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. SYSTEMS PROGRAMMING
JOHN ]. DONGVAN

background , f

This book has w6 major obigciives: 1o Lleach procedures (ot the desipn of soft-
ware syslans and to provide » basis lor judgement in the design of gofiware. To
facililale our tash, we have laken specific examples from syslems progtams We
discuss the design and implementation of the major sysiem componenis.

What s systems propramming? You may visualize a computer as some sorl of
beast Ui obeys all commands. 1t has been wid that computers are basically
. people made oul of metal or, coaversely, peaple are computers made ou of

Mesh and bload. However, once we get close 1o computers, we see That {hey are

basically machines Lthat follow very specific and primitive instrucrions, '

In the carly days of compuiers, people communicated with them by or and
of switches denoling primitive insiructions. Soon people wanied lo give more
eamplex instructions, For example, they wanied 1o be able to say X = 30« ¥}

* given that ¥ = 10, what is X7 Presen! day computers cannot undeestand such
language wilhout the aid of syslems proprams. Sysiéms programs (e.g., com-
puers, loaders, macro processors, aperaling system) were developed Lo make
computees better 2dapled 1o the needs of their users. Further, people wanted
more assistance in the mechanics of preparing their programs.

Compilers are systems programs that accepl people-like langwages and translate
them inlo machine language. Loaders are gystems programs that prepare machine
lanpuage programs [or execution. Macre processors allow proprammes 10 e

_ abbreviations. Opergiing systems and e systems allow fiexible stoting and

reirieval of information (Fig. 1.1}, .

There are over 100,000 compulers in use now in virlually every applicaiion.
The productivity of each computer is htavily dependent upon the effectiveness,
elligiency, and sophistication of the systems programs,

In this chapter we nlroduce some tetminology and outline machine sizucture
and the basic tasks of an operaling sysiem,



MACHINE STAUCTURE
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FIGURE 1.1 Foundatlopny of syiremy programming

1.1 MACHINE sTA UCTURE

We begin by sketchin '
E the I L
(Fig 1.2). gencril harmdware Organization of L Somputer gystem

Memory iy the device whare ;

ere information ¢
that e e d : mation is dored. Procegmors are the deviesy
t]'lnr form of ones and zeros, Each o
bir. Blig are typically grovped in ynj
Memery 1acai;
e ¥ aliony ate g restes, whete rach adg i i
ool by o, o ) rent identifies &

15 that are calleg words,

pecified by add characters, or kytes.

BACKCROUNDO 3

The conlents of a word may be inferpreted ws data {values Lo be operated on)
of insrucrigns {operalions to be performed). A processor i a device that per-
fotms a sequence af operations specified by instructions in mémory. A progrom
{or procedure) it 1 iequence of instructions - )

Memory may be thought of as malboxes containing groups of ones and zeros,
Below we depict » sedes of memory localions whose addresses are 10,000

through 10,002, . .
1
Addrep Cortnrs '
10,000 OOO0 D000 0000 001
10,001 0011 DOOG 0000
10,002 0000 DOOO 0000 Diga] 00 | g,

An IBM 1120 processar treating location 10,001 as an instruction would inter-
pret its contenis a3 & “halt™ instruction, Trealing the same location as numerical
data, tht prooessor wonld interpret its contents as the binary rumber 0C11 0000
0000 0000 (decimal 12,288). Thus instrucilons and dats share the same giorage
medium.

Information in memory Is coded into growps of bits that may be inlerpreted
u charactery, ingtructions, or mumbers. A eode is a set of rules for inlerpreting
poupt of hita, r.p, codes flor representation of decimal digits (BCD), for char
acters {EBCDIC, or ASCID, or for insirucuons (specific processor operalion
todes). We have depicled two types of processors: Fnput/Outpu! (1) processors
and Central Frocersing Unies (CPUs). The /0 processors are concernad with the
transler of dara between memory and peripheral devices such as disks, droma,
printers, and typewriters. The CPUs are concerned with manipolations of data
slored in memory. The [} progez=ors execute L/D instructions that are siored in
memary; they are generally setivated by » commund from the CPU, Typieally,
this eonsistr of an “exzcote [/ inslruction whase argument is the addresy of
the start of the 1/0 progrsm. The CFL! interpreis ihis instruction and pases the
argument 1o the 1f0 processor {commonly aalled 1/0 channels).

The §O instruction set may be entirely different from that of the CPU and
may be executed arpachronously (simuhaneoudy) with CPU operation. Asyn-
chronous cperation of TK) channels and CPUs was one of Lhe tarfiest forma of
ruiniprogessing. Multiprocespicg means having more Lthan one procestof oper-
ating on the same memory dmullaneously,

Since nstructiont, 1ke data, are stored in memory and cat be treated s data,
by changing the bit configurstion of an instruction — adding 3 nember 04l — we
may change i1 1o x different instruction, Procedures thal modily themselves are

]



Qker progeammers find thenr diffiey
shared by muliiple Processory,
modifies s contents, Another
eedure may sncountier djfferem ingtructions or datg,

are ned readiy reusable, 4 Pure procedure
e insirociiong are the same

(re-certrgny €0dz) are emplayed,

it to read, and moregve: they cannot be
Fach processor EXECULRE 20 impure procedyre
Pracessor autempting 10 execupe the same pro.

does not modify jiself. To ensure that
CACh Linve & program is used, pare proce dures

1.2 EVOLUTION CF THE COMPONENTS oF A PROGRATAVING SYSTEM

1LY Assemblerg

Let us review some 1 Deeis of
RN Sysiem,

Al one time, the com
That inlecpreted, throy
Pragram this com
Place them into ¢
Campater wouid

the dewtlopment of 1he campanents of 4 program.

Puter programnier had ar
gh hardware, cerian fundam
PULEr by writing 2 series of gpes and zeros (machine languagej,

he memary of the Machine, and pregs 2 bution, wheeeupon the
SLATE LD jnteipret (Jseim gy iNstouctions,

his disposal a basic machine
ental iastructions, He would

Programs in machine latzuage.
hey began 1o use a memonic

language intd machine languzge. The ihpU1 19 an 5.
smbler program s cafled the souree Pragram; the o

put s 4 machine l2rguage
trandation (a8iee: Brogran),

122 Loaders ’

Once the assembler prodisceg g
e mory and exesy

of

A obyect program, that PEOEram must

ted. 34 is the Purpese ef Lhe loader to aagire
MRLrams are placeg jp Memary inan exezurabie form,

The assembler coyld place the object program dipee
cortiro| Ly g, therehy cavsing ihe machine tang

be plaged
that ohjegy

fy in memary ang tranyfay
HEE Program 1o be executhd,

Thus, impure procedures _

. 5
BACHKGROUMD

However, this would waste corel by feaving the asembler in E‘:‘;‘ﬂ:i‘:‘:ﬁ
% ore ragn was being execuled. Also the F'“B”mm"_“'w, i o -
uml:‘ ore am with each exzcution, thus wasting Lranslalion lime, To ove
:‘.:ll: IJ::;::: of wasted Iranslation time and wasted memory, systems program-
e loader,
mers _:I:v:t:fped ::ot::tcht:?[p’;;;r;:::::;:?:n tghmm enioty and prepates them I[‘:'T
A loader |:apr Em e lozding scheme, the assembler oulputs the machine
anpige indaton of  progiam on 4 wrondar e Hngge e f
: the machine langua
pheed i',l one. Th:l:: d::.nTI::i::::tcrt::‘ ";l:{::)" Since the loader pmg.r::rn is much
the saer ¥ Pm‘%:'m = mbler, thiz makes more core available to the pser * piogram. _
ﬂﬂ';:' :;:;:i:n‘:l:‘nun‘}' users were wriling virtually the w2me PT:I':““:LT:_
mTthr :imlnpmlm of “1eady-made” programs [Pld“ﬂ‘“g‘ T":m:::::mﬁ;m
writtén by the computer manufacturers of the us:lrs. Asthep l;y gt ams with
isticated, he wanied 10 mix and combine ready-made p
more wphistical -“ to this demand, & [acility was provided wherely the user
his mwn.lln r:sp?: ogram that used several other programs o subroulines. A
e & m;w: r ::‘ tomputer instructions designed to'be used by other
mbrf:runn! - |'5;1| 2 lask. Theze are lwo types of subroutines: closed ““_d
routines Lo "'meil open subrouting of macre defiuition is one whose code is
F'Pﬂ"' ;ubmunn;:.mﬂn program (flow continues), Thus Jif the ame Upz'rl'l. sut':p-,
IHT::::] :rt:{: :nlied four times, it would appear in four d'ijr[c::."tr::::nﬂ:n:
m : tored outside the .
calling program. A closed subrotline can be store

. . i ubroutine
nd control transfery to the subroutine. Associated willy the dm\:d sdhmnsl'-:r
. bwess tasks the main program must pecform: trensfer of control an
are Lo

of d.“..' clased subroulines had io be loaded inlo memory at a Wtci..l'y: ::.-
[l'llltj:“j"_. o le, if a vser wished 10 employ 3 square roal t.uhm'\lill‘luh_ =
dzess. Foc E: arnpiu. his main program 5o 1hat it would ttansfcr to the '.u::.h:nn
*ﬂl'-‘]d v ::" Yare 00t routine (SORT). His program and the subcoutine
asigned fo | h::ld together 172 s=cond user withed to use the same :ubmuil:r*‘
hw:. :!I::-?:mmmb'le it along with his own program, and the :?mpfltcl:l:'b::‘iu::
‘anguzge Liandlation wn'-llli: h: 1““‘1*1'5&::“_.:_1;;:2::! TnnFi;:::p:S?wh:fc COE i
; it inflexible loading sch
;.:Pnicl::: ‘; :nhlll:n::u: :rm' of locations with the program areas shaded,

Ll

. d gore aie used
TMain memery i 1y pically Implementd 25 magnellc cores; hence sermory en fw
WNORy mougly,

G



n EVOLUTION OF Tug COMFOMENTE OF A FROGRAMMING BYSTEM
Locatipng
A, anyg . ! k) LR
"5 WBORTL e L ¢ AT et
: v *43 EAEE I
- g
A3 P.-wll"l'l 1= Al =
SO o N

" FIGURE 13 Ezamnple cone allocation for atsohute bading

Note that pregram | hag “holes™
desiroys part of the SQRT subroutine, .

Programmesrs wished Yo ust subrantines that referred to each other
by and did not wani 1o be concerned with the
They expecied tle computer syslem
I8 substituie addresses fop (hei; s¥mbalic relegenres,

Systems programmers noted thar it would be more

could be trandated into an aliject form that the [oader ¢
behing the user'y program. The La
in arbitrary
funetions:

culd “relocute’ direrly
M3 59 they may be placed
ting loaders perform foyr

sk of adjusting progra
core locations is caljed relacation, Rrlass

the Programs {aflacarion)
2. Resolve Bmbolic references betrween obfect decks (Lnking)
3. Adjust a Mdrendependcnt Iocations, such ag addr

respond 1o the allocared pace (relocation)

4, Physically place the machine instrye tipng and data intp memory (loeding),

The varigus types of leaders that we willd
relocating, direct-linking, dyn:mic—lundihg,
in the manner In which these four basic fun

The period of execution of 8 user's pr
period of translating n usey’s BIUICE propr
Load vime refeps 1o the period
EXCCU on,

isuss (“mmpﬂ:-:nd-gﬁ," abslule,
and dynamic-lLinking) differ primatily
clions are accomplished.

Ofram is called execution rime. The
am is ralfed assembly OF compife time,
al loading and PIEPating an obiect program for

123 Maerm

To relieve programmers af the need o repeat identical parys of their program,

in core, Program 3 grsrizyr and theteby

symbolicz].
address of parts of thej; programs.
Lo assign locations to their subroutines and

efTicient il subroutines

R - ’

"
'um:rm ROLUND '

operaling ;.y:tcms provide s macré plocessing I'nc_iljl}’. which ptrtr:ﬂ:. LI::::E
P define an abbreviation for a part of his Progrim an_d s [ the
i | his program. The macro processor ireals the identical parts o i
brevialion "I: h di the abbreviation as a macra definition and saves the defini-
me‘l'r::d:t:cru ;:o-:cssnr substitoles the definition foz all ocourrences of Lhe
tion. .
s B pID - -

'bh“"T"?" {nu:nla F:;::: the p .,f::ihrmaf“h"" programs, macro acilities

" Ifid.lml_:;:“t Pm:u!. text handlers and for specializing operating sysiems 1o
!1“.: b e o - m: installations. [n specializing operating sytlems [ir_!lrrr{s
'f'dmd;.“l ﬂ:h:‘ tnlire opefaling tyslem is wiilten as a serics of macro df:ﬁm.
generation), litc the operating system, a'seties of racro cally are writlen.
tions. To IP'::::; by the macro processor by substiluting the appropriate )
I:E:ti::i.li;lﬂtby producing all the programs fer an “p"”'rf!' system.

124 Compilers

ized i h as scientlfic,
* tegorized into areas suc
e r't prohlerms became more ca i : .
::s:::;;us:nd F;lat':sr.iczl problems, specialized languages (h:flh i’r:::’ r:::::l:i n;
‘ to express certaln problem
developed that allowed the user oy
“:y. fl‘v:nr kigh leve! languagts — examples are FORTRAN, E‘Q!I!-D::., A:;GE':m
o d PL/l — are procexed by compilers and interpreters. A compiler ita p o
:Il:al accepts & program wiilten in & high leve! language and producezan : _1““
cgram I.’ll.n interpreter i1 8 program thal appears Lo execule & SOMICe plORIY
pr .

" ag if il were mlachine Janguage. The came name (FORTRAN, COBOL, etc) is

. ] ' iated language.
Noden o degml;::hb: ‘.':;‘:“::' ;::dw;;:.::c ::nmplexg:'la:i:iﬁu thai pro-
ot E"dcm:nding. The coamnpiler must furnish complex fccmm;
cthods for | “f"‘:'" variables and data structures used in I:nsu:g::s like FLA,
coB0L. ru:i :TEDL 68. Modern compilers must interact closely with the oper-
fﬁ:‘iﬁt;t::n to handle stalements concerning the hardwase intersupts of » com-
puler {eg condilional statements in PLIT}.

1.2.8 Formal Systems

tem | i . It consists of an alphabel, a set of
vords S?I::} ::: ".”“':11“;‘-‘;;?::5;:2';‘ l::;:liuni called ruies of inference, EJ:
. Ca]l'kl’ rlmaT s:.r;lems zre: stl theory, boolean algebra, Paslls}rmms.:nn
’“"Pm'f:q :'ul Form. Formal systems are becoming irnpoflanl inthe dui ;-I
f:n::‘l‘rl:';tn:tiun. and i.tudy of programmning languages. Specifically, they can

4
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EVOLUTIQN gF QFERATING SYSTEMS

13 EVOLUTION QF OPERATING SYSTEMS -
ust 2 few yeqrs 3g? a FORTRAN Programmer would approach the somputer

wilh Ins souree deck in his lef Lhand and & green deck of cards that would be 4
FORTRAN compiler in his right hand. He would:

1. Place the FORTRAN compiler {green deck

the load builon, The compiter would load the FORTRAN compiler,
2. Place his wource language dexk into 1he card hopper, The FORTRAN com.

piler wauld Ploceed 19 transhate il intg 2 machine langusge deck, which
Was punched OnRio red cards,

3. Reach inio the ¢ library
Place them in the card hop
s Memury.

4. Place his newly translated cbject deck in Ihe card hopper, The loader
wold load it into 1he machine,

3. Flace in the eard hopper the decks of iny subroutines which his programs
called. The losder would load (hesa subrouliney,

6. Finalty 112 logdes would transfer execurtion 1o the user’s program, which
might require the rexding of data cardy

) in the card hopper and pregy

for a pink deck of cards marked “Joader,” and
per. The computer would load the loader into
L]

4

This sysiem of muliicolored o
strong metivazion for
valuzble computer (im
handiing activitjss

ecks wax omewhyi unsatisfactory,
mOvINg 19 a more Mexible rutem. One (o
e was being wasted a5 the m
and between jobs. (A job s
assembly of a Progiam ) To eliminaie this wag
Pro¥ided, permiting o number of jobs to be plac
0 be read. A Aarek aperating systerm perlorm
£xamale the baich sytten would
FORTRAN compiler and toader [y

As the demandy fo; ¢dmputer |
eflicient management of
discuss varjous methods

and there was
ason was that
achine stood jdje during card-
8 unit of specified work, e g, an
e, the facility to porch Jobs was
vd 9gelher into the card hepper
ed the ragk of batching jobs. For .
perform steps § through 6 shove e trieving the
om secondary $1orage.

ime, memory, devices, and [iles increased, the
these resurces Secame more critical. [n Chapter 9 we
of managing them These TEI0UrCEs &1¢ valuzble, and (n-
elficient managemen) of them can be costly, The management af each resaurce
has evolved as the gogt ang sphisticatien of s use Inersgsed.

. In simple batcheg Iytlems, the memury resowrce was allocated tolally 1o g

4

- At they are needed (demanded),

. v
BACKHO ROUND

. ion of
single program. Thus, il a progam did not need the endre mmr?r, ] p:;:on 0
thal resource was wasted, Multiprogramming operating systems with periitionsd

i i Mults ming u-
. £ore memory were developed to circumyvent this problem. Multiprogrem

low: multiple programs to resie in separale utg of core :} ﬂl::;m;} :::T:z
mﬁu were plvens o fixed portion of core {Hu_lnpropm{mnfﬁ vith Flxed Ta
(MFT)} or » varylng-size portion of core (Multiprogramming .
(M;I:: in iuc.ix partitioned memory gysiems some mmmr?ﬁ:ﬁ:ﬂ':::i::.
since it was too small to conlain a program, The prulhlem D ou oruny ",
tians of core is called fragmenmzation. Fragmentation has been m i
ll::: technique of relocatable partitions {Butroughs £500) :::‘ :y P;:m s
%40, HIS 645). Relocatable pdri‘flia-'::td' c:r: wlows the un g
ndenstd into gnt contimbous pacl of core, . ‘ |
m}'nxﬁu it 2 method of memory allocation l.'||:1.lr wh::ﬂ': the l]:jﬂgu:::ﬂ::ﬁ?iﬁ::
into equal pertions of pages, and core is subdivided inte eq Pm, mox
i 1.
Tl"’l‘eh:l‘“r:r:vi':i::i;t:e:::niuc;: dmple and demand. In simple pftgin; il the _
rpng::::l'ln program must be in coce for r.lx:cutlun. In dema:: _:-):ii}::f;i:::g::rr:
can be execuled without all pages belng in core, L.e., pages ;
i it
eader will recall from section 1.1 thatl & system with scjuul prnc:m::-
t:hm: a mubtiprocessing gystemn. The reffic mmr‘af.'ﬂi c::;::t:u:;el: ;:’Pfﬁ,m
sty end Lhe processes. The resource of processor Lime is h: oy 3 o
the soheduler, The processor concerned with 11D s re .
:fn:::a:‘:mr. and programming thiy processor jx called 70 ?MF:T 5 . .
The resource of [es of information i.s l“uﬂ.'ltd.. by the f7 :n?:: e F.”“::rx:nug'
i3 » group of information thal a user w“hﬂ.' to tieat as n1'|2 ! :: Fles e s
There ars two types of [iles: (1) direclories and‘{ ) ata ‘ -
Director y contzin the localiony of other Mles. 1n a h:qmch‘u:al Il'll Y8 .e;
f::;'::; may point Lo other directoties, which in turn may peinl to directoti
. i ime, 1t it typicaily char-
' ing i nethod af sllocaling processor 1ime ‘
.cf;l:ﬂ;dﬁ:ﬁ:':t;ﬂprw“ and Lime Alicing uf_thc CPUI': Lime ta aliow
e ooy (o Ll ' ce) copsists of those addresses that
o mﬂﬂ;f)’b; Trmﬁ.:::f“ :ﬁ:ul?un of 2 mmput:t:‘nP. The mem-
o llﬂ':il_‘m of the st of addresses thal cornespond (0 physical rmm:-of:
Tgniiif;h:i:hnique of segMentation provides a lacge name space and o g

4



10 CFERATIRG ZYSTEM USER VIEWPOINT

p}otutiun meclanism. Protection and shering are methods of allowing centralled
Bocets to segments. ’

+
-

14 OPERATING SYSTEM LISER VIEWPQINT: FUNCTIONS

From the user's point of view, the purpose of an aperating sysiem (monitor} i
to assist him In the reckanics ol solving problems. Specifically, the follaving
functions are performed by the system:

1. Job sequencing, scheduling, and tralffic controller operation

2. Inputfoutpul programming '

3: Protecting itsell [rom the user; protecting the wser from other users
4. Secondary storage management

5. Ertorhandling

Consider the situation in which one user has a job that rakes four hours, and
anglher user hit g job Lhat takes four teconds. [ bolk jobs were gubmitted
simultaneously, it woyld seem Lo be more appropriate Tor the four-second wser
to have his run go (irst. Based on considerations such as this, job scheduling is
sutomatically performed by the operating system, [T it is possible to do input
end putpul while dmullaneously executing a program, as Is the case with many
computer systems, all these funciians ere scheduled by the craffic controller.

A5 we have sald, Lhe 1D channel may bt thought of a3 a separats computer
with ity own specialized set of instructions. Most users do nol want te ledrn how
to program it (in many cises quite a complicated task). The user would lke to
timply say 0 his progrzm, *Read,” causing the monitor system to supply a pro-
Eram 1o the 10 channe! for execution. Such g facility iz provided by operating
sysiems. In many cases the propram supplied 1o the 1/0 channe! consitis of a
sequence of closely inlerwaven inderropt foutines Lhat handie the sitvation in
this way: "Hey, Mr. 1f0 Chaonel, &id you receive that chiaracter?™ “Yes, | re-
cehved iL.™ “Are you sure you received it? Yes, I'm sure,” "Qkay, Il send
ancther one " “Fine, tend " "You're sure you want me (o send gnother one?™”
“Zend i

An extremely importanl function of an operating sysiem is 10 protegh the user
frerh being hurl, either maliciously or accidentally, by other users, that s, pro-
teet him when other users are exreuting ar changing their programs, files, or data
bases. The operafing systems must inace inviclability., As wel! a5 protecling
users from each other, the operating syuem must also protect itzelf from vters
wha, whether maliciously or ac¢identally, might *crash™ the syitem. -

Students are greal challengers of prolection mechaniuns, When the gystemy

pACKGROUND )

g:mm‘ b
i urge iy given &t M1T., we find that due to the large Rum

p::dcnts ;lfﬁ?ipl:ug iﬁ:wry difficult to personally grade ww::')rl lﬂ:;pt;:
. n the machine problzms. S0 [oF the very cimple pml::lertm - cel o

; lera which may be to count the number of A.nlnl regis o
I:;:b;':“r i anolher Tegister — WO have wriit;n a prading p;:ﬁ:lg o

i em. The grading program X

i~ T: u:istl‘l:::{:j::rt.:l;ln?n?:t[;n Ahis :irfplc problem the sludent h pre
P e “:h rilt:mh:nt: of the reglster, Jeaved his bnswer in anather registet
P s t:hc ding propum. The Jatter checks to Gind out if 1he &
e t:as I:cg:]:ftsm the angwet [Egisiel Afterwards, the grading pre
ﬂe:m a 11:11':1; of all the studenly in the ¢lasy and their grades. Forexa

"~ CORRAECT

VITA KOHN

AACHEL BUXBAUM _— FNG::::JH .
JOE LEVIN —_— e
LOFTI ZADEI_'_l — CORA

C;'n Jagi year s run, the compute Listing began as [ollows:

M HER — conAECT
JAMES ARC E .
ED MCCA BTHY — 1&! IRRECT

— MAYBE

JQHN SCHWARTE

is; hin an A In the &
Gehwariz dld this; we gave !
s Hcmﬂﬂt mmre hwn::i:ﬂmm s a task performed by an operaling 1
1 Sl:m tion :-'i:h l;;:e e of disks, Hpes, and other stcondary sIOHIge for
= LT

programs and data.
_AD Operating fysem |
_ghoyd oveellow a rcgislt::.
and wait for an opeiator (o intervent.
must take appropriate aetlon. - )

For examphe, if the progs
s1 respond 10 erTOFs.
it s not economical for the computet (o simp!
When an error-GCcurs, Lhe qperating :

L
1§ GPERATING SYSTEM USER VIEWPOINT:
BATCH CONTROL I.MfGUAGE
; i only through ths batch system ¢
yiew an pperaling ystem ]
M1:Y b'-;r“:.-!mch they must prelyce thelr progruts flEI 1?&: s:cl.lunitt ;uii
w' ’ph monilar system and the control cards amcu_tad wilh - Ot
ﬁkx MOnRItors are discussed in Chapter 2 \
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Afgnitor is 4 term that refens Lo the sontrol programs of an operating gyelem,
Typically, in ¢ batch system the jobs are stacked in 1 card reader, and the
moniter sysiem ssquentially processes cach job, A job may conssl of several
sparate programs 1o be executed sequenbially, each indjvidual program being
called a fob xep, In a berch monttor ygem Lhe vser comununicates wilh the

system by way of o control language, bn & £mpie baich moniter system we have ’

twa classes of control cards: eaecutlon cards and definition cardy, For example,
an execution card may be in the following formal:

#f nop yrrw EXEC rar# of program to b execuited, Aqpument 1, Arpument 2

The job cantral card, a definition card, may take on the following format:

i ok narm 1R LI ey, hREFAENLID, SpEchit b po, lings 28

" b printed Dut, sxpicied number of aacs ta be prinesd
m' L)
Usually there it an #nd-of-[ike card, whaose format might consist of /*, vignifving

the 1ermination of a collection of data, Let us take the following example of 2
FORTRAN job.

fEXAMPLE OB DOMOY AN,

T168,1,100,0
HSTEPY EXEC FORTRAN, NOPUNCH
HEAD 100N
OQ 1G0T = 1.M
12 =17
3=

Y PRINT M00.), 12,13 -
MO FORMAT [R1D) "o
cnND - -
"~ -

fETEP2 EXICLOAD
'J'l
HETEF] EXEC DBJEGCT
10 .
'ﬂ

The lirst contral card iy an example of & definition card, We have defined the
user 1o be Danovan. The system musl set vp an sccounting fle for the user,
Aoling that he eapects to ust ane minute of time, to ou'put & hundred bves of
output, and to punch no cards. The next control card, EXEC FORTRAN,
KNOPUNCH, is an example of an extcution card; that iz, the system is (o exscute
the program FORTRAN, given one argument — NOPUNCH, Thes argument al-
lows e monilor sysizm to perform more efficiently; since no eards are (o be
punched, it noed not wtilize the punch routines. The data to the compiler is the
FORTRAN prograr shown, termingled by an end-nf-file pard f*,

The next conlrol card i another example of an execulion card and in thic

13
MACKGROJHD

]

1he loader will "bind” the subroatines 10 the main program. This job step
* ypen

 rerminated by an end-of-file card, The EXEC DBJEE;‘ card s u:.:nlh;::t:c;
vion [ the object prog

i : monjtot sysiem 10 execute ; -
“Tdﬁ‘lr'i.:c:::n:l::e 10, i input to Lhe program and is followed by the end-of:
pl Bl . N

. . . W
ﬂlf]‘]:“dh.mpl: ]oap shawn in Figure 1.4 presents an averview of an implemenia
€3

ti [ 2 batch mosilor system- The monilor system musl and in ::E I;::l :;r:i;
e bly a job card. In processing 4 job cand, the mumm_r saves .

i:::m:c:i:n: number, allotied time, card punch ILmi: z;:;ll:le ’:u:;cplr::r;tn HL::I ‘;i“
he o be an executioh ¢aro, .

e e cn:dﬁgh:}ngrml;um secondary storage and pr_octn ihe jﬂ: i'l_;p
:ﬂd ﬂl;fm'ummmml to (he executable progiam. Il there is an :;rc:“:: -ln':
]';lﬂm:rn[:i system neles the error and goes back 1o process he j

Pr .

slep.
( St ’ o .
Lg"d liryt job card j

1—‘—_’]‘« '
[ Procem job tard J

q‘] Pracess eontrol :ardJ

l Pracrss job step

Mo ol

He End of lob? j s -
I L 3

FIGUR:E 1.4 Main loopafa srnple batch maniler e
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1.8 CPERATING SYSTEM USER VIEWPQINT: FACILITIES

For the applicalions-arlented wsey, the function of the operating system i to
provide acllties to help solve probleme The questiors of scheduling or protes-
tion ace of no interest to him; what he j1 concernad with iy the available sofiware,
The following facilities aro fypleally provided by modern epomting systemz

I, Asemblers

2, Compilers, neh 22 FORTRAN, COBOL, snd PLJ

3, Subroutine librarier, rach wy SINE, COSINE, SQUARE ROOT

4, Linksgs editors and program loaders that bind pubroutines together and
prepare programs for execution

S, Utllity routines, such ay SORT/MERGE and TAFE CQOFY

6. Application packages, such a1 efrcuit analysis of drmulation

7 Debugging faciltities; yorh as program tacing and "oore Sumps™

8. Data mansgernent and file processing . :

9. Management of fyyiem hardware

Although _this “facilities™ sapect of an operating tystery may be of great
Enterest to the usey, we feel that the answer to the question, “How many eom-
plers does that pperating rystem have™ may tell more about the orientation of

tha manufacturer's marketing force Chan it does about tha ctruslure and ef-
fectivenery of the operating systcm.

1Y SUMMARY

Tha major componenty of & programming Tysiem 2re:
1. Ausmbler

[nput to an assembler s an astembly Janguape program. Crutpul I an object pro-

gruin plus information that enables the loader to prepare the olject propram for
exeeation,

2, Mptra Procenor

A macrp coll is gn abbreviatian (of name) for some code. A macrs Jefinition s
sequence O code that hat a nams {mecra wall). A macre processor is a progrem
thel gubsntucey and spectalizet macro definiticns for magro cally,

3 Loader

A loader Is a routine that Joads an object program and prepares It for exeention,

1%
BACKCADUND

- i jtecLiinking. In
i : locating. and direcl Hinking

i loading schemes: absolute, re :

E::all':h:atl;:::r miust atond. relocate, and fink the objecl program.

-

' 4. Compilars

i E language”
A compiler is a program thal accepls & source program “n 4 hi;h level language
and produces & corresponding objest progra-

6. Cperoiing Systems |
ie cancerned with the allocation of resources an_d services,
) information. The operaiing system
ge these resouTEes, such as 2 treffic
11O programs, erd u file

An operating system
such F‘“ memary, plocessors, devices, and

i i L (o mahad
correspondingly includes program ‘
controtler, 3 scheduler, mémory management module

sysiem.
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' DIGITAL PRINCIPLES AND
| AP#LICAT!GNS

MaLVIO/LEACH

[ any digilal system il is necessary 10 have a link of communicalion bhetween nan
and machine. This communication link is oflen calleal the "man-machine inker-
face” and 1 prosenis 3 number of prolzlems. Diggotal systems are capable of
oferating on inkarmanon at speods much greates Lhan man's, and thus is one of ther
maosl imponant attributes. For example, a large-scale digital compuler is ¢apable of
performing mare than 500,000 additians per second.

The" problem hete i 10 provids data-ingut 1@ e system al the highest possilile
rate. Al he same Lime, there s the praliem of accrpting lata oot fiom the
syslern al the highest passible rate, The problem s fudber magnifex] sire ¢ miosg
dignal systems da not speak English, or any oiher fanguage for that naater, and
some syslem gf wmbals musd 1hercfore e used for communication ilwre is at
present a considerable amount of sesearch in this arca, and some systean have
been developed which will accepl spoken commands and give oral revpunses on a
limited Lasisl. ’

Since digdal sysiems operate ina binary mode, 3 number of code sysiems which
arc Linary representations have been devetaped and are being uwed a4 the Lanpuage
of communication hetween man argd machine. 10 tas chaptes we cdiscuss o aurmlr
al these cotles anel, a1 the same time, consider the necedsary npul-gulput Quip-
ment.

The pnmary obyective of this chapler is to acquire the alslity 1o

1. Explain how Hollerith eode and ASCH codo are usetl in inputfoutput media,

2. Dhscusy technigues for magnetic secarding of Qigaal information, including RZ,

KA anel NRZI,

Describe the himiations of a number of didierent dignal inpuifourtpat umts,

4. Draw the logic diagrams for a simple iree decoder and a balanced inulliplica-
bve decouder.

+

dd
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10-1  PUNCHED CARDS

One of the most widely used media for enlering data inlo a machine, or for ob-
Laining outpad dala from a machine, is the punched card. Some cornnm; examples
of these cards are college regisratian Cards, government checks, monthiy oil com-
pany statements, and hﬂrl'lk slalements. It is quite simple to use this mediom to rep-
resent Linary information, since only two conditions are required. Typically, a hole
in thf.- card represents o 1 and the absence nf 2 hule represents a 0. Thys, 1;1& card
gav::e;:-.:l urnpf-:::: :‘Lj r:n:uﬂung information in binary form, and it is only neces-

The typical punched card used in lage-scale data-processing systems is 7% in
long 3% in wide, and 0.007 in thick. tach card has 80 vertical columns, and
there are 12 horirontal raws, as shown in fig. 101, The calumns are numb-eJred 1
thegugh B along the bottom edftegf the carg. Bepinning al the \op of the card, the
Tows are designated 12, 11,0, 1, 2, 3, 4,5 6, 7, B, and 9. The baltom edge n;' the
card is the 9 edge, and the top edge is the 12 odge, Holes inthe 12, 11, ard 0 rows
are called zone punches. and holes in jhe through 9 rows are'ulled digit
punches, Nolice that row 0 is both & rone-and a digit-punch row. Any number, any
ledter in the alphabet, or any of several specidl characters can be represented o:n the
card by punching ane or more holes in any one column. Thus, the card has the
capacity of 80 numbers, tetters, or combinaiians, *

Probahly the most widely used system jar retonding information on a punched
car_l;l is the Hollerth code, In this code 1he numbers 0 through 9 are represenied by
a single punch in a verical eolumn. Far example, a hole punc hed in the fifth row
of column 12 represents a 5 in that column, The letters of the alphabet ars
represenied by fwo punches in any one column, The letlers A tuouph | 2re
represented by 2 zane punch in row 12 and 2 punch in rows 1 through 9. The
leners | through R are repressnted by & zone punch in row 11 and 2 punch 'rn.mm
) threwgh 9. The letters S through 2 are represented by a zone punch in row 0 and
3 punch in rows 2 through 9, Thus, any of the 10 decimal digits and any of the 24
letters of the nl_phabet can be represerted in a binary [ashion by punching the
proper holes in the card, In addition, 3 number ol special charatters can be
represented by punching combinations of holes in a column which are not used ige
::Lencnlt.'.r:b::; ::;r Ifét_elrrs of the alphabel, These characiers are shown with the proper

An g3sy device for remembering the alphabetic characters is the phrase “|R, is
11.” Malice that the letters | thrgugh B bave an 11 punch, those beiore have 2 I! 2
punch, and those after have a 0 punch. It i ala necessary 1o remember that &
bepmsona 2 and not a 1,

Example 10-1
Decode the information punched in the card in Fig. 10-2,

Solution

Lalumn 1 hava;
T. Codumin 2 has

wench in v 0 anc a punch in row 3, Il is therefore the letter
sane punch in row 11 and ancther punch in row & 11 is

LW

CF e e

+ 1 — -,
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Fig. W01, Slandard punched tard using Hollenth code.

I
therelore the letter H, Cantinuing in this fashion, you should see that the Complele
message reads, “"THE QUICK SkOwN FOX JUMPID OVER THE LAZY DOGS BACK."

with 1his cand code, any alphanurmers falphabetic and numeric) inforrmation can
be used as inpot tx 4 digital system, On the othet hand, the sysem is capable of
delivering alphanumeric oulpul information ta the user. in scientih disciplines, the
information might be miswile {light number, location, or guidance information such
as pitch rate, roll rate, and yaw rate, In business disciplines, the information couwld
be acrount numbers, names, addresses, manthly stalerments, 12, In any Case, 1he
infarmation is punched on the card with one character per calumn, and the card is
then capable of conlaining a maximum of 80 characiers,

Each card is considered as one biock or unil of information. Since the machine
operales on one cand a1 @ tpe, the punched cand is aften referred to 25 2 “unit
record .’ Moreover, The digtal equipment used 1o punch cards, read cards into 2
system, sar cards, etc,, is referred to as “unil-record equipment,”

Occasionally, the information used with a digital system is entirely numeric; that
is, no alphabetic ar special characters are required, In this case, it is pessible to
inpul the inlormalion 1o the system by punching the cards in 3 straight binary
fashion. In this system, the absence of 3 punch is a binary 0 and a purch is a

Fig. 70-2. Example 101,

MoHr 0 Wy Mmoo orh I i
(I TS B LI IAC TR B | [ -
I I I U A e LT e T T T TN T NN T IR T T AT

INITRIRIRIRN L] l;||:|1 ||1.|’.41 n ||.|;l|$l¢||l|1 NITLINIR IR
R R TR N TR R T L Py B PR R I R R R PR R P FITT TR

FRERRFISRY
L LR L LT N P P T L N A R L R R R TR T R R R NIRRT FYEYT B
L T T T T L [ TR T e R L e e R T R EY R R PR L PR TP P T AT !
T IR LT R C T H LA T L L R I T L R L R R R R I B R R T E AT R N L Y |
T R O I O L L I T L L L T T L L R L L Y T AT
T N T e I N N P L L L T T N S RN R N AR TR AN Y

EIERTRLRYRINT) IERRRILEA P PN EI AL LLLRIRIRINENTR TN ]

[RIRIETR )

L LR R Rl LT T LN RN T L L LI PR TR LR EERNER T IR
HEE T - Len  tameama.min omaar
o e =
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binaey 1, 11 jg the
one Card,

Many large-scalp data-processing systems wse binary infurmation in blocks of 36
tits, Each black of 34 bits is called 2 “word " You will recall irom the previoys
thapter that a register Capable of sioring 2 16-bit word must conlain 34 flip-Naps.
Thete is nothing magical aboul 1he 36.1u word, and there are in facq ather systems
which operate with gther word lengihs. Even so, lers se¢ how binary information
arranged in wards of 36 b might Le punched on cards.

There are 1wo methods. The first mutling stotes she indormation on the carg
harizonially Ly punching acrass the card from lei g rghL The first 16-hi word is
Punched in row 9 in columns 1 through 36, The second word is also in row 9, in
Columns 37 through 72, The third word is in row 8. ¢olumns ) thraugh 36, and so
on, Thus a \otal of twenty-lowr I6-bit wordy can be punched in the card in saight
binary form_ It is then possible 1o sture Bo4 bits of tnfarmatian on the card.

M possible 1o punch BO X 12 = 90 hits of Linary inlermation nn

¢ =« 9 The next 12 Bigs are punched in rolemn 2,
and the remiairing 12 bits are Punched in column 3 Thus, a 36-bit word can be

Punched in every three columms, The card is 1hen capabie of containing twengy-six
J&-bit wards,

The most comman methad of enteri
by means of |ha key-punch machine T
3 typewriler, and the speed and accuracy of the operation depend entirely on tha
Operator. The informanon on the punched cards can then be read jntg (e digital

s¥stem by means of 1 card reader. The informarian can be entered into the systom
atifwe rate of 100 o 1,000 cards per minute, de

pending on the type of cand reager
Used,

The basic metha jgr changing the punchad information intg the necessary glec.-
lrical signaly is shawn in Fig. 10-3. The cards are stacked in the rea2d hopper and
A€ drawn from it one a1 a time, Rach card passes under (he read heads, which are
either brushes or phaocalls, There is one read head [or cach calumn gn the card,
and when 2 hgle 2ppeais under the read head an electrical signal is generared,

Read happer

Read head

[

Fig. 1p-3, Card-reading operation,

[P

—_— e ——————a

¥
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LY

] binary 1, and thes information
ignal from Lthe read beads represents a .
Thusl;:acszdilgiﬂlrﬁlpaﬂnm which lorm the input storage register. The l.:rc:;;::;
ol I..r other rollers and are placed in the slacker. Thr.‘re i qu.rm.‘ ml::( , second
::; :::d which reads the data a second ime to provide a valichiy ¢

reading process.

Example 10-2 _——
i i hed in them, Each card has 1w
ck of cards has hinary daa pune Fard has tweny
?uﬁp]uf‘:ch?t t!-:)rds, If the cards are read a0 a rate of GO0 cards per minute, what iy
4 13 - !
rate al which data are enigring thi: systemi

Sclution 00 s o
' he data rate is 24 » 00 = 14,4 :
ince each card containy 74 wordy, L . rords per
?1:?::!:. This is equivalent o 36 X 14,400 = 518,400 I.ht.s pir AN
518,400/60 = 8,640 bits per seeond.

iumn {or acceping data cutput !romla
alsa be used as a medium el
.Pfuncht!d ca":::.. iﬁ?s case, a Mack aof blank cards (having no hales D\.lr:nn.};;..:nal
asal w“:\"-[‘d in a hﬂppér in a card punch which is conteolled b‘fm: e r.::gi\cﬂ
¥ e i
ih:lf::“i '?he blank cards are drawn (rom the hopper one Mdah::; awhk.?:cht‘fk
?'1h 'lh.E' proper informalipn, They are then passed undil.‘f res I tJhOppfl'r, G ard
:.: validity of the punching operation, and stacked in an ::; T-pendmg o thee
e chis ate capable of operating a1 100 12 250 cards per muute, do
punCne .
system Usexl {i rant advantages, the fiest of which i
‘hed cards present a numlwer of impo ot . tly, Singe
Pun-‘.h::Jl the c;ds represent @ means of storing m{mmatrqn perm.;r;en'i:lm -
the !.'ai:I A n iy in machine code, and since this information can be p o
the informatio Ih he card, this is 2 very canvenient meanslﬂ! Eﬂm"“{“"ll a
i Edg: fr'udl rmchin;: and between machine and machine. Th“.mf : i::iun
- rn
hﬁ’“m ma [ pariphetal equipment which can be wsed to pm-c.esf n o
e Hrm?a?ispérhe madsl commen are sorers, collawgrs, calcutating Fu; cm-
%, . , T N 5 -
:;T}rﬂiui:ng punches, and accounling machines. Murtluvcr.c::s:r:tl:: Erzn‘:uue e
. : i it is only ne
- the information stared, Since | ; these cadds
;Im' 2:1 z:fcm;and replace it them} with the corrected onetst. Finally, they
=111 N
are fquile INExpensive, )
P-.;
10-2 PAPER TAPE

. iurm is punched paper tape. B ois used in
Anather widely useda;n;::;?:ﬂu: ;:-f-:;:j f:t:p:cwas dF:-vﬂ oped tnilIH”?.{‘-‘f ".]U
much fhe same W?:in telegraph messafies over wites, 0y now q,fsed it n:::\:
?mp:lﬁn:‘i:fi‘;:ﬁn:tiunEanr.l for vransmitting information “om"m:[d;:;:{,} 1::: ‘m‘;
ar sto . it INUBYS o : .
rrioun of inlovmetion €an e punched nlo. 5 1al. i s passbe ro recor anw
amount of mIDlma';lr?c c:arm:n-f. as well as a number of special '-'ha'f'“"'"" n
JTI:":b:‘; ?::s- ::i:"chins holes in the 1ape in the proper places.
P
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Tape leed
Space

AR
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Fig. 1
ig. 104, Punched paper lape, 1) Eightl-hole code. (6} Example 10-3

There are a pumber al
codes for punching data }
mast widel i : iching data in paper lape,
punched ?nyek:s::j l;lhe vight-hole code in Fig. 10-4a, Halzs, re::s:_:i.t on: of the

e |abated 132 F:' raltel channels which run the length of Ihe lape rrl;:: c:m' -

e laucled 1, 2 8. party, 0. %, and end of ine) Each (yope. [The channcl

N . or special, - oocupies one column of eight iti = RUmeTic,
the taps, ght pusitions acress the width af

Numbers are represenied b
punches in O

2,4, and 8, a Y ne o7 more channels label
representod b:i ::r: number 1 the sum of the punch positicns. For :xam“:eﬂ, l
in the 1 channel: 2 ghe punch in the © chaanel; 1 is represented by a si 1p 0N
punch in chan 4 is a single punch in channe! 2; 3 is a punch in ch;mgrﬂ punch
punches in ch::nelise.;[cl;h;hzbmic d:;!mcteﬁ ace represented by 2 m:‘;“lﬁnd aIr

, L1, 2, 4, and B, Channe! O
rane punches i : nels X and 0 are us
n ch:’n'ﬁs? ‘3 F;unT;EE’r ::'d:.;;u: e:;mple. the letter A is design;:dn;:rc:u;:;,t:
e : special characiers ar
h . e represenied i
:u';‘:n(n; |_: a: ch-annel;rwhu:h are not used 16 designale eithet :T.::;bmalmm of
e end :::IF 1 .e enin.f-lllne channel signifies the end of a block of inf rs or Ileum.

As 2 mears:,rf;h h':.'s 'h: anly fime a punch appears in this chinn—::manqn_ o

eeking the validity o the informati '

il . rmation punch 2
:umL ir:za;r;r::al-'l |$Fumd 10 enstie that each characler is rf:prtfinc::dthl: tope, the !
0.1, and 2 5:::.» ‘-::I -‘;:;ﬂ-me. :::E ler:'; C is represenied by punches in l::a::eimjru

P : number of holes | - ’ s X,
foe the lett ; 15 required for each ¢ha

elter € alva has 2 punch in the patity channel, and rhu:a: Ixi.aﬁh:fc?dt
- ivp

punches i used for this lettr,
Example 10-3

"u"r'hﬂl! infgrmat=n i5 hllld i the pedoralﬁl tape in FIE 1|:|_4b':'

Ay b o,

e g 0 A i L S0 T

Y PR
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Solution
The lirst charaéter has punches in channels @4, 1, and 2, and this is the lenef T. The
second character is the lenur H, since lhere are punghes in channels X, 0. and A,

Continung, You should see that the message i the same as that punched on the

card in Example 10-1.

hales belween ehannels 4 amd & art guide holes, used 1o
guide and drive the lape under tha read positions. The information on the lpe c2n
he sensed by brushes of photocells as shown in Fig. 10-5. The metngd lor reading
infofmation from the papef lape and inputting it intoe the digital system is very siMi=
tar Lo Lhat used [Or read ing punched cards. Depending on the type of reader used,
informalinn can be read into the system al a rale of 150 to 1,000 charatiers per
second. You will matice that this is only slightly laster than reading information
irom punched cards.

Paper [ape can be ysed at a mMeans of accepting information ouput from a digial
system. In this case the System drives a lapt punch which enters the tlata on the
tape by punching the propoer holes, Typical tape punches are capalsle of operaling
arrates of 13 characters per second, and the dara are punched with 10 chafrachers
iz the inch. The number of characters per inch s referred 10 25 \he “data density,”
andd in Lhis gase the density is 10 gharaciers per inch, recording densily is onf ol
{he imparlant features of magnetic-tape recording which will be discussed in the

néul yesion,
Papar 1ape CaN also be periorated by a manual 13p€ punch, This uniL s wery simi-

lar 1o an elactric lypewrier and indeed in some Cased el pcirt bypewriters wilk
special punching units attached are used. The accuracy and speed of Lhis melhoc
are again a fundtion of the machine Sperator. Oine advantage af this method is tha

The row of smaller

Fig. 10-5. Faper-iape drive and reading mechanism.

Eight read brushes
o phote cells



268 Digital Principles and Applications

the lypewriter pravides a written capy of what is punched o the 1ape. This copy
can be used it verification of the punched infurmation,

10-3 MAGNETIC TAPE

Magnelic tape has become gae of the mos) important methods for sionng large.
guaniis of informalion. Magnetic tape offers 2 number of advaniages over
punched cards aod punched paper lape. One of the most importact is the facl that

- magnet 1ape can be erased and used over and over. Reading and recording are
much fader than weth ewher cards or paper tape, However, they require 1he use of
a tape-drive unil which s much more expensive than the equipment used wilh
cards and paper tape. O the other hand, it is possible 1o dore up 10 20 million
characlers on ane 2,400.01 reel aof magnelic taps, and il a high volume of data is
ane ol Lhe sysiom reguirements, jhe use of magnelic fape is webl jusified, Most
eommanly, magpehe lape is suppiicgd on 2,400-I reels. The tape %8l is a Ya-in-
wide strip nf plastic with 3 magnelic oxide coating on one Side,

Data are recorded on the lape in seven pacallel channels alang the length of 1he
Lape. The channels-are labeied 1,2, 4, 8, A, 8 and C as shown in Fig. 10-6. Sirce
the information recarded Gn the tape must be digital in foem, thal is, Lhere musl be
hwo slates, tl s recorded by magnetizing spots on the tape in ane of rwao direclions.

* A simplificd preseniation of 1he write and read operations is shown in Fig, 10-7,
The magnelic pats are recorded on the [ape as i passes over the.write boad as
shawn in Fig. 10-71, If a positive pulse of current 15 applied to the writa-head coil,
as shown in the figure, a magnelic flux s sel up in a clockwise dircction around the
write bead, As this ex passes through the record gap, i spreads slightly and passes
through 1he oxide coaling on the magnetic tape. This causes a small arca on, the
tape 1o be magnetized with the polarity shown in the hgure, If 3 current pulse of the
oppaosite polarity is appiied, the flux s sel vp in the opposile drectior, and a 5pol
magnetized in the opposite direction is recorded on the tape. Thos, it is possible 1o
record data on the lape in a digital fashion, The spats shown in the figure are
greatly exaggerated in size 10 show the direclion of magnetizaiion cleady.

trr the read operation shawn in Fig, 10-75 a magnetized spot on the tape seis up
a fluw in the read head as the tape passes gver the read gap. This NMux induces a
gmall voltage in the rear-head coi which van be amplificd and vsed 10 sel or reset
a flip-Nop. Spots of opposite polarities an the tape induce vollages of opposile

Fig. 10-6. Magnebc-lape code.
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bath 15 and ﬁ?mc tape. Typicall?, reatljwrite
i wgn Cat
; in Fig. 19-8. Thus, the wrile operdiic e
e Sh?:nn That is, data recarded on laue[*'*'e “?'dnw
vt ' hecked [or valllbhy.
and can be € ecord

455 over \he read Rap s e used o

diately vead 25 they © ed to punch data on €2 bumn of seven

e hat us o]
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::::I:TE:IM b'y' 1.p.ms in channr_‘lﬂ 1,A.and 8, 5ince this ts only three spats, an addi
wa ::2:“::1 :ﬂ:;rdmld IE c.h-'m‘nel C In mainiain rven parity lor this éharaclf:-
e mnm::,,;:.';_:,r::ﬁ:H:;T,f‘-lwﬁhﬁﬁ bfh:. This s somehmes’ rcFerrﬁ:li
. _ . is wrilten, whea neeged,
!:n;:n?: ::'r:jmr:::nn cr record. The 10tal number of its recorded i:I;::hE::a:rieT
s monares B b.:- ;fl lr_se end of 4 record, a panty bit is wrilten if necessary 10 keep
number of bils an even pumber, These two syslems farm an evern-parn
:'.rsl:":. ;Ih;v m".rld' of eourse, Just as easily be implemented o lorm an .::n.:ln'.'l-::::I!?r
{:sse .1.13:,,. b::n:t.on can .aha be recorded on the 1ape in siraight binary farm. In IJ'I:'?
Case. . ard 15 wrillen across the widlh of 1he lape m groups of si b" p
il requires .sn: columns 10 record one 36-bit word. P of six bis. Thus
The vertical spacing between the recorded spots on the Lape is fixed by the posi

hons of the readfwriie heads. The horizontal spaciny is a function of the lape speed

ang the recordin
S e mirs:::,dl Tape speeds vary [rom 50 10 200 infs, but 75 and 112.5
) The maximum numbe: of characters recorded in i;'1 of lape is calfed
recording densily,” and 1 is a {unction of the 1ape speed and J:: r Iu wht'he
;;:; -;'re supphed 10 the write head. Typical recording densities are zgﬂe ;:56 I$
e )I::]i:;rc;lnch. Thus it can be seen thal a Lol of BDO x 2.4{:;0 x '1;-
3 araclers can be siored on one 2.400-i7 reel of ta Thi
mean that the data would have o be stored with no gaps bemeepb b
groups of characiers, 7 charactees of
For parposes of locanng imformation on ta i i
:;::zn ;nt gruup;{:; t;:m:l'.s called “recnrdts.Eg;nilt::lmz::c?er:::::TrErr:CiTj L‘]L‘:k
of lape ca the "inlerrecord gap.'” This i i i
Bk tape, and 3 ot awer he readwrie s when the 1ape sopn. The
;::-Er;ecmd Bap prmr_-des the space necessary for Lhe tape lo come up ?;;-:p;;upr:
BRI e S g R o e
1otal number of inlerrecord gaps, since they repr:c:f:. nbl'l e e
The data as recorded on the Lape, including records ;ac::::‘dim di e
. tand in
:g::;;;.;i ,:.}:, ;:pmrw;lm as shown in Fig. 10:9, If there were no inlerrec;:;r:zr:i
e s wmber of characiery recqrded could be found by muitiplying the length n;'
e lape in inches by the recording density in characiers per ingh. |1 1h
'.ﬁer!_' exacily t!‘he same benglh as the interrecord gap, the 1o1al stora e. Wi JZ ;:Zﬂrd
in hall, Thus, u 1% desirable 16 keep the records as long as po 5'I:-!E' y e
lhe lape mast efficiently. wite i orer (0 use

Yig. 10-9. Recording dati on magnetic fape.
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\ number of characlers
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ging density, W15 a simple matter (o de-
tape. Conuider the length of tape com-
in Fig. 10-9 ., This length of 1ape

Civen any ont lape Sysiem ang the recor
jermine the actual slorage capacity of the
posed of ane recnrd and ang record gap a% thown
is reprated over and over down the lenglh of the lape. The tolal number tlﬂ
characters that could be stared in this length of tape is the sum af 1he haraclers i
jhe recard B and lhe characlers which could be siored in the record gap. The
which could be siored in the gap is equal to the recording
densty D multipied by the gap length C. Thus ihe tolal number ol characiers
which could be stored in this fength of tape is given ty R+ CD. The ratio of the
characters actually recorded Rio 1he tolal possible could be called a tape-utilizatton

faclor F and is given by

R ]

F - F&E . (10-1)
Examinalion of 1he lape-ulilizaticn facior shows that if the tola! number of
characiers in the record 15 equal 1o the numher of characters which could be stored
in the gap, the utilizalion jactor reduces o0 0.5 This utilization factor can be uﬂ_ed
10 derermine Yhe wolzl slorage capacily of 2 magnetic 1ape il the recording density
and the record length are known. Thus the otal number of characlers stored on
lape CHAR s given by

fl

CHAR = LDF {10-2)

where L = lengih of lape, in .
0 = recarding densivy, characters per inch,

For a slandard 2,400-1t resd of :a;;e having a 0.75-in recprd gap, the {formula in Eq.

[(10-21 reduces 1O

7400 x 12 % DR
2400 % 12X U7 10-3)
CHAR = =5 0750 {

Fxample 10-4

Whal is lhe [olal storage capacity of 8 _
recorded at a density of 556 characiers per i

2,400-0t reel of magnetic tape W data are
ach and the record fength is 184

charactersd
Solution .
The 1otal number of characiers can be found using Fa. (103
2,400 x 12 X 556 X 100 .
= — — - 310 %10
CHAR = =160 10,75 x 536) :

This result can be ¢ hiec ked by calculaung the tape-ulilization I.m‘
. )
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F oo 100 - !
100 + (0.75 X 5567 5.7 019

“The maximum number of characters that can be stored O the lape s 2,400 % 12 %
336 = 16,0128 % 10°. Multiplying this by the uiilization factor gives

CHART 160128 x 10 X#- 110w g

10-4 DIGITAL RECORDING METHODS

Thete are a number of metnods for recording data on a magnelic surface. The
methads {all inio two general rategories, calied “reurnelo-zemn ' and "nﬂnvr!;lurn-
to-zean," and tbey apply lo magnetic-lape recarding as weli as recording on mag-
nebe disk and deum surfaces Imagnetic-disk and magnetic-drum storage will be dis-
cueved in 3 later chaplen),

In the previgus seclion, o was slated that digital information could be recomrded
on magnelic Lxpe by magnetizing spois on 1he lape with opposile polarilies. This
l‘r.'PI.’ of recording 15 known as relutn-to-zern, or RZ for shiorl, recarding Thl!‘leth-
nigue lor recording data an tape using this method s to apply a beriesrﬂl’ Current
pulses 1o the write-head winding as shown in Frg. 10-10. The currenl pulses sel up
c_nrrc-spnndinu fluxes im the write head, as shown in the figure. The spots magne-
lized on the lape have polanlies corresponding 10 The direclion of the flux wave.
furm, and it 15 only necessary to change 1he direction of the Input Currens 1o wrile
15 0f On. NolxCe thal Ibe input Currenl and the Mlux wavelorm retum 1o 2 2er0 refer-
ence level berween individual bits, Thus the 1erm “return ta zera,”

When 11 s desired 19 read the recorded information from the laps, the lape is
passed over the read heads and the magnetized spots induce vollages in the read-
coil winding as showr in the fyure. Notice thal thee is sumewhal of a problem
here, since alt the pulses have both pesitive and negative porions. One melhod of
detecling these levels properly is to sikobe the autpul wavelarm. Thal s, the outpuls

Record .
CUTTEML puilies -
Rerorg Hux ‘/H/—/\—/L\/V_/H/_
Read
winding pulpul
Lirabe pulses —JL_-J]-—_H_L_H_L_H__“__

T 1 1 0 ¢ 1 ®

firad gate I | | Il . Fig. 010, Retjra-te-zero

Gulput recording and reading.

Input-Cuipul DeviFE! 273
oy —tt oo 1 v 0 1 O 6 i

e s M [

. Recowd Mux -Jr\ M ﬁ [\_.-

it A AN A~

Fig. 10-11. Biated relurn-1o-zero recording and reading.

vohage wavelorm is applied 10 one input of an AND gate lalier being amplified). and -
2 chock or sirobe pulse is applied w 1the other inpul o the gale. The sirobe puise
mus! be very carefuliy timed to rnsure lhat 1 samples the oulput waveform at the
praper time. This is one of the major difficulties of 1his type of recording, and 15
thersfore seldom used except on magnetic drums. On a magnetic drum, the sirobe
wavefarm can be recorded on one rack of the drum, and thys 1he proper Liming is
achieved. | .

A second dilliculy wilh this lype of recording is the facL that betwegn bils there is
no record currenl, and thus between the spots on Lhe tape Lhe magnelic surface is
randornly oriented. This means thal if a new recording is 10 be made over old dala,
the new data have 0 bt recorded precisely on top of the ald data, i they are rol,
thie old data will net be erased, and 1the 1ape will contain a conglomeratian of infors
mation, The lape could be erased by installing another set of erase heads, but this iy

‘eoslly and unnecessary. :

A method for curing these problems is 1o bias the record head with a Current
which will saturate the lape in either one direction gr the owher. In this syslem, 3
current pulse of positive polanity is applied only when it is desired o wole a 1 on
the tape as shown in Fig, 10-11. A1 all ather times the flux in the write heads is suf-
ficimnt 10 magnetire the eotite 1tack wn the O divection, New, ecnrding data over
old data is not a prablom since the tape is efleciively eraser] as il passes over Lhe
recard heads. Moreover, the timing is nol s¢ cntical singe il is not pecessary to record
exactly over Lhe previous data. When data are recorded in this [ashion and then
played back, a pulse appears at Lhe outpul of the read winding only when 2 has
been recorded on the Lape. This makes reading the informatign {rom the lape much
simpler.

The non-return-io-1ero, of NRZ, rwecording technique is 2 variation of he RZ
1echnigue where the weite currenl pulses do nol retuen 1o some felerence level
petween buts, The NRZ recording technique van be best expltained by examining
the record-current wavefgrm shown in Fig. 10-12. Nolice that the cusrent is at 41
while recording 15 and al—i while recording Os. Since the Corrent levels are abways
at either +1 or —L 1he recording problems of the firsy RZ sysiem do ngl exisl here.

Molice that the voltage al The read-winding cutput has a pulse ealy when the
recorded data change (rom a ) to a O or wice versa, Therelare, some means ol
sensing the recorded data is necessary far the read operation, 1 the read-winding
voiltage is amplified 2nd used 10 seLor reset 4 flip-fiop as sy 10 he fipure, the A
side of 1he flip-fop s high during cach time that 2 1 13 beang read, Ttis bow during
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Fig. 18-12. NRZ recoeding and reading, ~

\n.

any iime when the _dm being read is a 0. Thys il the A autput af the flip-flog i
wied as a contmd signal al one input of an AND gate, while the other input is &
clock, the quipul of the anD gate is an exact replica of the digital data being read.

Mol that H_'-e ;Inclc must be carefully synchronized wiath the dala (rain from 1he
read-head winding. Notice alsa that the maxirmum rake of |

wi‘;en rec:::rdi_ng let reading) alwernate 15 and Os.
N Comparing this wath 1the RZ recordin '

rrcthod offers the dalingt advaniage thal :hE :;E::;g; :;: EFH s e A2
one-hall thal ior RZ recording. Thus the readpwrite heads and associated elecironics
<an have_reduﬂ'd requirements fof operalion al the same rates, of they are capabie
of operaling al hwice the rate for the same specilications.

A variation an i basic farm of NRZ recording is shown in Fig. 10-13. This
1echnique is quile aflen called "non-relurn-to-zero-inverted, " NR 7] s;im:e h(;th 1%
an_d Os are recorded a1 bolh 1he high and low saturalign-currant Iev;al-a The key to
this method of recording is that a 1 s sensed whenever there is a ﬁu:c change
whether o be posuive or negative. i the read-winding outpu valiage is amplit’icd'
and presenied 1o Lhe or gate as:imvn in the ligure, the outout of the gale will be
Ibe desired dala lrain, The upper Schmin tngger is sensitive only 1o pasitive pulses
w_hiie the lower one is sensitive only 1o negative pulses. Aoth E:ulpu:s ol Lhe Sr:hrnit;
Iriggers are low unid & pulse arrives, Al this Lime the ouLPUL RS posilive for a fixed
duration and genrrates the desired output puise.

ux changes ooours

ux changes is only

Fig. 10-13.  MRZI recarding and reading,
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10-5 OTHER PERIPHERAL EQUIPMENT

A wide vatiety of peripheral equipment has been developed for use with digital
systermns, Only a cursory description of some of the various equipmenl will be given
here, and the reader s encouwraged 1o study squipment of particular interest by con-
sylting the dala manuals of the various manulaciurers.

Cne of the simplest means of inpulling information icto a digilal system is by the
use of swilches. These switches could be push-bution, toggle, etc., but the impor.

Lant thing is the fact thal they are capable of representing binary inlormanon. A row |

of 10 switches could, for example, be switched to represent the 10 binary bils in a2
10-bit word.

Sirmnilarly, one of the simplest means of reading data our of a digital system is 1o
pul 1ighls on the oulputs of Lhe flip-Tlops in a storage register, Admittedly, this i a
rather slow means of communication, since the operatar must converl the dis
played binary data into something more meaningful. Nevertheless, This represents
an inexpensive and praclical means of communication bepwveen man and machine,

A much more sophisticated method for reading dawa 0w of 2 digital system is by
means of a cathode-ray tube, One 1ype of cathode-ray tube used it very similar to
the tube used in o loscopes, and the operation of the Jube (s pearly the same,
The unit is generally used to display curves representing information which has

“heen processed by the sysiem, and a camera can be attached 1o same unils to pho-

tograph the display for a permanent record. The informatioa displayed might be the
transient response of an electrical network or a guided-missile trajectony.

A second ype of cathode-ray tube for display is called a “charactror.” It has
the ability ta display alphanumeric characters on the face of the screen. This ube
operaies by shooling an electran bearm through a matrix imask! which has each af
the characlers cut in i, As the beam passes through the mairix it is shaped in the
farm of the characiet through which il passes, and this shaped beam is then
lecused on the face of the screen. Since Lhe operation of Lhe eleciron beam is very
fasL, it is possible to write infaormalicn an 1the jace of the whe, and the operalor Can
then read the display.

Some lubes of this type which are used in large rgdar sysiems have matrices with
ihe proper characters to display map coordinates, [riendly aircraft, unfriendly
aircealt, ete. The pperator thus sees 3 display of the surrounding arca complete with
ali aircrafy, properly designated, in the vicinily. These sysiems wsually have an addi-
tianal areessory called a “light pen”™ which enables the operator to input inflonma.
tion into the digilal system by plzcing the light pen on the surface of the tube and
achwating it. The operator can de such things as expand an arca of inlerest, request
infoermation an an wmidentified flying object, and designate cerain aircrafl as
larpels, '

A somewhal more common piece of equipment, but nevertheless vselul when
targe guanlibes of daia are being handled, is the printer. Priters are avalable
which will prnl The oupul data in straight binsry larm, pctal form, ar all the
alphanumeric characlers. The typical prnler bas the abilny 1o panl informalion on
4 120-space line al faics from a few hundred Loes up o oyer 1,200 lines per
minute, The simyplesl printers are convertnd, or specally made, elecine 1'r|3€'wrllulr1.

91
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knewn ay i i ' |
character-at-a-1ime printers.” They ace reldlively show and operare at

specths of 10 16 10 characrers per second.
| :ll_nnre[m:'}fmlir.:wd prrder i kngwn g the “line gl-time prinfer” since an en-

ol e ;

[ ne o 1 20 Characters is printed in gne aperabon. This Lype of printer | bi
ol operation at rales of around 250 lines per minute 1 capane
. 1?::nrl':wwnat Fasler mwi.?liun 15 possilile wath maches which vse 2 prinl whee!
I““:. 150 inlvw«]‘wal printer is compused of 120 wheels, oq¢ for #ach pasition on Ihi:
e e \:1_ Errnh_j:l, Tht'!-.v.whﬂeh radate conlinyously, and when the proper chacacler
“hkh: the print Do:'!llhun a2 hammer srikes an inked ribbon against the paper
Vi ?nlal:I: II:I-E ranm:: chacacter o0 the prinl wheel, Wheel peinters are capa.hh;

hatron al the raie of 1,250 lines per mi i
60 <hamerors per e, per mindte and have a maximum capacily ol
ne . i i
rh(i" u‘::llr_;rl vebr:.|m|:-ur|nnl picce of penpheral eguipment 15 the digital ploner
Thew un, re being usjed moare and more in 3 wide vanety of 1asks, includin au:
or _n? ralk :ng..numt-ncal conirol, producnen artwork masters (used o mang fac
ru:u:ll:;gr;!{'d circuily), charts and graphs lar management informalian map;uand
‘ ,h“,-. |m:e;|rui rnl'u;malnqn, and tialfic analysis, a5 well as a hou of other
Dl:llmm ‘;r;:r.. t!'uml.'whal h\-':;d form of dignal plowing 15 wsed when the digital
system s canwerted 10 analog form idigi
_ igital-to-analog conversion i
sulyegt af the next chanler) ta driv T i
. c Servomoiors which posilion
pivee of graph papet 15 postoned ] ? urer orpen- A
on 3 flat ploaring surface, and the i
oy . . pen s caused
Aml::;c(::: I:'wip;':pof in response 1o numbers received Jrom the digilal system
« dignal piatting sysiem, which is more truly a d
) . : v a digual plotier, makes ure of

:d ::Imn.\l siepping malors 10 posilion The pen and thus plol the information on

J:‘:Iml:ﬂp?f- lE_H_us vyslem, which i5 known as 3 “digital incremental plotter,” 1he

) I },-' or digilal-to-analog conversion is climinated, and these 5ysh:m's are

z;uTn:_ ess Expenuve and smalier in sire. Digilal incremental plotiers are capable

Ih[‘phvl:ts |n|:rerrlmn11. as small as 0.0G25 in and offer much greater accuracies than

he _mhuandmod-;- f- r_unhen-mre. thew plolters are capable of plotting at the rate of
providing a complete sysiem of annotation and labeling

10-6  TELETYPEWRITER TERMINALS

The heles i )
In Jlﬂl‘ﬂ'l::ltr_'r tTT‘r’L: presenlly one of the most popular inputioulput waits A
TTY 15 an imnperlant ard wersatile Tink b -
. een man and computer, wheth
! et the
Z‘:I'"F:I:u“lr | lh.E srn.'.ull-y:afe general-purpase Lype, of & large-scale r;mdel rsed on
: .rI :i--. are :.us.s. W iv common prachive 4o use a TTY as a fomote tefminal con
Jaulbl A vy L ,
el Ilu..l large wale general-purpose computer via ielephone lines. The lwo
o l.w: ;‘?'L.'f ivvels 11 ?nd 0y used o the TTY and the compuler ¢an be reprosented
wurcl audio Irequencies which .
are then Iransmilled oV | i

s ‘ _ _ _ | er telephone lines.
“dmu:.lmr::nf- chuHer .“ wed i conungon with the TTY 1o translate data from

o Imqt..u Cies 10 logic fevels, and vice versa, The ceniral compuler can be
:J.'l.l.‘t i A convenient sile, and arcess 1o the compuer via a TTY terrinal is
umsitrel enly sy the v uirgement {or @ feiephone lineg

ATTY consnle eans : )
. TTN consnle :nntlkl'.!.ufd s keyboard for lyping ininiofmalion. and a prinl-
iy e hanuem fop printing informalion coipul Fom the complier, Many TTYs are

ppep——— Y
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also equippud with a paper-lage (ranch, ard thus milher input data of pulput clata
can be recorded on punched paper lape-

Masl modern TTYs use an gighi-hoie punched paper lape. Theee has been an al-
tempi to standardire on an alphanumeric code, and Ihe Amencan Standard Code
for Infarmation knierchange (AN s widely used. An eight-hole code has 2° = 256
combinations, sulficient ta provide for hoth uppercase and |pwercase alphabets,
the 10 nurmerals, and & number of special ¢haraciers and contrul signals. The
ASCH code is shown in Tahle 10-1.

16-7 ENCODING AND DECODING MATRICES

Encoding and checoding matrices are piten used 1o alter the form of the dala being
pntered nip of Laken oul of a syslem. A docoding matrix s used 1o decode the
binary informaticn in 3 digital sysiem by changing il intg same pther number
systern. For example, in a previous chapier the binary oulpul of a regisier was
decoded iy decimal form by means of anD BAICS and the decoded oulpul v
used to drive nixie mubes. fncoding infprmalion b just |he reveie process and
could, for example, involve changing decimal signals into equivalent hinary signals
far entey inlg  digual system. v

The mmost straightfaraard way of decoding information is simply o construc! the
necessary anD gales, a5 was done for the nixie lubes. Decoding in this [ashion is
quite simple and is maos! easily accomplished by using the truth lahle or wavelorms
for the signals involved. The decoding ol a four-flip-fiop counter would, for -
ample, reguire 16 four-input AND Rates, since there are 16 prssible slates deter-
mined by the four Tip-llops. This 1ype of decoding then requires p = 2 diodes,
where n is the number of fiip-tlops. jor the complete decoding nelwork.

Example 10-3
Draw the 16 gales necessary o decode a lour-Mlip-flop counter.

“Solution
The necessaty Rales can besl e implememed by using a truth table to delermine
the necessary gate CoRNeciions. The gales are shown in Fig. 10-T4.

There is 3 second methoad of decoding which can be used lo re3liZe 3 savings in
diodes. This method i redprrod 10 as Ttree drcading.” and it resulls ina reductian
of the numbat of required digthes by grouping thie clates 1o bo decodwl, Decoding
of ihe four-tip-llop counlef dicussed in the provious czample £an be ac
camplished by scparaling the counls inig four Rroups. Theswe griuRs are 0.1.2.3:
4567, 85.10.11; and 121314,15. Mobhce that the firsl group Can be dis-
jinguished by an =G gale whose culpal 35 D the second growp By AC, the third
group by DT, and the lasl group by DC. Each of these fgur groups can then ter
divided in half by using 3 O Thnoese eght subproups can then I turther divadod
into the 16 counts by usink A and A, The complete decoding Atk is shown in

g, 10-15. -
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Tabl_r‘ll}-l
THE AMERICAN STANDARD CODE FOR IMFORMATION EXCHANGE®
Frooo 1 oo [-o0. 1 onn Liead Sietid o Tk
0000 | Mutt | g DG, b el02T| e P
oot £aM 0, | Tl ] A 7]
oo | £oa By . i 2 8 i
0011 EOM Do, | N C 5
oI £or e, 1 " 4.'x| O T
Iaimpl 4
OTaT wRLS LY k] 5 ¥
e | RU SYNG b |6t F L
¢l BELE LEM ) S B G W
1000 FEy I sq. l B2 M X Unassigned
1001 H 5 . B
3K ‘ ' = d 4
1918 LF 5, T [ P4
o1 | v, 5, Toa s ; K f
1100 Fr 5. T < L k! ALK
uey | CR [3 LA S o ] )
1110 0 5. - ® = LY * ESC
11 54 5 }&r H [ - OEL
Example I_ 108 ] 0001 I a A
L el ¥
1 I \
|' The abk reviation used in (he igwe mean: ]
MULL  MWullidle R Carriage retutn
el f1art of meaage 53 Shift out
£OA End af address LY Lhift in
EQM End of meysage Cy Device conirel (1)
Reserved for dala
Link suwaps
EQT End ol 1tansmission D, — OC, Device controd
HWHF "Whe are youl” ERR Errow
R Are yow 07 SYNG Synchronowy idhe
FLLL Audible wgnal LEM Logical end af media
r Format elfeglor 50, 50y Separator finformation]
HT Horizenwul ubolation Word separator [blank,
- mer madly non-prinlingd
5K Skip (punched card} ACK Agknowiedge
LF Ling leed Unaswsigned contrgt
WIFAS  Verucal Labulalion E5C Esape
FF Form {eed DEL [elete idle

* Wepunted from Dicital Computrr Fundamentals by Thomas C, Baree, Copynight
160, 1966 by sc”  wHlk tne, Used with permission of McGraw-Hill Book
Company,
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Fig. 10-14. Four-Nip-Top counter decoding.

required 64 diodes and this method paly requires 56. The saving in diodes here 15
nal very spectacular, but the construction of 2 matrix in this manner 1o decode live
flip-Nops would result in a saving of 40 dipdes. Az the nu_mber of fiip-flops 1o be
decoded increases, the saving in diedes increases very rapdly.

This type of decoding malrix does have the di&al:lv..rantage thlat the dccpded
signals must pass through mote than pne level of gates lin the previous method 1he
signal passes through only one galcl. The oulput signal level may lhfrr[qre_wflrr
cansiderable reduciion in amphivde. Furthermare, there may be a sperd limilation
duc to the number of gates through which the decoded signals must pass.

A thard type of decoding nolwotk 15 known as oa "ha_lanu.-:l vl‘l'l?l!lphf;ltl'n"l.'
decoder.” This always resulls in the minimum number of dludfv; required for the
decothng process, The idea is much The same as 2 Iree decoder, since the counts I
he decoded ate divideo inlp groups. However, in thit sysiem lhe "IP-"O]]’S. [P} .‘m‘
drcoded am dvoded into groups of two, and the results are then com” 4 to give

-

{

Jack
A saving of 8 diodes has been achieved, since the previous decoding scheme GO
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Fig. 10-15. Tree decoding mairia,

DCHA = 12

Fig. 16-15, Balanced mulliplicalive decoder,
bl oc o oC
BCBA =0 DCBA = 4 BERA = B
A
g
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the desited output signals, Te decode the four Nip-Mlops dncussed previously, lowr
groups are formed by combining lip-flops € and £ just as before, In addition, lip-
ficps B and A are combined in a similar arrangement, The oulputs of these gigh
gales are then combined in 16 AnD gales 10 form the 16 ouipul signals. The resulis
are shown in Fig, 10-16. it can be seen that a total of 48 dwdes are required; a
saving of 16 diodes is then realized aver the lirsl method, while a saving of B
diodey is realized over the ree method, This scheme again has the same disadvan-
tages ol signal-level degradalion and speed limiation as Lhe Iree decoder,

Encoding a number i3 just the reverse of decoding. One of the simplest examples
of encading would be the use of a thuml-wheel switch (a 10-position swich)
which is used 1o enter data into a digilal system. The gperalor can sel the swilch 1o
any one af 10 positions which represent decimal numbers. The outpal of 1he swich
is then transformed by a proper encoding mavix which £hanges the decimal
number 10 an equivalent binary numbee,

An encoding matrix which changes a decimal rumber 10 an equivalent binary
number and stgres il in 2 register 15 shown in Fig. 10-17. Selting the swilch 1o a

Fig. 10-17. Decimal encoding matrix. t
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Fig. 10-18.  Angiher decimal encoding matrix,

position places 3 poasitive voltage on the line connected to thal posilion. Notice thal
the X and 3 input 1o gach fip-flop is essentially the output of 3n an gate.

For example, d the swuch is sel 10 posiuon 1, the diodes connected to thal line
have 3 patilve voltage on thewr piates fthey are therefore forward-hiased). Thus tha
sel inpant 10 flip-dlop A gnes high while the reser inputs to fhp-flaps B, €, and D EO
high. This seis the binary number 0001 in 1he flip-fiops, where A s the feast signifis
cani biL Motice 1hat this encoding matrix requires 40 diodes. As might be expecied,
itis possibile 10 reduce Ihe number of dipdes reguired by combining the input func-
nons as was done with decoding marrices. One method of dairg this is shown in

Fig. 10-18; it represenls a saving of 7 diodes, tince this scheme requires anly 13
diodes.

——— e i —
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Any encoder ot Jecader can be constructed from basic gales a3 shawn in (hn
seclion, and when only bne or bwo (unctions are needed this may provide the best
technigue, Howeved, 35 shown in Chag, ), many of the more common decading
functions are available as k451 105 Examples are the 7441 {or 74141} BCD.10-
decimal decader driver, the 7443 excess 3-io-decimal decoder the 7446 BCD-1o-
seven-segment decoder driver, and the 74145 1-0i-10 decoder drver. There are
numerous Others, and you are yrged to consull manulacturers” daa sheets lor spe-
aific inflormation,

There are also a lew encoders avalable as M3 ICs—lor example, the Fairchitd
9318 ight-inpul priority encoder. This unit accepts eighl inputs and produces a
inary weighied code of the highesi-order oulput. Again, you should consult spes
cilic manulaciurers” data sheets lor detailed informalion on encoders.

STUDY AIDS

Summary-

Punched cardy provide one of the most uselul and widely used media for sloring
binary information. Each card is considered as a block ar unit of informaton and s

therefore referred 10 3% a “"wni secord.” Furthermore, punched-card equipment

tpunches, sorters, readers, elc.) s commonly called "uniji-record sguipment.”

Alphanumeric information. as well as special characters, can be pusched ing
cards by means ol a code, The most common code in owe 15 Lhe Hollerith code,

A similar medium for informataon siprage is punched paper Lape. Alphanumeric
and special characlers are recorded by perforaling the tape according 10 4 code
There are a number of codes, but the ore most commonly used s the eighl-hole
code, A perfarated] role of paper tape is 2 conlinugus record and is thus distingt
iram the unit record punched cardh.

For handling large quantibes of inlormation, magnetic lape is 2 mosl convenienl
recording medium. Magnelic lape offers Lhe advantages of much higher processing
rale and much greater recording densities. Moreover, magnetic Lape can be erased
and used over and over.

The three most commen methods for re¢cording on magnetic tape are the return-
1o-zero (BRI}, 1he non-return-lo-zere (NREL and the non-returp-lo- rero-inverted
(NRZI), The NRZ and MRZI methods cffectively prase or clean the 1ape automa-
tically during 1he record operation and thus eliminate ane of the protlems of R2
recording. These nwo methods also lend themselves 10 higher recording rates,

Encoding and decoding malrices farm an important part of inpul-outpul equip-
ment. These matrices are generally used 1o change information from ane form to
anather, for example, Binary to octal, or binary 10 decimal, or decimal 1o hinary,

There is a wide variety of digital peripheral equipment inCloding wnit-record
aguipment, printers, cathode-ray-lube displays, and ploiters. The choice of periph-
cral equipment to be used with any system is a major enginerting decision, The
decision invpives establishing the system requirements, studying ke available
equipment, meeting with the equipmenl manulacturers, and then making the
decisian based on operalional characlerisues, delivery time, ang cosi.

- ]
-
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Glussary

alphanumeric information  Information compased of the lerters of the alphabet,
the numbers, and special characters, -

bt One hinary digu, - -

chatacler A number, letter, o¢ symbol represented by a combination of bigs,

d'o(_m‘mg matrx A mattix used lg alter he format of information 1aken frtom the
oulput of a sysiom, -

Crcoding mairix A matrix used 1o alter
1Nt A syslem,

Hallerith code  Tine system for fepresenting
prescribed manner in s punched card

‘nterrecord gap A blank piece of tape benveen recorded information,

NRZI  Mon-relutn-lo- rero recording, -

VRZI Nan-retutn-ig-zero inveried recording,

Many The methed of using an additional punched hole for magnetic spot for

magnelic recoidingl 16 ensure that The total number of holes {or spats) for each
characler is even or ugd,

ennling deasity The number of characiers recorded perinch of tape.
2pe-ubilization factor  [he ratic of the numbrr of characters actually recorded tg
the Mmaximum pumber of characters that could be recorded,

it record A punched card represents a unil record since each card contains 2
uml oF block of informalion.

infarmation by punching holes in a

ipview Questions

1. Drscribe some of the problems of the man-maching interace.

2. Describea typical punched card isize. aumber ol columns, number of rows).
3, Which rows are the zone punches on a punched cardil )

4. Which rows are the digil punches on a punched card?

*. What is the Hollerth code? Whal does 4R, is 11 signify?

&

»  Hew s binary ialuimation represented on 3 ¢ard; Le, whal does a hale rep-
resent, and what does the absence of 3 hgle represent?

7. What is the meaning of unil tecord?

8, Name hree pieces of unit-record Peripheral equipment, and Rive a briel
descriplion of how They are used.

9. Destribe the eght-hole code used 1o punch information into paper lape,

0. Desribe how 15 and (8 are recorded on magretic 1apg by means of a mag-
nehic record headl,
1. How is alphanumesic information recorded on magnetic tapel
2. How s binary information recorded on Magnetic Lapn?

"}, Explain he dual-parity sysiem used in magnelic-tape recording

the formay of information being entered -

n

[
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14. What (s the purpose of an inferrecord gap on magnehe lapei -

15. How can the tape-utilizalion facts be used Lo determine the total rumber of
characters stored on 3 magnelic lapel

16. Descrnibe the operation of the RZ recording method. What are some of (he dif-
ficulties with this systemd

17. Describe the operation of the NRZ recording method. What advantages does
this method oifer over RZ recordingt

18, Describe the NRZI| recording technigue
19. Why is a digital incrernental plotter 2 true digital plotung system

20. What is the difference between an encoding and’a decoding matnxd

Problems

10-1. Make a sketch of 2 punched camd and code your name, address, and mc:lai
security aumber vsing the Helicdth code, Use a dark spot to ropresern a haole.

' ; : ivalent binary number. Make
. Change your social securnty number to Lhe pquivale _ _
:%:Hcl";:oi alwy:ched card, and record this number on Lhe card in the horizontal
anary fashwon, ] _
10-3. Repeat Prob. 10-2, but record the number on Lhe card in the verical
fashion, ,

ic | i hed into cards al the
10-4. Assume that alphanumeric information 15 being punc
rata of 250 cards per minute, U the cards have an average ol 65 characters sach, a1
what rale in characters per second is 1he information being processed?

10-5. Make a skewch of a lenpth of paper lape. Using the eight-hole code, record
your name, address. and social security number on the lape, Use a dark sp01 1o rep-
resenl a hole

19-6. What length of paper tape is required for the starage of 60,000 characiers of
alphanumeric information using the eight-hale Codef Assume no record gaps.

[ [ the information in
7. wWhat leagth of magnetic 1ape would be required to siore
lib. 10-6 il lhegrecurding density 15 500 bits per inchi Assume no recard gaps,

10-8. Assume that data are recarded on magnelic lape a1 a density af 200 bits ::r
inch, If the record length s 200 characlt?rs, anud Lhe inlertecard gap is {],?? m_a: L..e|
is the rape-wtilization faclort Using this schéme, how many Characlers ©
stored in 1,000 K of tape

10-9. Verily the solution to Prab, 10-8 above by using Fo. {10-3}. Hotice thal |:"IHE
2 40'5! in the equation must be replaced by 1,060, sinte Lhis is the tape lenglh,

10-10, Repeat Probs. 10-B and 10-% for a densily of 800 bis per inch.

10-11. What length of magnelic lape is requited to sore 10* characters recorded
al a density of 800 buli per inch with a record lenglh of 500 characieest
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11-3. Vealy the valizge-autput fevels (or the network of Fig. 11-5 using Millman's
thegrem, Draw Ihe equivalent circoits.

114, Assume the dwader in Prob. 11-2 hgs +10 W full-scale output, and find the
lollowing: .

la) The change in quiput voltage due 1o a change in the LSB.

thl The outpul voliage for an inpuy of 110710,

11-5. A 106-bit resistive divider it consiructed such that the current through the
LSB resistor is 10C wA. Determine the Masimum current that will llow through the
M1 reselor.

11-6. What is the full-scale culput voltage of a six-hit binary ladder if 0 = 0 ¥ and
1= 10 Y7 What is il Tor an eight-bit ladder?

11-7,  Find the cutpul voltage of 5 sis bit binary ladder wilh 1he following inputs:
tal 101007,
i noil.
&) 110061

11-8.  Check the results of Prob. 11-7 by adding the individual bit contributions.

11-9, What is the resolution of a 12.bil D/A converler which uses a binary

badder? T the {ull-scale oulput is +38 VY, what is the resolulion in volis?

11-10.  How many bily 308 required in 3 binary ladder 10 achieve a resolution of
1 mVaf full scale is +5 ¥

11-31, How many Comparalids art réquired 1o bulld a five-Eat simultaneous AJD
converier?

11412, Redesign the encoding matrix and read gates af Fig. 11-20 using NAMD
gates.

