, BLOCKS IH 8. FILES

FIF>

FIFA<CIRLA/Z >

*FIF ADL.x/F0 <CR>
PPIF LI <CR>

DIRECTORY LEOIL3I01 3141
2I-HAT-?7 L4105

AD0.ORJ: D 2. 25-MaY=77
ALl HAPI 1 . o, In-HAY=77
abn,5THi 3. 5-HAT=77
ALD.FTNIL 1. 2O0=-MAY=77
ADD.TEK D il C 5-MA7?-77

Tarat OF 39./4%. FLDCKS IN S. FILES

SFIF ADDTWO.Tit=ALD. 8 is/RE ~CR>
>IF /LT <CR>

DIKECTDRY DRO:C301-.314
2O-HAY-FF 146143

g

ADDTWO QR D 2. 2L5-MAT=27
ALDTUR.AAP L 4. AS=-hAY=77
APDTHO.STEL ) 3. 2I3-MAY=77
ALDTWO.FTHL i. 20-HAY=77
ADDTWO. TSR3 av. C 2L-MAY-?7

TOTAL QF 19./74%, BLOCKS JW 5. FILLS

14:31
14:22
14:32
14732
1532

14:33
15:27
14:DE

14:31

14:32
14:17
12! 7%
4133

1431
14:32
14:32
15724
14:33

CA-3






gy ZFaMm

-

Ll amat FE%1a] WCR>

o FORMAT {7’ THE SUH IS ‘2 I5)..

f_~ANGE/SURASRESULTY <CR> | .

. FORMAT (' THE RESULLT 1§ ..:%

“._ 'UCATE £21I5) <CR»

. C¥EDPx) - . : .
#TOF <CH>» .

£<CR>»

TYFE 1 o
BEXIT <CR> ]
CEXIT] ! ) ) "
»EDI ADD.FTH <CR» . '
CL00091 LIMES READ IH )

IFAGE 11

2 TNSERT <CR> - : .

C THIS PROGRAM ADDS TWO NUHBERS TOGETHER <CR>
£CR>

SLOCATE NUHMEERS <CR>

1 T FORHAT {* TYPE TWO HUARERS - feH-}

*ADD 1INFUT PROHPT ~CR>
EFRINT <CR>

1 FORMAT {° TYFE TWD NURBERS - MyM 3} IINPUT FROHPT
SLOCATE RESULT <CR> ) )
3 FORHAT, {7 THE RESULT JS “, IS}
¥DELETE <CR>» .
k<ESCH . ) 2L )
TYPE ZeK+L : : © . ot
RINSERT <CR> - - '
a FORHAT " {* THE SUH IE. "+ IS)IDISFLAY RESULT <CR>
4CR> ' i . : ) .
*TOF <CH>
2<ER >
C THIS PROGRAH ANDE TWO NUHBERS TOGETHER
ARETYPE € ADD DISPLAYS THE SUM DF TWO NUMBERS <CR>»
SLIST <CR>
C AUD LISPLAYS THE SUM OF TWD HUHPERS
IYFE 1 .
1 FORMAT ¢° TYFE TUD WNUBEERS - HeH*3IINPUT PROMFT
ACCEPT 2.3/L
2 FORMAT (215 .
TYFE Z.KiL . -
- S FORHAT ¢¢ THE SUM IS ‘L, IS)IDISPLAY RESULT .
sSTOP ; .
EHD
$EXIT <CR>
EEXIT]

>FOR ADD, ALG=ADD SCR»
>THD ALD ADD y ADDmALL ) .
HRUM ADDE LCR»
TYPE TWD HUMBERS - MeN ' -
703 CR> . '
THE SUM 1§ 19 : :
TT13 -- 510F
_} L]
*RUN ADD <CR>
TYPE TWO WUHBERS — MM
"EFeATE WCRY

THE SUM IS 1150 BT L S
1713 —— §TOF .t - ' -
> o

SRUN &0 <CRY - -
TYFE THO NUMBERS — H.N
9.14 .CR> . -






- .. . APPENDIX
~ SUMMARY OF EXAMPLE PROGRAM

The following listiny summarizes the development of the FORTRAN
program ADD and the manipulation of the resuitant files,

>HEL <CR> » .
ACCOUNT OR NANES CHARLES <CR>
FASSUORD! GREY <CR» =+ ~

'nsx-11n aLiB MULTI-USER SYSTEH

. EOON HORHIHWG
I3-HAY-77 1107 LOGGED OH TERMIMAL TT4:

22-nAY=-77

1

SYSTEM WILL BE TOWM TODAY FROM 13:99-:1%5:00 FOR
CORRECTIVE HATHWIENAMCE

C CReATTRACHETSPAR

creAYTRS 1 . .

INFUT o ) . SR '
TYFE 1 <CR>

1 FDRMAT (" ENTER TH{ WUHFERS - M M* ) <CR>
AFFPEMEFFMCCEPT 2K L <CTRL/R>

ACCEFT 2¢naL <CE>

2 FORMAT (22%2%I5) «LR>»
FRINT ~U
TYFE 3.K#L «CR>
3 FARHAT (* THE 5uUf IS *.I53 <CR>
STOF <CR>
END <LCR> ; _
£fCR> o
SEX <CR™ . .
LEXIT] '
*PIF TI:=ADD.FTN <CR> - -
TYFE 1
X FORHAT {‘ ENTER TW0 MUHBERS - M:H")

ACCEPT DrE4L

FOKMAT (2]15)

TYFE J+K+1. . .

3 FORMAT ¢° THE SUM IS *+ 13} .
STOP .
END

FEOT ADDO.FTH <CR>

LOoGOD? LINSS READ IND

fPAGE 13

SLOCATE EMTER <LR>»

1 FORHAT (7 ENTER TWD NUMBERS — HeM*}

RCHANGEAEHTER/TYFES <CRY»

1 FORMAT (' TYFE T{Q NUMBERS - HeN°)

BHEXT <CR» . .

EFRINT <CR» : Lt
ACCEPT iR+t i

(5]

A-l
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I - INTRODUCCION

Con el fin de poder utilizar las téenieas Jde programacifn es- -
tructurada en programas escritos cn MACRO-11 para la PDP-11/45
(sitema gperativo R5X-11D) se ha constituide una biblioteca de-
macroinstrucciones que provee las facilidades necesarias para -
programar seglin la metodologie antes mencicnada.




b

.9

I1- MACROS PARA PROGRAMACION ESTRIUTURADA
Se presentan a continuacidn las distintas facilidades de progra
macibén, agrupadas en categorfas, seglin su funcién.

I1.} - Facilidades para particién de programas: macros ROUTINE,
ENDROUT y CALLROUT.
|
ROUTINE y ENDROUT sirven para delimitar porcicnes de programa,-
1lamados rutipngs. CALLROUT sirve para hacer ejecutar (o llamar)
una determinada rutina.

Los formatos de estas macros son:

ROUTINE nombre
Q
ROUTINE nombre ,<parf, , parf, . ... , parf_»> .
1 2 n
n:l

ENDROUT
L Y

CALLROUT nombre : 0

CALLROUT nombre, <pare, , pare, , ... , pare_ =

: 1 2 N




donde:
-  nombre es un simbolo en el sentido MACRO-11 que especif}

ca &1 nombre de la rutina:

- parfy, parfz,...,parfn son simboleos en el sentido MACRO4 G
que representan los parfmetros formales de la ru-
tina;

- pare,, pare,,...,pare, son cperandos de tipo palabra admi
tidos en MACRGC-11 y represcntan los parémetros --

efectivos de la rutina,

Observacidn: si el nimero de pardmetros es igual a 1, puede es

Cribirse:

ROUTINE nombre, <parf> ‘0

ROUTINE nombre, parf

CALLROUT nombre, <«pare: o

CALLROUT nombre, pare

indistintamente, zf
'.{I'_'.“

o
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l.Las Tutinas no pueden c¢star anidadas y pueden ser recursivas. -
El pasajec de parametros es por valor. Un programa escrito en -
MACRO-11 con e¢stas facilidades es un conjunto de rutinas disjun
tas y adyacentes dentro de las cuales cstin las instrucciones,-
directivas vy macros que lo componen. Bl esquema siguipntc es -
un ejemple de un programa escrito de esta manera.

——

ROUTINE COMIENZO

ﬁAL;;;UT SUB1

CALLEBUT SUB2,<#5,R2,U+3>
ENDROUT -

ROUTINE _SUR)

—

CALLROQUT SUB2,<25 ,A+4, 82>

ENLROUT

ROUTINE SUBZ, <A}, B1,C1>

ey

CALLROUT 5UB2, <R3,8+6,#33>
EMDROUT
.END COMIENLIO (indica que la rutina inic¢ial

es COMIENZID)

Chservacidn: un programa cn MACRO-11 estd compuesto por uno o -
maAs segrmentos, cada uno d¢ los cuales sc ensambla por separado-

y tales que sus ohjetos correspondicntes entran juntos a TKB.-
Cada unco de los segmentos esti dividido ¢n una o mis rutinas; -

sepOn lo jlustra el esquema siguiente:

4

"
|



sepmento ruentc] seumento fucnte24 segmento fucnte

-

I— I L

—ROUFFNE~ o

~ RO HE—

S S

?
.
M

e
=
=
M
=

=
'S

ﬁﬁigfiy ¥ T - . nel

IT.2 -~ Estructuras de programacion condicionales.,

Estas macros forman grupos que equivalen a los distintes 'state-
ments” condicionales de Algol. A continuacién se presentan los --

formatos de cada grupe, ya que no tiene sentido hablar de las ma-

Cres componentes por separado.

——_—



I

Iiny

200 - Londicjones.

la sintaxis Jo estas macros intervicnen condiciones de la

lorma;
) ' E
opdi, opr clpdE
donde:
opd, y opd, son operandes de tipo palabra, en el senti-

do MACRO-11: y
opr ' es un operador de relacién cuyoes valores Y

significados son:

NI #

MAY

W

MEN "=

'MNI %

Elcmplos de condicién:

- A,IG,B+3 B

- R3,MYI,#S
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11.2.2 - Grupe |V BENDIVEBELSE A ENDELSE,

(irupe  1Fe_——ENDII-,

Son estructuras zelectivas con lormatos!:

pr——

sl e——— e

"ENDIFELSE

-

r— 1y —

———— e —
—— e — e —

! ENDELSE

IF cnndicibdn

|

P2

IF condicién
> p
]
i

ENDIF

que e¢quivalen a:

respectivamente
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[1.2.5 - Grupe WHILE

ENDWHILE.

Es und estrTuctura repetitiva

cuyo formato es:

WHILE

ENDWI L

¥ cquivale a ¢ “\
>4

'\'x‘_

;I\\ no

condicidn

N ——— et ¥
ha=

— bl

i
ahhfond1c19
?

1
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[1.2.4 - Grupo REPEAT UNTIL.