11-13.  Find the following for a 12-bit counter-type AJD converler using a 1-MHz
clock:

lal Maximorts conversion tme,

i) Average ¢onversion lime,

] Maximum conversion rate,

11-14.  What clock Frequency must be used with 2 10-bit counter-type AfD con-
werler if it must be capable af making at leasl 7 000 convervions per second?

11-35. What is the conversion time of 3 12-bit successive-approximation-type
AD converter using a 1-MHz clock?

11-34. What is the conversion bme of a 12.bit settion-counter-type Af) con-
verier using 2 1-MHZ clock? The counter is divided into three equal sections.

11-17.  What overall accuracy could vou reasonably expect from a 12-bil AJD
cnnverler?

11-18. What degree of resolulicn can be obtained using 2 12-bit oplical encoder?

11-19. Redesign the Gray-10-binary encoder in Fig. 11-32 using HanD gales.

11-20. Redesign the Gray-to-binary encoder in Fig. 11-32 using exclusive-gn
gates.
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Magnetic Devices
and Memories -

1=

There is a large class of devices and systerns which are useful a3 digital elements
because of ther magnetic behavior, A lerramagretic material can be magnetized in
a parlicular direclion by the application of a suitable magnetizing foree la magnetic
flux resulting from a cuerent flow). The material remains magnelized in thay direc-
lign after the removal of the excitation, Applicaion of & magrelizing lorce of 1he
opposite palarity will switch the material, and it will remain magrelized in the gp-
pasite direction after removal of the excitation. Thus the ability to store information
in two dilierenl wates is available, and a larpe clayws of hinary elements has bagn
devised using these principles, In this chapter we investigale 3 number of these
devices and systems Lthat make use of them .
Adter studying this chapler you shouwld be able o

1. lustrate how magnetic cores are used 10 siore hnary information, ¢
. Explain the lundamental principles of a coincideni-current memary.

3. Desxribe the operation of 3 wmiconducio: memory using eiher bipolar or
MOS devices, .
Do

121 MAGNETIC CORES oo

One of the most widely used magnetic elements is the magnetic core. The typical
core is toroidal {doughnut-shaped), as shawn in Fig. 12-1, and is usually constructed
in one of wo ways. The metal-ribbon cove is constucied by winding 3 very thin
metallic ribbon on a ceramic-care farm. A popular ribbon is Yemil-thick 4.79
molybdenum-parmaloy tknown as ulirathin rikban), and a lypical core might con-
sist of 20 wrns of this ribbon wound oa a 0. 2-in-ciameler cotam e, form,

Ferrite €ares ate construcled from 3 finely powdried miciure of magnelite,
vatious bivalenl metals such as magnesium or maganese, and a binder matenal.
The powder is pressed into the desired shape and fired. During firing, the powder is
hrved into a solid, homogeneous, polycrysialling form. Fereite cores such as ths are_
commonly canstrucied with 50 mil outside darmelers and 30 il inside drameters,

327
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Fig. 12-1. Magnelic core.

Fernte cores can be consiructed in smaller dimensions than metal-ribbon cares
ardd usually have better unifoemury ard lower cost. Funhermore, feirite cores
typically have resistivities grealer than 10* fl-om, which means sddy-current losses
are negligible and thus core heating is reduced. For these reasons, they are widely
used as the principal memory or siorage elements in large-scale digital compulers.

Metal-riblbon cores, on the other hand, have very good magnetic characieristics
anc generaily require a smaller driving current for switching, They are somewhat
betier for the construciion of logi ¢ircuils and shift registers,

The binary charactenisiics of 3 core €an be o eavly ween by esamining the
brysteresis curve lor a typical core, Hysteresis comes [rom the Greek wond hysterein,
which means 1o 1ag behind. A magnelic cove exhibits a lag-behind characigristic in

v the nysieresis curve shown in Fig. 12-24. In Lhis figure, the magnetic flux density B

is platted as a function of the magnetic force H. Howewr, since the fiux densily B
it dircclly proportional o the flux ¢, and since the magnetic field H is directly
propotiional 10 the current | producing it a plol of ¢ versus 115 a curve of the same

-’

Fig. 12-2 Ferritecore hysteresis curves. () Magnetic Nux density B versiis magnetic
liwkd H. (b) Magnelic flux & versus Qurrent [

o,
T

fo) fb

-

-
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penerat shape, A plal of flun in 1he core & versus divng cutrent |is shown in Fig.
12-2b. We shall base cur discussion on Lhis curve since it is generally easier 1o talk
n terms of these quantilics.

New, suppose That 2 curren] source s allached 1o the windings on 1he core
shown in Fig. 12-1, and 2 posilive currend 15 applied icurrent faws into the upper
terminal of the winding). This creates a flux in the care in the clackwise direction
shown in lhe [igure iremember the righe-hand rulel, H the diive currenl s jusi
slighlly greater than !y shown in Fig. 12,2, the operating poeinl of the core is some
whene between points b and € on Lhe & curve. The magnitude of the Mlux can then
be read froum the < axis in this {igure, .

If the drive current is now removed, the pperaling poinl moves along the &
curve through poinl b to point d, The core is now storing energy with ng input
signal, since there is @ remaining or rercanent flux in 1the core a1 this point. This
property is known as remanence, and this poinl is known as 3 remanent poind.

The repeated application ol positive current pulses simply causes the operating
point 16 move between points d and ¢ on (he §f curve, Motice that the operating
point always comes 1o reat at point o when all deive cument is emoved,

il a negalive drive current sarmewhat greater than -, is now applicd o the
winding {in a direction opposite to that shown in Fig. 12-1], Ibe operating point

moves from o down through £ and stops at 2 paint somewhere between fand g on

the ¢ curve. At this point the lux has switched in lhe core and is now ditected in a
counterclockwise direction in Fig. 12-1. if the drive cufrent is now remaved, the
operzling point comes ta rest at painl b on the ¢ curve of Fig, 12-2, Notice thal the
fux has approzimately Ihe same magnilude b is the negative af whal it was
previously, This indicales Lhat 1he core has been magnetized in the opposite direc-
tion.

Repeated application of negative diive currents will simply cause the aperaling
poinl 1o move between peints g.and h on the f curve, bul the final resting place
with no applied current will be point b, Painl h then represents a second remanent
point on the 1 curve,

By way of summary, a core has nwo remanent ates: painl o aiter the application
of ane or mere positive curren; pulses, point & after the applicalion of one or mare
negalive current pulses. For Lhe care in Fig. 12-1, paing d coeresponds 10 the core
magreetized with flux in a clockwise direclion, and point b corresponds 1@ magne-
Lzation with flux in the counterclockwise direclion,

Example 124

Covees can be magnetized by utilizing the mapnetic field surrounding a curreni-car-
rying wire by simply threading the cores gn Lhe wire. Far the two possible curren
directuans in the wire shirwn in Fig. 12-3, whal are \he corresponding direciions of
magnetizanon for the cosel

Solution

According lo the right-hand rute, a current of +! magnetizes the core with the flux
in a clockwise direction aroung the core, A current of —! magnenzes the core wath
Hux in a counterclockwise direciion around the core,

Y
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L Fig. 12-3.

It is mow cueite tasy [0 see how 3 magnetic core is used as a binary siocage device
i1 a digital sysem, The core has two states, and we can simply define one of 1he
slalesl as a .l and Lthe other slale as a 0. I is perfectly achitrary which is which, but
for discussion purposes bel us define poinl of as a 1 and point h as a 0. This m:ea.ns,
that a pasitive cutrent will record a 1 and result in clockwise Aux in the core in Fr
'l:;; A negatree cumenl will record a O and resull in a counterclockwise Qux in llfe

We now have the means lor recording or wiling 3 1 or a f} in the core but we do
not as yet have any means of detecting 1he information stored in the core, A
snrr?ple technigue lor accomplishing this is 1o apply a current to the core wl-;ich ::ﬁ
swilch it 10 a known siate and delect whether or not a large flux change occurs
Cu.nsider the core shown in Fig. 12-4. Applicalion of a drive current of —{ wili
switch the core 1o the  siale, Il the core has a 0 stored in i, the gperaling point will
mave between points g and b on the ¢F curve (Fig. 12-2), and a very smal! Rux
change will occur. This small change in fAluz will induce a very small voitage across
the sense-winding terminals. On the ather hand, if the core has a 7 stored in iL the
aperating point will move from point ¢ to point h on the ¢ curve, resulting in a
rruch larger flux change in the core, This change in flux will induce a much larger
vollage in the sense winding. and we can thus dewect the presence of 2 1.

T_n STHMSrLIe, we can detec! the conlents of a core by applying a read pulse
which resets the core 1o the (b state. The oulpul voltage al the senve winding is

Fig- 12-4, Senpng the contenis of » core.

100
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winging - 3“
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Fig. 12-5. Maghelc-core switching lime
characterislics.
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much greater when the core contains @ 1 than when it contains a 0. We can
therelore detect a 1 by distinguishing belween the twi output-vollage signals, MNo-
tice that we could set the core by applying a read current of +! and delect the
larger output voltage at Lhe sense winding as a .

The outpul voltage appearng the sense winding for a typical Coce i also
shown in Fig, 12-4. Notice thal Lhere is a difference of about 3 to 1 in output-vol-
tage amplilude between a 1 and a 0 cutputl. Thus a 1'can be detecled by using

* simple amplitude discrirnalion in an amphifier. In large syslems where many cOFEs
are usad on commen windings (such as the large memory systems in ‘'digital com-

. puters) the 0 cutput voltage may become considerably larger because of additive

eflects. In Ihis case, ampliude discrimination is quite often used in combinalion
with a strobing kechnique, Even though the amplitude of the O oulpat woltage may
increase because of additive effects, the width of the oulput will nol increase
appretiably. This means that the oulput-vollage signal will have decayed and will
be very small before Lhe 1 output voltage has decayed. Thus il we strabe the read
ampliliers some lime afler the application of the read pulse tor example, bebween
0.5 and 1.0 ps in Fig. 12-4), this should imprave our detection abiliry.

The switching time of the core 13 commonly defined as the Gime required lor the
output voltage 1o go from 10 percent up through its maximum value and back
dawn o 10 percent again {see Fig. 12-4). The swilching time for any one core 132
function of the drive current as shown in Fig. 1 2.5. Il is evidenl [rom this curve that
an increased drive current results in 3 decreased switching lime. In peneral, e
switching time for a core depends on the physical size ol the core, the Lype of COre,
and the materials used in is constructian, as well as Ihe manner in which it is usitd,
1t will be sulficient for our purposes to keow Lhat cores are available with swilching
limes from around 0,155 up 1o milliseconds, wilh drive currents of 100 mA e 1 A.

12-2 MAGNETIC-CORE LOGIC -

Since a magnetic core is a basic binary element, it can be used in a aumber of
ways lo implement logica! funchans. Because of ils inherent ruggedness, Lhe core it
a partulatiy useful logical element in applicalions where srvimamental extremes

B2

are expenenced, for example, the lemperature exlremes and radialion eaposure ex- -

perienced by space wehicies.
Since the core is essentially a storage device and iy cantent is
ting the core to the O siate, any logic sysfem uMing cores mus.

ed by feset’ i3
Jsarily be a2

-



332 Digital Principles and Applications

Advance [resel)
winding

:ET

Inpun [ae1] p Quiput
winding ¢ winding

Inpwt n
Advanie M
Qulput g

Fig. 12-6. Basic magnetic-core logic element,

dynamic system, The basis lor using the core as a logical element is shown in Fig.
12-6. A 1 inpul to the core iy represented Ly a current of + at the input winding;
this sets & 1 in the core [Magnetizes it in a clockwise direction). An advance pulse
vecurs sometime after the input pulse has disappeared, Logical operations are
carried gut during the time the advance pulse appears at the advance [resett
winding. At this time the core is forced into the O state and a pulse appears at the
output winding anly il the care previously sored 2 1. The current in Ihe autput
winding can then be ysed as the inpul for olher cores or gther logical eiemenls.

There is some energy [0ss in 1be core during switching, Far this reason, the
output winding narmally hay more turns than either the input ar advance windings,
sa that the cutput will be capzable of driving vne or more cores,

Mestice that 2 § can be set in the core by application of a current of = a\ the input
winding. Alternatively, a 0 caulid be stored by a curcent of +[ into the undotted side
af the input winding. The important thing to notice is thal eithar 2 ¥ or a 0 can be
vored in the core by applicaion of a current 1o the proper terminal of 1he input
winding.

To simplify our discussion and 1he logic diagrams, we shall adopt (he symbals lar
the core and s windings shown in Fig. 12-7. A pulse al the 1 input sets a 1 in the
core: a pulse 2L the 0 inoul sets 2 © in the core; during the advance pulse, a pulse
appears at the output only if the core previously held a 1 Let us now consider
sy of the basic logic funclinns using the symbaol shown in Fig. 12-7h.

A method lor implementing the o function is shown in Fig, 12-84, & current
pulte at either the X or ¥ nputs <015 a 1 n the core, Sometime afler the input
pulssisl have been lerminaled, an advance pulse occurs, B the core has been sef 1o
the 1 state, 3 pulse appears at the output winding, Matice that this is leuly an OR
twnction since a pulse al either the X or ¥ inpul or both sets a 1 in the core.

The method shown in Fig. 12-8L pravides the means lor otaining the comple-
ment of 3 variable, The sel tnput winding to the core has a 1 input. This means that
durnnp the input pulse time this winding abways has a set input current, W there is
Ag currem at the K input (Signifying X = 0}, the core is set. Then, when the advance
pulse GCEUTs, a © appears a1 (he output, signifying that X = 1. On the other hand, il

e ——— - ——Aaamr=
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« Fig. 12-7. Magnetic-cove logic etement. (2] Core windings. (8 Logic symbal,

X =1, a cumenl appear: at the X inpul during the set time, and the effects of the X
input current and the 1 input currenl cancel one another, The core thea rémains in
the reset state {pecall that the core is reset during the advanee pulsel. Inthis case ng
pulse appears al the output during the advaace pulse since the com previcusly con-
taired a 0. Thus the output represents X = 0,

The anp function can be implemented using a core as shown in Fig. 12-Bg, The
two inpuls Io the core are X and ¥, and there are four possible combinations of
these two tnpuls. Lel's examine these inpul combinations in detail.

Fig. 128, Bagic care logic funclions, [a) ok, (b} Complement (2] anD. {dh Excluslve.on.

xp + By
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1, XmQ, ¥=mQ Since X =D, the core cannol be set, Since Y =0, Y= 1 and the
care will then be reser. Thus this input commbination: resets the core and it stores
afn !

2, Xmf), Y=, Since Xm{, the core il canngt he wet, ¥ = | and therefore
¥ = 0. In this input combination, there is no input current in either winding
and the core cannat Change slate, Thus the core remains in the 00 state hecause
ol the previpus advance pulse,

3. X=1, ¥Y=0. The current in lht ¥ winding will Jitempl 1o set a 1 in the care,
However, ¥ = 1 and Lhis current will atlempl 1o reset 1he core. These wo cur-
renty olfet one another, and The core does not change slares. It remaing in the
0 state because of the previous advance pu'se,

4, y= 1, ¥e ], The corrent in the ¥ winding will soa 1 in the coe since ¥ =
and there is no current v the ¥ winding. Thus this combination siores a 1 in
Ihe cote,

In summary, (he input X anD ¥ is Lhe anly comhination which results in 2 ! being
stored in the core, Thus this is truly an Ao funciion,

An enclusive-or function can be implemented as shown in Fig. 1284 by oring
the autpuwis of Iwo AND-lunction cores,

Example 12-2

wtake a Iruth 1able for the exsclusive-gn function shown in Fig. 12-8d,

Salution P

- o O E

) Q
1 1
Q 1
o 4Q

One of the major problems of care logic becomes apparent in the operation of
the exclysive-or shown in Fig. 12-84, This is the problem of the tume required for
the infarmanon 10 shifl down e line from one core 10 the next, Tor the exclo.
sive=0f, the inputs X and ¥ appear at time §;, and (he AND cores ane sel Of reset ay
this tirme_ Al time ty an advance pulse is applied 10 the ane cores and their owlpuls
are used 0 sef the QR core, Then al nme 1y 2n advance pulse is applied 10 the O
core and 1the linal ourpot appears. I shewld be obwious from this discussion Thay
the eperabon bme far more complicated logic functions may become excessively
lang,

A second ddficutly with vhis lype of Iogic is the fact that the inpul pulses musl Ixs
of exactly the same width, This iy paricalarly trpe lor funclions such as the
CORPLIMESN" the amp, singe the input signals are 31 mes requited 1o cance|
une anihe 3 apparent that of one of the input signals is wider than the olber,
the Core mdy condam ermoneous data aner the inpur pulses have dnappeated

T —————— ——— T ———r = S———
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You will recall that in arder ta ywuch a core irom one state 16 another 3 gt
minimum Current fg is required, This is sometimes referred 10 as the select cun
The core arrangement shawn in Fig. 12-8a can be used w implemeng an anp 1
tion if the X and ¥ inputs are each limited ta one-hall the select current Yel,. In
way, Ihe anly limi I1he core can be sel is when bath X and ¥ are present, since
is the anly time the core receives a full select current 1. Core logic functipns
be constructed using the hall-select current idea. This idea is guile imponar
forms the basis ol one type of large-scale memary syslem which we discuss lan
this chapier, '

12-3 MAGNETIC-CORE SHIFT REGISTER

A review of the previous section will reveal that a magnetic core exhibin at b
two of the major characteristics of a fip-flop: first, it is 2 binary device capabl
sloring binary inlormation; second, il is capable of being set or resel. Thus il w
seem reasanable 10 expect thal the core could be vsed 10 constroct 3 shift res
or a ring Lounler, Cores are indesg frequently used for Ihese purposes, and | in
sechion we consider some of the necessary precautions and techriques,

The main idea involves connecting the output of each core W the inpul o
next cone, When a core is resel for set], the signal appearing at the gutput of
core is used 10 52l tor resel) Lthe nexl core. Such a conneclion between wwa G
called a "single-diode ransder loop,” is shown in Fig. 12-9,

There are three major problems to overcome when using the single-d
transfer loop. The first problem is the gain through the core. This is similar tc
problem discussed previpusly, and the solution is Lhe same. That s, the loise
signal through the core can be nyercome by constructing the output winding
mare turns than the input winding. This ensures that the cutput signal will have

- ficienl amplitude o switch the next core.

The second prablern concerns the polarity af the cutput signal, A signal apy
at the ouiput when the core is sat or when 1he core is reset, These twa signals
oppesite polarities, and either is capable of switching the next core, In general,
desirahle that only one of the wo output signals be eifeciive, and 1his ca
achieved by the use of the dioge shown in Fig. 12-9. In this figure, the cu
produced in the output winding will go through the dicde in the forward dires
{and thus <el the next core] when the core is reset fram the 1 stae 10 the O sate

-’

Fig. 12-9. Single-dicde 1ranster loop. (8} Circuit. 1) Symbolic representation.
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Fig. 12-10. Foue-core shift register, fa} Symbaolic clecutl, {8 Wavelorms.

the other hand, when the core iy Leing sel Lo the 1 state, the FIim:Ie ml.l p.rewr:'t a:-.;:-
sent {low in the oulpat and thus the next core {_.a.nnm. be swutc_hed. Fotice that Lhe
oppasle siluatian couid be realized by simply reuelrsmg the dl,}de, e
The thitg prablem arises from the fact 1hal reseting core 2 mdf_-:es_a c:nd .

winding Ny which will pass through the dinde n the l:?mard d."EC."o:'he  (hes
wend 1o set a 1in core 1, This conslitules the wansfer of mf_mmatu::n -1;1. e T
direction and is highly undesirable, Forl_unaiely, the solutian to L.“: I'HC{F[N o
what of gainl resdits in a soluticon lur :rlw, ptublem as well, Th}a! is, 4in mu:!e 2
[ower windings han N, this reverse stamal wrl.l m::l. haw:l sufclenl.[ anl1p o
wwitch caore 1. With this unclc-rstandling ol lhs :;aslc‘s:::;'le-dmde transler loop,
snvesligaie the operation of a simple core shill regisier. o

' A bas::c magnelic-core shilt register in 5wnb¢'.ilc lurrm it shcllwn in Fig. ::;:IE T;::
sets of advance windings are necessary {o: shi!’lmg_ mlnrmatfun down .:-d t m_* m
advance pulses occur aliernately as shown in the figure. A, 15 cc:nnen . _umr ol
and ¥ and would be connected 10 all cdd-mumbered cores fur a argerbrLE..:; m-m; ’
cannocted 1o cores 2 and 4 and would e connected to all even-num EIFL  corc t,he
-.-w assume that all cones ane ressl with the exception of care 1, il 15 clea

fues will shifl this 1 down !

aﬂ::r;;: ?nd" when care 4 i resel, The pperation is 45 iollows: thi:l f:‘sl. e:e:. p:::;
resers cote 1 and thus sets care 2, This s followed by an A, pulse whic :1. :d ore
+ and tha sets care 3 The next A, pise resels Core _3 and sets t:rer ; :h.\i e
jullowing A, 1ulse shifis the 1 “out the end™ by Tosetling core 4. NolC

: . L . ,
iaes of advange pulses are requingd, since s nol possible 10 50l a Core

wn ph ‘

' o 15 presenl
whelie an advance tar eesen pulse 5 p _ "
The oalput of each (o winding can he used a3 an input o an amplifie

the register [rom core to Core wptil iLis shifed.

o ——— ——
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produce the wavelorms shown in Fig. 12-10b. Notice thal afier lour advance pulsus
the 1 has been shihed completely through the register, and the oulput lines all
remain law afler this time, - -

The reed lor a two-phase clock ar advance pulse sysiemn could be eliminaled if
sarme delay were inlreduced between 1he output of each core and the inpug of the
nexi Core. Suppose thal a delay greater than the widlh of the advance pulses wore
introcduced between each pair of cares. In this case, H would be possible 10 dowve
every core with the same advance pulse since the guipul of any care could noy ar-
rive at the input 10 the next core wntil after the advance pulse had disappeared,

One methed for introducing a delay between cores is shown in Fig, 12-71, The
advance-pulse amphtude is several times the minimum required 10 switch the cores
and will reset all cores (o the O slae. M a core previously contained 2 8, no
switching occuss and thus no gignal appears at the ouiput winding, On the gther
hand, if a core previeusly contained a 1, current flows in the ouiput winding and
charges the capacitor. Soeme current flows 1through the sel winding of the next core,
but it is smali because of the presence of the resistor; (urthermare, il is overridden
try the magniude of the advarce pulse. However, at the tewsation of the advance
pulse, C remains charged. Thus € discharges.ihvough the inpul winding and K,
and sels core 2 10 the 1 sizle

In this syslem, the amalilude of the advance pulses s no! 100 critical, but the
widlh musi be matched 10 the B me constard of the loop. 1f the advante pulwes
are tog lang, or aliernatively if the R limo comslant is g shor, the capacior will
discharge oo much during the advance pulse time and will be incapable of sting
(he Core al the cessation of the advance pulse, The RE timw constanl may fimat the
upper requency of operativn; it should be noted, however, that resetiing a core in-
duces a currenl in its inp2l winding in a direction which 1ends to discharge 1he
capacilor. '

The arrangements we have discussed here are called ane-core-per-bi registers.
There zre numeérogs other methods (oo many 1o discuss here) for implemoentling

Fig. 12-11.  Core shifl register uaing 2 capacitor for delay between cores.
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registers and counters, and the reader is referred to the references for more ad-
vanced lechnigues. Some of the other methods include two-core.per-bit sysiems,
modified.- ddvance-puise wadems, modified-winding-core systems. spht-winding-
core yyslems, and currenl-rouling-ransfer syslems. -

Example 12-3

Using core symbals and the tapacilor-delay technigue, draw the diagram for a
four-siage ring counter. Show the expected waveipims. )

Solution

A fing counler can be formed from a simple shifl register by using the oulpul of the
last core as the input for the first eore, Such a sysiem, along wilh the expecied
wawelorms, is shown in Fig. 12.12.

12-4  COINCIDENT-CURRENT MEMORY

The core shiff register discussed in the previous seclion suggests the possibility of
wwiey an array of magnenc Cores for storing words of binary information. For ex-
ampie, a 10-bit core shil regisier could be used 10 siare a 10-at word, The opera-
lion would e serial an form, much [ike the 10-bin {lip-flop shifl regisier discussed
carier, i would, hevever, I subject (o The same speed limilations obrenved in the
serial Hip-Rop repeder. That i, since each bt must travel down the regisier frum
core 1o cnre, d regures n Clock penods to shifl an n-bil word into or oul of the reg-
ister, This shall jime may become excessively long in some cases, and a fasier
method must then be developed. Much faster operanon can be achieved i the in-
farmiatan 15 written inbo and read out of the cores in a paraliel manner. Since all
the duts are processed simultareously an entire word can be transferred in only one

fig- 1312 Fourslage rog counter lor Example 72-3,

Adwange
Lo | 1".’I
v ‘
[
Adeance A rn.r.rmn_J 71+
LAl A
|2 AN FAY
Core putpolsd ; ﬂ N

; N Ne

P Amp = m

e L EmEm R B ey ———— Ty L . —

_ Magnetic Devices and Memories 339

Aarlech lines

¥Yaelecl
linves

Senwt qulpol wire

Fig. 12-13. Magnetic-core coincidenl-Current memary.

clock petipd. A siraight parallal system would, however, require one Inpul wire and
one oulput wire for each core. For a lage number of cores Lhe lotal number of
wires makes this arrangement impracucal, and some other lgrm of core selection
musl be developed,

The most popular methad for storing binary information n parallel form using
magnretic cores is Lhe colncrdenl-current ehive system. Such meeory syslems are
widely vsed in all types of digital systerns (rom small-scale special-purpose ma-
chines ug 1o large-scale digilai computers. The basic ided involves arranging cotes
n a matein and using 1wo hall-select currents; the method s shown in Fig. 12-13.

The malrix consists of two sets of drive wires: Lhe X drive wires (verlical) and the
¥ drive wires thorizantal). Notice thal each ¢ore in the mairix is threaded by one X
wire and one Y wire, Supposc one hall-select current Yaly is applied 1o line X, and
one hali-selec! current Val., is applied 10 line ¥, Then the core which is threaded
by both fines ¥, and ¥, will have a 1olal of Yal, + Vil = Lu passing through il, and
it will switch states, The remaining coses which are threaded by X, or ¥, will each
receive only YVzla, and thoy will therelore not switch states. Thus we have suc-
ceedod in swilching ane of the 16 cores by seleciing lwo of 1he input lines fone of
the X lines and ane of the ¥ linesh. We deugnate the core 1hat switched in this Cawe
a8 care X,¥,, singe it was swilched by selecting lines ¥, and ¥,. Thr designalinn
XY, 15 called the address of the cnre sinee il specifies its Incanan. W can then
swilch any core X.¥, located al address XY by applying Vil 1o lines &, and ¥,.
For example, the core located in the lower right-hand corner of the matrix is al the
address XY, and can be swiiched by applying Yai_ to lines X, and ¥

o
o
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In order that the selecied core will swich, the direclions of the hall-select cur-
renls through the X line and the ¥ line must be additive in the core. In Fig. 12-13,
the X select currents must flow through the X lines from the 1op tward the battam,
while the ¥ select currenis flow through the ¥ lines fram left to right, Application of
the right-hand role will demonstrate that currents in this direction switch the core
such that the core flux is in a clockwise direction looking from the topl. We define
this as swilching the core 10 the 1 state, It is gbvigus, then, that reversing the direc-
1wans af both 1he X and ¥ line currents will swilch the core 1o the O state. Notice thal
il the X and ¥ line currents are in 2 subtractive direction the selected COm receives
Yifu = Yala = 0 and the core does not change siate.

With this systen we now have the abiliy 1o switch any one of 16 cares by
selocting any twa of eight wires. This is a saving of 50 percenl over a et parallel
selection systerm. This saving in input wirtes becpmes cven more impresiive if we
enlirge the existing matrix to 100 cores (3 square matiis with 10 cores on each
sidel, In this case, we arg able lo switch any gne of 100 cares by selecting any lwa
of only 20 wires. This represents a'reduction of 5 10 | over a siraight paraliel selec.
lan sysiem, '

Al this point we need io divtlop a method of sensing the contents ol a core, This
can be very casily accomplished by toreading one sense wire through cvery core in
the matrix. Since only one core is selecied tswitched] al a time. any oulput on the
sense wire will e due 10 the changing of sia1e of the selected core, and we will
wroww which core al oo singe the core address is prerequinile 9 seleclion, Nalice 1hat
e senae warg gasses hrough hall the cores in one direcnon and theough the other
hael i the opposite deeclion. Thus the outpet sigaal may be either 3 posiive or a
regalive pule. For this ceason, the outputl from the wnse wire is usually ampililed
Jand rictilied 10 produce an output pulse which always appears wubh Lhe same
polanty.

Example 12-4

Frum the slandpoint of construclion, the care matis an Fig. 12-14 is mora con-
verenl, Expiain the necessary direclions of hall-soiec | currents in the X and ¥ lines
fur proper aperalion of the matii,

Solution

Core ¥,¥, is exaciiy «imilar 1o the previoushy discussed matrinin Fig. 12-13. Thus a
cutrenl passing down thepugh X, and to the right through ¥, will set core X,Y, 1o the
i slawe, Ta <ol core XY, W the ) stale, curren must pass down Lheough line X, bul
curten! must pass from the rght 1o the lef through line ¥, [check with the right-
nand rule), Pracording i this fashion, vee oo that cose XY, is similar 10 XY
Therelpee, current niust pass through line ¥, (rom loft la nght, Similarly, core XY, is
simubar 1 core XYy and cuirent most Ihl:'rf-l'nru pass through line ¥, Teom sight 1o
lelt, In general, cusrent must pass from left 1o right through the gdd-numbered ¥
Lines, and from pght ro ek Lhough even-numbered Y [ines,

Mewy, since curcent musl pass from left 1o rightl through line Y, il is easily seen
that current must pass wpwand through fine X, in order 10 sel core X;¥,. By an
argument simalar e thal grven for the Y lioes, corrent must pass downward through
the odd-numbered K laes and wpward thiough the sven-numbered ¥ lines,

4 . L
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Fig. 12-14. Caincident-turrenl memary malrix {one plane},

The matris shown in Fig. 12-14 has one extra winding which we have nal yet
discussed, This is the inhitnt wire, In order to understand it operation ana funclinn,
let us examine the methods for wriling information irle the malnx ano reading in-
farmalion lrom e malrin,

To wnie a 1in any core Uhatas, 1o sel the core 3o The 1 sialek o is only m€essary
la apply Yila tothe X and ¥ lines selecting thal core addeess. Ul we desired 10 write
a 0in any core {ihat is, sel the core 10 the O stale), we could vimply appiv a eurem
of =%l o the X and ¥ lines selecting lhal core address. We ran aiso write a 0 in
any care by making use of the inhibit wire shown in g, 12-14, JWe assump |hyl
all cores arc inilially in 1he O slaie] Nalice that the applicaton of Y2, to this wire
i the dwection shown on the ligure results in a compleie cancellation of the ¥ fine
select current (it also tends ta cancel an X line currenl). Thus ta write a © in any
core, il is onby necessary Lo select the core in the same manner a5 il wriling a2 1, and
al the same time apply an inkibil current 10 1he inhibit wire, The major reasgn for
wriling & O in this [ashion will become clear when we wse these matnx planes 1o
form a complete memory. )

To wummarize, we write a 1 any core XY, by applying Vil 10 the select Jinps
X, and Y,. A O can be wrillen in the same [ashion by simply applying Y2l 1o the
iphitat line a1 the same time §il all corrs are inidially rosel,

Toread \he infarmation sigred in any care, we simply apply =30, ta the propeor X
and ¥ lines and detect the oulput on the sense wire, The select currents nf =1ar,
reset the core, and i the core previgusiy heid a 1, an outpl pulee occurs. | jhe
core previoutly held a Q. it does pol switch, acd ro oulpul pulse appears,

This, then, is Ihe Compiels Comncident-current selechinn sysiom lor one pane.
Motic e that reading the informabon cul of the memaory (esulis In i comziera loss of

L |
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Fig. 12-15. Complele ¢oincidenl-current memory sysiem.

inh_:m_-natiun irarn the memnory, since all cores are resel during the read operation
Thus 18 refevred 10 a5 a destrucive eadow ar RO systems. This maldx plane i US-I.’{;'
o store one bil o a word, flnd il 3 negessary o uwe it of these planes o slore an
rr-but word,

A romplete paralici coincidem-current memoary 4ysiom can be consirecied by
slacainy the basic memory planes in the manner shown in Fig. 12-15, Al the X
drive ines are connecled in series from plane 10 plane as are all the ¥ deive lin;s_-s
Thus the application of Y2l 1o lines X, and ¥, results i a selection of core X ¥, irll
every plane, In this fashion we can simullaneously swich n cores, where n is the
m_.umbef of planes. These n corss represent one word of n bits. For example, the 1op
piane mighl be the L53, the nexl 1o the top plane would then be the second L5B
and 5o on; the bottom plane woold 1hen hold the M58, '

To read information from the memony, we simply apply —¥ila 10 the proper
gddrEss and scnse Lhe outpuls on the a sense lines, Bomember thal readowt resulls
in reseling all cores 1o the O state, and thus Lhat word positian in the memory is
cicaned o all Os.

To wnle wnlormation inla 1he memory, we simply apply ¥al, to lhe proper X and
¥ weing! lines. This wilh, hawever, wete a 1 in every core, 5o for 1he cores in which
we desire a 0, we simoitaneoysly gpply Yalo 10 the tnkibn line. For example, 10
wite 1007 in the upper four plancs in Fig. 12-15. we apply Yala to the pl'crpér X
and ¥ lincs and at 1he same e appiy V2le o the inhibit lines of the second and
thurd langs,

.TH“ method of writing assumes hat al] cores were previously in the O stae, For
this reason il is common 1o define ¥ memory cytle, One memory Cyvcle 15 defined
av 3 reard opetalion foilowed by a weite operatian, This serves two purposes: first il
ensures that all the core< are in the O siale during the write pperalion; second, it
pravides the baws ot designing a rondedroctive readaur SDROL sysiem, )
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It is quite inconvenien| to lose Lhe data stored in the memory every tirme they are
read out, For Ihis reason, the NDRO has been developed. One melhed {or ac-
complishing Lhis funciion is to read the information cut af the memory inlo a tem-
pocary siorage register Hlip-flops perhaps). The oulpuls of the Rip-Nops are then
used to drive the inhibil lines during 1he write operation which lollows (inhibil 1o
write a 0 and do not inhibit 1o write a 1). Thus the basic memory cycle allows us 0
tarm an NDRO memeary from 3 DRO memory.

Example 12-5
Descripe Mow a coincident-currenl mermary might be constructed il i muost be
capable of storing 1,024 twenty-bil woids.

Solution .
Since there are 20 bils in each word, there must be 20 planes in the memory tthere
is one plane for each bith, In grder to sigre 1,024 words, we could make Lhe planes
square. in this case, each plane would contain 1,024 cores; it would be con-
structed wilh 32 rows and 32 columns since (1024)"" = {21019 m 2% 32, This
memary is then capable of sioring 1,024 % 20 = 20,480 bils of information, Typi-
cally, a memory of this size might be consirucied 1n a 3-in cube. Notice thal in this
memarywe have the ability to switch any one of 20,450 cores by contmlling Lhe
current hevels an only 84 wires (32 X lines, 32 ¥ lines, and 20 inhibit lines). This is
indsed a modest number of contral lines. .

Example 12-6
Diovise 3 means for making the memnry syslem in the previous example a NOROD
system,

Solution

One method lor accomplishing Wbis is shown in Fig. 12-15. The basic core array
cansists of rwenly 32-by-12 core planes. For convenience, only the three L5B
planes and the MSB core plane are shown in the diagram. The wiring and opera-
Lign far the other planes are the same. For clanity, the X and Y sefect lines have alse
been omitted, The output sense line of each plane is fed inlo a bipolar amplifiert
which reclifies and amplifies the outpul so that a positive pulse appears ary fime a
461 core it reset 1o the 0 state, A complele memory eycle consists of a tlear pulse
iollowed by 4 read pulse followed by a write pulse. The praper wavelorms are
shown in Fig. 12-17. The clear pulse first sets all Hip-flops 1o the O stale (his cear
pulse can be generaied irom the traifing edge of 1he wiite pulsel. When the read
line goes high, all the anp gates driven by the bipolar amplifiers are enabled.
Shortly aiter the rise of 1he read pulse, —Yalw is applied to the X and ¥ lines desig-
nating the address of the word to be read au. This resels ali cores in the selecied
word ta the O state, and any core which coniained a will switch, Any core which
swilches generates a pulse on Lhe sense line which is amplified and appears as a
positive pulse at the oulpul of one of the bipolar ampliliers, Since the read anD
gates are enabled, a positive pulse al the ouiput of any ampiifier passes through the
AND gate and sets the fhpx-flop. Shortly Ihereafier the hall-select &1 s dizappear,
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Fig. 1216, NORO sysier (or Euample 12-6,

lme read line goes low, and the flip-lops now contain the data which were
peeviclisly in the seiccted cores, Shartly after the read line gaes low, the write line
woes high, ancd 1his enahles the wrile AND gates Iconmected to the mbibit line
driverst. The O side of any flip-lap which has a O stored in it is high, and this
eRablesdhe wiite AND gate lo which iLis conneciod. Ia this manner an inhbi; cur
rent is apphied 19 any core which previeusly heid a §. Shortly afier Ihe rise of the
wine pulue, positive hall-seiecl furrents are apphed 10 the same X and ¥ lines.
These seleel Currents sl a 1 in any core which does not have an iohibil current,
Thys the infarmatann stored in the flip-lops is wrllen directly back inlo tne Cores
from which n came. The hall-solect currents are then reduced ta zero, and the wrie
line goes low, The fall ol the wrie bine is used 1o reset the flip-lops, and the s'rstern
s pow ready lor another readiwrite cycla,

The NDRO memory system doacussed in the preceding esample provides Lhe
means for reathing intgrmation lom the systen wahoo! losing ke individual i
siarcd a0 Ine tores. To have 0 LoMpiEle MEMOrY SyWem, we Mus! bave lhe
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Fig. 12-17. MNDRO wavelarms for fig. 12416 iread (rom memory).

|
Capébilﬂf It write infarmation (g the cores from some exwernal source (e, input
datal. The write operation can be realized by making use of the exact same NDRO
wavelorms shown in Fig. 11-17. We mus, however, add some addilional gates to
lhe system such that during 1he read pulse the dala sel inio the Nip-Tlops will be the
external dala we wish siored in the cores. This could easily be accomplishad by add-
ing a second el ol aND gales which Can be uset) \o ser the fip-flops. The logic

. diagram lor the complele memaory syskem is shown i Fig. 12-18. For simpliciy,

only the LSB s shown since 1he logic lor every Il is wlentical,

For the complete memary sysiem we recognize that there are two distingt opera-
Lions. They arg wrils nio momory e, siore exlernal data in the cores) and read
from memory fi.e., extract dala from Lhe cores 1o be uwed clsewhere). For these fwo
operatinng wie musl necessarily goneralt Iwo disking! so1s af cantrol wavelorms, The
waveloems lor read from memury are exactly thowe shown an Fig. 12-17, and the
events arc sumwmarniZed as follows:

1. The ¢loar pulse resats all fiip-fllops.

2. Dwring the read pulse, all cores 31 the selecicd address are resel 1o 0, and the
dala stored in Lhem ate ransferred 10 Lhe fip-Naops by means of 1he read anp
Rates,

3. Dwring the wiite pulse, 1he data held inothe flip-lleps are siored back in the
cores by applying posimive hall-sclect currents the inhibre currealy are cone
l=alleel by the O sides of she (lip-Naps and provide the means of staring Os in the
coresh,

The wrile inlp memory wavelorms are exaclly the same as shawn in Fig. 12.17
walh Gne exCeplion: thal is, the read nulse is replaced with the enrer data pulse.
The events [ar wile ialo memory are shown in Fige 12-1%, and are summaiized as
Fallows:

1. The clrar pulse resets 3l Mig-flops.

i7. During the enter data pulse, ihe negative hali-select currents resol all eores a1
the <clecled address. The core guiputs are nal webd, however, since 1he mad
anD palis are pol_enabbed, Insirad, cxlernal data are sel o the (lip-llops
thegugh 1w enler anD gates.

v

TE
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Fig. 12-38. Complele NORD memery system (LS8 plane only),
o ‘;

3. Dwuring the write pulse, data held in the flip-flops are slored in the cores exactly
as before.

In conclusion, we see that wrile infg memary and read from memory are exacily
the same operalians wilh the escephion of the data stored in the lip-Nops. The
wayelnrms ~ enaCly ine same when the read and enter data pulses are used
appropriately, and he same lotal cycle bme is required for either operation.

it should be pointed cut thal a number af difficulties are encountersd with this
Iype of system. Firsl of all, since the sense wire in each plane threads every core in
thal plane, a number of undesired signals will be on the sense wite, These un-
desired signals are a resull of the fact that many of the cares in the plane receive a
hail-select corrent and thus exhibil & stight flux change.

The geomelrical pattem of care arrangernent and wiring shown in Fig. 12-13 rep-
resents an allempl 1o minimize the sense-line noise By cancellation. For example,
the signals induced in the sense line by \he X and ¥ drive currents would hopelully

Fig, 12-1%. NDRO wavelorms for Fig, 12-18 {wrile into memaryl.

I memory ¢yele———
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be canceled oul since the sense line crasses these lines in the opposite direction the
same number of times. Furhermaore, the sense fine s always at 3 45" angle to the X
and ¥ select lines, Similarly, the noise signals induced in the sense line by the par-
lial switching of cores receiving half-select currents should cancel one anaiber.
This. however, assumes that ali Cores are idenltical, which is hardly ever truey

Analher method for eliminaling noise due lo cores receiving hall-select currenis

. would be to have a core which exhibits an absofulely rectangular BH-curve as

shown in Fig. 12-20a, 1n this case, a half-select current would move the operating
point of the core perhaps from peint 4 1o painl & on the curve, However, since the
top of the curve is horizontal, no flux change would occur, and therelore no un-
desired signal could be induced in the sense wire. This is an ideal curve, however,
and cannot be realized in actual practice. A measure of cove quality is Riven by the
fquareress rabio, which (s defined as

"

, B
Squareness ratio = ——
B,

This i¢ the ratio of the Mux density a1 the remanent paint B, 1o the Tux density ai the
swilching point B., and is shown graphically in Fig. 12-20b. The weal value is, of
course, 1.0, but values between 0.9 angd 1.0 are the bes| uhlaina‘ble.

»

12-5 MEMORY ADDRESSING

In this seclian we investgale the means lor aclivaung Ine X and ¥ selecion hines
which supply 1the hall-seleel currents fot witching the cores in lhe memory. Fiesh of
all, since it wpically reguires 10001 500 mA in earh selecl line dthat a8, i b5
typically benween $00 and SO0 mAl, rach sclect line must be driven by & current
amptificr. A special-elass of transistors has been developed lor 1his purpase; they
are releired 10 a3 core dovers in daia sheets. Whal is then needed s the means lor
aclivating the proper core-driver amphiier,

Up to this poinl, we have designated the X lines as X, X5, ¥y . . . 23 anj Ihe ¥

Fig. 12-20. Hysieresis curves, () Ideal, i&} Practical (realizablel,
8

fa} it}
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lnes as ¥y, Yo Yoo o . . o Yo For a square mateix, o is the number of cores in each
row of Calumn, and Inere are then A cores noa plane. When the planes are ar-
ranged in a slack of M planes, where M is Ihe number of buts ina word, we have 3
memory Capalile of siaring g1, Ad-bil words, Any lwo select lines can then be used
o read ot wrile a word io memory, and ke address of that word is X, ¥, where a
and b ¢an be any aumber from 1 1o 0. For example. X,Y, fepresents the column of
cores at the istersechon af the X, and Yy selec lines, and we can then say that the
address of this word s 23, Nolice 1ha! the first diga in the gddress 15 the X line and
ihe second digil 15 the ¥ line, This is arbitrary and could be reversed,

This method nf addiess designation entails bul one problem: in a digdal system
we can Yse only the pumiaers 1 and 0. The problem is easily resaolved. hiwever,
since Lhe address 23, foe esample, can be represenied by 010 011 in binary {orm. of
we uye three [nis for the X line position and 1three bits for the ¥ Liae (vosilion, we can
then designate the acdeess of any word in a memory having a capacity of 64 words
ot less. Thie s casv lo sre, unce with three hits we can represent right cdecimal
mum bers, which moewns we can define an B % B = 64 word memary. | we chase an
eight-but aderess, four bits for the X Hine and foor bits for the ¥ line, we could define
a memory having 2' X 2" = 1§ ¥ 16 = 256 words, |0 gencral, an address of B bilg
can be used o define 2 square memory of 2% waords, where \here are Bf2 bils or
the X hoes and 812 s lor the ¥ lines, From this discustion o i3 gasy 1o »e¢ why
iarge-scale concidenl-Current memory systems usually have a capacity which is an
even power of 2.

ixample 12-7

What woual e the siruciure of the binary address lar a Memory system having a
capacily of 1,024 wordsl i

Solution . .

Singe 21 = 1,024, there would have 1o be 10 bits in the address word, The fist five
el be wsed 1 tesignae one of the required 32 X linges, and the second live
s cowld be used 16 designale one of e 32 Y lines,

Eximple 12-4

Fot the memnty sysiem deseribed in the previows example, what is the decimal
adtiress Tor the following binary addresses!
f o paind
11001 G010
icy 11110 GOOO1

v

Solution

ial The [us! ve s are the X line and correspord !;.r the decimal number 22,
The second live bus represen) the ¥ line and corrfspurud 16 the decimal number 5,

Lus ke addiess i X, Y,

W 11001, w 25, and 01010, = 10,,. Therelvre, the address s Xy ¥

[c) The address v Xy Y.

o 8 bs il the address inoa wypical digilal syslem dre siareet oo senies af [hp-

)
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Fig. 12-21. Coinciden|-current memory addressing.

fops called the “address register.” The address in hinary form musi then be
decoded inlo decimal jorm in grder 1o drive one of the X fine drivers and gne ol the
¥ ling driver amplifiers as shown in Fig. 12-21. The X and ¥ decoding malrices
shown n the ligure can be idenlical, and are essendiaily  binary-lo-decimal
decoders. Binary-ic-decimal decoding and appropeiale malnces were discussed In
Chap. 0.

12-6 SEMICONDUCTOR MEMORIES —BIPOLAR

Roduced cost and size, impraved rcliahility and spred of operation, and inCreased
packing density are amang the lechnological advanees which have made somicon-
ductor memarnes a goalily in modeen digital sysiemy. A bipedar memory is con-
strucied using the Tamidiar bipalar iransistor, while the MOS memory makes use of
the MOSFET. In this seclion we cansider the characionistics of hipolar semicon-
ductar memornes; MOS memonies are considered in the nesi seclion.

& memory cell” is a unit capable of slonng binary information: the hasic mamory
wml in a bipolar semiconductor memory is 1he fiip-llap faichl shown in Fig. 122,
The cell w sefected by raisng 1he X select line and 1he ¥ sefect line; the sense lines
are both returned hrpugph low-resislance sense amplifiers 1o ground. if the cell con-
taws & 1, currenl i present in the 1 sense line. On the oihee hand, if 1he cell con-
lains & O, current is present in the O sense ke,

T wiite infprmalion into the cell, the ¥ and ¥ sefeci lines are held high; holding
the O sense line high i+ V. while the 1 sease fine is grounded wriles 2 1 into the
cell, Alernanvely, holding the 1 sense line high V) and the O sense line
ground dunng a select writes a O inta the cell. The basic bipolar memary cell in
Fig. 12-22 con be used 10 slore ane binary il (e, aned Lhus many such celis are
recju e 100 [esime a0 memeary,

Sialeen of (ke RS {lip-flop cefls in Frz. $2-22 have bepr arranged in a 4-Dy-4 ma-
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Nig 1-12. Bipolar memary cell circuil.

v 10 lorm a 16-word by one-bit memory in Fig. 12-23. It is relened 10 a5 2
rancom arceis memory (RAM) since sach bil s individually addressable by se-
aechng one X hive and one Y line. It is also 2 mondesiructable readout since the read
aperation dgovs nol aher 1he sate of the welecied Mip-llop. This memoery comes on 4
wngle semicanducior chip lin a single package} as shown in FIg. 12-24a. To con-
Slruct 2 Th-word memory with more Ihan ane bt per word requines stacking these
.basic unils. For example, s$ix of these chips £an be used 1o construcy a Ve-word by
siv-bil mimory us shown in Fig. 12-24b, The X and ¥ address lines are all con-
necied in paraliel. The units shown in Figs. 12-23 and 12-24 are escentially
rguivalenl 1o the Texas Instrumends 9033 and Faichild 93407 (5033 or 5033

fxample 12-9

Uwang 3 5013, explain how lo construct a 16-word by 12-bil memory, What
address would select the 12-bit ward {ormed by the bits in column 1 and row 1 of
each planed

Solution

Connect bwelve Th.word by one-bii memory planes in parallel, The address
XK KK YoY Y, Yy = 10001000 selects the bit in the first calumn and the firsi row of
each plane {7 12-bi word represcnted by the vertical column of 172 bits).

For larger memories, the appropriate address decodung, driver ampliliers, and
readiwrde g are all constyucied in a single package. Such a unn, lar example, s
ther Famchild 93475 —this 35 a 1,024.word by one-bit readfwrite RAM,. The lugic
duagram i« shown in Fig. 12-25, An address of 10 bils s required
LALA AL AL A “sAut 10 oblain 1,024 waords. That y5, « bets provide 27 word
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Fig. 122233, To-ward 1-hit memory,

locations. In 1his case, the 10-bit address is divided inlo 1wo groups of five bils
each. The lirsg five (A, A, A, A, A) select a vnique pgraup of 32 lines from 1he
32-by-32 array, The secand live (A, Aa. Ay Aa A selec) enaclly one of the 32
presefected hines 1ot reading or wriling. These basic wnils ae then stacked in paral-
lel a5 shown previously; a units provide 2 memary having 1,024 wards by n biis.
Another imeresting and uselul 1ype of semicanductor memoey is shown in Figs
12-26. This is a bupolar TTL read-anly memary (ROMY, The informatien stored ina -
EOM can ke reatl out, but new inflormation cannot be weinen inlo il Thos, the in-
[oimation siored 15 permanent in nalure. BOMS Can Lie used 1o store mathemalical
tables, code translations, and ether fined data, The logic required for a ROM is
nenerally simpler than tha required lor a readfwrite moemaory, and Lhe unit showen in
Fig. 12-26 fequivalent 1o a TH 9034 or Fairchild 93434) prowvedes an cipht-bil guipud-
word ior each {ivesbyl 'anul address. Thewe are, of course, 37 wonds, wnce an

address o live bty provides 33 woed< 124 = 337, .
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"Fig. 1224,
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Example 12-10

How many address bits are required lor a 123-word by lour-bit ROM construcled
similarly 1o the unit in Fig. 12-261 How many memory cells are there in such a
unitd

Solution

it requires seven address bits, since 2" = j28. Thers w;:u[d be 128 x4=7372
memary cells,

12-7 SEMICONDUCTOR MEMORIES —MOS

The basic device vied in the consiruction of an MOS seémiconducior memory is the
tMOSFET. Both p-channel and n-channel devices are available, The n-chanael
memories have simpler power requirements, usyally only +V and are quite cam-
patible with TTL since Lhey are usually referenced to ground and have positive
signal levels up 1o +V,,. The pchanne! devices generally require hwe power-supply
vollages and may require signal inversion in arder 1o be compatible with TTL. MO5
devices are sornewhat simpler than bipolar $evices: as a result, MO5% memarnies can
be canstrucied with mare bits on a chip, and they are generally less cxpensive than

bipolar memeries. The intrimic capacilance associated with an MDS device gen-

eraliy means that MOS memories are skower than bipolar unils, bul this capaci-
lance can be used 10 good advaniage, as we shall see.
Fig. 12-26.  2S6-bil (32-word = 8-bil] ROM,
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) Fig, 12-27,

An RS flip-flop constructed using MOSEETs is shown 1o Fig. 12-27. 1L is a slan-
darg bistable circuil. with Q, and Q; as 1he two sctive devices, and 4 and
acting as active pull-ups tessentislly resistances), Q, and 2, couple the flip-llop
Gulpuris 10 the two bit fines. This cell is constructed using A-channel devices, and
wlechion is accomplished by holding bath the word line and the bii sefect line high
++Vegl. The poslive voliage on the word line turns on Q, and (3, and the posilive
voflage in the bit sefect line turns on (Q; and G, Under this condilign, the flip-Nap
ouiputs are coupled directly to the bit outgur amplifier {one input side is high, and
the other must be lowl. On the other hand, data can be stored in the coll whan i s
seircted by applying 1 or 0 +V,. or OV do) at the daia input terminal. The basic
memory cell in Fig. 12-27 is used to construct a 1,023-bit RAM having a logic
dagramt similar te Fig. 12-25. This particular unit is a 2602 as manufaciered by Sig-
netics Carp.

A memory ceil using p-channet MOSFETs is shown in Fig. 12-28. O, and @, are
Ine lwo active devices [orming the Tlip-Mop, while Gy and Q, act as aclive load
resislors. The cell is selected by a low iggic level at the hit sefect inpul. This
couples the conteats uf the Mip-flop oul ta apprapriate ampiifiers {as in Fig. 12-27)
through O3, and 3y,

A static memnry s composed of cells gapabile of storing binary infarmation in-
i.'!ufllnil.uly. For o« te, ihe hipolar or MOSFET ip-liop remains 5ol o resetas lang

e ————— 1
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as power is applied to Lhe circuit, Also, a magnetic care rermATAs SeLor resel even if
pawer is remaved. These basic memory cells are used 1o form 2 static memory. Gn
the ather hand, & dynamic memary is compesed of memory cells whose contents
tend to decay aver a peried of time iperhaps milligeconds of woonds); _t‘nut, thiesr
conlents must be restored trefreshed) perigdwally. The Iraky capacidance as-

© sociated with p MOSFET can be wsed 1o sture charge, and 1his s Lthen the Basic unit

used to form 2 dynamic memory, [There are no dynamic bipolar memornies because
there is ma suitable inlrinsic capacilance lor charge siorage) The need ior para

Fig. 12-29. Basic dynamic memory cell,
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hmiag signais acd logic 1o periodically refiesh the dynamic memgry is a disadvan-

lage, but the higher speeds and lower power dissiparion, and 1herefare the in-
r.m.n.-v:u' cell density, outweighs the disadvantages. Note that a dynamic memory
cispales enetgy only when reading. wnbing, or refreshing cells. A typical dynamic
memory ooil s shiewn in Fig. 1779,

T dynamic memery cell in Fig. 1229 is constructed fram pchannel MOSFETS,
The gzale capaciance [shown as 3 doucd capacitar) is used as ihe tasic starage
element. To write into the cell requires holding the wiite bus at a low logic level;
then a low level at the prite dada input charges the gale capacitance istures a 1 ir:
ic celly. With the write bus held low, and a high logic level {+ V.. al the write data
inpul, the gale capaciance is discharged {a 0 is siored in the cell),

To read Irom the cell requires holding the read bus input at a low logic level I
trw- gale capacitance is Charged (cell conlains a 1), 1he read data line goes 10 +V,,;
il the cell contains a 0. the read data line remains low. "

The memory cell in Fig. 12-29 is used by 4 number of manufaciurers o Construct
the widely used 1103 1,024-bil dynamic RAM. The fogic diagram is shawn in Fig
1.2-30. Refer la manulicturers” data sheets for inore detailed operaling iniormation.

12-8 MAGNETIC-DRUM STORAGE

Magnehc cores and semicanducior devites arrangex! in three-dimensional form
olier great advantages as memory tystems, By lar the rmost imporiand advanlage is
the speed with which data can be written inte or read iram the MeEmory sysiem,
This is called the accews time, and ior Core momony syslers il is simply the lime ol
e rearthwite cyche, Thos the access lime iy daoclly relaied 1o the clock, and vpi-
cai values are lrom bess than 1 10 @ lew microwrcones, These rypwes of mr:nﬁr-,r

v
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systems are said to De random-access since any word in Ihe memory can be
seiected at random. The primary dinadvantlage of this rype of memory system is the
casl of construction for the amount of siorage availabla. As an example, recall (hal
a magnclic lape is capable of sloriny large quantities of data at a relatively low cost
per bl of storage. A typical tape might be capable of sloring up lo 20 million
characters, which corresponds 1o 120 million bils (Chap. 101. To consiruct suth a
memary with magnetic cores requires about 3 million cores per plane, assuming
we use a stack of 16 planes corresponding 1o a 36-Bil word, It is quite gasy 10 un-
derstand the wnpracticality of constructing such a system, Whal is needed, then, i
a syslem capable of storing information wilh less cost per bit but having a greaer
capacity,

Such a system is (he magnelic-drom storage systern. The basis of a magnene
drum is a cylindrical-shaped drum, the surface of which has been coated wah a
magnetic material. The drum is fotated on its axis as shown in Fig. 12-31, and \he
readfwrite heads are used 10 recard information on the drum or read informalion
{rom the drum. Since the surface of the drum is magrele, it exhibits a rectangular.
hysteresis-loop property and can thus be magnetized, The process of recording on
the drvmis much the same as for recording on magnetc 1ape, as discussed in
(fhap. 10, and the same methotds lor recording are commanly used tie., R NRE,
and NRZU. The data are recorded in tracks around the circumberence of the drum,
and thete is one readfwrite head for each track. There are three major methods for
sigring information on the drum surface; they are bil-serial, bit-parallel, and bu.
serial-paraliel. )

In bitserial recording. all the bils in one ward are slored sequentially, side by
side, i ane Irack of 1he gium. Bu-serial slorage is shown in Fig. 12-122. Slorage
densites of 200 (0 1,000 bits per in are wypical for magnetic drums, A typocal drum
might be B inin diameter and thas have the capacity to siore = x 8 in X 200 Lyins
per in = 5,024 bas in gach Irack, Chrums have becn consiructed with anywhege
from 15 1o 460 tracks, and a spacing of 2D tracks 1o 1he inch is typical, Il we as-
sume this particular drum is 8 in wide and has a tolal of 100 tracks, we we im-
mediately that it has a storage capacity of 5,024 buts per track > 100 1racks =

Fig. 12-31. Magnetc-drum slorage.
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Eample 12-11

A certain magnetic drurm is 12 in
Capaciyy of the
500 birs per int

-

1 diameter and 12 i long. What

. i |h
drevm if there are 200 tracks and data gre recgrded a ¢ storage

I a densiy i

Solutian

Bach track has 3 capacityof v % 17 in x

500 bits per .
are 20C 1racks. the drum has 3 toral ca PEC N 2 18.840 uts. Since thers

Pacity of 18840 x 200 = 3,768,000 ks,

w;nul:E Pl‘l:'{.:::lrr.g exampie, each lrack has the ability 1o stare about 18 840 bits. |1
i Hor:-d“,‘ it wu_rd, We can stare about 523 words in pach track Sinc; the wor.ds
sequentially arpund the drum,.and since here is only one readiwrile

- -
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head igr the track, it is easy to see that we may have o wait to read any one word.
That is, the drum is rotating, and the word we want Lo read may not be under the
read head at Lha [ime we choose 1o read i, It may in {acl have just passed vnder the
head, and we will have 10 wait uniil the drum completes nearly a full revolution
bejore il is under the haad again, This paints out one of Ihe major disadvantages of
the drum compared with the ¢ore slorage. That is the probdem of access lime. &n
the average, we can assume that we will have lo wail the time required for the
drum 10 complele gne-half 2 revoluion, A drum is thus said 1o have restriced
access,

Example 1212 .

If the drum i Example 12-11 rolates at a speed of 3,000 rpm, what jy the average
acress time lor Lhe drumt

Solution

-3:000 rpm = 50 rps. Thus Lhe time for one revolotian s 150 psh m 20 ms. Thus,
the average access time is one-half 1he time of one revolution, which is 10 ms.
Contrast this with a coincident-Currenl core memory which has a direct access lime
of a few micrgseconds.

Motice in the previoys example that it requires 3 short perod of time 10 read 1he
36 biws of the ward, since they appear undee the read hrad one bit at a time in a
seridd fashwon, The aclual bme required s srmall compaced with the aceess lime and
is lound o be (20 msfe)fi523 words per track}l m 40 ps. This read ume can be
reduced by sloring the data on the drum in a parallel manner, as shown in Fig
i2-32h

The average access lime for bit-parallel storage is the same as for bil-serial
storage, but il js possible to read and record information al a much [aver rate with
the bit-parallef system. Let us use \he drum in Exampie 12-11 ance more, Since
there are 523 words around each track, and since the drdm rotates at 50 mps, we
can read {or writed 323 words per revolution ¥ 50 rps = 25,150 wards per secand.
If the data were siared in parallel fashion, we could read (or writed 21 36 umes this
rale, or al a rale of 18,640 words per revolution X 50 rps = 543,000 words per sec-
ond. We would, of course, arrange to have the number of tracks on the drum an
even multiple of the number of bits in a word, For example, with a 3&-bit word we
might use a drumn having 36 or 72 ar 108 racks.

A third melhod for recording dala on a drum is called "hit-serial-parallel.” The
method it shown in Fig, 12-32c and is commanly used for staring BCD informa-

tion. The access and read (o wnte) limes are 2 combination of the serial and parai-

lel umes. One BCD character occupes one bit in each of four adjacent racks.
Thus, every lour tracks might be calied a “band,” and each BCD characler oo-
cupies onc spage in Lhe band. If there are 36 BCO characiers in 2 word, we can
slore 523 words on the drum of Example §2-71.

CQuile oiten the access time 5 speeded up by the addition of extra readherite (W
heads arpund the dium. for example, we might wse two sets of heads placed on "G

opposite sides of the drum. This would obviously cul the access time in hall. Alter-
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natively, we might wse theee 205 of heads arranged around the drum at 130* angles.
This would reduce 1he access time by one-third. ]

Since writing on and reading fram the drum myust be very carefully timed, one
track in the drum is uswally reserved as o pming track. On this rack, a series of
timing pulses is permanently recorded and is used o synchromize the write and
read operations. for the drum discussed in Example 12-11, there are 513 words in
each itack arownd the circumference of the drum, wWe might then recodd a series of
527 equally spaced timing marks arpund the Circumbereace of 1he liming track,
Each pulse would then designate the read or witte position for 2 word on the drum.

STUDY AlIDS

Summary

A wide wvaricly of magnetic devices can be used as binary devices in digital
systems. Py Hr the most widely vied s the magnetic core. Cores can be used 10
implement vadiowy Wic Tunctions such as aww, or, and NoT, and more compli-
caled funclions can b iormed from combinations of these basic circuils. Magnenic-
Core shult (ogislers and fing Counters can be construcied by using 1he single-dinde
transier loop tween cores, Magnetic-Core Togic is particularly wsciul in applica-
Lans rpenenting Crreirgnmenlal extremey,

Direct-access memories with very (as access Gmes can be convenignily con-
structed wsing el magnelc cores ot ansigtors, The most popular method for
Constrecting these memories is the cointident-current technigue. Memories con-
sieucted using Cores are inherently DRO-fype memanes bur ¢an be transformed
" intg NDRD memories by the addition of externa) logic. _

Semiconductor memaries conslructed from bpolar teansistars or MOSFETS ar
available, Bipolar memorics are slate memeries, bt ae available 33 random-
access ROMS, Or as complele readfwrile units. MOS memaries Can be gither valic
or dynamic, and are availablo as RAkas,

sagretc drums and disks provide larger slorage canacities at a lowet cosl per bit
than corelype memories. They do, however, olfer the disadvantage of increased
aCCess Hme,

Clossary

access lime For a coincideni-Current memory, it is the time reuined for one
rexdiwrile cycle, In general, il is the nme required Lo write ope word inlo
memory Of 19 fread one word from memary.

address A serves al binary digits wsed 1o specify ihe location of 2 word siored in 2
memary.

coinCident-curienl seleciion  The technigue of applying Yall on each of two lines
passing through 3 magnetic device in such 3 way that the ner current of [, will
swich the gdewice,

CRD Duestrut ieye ool

dvnamic merory A rmeemoly whnse Conleals mug b recrgred pu[iﬂrﬁcal]y.

Msteresis  Derived Brom 1ne Greek word hysierein, which muans w lag behind.

brweresny qutve Generally 3 plot of maghenc flus density B versus magneur foree

A o pmm w
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H, Can also refer o t!'_le Plot af magnetic fluw ¢ versus Magnetizing current ).
meémory Cycle  In 3 coInCident-current memary system, a read operation (ollowed
by a wrile operatian. " ’
NDRO  Mondesiruclive readau,
RAM  Random-acress memary,
ROM  Read-only memory.
.'n‘ll'IE'{! turrent ty  The minimum current reyuired o swich a magnelic divice,
smgIe-dan-dn_e transfer loop A method of coupling the outpul of one magnenc core
i 1he inpunt of the nexl magnetic core,
suarepess ratio A measure of core quality, From the hygsres f
ratin BrD ¥ % Cudve ] 15 the
SLAC memory A memary capable of storing binary information indefinuely,

Roview Questiong

1. Mame one advantage of a lerrite cora awer 4 metlal-ribbon ‘.:DTE.
2. Mame gne advantage of a metal-ribbon core over a feerite core,
3. Describe the method lor detecting a stored 1 in a core,

4, v.mz.; is 2 sirobing Lechnique often used to detect the output of a switched
cored

3. How iy cure switching ume ¢, affected by the swatching currem?

. E_:-cplain why mure complicated logic funcnans ustng cores ¢an lead 10 enges-
sive operdling tirmes,

7. Whatisihe purpose of the diode in the single-dinde transfer loop?
B. Why is 2 delay in signal ransfer between corey desired?

9. Explain how the R and € in Fig. 12-11 inwroduce a delay in s
belween corss, u clay m saignal ranuer

10, IExp1ain :_he cperation of the sense wire in a magnetic-Core mairix planea, Why
is W possible 10 thread every care in the plane with The same wirel

1. Explain how s possible o stote a € in s coincident-curreny memory core
using the inkibi line,

12, Why is a basic coincident-current core merm i
; ary inherent| DRO-
Syslem? ! Y # DROtrpe
3. Inthe basic memory cycle for a Concident-current core memony system, whey
mutl the read operation come befpre the wre operation? w

-

4. What is the dilference between the wrne inte memory and the read from
memory cytles ot & coincident-currer corp MEmery sysiem?

15, Ewplain the meaning of the 111'e 6 4-ward by vighi-bin gratic Ram. "
16, Why are there no tlynamic bipolar memgriss?

17. What does it mean © “refresh™ a dynamic Moy §
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18. Dewnbe the difference belween random-access and restocied-access mem-
o8,

19. Destribe the advantages of using a magnetic-drum siofage sysiem,

Prohbems

121, Draw a Iypical hysteresis curve lor a core, and show lhe two remanent
[NIET14] 98

12-2.  Show graphically on a &/ curve the path of the operaling point as the tore
is swiached from a 110 a 0. Repeal lor switching iroma 0o a |,

12-3. Draw the symbol {or 3 magnetic-core logic element, and explain 1he fune-
{ion of eagh winding. .

12-4. Draw a set of waveforms showing how the exclusive-gr circuil of Fig,

I 2-nef enusk pperate fnotice il requires only two cfocks which are spaced 1807 out
L] phhey

12-5.  [iraw a single-diode transler loop between two cores. and explain its apera-
Lon {use wavcionrms i nesded)

12-6. D o whemalic and e waveforms lor a cove ring counler which pro-
vides seven cutpul pulses.

12-7. Draw 3 skeich and explain how a care can be switched by the coincident-
currend melhod,

12-8.  Make & skeich similar 1o Fig, 12-15 showing a three-dinensional core

memedy capable of stoning 100 1en-bit words. Show all input and cuetpur lines
“rieaidly.

12-9. Dewcitbe the geomeiry .ol a coincident-cutrenl core mempry capable ol
soring 4,096 Lhimy-six-bit words (i.e., bow many planes, how many cores per
plane, e, .

12-10. How mary bils can be stared in the memory in Prob. 12,97
12-11. How many contial lines ate requived for the memory in Prab. 1294

12-12.  Show graphically the meaning of squareness ralio for a magnetic core, and
explatm its imporance lor magnelic-care memories.

72-13.  Describe 2 stiuclure for the address which could be used for the memaory
of Prob. 12-9.

12-14. M a certain core memaoary is composed of square matrices, wihat 15 the word
capieiy if the address s 12 binary digus?

12-15.  Hew many Bits are required in the address of a 256-waord by one-bit
readiwrile bipolar RAMT ol

12-16. Draw Iht: polarily of the sigred charge on Lhe galp capacirance shown in
the basic dynamic memory cell in Fig, 12-29.

el
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i Jb3
Magnnlic Dovices and‘Memﬂrles

y ) H . a1 . - [
17-17. ‘What is the Dit-storage capacily of a magnetic drul;"l 10 in in diameter o
data are slored with & density of 200 bils per in in 20 tracks

ic drum capable of sioring 3.140
&, Whal wou'd be the duameter of a magneuc le of
:P;Iir::&ix-blt waords if there are 10 tracks and dala are siored bit-serial al Jmt:l bty

per ind -

12-19. ‘What 1 the averap® AccCss Lime
15,000 rpm? What could be done o1

12-20, For the drum in Proh, 12-15, at what hiF raim must data be moved lie,
resd or wine) i the drum rotates at 36,000 rami

for the deum in Prob. 12-18if it rolates ot
edure this access me by 3 {actor of 21

iy
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Introduction to
Digital Computers

The digilal principles discussed in the previous chapiers have been undized 10
devise a greal many dillerent digial systoms. The applicanens are many and vaned,
They nclude simple systems such a5 counters and digial clocks, and more com-
plex applications such as digital velimemers, AfD convertent, Irequency counters,
and lime-period measuring Systems. Among the mast sophisticaled digital sysiems
devised are digital compulers, including special-purpose machines. small gencral-
purpose compurers such as the Dignal ftguipment Corp. POP-B/EL arad latpe
genetal-purpose compuioes (such as the IBM 360 and 370 systems). In this chapter
we comider some of the basic principles common 1o digilal compuicr systems,
Adter sludying this chaper vou should be able 1o

1. State the dilference between a special purpose and a peneral purpose dignal
computer,

2. [hscuss the 4 maip blocks in a gereral purpnse computer.

3. Wiide a simple computer Program ysing Mnemomic code.

.14-1 BASIC CLOCKS

The gperation or conlrel o a digital system can e classificd in two geacnal o3
egories —syncheonous and asynchronous, In a synchranous system Lhe Flip-iyw
are contiolled by the system Cloc’ and can therefore change stales only when the
clock changes state. Therelare, all the Mip-fops and Jogie gates change levels »
time lor in synchronism) with Ihe clock, An evample of swech a synclirongas wyem
is the parallel counter construcied using the masicr/slave clotked fip-flaps, In thi
counter, the ip-flops can change stale only whea the rlock gocs low and ar o
other lime (notice that a system could be consirucied such that the (Hip-laps winikd

change salt when the clock goes highl, On the other hand, in an asvndhamie, .,

syslem the {lip-flops are controlled by evirels which oteut al fandom s Thys

N

o
[
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fig. 147, BHasic sysiem clock,

the (Tpdlops may change waies at random and are Aol in Ssynchronism with any
wwrung signal such gs a clock. An example of such a system might be the operation
nl a push buton by 3 human operator. Depression of the push bution would cayse
a liip-Niop to change state, Since the operalor can depress the bullon at any time he
ar s desires, the ip-Mlop would change stales at some random ume, and this iy
therefore an asynchronous operation. Most large-scale dighal sysioms operale in
the synchranous mode; il you give a [itde thoughl 1o the chrckoul and mainie-
nanc e of such 3 Sysiem, 0t is 2asy o see why.

Sincr all logic pperalions in a synchronous machine gecur in synchronism with a
clock, Uw sysiem clock becomes the basic timing uwnil. The system clock must
provide a peniodic waveform which can be used as 2 synchronizing signal, The
stjuare wave shown in Fig. 14-1a 15 a sypical clock waveform used in a digilal
syslom, Hoshoulld e noted thar the dock need not be a perlectly symmelrical
wiuate wave as shown, i could simply be a series of positive pulses [or negative
ililves) as shown n Fig. 14-18. This waveform could, of course, be considered as
an awymrmnele Al squgre wave. The main requirement is simply that the clock be
rervoiy penadie, Notce 1hat the clock defines a basic uming interval dusing
wit b logic aperdions moy be pecformed, This base nming ieerval i defined as a
Vi b cycfe time and is equal 1o one period of 1he clock waveform, Thos all logie
vosnenls, fip-flops, coumers, gales. @ic., musl cermplete their iransitions in less
ihan one clock cycle time, *

Example 14-1
Wha js the ¢lock cycle time dor a systern which vses 3 500-kHz clock? A Z.MHz
rlockd

Solution

& clock cycle lime is equal 1o ane periad of the clock. Therefore, 1he clock cycle
e for a 500-kH2 clock is 1500 % 107 = 2w, For a 2-MH2 clock, the clock
v e s 102 % 100 = 0.5 ps, ’

Example 14-2

The woial propagation delay through 2 masterfstave clocked Hip-Mop bs given as 100
ns, What is 1he manimum clech freguency that can be uvsed with this fip-flapf
Solution

An alierhalive way of expressing the quesiion is, how [asl ¢an the Rip-fiop operatet
The Mip-flop musd compiete s Iransition in {ess than one clock cyele ime. Tnere.

L)

IR LA =R T R

. girrm clock
lare, the Mimimum clock cycle hme mudt be 100 ns. e, the ma
{requency mus be 11100 = 1074 = 10 MHZ. )
o clock 1s used as the basic 5Iar:;!ard lar n-;easlurnn'.nl‘-::‘ll:l[;
F le. the accuracy of the dignal «lock discuseed in Chap, & s reli
e of the clock veed 1o drive the egunter, If the clack changes
ety o e s i reduced. For (his reaspn. il 15 NeC sy l_':" _ensuu' that
e ock th": “_CUTH;‘;’MHQ and predliciabie [reguency. in many dighal watenn
the cloc mi'“'-‘"""t:_[_w is required of the clnck, This would 1w the Case i a cydem
l"”r:‘r' :hﬁ‘:l:l'::::tsn:llld b monitared and arljpsicd perm:iii.n.'nlllu,'. Far sq:cl;'- n:;:h:*ﬂmr
e b l i e . mulitibralor or a s
o t;a;:ticlli::r Tslgfll'nlnt:fndii”l::' :?r;aaal::‘ btu:t: tli: free-running mullivilragor the
Wwdy

clack frequency | is Biven bry

In many <igital systems th

! (14.1)
_'__._F—_H-
VTt + VYo

1h) whien-bridge os-

Fig. 14-2. Basic dock circuits. ) Fremrunning frullivibraior.
Q. B

ciflator.

la)

High giin amplifer

-

&}



L"c=1-6

100K %RFC iﬂa
| I/—-_c.____i_.iiu I

— 000

- : ==
X !

——3

I urf

. = xTL
loy 1 ' f:‘"‘“’ (e
|

v
1EK .I:}:r
0.2 Hr BDK 22K L’om

I
4

e

17K

L AAA-
n——_”-_.

Y 4

!li—
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Fr::ml g In-s-n 1l can be seen thal the basic clock frequency is atiecred by the
\-I-I.l'lp ¥ :0 Tagrs os weil as In_f- values of the rpsisiors £ and] capac loss © Fven s, il
15 posalde 10 camgreet maaltvibeaiors such as this which have siabilities bohrg thlan

ul I“ hy! 1arks iy 1(] pf_f dﬂ"r' | L i [".IUE”{}' i ] - =
k L . o IISE.I‘ L4] Ipor \ M- [+1}
I I. ali F n) lhE 4'J'IIIE' h |dEE

1

kg (14-2)

ARAIN 1L is not drificuly o Lansi et
Part i 107 oer day, f grealer elock aceuracy is desired ace
culhlm sich 3y that shawq in Fig. 14-3 might be used. :rhii'
awie ofien housed in an enclosyre containing 2 heating ejom
the €rystal 31 3 comstam lemperature, Such geeif|
Ihan 3 1ew pards in 10¢ per day. .

Irpe ol oscillatgr s
el which maintaing
Aors can have accuracies Lester

Example 14.3

The multivil vor in Fig.. 14-2a 45 being yed 44 2 sysiem cloch and operared .y a
Erc-quem:'y ol 104 kMH;, .Irlls ALEUracY o8 Detier lhan = 2 martsn 10% per day, whag are
the maximum and inifMUm frequencies of the multivibvatgr? J l

Solution

PM;-,DM in 1P can b Ihqughlof A% 1 eyele in 1,000 cycles, Twe parts in 10% map
Wi r:-u;.;h:_ of ;1: 2 Lyclgg in 1AM cyeles, Sinco he muitivibrator runs al 100 kM
b R i 1Y etivalent 10 200 cycles, Thus the rmaximym f.requr:n(-,,r wnuld'

b 1000 kELz =+ 2 Cwr e = (00,2 LH ni WO
= ) 2, and th
Vir = g Coc e o € MImimum lrequency ld be 100
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s
Fig. a4,  Ouscillator Oncillalor vt

and outpul amplifier.

Mone af tha pseiilalors shown in Figs. 14-2 and 14.3 has 2 Fauare-wave oulput
wavelorm, and il is therelore recessary 10 conver) the basic frequency ',m'f" a square
wave before use in the sysiem, The simplest way of “‘:“mp"mi.ng I 15 10 wse 3
Schmit! trigger on Lhe output of the basic oscillator as shown in Fig. 1a-4. Ths

provides two advantages.

1. & provides a sguare wawve ol the bavic clock Irequency as dﬂi!ed.
I engures that the clock-output amplifier he Schmint trigger i thas case) has
enough power 16 drive all the necessary Circuits without lpading the basic os-

cillator and thus changing the oscillating froquency.

Quile aften it is desirable 1o have clocks of more than one freguency in a sysiem,
Alternatively, it might be desirable 1o have the atulity 1o operale 3 wst.?m al dif-
ferent clock frequencies. We might then begin with a basic clnlclu which i Lhe
highest lrequency desired and develop olher bhasic clocks br\r. simple frequer.rcv
division using counters. As an example of 1bis, suppee we dﬁm".a wyslem which
will provide basic clack frequencies of 3, 1.5, and 1 MHz, Th_ls could be ac-
complished by using the clock syslem shown in Fig. 14-5. We bopin with a 3-A4Hr
oscillator follicwed by a Schmitt trigger to provide the 3-MHz clock. The I]-MH:
signal is then fed through one {lip-flop which divides the signal by 2 1o provide ?he
1.5-MH2 clock, The 3 MHz signal is also fed Lthrpugh a divide by-3 counter, which
provides the 1-mHz clock, Systemns having muliple clock frctuencies can be
provided by using this basic method,

[ —
ot JUIL
3 MH; Schmut r 1.5 MH;
escillaor ke 7

_ Fig, 145, Basic Llﬂ'-i"‘ syslem, 3 W
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IMHr | T

5 ascillaror

S¢hmnt
Irigger

2 Mty 1 MM S00 kHe T 100 kH2

Fig. b, Clock sysiem.

Example 14-4

Show a Llock sysiem which wi .
1] .

kHz. and 100 kHz, will provide clock [requencies of 2 MHz. 1 MRz, 500

Solution -

Th d i I H ' L

chm:l:uir:d H;s[t:n is shown in Fig. 14.5. Beginning with 2 2-kH7z escillalor and

biral ihp.ﬂ:f:{;j:vfd.;szt-:;l-;zhi:f;ck _app';‘at:s at Lhe oulpul of the Schmilt rigger TI-,.:
' v z sigral by 2 to provide the T M )

and Mip-ii Hz clock. T 3

||-.q. 51]'3 liap divides the 1-MHz clock by 2 to provide the 500-kiHz clock th_?c
e -kHz chock by 5 provides the 100-kHz elack. S . Chividing

It i+ somenmes desirable 1o have a pwo-phase clock in a digi
! IRITal 4
;an::s;?ﬂ%l?c;u:u:?whmum we have lwo clock signals of the sa:'l-e :m;?:::w:::l;
e tsal sl "p as:hwuh one artmher. Ths can be accomplished wih 1he
ouipws of & p-flap, The Q_uutput ts one phase of the cleck and the Q) output is
. phase. Thesa two signalt are clearly 180" ot of phase with S ner,
:unclle one s lhe E‘nrnplemem_‘_uf the olher. A systemn jor devel '“ o e
clock of 1 MHz is shown in Fig. 14-7, For dislinction, the bwp 4:|l:i.'.':.l:nE . mwa“
referrcd Lo aslphas{:ﬁ and phase B, You will rorall that gne use ;;": Tﬂmﬂt:ﬂﬁ
i]zocl:]syf-l?n? is 10 Jive the magnetic-cgre shill register discussed in Cha wc;-zpt;sc
; m_;:e }I, }:..[:- .E J:«:qesl;:g ta nole thal the me-phase clock system can be us.er; 10 nw:-?‘
come ‘F.I B_F:;j quim encouniered 'hih’llh the basic pasaliel counter discussed in
e e ol e otk v o oo (e
!Io;_};eﬂ, {3} F, ele.y wilh phase # of the cln{i ii—:é :::bthlexf:;r fip-fops b.e. M-
r. 1 v - . . ’ -
e ! 'l:.‘[r] ptol.};:’n! as initially discussed in Chap. 8 can ocour any tim
gnals al the inpuls of a gale are undergoing changes al jhe same |f.-.::n1':r
. The

Fig. 147, 1-MHz lwo-phase clack, i

; O JLJ LI tmHPras A
__G'J_— w-i_ 1 M13z7, Phas: B

3 M
S
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Sarobe 5', 5', [1, [|, [|, I | H Il H

= T
Strabe — I 1
i _

o O =

(9]
{#]

e-inpul AND imerragated by 4 sirobe

-

Fig. 14-5. The use of a $trobe pulse. @ Thre
pulse. [B) Wavelorms for the aND gate.

piers and can ocCur anywhere in a digial
systern. For thiy reason, a strobe puise is guite often developed using the basic
ciock, This sirobe pulse is used to intefrogale Ihe condition of a gate at a Lime when
the input levels 1o he gale are nol changing. Il the gale levels render the gate in a
true condilion, a pulse appears al the outpul of the gale when the sirobe pulse
is applied. Il the gate is false, no pulse appears. In Fig. 14-8, a sirobe pulye 15 vsed
10 intesrogate the simple three-input AND gate. The wavelorms clearly show that
\he three input levels to the gate are true |t is also guile
since Lhe sirobe pulses are placed exaclly
midway belween the inpul-level lransitikns. the strobe signal can be devrioped 1in
a number of ways, One way is 16 dhiferenhate the complement of the clock, Tiock.
and use anly Lhe posiive pulses, A secand mehad would be 10 differentiate the
clock and feed il into an “'ofl” transisiar as shown an Fig. 14-9.

problem is Lherefore not unique in cou

oulpuls appear orly when
clear that no racing Can postibly ocour

14-3 MPG COMPUTER

a wide variety of the 10pics genedaliy en

Up 1o this pninl we have covered guile
ve been discussed in

countered in the siudy of digial systems. 5ome of the 10pics ha

Fig. 149. Develnping 2 strobe pulse.

+VC
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grial deiail, while athers have b
. een irpated inog mor
B e genaral way, In any ©
o hg:ghaver:;e npen:ssaw backgeound o study any digital system :rjlahse n?z:
e kL .Ial a minimum of effort, Even 30, you may be somewhat .
- . - u
e amﬂ:r:" w:;tamul-on of a digial syvtem. In an efion mmmm:i:;:i:
empl I lie logether many of th i i
e _ : y ol the topics discussed | i
walers, we shall a010ds me consider the implemeniation of e lemrnws
o dhyal Computer af a small special -pur-
voe special-purpnse Com i
I pulrr we shall ¢consider will be
| _ TEL
;1::15 _;.J{'r pallon of a mater vehicle, 1hus the name MPG cumpute:olf:]:‘:amme Ih;!
FEHOSE CONM i5 0 " -
pm.:r; Dmputs:‘J:H D:[z:;;h-s is the only use for which it s inlended, A grne?::g:r
; & more complicaled machi i L (or o
nu:b?; of difierert apolications. chime which might be used for 3
he fi i i .
mina“mrs;;t;p in the design of the MPG compuler must necessaily be 1he deten
mination of mej::rsmrn perlormance requiremonts, The firs requirement might be
hat .he?mzﬁjn:ﬂ?bt: of Orl@:jling from a supply veitage 0f =6 or "".IJ;J:E:r ol I
! i operated ina mo1or vehicle, T o o
e e _ ehicle, The second requi
) sh b t::t Li:i;zadﬂul of the computer be in decimal form, MNixie tu;:lrr:ge’":'::
m\.' _u r.ll:erl » t. Gut they regquire an agdiional power supply of aroundE: 100
GECIme.'wM e 1ne Il;t::."?';fﬂa;:ﬂduifﬁ are cammercially available which provide
_ . operale on +6 or +12 W de. Th
recuire 1he - | g modules
W’;,l:,u:m n;ep+rlﬂﬂ v, afid migh! be a better chowe in this case. The linal de:is?gri
mi|;5 J.;,{., Trl:tlJ E‘CO-HDFT!I(S. The rhlf.d requirernent 15 that the computer caleulate th
e req},_;: on used by thfl* vehicle to an accuracy of =1 mile per gallon The
[w‘: lw“‘u- imez'-t we thall ympose 15 thatl the romputer perdorm a cali:ulal'- .
N .r_,:hm N ;-; :r 154 whcn.the vehicle is traveling au a speed preater than IDT: ;t
e WE. u]t; w?rld like 1o &gmplf' the mileage petformance of the vehiclj ai
A Lomp::’ b; asier sampling rates are acceptable). The fiflh requirement is -
er be capable of operating in vehiclés using fuel al raes hetween

i0 ﬂl'ld 40 mi]e; per ]
gallon. We can now summarf : .
the MPG computer 3¢ follows: arize the five basic requirements of

12. ‘I:::wcrawpplv voltage is eilher 26 or =12 ¥V dt
3. ‘;h:: ﬁamputer must provide a decimal readoul in miles per gallon .
4. e ,[3,-”,:::3:: mus; prmu:ffe the readow! g an accoracy of =) rm'lel per galion
' r mutt provide a reacout of milos f . ‘
15 5 when the vohicle i . per gallon at least ance cvery
. chicle is raveling at a speed grearer than 10 mph,

The computer must be
capable of calculau i
bty of 10 and 43 miles per galion. alculating miles per gallon berween the

i 1 i
;;;m::t he anted thal the system requirernents lor Lhe computet under study h
mmcL Jh':: r:m::le_ and ;umewha: bess stringent than in 1he usuil case, The r : 't;:.
men o 'hea;l:-ln;d.anlhcrn;ilivhmade simple i order 1o 5irriplti-,f b dis:;':ui-sjunpqr‘l::?v
HLM inCipies are the sarme regardiess of th i : )
_ . : : e 5eve i
4:3::3”"" and \he sludy is therelare insiructive fity of the sysiem specib-
B 3 i .
"t a|“:r:n:hrlh|.: w;:: have available two transducers which are 1o be usved a5 an
wral p the MPL compuler. The first rransducer 5 used 1o measere the vol

e R e e
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Fubses [rom
[igw tranaducer

Pulaes {rom 55531!llllll
- distange Iransduocs
kig. 14-10. Transducer pulses for the MPG compuler when the rate is 10 mies pef
gaiion.

yme of fuel flowing into the engne. This flow wranducer provides an electncal
pulse each lime Yioge of a gatlon of fucl passes through i, The secand transducer "
psed 10 measure |he disance raveled and is driven by the speedameter cable.
This distance ansducer provides an electrical pulse ecach time the vehicle has
wraveled a distance of Yioee of 3 mile.

Now in order (o implement the necessary logic for the computer. let us exarmane
the oulputs of the Aow and distance jransciucers. Let us bhepin by assuming hal we
have 4 flow transducer which gives an SulpUt pulse each fime 1 gailon is used, and
we have 4 dislanCe lransgucer which pives an outlpul puise each ume 1he vehicle
has traweled 1 mile. I our vehicie is obtaining a mileage slightly better than 10
miies per pallan, the ransducer waveigrms appear as chown n Fig. 14-10- Nolxe
that the number of distance pulses appeanng belween 1ws Row pulses is exactly
equal to the miles per gallon we desire, Thus we can cafcutate the riles per gallon
by simply counting the mumber of distante puises peoufring helween 140 flipw
pulses, We can check this by notiag 1hat, if the wvehicle were pperating at 20 miles
per gattan, there would be 20 distance puiscs berween twe llow pulses. poplice that
[ the flow transducer supplied 10 pulses per gaflon, and al the same lime the dis-
1ance ensducer provided 10 pulses per mile, the basic waveform in Fig- 14-10
would remain unchanged. That is. the number of dislance pulsts appeanng -
pween two flow pulses would still be eaual 1o the number of miles per galion.
Erom this it should be clear thal we can chupse any number of pukses pef palkan
From the llow ransducer 0 long as we choose the same number of pulses per mile
from the distance transducer. The Urarsducens we are going tnuse in the MFPG com-
puter provide 1,000 pulses per gallon of ilaw and 1,000 pulses per mile ol di+
lance. Therefore, the number of miles pef gallon can be obtained by simply count-

ing the pumber af distanc® pulses betwren conseculive Mow pulses.

The reason fof using these ransducers can be scen by exarmining ihe lime
botween fow pulses, Let usfiest cansw) of the fow transduces having one pulse pof
gallon and the distance Lransducer hawing one pulse per milie. 1 the vehicle were
ghtaining a rate of 10 miles per gallon, one fow pulse would octur every 10 miles.
i the vemicle were traveling al 2 speed of 10 mph, the flow pulses would cccur at
raie of one per hour. This is clearly nol a fasi enough sampling rate. On 1he othet
hand, with the specified transducers, (he Jlow pulses ocCurat a rate of 1,000 pulsts
por gallon and at the rale of 1,000 mlses pof hour uncher e same congdtions, Thus
the flow pulses ottus Bvery 1 L1000 = 3.6 5. This canipHing Nime is clearly within
the specified rate, The worst case occurs when the vehicle nblains the maximum
miles per gallon, AL 40 miles per gallon and 10 mph he llow pulses OO Every
1.6 x 4w 144 5 WE have Lhereiore mel (he minimum-sampling-time Frquite-

mEenls.
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The logic diagram fgr the PG compiier can now be drawn: i is shown in Fi
l.i-?l along wilth the complee waveigrms, The How pulses ar;‘-.' fed into a cunds.
lioning ampliiier and 1hen inio a one-shat to develop \he wavefarm OS, and &5 .
The distance pulses are alse fed inig a conditioning amplifier. Since w; desire t::;
rgun: the number ai distance pulses occuring belween two pulses, we use Lhe
duslal_-u:e pulses as one input 1o the count AND gate. \f O, s used as :r;e Sther input
o _th-s AND gale, il is enabiled belween flow pulses, and The distance pulses appz:r
at1us outpul. We use the pulses appearing at the cutpu! of the count anp gate 1p
drive 2 counier. Since we desire 1o display the miles per gallon between Ihe limis

Fig. 1411, Complete MPC Compuler,
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! o Flow
03,
J_"" Amp
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Teny counter Uni countar

* fhip-flap

Iy Caaniee
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Shirt
______ 1 I—— one4hat
Decode gares Decode gaies
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OO0 FPREPDRBOHO
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ol 10 and 40, we use a live-flip-{lop shift counter for the s dighs, and a thn
Mlip-Nop shift counler for the tens digits of miles per gallon,

DOne conversion time is the lime between mwo flow pulses, and we want 1o 8
the accumulated counl inta the display flip-flops a1 1he end of each convers
cycle, Motice first of all that, when G5, is low, 1he count anD gale 7s disabled ;
therelore the units and tens counters cannot change states. It is during this lime |
we must shifl the coments of these Counters into the display Mlip-Nops. We e
leading edge of O3, to trigger the shifl one-thol and deve|op 1he shift wavele
03;. The failing edge of £5; ;s apphied 10 the shift gales, and at this Lime the co
stored in the units and lens counters js shified into the display Hip-tlops. The lali
edge of O3, is then used to reset al) flip-Nlops in the wais and rens counlers,
cantents of the display flip-flaps are 1hen decoded and vsed to Muminne the
dicator lights. 1n this sysiem, the divtance pulses can be considered 1o be the b,
syslem clock The llow pulses lgnm a variable control gate by means of the con
ane-shol which determines the petipd of time thal the count aWD gate 15 enal
and therelore the number of distance pulses counted, The ouiput of the shiff ©
shol 35, can be considered a< a strobe pulke which shilts data from the cour
into the display Mip-Mops in such a way that racing is avoided. The system cle
has an accutacy of = one Count, which corresponds 1o £1 mile per gallon

144 GENERAL-PURPOSE COMPUTER

The MPC computer discussed in 1he previous sechon i Consderad 3 special-
pose compuler since it is designed and construcied 1 perform a stagle lunctio
alter it so that iy cowld perform another function would reguire a major chamg
design. {n the gther hand, a general-purpase computer is designed so that o
perdorm a aumber of fundamental operatiopns—addition, sublraction, mulip
tion, division, comparisan, ew. The compider can then be used in any numb
different applications by simply instrucling it o periorm 1he appropriaic opera
in an orderly fashion. The lunctions 1o be performed, listed in the grder in w
they are 10 be accomplished, is known as & program [instructian seyy, This liste
sLrucligns, of program, is normally stored in the compuoter memary; when the
puter is starled, it simply pedorms theselinstructions in the order wored, H
lies the diflerence between an electronic caleulalor and a general-purpose d
conpuler —Lhe calcvlator pedorms a function (add, subiras, ewc) each um
opetaior depressas a buttan, but the stored-program computer performs the
plete st of stored instructions witheut human imervention. Furthermore, the
puter is capable of completing the instruction set in a very shofl period of
(addition in perhaps a few microseconds), and the gperation is vinually erar
The simplilied block diagram in Fig. 14-12 shaws the basic uans 10 be fou
any general-purpase computer system. The inpuifousput block represents the
face between man angd maching, L could simply be a 1eletype unil, whete inp
farmation is typed in on the keyboard and outputinlormation is peinted ah par
could also represent any of the other jnputfoutpol med’ =viously discussed,
as punched pape tape, punched unit-record cards, ar :nm'n: floe, bnany
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I B
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I
L
] 1 f , | 1y r -Irll B
Inpul Memary i_""; Anthmetic Fig. 1412, Bati - I I Mamm Bagwem i i :1::::- Thmary | i I 1
. ' ig. 14-12.  Basic compuler —T=- i
Ouiput ~ | p— ungu block diagram, ) { 1| : 1 1|: l}
[ | | ! | | jl.nmulmn 70 Mg ] 1 I
mpul data arc 1aken into the systern and stored in the memary according 1o the | I (| {TTT I ! }
appropriate signals as generaled by the contre! black, Similarly, the controf unit gen- | Ly 1| |1 ! i e
erales the appropriaie sigrals to read daa from the memory and move it o the | —l[‘lr—"r"—{_"_"—T;_] [ : lrE . : ! |t
pulput block. | 1§ I | I: : |
The arithmetic unil consists of the registers, counters, and logic required lor the ; | 1 | ~-—-—|II | i !
basic operations, including addition, subt:action, complemeniation, shifting right or ! { e T s ! ! i fomiiton ] I
lefi, comparisan, etc, Since the manipulation of data is accomplished in this unit, it ! ( - I [
i sometimes referred 10 a3 M central processing wnit (CPLY, The topics previously : | 1 : | ) | |
covergd (mumber systems, digital arithmelic, g provide an insight inlu the logic | ! - ' , {I‘ | |
circuits and conliguratians required in a CPU, Again, the contral unit provides the | FI Ii il I I
necessary signals ta move data from the memory unit o the arithmetic unit, per- " | l Iy o 4 —}i I |
laen the desired dala manipulation, and move the resulting data back into memory. I | ity oo LS Y - wa | .
The memory block represents the area used 1o store the two types ol information ; i = Laean T | :
present in the compuler; pamely, the {ist of instructions {program) and he data 1o I l 1 "
be operated on as well a3 the resulling outpuet data, The memory asell could be : o T[ ————————
tonstructed using any of the devices previoutly discussed —magnetic cores, mag- ' 1 —
netic drums or disks, semiconductor memory units, magnetic tapes, and sa on. |
Reading data from or writing dala into the memory is again under the guidance of " [ jt
the canirol unit, ' ! p—— T
The cantral unit generally conlains 1he Couniers, registers, and logic necessary 1o — Smirn !c_w
- . . - | . —T1T e LLE L
develop the control signals required for moving data inie and out of the memory, i
and for periorming the necessary data manipulations i the arithmetic unit, The [
system clack is a part of the comiral uniy, and it is usually the starting noint for .’1_,.:,,:‘. '4,\:‘,.:..,.]
generating the proper contral signals as discussed in the first parl of this chapter, - cw_-w:'_:m

I is ineresting 10 consider an actual general-purpose digital computer in light of
the abave discussion. For this purpose, a block diagram of the Digital Equipment
Com. PDP-B/E is shown in Fig. 14-11." Now how the system diagram can be
broken inta the lour basic blocks previously discussed —inpufoulput, arithmetic,
memary, and control, A lable-model PDP-B/E i3 shown in Fig. 14-14, and the

g For i
lollowing excerpl gives o g?neral description of the-system,! ! Pa ey e
ComLioh iy ==
The POP-8/E is specially designed as a general perpose computer, i s fast, ™ :;)
COMpact, inexpensive, and easy o interlace. The POP-8/E is designed 1o meet . )
Fig. ¥-13. PDP-&/T basi system block diagram. N
' -7

' "Small Computer Mandhoot,™ chap. 1, Gigual Tqursment Comoration, Mayvnard, sass., ' . .
1971,
T Hued
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Fig. 1814, POMAE/E programmed data processor,

the needs of {he average user amd iy capable of modglar expansion 1o a
comodate mosl individual requirements lor a vser's wpecific application “
The POP-B/E basic processar s a single-address, fived word [ength a.:;ll f
ttansfir computer vsing 12-hit, 2% complement arithmetic. The cicl'eplimel;}
L }D‘JLﬁkuru rndam address magnelic core memary is 1.2 microwecond
[.:-!r iech and deler cycles withau duloindex; angd 1.4 micrﬁsccnnds fn: Ji
DIHEF_F‘r“f':‘..'. Manoard fealures include indivet addiessing and {acilinies for jj'--
b I
: ;:3:;?;.: ip and progearn interropt a5 3 funchan cf the inpulfouipul device
Five 1 2-tnl repisters are usetd 10 contal COMpuler operalmons, address
memnary, uperale on data and sare Jatz. A Programmer's consule. provides
weirches ta alirw addressing and loading rmemary and indicators to ohsrrve
|hr-.resuhs. The POP-B/E may aiso be programmed-using the console Telewyps
wih 3 readr.-_rfpunch facilny. Thus, progeams can be loaded into rn{-m::
wung the swilches on the Programmer's console, 1he Teicthvpe keybosnd (:
Llhe paper Lape reader, Processor nperation includes. adcfressing memt.::rrv.

storing daia, relneving data, recenan i '
1a, . g and transmuiting data and mat 1
compuialions, i Pematica!

na [ E—

pmrma
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The 1.2/1.4 microsecond cycle fime of he mackhine privides a Compuia-
Llicgn rate of 385,000 addilions per second, Each additivn requires 2.6 microse-
conds iwilh one number in 1the accumuiator) and sublraclion requires 5.0
microsecomds (wilh the sulbtrahend in the accumulalor), Mulliplication is per-
formed i 256.5 microscConds or less by a whrouline that pperates an lwo
signed 12-bit nomhbers 10 produce a 24-bit pruduct, Teaving the 12 most signil-
icanl bits in the accumulalgr, Qivision of twe sipned 12-ba numbers ¥ per-
formed in 3424 microseconds or Tess by a subroutine thal produeces 3 12-hit
gualienl in the accumulalor and a 12-bil remainder in ¢ore memary. Similar
signed mulliplication and division operations are pedormed in approvimarely
40 microseconds, vlilizing 1he oplional Evended Arithmelic & lemenl.

The Nexible, high-capacity inputfoulput capabilities of the computer aliow
it to pperale a large variety of peripheral machines. Besides the slandard
keybwaard and paper-lape punch and reador equipment, these ompulens are
capable of operating in conjunction with a number of oplinnal devices (such
as high-speed perdorated-lape punch and reader equipment, card reader
equipment, line printens, analog-1o=digital conveners, cathode ray 1ube ICRTI
displays, magnetic lape equipment, a 32, 754-word random-acress disk Hle, 2
262,11 2-word random-access disk file, etc.l

14-5 COMPUTER ORGANIZATION

AND CONTROL
In this shorl <hapler devoted.to digital computers, we Canngt poesibly give an
gxhaustive trealment of all machings; however, we can discuss in general ferme
those apects of computer arganization and operation which are commos 1o many
different types of digital compuwiers.

The information stored in the compuler memory is of two lypes —eidher dara
wirds (numeric informalion) or instraction words. n Sec. 131, we considered in
same detail the various formals available for slonng numbers, inciuduing botn freed-
point and llgating-pont numbers. e must now Consider an appropriate format for
a computer inslruclion ward,

In gencral, a compuler instruction word will have lwe distined sechions, as shown
in Fig. 14+15. In 1his case the word length it 12 bus; however, (be number of bits in
a word varies rom machine 1o machine (e.g., Jb w the 1BM 2090/7094, 33 in the
188 360, 36 in the GE &35, and 12 in the PDP-8/E). The lirst seclion (the Lhiee bifs
on the left in this case) are used lor the operalion code lop-code} of 1he instrugtion
to be performed. The op-codes are defined by Ihe compuler designer when lhe
machure s imitially designed, Tar example, the opcode for addion might be
defined as 001, In this case, there are anly thiee bils reserved for op-codes, and a
compuler using this format would therefore bo limited o 2P = § op-cedes.

The rematmng bits in the instruction word shawn in Fig. 14-15 are vsed 1o spec-
ily the address in memary io which the instruction applies. In 1his Case, the nine

_ Bils can be used 10 specily any one of 2% w 512 locations in memory. As an ex

amiple, the insiruciion word 0071 000001100 means add {01} the contenis of the
}



418 Digital Principles and Applications

Op code

|
i L]

Fig. 74-15. Instruction word format.

Addres

=

v

memary localed ai address 12, 1006001100 1o the contenty of the accumulalar
repiter in lhe anthmenc unuk. -

Frequently ine memory 15 broken up into sections calied “pages” in order 10
provide for more elficient addressing, For esample, e POP-B/E has a basic
memary of 4,0%0% lweivesbil words. The memory is troken up o 32 payes of 128
waoiels on each page. Thus any word on a Page can be addressed by means of anly
seven bits (27 m 12B). The instruction word for the POP-8/F is then arranged ay
showr in Fig. 14-16. Il the address mode bit (bit 3) is ©, the op-code inply refers
teone al the 128 page addresses given by the last seven bils in the word. However,:
o the address nvpde bt is 1, indirect addressing is indicaied. This means the contral
wiil wiil go edher 1o page O or remain on the currend page (depending on whether
bl 4 i T oor O take the contents of 1he given addeess, and ireat 1 as another
arddress. The first live luts of this pew address specify which of the 32 Pages
{2t =32, and the remaining seven bits give the address on that page 27 = 128}
containing the data 1o which the op-code applies.

i1 Hhis way, Ihe insiruclion ward fotmal need oniy kave seven bats devoled 10 an
whiiess, and onlv an occasianal 12-W address word is needed 1o reference data on
2w one of the gther 31 availabie pages, Clearly this word format 15 mare efficient
sham simply carrvisy 12 (2" m 4.0%] bity for address locations in memory,

Ax an exampie of indired! addressing, sitppose the data being operaled an are
stored on page 15 of the memary —in urder to get 1o another page, one must use in-
dire€t addressing. The mstruction word 007 50 0001110 means add {001) the con-
terts of the data located in address 14,, (B001110) on page D 16 the conients af 1he
accumulator register in the anthmelic unil. Note thal 1Fe 1 in the fgunh bil position
specilies indirect addressing, and the B in the fifth bu pesiion refers to page 0.
Mow, if the contents nf memory |ocation 14, an page O is 00107 0001111, the
tlata 10 be added 1o Lthe accumulator will be found on page 5,, 001017 in location
Vi 00117115

Fg. 14-16.  POP-BI[ wnslrudhion word formal.

Op o Pape addreny
Al o
pesition O 1 ? 3 4 5 [ T . 9 m n
o | ]
I ' |
i i
Addrew Mode —F — Page
a: Lvert &: Page D
L 1: Cunenl page

a-

ap
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) Memary
Memory Memary "
addreys neg ::{—Em__ buffer reg
ol
Insiruction
counter
e ——
fe)
Memory :J Memory c::{ Me oy t:lln‘:m: t
(11441
address reg. l =::; bulfer 1eg. I

]|

Fig. 1417, Basic compuler operating cycles. L) Feich. Lb) Execute.

The instructions 1o be rxecuied by 1he compuler ane nurmally s:ore:lli c:: :::.
memary in the order in which they are 1o be peeslormed, To bugarw an ofm.:; o . "
address in the memory of the first (nswuction 1o b E:e?ul.led is E.nn rEL nl-, :.E: @
machine by an operator. The control unit then feiches Lhis instruction 1o mredr?r;
oy, executes the proper cperalion, and procoeds 19 lhe_ neal m!-t.ru:lmn. ¥ d
the memory. This basic lwo-cycle process continues unu_I all 1he nstrucLions " ;:
been completed and the machine stops. Thus the operation of a n:ornpn.:;ere :,:mine
caplained in lerms of two (undamental cycles = foich ancli n_=':-cr'qru:re.hl.=~=.'l;m.hmJ line
those two cycles and delermine the tasks lo be accomplished by the

i cle. o
du'?l:f :;ﬂﬂpi\{er units ivolved during a feich cycle are shown an Fig. ¥4-17a.
During a fetch oycle, 1he Iollowing operalions are perlormed:

1. The address in memory of the first inslruction 10 be execuled 1y placed In.lt'l.rE
. instruction counter. This address is read into lhe memory adriress Tegister
) is inni in the memory.
iIMAR] and a readfwrile cycle is inniated in . .
2, The instruction slored a1 the given address in memory 15 tead into the memory
buufier register (MBRL . .
1. The op-code poruan of the instruclion in the MBR is thgn sigred in the Dp—-c_ude
) register, and Lhe address porlion is placed in the MAR (in piace of the previous
acldress) in preparation for the jollowing ctcc_u:r cycle,
4, The insroction counter is nercased by one order 10 be
fetch oycle,

ady {or Loe nesl

(b
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The compuler unils activ i
, ) e during an execy —
the loliowing operations are performed:, te cycle are shown in Fig. 14-17h. and
1. The address in memo i
ry Containig dala 1o be read
o ) . . oul, oF where daia i
-:::M 15 runlnu:'-eq in the MAR a5 a resull of Lhe previous -‘r‘:ch ;:; I 1o be
R " h: the op-code s contained in the op-codde register e Simi-
. 11“. rf::;f:als o! the op-tlﬂde register are decoded and 1he conlral unit provid
o ne ssary contrel m?;,nals to perform 1he operation called for= provices
r;rljfnuToal?, inpul TTY, iner the MBR and stare it al the address in m;'ni read
iy 1iwﬂ oy :commls of the MAR; or, read data from the address in mEr:‘ac-
d;:i; [;m Iht. e MAR, an}i mave it 10 the arilhmenc unit via jhe M.BR- ar r:;;
daia from I e memory vig lhe MBR and print the data on 3 TTY: or ead d
Ihe arithmetc uny via the MBR and slore if in the m - o ala
specified by the MAR, emory 3l Lhe address
1. A ]
t the complelion of the exccute cycle, return to the next feickh cyele

Thar fetehjerecule m i .
ethod ol operalian is

g e quile Comrnon [0 masl general.

naﬁmm :':ir:::tm-.. pven.lf-uygh the two slales might be referrodgm b:rl z:-;f:::-w

ar n-i-rlh fhen an c:im';-llmn is begun, the control unn {st places 1he computer !“

e ode, and therealier ahernaies execule and feich modes unbl Th p;e i e:dn
peralisn 5 compicte. A weres of clock e

0 ‘ . pulses (perhaps foud or B
quarn;'uh.u arh h.tr__h Lycie 1y used W0 e the various operalions AEL?E" o soquence
of clugk pulses s unbjized during the euCuie cycle A stmiar sequence

14-6  COMPUTER INSTRUCTIONS

Every fencral-purpose Computer must hay [ [
e : € an nstruchon sel, ThEI‘E ma
im“uc?'-;};:n-:-;:;tm}a-” u:'nmp_luter, while a large computelr may have H?u:‘slrﬁ:ifni
nsituet dur.ing c s ?1.':1:“.‘:"0”5 wsed wilth any particular compeler is of course
e |;11 :r ng.\n p_has:es; and anyone who uses thal computer must
e em}-’_ a” liar wll.h ils insirection sel Incidently, an mdividual who
e Em.:‘m ¥ arranging cormpuler instiutiions for the pupose of solvin
e L% O COMPUEET DrOgsdrmmer. s
,-,utmhlz-“ " oﬂn‘;;]:u’.rr-:. ;vEI.Y instruction must be represented as g group of binas
pumbers | r:-;uemt ﬂa ;‘1 _ ditigni, bul 1o Fase the burden of the programmer, (he u;:
e L[ ::‘.nl;‘d Tnemoml(' Llles. For example, lhe op-code ;or addh-
o ik be 00 'h'; h 3 cou d coc!e il a% ADD. The prorammer could then uye
B g cﬁm' IJit rnf m!rt.ructlun!. -.lnd when the alphasumeric inpul ADD
B o ﬁ:ﬂ |nz|..|l[: i wpuld 'Sl-l'l‘l;'.l_l'p' be encoded as the instruction 001
g “an;‘m an.d ¢ u; iflerent tg:lpFi ol instructions—arithmetic, data I'nanip:
wation, tans m,ighl N :ul Outzul. Let's list a hcticious sel of instruclions and then
e how they might be. rranged as a program Io salve a prablem, Even though this
e i icious, d is quile sinilar 1o those foundd 10 aclual compuler
s ;nd ; SIrUCTIE i vEn Im maemanic [erm, with ils binary code
’ 4 des an of the operation | requires. P

-
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HLT {0000 Halts compuier operation. Operator may restart by depressing 1he

stan bullon.

ADDX 00N The cuntent af memGry
accumulator regisler in the arithmetic unil.
SUBX (GG10r  The conlert of memory localion %
of the accumulalor register in the ariihmelc unil.
MPYX (01T}  The contenl ol memory location X s muliiplied by the ontenl )
{he M} register in Lhe arithmetic unit, @nd the product is stored in the M} regis-
1o =

DIV (01} The conlent of memary locatio
the Q) rogisler, and the gualient is sared in 1he MO egisler.

GrAX 10101 The canienl of the accumulalor is cigred in memory locabon X,
and the accumulalor 15 ricared 10 all zeros.

pCoxX0Tn  The content ol the M) register is siored in memary wocation X,
and the MO register is cleared ta all zeros.

JMEX QT The nest ineiruction 15 laken rom memary localion X

LDOX (1607  The conten! of memory location X is chtered inlo the MO} regis-

localian % s added 1o the cantent of the

-’ P

it subtracted from the ronlent

a X is divided o the content of

(L
REDX (100Ty One word af dala 15 read al the inpul device and stored in

memory at address X.
PRTX (16107  ©One word of dala is read (rom memary at address X and printed

on 1he pulput duvice,

Thas lisy ©f instrughons 15 of course nal complele cnouph 10 aflow every ponsable
gperation, bul & allows us o iJiustrare basic machine-lanpuape programmng, No-
wee that Lhere are lour s in each op-code; this is neECrssary SnCe we want 1o
ynclude mare Lhan eighl but fewer Lhan 16 instruchions. Further, suppase these -
siructions are used in 2 small general-purpose CoMputer having only 128 memary

Table 14-1
‘ MmOy I uChion 3%
Operdlon InstracTIon localion gloreg W1 memony
Read R and siore al memary addreas 50. RED 5t a ool oNoad
Head A antl sipre al momory acldress 51. RED 57 1 1001 G013
Read ¥ and slore al momary address 5. RECH 52 Fi 111 QTR0
Cloar MO Tegter oCo V2 3 girg il
Clear actwmadalar oCA TN 4 o1l 13RI
Pul A in MO 1Oy 51 5 100n e lomi -
piuinply & by ¥ pAFY §F h ol o
Siore AY 0 5 [ ashy 7 a1t o1 eH
Put & in acgumidator ADD 5D B pogk Q1 1naoEd
Aced A 10 R in aggumuiatar ADD 53 g ol onanal
Ligre F in o . CHZA 54 i} LR IEERLY
Pront ot £ PRT 54 | 1 | oo priond
Halt ; HLT | 17 1 0 Gl
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locations 50 that an instrucltion word is Composed of 11, bits— leur bits of ap-code
and seven bits for memory address,

Wow, bet's utilize the instruclions for our licktious computer 10 solve the problem
Z =R+ A¥, The program will read the valyes of R, A, and Y. perform the neces-
sary calculanons, and print out the va'ue of 7. The compleie program, as writlen in
machine laguage impermonic codet and as siored in memary, would appear 2 in
Tahle 14-1, .

To iniuate the pragram, the operator sels the insiruction counter at 1 and
depresses the starl bution. The computer initiates 3 feick cyele and obtains the firs
nsyruction (RED 500 from memory address 0. This iy follgwed by an execute cycle,
The neat feich cyecle obtains the instrection in mumory adidress 1, and 0 on, The
program ends alter the computed value for 7 is piinted out and 1he HLT insiruction
s otrined i memory addiess 12,

STUDY ALIDS

Summary

Thete ate Lasically two types of digital tomptiers —special purpose and general
purpose. Special-purpase computers are desipred for staple purpose only, while
veneral-purpase machiogs can b used in any numiber of ditferant applications, A
genecal-nurpese machine s designed with o basic st of instructions, and a pro-
grammer Can use such a compuler 1o solve spocific prohlems. The compuler sobves
problems by executing a set of inslroctions which have been ordered and placed in
the computer memary by a Progprammer. Mosl Computers operale in a basic hwo-
cycle feichyezecute made, and the appropriate conlrol signals are penerated in the
conttal umt in synchranism with the system clock,

Glossary

asvnchronous system A systern in which lugic operations and bovel changes oeoyr
at random tmes.

clock cycle ime  One clock perick!: the reciprocal of clock {requency,

computer pragram A dist ol specilic insiructions which a compuier execules 16
solve 3 piven problem,

ferchiesecute  The two aletnating moades of Operation tn a general-purpose com-
puler,

gEneral-purpase Compitder A COmMpuier tlesigned o accomplish a number of tasks,
Fur esamde, all the arithmelic operations as well as decision making {i.o.,
equal 1o, greater than, less than, g, no gal, :

thstruCifon word A compuier word having two seclions, the op-code section and
the address vection,

maemonw  Intended 10 assist the memary,

op-Code-Operation code. The code which defines a specilic computer operation,

oscillaige statubty The aability of the frequency. of oscillavem: wrtally expressed
in pans gt thousare! or pads pee millian 1or a pened of e,

Tq
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secondary clock A cloch of lrequency lpwer than the basic system Clogh whicin e
derived rom Lhe basic syslem clock,

specizl-purpose computer A computer designed to accomplish only one 1ask, for
example, the MPG Computer in this chapter,

serobe pulse A pulse developed to imerrogate naes or 1o shift data al 1 4imoe such
that racing is avoided,

synchronuus system A skstem in which logic aperations and Yeve! changes occor
in synchranism with a sysem clock )

lwi-phase clock  The use af o clock waveiorms of the ame requincy which
are 180° out of phase with ane angther, ipr vxample, the 1 and U ouipus of 2
tip-tlop. .

Review Duestions

1. Explain why a clock must be perectty periadic.

2. How can the clock 2ycle 1ime be found fram the clock requencyt

1. Why must lip-Nops have a delay time !ess than one clock cycle ime?

4. wWhat factors aflect the oscittating Fequency of the multivibratar in Fig. 14-27
5. What is the purpose of 1he Schmin trigper in Fig. 14-47 '

6. Explain one methad fyr ohtaming 2 Lao-phese clock,

7. Whatis the main purpase for developing a strobe pubse?

B. Why is it advantageous 1o develop the srobe pulse in Fig. 14-9 by lurning the
transisior on rather thap oift

4. Explain the dilference berween special- and general-purpose computors,
10, What is 2 compester frogrami |

11.  [xplain what is meant by {feich and exeoute in lerms of computer operalion,

Problems

14-1. Beginning with a symmeuical square wave, shaw 3 method for developing
a clock consisting of a serics of positive prlses, A series of negative pulses,

14-2. ‘What is the clock cycle time for a system using a 1-mMHz clock? A 250-kHz
clock?

14-3.  What is the maximum delay 1:me fgr a Rip-Map i it is 1o be used in g syslem
having an #8-MHz clock?

14-4. At what frequency will the multivibrator in Fig, 14-22 oscillate i} B = 100
WY, C= 100 pf v = 20 v de, and W, = 10+ det

14-5. What will he the frequency of the mullivibratar in Prob. 14-4 if vy 15
changed 16 20V do!
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T4-4. Whal walue of € ;5 tequired for the mullivibralar in Fig. 14.2a il
V.=V, R= 47 ), and the desired lrequency is 100 kHzi

14-7. Whal s the oscillaging frequency of the Wien-beidge osciliator jn Fig. 14.2p
v R 47 1), arl Ca= 100 pF?
T8, dihe covstal oscillator in Fy

w143 has a slahility of 3 pars in 107
VR A0 the maeimyng

At minimum frequencies of the oscilator?

V59, Shaw the logic ARCELLIry |0 thovirlo
1 Muir, and 200 LHz,

14-18.  The 5-MH7 oscillator ia
day. What will Le the

per day,
P clock irequencies of 5 Mz, 2.5 MHg,

Prob. 14.9 has a stabibty of =1 partin 15 per
maxieAum and minimum frequency of the 1.pHz clock?
13110 wWhal would be 1he maximum and mpinimom frequency of the 200-kiz
¢lock in Profy, 14.10¢

14-12. Duaw the waveforms far a parallel hinary counter being driven by a two-

Shase clack, Show Ll 1his will resull in a solution 1 1he race problem. Remember
Wiag eaih ip-llop bas a flime delay nma,

=13 How could the mpc
nearest 110 mile per gallon?

1474, Draw 3 block diagram shown
O GRS sl

Computer be modified 1o give a sohmian 12 the

k Lhe four major blocks in 5 general-purpgsp

¥4-15. How mam gp-code s would be required in 4 machine having 315 in-
s Lo d

T5-18. How many address buts would be required to handle 1,000 words of
memary? .

1417,

How many page address hig would be sequired 10 form 2 16-page
meawwy having b4 words per page!?

T5-18. Wrie 4 machine-language program ig salve the problem Z =3R4 + @),

R

Appendix A

States and Resolulion
for Binary Numbers

Word length | Max numberof | Resolunon of 2 |
I bnts conpinalions bty ladeles |!
L] [T
- 0 2 __4I
i ' 2 500 D00, 'L
2 4 250 (oo, '
3 8 125 oD, :
4 1h B2 5N, H
5 1 11 250, |
& L] i 15 .25 i
7 123 7 B11.5 ]
' 8 2% | r 90625 |
4 512 | 195303
i0 1024 9765 t
11 2045 4 anis |
12 A t FTTRY
13 aw | 12247
14 16384 | &1.04
15 32 76R 30.52
16 6553 | 15.26
17 111 072 761 4.
13, 262 144 18
12 %24 280 191
0 1 048 576 095 |
) 2097 152 oag |
43 4 194 304 02
n “Bisaena | 0.1
24 e e " 0.0 :
| T NS F

y{~
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HANDBOOK CHAPTER 2
© SYSTEM ARCHITECTURE

2.1 UNIBUS.

Mozt computer Sysiem components and penpherals connect to snd com-
municate with each other on & single high-spesd bus known as the
UNIBUS— § hey to the POP-11's many strengiths. Addresses, data, and
conirod information srs sent along the 56 lines of the bus. ¢

T T I T

o it 1m0 10 T i -

-ngra Z:1 POP-1]1 Systemn Simplified Block Diagram

The form of communication is the same for svery device on the UNIBUS,
The processor uses the same set of signals to comrmunicate with mem-
ory as with peripheral devices. Pariphernl devices also use this set of
slgnals when communicating with the processor, memory or other pe-
righeral devices., Esch device, including memary locations, processor
registers, ano periphersl device regisiers, s assigned an address on tha
UNIBLIS. Thus, paripheral device registers may be manipulsted as fles-
lbly as core memory by the ceriral processor. All the instructions that
can be applied %o data in cors memary can be applied sgqually well to
dete in peripharsl dewics registers, This i6 an especially powerul feature,
considering the special capability of POP-11 inslructions to process data
In any memaory location ax though it wera an accumulator.

2.1.1 Eildirectlonal Lines .

With hidirectional and asynchronous cgmmunications on the UNIBUS,
devices can send, receive, ahd exchange data independenlly withaut
processor imterventon, For exampls- & cathode ray tebe (CRT) display
can refresh itse!l from n disk file while the central processer unit (CPUY
stiends to othear taxhs, Because it is axsynehronous, the UNIBUS Is com-
patible with devices oprrating over a wida range of spaeds.

2.1.2 Master-Sleva Relation”

Communication betwesn two devices opn the bus is in the form of &
master-slava ralaticnship. AL any paint In time, thers is one device that
has contrgl of the bus. This controling duvice is termed the “bus mas-
ter.”" The mastar davica controls the bus whern communicating with
another devicw on the bus, termed the “siave.”™ A typical esamph of
this relationship is 1tha processor, as measter, Tetching an instruction from
memary (which |5 eslways 8 slave), Anothar exampie is the disk, as
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mastar, tragnsferring date {oc mamory, p3 Slave, Master-slave relation-
-ships are dynamic, The processor, for sxa@mple, may pass bus control
to » disk, The dish, ss master, could then curnmunrcata with & slave
memay bank. .
Since the UNIBUS is uzed hy the processor and all |[O devices, there is
& priority structure to determnine which devies gels control of the bus.
Every device on the UNIBUS which is capsbla of becoming bus master
is maslgned o privrity, When two davices, which are capsble of kecoming
a bug master. request use of the bus simultaneously, the device with
lhe higher prionty will recaive cantrol.

21.1 Interdoched Communication

Communication on the UNIBUS is interiocked so that for each control
signal issued by the mastar device, thera must be a response from the
slave In order to complete the transfer. Therefors, communicetion is
indepandent of the physical bus length (8% [ar as liming 1§ toncerned)
and the liming &7 asch transfer is dependent only upon the response
time of the master and plave denices. The asynchronous operalion pre-
cludes the need for Synchromzing with, and waiting for, £lock inpulses.
Thus, sach System is allowed 10 operate sl 3 maximum possible speed.

Input/output devices translerring directly {0 or from memory arm given
highest priority and may request bus mastership and steal bus and mem-
oy cythis during instruction operationa. The Processer resumes opera-
tion immed|ately after the memory transier. Multiple devices can aperate
simultaneously at maximum direct memary access (DMA) rates by
“stealing™ bu¥ Cycles,

Full 1%-bit words or B-bit bytes of information can be tranaferred on the
bus betwean & masier and a slave, The information can be Instructions,
addresass, or dats. This-type of operatian occurs when the processor, as
master, is fetching instructlons, operands, und data from memaory, and
stering the resulta inte memory atter expCution of instructlons. Direct
gata transfors occur betwaen a peripheral device control and memory.

22 CENTRAL FROCESSOR .

The centrsl processor, connected to the UNIBUS as a subaysisam, cob-
trols the time allocation of the UNIBUS for peripherals and performs
arithmetic and logic operations ang ingtruction decoding. it comtains
multiple high-speed genernl-purpose registers which can he used as scou-
mulslors, addresa pointers, index registary, and other specwalized junc-
tiona, The processor can perform dats transters direcily between HO
devices and memory withow! disturbing the processor registers: does

both single- and double-operand addressing and handies both 16kt

word sngd 8-bit byte deta.

2231 Ganersl Reglsiery
The central processor comaing 8 general registers which can be used
for & vanety of purposes.[The POP-11/55, 11745 contains 16 general
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regiatery.} The registers csn be used px sccumulators, index regreters.
autoincrement registers, autodecrement regigtears, or as steck pownjers
for temporary storage af dete, Chapter 3 on Adgressing describes Lhes®
vses of tha general registers in more delsil. Anthmehc opserations €an
be from ona general register io another, from one memary or device
reginter to ancther, ar betwean memory oF 8 device reg-ster and a gen-
erai reg aier. Aafer 1o Figure 2.2, ...."’
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Fgure 2-2 The Gerneral Registers

Rf is uged &% the machire's progrem counter (PC) and contains the
address of the next instruction to be exetuted. It is 3 genecal register
fnormally used only for addreszing purpolei ar] not BT AR accuMUlalos
for arithmetic operations.

-Thu RE register is normally wand as the Stack Pointer indicating the last

antry |n the appropriate stack (4 common temporary :tmlgn mrea with

“Last-dn First-Out' characisristics).

2.2.2  Instructicn Set

The instruction complemant sas the flexibllity of the genersl-purpose
regisiars o provide over 400 powerful hard-wired instructions—the must
comprehentive and ‘powarfyl instructipn repertoirs of any computer in
ihe 15-bit class, Unlike corventional j&-bit computers, which usuzlly
have throe classes of Instructions {memory reference instructions, oper-
ate or AC control instructions and | Q instructions) all pperations in the
FDP-11 are accomglished with one set of instructions. Since peripherat
device rugitters can be manipulated s fexibly ax core memory by the
centra} processor, inztructions that are vsed 10 manipulate data in core
memary iy be used equally well for gata In penpheral deviea registers

. For axample, deta in an external devica register can be tested or modifed

directly by the CPU, without Sringing it inie memaory or disturbing the
ganaral regiaters. Onn can add data direclly to » peripharal device reg-
ister, or compare lagically or arithmetically. Thus all POP-11 lnstructions
can be used to creete a pew dimension in the treatment of computer
HO snd the need for m zpacisl class of /O instructions is sliminated.

The basié order code of the PDP-11 usas both single and doubls operand
address instructions for words or bytes. Tha PDP-11 thur-l‘un p!rfun-ns

'&T
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very #fiiciently in ona lep, swch operalions as agding or subtracting twe
operands, or moving an operand from one location to ancther,

FOP-11 Approach

‘ADD AB ;add contents of location & to loca-
tion 8, store results st locatlon B -
Conventianal Approach
LOA A Jdoad contents of memory location A
' into AC
ADD B vidd contents of memary location B to
AC .
5TA B jstore resull at location B
Addressing

Much of the power of tha POP-11 is derneed from its wide range of ag-
dressing capabihties, POP-11 addressing modes include séquential
addressng forwards or hackwards, addressing indexing, indirect address-
ing, 16-bit word addressing, B-bit byle addressing, and stack sddressing.
Variable length insiructign formating allows a manimum number of bits
to be used far each sddressing mede. This re;ults in afficient use of
prugram slorage apace. .

22.3 Processor Status Word
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Figura 2.2 Processor Status Werd
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The Processor Statua word {P3), at location 777776, contalns Infor-
mation ot the current statul of the POP-11. This infarmation includes
the current processor priortty: current and previous cperational modes;
the coodition codes Jdescnbing the results of the last instruction; and
an indicator for detecting iba sxecution of an instruction to be trapped
during program debugging.

Frocessor Priority

The Central Processor operat®s st any one af sight levels of priority, 0-7.
When the CPIJ is pperating ot ievel 7 an exiernal device cannot interrupt
it with & request lor service, The Central Processor must be operating

at & lgwer pronty iban the #xiernal device's request in crder for the’

interruption to teks eect, The current prigrity (3 mauntained in the
24
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processor statues word (bits 7). The 8 processor Ievels provide an
mffective - interrupt mask.

Condition Codes
The gondition cocda= contain information on the result of the |ast CFU
operation,

Tha hity are set as follows:

Z = 1, Il the result was zero

N = 1, if the result was negative

C = 1, H the aperation resulted g carry 1rom the MEB
¥ = 1, il the gperation rasutied In an arthmatic overflow

Trap

The trap kit (T) can be set &r cleared pnder program control. When set,
& proceesar trap will ocear thiough iocation 14 on completion of instruc-

tion evecution knd a new Processor Siatus Word will be loaded. This bit

is mgpecially useful for debwgging programs at o provides an efficient

method of instaliing breakgpoints,

224 Stacks ]

In the POP-11, & atack (s a temporsry data storeg® srea which allows a
program to make sfficient use of frequently atcesaed data. A program
can add or delete words or bytes within the stack. The stack uses the
“lastin, Arst-out™ concept that is, various ifems may be added to a
stach in aequential arder and retrieved or deleted from the stach in
reversa prder, On the POP-11, & stach starts st the highest iocaticn me-
sarved for'it and edpands lingarly dewnward to the lowest address as
items are added, The stack is vsed sutomabcally by program interrupts,
subrouling calls, and trap instructions, When tha processor is inter
rupled, ithe eentral processor status word and the program counter are
saved (pushed} onta the stach arma, while the processor services the
intarrupting device. A rew status word 18 then auvtomatically acgulred
from an ares ln core memory which {5 reserved for interrupt instroce
tions (vector area). A return from the interropt inatruction restores the
griginal pro¢essor statas and returns {0 the interrupled program without
saftware Intervention,

"
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2.3 MEMORY

Memory Drganlration i

A memory can be viewed a3 B saries of locations, with a number (ad-
drass) assigned to sach location. Thus an B,192-word POP.11 memary
cguld be shown as in Figura 24,
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Figure 2-4 Memory Addresses

Because PDF-11 memories 8¢ designed to accommodate both 16-bit -

words and 3-bit byles, ths total number of addressas does nol corre-
spond to the numbear of words, An BK-ward memary can contain 16K
bytes and consist of D37777 octal locations. Waords always start at even-
rnumbared locations, "

v

A POP-11 word is divided nto & high byte and & low byta as shown in
Figura 25,
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Figurm 25 High &. Low Byte

Low bytes are slored at sven-numbered memory loeations and high
bytes @t odd-numbered memory locations. Thus it is convement to view
the POP-11 mamory a5 showh i Figurs 2-6.

26 ‘

T

Fp o Inf WA LR ]
r ATrL Wiy *
i) il T L] { VoW st
0000 X HGH yOwr L Al 00 |
it
L] L] 2] 1w AT
" Ll L]
{ e L
| e et e

a3 HIGH 1, wrrrl { HIgH T
orrm HrRH 1] axtina . Lo [ Eed Y
TR Lot Lo L L. e

WD D lhaml b FYO it DEOL kT ATEN

- Figura 26 Word and Byle Addresses

Cartain memory locations have been reserved by the tystem for inter.
rupt and trap handiing, procestor stacks, general régisters, and periph-
aral device registers. Addreases from O ta 370, are slways reserved and
those 1o 777, are reserved on |arge system configurations for iraps and
interrupt handling.

A 15-bit word used for byte addressing can address & masimum of 372K
waords, However, the top 4,095 word lacalions are reserved lor peripheral
snd register addresses and the user therelore has 28K of core to pro-
gram. With the POP-11/55 and 1145, the user can sxpand above
24K with the Memgpry Manage=ment. This device provides mn 18-hit

eMeciive memory address which: permits addressing up (o 124% words
of nctual memory.

H the Memory Managemant option «& nof wsed, an oftal sddress be
twaen 150 000 and 177 777 it inferprated as Je0 000D 10 777 777, That
is, f bit 15, 14 and 13 are L', then btits 17 and 1& (the extunded ad-
dress bits} are considered to ba 1's, which relocates the last 4K words
(BK bytes} to becoma the highast locations acceszed by the UNIBUS,

24 AUTOMATIC PRIDRITY {HTERRUFTS
The multi-level autamatic priority interrupt system permits the processor
to respond automaticaily te condibions oulside the system. Any number
of geparate devices can ba atlached 1 each level,
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Figure 27 UNIBUS Pricrity

Earh penpheral device in 1ha PD¥-11 system has & pointer 1o A3 own
pair of memary words (ona poinls {0 the devices's semace rouline, and
the ather containg the pew processor status information). This unmque
idenuification ehrmnates the resd for poling of devices to idantlfy an
interropt. since the interrupt Service hardware seiects and beging ex-
ecuting the zppropriats service routing atter having automatically saved
the status of the [nterrupted program segment,

The devices' interrupt prigrity and service routine priority are indepen-
dent. This allows adjustment of systern behayiar in response 1o real-tims
conditigns, by dynamically changing the priorty level of the service
routlne,

The interrupt system aliows 1he processor to continually compare is
awn programmable priofity with the priority of any interrupling devices
and to acknowledge tha davice with the highest level above the proces-
aor's prionty isvel, The servicing o ana interrupt for & device can be in-
terrepted in order 1o sarvice @0 interrupt of a higher prigrity. Sarvice 10
the lgwer pruonty device is resumed auvlomahcally wpon complation ol
the higher jewel servicing. Such 3 process. called nested Inlerrupt ser-
vicing, can be carried put to Any ieve! without requiring the softwara to
save and restore processar status at each level,

When a device [olthar than the central processar) is capable of becom.-
ing bus master and requasts use of the bus, it is genaraly for one of
WD purposes:

1. To maks 3 non-processor transfer of data directly to or from
ptigly)

B

2. To interrupt a program execution and force the processor to
go to a specific address whara an interrupt service rouling
it located,

=

Girect Memory Access

All POP.11's provide for direct access o memory. Any number of DMA
devices may be attached ta the UNIBUS. Maximumn pocrity is given to
DMA devices. thus allowing memory dats slorsge of retrieval al memoary
tycld speeds. Response ime® is muninmized by Lthe arganization and iogk
ol the UNIBLUS, which samples requests and prionhes in parallel with
data transiers.,

Direct memory or direct data transfers can be atcomplished betwesn
any two penpgherals withoo! processor supervisian. Thess non-processol
ragquesl iransfers, called WPR [eval dala transters, are uspaily made Tor
Direct Memory Access (memory taffrorm mass starage) or direct deviee
transfers {disk refreshing a CRT display).

Bus Requesis .

‘Bus requests from exiernal devices can be made on one of five request
lines. Highest priority is assigned to non-precessor request (NPR). Thase
are dirett mernory access typa {ransters, and sre honored by ths pro-
cetsor Detween bus cycles of an instfuction £xecution.

Tha processor's priority can be set under pregram control to one of eight
levaly using tuts 7, 6, and 3 in the processor status register, These hifs
set a prionty fevel that inhibits granting of bus reguests on lower {evels
of o the same level. When the procaswos’s priorily is set to a lavel, for
ssAmpla P36, all bus requests on HRG and helow are ignored.

Whan more than one davice it connectad 19 the sama bus request (BRY
iine, a devica nearer the central processor has a higher priority than 8

device farther away, Any number of devices can be connected o a given
8R or MPR line.

Thus ihe priority systerm i$ two-domensional and provides sach device
wath & unigue priority, Each device may be dynamically, selectively
ensbled or disabled vnder program control.

Once B device other than the processor has control of the bus, it may
do one of two types ol operations: dais transters or interrupt operations.

MPFR Dsts Transiers

MPR dsla translzis can be made belween any two perniphetal dewices
withoul the supervision of the progessor, Normally, NFR transfers arc
batween 8 mass sterage device, such ss B sk, and core memory, The
structure of the buos also perts device-todevice bransfers, allowing
cuslomerdesipned penpheral controllare to aceess other devices, such
oy disks, directly,

An NPR dewice has very fast access to the bus and can transfer at hugh
dats rates once it has control. The processor state 15 not afected by
the transfer; therefore the processor can relinguish control while an in-
struction 15 in progress. This can ofcul at the #nd of any bus cycles
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except in belwean m read-modify-write sequance, An NPR device in con-
trol of the bus may transter 16-bit words fram memary at memory speed.

ER Tranafers:

Devices that gain bus control with ons of ihe Bus Request lines (B8R 7-
BRA} can take fuli advantage of the Central Processor by requesting an
interrupt, In this way, the entire instrucuon set is available lor manipy-
lating daim and status registers. .

When B service routine is to be run, the corent task being perlormad
by the centeal processar is Interrupted, and the device service routine
i initiated. Once the request has been satisfied, the Frocessor returns
ta its former tash.

Interrupt Frocedure .

inlerrupt handling is atomatic in the PDP-11. No device polling is -
guired to petermine which service routine to sxzscuts, The opetations
required 1o aervice an inlerrupt are ms follows:

1. Processor relinquishes contyod of the bus. priorties permitling.

2. When & master gains control, it sends tha processor an interrupl
command and an vnigue memory address which containg the ad-
dresa of the device's service routing, called the interropt vactor
‘addresy, Immediately foliowing this pointer address 15 a word (lo-
catad At vector address +2) whIch I8 ko ba used 85" & Rew Procesior
Eistus Ward. ’ .

3, The processor stores the current Processor Status {P5) and tha cur-’

rent Progam Counter {PC} into CPU temnparary registars, N

4, The new PC and PS5 {intermupt wector} are taken from 'lhe. ipetil‘jed-

sddress. The old PS and PO are then pushed onio the currént s1ack
The service routing is then i_nit'utnL - .

45, The device service routing Can cause iha processor to resums the’

interrupted process by executing the Return from Interrupt Inatrug-
tion, described in Chaptar 4,-which peps the two top words from
the current processor stack and us#s them to load the PC and PS
registers, o .

. =T

A device routine can be interrupted by a higher priority bus request any
tvne atter the pew PC apd PS have been loaded. If such mn interrupt
occure, the PC and PS of the nervice routine are automaticalty stored
in the Lemporary tegisters and then pushed onto the new currenl stack,
and the new device routing i3 initisted.

Interrupt Servicing .

Every hardwsre device capable of intartupting the precessor has a unique
spt of locatians {2 words) reserved far its interrupt vector. Tha first word

containa ihe location of the device's service routine, and the second, the .

Processor Status Word that [s to be used by the sarvica routine. Through

210

pr'gpgr use od thg' PS5, the programmer can switch the aparationsl mode
of tha procas!mr, and mod|fy the Pm\l'.'ensur': Pricrity level to mash out
lower (ave] Interrupts, v

Resntrant Code |

Both tha interrupt handling hardwhre and the sybroutine call hardwere
inciistate writing reentrant ¢ode for the PDP-11. This type of code allows
u singie copy cf a given subreuting or program to be shared by mors
than ons process or tazk This reducas the amount of core needed for

multi-tathk applications such 4% the concurrent servicing of many perigh-
erel devicas. ' b - . -

c

Pawer Fall and Restart .

Whenever AC power dropa Below 95 volts for 110v power (190 vdts for
220v) or outside a fimit of 47 1o 63 Hz, 85 measured by DO powsr, the
.power sl sequence Is |nitiated. Tha Central Processor putomaticaily
trapa to location 24 and the power {all progrem has 2 meac, {0 save all
volatile information (date In regstary), and to condition perpherals for
powar Tall, . !

_'lu.'men powsr is restored the protestor traps Lo location 24 and executes
ihe power up routine to restore the machine to is state pnor 10 power -
fallure. .
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CHAPTER 8

PDP-11/34 MEMORY MANAGEMENT

E.1 GENERAL

811 Memary Managemant

This chapter describes tha Memory Managsmant unit of the 11/34
Central Processsf, The PRP-11/34 provides the hardware jaciiiies neces-
sary for complete memory management and protechion. It is designed 1o
be a memory management facihily Tor systems where the memory site is
greater than 26K words and for multi-user, mulli-programming sysiems
where proteclion and relocation facitities are necetsary.

8.1.2 Progremming

The Memary Management hardware has been optimized towards & mgiti.
programming envirgnment and the processgr can operate in two modes,
Kernel and L'ser. ‘When in Kernel mode, the program has complete
contral and €30 execute all inttructions, Menitors and supervisory Pro-
grams would be expcuted in this mode.

When in User Mode, the program is prevented from executing certsin
instructmns that could:

a) coause the modification of the Kernel program,
b hall the camputer.

c} usa memOry space assigned o the Kemel of Other users,

In a muiti-pregramming s=nvironment several user programs would be
resigent (0 memory at any given time. The tesk ol the supernsony pro-
gram would he; control the esécuiion of the vafious user progiams,
manage the alloeation ol memary and peripheral dewice resources, and
safeguard the mlegrity of the System as a whole by careful coniral of
each user program.
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In & multi-programrming $ystem, the Managemepl Unit provides the
Fneans Tor Asnigning pages (relocatable msmory asgments} to 8 user
proglam svd preventing that user from making any unauthorired sooess
1o those pages cutside his asgigned arka. Thus, § user can eHectively
be prevented from accideatal or willful destruction of any other user
pragram-gf the system executive program.

Hardwase ‘implemented features snable the operating sysiem to dy-
namizally allocate memory Upon demand while 8 program is being run,
These {eatures are parucularly uselul when runmng higher-level language
programs, where, for example, arrays are conslructed at execution time,
Mo fized space is reserved [or them by the compiler. Lacking dynamic
merngry alletatron capasbility, 1the program would have to calculate and
allow sufficiant memory space to accommodate the worst case. Mamary
Management eliminates Ly time-consuming and wastsfu! procedurs,

B8.1.3 Basle Addressing

The addresaes generated by ail PDP-11 Family Central Processar Unmits
(CPLIs) are 18-bit direct byle Rddreszes_ Althcugh the PDP-11 Famify ward
length is 16 bits, the UNIBUS and CPU addressing logic actually is 18
bits. Thus, while the POP-11 word can only coptain address references
up to 32K words (B4K bytes) the CPU and UNIBUS can referance sd-
dresses up to 126K words (256K bytas). Thess metre bwo bits of sddress-
ing logic provide the basic framework for expanding memaory refersnces.

In additian to Ahe word length constraint an basic memory sddressing
space, tha uppermost SK words of address apace iz slways regerved for
UHIBUS WO device registers. In a basic PDP-11 memary conhguration
(wiihout Management) all address relerences to the uppermost 4K words
of 16bit addreass space {150000-177777) ar converteg 0 Tull 1B-bit
references with bets 17 antd 16 always set to 1. Thus, a 16-bit reference
to the IO device register at mddress 173224 2 avtgmatically internatly
tonverted 1o a Jull 18-bit retarence o the register at addrass 773224,
Accordingly, the basic POP-11 conliguration can girectly address up to
28K words of true memary, snd 4K wards of UNIBUS I/ D device registers,

B.1.4 Active Page Registors

The Memory Management Linit ysas two sets of sight 32 it Active Page
Registers, An AFR 15 actually p pair of 16-bit registers: a2 Page Address
Remister (PAR) and 8 Page Oescrniptar Register (PDR). Thase registers
are alwayr usegd 3% 3 pair and centain all 1he information needed o
describe and relpcate the currantly active memory pages,

*

One s&t of AFRI'S 15 used in Karnal mode, and the other in User rmode.
The choece of whith s#t 0 be used is determined by the current CPU
mode contaned in the Proc#ssor Status word.
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. ‘ Figure B-1 Active Page Registers

B.1.5 Capabilities Provided by Memory Managemant
Memory Size {words): 124K, max (plus 4K for JfQ & registers)

Yirtual (16 bits)
Physicai (18 bits}

HKernel & User

Address Space:

Modes of Qperation:
Stack Pointers:

Memory Relocalion;
Mumber of Pages:

2 {one {or zach mode)

16 (B for each ninde)

Page Length: A2 to 4,596 words
Memory Protection; Nd ACCESS
reaad only
readwrits

8.2 RELOCATION

2.21 Yirtusl Addressing

Whan the Memory Management Unit i$ opersting, the normal 16-bit
dirett byte sddress is no langer interpreted as & direct Physical Address
{PAY but ax a Yirtual Addqeas (V&) containing infermation te ba usad in
constructing & new 185:-bit physical address. The information fontained
in the Yirtusl Address (VA) 15 combined with relocation and descoption
information conlaned n the Adttiye Pags Register (APR) to vield an
18-kt Physital Address {PA). -

Because addresses ara agtomatically relocated, the compuler may be
considered 1o be operating in virtual address space. This means that no
mattar where 8 program 13 loaded into physical mamary, 1t wall not have
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to be “re-finked™; it alwayy appears 1o be at the sama virtual locatipn in
memory,

_The wirtual sddress space is divided 'into eight dd-word pages. Fach page
5 relgcated separately. This |5 a usefyl feature in multi-programmed

timesharing systems. i pemmis & pew large program to be leaded into
discontinuous blocks of physicyl memary.

A pzgu may be as small as 32 words, so that shorl procedures or dats
arear nesd occupy only 8% much memnory as required. This s s ysaful
feature in real-time control systems that contmin many teparate smasli
tasks. It is alza a useful faature for stack and buffer cantrol,

A basic function is to parform memory relocation snd provide ertended
memary Addeessing capability for systems with more than ZBK of phys-
'srTval memaory. Two sets of page address registers are et 10 relgeats
virtual sddresaes 16 physicel addresses in mamory: These sets ard uyad
as hardmlrt relocaticn regiaters that permit several user's PrOgramE,
Each starting at virtual sddress O, to resige simullanecusly in physical
memory,

8.2.2 PFrogram Relocation

The page sddress FERislecs arm uled 10 determine the starting address
of each relocated program in physical memary. Figure B-2 shows & sirm-
plified exampin of the relccation concept.

ngl_rarn A atariing address O s relocated by & cnn:;umt to provide
Physical address 5400,

- EDH & Tl
rm"":f; ICOmY 18 T
[ A1 Y
tval-o | TR i k]
PHTS O mEMONT
FROCALY )
KX
Pirial ) ADDRESS PROIGEAM &
PReadn
e
DO000

Flgure 82 Simplitied Memecry Relocation Concept

84

if the next procestor virlual address is 2, the ralocation constant will then
cause physical address 5402, which 15 the second iterm of Program A, ta
be accessed. When Program B is rynming, the relocation coastant is
changed to 100000,. Then, Program B virtusl sddresses starting at 0, arg
relocsted to aceess phyvwical addresges starting at J00000,. Using the ac-
tive page sddress registers to provede elocation Ekminates the need ta “re-
link™ s program each Lime it is loaded into & different physical memorny
Iocatlon. The program dlways sppears to tiart st the same agdress. .

A program Js relocated in pages conslsting of from 1 to 128 blocks.
Each bloek iz 32 words in length. Thus, the mazimum length of & page
is 4056 (128 x 32) words. Using at) of the might available active page
registers in & et & FuUIMUM program length of 32,768 words can be
accommodeted. Each of the sight pages can De relocated anywhere in
the physial mempry, a3 long as esch relocated page begins on &
Goundary that is = muitiple of 32 words, However, 107 pages 1hat are
smalies then 4K words, only tha memary actuslly sliocated to the pagu
may ba sccusied,

The relocaticn axamphe Ehown.in Figurs 8-3 illustrates several points
about mamary relocation. - -

a) Although the program appears to be in contiguous address space to
the processor, the 32K-word physicsl address space is actusily scat-
terad through several separaté srent of physical memory. As tong
as tha toial available physical memory space is adequate, & program
can be lcaded, Tha physical memory space need not ba contiguous, -

b) Pages may be miocated to higher or lower- physical addresses, with
respect 10 their virtual address ranges, 'n the sxample Figure B-3,
page.1 |5 relgcated 10 & higher range of physical addresses, paga 4
is relocated 1o o lowsr range, and pege 3 is not relocated at all
(oven though its relocation constant g non-2arg).

c) All of the pages shown In the ezampie stait on 32-word boundaries.

d) Each page is relocated indepengdently, Thers is no reason why two or
more pages could not be relgcated-to the same physical memory
space. Using more than ane page address register in the et to
access the same space would be one way of providmg diferent
mamary access rights to the same data, depending upon which part.
of & program was refsre~cing that date,

- ’ {
Mamary Units ’ ’ )
Block: 32 wornds
Fage: 1 to 128 Glocks {32 to 4,096 words}
MHo. of pages: B per mode o
Size of relocatable 27,768 words max {8 x 4,096) -

memary;
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Figure 8-3 Relocation of a 32K Word Program inta
124K Word Physicel Memory

4.3 PROTECTION

A timesharing system performs mulliprogramming: it allows Several
DroErAME to reside in Mamory simultanscusly, and te operate sequen-
tislly, Actess to thes# programs, and Lhe memory spece Lhey occupy,
must be strictly deflined pnd conirpiled, Several types of memary pro-
tection must be afforded s timesharing tystem. For exampie;

a) User pmgr.ims must not be aliowsd M expand beyond allocated
sonce, runless authorized by the sysiem.

B} Users rmust be preventad fram modifying common subroutines and
algarithms that ara regident far all users, ;

L]

€) Users must He prevented from galning control of or modilying the
aparating system software.

The Memury'Managzmant aption provides the hardware faciblies to -
" plement ail of the above types of memory pmtemon

B.3.1 Inaccessibla Memory

Each page has a 2.bnt access contral key associated with i, The key s
#ssigned under program control. When Lhe key is set 10 0, the page is
defined 31 non-reswent. Any attempt by 8 user program to access g
non-résident page s prevented by an ymmediate abort. Lsing this fea.
ture to provide MEMory gprotection, only those pages Bsotiated wilh the
cureent program are a8t to legal access heys. The access control keys
of all clher program pages are set to 0, which pravents dlegal MErmaory
references, .

8.3.2 Read-Only Memary

The stcess control hey tor a.page can be set 1o 2, which gllows read
{ferch) memory relerences to the page, but icnmedialely aborts any al-
tempt ta write inlo 1hat page. Thes read.anly type of memory protection

8-

can ba atiorded o pages that contain common data, subroutines, or
chared algenthbms. This type of memory protection allows the access
rghts to o gven information moduie to be user-depandent, That s, the
access right to a given ainlormation module mey be varied tor didferent
users by allering the access contral key,

A page addrasc regisier in each of the sets (Hernel and User modes)
may ba et up to reference the fame "phys:ical page in memsary- and
gach may be keyed for diMerent access righis. For examgle, the LUser
accesy control key might bBe 2 (fead-only access), and the Kernsl acceass
cantrol key might be & (allowing complets resd!write access).

8.3.3 Multiple Addresi Spacn ' :

Thera are (wo compiete 1eparste FAR/POR sets provided: one set lor
Kernet mode and one s#t for User mede. This alfords the timesharing
system with sngther type of memory protection capatility. The mode of
operabgn is apecified by the Processar Status Word current mode field,
or pravigus mode field, ot determined by the current instrection,

Assuming tha currenl mode PS5 bits' arm wahd, the active page regisier
sets are enabied as follows:

PSii=15. 14) PARIPOR 5S&i Enahled

oG Kerel mode
?é ’ ' lllegal [aHl references abortdd on stcess)
11 ’ User moda

Thus, & User mode program is relgcated by its own FAR/PDR sel, a5 are
Fernel programs. This makes it impossiolé Tor a program renning in
one mode 1o accwlentally reference space allocated to angther mode
when Lhe active page registars are et caorrecily. For #xample, s gser Can-
not transier ta Kernel space The Kernel mode address space may be re-
seryed for resident syslerm montar fgnclions, such as the basic Inputf
Cutput Control routings, memory management trap handers, and time-
shasring scheduling modules. By diviching Lhe types of tnmeshaning system
programs functionally between thie Kernel and User modes, & mimum
‘amount ol. space coniral housckesping is required as the timeshared
operating system sequences from one useér program (o the nest, For
ezample, only the User PAR/PDR set needs to he updated wi each new
user program is serviced, The two PAR/FDR sels implemented in the
Memory Management Unit are Shown in Figure B-1.

8.4 ACTIYE PAGE REGISTERS

The Memory Management Unit provedes twa sels of might Attive Fape
Registers {APR). Each APR consists of a Page Address Register (PAR}
ang m Page Descriptor Regqister {PORY. These registers are always Used
as p pair and contain all ihe anlprmation requirsd 1o [ocale and descnb!
the current active pages lor €ath mode of operation, One PARIPDHE set
i5 uged in Kerrel mode and the other is used in User mode. The cur-
reat mode tits (ar in some cases (he pravious mode bisy of the Froces.
sor Slalux Word determing which set will be referenced for each
M#MOry ACCELL. A program operating in one mode cannol use the PARS
FOR 3#ty of the olther mode 1o access memory. Thus, the two setc are

az
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B hey featurs s providing a fuliy protected environment for a time
saared muiti- programmng Yy sism.

& spezific processor HO address is assigned to each PAR and PDR of
pach s&t, Table 7-1.is a ¢ompiete list of address assignment,

NOTE
UNIBUS devices cannot access PARS or FORS

In & fully protected mUNi-programming envirpnmant, the imphication s
that only & program cperating in the Kernel modes would be zilowsd te
write into tha PAR and POR locations for the purpose of mapping user's
programs. However, there arg no restrainls imposed by the |ogic that
will prevent Laer mode programs from whiding inta these registers The
option ol implementing such a feature in the gperating system, and thus
eaplicitly protecting these |pcations from user's programs, is availabl
to the system soitware designer.

Tabim 81 PAR/PDR Address Asslgnmenis

Kern#l Active Page Regislars Liser Active Page Registers
Mo PAR PR No. PaR PDR
) TF2340 - ¥72300 a Frie40 177600
1 172342 Freig2 1 TTFEA2 77red2
2 772344 FT2304 2 TTT634 FIT604
E] 772346 772306 a Fripat 77606
4 FraIs0 FI2310 4 777650 777610
S Fraasa - 772312 5 TIIESZ ¥ITE1Z
6 772354 Fr2314 & FIIEE4 FF7G1A
7 772356 7Ta316 7 FI7ESG FTrTElE

_8.4.1 Page Address Registars (PAR)
The Page Addresx Register (PAF), shown in Figure 8-4, contand the
T 12-bit Page Address Field (PAF) that specifies the base addresy of the
PAER. . .

Figurs B84 ~Page Address Register

Bits 15-12 ard unused and recarvied for possible julure use.

The Page Address Fegrster may be alternetively thought o! as a relo.
cation constant, or as a base register containing 4 base addresg. Either
interpretatian indicates the basic function of the Pags Address Regisier
{FAR) in the relocation scheme,

" 8.4.2 Page Descriptor Registers (POR)
Tre Page Destnplor Register (POR), shown i Figues B-5, contains ine
igrmation relstive 10 page wipanmion, page lenglh, and access ¢antrol

2.3

[T - T B 1 4 71 1 ] T 1 L]
Lo bl el e < 5

Figure 83 Page Descnptor Register

1]
-
./{:i

Accass Control Field {ACF)

Thin 2-bit field, bits 2 and 1, of the PDR describes the access rights to
this particular page. Tha pccess codes or “keys' specify the manner
in which 8 page may ba aceessed and whether or nol & given access

should resull in an abort of the current operstlon. A memory refsrence -

that couses an abort In not completed and i3 tarminated immediately,

“Aborty are caused by Attempts o access noneresident pages. page
lenglh errors, of access violations, such as aftermnphing to woke into a

repd-onty page. Traps are uséd a3 an sid in gethering memory manage-
ment wnfprmation,

In the context of scedns control, the term “write” is used 1o indicate
the action of any instruclion which rmodifees the contents of any ad-
dressable word. A “‘write” i svnonymous with what ie vsually ralled =
“store'’ or “modify’” In many compyter systems. Table 8.2 listy the ACF
keys and thair functions. Tha ACF is wnitten Inta the FDOR undar program
cantrod, P

Table 8-2 Access Control Fiekd Keys

AFC Ky Dascription Function
00 Q MNan-resigant Abor any atternpt to accesa this
non-resident page
Gl z Resident read-only Abort any attempt to writa into
) thiz page.
1D 4 {unured) Abot alt Accessas,
11 & Resident read! write  Read or Write allowed, No trap

or abort ocours, -

Expansion Direction {ED)

The ED bit located in POR bit position 3 indicates the authorized direc-
tion In which the page can expang. A logic O in this bit (ED = 0) indi-
cates the page can eapand upward from relative zero. A logic 1 in this
bit (EC = 1) indicates the page can expand downward toward relative
zerg. The ED bit is wntlan 1rio ihe PDR under program control. When
the sxpansion direction 1= upward (ED = 0, the page lengliis increased
by pdding blocks wilth higher relative addresses. Upward eapansion is
ususlly specitred for pragram of date peges io pdd more program or
. taple space, An exampie of page expansion upward is shown in Figure 8-6.

When the expansion direction i3 downward (ED = 1), the page length i
increased by adding Blocks with lower relative addresses. Downward
expRnkinn 1% specilied Jor stach papes so thal more stack Space can be
added. An exampis of page expansion downwedd i% shown in Figure 8-7,

89
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¥ritten Into (Wh

The W bt located in PDR tit posiion & indicates whelher 1he page has
been wntter intc since t was loaded into memory, W =1 1= afirma.
tive. The W bit is sutomatically cleared when the PAR or PDR of that
page ia written into. It can only he aef by 1he control logic,

In disk swapping and memory overlay apphcations, the W bil (bit &) can
be used to determine which pages in memory have been modifed by a
user. Those that have besn witten into must be saved in their current
farm. Those that have not been written into W = 0}, need not be saved
and can be overtayed with new pages, if neceasary,

Paga tength Field {PLF)
The 7-bit PLF located in POR (bits 14.8) specifies the authorized length
ol the page, in 32-word blocks, The PLF holds block numbers fram O to

177,; thus allowing any page length from 1 to 128,, blocks, The PLF
i% written in the PDR under program controd.

PLF for an Upward Expandable Paga

When the page exzpands upward, the PLF must be sst to one less than
the imended number of. hlotks authorized far that page. For example,
it 52, (42,,) blocks are authorized, the PLF is sat to 51, (41,,} (Figure
8-6). The hardware compares the virtual sddress block number, YA (bitg

12-6) with the PLF to delermine if the wirlual eddress is within the au-
thonzed page leagth,

Whan the virtual address biotk number is Iess than or equal to the PLF,
the virtual address 18 within the avthorized page iength. If the virtual ad.
dress a1 greater than tha PLF a page length fault {address too high)
is detecied by the hardware and an abort cccurs. In this case. the wir-
tual address space legal to the progrsm i non-contiguous because the

three most significant bits -of the virtus! address are usad ta select the
PARIPDR sei,

PLF for » Downward Expandable Paga
The capability of providing downward expansion for a page is intended
specitically tor thosa pages that are to be used as stachks, bn the POP-11,

a stack staris at the higrlu.-st location reserved 1or it and expands down-
ward toward the lowest address as items are sdded to the stack

When the page is 10 ba downward expandeble, the PLF must be set to
authorize a page length, in biocks, that starts at the highest address of
tha page. That is slways Block 177,. Realer to Figure B-7, which shows
an exafple of o downward expandsble page. A page iength.of 42 1
blecks is arbitrarily chosen $o that the axample can be compared with,
the upward expandalie ¢xample shown In Figure 8-6. -

. NOTE ;
The same PAF is used i bath examples. This is e
done to émphasize that the PAF, 2s the base 'y

address, atways determings the lowest address
ol the pags, whether it is upward ar downwarg
expandable,

£11
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Flgure 8-7 Example of a Downward Expandable Page
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The calculations tor complementng the aumber of bipcks required to
chtmn the PLF 1 &% fOllows;

MAXIMUM BLOCK NO. MINUS REQUIRED LENGTH EQUALS FLF
177, - 52, = 125,
127,, — az,, = 85,,

E.S5 ¥YIRTUAL & PHYSICAL ADDRESSES

The Memory Management Linit is Iocsted between the Centrsl Processor
ttmt angd the UMIBUS address Ings, When Memory Management is
mnabled, the Processor ceases 1o supply address informabien 1o the Uni-
bus. Instead, addeesses are sent io tha Memory Managament Unit where
they are relocatod by warous constartis computed within the Memory
Managemant Umt,

B.5.1 Conatructlan of a Physical Address

The basic information pesdad for the conatruction of a Physicel Address
(PAY comes [rom the Yictug! Addreds {¥AY, which 15 Jlusirated iy Figure
B-8, and the sppropridte AFPR set

C=T e

al [t picd PELD Diyhs sl i HELD

Figura &8 Interpratation of a ¥Yirtual Addresy

The Yirtual Address {VA) conzists o

1. The Achive Page Field (APF). Thas 3.bit #d delermines which of
eight Active Fage Regisiers (APRO-APRZ) will be used to torm the
Physical Address (PA).

2. The Cisplacement Field {OF). Thaa 13-bil Held containg an address
retative o tha beginning of 3 page. This permils page lengthes up to
4K words {(2'7 = BK bytes). The DF 3 lurther sybdivided into two
fields as shown in Figure B-9.

N

BT HER R Al bl B EY

Figura 8-9 Displacem#nt Field af Virtual Addreas

The Displacerment Field (DF) conkisia of:

1. Tha Block Number {BN). This 7-tut Leld is inferpreted as 1he bloch
number wilhin the cursent page.

2 The Displacement in Block {DIB), Thix 6-bit field conlalns the dis-
Placement within the block referred 1o by the Bioeh Mumber,

B-13




Tha remmnder ol the inlafmation needed to comstruct the Physical Ad-

dregs comes frpm the 12-hit Page Address Fiald (PAF) [part ol the Actlhru

Page Regster} and specifies the starting address pf the memary which

that APR describes. The PAF ia actually a block number in the physical

memory, &8 PAF = 3 indicates a starting addrﬂ; al 96, (3 x 32 = 96)
words o physical memory.

The formation of the Physicsl Address fs illustrated in Figure 8-10.

+

L | - 1. .1 L

L= 1 mexe v [ [
. "J“ ca s e ' Ceodas
» I [ | L.
L L TMn e m | " == -

BV xRl b IR

Figure B-10 Conttruction of a Physical Address
-

The logical sequence involved in constructing # Physical Address b ax
fallows.:

1. Swiect m set of hcti.;r! Page Regsters depeading on currgnl mode,

2. The Active Page Field of the Ytual Address is used o select an
Active Page Register (APRO-APR7).

3. The Pepe Address Fizld of the selected Attive Page Register con-
tains the starting address of the currently active page as & bloch
pumber in physical memory.

4. The Block Mumber from the Yirtual Address is added-1a the block
pumber frorm the Page Address Field o yiald the number of tha
bloch in physical memory which will €ontain the Physicsl Addrass
being conslructed,

E. The Displacamesnt in Block from the Displacement Field of the Yirtual
Addresy is joined to the Physical Bloch Numbcr 1o yield & trun 18-t
Prysical Adaress

8.5.2 Determining the Program Phjrsu:al Addroas

A 16-bil wirlual address ton mpecify up to 32K words, in the range fmr-n
0 to 177776, {word boundesses are even cclal numbers). The three
Mgl E.lgmflcant virtual address bits designete the PARIPDR 58t to be
referenced during page mddress relocabian, Taple B-3 lists the virtual
adaress ranges that spetily #ach of the PARSPDR sets,

814

Tabla 8-3 Relating Virtusl Address to PAR/PDR Set
. PARIPDR Bet

¥irtual Addeeis Range

Q0000017776 '
020000-37776

O40000-57776

QEOQ0O-FFTTG

100000-1177F76

Y20000-137776

140008- 1577 76

160000- 177776

A R e D

NDTE
Any use of page |lengths less than 4K waords
causas holes to be left in the virtual adgress
space.

8E STATUS REGISTERS

Aborty generated by the protection hardware are veclored through Kerpel
wirlual Jocation 250. Status Registers # 0 end # 2 are used 10 getermine
why the abort occurred. Mote that an abort to a location which (s itsell
mn invalid address will cayse another abort. Thus the Kernel program
must tnsure that Karnel Virtual Address 250 is mapped into 8 vahd a4-
drexs, otherwise & loop wil| occur which will require consols intervention.

8.6,1 Status Registar @ (SRO)

SRQ contains abor error Hags, Memary mansgsment mngble, plus other
essenbial 1nlormabion requirtd by an operabing SyStEm to recover flom
an abart of servike & memary manxgement trap. The SRO jormat 15
shown in Figure B-11. lts address is 777 572,

HERRE RN

. _t {7 ' S

g | N

i kgl gl T F N r

kA e bsa e .
Figure 8-11 Format of Ststus Register #0 (SR{y)

Bits 15-13 are the abort Nags. They may be considersd Lo be in a
prigrity Queue’ in that “lags 1o 1he nght’ are less signficant and
should be ignored, For sxample, a “non-resident”™ abort servic® routtne
would ign@re page lepgth and Access contral fags. A “page lenglh”
abort aervice routine would ignare an access control lault,
NOTE
Bit 15, 14, or 13, when sot {abort conditinns)
cauvse Lhe logic to freere the conlents of SRO
. bets 1 10 6 and slatus register SRS, This is done
to [agihtate recovery from the abart.
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Proteciion is =rabied when an address is being relgcated. This imahes
{hat either SRO, bit O i= equal to 1 [Memory Management snabled) or
that SRO, kit B, is equal to 1 and the memory fejerence is the final cna
of & destination caiculation (mantenance/ destingtion moda).

Haots that SRQ bits © and 8 cen b8 el vnder program control to pro-
vige meaningfel mempry management conlrol antermation, Howewer,
taformation wntten into all olher Bits 18 nol meaningful. Only that in-
formatian which is automatically writien into these remaining bits a3 a
result o hardware acliens is useful as & monitor of the stalus of the
mamory management gnit. Setting blts 15-13 under. program conltol
will mot €ause traps to pecur, Thess bity, however, must be reset to O
a'ter an abort or trep has occurred in ordeér to TESUME momtoring
memary management.

Abort-Nonresident -

Bit 15 1% the "Abort-Honresident”™ mit. It i3 1Y by attemBling 1o access
a page with an access conlrot fiebd (ACFY wey equal 10 O or 4 or by en-
atling relocation with an ifegal mode in the P5.

Aburt—Page Length .

Bit 14 is the “"Abort-Page Length™ bot, 1t 15 81 by attempting to access
& lecation in & page with 3 biocs number {virtua| address bits 128} that
is outside the area authorized by the Page Length Field [PFLY of the
POR for Lhat page.

Abort-Read Oniy - . _ o
Bt 13 15 the "Abort-Read Qnly™ ek, |t s set by attempting to wrile inoa
“Read Cnly" page having an access key of 2.

N NOTE
There are po restrictions that any abort bils
could not be set simulimneéously by the same
ALCHSS attempt.

Maintenance] Destination Mode .
B 8 specifies maintenance vse of tha Memory Management Unil, U is
uvsed for duagnostic purposes. Far ihe instructions used-in the initial
diagnostic program, bit B iz sel 50 that only the final destination re!’_ur-
ence 4 relocated. 1 s uselul i prove the capability of relocating
addresses,

Mode of Qperstion . -

Bite 5 ang & indicate the CPU mode (Lser or Keroel] associated wath
the page cavsing the aborl. {(Kernel = 00, User = 11}

Pagk Mumber n _

Bits 3-1 contain the pzge numbder gl relerence, Pages, [iké blocks, are
numbered from O upwards, The page nomber it s used by the error
recovery routing to identty the page being accesséd if an abart oCcurs,

Enabie Relocation and Prolection
Bit O is the “Epable™ pit, When of i3 tol tn 1, ail agaresses are relocated

Bis

and prutedeci .by the memery management unit. Wnen it O is set to O,

the memory management unit is disabied and addresses are neither re-
located nor proiectsd.

B.6.2 Status Register 2 {SR2) -

SR2 is loaded with the IE.0it Virtual Address (VA) at the begianing ol
each instruction feteh but is ool Updated H the instruclion jetch fails,
SR2 is read only, m wote stlempt will not modify it contents. SR? is
the Wrtual Address Program Counter, Upon an abort, the result of 580
bits 15, 14, ar 13 being set, wil freeze SR2 until the SRO abery Mags ain

-cleared, The addiess of SR2 is 777 576.

<l Wl afrani
\ L1} Rekh AOCEply Y

Figure 812 Format of Status Register 2 (SRZ))

8.7 INSTRUCTIONS

Memory Management provides the ahility to commumeste belween two
spaces, A% determined by the current ang previgus modes of the Pro-
cassal Status word (PS5, . .

Mnemonic Instruction Op Code
MFPI mova fram previous instruction space 006555
MTPI mave to prévious instruction space » O0E6DD
MFFD move rom prévious data space 106555

"MTPD move to prévious date space 106600

These instryctions ara direttly compatilile with the larger 11 computers.

. F

r

The POP-11/45 Memory Management unit, the KT11.C, Implements w
separate ipstruction and dala address space, In the POP-11734, there
i5 no differenliztion between instruction or data space. The 2 Instructions
MFPD and MTPD {Move ta and from previous data space) capdcyute iden
ticalty to MFPJ and MTP|.

(ol
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MFPD

MEP] -
move from previpus data space - 106555
move Ir0m preavious instruction space O0E555

5] [ ]
Iuﬂllll'lli'rnl...n.n
1 " i i 1 L 1
{:‘.Iperilian: (temnp) ~{src)
L{S5P} «{temp}

Conditlon Codes:  M; setif the source «<0; olherwise cleared

Descripton:

Example;

Z: set il the souree =0: atherwise cleared
¥, cleared
g umaffected

This instreclion pushes & word onte the current atack
imam an addesss in previgus space, Processor Status
(bets 13, 12). The source address s computed wsing
the Current regisiers and memorfy map.

RZ = 1000

MFPl @ (R2) 1000 = 37526

The execofign of this instruction causes the- contents ol (relative)
37525 of the previous address Space to be pushed onto the current
stach as determined by the FS {its 15, 14).

g-18

MTPD

MTPI
move tg previous data space . 106600
mave 1o previpus instruction space QDEEDD

Cperation:

Condition Codaxs:

Deseriplion:

Ezample:

{temp) —{5F}1
{dst) —{temp]j

M set if the sgurse < 0 otherwise cleared
Zo set it e sgureer =0, atherwise cleared
V: cleared

C: unatiected

This instruction pops & word afl the cyrrent $lack
determined by PS5 (bitsy 15, 14} and slores 1hat ward
inte an address in previous space PS5 {ais 13, [2).
The destination sddress i< computed using the cur-
rent registers and memory map. An crample is as
1ollows:

R2 = 1000

MTPL @ (R2)  1ogh — 37526

The execulion of this instruclion causes the top word of the current i

stach to get stored nto the {relative) 37528 al the previous sddiess

spaca,

B-19



MTPL AND MFPI MODE 0, REGISTER & ARE UNIQUE N THAT THESE
INSTRUCTIGNS ENABLE COMMUNICATIONG TO AND FROM THE PRE-
YIOUS USER STACK. ’

: MFPI, MODE 0, NOT REGISTER 6

MOV SHMEPUM, PEW * KMOOE, PREV LISER
MOV &1, =208  MOVE =1 on herpel siach —2
cLR %0
INGC & # 5RO : ENABLE MEM MAT
MFP{ .0 ; —[KEPy=RO CDHTENT?
The —1 in the kernel stack is nOw repfaced by the comlents of RO which

in 0. .
S MEPL MODE 0, REGISTER &
' ROY  Z UM PUM, PSW

CLR %6 ! SET R1G=D
MOV FKM+PUM, PSW : K MODE, PREV USER
MOV  z-—1, -2 (B}

NG @ # SRO : EMABLE MEM MGT
MEPL 56 ; —(KSP1+-R16 CONTENTS

The ==1 in tha hernel stacs is pow replaces by the conlanty of A6
{user stack peintar which is O},

To obiain info from the user stack if Lhe status is set to hernsl mode,
prev UsEr, 1wa steps are nedded,

MFP oLE Yo : get conients of R16=user pointer
Wit Ge(E) b ; get user pointer from kerned stack
i : yse address obtained to get data
from user Inode usimg the préey

1 mode

The desired dats ram the user Stack 15 now m 1Re kerngel slack ang has
replaced the yser $tack addiess.