By también una estructura repetitiva cuyo formato cs:

REPEAT

UNTIL condicidn

¥y cquivale a:

y
)

e

Lo

b



Ubservacidn:
RLEPEAT

13

como cs evidente,

In diferencia cntre WHILE ¥ -

radica en cl heche de que ¢l grupe P puede ngo cjeccutar

se_nil_una solu ver en el caso de WilLE, v siempre se ojccuta -

por ic menos une vei on el Caso do REPEAT.

IT,.2.5

- Grupo CASE

—— SEPCASE

—— ~SEPCASE—._ .,

. —ENDCASE .

Es una estructura que permite seleccidn miltiple, de formato:

CASE

SEPCASE

- rr———— J—

SEPCASE

-

SEPCASE

- — . ——t -

ENDCASE

opd

R

P2

¥n

—

n-l

ey e ——
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que oyuivale a:

ramilicar segin el valor
de opd E

——
1

|
!
apd=1 bpﬂ:! -

b
'_P’I_““: | I_p:

I1.2.0 - Anidamiento Jde los prupos condicionales.
Los diferentes prupos condicionidles pueden anidarse unos dentro
de¢ otros husta cealquicr ninzcro de niveles. Asi, cs posible un

gsquemal como el siguinnte:



“ir

condiciﬁn]

IF -EﬁﬂﬂECié”z
S
UNTIL :__*_é-on'éiciﬁns -
ENDIF.-__“-
WHILE_ _T__ﬂdiciﬁnd
I NEIH'}:I I:;_“ —

CNDIFELSE

ENDELSE

El anidamiento es el habitual de los

no debe pensarse en interprétaciones

IF condicién
T IF condicién
ENDIF

ENDIT

lenguajes de programacién v

tales como la sigulente:



b3

16

sino siempre asi:

IF condicidn
——1F :;_i?idicién |
a___END[E-ﬂF“::::

EHDIT o

17.3 - Macro para ruptura de secuencia incondicional:GOTO.

By GOTO etig

Jdonde etiq es ©l nombre de una etiqueta del programa.

11.4 - Facilidades para manjpulacién del stack: mactos PUSH,POP,
PUSHB y FPOPB.

Dada 1a importancia dei mancjo de un "stack" y las facilidaides -
que parz ello brinda MACRO-11, se provcen las siguientes macros.

PUSH <opd., opd,, .... opd >
1 2 n a1 para

traba-

jar --

‘ POP < opd,, opd,, ..., de > con pa
1 2 n
nta labras.
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PUSHY fopd1, npdz,..., Dpdn>

nsl .

B - i para tra
bajar -
con bytes

POPB <opd,, opd,,..., opd >
: nx?

donde:

- cpdl.opdz,..,opdn son operandos de tipo palabra o byte s¢
giin corresponda, en el sentide de - - -
MACRO-11.
Los operandos de PUSH y de PUSHB se con-
sideran vatores, los de POP y de POPB, -

direcciongs.

E1l sipuiente ejemplo ilustra el funcionamiento de PUSIH (o PUSHB)
y POP (o POPR):

51 los valores de A,B ¥ C son a,b ¥y ¢ respectivamente:

PUSIT <A, B, C=» produce:




en el “stacek' oy

POP < A, B, C > ticne por clecto:

colocar ¢ en A,
h en By
i ¢n C

Es decir PUSH y POP funcionan segin el principie de pila habitual;
¥ por ecnde, en el ejenple preccdente PUSIH <A, B, >y POP<A, R,
no dejan invariantes los valores de A, B y C.

Obscryvacidn: no debe confundirse la secucncia PUSH - POP con el -

pasitje de parametros ecflegtuado por CALLROUT, en ol gud

vy grimer pardmetro vormal toma el wvaler del primer parame--
tro clectivo;

¢l sepgunde formal, el del segundo electivo; y

asi sucecsivamente.



16

st .19

PI{-- IMPLEMENTACION Y USO
,

I[I.1 - Programacidon de las m?crﬂs. Expan51unesﬁgﬂnﬂradai;m-{
) . vEew o Wi T
Ejemplos. o N PRI
) , R - . 4p

"Las macros han

o

5""1%1::':p:"t:'ig1"_arnfu.:laéi;r utilizando tudas las facilidades
* que para ello brinda MACRO-11 fver capftulo 7 de {17} ) v aunque -
noe sg¢ muostra.cn ;stas notas cfme fueron hechas,se presentan al-
punos casos interesantes a gulsa de ejmpla, para dar una idea - -

general dci problema de peneracidn.,. . -

Clemplos:
- 4
1) Expansidén de una condicién de 1a forma: o
' 0pd1. opr, opd, l
Teda condicidén genera: i

f,_ N

CMP opd,, 0pd2

P - S

Bnocond Wi
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Jonde:

- Bnocand ¢s una operacidn de "hranch' condicional, por
la condicién contraria a la expresada nor oprT;
¥

- WWn con n»! es una ctiqueta generada por el sis-
tema de macros, con n variando de tal manera-
de no teéner ¢tiquetas repetidas en el progra-
ma.

2) Grupo  IF____.____ENDIY,
El grups IFe—— _ENDIF dche crear una nueva ethueﬁa, diga -

mos WWL{ENDIF) ¥y hacer rclercncia a ella (en el "Branch”, de -

la expansién de la condicién). FEl esqueloto de expansién se -
muestra a continuacibn:

IF ode:;;;T;EEEi}-"": CMP npdi,npdz

Bnocnnd wwk

-
ENDIF & NOP )
Ejemplo:
crpP AL
IF A, IG, B BNF. Wiv 3
CLE R& CLR RS
. produce i
MOV vi,v2 MOV Vi1,v2
ENDIF Wi 3: NP

CLR R4 . CLR R4



Lo
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ENDELSE.

31 Grupo 1V o ENDIERELSD

—_——

Fste grupo cs una peneralizacidn del TF_.. ENDIF. S¢ generan

Jos nuevas ctiyuetas y s¢ huce referencia a ambas. El esqueleto-

de ecxpansidn o¢s:

1F ﬁpd1, opT, opdz CMp Gpd], -:lpd2
Bnocond WWk
B Wik’
ENDIVELSE Wik : N

B ————

ENDELSE WWk': - NOP
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4) Estructuras condiciocnales anjdadas,

I sigulentc cjemplo:

_- ... : Rnocond WW1
TrTmm——— i
= 1F | T CNP
f e .l snocomnd WY 2
..___.”\_ﬁ_“ ~—-WW2: NOP i
;= - RUTLE — WK3: CP
s ! Bnocond W'
ENDWITLE : RR Wi 3
_ T—WAd D NOP
-——ENDIE —= Wi1: NOP

muestra que la variacidn de n al generar VWwn ne es controlable -
s6log par un contador que se incrementa, Sine gue debe utilizarse
también un "stack' para almacenar les valores gue n toma. TPor -
lo tanto se necesita parn generar las expansiones un "stack™ en-
vl moaente Jdel ensomble, [acilidad yue MACRO-11 no presenta. lor
tal ruzdn, se manipula un  “pscudo-stack’ constituido en reatl -

Jdad por variables de cnsamble escalares, gue simula ¢l “'stack”.

5) Rutinas Sip pardmetros.

KOUTINE, ENDROUT v CALLROUT gencran las expansiones sipuien-

tes
~ AOUTINE nombre 3y 3% -::-'nhre NOP )
aE —'L— T i T '-) \\‘_._ - e —
x LMJQE}UT . I RS PEN
T . ——r———
. .

&HFﬂLLRﬂUT nﬂm?r&ﬁm ) i ""__"‘”tékh”JSR PE.nnmh;;H“\
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Observacién: cl caso de las rutinas con parimetros es nids laborio
s0 y puede verse directamentc en los listados de IV,

111.2 - Utilizacifn de las macros,

Las macros presentadas pueden usarse actualmente de dos maneras:-
por medio de una bibliotecca o por medio de un archivo-fuente de-

microdefiniciones, La primera forma es la mis eficiente, aunjque -

la scgunda ¢s mis cémoda para hacer cventuales correcciocnes a las
macrodefiniciones. Por ¢llo se mantiene csta segunda mancra du--
rante el periodo de prueba hasta llegar 3 la estabilidad del sis-
tema de macros, .Iin ambos casos, debe incorporarse al comienzo --
del segmento principal(e rafez) dél.prngrama fuente, una macro es-
pecial, utilitaria, 1lamada PRINCIPAL.

IIT.Z2.1 - Utilizacidén por medio de una biblicteca.

La biblioteca ¢std en DKE:[SH,SU](1}y se usa al ensamblar un pro-
grama, de la siguiente manera:

iMAC>a-ubj,a-list-DKH:[3H.3&]HACEST.MLBIML,&-fUunte

donde:

- a-obj,a-1list y a-fuente son los-archivos objeto, de lista-
de y fuente, respectivamente., Como siempre, puedac haber--
varios a-fuente.

{1) Todo usuarioc tiene acgeso a la cuenta [Sﬂ,iﬂl.
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Lo utilizacidn dJde la biblioteca exige, como para las macros del-
sistema cn MACRO-11 gue teda macro incluida en ¢l programa fuen-
te, sea declarada previamentce a su use por medio de una directi-
va MCALL. Por otra parte, razones de implementacidn hacen neen
sario incluir la macro utjlitaria BIBLIOTECA al principio de ca-
da uno de los segmentos (que se ensamblan por scparado) del pro-
grama {uente. E1 orden entre PRINCIPAL y BIBLYOTECA en cl seg-
mento principal, es indistinto. De todo 1o dicho anteriormente,
sc llega a dos posibles csquenas:

1) el progruma fuente consta de un soloc s¢gmento:

. TITLE - - -

' MCALL  IF,ENDIF, ROUTINE,ENDRGUT, ...
[ .MCALL  BIBLIOTECA,PRINCIPAL

i BIBLIOTECA

j PRINCIPAL

i ROUT INE UNO
|

IF ...
CLR ...

ENDIF |
ENDROUT — |
ROUTINE D0Ss

ENDROUT
.END - NG




i l'

2) ¢} programa (uente consta de varios scpgmentos:

Segmento 1 (principal) Scpmenta 2
-
.TITLE L .TITLE
MCALL  BIBLIOTECA,PRINCIPAL | -MCALL BIBLIOTECA
' MCALL  CASE . -- ! .MCALL IF,---
{ BIBLIOTECA i 1
E PRINCIPAL ROUTINE SUBR
ROUTINE ENT r ENDROTT """
CALLROHT  SUBR _ _
ENDROUT o - e
! . a . [ ] . e el A !'
.END  ENT ' END

—— e

FI1.2.2 - Utilizacidn de un archive fuente de macrodefiniciones.

. {1 -
Es el archive DK@:[30,30] RIBMAC.MAC que debe concatenarse al co-
mienzo del primer archivo de programa fuente, para entrar a MAC:

[ﬁﬂC>a-nbj,a-list=DKE:[SB,SH]BIEHAC.HAC, a-fuente I

donde:

a-obj,a-11st,y a-fuente: son archivos objeto, listado'y fuente,
respectivamente.