B-20

i MTPI, MODE 0O » NOT REGISTER 6

MOV #KM4+PUM, PSW : KERNEL MODE, PREY USES
MOY  #TAGX, (§) ; PUT NEW PC ON STACK
LI:E @ #SRO s ENAOLE KT -

Pl %Y P %Y (B)+
HLT + ERRCOR

TAEX:CLR (@ #SAO ; ISABLE MEM mGT

The-ne'fnr PC is popped off the current stack and sinte this i= mode O and
not register 6 the destination iz register 7.

i MTPI, MODE 0, REGISTER &

MOV HUMPUM, PSW s user mode, Préy User
CLR =45 i 5t user SP=0 (RIA)
MOV #EMS-PUM, PSW r Kernal mode, prey user

MOV g—], —(6) . MOYE —1 into K stack (R6)
INC @ # 5SRO ) : Enable MEM MGT
MTP| o6 ; %16 -{6)+

The kﬂ in R1G is now repiaced with —1 from the tontents of the hernel
stack,

To place info on the user stach if the status is set to kernei mode, prev
user rnode, 3 agpacate steps arte nesded.

MFP1 25 . : Get content of RYG—yser pointer

MOV 2 DATA, — () : put data on current stack

MTPl  @{6)+ P @{B6}+ [linal address relocated] —
{RE}+ ’

The data desired is sbtained from the kernel stack then the destination
nddress is obiainad {rom the kernel stack and relocated through the pre-

. ¥ious mode_

Al
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" MINICOMPUTERS FOR ENGINEERS
AND SCIENTISTS.

Made Description

In K;rnel-:moda the gperating program has unrestricted use of 1he
maching. T_he program- can Map users' Pprograrms anywhare in core and
thus exphcilly protect key areas {(including the device registers and the
Processor Status word) from the User operating environment.

In User mode & program i inhibited from executing a HALT instruction
and the processor will trap through locabion 10 if an attempl 13 made
1o execute this inslruction. A RESET instruction results in execytion of
& NOF (no-operation) instruchion,

There ore two slacks called the Kernel Stack angd the User Stech, vsed

by 1h# central processor when operating in ether the K
ernel
mode, respectively. el or User

Stack Limit wiglahens are disabled in User mode. Stack protection is
provided by memory protect (eatures,

Inferrupl Candiliona

The Mernary Management 10l relocates ail addresses, Thus, when Man.
agnme_nt is enabled. all trap, abarl, and intarrupl vectors are considered
o be In Karnel mode Virtual Address Space, Whan 2 vectored transfer
necues. conbrol 1% transferred alcording to a new Program Counler {(PC}
and Processor Status Word (PS) contamed in a lwoword veclor relocated
through the Kernel Aclive Pape Register Sel

.'fﬂ'hln a trap, aborl, or interrupl otcurs the “push’’ of the oid PC. old PS
15 to the Userfiernel RE stack specihmd by TP mode its 15, 1d of the
new PS5 om the vector (00 = Kernel, 11 = User), The CPU miode bits
al3o determine the new APR el In this manner it is possible for a
Kernel_mode proegram to hawve complete control over service ASSENMments
lar all imerrupr condilions, Since the inlerrup vector is Jocated in Kernel
apace. The Herna! prograrmn may assign the servce 9f some gl these con-
thtions 1 2 User made program by simply s&iting the CPU mode bits
of the new FS in the vecter 1o return <ontrol to the appropriste mode.

User Frocessor Status (P31 aperates as follows,

) Llser Traps, Expticit
Ps Bits User RTI, RTT lnterrupts P5 Alcess
Cord. Codes {3-0)  loaded Irom loaded from .
- stach veclor
Trap {4) ipaded from loaded from cannol be
_ stack weclor ch
Priarity (7-5) cannot be Ioaded [rom azm
* _changed vector
Pravious {13-12} cannol be copied from .
changed F5 {15, 14}
Current (15-14) cannel e Ivaded from .
changed veclor

* Esplicit operatr

‘an be made if the Procesagr Status s mapped in
Usar space.

- e
B.02 C:

— = T e

Edan g N e s iera o 8 —

o e Rt

]

Location Label [nstruction or Word [hata Comuments
{main program)

17112 current instruction { Inlerrupl occurs here

000G 1714 } Incremented program
;  counter (1714) will be
; stored here by hard-
j ware

001 JUMP TO SRVICE { Trap localion, conlains
;| Jump e relocatable

1500 SAVICE STORE ACCUMULATOR IN SAVAC [  service rouling

INTERRUPT SYSTEMS

5.9 Simple Intecrupt-system Operations. [0 an interrupl sysiem, a
device-flag level {(INTERRUPT REQUEST) ntcrrupty the computer
propram on completien of the current instrection. Processor hardware then
causes 2 subroutine jump {S¢¢. 4-12):

1. Contents of the incremented program counter and of other selected
pracessor registers (il any) are automaticaily saved in specific metmory
Jocations of in spare Fegisters.

2. The program coenlcr is reset Lo slarl a new instruction sequence
(interrupt-service subroutine) [rom 2 specific memory location (“irap
location'™) associated with the interrupt. The interrupt thus acted
upon is disabled so that it cannol interrupt its own sCrvice rouline,

Minicomputer interrupt-service routines must usually firsl sove the con-
tents of processor registers (such as accumulaiors) which are needed by the
main program, bul which are nor saved automatically by the hardwore. We
might also have to save (and later restore) some peripheral-device contral
registers. Only then can the actual interrupt scrvice proceed: the service
routine can Lransler data after an ADC-conversion-completed inlcrrupt,
implement emergency-shutdown procedures alter a power-supply [ailure,
ete. Eilher the service routine or the interrupt-system hardware musi then
clear the interrupt-causing flag to prepare it for new mtereupls. The service
routine ends by restoring regisiors and program counter joreturn io the original

program, like any subroutine {Sec. 4-12). As the service rouline completes -

its job. it musl also reenable the inrerrupi,

EXAMPLE: Consider a simple minicomputer which siores only the
program counter auiemalically after an interrupt. The intcrrupt-service
routine is'to read an ADC aller its conversion-complele inlerrupl.

ot
o
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SAVICE STORE ACCUMULATORIN  SAVAC [ Save accumulator
AEAD ADC ! Read ADC inlo
f acvcumulator and
{  <clear ADC flag

STORE ACCUMULATORIN X ] Store ADC reading
LOAD ACCURULATOR savat | Restore accumulator
INTERRUPT ON f Tum interrupt back on
JUMP INDIRECT VIA D000 § Return jump

fimain pragram} ! Interrupted program

} continues

NOTE: Interrupts do not work when the computer is HALTed, 50 we
cannol lest inlerruprs when stepping a program marialiv.

510, Afultiple Interrupts.  Interrupl-system operalion would be simple if
there were on'y one possible source of interrupts, but this is practically
never true. Bven a stand-alone digital computer usually has several
intarrupts corresponding Lo periphersl matfunctions (tape unit oul of wpe,
printer ott of paper), and fight simulatars, space-vehicle controtlers, and
proctss-control sysisms may have bundreds of different interrupts.

A pragtical multiple-interrupt system will have to:

1. “Trap™ the program to different memory locations corresponding to

specific individual interrupts o

Assign priotities 1o simulianegus Or SuCCEssive INleTupts

3. Store lower-priorily interrupl requests 1o be serviced after higher-
priarity routines are completed .

4. Permit higher-priority interrupts to interropt lower-privrity service
routines as soon as the return address and any avtomatically saved
registers are safely stored

I~

»

Mote that programs and/or hardware must carefully save successive
levels of program—connter and register contents, which will have to be
recavered as needed. Interrupl-system programming” will be [urther
discussed in Sec. 5-16.

More saphisticated sysiems will be able to-reaswign mew priorities througi
pragratmisd instructfons as the needs af 4 process or program change {sec
alen Sees, 5-12, 5-14, and 3-16).

511, Skip-chain Identification of Interrupts.  The most primitive mzitiple-
imerrupt systems simply OR wll imerrupt flags onto o single inferrap: line.
The inferrpt-service routine then emplovs sensefskip insiructions {Sec. 3-8}
t test succesive device fags in arder of descending priveily.

R — Y

—
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Suppase that the simple interrupt system discussed in Sec. 59 was
connected not only te the ADC requesting service but also to “emergency”
interrupls from a fire alarm and from the computer power supply (Sec. 2-15).
A skip-cham secrvice routine with appropriate branches lor fice alurm,

emergency shutdown, and AR might look [ike this (only the ADC service
routine is actually shown):

SRVICE SKIP |F FIRE-ALARM FLASG LOW J Fire alurm?

JUMP TO FIRE f Yes, po o service
{ rouing

SXIP IF POWER FLAG LOW § No; power-supply
/! trouble?

JUMP TO LOWPWR J Yes, ro 1o service
£ routing

S¥IP IF ADC DONE FLAG LOW } No: ADC service
§ rEquest?

JUMP TO ADG f Tes, service it

JUMP TO ERROR / Wo;spurious

{ lerrupt- -print
f error messuee

ADC STORE ACCUMULATOR IN SAVALC ! ADC service rouling
READ ADC )
STORE ACCUMULATOR IN %
LOAD ACCUMULATOR SAVAL / Restore accumulator
INTERRUPT ON # Turn interrupts backls
' ! oen =
JUMP INDIRECT VIA 0000 { Return jump

The skip-chain system requires only simple electronics and disposes of
the priority problem, but the flag-sensing program is time-consuming,
{m devices may require log; r successive decistons cven i the lag sensing
is done by successive binary decisions). A somewhat Taster method is (o
employ a flag stares word (Sec. 5-B), which can be tested hil by bit or used
for indirect addressing of different service routines (Sec. 4.11a),

Mole also that our primiuve ORed-interrupt system must antomatically
disable aff interrupls as scon and as long as any inferrupt is rc::ognii'_q:u.'
We cannot interrupt even low-priorily iiterrupisservice routines,

£12. Program-controlled Interrup! Masking, It is often useful 10 cnahle
{arm) or disable (disarm) individual interrupts under program comrol to
meet special conditions.  Improved multiple-inierrupt systems gate indis
viduut interrupt-request lincs with mask Hip-tops which can be set and reser
by programmed instruciions,  The urdered set of mask fip-Rops is osodly
tredated as a control register (interrupt mask remister) which i loaded with
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appropriate Os and is from an securmnulator through a progrimmed 10
instruciion, Grouops of interrupls guite often have a commaon mask flip-
NMop (sec also Sec. 5-14)

A very important application of programmed masking instructions is to
pive scleeted porfions of main praprams (as well as nterrupt-service routines)
greater or Jesser protection from interrupts.

Nole thal we will have Lo restore the mask register on returning {Tom any
interrupl-service vouline which has changed the mask, so program of
hardware must kecp Wrack of mask changes. We must also still provide
programmed instructions to cnable and disable the entire inlerrupl £ysiem
wilhoul changing the mask.

EXAMPLE: A skip-chain system with mask flip-flops. Addition of mask
Mip-Nlops ta our simple skip-chain interrupt system (Fig. 5-9) makes it
praciical to interrupl lower-priority service routines.  Each such routine
musl e hare s owWn Bemory locotion (0 save Hie program Counier, and the
mask roust be restared belore the interrupt is dismissed.  The ADC service
coutine of Scc. $-11 is modified as follows (all interrupts are initially disabied):

ADC STOAE ACCUMULATOR IN SAVALC

LOAD ACCUMULATOR 0000 } Save program

STORE ACCUMULATOR IN  SAWPC { countlef

LOAD ACCUMULATOR MASK [ Save

STORE ACCUMULATOR IN  SYM3K { currcnt mask

LOAD ACCUMULATOR MASK 1 } Arm higher-

LOAD MASK REGISTER ! priority inlerrupts
INTERRUFT ON f Enable inlerruph sysiem
READ ADLC

STORE ACCUMULATORIN X
INTERAUPT OFF

LOAD ACCUMULATOR SYMEK ! Restore

LOAD MASK REGISTER { previous

STORE ACCUMULATOR MASK / mask, and

LOAD ACCUMULATOR SAVAC /  restore accumulator

INTERRUFT ON
JUMP INDIRECT VIA SVPC / Return jump

Since mosl minicompuler mask registers cannot be read by the program.,
the mask scliipg 18 duplicated in the memory lacation MASK.  Some
minicompuiers (¢.g.,. PDP-5. PDP-15. Raythean 706) allow only a restricied
sel of masks and provide special instructions which simplily mask saving and
restoring (see also Sec. 3-15).  Machines havirg lwe or more accumulalors
cun rescrve ope ¢~ =M 1p slore the mask and thus save memary reflerences,

-y a———
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145 PRIORITY-ISTERRUPT SYSTEAMS: REQUESRTHIRANT LOGIC =13

OFed interrupa : MASK DEVCE=-FLAG
Ig proceLsor fhp={igps Tup-lept
(tg sense goid
o o thlg T
— { P |
A

Fi': 29, Interrupd masking.  The mask Nip-Reps are treated a4 a control register {rrask regisieel,
which can be cleared and loaded by 11O instructions.

"5.13.  Priority-Interrupt Sysiems ; Request/Grant Logic,.  We could replace

the skip-cham system of Sec. 3-11 with hardivare for polling successive
interrupt lines in order of descending priority, but this 1s still relalively slow
if there are many interrupls.  We prefer the priorivy-request logic of Figs.
5-100r 5-1}, vt_hich can be Incated 1o the processar, on special interface cards,
andfor on individual device-controller curds.

Refer o Fip. 5104 10the interrup is not disabled by the mask flip-hop
or by the PRIORITY 1N line, a scrvice request {dc'.-ioc-l'ling lewel) will set the
RECQUEST flip-flop, which is clocked by perisdic processor pulses {10
SYWC} 1o fit the processor cyele and 1o time the priority decision.  The
resulling timed PRIGRITY REQUEST siep has three jobs:

L. I! pl‘t..‘tﬂablts the “ACTIVE™ flip-flop beclonging Lo Lhe sume interruplt
circuit.

2. It blocks lowee-priority intcrrupls,

3. itinforms the processor that an inlerrupl is wanted.

If 1he inltr{upl system Js on (znd il there are no direct-memory-access
requests pending, Sec. 5-17), the processor answers with an INTERRUPT

- ACHKNOWLEDGE pulse just befure Lthe current instruction is completed

(Fig. 5-13). This sets the precnabled “"ACTIVE™ flip-ficp, which now gales’
the correct trap address onto a st of bus lines—Lhe interrupl is active.
INTERRUPT ACKNOWLEDGE slso resets off REQUEST flip-Ntops 10
ready them far repeated or new priorily regquests.

Each interrupl has three stalcs: inactive, waiting {device-flag Nip-Nop seth,
and active. Waiting interrupts will be serviced as soon as possible.  Unless
resel by program or hardware, the device lag mamtaing the “wailing™ stale

17
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Fig. SI0¢. Priority-chain timingyueuing logic fur vee deviee {see 2l the timing diugram of =
Fig. 5121 The ACKMOWLEDGE int i JOmmon all incrrupts on the chain,  Nowe how
ihe Mypeflaps ar el by the prsceesr-supplicd 1L, SYNC pubcs, MASTER CLEAR B
isste] T 1he processsr REnEwer power is turned on, sml through o comsele pushhonon, 1o
resct Tupflops mtially,  Woany dilerout meis v af this circeil esist [see alsa Fig. 5110,
Simnilar Jagic i vaed faf diregt-meminry o TEuess,

while higher-priority serviee roulincs run and tven while its inlerrupt is
disurmed o while the entire interrupt syslem is turned off, ]

514, Prierity Propagation and Priority Changes. Theic are two basic
ntethods for suppressing lower-priority interrupts. The hirst is the wired-
priority-chzin meshod PMustrated iz Fip. 5-10, Referring to Fig. 5-104, the
PRIORITY 114 terminal of the lowest-prionty devite o wired to (ne
PRIORITY OUT terminal of the devive with the next-higher prierity, and
<o on. Thus the timed reguesty from higher-pronty Jevices black lower.
priofily reopesls.  The PRIORITY M terminal of the highest-prionly

[
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Fig. 510k and e Wired-chain priority-propagation circuns.  Since each swhaysbemn fund ify
num‘naluj wiringl delays Lhe propagatesd REQUEST Aip-flop wieps (Fip. §- 10 hy 1010 5] nace,
the simplke cham of Fig, 5-100 shouh) not have maore than fous i s Ik, the chiou of FH2. 5- 10
bypasaes priatity-inhibinng nops for faswer propagstiod (haood oo Ref. 10). )
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many similar crousts gamy,
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device {usually a power-failure, parity-¢rror, or real-lime-clock interrupt
in the processor itsell} connects to a processor ﬁip‘flop {“master-mask™
flip-Bop), which cun thus arm or disarm the entire chain (Fig. 5-104 and r).

The computer program can Joad mask-register flip-flops (Fig. 5-10q) 10
divarm selected interrupts in such a wired chain, bul the relative priorities
of all armed interrupts are delermined by their posilions in the chain. I1is
possible, though, to assign two or more different priorities to a given T.icuic:
flag: we COnACEt il 1o LW OF More separate priorily circuits in the chain and
arm ane of them under program or device cantrol. 1

Figure 5-11 iflustrates the second Lype of priurilrpropag_aﬁon logie,
which permils every armed interrupt to sel its REQUEST flip-lop. The
timed PRIORITY REQUEST steps from difflerent interrupts are combined
in a “prierity-arbitration™ gate circuit, which iets only the highest-prionty
REQUEST step pass to precnable its "ACTIVE™ flip-Bop. Some llarfg:r
dighat computers implement dynamic priority reallocation by mudlfyjn;
their priority-arhitration logic under program control, but most mini-
computers are content with programmed masking. .

The 1wo priorily-propagation schemes can be combined.  Several mini-
computer systems fe.g, PDP-9, PDOP-15) employ four separate wired-
prierity chains, cach armed or disurmed by a common "mu.sterame:s'k“
flip-fop in the processor.  Intercupts from the four chains are combined
through a priority-arbitration netwerk which, together with the program-
controlled “muster-mask ™ flip-laps, establishes the relative priorities of the
four chains.

15, Cum;ﬂﬂc Priority-interrupt Systems.  (a} Program-controlled Ad-
dress Transfer. The “ACTIVE™ Rip-Rop in Fig. 5-10a or 5-11 places the
sturting address of the correct interrupl-service TaULNG on a set ol a:_idr}:ss
hnes common 1o all interrupls. Auvlematic or “hardware™ prionty-
interrupt systems will then immedialely trap 10 the desired address (Sec.
5156, But in many smali computers fe.g., PIXP-8 series, U PERMNOVA),
the priority logic is only an add-on gard for a basic single-level {ORed)
interrupt system,  Such syslems cannoi access different trap addressey
direcily. With 1he inlerrupl system on, ewery PRIGRITY REQUESRT
disables further interrupts and cuuses the program fo lrap 1o ihe some
memory focation, say 0000, and to store the progrum counter, fust as in Seg,
5.9, The trap location containg a jurnp to Lhe service routing

SRAVICE STORE ACCUMULATOR IN savac [ Unless we have
f aspare
/ accumunlator
AEAD INTERRUPT ADDRESS
5 T ACCUMULATOR I8 PTA
Ju - INDIHECT WVia PTH
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READ INTERRUPT ADDRESS 15 an ordinary 1fO instruction, which employs
a devicr sclectar to read Lhe interrupt-address lines into the accumekuor
{Sec. 39, The 102 pulse rom the device seleclor can serve as the
ACKNOWLEDGE pulse in Fig. 5-102 or 5-11 {in fzct, the “ACTIVE"
Mip-flop can be omitled in this simple system).  The program then translens
the address word 1o a pointer location PTR iIn memary, and an indirect
jump lands us where we wint Lo be.

Unforunately, the serviee rowtine for cach individual deviee, say for

an ADC, must save and reslore program counter, mask, oad accumulotar
(see alse Sec, 5-12):

ADC LOAD ACCUMULATOR QO00
STORE ACCUMULATOR IN SAVPC
LOAD ACCUMULATOR SAVAC
STORE ACTUMULATOR IN SAVACY
LOAD ACCUNMULATOR MRS K
STORE ACCUMULATOR IN SVMSK
LOAD ACCUMULATOR MASK 1
STORE ACCUMULATOR MASK

LOAD MASK REGISTER -
INTERRUFPT ON

READ ADC )

STORE ACCUMULATOR IN b 4
INTERRWUPT OFF

§ Uselul work
§  done only here!

LOAD ACCUMULATOR SYMSK )
STORE ACCUMULATOR MASK Do
LOAD MASK REGISTER G
LOAD ACCUMULATOR SAVAL 2

INTERRLPT OM

JUMP INDIRECT VIA SAVPC

Note that most of the time and memaory vsed up by this rouling is everhead
devaled to storing and saving registers.

thy A Fully Automatic {*IIardware™) Priority-interrupt System,  In an
aulomatic or “hardware™ priocity-interropt svstem, Lthe "ACTIVE" Mip-flap
in Fig. 5-10a m 5-11 gates Lhe trap address of the acinve interrupt inlo Lhe
processar memory address register 25 soon as the current instruction iy
completed (Fig. 5-12). This requires specinl siddress Tines in the inputf
oulput bus 2nd a lilile extra processar logic.  This hardware buys improved
response lime and simplifies programming:

!, The program traps immediately te a different trap locotion for eacl?
inlecrupt ; there 15 ne need for the program o identily the interrupt,

2. There is no need to save program counter and re v lwice as in
Sces 5-11, 5-12, and 5-15a.
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L
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RIUEST I . | i |
{DENCE FLAGT 1 L 1 1 ;
REQUEST 1 1- 1
FLIP-FLOP Ir .l ) I
1
AL W LEDGE l 1
g&i‘:ﬁ ! \ . Fra o curent mstcton

’ Riae? o 10 pulse Trom
:‘f,',!’ffmp - - —_F’ pocess of by 140 spac

MOTE S Wodnt coae v shown, ACRNOWLEDGE putse conld end
1 cygha xarher,

Fig %11 Liming dizgram [or the priofily-imsrrupl togic of Figs. 510 and 511, The
ACK NOWLEDGE pulse remuing ON untif i Lrap address it iIrmnsferral (siher immediately
aver spealal mddeess lines ar by A procramimed melryoien

In a typica! system, ¢ach hardware-desigrated teap location is loaded with
2 modific] JUMP AND SAVE instruction [Sec. 2-11). 15 eflective address,
say SRVICE. will store the interrupt recurn address {plus sgme status bits);
this |» followad by the interrupt-setvice routing, which can ke relocatable:

SAVICE 0N / Incremented program-
{ counter reading
{  (return address)
/ saved here
STORE ACCUMULATOR IN  SAVAC [ 3ave aectrmulzior

LOAD ACCUMULATOR MASK ] Save currenl

STORE ACCUMULATOR IN  SVMSK {  mask

LOAD ACCUMULATOR Mask 1 ) Gel

STORE ACCUMULATOR IN MASK  f new

LOAD MASK REGISTER [ mask

INTERRUPT ON

READ ADC J Actual work begins here

Savirr fand later restoring) the inteseupl mask in this program is the same
a5 in Secs. 5-17 and $-152 and s seen to be yuite a cumbersome operation.
A little evtrs processor hardware cun simnplify this job:

1. We can combing 1he LDAD MASX REGISTER apd INTERRUPTION
instrictions inte @ single 170 instruction,

; 1l
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2. We can use only masks disarming «# interrupts with priorities hefmw
level 1,2, 3,.... Such simple musks are easter 1o stpre auio-
matically,

In the more sophisticated tnterrupl syslems, the inlerrupt relutn-jump
instruciion 1s repluced by a special istruction (RETUAN FROM INTERRLIPT),
which automatically restores the progrom-counter reading amd all o
maticully saved registers.  Be sure 1o consult the interfuce manwul for your
own minicompuler 10 determine which hardware features and soliware
technigques are availlable

%14. Discussion of Interrupt-system Featores and Applications.  Inlerrups
are the basic mechanism for sharing a digital computer between different,
often lime-critical, tasks. The praciical effectivencss of a minicompuier
interrupt sysiem will depend on:

1. The time necded to service possibly critical sitvations
2. The total time and program everhead imposed by saving, restoring, and
masking operations associzted with inlerrupts
1. The number of priorily tevels needed versus the number which can be
readily implemented
4, Programming flexibility and convenience
Do

The minimum time needed o obtain service will include; _—

l. The “raw' latency time, ie., the time necded 1o complete the longes:
possible processor insteuction {including any indirect addressing);
most minicompuiers are also designed so thal the processor will
always execule the instruction [ollowing any 1#/Q AEAD of SENSES
SKIP inslruction. We are sure you will be able 10 12!l why!  Check
your inlerface manual.

2. The time needed lor any necessacy saving and/or masking oporation.

A look at the interrupt-service programs of Secs. 5-11, 512; 5-150, and
5-155 will illustrate how successively more sophisticated priority-interrup
systems provide faster service with less overheud,  You should, however,
take a hard-nosed attitude 10 estublish whether you really necd the mare
advanced leatures in your specifie application,

1t is useful at this point to lst the principal applicabons of interrupts.
Many interrupts are associated with I/0O routines for relutively slow devices
such as teletypewriters and tape reader/punches, and thousinds of mini-
computers service these hupmly with simple skip-chuin systems. Things
became mare critical in instrumentation and coatrel svstems. which must
not miss reak-time-clock interrupts intended to log time, 10 read nstruments,
ar 10 perform control operations.  Time-critical jobs requice fus? respunses.
If theee are many time-critical operations or any Hme-sharthg computnions,
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the compniing lime wasted in overhead operations becomes inleresting,
Same real-time syslems may have periods of peak loads when il becomes
actually impossible 1o service off interrupt requests. Al this point, the
designer must decide whether 1o buy an improved system or which interrupt
requests are at leust wmporarily expendable.  1tis in the latier connection
that dinomic prioriiy effocation becomes vsefel: it may, for instance, be
cxpedient fo mosk cerlain inferrums during peak-foad periodr. In other
situalions we might, instead, fower the relative priovity of the muin computer
program by unmasking addisional interrupts during peak real-time loads.

Il two or more inlercupl-service roulings employ Lhe same library sub-
rouline, we are faced, as in Sec. 4-16, with the problem of reentram
programming.  Temporary-storage locations used by the common sub-
routine may be wiped out unless we either duplieate the subrouline program
in memory for each interrupt or unless we pravide Lrug reentrant subroutines.
This is not usually the case For FORTRAM-compilcr-supplied Nbrary
routines.  Only a few minicomputer manufacturers and $hftware houses
provide reenteant FORTRAN (sometimes called “real-time™ FORTRAN].
The best way 10 slore saved repisters and lempoerary inlermediate resulls is
ina stack [Sec. 4-16); a stach pointer is advinced whenever a new inlerrupl is
recognized and retracterd when an mlerrupl is dismissed.  The best mini-
compuler inteerupt sestenns fve favdware for sutomaricatfe gdvancing ond
retracting such a staek painter (Sec, 6-10).

If very fast interrupi service is not a paramount consideration, we can get
around reentrant coding by programming interrupt masks which simply
prevent interruption of critical service routines. .

In conclusion, remember that the chiel purpose of interrupt syslems is to
initiate compulcr operations more complicaled than simple dala transfers,
The best method Tor time-critical reading and writing as such is not through
interrupt-service routings with their awkward programming overhead but
with a direce-memory-gecess frsiem, which has no such probliems at all.

DIRECT MEMORY ACCESS AND
AUTOMATIC BLOCK TRANSFERS -

517, Cycle Stealing. Step-by-step program-coniroiled data transfers
limit data-transmissien rales and use valuable processor time for alternate
instruction fetehes and exceitlion ; progrumming is also tedious. Tt is often
preferable to use additional hardware lor interfacing a parallel dala bus
direcily with the digital-computer memery data register and 10 request and
granl -cycle pauses in processor operalion for direct transfer of data tn
ar from memory (interlace or cycle-stealing operation).  In furger digital
machines, and optionally in a few minicemputers (PDP-15), a data bus can
sven access one memory bank without slopping processor interaction with
other memor, ks at all.
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Note that cyele stealing in no way disturbs the program scquence. Even
though smaller digilal computers must s1op computation during memory
transfers, Lhe program simply skips a eyele al the end ef the cerrenl memery
cyele {no need to complete the current instewction) and later resumes just
where it Tefl off. One docs not have 10 save regisler contents or other
information, as with program inlerrupts.

Dgrtal omipater ' 4
1
4 CMa d91g bus N
— emy, L
x ¥
” qu-q READ or WRITE
afdness
Ta

MEm y Frepen g
aadiris E Address ey Srom
cegiLhes l yates oderess SELECT AMD deance

, TA4SFER
FMBBLE o
: ErELE- I SERYICE
l géﬂﬁ%ﬂ L__ LHL REQUEST
-t Lot gl 1FLAG
. - L e
Processor JFRORTY Guny |0 TG
STYNC o lagic CLEAR
Yor oae EEI::EE F o
deviLe T.
. o

Fig. 513, A direct-memary-access (DA interface.

518, DMA Interface Logic.  To meke direct memory aeccess (DivlA}
practical, the interface must be z2ble to:

. Address desired locations in memory

2. Synchronize eycle stealing with processor operation

3, Initiate transfers by device requests {this includes clock-timed transfers)
or by the computer program

4. Deal with priorities and queuing of scrvice requests if Two or more
devices request data translers

DMA priority/queuing logic is cssentially the same as the prioritys inlerrupt
logic of Figs. 5-10 and 3-11; indeed, identical logic cards ofien serve both
purpozss.  DMA service requests are always given griority over concurrent
imierripf reqriesrs,

Just as in Fig. 5-11, a DMA service request fcaused by & device.flag Tevel)
produces a cycle-steal request unless il is inhibited by a2 higher-priornty
request; the processor answers with an acknowlcdge [prierity-grant]) pulse.
This signal then sets 3 processor<clocked “ACTIVE" flip-llop, which
sirobes o suituble memory address into the processor memory address
repister and then causes memaory and device lagie to trans<ier daty from pr
to the DM A data bus (Fig, 5-13).

T
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In some camputer systems (e.g., Digital Equipment Corporation PODP-15),
the DMA daia lines ars identical with the programmed-transizr daia lines.
This simplifies interconnections at the expense of processor hardware.  In
other swvstems, the DMA dina lines are also used 10 transmil the DMA
address (o the processor before data wree trunsferred.  This further reduces
the aumber of bus lines, bul complicates hardware and timing,

Da
DA dotd Luw Ciatn

¢ =

Memory | | REan QR WRITE TRANSFER

SERVICE REJUEST 'REE'E.T
CYLLE-STEAL RECEST DWA IPEWCE FLAGD
o o |

; . naegh
temory)  PRIORITY GRANT | contrs

THANSFER DATA &ND

Timung _I'l'l_ RESZT DEVILE FLAG
I ]

EMABLE ¥ INCREMENT ¢ DECREMENT

Agdrasn 'I:l;t;ﬂ“' word Multiplarer ar
Y ai ks ; address nier —> aEgQuentd
v founier ﬁtSFT countly | convepl L enyl

/ INITrA
Address A A:'UHES'E"}

FRESET

INTERRLURT AFTER (25T | wiiRD

wiDRD {TRANSFER COGNT

COMPLETED) ' I

—}- Device
fhgial #+ velectar MTopy DEVICE Deace
COMmpuTer Programrad 1,0 fus - ON BND OFF oh thonnet

100, oddi 55, and
cont rol el

Flp, 514, A simpde it channel for autamatic hleck transfers,

%19 Awtomatic Block Transfers. As we described it, the DMA data
transfer 1s device-imtiated. A program-dependent decision to transfer data,
even directly from or to memory, still reyuires a programmed instruction to
cause 3 DMA service request,  This is hurdly worth the irouble for a
simgle-word 1ransfer, Most DMA transiers, whelher device or program
initiated, Involve not single words but hlm:ks af tens, hundreds, or even
thousands of data words.

Figure 5-14 shows how the simple DMA sys:icm of Fig. 5-12 may be
expanded inte an sutomalic data channel Tor block transfers, Data for a
block can arrive or depart asyncheononsly, and th: DMA controller will
siedl cyveles as needed and permil the program to go on belween cycles. A
btack of words 1o be transferred will, in genera), oocupy 4 corrosponding
Plock of sdincent memory repisters. Successive memory addresses cun be

.-
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gated inlo the memory address registered by a counter, the l:urrl.'rrt-ndtlri."li'\-i-
counter. Before any data wransfer takes place. a programmed instruction

sets the current-address counter to the desired initial address; the desired

number of words (block Tengih] is set into a second counter, the wotd counter,

which will count down with each daa transfer until 0 is reached after the

desired number of transfers. As service requesis arrive from, Sy, an

2nzlog-to-digital converter or data link, the DMA control logic implements
successive cycle-sieal requests and pales snccessive current addresses inlo

Ihe memary address register as the current-address caunter counts up [sce

dlso Fig. 5-54).

The word counter is similarly decremented once per data word.,  When
block Iransler is compleled, the word counter can stap the deviee from
requesting further data 1ransfers. The word-counter carry pulse can also
Cause an inferrupd so that a new block of data can be processed.  The word
counter may, il desired, alse serve for sequencing device funclions (o.g.,
lor selecling successive ADC multiplexer addresses),

Some computers replace the word counter with a propram-loaded final-
address register, whose contents are compared with the currertt-address
counter 1o determing the end of the block.

A DMA system ofien invelves several ditu channels, cach with a DMA
control, address gates, a current-address counter, and a word counter, with
diflerznt priorities assigned. 1o different channels.  For efficient handling of
randomly timed requests [rom multiple devices (and 10 prevent loss af ot
words), data-channel systems may incorporate bufler tepisters in the tnterfice
or in devices such as ADCs or DACs.

520. Advantages of DMA Systems {see Rel. 6). Direcl-memary-access
systems can transler data blocks at very high rates {10* wordsfsec is readily

' possible) without ¢lyborate 170 ]ngr.1mm|ng The processor essentelly

deals mainly with buffer areas in its own memDr}r, and only o faw 1O
instruclions are needed 19 initialize or reinitialize translers.

Automati¢ dala channels are especially suitable for servicing peripherals
with high data rates, such as disks, drums, and fast ADCs and DACS.
But fast data vransfer with minimal progrim overhead is extremely valuahic
in many other applications, especially if there are many devices to be
serviced. To indicate the remarkable clficiency of cvcle-stealing direct
memory access with muliiple block.iransfer data channels, consider the
operation of 4 Iraining-ype digitul Right simelntor, which solves aircraft
and eng:ne equitions and seevices an eliborale cockmil mogk-up with many
controls and instrument displays. Durning each 160-msec time increment,
the interface nol only performs 172 anzlog-to-digilal conversions tequirng
atotal conversion time of 7.7 msee butalsa 130 digitalio-analog conversions,
and handles 340 cight-bin byies of diserete control infornuition. The actua!
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Frg. 5! %. Memorp-ncrement tochnigue of measuring smplitude disinbuvions (bused on Ref 6).

time required 1o transfer 21l this information in and out of the data channels
is 143 msec per time increrient, but because af the fast direcl memory
transfers, cycle-stealing subtragis only 3.2 msec foreach 1 60 msec of processor

time {Rel, 2).

5-21. Mpemary-increment Technique for Amplitede-distribution Measure-
ments. 1o many minicomputers, a special pulse input will fncrement the
rontents of a memory location addressed by the DMA address lines: an
imerrupt can be generated when one efthe memorycecllsis full.  When ADC
outlputs representing successive samples of a random voliage are applied
1o the DMA address lines, the memary-increment feature will effectively
gencrate 2 model of the input-voltage amplitude distribution in 1he computer

Fip. %1%, An amphivde-dmirbwinn display ehiained by the meibed al Fig. 5-13a. | Digetal
Fipnpmenl Carporarion 1
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memory: Each memory address corresponds 1o a veltage class interval,
and the contents of the memory register represent the number of samples
lubiing into that class inmerval. Dot taking is womingled after & preset
number of samples or when the first memory register overloads (Fig. 5-15a).
The empirical amplitede distribution thus ereated in memory may be dis-
played or plotied by a display routine {Fig. 3-158), and siatistics such as

T X FelT i - -
i=

fTa=t

¥ =

x| -

are readily computed after the distribution is complete.  This lcchni;:t
has been extensively applied 10 the analysis of pulseenergy specita from
nuclear-physics experiments.

Joint distrituetionrs of twe randum vericles X, Youn be similarly compiled,
It 15 only necessary to apply, say, a 12-bit word X, Ycomposed of two 6-bit
byies comesponding to two ADC outpuls X and Yto the memory address
register.  Now each addressed memory location will correspond o the
region A, = X < X,...ha Y= ¥, nXV¥space,

5-22. Add-to-memory Technique of Signal Averaging. Another command-
pulse input 1o seme DMA interfaces will odd 2 daia word on the [/O-bus
data lincs to the memory location addressed by the DMA address lincs
wilhout ever bothering the digital-computer arithmetic unit or the program,
This "add-to-memory” feature permits uselul linear operations on duty
chiained from varicus tnsiruments; the only application well knawn at this
time 15 in data averaging,

Figure 5-16a and A iMusirates an especially interesting application of dita
averaging, which has been very fruitful in bological-dura reduction {en,,
electroencephalogram analysis).  Pencdically applied stimuli produce the
same syslem response after each stimulus so that one obinins an analeg
waveform periodic with the period T of the applied stimuli. To pell the
desired funclion X(7) oul of additive zero-mean randem noise, one adds
X, X0+ T3 Xir + 2T), ... during successive periods to enhanee e
signal, while the noise will tend o average oul.  Figure 5-16r shows the
extraction of a signal from additive noise in successive dala-averaging runs.

523, Implementing Current-address and Ward Counters in the Processor
Memory.  Some minicomputers {in particular, FOPS, PR2T-135, and the
PDP-% series) have, in addition to their reguiar DM A lacilities, a set of fixed
core-memory locations 10 be used as datachannel address and word
counters. Ordinary processor instructions (not 1/O instructions) load
these locations, respectively, with the block starting address and with
minus the block count.  The data-channel interface card (Fig. 5-17) supplics
the a2ddress of one of the four to eight addresscounler locations available in,
the processor ; the word counteris the location following the address connter.

f
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The memory elements in static and dynamic RAM.\. may centain
une, two, three, or faur transistors. We do not have the time to g0 into
the cireuit design of stativ and dynamic BAMs. For the remainder of
this book, our discussion s limited to basic ideas behind the statie

HAM.!

Three-State BAM
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Fip. T-12. Symbel lor three state static AAM.

As shown in Table 7-3, the output lines are floating during a hold
ar wrile operation but connected during a read operation. Memorize
Table 7-3 for later use.

" TABLE 7-3. RAM ACTION
ME WE | Oprrdlion Cutyrut
a X Hold Floating
i o Read Cuonnected
1 1 Wrile Floating

sherral, _
| TP 2 pife i PTTE TV, DL U RNETTPIRI SR o~ e A S,
ol il Ll ] ] st L i L] Ldiiista byt 2, | onm

L S tha etk e e a1 ) i ettt b P11
atinlfdialduion:. Dzt e frthesetrmmmitiidiuus
criefim {5,

EXAMPLE 7-7. '

. b e momes .
ot i i 1 H

Agdud v {setup].
Tl bl L [ 2 fsutugs)

A ghil e [ rymbd o] Gy 5. {lipdd}
Nusalsom T = 10 ns  {hold)
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SOLUTION.

The address-to-WE setup time {s 5 ns. This means Lhe address must be
nplied at least 5 ns belore WE goes high: otherwise, the manufucturer
does not guarantee that the commect register is written into.

The data-10-WE setup time is 5 ns, Therefore, the data has to be
applied at least 5 ns befere the WE goes high. Unless this condition is
sutisfed, we cannot be sure the data will be comectly entered.

The address-from-WE hald time is 10 ns. This means the address
must be held at least 1O ns after WE goes low.

The data-from-WE hold Lime is also 10 ns. So for a valid write op-
eration, the data must be held at least 10 ns after WE goes low,

EXAMPLE T-B.

How does the RAM of Fig. 7-13 differ fom the one of Fig. 7-12?

SOLUTION,

It's still a static RAM, but the contrel inputs are inverted. Those bubbles
at the WE and ME inputs mean complementary gperation. [n other
words, the WE and ME entries of Table 7-3 are inverted: 1X gives a
hold, 01 pruduces a read, and 00 gives a write,

F-4, ¥l Gl EMOR ¥ AT At BGL ETER

; : efua W gaac high o nd_hﬂjm -
gl aumifitirrmrr et : ST gk Y
Ut bt 11 ey s B b s et e v st i L e i 7t TP In, other
nH’I
wE
ADORESS RAM
ME -

A DNI I
Fig. T-I ke BASE wid) naverted control wnputs.

vl
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words. to satisfy the RAM setup time, the MDR fs louded heforo u wr!ltu
vperation; to satisly hold time, the M DR retains its conlents aftera wrile
operation. . ..

The SAP-2 computer uses a 256 X 12 RAM (see Fig. 7-14). The MAR
again supplies the address word, but this time it contains § bits rather
than 4. This means the binary addresses are from -

-
-

ADDRESS = 0000 0000

to

ADDRESS = 111] 1111

The eguivalent decimal addresses therefore are O to 253,

The 256 x 12 RAM can store 256 words of 12 hits each. These words
are loaded into Ry, K,, Bz . . . . Bags- Noninverted WE and ME signals
control the operation of the RAM; a low ME creates the hold condition
wilh a floating output, a high ME and low WE result in a read onto Ehe
W bus, 2 high ME and high WE produce a write operation with a foating

output.

Wty
Lo [12]
oLe l) MAR \\_i_
L)
M — —
56 17 ﬁ
RAM
ME ]
0
Ly
eue [ MDR \Tﬂ_

Fig- 7-14. MAR, RAM, and MDA connected 1o W bus.
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) 1T F g

The memury duta register of Fig. 7-14 15 a 12-bit buffer register. ) : la
Its twa-state output poes to the HAM data inputs. Therefare, the MDR W bus @
supplies the word w be stored in the RAM. As indicated, the M D2 has c ' — .
a LOAD (Ly) input. A low Ly prevents the bus word from enlering the * 12 - L

R . it Aol . ; Frogrem LY 2 Iraut

MDR; o high Ly .m_d pusitive cloek edge load the bus word into the oL b o TN K roter Q——cix
SDR. CLR o 7 LY 1

Incidentally, the memory data register (MDR)} is alse known as the £p—i : £
memory bufler register (MBR). In this ook, we prefer using MDER be- : ¢
cause it pinpoints the function of the register; the D in MDR stands
fur “data"; this is inore cancrete than using B, which stands for “buffer” L — ‘

CLEx —> MAR (:I )

EXAMPLE T-9. o
Figure 7-15 shows part of a computer. A three-state program counter 8
delivers an B-bit adldress to the W bus when E, is high. As usual, a high U
C s anel pasttive clock edyge inerement the PC. Wi =]

An inpur regisier {1} receives instruction amd data words from the |

. . . . | 158« 12
putside world, At the moment, the input word is 1;. This word comes | RAM 12
from a peripheral device such as a punched-card reader, a magnetic-
tape reader, a leletypewriter, el _ u :

Initiadly, w CLK pulse resets the program counter to Os. [ the input ’ﬁ;q\
wortd is Lo — .

I, = 1100 0001 1001 cLaw — MOR SEET]

what will happen if a positive clock edge ocenrs once during each of J

the fallowing control words? F:ug. 7.15. Part of the SAP-2 computer.

o

CTEJ‘L\'I""‘IFH -‘bi[LuLLEI = ﬂ']. lﬂ mﬂﬂ
CrEy LMy M L,LE, = 000G 001G In the second control word, L; is high. When the next positive clock
ChEeLyW, AL LLLE, = 0000 0101 edge hits, the instfuction or data word from the peripheral device is
CrlplyWe M L,LE, = D001} 1000 luaded into the input register ty got .
C.-E.-LM“’[ .\1.;1,;,L‘E| = ]Dﬂﬂ (}fm

1=1100 0001 100}y

Fl

SOLUTION. Lp and E, are high in the third contrel word. This means the con-

ients of the input register set up the memory data register via the W bus,
The next positive clock edge therefore lowds the MDR with the input
word to get

In the frst contrel word, £, and Ly, are high. Therefore, the cuntents gf
e program counter set upp the MAR vin the W bus. After the positive
cluck edpe strikes,

"MDH = 1100 0001 1001
MAR - PC -

In the fourth contrel word, WE and ME are high. This produces &
Sinee the PO was initiolly cleared, "owerile operation, Since the MAR iy addiessing the By register,



‘Lomputer architecture depends on the applicution. If a com-
puter is to be timeshared {used by many people at the same
tirne}, it will be large, powerful, and expensive. On the other
hand, a computer dedicated to only one program is usually
small, limited, and inexpensive {like a microcompuber),

The SAF [simple as possible} computer has been designed
for you, the beginner, The main purpose of SAP is to show you
all the crucial ideas Lehind computer aperation without bury-
ing you in unnecessury detail. But even a simple computer
like SAP covers many advanced cancepts. Rather than bom-
bard you with teo much all at once, we will axamine three
different generations of the SAP computer,

SAP-1 is the first phase in the evolution toward modem
computers. Although primitive, SAP-1 is a hig step for a be-
ginner. Really dig into this chapter; master SAP-1, its archi-
tecture, its programming, and its jntermnal circuit operation.
Then you will be ready for SAP-2,

8-1. ARCHITECTURE

Figure 8-1 shows the architecture (structure) of SAP-1. Al)
register outputs to the W bus are three-state; this allows
orderly communicstion and data transfer. All register outprts
nit connected to the W bus are twi-state; these outputs cone
tinuously drive the boxes they are connected to.

Most of the registers of Fig, 8-]1 were discussed earlier.
What follows is a brief deseription of each box; detailed ex-
planations come later,

Fragram Counler

The program counter (PC) counts from 0000 to 1111, equiv-
alent te hexadecimal § thraugh F. The PC iy reset to 0000
Lefore each computer man, After an instruction  has Leen
fetched, the PC is incremented by one. Thereflore, at the be-
ginning of each fetch cycle, the PC holds the address of the
current instruction.

Memory Address Regisler

The memory address register {MAR} receives binary ad-
dresses from the program counter, Beczuse the PC counts
From 0000 upward, 1the MAR selects the ROM wordy stored at
hexmiueimfﬁ%ﬂ{csscs 0 upward. Note that the ontput of the
MAR is twd i

SAP-]
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cLE S FC 1 ‘/\. / 7 Acl:u:lulatm C1 CLk
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Contrad | W Ginary
unit CLe duplay
CON —* CLR i
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Colplufa LELAES S fylalg

Fin. 8:1, SAP-1 architecture,

Read-only Memory

The 16 » B PRON is switch programmable; therefore, by elosing and
.[ opening switches, you ean store any 16 words of B bits each, Theyse
words, located at addresses 0 throuph T, are symbalized by B, B, -H,,
(C) -y Ry When E, is high, the addressed word is read onte W bus,
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L

Instruction Regisler N

Examnples 7-5 and 7-6 showed you how ROM instructions are read onto
the W bus. Each ROM instruction is then Joaded into the instruction
register (1R} by applying a high L, and positive clock edgt..

The contents of the instruction register are split into two smaller
wards. The four MSBs {mest significant bits) are a two-state cutput that
goes directly to the contred unit, The four LSBs, on the other hand, are a
three-state cutpul that is read onto the W bus when E; is high.

Control Unit

The control unit {CON) makes a computer what it is: an automatic data-
processing macline. Before each computer run, CON sends a CLR signal
to the instaction register and pragram counter. This wipes out the lagt
instruction in the 1R and resets the PC to (KX,

CON also sends a clock signal to all repgislers: this synchronizes the
operation of the computer, ensuring well-defined internal states. In
ather words, all register transfers and changes eceur on llw positive edge
of a vomminon clock blEn’ll

The bits from the bottom of CON form a 12-bit control word:
CON = CpEpLﬁE“ LIE|L*E* SUEU_L'BL‘G

This word determines how the registers will react to the next positive
clock edge. For instance, a high Cp means the program counter will be
incremented, a high E, and Ly mean the contents of the FC are loaded
into the MAR, etc.

CON is like the conduclor of a symphany. It synchronizes and
orchuestrates all-the different picees in the SAP-1 computer. Ry generat-
ing different routines {similar to Exampies 7-5 and 7-8), CON makes the
other circuits feteh an instructien, lead the accumulater with a number,
add twe numbers, ete.

Arccumulator

Chapter & introduced the accumulator {A), a group of Rip-flops that store
intermediate answers during & computer run. in Fig. 8-1, the accumu-
lator has two outputs. The two-state cutpul goes ditectly to the arith-
metic-logic unit, The three-stale oulput connects to the ¥ bus, There-
lore, the 8-hit acrumulator word continuausly drives the ALU; the same
word appears on the W bus when E, is high.

O -

Digital Compu’ 1Elrodles )

ﬁrithmutie-Lu.git Unit

The arithmetic-logic unit (ALU) containg a 2's complement adderfsub-
tractor {review Secs, 427 through 4.8 if necessary). When the subtract
{S¢} input is low, the ALU farms the algebraic sum; therefore, its con.
tenty arne

ALU=4A + B
When S, is high, the algebraie difference appears:
ALU = A + B

(Recall the 2's complement is eguivalent to decimal sign change.)

The ALU is an asgrchronons (unclocked) circuit, this means its
comtents e change as soon as the input words change, When Ey is
higzhy, these contents appear on the VY bus.

B Begister

A high Ly and positive clock edge load the word en the YW bus into the
B register. The two-stale ovtpul of the B registerdrives the ALU, supply-
ing the number to lu: adided or subtracted from the contents of the ac-
eumulator,

Cutput Hegister

Al the und ol a compmior rn, the accumulator contains the answer to the
pralilem being solved, Al this point, we need to transfer the answer to
the outside woarld. This is where the vutput register (O} is used, When
E, and Lg are high, the next positive clock edge loads the accumulator
word into the outpul register. .

Typival compulers have sevem] output registers, which are con-
nected to indedface circuits that drive peripheral devices. In this way,
processed data can drive printers, cathade-ray tubes, teletypewriters,
ete. (An interface circnit tailors the data for each device.)

Binary Display

The Linary display () is a horizontal row of eight light-emitting diodes
(LEDs} Because each LED cannects to one Aip-flop of the output regis-
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Therefore, after we've transferred an answer from the secumulator to the
oulput register, we can see the answer in binary form,.

"

4-2. INSTRUCTION SET

A vamputer is a useless pile of hardware until someone programs it.
This means loading step-by-step instructions into the memory befare the
start of a computer run. But before you can program a computer, you
must leamn its instruction set, the basic operations it can perform. The
SAP-1 instruction set fallows,

LDA

LDA stands for "load the accumulator,” A complets LDA instruction
includes a ROM word. LDA R,, for example, means “load the accumu-
lator with R,.” Therefore, given

R, = 1111 0000

the execution of LIDA Ry results in
A=1111 G000

Similarly, LDA R, means “load the accumulator with R,,” LDA K
meuns “load the accumulatar with Rp,” and so on.

ADD

ADID) is another SAP-1 instruction. A complete ADD instruction in-
cludes a ROM word. For instance, ADD R, means “add R, to the ac-
cumuiator contents” ; the sum in the ALU replaces the original contents
of the accumulator,

Here's a numerical example. Suppose decimal 2 is in the accumula-
tor and decimal 3 is in the R, register. Then,

A = 0000 0010

R, = 0000 0011
During the execution of ADRD R, the fullowing things happen. First,
R; is loaded into the B regisier to get

A T

q
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and almost instantly the ALY forms the sutn of A and H:.

ALL = 0000 0101 )

T+

Second, the ALU contents are loaded into the acmlnlulam to get
A= 0000 0}0]
A3 you see, the accumulator winds up with the sum. _

. The foregoing routine is used for all ADD instructions; the ad-
dressed BOM word goes to the B register and the ALU sutput to the
accumulator. This is why the execution of LDA R, adds R to the ac-
cumulator contents, the execution of LDA R, adds Ry to the accumulator
contents, and s0 on.

SUB

SUB is another SAP-1 instruction, and it too is incomplete withoul a
ROM word. For example, SUB Re means "subtract He from the contents
of the aceumulator”; the diflerence formed in the ALU replaces the
original contents of the aceumulator.

For @ concrele exsmmple, ssaume decimal T is in the accumulator and
decimal 3 is in the RO R register. Then,

A =0000 011)
He=0000 0011

The execution of SUH Re takes place as follows. First, R is loaded into
the B register 1o get

B = 0000 0011
and almost instantly the ALU forms the difference of A and B:

ALY = 0000 (100
Second. the ALU contents are loaded into the accumulator to get
A= 0000 010G .

So, the accumulator ends up with the difference.
i The foregoing routine applies to all SUB instructic

the ad-
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dressed ROM word goes to Lthe B regisier and the ALU output to the -

accumulator, This is why the execution of SUB Re subtracts Re from the
contents of the accumulator, the execution of SUR R subtracts R from
the accumulator, and so on.

ouT

The instruction QUT tells the SAP-1 computer to transfer the accumula-
tar contents to the output register. After OUT has been executed, you
can see the answer to the problem being solved,

OUT is complaie by itself; thal is, you do not have ta include a ROM
word when using QUT because the instruction does not involve the
memery.

HLT

HLT stands for hait. This instruction tells the computer to stop procass-
ing data. HLT marks the end of a pragram, similar to the way a period
marks the end af a sentence. You must use g HLT instruction at the end
of every SAP-]1 program; otherwise, you get computer trash (meaning-
less answers caused by minaway processing).

HLT is complets by itself: that is, you dor't have to include a ROM
word when using HLT because this instruction does not involve the
mEmary,

Memory.Reference Instruclions

LDA, ADD, and SUB are called memory-reference instructions (MRIs);
you must include a HOM word when using these instructions. QUT and
HLT, on the other hand, are not MRIs because they do not involve the
memaory.

Mnemonics

LDA, ADD, 5UB, OUT, and HLT are the instruction set for SAP-I1.
Abbreviated instructivns like these are called mnemonics {memory
aids). Mnemonics are popular in computer wark because typical com-
puters have hundreds of instructions in their instruction sets. Table 8-1
summarizes the RAP.] instruction set.

RET!
m{_J

TABLE B-1. INSTRUCTION 5ET
Mmnennic Dperarion
- LDaA Load secumulator with AOM word
ADD Add ROM word to actumulatec e
soR” Subitract ROM word lrom sccumulator
ouT Lesaed ourput register with secomulatar wond
HLT Hual

EXAMFLE 8-1.
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Here's a SAP-1 program:
LDA R;

ADD R,

ADD R,

ADD R,

SUB R,

ouT

HLT

What does each instruction do?
SOLUTION,
The first instruction loads the accumulator with Ry: ’
A =R,
The second instruction adds R, to the accumulatar contents:
A=, + 1,
Similarly, the next two instractions add 1y, and R.:
A=H,+ R, + g+ B¢

The SUB instruction subtracts Ry, from the accumulator contents:

A=K, +R,+HR,+L0:-— Ry

The QUT instruction loads this accumulater word into the sutput
register; therefore, the binary display shows



D=A

The HLT instruction stops the data provessing,

B-3. PROGRAMMING

The X's of Fig. 8-2 are: switches an the operator pinel of SAP-1. These
switches program the contents of the memory. A ¢losed swilch loads a
birary 1; an open switch, a binary 0. Since there are 16 ROM registers,
we (an store 16 words at addresses { through F.

To program instruction and data wards into the memory ef SAP-1,
use the operation code (op-code) of Table 8-2. The ep-code Liits go ingo
the four M5B positions and the address bits into the four LSB positions,

TABLE @-2, QPERATION

COOE

Mremonic Op-Coele
LA DO
ADD Q001
suR [ ]]
auT 1110
1ILT 111]

Hete's how te pragram LDA R, into the R, register. The op-code Ior
LDA is 000G, and the binary address for Ry is 1111, Therefore, ¥ru st
program the switches in the R, register like this:

op-op-op-op  cl-clcl.g]

Since op (open) loads a binary 0 and cl {closed) loads a binary 1, the R,
register has been programmed with the waord

R, = 0000 1111 (LDA R,)

Ayl xuxx xmax
Ayl =xxx xxxx
Ry| axmx wxxx

Aol ®axa ®rxx
RAEN KEXK
AR AMKK

Fig. 5.2 Prps—mming iwitches far 16 » 8 HOM,

N !
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How would you program ADD R, in the R, register and SUB Ky in
the By register? Again, put the op-code bits in the MSH positions and'the
arddress bits in the LD positions. After the switches are programmed.
the stored words aye ' .

" {ADD R;)
{SUB R,)

R, = 0001 1110
R, = 0010 1101

The QUT and HLT instructions don't use address bits; therefore,
we can disregard the swilches in the LSB positions. Fer example, to
store OUT in the R, register and HLT in the R, register, set the switches
b get

1= 1110 XXXX
B,=1111 XXXX

Because the address bits are not used, the LSB switches can be open or
closed.

EXAMPLE 3-2,

Machine funguage is the binary wards a particular compuler responds

to. Translale the program of Example B-1 inta SAP-] machine language
and store the coded instructions at hexadecimal addresses 0 upward.

SOLUTION,

" All we have todo is replace the mnemonics by op-code bits and the RO

words by address hits. Fer instance, LDA R, transiates into 0000 1001,
Afer translating the entire program of Example 8-1 and loading it into
the HOM, we have

R = 0000 1001 {LDDA R}
R, = 0001 1010 (ADD R,}
Ry = 0001 1011 (ADD Rj)
Ry = 000) 1100 (ADD Ry)
R, = 0010 1101 (SUB Ry)
R, = 1110 XXXX (OUT)
Re = 1111 XXXX .. (HLT)

-

o Incidentadly, any program like the foregoning that's written ip
machine lunguage is called an object program. The oTigina’ nrogram

lh maemonics and HOM words is called a source progran SAP-1
"y
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tlhes operatar trinslates the source progrum into an olyject program when
programming the ROM switches.

A final peint. The four MSBs of a machine-language instruction in
SAP-1 specify the operation and the four LSBs give the address; from
now on, we will refer lo the MSBs as the instruction field and to the
L8Ds as the address field, Symbolically, '

R, = XN XXXX
Instruction field — ]
Address Leld

EXAMPLE §-J.

Haw ean we simplify the appearance of the source program given in
Example 8-17 \

SOLUTION.

The R in each memory-reference instruction is redundant information.
In other wards, when we translate to machine language, all we need is
the subscript. For instance, LDA @ gives the same information as LDA
R,.

By deieting .all Rs from the memory-relerence instructions, the
source program of Example 8-1 becomes

LDAS .
ADD A

ADD B

ADD C

SUB D

OUT

HLT

This is the stondard practice in industry; from now on, we will write
source programs like this.

JEXAMPLE B-4,

Heow would you program SAP-1 o salve this arithmetic preblem?

164+ 20 + 24 + 24 - 32

Digita) Eomputer Eloctronics

EOLUTION.

You can use the program ol the preceding example provided decimal 16
is lnnded into the R, register, decimal 20 into the R, register, decimal
24 into the Ry register, and so an, . _

After programming the ROM switches, the memory words are

R, = 0000 1001 (LDA 9)
R, = 031 1010 {ADD a)
R; = 0001 1011 {(ADD B)
K,y = 0001 1100 (ADD C)
R, = 0010 11¢1 {SUB D)
Ry = 1110 XXXX {OUT)
Bym 1111 XXXX (HLT)
N, = 0001 GO0 {16,
it, = 0001 0100 (20,0)
Rp = 0001 1000 (24,0}
Rc = 0001 1100 (26,0)
Ry = 0010 0000 - (32,0)

Naotice the program is stared ahend of the data. That is, the initial
proygram instruction goes into the Ry repister, and eemaining instroctions
go into successive addresses. This is essential in SAP-1 because the
program counter starts with bhinary address 0000, Since the PC holds the
atldress of the instruction to be letched next froam the memory, we must
load the program ahead of the data.

Incidentally, a stored-program computer is one in which an object
program is stored in the memory before a computer run. SAP-1 is an
cxample of a stored-program computer. It uses lront-panel switch pro-
pramming, the simplest but slowest wuy to load a program into 4 com-
puter memaory. ’

EXAMPLE §-5.

Shaw the contents of the accumulator after the first five instructions are
executed in the program of the preceding example. Show the contents
of the output register after the QUT instruction is executed.

SOLUTION,

Far canvenienve, the source program is repeated along with the decimal
data:

R,= LDA Y
Bo— 273[) A



R,=ADDB While each instruction is fetched and executed, the Computer passes

R,=ADDCC threugh different machineg phases, periods during which register con-

R,=SUBD tents change. Let's Aind out more aliout these phases.

R, = OUT - '

R, =HLT . Ring Counter

Rp= lﬁ“ .

R, = 20,, The ring counter of Fig. 8-3a {part of SAP-1's contro! unit) has an output
— of .

R.n - 24]# . f".'..-‘

Re = 2815 -

R = 0. T = T,T,T;T,T,T,

{In these equatians, the = sign stands for “is equivaleat to.”) At‘the beginning of a computer run, the ring word is

After LDA 9 is executed, the contents of the accumulator are 1
T = (00001

A = D001 D000
(16,) Successive negative clock edges produce ring words of

The execution of ADD A gives

A =0010 0100 (36, . Ring ounie o— | | I——l ‘ t— oL e
) l—— CiA
After ADD B is executed, _ ’ | | ' ‘ [
! A =0011 1100 : Bl T o Ta Te g fal
2 .
When ADD C is executed, |
A = 0101 1000 (88,0) T
- T T T T T T
|-' ﬂ":‘il_+-ﬂh:il ph:u Dfuau-.—l-‘;h:s:+-‘nlu:+;m?i:‘—l
Executing SUB D gives _]“l
T f |
n
A =0011 1000 (56,0)
-
The accumulator contains the answer to the problem. After OUT '
is executed, the contents of the output register are ,
I
0 =0011 1000 - (56,)
;
Al this point, HLT stops the data pracessing. i :
. - I—I
8-, FETCH CYCLE
The control unit is the key to a2 compuler’s autamatic operation. After i L

the program and data are loaded into the memory, a start signal tums

i . . fo}
cantrol over -\‘C(}N_ This unit then generates the contro! words that Bl R : 1t
- L] .
feteh and Ix. de each instruction, 4 _ Hrow counter, fal Symbl, () Cloh and hming golses.
e |
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T = 0000
T = 000100
T = 100000

Then, the ring counter resets 1o B0000] and the cycle repeats. Each
ring word represents one machine phase.

Figure 8-3b shows the timing pulses out of the ring counter. The
initial phase T, starts with a negative clack edge and ends with the next
negative dlock edge. During this phase, the T, bit out of the ring counter
is high.

During the next phase, T, is high; the following phase has a high
Ts: then a high T, and so on. As you can see, the ring vounter produces
six nhases. Each instruction is fetched and executed during these six
phases.

Address Phase

The T, phase is called the address phase because the address in the PC
is transferred to the MAR during this phase, Figure B-42 shows the
enmputer sectipns that are active during this phase. (Active parts are
light; inactive parts are dark.)

During the address phase, E, and Ly are high: all other contrel
bits are low. This means CON is sending out a cantral word of

CON = CpEpLyEy LELAEs SuEuLalo
_=0110 0000 0000

during this phase.

CON

4
CON

-} fel

Futch routine, {o)] Address phase, (8 Mepory phase, () Inerement plaae,

Fig, 8-4,

217, 218

(.
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Memory Phuse

Figure 84} shows the active parts of SAP-1 during the T, phase. This
phase is called the memory phase becuuse the addressed ROM instrue-
tion is transflerred from the memory to the instructioniregister. During
the memory phase, CON is producing a control ward of ., ~

CDN = CFEFLHEH 1..-|E':|I..|-,14,E,y|I SuEuLnLu
= 0001 1000 0000

As you see, the Ey and L, hits are high.

Increment Phase

The T, phase is called the increment phose hecause the program counter
is incremented during this phase. Figure B-4e shows the aclive parts of
S5AFP-1 during the increment phase. The only high control bit during
this phase is Cp, and the word out of CON is

CON = Ci-Ep-LMEn LlEjLA.E.u SUEULBLO
= 1000 GO00 0000 ’

Feteh Cyele

The address, memary, and intrement phases represent the ferch cycle
of SAP-1. During.the fetch cycle, CON sends out the three control
wards just described. Tahle 8-3 repeats this control routine. -

TABLE 8-3, FETCH AQUTINE
Phase CrErL-EI LELLE. S ELaL, Uﬂfl
Ty {acleiress) G110 0nao 000a0 MAR = PC
T, imemory) HE 1 1000 HEHEEY 1R = R
T, lincrement) Lo agon goGoH Increment PC

During the address phase, £y and Ly, are high; this means the FPC
v sets up the MAR via the W bus. As shown earlier in Fig. 8-3b, a positive
, clock edge beeurs midway through the address phase; this laads the
MAR with the contents of the PC.
| During the memory phase, Ex and L, are high. Therefore, the ad-
! dressed ROM register sets up the instruction register via the W bus.
Midway through the memery phase, a positive clock edge loads the
I with the addressed ROM instruction,



Cp is the only high control bit duting the increment phase. This
sets up the PC to count positive clock edges. Halfway through the incre-
ment phase, a positive clock edge hits the PC and advances the contents
by ane.

8-5. EXECUYION CYCLE

The next three phases (T, T,, and T,) are the execution cyele of SAP-1.
The register transfers during the execution eycle depend on the par-
ticular instruetion being executed. For instance, LDA O recjuires different
register transfers than ADD B. What [allows are the control rantines for
different SAP-) instructions.

LDA Routine

For a concrete discussion, let's assume the instruction register has
zeen loaded with LDA O:

IR = 0000 1001

During the T, phuse, the instruetion feld 0000 goes to the CON. where
it is decaded; the address field 1001 is Joaded into the MAR. Figure
8-3u shows the active parts of SAP-] during this execution phase. Note
that £, and L, are high; all other controf bits are low.

During the second execution phase (T,), E; and L, go high. This
means the addressed data word in the ROM will be loaded into the
accumulator on the uext pasitive clock edge (see Fig. 8.50).

CON

Fig 85 LDA routlie. (a} Firdl exccutivn phase. (b) Second exccution plase. {c} Final
cicculion phase.

1)

Ty is a tdo-nothing phase. During this third eaecution phase, all
registers are inactive {Fig. 8-3¢k This means CON is sending out a
word containing atl (s,

Tabie 8-4 summarizes the control routine needed to implement
{carry out) the LDA instmuction. The hrst execution phase sends the
address feld in the instruction registor to the MAR. The second execn-
tion phase Ioads the addressed data word into the accumulalor, The
third execution phase marks time; it does nothing.

TABLE B-4. LDA AQUTINE

Pﬁvﬂ‘lf C"EJ'LMII:H, I-JE!"‘-AEA sl:-El.Lan E—ﬂ-‘ﬂ

) T, (RN 0100 o000 MaR =ADDRESS
T, Qg oal0 Qodd A= R ooneas
Ty [N LR 000 o Do nothing

ADD Routine

Suppose at the end of the feteh cyele, the instruction regisier contains
ADD B: -

IR =0001 1011

During the first execution phase [Tyh the instruction field goes to the
CON amd the address Reld to the MAR (see Fig. B-6g). During this phase,
Epand Ly are high,

Control bits Eg and Ly are high during the next execulion phase
(T,}. This allows the addressed data word to set up the B register {Fig

=
]

[
COMN

fif fet *

i Fig 86 A1 and SUB roptines. o) First sxecution phase. (L) Second erecution pluse,

{e] Final eaceunon phase,

e
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T
B-6b). As usual, loading takes place midway through the phase when the
positive clock edge hits the CLK input of the B register.

During the third execution phase (T,), E; and L, are high; there-
fore, the ALU sets up the accumulator (Fig, 8-6¢). Hallway through this
phase, the positive clock edge loads the sum inte the accumulator,

Incidentally, setup time and propagation delay time prevent racing
of the accumulator during this final execution phase. When the positive
clock edge hits in Fig. 8-6¢, the accumulator contents change, forcing
the ALU contents to change. These new ALU contents retumn to the
accumulater input, But the new ALUD contents don’t get there unti] two
propagation delays after the positive clock edge {one for the accumulator
and one for the ALU}. By then it's too late to set up the accumulator.
This prevents accumulator racing {loading more than once on the same
clock edye).

Table 85 summarizes the cantrol routine needed to implement the
ADD instruction. The fArst execution phase sends the address feld in
the instruction register to the MAR. The second execulion phase loads
the addressed data word inlo the B register. The third execution phase
loads the ALU contents {SUM) into the aceumulator,

TABLE §-5. ADD ROUTINE

Fliuge CrEpLuEn LELE, SuEWLly Effect
T, od10 Ql1ad Qdop MAR = ADDRESS
T, op0l [(RR{RH 0010 BwR,noarss
T, oo0d ao10D 100 AwSUM
SUB Routine

The SUB routine is similar to the ADD routine: the only diflerence is
making 8, high during the final execution phase. Therefore, Figs, 8-6a
through ¢ show the active parts of SAP-1 during the three execution
phases. {A high §; drives the ALU in Fig. 8-6¢.)

Table 8-5 summarizes the SUB routine. The Arst contral word sends
the address feld from the instruction register to the MAR. The sccond
pontrol word loads the addressed data word into the B regisier, The
third control word loads the ALU contents {DIFF} into the aceumulator.

TASLE 8-8. EUD ROUTINE

Fhuge CeErleufn LE L EL SuEuL.Ln H_ﬂ-{ﬂ'
T, 0310 ol1Qa aaop MAR = ADDRESS
T. pool 00Qg0 edlo B o= N x5
T, oo G010 1100 A= IHFF

OUT Routine

Suppose the instruction register containg the OUT instruction at the
end of a [etch eyele. Then,

IR= 1110 XXXX

Thé instruclion field goes 1o the CON. After this feld is decoded, the
CON sends out the contral routine needed to load the accumulator
contents inta the outpnt register,

Figure B-T7 shows the active sections of SAF-1 during the execulion
of an OUT instruction. Since E, and L, are high, the next positive clock
edge loads the accumulater word inte the output register during the
Brst execnution phase {Ty). The cemaining exeeution phases (T, and T,)
are do nothings.

Talle 8-7 shows the OUT routine. The first contrel werd allows the
aceumulator 10 sel up the output register via the W bus, The next twao
control words do nnthing [ AR ) mark time,

HLT

HILT does not requive a contrnl routine Lbecause no registers are involyved
in the execution of an HLT instruction. When the [R contains

IR= 1111 XXXKX

the instruction field 1111 1ells the CON to stop processing data. CON
stops the vomputer by tuming ofl the ¢lock (circnitry discussed later).

Fig H.

Fursl vrecation pluse of QUT instruction,




TABLE 8-7. CUT ROUTINE

Fhage CeELulr LiEILLEL S.E L L, Effecr
Ta aooon OG0l 0odl OUT = 4
T, goaoo a00oQ eogo0 Do nothing
Ty 0009 Qooo o000 D nothing

Machine Cyele

SAP-} has six phases (three fetch and three execute). These six phases
are called a machine eycle (see Fig. B-8). It takes one machine cyele to
feteh and execute each program instruction; therefore, the duration of
a computer run is directly proporiicnal to the number of program in-
structions.

EXAMPLE §-6.

SAP-1 has a I-MHz clock. How long is a machine eycle? How long is
the computer run for a program with 12 instructions?

SOLUTION.

The clock has a frequency of } MHz; therelore, the perisd is

1
T=mﬁ£=1*"$

Referring to Firg, 8-3b, you can see that each phase lasts for one clock
period. Since there are six phases per machine eycle, each machine
cycle has a duration of 6 us.

A program with 12 instructions takes 12 machine cycles to complete.
Therefore, the duration of the computer run is 72 ps,

CLK |

1
-|—~ru—-—|-|-|—7| ..:.. fa

+ rﬂ_—v%!—r‘_.b-{-d—rﬁ—l-

[ F g1t £y [p Ll i

Enwrulion ¢ yEli m——

P Machine cy=l#

Fig 8-4. 'M"'"\ine cycle.

.

—_—

|

EXAMPLE B.-7.

Figure 8.9 shows the six phases of SAP-1. The positive clock edge
aceurs hallway throngh each phase. Why is this impoertant? -

EOLUTION,

SAP-1 is a bus-organized computer (the common type nowadays). This
allows its registers to communicate via a bus. But reliable loading of a
register takes place only when the setup and hold time are satished
freview Sec. 5-3 if necessary}. Waiting half a eyele before loading the
rugister satisfies the setup time; Waiting balf a cycle afier loading satis-
fies the hold time. This is why the positive clock edge is designed ta
strike the registers halfway through each phase {Fig. 8-9}.

There's another reason for waiting half a eyele before loading =
register. When the ENABLE input of the sending register goes high, the
contents of this register are suddenly dumped onlo the W bus. Stray
capacitance and lead inductance prevent the bus lines from immedi-
alely reaching the correct voltage levels, In ather words, we get tran-
sients {expanential, ringing, ete.) on the W bus, We have to wait for the
dalit tn settle on the bus Hines if we want reliable loading. The hall-cycle
delay before eloecking is adeguate for all transients to die out.

EXAMPLE 8.3,

The following program and data are in the SAP-1 memory:

i, = L.DA C
R, =ADD D
Ry = HLT
He =15,

H.u = 33“]

Show the register changes for each phase of the By machine cycle.

f g " atlp + By + rolp + mdge + prige
I [ l [ | [
1 ¥ ¥ T t
cux l l |
- b nm o
EY. T8 Mpmpd y Jrac kil Eactulion Enttuivn E neCul vy
. pha Pliie Pl phane =] e .

(‘ Fig 889 Posinve clock eelges oecar midway thamgh each muchine pha-

FL
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SOLUTICN.

Before SAP-1 can mun a program, the operator has to push a CLR button,
Among other things, this resets the program vounter to 0000, The opera-
tar then pushes a start button and the computer runs the program. Here

are the register changes during the first machine eycle:
T, (see Fig. B-4a):

MAR = PC = 0000
T, {Fig. 8-4L):
IR = R, = 0000 1100
T, (Fig. 8-dch
PC = 0001
T, IFig: §-5a)k:
MAR = ADDRESS = 1100
T, (Fig. 8-5b}): |
A=R.=0000 1111
T, (Fig. 8-5a) .

Do nothing

T

EXAMPLE B-8,

With the program and data given in the preceding example, what are

the register changes durting the second machine cycle?

SOLUTION,

The PC holds address 0001 at the beginning of the second machine

cyele, Here are the register chunges,
T, (Fig. B-da);

MAR = PC = D001

L.

. '
5‘ AP-T s o computer Lecause it stores o program and da
22

before caleulations beging then, it automatically carries gur
the program instructions without haman intervention. And
yet, SAP-1 is primitive, like a Neanderthal man compared
lo 2 modern person. Something is inissing, something found
1in every modern computer,

SAP-2 is the next step in the evolution 1oward modern
compulers. It includes juwmip inatrections, These new in-
structions {urce the compuler to repeat or skip part of a pro-
gram. As you will discover, jump instructions open up a
whole new warld of computing power.

‘8-1. ARCHITECTURE
|
*Figure 31 shows the architecture of SAP.2 As befare, all

-register outputs Lo the W bus are three-state; those not con-
necled to the bus sre two-state, A brief description of each
box is given new, with details to Tollow latet,

Subroutine Counler

The selireutine counter (SC) can pinch hit for the progrun
terunter duting o computer run, This ocears when a new in-
struction {(discussed later} tukes program control away from
the PC and gives il to the SC. While it has conirol, the 5C
sends the binary address of the current instruction to the
MAH: aslter the instruction has Leen fetehed, the 5C is in-
cremented by one. Program control remuains with the §C
until terminated by another new instruction.

FProgram Counter

This time, the prograom coonter has B Dits; therefore, i can

L'Ulltlt frum
PC = D000 0000 {0,,)

{or
1 _ .
' PC=111] 111} ([R5,

A CLR sipnal resets the PC belore cach compurer min; su
the data processing starts with the R, instruction,

SAP-2
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Memory Address Register

Druring the fetch eycle, the MAR receives 8-hit addresses from the pro-
gram counter or subroutine eounter, whichever has pragram control.
During the execution cycle of memory-reference instructions, the MAR
receives an B-hil address field from the instruction register.

Random-Access Memory

The 256 % 12 HAM can store any 256 words of 12 hits, These words,
located at addresses 0 through FF, are symbolized by Ry, R, K,, . ..,
Ry, By, Ky, Ry ..., By With WE low and ME high, the addressed
HAM word is read onto the W bus, With WE and ME kigh, the contents
of the MDR are written into the addressed RAM lacation.

Memory Data Register”

A high Ly and positive elock edge Joad the MDR! The two-state output
then sets up the RAM. The MDR also has a three-state output; therelore,
a higl E, reads the contents of the MDR ento the W bus,

Instruclion Register

riring the execubion of a memory-reference or a jump instruetion, the

" four MSHs in the instruction register represent the instrection feld and

[RL A e T

the cight LSBs are the address field. During the execution of an operate

tnstruction (explained later), the eight MSBs in the IR form the instruc.
tion field and the four LSBs are don't cares.

Conlro] Unit

The contral unit produces CLR, CLK, and CON to coerdinate and
synchronize all registers. Recause SAP-2 has a bigger instruction set,
the instruction-field decoder has more gates. And because of the new
registers, the control matrix has mare hardwate, Although the CON
waord is bigger, the idea is the same: The CON bits determine how the
registers react to the nest positive clock edge.

-

|[ Input Register

Interlave cireuits convert signals from peripheral devices ‘munched-
ard readers, cassetle-tape readers, teletypewrilers, et hinary |

q signals suitable for entry inte a computer. The design of an interfave
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-
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depends on the peripheral: a teletypewriter (TTY) needs one kind of
inlerface; a casvette reader, another.

In Fig. 9-1, the bhinary word from an interface circuit sets up the
inpul register, Thereflare, a high Ly and positive clock edge load this
ward into the input register. During another phase, a high E, can read
the input word onto e W s for transfer to the accumulator. As shown
in Exunples 7-8 and 7-10, a control routine exists for loading up to 236
instruction and data wards inte the SAP-2 memory.

Accurnulator

The twa-state ouklput of the accumulater goes to the ALU; the thee-
state gutput 1o the W has. Therefore, the 12-bit word in the aeccumulator
continuously drives the ALU, but this same word appears on the hus
only when E, is high, (A pe and Az, will be explained later.}

Atithmetic-1,0gie Unit

Stanckard ALUs are commercinlly availuble as integrated eircuits. These
ALU: Jave 4 or more select Ints that determine the arithmetic or logic
apenation performed on words A and B,

The ALY of Fig. Y-1 is comparali]e to a stundard ALU. Because the
select bits {5, through S,) cover 0000 through 1111, we can select 16
arithmetic and logic functions. SAP-2 uses three arithmetic funciions

(NULL, ADD, SUBL) wnd seven logic functions (complement A, com- |

plement B, OR, AND, NOR, NAND, and XOH).

B Register

As befure, a high Ly and pasitive clock edge load the B register with a
word from the W bus, and the two-stule oatput continuously drivees the
ALLU.

Index Register

-

The index register (%) has a loagl inpul Ly to control louding from the
bus and an enable input E, to contral readonl onto the bus. Further-
more, the index regisier has an increment input INX and a deciement
input RDEX.

When INX is high, the next positive clock edge increases the con-
tents of the index register by vne. When DEX is bigh, the next positive
cloch edge duereases the cantents by one. In other words, a high INX

N\

means the index register counts up; a high DEX means it counts down !
{Xeinue @nd X, are explained later.)

Qutpul Register

Again, the contents of the accumulator can be loaded into the cutput
register (O}, This way, an answer can move from the CPU {centra}
processing unil) to the outside world, The output register cannects
to an interface circuit, The design of this circuit depends on the pe-
ripheral device being driven (printer, CRT display, teletypewriter,
ete.). The interface circuit converts the contents of the output - register
into signals suitable for driving the peripheral device.

‘9.2, MEMOAY-REFERENCE INSTRUCTIONS

SAP-? has an instruction set with 28 instructions. This section is about
the six memory-reference instructions.

Hecognizing an MHRI

The SAP-2 [eteh cycle is the same as before. Ty is the address phase
{MAR = PC), T, is the memory phase (IR = Rye), and T, is the increment
; phase {advance PC by one). All SAP-? instructions, therefore, use the
memory during the fetch cycle because a program instruetion is trans-
ferred from the memory to the instruction register.

During the execution cyele, however, the memory may or may not
be used; it depends on the type of instruction that has been letehed. A
memory-reference instruction (MBI} is one that uses the memury during
the execution cycle. You can always recognize an MRI by the registers
j used in the first execution phase (T, )

Figure 9-2 shows the active parts of SAP-2 during the T, phase.
When an MEA!L is in the instruction register, CON sends out high E, and
[.. bits. This means the address feld of the 1R is loaded inte the MAR.
The Ty phase ol any MRI therefore results in

MAR = ADDHRESS

Remember this. It will help you distinguish an MRI from other types of
iinstrur:tl'ons discussed later.

LIf interesled in the design of upfdown cpunders, aee & P Mulbving and O P, Leach, Dig.
ital Principles and Applications, McGraw-Hill Buuk Company, New Yok, 1875, pp 246-
Bal
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L — A=1111 0000 0000

LK S MaR Y the execution uf STA 56 results in
Rye= 1111 0000 0000 Kb
Bbmy -
wdrggs i .
fieid LD}A and LDX
] PR . - A
. The last two MRIs in SAP-2'% instruction set are similar t6 LDA except
ct L 1A that the addressed memory word is loaded into the B register or into the
. index register. .
' 'LI3B is the mnemonic for "lcad the B register,” and 1.DX is the
\LJ/ mnemonic for “load the index register.” Ta he complete, these instrue-
- tions raust include an address, For inslance, 1.IDB 45 means “load the
B regisier with R, and LLDX 78 means “load the index register with
By '
COn
EXAMPLE 4-1,
U Write a program that adds three numbers {2, b, and ¢) and winds up with
the sum in the accumulator, the B register, and the index register.
Hayh £
arml Lﬂ:

SOQLUTION.
Fig. 52 T, phuse of all MRL.

Here's one pragram that will! work:

R, = LDA 20
DA, ADD, and SUB R, = ADD 21
e S L R, = ADL 22
The first three MRLs in SAP-2's instruction set are the same as before, . HI — STA 93
although now we can choose from 256 memory wards, located at ad- 0= LD HH"'?3
dresses 0 through FF. Fer instance, LDA 23 means "Load the accumu- R _ LDX 23
lator with Ryy,” ADD 7C means “Add Ryc to the accumulator,” and SUB | | I‘.: _ HLT
FF means "Subtract Ry from the accumulator,” R ; . i}
Incidentally, any word heing loaded, added, subtracted, or other- R“ _
wise operated on is called an gperand. 1n the foregoing examples, R, ) H“ -
Bye and R,y are operands; 23, 7C, and FF are the addresses of the RH; (SUM)
operands. | 3 _
: Instructions B, through R, add the three numbers. Instruction R, stores
STA " the swn al address 23, Instructions R, and R, load the B register and

: | index register. Ry stops the data processing, at which point the sum ap.

STA is the mnemonie for “store the accumulator word.” Every STA ' pears in the accumulator, B register, and index register.
-instruction includes a memory address. STA 56, for example, means "The data (a, b, and £} is loaded into addresyves 20, 21, and 32 belore
“stare 1Y geumulator word at address 367 1f <- the computer run., During the computer run, dala is stored at address 23;
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9, SAP-2

[

{ (

the parentheses around UM indicate this data is produced by the com-
puter,

9.3, JUMP INSTRUCTIONS

Menmory-reference instractions are one type of instruction; jump in-

structions are another. SAP-2 has six jump instructians; these can change
the program sceyuence. Instead of fetehing instructions at sucgessive
addresses, the computer may repeat or skip part of the program after a
jump instruction has been executed.

-

JMP
During the Ty execetion phase of all KMRIs, the address field in the IR s

transferred to the MAH {Fig, 9-2). This is how you can recognize an MR

Juinp instructions are different. To begin with, JMP is the mnemonic
for “jump the program veunter,” Every JMTP instruction includes an ad-
dross to be luaded intu the PC rather thun the MAR. In other words, a
JMP instruction differs from an MR1 Lecause of the registers used in the
T, exveution phase (see Fig, 9-3).

When 2 JMP instraction s in the IR, the CON sends cut high E;
and L, bits. This means the address feld of the [R goes to the PC rather
than to the MAR. The T, phase of any JMP instruction, therelore, re-
sults in

PC= ADDRESS

The T, and T, phases are do nothings.

Since the PC contains a programmed address after a JMP is exe-
cuted, the instruction letched nexl comes from the programmed address
rather than the usual ineremented address, This allows the computer to
repeat or skip part of the program.

For instance, alter the Ry instruction (JMP 40) is executed in Fig,
Y.4a, the PC contains mldress 40 The next instruction letehed is R;
therefore, the camputer will repeat the program hetween R,, and Ry,.

On the other hand, the execution of the R, instruction (JMP 70} in
Fig. 9-44 lorees the computer to jumnp to the Ry, instruction, thevefore,
all instructions between By, and Ry, are skipped.

Ezamples 9-2 onward give you practice with the JMP instruction
and shampen your understanding of this powerlul instruction.

JAM
JAM reaembles JMT because it can change the contents of the PC. But
it differs from JMDP hecanse it produces a program jump oaly when a
spervial condition is salisfied.

-’

1
b

Rg =~ LOX 03

L,
CLE [ PC
Ciw [ 1]
£, I
U
CON
Hgh £,
nd Ly,

Fig. 9-3. T, phaae of [MI" instruction,
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JAM is the munemonic for “jump the program counter il the ap.
cumulator is minus”; or simply, “jump if accumulator minus.” Every
JAM instruction includes the address to be loaded into the PC. Fur
instance, JAM 40 means “jump to address 40 if ar_ncumulamr minus,"
and JAM 60 means “jump to address B0 if accumulator minus.'

Figure 9-5 shows the effeet nf o JAM 40 During the execution uE'
the R, instruction, CON tests the conlents of the accumulator, I the
acewmulatar is minus, the program jumps back to the R, instruction;
otherwise, the program continues with the By, iostruclion,

After the SUB 92 is executed, a JAM 60 appears. Again, the CON
tests the accumulator vontents, If these contenis are minus, the pro-

gram jumps ahead ta the By, instruction; atherwise, it continues with the

R.; instruction,

JAZ

JAZ is the mnemuonic Be “juomp the program counter i the accamulalor
is eera’; or simply, Cjnmp il acenmulator zere.” Every JAZ instruction
includes-the address to be ioaded inta the PC. JAZ 32 means “jump to
address 32 i aecumubatar zern, otherwise, continue with the next in-
struction.”

JIM and JTZ

JIM stands for “jump the program counter if the index register is minus™;
or simply, "jump il index minus.” JIZ is the mnemenic for “jump the

-

ADD 50

ETA Ut
. 1A mings

X
]

R, = JMAD
A_, = 50807
A, = JaM &l
R

= TA RS
1A minu

R, = LDBSE =
Fig, 4-5  JAM nps.

{ (

program counter if the index register is zerg'
| zero.”

Every JIM and JIZ instruction includes the address to bie [paded inm
the PC. For instance, JIM 84 means “jump to .1ddrr:ss 94 il index minus"
JNZ TF means “jump to address 7F if index zero.’

1AM, JAZ, NM, and ]JIZ are valled conditional fumps hecause the
program jump occurs only if certain conditions are satisfied. On the other
hand, [MP is uncanditional: ance this instruction is [etched, the execy-
tion eycle always jumps the program to the specified address.

"; or simply, “jump if index

IMS

A subrputine is a program stored in the memory for passilile use in an-
othe: program. Most computers have subroutines for finding sines,
cosines, tangents, logs, square reots, ete. These subrootines are part of
the software supplied with modern computers, ("Software” refers to the
programs manufacturers prepare for use with computers, Besides sub-
roulines, software includes assemblers and compilers, programs thot can
trapslate source programs into object programs.)

JMS is the mnemonie for "jump to subroutine,” Every JMS instruc-
tion must inclede \he starting address of the desired subroutine. Far
instance, if a square-root subroutine staris at address A2 and a log suls-
routine at nddress C5, then a JAS A2 will jump to the square-root suls-
rontine amd 4 JM5 C5 to the log subroutine. ARer the subeoutine is com.
pleted, the computer retumns to the eriginal pragram.

When a JMS is executed, pragram rontrol passes from the progmam
counter to the subroutine counter, Afer cach suliroutine instruction [z
fetched, the SC is incremented by one. In this way, the SC pinch hity
{or the pragram counter during the execution of a subrouline. Al the end
af the sulroutine, program control reverts to the PC.

JMS is unconditional, like JMP. Once a JMS has been fetched inp
the instruction register, the mmputer will jump to the starting address
of the subrautine.

Summary

During the execution of an MRI, the MAR receives the address field,

During the execution of a JMP, the program counter receives the
address field. During the execution of JAM, JAZ, JIM, ur J1Z, the pro-
gram counter reccives the address field if certain conditions are salis-
fed, During the execution of a JMS, the subroutine counter receives the
address feld and the program counter sauves (retains) the incremented
address.
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AMiLs are the workhorses of an instruoction set; they load registers, | Instruction  Comment
aeled sund subttoet adedressed words, and stare words in the memory. Bt
FIE FEDLRICE A £ I SRS Y . o Ry=mLDAE A=25,
the jump instruclions are the real magic of an instruction set; they make R SUBT A= 16
- . - —
the computer repeat part ol a program, skip part of a program, and juinp Hl AMS5 Noi 1
to other wddresses in memory where uselul subroutines are stored. =] 0 Jump
Table 9-1 lists the mnemontes and op-code lor SAF-2's memory- R,=JAZS5  Nojump
. B,=MP1l ReturntoR,

reference and jump-instructions.

TABLE 9.1, MHAID AND JUMP INSTRUCTIONS FOR S&4P-2
Auemgnic 1 - Code Aleaning
1104 L)) Lisiel sgrummlator
ADD TEN Al addressed waord
ST o Suldract addressed word
§TA will Slure accumulalor ward
LI L] CKD Faenicl 10 repister
L3N ol Lasacl wedex register
IMT 10 Jurmnp
1Aan i Fump l decumulmar minas
[EV4 ILHHD T 1l occumulatir dero
JREY: gl Jump if index minus
"z jult Jump il incles zere
185 1l Tuneg vz subrouatine
Ly - Fiast wnesd b
|1l Kat maed
1y1a Mot wred
OPR 11 Cperzte instruclion (See. S-4)
EXAMPLE -2,
.
Describe what happens during the execution of this program;
R,=LDAS6
R, = SUB 7
R,=]JAM S
R,=JAZ5S
R=]MP1 .
R, = HLT
R, =25,
* R,=4,.

Becaunse of the jump instructions, part of the program will e repeated.
We can summarizce the daw processing by listing a comment after cach
instruction that is escouted,

First pasa:

During this first pass, the LDA 6 loads the accumuolator with the binary
equivalent of decimal 25. The SUB 7 subtracts the equivalent of decimal

} 9, leaving decimal 16 in the gecumulater. Because tle accumulator con-

tents are positive, the JAM &5 and JAZ 5 have no effect, Then comes the
JMP 1, which returns the provessing to the SUB 7 instruction {see Fig.

9-6a),

Second pass:
instruction Comment
R=SUBT A=7,
E,=]JAM 5 Nojumnp
R,=JAZS5 Nojump
R,=|MP1 Returnto R,

On the second pass, the SUB 7 reduces the accumulator contents to

decimal 7. still positive. The JAM 5 and JAZ 5 are again ignored. The

JMP 1 returns the processing lo the SUB 7 instruction (Fig. 9-6a).
Third pass:

Instruction Comment

R,=SUB7 A=-2,

R;= JAM 5 Jump to R,

R,=HLT  End of program

LCA & LDA G LDA B

suB 7 SuB 7 58 7 —— .

FTTPY ) 184 B 1AM S Two

JAZE IAZE IAZE ot

IMP 1 IWP JMP 5

HLT MLT HLT Eriapw
fal s} ie)

Fig 8-6. A sample program with JAM, JAZ, and JMP.




On the third pass, the SUB 7 makes the accumulator contents negative
{the sign hit changes Irom O w 13, The JAM 3 now forces the comnputer to
jumyp o the By instruction, At this point, the data processing stops
(Fiy. 0-50). -

The caomputer run therefore has lwo retums to SUB 7 and the Rnal
escape to HLT (Fig, 9-6e).

-

EXAMPLE 5.1

A square-rogt subroutine starts at address A2 and a log subroutine at
address C5. What does the following program do?

R, = LDA 6
R, = JMS A2
R,= ADD 7
R, = JMS C5
R, = STA 8
R, = HLT
R, = 400,
N, = 80,

i, = (ANSWER)
SOLUTION.

We can smmmarize the data processing by listing a comment after each
instroction is excouted,

Ingtrcting Cumment .
R, = LDAE A =400,

R, = ]MS A2 = 20, alter subroutine
R,=aDDT aA=100,

B,= M5 C5  A=2, after subroutine

R,=STAS R =3,

R, = HLT End of pregram

The LA & loads the accuwinulator with 400,,. The JMS A2 jumps tlie
computer to the square-root subroutine. After this subroutine is Enished,
the accumulator contains 20,,. The ADD 7 increases the accumulator
vemtents (o 100, The JM5 C5 results in a lag subroutine, after whigh
the acenmulator contains 2,, (the common logarithm of 100,,). The 5TA B
stores the wecumulator word at address 8 .

Figure 9-7 illustrates the progrnn segquence. As shown, the Brst et
from the main program veeurs alter the execution of JMS A2, afier com-

]ﬂetinl] ~ the SO ro subruutillu. we reenter the main program at ’

1

Fig. 8-,

Prograrn sequence for subroutines.

ADD 7. Alter JMS C5 is executed, we leave the main program for a
second time. Upon completion of the log snbirontine, we reenter the
main program at STA 8.

Notice the BRB instruction. at the end of wach subroutine. BRY is
the mnemonie for "branch back.” This instryction takes program con-
trol away frem the subroutine counter and rewurns it to the program
counler. BRB is discussed further in the next seetion. :

9.4, QOPEAATE {NSTRUCTIONS

An operate instruction neither uses the memory nor alters the program
eounter. Instead, it operates on words already transferred out of memory
into working registers {like the accumulator, B regisrer, index register,
ete.). What lollows is a brief description of each SAP-2 eperate instrue-
tigan,

NOP

NOFP is the mnemonic for “‘no aperation.” During the execution of 4 NOP
instruction, all the phases are do nothings. Therefore, nothing happens
when a NOP is executed.

Why use a NOP? After writing a long program, you almaost always
have to debug it {locate and correct the errors). This may require adding,
changing, ar removing instructions, Il you remove an instruction, yoau
can fill the gap with a NOP.

" For instance, in Fig. 9-8z, the second ADD EZ iy an nnintendedd
duplication. 1f you pull this instruction, a gap appears in the program.
The easiest way to Rl the gap is with a NOP {Fig. g-817}.

$ome microcomputer manufacturers recommend starting & progrun
with a NOI. The reason given is that potential races exist at the be-
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A, = LOACT R = LOACY

- .

HZ‘D = AQDDEZ ' H?D = ADDEZ

Ry, =~ ADDEZ (Error R,, = NOP

Rn = BUBE] “'12 = SURE]

Rgg = MLT Agy = HLT
fa} &)

Fig. 8. Using a NOP 1o fll & gap.

ginning of a program, By leading off with a NOP, these potential races
have a chance to die out. )

NOPs are also used lo produce delays. By repeating a NOP a few
hundred times, you can delay the data processing while some activily
takes place elsewhere in a compulerized system.

CLA

CLA means “clear the accumulator.” The execution of a CLLA resets al!
accumulatar bits to zero (Fig. 5-9a).

XCH

XCH is the mnemanic for "exchange aceumulater and index.” During
the execution of an XCII, the words in the asccumulator and index
register are transpased (Fig, 8-9)). Far instance, if

A = D000 0000 1111
X = 0000 0000 1001

(15,y)
(9]

A - A

[ o000 T oo | oood | CI XXHX | xx::x]l_xx:cx_])

[xxx | xxxx | xxxx|
X

l._l-

fa! i)
Fig. 9%  (a) Aher CLA, (L) The XCH i setien.

%, SAP-Z 754

the execution of an XCH results in

A = 0000 0000 1001
X = 0000 0000 1111

Sl
(15,0}

DEX

DEX means “decrement the index register.” The execution of a DEX
decreases the contents of the index register by one, Given

X = 0000 0000 1001 (9,,)
| the execulion of 2 DEX produces
X = 0000 (000 1000 {80}

INX - .

INX is the mnemonic for "increment the index register.” This instrue-
tion adds one to the index register.

CMA .

CMA stands for "complement the accunmlator.” The execution of a
CMA inverts each bit in the accumulator, producing the 1's complement.

CMB '

CMB is the mnemonic for “complement the B register.” This instruc
tion inveris each bit in the B register, resulting in the 1's complement.

-

l

[OR N

10R means “icclusive C:H, identical to the On function discussed in
earlier chapters. The execution of an 1OR will aRr the corresponding
bits in the accumulator and B register (Fig. 8-10); the result appears in
the zecumulator. 1€

{9-1}

1111 1110 1100
l {9-2)

A
B 111 0001 Q000

L



the execution of an [OR gives

A= 1111 1M1 1100

AND

Executing an AND produces bitwise ANDing ol the accomulator a3d B
register (Fig. 9-10}, with the result appearing in the accumulator, With
the initin] values given by Ens. (9-1) and (9-2), the execation of an ANT
produces

A= 1111 0000 0000

NOR

This instruection NORs the contents ol the accurnulator and B register on
a bitwise basis, &5 usual, the result uppears in the accumulator, YWith
the values of Ens. {8-1) and [9-2}, the execotion of 2 NOR gives

A = 0000 0000 0021

AN

NAN is the mnemonic for NAND, Again, the corresponding bits of the
aceumulator and B register are operated gn. Given the values of Egs.
{3-1) and (9-2), the execution af a NAN results in

A= D000 1111 1111

XOR

An XOR instruction will exclusive OR the contents of the accumulator
and B register bit by bit. Given the values of Egs. (9-1) and (9-2}, the
exccution ol an XONR produces

A=0000 1111 1100

From
narlace
irewil

BT TN

Prxoe | xamsd x| 4

Fig. 911, INF tmansfers input word from inlerface circuit to accumulator,

BRB

BRB is the mnemonic for “branch back.” The BRB is used at the end of
each subroutine to get back to the muin program. BRB is to a subroutine
as HLT is to the main program. In other wnrtlls, if you forget to use a
BRE at the end of a subrontine, you will get computer trash when the
subroutine is called. :

INF

INP means “input.” This instruction is executed in two phases, The Rrst
exceution phase loads the input register with a word from the interface
circuit. The second execution phase translers this word to the accumula-
tor {see Fig. 9-11).

ouT

OUT stands for "output.” When this instruction is executed, the ac-
cumulater word {s loaded into the output register,

HLT

What does every program end with? Right, HLT. This instruction stops
the data processing.

Up-{jndc and Select Code

Earlier, Tahle 9-1 showed the op-code for all MRz and jump instruc-
Hons, 1100, 1101, und 1110 are unused words, but 1111 indicates an
operate instruction. That is, all operate instructions have this format:
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PEHD XANX XXXX EXAMPLE 9.4,
Dp-tu{]e—] i How many times-is the DEX executed before the J1Z 4 jumps the
Selevt code . _ processing 1o the HLT in the lollowing program?

Don't cares

Table 9-2 shaws the sefecr code, the middle 4 bits used lor each
aperule instruction. To program any aperate instruction, start with four
15, fullow with the select code, und end with four den't cares, For

instance, the mnemonics and equivalent mnchme words for the Frst
three aperute instructions are

NOP = 1111 0000 XXXX
CLA= 1111 0001 XXXX
XCH = 1111 0010 XXXX

{The = sign stands Tur ik egoivalent 1o}

Incidentally, MAIs and jump instructions use an address field but
operate instructions don’t, because all the vperands are already in
warking registers.

You sow bave the entire SAP-2 lustruction set: 6 MR, 6 jumps, and
16 aperales; a total of 28 instructions.

TABLE 9.2 OPERATE INSTAUCTIONS

Aluemunic Sefect Code Meaning
wpe L Mo operation
CLA ({1031 Clear pvewiaelgnr
KCH LA Exchange A aod incfes
LEX Il Decrement indea
INX 0100 Ingcrement index
Cha (10 Complement A
ChS 1o Coinplement B
10N Q111 Inclusive 1R
AN T AND
HOH 1001 MO
WaM LD MANL
AOH LU L Exclusive (3R
nRB LG Branch bach
I~ 1101 Input
OUT G Chitnut
LT IRRY| flalt

H,=LDX5
R, = DEX
B, =112 4
R,=]MP 1
R, = HLT
Ro=13s

SOLUTION,

The LDX 5 loads the index register (hereafter called index) with 3,
DEX reduces the index to 2,,. J1Z 4 is ignored because the index is not
zero. ]JMP 1 returns the program te the DEX.

The second time the DEX is executed, the index drops to 1,,. JIZ 4
is again ignured and )MP | returns the program te DEX far a second time
fsee Fig. 9-12).

The third DEX reduces the index to zero. This time, J17 4 jurnps
the program te HLT. ) .

A loup is part of a program that is repeated. In this exanple, we
have passed through the loop {IDEX and JIZ} three times as shown in
Fig. 9-12. Note that the number of passes through the loop equals the
number loaded into the index register.

IFwe change R, ta 7,y and rerun the pragram, the carnputer will pass
through the loap seven times. Similarly, il we change R, to 200, the
computer will pass through the loop 200 times.

The point to remember is this. We can set up a loop by in¢luding an
LIDX, DEX, J1Z, and JMP in a program. The integer loaded inte the

LDX 5
DEX =

Thras
AL L
through
loop

T
mmrrd

JZ 4

JMWF
HLT E peape

Fig. 9-12. Pragratnming & loop.
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111, - MODCS DE DIRECCIONAMIENTO

ESQUEMAS DE DIRECCIONAMIENTO,

L.a unidad central de procesc (CPU) en las computadoras debe

realizar las siguientes funciones:

- Obtener y traer de memoria primaria al CPU la siguiente
instruccitn a ejecutar,

' .
- Entender los operandes, esto es, definir la localizacién de

los operandes necesarios para ejecutar la instruccidn vy
traerlos al CPU.

- Ejecutar la instruccidn,

Para llevar a cabo las funciones anteriores el CPU debe con-

- F

" tar con la siguiente informacion:

2
- El cddigo de operacion de la instruccifn a ejecutar.

- Las direcciories de los operandes y la del resultado.

- La direccibn de la siguiente instruccidn a ejecurar,

Existen diferentes soluciones que satisfacen los requerimienmé
anteriores, los cuales determina'n la arquitecturs de los proce
sadores que las utilizan,
Se supondrin operaciones aritméticas en las que se rienen dos
operandes y un resultade ya que son las que proporcionan el
caso mis general.
a) MAquinas de "3+1" direcciones

El formato de instruccidn en este esquema de direcciona--

miento contiene todos los elementos necesitados por el CPLU

-
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para realizar sus funciones,
Un posible formato de instruccién se muestra en la figura

1L 1}

DE PRIMER SEGUNDO RESULTADO/| LA SIGUIENTE| n de
PERAC,| OPERANDQ | OPERANDO INSTRUCCION | memoria

EODIG{Z} DIRECCION [ DIRECCION [DIRECCION | DIRECCION DE| Palabra
FI1G., I, )

En este caso se tienen cinco campos en e} formato de instruccidn: Uno

para el ci&digo de operacién gue sirve para indicar el tipo de opera---

cidn a realizar (suma, resta, multiplicacién, etc.), tres campos para
i + ’

. . ]
las direcciones de los operandcs y resultade de las operaciones, un

campe para indicar la direccidn de la siguiénte ingtruccién a ejecutar,

Las instrucciones para &sta miquina podrian ser escritas en forma
simbdlica en la sipuiente forma: ADD A, B, C,D donde ADD representa
el codigo de operacibn suma y A, B, y D son nombres simbodlicos

asignados a localidades de memoria.

Suponiendo que existen las instrucciones suma (ADD), substraccibn---
[SUE} y multiplicaciéon (MUL), entonces una posible traducecion de la
expresiin A=(B*C)-(D*E) en FORTRAN a lenguaje simbdlico en la méi-
quin-a de 3+l direcciones serfa:

L1: MUL B,C,Ti, L3

L3: MUL D,E, T2, L7

L7: SUB T2 Ti, A, L8

L8: Siguiente instruccidn
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donde T1 y T2 representan localidades temporales usadas ﬁara puardar

resultados aritméticos intermedios,

Las conclusiones més importantes en este esquema son:
Los programas no necesitan estar almacenados en memoria en forma
secuencial ya que el campe de direccidn de la siguiente instruccion per

mite conocer donde fueron 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
-7 .

sultados de las operaciones.

b} Méaquinas de "3" direcciones
Considerando que los programas se escriben secuencialmerite y que
por consiguiente es muy logico almaceparlos en este mismo orden,
se llega a un nuevo esquema Ide direccionamiento en el cual se susg
tituyen todos los carmpos de direccidn de la siguiente instruccion
por un solo registro dentro del procesador que lleva en forns se-
cuencial y autemiticamente la direccifn de la siguiente instrucciOn

a ejecutar. Un posible formato de instruccidn se muestra en la

fig, HI,2

Regstro Codigo |Direccidn [Direccién [Direccion Palabra
en el de primer sepundo resultado | n o de
procesador |operac. |operando [operando memoria

FIG, 1I1.2
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Util{zando este esquema de direccionamiento la expresion A=(B*C)~(D*E}
en ‘FORTRAN,quedarfa expresada como: ’
MUL B,C, Tt
MUL D,E, T2
“ SUB T2, Tl,A
Siguiente instruccitn
Donde se ha suprimido la direccién de la siguiente instruccién ya que °

ésta es llevada en forma secuencial y automéitica por un registro del

procesador conocido como centador del programa (PC).

Con el esquema de 3 direcciones se logra aprovechar la memoria en
forma mé4s eficiente y reducir la longiud de palabra lo que redunda

directarnente en los costos de la misma, _,

c) Méaquinas de "2" direcciones,
En las operaciones aritméticas nc siempre es necesario guardar
el resultado en una localidad de memoria v preservar los operan-
dos, por lo que se puede pensar en utilizar uno de ellos para----
guardar ¢l resultado una vez que la operacifin se ha efectuado. Las
Y

consideraciones anteriores llevan a presentar un posible formato de

instruccidn en esta méquina, mosirado en la figura Iil.3

IR, DE LA | REG, ) DIR. DIR. SEG. Palabra
IG," INST. A| EN EL P, QP. n de .
JECUTAR PROC. | OP, Qp.,- memoria

FIG. IIL 3
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En este esquema se usard la direccitn del segundo operando como la
direccidn del resultado vna vez que la operacidn se haya efectuado,
por lo que el segundo operando serd destrufdo. Asl pues la expresion

A=(B*C)-(D*E) en FORTRAN, quedarfa:

MUL B,C
MUL D, E
SUB E,C -
ADD A,C

La eliminacién del campo de direccién del resultado permite reducir la
longimd de la palabra de memorla y los costos de la misma, lo que

permite usar este esquema en maquinas medianas y chicas.

d) Mdaquinas de "1" direcclon
Este esquema de direccionamiento permite eliminar de todas las ins
trucciones el campo de direccién de uno de los operando y sustitu--
irlo por un registro dentro del pror,;esadc-r, el cual contendrd a uno
de los operandos. A este registro se le conoce como acumulador, -

El formatc de instruccidn para la mfquina de 1 direccidn se mues-

tra en la fipura 1l 4

ir. de la Reg. en el D. "DIR.

ig. inst, a procesador : P.

2, ' OP. QPERANDO
Segundo ‘Reg. en el
[Dperando procesador

FI1G, Hl.4



-6 -

- LI

Lo anterior jmplica la creacidn de instrucciones que permitan cargar
el acumulador con el segundo operando (LAC) 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 &ste contendrd el resuliado
de’la operacifn efecruada. La expresién A=(B*C)-{D*E) en FORTRAN 5

podria traducirse a:

LAC D

MUL. E
DAC Tl
LAC B
MUL C .

SUB 1

DAC A

Fste esquema de -direccionamiento ha sido ampliamente implementadc en
una gran mayoria de las minicomputadoras, como por ejemplo: PDP-8, --

PDP-15, IBM-1130, IBM-7090 y CDC 3600,

e) Miaquinas de "0" direccicnes
Este esquema de direccionamientc sole utiliza el campo de codigo
de operacidn, por lo que es necesario contar con algin mecanismo
que 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 accesadds usando una disciplina UJEPS (Ultimas entradas, pri-
meras salidas), De lo znterior se concluye que en cada momento se

tendrd disponible €] elemento que se encuentre en el tope del stack.

El formato de instruccifn para este esquema de direccionamiento se

encuentra en la figura LS5

Dir. de 1a Reg. en et

sig. inst, CPU
CODIGo Palabra de
) DE OP memoria
puntador al ) Reg, en el
fope del stac CPU
FIG, lIL.5

Es necesario contar con Instrucciones que permitan meter clementos

de memoria al stack (PUSH) ¥ sacar elementes del stack a memoria-

(POP).
LLa expresitn A=(B*C)-(D*E) en FORTRAN,podria expresazise comao:
1 {Apuntador al tope
PUSH D D . del stack).
PUSH E T
E -+ = e T
D B*C
MUL. D*
PUSH B T
: D*
PUSH C /T
MUL T
B [B*C-D'E
SUB D*
T :
POP A
- e T

r-‘p'
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En la fig. IlL 6 se ilustra el estade del stack después de cada una de

las inst, anteriores,

Se puede concluir que el conjunto de instrucciones de la maquina no
estd formadc solamente por instrucciones de cero direcciones ya que

también se requieren instrucciones de una direccibn para meter y sa-

car elementos al stack.

Se requijere un registro en el procesador que apunte al tope del stack
y se elimine e] acumulador ya que €l resultade de las operaciones --

también quedars en el stack,



2, METODOS DE DIRECCIONAMIENTO

En las mdgquinas de una sola direccitn el formato de las instruccio-
nes gue hace referencia a memoria consta de dos campos: el campo
de codigo de 9peraci6n y ¢l campo de direccién del operando. Si su
ponemaos que el campo d}_e direccién consta de n bits, entonces la
méxima capacidad de memoria direccionable serd 2" localidades.Lo
anterior puede resultar bastante dréstico en el caso de las minicom-
putadoras y:a que, por lo general tenen palabras de 12 6 16 bits y si
se asignan cuatro de elles al campo de cOdigo de operacién solo se |
puéden direcciﬂngr_ 28 = 256 localidades de memoria en el caso de pa .

labras de' 12 bita 6 212

= 4096 localidades de memoria en el caso de
palabras de 1& bits, lo cual resulta insuficiente para la gran mgyo--

rfa de lag aplicaciones,

Lo anterior ha ocasicnado diferentes modos de direccionamiento, en
los cuales el campe de direccidn sirve para calcular la direccidn
efectiva del operando, logrande una mayor capacidad de memoria di-

reccionable,

a) Inmediato
En este caso el operando puede estar contenido directamente en
el campo de direccibn 6 en la localidad de memoria siguiente a
la instruccidn,
Serd necesaric dedicar un bit de la palabra para saber como se

debe interpretar la instruccidm.



b)

Directo

« 10 -

Existe direccionamiento directo cuando el campo de direccidn de

la instruccibn contiene la direccién del operando & cuando é&ste

campo combinado con algin registro 6 palabra de memoria gene

ran la direccién del operando.

b. 1)

b2

Usando pigina cero 1

Uno de los esquemas més comunes de organizacién de me
m:::‘ri*a,:di!}i'de &sta en n 'paginas de longitud 'fija,* donde n*
dependerd del tamafo de la memoria y del tamafio de las

paginas,

Las miquinags que usan est0s esquemas generalmente usan
la pdgina cero con propodsitos especiales, como son: mane-
jo de interrupciones, traps, localidades autcincrementables,

eic, !

La forma de indicar si el contenido del campo de direccidn
se refiere a la pagina cero, es usando un bit para este pro
posito, p. ej. si este bit es cero el campo de direccidn

apunta a upa localidad en la pigina cero.

‘Usando pigina actual

Si el bit de pagina estd en uno, se asume que el campo de
direccidn apunta a una localidad en la pigina en la que se

encuentra la instruccidn, A esta pigina se le conoCe como
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- 1]-
. 11

pdgina acrual,
I.a direccidn de! operando se determina sumando los bits
de orden superior del PC al campo de direccién de la ins

truccion,

Relativo al PC

En este modo de direccionamiento el contenido del campo
de direccidon de la instruccidn, interpretado como un ente-
ro con signo, se suma al PC para obtener la direccidn del

operando,

Relativo a2 un registro Indice

.

El contenido del campe de direccitn de la instruccién, in-

_terpretado como un enlero con signo, se suma al conteni-

do de un registro indice para obtener la direccion del ope
rando. En caso de existir mis de un registro fndice es

preciso asignar los bits necesarios para su identificacidn,

Indirecto

En el direccicnamiento indirecto el campo de direccion de la ins-

truceién contiene un apuntador a la direccidn del operando & este

-

campo combinado con algdn registrao 0 palabra de memoria genera

un apuntador a2 la direccidn del operando,

Mediante un bit en la instruccién se puede saber si el direcciona-

miento usado es directo & indirecto,
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c.l)y Usando pigina cero
El campo de direccidn de la instruccién apunta a una loca-
lidad en la p&gina cero, A su vez ésta localidad contiene

la direccién del operanda.

c.2) Usando pAgina actual
El campo de direccién de la instruccidn apunta a una loca--
lidad en la pagina acrual. Esta Jocalidad contiene la direc--

¢ibn del operando,

c.3) Relative al PC
El contenido del campo de direccidn de la instruccidn, inter
pretado como un entero con signo, se suma al PC para ob-

tener la direccidn del epuntador al operando.

c.4) El contenido del campo de.direccion de la instruccién, inter-
pretado como un énterc ¢on signo, se suma al contenido de
un registro indice para obtener la direccidn del apuntador al

operando.

la combinacion de todos los métados de direccionamiento anterioras

con registros de propdsitoc general, permiten lograr modog de direccio-
namiente bastante poderosos. Cuando se usan los registros de propésito
general, el campo de direccibn de la instruccién especifica que registro

se usa y como se interpreta la informacién que contiene.
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3.- DIRECCIONAMIENTO EN PDP-11

a) Con dos operandos
La computadora PDP-11 es una méquina de dos direcciones por
lo que su formato de instruccidn tiene campos para cddige de

cperacidén y operandos. Lo anterior se observa en la fig. 1LY

15 1211 9 8 653 32 0

| } Mode [Registro [Modo | Registro |

'Codige op. dir. fuente dir. destino
FIG., 1II.7

Los bits 12-15 contienen el cddigo de operacidn
Los bits 6-11 contienen la dir. fuente

Los bits 0- 3 contienen la dir. destino

Las direcciones fuente y destino serdn utilizadas para el cdlcu-
lo de la direccién efectiva de los operandos, interpretando el

modo ¥ el registro usados.

[.a direccién fuente contiene dos subcampos de 3 bits cada uno,
de esta forma es posible indicar cual de los ocho registros de
propbsito general seri usado, as{ como la interpretacibn que se

le darfi de acuerdo a los oche modes de direccionamiento,

El modo y registro en la dir destino se entienden en la misma
forma que en la dir fuente, La dir destino también serd usada

para almacenar el resultado de la operacidn una vez que esta

se¢ haya efectuado.
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b) - En esta miguina existen instrucciones que solo requieren un
operando en cuyo caso se utiliza un formato de instruccidn con
campos de cOdigo de operacion y direccidn destino, segln se

muestra en la fig, III. 8

15 65 0

| | MODO  REGISTROQ |

Codigo op. Dir. destino
FIG, II1.8

La interprelacidu dada a la direccibén fuente es la misma que en el

caso de dos operandos.

Para poder ejemplificar los modos de direccionamiento se usard el

sipuiente conjunto de instrucciones; asi mismo se asumird que todos
.

los nimeros estdn en ocral:

Mnemonico Codige Ocral Descripcidn
CLR 0050DD - Limpia {(pone a ceros el des
1030DD - tino).
INC 0052DD Incremento (suma uno al con
INCB 1052DD v tenido del destino)
COM 00S1DD Complementa 6gicamente el
COMB 1051DD | destino .

ADD Q655DD Suma

¢) Direccionamiento directo i

Existen cuatro modos usados en direccicnamiento directo, los cua

les se explican a continuacidn:
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15
Registro
Forma general: OPR Rn
Descripcidn: El registro especificado contiene el operando
fequerido por la instruccion.
OPR representa un chdigo de operacién en forma general.
Modo: 0
Ejemplos: 1
Autoincremente
Forma general: OPR ,{Rﬁ)+
Descripéi-ﬁn: El contenido del registro es incrementado des-
pués de ser usado como apuntador al operando, S5i la instruccibn
es de palabra se autoincremente en dos y si es de byte en uno.
Modo: 2
Ejemplos: 2
Autodecremento

Forma general: OPR -(Rn)
Descripcién: El contenido del registro es’ decrementado antes
de ser usado como apuntador al operando. Si la instruccidn es

de palabra se autodecrementa en dos y si es de byte en uno,

Maodo: 4

Ejemplos: 3
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Indice
Forma general: OPR X(Rn)
Descripcitn: La suma de X y el contenido del registro se

utiliza como la direccidn del operando.

Modo: &

Ejemples: 4

Direccionamiento indirecto

Existen 4 modos de direccionar en forma indirecta, los cuales
vtilizan los modos bédsicos (direccionamiento directc) en forma

diferida.

Registro diferido
Forma general: OPR &€ Rn

Descripcidn: El registro contiene la direccidn del operando.

Modo: 1 -

Ejemplos: 5

Autoincremente diferido : )
Forma general: OPR  @&Rn)+

Descripcién: El contenido del registro es incrementado des-
pués de ser usado como apuntador a la direccidn del operando. -

El autoincremento serd en dos, tanto para jnstrucciones de byte

como de palabra.
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Modo:; 3

Ejemplos: 6

Autodecremento diferido

Forma general: OPR @-(Rn)

Descripcidn: El contenide del registro es decrementade antes
de ser usado como apuntador & la direccidm del operando, El

autodecremento serd en dos, tanto parz instrucciones de byte

como de palabra,

Modo: 5

Ejemplos: 7.

Indice diferido

Forma general: OPR @X(Rn)

Descripcidbn: La suma de X y el contenido del registrc se uti
liza como apuntador a la direccitn del operande, La palabra de
Indice X esti almacenada en la localidad de memoria siguiente a
la instruccibdn.

El valor de Rn y X no se meodifica,

Modo: 7

Eiemplos: 8

Uso del PC en direccionamiento

El registro siete, tiene cl propédsitc especifico de servir comoe con

tador de programa (PC), por lo cual cada vez que el procesador
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LN

- usa el R7 para traer una palabra de memoria ¢l R7 se incremen

rta automéiticamente en dos de tal forma que siempre apunta a la
giguiente instruccion a ejecutar & a la siguiente palabra de la ins

truccidn que actualmente se estd ejecutando.

Lo anterior permite usar el PC con propbsitos de direccionamien-
to, permitiendo lograr ventajas cuando se utiliza con algunc de

los modos 2,3,6 6 7.

Inmediato
Forma general: OPR#n, DD

Descripci6dn: El operande estd en la localidad de memoria si

puiente a la Instruccidn.
-

Modo: 2 usando RY

Ejemplos: 9

Absoluto
Forma general: OPR @%A
Descripcién: La localidad de memoria siguiente a la instruc

L]

cibn contiene la direccidn absoluta del operando.

Modo: 3 usando R7

Ejemplos: 1(

Belativo

Forma general: OPR A
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Descripcidn: La localidad de memoria siguiente a la ins--

truccidn, sumada al PC proporcicnan la direccién del operan--

do.

Modo: 6 usando R7

Ejemplos: 11

Relativo diferido

Forma general: OPR @A

Descripcién: La loqalildad de memoria sigiiente a la ins--
truccidn su_m_ada al PC proporciona el apuntador a la direccidn -

del operando.

Modo: 7 usando R7 y

Ejemplos: 12

LUIS CORDERQ BORBOA



EJEMPLOS

1.
005200 INC RO
: ;
JGUMA UND AL CONTENIDD LE RO,
;
Antes Despues
001202/005200 | 001202/005200
_$0/000000 _$0/000001
_$7/001202 , . .87/001204
_$5/000000 : _$5/170020
1.2
105102 ] COME R2
: COMPLEMENTO LOGICO DEL BYTE EAJOCHITS 0-7) EN R2,
;LAS INSTRUCCIONES DE BYTE USADAS SOEBRE LOS
s REGISTKOS GENERAVES SOLO OFERAN EN LOS BITS 0-7,
i | .
Antes -Despua&
0017206/1051072 ' 001206/105102
_$2,103250 _$2/103125
_$77001204 _$7/001710
_$5/170020 _$5/170021
1.3
060101 ALD R1+R3

FGUMA EL CONTENIDO DE R1 At. CONTENIDO LE R3.

Antes ' Depues
001204/060103 001204/0460103
~-%1/000003 ,$1f0800ﬂ5 :
~-$3/000007 -$3/000014
-$7/001204 ~$7/0012064

~$8/170030 -$5/170020
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21
2.1
005024 CLR {R4)+
;
iUSA EL CONYENIDO DE R4 COMO LA DIRECCION DEL
i OFERANIO, FONE A CEROS EL OPERANDOD(FALARRA) E
i INCREMENTA EL CONTENIDC IE R4 EN DOS.
P -
Antes Despues
001210/005024 00121 502
-%$4/500010 - _$4focgéfgda 4
=000010/174214 _000010/000000
—-$7/001210 -$7/001212
_$5/7120021 _£5/170024
2.2
105024 CLRE (R4)+
. ; .
;USA EL CONTENIDO DE R4 COMO LA DIRECCION DEL
iOFERANDO. FPONE A CEROS EL OFPERANDOCEYTE) E
; INCREMENTA EL CONTENIDO DE R4 EN UNO.
K _ ]
Antes Despues
001212/105024 001212/105024
_$47000004 _$47000007
~0000046/173215 ~00000&/173000
377001212 _$7/001014
$5/170024 _$5/170024
4
2.3
040022 ADD ROP(R2)+
;
JEL CONTENIDO DE RO SERA SUMADO AL OFERANDD
iCUYA DIRECCION ESTA CONTENIDA EN R2. DESFUES
i SE INCREMENTA R2 EN DOS.
;
Antes Degpues
- a0 0Q1214/54600D22
_387556003°°% _$07606067
_$£2/000024 27000026
_000024/000007 -090024/000014
_$7/001214 -%+7/001214
* _$5/7170020

—%5/170024
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21.
3.1, b
-. L“‘
005245 INC ~{RS)
; .
$ElL CONTENIDOD DE RS SE DECREMENTA EN 10OS Y
iDESFUES SE USA COMO LA DIRECCION DEL OFERANDO.
FEL QFERANIO(PALABRAY SE INCREMENTA EN UND.
;
Antes Despues
0012146/005245 ~ 5045
_$5,000020° """ RTINS P AREE
~000014£/002220 . T _00001&/002023
_$7/001214 _$7/001220
—$8/170020 _$5/170020 .
3.2 .
105245 INCE —(RS)
;
iEL. CONTENIDD DE RS SE DECREMENTA EN UNO Y
PNESPUIES SE USA COMO LA ODIRECCION DEL OFERANDND.
iEL OPERANDOC(EBYTE) SE INCREMENTA EN UND.
; )
Antes Despues
22 . 122 5245
_Egﬁungéigﬁ 43 _ggfﬁﬁggﬁg
_0003446/,043701 ‘ _000344/043722
_$7/001320 _47/001220
_%$8/170020 _$5/170030
3.3
044401 ADL —(RA)1R1

¥

FEL CONTEWIDO DE R4 SE DECREMENTA EN DOS Y

+ DESFUES SE UTILIZA COHO LA DIRECCION DIEL

s 0OFERANDD QUE SERA SUMALIR AL CONTENIDD DIE R1.

Antes Despues
001232/044401 0012227064401
-$1/000017 5170000864
—_$4/000032 -%4/000030
-00C030/00004G =000030/000045

_%7,001222 -$7/0011224

e ™ g b Ty ogm m g G m = am FR L am
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4.1
005063 000100 ] : CLR 100(RK3)
; .
iSE PONE A CERDS LA LOCALIDAD(PALAEBRA)
JDIRECCIONADA FOR LA SUMA DE 100 Y EL CONTENIDD
JOE K3, EL CONTENINO DE R3 NO SE ALTERA. .
Antes Despues
0012734/0050563 0012247005063
_001226/000106 _001225/000100
_$3/000004 _$3/000004
» _000104/177333 _000104/7000000
_$7/001224 _$7/001230
_$5/170020 357170024
4 'Lz .
105144 000700 " COMB 200{R4}
;o .
;COMFLEMENTA LOGICAMENTE EL CONTENIDO DE L@
;.LOCALIDAD{BYTE) DIRECCIONADA POR LA SUMA DE
$200 Y R4. EL CONTENILD DE R4 ND SE ALTERA.
Antes: Despues
001230/105164 001230/105144
_001232/7000200 _001232/000200
_$4/000007 _14/0000072
_000X02 /1745462 _00020D /1744615
_A7/001230 . _$7/001714
_$S/170000 _£8/170031
4.3 .
066340 000010 000020 ADD 10¢R3) P 20(RO)

i

FSUMA EL CONTENIDO DE LA LOCALIDAD GIRECCIONADA
FPOR LA SUMA DE 10 Y R3I» AL CONTENIDD RE LA
FLOCALIDAD DIRECCIONADOQ FOR LA SUMA DE 20 ¥ RO.

Antes Despues
Q01234/066360 ' 8012%4/066363
-001234/000010 ~0012346/00001
-001240/00002C ~001240/000020
-$0/000030 -%0/000030
_$3/000030 -$3/0000350
-_000030/000037 . -000030/000134
~000G0460/000075 -000050/000075
~-$7/001234 ~$7/7001242

-$5/170031 ~E5/7170020
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5.1 24
005011 . , CLR - @Ri '
- i
iEL CONTENIDO DE R1 AFUNTA AL OFPERANJD QUE
iSERA FUESTO A CEROS.
;
Antes Despues
001242/005011 ' 2A2/005011
9915854597 992505684
_000044/035240 _000044/000000
_$7/001247 _$7/001244
_$5/170020 : _$5/170024
512
105212 INCE GR2
;
SEL CONTENIDD DE R2 APUNTA AL OFERANDO QUE
$SERA INCREMENTADD EN UNG.
;
Antes Despues
001244/105212 - nqm
_$37000070 ,2356335%35”1
_o00a70/,000000 _0Qn070/,000001
_$7/001244 , _$7/001246
_18/170024 _$5/170020
6 . _ .
005234 IHC 2(RA)+

;ElL CONTENIDO DE R4 AFUNTA A LA DIRECCION
i NEL, OFFRANODO BUE SERA INCREMENTADD EMN UNG:
iDESFUES DE LO CUAL R4 SE INCREMENTA EN DOS,

r

Antes Despues
Q0124567005234 001246/005234
440000356 _$4/000GQ40
-0000356/000054 ~-0000346/7000054
-000054/000007 -000034/000010
-$7/7001246 _$7/7001050

-$5/7170020 ~-$85/1700206
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7
005155 ) oM B-(R5)
;
sEL CONTENIDD DE RS SE DECREMENTA EN [0S,
* iDESPLUES IE LO CUAL AFUNTA & LA DIRECCION
;iDEL OFPERANLD QUE SERA COMPLEMENTADO
;LOGICAMENTE.
i
Antes Despues
ﬂﬁlﬂﬁﬂfﬂﬁﬁlﬁq 0012T0/005155
_£5/000040 _$5/000034
,ocﬂﬂzafnﬁonza-" _000034/000020
~0000730/000000 _000020/177777
_$7/001250 _$7/001252
_$5/170020 ~3$S5/170031
o
2
067300 000200 Al BZ00(R3) RO

; )
;LA SUMa DE 200 ¥ R3 LDETERMINA EL AFUNTATOR A
iLA DIRKECCION DE LA LOCALIDAD QUE SERA SUMADA A KO,

F

Antes

Bgigfﬂf £7300
547006030
_$0/000015
-$3/000010
_000210/0000132
~000012/000016
_$7/001252
~$5/170031

Despoes:

001252/067300

-001254,/000200
_$0/000033
_$3/000010
_0C0210/000012
_C00012/000016
_$7/00125&
_%5/170020

-l
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g
012704 000010 MOV $10/R4
7
JMUEVE A R4 EL NUMERD 10
H
Antes " Despues
001254./012704 0012546/012704
_001260,000010 _001340/,000010
_$4/000000 _$4/000010
_$7/001254 .$7/001262
_$5/170000 - _$5/170020
14 , T ) -
063701 000100 AL RPE1QOsR1

-

L)
;SUMA EL CONTENIDO DE LA LOCALIDALR 100 A R1.

Antes Despues
001244/063701 2 437
_001570,000100 8313687353784

_$1/000033 _$1/000106
_000100/000073 - _000100/000073
_$7/0012466 _$7/001272

~F¥5/7170000 ~$5/7170020

- - - -
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005247 000044 - INC Z

i
i INCREMENTA EL CONTENIDO LE LA LOCALIDAL
iSIMEQLICA Z EN UNO. EL CONTENIDO DE LA FALABERA

PSIGUIENTE A LA INSTRUCCION SE SUMA AL FC PARA

Antes Despues
001272/005267 S 001272 257 .
_0013737000044 . _001 2?4583&&3
_001342/000000 _001343/000001
_$7/001272 : _$7/001274
557170020 ’ 357170020
12 - '
005077 000040 CLR B2

i .

iLa LOCALIDAD SIMEOLICA Z APUNTA A LA
FOIRECCICON. IELL. OFERANTIO BUE SERA FUESTC A CEROS.
tEL CONTENIDO DE LA FALABRA SIGUIENTE A LA

s INSTRUCCION SE EUMA AL FPC FARA DOETENER LA
sOIRECCION DE 2.

T ———— e ————

Antes Despues
001274 /005077 : 801ﬂ7¢z Q5077
~001300/000040 _001300,000040
_001342/000100C -001342/000100
. —000100/000073 _000100/000000
8727001274 _$7/001302
-$5/170020 _$5/170024

LUIS CORDERO BORBOA
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FPDP - 1i
Dd_z’Sd;’dSIISS
. PROCESSOR
HANDBOOK

4.1 INTRODUCTION

CHAFTER 4

INSTRUCTION SET

Tha specification for each instruction includes the mnemanic, ootal code,
binary code, # diagram shawing the format of the instruction. a symbalic
nolation describing its execution and lhe eftect on the conditipn codes,
2 description. special commeants, angd examples.

MNEMONIC: This is indicated zt the top corner af !achlpgge. YWhen the
word instruction has a byte equivalent, 1he byle MNemonic s also shown.

INSTRUCTION FORMAT: A diagram accompanying each instruction
shows the octsl op code. the binary op code, and bit assignments, (Note
that in byle instiuctions the mosl signiticant bit (bit 15) is always & 1.]

SYMOO0LS:

{ ) = contents of

DL or dst = destination address

loc = locaticn

+ — beComes-

1 = "is popped from stach”
1 = *is pushed onto stach”

A'= boolean AND
v — baolean OR
= eatlusive OR
~ = boolean not
Hég or R = register
B = Byie

. 0 for word
L]

{ 1 for byte

55 Or $rc — source sddress



4.2 INSTRUCTION FORMATS

_ Tha major instruction farmats are:

Single Operand Group

CP Cods Sl
| 1 i i J_ ] 1 I
1% a
Doubte Operand Group
OP Cods 17 dsl
| 1 AL 1 ] 1 i | E
15 tl o
Register-Source or Destination
OF Cods Sre Sdm
| 1 i L L ' |
" L] a-
Branch
Bose  Lode offas
| 1l L l L 1 |
-] 0

Hyls Instructigns

The POP-11 protessor includes a 'ruH camplermient of instroctions 1hat
manipulate byle operands. Since all PDP-11 addressing is byle-orienled,
byte manipulation addressing is ctraightfarward, Byte instructions with
autpincrement ar sutodecrement gdiract addressing causa the specilied
register to be modified by one ta point to lhe next byte of data, Byte
operalions in reglster mode accesy the low-order byle of the specified
register. These provisions #nalble the FDP-11 10 perlGerm as either # word

"or bytm processar, The numbering scheme [or word and byte addresses

in core mamory be;

"HIGH BYTE

WORD (R BYTE
ADDRESS + ADORESS
0o2001 BYTE | EYTE O QL2000
oozoos BYTE 3 arTE 2 [Ltrie vr]

- F )

The most significant bit (Bt 15} of the instruction word is set to indicate
a byte instruction,

Example: ) .

Symballe Oretal

LLR Dos0DD Clear Word

CLRE 105000 Clear Byte

MNOTE

The termn PC {Frogram Countar) In the Opera- Fa
tion explanaben of the instruchons refers to the
updated PC. .

43



4.3 LIST OF INSTRUCTIOHS . . . PROGRAM CONTROGL i ¥
Instructions are shown ia the followlng sequence. Other instruciions are ; )
fouad in Chapters 9, 11, and 12. Mnemonic Instruction Op Coda
A—The SXT, XOH, MARK, SCB, and RTT instruction® are impiemented ) - . - K " or -
in the FDP~III§4. A1445 and 11753 - . Base Code Page
"_Tha SPL instruction is implemented only ia the PDP-11/45 and FOP- Branch
11/55. The MFPS and MTPS instructions are imp1=menled only in the : BRE . branch {uncondibonal) ... e ooodon 435
PDP-11/24, . BNE ° branch |f not equal (to 2er6} ... 00000 4-36
BEQ- - tranch H equai {tu ero) . QL4000 4,37
SIMGLE CPERAMD . BPL . branch U plus . riimr .. 100000 4.38
) BMmI braneh it minus . e e 1000 439
Maempaic Instruction Op Cde  Page ByC branch if quertiow (s Clear ... oo 102003  A.40
- _ +» BvS bBranch il overfllow Is set ... 102400 4.41
General BOC - branch it earry is clear ... 103000 442
~ CLR{A)] clear destinabtion .....cooecceeenee. 105500 45 BCS pranch if cafry is set ..coecs 103400 443
CON(E)  complement 05t .. - WSIOD 47 Signed Canditional Branch
(B) nclement dil e . BGE hranch if greater than or equal
DEC{B} decrement o3t ...isimimecccecvnirnieens =D5300 49 e N 0O2000  4.45
. !‘risﬁﬁr]{ﬂ} nEEt"LE HEL s s :g;;gg :i? . BLT Branch If leas than {26:6) ..o, 002400 446
(B} test OS5t e e i ; aaT branch if grealer than [’zem} s oo3000 447
) . BLE branch ifdess than ar sgual (to um] 00400 448
Shift & Rotate ,
ASR{B} anthmatic shilt righl ... ..o s06200 4-13 Unsigned Conditional Branch :
ASL[B)  arithmetic shift el ..o -06322 4.14 _ gt‘és E:::.i: :: ::E:fru}"ﬂ ------------------------------ igﬁ“ﬂg :'5;'115
(1] o SO 4- ' ' ™ T e '
ROL(E)  ratate et oo T aGIOD 416 ;- BMIS pranch if higher or same U 103000 452
SWAR . SWAp b)"lﬁ et e GO0ID0 417 ) BLQ . branch |{ iﬂ“r ................................. s 103400 4.53
. Jurrp & Svubrowutine
Multlple Precision ™ JMP jump ... e GQOIDD .54
ADC(B) - add carry . w5500 4-1% 43R jump to ﬁuhmutlnl crrscsiteemene . DOARDD 4.56
SBC{B) subtract carry | - =)560D  4-20 RTS (etun fom SUDIGULING .ovooovrrrsene. GOO2DR  4.58
a 50T sIgn exteng . - e OOEFOD 421 AMARK  mark e e CoOE400 4.59
WFPS move hyle from pmccssnr tatus . 108700 4-22 & 504 subtraci one and branch {if.-.:: D} ........ Q77R00 4.61
MTPS move byte 10 processor SEBLUS ... w106455 4-23 * SPL et prigrity levei e DOO23N 462
) Trap & Interrupt .
‘BOUBLE OPERAND EMT emulaler trap ... 10A000—104377 4.62
. - TRAP trap e, L 10MO0— 104777 ABd
Ganeral - BFT breahpoint trap .. e OHMIOZ 455
MOV(B] move source to destination ... #iSS0D 425 1or iNPU1/OUtpUE trap o e, OO0D0E  4.68
CMP{E) cOmpare src 1O B85t . vecccecccrnen. 825500 4.26 RTI PRLUTE (OM iRterEupt e DOODOZ 467
ADD add mre o 08l e DESS0D 427 4 RTT return from interrupt ... DODDOS 468
SUB sublract sre from o dst e . 168300 4-28 MISCELLANEQUS
- HALT haft e T QDOGoD 472
Logical r . wWalrr wail f-:-r mtnrrupt .. e QOOCKYY 473
BIT(B) Dot 185t e oo sressnanie oo W3SSDD 4-30 j . RESET  jeset extarnd? BUS ... oo, QODD0S  4.74
BICIBY DN EIBAr oo eesie s BASEDD 431 ) . ,
BIS{B) it set ... O w5500 432 Conditlon Code Operation '
CLE, CLW, CLZ, CLN, CCC clear ooeeoveie QoD240  4.75
& XOR euclusive OR L. s 074RDD  4-33 SEC, SEV, SEZ, SEN, 5CC  set ... T DOD2E0  4-75

4.5
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4.4 SINGLE OPERAMND INSTRUCTIONS

-
clear destinabion =OSO0D
nalnonqcnu’004auuuud
l | 1 | ! i ! 1 L 1 . .
1% . L 3 1]
- Opeation; {dst1«0
“
Condition Coder: N clzared
2 st
V. cleared
C: cleared - .
Presgrlpdior Word: Conlemts of specdied deslnatwn are replaced with 74
oes.
. By Sarme
E.',nmple; CLR Rl
. Exfore Kter
(R1)= 112727 (R1}m= OO0
HWIVC ] MIVE
1111 . oloo ¢

a-6

COM

COMB
complament dst 05100
& o0 o0 0 v 0 ! OQ0'G 1jd ¢ & 4 o 4
H I I 1 ] 1 1 I: i b f 1 1 I I 1 _l
- 15 L] 3 o
Oparation: (3t )t ~{C51)

Condiliah Codes:

Owscription:

Exampls;

M: 1ol iF mosl ugmficant b of result is set; ceared othermse
2. sat it result 13 O, chared otherwise

¥, cleared '

C. sat :

Repiycas 1he conlents of the destinaton address by their log-
icel complement (#ach bil equal 1o 0 is sef and each bl equal
o 1 is cleared)

Byte: Same
. COM RO
Getore . AHer
{RO} = 013333 (RO} = 154444
1 MIVC HIVQ

0110 1001

4.7



TN
INCB,

-increment dit . - ID5‘2DD
ao.o.'tc |,rt.‘1'1 ola ¢ ¢ 4 a8 «
'[ur"] - I.-.l -1 a'_I 1 1 I | 1 | L 'I_']
15 . ) . N T - o
"ZI'-'PE;"IIHﬂn:-;. .- .{dﬂ.}..(dst_}#I- . . - . '
;.'.'.n-ridfts'qn Condas: .N-rnl lf.l'&sul-t 1 <{ Clesred bthemrtu. .
. - < "T o result o5 O, cheaved ot horengs -
-V 3et 4 (dsl) hesa D73777 {word) or 177 {bﬁe} .
« Gluared olherw ee ' - .
C not ali=cled BT ' e o
- Destription: * ¥iord; Acs'oni 10 cmlmtsotdesmamﬂ . i
By sarme .
- Erample; S LINCFI'E .
Y Belae Y™
lRZ] 00333 - {RZ) = 000334
. NIVG .. - - . NIVE
- A ..uuuo LL00n0
a-f ’

! . C DEC

DECE

gecrement dst 05300
jnn ¢ 0 9o v @ 1 01 o J i & d4 4 4 9 I
| 1 1 l 1 i I . L i ! | i L
1% ) £ 4 i)

Dperatioen:
Condithon Codes:

{(dstia(dsti-1 ’ +

M: set il result is < (: cleareg atherwite

I ol of resull i 00 cleared clherwae

¥ set 4 {ogst) was |1DOOOO {word) ar 200 (byte)
cleared otherwise

Conot aliected

Dwstripthon: Werd: Sublrazl 1 1ram the conlents of Lhe deslination
i Byte: Saroe
Exampiw QEC RS
Pafpwe Afler
(RS) = 000001 (RS) = L0000
v NZve NZVG
1000 alnn

&n

4.9



NEG
NEGB

negate st =500
Iin o o 0 ' 0 1 i'c o|d & 4 4 4 4
] 1 | | P | | 1 i 1 -
3 % .5 o
Oporation: (edsUa =(cdnt}

Condilion Codes: N setf the recutt 15 < G clearsd ot herwize
Z: set if resuwll rs O cheared clherwise
V- sab il Ihe resull 15 100000 (word) or 200 (byte)
ciearad oherwise
- = C: cleared if the resull 15 ; el oiherwise

Descriplion: * Word: Replaces (he contenis ol e deshinalion address by s
twa™s compivment, Moty that 100000 s replaced by dsell {in
two's tomplement notalipn Lhe mosl pegalve number has
™ positve counterpart),

~ Byte: Sarme
Exampiy: NEG RO .
Belore Alter .,
(RO) = 000310 (RO} = 177770 - -
MIVE . MIVED
0oo0 . 1001

.11

“TSTB
test dst - #0700
o v 4o o v e 1+ v e & 4 a4 a o
! 1L I | ry 1 1 1 L L I 1I i _-|
[F € 5 o
Oporation: (ds1]aldsl) .

Cupdltlan Codwes:

Descriptian:

Exampln:

N: sel if The resull is <0 cleared otherwise
2: set of resull is O cleared otherwise

V. cleared ’

C: clearwd

Word: Sats the condition codes M and 7 agcarding 1o the cone-
tenis ol Lhe destination address

Byte: Same
T5T R
. Before . Alter
{R1)= 012340 (Rl}=0}2340
’ NZVE N2ZVC
Qo1 . 0000

1



] 1 s arithinetic.shift rght  ~ . -0 =0620D
Iﬁﬂﬁ,ﬁﬁl TR 'Ellll‘l.ﬂ-d i & 41
) B LA ) 4 | 1 L Iy i N 1
et . ; I o
- - e . T . " h - . - . B . - 4
. . o Oplirlu-un: ._ . fdsl}(cdst) * shifted one elace 10 the right
, T . Conditicn Codes: N set it |he mgh-order bl of the result 15 sét {result = OF
- . ; T -tlepred pthenwise . . " -
- ] 125wt i Ine result = 0 cigared olharsse
' " ) W loaded trom the Exclusive OR ol The H-bit and C-til (a5 set
" by The ¢comphelion of The shlt operation) v
Shitts T lnaded frem dow-arder it of the destuhiaton
I . . \ - .
Scaling data by factors of twe is accomphshied by the shill instructons: L Deicslption: © - “Wocd: Shitts 3 bils of the destinalion nght one place. Bit 1§
ASH - Arthmels shalt nghl < "5 rephcaled- The Cobwt 18 lpached Ironm et O of the destnation.
T 2T ASH perlorms Signed ansun of the destinatien by Iwo.
Word: . TR - -
ASL - Arithmetic shift lett ; C -
A - =0 N i A I, _—
The sign et (hit 15} of the operand 13 rephicated on shufts 1o the right, The Tow ; - D_TI N RSP SRR PR T '0'1 E]
crder bit % ilimd wath O n skals 1o (he fett Bits shified out of the Cbel, asshown . _ ] R ) R .
i Ihe toilawang examples, are lost, - Byta: .

Rotates . N E}’I ‘. .-| I.-I_'BE | .. GI“'EI

The rotate (nstruchons Opeerate on the destination word and the C il as though LA m ALAe LS
they tormed 4 17 bit “trrcular buller’, These inslructions faciliiale sequentid! b LT
" teshng and getaied tit manspula o,




ASL

arithmetic shift ieft _ ’ - mO5300 : rolate right = 36000
Innlu e o 1 | ulu"'l v|[e 4 4« 4 4 o -
i L L L M 1 1 1 1 1 L r
5 5 5 3 . |‘-""'1'-".°.°l'-l',“]“L"l“i‘u'.'l'.‘:'F
. . . € > ]
Dparation: fdst)elst) shilled one place to Lha lefd bt
Condition (..odn. M: st il high-orcler Eat of the resullis set (resadl <7 O); cleared
ol herwise Copdition Codes: - sat ol the high-order it of the resull is et {resull < O)
Z: sel of the reault =0 cleared oiherwise - cleared otherwise

¥ loaded with Lhe esgiusive OR of the Mbil and C.bit (a3 set
by the comphelon of the stult operalion)

Lo set il all bits of rasull = 0; cleared othermse
V: loaded with the Evclusive OR of Ihe N-buit and C bit (a5 st

C: lasged wilh the high-order bit of the deshnation - by the completion of the rolale operation}
' . C: Ioaded with the loworder bit of the destinalon
Cescription: Waord Shifis all bais ol the destnalion et one place. Bil O is
. loadad wilh an O The C.bi of the status ward i loaded Irom Cescription: Holates all bils of the destination nght one place. B O s

lcaded nta the Gt and the previous contents aof the G-t
xre loaded into bl 15 ol the devinalion.

the mogl sigrnificant il of the deslinalion. ASL perlorma a
signed muttpleation of Lhe gestination by 3 wath overfiow in-

dicalion, Byte: Same
Werd:
. Enarripe e
. C Werd;
E-’_I = 1 L e Jd a1 [ . L ;. N -TI'EGI ) g - .'. g'-_lu | | { ) 1 i P - |
Byle; - '
e ) . Byte:_ e
-0 o b e
Oy ACOALES ] H Lvim ansfif 0 Ii.-i. Lll | - Ill-l
r=] _ ]- = r| |a
(] (]




ROL .
ROLB

rotate et © A&l 00

[Enn o o 1 1 o @'o 1[5 d 4 d 4 #
_'l_ 3 L _'l_ PR lI. 1 L 1 L"I | 1
L] ¢ " 5 u

Conditlon Codes: N set il the high-order bt o the destination is sat }
{resuil < ) cleared giherwse -
2: sat it 3l Bits of the deshinalwn =G cheared cthermse
¥ loaded wain the Exclusive OR of the M bit and C bt {as s#t
by the completon of 1he rotats operaton)
¢ loaded with the hgh-order bit of the deshinalion

Dotesetcri gt Word. Rotate all nts of the destinatwon it ore place. Bt 15
1 joaded mnio the Ot of the status word and the previaus
contenty of the C.ut are aded into Bit O of the desuinalon,
Byte: Same

Laample :

Yord;
L
El"’l".--'.11L.t..'..1
ot & 113
Byles: . .

4-16

swap byles O3 D0
D | n 1 u L n I n i n ] u I D 1 ! L d ] ‘ 1 ‘ ] ‘ | ] ‘ 1 ' !
1% . -]

- Coeration:

Condltion Codes:

Curtorl prlion:

Exampla:

Byte 1/Byte D «Byte Q/Byte |

M: swl if high-order it of kew-order byke (bl 73 of result s set;
cleared gtherwise

1 sel of fow-order byte of result = O cieared of herwise

¥ cleared .

G clepred

Exthanges high-order byle and low-order byts ol the deslina-
hon word {destination must be 3 word address)

SWAR R)
Befara A Her
(R1)= Q7727 (Rl)= L7757
NZYQ NIVC
1111 Dono

3



Multipm Prachlon :

It is sometimesy necessary (o do anthmelc on operands considered ax mullipls
wordy of byles. The PDP-1]1 makes specidl provision lor such operalions wath the
nstruclons ADC {Add Carry) and SBC (Sublract Caery) and 1hesr byts equive:
lenkz. -

For exarnple twe 16-bit words may be combined inlo & 32-bil doukle precision
word and added or subtracied a% Shown beiow: -

* " + H N

(] ‘|_ - ]
n-r-unu’ . I:-r .,] l_ﬂ .- .;I‘
wERLT l” . J In_ - n_l

' Exsmple

The sddition of =1 snd =1 could be performed a5 follows:
=1 = FTITTIIITT
(R1) = 137777 {H‘Zj w 17?7} BRI = 1F7FF7 (R4) = 177777

ADD  RLR2 .
ADC R3
ADD R4.R3

1. After {R1) and (A2} are adoed, 1 is Ivaded into (he C bt
2. ADC inatruchion adds C bit ko (R3) (A3) = O

3. (R1) and {R4) are added

4 Resull s 37F7ITIFI 6 or -2

4-18

e

ADC
ADCB.
a‘dd Cairy wO5500D
. ln.rl o o @ 1+ o a9 178 1]a ¢ 4 4 @ ¢
. 1 P | i i 1 rl L M A 1 Fi 1
[ =1 K L) 1]
Cperation; st bl clsi) + [C)

Condition Codm:

Derscriplion;

Exampinx

M: set if resutt <0 Clearea olherwise

Z: ot ot resull =0 cleared olherwse _

Ve oset ol {dsl) wat Q77777 (word) or 200 {byte)
and {C} was 1; Cleared olhérwiae '

C: sl i1 [sh) was V77777 {word) ar 377 (byle].
ard [(C) was 1; cleared of hersne -

Aads the contents ol the G-l nto Lhe deslinabon. Trss per.
muty The carey freams the adcition of the kw order words 10 be
carrved 1nto 1 Megh-Grder resull,

Byle; Same

Coviyle precsion d3Cibon rdy be done wilh Ibe [olowing -
tructan Sequence

ADD  AD.BD : wdd low-order pars
ADC 81 L add carry intag hegh-crder
"ADD  aLBl

: add high order paris

- 4:19



SBC
SBCB’

subtract carry o T o w0560
¢ 1 14 @4 a4 o« 4 d° 49
ia. 1' n ' u M n 1 I -i i ! L J_—J' 1 1 I 1 1 J
™ £ & @
Opsation: (st e (s t)=(C)

Conditian Codwt:  M: set of result  0; cleared otherwise
Z: set if result O; cleared olherwite
yr sel if [dst) was 10000 (word] or 200 (byte)

rteared  Otherwise
Biosat I (0st) was 0 ang C was 1; cleared othh-dse”

Dewcription; Word: Subtracts Lhe conteais ol the C-tit Irom the deshna.
' pon, Tras permls he cairy from the subtiadhion of hwo low.
ordar words 1o be subtracied Irgm the high order part of the

result.
Byle: Same
Ecampiw: v Dourhie precisgn subtrachon s done by: . .
5UB ADBD
sec Bl
sUB ALBL:

A4-20

SXT

Used in the PDP-11/34, 11745 and 11455

.sian extend DOS7DD

v 0 8 g t o1

°°.° S LN

L] ’ ] -1 L+ ]
Oparation: (dst) = Qil M bitis clear

(5L} == -1 M bit iz set

Condition Codas: . N: unaftected

£ set if N it clear
¥ Cleargd . .
T C: vnaltecied

Descriptinn; i the condibian code it M 15 sel then @ -] s placed n the
. * deslinaton operand; 1T M il is clear, then a Dis glaced I ihe

- deslinalon operand, This instruction iy particutzely uselul in
mulliphe e eciaan anthmelc bacause it paemits the sign 1o
be aplenced through multiple words.

71



Used in the PDOP-11/734

rove byte from processor Status word

Operatian: (dst) = PS5 <07 .
dst lower B bits .
Condition Code ) .
Bits: M= 2gtif PS bit 7 = 1; &leared atherwse "
I = set 1l P5 07> = X cimared otherwize
¥V = cleared :
C = not alfecieg N
Deszriplion: The'B bit corlants of thaPS arembved 1o the effec-
" - tive destirmation, "1f destinatios -is ode O, PS5 bit 7 i
*sign’ extended through the upper byta of the register.
The destinalion pperand address (5 treated as a hyte
»ddress, -
tuample: MFFPS RO
befare ’ after
AD [0} RO [QO0014]
P5 [O003014] P5S|000014]

4-22

R——————

MTPS

move Dyte to processor status word-

Used in the PDP-11 /34

Operation: PS5 <07 « (SRC)
Condition Codes: Set accarding to effective SRC operand bits (=3,

Dwescription: The B bite of the eMeclive pperand replaces the cur-

rent contents of the PS <0 7%, The source operand

address iz trealed &2 3 byte address,

- Hote that the T bit.(PS bit A) cannot ba &1 with thig,
instruction.. Tha SR, operend- remains unchanged.
This instruction can be used ta changs the prionty bits
{PS <5 7) in the P5.

4.23



4.5 DOURLE OPERAND INSTRUCTIONS

Doubke operand instruclions provida an instruction (ang Lime] saving lacdity
since they eliminats the need for “load and “sawe’” sequences such ay hose
used in sccwmulalor prenied machined,

a4

move source to destination n 15500

Ior_ilolul1j;’-.-I.:.J.Iq.lllarctu‘ll
I3 1211 E o
Cryprera binin: {oatje{sre)

Conditmon Codw:

Deacriplion:

Example:

M: zel 1f (3rc) <[k clesred '

. sel of [sre) w0 Cleared !
¥ cleared

G not alecled |

Word: Moves the source oparand 10 the dettunaton location.
The prew@us corienls at he detlnalgn st o5l The con-
ternts of (he source Address are ol Alkecied.

Byle; Sarme as MOV, The MOVE 10 3 regesler (unigue among
byle ins{ruchicns) exlends the mosl sigralicant bil of the low
order byle {$ign extensign) Otherwmse MOVE operates on
byles waactly as MOV operates on wirds

MOV XXAR] : mads Regoster | wath Lhe con-
terts of mwmary lcoatgn: XXN redresenls 3 programener-ge-
hned moemanic used 19 repiesenl & meenasy localion

MOV m 20R0 s lgads e namber 20 indg
Register I = “inchcales thal the value 2015 The operand

MOV G = 20,-{RE) : pushes the operand con.
tained in loeation 20 onio the stach

MOV [RE) + (& & 177586 . pops the operand off the stack

and moves il 0o memeny locaton 1772566 {Iermuinal prinl
bulker) )

MDY R1R3 i perlerms en inter
reginier fransier

MOVE @ ® 77562 @O 177566 1 moves a.characler
from lermural keybosed Bulier 10 1ermnal prinler Sutter

.25 L



CMP
CMPB

compars $rc to dst-

23300

T T
l‘lln‘Jil'L

LiTLI ) 1
[ | I
15

Qperption:

CongHion Codes:

Do el 000

'l‘.'.‘l’.‘,:l_

Q
2 . ) L)

{srch-(dst)

M- sel il =ssult < cleared otherwite

I set il resull =0 cleared alherwise

Y. ot it Lhere was anthrmbg overflow: that is, operands were
of gppasite signa and the sign of the deshination was the
sarmie At the sign of Lhe resull: cleared otherwise

£ claared i1 thare was a carry Irom |he mast sgmificant tu of
Ine resull; &t olhersise

Compares the source and destinabion Operands and sels the
concilnon OO wheeh may [en be used for anthmetc and
logical conailkinaf branches Both operands are unallected.
The anly aclion i€ 1o set the condibion codes. The compare i3
custamarly lullowed Ly # conditional branch anstruction.

Mote [hal wndike the sobtract instruction tha order of oper-

st s (el ={eist), nol (dslk-{src) -

sdd sré to dst

f o 1 1 23 j 3 n * L3 Te ] , g d 4 4 L] L] |
1 o L i | i i Fi 1 | 1 X
-1 LN " 5 ]

Opaw ation: {dsta{srg) + {dxr)

Conditien Codes: M7 sel 1f result <0 cleared ptherase
Ioset ol resultt = O cleared othereaye
Vooxel if thevre was anthmelic overfigw a< 8 resull of the gper.
ation; 1hal 15 bolh oDt ands were ol the samE Sign angd the
result wat ol The gppodile fipn; cleared olbwersase
C- sed of there was a carry ltpm the most sgrufcant tel of The
result, cleared githerwie

Oencription: Adds the source operand 1D he destination operand and
stares the cpsuft at the desfinalan addreas,. The originel con-
l=nts of the gestinaton are losl, The conlents of I source
are ol affecled Tw0's complamen| adtilan i3 perfonmed,

Ezampiles: Add 19 register; ADD  20.R

' Add 1o memory; - ADD RI1XXX

Agt regisier 10 register: AD} RLR2

Add mermary to memeory, ADDE # 17750,XX%

XXX it 2 programmer-gttined mnemonic for 3 mesmony loca.

bon.
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suB

sulitrac! 5ro frgon gl

165500

. ' " )
i'|'1'l°','.‘|'4'.".'l L |
' B T 1 + B )
Cparstian: (gt} dut)—{zrc}
Condition Codges- M. et of result < 0; clanrmd othersid : T

Z: set of resplt = O cleared oihersase |

.

V' sal if there was anlbmebe seerfiow o3 @ srsult of 1he oper-
aton, thal & i gperands were of oppouts ugns and the g
al 1he source was [ M 2% tee Sogn of Ut resull; cleared

o bapram i

« & cleared if there was & Carry Troen the most sigrulcand tal

the result, set otherwse

Uene nipdsan: Sublracls the source operand Irge 1he destinahon operand
. and beawes 1he resull at the deshinahon sddreas The angreal
conlents ol 1w destnatayn are boxt The oonlends of The

semgrce e not allected. o double-precaon anthimenc the C-

ol when sel, indicales 3 “borrow™.

E cample
Before
{Al)=0}1111
(A = 012345

NIV
1114

A

suB R1.R2

Atter
(F1)=071111
A =01LZM

N2Vl
0000

Logical '
These instructions have the same Tormar as the double operand arilhmetc group.
They permid operations on data at the bt bevel,

o
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BIT
BITB

bit 1est 35300
o oot o ! & 4 4 4" 4 u
1 L 1 n i 1 i n ' n l_l 1 i 1 | L I
13 [FIRT] 1 7 -] o
Dpwation: {sre) A {dsl)

- Condilion Code;

Duseripdion:

Exampls;

- BIT

M. sl it hugh-order bil ol result sel: cheared otherwise
Zoaet of result =0k cleared othérmse

¥ cleared

- nol alMected

Perlorms logical “*and comparisan of Ihe 1ource and desii-
nation gperands and modfses condibon codes sccordingly.
Meithet ihe source nor desbimation operancds are 3 lecled,
Tha BIT instrushion may be used 1o test whelher any ol the
CoRrEspONOINg hils thal ace ael 10 the destrnabon pra also sey
in the source of whether 2l Gorresponding Dits set 0 the dey.
tination are clear in lhe Source.

#30.R3 Plest s 3 and & of B3 10 sex

+ i bath lrt:tlli

(30}, =0 OO0 OO0 000G 011 OO0

4.30

Condition Codm;

¢

Descriplion-

Exampie:

I'-:."_g " " L .ld_z, ’ .
" ‘.mrrﬂ i‘;"'fr‘: va ’ - 1 ,
RN A ~
i |
]
BIC
bit claar 445500
o 1 o o J Loy ot e Ty 4 ]d w e 4 4 @ t
L A ] Lol | " 1 1 L.l 1 1
=] 12 11 ) ] [+]
Cperatiod: (st~ {5rc) A M5

M. st if hugh ords bt of result set: Cleared olherwise
I: set il result = Q0 clpared glhermse

¥, clwarad )

2 onol aflacted

-

Llears each il 10 Ihe destinatgn [hal corresponds 1o a set

tnt i Thet $aapree. The poginad conlents ol the geynalon are
W5l The conlenls o] the saurce arg unallectag

BIC R1,A4
Belpre Afer
(R3) = 001224 (RI) - 00523
(R4 =0OLIIL 7 (Ra) = 00010) .
MIVE MIye .
1111 000 |
Beiore: (R3)1=0 000 001 010 011 100
(R4)=0 D00 001 DO! 001 0Ol
AHer {R4)=r OO0 Q00 DC1 OO0 OOl

a7
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BIS

B‘SB o - . . Used in the PDP'J.].;EA, 117245 and 11{55
bit =et ) . 55500 extlusive QR " 072R0D
g o1 0 1t o o v Ts w4 e a4 & @ ii'#"-_""-'ﬂrr I
r—l—l—l-i P | L_'n_[_l e ] 15’ e M T JI 1 |'|l § J‘Id.‘.'
13 2 n & 5 a ) ;i L I & % 5
Cperalion: {dst)w(sre) ¥ (dsi} Operalion: {dihy.oRv(dsty
Condilion Codms: M st « hugh order bt of resul! set, cleared othermse Condition Codes: N set 1f the resull <O cleared olherwise
Z: sel ] resull =0 cleared gthermye Z sel o result =0; cleared otherwse
V. cleared - - ¥. cleareg
C. not allected ' - €. unallecied
PersLri pi v Perlorms inclusive O apers g b-.et'wgv;n the soufee and Descrivtion: - Jne exclusive OR of the regster argd gesimalnn operand 15

slored i the deabination address, Conlents g tEQlEr ate

destralion operands and leaves IRe resul at the destination
unallected. Assembler format 5 XOR R.D

address; 1hat 15, corresponding Bits set 1 the source are sef

in the gesimation. The contents of the destinalipn are [osl. '
Erample: XOR RQ.R2

Ewampla BIS ROR] .
. . Belore Alter
fetore . Afer ) (RO} » 001234 . (RO) = 001234
i {RO) = 001234 (RO} = 001234 . - (R =001 [ (R2} = 000325
(RL)=001117 (R1)=0D01335
NZVC NZVC X Betore: {R)=0 CBO 001 010 D11 100
oooo Do0o (R2)=C QOO 001 001 001 QO1
. i Afier: {R2)=0 pOO 00D 011 QLG j0)
Before: fROJ=0 000 001 010 011 100 . .

(Riy=0 OO0 001 DOl QO1.0M

ARer: (R1)=0 000 0CL 011 011 104

AT

4
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4. F PROGRAM COMTROL INSTRUCTIONS
Br:n-l:hﬂ

The instruction causes 3 branch to a location delined by the sum of the otfset
{rutiped by 2) and lhe current conlents af the Program Counter

a} ihe branch instruction is unmnd-llnnll

- vt sow rEE-

By il s condibaonal and i conditions are mﬂ after 1eshn¢ the oandition

codes (alatus word).

Yre ifset s Lhe rumber ol words trom the currenl contents of the PG. Note that
Ihe cureent conl enty of the PC poin 1o {he word Tolipwing the branch brstructon,

Although the FC expresses 3 byle addiess. the affset is expreased in words. The
oifeet 35 automahcally mublliphed by two Lo tapress tytes befdee na added 1o Lhe
PC. Bit 7 i% Lne sagr ol 1he olfsed {1l is sek, the ¢fMael s negative and the branch
15 dona in the bagkward direction. Smtiarky ol it s not set, Lhe nllﬂrt s posiloe
ard the bunch i5 dorm in the lorwerd direclion.

The B-bat othet allows beanchang in the bachward direclon by 200, words (400,
byles) irom the current PC, and n the lorward d-m:tmn by L7, words {376,
trytes) from ihe current PC.

T POP-11 nsaemnbler handies address arithrmetic for Lhe user and compules and
assembles Lhe proper oMfset feld for branch imstructions in the form:

Brx ot
Where "Bux' 13 the branch instruchon and “loc™ » the addreds 1o which the
branch |s to be made, The assembier gves an arror indhicalion in he ingtruction  f

the permissable bramch range it exceeded. Branch insiruchons have no effect on
conchion Codes

4-34

" BR

branch [uncenditiona!) 00400 Plus offset

o 0 & 0 & 0 © 1 OFESET
| L L " P | l \ | n I 1 1 A
|- | T a
Opacation: PC aPL + (20 etism)
Doeription: Prowdes & way of tranefernng progiam control within &

raages of =128 18 + 127 wards with & one word (nstruchon.

‘Mew PC address = updsted PC + (2 X olfset)

Upcated PC — address of branch Instruction a|.:-.2‘

Example: With the Branch instruction at location 500, the tollowing off- -

sets apply,

Hew PC Address Offset Code Otiget {decimal)
474 . 3rs —3
475 ' k) -2
500 37 i F -1
507 - . , D00 i
S04 001 +1
506 002 +2

. p—

- EI:
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BNE : -

= pranch il not equal (tz zern) 0O1000 Pius offset

T _]
1 ] A 1 1 IG;FSEJ_ 1 ] L

] L . o

[Eﬂl‘.‘ﬂﬂﬂi'ﬂ
| I R |
"

Dperalion: P L PO 4+ [(Pxplben) il = O

Condition Coden:  Unattecisg ’ ’ . .

Tects tha staie of the 2 bil and causes & branch if the Z-bit s
sear. BNE iy the complemweniary pperabon to BEQ 1 is used
1o Leul inequakty fallow.ang a CMP. to test Lhat some In3 St
i the Bestnition were also i the sburce, following a BIT,

Pescription:

~nd generally. to test that the resull of the prewious oper-

alan wat noy 2400,

i cornpare & and B
. branch if they are not equal

CMP AB
GME G

Epample:

will branch 10 C it & # B
and the sequence

A a8 redd Ao B .
B?::', c * o Branch ifthe result s Aol
equal bo O

will ranch 10 CifF & + Bf.é'ﬂ

4 38

brarch If equal (to &)

BEQ

4

001400 Plus offset

e ¢ O @ o0 0 i 1 OFFSET
| N i ] L L 1 n | 1 1 et L
L ] B T o
. Dparation: PFC 2+ PC + (Zroilel dd i=|
Comdition Codea:  Unaffected
Dascription Tests the state ol the Z-bet and causes a branch it £15 et As
an examphe it 15 uted bo test equakbty following a CMP oper.
atar, 1o 1est thal No bits 384 ws the deslinaton were Bls set
in lha source iollownE 2 BIT operalion, arnd generally, to lest
- “mat the rasull of the previous operalion was Jem.
Erample; CMF AB scompare A and B
BEG C 1 branch if rhy are equal
wil branch p Cit A = B (A-B=D) -
and the sequerce
ADD AB ;add A 1n B
! .BEQ C L hranch if the resuit =9

will branch 10 CilA + B = D,

6T
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BPL

brangh if plus

100000 Plus offset

= T
[‘1uxntaln1°¢nlui X ], ¢EE | 1 L ]
15 B e - ; o
Operation: ‘PG L PC 4 (2 1ol N=0
Description: Tests the state of the N.bit and causes & branch if N is-

"

clear, (positive resuit).

438

- ——

BMI

branch it minus ) - 100400 Flus offset
} o o 0 o

I B A TR SN B TP
15 " 0

Operation: PC uPC + (2 aftset)it Nm1

Condition Coter:  Unaitected

Dwracription: Teztx the slate of the M-bit and causex a hranch if N ia
set, It 5 used to text the 2ign (most significant bit) of
the result of the previcus pperatien), branching if Tag
ativa, .

e

ng

4-39



BVC

branch it overflow is clear 102000 Pus ofiset

1 g 0 o, 0 LI B + OFFSET
| 1 i l i i | ) l ' N 1 1 L
L] n T 4]}
Operation: PC a4 PG + (2 xofiset)d Y=

an

BVS

branch if ovarflow iz set - 1024030 Plus offset

o o © Q T
! | 1 1 1 ¢ M ' N 1 ' L 1 OF. FSE;- } 4 ¥
13 . | ] T o

Oparstion; ‘PC 2 PC 4+ {2 wolfselid Vel

i S
——

Dascripteon: Tesls the siate of the 'V et Bnd cavses & Branch if the ¥ bl 4 Desiriplion: Tests the state ol ¥ ol {overliow) and causes » Branchal the
tlear. BYC is complemnentary oparalion 1o BYS Vool 15 seb. BYS 3 used 10 detect anthmetic overliaw in the
' previous operation,
- )
- 1
r;-
1

branch §if carry 1% clear 103000 Plus offael

1 o O 0 1 DFFSET
Lio A L | L _I_‘ Iui P | 1 n 1_!
13 ) e T,

]

-Optfliim:

Description:

PC = PC.~ (Z x othel)d C=0

Teals the glate of the G-t 2and cavses a branch il C s cley
BCLC 15 the complementary cperalon Lo BCS

BCS

103408 Plus olfset

|  © o o 1
[1..1;.|'|'-1|°f"“.'11.l
= . ) L. T . o

Oprer ation: PC«PC o+ (23 oftet) il =1
Dwtcriplion: Tasts 1he state of the C-bit and causes a branch it C s tel.

15 used o heat

1ar & carry i the result of a i
atan, . previons oper

O



Signed Conddwna Branches .

Parheutar combinations of the tondiion <nde bits are tested wilh Lhe sig red con-
‘ehlisnal branches, Thess iratructions are uied to test the results ol nstructions in
which the cparands ware considered as signed (Two's complemanl] values.

Mate Lhat the sense of vignad comparisons diflers lram that of unsigned com-
pansons in Thal in signad 15Dl two's complemen| arithmetic the sequence of
valusg i5°2% follows!

largesi orer7
onIre
posilive T
DOOGO1
172717 .
I7I776
regative
100003 )
tmallest 1 D000

whereas in unwgned 16l atthmelis Ine sequence is ronudered 1o be

hag hest L7RIFT
. .
000002
0oO0a] , ;
Wawest Q00C0)

444

BGF.

branch if grester then or equal DO2000 Plus oilset

(to zera)
o o O o, 0
Leyo, 0 g0, voogef | yorsm |
13 | ] T a -
- ™ i
Operation: - PCwPL + (2 oMsellif NuY = 0O
Cascription:

Caum 8 beanch o N oand ¥ are elhar both ciear or bath e,
BGE i the complermenlary cperation ta BLT, Thus BGE wiil
#lways cause & branch when it follows an operaticn that

caused addiiwn 0f two poxitive numbers. BGE will a
2 branch on a Fwo redull, il et chuse

£e
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BLT

branch if less than (zers) * 002400 Plus offset

foyo e oqo o'l ) ¥R , .
-] ] T ]
Opacation; PC o PC ¢+ (210theit Ne¥ =1

Dwscription: . Causes a branch il the “Exclusrve Orol the M and ¥ bty are
. 1. Thus BLT will abways branch ollgwing an operalio that
addad teo negatoe numhers, even if overliow orcumel.
In particulpt, BLT will slways cause a tranch il 1l lollows B
CMP instruction operating on a negative source ardl A posh
five deslington {even 1 overflow occurmad). Furlir, BLT will
pver cause & branch when 1l tohows 3 CMP instroclion oper-
ating on u positive source and negatiee dgestination. BLT wil
nat cause 3 branch it L result of the prEvious operation wis
" e (walhoul pweriicw],

BLE

-

branch if less than or equat {to T#ro)

003400 Plus oifset
OFFSEY

oo o o o v 11
[[..[,.I.I..l..I.
13

| . o !

Opwration: PCuPC + (2xoMatlil ZviN e ¥)=|

Pucscription: l.'.hpuramn’ll surular 1o BLT tard in sodilibn wail Zause &
branch it 1he resull gf the previcus operalion was 2aro.

- ' BGT

branch it greater than {ters) 043000 Flus offset

jo 0,0, 0,0t vyo] o oFeser )

" . 7 o
Oparation: PCwPC + 2aoted il 2 viNwV) m 0
Descriplion: Operation ol BGT 13 swwlar 1o BGE, excepl BGT will il cause

* » branch or & rerg result

Unsigned Condtional Branchas

The Unsigned Condilional Branches provde a means lor

Compan 500 oparabions leshng the resull of .

in whigh the operands are considersd as unsigned valyes.,

a3
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BHI -

branch if higher Q01000 Plus pffset

lilulﬂl.ulnjoliJﬂl L [{)fl-‘!.i:l' 1'|. 1 J
™ E .o
Oparalian: C PCaPC + (2aoMset)i! CmQand Z=0

Dwscription: - Causes 3 branch if the previous operation Caused nether 3
. . CATTY NOF 3 260D resull Thes will happen in ciempaciacn (CMP}

operations as long as the source has & higher unsigned value

than the destinglion.