{1) Tedo usuario tiene acceso a la cuenta {30,38].
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De esta manera, sdle hace Tulta incluir 1la ya mencionada macro uty
iitaria PRINCIPAL en el sepmento principal (o rafz) del programa -
fuente, no debiendo inclufrse: ni BIBLIOTECA, ni .MCALL.

Para ejemplificar esta formah de uso pueden verse los esquemas pre-
sentados en I1I.2.1, ignorando (BIBLIOTECA] y [LMCALL macros de-
programacidn estructuradal en todes los casos.

ITI.3 - Deteccidn de errores,

Les siguientes errores se deotectan al ensamblar un programa fuente:

1) Nimero de parimetros menor gue el establecido, si por el contra-
Tio, hay mis pardmetros de¢ los que corresponde, los excedentes s¢ -
igneran. Esta puede no ser la mejor de las alternativas; pero es
la forma en que MACRO-11 procesa las macrodefiniciones.

Z) Rutinas anidadas.

3) Operador de relacidn incorrecto on las condiciones:ningune de -

los simboles IG,NI,MAY MYI ,MEN MNI.

4) Macros que cierran grupos sin las correspondientes que abren.---
Ejemplos:

ENDIF sin IF previo,

ENDWHILE sin WHILE previo, etc.
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I{1.4 - Hestiricciones en la programacidn en MACRO-11 al usar las
macros de programacidn estructurada.

Luas finicas restricciones son:

') el programador no debe definir simbolos gue empiecen con "W,
dado que los simbolos definidos por el sistema comienzan con-

tal inicial, ¥ es muy large de decir cufiles son exactamente -
los 4ue genera.

2} la distancia entre una macro que abre up grupo comdicional --
{ o parte de un grupo} y lo correspondiente que lo cierra:
IF_.__ENDIF ; IF ENDIFELSE y ENDIFELSE._._ ENDELSE § --
WilILE ENDWHILE REPEAT ____UNTIL;, CASE_,,, _ENDCASE

no debe scer de mAs de 128 palabras, ya que lossaltos sc¢ hacen
con "branch" y no cen "jump”.” Esta cs una limitacidn que puc
de desaparecer en una ctapa ulterior, aunque no ticne mucha -
impertancia, porque es poco probable hacer grupos de mis de -
128 palabras en longitud.

Observacibn:el sistema de macros de programacifn estructurada -
no altera el contenido de ningdn registro de la PDP, ni de ningu
na variable del programador, obviamente.

Elficiencia:

Las expansiones incluyen algunas "NOP'" que introducen obvia-
mente pérdida de ticmpo y de lugur al cjecutar el programa,-
Podr4 eliminarse, si fucre necesario en una ctape uitcrior,-
aunque pars ello habria que modificar al cnsamblador MACRO-11,
cosa que no se Justifica si no es imperativo,
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IV - EJEMPLOS

S¢ presentan 3 continuacidén listados de programas que ilustran el
uso de las facilidades dsscritas. . X

- 5e tecuerda que al llamar a MAC, el parémetro MEB para €] archivo
de listade, sirve para controlar el listade do la parte de macro-
expansifn que se rraduce a cbdigo objeto o binario. Si sc omite,
significa ng listar.
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ADRE UTILIZACION DE 0k@: [ 30,30 ] BIBMAC

El siguiente programa lee caracteres hasta
trar " $ ". A continuacidén lee un cardcter mis, el cual
ser " 1" 8 " 2", Luego imprime el primer conjunto de
teres lefdos, ordenados en forma creciente, si leyd ' !
en forma decreciente, si leyd ™ 2 *,

ENCon-
dehe -
carac-
v g



MUMCE LR T8 =FLOFL MAC, 14 -7

11TLE LEL ¥ QRDENA CREAFTERES,
.MCALL EXITSEC
CEETTL LEER USANDO WMILE.

TKS=17Foel

TFEx ] TT™6E

TFLT 177564 30

TPL=177566

CRel 1%

LFezi2
FRINCIPHL ;  rebe inciulrse PRINCIPAL;
ROUTINE MFi ; no asi BIBLINTECA ni .MCALL
FUSH <TES, TRKE. TPE, TRE:
MOy aFILA. F1
MOy *l, TES
CRLLROUT SALTH
WHILE R2.N1. p244
CALLRGUT LEER
Moy RZ, -{R1}
CRLLEQUT SCRIBE
ENDWHILE
CHLLRQUT SALTA
CHLLROUT LEER
CRLLROUT SCRIBE
suB $2€0. k2
noy R2, TEMP
CALLRDUT SALTA
CASE TEMP
EALLROUT CRDENA
i {ry #FILA. F1 .
CALLRQUT MAYOR
CALLEOUT SALTA
SEFPCASE
CALLRGUT ORDEMNA
CALLROUT SALTH
HOY &#FILA. B3
CALLFOUT MENOE
CHLLEOUT SALTA
EMDCASE
GOTO F INAL
ENDROUT

¥

* ROUTINE ORDENRA

moy SFILA. k2
MOy #FILA. k4
sue 2. R4
cLE CONT

i cCHMpP ~(RTY, ~C(R4)
EHI ¥

is: CHF F4, R1
REQ 4%
GOTO is

27 ; moY PRI, MFS
MOy dR4, ORZ
MOy HF510E4
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Py 1. LUNI
GGTO If

4% CHP 'Bf [DHT
BMNE ORDCENR
ENDROUT

= ROUTINE SALTA

MGy eCR, Re
CRLLROUTY SCRIEBE
MOy M F.E2
CALLROUT SCRIBE
MGy MLF, Rz
CALLRDUT SCRIEE
ENDRAOUT
EQUTINE MAYOR
MOy ‘Ri)+, Rz
CHLLROUT SCRIEBE
CHMP 1, R3
ENE MAYOR
ENDRECUT
ROUTIKRE MENOR
CALLROUT SCRIEBE
CHF E3X. R1
ENE HENGR
ENCEOLT
FOUTINE SCRIEBE
TETE TPE
EFL SCEIBE
MOy F‘E; TF'E
ENDROUT
EOUTIME LEEF
TSTE Tks
BFL LEER
My TkE., B2
ENDROUT

FINRL: FOF CTFB, TFS. TKE. TKS:
EXITS$C

MFS: . WORD e

TEMP . . WORD B

CONT . MORT B
. BLEW 1

FlLF: . WOFE: Qa
. END MF3

RCEZHAC FLOEI, TT&: AL T 118 MEF=CR [ E X8 38 1 BMAC, WRC, FLORY . WA 14

se pide listar las expansiones
que sg traducen.



LEE % GsDERA CARACTEREE,
TAELE OF CONTENTS

14- "4 LEEF USANDIO WHILE,

32

MACRO Dip

BL-RUG-7E6 1% 38

29



Lee Y ORDEHA CAPARCTERES. MACRD DLg O%-AUG-7E 15:38 FAGE 14 30

o ek
LN R PR O N R TR NP K

fe
1.t

i4

16
17

1&

1y

slcRcl=lul)
bpapas
alelegol sl
poaand
pasdac
BeORLA
aafaio
23c 1ol h B
bo0aL2

Qoagd1c

epbazy
poaaze
apeaz2
aaapzs

GRda4d
0004 4

oRRESH
REGGSH

eluloli bt

Dadase
AGRBSE

BRaang s
BRAAdE4
paepGd

DRRGeTH
5l-1 1 -]
QaRerz
pagRr4
ululod. rg

poASLpa
baaian

Badlias

177560
177062
177%64
177566
BAaz1S
o1l iy

Qe Bg
erelafelal:
alollelcly

Gba24a
vaaz40

BlET4E
17?7560
alet4s
1775ez
AlE746
177564
DlE7HE
1773566
212701
gdiiae”
P17eY
edQaal
177560

DA476Y
paezse

pL@gsy
pOBZ44
0a140¢

De47ET
aenzsSe
plez4l

RO47E7
10 78

RBBYTET
oRez40

QA4 7ET
aop2ze

GR4767
Qoaxio

.TITLE L
33 CHCARLL E
SEETTL L

TKE=177 36 °

EE ¥ ORDENA CRRACTERES
xITsC
EER USANDD WHILE.

TRl 77564
TPE=1 77566
CR=21%
LF=z21%
FEINCIFARL
ER Wl L4
WAL ;0 . WORD B
KALXZ: . | WORD - &
MM - NOF
FOUTINE MFi
MF1: NDF
FLSH CTES, TEE, TFS. TRE>
MOy TKE, =(5F)
My TER, ~(5F)
C MDY TIPS, ~(SP)
HOow TFE, ~(SF)
MOY SPILA R1
MOy 1. TKS
CALLROUT SALTH _
JER . SALTR
WHTLE Rz, M1, 244
Whit : { MF FZ, 8244 .
BEC WUz
CALLRCUT LEER
JER PC. LEER
MOY RZ, - (k1)
CALLROUT ECRIEE
JER FC, SCRIBE
ENDWHILE
&R Wi
WW2 : NOF
' CALLKROUT SALTA
JGR PC. SALTA
CALL ROLT LEER
JLR PC. LEER
CALLROUT SCRIEE
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LEFF USHKNPD WHILE, a

OUILIEd  QEATET LR FC, SCRIEBE
OaBzac .
27 0G@11e  1ezrFaz LUR 250, B2
_aaazee .
<E OBAL14' P1@ZET 34 I'IEI'{ k<. TEMP
pRABIcZ
2% PBE1TY {ALLROUT SALTA
GRRLZe OBpd47e7 J5R PC. SALTH
BOBZaz
10 abG1ed URTE TEMF
0BRL 4 QIGPET MY TEMP. MVAR3
aaprng
GRAREE
BABLIZ  ARSMEET rEC WVARY
eebecy
00Q12E DPP1ALY . ENE - Wki4
¥1 0h@14e CALLROUT OrRDENA
0RdLséa  AQ47ET FSh L, ORCENA
ARBALE
12 00244 @1270X HOY sPILA, R
AGlibe”
I GER1SA CAHLLROUT MAYOR
QABL%G QRe7FET J5R FL, AR OR
000206
34 aDAE1S4 {ALLROUT SALTR
GOD154 QR47E7 JER PC. SALTA
| eQe14é
iS5 BeA1lc@ SEPCASE
BOD1ED  AQB420 _ EF: WW T
080162 BOTIEY  WMH4: - CEC MYARZ .
ARRGTZ Voo
980166 @di012 ENE LN L N
6 QapL7e (ALLROUT. ' T DRDENA
PROP17@ QAQP4TET JER PC, GRDENFA -
epaBIE o
I7 GeaLv4 " CALLROUT . . SALTH
BRRL7A  BR4TET : JSR PC. SALTA  ° TR
ARaiZE S
IR POOIAD @427az . My PILARY v -
@aliag” . R
39 peazad CALLROUT - PEMOR -0
PEPZO4 BPITET JSR FL. MENOR ° "
BEIEIi?ﬁ . * \ L
48 QA1 0 CRLLROUT SRLTR . ..
RRAz168 QA47CY JSR PC. SALTRA |~ ™ i
apPi12 e
41 apaz14 ' ENDCASE
PAAZ14  QPR240  LWS: HOIP
@RET1E  AQAad4El ER W3 :
Bo0228 eGp@edd WYRRI: . WORD @
GBBZT2 GAD24@ WWY- NOP
42 BPAZ24 GOTD FINAL
PRB224 PBOLGT JMP FINAL
QebzZ2
42 AAQ2TA ENDROUT
@dnz20 Qpb2ay RTS PC