BHIS

branch il higher or same 153000 Plus olfset

l ! I U A 0 i D I u ' A ! I. n L l wlrx:r L L 1
L] L] ¥ L)
Operation: PCaPC + (Zxoffselj i C =0 .

Description:
cuded onby for comvereence,

. Description;

BHLS o5 the sarme instruction as BCC. This mnemonie is .

‘ : BLOS

branch if lgwer or same 101400 Pus oifse:

LI ] .
T RPN B oreser -
i B ¥ 1]
Opwration: PCaPC + (2zathall} i Cw I = 1

Causes 3 branch il Ihe previous operation caused either 2
Carry ar 3 7erg resutt, BLOS i the complemenlary pperation
ts BHI. The branch will pocur in comparnison operatons 25

iong as the source i4 rqual to, or has 8 lower unsigned value
than the destenation. '

BLO

branch. if lower 103400 Pius offset

' 0 @ B o4 1 1 CFESET B A
[ L 5 I 1 I L T 1 L I. L 1" I
3 R 5
Opeeation: PCaPC + [(Zaallsel}gComt
Descelpilon: BLO 15 same instruction as BCS. Thia mremomic is inchucdes;

anly lor cormeeniente.

[

-2
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JUL, 000100
L]
poo B o~0 8 O @& 0O % A 4 & 4 o
L . . - PRSI R
18 % 4 ]
Operlion: PC-x[dst)
Condition Codes:  nol afteched

Deescnplion:

IMF prowdes more Tlexble program branching Lhan provded
wilh the branch mstructions Conlrel may b tranclerrad 1o
any localion in mernary (0o range Lrmatation) and can be 35
complshed waih the (ull Nexibehty ol the acdrassing modes,
walh the seception of regisier moge 0. Execulnon ol 3 pmp
with mode O witl cause an ilegal inatruction™condron.
¢Program conltrol cannol be translerred 1o a ragisier.) Regis-
ter defeprad mods is kepal and wil cause program conirpl 10
twe tranglerred to 1he acdress held in the spected repigler.
Mate [hil instruclions are word Hata’and rmust therelpre be
terched Irom an éven numbered address. A ‘boundary =
ror-trap candilion wil result when Lhe processor attampts to
istch an insiruchon trem an odd addrass.

Dwlerrag et mode JMP snsiructions permit trangler of

control Lo the address cortamed 10 A selpclable pement ol a
1able of dispalch veriors.

a-54

Zubroatine natrucilens -

lr::n:lrla,h outwe call in the POP-11 provndes for autamalic nesting of subroutines,
Ak rcy, and multrple entry pomts, Sutroulines may call othar subroutines {or

themsielves) to any bevel of nesting wilhout making special provision lor
_llurage o r_gtum addresars al each level of yubmutine call. The subroutine call-
g Miehanism does nol madily any freed location in memory_ thus providing tor
reentrancy. This allpws one copy of 3 subrputine 16 be shared among several in

lerrupting processes. For more delal ipti i i
—png e elaied description of subroutine programming

r -

a4-55
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jump 1o subroutine O0ARDD
-

e o o, 0)r 0 0] v fo e e o]
B E o

f (5P ereg (puth reg contenls onta procassor stach)

{FC helds locahon allkawing J5A: 1his address
rirw pul i Feg)
(PC now points to subroutine destinalion)

reg+PC

PG a(dsl)

In execulion of the JSA, 1he oid contents of the apecdied reg-
ister {the "LINKAGE POINTER™)Y are automatically pushed
onio the prosessor stack and rew hinkage inlommaton placed
wn the regisler. Thug subroulines nestad wmihin subroulines
10 any depth may ol be calked with e same inh2ge cegislar.
Thers 15 ro nesd edher 1o plan The maxmum depth ot which
ary particular subroufme will ba called or 1o include instruc
tigna 1 each routine to save and restore the inkage ponter.
Furlber, singe all [Inhages are saved il & reenirand marnine
on the processar slach axeculion o & subrouline may De n-
lerrupled, the same subroutine reentered and execuled by an

*inlerrupt service routine, Execution al the ivial subroutine

can then be reaumad when other requests are salisfied. This
process (Called nesting) can proceed Lo amy level.

A subroutone called with a JSP reg dsl nsiruclion can Acess
the argumenls lohowng the call mih either suteencrement
addressng, (reg) + ., (it argurmnenls are accesand segquantially]
or by indexed addressing. Kireg), (il accested m random or
dar}. These addressing modes may ziso be delerred,
@ireg)+ and [@X(seg) il Whe parameless are operand a1
dresses rather 1han the oparands themsetensy.

-

3-56

Example:

Belore:

Afrer:

I5R PL. dsl it 2 specisl case of the PDF-11 subrouline cal
sutalle for subroulina cafts that transmil paramelers
ihraugh the geveral registers, The SP and the PG are Ihe only
regislers that may be modifed by s call.

Ancther tpeciat case of Ihe JSR instructon s JSR PG,
{@I5P)+ which exchanges the lop slement of the processor
stach and Ihe contenls of the program courter, Use ot This
Frstruchon allows two routines 1o swap DROREEm control s
TERurme operalgn when recaling where they (et off. Soch rou-
hires are called “'coroutines,”

Returh {rom 3 subrouline s done by the RTS insiruction, RTS
reg Kads Ihe conlents af teg into the PG and paps the 1op
element of lhe processor slach into the speciied register.

J35R R5, 58R

(PC) R7 Stack

(5P} RE

—— DATA O

Lre ]
Lo ]
w ]
[~z ]

R7

RG

- DATA Q
\. #1

RS PC+2
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RTS

return frum subroutine

©,0 © 6 0 0 0.0 1 0,0 alulrlri.
L} . - I o
Operption: Py
rega (5P}
Dwrscription: Loads omaents of reg into PC and pops Lhe 1op element of
the processor siack nlo the speahed regisiar,
Return Irgm a non reenlranl subroutine 15 typecally made
tnrough the same regester that was used 0l call. Thut, a
subroutine called with a ISR PS. dtt exits with 8 RTS FC ang
o subroyting caled wilh & JSR RS, g5, may pck up pars.
relers wih addeesung modes (RS} +, X(AES5). o @X(R5)
and finally enls with an ATS RS
Exampla: RTS RS '
Before: (PCY . R7 Stack
- #1 . |.
r
R6 n4.2 —_—] DATA
o

4.58

MARK
Used i the PDP-11/34 11745 and 131 /55
mark . o0 64 HN
(0,0,0 0,0 1 syt ofn a myn n n]
LI . L I o
Opwation: EPe PC + 2nn nn = number of parameters
PC RS
RS (5P} 4
Condition Codes:  unaffectsd

Description:

Example

Used as parl of the standard POP. 1| subeouling return con-
vention. MARK latiliates (he stach clean up precedures -
volved in subrauling enl, Assembler format 1s: MARK M

MO¥  R5.-{5P) . place old RS on atack

MOV Pl -{5P} ;place W parameters

DY P25/ :on the stack to ba
;usad (here by the
rsubrouling

MOV PN (5P} - .

MV 2 MARRN,. {5F) places Ihe instruchon

WMARK M on the stack

MOY 5P R5 et up address ot Mark N in.
struchan i
J3A  PCSUB Sump 0 subrouting

At thes powr! e Stach is a8 [ofows;

-

= O RS
F1
Fx *
(YT
o p Q_"..
o

459



And the program i al the sddress SUB which is the beginning

of the subrouting
SLIB. L reecution OF the subvouline 11 -

sudf

RTS RE . ithe return begins: s causes
(ha coments of RS 1e be placed in the P2 which Lhen resulls
w the execulion of 1he malructian MARK N, The contents of
oigd PC are placed in RS
MARE M causes (1] 10 siack ponder 1o be adjusted Lo poant
1o The old RS value, (21 The value now in /S (the old PC) ko be

placed wn the PC; andd (3} cements of the the old RS to be
popped ilg RS thu cornpleling the return Iroemn subroutine,

4.60

=

My 4w

e .

. S0B

Used in the POP-11/34, 11745 and 11755

subtract one and branch (it = ) 077RO0 Pius offset
L L | ) 1 ] l ' ! r ' DFFSET
1 i Fl i i W n [l i i 1 1 1
1] " 0 ] E 4]
Oparation: " Ra R =1 i this resuli = O then PG 4 PC {2 ¢ olfset)
Condilion Codrs:  unatfected
» Deszription: The regisier 13 decremenied. Ifil s not equal 1o O, twice the

oliset i3 sublracted from the PC (now pointing to the lodow-
ing word], The ofiset i Inlerprated a5 a sinbul potilve num.
ber, This instruction provides a 1451, etlicenl method of loop
control. Assembier syntaz is: .

08 RA

Where A 15 tr;t sddress la which transier o 1o b made (| the
decrermenind R iz not equat to 0. Nole that the S0B mlruc-
1100 can nat be used lo fransier Control in the Iorward direc
Tion,

L
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SPL _ _
_ Used in the POP-11/45 and 11755
Eat Priority Level ’ M02IN

PR ST |

I_n O © B O O O 0O & O 6 1 1 _ & n '-}
1 n 1 | n N M | L a
i

Operation: P5 {bots 7-5)—Pnonty {priority = nnn}
Condition Codes:  not atfected )

O s ript The least signifrcant ihres bits ol 1he instruction
&re loaded inte 1he Pregeam Status Word (PS) bits
o 75 thus csusing & changed prigrity. The old prigrity
it lost.
Ascembler synlae 50 SPL W

Mote: This instruttion is 8 no op in User and
R Superasor Mmodes,

Trass -
Trap inslroctns prowide for calis to smulatoes, [0 momitors. debugaing pack-
ages. and vser-delined interpreters. A trapis etfectvedy an inferrupl generated by
sl bware, When a lrap ocours Lhe conlents of 1khe current Frogram Counter (PO
angd Program Slatus Word (PS) sre pushed anlo the processor slach and re-
alaced by the eonlents ol a two.ward trap vector rontaining 2 new PG and new
F5.  The return sequence from & {rap \rvalves exaculing a0 BT or RTT instru-
tiory wuch restores the old PC gnd 08 S by poppeng  themn rom bhe stack, Trap
wi 1prs are Iocaled Al permanently Assrgred fimed sddressas.

362

EMT

emnulator trap 10000 — 104377
1 a 0 f 1 |
P T Tl P SRR B
13 - | T L+
Operation: (5P Py
¥ (SPHePT
PC= (30}
F5+(32)
Condition Codws: N loaded from trap wector
I: loadsd irom trap wectior
¥, loaded irom Irap veclor
G loadad Irom lrap veclor
Oescription: - Al pperation codes ko 104000 to 104377 are EMT inglnuc.
f ligns and may be vsed 18 transmul inlormalion 1o the emolat-
g routing fe g, funchon (o ba periormed) The trap vector
lor EMT is at address 30. The new PC s Llaken [rom the word
2 address 3 Lthe new contral processor stalus (F3) o Laken
Irgm the word at address 32,
Caution: EMT ix ugad Irequently by DEC syviem saltware and
3 therelore ral recommended 1o genersl use.
Before: PS P51 : Stack
w, 5o o
RS, &P n
—
After; PS (32
-
. g
. P51
v [

4-63
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trap - 1048400 —1 04777
NRENNEREEXNN o
i s 7 i
Oporation: ¥ (5P PS5
¥ ISP PC N
Pl (341
PG | 267 e

Condition Codm:

«  [escription

10T

Imputl autput trap

LY
1! toadec from Irap wector
Z: Ioaded lram lrap veelor
v losces roey trap vectir
C: leade Front frap vecior

Cperation cooes from 108400 to 104777 are TRAP instrue-
teens, TRAPS and EMTY are identenl in gperation,  asCept

that the trap vechor for TRAF is a1 Midress 34,

Hote! Since DEC software mahes fraguent use of EMT, Lhe
THAP nslruclion it recommended for geraral uss.

o I g o

L
Opweration:
Condition Codes:
Deescrplic:

L o

Y[SPPC
PC (210}
Foa{22)

MN:loaded from irep vector
Fioaded Irom 1rap vector
¥ioaded from trap vecior
Ciloaded from trap vector

Pertorms 8 1rap sequente with 2 113 vectar address o 20
Used to call the O Executive roubine 10X 10 1he papet Lape
soltware system, and lor error reporling in the Disk Opar

aung System.

{n0 inlprmalon 13 Lranamitied on bhe Do byte)

kreakpoint frap

15 g
Operation: * {5 P :
{5 PC
FC = (14) -
5 = {l6)

Condilon Codet: M loaded fram Lrap veclor
I losded (rom trap wecbor

Y. loaded from trap vecior

. G Inaged from lrap veclor

Oescription:

bug@mng aida.

Parforms a trap sequemice with a trap veclor address of L4,
Lsad to call debuggmg ands. The user i Cavimned againsi
ermploying code DODOR3 i programs run undsr these de.

{na inlormalion s transeratted in he low byele)

return fram interrupt

(_l.l

RTI

| - N |

o 9 0 49 o 0 v O o o o

14 -

Operation: " PCa (5P -
PS5 = (3P4

Condition Codes:  N: toaded Irom processor stack
& loaded Irom processor stack
¥ loaded 1rom processor stack
: inaded Irom processor slachk

Description:

D000 2
] 1 L]
]

i Ll;sed 1o exit Irom an mterrupt or TRAP service routine. The

PCand PS  are resiored (popped) from Lhe processor stack

e
XN



RTT

Used in the POP-11734, 11745 and 11/5%

relurn from interrupt D000
lﬂﬁﬂ'ﬂlﬂﬂﬂﬁlﬂﬂoﬂﬂilc
1 L 1 | 1 N | N N | N AR | . .
HY . 1]
Operabon; PCafSPY
PS5 =157 4
Condition Codes: N, Joaded Irom processor slack
Z. loaded from proceasor stack
Y. lopded frovn processor slack
C' lgaged from procesaor stack
This 15 the sarme as {he BT instrocton axcept that o snhibits

Description: _

: a trace trap. while RTI perruts a trace liap It a trace Irap s
perding, the hirst anatroction after the RTT woll be scecuted
prof 1o ihe mext T trap In the case ol the BT nstrgchon
Lhe =T trap will oCour smmedately afier the RTH

. 4.58

Reserved Instruclion Traps - These are caused bry attemiply 1o eeecute poslruchion
codes reserved lor future processor expansion ¢reserved inslruthiens) oF inslioe.
hons with dlegal addressing moass (ilegal inslruclons). Order coges nol codre
sponding lo 2ny of the instruchons describad are comsidered 1o be reyeserd 0
struclons, JMF ang JSR with regisher mode destinabions are ilegad inatrug ions
Feserved ang Megal instruchion traps occur 2% described under EMT, but Irap
through vectars al addresses 10 ang 4 respectively,

Stack Orvarllow Trap

Bus Error Traps - Bus Error Traps ara:
1. Beundary Errors - #ttemipts to refetence inslructions or word
operands 2t odd addresses.

2, Time-Dut Errors - attempts to reference addrasses on the bus
that mede no response wilhen a certain length of fime. in general,

< thete #re cavsed Oy attempts to reference non-exislent rerasy,
and stiempts to relerence non-suistent peripheral devices.

Bus error traps Cause processor (raps Ihroygh the lrap veclor addtecs 4

Trace Trap - Trace Trap enabdes bit 4 of the P$ and Cauvses pwocessor fraps at
the end of inslruction execulions. The imtlruction that is scecuted after Lhd i
sbruchion that sel the T-bat will proceec to completion and then cause a ProCEIsOr
ap through the Irap vector st address 14, Note thal the Itace trap is & system
detugging md and w transparen] o the gereral programmee,

The following are special cases and are datalled in subsequent paragraphs
1. The traced instruclion clasrag the T-hil
2 Tha trac;.d iNstrueton set the T-teL
3. The lreced mnslruclion causes pn o instrectian trap.
4. The traced instruchion czlusled a ks ereor lrap,
5. Tha traced inttruchion c2used 4 Il.tuk overflow trap

£ The process was inlermuptan Gelwatn Lhe teme the 7L was set and '5c
etching ol the Instruchon Lhat was 16 be traced.

7. The traced instrugtion wos o WAIT,
A The traced inslruchion was o HALT.
9. Tha traced instruthen was g Return Irom Trap &

Hele: The traced mnstrochon 15 the ingtruclion aller the one That sets the 1Bl

An instrueihon that clearad the T-blt - Upen Melching the traced inslrection an in-
lernal I'ag, the race fag. was 2et. Tha rap wll still occur ot the end ol ezecution
of this rclan The siscned stalus word, Dowever, sl have a clear T D,

An instruction that sei the T-bit - Tince the T.but was siready 3ol setung o agan
has na £flect, Tae Irnr il greur. -
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An instruction thal caused an Instrugtion Trap. The slruclion trap s
sprung angd the entire rouline for the semnce trap o execuled. |l 1he
service rouline exits with an RT1 or 10 any other way reslores the siacked
status word, the T-bib is set again, the instroction Inilowing The raced
instructign is execuled and, unless it 15 one of the special cases noted
above, a trace trap oceurs.

An instruction that eaused w Bus Ereor Trap, This 15 trealed 2% an In-
slruction Trap. The only diference s that the error service is not as
Wkety 10 exit with an RTI, so that the trace trap may nol occur.

An instruction that caused a stach gverdlow. The instryction completes
execution as usual—the Stack Owverflow does not cause a Irap. The
Trace Trap VYector is loadsd into the PC and PS, and the old PG and PS
are pushed onto the stack, Stack Cvetllow pocurs agan, and this tme
the trap is made.

An interrupt between setting of the T and fetch of the raced intruc-
tan. The enbire iRterfupt Service routing 15 executed and then the T obit
i= sel agan Ly the ewting RTL The traced instruction 15 executed (il
there have bsen no olher interrupts) snd, unless o is a specisl case
noted above, tauses a trace trap.

Note that interrupts may be acknowltdged immedalely after the toaching
of the new PC and PS at the trap vector location. To lack out all inter:
Jrupts, the P3 at the trap vector shoold rase the Rrocessor pricaty 1o
lewel 7,

A WALT. Tha trap occurs immediately. -

A HALT. The processor halts. Whan the continue hey on the console is
pressed, the nstruction following the HALT is fetched and executed.
Untess it is one of the exceptions noted abowe, the rap bocues dnime-
diately fallowing execution, .

A Retum frien Trap. Tha reture from trap instruction edher ciears or sels

the T-tet, It inhibits the trace trap. IT 1he T-bit was set and RTY is the )

traced instruction the trap s defayed until completion of the nest in-
slruction. . .

Power Fallure Trap. is a standard POP-1] feature. Trap occurs whenever
the AC power drops belaw 95 volts or gulude 47 to 63 Hertz. Twa milli-
seconds are then allowed for power down pracessing. Trap vector for
pawer 1ailure is at lgcabions 24 ol 26

4.0

Trap priorties, in case multiple processor trap conditions occur simul-
*tanegusly the following order of prioriies is observed {from high to low):

- r F u
11704 " . -
fdd Address -
. Tirnegut F
. Trep Instructions
. Traca Trap
. Power Failure

LI A

11734 ' a
. Oad Address
- Memary Mansgemant Vialation
. Timegyt -
. Panty Errar
Trap Instruction
Trace Trap -
Stack Ovarllow .
. Power Fail
Interrupt
HALT Frormn Consoie

"k b

SWX N DR g

11/45 11/55

Oded Address

. Fatal Stach ¥iclation

. Segment Violalion .

Timaout . ; s
Panty Errar

. Conacle Flag

Segment Management Trap

. Warning Stack Violation '
Power Failure -

WENMG W

The details on the Lrace trap process have bean described in the trace
trap operational description which includes cases in which an instruec-
tion bming traced causex a bus errpr, instruction trap, or a stack over-
flow trap, :

If & bus emmor is cpused by tha trap process handling instruction traps,
trace iraps, stack overflow traps, ar a previous bus error, the processar
is halted. .

It a stack overfiow I3 caused by the trap process in handlinig bys erTors,

instruction traps, or trace traps, the process Is completed and then the
stach overfiow trap i3 sprung,
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4.7 MISCELLAREOS

HALT

hait

Q0000
¢ 0 0 o o g :
[?I A 'ﬁin‘ﬂla’uo ujo“' I:'_]
A L i 1
o
Conditian Codm:  nol atfecied
Desiription: Causes 1he processor operstion to cesss, The consale 12

grven conlrol af the b

s. The conscle data Iighls drsplay the .

canlents of RO, the console sddress Gights display the ad-

dress atter e hall ingd

ruclexn. Trarsfers on the UHIAUS are

terminated wamediatety. The PC points ta the next instruc:
Exior) 10 Lol i meesteng Presung the continue key on the consoke

COUSES DIOCESSOr oper
Elwen,

MNote: A hall isgyed i

ation to resume. Mo (NIT signal 1§

3 trap

o —

wiit for inlerrupt

Candition Codex; not aflected

Provides & way for the processar to rehnquish use of
the bus while it wails for an exterpal interrapl.
Having been given a WAIT carmenand, the processor
will nut compele for bus use by fetching instructiona
ar operands fram memory. This permits higher trans-
fer rates between a devica and memgry, since ng
processor-induced latencies will be sncountersd by’
bus requests from the device, ln WAIT, #s in all n
structions, the PC points 10 the next mstruction fol-
lowing the WAIT aperation. Thus when an inlerrup
cauvses the PC and PS to be pushed onto the pro-
cessor stach, the addresxs of the nest instruction
following the WAIT iz saved The eait from the in-

« terrupt routine {i.e. execution o an RTI instruction)
will cause resumgtion of the inlerrupted process at
the instruclion foltowing tha WAIT.

Description:

)
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RESET
reset eviernal bus ' : 01530005
nrnln.ﬂtn.olana:a."l“.°,“I1.".'i

] ]

Conditeon Codes:  nol atfected

Sends INIT on the UNIBUS, &1 devices an the LINI-
BUS gre reset to ther stale al power up.

v

Deacription:

4.74

Condiion Code Oparators

\ CLN SEN
| CLZ SEZ

. CLV'  SEV

CLC SEC

CCC SCC

tonditian code cperators 00023

¢ ¢ & 0.0 & 0.0 ' o ulo}]u :Jv_l:]
1 A A 1 4 N | 1 " ]
" v D

3 4 1 3

D riptiain; Set and clear condihion code bits Selectable combrnatgns of
. these bits may be cleared or sel topether. Condituion cods bits
corresponding to bity in the condilion cods operator (Bits G-
3) are madlihed acoording Lo the sense ol et 4, the set/ciear
et of the operalor. i#. et Ihe tul specihed by L Q, 1, 2 0r 3,
i bl 4 13 & 1. Clear corresponding s 1] bit 4 =0,
MAn ermone )
Oparalon Of Code
CLE  ClearC ' 000241
fav Cloar ¥ : DO0242
o1z Clear I ) DD0244
CLH Clear N CO0250
SEC  SetC ) 000261
SEV Sel ¥ - Y 000R52
BEX Bt I 000264
SEN  SetN - . 000270 &
SCC Set ok CC'y 000277
CCL Ciearnll GC's . Q0g257
ClearVama Q243
NOF Mo Dperalon Go02a0

Combanatrons of the above set or tlear aperatons may be ORed kogether ho lorm
comibaned instructions

TS
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MINICOMPUTER SYSTEMS

. R.H. ECKHOUSE, JR.

é?ul,

PROGRAMMING TECKNIQUES

Mastery of a basic instruction set is the first step in learning to program.
The next slep is to learn to use the instruction set to obtain corract resuits
and.to obtain them efficiently. This is best done by studying the following
programming techniques. Examples, which should further familiarize the
reader with the totnl instruclion set and its use, are given to illustrate each
technique.

4,1, POSITION-INDEPENDENT PRHOGRAMMING

Maost programs written to run on a computer are written so as to occupy
speciflied memaory locations {e.g., the current lacation counter is used o
Qefine the location of the first instruction). Such programs are said to be
absolute or position-dependent pragrams. However, it is sametimes desirable
to have a standard propram which is available to many different users, Since
it will not be known a prieri where the standard programs are to be loaded,
it is necessary to be able to load the program into different areas of core and
Lo run it there. There are several ways te do this:

1. Reassemble the program at the desired Jocation,

2. Use a reloraling loader which accep's specially coded hinary from s
relocalable asspmbler,

3. Have the program relocate itself afier it is Joaded.
4. Wrile a program that is positivn-independent.
On small machines, reassembly is often performed. Whel the reguired
core is avsilable, a relocating leader {vsually called a linking looder) is

(4
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preferable, 1t generally is not cconomical to have 2 program reloeate itsetf,
since hundreds or thousands of addresses may need adjustment. Writing
position-independent code is usually not possihle becguse of the siruclure of
the addressing of the object machine. However, on the PDP-11, pesition-
independent code (FIC} is possible.

-PIC is achieved on the PDP-11 by using addressing modes which form an
eifective memory address relative to the propram counter (PCY. Thus, if an
instruction and its object{s) ar¢ moved in such a way thal the rolative dis-
tance between them is not altered, the same offset relative to the PC can be
used in all pasitiens in memeon'. Thus PIC usvally references locations rela-
Live 1o the current location. PIC prossams may make absolute references as
long as the locations referenced siay in the same place while the PIC program
is rejocated.

4,11, Position-Independent Modes

There are three position-independent modes or forms of instructions.

They are:

1. Brancles: the conditiona!l branches, as well as the uncanditional
branch, BR, are position-independent, since the hranch address is anputpd
as an offset to the PC.

2. Relative memory references: any relative memory reference of the
form :

CLF ¥
MOy YRy
LE .

is posiion-independent because the assembler assembles it as an affset in-
dexed by the PC. The offset is the difference Letween the refereneed loca-
tion and the PC. For example, assume that the instruction CLIL 200 5 ot
addrass 100:

Lire Symbalc
Number Address Conlenls Tnslruction Commenls
1 Q00100 Qo567 cLly 200 FIRNT WORD OF INSTRUCTION
Q0007 £ OV FAET=200-1D4

The offset is added Lo the PC. I'he PC cantains 101, which is the address of
the ward Tallowing the affeet (the second word of this two.word insiruction),
MNote that altheugh the form CLR X is position-independent, the form CLYE
@X is not, We may see this when we consider the following:
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Line Symbuolie
Mumber Address Conlenty Label Inslruction Cammenls
] Qo1900 (1T g: CLR @X CLEAR LOCATION A
00077 f
2. 002000 003000 M JVYOIRD A JFOINTERTO A
3. 0D3000  DODOOD A WORD 0

The contents of location X are used as the address of the operand, which is
svmbolically labeled A. The value stored at location X is the absolute address
af the symbolie location A rather than the relalive address or of[set between
location X and A. Thus, if all the code is relocated afler assembly, the con-
tents of losation X must be allered to reflect the fact that lochtion A now
siands for a new absolute address.t 1T A, however, was the name associaled
with a fixed, absolute iocation, stalements S and X could be relocated be-
cause now it is inporlant for A 1o remain fixed, Thus the following code is
position-independent: .

Line Symbolic
Nuinher Addrese Conlenls Lalrl Inetreclion Comments
1 ooan3as A= 3G WIXED ADDRESS OF 36
2 001009 ﬂﬂjﬂ'?? 5: CLR @X LCLEAR LOCATION A
0aoT74
3 pO2000 000036 X:  WORDA POINTER TO A

3. Immediate operands: the assembler addressing form #X specifies im-
mediate dala; that is, the operand 15 in the instruction. Immediate data that
are not addresses are position-independent, since they are a part of the instruc-
iion and are moved with the insiruction. Consequently, a SUB #2 HERE is
position-independent (sinee 52 is not ao address), while MOV 2A ADRPTR
is position-dependent if A is a symbolic address. This is so even though
the operand is fetched, in both cases, using the PL in the autoincrement

TTo verily this poinl the render is encouraged bo relorale the code, after asaembly,
inte locations 4000, 5000, 2nd 6000, By doing 0 he will discover that the contents of
these localiong are Lhe same us For the original ¢ode and that Lthe conlents of localion
G000 do nol pair ocation &000,
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mode, since it is the guantily fetehed that is being used rather than its form

of addressing.
4.1.2, A'L;sn!ute Modes

Any time a memory location or register is used as a poinLer to data, the
reference is absolute. If the referenced data remain always fixed in memory
fe.g., an absolute memory location) independent of the pasition of the PIC,
the zbsolute modes must be used.t  Allernatively, if the data are relutive to
the position of the code, the absolule modes musl not be used anless Lthe
pointers involved are modified. Restating this point in different words, if
stddressing is direct and relative, it is position-independent; if #t is indirect
and either relative or absolute, 1t is rot position-independent, For example,
the instruction

iy @8, HERE

“move the contents of the word pointed o (indirecUy referenced by) the PC
{in this case absolute locution X) to the word indexed relative to the PC
{symbelically ¢alled HERE)" contains one operand that is referenced indi-
rectly {X) and one operand that is referenced relatively (HERLE). This in-
struction can be moved anywhere in memory as long as absolute loeation X
stays the same, that is, it does not move wilh the insfruclion or program;
atherwise it may not be.
The abzolute modes ara:

a@x Location X is » pointer.

aFX The immediate word i 3 pointer,

{R} The register is a pointer,

{Rit+ and (R) The repisier ik n pointer,

& R)+ and € R) The regisier points Lo & poinler

X{R)R#*E or ? The base, X. modilied by [RY, it the address af the operand,
EX[R) The base, modified by (K], is 2 pointer,

The nondeferred index modes renquire a little clarification. As described
in Chapter 3, the form X{7)T is the normal mode in which to reference
memory and is 8 relalive mode. Index inode, using a repisler, is also a rela-
tive mode and may be used conveniently in PIC. Basieally, the register
nointer points to a dynamie storage area, and the index mode is used Lo
access data relative to the pointer. Once the poinler is set up, all data are
referenced relative to the pointer. :

TiWhen PIC is not being written, referrnces ta fixed loemtions may be performed with
eilher the absolule or relalive Torrns.

ttRecal] that X[ 7} is equivalent to K(H7), which is rquivalent Lo ' *where PCRT,
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4.1.3. Weding Automatic PIC ;

Aulomatic PIC is code that reauires no alteration of addresses or pointers,
Thus memory references are limited Lo relzlive modes unless the location
referenced is fixed, In addition to the above rules, the [ollowing must be
abserved:

1. Start the propram with .= 0 to allow easy relucation using the absolute
loader (see Chapler 7).

2. All Jecation-setting statements musl be of the form .=_:X or .= fune-
tion of symbaols within the PIC. For example, .= A+10, where A is a local
labwel,

3. There must npot be any absolute location-setting statements. This
mrans that a block of PIC cannot set up specified core areas at load lime
with statements such as

L 248
. KORE TEAFH, 340 F FRE-LOAEL S48, 742

The absolule Ioader, when il is relocating PIC, relocates all data by the load
lnas [(see Chapter 7} Thus the data for the absolute location would be
relocaled to some other place, Such areas must be set al execution time;

noy NTEAPH, BRI40 sFPUT RFOOE TN ARES LOEC 338
nov aidp, au3ag FHNE- AES LOCATION Za2

4.1.4. Writing Nonautomatic P16
b

Ofter; 3% is not possible or economical to write totally automated PIC,

"In these cases some relocation may be easily performed al execuiion time.

Some of the required methods of solution are presented below. Basically,
the mathods operate by examining the PC to determine where the PIC 3
actually located. Then a relocation factor can be easily computed. In all
examples it is assumed that the code js assembled at zero and has been re-
located sarmewhere £lse by the absolute loader.

4.15. Seiting U'p Fizxcd Core Localion:

Consider first the previous example to clear the contents of A indircetly,
The poinler ta A, containad in symbelic location X, must be changed if the
code is to be relocated. The program segment in Fig. 4-1 recomputes the
pointer value each time that it is executed, Thus the pointer value no longer
depends on the valee of the location counter atl the time the program was
assemmbled, bul on the value of the PC where it is loaded,

. 4.1 FOSITIONARDEPENDENT PROGR A MMING 91 .

BFAUEER Efa i LEFINE £ t
DOBERT Ll ooy i FEF INE F0C
BDOREE Elb70R £: Hoy fl. e JRa = {(ALLE OF £3.2
LERpaHs 660706 AL WH-S-2, FR SHll TR OFFSET
BELFTE
BOEGEEE 01007 Hiry L3 T 8 JHMOYE FOINTER TO X
[P
] o] CCh Bl oF LR CLE [CE] JCLEAR SALUE ITHDISELDTL!
DeRTED
ODOPLE DODpEE HALT FETOR
i -
O010b0E .m, +Fda
LT AT T T cleid 15 TG i , RHORL Er FPOINTERS TO A
DRIABR .=, +TTE
NAZOEE GOAARE R . WOEL: @ G WELVE TO FE (LERFEL

GOHMOEL . EM[

Fip. 4-1

Mow if this program is loaded into locations 41000 and higher, il should
be clear that none qf the program values is changed. This point could be
shewn piclorially by taking the Fiz 4-1 material, recopying it, bul chaneing
only the values in the leftmost column, the address column. Thus if ane
were to leck in, say, lecation 4010, the conlents would be 766 and the value
found in location 5009 weould be 2000 {i.e., neither value is chanred).

Given that the program dala have not changed, the question is; Mow does
it work? The answer is that the offset A—5—2 is equivalent le A—(5+2) and
S+2 is the value of PC which is placed in RO by the statement MOV PC RO.
At assembly time the offset value is A=PC,, where PC,=5+2 and PC, is
the PC that was assumed for the program when assembled Leginning at
“location 0,

Lazter, after the program has been relocated, the move instruction will no
lonper store FC, in RO, but a new value, PC,, which s the evrrent value of
FC for the executing program. However, the add instruction stil) adds in the
immediate value A=PC,, producing the [inal resull in RO:

PC,+(A-PC,) = A+(PC,—PC,)

which is the desired value, since it vields the new absolute localion of A
. [e.g., the assembled value of A plus the relocation {acter (PC, -PC Y]

id,‘l.ﬁ. Relocsting Pomters

If pointers must be used, they may be relocaled as we have st shown,
Far example, assume that a list of data is Lo be necessed with the instruction
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HbD (KE)e. R
The poinler to the lis, list L, may be ealculata] at axecution time as follows:

K- HOY FC.Ek@ + GET CURRENT FC
HDO L=-M-2 K& i RRD DFFEET

Another variation is to gather all pointers’into a table, The relocation
factor may be caloulated once and then applied to all pointers in the table in
a loop. The pragram in Fig. 4-2 is an example of this technigue. The reader
should verify (Exercise 1 at the end of this chapter) thal if this program is
relocated so that if it begins in location 10000, the values in the pointer
table, PTRTBL, will be 10003, 10020, and 10030.

ORBEQBE Fp=X@a sDEFINE FR

BEBEhI Fiaxl iDEFTHE K1

ehpifz Fa=n2 i DEFIHE RZ

BUBAn? Frax? sBEFINE FE

Qiorih M- MW Foe R@ i RELGCATE ALL ENTRIES IW FTIRTBEL
1ez7ab cUE L i ICALCULATE FELOCATION FRETOF
el cTely

Li1r7R1 . i1 »FTRTEL.RI ; GET AMD RELOCATE R FOTHTER
BolA D

GoRRh) AbD RiaRd 1 TG FTRTEL

FlI Tl Moy . ATELLEN, RZ JGET LEHGTH OF TRELE

GOOpaY

Boppll LOOF; AbD Fas (RL) + i RELOWCATE pN ENTRY

vHhigs CEC Rz JLOUNT DOWH

el Bried ENE LOOF i BRANCH MF WOT BOHE

oabphag HHLT ;ETOF HMEN LOME

(TR ok TELLENRY iLENGTH OF THRELE

Ghedbul PTRTEL: . HORD ¥, LODE, FTRTEL

IR -
GOLAaza .
Cebopl . ERD

Fig. 4-2

Care must be exercised when restarting a program that relocates a table
o! pointers. The reslart procedure must not include the relocating again
{1.e., the table musl be relocaled exactly once after each load),

42, JUNMP INSTRUCTION

Although mentioned earlier, the JMP instruction has been overlooked
somewhat up 10 now, The astute reader will, no doubt, recognize that the
necessity of a jump instruction is dictated by the fact that the branch in-
structions, although relative, are incapable of branching more than 200 words
in either a positive or a negative direction. Thus to branch fram ane end of
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memory to anecther, a jump jnstruction must be a pnrt of the instruction set
and must allow fuli-word addressing,

The jump instruction is indeed za part of the PDP-11 instruction set ang
belongs to the single-operand group.  As a result, jumps may be relative,
absolute, indirect, and indexed, This flexibidily in determining the effective
jump address s quite nseful in solving a particular ciass of problems that
occur in programming. This class is best Hustrated by example.

4.1, Jump Table Froblem

{
A eammon lype of problam is one in which the inpul data represent a
code for ap action to be performed, For each code, the program is to takea

certain aclion by execuling a specified block of code. Such a pm‘al{'m would
be coded in FORTRAN as

READ. INDEX

GO TQ (2@, 1680, 37, 1150, . .7, THDEX

In other words, based on the value of index, the program will go to the
statement labeled 10, 100, 37, and so on, :

Tll‘ie “computed GO TO"in FORTRAN must eventually be translated into
machine lapgusge. One possibility in the languape m‘ the PDP-11 would be

RERD

1HDE X R FEEUDO=INSTRLUCTICON
MDY INDEX. K1 ;FLACE IT 1IN Ri
REC ki - se{n INOERC=FAN=1
RDD k1. R iFORM I« INDE-
JMP ETAFLELRL) JINDIRECT JUMFP
TARM.E: . WORD L1, LidBL L7 L1158, ., , L7

The method used is ealled the jump table method, since it uses a table of
addresses Lo jump to. The method works as follows:

1. The value of INTIEX iz obtained.

2. Sinca the range of INDEX is1 < INDEX € maximum value, 115 sub
trarted fTom the index sa that its ranpe s ft & INDEX € max — 1.
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5. The value of index is douhbled o take care of the fact that labels i n
the table are slored in even addresses: {.e., Tull words;

4, The address for the JMP instruction is utilized both a$ indexed and
indirect, such that it points to an address lo be jumped to in the table.

Although the jump instruction transfers control to the correct program
label, it does not specify any w2y Lo come back. 1n the next section, where
we shall consider subroutining, we shall see that a slighl modification of the
jump instructions allows for an orderly transfer of control, and 2 return,
from one section of code Lo another. )

4.3. SUBROUTINES

A good programming practice 1o get into is to scparale large programs
inlo smaller subprograms,” which are easier ig manage. These subprograms
are aclivated either by a main program or by each other, allowing for lhe
sharing of routines among the different programs and subprograms.

The saving in memory space resulting Trom having only one copy of the
needed routine is a definile advantage. Egually imporiant is the saving in
time for the programmer, who needs to code the routine only once. How-
ever, in order to share common subprograms, there must be a mechanism Lo

1. Allow the transfer of contro! {rom one routine 10 another,

2. Pass values among the varicus routines,

' The mechanism that accomplishes these requirements is called the skbroutine
' linkage and is, in general, a combination of hardware featurss and software

conventions.

The hardware features on the PDP-11 which assist in performing the
subroutine linkage are the instructions JSR and RTS. These instructions are
in the subroutine eall and relurn proup and have the Tollowing assembler

form and instruction format?:

I8 icgister, destinalon

IENTERER T i““LJ

L
] h ]
15 ' v 6 5 43 .
. -
O o J !
— Diesrinman address '

Linkapy poinlet
TDepending on the mode ol addressing, one or Lwo words are vsed for the JSH

instruction,
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R15 jrginler
_! in
N
15 ¥ 2 Q
[ —y FaN v Fl
H i
Op vode Limkogs ponnier

Both instructions make use of a "stack™ mechanism similar 1o the siack
mechantsm described for zero-address machines in Section 1.2.8.6.

4.3.1. Stack

A stock is an area of memory set astde by the proprammer for lemporary
storape or subroutinefinterrupl service linkage. The instructions that facili.
Aate slack handling {e.g., =utoincrement and autodecrement) are useful fea.
tures that may be found in low-cost compuiers. They allow a program Lo
dynamically establish, modify, or delete a stack and ilemns on it. The stack
uscs Lhe last-in, first-out or LIFQ concept: thal is, various items may be
added to a stack in sequential order and reirieved or deleled from the stack
in reverse order {Fig. 4-3}. On the PDP-11, a stack starts at the highesl lora-
tion reserved for it and expands linearly downward to the lowest adilress as
items are added to the stack,

Low addtesins :V////

1ligh addreies

Fig. 4-3 Sinck nddresses,

The programmer does nol nesd to keep track of the actual lovalions his
data are being stacked into, This is done automalically through & stoch
pointer. To keep track of the last flem added to the stack (o1 “where we
are" in the slack), a general repister always contains the memory address
where the last item is stored in the stack. In the PDP-11 any remisler except
register T (the PC) may be used as a siack pointer under progrom eontrol;
however, inslroctions associated with subroutine linkage and interrupt ser-
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organized in full-word units anly. Byle stacks (Fig. 4-4) require instruclions
capable of operating en bytes rather than full words {byte handling js dis-

cussed in Seclion 4.6%.

w T

Word shack

001064

DO

o007 lwm 4 = &F
D707 lem & 3

(01076 frem# 2

0atio0 Irem £ 1

o0ot102

Byie stack

001075 | lteme 4 |—-— 5P
onrats ligm # 3
007! lem & 2 Mare Byics are
arranpsd in werds
007100 Iem & 1 as faliowing:
v lyie X | Byre
Byte ]l | Byte D

Fig. 4-4d Word and byle stacks,

Ilerns are added to a stack using the aulodecrement addressing mode with
the appropriate pointer register, (See Chapter 2 for a description of the
autoincrement/decrement modes,)

This operalion is accomplished as follows: ,

[lig SOURCE, —tSF) JHDYE SOURCE WORDR GNTO THE STRCK

or
s MOYE SOURCE EYTE OWTO THE SThEEK

HOVE SOUECE, =(SF}

vice aulomatically use register § (E6) as a hardware stack pointer. For this  This is called a “push™ because data are “pushed onto the stack.”

reason R is freguently referred 1o as the system S
Stacks in the "DE-11 may be maintaiped o either Tlloword or biyte unite,
This is true fo; Leck pointed 1o by any repisior except BG, which mus! be

Thee Sectian 4.6 For 8 discussion of bivle instroctions,
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To remove an item {rom stack the auluincrement addressing mode with
. the =ppropriate SP is employed, This is accomplished in the foliowing

manner:

MOV (SF)+, DEST ;MOVE DESTINATION WORD OFF STHEOK
or .

rovE L{SF )+, DEET ROVE DESTIWRTION EYTE OFF ETACK

Removing an item frum a stack is ealled a pop, for “popping from the stack.”
After an item has been povpped, its stack location is considered frec and
available for other use, The stack pointer points 1o the last-used location,
implving that the rext (lower) loration iy free, Thus a stack may represent
a pool of shareable lemporary siorage localions, .

4.3.2. Subravtine Calls and Returns

When a J5R is executed, the contents of the linkape register are saved on
the systermn R6 siack as if a MOV reg,—(SP) has besn performed. Then the
same repister is loaded with ithe memory address following the SR instruc-
tion (the contents of the curent PC) and 2 jump is made to the entry loca-
tion specified. The elfect, then, of executing one J5R instruction is Lhe
same as simultanecusly executing two MOVs and a JMP; for example,

, MOV REG. -(SF)
J5E  FEG, SUER_ ROY FC, REG
-t JMP SUER

i FUEH EELISTER INTD THE STRCK
SFUT RETURN FC |WTD KEGISTER
JURF TO SUEROUTINE

|

Figure 4-5 gives the “‘before™ and after copditions when exceuting the sub-
routing instruction JSH R5, 1064,

Belore Alnet

RS = 001 32 flehr= GUIONA

IRA = DNITTA TR ETTA

(PO = (KT = OG 1000 = tR7 = MOt
0D0ET7L ool 72 -
001774 EI774 § 0001322 |~ s i ) 774
+ |

oOIrTe ) pmmm |e— 5P oot | BTG
002000 | mewnr [EERHA 1

Fig. 45 J5R imdrortion.
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In order Lo return from a subroutine, the RTS instruction is execuled. 1t
performs the inverse operalion of the JSR, the unstacking and restoring of
the saved register value, and the return of control lo the instruction follow-
ing the JSR instruction. The equivalent of an RTS is a concurrent MOV
instruction pair: '

RTS FEB& moy REG. FC

MOy (SF)+ KED

s RESTORE FC
JRESTORE REGISTER

The use of a stack mechanism [or subrouline calls and returns is particu-
larly advantageous for two reasons. First, many JSR instructions can be
execuled without the need to provide any saving procedure for the linkage
information, since all )inkage information is automatically pushed into the
stack in sequential order. Returns can simply be made by actornaticalty
popping this information from the stack in opposite order.» Such linkage
address bookkeeping is called automatic nesting of subroutine calls. This
feature enables the prograynmer 1o construct fast, efficient linkages in an
casy, flexible manner. It even permits a routine to be recalled or to call
itself in those, cases where this is meaningful {Sections 4.3.5 and 4.3.6).
Other ramifications will appear after we examine the inlerrupl mechanism
for the PDP-11 (Seclion 6.4).

The second advantage of the stack mechanism is found in ils case of use
for saving and restaring registers. . This case arises when a subroutine wants
to use the peneral repislers, bul these registers were already in use by the
calting program and must therefore be returned 1o it with their contents
intact. The ealled subroutine (JSRPC, SUBR)Y could be writien, then,'as
shown in Fig. 4-6.

CUER:  AOY K1, TEMFE ; SHVE Ri
ME Ko, TEMFEsZ { CRYE R2
How TERFS+2, K2 S RESTORE &2
MOV TEMFL, F1 JRESTORE £1
E1E FC JERETURN
TEMFE: . UORD 6, @ 6B, 8. 0.0 SAVE HRFER
or using ihe stack as
SUEF: MOy BY, -{FED SFLUSH K1
nov FE. —{hE} » FLISH B2
Moy CREY+. KT L FOF F2
Moy {Fed~, k1 JFDF RL
ETES FL . FETURN

Fig. 4-6  Saving and restoring registers bsing the stack,
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The szcond routine uses iwo fewer words per register savejrestore and
allows another routing Lo uze the Ltemporary stack storage ab a latler point
rather than permanently tying some memary locations (TEMPS) 1o a partic-
ular routine, This ability to share temporary stornge in the form of a slaek is
a very economical way 1o save an memory usape, ospeciadly when the totnd
amount of memary is limited.

The reader should note that the subroutine call JSRE PCRUBR is a legiti-
mate form for a subroutine jump. The instruction does not uiilize or stack
any registers but the PC. On he other hand, the instniction JSR SP.SUBR,
where SP = RB, is not normally considered a meaningful combination.
Later, however, utiizing register 6 will be considered (see Section 4.3.7)

4. 3.3, Argument Transmision

b ™

The JSR and ATS instructions handle the linkage probilem for transfer
ring copntrol. What remains is the problem of |11::ssing arpuments hack and
forth to the subrouting during its invoeation. As it luens out, Uiis is a {airly
straightforward preblen, and the real question beeomes one of choosing one
solution from the large number of ways Tor passing values,

A very simple-minded approach for arpument transmission would be to
agree ahead of time on the locations that might be used. For example, sup-
pose thal there exists a subrobtine MUL which multiplies two 16-bil words
ipgather, producing a 32-bit result. The subroutine expecls the multiplier
and multiplicand to be placed in symbolic jocalions ARG and ARGY re

Upectively, and upon completion, the subroutine wilt leave the resullant in
the same locallons. .

The subroutine linkage needed to set up, call, and save the generated

results might look like: .

noy ¥. KEGL i MULTIFLIER

Aoy ¥, ARGZ S RULY IRL I CRND
JER FT., MUL sDALL MULTIFLY
noy FRGL, FELT . SAVE THE THO
mov RRGE, RELT+2 b MORD FESULT

As an allernative to this linkage, one could use the repisters for the subrow-
tine arpuments and write:

HOY . R i MULTIFLYER
HOWY Y. R2 - SR TIFL ICHMD
FC, MUl ~CALL HULTIFLY

JER

This Jast method, although neceptable, is somewhal 1estricted in that a
maximum of six arguments could be teapsmitied, correspondling Lo the num-
ber of general registers available. As a result of this restriction, anather a-
ternative is userd which makes vse of the memoery Iocations pointed 10 by the

j linkage register of the JSR instruction. Since this regisler points te the fist
i word {ollowing the JSR instruclion, it may be used as a pointer to the first
word of a veclor of arpuments or argument addresces,

Considering the first case where the arpuments follow the JSR instrue-
: Lion, the subrouline linkage would be of the form:

JER
. HORE

R MLUL
EWHLUE, YWALUE

sCALL MULTIFLY
SARGLIMENTS

These arguments could be accessed using auloincrement mode:

HUL : Aoy {R@>+, K1 FGET HULTIFLIER
HOY CREY+, B2 s GET MULTIFLICAND
KTS % i FETURN

At the time of return, the value {address pointer) in RO will have been incre-
mented by 4 so that RO contains the address of the next executable instrue-
tion fellowing the JSH.

In the second case, where the addresses of the arguments foliow the
subroutine call, the linkage looks like

L]
JER
. WOEE

fCALL MULTIFLY
ARGUPAERTS

kL ML
XAELDE. YALDE

For this case, the values to be manipulated are felched indirectly:

ML 2 HOY a{Fpi+. K1 FETCH MULTIFLIER
L 1Y E{F@E)+, REZ JFETEH MULTIFLICAME
kTS Fa iFETURH

Another method of transmitling arguments is to transmit only the ad-
dress of the fbrsl itern by placing this address in a general-purpose register,
It is not necessary Lo have the actual argument tist in the same general area as
the subroutine call. Thus a sulirgutine can be ¢alled to work on data located
anywhere in memory. In faci, in many cases, the operalions performed by
the subroutine can be applied directly to the data located on or pointed to
by = stack (Fig. 4-7) without ever actually needing to move these data into
the subroutline area.

Twm a2

e & | 4—-R1[PMHMIUHHH#E

Fig. 4-T Truramilling stacks as argumente.
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Calling progra.

ROV IEOINTER, B2 JEET UF FOINTER
1R FC. SDER LEALL SUEFOUTINE
Subroutine:
ALD HISTRI Y, S RBD TTEM vl T TTEM a2
CFLACE FESLLT I[N ITEM »g  Fi
PPOINTS T 1TEM a2 WNOW. )
or
HLD (K1), 2868 LEHRME EFFECT AZ AEOVE ENCEFT

s THAT F1 STILL FOTHTE TO
+ TTEH ¥}

Given these many ways to pass arpuments to a subroutine, it 15 worth-
while to ashk, why have so many been presentad and what is the rationale
for presenting them all? The answer is that each melhod was presented a¢
being somewhal "'belter" than the last, in that

1. Few repislers were used Lo ransmil arfuments.
2. The number of parameters passed could be quite large. .

3. The linkage techanism was simplified to the point where only the
address of the subrouline was needed Lo transfer conirol and pass parameters,

Point 3 requires some additional explanation. Since subroutines, like
any other programs, may be-writien in position.independent code, it is pos-
sible to write and assemble them independently from the main program that
uses them. The problem is filling in the appropriate address for the JSR
instruction.

Filling in the address fisld in the JSR instruction is the job of the linking
loader, since it can not enly relocate PIC proprams but alsa fiE in subroutine
addresses, i.e., fink them together. The resull is that a relocatable subroutine
may be loaded anywhere in memory and be linked willy one or more ealling
programs and/or subprograms. There will be enly ane copy of the routine,
but it may be used in a repetilive manner by other programs located any-
where else in memory.

Another point not to be cverlooked in recapping argument passing is the
significant difference in the methods used. The first techninues presented

used the simple methed of passing 2 vaive Lo the sulwoutline, The later tech-

niques passed the oddress of the vaue, The difference in these two tech-
niques, caff by valee and eall by address, can be quite imporlant, as dius
trated by the following FORTR AN like program example:
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FEOGREM TETORY TEPRROUTINE SHIAEL:

Aml, TEMPa

Eal, =y

FEINT. A-E ¥=1ENF )
JOALL SHAFCL, - 207 FETLUEN

Aal, END '

Eal,

FFINT. A-E

ENb

1f the real conslants are passed in by value both print statements will print
out a —1. This nccurs because subroutine SWAP interchanges the valpes that
it has received, nol the oclual contents of the arpuments themselves.

However, if the real conslants are passed in by address, the lwo print
statements will produce —1. and 1., respectively. In this case the subroutine
SWAP references to real constanls themselves, interchanging the actual arpu-
ment values,

Higher-level language, such as FORTRAN, can pass parameters both hy
value and by address. Oflen the normal mode is by address, but when the
argpument is an expression, the address represents the lecatbion of the evalualed
expression.  Therefore, if one wished to call SWAP by value, it could be
performed as

EHLL SWRFPCL, =1 2 B )

causing the contents of the expressions, bul not the conslants themselves,
to be swilched.

These techniques for passing parameters are easy Lo understand at the
assembly language level because the programmer can sed exacl.y what meth-
od is being used. In higherlevel linguages however, where the technigue is
not so transparent, imteresting results can oceur. Thus the knowledgeable
hipherdeve) language programmer must be aware of the techniques used if he
i 1o avoid upusual or unexpecled resulis.

4 3.4, Suhbroutine Aegister Usage

A subroutine, like any other program, will use the registers during its
execulion. As a resull, the contents of the registers at the lime that the
subroutine is invoked may not be the same as when the subroutine returns.
The sharing of these commaon resources {e.g,, the repisters) therefore dictates
that on entry Lo Lhe subrouline the registers be saved and, on exit, restored.

The responsibility for performing the save and restore function falls
either on the calling routine or the called routine. Althoupgh arguments exist
for making the calling propram save lhe registers {since it need suve anly the
anes in current use), it is more common for the subroutine itself 1o save anc
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restore all regisiers vsed. On the PDI%11 the save amd resiore routine is
greatly simplified by the vse of a stack, ns was illustmted in Fig 4-6.

As pointed oul previcusly, slacks grow downward in memory and are
truditionally defined to oecupy the memory space immediately preceding
the programis) that vse them. QOne of the first things that any propram
which uses a siack {in particular one thal execulrs a 28R} must do is to set
the stack pointer up. For example if §1* {ie., RB) is Lo be used, the program
should begin with

JEEG 1S THE FIEST
SINSTRUETLION OF THE FEQGE i
JSPSADDR EBEGe S

JLECEEMENT 2P B4 o

ik FUSH ONTO THE STRCK WILL
S ETORE THE DATA AT EEG-2

BEG; AL

157

FL. ZF
—(5E)

This initialization rqutine is written in PIC ferm, 2o0d had il been assembled
beginning at location € {.=0), the program could be esily relocated. The
‘routine uses a programminp trivk Lo deerement the state; 1L uses the test in-
struction in aulodegrement mode amd ipnores the selting of the vonditian
codes. The alternative to using the TST instruclion would be m SU'B L2550,
bt this would require an extra insiretion word.

4,35 Reentrancy

Further advantuges of stack orpanization become upparent in complex
silitaliong which can arise in program systems that are engaged in 1he coneur-
rent handling of several tasks. Such multitask program environments may
range from relatively simple single-user applications which mutst manage an
intermix of 1jQ service and backeround computation 1o Tuge complex multi-
programming systems thal manage a very intricaie mixture of executive and
mullinser propramming silualions. In all these applications there 15 a peed
for Nexibility and bme/memory economy. The use af {he stack provides
this economy angd {lexibility by providing a mrlthed Tor aliowing many Lasks
to use a single copy ol the same routine and a simple, unamhimions method
for keeping track of complex pragram linkapes.

The ability to share a sinple copy af a piven progeam simong vsers or lasks
is calted reentrency. Reentrant propram rontines differ from ordinary sub-
roulines in that it is unnecessary for reentrand routines Lo findsh processing
a piven Llask before they con Le used by anolbher sk, Multiple Gisks can be
in variots stages of complelion in the same routine at any time, Thuws the
situzhion shown in Yir 4-5 may ocour.
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Memory Memary
Frogram 1 FSubronlne 43 '
Pragram | rr - ;
Progrem 2 | Subrouiine A
Mropram 3 ETErrA I )
Pragram 2 ﬁuhrmmn: A
”(-‘_{.‘f}f!.ﬂf!{/‘
Fropram 3 | Salhmlllln: Al
ffffff LEFYRI YIS i
Heentrant appunach ,
- Canveniional approach

A separate copy of subrouting A
must be provided for each program

Pragrams 1, 2 and 1 gn
shiare suhrautine 4

Fig. 4-B Reenlrant roulines,

The chief programming distinction between 2 nonshareable routine and a
reenirant rouline is that the reentrant routine is composed solely of pure
code; that is, il contains only instructions and constants. Thus a section of
program code is reentrant (shareabie) if and only if it is nen-sell-modifying;
that is, no informution within it is subject to modification. The philosophy
behind pure cade is acteally not limited Lo reentrant routings. Any non-
modifying propram segment T.ha' has no lemporary storage or data associaled
with it will be

1. Sirmpler te dehug.
2. Read-only protectable (ie,, it can be kept in read-only memory).

3. Interrvptable antl reslartable, besides being reentrant

Using reentrant routines, control of a given routine may be shared as

illustrated in Fig. 4.9,
. Tk BI

Tal A

Heentranl
nmiline

L

Fig. 4% Recntranl rouline sharing.

1.

2. Task A lemporanly relinguishes conlrol ef reentrant line {) {i.e., is
aterrupted} before it finishes processing. ‘o

Task A has requesied processing by reentrant rautine €,
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3. Task B slarls processing in the swme copy of reentrant rouline Q.

4. Task B relinguishes conlro! of reentrant rautine @ at some point in
its processing. :

5. Task A rerains control of reentrant routine @ and resumes processing
from where it stopped.,

The use of reentirant programming allows many iasks to share frequently

used routines such as device service routines and ASCII-Binary conversion

routines. In fact, in a multiuser system it is possible, for instonce, 1o con-
struct & reentrant FORTRAN compiler thal can he used as a single copy By
ManY 1UseI PIOSTAMS.

4.3.6. Recursion

1t is often meaningfut for a program segment Lo call itself. The alility 1o
nest subroutine calls to the sume subrauline is called self-reentrency or
recursion. The use of a stack oreanization permils easy unambiguous Te-
cursion, The technigue of recursion is of great use to the mathematical
analysl, as il also permits the svaluation of some otherwise noncompulable
mathematical functions, This Lechnigue eften permils very significant mem-
ory and speed ecopomies in the linguistie operations of compilers and other
higher-level software proframs, 25 we shal] illustrate,

A classical example of the technique of recursion ¢an be found in com-
puting N feciorial (N!). Although

Ni= Ns(N—1) %@ 2l
it is also true that

N o= Ns{N- 11!
1! =1

VWrilten in “psendo-FORTRAN,” a funclion for caleulating Nt would look
like:

IHTEGER FUWCTIGH FEACTLHY
IF <N NE. i OO Td 2
FrCT=]
EETLR N

1 FHLETenaFAC{N=-12}
FETLEN
EMNE

This code is pseudo-FORTRAN because it cannot actually be translated
b BT AN reri e the Brablem it that the recursive eall reguires
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& stack capable of maintaining both the current values of FACT and the
return pointers either 1o the fupction itself or its calling program. However,

the funclion may be coded in PDP-11 assembly language in a simple fashion

by taking advantage of its slack mechanism. Assuming that the value of ¥ is
in RO and the value of A is to be left in RI, the function FACT could be
| coded recursively as shown in Fig. 4-10. .

FRLCT ! T5T ki i 15 Fpa@T

EEQ EXIT P WES

HOV 0. —(5F) i SAYE M

LEC Fa P TEY W-L

JER FC, FACT P COMFPLUTE (M=1)!
RET: I3 (SFat.RA LFETCH FREOM STACLK
. JER FL. L FMULTIFLY YALLES
EALT!: ETES FC i RETUEHN

' Fig. 4-10 Recu:sive coding of laclorisl function,

The program of Fig. 4-10 calls jtself recursively by executing the JSH
PC,FACT instruction. Each time it does so, it places bath the current value
of N and the return address {Jabel RET) in the stack. When N = 0, the RTS
instruction causes the return address to be popped off the siack, Nextan N
value is placed in R1, and a nonrecursive ¢all is made 10 the MUL subroutine.

The subroutine multiply {MUL} uses the value of R to perform a multi-
plication of R1 by the value of an internal number (initially 11, held in MUL,
which represents the partial product. This partial product is also left in R1.

Upon returning from the multiply subroutine, Lthe program next en-
counters the RTS izstruction again. Either the slack contains the retom
address of the enlling program for FACT, or else another address-data pair of |
words generated by a recursive call on FACT. In the Jatter case, H1 15 again
loaded wilh an N value ihat is to be multiplied by the partial preduct being
held locally in the MIUL subroutine, and the above process is again repeated.

" Otherwise, the relurn to the calling program is performed, with M held in R1L

437, Carocutines

In some situations it happens thal several program segments or routines
are highly interactive. Control 1s passad back and forth hetween the routines,
and each goes through a peried of suspension before being resumed, Because
the routines maintain a symmetric relationship 1o each other, they are called

CRTOLTINeS,

Basically, the coroutine idea 15 an extension of the subroutine concept.
The difference belween Lhem is that a subroutine is subordinate to a larger
calling program while the coroutine is not. Consequently, passing control is
different for the Lwo concepls. )
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When the calling program makes a call te a subroutline, it suspends itself
and tronsfers control to the subroutine, The subroudtine is entered at its
beginning, perfarms its function, and lerminates by passing control back to
the calling program, which is thereupon resumed,

In passing contrel from one coroutine to ancther, execution beging in
the newly activated routine where it last lefL off—not at the entrance to the
routine, The flow of control passes back and forth hetween coroutines, and
eath time a corautine pains ranlrol, s computoional progress s advanced
until it passes control on to ansther coroutine,

The PDP-11, wilh its bardware stack Teature, can be easily programmeed
Lo implement a coroutine relutiovaship Detween Iwo interscling routines,
Using a special case of the JSR instruction [ie, JSIL PCE[RG)+], which
exchanges the top element of the register G processor stack and the contents
of the program counter (PC), the two routines may be permitted to swap
program control and resume aperalion where they stapped, whuen recalled.
This contral swapping is illustrated in Fig. 4-11,

Routine # | is oneralinp. i Hwn
Exesutes:
JER IO 6 fRE) +

wilh the lellowing resolls: 8 — 2

Ll

(1 I is popped from Lhe slagk
and e SM aulwneremented }

§'n

(2 SPis avtodecremented o (e

cld PC (ie. T i pushed
- (L o

{3) contral v iramsferred 1o the
lealion PC2 fic, uunme # 1) 1
'

Routine # 2 iy operanng. i ilwn
exdrules:

i

——

ISR TC, MH{RA] + L e !

weillr tlee gesult 4lae P2 i eachangyl

for I'CY on the stack and canral i
transferred bock 1o routine & 1.

Fig. 4-11 Corguline interaction.

The power of a coroutine struciure is to e found in modern operating
sysiems, a8 topric heyond the scope af this book. IHowever, in Chapler G it is
possible Lo demonstrate the use of coroulines for Lthe double huffering of [}
while overlapping compuotation, The example presented in that chapter s
elegant in its sceming simplicity, and yet it represents one of the most basic
IO operalions Lo be performed in most aperaling systems.,

1



de estudios de posgrado | -I

de ingenieria unam

INTRODUCCCION A LAS MINICOMPFUTADORAS FDP-11

MANETO DE ENTRADA/SALIDA

DR. - ADOLFC GUZMAN AREWAS

JUNIO, 1980

Palocio de Minarfo Colle de Tocyba 5 primar piso Mixlco 1, On F, Tel: 521-40-X)






Para efectuar una funcidn de entrada salida, ¢l progra
mador debe especificar donde se encuentran los datos, de donde vie-
nen o van y como el dispositivo de entrada salida debe ger manejado.

A esto se le denomina programacidon de entrada salida.

Dependiendo de la funcidn de entrada salida se puede
requerir. que el procesador espers hasta que la funcién de I/O sea -
completada o por otro lade el procesador puede continuar ejecutan-

do tareas simultineamente con la ejecucidn de la funcibn de /0.

El poder programar una computadora para realizar cal
culos es de poca aplicacién si no hubiera manera de obtener resulta

i F
dos de la maquina,” De la misma manera se hace necepario provear
a la computadora con informacién a ser procesada. Por lo tanto, el

programador deberi contar con medios para transferir informacibn

entre la computadora y los dispositives periféricos que permiten -

cargar datos de entrada y obtener los de salida. oo

Para la familia PDP 11, la programacidn de los peri-

v

féricos es extremadamente simple, ya gue una instruccidn especial

para la entrada salida es innecesaria, La arquitectura de la mégqui-
233

na permite direccionar los registros de estado y datos de los perifé



ricos de manera directa como localidades de memoria. Por lo tap
to, las operaciones en dichos registros como es la transferencia -
de informacién a o de ellos as{ como la manipulacién de datos den-
tro de ellos es llevada a cabo con instruccionea normales de refe-

rencia a memaoria,

El uso de todas }as instrucciones de referencia a me
moria en log registros de los periféricos incrementa gradualmente
la flexibilidad de la programacibn de entrada salida. Todos los re-

gistros de periféricos pueden ser tratados como acumuladores.

Actualmente ea la FDOP-11, las direncliunen COXres-
pondientes a las 4 k palabras superiores, estin reservadas para -
los regiatros internos del procesador y para registros externos de
entrada salida, por lo tanto, en caso de tratarse de una méguina chi
ca, Ja memoria se verid limitada a 28 k palabras de memoria fisica
¥ 4 k de localidadea reservadas para los registros del procesador y
dispositivos de entrada salida. En caso de contar con '"Memory
Management' lo que provee bits extra de Idi.reccinnamiento 2 en al’
caso de la PDP 11/40 tendremos una capacidad total de 124 k pala-
hras de memoria figica aparte de los 4 k del 4rea de registros an-

tes mencionada.

Todos los dispos:tivoa periféricos son eapecificados

por un juego de repisiron que son direccionados como memaria y
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manipulades con la flexibilidad de un acumulador. Para cada dispo-
sitivo hay 2 tipos de registros asociados:
1. -Registiroa de control ¥ estado

2. Repgistros de Datos

Cada periférico puede constar de uno o mas registros
de control y estado {CSR) gue contienen toda la informacién necesa-
ria para comunicaree con dicho dispasitivoe.

El unibus es una vfa comfln gue interconecta el pro-
cesador, memoria y periféricos. Debido a la arquitectura de la mi
guina 9616 puede haber un dispositive ccntrolancllo el unibus en cual-
quier tiempo., A este dispositivo se le denomina Master. Los
dispogitivos pueden molicitar ser Masaters, ya sea haciendo una solicl
tud de Bus o ura solicitud de no procesadar a la 16gica de arbitraje de

prioridadesdel procesador.

La policitud es atendida si es 1la de mayor prioridad.
. L]

El nuevo maasater asume el control del bus cuando el actual master -

libera el control del bus, El nuevo maestro puede solicitar que el

procesador aticnda el periférico ¢ puede iniciar una transferuncia -

de datos sin intervencibn del procesador.

Las interfased en la PDP-11 pueden clasificarse en

3 tipos:



1, Slave {esclava) - Esta interfase no estl prevista
para ser Master. Ella sblamente puede transferir datos a o desde

el unibus por comando de un dispositivo Maestro.

2. Interrupt (interruptor) - Esta interfase ticne la ha
bilidad de ganar el control del bus en el orden de dar al procesador
la dircecitn de la subrutina, lo eual es usada para atender la soli-

citud del periférico.

DMaA . Esta interfase tiene la habilidad de panar el
control del bus de manera de transferir informacién entre ella y al

gan otro periférico.

Un gola interfasc puede emplear los 3 tipos anterior-

res.



DL 11

La interfase para linea aafnerona DL 11 cs una inter
fase para comunicaciones designada para convertir datos de serie a
paralelo. La interfase cuenta con 2 unidades independientes, (recep
tor y transmipor), capaces de establecer comunicacidn simultanea

en amboa sentidos.

La interfase DIL11 lleva a cabo bisicamente 2 opera-
ciones: recepcidn y tranemicién de datos asincronos. Cuando reci-
be datos, la interfase convierte un caracter serie asfncrono prove--
niente de un dispositivo externo en un caracter en paralele requerido
para una tranaferencia al unibua. Este caracter puede ser mandado
por el bus a la memoria, o un registro'en el procesador a algén otro
dispositive, Cuando se transmiten datos en paralelo desde el bus son
convertidos a.serie para su tranamisidn a un dispositive externo. -
Debido a que lag 2 unidades son independientes, es posible estahle-
cer comunicacibn de rmanera simulténea en ambos sentidos. El re
ceptor y el transmisor pperan por medio de 2 registros: el regis-’
tro de control y estado, para comando vy monitoreo de funciones y -
e}l buffer de datos para guardar los datos antes de transferirloa al

bua o a un digpositive externo.
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Descripcidbn DL1! Teletype Coentrol
Transmisidn
Cuando el CAJLug direcciona el Uhibus, la interfase DI 11

decodifica la direccidn para determinar si el teletipo eg el dispositi-
vo externo seleccionado y Bi es el secleccionado gqué funcidn debe desem
pefiar, entrada o salida. Si por ejempiu el teletipo ha sido seleccicna-
do para dceptar informacidn a imprimir, datos en paralelo provenien-
tes del unibus son carpgades en el buffer de transmicidn del D 11, En
este punto la bandera de XMIT RDY baja debido a gue la logica del -
transmisor ha sido activade (la bandera vuelve a eatar baja una frac-
cibn de bit después si el transmisor no se encuentra activo en cse -
momento) La iI;tErfaEE genegra el kit de arrangue y transmite bit por
kit en serie al teletipo, de nuevo pone la bandera XMIT RDY (tan -
pronto como el registro de buffer se encuentra vaclo aln cuando el
registro decorrimiento se encuentre active.. Desputs transmite -

el nGmero regquerido de bita de STOR.

Recepcibn \
La seccidn de¢ receptar la longitud del caracter es se
leccionable por medio de un selector. El caracter recibido aparece

justificado & la derecho en el registro buffer recepcidn eliminando -

los bits de arrangue y paro.
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El caracter completo es formado en el JART v es -
transferide al registro buffer de recepcion (RBUF} en ¢l momento en
que el centro del primer bit es muestreade. En ese momento cl bit
de recepcibn efecta ¢l registro de entrada-y control es prendido si
¢l bit de Interrupt Enable se encontraba prendido se genera una sefial
de aolicitud de irll.terrupci'nn. Los bits no usados aon lienados con ce
ros y los bits 12-15 contienen informacidn acerca del cara:ctar inte-
grado por el UART. Notece que el programa tiene un caracter com
plf;tn de titrpo para retirar el caracter completo de:l buffer de da-
tos antes de que el nuevo caracter sea colocado en el registro de re
cepcidn por el UART. En el casoc de gue el programa falle en leer
ecate caracter anterior, se pierde y el bit de exceso y error son pren
didos {bit 14-15) en el registro buffer de recepcidn. En el caso de

que no se preaente normalmente el hit de pare el UART prescnta lo

que supueatamente recibid, mis el bit error 13y15 prendidos.

Programacion

La interfase entre el prograrna corriendo en el proce
sador PDP-11 y el DL.-11 ge lleva a cabo mediante 4 registroa. Es-
tos son registros de ¢stado de recepcibn (RCSR}); 2} registro buffer
de recepcibdn (RBUF); 3) repistro buffer de estado de transmicién
(XCSR); ¥ 4) Registro buffer de transmisifn (XBUF). La funcibn de

cada uno de estos hite se da a continuacibdn.



CR - 11

La lector.a de tarjetas CR-11, lee tarjetas perfora-
daws de 80 columnnas. La lectora estd disefiada para leet secuencial
mente, loa dates en 80 columnas empezanda con la columpa 1. Ca
da ceclumna tiene 12 zonas o renglones, una perforacidn es inter-
pretalda COmo un unod bina;'io y la ausencia de perforacibn como un -

cerc. Los datos son leldos de la tarjeta una columna a la vez. Los

datos son presentados en dos formatos para entrada a la computado

ra.

) Modo Comprimido.- Las 12 zonae de la tarjeta son

codificadaa en un byte (8bits), permitiende un almacenamientc mis

eficiente de la informacion.

Modo no comprimido.« Un bit ¢s empleado para pre

" sentar el estado de cada zona en la tarjeta.

La Lectera CR 11 coneta de 3 registros para comuni
carse con la computadora. Estos son registro de estadoy dos re-
gistroa de datos. Uno de log cualen presenta los datos no comprimi
dos y la otra comprimidos, La seleccidn de formatos sc lleva a ca

bo seleccionando el registro apropiado. Los datos en ambas formas

. se encuentran siempre presentes. A continuacibn se presenta la es-

tructura de dichos registros,

L]



RIPG4

El RIP@4 es un subsisterna de disco de cabeza mb-
vil el cual consiste en un controlador RH 11 y de uno a ocho drivers

de disco RP@4.

El Unibus provee !a interfase entre el procesador la
memaria, vy el controlador RH 11. Todag las transferenciaa efec-
tuadag entre la memoria y el RH 11 por medio de la facilidad de -

. DMA del Unibus.

"El RH 11 contiene dos puertos en el Unibus; uno de-
signado como un puerto de contrel y el segundo como un puerto de

datos,

Los datos pueden ser transferidos a través de ambos
.registros. Para cperacidn normal con memoria conectada a Unibus
A como se muestra en la figura 1 sblamente es uaado el puarto de -

control, el puerto de datos 1o se usa.

El RH !l se encuentra dividido e¢n dos grupes funciena-

lea, llfnea de registro y control y 1fnea de DMA. -

La lfnea de registro y control permite al programa

" leer y/o escribir en cualquicr registro contenido en el R¥ 11. Hay
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un total de 4 registros en el RH 11, 15 registros en cada drive v 1
registro compartido gue es parcialimmente coempartide en el RH 11 ¥

en el Drive seleccionado.

La lfnea de DMA funcionalmente conaiste en una me-

moria FIFQ de 66 palabras por 18 bits y su légica de control.

La funcién primordial de esta memoria, que de aqul
en adelante llammaremocs SILO a3 el de buffer de datos para compen

sar fluctuacionen de retardn en el Unibus al solicitar el DMA.

Cuando una instruccidén en la PDP 11 direcciona el -
RH 11 para leer o eacribir cualquier registroen el RH 11 o en algln
Drive, se inicia un ciclo de Unibus y los datos son dirigidos al o de
el RH1l. 85iel registroa ser direccicnada es local (se encuentra
en el RH 11}, la légica de control de registreoa permite el acceso al
registro apropiado. 5i el registro direccionade es remaoto {contenl
dr; en uno de log drives, la ldgica de control de los re‘gistrou inicia
un ciclo de control de Massbus. El acceso a los registros en el -
Drive paor medio de la 1opgica de control dal bus no interfiere con la
transferencia DMA 1a que pu:ede ilevarse a cabo simultineamente.
Los registros locales del RH 11 egpecifican parimetros tales como
direccién del Bus y contador de palabras, mientras que los regis-
tros del Drive especifican parfimetros como direccidn deseada éen el

-

dica, informacidn de estado, etc.
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La linea de datos de DMA funcichalmente consiste en
el Bus de datos Massbus, la memoria SILO y la logica de NPR del -

Unibus.

La figura 2 presenta un diagrama de blogues simplifi

cado de la linea de DMA con un s6lo Unibus .

Loe 3 comande de transferencia de datos que pueden
ger llevados a cabo por ¢l EH 11 son escritura, lectura ¥ checado de

sacritura.

Antea gque cualquiera de estas operaciobes ocurra, el
programa especifica una direccidn en memoria {MA), una direccibn
de cilindro {CA), una direccidn deseada de sector y pista (DA} y el
nGmero de palabras. la direccion de Memurla representa la locali-
dad de memoria donde se ini;:iara la lectura o eacritura. La direc-
cibén de cilindro deseada es la pogicibn en la que la cabeza deberd -

posicionarsae.

El sector y pista deseado representa la direccidn de
inicio ¢n la~superficie del disco donde los datos ser&n escritos o -

lefdos.

El nimero de palabras a ser tranaferidas a2 o del dis

Co.
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La linea de datos de DMA funcicnalinente consiste en
el Bus de datos Massbus,.la memoria SILO y la l6gica de NPR del -

Unibus.

La figura Z prosenta un dlagrama de bloques simplifi

cado de 1a linea de DMA con un sble Unibua.

Los 3 comando de transferencia de datos que pueden
ser llevados a cabo poar el RH 11 aon escritura, lectura y checado de

eacrifura.

Antes que cualquiera de eatas cperaciones acurra, el
programa especifica una direccidn en memoria (MA), una direccibn
de cilindro {CA}, una direccibn deseada de sector y pista (DA) y el
nimero de palabras. ILa direceidn de Memoria representa la lecali-
c.lad de mernoria donde se ini;::lara la lectura o epcritura. La direc-
cibn de cilindro descada es la posicidn en la que la cabeza deherid -

'
posicionarae.

El sector y pista deseado representa la direccion de
inicio en la superficie dal disco donde los datos serfin escritcs o -

lefdos.

El aémero de palabras a ser transferidas a o del dix

Coa
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The Mini Computer as a Control Element
Dudiey B, Hartung
Management Methods, Inc., Waltham, Massachusetts

Mini computers have been used to control a wide variety of processes
and functions including machine tools, chemical processes, steel
mills, - and warehousing systems., Articles in technical journals and
talks at seminars have described in some detail many of these indivi-
dual applicarions, But 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
bility and mainteinability, In general, reliability can be disposed of
as being indirectly related ro dollars. The simplest or mass-produced
system is normally the cheapesat system and zlso 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 mT
tial capital cost of the equipment and also to recurring cost of opera-
tlon, including the aforernentioned malnmlnahllity cost, operator cost,
quality of product value, etc, Some of these costs can only be rough-
ly approximated and may be intuitive puesses, The cost of the eqip--
ment, however, should be fairly easy to derive by knowledgeable peyde
during initial planning stages.

A control system -- any control system -- consists of Inputs, ouftputs,
and decision makers. In comparing hard wired systems with compu--
ter systems, the input and output devices probably stay comparable
in cost. Inpur and cutput devices consist of operator switches, sen--
sorg, solenoids, servo or digcrete (on-off) moter controls, et¢. The
decision maker [s the logical system which determines the effect of
input changes upon output actions. With & hard wired system, each
subdecision or each function of the control system has its own logic,
A mini computer time shares its logic to accomplish many functions -
with a relatively small logical device. The mini computer, therefore,
becomes essentially the complate decision maker, even when there
are hundreds of inputs and outputs with varying degrees of interrela-
tionship, This is where the cosat savings of a computer Systemn come

Many more decisions can be made per dollar with a computer compa
red to hard-wired logic,



- 2

The-are some inherently cestly aspects of a computer system. Hol- -
ding funcrions 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 polled 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 inpur and output hiffe
ring, filtering, and heolding may be more expensive than the complete
hard-wired control,

The computer itzelf is limited by apeed 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 repetirive functions externally, For example,

5ervo loop could be performed in a computer but in most cases is
dc}ne externally. Interpolation for a machine tool, which is the pre-
cise control of velocities in two or more axis to draw a straight
cut or a circular cut is expensive in computer time in that it takes
a large portion of a computer. A single computer can do all inter--
polation and c¢ontrol one or two high speed, high accuracy machine
tools, If the interpolation is done externally, 5-20 machine tools
can be similarly controlled.

So how is a decision made to go hard-wired or mini compurer? The
gystem costs must be estimated in both ways. This requires some
understanding of the end of process and the requirements of both a
hard-wired system and the capabilities of computers. In many cases,
the computer can supply additional functions at very low cost which
have to have some value placed on them ro honestly compare systems.
[n other cases, the function to be performed is so complex that it is
immediately cbvious the computer is the solution. L.abor costs of both
of the design and building of a system and the operation must be con-
sidered,

Costs also include effects of lead time variation, set-up speed, and
rejects. All of these costs vary ang relate to a parl:lcular applica--
tion.

Rules of thumb are dangerous and can be misleading, but there are
some systems where computer control should be looked at very care-
fully, If many simple decisions -- or many monitoring points, such
as those on a transfer line, are required or if very complex relay
trees or. logical decisions must be made, a computer should be con-
sidered, Complicated decisions requiring mathemacical functions,
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particularly if changing either hetween 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 control. Finally very
specialized problems or machines or processes with only one system
or & few systems being built, particularly where modifications bet--
ween initial concept and final operating equipment are foreseen due

to technical unknowns, are particularly good applications for computer
control. This is true not only because of the possible savings in hard
ware costs, but more importantly, because of the normally much lo--
wer desipn cost,

The mini computer can be a panacea for many {lls, and should be
locked 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---
zatlon 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,
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ABSTRACT TACUDH DEPCSITION PROCESS COMTROL

With the adyest of the low coet mindcozputer, Coptrol Requirements
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preferakle undes carialz circumstancas. nurﬁl-iT-na:ln:ained for a timed perfnd, whereas
during ectual desposizion source pover 1la esually
Io the Follewing sections the cemtrol Ta- conkrolled ¢o yield a4 specifis deposicicn ‘rats
quirezents for the vacuum depudition processes meil a apecified film chickness i3 achieved, .
ara Tevievad, togeather with thue present sechods During the process enntrol saguepce, ot of the .0-
of conryel) and acoe af rhede disadvancazes. Tha fTaca itsted peouire oply 3irple gnonff.fyTecam- ~
approach to compuCdr sutomation of tnase pro- tral o1 =olensid valyes, power suppliss fo whieh Lo
comsed 1z then d=sczibed and che conceptusl da- M voitage or cozvent levsld hava. pek) hTasgec, |
ign of 4n mutomatic contraller is"":"m;'!‘é'ﬁ'?u'ﬁ'. dMETYTTe . Pressurs coptTol" iowvelves adivei- T
1nally, YETTF SRawn That cocpurer auscrarioa OsSE of a varlabie valve, while scharrate coadi-
laads to lemzoved #Sviares eprig_:.r_ L = fore— tioping and avaperation aou¥ie control n;y-_in*-
shte, L0 TOVED DeDCUEE AT L;L_A;:_;Ming volve Eha contrel of warizhle powver supplles.
oF patac Elnlﬂ.'!‘;nt.i Fram rnu_*qﬁcmt-u_:uu. All Thud, a vacuum Jepoaicion proceas may Includa a
théas drc citimatgly -eciected 33 sconomic pbezr of staps of operstiond, but each operacion
advactages. = hy itself conpritutes a relacively simple cootrol
e,

raquirerent which can readily be agcohated.
Tha fallowing discusxsipn of comtgol regulira- .

ments and concroller deafign concepts 1w apecifi- Prasenr Conktrol Methods

cally orientad rovatrd the harph-twoe wacuys deposw

sltipz Arvecen. m-,v'a.:s T the 81=° gemeral c_dpte, vacuum deposition arncwﬂ
pliade il e i

appraach can be 243 appned Ea che tozaiign baan La:ggl]r controasled manwiily, sle¢qauih Zigolae
TSI L R s I T RS A ke gpeniide COMEESTTETY Ire Dredantly availanle for contral-
eoctrel [unctions Wwill differ mocawhac, 1%F pocciong of th& process. LWz LATTAr :ve

Beprnizd with permisugn from 870 WESCOY Techaival Fapers. vol. 14, paper 4/4,

T L |
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L oL odE .t F ’
o ..‘-:p R & P vy 'A'.-u{‘z Ereasy . -
7 D S
I:.arﬂ'-riir.d, codular devices oo LLlrs, sach tongral~ aAppeats o be borh techalcallr fes od «co—
ng & fingle "‘E'““ﬂ“' and are gﬂnlnﬂy limicad m:l:ﬁlx a;;;;;t‘["‘"‘"‘”, Tt ia ro this approach
10 DWo ATEAS:  wartuus cyele tooirol mnd evanora- that we now direct further artention. The oext
tion wource control. Evaporatlion source control pection dercribas a0 sutamatic controller based
{5 genorally accomplished through the combined cn this spprosch. The advantages of such a con-
efforte of twvo wodules or units. One i9 2 poni- trolleT are cutlize! iz a4 subsequeat sectioum.
tor unit which decereines filo thickassa and ' -
deposition rata, and provides & signal or conbact An Automatic Vacuo Desodiblion Process
clogure when thickness resachas the set point value, Centtoller
The wacomd unltc provides a af{goal for cencrolling
" Egurcd power durlng the soak aod dapsaicicm por- It was noted earlier in this paper theC & /
tion of the cycle, using signals from the momiter  vacuws deposltion process iz cade up of a nuzher v
unit as tne basis for control during the deposi- of diffprent Cpwsations, eyph cfohdsh corsel- - T
ticn portioa. tu 2 blem, Ao [E
. automatic coatroller based po che use of a ‘!lﬂ' L.
- These pathods of control heve a numbar of tal cocnuber can Eery ciza, coordinabe, s
[y, dlsuURETSTSEveCach g fellesi Trequent,  Sissmerer the tremlenct these ogerations. . sf
——— arrention by an aperator im recuvired during the, - . o
a’i’_ cSUTAE WY IRE [focess cyele or run. Even whan Controller Finetiona: The sutomatic vacuum ;

r

pil the previously clted contrel modulas ars used, deposition process centreller could be capable of fj‘"—'d'
-é / thelr operacion is noroally uacoardinsted. Ehaea parforming the following functigud:

e ? e '-: the vacuum cycle contrcller has established the {1} Autoraric vacuum esycle: coarrol of !