44 ;
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cew ¢+ urlENA CHRHCTERES. HACRD L@ @u-FUG-TE 1£.3€ FAGE 14-
LEEF USANSO WHILE. ) :

45 GppRIy FUUTINE SRDENA P
BOBZIz BEHZ4E  ORDENA. NOF
46 DOE234 QL2707 MY #FILA, BT .
o01iec” ) - .
47 QEBZ4Q0  aiz7as MOy "#FILRA. R4 35
0n116E” :
18 BOAZ44 16IT04 AN T2, R4
06022 .
49 PEPZSO  A0SAET (LR CONT
. BaBZIE
O QBEZS4 Qrd4is4 1 9P -LRZY. -{R4)
Tl oeezSe 1pieed : EH1 ped
N2 PORZEHL @z0401 I¥- CHMP k4. k1 ;
LT GOPIC2 GQRl414 BEEQ 4%
S4 OROCES GOTO 1f
QONZ64 BRRIE? J MF: 1%
177764 N
Th O G2REFA 911267 2¢- MY #EI, MFY g
aa0204 ¥
NE O@pl74  O11412 MOy &4, ORT
57 PBR2Z7E 016714 MOy MFS, FRE
BeB1TE )
SE GBEAIG2 f1Z7ET MOy 1, CONT
oEepEl
- QpRive
%9 DHEOILG GOTO it
GaNI1a GEd16T JHF g3
177744 .
6O QEPIL4 [IIVET  4F: CMF #4. CONT
opooaR
GEE RS
€1 AQAIZE GP1343 ENE ORDENRA
E2 GDRIl4 ENDROUT , '
pRpRIZ4  pREeZAy TS FC /
&l i )
64 DREIZE RUUTINE SALTH
BRBIZE BEAZ4IB SALTA: HOP
€% 9ARITA Qiz7az MOV BCR, R2
aeaz1s
£ BEEIT4 CHLLROUT SCriBE .
eREII4  QD4TET JE5E - FC, SCRIEE
_ BOERSE
€7 QdaT4a Q12702 Mo SLF. RZ
ad21 s
CE ORpidd CALLROUT SCRIEBE
ABhid44 Q4767 JER FC,SCRIEE -
Bpo04 ¢ . .
€9 OPAITE alz7a2 Mo 8LF, RZ *
paR212
70 aEInd CALLROUT SCRIEBE
BEB2TS4  PO47E? JER FC., SCRIRE
apeaze . .
71 GPGIER ENDROUT
APAIEA QQOZOT TS PC
e F
73 gRBI6Z FOUTINE MARYOR

CRuI62 008240 MAYOR: NOP



Ltr,
t.EEF

AR N CHERCTERES

i fIL0 HILE.
PRaL B 1 D S S ¢ B A e Py
T ARRTAL
QOOEEE  QR4TET
oG4
JL OOGZES BIZolar
TYOomuaniv4 Aam1Ivr
TE O (nadai T
DRBITE  pEPpZRT
S BAd4 a0
OROA0E ADEE40E 0 MENDR
£1 PEGA0Z ar4ine
o Dhasiig
Caadle  QR4a?0y
R LClL I ]
L T & LS T TR IR el e
g4 Beidis GelsTE
0o nAag414
R4 i14  Ghazhr
5 ;
o7 OB 1
VoD 1Ee  GaZ4h SORIEE -
EE OGR4 ZE 1enFRY
1V 7 0ES
RSP L1 £ 4 I ! 1paEr4
oD QRBd 6 plngeT
177506
el B R (s
BaG4Z  DRBZAv
S ORgd v 4
AOG434 G240 LEER .
oI QPRSI e  10LTET
1T77EER
4 QREAdz 1374
oh BOR44d  QALETVRD
FE e
S OGRS H
Candtd  GhnIar
o Pafdsz FINAL :
CRaD45:  ptIayy
1775
Ga045e @1 ECT
17V 7FTisg
VOB @1ZEET
1riols
GRbdce  A10C6T
A7FLER
HE ARG S
CO0BHA g
CIRERTRIEE | (L T%]
BRMdT @I T4ac
elelztulel= Ny
GOG4TE  1@43TT
S AeBLED GRBEHDHB MFS-
168 OOO%SHZ caaPan TEMF -
1vi BBOLE4  BaGEAE  CONT:
18

MACRL L1e

M

CHLLFOUT

JER

CHMF
(H o
ENLFOUT
(5 =

FOUT I HE
HEF
oY

CRLLFEOLUTY

JEE

CMF
ENE
ENCFOT
RTE

FOLTTHE
MOF
TETE

E:F L,
{y

ENOFOLT
o
FOLT TNE
NI
T=TE

EFL
FoYy

EROROQT
RTL
FoF
Moy

1oy
Moy
(R IRy

EXITIC
EYTE

(o [

Emi

. WORD
. WORD
. WOFRL
. EBLEW

RS-AUS-T6

CR1Y+ RE
SLRIEE
FC. <CRJEE

L, FIT

MAYOF

PC

MENGF 3t

- ( FF_J- Fa R;:
“CRI1EE

P, ECRIEE

FX. kY
FIENCGR

FL
SCRIBE
TP
SCPIEBE
Ez, TFE
FC
LEEF
TS
LEEF
TKE. R

FC
CTPE. TFS. TEE, TES™
LS, TRE
CEF e, TFE

(SFI)+, TEE

{SFY+. T E

nl..1
$¥5%, —CEF)

377
a
L
o
L8



LEE % CORFRDENA CAFACTERES,
LEER ULBHNDO WHILE.

16 @01106 OOEEOR
164 . BEAB1A’

PILA.

37

MACED D1
. NOFLr -
. ERD MF1

@%-ALG-76 1838 FRGE 14-4
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LEE v OFDENA CREACTERE® MR RO DL QL-ALG-TE 15:3& FAGE 14-
symenL TAELE
CONY HEaTR4R ORDENA Q@22 . HHLM = pgfdan
CF s QElE4AY FI1LA Go110ER WFNTL = aadanl
F1HNAL AaG4 LR CALTR STRTE I N LROUT » pBageah
IG = EHEBAGL SCRIEE oG4 l16R LETOL = aadRac
LEEF aaQ4 24 F TEHF (R TP MY bl = C WETCE = BRBGES
LF = pa0asy s TkE = A7TLE: WETKL = g@agaax
MEY = PREEODT THS = 17750 WETKZ = gRBBRS
MHY QK AR TSR TFE = 177 5EA WY RRFT e zzafF
MEN = G@adoad TFS = ATTSE4 (NIATA] <) aEeRGEER
MENDE BEb4 ReER WAFLUM = OOGaG1 [SIAE] eaDANOK
MF1 aggalLag WHMURL Gz RG 19| P g paaayE
MF & elelebu]ul= WAL AA&AG4RG WU AUBZZ2 IR
Ml = DA HWETIG = (OGHGBE Wi eoal sk
M x QRAGOGT WETIf= GRangs INIAL Hoaz14F
H1 s FEbong . WETIGE= Bopaay 1¥ = pabpaar (R]57"

HEES. it RIE]n]

Ml110 BE

TOFPEYSY OQaan s aaz

EFFORS LETECGTED: @

FFEE CORE: 1844 HOFDE

FLORL TTG. AL TIH-MES=Da A Vw0 EMAD. 1A FLDKS mAC. 14
MLE™

MCR> TKE

TKEFFLORL -FR=FLORL
THED 7

MCESRUN FLDR 14

CAZNSKEDPLICYEFNGIRTYUTI1REC 964 TSy
1
ZYMUYUTSRQPNMLE S TGFEDCERIETES 4T 108
MCRIRUN FLOR LS
SFONIUE TRYASDFGHIKL MZVKBONL GG 7354695 . . <27/ iGF=--%

=
=

F4, ~ AOLLIANETIS (=0 TMPADLCLEFGHIJELMNOPQRSTUYNEYZ

MCE >
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Iv.2- UriLtzacion i pxe: [ 38, 38 MACEST LR

Fl siguiente programa es una ligeru variante del
antervior, L difecencia vonsiste on que laege de inaprimir el-

conjunto ordepads, lee otro carficter, que puede ser " g " 6

cualquicer otrod si s ™ @ " terming;, st o¢s distinto Joo ttodo
vileelve o esperar g legtnra de ™ 00" 6 " 2" gue tiene o)

mismo elfecto de antes;, ¥ usT repetidas veces,
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MOFZIE 1160 eFLARS. HRC

4

. TITLE
. MCALL
. MCALL
- MCALL
. MCALL
ACALL

CSBTTL

LEE ¥ ORDENA CARRCIERES.
REOUTINE. CRLLROLT. ENCROUT
1F. ENCIF. CREE. SEFCASE

ENDCASE, WHILE, ENCHKILE. GOTO
EIELTOTECA, FRINCIFAL, PUSKH, FOp

EX1Ts(
LEEF USANGDO WHILE,

TES=177%6

TRE=1FPRES

TFL=177%64

TFE=1775EC

(R=21%

LF=z1g
EIELIGTECR
FFINCIFAL
FOUTINE HMF1
FLIZH CTES, TKE. TFS, TFEZ
MOy #¥F1LA. Fy
MOY #1, TES
CRLLRODUT SALTH

—WHILE F2. NI, #2444
CALLROUT LEEFR:

\ HCHy Bz, «{R1"%
CALLROUT SCRIERE
ENDWHILE
CALLROUT SHLTH
MOy El1, R«

FEFITE: CALLROUT SALTR
CALLROUT LEER
CRLLROUT SCRIEBE
SUE RZLA. Rz
MYy Rz, TEMF
CELLEQUT SHAHLTH
CREE TENF
CHLLROUT OFLENA
Moy EFTLA. R
CHRLLROQUT MAY DR
CALLROUT SALTR
SEFCAsE
CALLROUT CREENA
CALLROUT SALTHA
MGY #FJLA, R
CALLROUT MENOE
CRLLRQUT SHLTA
ENDCATE
CRLLROUT SALTH
CHALLRQLT LEEFR

L]

Az

sc¢ declaran todas las
macros de DKA: [38,38]
MACEST,.MLB que s¢ --
usafn

idem para las macros
del sistema

deben ponersc PRINCIPAL
y OBTBLIDTECA al comicn-
z0.



qx:

CHLL KL SCRIEBE
IF - Fe.H1, #2260

mMoy g, B

GOTO FEFITE

ENDIF

LOTC FINKRL

FERLEQUT

FOUTINE ORDEMA

Moy #FILA. FZ

MGy BPILA. R4

SLUE bz Fd

LK CONT

CHMF -(RIY, ~(R42
EH] 2%

CMP Fd, F1

EED 4%

GOT0 ir

MGy @RI, MFS

Moy Bfg, pRT

MOV MFE, R4

Moy 1. CONT

GOt if

(] WE.CONT

ENE ORCENA

CHNOROUT

ROUTINE SALTA

MOy #CE, RZ
CRLLFOUT SCRIBE
MGy BLF, R
CALLFOUT SCRIRE
MOy WLF, RZ
CRLLFOLT SCRIEE
EMCEOUT )

FOITINE MAYOR

My R34+, RZ
CAHLLROUT SCRIBE
CHF Fi, R3

ENE MAYOR

ENDFOUT

FOUTINE HENOR

MOy -{RX» Rz
CRLLRCUT SCRIBE
CHp RX.R1

ENE MENOR

ENDROUT

ROUTINE SCRIRE

TETE TPS

EfL SCRIEE

MOy Rz, TFE
EHCRODUT

FOUTINE LEER

41

Y.
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T15TE TES
EFL LEEFR
bty TKE. k2
ENBROUT ' 42
FIHAL . FOF “TFE. TFS, TEE. TKS>
EZLITEC:
MES - CHORG @
TEME ; . WCOHRD QA
COHT ; . WORL @
. BLEW prd e ]t
FlLn, . WURL a
. ERD MF1
MCES I FLOFS TR AT TO0 HEES0RC |G, 6005 HLEZHL . 6L RS . Myt
\, Sc Bide listar las expansiones que
s¢ traducen
LEE % OFRLEHA CARFRCTERES, MATRO [1g BI-RUG-7E 1% 48

THELE OF CONTENTS

1- & LEER USANDG WHILE.