.—-—;[ .o proper environment, the oparazor is raquired ta the b#ll jar: Lhe vear, rovghing, . cf'

= - gniripre the sourcs comtrol cycle or the sctuyal foreline, aod hi-vac valvea; and the J‘ff:- ;o

o —— "procans". Whan the latter {s completsd, the ico tube filament. @ Prorection of tha N
operator must again manually iniciate the retum diffusian p from overheating sad/f ._'-'.-"r_',--'
af the chazher o ateospheric conditiens. Other n?'?“'ﬁ'ﬁmm - 0
auxliliary operations. such as glow discharze ' L

Autogarcis pressure cemtrel! cemtrol o'

cleaning, must also be monually fntreduced in the (2
darper valva to kzep chasher pressute i

cyclie as required. Thus personnel who mi

. 1
performing crher fa1¥%s are tled up Ln pouting conskant at a preset valua for part H
Aguipaent operation. or &1l of the operating cycls, -
. (3) Scbatrate conditioning centroli eom= 1 .o

The high degree of o

aleo fntluance the process in A r

Wiys. Firsr, silore_the spfpme DF the seocess oAb

el .

gadch be ipiciated by the oneralor, UNLECESSATY

diTiys may be {ncurfed betwsen the comple-inn. of (&) TInickness-rate funciigna: wusing thiek- -y

ofd Gperat{on and_the stapr of the next, therw- sess input signel, calculate depomi- St
X €ToE rate and Jefarmine ehgn thickacfs «

by teducine the efficiency of the proceds and d
increaalng thae ovarall ruo time., Seccad, sinca rexchAsFet polnc values, These daca

trol heating (to bake or condiilzsizg .
teoparafure], annealing, aod coaling
of cha subatraca.

- L]
manyal control of the process ilpvolves a certaln wiu e nsed By evaporacizr Joutee -
egTea 9f operator ludgment In soca of Che . conttal fuacclaoo. .t

e ——
steps, Che possibilicy exists for variagjons Jp (5) Evaporation soure : TR
product qualicl of Gnifordlly frem bacch-to- ih= cvcle o Bk dad . POLET . i

batch, ALl of thuse disadvintages are ultimacaly fT3e, #oak, deposltion rATS..2=d ot
veflectad in cost factors which would be izproved . sEoTedrTs
by automatlc coutral of the process. i ————t—
. {6) Sputtaring centrol: Cfurn on prawet
Approach to Cetiputer Aucomatlon filamenec, anode, and Cargat pover
L pupplies at programeed polint Lo cycls
Ve ,_,a_’“:"'d utomatic 1 of and malpeain for timed saguance. lHoal-
-'-‘-? £ . geposlglon o= has besn techinlcally fea- toT LETEet curreat whils sputtering.
‘. J:A(ﬁ aible far gese time., The 5lze arn i the inrearrupt timed saquence snd sound
o ws, GREpULACS which have heen avallable, however) alarm Lf current drops balow & preset
_Hﬁf{.!" have geneca’ly mids Such dutomat:ion Lopractfzal waluk.
. & ecppualcally unsouad., Ixceptions o this are - Trme
fﬁ:‘_}:fi EEies_llﬁue Che cOCPUter céa OE used fo :n.n_trul 7 g:::rd::::;;x:nﬂé::n:n:;e'::—l‘:i;'fi!;::d
ot A, & ullar _af va.:uu;a_iz_;?us:uion >¥siltent, O -*:J:eri terval at any of several pre-prograstad
. !_,.:-.n'- eRE—TOERULET can be cEéd o conirol a depasition points {n the cycle.
;377 pfiderEtwREIIfIon to porivining othar duties.
HLN The tacant advens ol soall, loy-cost oinfeam- {H} Substryate ratarigoe: turn wubatraca
"o < putiTs bas charged-fhe plerece draracically., rotarion wator o and off at pre-
¥ow an autocatic wacuum derodlicion process cop- determized poipta in cthe cyele,  Fixed
troller basel Lpan :he_jwd;;g;_ed spasd (mapually veriable vle cootrol
cerHOEET 2%l dadlgned ta serve a single syscem oot providad).
e —
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. the pultizlexer and asplog-to—digitel comverger i
Controller Descrintion: Tha automatic and (2) @ punched card and cerd-resder - fif}
vacinm deporition controller would be based on = ATTAR gament . ) - FJ
szall digital winicomputer with a resd-oaly ¢ 1dr‘“
wemory. Figure ) s s block diagraz shoving the i = inputw, sucth &a "cycle
relationehip of the controller to the vacuwrs atart’, "automatic recyele", and “ressr" would L
deposition aystem, while Fipure 2 i3 & simplified be intzoduced to the computer by means of a status
block diagram of che sutomatic controllsr itsell. Teglatar, On=off gigrala Erom the procesm, such
L]
BLAMLAL FPUTL ——— TR
u EICLIENCE RELECT wpTdeda Tae AT
W ACLHA AYTOMAT IC EOWTAL WACLLM
* EITROINEE T I Tac T - DEROLITION
® CYELE ETART i FROCESE uanLLL pRaciE
- R B TR LER i3 - Som TRGL Lt kL -
. - thLLeT Py Ton TROR, .
FENLED FROCLES PARAMETERL
Figure 1 - System Block Diagran
AL .
AL _'_-'mm':m"
T —
GHALE CENTS
ol TN TR
VAR ABLE INMYT PUTFT ELGMALE
AN AL =——— T EAFRCE kKNTERFACE
IWAUTE [=LI-T [} =L =Fh}3 WET{R DN
omare GeiR
TYPE  —
T IiInnul
1GHTE
t?ﬂ" Figure 2 - Sizplified Automatic Controller Block Dimgram
P ¢ B |
" g wm.mmuwm_mm aw from tell-jar boiat limit swicches will ta PR
al with & front panel cypically containing ths handled in the same way. Tuo tvpes of ol S .
: { folloceing:  AG AMAIag mefar and a Cigleal outpucy are proyided: Digltal-te-spaiog conver- or
o~ r
IJ'{ {"le tube) readout, each with a Funcrion Aelac- care previda analog wolfdges for functione waers & 1,
h"ﬁ{} {lj tor molech; & four-digir thimhwheel switch with variable confrol signalm are rgquiréd, %—uff L I.‘p-]
"y function ealector swicch; sevaral toggle and push-  Etype tootrol signals or conctact elosures ate pro- &/
bytren awitches; and a oumber of atatus or Indiecw- vided for cha eneraring of sclencid volves gnd .
tor lights, golencid-operated shuctecs, turning presec fower 0
. suppliey on and off, opsracing hell jar holst iy
' The unit would hawe connectiona at the rear and subscrara rotation motara, and {n Ffact pwat
rn far all loput aignaly and for acalog and on-off of ths syscea concrol fgwtions.
L type cutput [ayscea comtrol) signals. all waril-
' ¢ abla inpu: sipnals frop sxteqpal sources anm The input and cutpnr doterface cizcuits
ntr e £ anileg de voltazes. Thess would would be mousced on plug-io carde and housed in
+ .,a  1oclude p:tﬁ:ure tesperatura,and Chickoess sig- unusad space in the compubter cabiper, Tha sntirs

CB} l:ll Jar and bheas plate coolipg:  Eurn

\ coglant mysatem on and off. Turm on
vhenever sansed {eagperaturs axceads a
et point value.

b

ata,) gould be dotroduced via the thusbvhesl y
mritch, (Altarnative osthoda of introducing thass
inpute might ionlude: {1} potentiomatera, whose
curput Aignals would ba went o the computer vie

nals, - hormalf{zing amplifiers would be provided
to adjust the Telative voltage levala of thoze
wignala, The nerealized signels ara fed to tha
cozput#r by means of & maleiplexer and ao analog-
to-~digical coovertar.

5 o Varishle paramecers to he displaved could
. L be read ogut sicher on the macer or an the dipital
- dPasTay. Vardable tpcors pnisl ooy dor=odosad

4
—-

manually {ger points, scsk power, rime tlcas,
Pl
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auromatis controller could be packaged in a spsll
banch-gop cabiper, or as a small rack-souatad
unit, occcupylng less than 24 inches of pansl
heighe.

Oora che varicus oeoual ipputs are sak,
aormal oparation of the system conaists sieply
af preazing the "cycle scart” botwon., Yo fur-
thay attention is reqtired wmril che aorometic
cyels has besn coopleraed god cha ball jar has
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207 additional features [T ItlAfiftlE !LE:IE,
hovever, slpce this painly favolves a ravision

{ to the computér Pprogram and the addicion of ap-

L3

a4

beasan reiaed,
trols would be provided, however, for use when
masual intervention im falt neceAsary.

Advantages af Compyger dutomation

Computer autamation of the yzcou? a=
sltlon procesdes han sienificant alvantages
T ot I i st fencrol or e

TN CPATAtE Roqvlar unlts to autamite The
control of ndiuiduik operationd.

lustrates the con: advantaga

of computar automation of the vacuum depasition
process, as coopared wirh tha we of &8 mumber
af individuyal hardwired control modules Ta
sccoeplish the same objective. The diagram
ahows relacive contrallar cast versus the rels-
cive degrew of automation, The cost versus
features gutomated for the modulor approach will
rism at a falrly uniform rate. The cost of

e o8
cosputar apresation of onl¥ a single opevacion
g, Elnca [ 4 H'ﬂl.ua 1:“:11-"1'! Ehl

Dl
CORE ©f th# computer Ltaalf, Autocation of

ﬁ*pruprintl interface circuits. The cromsover
point at which the cost of computer automation

“ drops below that of the modular controller
approach oceuts when only & relatively fow
oparations are [0 by auromarsad, Modular com-
trpllears ara not kneem to be avallable at
prasent for sgme of the fectiures dncluded withip

. the scope of the agtomatic vagwsa deposition
procass controller dascribed herein.

MELATIVE

MODULAR
HARDWIAED
CONTROLLEAS

COMPUTER
CoN TROL

RELATIVE DEGPREE
QF AUTCRIATION

Figure 3 - Coakt Versus Degres 0f Automariom

Brovigpions {or reset and aother pon—
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The computer outorated coatrollar alma
resulty in 2 numbcr of parformanca Or opéra-
tional advaocages:

£1) Flesfhillry: [or the ysgp having
n Girp= b fara

varyl T3
fTexibility, Tha ooeracions of tha
Seguenca can be gulcsly sddad, delfeced,

2nd gLher=ise farad  and set-polore
can be earablished by means af switches
end othar coatrols oo tha paoal of

the automatic controller.

Frocess Fepeatabilizy: For the uvsar

=:k1n5 the gx=a nradyct ;BEEtitiv’Ir,
1f oifers a hilh ".-.h"";uu;ﬁ_qg;i
rtepeataslilcy, once a glven Sequence
has basn established and set-point
values have beco get, rasuleing in

“unifermity of the resultant product,

Proceas Efficiency: Tha guinfallc
controller vill provide s=0ath and

34 ratsitien Iren ore Operation
¥ TTep of Ene process fo the naxt,
cﬂﬂplntIng the eycle or run in a mini-
cum of tipe and rhys enhanciog tha
efficiency of tha process.

Parsopnal Advantaces: Cmce
quaenca and set-paine values bave

en e¥tapalshed, TOs “EEIEEQFAiF-Rﬂl?
tequfruﬁ Lo prtl:—Ehc "ltl:l!ﬁgu:tpnh

alfd Lha co= IE‘_',,..FIE:!F will be expgured
uTTrenaded,  Thus personnel ate fraed
M"ﬂ

from routize gporailag tosks.
i

{2)

£

(4)

All of thess are ultimately reflected in
tconomlc advantages of automatlc computar control
of vacuum deposicion proccan.

CONCLUSTONS

Although wacuum depeairion processss raquire
a relatively large mumber af control funcrions,
each function I3 ressanasly sicple a-d_lends_ft-
L quite readily :o aucomatic contrel rech-
oYATEE,  ine advent of Ehe low-cost mloicomputer

ppears to wake compubdr automatien of vatum
depogition pracassss boch technicelly feagible
and wronomically attractive. Automated conceel
offars & nucher of oparational advantages over
presently used semfaucomatic control methods,
many of which are ultizmately reflucced 239 addi-
tlopal economis advancages. Hemewm 1E may be
expactead that cooputer awtctatioo of the eguzrol
of vatwus depositios procegzes will achisve grow-
ing importance ia che near future.
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Batch Control with a Minicomputer

R. YOUNC, Emery Industries, loe. and
D E. SYOBODA, Jackson Associstes

Ar Emery Industries, o minicomauter cantrals beich
production of chemiceais, cansistmg of estenf oot sey

reactions of fatly @lids with o'zsivals Forcicm
of the migi-gystem romge fram simante male gizrm.o o

monitoritg bo dde, The aurhors describe 1re P,
ware and software for a system tngt cemonatrotes
the minicomputers velus g5 an econme sl iy,

thle, sophisticated produchicn tool.

FOR PROCESS APPLICATIONS, it's often more
economical te design the control syvstem aronn
digital computer rather +han harqware Joo:
nenny &l .m.tT—:, setnnin rrolers. Pnct-: of
MICOMINLErs stait 11 & 5.000 to 54,000 without eyre
unemaory; therefore, for al] but the simplest svstems,
the tost of the computer 30 he jess tian the cost
of the hardware it replaces.

In additian, the ovar :
comptte prare (even with assemblv-language
pmgmmming} is less than that required for equiv-
alent_hardware and (he computer programs are
easier to mudify. Soplistivated contra] alearithms
that can reduce opeIAlNE costs—but which are
difacult 16 implemén: with hardware—ean usually
be programmed fora computer with little difficulty.

The process control systern desenbed in this
article performs a variety of functions tvpical of
computer-based systems. These fupctions include
“cantactclasure” input and output, analog input
and output, direet dicira] contral fddct of analog
Process \'urinhIE timine and pratincing f‘.F: nTOCess
evends, and logoing af nracess wurtantes and events,
T computer hardware s thiseussed tint, fotlowed
by an explanation of programming technigues.

Hardware for the mini

virepired to desizn

The computer control svatem ishown in the ﬁg:ll;u'l
is owlt areund Dugital Bogsimens s POP-SL come
puter and Perinkieeal | E.rimnrrmr; 75209 magnetic
tﬂhmt AddTTGIAT eI cansists of “n..lof.
to- UIEHJI R P TI CH R T b -LL.ET "U fl:ln-
xc'n_ rs, centadt vlosure IIIEl'h and o3 Nne-

tHmer wohia b proai den e nime b for the eufire
SR G salb woanin, ated o2 e Sewgiter for
mng (HuTalisr thevates afy preenied lh;ﬂuﬂ'l
.11 anunncLar p.lnri

The computi v aneeeary Fatlels the montrol procram
aral Hee parameters svsotad with cach neodust
et il mubnadured. T macnenc-cors
memory crasisty nf P00 Eber warde, and bos 2
Lbmucrimewend ovile fame,

Campater § U tocriaties copsast of 12-90pat and
120utput data fines. {2ata can be wleoted and
p!ﬂ.n.'d wiy e Bt ol lines aip :lr,'t:l'l.btl‘d frrm thue
injmet lives at Apprainste bmes, under control o
the program. Ln i fien, ux address lines arcoswad
by the cubemad Dz to funte Impul N oouThnd GETH
to wr from eatemisl mpuipment sech as contack-
closure sensors amd 13 A o erters, Contral lises
that can be puiuxl or tested by the prazoam
ssnchrunize the overma! lomie with the control
Program.

HE

Contactclosure inputs are artanged and addressed
in gronm of 12 har commepand to the 12-nutput
duta lines i the compniter. DO input circuits cen-
s15t of R fitem to take ant contact-hovnee noise
followed b Mdunilt trizoers {to gonvert inputs
to Togic lesebe AC inputs pass throuch isola-
tign transfammens amd dicdes far ennversion to de.
Contact-udoeene wpes andude signals from the
dhnicialnr b, gpwator pushhutiaps. valve-
pusitien itrmat wwatches, znd lesel dategtors,

Contzet-clovare output hirdware consists moxly of
sulid-state des e, nacs for ac outpuk and transis-

u:i:.'u clock for event Jousing, a B0-Hz interal e s nishes forode output A fow mefays, doven
e Pl ey sl m— poefi
Reprnied itk permpguen from fremmier Feeanal sal [T, o0 72200, hag 1970, .

' Tel



T e "] & Minicomputer-based System for Bateh Control DT T e ey T

1
i Chrone-Log ! Pavipheral Equipment Corp.
) : Digitod Elack ' Mag-Tape T820-9 ‘ :
Digital inputs ' 1 i Digiral ovtpuls
; Limit swilches Solenoid 'ﬂ;IIvH .
{21 - KPB.::L Pomet {0l Cigital Equipment Corp. f ! 47|
< Lexe! detectars | e Tioe it Pg:SL l a ARG CORUNCIGINS
b {4 ] - 1)
- Stall algrm {4,098, 120t word) -
N Alarm !‘h‘ltth&lj Lrdicoter lamgs i
'. {24) ] ] 23
R R Ut SRR USRS PR
Operalor coniroh A oFa i . Moitr conlrls
125) Roytheon Computer Raytheon Computar : o
' 24-channe| MADC 10 T-channel MDA 2
; Spares - — 1 _ Spdres !
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by transistors, are used where continuity is desir-
able in case-of-a-logic-power supply failure. The
c;mf;cbclusure cutputs are also arranged in groups
of 12.

Each contact-closure output has a storage flip-
flop which receivey and holds the data from one of
the output lines. Croups of contact-closure outputs
are seclected to receive data by codes provided on
the six address lines. The outputs include signals
tu the annunciator panel, motor start/stop signals,
and signals to solenoid-operated pilot valves that
supply air to the process valves.

AnnIuE volta_}:g_i_gpﬂuts are multiplexed 1o an A/D

converter, changed to binary numbers, and pul Tto

the itiput data lines of the computer. Process wd-
ables sich as temperatore, pressure. and ne
miered Into. I‘

Enier mto the comnuter via the 8/1) converter,

Manual setpmnts _wﬂﬂl_gr-uﬁ]um-:l mt-:n'ggmw;:;s}
afSo pass through the A7 converter,

The D/A conyerters accept binary output data and
produce coresponding analog voltages. A separtate
converter is used for each analog cutput. with a
range of =10 valie. oo et a
Separale six-ioat GLgress. Analng autput vinlaces go
to ol nerery seligh diss i prgcn s gilles,
m vl bree-teevmen itie (E B vopvertes yhich

provide aur fo throttling control valves,

The interval timrer genetates a Hme-internmt siomgal
far LTS L‘nn‘lpli‘.r'r Ay e b L HL‘L‘:’!H(‘.!. the 1!:15.'11;
TEOIEart daF Letoiaegredngl of t!‘,ﬁ:._l?ﬁji’i:”- Tl timer
aley provisleg a geterpnce tog cpteeral oo e .

e “"'"_El' L Ds,
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The stall alarm consist of two 10-millisecond timers
that can be reset by the program. The timers must
be reset so that &t least one % always running:
otherwise, an alarm signal is produced. 1f a pro-
gram error or hardware mallunction alters the
normal sequence of the pregram, the timers -vill
not be reset often enough, thereby actuating a stall
alarm. .

The teletypewriter and elock are used In a conven-
tional manner for event logging. Time in hours,
minutes, and seconds can be read from the clock
and printed by the telerypewriter with a typical
message; 05:16:57 THERMINOL FROM ESTERI-
FIER LOW FLOW. '

-

Software for the mini

The computer programming, or software, repulates
the operation of a computer-controlled process, and
constitutes a major part of the design and develop-
ment effort of such a system. Some of the general
tasks for Emery [ndustries’ computer can be men-
tiened; they are typical for a control computer that
is applied to a batch progess.

Depending on the product’s renquirements, the
software sequences the valves, provides tming, and
monitors the status functions that determine when
steps should be taken. The computer checks six
variable ard 14 logical (ves or ng) “endpoints,” any
combination of which can contral the duration of a
step or the branching to one of several pessible
next steps. Cormputer seftware must alsp check a
total of 50 tempueratures, nanual valve positions,
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and other status signals that show the system is
“operating normally. Critical status errors can stop
the chemieal process.

The -annunciation function of the software puts
out printed messages (o0 the teletypewriter} con-
ceming the status indicators and program CBow,
A self-checking function detects and annunciates
computer nallenctions.

It's impressive that the minicomputer has suffi-
cient capacity for all of these functions. The key
te Htting them in was the carelol oranizntion of

y

" [Re soitware mto subroutines. Leswes the nommal

uhvantares of casper groyle nﬁmtl
procrany changes, ap_itnpartant feature of _sub--

1}
A " "-‘:Eav—'-r" .
roubines ror this .1}:1[:’!:L¢1t|nn 15 that a sﬂ}rml;lge

can be Cﬂ_'.“'t‘_l'l'lill'i}"ﬁ}lnll_'s NLetIV-AL virLbanchis Bt
fuen wiredaugp

JUC i Minime
ber_of

MELUn _statepds. For a program of
moutine operations but unique sequence and dura-
tion of the operations, this approach greatly shorn-
ens its length,

A general principle of the software _organization:

every tunction which is Founne 15 & SUbprogram,
and onlv those functions nnifue 1o the particular
chemical procluet remuin in the main prognim,
Une operation i]Iustra't-a:s_l'ﬁe—mm this
principal. Changing the combination of the 47
on-off valves of the process system can happen
us many a5 30 Hmes during the batch process. A
change takes bwo program statements, a valve.
change subroutine call followed by an encoded
combination. The valve-changs subroutine decodes
the combination, seleects the valves to be opened
or closed, and produces a valve-change message
which gzats printed by the annunciator subprograin.

Finally, the proper valves are actuated by the up-
date subprogram which dees all I/0 funchions.

Time-sharing {3 another familiar tool that has been
applied in this system. Simultzneous operation of
Functicns such as output printing, system ermor
detecting, endpaint detection, and dde was deemed
necessary; therefore, a time-interrupt system for
time-sharing was devised. The TEN 1

]
program _is divided iote LS coua) tiogglets gach
ot swhich contains parts of the programming. Fayr

U lh [!]I‘ 5 5 ¥ . 1

passes per secomd thigy Lo requirsd
or the executinon of all statements, At the end of
the frst lo-second interval within each slot. the
contents of the accumulator and the address of the
next statement to be executed {in that particular
time slot) are saved by the executive before going
cn to the next slot. and on to the 15th.

At the start of the corresponding time slot duz-
ing the-next % second pass, the accumulator is
restored by the executive and the pragram proceeds
as if the interruption had not taken place.

An executive “fork contrel™ subroutine (an un-

v

canditional jump) permits programming in ont slot
te alter the faw of that in another slot. Parameler
values in one time slot ean be read or modified
Frort apother slot.

The dde loops ga inta a single time slot. These
loops ure the digital-computer equivalent of analog
control loops that operate vafves. Five valves con-
trol nine process variables. Each Joop has setpaint
inputs krom the main program and process vari-
able inputs fram the update program. The control
algorithni resembles that of o normal analog loop,
except that summation replaces analog intergration
and digital dilfcrentiation replaces analag,

A “tunc-up” control pane! permits rapid optimiza-
tion of various censtants for Hwse loops. Cansider-
ing the computer speed and the time constants
of this application, the ddc control is indistinguish-
ahle {rom analog control but it is much casier to
tunc and medify.

Because of possible failures, safeguard procedures
have been included in the software design. Magual
takcover of anv valve or anv dde.ionn cematng s

possible; these aptipng are designed, so that_aute-
matic_gontrnl cag he ished sragethly.

of safety g sl s convenience, all aof the
abave software i3 stored on madnvbie tape which
is reaq nto_the Y pTo-
Wlﬂ all_subprovrams temain_in the
computer core and _only the ma proeram s gead
i at the hoeginning of each chemjcal_progess, Proyi-
sl 1 U }(iltl'!- 7 1 NG Lage ik a5 T gt

the sefbyware,

In Emery Industries’ system, every phase of real-
time computer usage is reprosented—from simple
alarm-point monitoring to unattended direct digital
control with self-checking features. The system has
been designed so that the operator can interact
with the contro! system to alter setpoints if neces-
sary, or adjust the control system to handle process
upsets manually if the need arises, '

Some of the software concepts borrowed from
computer time-sharing technology (which permit
many subroutines to be activated simultaneously),
contributed to the Rexibility of the system. This
organization permils a new main program to .be
wrilten for an entirely new product with a mini-
mum of efiort, inasmuch 2s the main programs con-
sist primanly of a sequence of calls to the various
utility subroutines, aleng with their required end-
paints and setpoints,

4

Dr. Agbert Young I3 Directar of Engineeriog at Emery
Industries, [nc., Cinginnati, Ohle; D, Dean E. Swoboda
it a cunsuftant with Jackson Associates, Colembus, Ohio.
Article W based on paper presented at the Cooference on
Selid-State Dvevices for Industmrial Applications, sponsored
by IEEE with 154 a3 3 moppenating socicly, Cleveland, 1970,
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| | Part 5
Process Control Applications

. Including Direct Control,
. ~ - Supervisory Control,
and Advanced Control

introductory Comments

Autemation in the process industries has been under way for many years, The varioty of
. wpplications is extansive, Becysistomaendad-tols 3 rathaslarge-procei-pontsol nempter <o

MmN YR poitetioea singlovpiant.  The advent of the mipicamipute: has prosicded
SPmaHe IV ety e dication af 3 mipjeomcytectoa single task ar, alumost. & small
numbecol calated-ebks This approach 1o autpmation has begn ermed " iskgacg=nd. sutomation'”
a0 A LDtk 3 e L i 2 L g i - plarie This beadw, of courss, 4o ain allernats
set of prablems, lecampuiasomenmication, since various minicomputer applications will
be raquired to share infcrmation concerned with resources, orders, £tg,

The papen {in this part describe the various controd applications that arisé in industrial
processes. They are selected in arder toillustrate the varety of problems, the variéty of control.
' theory, and tachnology that can be appliad, and the problems of implementing such Systems.
The first paper by Ruekebioly, doscribat sebomeder v rtioTr SEECISRE T 8 VDB eracsds
nlzot asbich proyits gpportuity fora geqt wasiaty-of giiferert controb theorssto-pe-ppptied.
The arganization af such a complex cantral Syitem is important, for it may mean the differencs
. betweer success and failure in any specific instance.  Moukpadricnbis tha—swaye-plants-ars
Ot ot Trorrohrthemsebees rut -beworganized. in_ncdec tn peoyide an. s ffective
T Taesterorrt gapet By M omber o G s ibe s Ana i s 1] e Prie v by T sy e
ORIl whare-the- funriom ot the tomou e ot dires the-manipul ZevEires ~volagas i tame- she
Eaot Of impartance here iedueintegrerarm DT e g 10 Le-Ehe-aDa Foh-Brs tr s erweil 33
toatlvic i e brmpose— i TelAE T oy, In particulzr, the design of the application must teke
INED GCCoUNt {hdeelalC e AT T DT Pt =g e AL L0 b e R e 108
utacrorw itehhetveerr Tomptar Tea st e s teorrtrol wrdwhich inficesces grewthy the
T otgererabie ol ihe Jiiect aigitel conirotsyitame This pager also illustratet the varizty of input
output devices through which a minicomputer must communicats with human beings and the
process. Thednddpaper, by £, H. Gautier, M. R, Hurlbut, and E. AL E. Rich, giugs ac alstrietne

213



T M ML i b e i i ibmiin- ik it a bt PO o et serteregoires a
ratbaccompleia hardwace oftwaresortrol—theoryyysromr temake—yr-sHective,  That is, in
Anbitberr o -ei O e La T Ol - the ~feadbackecordsob-a et hra-dhamee loas, aditaoms!
Pl R0 Qe 0 10 £ G0 G ALV i e P PP DB R et i b b g ATt P o vthieresub by
CODLr Ol L O ST LT Cdd LW CI My T tre e PO prter—rfrware,  This, coupled with
SR P e O TR U R MO MR ITMETTLS, TP T T-Ere e ettt pp Mo et aetire-gwer 1!
Wty e roTridered trethiedision. | Tiebaomirpodiedl miussad-iied v -poner
St e oo fthe e T T T AN T o e T DO sttt i L L.
Tl it D O P Deacht illyg b .00 ity SO Tl ity =y mrrrp et yeitich
sanaoctb s canamicalierppt gt hout-a-diptal-somputer, This is in contrzst to many applica

tions where the computer duplicates the funetion of an analog contre! system but perhaps Tt 4 A

lower cost.  Theowphatbiewsi-ablastima simlatiog _elativalycamplagneoblpreeam-be yolved | ﬂl'

romi TSI T Tar, | A
Twmwmmnnmm%mm\ ll‘ \. i

implmen tedrnitrmintommuisL o the Sroctis conlol -Aree- i ted-orhby-ore's fmeyina- _J'f."
thow  However, sugeessicl-m Dhimen f tHe=gemnds-rrat hese e rouoh-s e me T ireoi-the

FRLd it ki asic B TS, Swndiiaady CRMUILE e 1S, 0P M=CONIPUCALICT, hakduaranand-golt-
AR 200l 1 Be e Ar e Sare s s AF v Db DO -t ni-apnbecation.
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5 Pt e prp Tk e tabte i e pil Ak i
EMWWHMI
[irgr oy 11 for
coutf el parprats ITT fevlowad ;. examples of theoretically ot oXperi-
mentally developed madels are gIVEn, [redt g asieolwypiita-
L st TS Tremed 15 S ETr o e S0 DR RS LR ML THTe—in
FOTT AL el LA E— T Fo M MRERALAE 0 3t ¥ eralepnpuaps iropntl -
nn:mm;hdmmmmh Wn
I T O et e piet i
Mﬁwmmwwﬂm—wﬂ
u;ﬂnn-d-ﬂvlupment.

am

[. INTROPUCTION

 \rsoutieneciacmnmrararetemaon
rewadetion. The mechunical nge had begun, characterized
by, In the words of Slalsthan [1], ' ideedadfraiipmwsi-ieng-
m::ﬂa:m“ Ty b ey At ey ey P ekt LT KAEH s i
. Witk ils eve pharrseentded i 1910 nanr e b bt -
LA prarty-wit hotrt=nrred sonrerr=ror=ther=i mtorng-
tion ezl ihe behaviorodt he-provess1®a whole.
The rvebanical syl now-seesding. We sre living in the

I rr‘l “elaghrernge." The infwcasationersiution—the process of

s

our time—is taking place, forcing use to reshape and re-

stIUCLUTE QUr PIOCES3ed nnd to nu—e'rmm
tr {1 a3

M&mmmm

|

Thess statements provide the background for the survey

Fig. . Physical system design appruachs.

Pt | “WWM&-:”
A modern definition [2] rewds as folluws: ' dewswet pretrams:

sotestmeroiprerctinprehmrt e tharoprrs e nehievey

cammuuegnal .’ Systems engincering is the art of the Lech-~

nigue of building systems This, in it=¢}f, would nol b 2

new activity were it hob fur wweefnetorr whichcharctorfze -

TSR D S B Pl S e i it b ot oy B L
e nerring. Tha-ArseimorestrrheiorrnbanareneseT? the
IPApertE et ai ot ivh-lolwosn-t b a A a0t garstent
Thiy sotoiilel it i webbo baparemmenginesting tmplies-in-
tegrabion. Tt says that the whole is more than the sum of
the p‘u‘t-

A Aranshetir i
Wﬂuﬂuﬂho&twnwnrwbe nult. There
are 1w fundamentally different approaches to the system
design problem. Ther-are=mrricfmed—tyrht hary={ 3 e
Chirpnpbmtypeseti o -n prrT O ChrAi Tt - t R et 0m s rib-op-
proaciecFir 1),

3 the ol
angiuewring. It consists simply of building & system which
does the job. The dircct approach is acceptable for small
gystems, but as systems becoine ingressingly vomplicsted

thﬂt- [ﬂl!ﬂ“’.’] ltn mn—'“u of T-hm mﬂ]ﬂf p.irt.'.'.. -Eim md exteniure it 15 'fEﬂuF[LtJij_n‘\df‘qunﬂﬁ ]f ﬁn[,mur“ {j&.

Sacdputrmihmmefomdameara e oot TinEoom -
onprarwitbrereviered, Tl ineSacteoied § benonarplossd 11w
applioutimmoi-thew roneepte e hept teetnd oyt yriitbe
preseneeds Finally, wdeaiondi eyt rnerors
[t ro b Fuimtdiagd b bt e W H b oatammin b i gl vy,

I1. QEveasl SysTeMs: ExoiNEERING CONCErTS
A. Definilions

What do the terms "pilomaaddswtemeenmmesrirn’
meah? There nre almost as many definitiond sa there wee
witcrs oo the subject. The soncept ufsvsrems is an aneient

GTIC. Adrtmrisrerorerrme T R Tou i oot oo
Munusecips reveived Dacember 21, 1968, Thii paper wud pre-
pented st rhe 3h Interoational Cuugfﬂ: o iilass, London, Lz

giand, July 3, 1913,
The siibor i with the Techrical 3talfs Dvision. Cursiing Glas
% orks, Cursing, . Y. .

is_to be achieyrd. In additien, the nsk and costs in-
volvud in extensive experimentalion might be prohibutive.
Tiksimais bttty Tred T e e bt <t e il T
sefertifi i modch; it begina with the replusement of the
real world problem by a problem involving mathenitiesl

s gt e 4 -

rcin.tmnslupa “In other words, the fitsl step Cotimi=(s of

formulating a suitable model of the physical proces, the .

Evstern objectives, aud the imposed constrainks :':'«imui
tions of mathematica! relatinn-hips on a numpuur e
play i Wital it in the seareh fur o solutivn. Vatimi. yleor-

native designs gan be compared and evaluated. Lhen, and
el Gy, O syatlem s bmﬁ.ﬂw
Pt e T T I ey e s
obverrrerdrresand Wity the cotablued el e lirect pa d
tMFnriunﬁmﬂﬂrE:;. The direer approseh is likely to
be wsed in the stricturing uf the winle sy~tem, wheress
the staudard approsch will be taken fer the design of

Feprinted Iram JEEE Trans, Svst. 5¢i, Cvbern,, vol, 55C-5, gp. 200-212, Oee, 1263,

s
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various components, The standard approach has been
extensively used by engineera for the desizn of conirol
aystema.

The manifacturing process is the system we are in-
tercsted in. I shall discuss its nature from & sysiems en-
gineering viewpoint and particularly examine the role of
the information network nnd show how it telates to the
economnics of procesa control.

RrtiferarertoriFremerr-SyMTOTT], (5]
Tlhi=rnas retfoebarimerystem, wlhablmed e rmmjo-pro-

G Cilimiefal i i e I - P e T AT OTITI R Y e e A

wheslennd Uy, cun be dookwiebeidet jip-pyramidak struc-
ture shuwle-inn Fig, 2, eonsisting of swesivrmcereternents:
the physiemi=procrettieecsntrniler. Thamiowbrtlar's
fanodicpeddianiritihi (R fate=t bompla Frimitmonice-bomntimize

‘1 i theemreerwrwitherespeetator themarmfactaring system-ob-
-:Htma.

Samawhmesrhirrieimerreivesi.three inletasting
coateob-[unetioree e be-identified. At the See=bevel, we
find the prm-mmm”hchmhdﬂhrmgim
sl ple-rrriatiecont o net vt e asveeiated
wesh=the-vontol-ghprocemr onits.  Hisdwelioa—gontroieal
1 imwemerrcrstevel mime s ho-gridance=for-t he-mtitzntioment
prasketion Faeili lis dLeovens suphaeti vitteray sechedohng,
i Rss TR TOl=0awtenirt ot = and-mypicing. The man-
asement conifol functions at e third levei melude the
setting of objectives tn be achicved by the s:fate:n within
the constraints of policy. .

W{’mwmﬁr&ls we Can
Wentily a hu-nbmmmi—mmﬂ.mnsaw-

g3 W

.move toward the top uf the p‘.r.i.rn.td It can alsa be

observed that, iamiveesdicetambiavnst -t e e doselo—of
eguiral the doaplwieon-the piysic yrrnblesdroreneesns
e Seana e St nll vl b B EEE g PO R 2
Tpeiha-dariaan-makiuy o otk roldurmemons.

Other important charagteristics of the coutrol system are
the Chetomusme e nepen ettt and the
i RgEREg e ploxkis Wil lin o nebnicimmnku - pEikwess 58
ghe rises through the hierarchy of control levels. It should
also be pointad out thal coubrolmproblenerar—rhe-ioiest
level are essentinlly those of a detwsortstieeswmien,
whereas 83 on2 timdithoueg brthe-ineroehy, the nuture of
the problems betumes wccoaingl prabahaljstie.

This hicenrchieal control structore can be idertified in
most industrial processes wlthuugh not slways in u sys
ternatic form. We find that machines, auch as controilers,
sequentinl contrul systems, eie., are exrr¥ing Gut aute-
matically sume of the cuntrol functions at the lowest level
0f control, ittt rretromrrroeril|
Ok il e et il e LIS | st kTR,
Supersimenss e odniemmenrud mamszens), A leadul e cone
Whﬁlmu&%ﬂﬂ@m-hymmtmm-mmﬂi
Bliractaried s Dals v LT e

EWWM-wmm

| M MI TP B
[ e L il

aC D L
ol Eomfie

i
e N3 el T
miak P DI,
DATY. SR TS

PR L T, AL &y

AT P

Fig. 2. Fiant funectivas,

. 1%

Tlismimporianreonsi-tieanfornmatiorretroricw ittt the !}1"'

Siniagiuring - mcmnnnhbe-ﬁmnphﬂmed bt
: the-mhrrtive
ik aiistwnrks! Bupbarinla, nadens, neww:y, Jekssus],
S ble g guipmante 6 ].

Efforts 10 nalaiiidieprstiasnised-fure sone tooiTplace
ikl it b Erubievoioi-~con trok- with-vhea pplisation of
procesicantenllery. [itdlomnmnr ) = b=t oo the=dnchers
|ipplimestil 20} yeura-ago, whenethemrentomof-the digital
cumprter-mariced-the beginmmgof = new tra. THis-mecond
ndisetsinl sauolutiome-t r—taformation-revohiom=whieh
hosaloradydosplialiestai-curomeepteof-processTomerol,
. hasdavalopad-slong-two-somewhatdistinet puchs. On the
pne hand, malledlb-sailabiliiy—tfadats. mrorormrme=—ma-
thinoe-utiampia hava been made 1o wbomsie-park-o! the
comkzal funetipasat-the thicllevel. (uethwetheminnd,
dibiaiarilsgn ps bl sy omrmerenm prters v Sinereasimgly
panatoaiet the, indust sl propess poodiction. gt rod feld
st e R s oPcoTe e ovels.

Today, Weeibaaldeof ooliable Lo liosepiosse gon-
U e P TTTA Rewr i roasditrle- Lona T 0ini vt i mmethe
PYAPLEIEIN JUESEPES SPTTRPLIIPN M TS, P AT HIRLIS e T, |
Lapmingrpeniinssd e VO e 6 vaberne-tha b willpaciorm control
[Lbsetirma g it levaar-abehierarohy. Such systems are
technologically feasible. Why should they be in:ple-
mented? 'WWW&WH%MI

ARG e FO EH eI TrvaLe gt i b= 1 b —bee e se—r-he

spptetreTieMETEiy by eompetittve noestrics. In order to

answer the question, we should examine the pature of the
Falatiomship (L Cuveterm Tt h e rrmesrryg-ras tnnt rol
i ermatineeand -Lhe ecommmies-of the process.

. Proceas Conerol and Procees Economics

We know, intuitively, that there is o relationzhip be-
tween these Lwo subjects, but it i8 oniy reeently, however,
that the guantitative aature ol this relativnship has been
establizhd. Trapeznikov showa in a reeent paper [7) that
controlling o process cnnsast.s in nrdu ring informustion..
el L BT [

h-m—m-rl-rﬂ mﬂﬂﬂ-hmmrﬂm Pusncifse i w=sbemrderiy; the
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Fig. 3. Procesa effectiveness—contrel laformaion curve.

eotropy of the system will increase. Tusmpomymemminingo:-
Nliaeid . : g
lacioe O Lic erlod tori £
oL L TR T EATET TP N - I T L
figieac datheamouidb gl -con trotTrfoTiation F .

YT l""—_'BE- II'.H-.'I}

By being the measure af the degree of disorder in the sys
tem associated with the amaunt of control Informution e

Efficiency rhould be taken here in & very general senze,
and in pardzalar, it con be locked at sy proft. The rola-
tionship, illustruted wekigz. 3, can be looked at oy 8 Jormal

wipression of the ! e retmybnrri=the ©

* g Rot TrE T e T T AT T o ey -
taema. It Wm—mmhnrﬁ-ﬁhnpwﬂdmn
alep between return nnd eflort expressed in monetary
unita.

Important practicul econclusions ean be dr:mm from

these considerations:

1) Bl ot onngs i00 st id g t=fipmmeant b
igoressiugmknusledge, b blwewrsepi=-the—bevie=non-
Hpsdumbitaiml L rodudiomshiip, the Uwestmeni=m~evniral
shruald e sl csiermee PP tan iR H we s Asble
Toadsr L.

2 Linmsondrir bivmi iy vt e mr overt et ive-
T il kA AT Viodi et i bt i st s exlmol Hsdi v -
st il b els,

3} Sesmbarirt bwr-sisdernwstio-controtoi-mfornritomee the
hi gplaemdes sidae Lt v pisiiid v endeabinentten romastrreditionaliy,
the major function of instrumentation abd eontrol en-
gineenng has been to inerense the ondering of infurmation
at 1he process control level, the brst level of the conzrol
licrarchy. The autommatie eoordinated contml of major
units hise not progresaed as rapidly, basically beeiuse until
recenthy no eantrol tools were available to process reliably
cantrol informuatiun in real time, [o should, conseqguentiy,
I, S FFCSIY AR DT TR LT FLUL T LY ST P ||
L allomr bbb i ki S i S U b Lo L Deasse
TSI R LI T A YT TR 31 0] 4 YRS IT YL ENU TP L PET Y | OO PRON T 1
Muhu:.wum.

LII. SysTEus EXGINERBRING 1% THE (nisa [NDUsSTRY

I shall now review specific examples of applications of
sysiems engincering concepts in the glass industey. |
sholl focus on two subjects—process modeling and com-
puter control systema. -

A. Process Modely and Modeling Techniques

The plant or process is the central and moest (endi-
mental issue. In proceas control, knowledge of proeess be-
havier comes first. Alodels which represent the essential
aspects of the process are needed in arder to apply the
standard approach to systems design,

ﬁm&eHs&h-Mﬂmﬂhﬂr‘qmﬁntive
mmhtkuwi.a.pmwnrmdmmdhamhmﬂhr%
{ il idacstnl 0 i i L] e e w Tl ER E forthe-purpeose

- bwing-eonisrdered" [3). We shall not ennsider either physieul
.- seale models, such as tank models using viscous solutions
o [@F[11], or sctivity medels, such ad pERT, but will dis-
" .cuss ooly models in which mathematics is used to deseribe

the salient [eatures of the process behgvior and which are
intended primarniy for wse in the synthesis of control sys-
tems. The mathemstical relationships of interest are
those which relate the process inputs, manipulaled van-
ables, and disturbances to tha intermediate variahles and
OULPIULS o ppeieerblasiuie et Hhitrial PP o eontrrrrrabtem
& prlimrbicrerat i e rheseeerel et hrr~areoutr ot he
tlimssmtrvim=etravic ok -4l cyotem,

Muodels can be Ommmshatiermarrmmry e e -houacat o]
accarding to the techninues through which they are de-
veloped. iemesiossidabetincilid vummplll | requires” the ob-
aervation of the process vanables in order that the state of
the process may be retorded under o varety of ¢conditions.
L S e P TR T
TPt e vl ensmrmd Anputeers L v—ienewanty 10
Gl mguiinpertie PR TTOTEARTS. bt et oo i -
W!mmnﬂng
ULt oo Lt ant] 4 S BT R TTYE Tt TTY b v Lind i emivi 3
1 i om0 S K b .

Lisilvmoreriemirmoanhmnemtde nmk bt ik o ipbisanof
L P D b Bl £ K EL G =L betsamt et evprEat i smm e bC L
kit bl warlaabuny ive-of bhe-proceas smreh aeeonmery i bodeni
w3, ey i rronwen b rrern -t eefrndametr rb e -
bt i) bt Ctssfe v L i flove,

In any case, the validity and uscfulness of the model
generully depend heavily upon the ingenuity of the model
Luilder, his elear understanding of the purpose of the model
end hiz prior knowledge of the process,

Several examples of experimantyl and theoretical
rmodels developed for the design of contral svstems in the
ghass industry will be reviewed in Lhe [pliowing.

e st bbb | [ 13 |; “Blwimewitembrrw L ple
Lttt i asiepic b0 b il Tim problem i3 to de

VElL]) L7} ety st e s e appr -1 T 9T FP
Mwmcr.
luum.:.

The: pruces.f. ig shown In Fig 3. Gluss i Jeliverad ta ti.:
farming process through o refructory ring plaeed at the
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Fig. 5. Vello wbing process

battuni of the bowl. Air is hlewn thmugh a pips in the cen-

ter of the riug while the tubing is drawn by o pulling

machine. At the end of the runway, s cutting machine suts

the tubing inte tubes of pruper leagth.
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of il egia il it et brraned Frem ), Theee muodels
which account for the protess behavior, including the
quslity control sampling procedures, were used in a dig-
tal cornputer simulation to evaluate alternate control
siralegies, i

g;‘r‘ dutaused ax tha femihack mencorement and o fong trans-
2 z STl x M

Mdﬁehﬂ%h&bﬂ'ﬂ:ﬂhwh, The
autonatic conteol uf the low-frequeney componenta of the
error signal resulled inono signifeant reduetion of the

¢ variability of the product dimensious.
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Fig. 12. Glass oompusition responsge o s lltep changs in batch
oTa position.

Fig. 13, Forehearth channe!—oooling zone croas section

ok ettt ki, THE s iliiimbiovnenrey bo
B s L o
B bl Pt Comparing Ty, r;and Ty

can give some ides ag to what extent the glass is ideally
ruixed. - The "derivative of the step response gives the
residence time distribution of the glass. Fig. 12 illustrates
aome exp-enmenml results.

For a furnace with » glass eapacity of 200 tons and a
pul! of 96 tons/day, T,y = 20 haurs, the tronsfer function
without cullet return consisted of a transportation lag
T, = 3 hours and 2 time constant v = 40 houry. With a
cullet return of 30 percent afier 20 hours, the transporta-
tion lag waa 3 hours as before, but the time constant in-
¢rl:..L'a:E'd ta 100 hovrs,

R T o N
Tonamris 6 vt b o) s comst g d Enbe it Lt P et e stmet hoodiodo gy
u.—is-mwnmﬂ. A Theoretea! model ‘baseds s physical
lmmmuwn T TSR PIY TY (TRNRESICL I | FYSTY WUEP oy eyt 1
Ui Wikt - Slias Sl lis i sz -mbar ) wis b b0 T b the s ys-
Lalmeonuatiens buted o physicnl L e dlewppld wasporepni-
aledsiuninry wod iniziul conditigns, and 3) sulveshe-equa-
idaa dranuly tical ur wunwerical means,

The farehearth delivers the glasd in an open channel from
the furnace to the forming machine and conditions the

glass to a predetermined delivery lemperature by means of®

wind ecaling and gaa heating as showa in Fig, 13. -

2} Casmelomgempcisemmmerons: The basic energ:,r
equotion—The generzl differeantial equution for b
transfer of & fhaianmt rensmid i ot Pt TR
Eiasvarsait vk s st aront T YR RS MY AT PR T TED.
almssoary. By taking nn enerey balance on-a diferential
volume Element. ol d:mensmna ur, dy, dz, the energy

equation (s
N—_,

faT Iﬂl _i "~
@(k ﬂy)+ﬂz (k az) or (oC,V.T)

rata of energy input by rale of energy
- sonduetion and radiation  input by mass
Bow
- aT
. 1
I - #Cs o ()

rate of aceurnula-
tion of energy

In deriving (1), the following nespmprigna.nre made.
eat How rndmtzun ean,_be regarded as being due
tos 'm{%ﬁd uc l'.-l[v” ﬁl‘_‘@tjnm T s 15 the
ATmeTite tamper: mp-erature and & is the ‘;lbﬂqmllﬁl.w‘ilﬂ,ﬂi‘i‘.l?“uﬂf
tﬁ?ﬁm wnv&lu_ng’_‘_s currf_slmndmg 1o, femperature
T The factor & m.w.cmiurwﬂr
plus radistion co mnducm ity.

o B e it

and the nm’g'ﬁ ¢ heut of gloss E;‘_,. 5_!.t'ﬂ' lmt mm‘_;;_:r,,;g_;.,
Penaﬂnt hence not & fungtion of the spice coardingtes).

he velocity V', in the z diteetion {direction of flaw)
ia :mt s luneticn of z. Thus (1) reduces o

I T e T R

KR ery e oo
pC'.[ ‘+az=] “ar  al 2

Equation (2} is npphcahle n;.-rul:,r in the interior of the
glass. To completely specify the avatem, uppmprmtc
boundary nnﬂ Tl Coidltions, m._i B{:,._ulg lied, These
are the ‘fﬂl I:Iwmg

i} The temperature distribution _on the glass-refractary

boundaries at the hottom {y = D} npd_the sitles (= = I

‘of the cimnnel are assumed to be Limeanvarant and finear
sl

- e B s il Yot el . I

T{:,ﬂ,z] - s#;{:,f} is specified
(4}
Tir,yw) = ¢:{r,y) in specified.

i} At the interfage between the gliss and the ges (v =
d}, the bo buund arv_is, pIadinting boundary where the ghiss
ls exchany mmg___ radiant pnergy gvich the chagne] enclosure
{refructory chown). [ur[he‘r____t_h_e gas in the space hotween

the glizs and the erown ﬂ-a ewrh ;xﬂeﬂt;e.,.l, mith the s
tem Hirouzh mmﬂf'rum_,;l.pg r;_rit wion. The equation 1,

"the gliss-gas interfuce is again durive ed hased on cnergy
s m—r———

T T e ST b - S P, S T
balance =
i
aT

k' — - ﬂ'F [Tmi]‘ -— T'I -— I&IT - T‘u} ('I}
Ty |pma -
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Fig. 14, Melting nyniem schematic.
where control system problems in the glass industry is given by
Oppelt (17). His paper presenis a conceptual elementary
; Ste{a.l:;. Boltx::;un constant e multivariate dynamic model of 2 glass tank and sugpests
view factor derived with the a.ssumptlun Y improved control strategies using fesdback nnd I'eedmr—

the glass surfoece nnd the crown nre two opposite
infinite parallel planes

k gas heat transfer coefficient,

Terews, these lemperatures are inputs to the mode! and

T must be eithet assumed or determinad by
measurement on getusl forehearths,

i) Bince glass temperature is symmetric with respeet to
tha center uI' thﬂ channel {r = ),

aT|

ﬂ:,...

= {]. 6)]

iv) At time zero, the lemperature distabution at some
location Must be spetified £9 on __;nm,a.]__z,mu:ll.t.mn
Usually the tempemturL_Hﬁtrlhutnm ut tha inlet to the
o tnrth 9 given.

k) i
mwmmuﬂmmmﬂwtﬂm
o, T it i bl sl e i b b i Prrms i b et i v iohe
Pt bl i, Wb e b e i i o b i snkm Bl
ICTIRPCEE | TP R T ey FERTEERS JCE TS RN, W TSI AL o E
Nasrarron enlrrmirerr therbemeu s bacniad v alaamed s he

A - K PEPTTT PRI 1 STV et T P01 R TP T skry i

ARAEA-CTY T IRTEWTUTTI RIS NCTE R trt e vt e
€} Lpphcnicmesd iesondel: This madel iy upplicable
10 the 3Y mhnbtarhledt o o b et T 0 421 P AP P 217
for an esharimmserener i, S0
RO T e Lol s, LI AR UL I M R AT JTE
B O G i b Py e st P i et a0n] L 118 SRS
Tarigrwesd walivnasm v riemess 11 D et o Sern T e -
b+hmupﬂ-mﬂ. ,.,...1.._1 Humf-ﬁﬂl'l LrEe.
3 Mok vemiraimarin it sededs - Qiic ot 1he carliest examples
of the applicution of moleding teeinniewes to tie analysis of

Loleh
N T !!'ia

TR -y

wurd techoigques. '

Gt pla il thoo Dot il el e Sl lidet
moliingsvatenilustruatad in Figed fmeonmmtn 2-oFraw ma-
Liscinbinizipu s md-mtoragerhateh moomg-and aterge, melt-
Iugmeillet -rec vole-amb-contmb=ystems  Fre—srmerde

' gibd e LS desmbir 38 bt ety e Y

prmerr—mmity, such a3 stwse-rtmsremrerseere -
8 ITL0 el e pmyt bty ttyminp s meiptpiet | s rprpet Ty =y
aysmmméqwmm“

The first step in approaching the problem is to conatruct
mathematical models for oll the proceas units by taking
one of the most important aspects of the entire process into
consideration: the physical transformation el gruiular
material, )

A general model ia developed which, when specialized,
can be uerd to model silos, mixers, and mixing tanks along
with other process components This general medel will be
desenibed briefty for a silo.

A silo iz delined us a temporary storage device whereby
gronular materiul is dumped intg the top, stored, and at
some Later Lime removed from the botiom. The model wea
developed under the following reascuing.

a) The flled silo is divided into apaces of batch volume
size (reier to Fig. 13).

b} Associated with each space i3 a corresponding bateh
and its describing constituent vector.

¢} When a bateh is removed from the bottom, all the
butch copstitient vectory above it move down one space.

d} When the mutenal is either entered or extraceed, it is
dune diseretely in time.

=) Bagaure of the mixing effeel betneen wifneent
batvhes, the output bateh iy 2onw combinntion of any in-
put bateh,

m
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Fig. 15 Schematic silo.

f) All materiuls which are placed in the silo together
have equnl or nearly equal densities.

g) A batch of materiuls, or any part thereof, has a maxi-
mum and a minimum leugth ul the silo to transverss, and
this transversy! oceurs within ssme maximum and mini-
mum pumber of outpul batches.

These assumptions, together with masy and impulss
balance, yield the foilowing set of equations:

-

'nm-iﬁm~mm )
Eww - @)

T WK — i+ 1) = XK — i + ) = XulRK) (8

L
oK) = (K = 1) = XofK = 2) m v
- XK —m+ 1) 9

By subastituting {8) into {8}, then rearranging it, there
regulta

F () =1 - _5.:1 WK —141) (10
whery .
X (K} constituent veetor of the material at the ith
. position in the coampartmentalized silo, just

prior 10 the &th output

Y{R) . .Kth output bateh constituent vector

m maximutn range over which an input bateh will
be spread over the oulput bateh

W{K) the weighing value which designates the per-

centage of inputs thut are in the output a3 time
NT.

S 2y .

N 4

IEER TRAMAACTIONS OX ETATEMS SCIENTE AKD CYRERNETICN, 0CTORER 101

LAY bk Bl -
[ IpaTH ALaLs

r '
[- FRHED ACALW

LR L L L L L L

T ALCOMD REAL W

B I ——

FIRAT BEALW

Fig. 16. Activity reslms.

The weighing values are nssumed to be of & statistical
nature. The particular disturbance os<ociated with the
random variables of the model is dependent upon the par-
ticular silo to be modeled and the material to be stoved,
Thus the weighing values not only must satiafy the con-
straints imposed by [7) 2nd (10), but nlsc must be grner-
ated in sccordance with the information exoractel From
the actual dats obtained by conducting experimeuts on a
particular silo, Once the weighing values nre deternuined,
{6} c2u bs used lo express the physical tronciormation
taking place between input and ontput batches within che
zilo.

The eecond atep is to combine nll the component
modely into & “multinctivity aystem.” Broadly defined, the
mode! is composed of four activity realms (Fig. 16). The

_Brst realm defines the functions of the components of the

process. The second realm defines the interactions and per-
forme struetors eonrdination. The third realr defines the
aupervisory functions (eontrull, and the fourth realm de-
fines the policy making and planning functions.

The complete system model for bateh systems is wmen-
sble to digital computer simulation and has been used to
inveatigate prucm desizn and concrol problems.
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cezential role played by the controller of the
rronuhsetiiring process, the information netwoark, was dis-
..l in Eection JI-B. It was staled that the compurter
{lavteny makes it Dow possible to auiomate contrul
raicipnts 2 oall devels of the hicrorchy. It iz within this
ironeevork that we will new survey, on the basis of aearce
fizhed Bioimation, the states of the implerseniation
seizystems in the pless indusiry,

Suz of i first cer puter rontrol systems iupls
4o he pizs induitry Wht mentioned in

;IL..u.

the 2eption Gh

s Ibbusa Laodehing (Servon H-AY I s the proces come

ornn pnadrel syatem developed for the petematic contiol

w‘.-;' . ':hbnn fJH.T;I;Iir !I-;i. Thits 53 slem pedurms conifu

T Timw ik

(LIRS £+ F YN l'ﬂl:-r;'l' nuTEL

_ Plant process coctrol oompuler sysiem.

Fig. 17. Quality conteol wfonaiiion is entered moareal:”
and processed by o progess control camputer whiclk: in Lo
manipulates a mnnber of vanables on the forshenrtls -
riblion machine,

Another exampte of process compuoter coutrol
tion i given by the coutrol system used in the pluncs
the Owens-Carmng Ditnerghis Corporalion. On ahe Gusizo!
published informetion, iF appears that these svirpoe oo
eszenlizlly process conrel srstems pedontins Sigr vl
conirol functions in the melting and delverr arens of 150
procesz, ahhough ~ome produetion scheduling migat-1s
efTented it satne instonges [1U]=F21],

Otler supervisors conlml apphestions have aby B os
stoagnetd  reveatly by zlis contziner '
221 2] Comsater ventre! sirlems arg Being weed for s
eoniral of bolenier melling, 2nd inspaeilbg CowTatiniss o "
the Lakeizag. rfu., plant of Owins Hincic Too Bpmse
of the comiputer i~ o sUpescies aind mditiior The wulos
prOveis.
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Snlirbatp=Brem e brerr, The pracess r:umputer :untml
system contrels a Hoat gliss manue wturing process (34,
(25]. mn.un“ﬁwn:ﬁﬁp-
pmmmwmfhﬂﬂv‘md‘mn*rrm‘ﬁmﬂn
‘m-pnxr-k}-\m-rﬂﬁncx The Cecabmeoroed R C -

b, i), Ao,
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qﬂ%mmm of

LR A L il dea e o s

vt s g S S v e T e et <4, T he eeittial con-

trol room is represented in Fig. 19, The operator ennsole,

an-line printer, alarm t¥pewTiter,

television display and

recotiing devices, and graphic panels cn be Wdentified.

The searcity of recording istrunwentz 3 apparent,

On the basis of thewe exumples, it would appear thut the
gluss induatry, fellowing the trend picocered by aiher

4 -

Fig W
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Fig. 20. . Toleyentad plant control system.

process industries, is slowly moving, in en evolutionary
fashion, toward computer-directed, central, process con-
trol sysiems,

[t is believed thut the trend toward infegration will net
atop at the progess contrul Ievel, but that production con-
trol 2nd management entrol Functions will progressively
be included into the design of fully mtegrated on-line,
real-time control systemy, Fromsdesgrameineb i <20 1is-
Lruabere. thue der st e ol i -pocaibbe dufegiated. plunt enntral
Cuin pirteresyntenr busedt Nn-frmeroral-dewg pred boiieain in-
togatrd s atony heratseic periurow Loth L (stucens sad
meamuctinm rontroltnnetianson Ime il itrrusb tinre JLhe

Lo Loz rrmt e - si_haba Bulicutioim sand- repart-grnernhian.

alwn Fighbn o wistomnidtd . The—sr o sioiiilg, of the entire
Evclisd a0y aHalie-ofe-meminate-lo-minci o bogls, T per-
Tidew thitree T et 1 Ve HnDbrnrakid tredead akii ol - Dol e
Maeetmbeci e v WAt (e Tt e brastbisan st basic oI g Ual-
Li e myes sbnfaf mat oo avaiible—where wod -n b peeded,
There is no evidence that such integrated conteal syatema
are i operutinn tnlay althouch, as weomesticioed pre
vioLsly, some of the exiating contrel systems might al-
ready have developad W inchude same prsductlion control
functions.

The series of diegrams, the [ast one in particular, ai
suzgesis & clear trend towand making compziing pow
available as a utility throughout the systetn in much ()
same wuy as electric power i3 availible today.

The integtated contml systems appraach should mt
rally be expected to affect our basic voseenis of piant
sign and operntion, In particular, [t should be expreetai
have a very significant impact on the munagenent &
orgacizational structurs of the plant. This is the guk.
thut will be discussed in the iollawing section.

1¥. Houax Facions [261=-120]

The emphasis of this survey hoz been sa far on dl
economic and technolozical axpeeis of syitems gevelog
nieat in the glass industry, We hive discussed problen
relating to the development of the antamatic control lor
represented by the diagram in Fig 21, symbeliziag t
physical process controlled by an on-line computer. R
ML T Syt ems ALe s soachine vziems, oy
utmm 'l.-.hu-r-i,umpul vnEs ule gn and 1LY hlllt-. L-L‘ni bl
EREIRI 4 el w ek 11.n1'Lm-- rnunthvr rn arhieye
Cﬂm.‘ﬂlut\ ronil. 'L..._...L,...'._L"‘ [, ST o R R T
SEC iy e plaemeof the lubiie semud e vital as s
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BUEZeats” Slnuserrry cynientrperi iy heryereryt hroosirprs- —
EEaIninlag . shruritral - dete-rnoprand-matrommenintion. 4ia
b ot aslict' T i L L prromenecir vl enterd b renghe-th e niug
albic el rnmejudimenteand yruesTheperfvrinsz ns
bl s tvinaticeo piiolnop-merelntionnso-bisorideria-af
adaq&mm.umuun.i..y.mw,ammuce
O Lol 301 Lot 00 Tl i Vel b sl bt 8 2 F-
L Tl ) Lo TSRS ST JURIEY MR T L ppey e, B
B apaneai inf JUAR 83 2 pOMmpanent i Guii=mechics s yalamg
nlmre-:lwem;nuvuml- fiieed g Fesein bl e thaoe— i L] e mn-
chiawmr handware-components. Pianning ior the Jesign
and development of human components of systems has nat
been as systematicully pursued in the past as it might huve
been, Gloubemberwrirathreysie e wehe<deirmmd ~nnd o e
Vg ket Dt 0 LG Lt wesrie 1] i st t bree hueman
COD pralieDis -~y Uirm]. either eorm ot 0 coukt be foond ar
Crtki -t wrnued-Tor oferster this avatene-Doly I celatively

y Ameenk yodrmespeeia b ddule e advetit- ol estnimieiyeem

‘)}3,

ple.x. .mlht.l.r} -ull&-.-anm!m-e:u'aienm THMeT #EF rr;t:i:-iins
& S tetreze mirve boged o7 - the—neent {01~ rrstematic “design
and-'dﬂf]'npment of humAn-avaiem .comdcntis o the

TERE TR KUSACTION S O SYSTRMA BULIENCE AKD CTREHSETICS, LTI (3]

United States thisds probably best reflepteLin the Lypes of
documrpts required. of_poteptial, conlraglorsfor. Ahe de-

velopment of romplex man-mackin mﬁﬂmLQuahlatw
and qum:_htahw p’:‘arf‘-gﬂngl tequirements i information.
(QUPRI) documents “i'-]‘llt]']:f»}ﬂf]f_}' the_design, agg de-
vcmpmw the _p«em.n.nel Subsystem uecebsary for im-
pIemenm-.:an mmql;nanu,‘md_,epemuon of these com-
plex systems are rcqmrcd This ¢an no longer be an evolu-
tionary Jevelopment process. It tnust be planned and de-
signed ay the physical subsvstemn(s) is.
p Fig. 23 schematieally represents the man-machine sys-
tem development cyele. delwerrmondeervietmmiles chapment
PR NPRTE | S EETHE ST PR PO I ST P Y e PR wE syt |
coimFTE Tt et o rs e tond M m it ez ent ol
apetations s hiretionrto-memrsmd —rrrehmmes.  Rooaacahis
s et rpe pac byt R e B L e 1L i d ey biina ~priseedon
caallel entirisis-tidaveln oo b tomitepoint-nrwhicir the
campaled-eomportnty are aysemiyed forestmg andrram-
iRg Al spbibutiobi-for-operntion. Aklesrbanl afofied in
K nld e bhiae pl rebwlevefopinani ol A Be 403 G Froe jup—sub-
PR IO e R Y Asgi i ind mirt—ddov eiaD-
weont. One of the primary values to be gained from such 2
man-marhine systems development apodeak baain the re-
et i el 14 (0 11 EwTTTEE P Lo it Lo il 28 2] st intid - L8
taoso by sems st eock noint o thimdovelopment wycle.
In addition to assuming that all required components zre
available at a specified end point, the continuing incer-
actions contnibuels jmin m:u-.c],. te preventing the uccd for
costly and (ime-consuming retrofiltings of rampanents snd
maior system maodifications. To accompiish this, however,
implies the development of an ability to communicate &f-
fectively and interrelate on (he part of representatives of
diverse disciplines. Compramiscs and trade-oifs will be
required. Uliimate optimization of each subsystem will
undoubtediy not be possible, Lot total system optinuization
and effectiveness will be more closely approximaced.
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Whatever the end produet of an inlegrated plant or com-
pany contro| system turns out to be, it is almoeal certain to
require ditferent approaches to the organizatisn, monage-
ment, development, and maintenance of the human com-
PONENts. VWit ey prnt Mo it g bl T
fanm il e | o rermeed -Frrrs e mtermnban-
praaibedotha buman | component. develypuoeeesloug
vttt vien oy nier-developdrens - mure beginowsif
Potmibarbitwinict i e Lt i levels-ofimtegrated-controfin
Unimbsmes 112t v mieme-fu Lare,

V. ConcLusiong

In this survey we have discussed some of the economie,
technological, and human aspects of systems engineering.
We see systems engineering as the lechnique through which
the electric technology, exemplified by the digital com-
puter, is belng applied to our industry.

Saeveral major trends that charactenze the evolution of
zyatems engineering technology in our industry have been
identified:

1) Tlomiriini bbbl abrpidet et b o ttadein-
tefEatinnumt e pracess. SOOI 2o ducton. santiland
maEkgenuit evutiol funciions, R

2] Madeling-bmbuiiniesabe playing-an-ineressingliy im-
portand solaand shoull laud-tothe desizr efopiimumesys-
tema-thivugh-ihe integration of-the desigmrof-the process
nod-afte-tontrolgrtem.

3} Tlmimpartame—of-human-fartoms eannot " HEovar-
ampbrzized. Queandrrrtsnding o thade fotoreisnme of
thumioneslemen s nomrbiy - e most--importan- 0ne,
conireting=the-rate of implemeéntationr of modern-tech-
polegy-rrinduairy.

As engineers, we find ourselves increasinglv moving in a
position to influenee directly socis]l and humen patterns.
The nuture of our work must change as our essentisl
responsibility becames one of education of the public in
modern technology.
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Lhe-place-of-digital-backup-in-the
direet-digital-controt-system
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Foabarp, Massachusells
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lowing will deseribe single ivop control, several ad-
vanced control cencepls and centrol of semicontinu-

a8 L
l/’ﬂ Thenkepetom hempyceess—of~direct-digitabcontret-on  ous pracesses, as an inroduction to digital computer

. Wegumindusirialeprocesseslion—im-ts-flexibility—in  application and backup.
implementing-everyday. process- conleol. problems-as -
wall-aradvenced comtroFa-toweroveralbayaierroost, el Tro |
Control concepts for continuous processes use the

compuling, monitoring, informaticn storage and ° Sonplessingiceloopfeedbavi-controb-isvthe - most
analytical ability of the direct digital control com-  Swmmon-ooniral-found-in-the- process-indusiries.~1t
puter. In the batch or discontinuous process the com-  W=wked-fer<oniroliing-flows-level; temperaturer pres-
puter's logic capability is emphasized. To perform — ®e~and-muny-other-yarizbles. Botkemmewmutimad
batching operations, a comprehensive logic system — CloFeRiomdevidicaromeyiilablo-which-muvide-this

i$ necessary. Jmplementation of such a syslem using typaeadf-contsol,

digital techniques provides many advantages over Basically, these contmoilers compare the mneasure-
implementation using analog equipment with suxiliary Mt of a vanzble with its desired valee or sel point.
digital logic circuits, [f the two values are not equal, the contraller adiusis
To fully appreciate these advantages. the reader . 2 control value lo minimize the difference (Figure ).
must have a basie undersianding of continuous control In action, the controller is an analop Cemputer
systems as well as the batch type systems. The fol- ~ which calenlates a one, two or three temm expression,
Jﬁ-ﬂ Lt e wut [T ]
=m0 | 00
—rear AL DG DOWTROLER
i L
l [ T | . 1
e iy nad =T ol T
Ty TTY & [ T ]
L L1 LR i F
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mmlajeah] e m [ 'u’iKlt1'Fﬂ2r.d1+h3 it [re— . b BCALT aCFatm e, | B
1 L Lis MAaTial ACTavs fatg ) Chaf™gy al
j| : e rEME
' e e -

Figure 1 =Typical singls vaniablz [2edback soniro! loos
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Figure 2 Advance control (echoigues applied m &
heat exghanger

depending on the type of control action required by
the process. The=threowtcrmyradsfinssproponrtional,
resetand-derivetivecontiolaaian. Dunng process
start-up, cocfficients of the three t=rms 2re manually
set on the controller to provide the best response
under normal operating conditions. lixiperating-eoen-
il mvagashi mge aiéallion proce 55,0 peii-Chang ewt e
sl -paini=Tadicallywibe.coeBicient s-are~-no Iurng:r at
oplimunryalues.

ddvirscl conisdl-conrepts

denthe-copiiolpachlem beconpes morecomplicated,
single-todp.fesdback conttolds-nadongersutficient.
Figure Z-jllustrales-Lres typey of advanpeed control:
inferential, feediorward and cwsoade,

Lemttueni nfere nabeoni ol relativsa bip v ewlculated
Tz it Aeh e Dhem Do §EAD e T UG ETH S~ Wi C et e-tryed
Lwcnnst rorks thomdesiTend -bul - umintusurable-vanable~n
Fizure-drihe~Blurcumpuler perivrmi-a~caicuiation
pescme e e aliTore new et wee narhe-ou e -andealet
HomipeTHlurus-bos it heut-exchenper (T2..7T1) awd
thowflrw*p=t=af progess Nuid throvgh the heat ex-
changer. Thismcaiclilabone wsmeasttre - ol the~eat
traswbeered - loe-Uhc- process. QUid w deierminessahe de-
moad-0f- hoteoree it 1uid - teeded, LTl a GoCess
fluid essapur remperature T4

Analog computing devices perform the necessary
ralculatiops wnid conprol can be executed with con-
ventional analow cuntrol devizes, Additional calcula-
lions may be necessary befote some variaoles are
combined. For examgpla, the diffsreniial pressure

signal provided by the commonly used orifiee plaw
is proportional to the square of the flow! A comnputing
element is therefore pecessary to exiract the square
raot of the dilferential pressure signai.

Ecigaut grwdeisliorm iimtmicavfudn}pma:d contil. il
galanbtonof heartransfer | Blu) rale.ds.t Tod forward ™
[Raadjusther Dowwor Jeating sar-€ooling - fluid -and
chanmge-{emperatureT3~Thisfeedforward calculaian
ankerpatex-disturbancesin both inles temperature T

" and-prodesy-fow-Bl, Tapiuvidesmmpesmtitableaonirol

bty time=feodorwarl. signal -anticipates Lhe change
inahiedat-input.required. Thewmagnitude.of-the. [ced-
fonward - gotione-m-~msusilv— determingd - by - experi-
imepkatione wnd-may have- o be adjusied periodicaily,
sinosthe hes-tramtber . charackeriseica ol (e beat ex-
chaages change-with age.

Asthirdczonirel technique ithusirated: by Figure-2 is
cascaderomrol = rechmique where ong controiler
adjustsahs-sei poini of unother controfler=The outpul
obciemperaiure - conruller-& e is fed- (crsended - 10
{heaet-point-of- te mperature- contrelter- £2 through a
muHiplying-devige M. Hemre-cirmomr—ir—proesss
l"‘..c;hhumpmmng-cmw:Tlua:Tcmhuner-pum-o?
copirplbar Cdzeo-chmmate mamreimeout e termpefa-
wse.

Timm#-h!wdhmwgdm}ﬂrsurpikd
SOOI e PRUCTEITe ¥ ST o pe TR ey ey
CHTIV Pt vt Tt HTH e kT k- PEOC i s a - PO
dislureanees. Theverorsesiivsimem o6 the pioiimes
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b L VAEASTAL LTH A B Ei

tindoetmerse e e d " HIc T o rsecof vt hoveaxdjus: -
e Clivvot bl boswery-immited. Many high production
petrochemical pipcesses are in the conlinuous process
CALELOLY,

Coniral of semicontinuous processes

PR LY )

e

Ergiurgnisproacota-a proceas. couzol=problenmatiire
sbeadyropcrating conditions arenot -maintained. s
Lo P PO S T N et =G ON L s v 3 e rm—=Rhrieh
Oh B e S OPE LN wie i LT A COrti M=t 0w pre -
plannedwevent/lime=achedule. Brrch=sr=—temicon.
[ UL P FOCES B E =T qUire=CcontroHed-teqtercme be-
CMSE ] VANGULSGUIDMEwE M beanmicd amistonped
freguently, progurcrrequirerEnty rhanpe—fireqeently
andedpelading porametess change, [t should be noted
thal Mok ir-or-continiicuy-mecerses still use
feedenck-control, but with. prograsae fechanpes of
contpoléekpoink.

Figure 3 illustrates a simple chemical reactor.
Ingredients are added sequentially and lemperzture
is maintained according o various preset programs
to provide the chemical reacuons necessary [or
various products. Tl resclivewiil ol vesscl-can
WALTOR €nadolhe rmi o e xotherane durime the: pro-
ducine-gyale. Hoovn ivarder o hold & sel lempera-
diigza Lty CORITOE S valein Nlaysbe. regubed -1oe switch
friin henting TRE- TERCTOT 40 COXM INE - 1w ve fil b e+
aClsOn LTTLF T0 pENCTRIC 1IN O - freal ‘

[n- thvemdy piciba b miCal —ro et or=orey x sty
BT e aabee AN L PO A L b e 5 ot o T S B P LT
exch.pew poerdemt, For instance, there may be changer
in speeilled ingredient mix and heaiing and cooling

H
® mpry TorTrant Mo b poiety el s omod Fob
WLLrEl il
W T ke ) fels plhom weof vk

H sl Orod Ol inTh bfm (ATCHOE] ol TRRY I
e o

lemperaures and iemperature rates of chzene. P=o-
i i3 4Ol e I O (A O ik P b tir O PEUTIE= T PE
cassbeie coniraltham the feodheck ~lvedforvand ek
malll vl o Ot ol proviout bye-gescrbod. Ll
CHM Ptk MBS Programmed S L quonsing o i,
lacludiag equipmenbatarting and alopping.

[n Figure 3, the cosdiod e reaction tempersin ool
ircbesicallvasaicodbackscontmol-problem. However,
the prablemas comphicated, sineeTlumustakanoy at

e DTRDCE: Hids, SOMELey i 2o e fashion and

oihepdimessabbcomirdiodrate. Also, the scousnce
of events must be readily changed, depending on Lhe
intended product. .
Combinations of special purpose digital and analo
contrel equipment have beon built which satisi'y e
dermands of the discontinuous process. However,
the programming of this equipment is relotively in-
flexibie and the control cannot be well-tuned because

. of the eyelic nature of batch processes. Many of thess

systems are not used at full operaling speed, since
. Y
the conlrol censtants are a compromise. /"~

)

Dot e o P mbip ctoiiad e B ALl 1§ PO P
wdustrigl=procerycontrul- le b~ duc-ir thsic-anbity
bkanil e v PEGETAME + et Gl ~ slmple rard ceomphex
b sukarclatiouslips, campurievnriabies WhICR e
Tdhadien i}y measncnble, mmuomm o L g eds agml taaa
AnSnw-BCCOTEIing fu & proplanned sehecnls, Theadigial
T TR b v ik ki b ERial, (18 diiddii ey 5
7 PP S8 L R T T bty i et i tvse] L ot g =2 et T3
agdogns b geesslloonrnl sysies Whchinges o promess-
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.2y o
The philosophy at DDC - . J

Vididad it (e et the gt T tomprer— e _l
theprovess-eomrokfiehd-it: became ovident-that.redn- ri*
Likowaditthe - Was” known about- s processeemisiost o~

S YTINR 06 b Rinetbtid ety P T e =prrysrctrore-da -
mamds. Botairwmotst hreversatiitysd notacompoters
acma bt W rch el v it O 15 e L 0 i L i D -
G Sl i e st Lt i b oo plats. Many

of the installations use direct digital conirol techniques
on all or some of the control probtems. '
Table dcomparesstwomysiemsreacixusing~dwest
digitalecomirol EXCSively. Ml k GmanCUne MUOU S
BLCEEs ol D LCaliniy iN an-odl reti nery-fras -3 Janatog
msas grementiol which -2 75w Ltednwteon-
trgbaealculations, the other inpoTeRre tOr pevformance
TG L CARAE e i 2 9 Y5 L2 i1 = e TATION FRTtaby SIS, Sathe
O FO s O e aaed > forsd et comiral
ohagimipie -Joops: | heasremmming=4 Sonre=tvodsirmds
EANSetuConlro], Threte [t ppaoituie yeenrec hird
bt 5 ad i pu by r A noctaied «wi | =conteel ~arowused
el lemnenemuliivanablorand radvanced=g¢onire|

techuicpomes.

Table [ —Comparnison of comPuler Lyilem Lnpullogiput
between conlinuous and batch process coatrol

v et B (44 Sa1n phocys
161K, tnl 05 TRPUTS " T
el (WL 1 Eoete, :
L (1]} m
EomEH L89H
L : ™ m
kAt " "
FREN Foduidy T »
Ol el KT s an (:?:: )k
PEIR MlhE [t m T

Table f=atse shows the inputfoutput distribution
for a Imee-barchmeomrel-tmtaliirerourrently being
implemented by a digital computer system. sracwm-
PRt b b o TR TN TGS R ey re-
W] e i 11 LT 3 Lo P A S HA ¢ DOTAR L P it -
Eentsandonroff vonrod outpury. | saciler dgesemor ee
garnd e Theh 1o b <5 Yo me Mdsod-wiucnoss oe=atad us ool
MR qUIPTeT=ano-ronditions. AlsD, Quseade-
LT LI L ERTTEL TN YT ST P Wy Mot hyombrel G o -
LD s dat PG HH 1 WO DT MUTHEZMOTI™NCE G T~ | frv=in -
opense, Increased noembee of push buttons, signal
lights and the increused size of digital Jdisplays re-
quire more digital inputs and oulputs.

It is Wl g ol fi- Pive-d oo faoireonirshat -
(AP LARESTENNCNICA WY LRP T TSR S BYR T T
Sedb—tn-the rbarchrystem. Thew-stoaron occurein
2 Db g g ey e o i et L ot T D 24 T 00T
Gl Bttt 1 ten trot oF adille renl = oom ro o menils
aolewith s ifFerent eromr ek bionmthing . deneraegoon
L S AL s 03 bW LW TPV SOG4t OV NG
olecaiptaent.

processer-rould notbe~adequmelyrepresenied -by ~
trathematical models~whici~wouid-permit-impioved
provessTontrol,

ERilywea LTERHD Ul PPl y 1 02 o Ui igiinl <canipuler
el ped - supervitory control - a-ahich-the . com-
puter-ndjusted -the-sets poind - of - uh-anaog -controlier.
T i eyl btk )it ipisto e oM POl [eTe retai e d=the
lasbmcrriter conrebaretmari-the-compi e r- faved.
OIN oL PrCeYs £5, Thie soralin] e ks uite sagis-
factory; in 1acl, oncamUices yaicii, waedfacyallig salis-
factocily, Hemadosltthedifferencemmhither the.com-
puter wus thero-ornor Thc-opem omeouki:stiil mdyest
SurRF kit 015, Amadismtliche e Niwoe homeria] bt ronesg
chr This made the prowcess
GpCiaiars=happy, bul in many instances the prcows
sngineersand planTsopervisorsweresnol. There was
no guarantee that the operators would achicve 1he
optimum control settings for the plant.

What mdiarionzienchmntares-lidvboscompoterpro-
ande? IF so desired, thawcomparierscoutdtmaks fsed-
foretrd, esscale and infzreniiabecaicelationxawnich
VPO TR FZERE T O T PO S B T T W TP S GO T U+ 0T
ot L e s ETH 05, Eeuntraicarconsitamis
T il ) el Dbt Jithemiviala nc e, Ehroughporrsreeentory,
el mmitildtwmdeveloped. [ a sense, wmsocomemic
Tadd b ineiiat o fusded wwmsepossibile, whertas a-rroceed
MRl eletiaias il wdifliccltator 5T hievemteros troke f
Puaewwmknowdedge. In addition, the on-line process
computer performed other useful work ta aid opera-
tors, plant supervisors and process engineers: see
Takle 11

Table 11 =50me nona-cndical functions of an oa-line
Pricess comprier

LO6 OPERATING DATA IN ENGUHEERIME UMITS

CaLCuLalE BHD DISPLAY OPERATOR GUIRES .

FHTEGAATION OF WATERIAL FLOW

REPCAT OM PROCESS ATATISTICS - MATERIAL YSEQ

FUEL USAGE, THROUGHPUT, ETE.

& CALCULATE amd OI5PLAY CA RECGRD UNHEASUALABLE
VARLARBLES 5UC+ &5 21U RATE, w&5% Flfw

# MONITDR RHD ALAAM PROCESS LIMITS

& RECORD PROCESS EYEMTS GURIMG WHUSUAL DISTURBAHLERS

& HIHITOR AND RECORG CHARSES IM SET POINTS, ALLZRM
LEMiTS, ETC. matE &7 THE CPERZTLR

& PROVIDE 0N RLDAND DPERATOR ISFCRAATHON SUCH 2%

TREHD RECDHD!Hu. YLERA STATUS ALPORT,
LODA SET POINT ANJ FAALMETER GaTi
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T G P L ottt L et o4t L et et O 1
1 Fb T st 7 L Fritkd PR ot et T P b 0T
PP i TV OTTTRN = PTUCE ST A A e T Mo TN
B il e A et L' 11 was reasoned thal
DD would reduce the cost of a process comiro! com-
puter by eliminating the cost of the individual feed-
back conlrollers. Since the controller merely per-
forms a calculation, why couldn’t the computer per-
form the calculation? Several experimental ventures
showed that the DDC concepl was physically pos-
sible.™ The feedback control luw was calgulated
within a general purpose computer and the resulting
signal culputted direculy 1o the control valve,

Atafiratieitapre ared -thatdh e trade-off e pweenin-
dicilvablooprcomtroliery and- a direci-dignai-eantral
(DD5) compuler was m the area aof 200 loops-There
was=—a~hookerhoweversThis' trade-off did- nor- -
cluderany- provisionsin>case- the"computer- sysiem
failed~Fur-muost-installations this meant vsing analog
sontrliers-to-back-up-the - DD compuler-on-cach
laop considered critical,

The ST trored—or i e
ot puiomfried, ©achneviderm—.troid orermmrrere-rst
dikscital-pomirerentcrr ot doprbrrmylorcomirol.
Crsigab—tooprevere—bucked ~recmr-anmlosoontmal ke r
wihi it bt— e rah e orapul e f il
wir, Cormmaebrratve §TOT e 0T ror= M b pdrewier &
“lockedein® at bt L v bbb e OpeTal ool d
[ ET-VIEH TPV ETRFETZIERY, SR DN T LT TR PR ETA RS W) 1))
heeorig-Tem e POt e proce s nemIUrE-

el

Figuire 4 shows two toops from alarge system. The
MEISUrEMEnt Mywefedxtowthesmanoal-comtrobopans ],
eNadalind hicamipaF ut o pr tosaiinaiul by Op¢ Lale o brerale |,
Wit Pty tmi e, B ke omtoaluining
il C Rl ot okt s pocmevigs Frirmornmama borpe-céin-
Rallc fainhaahit prt i s romen - ivi prim-tey e (-
L cheCunr b eDem et rotRotbeR Uit |y Dot et pe T -
s, .

With the evolutiopary history of digital process
computer equipmenl, it 5 impessible (o more than
cslimile gesn-dimesbetavenriattored (MTBEF). For
the smaller digial computers, including inputfuutput
equipment, that have besn applied 1o the procass
control problems, caleulated MTBF has ranged (rom
1000 1o 2000 hours. Advances in circuil dzsign indi-
cale that weliabiliveavilbeincrmase, but reliability sta-
tistics on integrated circuits are not yel availuble,
However, sahagidltitmalol lntameegoe oy sy el
OhibindagertT rrrvms e e EPETS T AL oo I L L Py
e i | e grevemsiyer perfoctaan wwill someimeertm e
"Bheanlirerm GonLEO . 365 UL Y MUshed Wiy don bormeswn -
sidened romoayeeprommsseinstal latiopacontamplsting=a
chigtibidrcam s ar,

For continmmeprocesses, (nwebrmremtesy Than 30
toops, itelpposmmt himt bt g b COTRULE S WillY SEI
ORI log - contralbn FS O DT g aaiugdias i p
Anilaaidicrpaesid iwenmncritical d00 2t rurkesthe
mensanse. However, the user must be fully aware
That losumHeprieowr puecino i a ndaproce ssesoni ol
opsnization, as well as the functions listed in Table
[, ifbiomcompeter=fiils. Perhaps most important,
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any adesreekcomrol that was dependent upon the

camputer, such as Coedismsnry, eemoncdymand=milti-

2 i oL P, i kbt A 3 G GO A b L A T
ek fom bk i o W e G QAT el o A A B L 5

U’P bulssvheremosiiiol 6 Que nCiRg-e-tmperative, Lha=uee

O stttierri peidd € el b 32 0 ] e b bttt TV T ETLL.
The coampule ieprioniden sedguencime-und-topwransiysis
e t=havor-bal i up, if procemesporationis L0
beasmreed, The proaceuwcomraiprienrrmorsoicd
by skeeping albrcontrod-sct SR gaes Al KInar ydi oo -
putemsysienttailure. In archamicarenciomslon in-
E1ANCE L Pkl 8 Al L T O iR LS b uding can
“run.awey,” if 1he procest—sef=romnen-not changed
2t iinteprepos time.

ooty bl Dh(n o omputeryEre nt .