LEL

GRDENA CRRACTERES.

T N S - DY W NN s AT - U

AR s
FY

e
xon

bt
Mo

Haihin
elelellc]ed
aaaaa6
aonoaz
GoRhEaGaG
Llelcicic s
@oend0
GoGa1l
aapbla
aaaels

eluieloh i
coan2s
aadece
aneosy
elelcleiy
GOOG4d
qaHEg 4

gQbsh
aphaTo

elelelelt ]
BaRATE
lClEl Gt

S apbacs

BRabe4

N &D

MATFG DLR  BS-AUG-TE 19:4B  PAGE 1

. I1TLE LEE ¥ OrRDENA CARACTERES.
CMOALL ROQTIHE. CRLLROUT. ENDROUT

4:3 HCHLL  IF, ENDIF. CASE. SEPCASE
MCALL  ENDCRSE WHILE. ENCRWHILE. GOTOD
. MCALL  EIRLIGTECHA. FRINCIPAL. PUSH. POF
.HCRLEL, EXITEC
. SBYTL LEER USANOO WHILE.
177SER  TKSmiT7SEQ
177562 TEB=177560
177554 TRSxA7?%éd
177566 TRBz=17?7S€C
@eaz1S Cr=21%
ABGz1z LF=zi2 .
EIELIGTECH
FRINCIFAL
aenpdn2 R Wi
APGRER WRLUX::: WokD - @
QOBAER  WARLIKZ : | RORD o
BOA240 WWWA - NUF
FOUTINE MF1
apnR24a  mMF1: NOF -,
FUSH <TKS. TEE. TPE, TPE>
@1674€ MY TKE, —CSF)
177%E0
BLIE746 Moy TER, ~(SP)
177362
H15746 MOV TPS, =(SP)
177564
G1s748 noy TPE. —{SF)
177566 ,
G170, MYy $FILA. 1
@G11467 S
M1zTE? MY #1.TKS
Gaaan]
1775ER
. CALLROUT SALTH
BP4PET7 . JSR FC. SALTA
Gpaile
_ WHILE Pz, NI, #2244,
Q227 WW1- CMP RZ2, #244
oBazd4 -
ARA1466 EEC Wz
CRLLROUT LEER
AQ47E7 JSF FC, LEER Y
@RE4e1 2 ' -
Q1241 Moy R&, ~(R1)

CRLLROYT . SCriBE
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r ' '

vA8AE4d GA47ET JOF FC. SCRIBE b
a008366
<8 PaAaTH ERDWHILE
eAATe @eazey ER hild1 _
. pa0azz  Apez4a  WM2: NOF _ - 44
z9 (Eaard4 CALLROUT SALTA o5 .
GGE7d  GRYTET JAR T PO SRLTRA '
4 r ' : ;
¢ >
LEE ¥ GRDEMNA CARRCTERES. MACRD Dig "A5-AUG-76 19:48 FPAGE 1-21
LEEF USANDOD WHILE, :
vaN2es
I0 a@épLee 010164 MY Ri. R4
1 aeeigz REFITE: CALLROUT SALTR
PER162 BR4FET JEFR FC. SALTH
. dREZ60
IZ MEBl0Oe CALLROUT LEER
030106  2R4TET JER FC. LEER
aalzez , .
T oaphlilz CALL ROLT SCRIEE
OEO11Z2  @R47e? ) JER FC.SCRIBE
PABI4H -
¥4 QOP11€e 16270z s SUE 8260, RZ N
agazen
IS a@Ee122 @1D267 MOy R%, TEMF 4
apGe1d . .
i€ pealze - CALLROUT SALTA
OHA1ZE BQ47C? JER FC.SALTA
paBZ3T4
I7 eadiie CRSE TEMP
GER1EI2 Q16767 Moy TEMP. WYARZ
Galdpg
BElase
BaGl4n QA% ITET LELC WYARZ
(EAQALL ‘
BA8144 OEp1011 ENE WH4 .
& ponlse CALLROUT BRODENMA
QOBI4E BRITET JSR PC. ORDENF
caaiza C
I9 eali1sz m127062 Moy SPILA. R
apligs”
48 Qpoise CALLROUT MAYOR .
. TBD1%E Qa4 PE7? JER FC., MAYOR
- APeZ4m@ R ‘
41 a@blez CRLLROUTY SALTH
GaB1eZ @PR47E7 JER PC. SALTA
PEGZO0 '
42 AeRlce SCPCRASE
DORics QQa42n ER . WWX
QEB1Ta GASIET WMWY CEC WYARZ
GaBAze

EpOLT4  @OLO1D ENE MWS



4% GAR1T7E
gep1Ye Q@R47ET
el=olt e o)

44 Qebzaz
BOpZBe GE47ET

adol1co
45 DOBEZRE (1270
. Be1146-

46 DOQzZ1Z2
BddLIE  ddi7e?
. enezze

47 apazZis
AApZ1e  PRave?
238144

48 apd22e

AAGIZZ QEEZ4E

LEE 4 QRDENA CARACTERES.

LEEFR USANDOD WHILE.

AaeIed4  fERdnl
BAAZZE EPBARA
CHEZEIn  ARAZ440

45 popcx2
DaGcIz LR4767
QaaLIa

oh pEEZIA
BRARZIE  QA47PET
baazaz

51 ebeagdr
AgbZ4: QR4 TET
(ululn e e

Ne ORRZ4E6
UeRZ4E  Qzaza?
AAGZER
ooty ABd14063

53 0GHSS4 f104p1
4 GaezZSe
| epORSE  ROG1ET
177620
5T DAAZGZ

GEe2ez  O0EzZ4G
5 DAgZed

aBgscd4  Q@EQler
(uic] clmggny
537 BREzTO )

BapZ7a  BERZET

LI ganzT
BOGe7:  OBE240G
&0 QeneT4 P17

45

WS

WYARI :
WWE -

3

ORDENA:

CALLROUT ORDENA
J5R FC. ORDENA
CHLLROUT SALTH
JER FC SALTA

Ay #FPILA. R2
CHLLROUT MENGE:
Jim FC. MENOR
CALLROUT SALTA
JoR FC. SALTR
ENCCASE

NOF

MACKD D18

E#~ Wi =

. WD 3]

NI _
CRLLROUY SALTFR
JER FC, SALTH
CHLLROUT LEER:
JER PC. LEER
CALLROUT SCRIEE
JSk P, SCRIBE

1F . RZ.NL RZA0
CHF 2, 0250

EED W&

MOy Ré. 1

GLTO REFLITE

JHF REFITE

ENCIF

HIUIF

GOTO | FINAL

JHE FINAL -
ENOROUT

RTS PC

FOUTINE ORDENA
NOF

MY #FILA, B3

42

G5-HUG-7€ 19:48& PRGE 1-2
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46
Hal )&
] GaGZad  G1Fod Moy #F1LH. R4
a1 14E”
&2 DOEpI0Y 12704 AN = %2, B4
Ll ol Rl by
G AEDTIO QS EGT CLF EQNT
AQas2IH
4 MORTLId  zd T4 4 1Y C M ~OREY, = Fd)
L5 DABEZ1E 161004 EHIT of
€6 AOOIZE (GZO401  IT: CHF md. k1
&7 BOUICSE AG1414 EEQ 45
EE DBRATZ24 GOTO I |
BBaz24  RDOOACT SigF 14
177764
- S QERXEA Q117G 2y (s R, MFS
AakobY
VO 0ARTE4 P1144z MYy k4, bR
Fl @a0@i36 B1a?i4 mOY HMF 5, &R'4
GRALTE
Fe aRI4Z  QLETET My 1. CONT
GoGabl
DEE174
Vi Qemzs50 . Gnulo i
aEpzsSa Gpter JHr it
177744
V4 PRATSd  [ZITETY 47 C.mF wd. CONT
LEE % ORCEMA CARACTERES. MACEQ Dia B5+-RUG-7& 19:48 FRGE 1-3
LEEF LUSRHOO WHILE.
HEBPG
demics
75 00UD0TES  QAfp1T4T Et:E OFDE NA
TE NGETES . EMNMRECOUT
OPRaIcd QEEz'Gs ETS FC
- .
TE Rp@pIES FOUTINE SRLTH
BOEETEE  OQOEZ4E  SALTA.  ROFP
T QEARIFE @1CT0Z2 MOy #CR. B2
DeazZ1y
2D RaaT VY CALLROUT =CRIEBE
aDAEET4 ARG TET JEF F{. SCRIEBE
CRGEASE :
£1 AaE4sh  plsros (LENE #LF. RZ
Goh2lz
B aOf4nd CAHLLROLUT tCR]EE
BAG4G4  GpgTET JZk FC. SCRIGE
EILICIEE ¥
EY DOO41QE pizvaz MOy $LF, k2

LY LT P e



104

185

LEE v ORDEN#A CHRACTERES.

Gacd 1.4
GoG414

« g Za

el el

ETS BT e
eG4z
adodzd
OGHde
eG4 26

GuEsze
Lhoa4x4
AUB4EE
Goh4Le

GRE4A0
boGa4443
BEGd4
boGgd4
Gemhadd

BAE4 A
RIS bl
GBS
Oag4n4

Gha4gie
Ladglo
bhG4e0

AEO464
GOBdEE

a4 7
QoG4 7

OO TET
OEpBLE

papzavw

noAz 40
@l1z1ag

OG4s e
GhaRsY
nziles
BBy

QapzH7

aabGz40
Gi14zaz

Q4 7E7
HAGBGE
B203Imm
[LEC N gy

Qon2ey

AEpz4n
labrey
177564
1GR3 74
16267
1775EC

GEGZavT

LEEFR USANDO WHILE,

1.8
1067

10%
169

11n

111

BHRpa T d
GBhg 74
Q@47

elelC byt P
DASaYd

aoasin
QRGaLin

poatle
(L1510 bl

elelClk B

aog<a
1B= ey
1V75en
1AGE74
Qia7pe
17796z

GOGoGY

alzesy
1775Ee
o W

4/

i

AN DE:

x

MENCTHA, |

[

SCRIEE,

LEEFR:

FIHAL :

CRLLEOYT
JoR

ENDROULT
TS

LT T HE
HUF
FY
CHELULROUT
JEF

Gl
EHE
EnCREQUT
FTa

ROUTINE
N

My
ChLLEDUY
JEIR

CHF
ENE
ERLROT
RT>

FOUTIHNE
NI
T=1E

L
MY

ENCFCHT
RTE

WMABCRO D1

FULITIMNE
N
TETE

EFL
MGy

ENDEOUT
KT

FOF
MOy

MOy

] SLRI1EBE
PL. SCRIEBE
FI_
MAYOER
‘RLY4, B
SCRIEE
U, SCRI1EE

Ri. R
MAYLR

FC

MEN R

={FId), F2
TCRIEE

FC. SCRIEE

F3.F1
ME R

Ei
SCRIBE
TFS

SCRIGE
Fe. TPE

FL

@ Bo-AUG-TE 17:4&

LEEFR
TES
LEER
TKE. B2

FC
CTPE, TRS, TKE, TKS:
(SEY+, TPE

(SP) +, TF%

&l

FHGE 1-4
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11:
114
115
116
117
1%

LT b
ETE T paleid

GORLETS 2
(Efelclelils
aafhel
el le by

AnpaTIe
ARGT40
Ll lRh s
AaQtdd

Ad11da

b IRl
(Ll a St
AVTEED
GloaEy
177560

He T

luk
flevac
GOAPGER”
184377
DOREHR MED:
Gabiéaa TEME
O0QEGGe CONT:

Qoadep FILA:
loleich §- 0

4%

(LTI
MOy

EZIT¥C
. BYTE

MOy

EnT

. WORE

. WAERD

. WOKL-
LW
14O
. ERD

(SF+, TKE

(SFy+. TEZ

1. .1
WEIEg, —(ZP)

77
i
&
)
ZAn
(5

MF1

44

boiu



LEE % ORDENA CARACTERES.

SYMEDOL TAHEBLE

CORNT

AnbIZ44R

49

MACRC C18

4]

PE-AUG-7E 19:48 FHGE 1-5

PILA a1146R WPNT1 = @BGpai
] = Bal21s REFITE @QH182R BROUT = BaGpgd
FINAL GEBS1ICR SALTH BahzZEaR WITC1 = BBaQEas
IG = @ERpebEl SCEIBE @0@4%6R UETCZ = @bRgal
LEEF apB4 v 4R TEMF QsS4 2R WETKL = GBRRAREG
LF = Q@b TEE = 1¥T7SELR WaTEKZ = Geehas
MRy = QAPEE0C TkS = 3177EER WYARS poazzaF
HAY R [ce] B Badey = TFE = i1T7MEE WHWG AEQaRER:
MEN = afnEl TFS = 1.7564 (NAE | Lagesor
MENGR G AR WAFUN = (adanl WKz E] o115 gt o
MF1 elnloluh el WAL GORRpRSRG WW3x BRI ER
MF = OaAS4aR R AUpEA4 PG W4 AR ?OR
AT = AphAGE WETIG = Onaeiay - Wid'S aaazz ek
My = aphEnsS WETIQLl= @aroeas AT (S 1E] pelloted
H1 = QREQAG2 WETIQRZ= QQOAGT o 3 = @eBaaaR
ORCENA  @QAZTVER WHUM = GRacaa
. AR, oEQEHaG (L]7]: ]

Galisa aal

SDPRETT ARQAEZ Aoz
ERFORE DETECTED: G
FREE CORE: 2051, WORDS
FLOMZ T <L TTMMER=DEG [ 30, S8 INACEST. MUESML. TLOFL. MALC
MR =
HCFE> THE
TEEFLORZAFPFE=FLORZ
TEE> }
MCR>RUN FLORZE .

QARZPLMSKENCEVDMFHGRTEY WU JKQ1224 85 TE~=G®; +: ¥7.°>. . %

1

Y XWVUTSROPNMALKKTI THEFEDCRAQO YD =g (B7ES4I210/. —, +w¢

Ly

ans
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I*i,-.36123456?8:;{=}?GEHBCDEFGHIJKKLHHHPDRSTUVNXVE

by

lii.—.f6123456FE:;ﬁ-}?E@HBCDEFEHIJKKLHHHPQRSTUVHXVE

o

1

EVKH¥UTSEQPNHHLKKJIHGFED&BH@@?}#{;:3?654321HH.~,+¢$

MCF>-
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IV.3- " DETECCION DE I:RRORES. SIN GENERACION DE EXPANSIONES

El sigulente programa sirvc (nicamente para mostrar

los tipes de errores que pucden detectarse usando las Macros de
Programacién Estructuradza.



-2

MG TF

174 =FLOR1%. MAC

- TITLE PROGRAMA DE PRUEER.

CMCOALL ExITSC, GOTO

-MCALL  ROUTINE, ENDROUT, CRLLREOUT
. MCALL 37, ENGIF. NHTILE, ENCWRILE
-.MCALL BIBLTIOTECH, PRINCIFAL

EIELIDTECAH

FRINCIFRL
FOUTIHE MFA1
Moy k2. k3
- IF A-HMy, E
L_ELR kG
ENEIF
MOy Ri. Rz
~NHILE He MM
L_ELP k4
ENDWHILE
MOY Ko, R4
ENCF
CLE Ri
=35 BIEM
ENCROLIT
FOUTINE BlEHN
noy Rd. B3
CALLROUT
CALLRDUT x
MOy RS, R
GOTD F I1HAL
e L FENCROUTY
= ROUTINE
L CLR R4
} FOUTIKE XX
MOy El, kX
IF B 1G, <E, C>
LR o
ENDIF
MOy Ed, Rt
{__ ENDROUT
FIRAL - EXITLC
GE . WORD 4
(=3 . WORL 40
£ . WORD 1%
.END T MF1

MO R MO FLGR31.TTH:HLI:11H=Dﬂ?:[TG»REJHHC{$1_HIant,TLnPii.HnL

49

5¢ onite listado de expansiones



FEOGRAMA LE PRUEERA

mTIr»> 22> I

[ R I Y I N Y

e

1i

-
&

14

135

il
ig

1%
g
-
L

R

AR M
A

BIrybrEAR; 2
Ay W e [

[
Ll

[
I

[P A W
SN

[Tk CI=TET ]
[t chel; T
[ela iy N ]
s chied
C0eD] 4

Qe
L LTl )
BAQGI

IOOpEzd

L ilc) e
anphIy
bopa= o
el et
AhoAT 4
BOBELR
Baad D
BadEs g
Cabhng >
0 g 4
LIC)s L PN
LAl LI TR
CIOH GG
=15y 1e]A ]
Qomps
[Slahe] T
CBhRsy
QODAT 4
ARakhcd
GoupEz
alitiy Ty
BEORTH
CadBFa
815111 Py
BRIl ey
BRpAFs
[3lclLls gl
BRRNFE
Boeprs

C]< 05 BT
Bodl1ip
oealyr
Bak1tq
BERL114

Gibgds

[t )=l

Blalos

e} IS ]
(L7 L
Bilpshy

BT O]
BRmYaL

Bla4nl

LRRs L]

ApTood

10107

DRETES
535 Lol P
poana?
RSO

Qle48

MACKD bia S=ALG=76 19 14 FPAGE 1 &4
L[]
LAITLE  FROLERAMA [£ FRUE LA
HEALL EXITRL GOTN0
HEALL FOUTINE. ERGEOUT, CALLFOLT
549 CMIHLL  JFLENDIF . WHILE. FROWHILE
CHICALL BYEL JOTESA, PEINC TFAL
FLILLIUTECR
FEINGTPRL
AULITINE MF1
Moy Fo. X
1F A fv, B
L IF EC. My=1
. IF EQ, My-x
. TF EQl my=2
. AF EQ my=4
1r EQ. MY-5
. 1F EQ, My-4
. IF Ed. Hy-7
. FERLE  ;: GPERALOR LE RELACTON JROORRECTE
(L F:n
ENEIF
HOY Fli.eg2
HWHILE ALkl
EFFOR S HUMEROD IHCORRECTO GE FARE-AMETFDE
ELENHILEPA ; luﬁlmcniajeq e error-
EF Wlax » eEplica
) i gyud errores sc detec -
M RS k1 . taren
EMIETF '
CREOR  ;ENDIF 1HGEBRILN
LR R
Ef BIEN
EMDREA)Y
LFRREOR GESTRUCTURA GUE CIEFRA SIN LA
ARINT L CORRBESPONDLENTE QUE REFE
FOUTINE EIEM
Hag Fd, k3
CRi LROUT
LRKGE G NURERD TNCORRECTO DE FARAMETEOS
ChLlfouT o
e | ')
Ghto FINRAL
E HCR QLT
FOUT INE
- EFRUR i NURERD CE FREAMETROS (NUORRECTL
CLF Fay
FOUTIHE X¥
CEFROR S RUTINAS ANIDADAS
My ri. R 3
1F M, 1G5, {B.C>
T A E. G
(LR kY
ENDIF
MOy k4, F1
ENLECIT
. ERFQR EREDRE LE FRRES DE ROUTINE,



. 54

FREOGFAMA OE FRLUEEA. MACFO 10 QS—ALG-TE 17:14 FAGE 1-1
pEp114 , - PEINT  GERDRGUT 0O DE ANIQAMIENTO.
& ospile # 1RAL : EXITYC '
it ARALEd DRDe@E . H- . bR 4
40 DOAlZe Naablo B - HIORL 40
41 GRELI0 GEAA1S - . WHRD 1%
4z : GQaainm” . ERD MF1
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25
CROOETIMA DE FPRUEER. MARCFGO C1b @5-ALG-7E 13:14 FAGE 1-2
sy itk TAELE . '
A GEQALZ4R N1 = Aneaas METCE = BaEGR]
E pehal gol WAFUN = 0rffiaa] WETEL = Qoekiod
EIEHN COBRTHE WAL, QAAOGTRG HETkZ = QADGAC
(™ ERLIGR WRLIE arnaapdRG HiJWE AABAAF
F 1RFL Bealler HMETIQ = BOapes MRE] eTalcl hult Sy
105 = Qe WETIGH= QUrinig Wi = earad . G
ey = BAGEGZE WETIGZ = @ahabbs [N M cabhz kR
MEH = GEEARY WHUN = aGuopg [A]NT! @EnliofR
MF1 elatalch Bls WPHNT1 = pODEGER e QaeGar R
M1 = AEMAQE. WFROUT = @poigl -I¥5% = GRYOLHaK Rpar
L1% > waad e [GY WETC1 = pHbdmEs
My ] = REROaT } WETLZ = OGS
AES. (GGOHEQH tetel )
epaly s GRal
10FEYE aoahz aaz

EFFORS CETECTED:. 17
ERFUKZ DPETECTED: 17

FREE CURE: <2636 WORDS

FLOFAT, TTa:, LT TTM=bR L 20, 30 IMACE ST MLES . FLOBL T Mo
FLORAA. TOO /LT TTIM=lb @0 23, 20 IMACEST, MLEB, -, FLGRL 3. MR
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Iv. 4- ‘ ANTDAMIENTOS. GENERACION DE EXPANSIONES.

Kl sigulente programa es simplementc una ilustra-
cidn formal de posibles antdamientes de macros.

(bviamente pucde haber anidamientes de mayor pro-
fundidad, como Ya se dijo en las secciones precedenties. La dni-
ca limitaciédn estd dada peor la capacidad de la tabla de simbo-
los del macroensomblador MACRO-11,



53
Mol TTD  =FLORS. MAL

o7
. TITLE  PEQGFRMA LE FRUEEFS DE MACRDS, 1 se declaran todas las
CMOALL  IF, ENDIF, WHILE. ENCNMILE. REFERT  ; macros de DK@: [38,3d]
. MOARLL  UNTIL. CASE. SEFCALE. - EHDCRSE ; MACEST.MLB quec se- -
CMCALL  ENDELSL, EHRTFELSE. PRINGTFAL . usan.
CATALL FUUMTING. ENDROUT, B IBLTOTECA : Idem paraz las macros-
.MERLL ExTTRL : del sistema

EIBLINOTECH
FRIRCTPAL

. deben ponerse FRINCIPAL
; ¥ BIBLTIOTECA

ROUTINE MF1

1F wi,MAY. n2
MOY FS. A1
WH]1LE w2, NI #9244
MOY R%.RZ
IF %7, MEN, X4
nav kS, R
ENDIFELSE
HOw R, R[4
ENCELSE
MY RS.AT
ENDWHILE
1F X4, MNT, #2058
Moy RS, A6
HEF"{' pfu A7 -
MOy RS A
ENDIF
MY Ros RS
ENC)FELSE
MOy RS, A1H
MGy FS,A11
REFEAT

MOy RESL RLE
MmOy -F3.ALE
mOY RS, Ald

CA<E sl

My RS 19
MOy kS Aie
SEPACRASE

Moy RS« ALY
SEFCRSE

noy 3. Hl1G
ENLCRSE

R
Moy AR5 H1%
MOy RS, RO
UNTIL

A PIR RERVIY
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BEBASE OOQdER3 Eriv WS
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<2 BEOBET 01a%e7 MOy RS, Fd
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POOT4D W3

ek wiz
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GeoURnc
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ORlGAGn

aEad sz
HEEEC45
alusey
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BEMAHDG

Whil ;

aobz4n
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CENEoEGG
Q1e%5e7
GanadaG
e1eSey
aaaooan

Wi1EvrET
G RHAGAG
GEGoY4
QALIET
Boaadn
oalaia

SN NI

HUE

o9

MOy FS. A%

EHDWHTLE
EF [M] My
HOF
IF Yd, MNT, #UER
CHMF 4. 260
MNCRED Cie Q% ALUG-7TE& 18:25% PERGE
EAT Wk £
My RS, AE
oy =
Moy YL AR
.ENDIF
WF
*
[y LR FS. A
ENEIFELSE
El- L &
MIF
Mroy RS i
My R, H1d
REFEAT
Fenl-
MOV RS, ALz
MOY RS FA13
MOV RS Adid
CHEE P
MOy a0 NYARRFL1
bEr LEVAR1 1
EHE Wiz
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ER
DEC

ENE

HOR
Ek-
. URRE
FINTR

MALRS 01

MLy
MYy

LINTIL
CHMF

ENE

ENDELSE
N
ENDRCLT
RT=
. END

MOY
MO

LEPACAHSE
MOy

LELASE
Wil
WYAR11,

W1
MOV

ENLCRSE

W11
8

o &%-HUG-7E 1&-T5

RS, FilS

b PRy

»a5. XE

W1

PL
MF1

FS% A1
ES.RiE

B35, ALY

ko, A2E

wHu G, M
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FROGRAMA DE FRUEBAR DE MACROS. MRGRO D1@ @N-AUG-TE 1§:35 FAGE 1-3
saymedl. TAELE
a1 w rwrnr GX HEN = wGadhadg WeTk4 = vRaall
AL D T ok G MF 1 aeAGLeR WYyAR1L @eB2I&FR
Fil - o Eprre GX LV = GEERRHE (NTR]N]. beBBALK
ALz = kwkwwk ¥ MYl = EOHRRY W1 OBRLI AR
A1Z = kA N N1 x 0anaey (HIPER:] Badl4GR
A4 E WEREgk GX CEPRCH® 144 tkem (3K L1l BpBZ40E
ALS T ewydad G WARFUKR = aniaadq Wiz ARBE 28R
Alt F ek G WRUZL CERTR T beg Sq WW1TD AXEZTLR
A17 = tatassd GX WAL CLREN4RG LWz HREABRER
FiE a veakdd G WET1Q = panQl4 (N]F s apBoerok
R1% = tktw ks R WETIR1= aapney NINE] GRAAGER
fge = wkrEeR ¥ WETIDZe QiszEll LS AGRBELR
AZEG vtk GX WHUM = QRaeBs ' [NTRES R Bt
A3 & A kransr GX WPNTY = Guandi W7 BRRZECE
[ = rwAr % (% WRQUT = aaimpn 1 = ka5
As = kR N WSTC1 = aao@ed ;2 = kkk gtk N
AE T kR FX WSTEZ = Bpoopfq nr E kacckekd (5
A7 = wnkkad [N W5TCIE = @aansd w4 = RtEELE SR
Ac = wxxkbed [N WETCY = ddmpaas P T kP EyY GX
HS CEE I O S ME%THY = @AnmnbdP e r Fhdkr GX
G = bapbpl HWETEZ = poipld
MR = QRLHOAT WETKT = @lirmald

FIES. (Felatelele] Lo
paRzes <ok

ERFOURS DETECTED: @

FREE CORE: 21739 WORDS
FLUF5-TTUJfL]'TTHTNEBtﬁﬂa.EEU-EQJHHEEgrfth#%L.FLnPw .
n'::F'} - . Ll L HHI':.



[v. 5- PROGRAMA FUENTE CONSTITUIDO POR VARIOS SECMENTOS.

El siguiente programa consta de dos segmentos; el
primero constituye ¢l programa principal, y el segundo es una-
rutina liamada desde el principal, que imprime en forma de df-
gitos los dos valeores numérices recibidos como pardmetros. Ta-
les pardmetros deben estar cn ¢l range fﬂﬂ,ilaj .
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MORU'TF 11 =FRQil M
CMCALL SV Wi NE, ERCRPOLTL CRLL RO segmento 1 (principal)
MR UL Pt PTEL IOTEY M. BR TR TFRL
GLOEL  SOFJEBE.HFZ

R S

Lr=l1.

ICCE R Iedd T

TFE-L 75

TRZ= 17 8

TFU: EP 750
CTELIOTEL A

KUllTINE MF] . ; debe ponerse BIBLIOTECA
a FEINCTEAL ; ¥ PRINCIPAL

L P -

FREd o YRS TR TRE, RS

oy #1. 1m0

My L P |

CFRIL LR mr = SRR

CRLLFOU SHI_TH

Fype CTRE. NI, TEE, TS

CRTIRC
AT TRIN
LY THE SR TR

fll—_l ,'l ‘ t.. jl', F"':
CEnL L RO SORTEE
iy BLF . >

CHL LA"L#) SR
EHRLIT -
FOUTINE S0 W IBL

T2 T TR
CF SR eT
fty e 1R
E MR
Lt MF 1
MCE -FIF T =Feog: dm
. LHMEALL BIRLIOTECH, ROUTIR . CRLILRCHE : segmento 2 (rutina del
MOALL RN oy ; segmente principal)

GLOEL T SCFIEE. HFET
CIELIDTECH

FOUVINE WF. TALED ; inicamente debe poner-
FIL: £ WIEQ. A se BIBLIOTECA
Moy A2
AL LRGUT SURIEL
Nl BZ€Q. B
MOy -
FALL FO0T SORIEBE
ENCROLT
A bR i
£ . WOFL G
EHE

MEREMAG FROGL, T10 AT TTR R L 0RO T %06, 00 WACEST. AL E b FROGL prip
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MACFO-D1G RE-ALIG-76 311-52  PAGE 1
MOPILL ETELIOTESF. FUUT TNE . CALLROUT
ClrHLL ENDROLIT
CNLNERL SCFIEE. AR 2

DatIGts EITCLIOTEL A

BOQEan FOLMTINE MFZ AL B
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MELN, MACRO Diwa BO-AUG~FE 1153 FPAGE 1-1
" oymMbL TRAELE
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E QOna7 R MYl = QRaanas WETIG = DOGon]

IG = GaGad) HI = Goonoaz ! FINLHE = @aifas
MAY = OEQRAT SOFRJEE®s 411044 0 WEHTL = @@oaand
MEN = MEQaag WRFLIN = anng WECHIT = SOAPGn
MFEY AoERAHEG WAL = 4 1 499% B3 NETLL = @OaRas

ABS.  DOOMEA Gao

QLERTg 5k
ERRGRS DETECTED: A

FRECE CORL:  I®77, WORDS
:?E?i;éra:ﬁLliTT":”EB=DKB:tEB:zﬁJmﬂcEST,MLBxML,pRoGz.mnc
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DIRECTORIO DE ASISTENTES

INTRODUCCION A LAS MINICOMPUTADORAS (PDP-11) 1981

Alberta Avila ?érez

Financiera Nacional Azucarera, S.A.

Insurgentes Sur 716
Col Del Valle
México 12, D.F.

687 30 68

Juan Jos& Benitez Monroy

Financiera Nacional Azucarera, S.A.

Av Insurpentes Sur 716
Cel Del Valle

México 12, D.F.

687 31 10

Sergioc Betancourt Cuevas

Facultad de Ingenieria, UNAM

Ciudad Universitaria
Mixico 20, D.F.
523 A7 03

Manuel Callejas Castro

Facultad de Inpenierfa, UNAM

Cindad Universitaria
M&xico 20, DLF.

Arsenio Casas Diaz
CINETT

Av de las Cranjas 682
Azcapotzalco .
M&xico 16, D.F.

561 8¢ 1

Manuel Cfizarez Guzmin
SAHOP

Av Universidad y Xola
México 12, D.F.

538 68 41 ,
Alberto Chivez Martinez
Departamento de Pesca
Alvaro Obregsn 269 50 piso
Col Roma

México 7, D.F.

311 02 40

Marfz Alejandra Frias Banda
SHCP
676 88 50

Ay Américas 81-301
Col Moderna

Méxdco 13, D.F.

50 74 47

Lago Patrcuaro 125-5
Col Anfhuac

México 17, D.F,

250 79 72

n

Insurgentes Sur 682-705
Col Del Valle
México 12, D.F,

P Angel de la Pefia 119-5
Col Cbrera

¥fxico 8, D.F,

_ Jacaranda 138

Col Nueva Santa Maria
Mixico 16, D.F.
355 28 17

- Insurgentes Sur 1601-5

Thilana, Gro.

Maninalco 14
Col Altavilla
Ecatepec, [stado de México .
565 02 02

Fragonard 23
Col Mixcoac
México 20, D.F.
563 08 56
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13
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15

16

17

Ratil Garcifa Diaz
CENETT

Av de las Granjas 682
Azcapotzalco

Mgxico 14, D.F.

561 80 11 ext 142

luis A Garza Martinez
SAHOP
Av Universidad y Yola

- Col Warvarte

Mexico 12, DLF,
530 30 00

Jos€ Luis de la Garza Martinez
S/AHOP

Cornelio Gomez Pérez

SAHOP

Calzada México-Xochimilce 5713
Tepepan

México 23, D.F,

676 60 00 ext 13

- Francisco Guerrerg Lutherott

Facultad de Ingenieria, [RaM
Divisiéin de Ciencias Basicas
Ciudad Universitaria

¥éxico 20, D.F,

José& Abel THerrera Camacho
Facultad de Ingenieria, UWAM
Ciudad Universitaria

Mixico 20, D.T,

350 52 15 ext 46 11

Natividad ternindez Flores

Financiera Macipnal Azucarera, S.A.

Insurgentes Sur 716
Col Del Valle, Mexico 12, D.F.
687 30 68

Jestls Herndndez Vieciconti

Fihanciera Xacional Azucarera, 5.A.

Insurgentes Sur 716
Col Del Valle
México 12, DLF.

687 22 44

Juan Manuel Iglesias Villafuente
Financivra Macional Azucarera, S.4.

Insurgentes Sur 716
Col Del Valle
México 12, D.F,

687 3T 10

José T Cuellar 70 A-9
Col Chrara
Maxico 8, D.F.

533 51 98

Calzada de la Viga 1418 F-301
Col Sifén

México 13, D.F. *

519 27 70

L]

CristSbal Colén Manzana .1 Lote 2
San Miguel Xalostoc
Fstadn de México

Uxmal 33

Unidad Independencia
Mixico 20, D.F.

595 28 57

Excursionistas Ixpomalin

Manzana 127 Lote 1356
Col Lazarg Cirdenas
Estado de MExico

Concepcifn Beistegui 618-6
Cpl Del Valle
México 12, DLF.

Ay Hidalpo 64 No 11
Col Santa Anita
México 8, D.F,

530 21 31
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22

23

24

25

José Luis Lozano 1fpe:
Aceros Nacionales, S.A.

Av Hidaltpo 132
Tlanepantia,Estado de México
565 05 44 ext 20

Marcos Bolando Cruz

Financiera Nacionnl Arucarera, S.4.

Insurgentes Sur 716
Col Del Valle

- México 12, D.F,

687 22 44 ext 222

Alfonso L&pez Reyes
Facultnd de Ingenieria, UNAM
Divisidn de Hstudios de Posprade
Ciudad Universitaria

México 29, D.F.

550 52 15 ext 41 55

Mario Hmberto Luna Delgade

Financiera Nacional Azucarera, S.A.

Insurgentes Sur 716
Col Del Valle
México 12, DUF.

José luis Luege Tamargo
Aceros Nacionales, S.A.

Av Hidalgo 132

Tlanepantla, [stado de México
565 05 44

Cipriano Maure Ibafiez
Departamento de Pesca
Alvzro Dhroghn 260 50 pise
Col Roma

México 7, D.F.

511 10 86

Francisco Javier Mplina Serenc
Acerps Naciomales, 5.4

Av Hidalgo 132

Tlanepantlia, Ustado de Mxico
S65 05 44

Hip6lito Medina Nufiez
SAHOP

Casa Mata 449

Col Chapultepéc Sur
Morelia, Mich.

2 58 90

Calle A No 24
ol Pantitlén
Mixico 9, ILF.
5358 £3 48

Anaxfigoras 550-3
Col Narvarte
México 12, D.F.
536 12 28

Loma del Convento 97

Fraccionamiento Lomas de Tarange

México 19, D.F.

593 02 30

Aculeo 91
Col Romana

Tlanepantla, Estado de México

563 29 €0

Av San Antonic 132-5
Col Mipoles

México 18, D.F.

598 63 92 '

Cruz Galvez 290-121
Col Kueva Santa Maria
México 16, D.F.

355 93 72

faltzontzin 428
Rancho del Charro
Morelia, Mich.
413 21
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28

29

30

3

32

33

Bhriﬁ Molares Medrano Hernfindez
NIV

Ay Clencia 1%

Crauritlin Izecalli

215 22

Aletondro Milian Quezadas

Firaneiera Naciocnal Azucarera, S.A.

[asurpentes Sur 716
Col Del Valle.
Méxice 12, DLF.

Josd Luis Nader PErez

Finmclera Nacional Azucarera, S.A.

insurgentes Sur 716.
Col Del Valle

México 12, D.F.

687 22 M4

Safil Nieto Herninder

I'inanciera Nacional Azucarera, S.A.

Insurgentes Sur 716
Col Del Valle
637 22 44

J Carles M Ortega Gomez
Comisifin Constructora de 1a SSA
Corcoba 49

. Col Roma

Maxico 13, D.E.
524 50 24

Maric Alejandro Palomar Aleibar
DLPEI, UNAM

Ciudad Universitaria

¥ixico 22, D.F.

50T 52 15 ext 4437

Jesfis Antonic Patific Ramirez
Facultad de Ingenierfa, UNAM
Ciudac Universitaria

VMixico 20, D.F.

350 532 15 ext 4611

Luls Gabriel Ramirez Montes
Departamento de Pesca
Alvaro Cbregbn 269 50 piso
{0l Condesa

México 7, D.F,

S1T 02 a0

Minerva 5%

Col Valle Ensuefios
Cuautitlin Izcalli
332 04

Reforma 30
Coyoacin
México 21, D.F.
554 75 D2

AnaxAgoras 122 -401
Col Karvarte
México 12, D.F.

543 41 42

Resina 282-234
Col Granijas México
WMBxico 8, D.F.

Retorno 51 Mo B

Cal Avante
México 21, D.F.
677 94 28

AV Cumhtémoc §77-3
Col Marvarte
Wexico 12, D.F,

£4% 7R BS

Lago Murits 85
Col Anfihuac
México 17, D.F.
531 98 86

Schiller 227-18
Col Polanco
México 6, DLF.
531 45 44
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38
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40

41

Pedro Reves Ginori

Facultad de Ingenierfa, UNAM
Anexo de Ingenieria

Civndad Universitaria

México 20, D.F.

S50 52 15 ext 4607

Francisco Rfos lHermindes
Facultad de Inpenieria, UNAM
Ciudad Universitaria

México 20, D.F.

550 52 15

Clemente Juan Pablo Rodriguez Rarrén

Facultad de Ingenieria, UNAM
Divisidn de Estudios de Posgrado
Ciudad Universitaria

México 20, DR, 7

550 52 15 ext 44867

José Luis Romero Garcia
Electrénica 2000, S.A.
Asturias 30 Despache 202
Mixcoac

Méxica 19, D.F.

598 67 02 y 563 11 33

Benjamin Ross Benitez
Departamento de Pesca
Mvaro Obregtn 269
Col Roma

México 7, D.F,

511 10 86

Sergio Francisco Ruiz Palacios
Facultad de Ingenieriz, UNAM
Divisidén de Estikdios de Posgrado
Ciuvdad Universitaria

M&xico 20, D.F.

5350 52 15 ext 4436

Eduarde Salgadado Redripuez
SAHOP :

Av Universidad y Xol
Mixico 13, D.F,

538 62 41

Carlos R Santana Chiquille
SAHDP

Miguel Laurent 840

Col Narvarte

Méxicn 12, D.F.

676 D4 8D

Plutarco Elfas Calles 806 Edificio C-302

Col Granjas MExico
México 8, D,F.

Clavelinas 181

Col Nueva Santa Maria
México 16, D.F.

556 46 03

Jos€& Rodriguezr Gonzfilez 9
ol Constitucitn de 1917
México 13, D.F.

691 08*48

Manzana 19 Lote 13 Seccidn II
Ermita Zaragoza
México 13, D.F.

Tuta 23

Col Condesa
Mgéxico 7, D.F.
553 27 05

Av Nueve No 37-3,
Col Independencia
Méxice 13, D.F.

Baja California Sur 106
(ol Providencia

México 14, D.F.

794 34 85

Rosa Vielera 183
Col Molino de Rosas
México 19, B,F.

651 01 D3
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49

Walter Schreiber Seelis
Electrfnica 2000, S.A.
Asturias 30 Despacho 202°
Mixeoac

México 19, D.F.

598 67 D2 ¥ 563 11 33

José Sierra Machain

Financiera Nacional Azucarera, §.A.
. Insurgentes Sur 716

Lol Del Valle
Maxico 12, D.E.
676 31 61

Raql Tenorio Herrera

Financiera Nacional Azucarera, S.A.

Insurgentes Sur 716
México 12, D.F,
687 22 44

Gustavo Valencia Lipez
SAIOP ¢
Calzada México-Xochimilco
Tepepan, México D.F.

676 48 72

Juan Vargas Martinez
SAHOP .
Av Universidad y Xola
Maxico 12, D.F,

Enrique Vargas Rodriguez
Philco, S.A. de C.V.
Clavel 157

Col Nueva Santa Maria
México 4, D.F,

R4T 46 DO

Alicides Upalde Veldzquez Hiray

Financiera Nacional Azucarera, 5.A.

Insurgentes Sur 716
Lol Del Valle
Miéxico 12, D.F.

687 22 44 ext 198

Carlos Cabriel Venegas Espinoza
Facultad de Ingenieria, UNAM
Divisién de Ciencias Blisicas
Ciudad Universitaria '
México 20, D.F.

§50 52 15

Primera Cerrada Aguilas 443
Col las Apuilas

México 20, D.F.

593 11 02,

Calle del-Puente 21
Jardines del Sur
Moxico 23, DLF.
027 37 30

Sur 58 No 138-1
Prade Ermita
Mixico 13, D.F.
672 03 85

Calle 647 No 202
Col San Juan Aragén .

“ ¥éxico 14, D.F.

794 26 96

Flores Mapbn 1
Tizayuca, Hidalgo
5 24 55

Ricardo Flores dagln 205
Edificio Vicente GuerToro
Entrada H Departamento 415
Unidad Tlatelolco

México 3, D.F,

587 40 45§

RBienes Nacionales 95-101
Col Cuatro Arboles
México 9, D.F.

571 2z 4