Frepre=begi hus rravessreerrr ot £ BGe-compuler
systerm—whichrnoromiy=provides-cvompater—backan
bbb byere ey’ the-miymevs rared=atm lop~-amd=xigrms
inpufH puEegUipmetwhichrconmec - thescomputer
gl ==y rion e s A oTETIC AT ot ol o lerrea ts,
I agetrrecr-opniF imeriooprontroby=aeewell 23
all sequence~ronmel action.

In addition, 1hise )il G Cotesontreeerr=perform
thawsanconlioi Aimctione=¥ocitarthese~hsted=n
Tabje=[. 11 therefore  puarse beeemrrsesomesnmmy e
£ VE Siowch Earnl it O PILET mat i fe 0wl danLi | v 3 Mt s i)
equipman kebould. fail, Nole that Hako pesbebeelime-
shargdPqiaipirme s [sds, pmcmwferred
to the toolup suhasgiom.

Tabicall bushiyyansnme interestingeit s (EEF daa®
which compare the availability of a single computer
system wilh a parallel computer system. The table
assumes that the MPOT aluet opbim ouTip beFarya e 1]
i tit e Ot h LM st cvegn b ys e antuthe
posaileircompriemeystem. Experience has shown
that repair time for varicus failures, with on-site
maintenance perscnnel, averages berween 5 and £
hours, depending upon the skill of the maintenance
personnel, the availability of spare equipment, ete.
With the parallel system, it appegars that Lhe avorage
repair time can be maintained under 5 hours, sinee
the sysiem incorporates elzborate programs for self-
diagnosis to ensure proper transfer to lhe backup

Table 11— Availability —single fomputer v doal
Coumpuler pysiem
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systermn. The failed computer subsysiem is available
for self-checking while the backup subsystem main-
tains process control.

Sl Dbt Vi d Y it el ot W W T S byt LT HEA TV S
5 Gl Yitar=pirin ¥ =Pttt 0]yl ot b 38 Gl LUCOR PG],
Dartel re=ryatome sccuntypetischiiel - ombaic = nian-
stop=operations. A paraliel contro! processor using
direct digital control 1techniques takes full advantage
of 1he digilal computer's process control capability
withoul reservalion and compronuse. It can includa
advanced control technigues, such as self-tuning or
adaptive control which cannul ke obtained with sgl
noint control. The parlict compuler processing sys-
tem may provide these features and, in addition, may
offer cost advantages over a conventional analog con-
trol system for the Jargs continuous process.

Fomtherinlinnous process in Table ithecomputer
caalrine—theeyuivalentof=2T7 I analdFTimre s
Iwplementalion ofa-sYste rmrof- thivaize=withe b3 E
apdearralog backop could'éxcrod the cost of implemens
wtiorrwith the'narallel orredundant computer scheme.

Inpuriowtput equipmient

Figures 4 and 5 show thut tn DG, as in all control
syslems, measuring elements und final controt ae-
vices are still g¢ssential. Each measurement is In-
dividually conditionzd before being fed 1o the mulij-
plexer of the compuier inputfoulput systam. Failore
of any input or culput therefare is similar to Lailure
of a single controller and will not disable other loops.
Thawaystartathould - hasdesignede socthaefularee of
afiaCircuit element will norcmsethe DS SOF RYYFCOM-
manwpowensupplies, Also, [fntascuolnie powet luilere,
thasemsnesstaberbalicrpabee Kipror-rrcdundanispower
skl y.

(o rer=cwotions"m TS T BB Servedminstherdeeign of
thepuaralle hayslen interfave~cquipment:

Thows yalem-must - be-skdes lond ent [uzambrdiagivase
bt it =08 kvt ared Lippot puipet: sauipmeant
wiithout=dismpting-control, Fhe-norina Combng-2e -
pridpesmd-the backupresyitom- shoaldvboth-contmn
seueralaitpuls sand-outpetsawnich - cane-basused - inr
angmude, wncline (rsund, ol O operatiom=regnrd-
len s aiiy e bich aubdyaten v controlling ' the ' process,
Saspsat i e vl €% in NPUT AT S CUNNCCTE- O TET O ERCE
signalsothsgs-are «cannecied -beroniptes r3ignals,
closiags et d st boopa thrguglh dacl wubaystem.

All failed devices must be easily removed For re-
olacement. Any disruption of nermal functions dur-
ing repair should be limied to Lhe {ew inputs or vul-
outs which share the same printed circuwit a» Lthe failed
element.

Thererry-shonid o thagmm e progremewhich
] O T i S el b 7l B 1o Pl - m AT LA 00

Vi - st £ il

34

Gutpldekices, for vedewrsposimonmgeoes on-ofT
comtroloaetiihet tquintspaescete {0 mainlain theit status
ansllopouipubeignal, shoukblavsasizasteedteminnie
hallemwbacinrp syslem, in case of system AC pcwcr
toss.

The Whﬁhﬂmﬂﬂﬂ
shasie et bt RON =1t et rrpE Ry G Pl terabon 1o
g A Dk 2l matcn] iy gwrite reto=d irimiv it kup.
While opermron v inethe backusomode, the feiled-con-
tseblogicamunivberaiociricallyxolated-snd nhibited
freme-opzmlingrinput and outpureantrobdevices. Re-
pair can then proceed with no fear of accidental inler.
ference wilth process control.

In normuleoperation, Witheine comurak=computer
tamcammand, the buckupmsystem=mustceatinually
Ghaciitsnpuljoutpit -gporatiomste-ensurotharbac k-
upmitcavaiohle,

The inhibit logic must be fail-safe so that its failure
will rot disturb the syslem in control. 1t must be
tested sutomatically to ensure that transfer to backup
can lake place if a transfer is commanded by a failure
detection. Il inhibit logic will not transfer the other
computer automaticatly, the system should annunei-
ate that fagt and provide an independen! manual
overnide which forces transfer of the control of the
inpuifsuipo! equipmant to the other conpulér.

rom

Orher system design requirements .

The 5yshormmrnoiiieetih v O HEP=HOeCTMNULET
cammunicaton-ink which coulsuall ymupdates=ihe

itk R progras dali, andetial im0t - periodicatied

Crmcedunsis. T Rowmbad Kinmco mpatler- hessrecepve oy -
namio=eOperating=—condititn s =within~=r-=short--tme
pered (in the order of seconds far a baich process).

Aevproprenrehanzeredosomlineswinicth=Tun-
St A L2 5 i a2 Pl YT 4 T £ 80 T e L P TLE -
ferred Ao the bak uprcontrob coun poles mi b e same
time Thisetpduimpemprermnciode-opermor-lunge s
L BB L b L R g H—ua--uny-m-h:\&-pmgt am
chagges.

A=y Hememitt T T re et e botiecempuicr
Skl Aetretati e sromy-formsias ard—programs
thabmavenomieguited. Bulh=fre s poomabeo-colain
RLESPIE MDD DRTUMS 1O SN yecrnstrme HDew! o
batcheprogram, diognosticepiodrane. bocfalt detec.
ti Ogarmised=prrrprR Tt erance. Sophisticaled
man-muchine communication programs, whick in
volve lengthy messagze storage, can also be included.

IR e WP FTEY FOT st OTn POt e T~ RCTF I P L O T
communications hnk shoubduizstsiorbae-faiivre, an-
Muadie the-fitHurrcaned =tomruhd ~ tHe=diTheove)
M. the fockopesystem. A prograt system permits
updating and en-line diagnostics while time-sharing
Lthe real.pime programs in bulk memory.
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{Eugmii&pbpgrunhmial-inqap#dﬂﬁi-m.rmmj
sabepmaem. Anolher procedure and program i3 re-
guired to transfer olf opermting programs from the
backup subsystem buck 1o the repaired computer,
without interfering with process control. ‘

- Wha et b backup— p ke mrta=not-emeontml ~H-i6
anailablo=iurprogre i tormpitimprde bt rmeammepTo b
'|ﬂ‘ﬁ-=!'i'ﬂ‘ll.l-|ﬁ!irﬂnrﬂsinﬂﬂh‘ﬂ'iﬂlhinrnﬂﬂ-nﬂdﬂluipulml—ll
raksbs & rformemis s nosd e sl e TEst mnmape §aliod
Saoorr ocIST v rakoove s ir=pece sy, When backup
computer takes aver pricess control, these programs
are discontinued.

CONCLUSION

By using DD wilh complete input/output control
and computer backup, Lhe purulhw:\-
O b0 pei 1L - unedELricled sapphicarioniol o
pisiet soomrobaiechniques. 1 Llakes full ad-:fa_nlage of
the logic and compuuativnat ability of thcldzglmi com-
puter, whereay a compuler system which depends
onr analog sel point coniry or analeg backup cannot.

Recent Developments™in Automation )

The paralle! coniral compuler syslem pl:ngmm stor-
age sbiliiy, topether with backlup of lur;::_ ca:mt:'ul.
program sequence and formulalion, makes it ideally
suited for complex batch or stzrt-up and shutdown

lications. .
3P50mp!cx continuous conlral systems wu_:ruld ulso
benefit with this control system. Buoilt with state-
of-the-arl electronics, the system should chﬂilf:ng::
the economics of computer s6t puin} controd and single
computer direet digitzl contral with znalog backup.
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Over s decade has Fasaed Since process compulers wers

first applied 16 canirol parts of the cement mEgufaciering procegs
The path from there to the Presznt huk succeSses —end Failures —
2long its way, Over 30 cemenl Flunts have installed such CoOmnpUiers
g partal their effuriaia keep proms marging frem shrinking. Progress
in using these process conirel leclimigues has Leen largely evola-
tlonary. Certsin factare v pew be [dentifed moeore cerlainly ag
essential ingredients for spgesg Annng these sie e Tullow jng,
1t »"Peaple factars” of the ceaent manufacturer stand as first jq
F1'I|J'EU'HH7IIH¥- These include Niahagenignt supporl, PIOCLES 'i;naw-hgw'
training and supervision of dpciwiors, and an ipner confidenie and
delermination that “'we can niake it wark, ™ ) Well-done inverfage
Iobe of adapling control reom design nnd operators to cach alher,
Avigmation conpanents wilh the process and its yuachinery, apd
Ftant design 1o b1 autamalic conng) lundameniaiz. 3)Designing the
frotess o really be contrellable, 1) Control hardware and soltw are
which fil the nature of this indusiry, Each of the forepoing factors ic
erpanded with emphasiv on how recent developmients of belper
uhersianding, contro! functions, hardware, sefiware, and gf

Process and plant design are merging 1o help thape the future of
aurpmaltion io the cement imlugiry,

]'.'I.[Jﬂ TE M-I, arperwed I'."' e £ e fladuhn’_\' Crnsingil ] pgs
ul e TR 16 A Cinamiye Fr pneaendpdiog at ag BT Thir e,
At TEFLD e {ETTY NTEN TR O Ty Canl e, Syl
LY RSN FES N Mo g ey v e 1L L7

LI e sl 1L ILL Flon Moy g withe b Alavad:o i g ang
Prrosce s AHas catingg THopelme Pawieiv, Clenneral
Wt Lt e dagtig4

Foar K b - winle bl iy Sades o Foingitnuming ey
|]UI|, ool heng f'l-lﬂji:ll:j', *y Lq-:u.'l'lntl_\.'_ NovyoEnn
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- RTCH, skt weype, e
¥

| NTHRODULCT g,

VER 10 yvenrs lave clpsed =inee dieital [roeess con-

Dol connpuiters were first ingrobuecd 1o th vt

natfieruring industey (of refo rere shoOver 30 e T

installed g s will be. Sone lave aehivved sigeas,
Rene hiyve i, Somme e moderntelv seversful,

Pruring thix preriad seversl disth ot vemls heve vriered,
St here = e renlizatinm 1 hat 1he cosen | ingredients
{fur mueeeraful jroeers o Tl stetems, o shown iy Ttk 1.
als iy (o the evmen ilusiry. Thew ingredients were
heriveal from o study of diverse process imdust i v ek
hiut need process coniml COlAT T sy steis, 4 fupdeer
trend is inereasing evidenee 1hat cerumie bl vlite uf the
more sueeessful systems in cement plaas wead w be at
ot il 1o those shown in “Table 11.

Some additional el are 1 e folown g,

1} luivensed s vness— el sdjusting 1o e g liens
tong—=of the cssential Snmrtacee of wdeguede Cpenple
Taeturs™ ta aperate g ~upprt ~ueh, AV aleny,

23 The spreiling vse of direer tigital eoning 710 e
G ol The antomatiog SURLCHY 0 e st 10 L ilbves
Mg =t rvisry et haals of vl comazul wnly,

) TPhedlovelopnent of wlequite inne foee TR TS|
Bodwitie to ndapat the nntonga o EXETCI o s e
a1 the peaple nsing 1he eontml Ryefeht,
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* Frgures meed il e,

e it s g aasiien oen b TTHITY v e palier
Qestzn g amtoamatie prevess et pciples provide o
braac i Frar tea Ko ~igna il S0 inenid s i ity aspiecis
of Pt 1[Lrigll. Do monne e the Lol |'|!:H|I Tnvestnie-nt
Teipaired s ['.'Lt‘ni'.'lhl}' affecteld.

a1 The Jarge weeease vl fotied utantic eontial e
tlans befpny peerfornod whnere nogor coosideron ol el
aurciatie ool b twdoen i dheaigo wod cquevaion of o
Setend prhionts Ta= Tas e esmclally =0 for e pliaot s
desirmed by Frupewne .

i) Tl inerewse of availability of antometic e
cutilinl s leins When thes segor coanpouents of the ay-tenn

- 35 .

(]

are =hpplivd with needed e er By wn bbaned “elean® rde-
theagh pos er aupply.

71 The reecot developient of sanall sr minicompigter
withe sedegpuabe sugyuor ting iote e Iodware el Fuft .,
s '|HH.'|.II'1||;: cennande  adnng e l'HII.II'UT l]f‘:sm;l'llrr
sepments of the provess thar wos practical hitherty, fo
L‘m'{:t, RN TR T L T TR Tievoatiars oot taolleel hj' iT-‘i TR T
Selelieated” computers Ul snedl esnngrner provides the
possibility of ecunomically wldiog anromatic contg] o
selocted ports of muny esiating os well s vew plants This
i especially true w here plant design and opertlng realitics
favor u stretehed vaf atep=hv-step apygroaels witly o mini-
muett of Witeruction bebween vach oew step aud those al-
restly taken.

Prnrey Facrows

“Prople Bgtors” nee the inajm key o aclieving sueevss-
Mui praliiable qutomatic procees contral. Even ~ome slowor
tirst-generalion process canlrol compurers are iU carnngg
their way wheo adegoate peopte factnrs live been erecred
amd wadntaived in plage over the years. The FBaster and more
powerbul thinde ad Tourth-generation computess do not
Licing suecess where adegquate supnorting peoge factors are
ot designed asd makntoned o ploce. What are st wf
the=e peeple fuctors which e be cucsidered vitwd o

AECLr !

A Faroalle Eoelranneent for Central Conteod Operators:
This Evoralale envircnment whicel s crended nuetly o)
plant management melwles the Bellewing. 1) There shaoulo
b nies slzumie goay o thrant to e scewiry of, Elee operagor-
if the awtomatic systenn conteds the provess better overall
thau tha vperators dos 23 The ee alwoedd B wdesive on Lhe
pat of vxeh control opeealor wal their supervi-ots in that
they waat the contiol aystent te suceced, they bediere ehey
can help wake it sueceod, vl thaey fuke the necessary »teps
i tuake 1t sucveml, Finally, this pesults in the realizition
that making the system wark well i eeally o contribution
14 his eompany s profituhibiey, heoee 1o beiter job ey,
A3 There shouh! be written and readily available operadinge:
riles. Tu ke effeetive these must be simple. clusely fit rhe
sl sitabing, aml then b enforced T2y, Vet sweans
mni=L be reladpe] fov uc[:upllil'g aind placing e clfeet valid
sugne-tioes for fpravaments cominge !'n:m ujemEtinE
Pl

Trainiwy Supplemeonted by Hogefur Refoesher Couses:
Laiae;onee atul miscuncepliobs alel siloination e o
el souree ol agprrehes sion abowt suunkE gy wa fhe
part ol opergors and their supervisors, This Brorgaeee G-
uften well disguisel, Wellsderigoeml trainieg il rofocsher
guarses, eepeeially taibued o the aeeds awl capalbilitios
of tleese peesonned, provide s taetind v etfeetive way g
whi-qek sifTicient ignoraeee abow Aozt = 1l ol
[ b b nehivved.

The bezt tminicg coees fol operadies genierully reauh
whien pueprred aeel welministersd by e o res2one-
B ol wed wolminiarrtion of contmol of the eement
neking pooersz, Slores courses of Fraiving i controd <yv.-
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tem comerpts ol appdicativn- are ol desicable Ter higler
levels of cement plapt medmpEement and Tor Chose saper-
wimeary person el whie, while nod cesprmasible Tor procrsss con-
ved, phetifieantly ol Teet B resnles b e guaditg ol =ope
prt and understmding ther wive i disclirging 1ieir
duties. Tradning ol praeliee ju maiitenanee of atana-
tiun companents B oabar vital, Uaedly the bighest avil-
abiliny o controf It Leien fowed (o exist where e owoer
dots most of his own maititenanee work on swiomntion
SR consponend s Training i pregronming fur 2 oor 3
cement o personne ] = veas usefal The vatoree of the
ettt making protess = osuch e eatilitings aften
change. The-e cliange- iy ar-c from wear, elhemical or
phy=iead propertivs] mnl ather s<recd, A reasorable poe
licicrey n nueadiliing the controd progreams to closely
necotmieabat e hese chaoges, when ey affeot proeess
cantrul, daes el e meiniain good ronteal ciliceney,
Egually fmporant, o ligh contidence level in the procosss
it ol svstem el = therely maininined.

Adiwatiog Jobr Desciiplions of Pland Supectisory and
Provwres Contend Peveeannel The ganl of this is 1o nake the
demgriptions mare closely it the realities of st
praress control. For exmmple, the four mnjor comtinels
parts ul post vement plonty {raw grimling, homogenizing
ur Llendling, borning, snd finish gonding) highly inaernet
wilh cach other, expueinlly in the dow csiream Jdirecuion,
iPLints which vee hol kiln gas for deving ave even more
Cewnplex it eeneting controd probbems) Plow oftens does one
s LTk milhapesators tkimg aevions which infloenee chieme-
istry, or viee wvorF, but without conrdinnting with the
tlicimists 1o ossure overall mivlimum pertorbativns o the
procr=s?  Conceplually, the best armuogements, taking
automzd ic euntrob of e process indo secount, follow,

1 A sinele ueer of prpeess corrd whoe at legst
s uperding vendral of the grinding, Blewdiog, ol
'|r|||'||§|l]|.[ ||'Ij|_"'|';|1i“=|h. He - I'L'ﬁpuur»“ﬂ['. for training ol dJie-
ciplie af e esabeal opreraturs He 3soaleo siecointabe for
wpner o of the cont i parts of e process,

M The chiemdeal aml other operatiog pet<mnel et
et it e visoes o his Froves= Contod Mansger ot with
tho el s ueity over crnbea] aperad ing personel,

A3 Mhis single Vrovess Comnenl Mager a-ually will
wihe miner proginae adjbetmends neeessary o heep
alivast of proeesa clonges asl o meske thesired o
ments. This can be delegave] in whole o o part e otloer,
it it is his resposaibibity o padge, dnstall, verify, al
finahhy deterrmine the wevluligess of suel ehages.

Sonue pliods Teove tnadernized eelr suporviaory
ppeThling Fruclures b ehieyy AT AL
paore=s cosdral with no wveradl dnercase of  personnel,
Somne akfer plant= Tave relained traulitiunal ji5be dleseriye
tions, The Lighest plant supervision has tendsd v sy

g =sful

Taeddy, stpeerely, and rebbively aloal Trom addres=iogg
e lees 160 :u]jl.l..-»l-lll;.: toc A e Leapliea o of soionnation,
Urustrdngls eoonglh, mast ofd 1he Flures sund vl
sicevasve pre Tond b thiks elass,

TLEA, TRy s mad =P U [ NIHIWTILY .1.\|3-8I.Inl. VLI rT e, JULL e [T

Feuple Factovs uf Autounlion Sappdice s Sappiber’s paeopbe
are s key Tngrodient oo assi=tiog o wer of autmnatog 1
achieve ruceersful contral ol e jnmess, vl whiery
applivitlon sofiware o7 process cawirel 35 (e asel,
Their kuow-how, eombinel with know-Tiow of e v per's
vepresentnives, largely proviles the fo=s for the fater
suree=s or failure of the new coanarod =v=tem The Dol i<
boetter argonite the plindog, e, netalation, aow!
upertlioly of aubemadion syEiema I make sueeess e
cuHn,

Dieger Thurest Coxoreon,

DD time shares he digival atngmater nolirest Iy ot
the linal elewment, =oelt s a0 vabee, damper. ele, Veanalle
somie Torim of hackuy hardware  computer weoattal <taion,
ar an example=eaist= on e contral opernter’s B for
eachl ] output deviee Being contrelled, This hoelap
dovice nlio ];ru\'ilh*s o mennE of sl aljatent
of she final ouput device s s Thae compnter s ot of
serviee. 1t may even be in tee forme of a0 full aealog con-
truller.

Ay of the eardier comenst antomation =y=teits niilize
comventional anadog nstrament contallers o uadymbioe
those proeese vorisbles which soe wiihin the tapatdlitiee
of =uch nalog eontrallers, Sypmevisory e, alten culbed
“Lasvel 2,7 ealeulat e the cutpunt =ignads U esitbe mpmipatki-
tion of the aet pointsof 2w aua by ven vollers Snpevi-ory
bamie 35 sed 10 handle these control =itustions sl coin-
Finativls of inleractions with atler control o=, tone-
fuenritivs, wyry b proress duebaye, aned bbby Tvadveed
cileulations manke usual snalag enntrollers rebbively use-
lews, Thin system i= alsoe Lo g o dhipdned cooalog ol
(DAC); or digtally dirceted apabeg coutrod (D1IAC)
A hilhi“'ll-l'lt. wanel |':p|'(.'iil"}' Ht guut' .-|||r]mn'||n;:. =flwnre,
hecamne available in the st half of the 1960, 10 vl
s it now I3 st chwoiee dnomany mew instyllat o,
Ao the sdvantoes DD poavides, s conmpand with
p1ee eonent ey moalod sl e tation, are a= folbows,

1} The DIX cumipniner tesdily cheeks limits, prnvides
digitad filiering over g periesls of 1lime, makes pailie-
mahieal o ettt ol Joea deeision Il‘b.‘lk:il'lﬁ'-lll;ﬂij' of
whieh e ditlivaln or imgrsetiend with analog T apen-
i cupkipeent.

23 I many Gustikes mole precise eonteal sesals bre-
rause ihe <drift problem within the regulistor t=clf s
ubeenl.

2) The use of DD forees apelators to ke systemati in
du:;umuntlu'i_: il consants st ] with rueh I'I.‘.m:ﬂ:ﬂ-lllll-.'
Iragz. Thiis is rovely duone with anadog repnhiting mvstems,
although sueh systems sonld wark better 30 siel doea-
uuu.i:tligm was dotie il !w;tl up e dkate, CET TR RLAR T
i bent pdjostments,

1) NHC ix companatively ensily armged Tor T ples
vrarsfer fur Qiferern meales of operation, prevention of
resel wlindup, mad mutemnt e failore Jevecting,

A Wil DI aelditdonn s Jelo i ol [ TERT T R THTERHES
i the eonduol, squativn = 1o e e e ensdhye e, M-
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ix s aecetHy wscful during anasaric slaeeup arad chanlpw o
of major parts ol the (it poeeess during witich traasicnt
taniptkion of cunt el v is of ten reguineld,

G Do DHY copnpater the overall Bigher Lowel ol
prveves bl fendbed vl 2 ar alipneeyisory eontigl)
tennd < to e e vesily done sines the enapater nast unly
rulpiihicate witl itsf te ehanges =t points, =witeh hoopes
i arnl aut, mealife contenl equatinge, wal o forth.

1) Inaalbvzing several exi-ting installations it is evilent
bt o well-ddone earcfully thought-tlnouzle ol well-
opeerated disiiad computer svatenn using snalog regulators
e Bk For s haelh Thoey sre sndeshle o provide eesentially
s gl e beob ol o prvezs os o DYFC ity (a0t
ol the condingous pawes:, However, this b onof woue
e antomatie sLat-up. As The conglexity of the reg-
uwtfine lwgis inercaces (el as senne coees where comples
e B pad berrs endsn Between s grinding aod the kiloe
vomher depaetiwent ), FHIC proviles sl kvt s
B penily pecmdlling vasy switchicg of regnblioing loops
id madiEving thwetr forns (o follos the voaekabie we s
whirly ~wrh plant= Lo,

Fag | ahoows aoe formn of a0 DY wpeeation’s cosisadle visenl
for s o eompialer interface ina DI saatenn, g 3
eho = o fathesde-ray vobee QWU dageat onigaae
iy pecent [y availihibe for conent plant contned Uhie s

l'llli."'llll|I

od U1 e s Liliels o 2l

[srenrw K Dosekirrs asn Flodlimovier,

Wreals sl expo vienees elearly show that cescraial -
grodint= for ~uecesalUl cement anlomation sl=o teelole

twhoqarels uterfaeineg 1} the eoogteal cotiol poem

. 37 il

iz annd e eentral Qp b s L oepeh |._|.[|||'|."r 21 b
twufomiation enmponents witle U process and ks -
ehite-ry; 3} the plant desizn with the aulmative s¥alet
13 the plant power disbtilaution aystem layunt witl the
ailemalion avatem; 3) many drives ad their eontrol wich
the logie in the automution syapemn where aalunalie s1art-
upeslmtdawn ig Incloded o el aatonntion systenn for
svhectel parts of the phust proresees,

(her factors exist. The forcguing are the most -
purtant. Disewsgion of each Follews,

foderfacivg Cemtral Conteol Bovec weilh
C'endraf Qperalne

Simplification of 1he favouts of U eeetral roon wnl or
the cential nperntor's panel (COPY i3 worthw hile, Sach
simgdification temds to bwer initind vosts for ceatral contreol
riatn esquaptewent sl wining, Operating, troobleslouting,
il nsintenee ocedures are greatly sinplitivd i gued
vt etk it aneh lgvouts, Aaweng the factors which
[erenti ol stndification withoob sacerificiog operalality
wr reledudidy o s follows.

L)Lt wouhl e wiet po simplily thie conteol roont oquera-
ter's jubn % bypiced eentod operntor 33 hanl-pressed 1
eliceiively mitoe and propedy respomd to more o o
s hunodreed dis playesl iwen- of ifurmation. Yel ane some-
timie= Bl o O i s cenent plant haviony 10D 2000
diferent imlieating lights, 30-200 ammercis il o
dieaters, 20 10 peesimlers, 200-G0H) posh-baibten sbatione
pend =eleelor gwitelos, W60 controlbers aul set point
stativs, 1o, Why su ooy ?

20 In the design stase dgidly question whethier it
i pecezzaby Tor vach device to be in the centeal rogm. 11 it is
an samcter primarily iotended Tor moinlenanie daea, it
prvbrabsly belngs v flue waeror cantrol ecaker for the maotor
i uestion. 15 Wi an indicatiog light showing stats
uf v teadivishen! drive, what ean the operator e aloat
it st D en auehs status Jights noe bettec an their des
partiucntal morer cuntrol conter or reluy panel. dadutes
i iy e Hiele peinaey purpose, If so, 1t s Better dooe
by bevien suely lighes o the moter ennreal center ar relay
paecl. Wit 5 o recorder, would not the pupose of the
eenrid operator be Letter ~civedll f he were Tibled to
clia ts of fhe eotieal variahles oaly? Otbier anadog varinbles
vun be revonbel by saitehiog to ooe or more sloeed re-
conlets when apevial teets aed obscivations soe te e
tceibe.

3 Group ~tting of o eonedete grindivg mill with its
sanaibiuries v of wanbileparbnent pecoibs lirge roduetions
am Vb OO o sty Bt aml inedicnt g lighits, Cironp
ATt Ui o lps Digldighe the clistinetion in Vhe design =tag-
Betwewnn ke i s peadly oeeded b the COF wal thiose
Jeviees weobed for mninteremee, Devices for maintenanee
ere generally e uscfal- wnl bias esgre sive oventll
0 becatenl vm their motor contmel oenta roor the el
reley pael e ocation of jmdividoal doive statas in-
|lir'.;|r;|r;_: e s om e 1'||.|'|'4.-.~|:u||||'|||g Lll'p.".t'lll!l'ﬁtiil] NN §
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contrel conder o relay pane] pepie gnick ol Anding by
st ey personnel when e et ] operator nolifies
Themg et o sppuenies of starting eannek b tonpleted.

) Where fully antamdie vongptei-direetod start-up
sl slubdow 3 being pliaed. inehnding teosicn manip-
ultions of regndating Lage, srzmge that the pProgedies
for manunl wnd earpuiter start-nw ol bt be e
similir a5 possille, This Jwps (eaeh e oy Or corriect
dwocedures by Tiaviog i eherve computer starl-ups. 1t
al=o helps the operitor ~evse s diagnne diflicsltics when
the ol conl odlod e

aanmething s aini-s o

celure,

Latvefacing Avtemativoe with the Provess gued with
fix Machinery

T erantrol & process licst roguires ressonable Knoadedge
Ly 1 proeess controller of process ronditions. Sines aulo-
vieie process eontral digitul computers are electranic
deviees, their process stuius knowledge cames Trom fre-
quent snonitoring of alitus of =eleeted evniets il ko
sinatls = allderived from preoeess conditions,

Fwielies s their trsdueers Lelp ditier progess mits,
prowess flows, levels, storvation, ad o Toth, tond provide
the connputer aned the contew) sperior 107 st T forn-
aln Bome af these switelies nlao provide part of thye 1radi-
tiod process-flaw seynenee interhacking.

Prote~s variables sneh as selecied tetnperature:, Auw
rates, pressures, epecls, aml so-forth, provide process
knawledge to the computer by using suilable tnmsmitiees
Y0 Canverl to =nitable anadug toput dignal+ to the computer.
The eleur 1remd for new consirielion is 1o st least make
snels Teadbaek sipnols compatible with Tulure poscess cau-
trul tomputers,

The seeond major Bictor in remotely snd aatomatically
eomtealling the process i3 that wll vaciables eeguired 1o
sthieve process holdpoines mnst be phiysically availible
soel renotely conhalbibibe, Thestrends diseernal fron ap-
plaitaatorndinng s bos Oial s s e b=t ing
aebustabde =pwees Liang e fur thangrer cintea i<l i thow
shcid s i somi enset; 21 psearing thot all Foeden didves anid
et Tevainge deviees Bave adeguate plo sieal roge of Teed
raules o et aetnad prieess conlrol necdss 3) praviding sal-
freiend number of idvpeadeont ruw fredurs mo 1Tt The chigrn-
el hdd poinds desirsd g, in Fuet, be aclicved witlan
extessive depemdener ai downstream blending Lacilities to
huprelnlly make up for deliciencicos in this areac 43 ~clietion
of Kiln, cnoler grates, and wiher drives s 1lat they are w
driit, have preferabldy zero desd-bakd i control, bavi: com-
patatively ftat spwevn k- lurius curvies, anl con have visrnher
speed chizmpges muede of 52 low o=, prercent wlien resuuired;
ek S arvnngiog odb suel “camieded”” voriablos with
neeeseary euMikinents o thet they ake compatibibe with
comnugnds feotnn 1l compater sl its assopeioted derioes
witlent penuiring finervention by people; neilhcr bl
eivesalve weat of the bl iscehani=<n roslt w e ot
Jreeted v Baree ionalser= ol = sl ] vonnrl el

I N R YL N TP LT LA T T I T 111 (L] III..'\.Luu.g-B“. CEMISE IV kR e [T ]

Facdes fareimg Pt Desigee aith the A ptomittione Rgsde m

e trend 35 to iy new plany diesigns Cangd o ralibg
proveduiesd and dhe nutamation systen fo better i el
ather. Far existing plants, sone nre so designed ss hot 10
B viry compatilile with automittic prinvss eunirol, Yoo
many existing Hants are connpediWle with antonnation i1,
certain parts of their process. Far those, Ui arend townd
=g WiniEmaers ed< o be o "gmulhﬁt.” Hwecific
details ol plant design interfocing with anomation are
vhtbornted inos lollowing mection of (i jaiper.

Lidesfacing the Plant Puwer FHstvifinliios Syutrm Ly
welh A wfomotion

A pood trend baserl am sonnd evigiveering, but emphia-ized
by automatic Process conirol considermt ioh=, i 10 streths
depmirtmentalize nll power cirenits, This means: Jet mede)
power feeiders serve the o department T the rau-
maderlid feeders wiaber pow silos w0 the inpats to rw ho-
mogenizing silos und nothing else, Lot the cepient grinding
eleetrienl puwer feeders serve that department and waling
vlwe i ko oby theoughow the plhant, Automatic oot el
helps Tughlight the fmpoitimee of o well Jald vut poser
distribution system, especially when automuic stirt-up
and shiutdpwn are plansed,

Part of the iuterfacing of the nutamatie proes=: contrul
svalems with the pover distiribition svstem is 1a carefully
eanghler in dvance the fivets, prevention, and rure of
=nrges appearing in 1he power di=tnbution syztem; of Livl-
specd reclosing by yemuote utility ehenit breakes: -
senl veltage dips and losses of whatever duration ;nd
urigin; und just where power for the process vontrol
should actually e taken from the madn power di=1ribu-
GO =valyem,

An Nerny aadyzer in the Laborsd ey 1hat i roponsive
w welding sumewhere else in the plat, or to spotine of u
ball il mentur, tends 16 be selitively weeless ot 1hose
T, Ino fuet, it mny eveo give oul coronecns dats, A
proser sapply fur the proeess contigl 1waken from cineuite
which wre subjeet 1w feeqment oilages of have severs
switcling trmeien sy, eueli s from cianes: on then, feutds to
also be s poor chiviee, Frinsiont overvoltsges and severe
sl t efreuites in [I-Ipiil‘l::lll]ml wiring, Vi vaeh been i
to wipe g™ larpe moctions of saibianatic Proeess folid il
et i eement wond e ot leer plants, Goawd innerfer
enginectmg of the peswer disnibution =syesteny wnd of 14
wntomatic proeess contrel 35 o distinet trend and = worth-
while tu do eorreerly. A sperifie solution lo many of 1hese
prabeins i given inogreatey detzil g foliowine scetion of
al thim pagaer,

fl”ﬁfﬂl’f"y Brivea awd Thear Coateol ocith Vuilopatic #imess
Contrid - When Autmnabic Sted-0p gud  Shatdien aer
Fucdinhed T e Aubianafion Myslen

Viry few comnt plant= i e Ueited Sianes ave jue
chinbedd atamatic startenye il shatliosn ol seleeted puor-
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bianit GF thie proevas T Theie provess coneputer contoed sys-
tenee 2oy s ddoftag groag qbarting wed stoppioe of drives
ouly by ather means, with the odevador manipabding de
feope Tor the tresicnl colitioos doriegg siele stack-up-
ﬁhLl.tlln'_-'nn:q MMowever, a Tew  Fungeeoan-desigoed Laogn:
thrcghpsot s coment plant= beove Toeleded soel featiees.
The worh of duing this shaoss that Bgormars attention niust
be pael vy the process mechomical ciuipnent ol fo its
refinhility whon part of woverull syste, ae well as te the
*esiggn of the watomatic start-ups abil shundown logic ieelf,
if real shecess inexeout lng this Tunclion is to result.

The vuplementiog of this sutamotic start-up and shut-
slown elearly shows that liest eles interface engincering
betwern machinery Luilders, glans chesigner=, aml aute-
tnakie process eonfeul slestigners s bent accampli-hed before
the plant is phy sically buill, Nor euly must eomplete pussi-
ble waspuenees el start-ng and shsitchow g and their varktions
be Rerescen ad necarately deserilanl aliewsd of Hrue, but the
prcfommiinee sl belovine of the various proeess flows
amd rransiont s lini

win st ol bie foreseen ol le-
seribd s pccurutely e proseible sl of time. Where sueh
extr rigornus IRTng s done eatnplbetely duciog e design
stage, autnatie stact-up and shordewn, inelwding the
transient twndplaoion of regnlating Db, Trecimmes e
castly uretmiplishnd, When sueh riporons thinking is oot
ot ahesl ol @, theo e setual fnplementing of the
IR ETTY atl shuttdes o 1els Lo be more protrieted, un-
ntcesaarily exponsive, wnl probably e funetion stwbl
wiod then bein the connmter, An efTeet of applying his
function alrewdy hod Twen o cootrilmite o ol v tions
i process wd machine dlizign,

LirreEmms o Avrraueriox ox Poase Tiesms

Here 39 swhere o truly eseiting aspect of outomeition be-
givs b be evident, Cood sintonatic proeess condrel dinadly
providles 2 meatis of making vow marerials inte Hoisled
eevient relatively auickly wiad aeeurately onee the raw
watherial~ are conmmilled o e raw griodiegg syzlem.
Cortaine other Imluatiies have soted amd taken alvantame
uf the ability of sitomatic process control te adnee the
atornze betwern sucvvasive Tolloswing parts of the poosces-.
The et undusrrvy i begivamngg 1o use these teehnigques
et sl e [ Seleete] aspueet- Tolhaw,

e Deporbinent wnid Conteod

Phesigieia of one pelatively new UVgitel Starea" cement
plant vl rstiaad ol Siopde e e d she fllen of minindsing
fee delays Levseen o il feeders sl guickly obeai-
g ] et iegg e chiereden D indorte o bt Che =4 vem
g b et s nsteeane Laonngeiizere, e comlining,
b e eloonoead waaging 11'l'||||i|||h'-' o sl e
connpinei s with <laen U Voes o veepueer L = e anady-is,
atnl corsevtive et ey sere alile wopilio- o singhe
SO bwnwgenizing vereel betaveen i ras adegasinmen
annl hweie il erverndl, ey Telt thet ohis spaonch saved
Nt oty beee=lenwend ol spparisingtedy 1ol il lze
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Fig. 3. Time delaya aond ran iy conpgresition oonimel sccaracies,

(&) ldeatized raw ymis eontrol av=tem fur anadyaing time delays
verous hotnugenizer gizing. (h) Sfects of tine delays aned b
genizer size on raw oo sanlpal, (e) FiTecks of contral ey al amd
svalemy Lizne delavs v raw inis eamirol

Angrher plant iu Western Burope eombinad goand on-
liwe amging of o mix chewieal corposition at the Jis
eharge point of the raw mill grinding cucnit with shore-
tie delays o waking cwrrvetiona wiad with cumpater
control of their prchopmgenizingg e building unl ean:-
puter J?,llil:i.'l_.lll.'f' i sy opweration, Ny feanning the fee)i-
minues o perdoening then voasi=tent |y sl They were
ahle to eompletely climinnte downstreant Lvbiegenizipg
euipment with tie correspaoling Tigh wperating eXpeenss
of suel vessels,

Another UE plant originelly Tl planmed 10w large
mill Feed bins begween the enw il feeders ol eack v
il Aralvats of e clleetd ol e e delays sk i
brcel B wamabl bave oo deetensiig geesible choiend
aertracivs Jed them to elimionte sueh Livge Pl Bies wul
relies the dlelaya inthat gt of the g frmnepugrt
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edrenait= T phenan 1 bk Snesbosal el 110022 B plapoaedd erpi-
nadly,

Au amabyteal approacell 1o assi=t o uraler-tanling 1he
eMert- an retliction of poscess QoL tesport, =apling,
analy =35, ul eorrection Hines v improving the avenracies
uf prowess contrel, s grven i Fig Siad e

Fiir. 3{a) s o Dlnek dingenm of a sipditicd row i con-
trab =xvclem that can be wsel (o calenlte approsimaie
warel case otrors i the homogemizer analy=is due 1o =3=tem
trat=prort times, The grnediog dircuit, the ssonpling se-tem,
e =ampding mterval, aond the controd interval are srented
ad o= Ampde Vi deloys T T Foownd T, n'.-]'u-{:-
vvely. The lusnngenizng =lo has o flling time P corre-
epeeing tu the actuad UTolliess™ at whiels thesilo is in fet
aperatine. When oo error vecirs i the Teed cotgaeition,
the comnpter conkral program enn de ootldng undl it
detects the vrror at the smdpat of e soopling =ysten,
I iy take wp o the sum af wl] these delays fur e can-
trad progrom 1o deteet the ersor ol correet the feeders,
Thiriwg this time thes, a tonld F Ty 4- 0, + T+ Fohol
Ll muaterial has gone iote the syatem. The maximum
errur i the homuogenizer enmposition will veenr 16 e feed
eriur ocetrs when the bomogenizer is near Tull, and there is
nu fime left to correct the error. Thus both the bateh und
continmous homogentzers mpy be econsidered 1the ~ume,
atd the maxiomm fraction of the input ervar that will Le
present in e homogenizer catput is then given by

Ti' + Tt + T-l "'I"_i:

i T,

w laeTe

Eu Unit homogemiecr eroar, conespeading 1o 00 anil
raw niaterial fecder vliemicnl cunprosition error
P Transpurt delays Tor e copsmned by moterial

Craoveling feam sew masd eria] feeders T the soapling

station, I

Empde jateryal, I (eero foe oge=ling grongsing o the

e bad 3= pore Tup labweptory Nerav nml

et elienabenl masndvses), .

' Bampde preparation poed podysis tinee, 1 100G b
umedl inexpte).

e Cootrol inderval, b (Ovpicad v min o 1 1.

Fig. 3t use= this vouation ta sbow the ofTeel of griml-
e cirenil tronsport tines Fpoon e biaoogeniger error
Fy Tor homusrenizers wilh G-, 122, wd 13-k illiog thines il
ar=imvinge 2 control program interval ol L h (T = 1.0) al
# 13-min ~ampling time {T, = 023 b}, To show the w-
plications of 1hese curves, consider s syalem with o deday
of L Tond o lilling vitoe of 18 Lo T Ohe defay were vehueed
1o 005G b the maine result~ enndd D zocliesredd witd e silo ol
unly Y23k eapucity.

e re=alts Jwmn in Pig 30 were oltained with voreee-
ot vogdes w1 1l imorvals g S{ed shows e ofTecr of
erei g wtd deerea=ie e inberyal Detwoen cengo et
T T o b serb kTt derreaedng thee Titerval 100053 L

TLELT THA S WIS FES I ST

PREICAE S E L VPR el s, JELY el el 1T
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Opeline Xeray cloieal gauge nocviment pland.

Fip 4.

(e

Fig. 5 Lalwmiory Xeran clivmibend mosbyoer e cenwnt plan,

shows small gain with & J2-h [lling time, e that in-
creasing the interval 1o 2 I eausez a rnnsiderable Toss in
ACCUrACY.

Thexe re~ults show the necessity of shortening the for-
ward path aid feediaek path time delays in the raw mix
=yvilem.

The pos=sible implieations of reducing  invetmen
in the "front end" of the plant by neing principles
~hown in Fig. 3 repressnt o distinet and relatively aew
trend which will lihel e ueed roore i the Toture Figs, 3
and 5 shuw views of Xeray chemieal salyzees wsed in
cement plants

fuinprovtirg W n-Cooler Resign Cuneegets fiom a
Condeol Vicw pain!

Aonalyees of the trends show Ui follow ing.

13 Taverewsing emplesix 32 leeing pheeed ane Keepine thae
arcpigemenl of proeess Mow sl ausilioey devices in the
Eilnecorder cirenit as <iniple s poesibibe,

2] The coamments abeat eluometeristics ol aecngee-
mints of Kiln, cocler, grate, wd seleeted Fan diives pre-
vied-ly Eiven o i papaer e u|1|:|i-¢':l|r1!'.\

3 The Lircer grate 1vgie of eobtrs are nnre vantro]ldhile
i indissidued drives are provided 1o catml air Tow te cach
WH)Or colnpertaenl aend for Chae cosler oxlisi The older
practice of u-ing very few cooler faos sornged with
=il e (]:un]urrs tu o rad air flow woeweh I'II:I;.HII' ot -
ment makes for o ough contrllabilivy peoblen, The trend
i~ o pravisde separste fans fur encl funetio s o pesni
ther eomrder so0 elideve s best erfurmoee e a heal fe-
capensdor and oo coeler of elinker [

A7 When eopl i= el gt g fued the teepad i ta ey 1 ne-
Jduee e variaions= I connpo=ition, cspeeially e ash cen-
tent b the ool Sueh variations mevitaddly proliee wide
varintions i ehemieal canpesitioe ol B clinkher wlieee s
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Fug 6. Twir sbava of comiputer santiol of comenst kil

mao conn et B e widely varviogg a-boeontent of fhe
etad fis i1 enlers the Lnrnding procezs, Blending of such eual
may helys arelising higher grade coal may heln. Some
huve vven =hifted 1ot her I3 s ul fuel o the pmhlrnm atud
costs ol wsing eond have becoime more evident,

3Y Anather teed is 1o retwen dust to the kiln in o more
tenifeetn prabber b improve controllability. Avalaoehing of
st i Lippeers wider precipitatons or dust collectors and
siarving of dust el o gther times gre Baelor Petulitey i
repure vislent contml aetions e respond to sl kiln
el pertan b tionas, Tl treel s bocbreat return st as o
o lier RN TR IN Liln freedl sl install o veturn dust Ay Tiin
anal eetar dnst o metering squipnent arrasnoel e geael-
ks o fibte The sovceroee retun dost Teed rde 10060 e
e td Tevel ol retarnaln=r being gencratisl,

i Sizing all proweds eomponents sufficiently Laege s
as Lo provide “room Tor eondrol at toge produetion eales is
antboer Crend, T s diflivult o ateain top gulaity contel if
tha indueed dradt Ty Bael feeder, kil drive, ad o fool
dare nperaling “wile open” ol their top BRmir, ve o uf
Foalpima-

;_J' 1w b4 e I'III|l|I.'|-I.- hl'{rlj.: |}|;|l‘l‘|l o e e CLEfH-FiL=
Hiy HETHaR ol ther eomaber h_',‘ ulrl:lillhjj,: gruu[ :-t‘l.'ulll'I.lr'_\. air
Fetpertees toennenend = aind then neing et logic
B e pabiize leat revipaetation, Sonnwe have piomeenel el
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Fie 7, Twalars of sl et ook ol ssove ecinent kilie s i Fig, 6,

pedsevered imaking good nicasiretients of sceondoes e
Tetprenlure,
Figa. 6 and 7 show good compacative bar Ly pleal 1ewalts

“wilh wnd without camijuner conlrol on a2 kily-goaler in a

cement plant,

frvimding Vit Civcant Desigr and A utomalie
Process Conitrod

The basic objective of grinding mill eireuit control is to
nziis bt fineeess within o norrow bood, wsyaMy gt some
nsinuime productivn level conziatent with the existing
pevieesd wisd maeliine constrad s Usaally indivect meagee-
MeenlA e pepired sieee et oy s sensord e
velapirating Vet o lreod dovs esist fooapply amd wse tuogs
lioeawees senenrs, packicubarly oo oecmeent prinading  mill
ehevaits [G] Trewds inogeinnding mill eiveuit desigre w Tdelane
emphasize ] even further I cons-ilerations of antimnabie
prueess et i el e (e folbwing.

I Obtain pod messurements  of  mill fewd
either by wetghing feeder- or by a combination of 1otal
mill feed rate aond seleeted welghing feeders for acidivives,

N I elosel-eirewit griccding, ensing of inpul watts Lo
elevatirs, aepaarador-, and Datl 1l B alwny s preferabde o
altempting 1o olin cpnivalenl meaaurements by oy
Bt peres Pawer sv-tent voltage alTeets deive ingpuo

Futaex,
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Fig, % PProcess conbid evnapuber weadmon in gegpent plant.
i

Fig. 4. Prwes atral rompnier instaliation in cminend plam.

ammperes Lt onhy shghtly afect drive inpat watts, This
etnd kol based on ampere rewdliegs may, ot times, be hosed
no Tadse informun o,

3) The trend is to pliwe more eniplisgs fal) adugg it e sis-
inge ol afl composents of e geinnding il eiresit. This
vapecinlly applies o Shoee ionlling, cecicealating b,
Clwnd comtrnd mgy be nnpree teal 15 seme of e eeirewbat-
ing laied sousiliacies, ve ol ather compoients, preveat wile-
quate handling of e Bisw rate wlich may be ialicreut due
T varit e i The precess ot erinds oetunlly used.

4) Bome cement plant= designed by Furopsans are now
Leing built qoedd inedade fealures Tor closcdl-loag comtml of
fineness u-ing conlinuous fneness seisus. ]

Figs. 5 und U =how g process compoter inspllaion o
aeemint plant.

Trexps 1 Avponanie Cosvion, Fuserross
Beesa Priroisign

The ooty of Buited States" comend plants osiog
digita] process monputer e e teeloignes Tave applieed
o G thie cordrol of s mis eliensien] eoaupnsitian, hilne
conlor cond rul, scbeor validiny claseking ol abirm logging,
|.|rr||]|u'.1iut| aid teend dadn dopging, wnl dodly upnerid g
Ferpearis,

Crmding nilk Tl conteo] al DG are wlso operaiting
i aumber of 50 cement plants with DD being mure
widlely wswed in the k-t Tew years Modl new cement phaits
wilside of the Gnited States aned Cancuda are desigone! iy
Furepeans. In sooae stanees gelveted BEuropean de-igned
cepwent phants lave Deen siguificant)y aliered i theeir
alusipn cimerpils 1o hetter interfauge with aulunaatic Jar g
culihrul pudneiples wid cguipment, Tl poarp e i o
Lo L by overall Tnvesbwent 1o o miniansng, T p
tevgael For ~el plant = 32 il wndv yoetfoa o the cang el el
other Tine tiome o=t listed, Tt to odten inehinle, s appaa-

I NHICT I |
r
priate, addid iond funetions of 4 -ld

1h ey sebuelalingg guidanes;

2 prchomogeniging pale Luilding coutrol;
©AY peeliomwperdzing pile bailding caleulations;

4) prinding milf load eantrol with mosimizing as welk as
“teady-stute versions being ntilized and with lineies
lowps, in swine cases, heing terd baand on continnoen-
finene-s ~Cli=ur;

3) eement mix comasitinn contrl;

B cement Ao monitoring sad validiny eleehing:

71 munitoring of drives for m=ebeduled ~hutdowns;

21 autvmatie start-up and  shetdes e of  cantinmou-
process  alopariments by ]an':mum'rl lingie, ilu'!'-li]ilu.*.
Promsient toanipolatiin of regulating Ioope seowellas s o
eontral of Jrives themselves;

1 eontral of averall lad  coupling for deprrients
Betsween which relatively Jow sarge eapacity fur materials
(BREIEN

A e detatled deseription of muany of these iinetiune
i- wiven in |3].

[AvHEASING AVAILABILITY OF AUToOu e Proeess
Cusrnon SYSTEMS By ADEQUATE PowEd Suretifs

A= boefly mentivned previeusly, o distinet weed = (o
mwore thorenphly annlyvge the interrekadion of the power
supply fur the antomatic process contro] system nd i
mador eompeenty and the pewer distribation s <em
cliraeteristios. e distinetive Lrem| =
Tonud wseful in oy suely autiinatic process contral =3 -
Temns i Lo isolnte the power <upply for the proges contng
couguiteT and eerbom entiend sensors Gaoeln as Neray ganie
wnd analvzer, oxvgen ahaloeer, and welbegiod st nt -
tion), This i=dated poace sopply i often o the foronuf a
~eparale luetion vr de wotaratriven alterator equipgnal

solulion= i

- with s Aywhee! mud neeessary ventrob te dde ozl nsas

power svslem Lransient alisturbanees. Such as isalated
power supply, when properly designed, provides rhan
power To These control eompaonents,

The resnalt of using =neh s isoltald el rdethiagh
prawer supply ix that the puoeess contral eqnipanent i= ot
Larnwed, o Vet ongt of serviee, dueing moenentary dipas
ar volize Joemses 3o the o Jow er =sapply. Yoowdilition, e
surpes w lich soonetinws et into e modn poser thist el
Hion sywten o] it major compenent: are ke ont wl Wie
precrs et el couiptent.

As plants are designed which Tnteprate st ion ;i
pant disign togeler 1oere carefully and inelinde atouane
Aart-up and shutdiowsn of selecve] portons of e (geees-,
the motated pide-aough puoser ~upply enncept i= esteided
to al=o inelule power 1o ihe reday- Gotrofling the oetor
cuntrel eenters Uhemschees, This fvs o basis for eapil e
styrt of critical peartions of the peoeees Tllowing Letgarary
shtlon s due 1o s short-ternm bos of voltage in the inain
Pl puner By S em.

B s Tnstgioees 1l picde-thaageh quewer spply b
envities bttty =napporiod fur =av, Teewionds ol Treoy D1 il
tn in i to lll'l']]'l.ll <tznnd b :l'll.\i]iill'_‘n' TR i'll[-'illt'
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generabor mobs Do bl abesd sl tahe over the Pape ton of
uf thee Kilo, e
grides during boe< of

sprplvime eeivival ool for slow Derriog

operating pomps funs, el caber
power From thee normal i power soueee to the plan.

The ability to quirkls realaet the cuntinog- oo~
part= ol st plant afier o shtdown due to tempmrars s
of puewer syatem suppds voltage s beenniing wnerea-ingh
ipirlant in s ber way . Most interoonmeeted  pubilic
atilily puwer ayslema st ose igh-speed echetig vk
their muain triagsmisaion lines 1o Revp ~cparate generating,
stations in syuchirenistn during shoet cirewits eeeireeg on
lines which indeseomner! such geperating statimes, Unless
thie shoort eiecuit 34 vemeeed] poog et iy aond the interenmnee-
tion belween geoneratin s restored progeptle, the separate
wenerbiigg statinns oo Lo awiug apart suffigiently =0 that
they il reclisesl together without ela-
Purrake time-consneing, resy nelieizing provision-.

The effects sl this high-speed short-giccuit intevenptio
atl ~tilisenuent Digliespeel rechasing, s seen ab the tennent
prhient b, Bs Uhat poser b hest for by pieadly LAS- 12 s, afuer
whicly power cumes back from the utility. During, it
shurt tine, mesl drives shot dosn due e their u-iag -
stanbaeous uwhdervolliage ilmh‘l:liull-

L mufely

Alacguryreis bou Ueuest Praxt Coxreo,

During st of the e in whicks digital process cn-
piaers hatve been applied to evment plants, adegute aofl-
ware with inlerface hupdwsioe amd necessary peripherl
cuniprient have been wvailalibe aaly with rnslinng-sizel
prones= ol ol comipatters, Thesy median process control
runiputels Dave Ure eapaldlicy o duing any or afl of 1
Fraae Lioms lslal in U proceding section of this paper, eithaer
irndividuntls Mo suele medioum
prieess cotpibyrs Iava substantia b roetal eapabilities, they
ternled to be wieconotie w hen being conaidered for wsiughe
parlicular eontral funetion sueh us, forexmple, contbil of

1 .-:.i|1||||t'.in|"ljl.t.'s|j.'.

ruw ik chemieal earpaosition,

Sinall ue minteemputers have been availelle for mauy
vears. Yet by themeelves they are pelatively u-eless oo o
real-time process control job onlesa an adeyuate library
oi stamulurd sulftware amd goed  applieation seftware
waperially tailored Toe peaktime process conteel are avail-
alde. Matenver, the lacl of sdviguale supposting inder-
fare Bardware pu Veubarly suited o the aduties Lo be
worve!d Beud podeeed Uheir useludness to=uehoindn-toies,

Surveys of many existing eement planks in the Toited
States conceruing the pussbalivy of appiving autemarie
e gond ol Bave diselosed that here 3= a0l aad o
potentind vsefulnesa for minjcoogaiers if they e aule-
sttt ely epipped withe supporting atandanl sesl agptice
Fion softwore, neeeseney interfaee hardwars, ad support-
i vegebnatng sl otheer p=talladion AL,

Such o fereid [|,,-,|'|_-|4_.|.|1:L-:|,| 1% =t llg= [T
Pho-e tigurea show Bloek aligres of o dine of fobvieom-
puters backied dp by sdesute slare Linel sofrwar, bondware,
ainb ~erveoes all wipned sl serving 1his segnenl of the grieenl

antfzeturingg imlu-Ley.
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The  theee mipicamputers-hived  wnfenmtim systgos
shevwn I Fyess 1= sire for raow i chaetmies] eonnuosil i
rontral, Tor kil comtrol, qoed Tor esiended digital v
pobility (ineheling e vaeric DY soltwa e} Eneb sv-leo b
the Tullowing comtre] eyuipmest amd operational features:
they are all bt avmnd o nieanmpter svstem af Tand-
ware anud stpndued laaee progeaons designsd 1o nneet
prveess Comtrad equiremaents; copt gl process threaggla e -
s o cantrol devices 1ypieally mn the COP ;5 each wilizes
aeabern reliable ddeyices fur interfoee with oprerntor vildeo-
tvpe of nperalur’s consule Plus typer for sanbination
aperitor’s log soed alnrm kg coch i 0 camplete ol
fdependent svetea; cach i e enal Trom goride-timoneh
prower =upply; sl eoeh con eommunieste with other noni-
o ee-bosed syvatems belonging 1o its own Tamily
Us G e,

The raw mix system =lowo i Figo W ineldes an X-ay
wialyzer for elementnl aealsi- of the raw mis ~tream
somples. The functiviaad vontivl prewided by the pre-
vngineered soltware with control up to &% mw material
feetirs, eorrecting feeder wtos a8 BecEssary 1o maiblain
the saomgde analysis ot the proper clusmical coagositiong,
The wy=tem will plso conteol upp 1a s e hamopenizers 1o be
batelh or ewtinuous Glled far o spueeific chemieal comgusi-
tion by admsting the chemieal compiosition hold pruint for
the raw s stream, A choni=t's log with paper tupe pmaneh
and reseder for dwmnpang o Yoacing programs ane ime imbd,
ar b b el T varions custann aplicgs,

The Kiln-cond rol gyvstemn 2l i Fige 11 provides U
bosic Tonctions o maintaining stable  kiln aperation
through proper sctting and adjietment of the yrimary kiln
varildes ~iel as fead rudes, speed, foel Bow, waul airu-
fuel radio. Coaler groter wnd gas fow e also controtled os
alrproiride to te Qe ol elivker conler wsed, The sestem
Lz Ahe enpahility of Deing able te control e various
types of Kilncooler comlinations, Jry und wet fieed, with
and witheul proelocater, Wiln performunes o s inehadil,
i Elhe capmeity Tur variows eu<lom aplicns.

The =vetem Tor eatended digital enpabilily pooscides he
vapineity Jor extensive sduta poquisition, for imonitering sl
shermmineg, aew] Tur duily production aommarey, wal alhier
legggingr funetions; anil combdned will The extensive dula
atinisithon eapacity & the availabifity of DDC software
fior ddigziiad control of any orall prosess loops, The :t poiats
for the BDC process loope are normaly set at the vpera-
wur's video-type consale, althooph =upaervisory controls of
thime el poinds fran cowother ninicmputer syslem
fanily rernber s also possihle {Fg. 120

I acdidiion G the previoesly sfeserilead sguignnent )
operattinal features, 1he ~peeesTul inieumputer-lused
autwmalion svsiem sl continne Lo inelile the Tull coan-
|\~l¢-m-+n1 ul all urg'.mi}!;lli:m:i] |'ilt1€illg L'r}' bty s winld
supplivr, Tocliding awareness, tedining st comemitimen
I the weer, and dnelinliong sdegude istallidion =tart-ng
asnistauniee, aiod follow-on =ervice availaliility by the aup-
plicrs The miniecanguatci-fuecd =yt e is tmply oo
e ten=nar of the bl antoeaden technologns o mect Bhe

T ILEE, THRyS =i gt ES%I TR ASDn bl wn WAL AR oS- Syl gk =1 tudl

evnldving needs of e ceaent industes s S0 e Bronekionen-
Gl resquiretnents for suecess =1l st el sl continme
toe b et Torsueeea~Ful avelenns b ooee by,

LT AN WL TTREN 4 q

Wy eanelede e followsing.

1) The cement phad ower and Lis epmesentatives
looce enilidele vven wisder cliviees than beJore s 3o 1l
Sizes an enpalilities ol gutonueie preocess cont ol 2=t
which they ean ceonnieally e,

2 Thi* bnsulening of e Loz for prseess anloimatic
contral compers 1o al-a inelnde the imnicnngminers, adv-
quately suptvrted v stwsbed software il Dnerface
Liarelwing e, teseanss Uit smany o8i=1ing prlaaasts o Lve autn-
rstton applicd to ot beast portions of thedn process @il
way nol have besn very cvaponeal Bithertn,

4 Adevuate people Tactors chuling appropriate jols
a~ctgpments of operpting presmnel and ler Muervi-im,
combitucd with goend iitial and continued tring renin
vital for stecees inautoimakie eapt rel.

47 The pussibilities of mlifving basic plug Jesipn for
new plints lo better adapt o Uie possibilities of nutoratic
prucess conlrol are exciling, They lay a Basis for ~igeidi-
cuntly changing for the betver tnal plant investnent s
operating poofitability.

3) Sgevess in gehieving miemalie process cardrol b ot
anerident. Bueeess s Dot le<ipned-in Dromm tles Tegioning.
To be nttained, it prineipatly inctuedes owner invobvement
fom the Deginnine and thepafier plus Tiavy sipphcr
wvehrement frum ihe beginning It periag off as opera-
ling: ain vuniral procends,

5) Prineipal essantial ingredients e sueces with the
typicad acermntabiliity Tur each love now Geen identified
for auttanatic | LS coriliel Fyeleins m ecnmen! Hand-

" facturing plants, Typiesl seonomie bepefits derived Trom

succrssful ndomuntie process contrud by digital eompuler
installnion e alao Vacon adentilimd,
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The vperation of a paper machine is critically aflegted by
the complex inieraction of subsysiems thal traduianally are
subjucted o indeopondent control action, This article de-
s¢ribes the design of a coniral system lor a paper machine
thal tahes Inlo accoun? such interaction, and shows how
the design technique may be applied to a basis weight/
moislyre-conlrol sysiam.

Interactive Control of Paper Machines

E. B. DAHLIM, Measurex, inc,

Guood paper-machine contrel must include coordina-
tion ol such subsystems ag rehner, headbox, and
dryer, and speed and stock feed. Without such cooe-
dinatian, contrg! actions that ar¢ tuken in one part of
the vrerall process muy be major sources af upset in
angther part. Specifically, refiner adjustments may
upsét moisiure contro); speed changes may influence
paper lormation unless compensaiory headbox ac-
tions are taken; selpoint changes in basis weight may
cause both an upset in moisiure ¢unlent and a vari-
ation in sheel sirength,

Efcctive handling of iniecractions among paper-
rachine subsystems may be imiliated by construct-
ing 2 conlre! sysiem that takes advantage of exist-
ing anatog controls while employing the full pawer of
digital campuling techniques. The resuliing control
syslem is not too comples, yer greatly improves the
oulpul product, and a1 the same time keeps open as
much digital computer capacily as passible for mare
sophisticatled alporithin implomentition,

For a general upproach 1o mathematicsl modeling
liyr the paper industry, Rel 1 is supgesied. Previous
work by ithe author on cerlain algorithms appears in
Refls. 2, 3, 4, and 5. The cvperimental data used in

ths atlicle was pathered as described in Rels dand 5.

Papel mathing influences
The tablgun the next page estublishes qualitatve rela-
teonships among essential independent vuriables that
may be cither randem disturbances or manipulalion
inputs, und an arraey of dependent variables, Vari-
ables preceded by an asterisk are normalty manipu-
Faied and variables that can be observed are boxed.
Control objectives may be defined lrom a study of
Lthis table. The basic need gz aulomalic regulation
stems [rom the existence of the disturbance variables.
Measured and manipulated variables afford possibili-
lics for forming feedback control toops, The wable
alsp indicales simultaneous ellvels of manipulalaed

variubles upon variables related 1o specifications lor
the praduct quality, such as hasis weighl, maoisiure,
and Tarmation,

I is ofien useful to stabilize fiber Agw by cascaded
control around the stock valve. In the 1able, fiber
Aow is idenlified as dry stock fow (DSF), and is
defined a5 the product of consistency and siock Row,
The fecdback loop, clesed fram calrulaied DSF to
stuch valve pasilion, will be affected by consistency
reading noise and 1emperature impact on the consis.
teney meter calibration,

However, these steady-state calibration errors are
nut 100 critical to good control because the long-term
behuvior of fiber Row is detcrmined by leedback of
hasis weight, The useluless of the calculated DSF
luop is rather to prevent shorl-lerm variation in con-
sistency from upseiling the basis weight and the
muoisiure content of the reel.

The Teedback loop from steam pressure tu stsam
valve position is narmally implemented with analog
[reumatic controllers. Within the dypamic range af
this cuntrol loop, (he cilects of steam line pressure
and Aash tunk pressure are prevented from prapagat-
ing through the system 1¢ influcnce diyer beat flow
rate and reel maistuze.

fmieractive computet conirol sysiem

The block diagram of Figure 1 shaws how a digital
cumputer may be applicd 1o 4 paper maching for the
purpose of improving product quality through more
suphisticated control of interactions dmong eperiling
suhsystems, The compuigr receives measurernents of
guility-defining vuriables and performs highly com.
pler analysis of, for ¢xample, nonlinear calibration
characleristies  and  <alibration  parameters  for
dilferent paper prades. Produciion tales, fiber con-
sunption per produced recl, and meang and v arisnces
ufl guality-defining variabies con be preparcd repvlur-
Iy for munagement. The computer can caleulate on-

N oy s w27 o W ™ Ak e 4 AR g ™ o R rw
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Pricess identification
The objective uf process identification is to detenmine
process Gy nueics paramelecs —a mpst sep i gun-
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weight, bone-dry weight, and moisture, ; oI Refining
These and other cumplex funclivns ure reutinely Wita condilan Ve g Wire droinage
perlprined as shown in Figure 1, where the computer - Votuum
implements algorithms to supplement the anilog con- Moisture ot touch ——»
trof of local aperations, This system incorpurales fea- i ‘Water remoeal in presta +
lures that are nul generally incloded in paper- i %ire ond touling pithup »
machine control. i Colander maiitae chonge -
To illustrare the methods used, a relatively simple 3 K
systein for contralling basis weight and maisture wilt f -, Staam-ling previure ——
noaw be discussed (Figure 2) .i 1 Flosh -1ank preysyry =——
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Mowineter feeding u signal 1o un asalog fow con- . Braken 3 phon —mm—
traller, which then nunipulates lh-? stock valve posi- 1 Falt condition
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. . T - " . Encironment, 1emp.,
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the consistency mesurcinent, Afler noise removal, L i drams i
the program caboulates fluw s-:t-pui_nE coLrsspending i Srmudge on drim surforer =L Dr yer hest-flam roty =
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siructing the provess mathematical nudel iF an ade-
guate cantrol system is 1o result. The pirimeters are

- -

n e . on - s

1 Tahle - Paper Slaching Inluences



Diry ok flow Latpoant

Basis-weighl swprpaim
i

7 Stpam
marn fouts
Siepm
val-a
Anglop llow 5
caniroller W l_lunm
T
e —
pahin o
Stoch Flow  Contistency '
voive matar meler

MG T Aw illusirative evample of 3 combined hads-weighl ang
muisiire=ceairel wyvem, the sobject of doraded dipcmseloa in this
ariicle, '

requited for buth the design and the tuping phases.
The procedure is lo introduce small upsels in the
manipulzled variables and collect the respense daa
in computer memuory., Afler a small periurbation af
the siock valve, lar inslance, a variation in slock
flow, consistency, busis weight, and moisiere will be

observed, Again, a small variation in sleam pressuce

seipoint with couse chenges in stcam pressure, mois-
ture, and basis weight that are transminted 1o the
computer. The required parameters arc ohtained by
analysis af such response data.

The criterion for a good madel is that it provide
the basis for pood control-system wning. The degree
of needed accuracy of parameter cstimation also de-
pends on the loop sensitivity 1o discrepancies be-
tween  assumed model structure with  parameler
values and aclusl process dynamics.

In the applicatinn being discussed, an dequarte
madel structure can be derived Trom the wet-end
model equations of Beecher, Rel. I
huad box Hime constant, the simplified lincar mude
developed by Beether 15

A m o L
= e )
r

where 3 F1¥ = hasts weight change at the recl
A DSF mchanpe of concentrated pulp flow to
paper maching (pallons dry pulp per min)
Ko = gain constant
7 wmtranspart delay from slock vulve 1o reel
T3 =aniaing time constant in the wire pit
r; o he racuion of fiber Sow that dees not
circulate through the wirc pit (retention)
1 == Laplacian operatar
This model heing acceprable for the wet end af the
machine, the dryer s next censidered. The nature of
a response tu a small steam-pressere change is ob-
lained fromm o heat-flaw analysis of the drum, Fipnre

- Foeisture
Swtpaint TpoInt l
L alin J

Ignnring e

Steom
canlroller
- Moiture

Fraviure
Tranymilier

110 the felt is the same temperature as the pocket
air, the heal flow per unit area may be modeled as in
Figure 4. The driving signal is the temperatire on the
inner sorface ol the condensate. The sheel is cansid-
vred as having a wet and a dry seclion, the latter re-
sisting water remaoval. The rate of water removal is

Fom CUW(Te—Ty) {2)

where C = reciprocal enthalpy of water evaparation
Few = heat conduetivity per unit ares between
the wel sheel node
T, = 1emperature of the fibers in the sheer
T« = lemperature of the waler in the sheet

With 1emperaiuce as the analog of voltapge, heal
capacily as the analog of electric capacily, and heat-
trunsfer numbers as analogs of clectric conductivities,
the transfer funciion for Figure 4 imay he writlen

Fols) €y AR
i) RO+ A+ B

(3)

where
Uee .

l = incremental (4
Ra+ Ry dryerclhciency

U +

Ri= Ry + Rue -t X, (3

RJ_Rli"f' i

1 {6)
Uie 4 comemm e
Biv - Ry

Ry 140

A, B =cherscieristic radian lrequencies of the

network )
When the sheel is transported thruugh the dryer
sectjon—all of whose drums are assumed 10 have the
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samc charactenslics- the lotal wiler cionlenl of the i 3 4 5 & 7
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sheet element s i ]
in :
; ! - 50 Bru/the, °F, 7
wil fa) = wily) fa) — v Fudt {1} .

iy
where wiii: fe) =weight of water por wnit ared at
Lime of the element hat entered the dryer section at
Line £,

v =the fraction of the totul dwelling time in
the section during which the sheet clement is in con-
tact with the steam drums

From the concepl of Equation 7, the waler content
seen by a fixed observer located 2L the end of the
dryer sectiun and watching the sheets go by cun be

& cad fiec
o
o
|
’-'h/h.
3
=
[
8 rodfiee

0 ' 1 l | | o
i 1 -7 3 4
1.0y, Fr drum width, ez, dag Fidw

[,
4

[l ol

§1ti. 5. Comparisen plor of characierisiic

expressed by Lhe ditferential equation i F um Trequenclos A and 1
- ' ¢ s of ¥ 1,
%%E - %(, —ry - [FY = Fu =] ) af thi dryer-drum aualag of Figure

where {1} = waler weight per unit ared at dryer end :
welf) = water weight pua ab dryer eatry .

ry = dwelling time in the dryer section )

Taking the Laplacian transfarm of Equation 8 and |
combining the result with Equation 3 yields the b
dryer-section transfer function: i

wisl _ _ yCuw A a 1—:-'1."
i H 14+ A5+ 8 ¥

The constaats A and 8 deperd upon the heat-
rransler cocficients and the heat capacitics of the sys- 3l -l
rew, and ate difticull t estimate, In a typical dryer, )
A varies widely while B is relatively independent of o s
the heut transfer to the drum, Figure 5. The A . (8} e
reflects the condition of the inteenal heat transfer of >
the derm. Anilysis of heal transfer between drum )
aod sheet, wet and dry sheet nodes, and sheet to ikr _ .
pocked shows that A and F are buth Fairky indepen- ) ' gt e | B

1
r —

dent of these parameters, 100 100 =0 700
Equations | and 9 define @ reasonubly adeguate . . 4sL Secands
model structure for purpeses of process identilics-

k1]

B

{%)

D5k

FIG, 6. Respanse tu peiturbarans duri.n:’:n
identlfeation raperlment of & {basis weighty and B
idry stack Ruow) The solld cune of Figure 64 s
the response 06 the data in Figure 4l when gaed
JANUARY ! ara pi zdriver ol 1he hanly-wgiglt mud«l Ot sf i vy
af thie curve with the plosted dana shoews that 2
goud modd has been CoaatTurted
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tion, It is, in pructice feasible, Rel. 3, 1o combing
these Lwo struclures into a single furm:

e Lo
5o O
where K, 7, and € arc pain, 1tunsport delay, and
pale, respectively. Each of these parameters 15 mdi-
vidually determined far the two teunsfer Tunctions of
Equations 1 and 9. If this simplified Torm is wsed,
there must be very short intervals belween periurba-
tions on the identilication process, Ref. 3. A method
for determining A, 7, und C by analysis af the data
from an identification eaperiment is given in Rels.
Yand 6, .

Figure 6 shows the response 1o periurbations dur-
ing an identification eapeciment of A, basis weight,
and B, dey siock flow. Wheno the input Lime series
data of Figure 6B s used 1o drive the basis-weighl
model, the sohd curve of Figure GA results, indicat-
ing by asgreement with platted data that a good pro-

{10)

FIG. T.A— a1 of steam pressace varfation abtaincd

by ¢vposicp Ly sctpoine to sfep periorbations B —
Corrospandence betwetn obicm o response of moisiure
veertbuend @ad peepuense wbinined by drishng (he

adel wilk ¢he data of Figure 74,

(A)
Ty /-—_-h-
'L-X ; .
* :
NS
g | H i i 1 1 J
102 300 500 Mo
S5ecand:
(8} :
*
- i

™
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al

cess model has baen established in the computer.

Exposing the slcam-pressure  selpoint 10 per-
turbations yields the nonlincar behuvior shown in
Figure 74, revealing the water-romoval limitations of
the sleam drums. Figure 7B shows correspondence
between observed response of moisture content and
response ohiained from driving the inodel with the
data of Figure 7A.

The method illustrated here has been tesied over
many variables on a varicly of paper machines, The
conclusion is 1hat effective wning of larger syvitems
can be accomplished by 1his method of process iden-
tificatian.

The cante! algoritlhms

Fur the system of Uigure 2, algorithms are designed
10 obtain 3 specified response 1o setpoint changes in
cither moisture or basis weight. This responsc is over-
shoul-free and has exponential senling churacter-
intics. Observatiuns of closed-loop operation huve
been made on many installations, and the effective-
ness of loop decoupling and transport delay has been
verificd, Refs 4 and 5,

The process model of Figure 8 is used lor con-
trolier design. The hold blocks maintain 2 continuoens
outpul signal updated periodically by the computer,
which acts as a sumpling device. The hoid functions
are incorporated i the steum manual-awto station
and the analog Aow controbler shown in Figure 2.

The closed-loop dynamics of.Athe Slcam-pressute
ldop are represented by a single pole, E. Cross-
coupling characteristics are indicated by paramelers
o, and a,, An illustrative example of crosscoupling
nciworhs is given in Fiesre 9 and discussed awer in
some derail.

The dynaimic elects of scanning, und of the resull-
ing control by the cross-machine averages for mois-
ture snd basis weight {aliernately bone dry and con-
ditioned), are included in the model of Figere &, The
averapes are caleulated from sums fanined over the
samples 1aken during a single szan. 1n the model,
continyeus inlegralion serves 4s an approximation
lor this calculation, Such approximation significantly
reduces the complesity af the final cuntrol algorithm
without producing any cifect on control-system 1un-
ing. The symbal 27 indicaics @ time shilt equal 1o 1he
SCunning 1hme agrement T

In Figure 10, speed of seuling is shown as buing
dependent on a patameter (& ) thal is chosen as high
as possible consistent with permissible frequency and
amnplitude Tar steamn pressure and stock-MNow changes
temanded by the controller. Petter contral requires
preater activity in manipulating variables, Oflen,
however, the maximum value of & is Jetermined by
wvershool characleristics gengrated by nonlinear phe-
nomena not accounied for in the model,

As 10 decoupling, let it be assumed that a moisture
wipmaot change is made, Figure 9. The algorithm
C1Ewill then see a positive maisture ercar & and call
fur & steam pressure decrease ¢ When sieam pressure

g g a3 gy Y b R ™ IAFEC L C7 AR
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decreies, basis weight and moisture will be afected
according to respunse curves indicated by f and g
Uue 1o process interaction, not only i3 moisture
changed but basis werghl is also upset, Eventually the
basts weighl algorithm £22 would curreet the basis
weight ereuf, but this needless upset is aveided by
aperativn ol the decoupling ulgorithms O aod 21,

Algorithm C21 will have already seen the moisture
errar o that vovdrred with the setpoint change, aml
calted [or o stock-Aow decresse A, T his has resuleed
in a nublilying ellect on moisture aml hasis weight as
indicated by signals j and & Proper selection of b
garithm C12 can similatly offser the etfect of a basis-
weipht selpoint change an ndsture,

I addition o inlecaction-Iree setpoint clhamge, the
decouplad controlier achieves much laster contrgl ac-
tivn than do independent bisis weight and myisture
contrullers, Figure 11, Using normalived units 1o in-
dicate deviztion Trein setpainl, the graph shows mois-
wre rospunie 10 an upsel when the two cantrallens
are appld  without decounting algorithms, The
graph may be compared witl moisture tesponse
Figure 0B, where much Ughier contrul is ebiainod
with goud stuhility.

The decoupled coatriller prevsnls Gnngcessiry

A AldraAa e Y Y

FIG. L], Respuaa curves af the moisture side of -

“gontra’ler with all croas-coug g removed, Note
ongill-tory readts o sarlous salues uf

" thw parameder 4.

1.';

e | n mream -

.
B T T

control actions. When a consistency varialion ciuses
simultanecus upsel in basis weight and moisture, fa
exumple, the combined ¢lTect af the algorithms in
Figure 9 will cause a stock-valve correction, leaving
stcam pressure vnaflected.

It is hoped that this discussion of 2 combined basiy
weipht amd molture-cancroller design has indieated
how the basic principles may be applied to mush
murecompler coatral syslems.
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Bke ol » renicany wyperviser-miode Lbeary. [H, ML

LIBN = ppmray  poadew b =0oahel - dpa]
DocLaros tha b Lve Lash ol scrwps » wy pl-tew Tl Pabychisd, Bbrury, [H. M)

MAXBUF = mup record

Specilios Uhe maslmum slbowable tecard bufler sise fla decimal biyilad [n
any Rl processed by the sk [H]

DOTY w & il bl wig - hiangih
< Pt Lt samad giobal obol W by Ui sddres of the ODT e
dhronous iy 1Lem Wap vector BT, The giobal tymbod sust be defnad o
Liva e rool segTenl. [M)

AN w ] - i gy T
Siwaiifone Lbe peirUdson fowr witirk U stk o budd. For v wapped sysiss
» suw of 0 imgplum ¢ yryooe-conuroDed parbition. o ¢ monaerg mie -
ploa & user-conirolis] partizion Bxw and beogth de sl bars 1o b ne
mummmmuummmlmmmm-uuu
FAR=CEN. |14, M]

#R1 = prisrity
St Lt porioriey 34 wlarh iy Luah ruacwis. can by srerriddemt when the
tasin 16 instalied, The prigriy o & decimval ntepe betwms L and 150
3L, M

AEACOM = I spas aeren s S mi 2]
Diepcipres Lbal Uit Livik Wil wcroms 3 wpr-Owrined Tasetbemt. commam. [H, W]

¥

Tasn MESLNER TRl SWITCHES AND GFTHIN,

AEELIE = [lhakpad S50 5 B¢ Ot -a pr]
Doclures Dt L ik will soower § wes-cooad ressdaal Borary . [H. M|

AERIU P = Thaspaak VT apv]

+ Bprecifoas that Lhe sk will mopess & redident mipmivlea-mode Bbrery.
[3F. M]

ROFAR = aTubivel
Specalie 15 partiiom ih which Lie resd-imly porton of § et thl
rensdes [H. M|

ATACK = slash-siae

Fulablmbek thit induimum s of ha suick avalable to (he lask Tie
Golnult P54 ytaa [H. M]

BUPLIE = nyma {1V apr]
Specifivg that Lhe task wnil pocase & aystom-gresed Feddeni supsryisr-
e Whrnry. |H. M1

TARA & tpnknams
Noms the ik 3 W]

TERY = gyl -mame: veclor-length
Daclarss o ghoba) symbol oo bu bt sddress of L Liak symchronous
pyaiae Lenp weclor [SSTY [M]

WG = g.w]
Dwciares L UG for tim-bused taltison of o sk, Tha delaulk o Lha
UIC umder which Uw Tesk Bollder is runming. [H. M)

UMITH w man-wambis

[omchgrm Lint meambenr of bogracel wiits waid by W Losk is decimnl mambesr
i Uw range of ¥ Usrough 2500 Tha deleuk be & [H. M)

YRECT = paacinama haas window] physioal-lengiy

Spari{ios Lha vitual bast ecddrass mmgth af virtusl ooy addrens
spacr fulodow) and ngih of physica mencry slocaied w b e
paing? i wec oo |H. M)

FE
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Alter listing Lhe Jireciory, PIP Jisplays s task prompf and wails 1or
further input. To terminate PIP, 1ype CTRLJZ in response to the prompl

FIF~CThLAZ: )

;"}

+

The PP directory Jisting includes the following mtormanon:

O

D)

.l

Figure 3-

The physical device enit on which the riles are siored, und the
UIC that owns the directory, The unil numed is your §Y 1 the
UIC is your current UIC,

The date and time you issuzd the PIP reguest.

The nume. type, and version number of each Iile.

The size or each Bk in blocks. A block is 512 bytes1 256 words)
lang.

The Files
The letter © if the (e is contipuous. thal . not split into
physically separated sectors on the disk.
The date and time each file was crealed.

The cumulative size 1n blocks of all the files listed and the num-
ter of blacks allocated for sl the files.

| assigns the letters in the ahove list to the appropriute parts of a

directory Listing.

D

O

DIRECTORY DBROICIO1+314]
2L-HAT-77 lai48

D > DD

abh.QFJF2 2. af-maAyY-77 14131
0D, T3 L e T genAr-ST LAi3D
AL HAFTL 4, JS-nfary=}7F la:3>
AlD.STHIL I. nS-HAY-77 14133
Al .FTHEL 1. nfg-HaY-?? 1524
Wb TSR] 2%, L JE-nAay-77 14:33
00,0801 z. co-mArY=#7 15:27
ALD.TESNIT ze. o TO-mAY-7F 15128

TOTAL OF 29./112. BLUOCKS IN B.- FILES

PEIF TI'mALDLFTH <BR™

Th

tud

TY#E 12

FORMAT ¢* ENTER TWO MUMBERS - M:H'}
ACCERT 2ehiL

FOkAnT (215

TYFE Avhtl

FORAAT € THE S IS fel3)

Ll I D

EHI.

C
\,‘..C.



PERIFHERAL INTERCHANGE PROOQRAM
(FIP} COMMANDS

The dulsull FIF opersiion reil se boicchs speciSed iy ko Gopr El oaing
the dllowing ormat
AT = a0
Crasias a ooy of & U on Lbe sarss or aooibar volums,
ﬂPﬂlﬂmmm:hlﬁlm

oy 11 Fiw s, Bla Eype. or (e vermiot b wull o apeecifond by
wildeards. PLF maey frpuil pirhsntary Cubme 8 b gverTakig
by L Hrw Vermow UNYY ar Buceassor VLT yarucha

14 thw Bls mamns, Bia Lype. or file v b deflotd, ro odber
M_mh--iﬂ:ﬂﬂﬂrmhﬂlhmh

[
i 17 Gl mam, v Lype, o Bis varsios ks sull Use delauh
-
BubRwiichan:
L Spacifint b mursbor wf soevipuous kiocks bor Lha sustpul
. Fla, wheirt 3 w acia) ov Setimmal

I = b el i i Falewsd by 5 purd )

KO L0,  Spedifis o sentiguous of Ronconliuoul oulpet Bl
or INOCO

FO Filx parmarniyy keuiput B UFDL
™Y Fiaroes thy mplgi wis diel Boanbor ol Lt ol Fiky Ly by 1
mory Whad Lk ourresl gl e,
L Copies the sutpul flla, supsrsading L ALUAIRE Buiput iy,
AFPEMD T Of w hetiadnf AT O

Opatiat i ¢ abpting i g appes ol vy Lyl Flins, bnfbobak. by tiet wral of 0
FIF wlsmwy Lo Falerwing puraorsriar s for Ghis corpme sk

ounfing Exphicit fla nama sad ke Lypa.
b Ecpabirit Bla paramnsias o, welbdeard by delmlt
»o Fila ovwsstradup bs 1w oucpud Ple UFDE withood /PO, gm mis-

siip b Lt UIC ol v wsar runming PIF.

PERISHERAL [NTERCHANOE PROGRAM
L EUMMA IS g

PLOCELZE sutipeli o] = g REN
Dwbinae ther bloch s kor 7- wvd $0rach magmlic Laps.

SREATION DATE outtdets D = inlily
Govas L gy puat ks Lt crealioo daw of Uw inpul Ble racher Uhas L
date ol U Gl rasmber (This rwilch cansol br pued with Lis Margy
ikl )
DEFAULT |din:Jo.myOF
Changes U PIF tdelmall dwvics sbior UFIL

DELETE btibey iy, 14
Dabrbad N 20w 0 pobrwinch that cpgpser FIP Lo Lisy ke files 1L deeoes.

END-CF-FRLE millare G Pl biack byta)
Sperafunn phy wucd-of Sl prasiers or » Bhr. U5 viduss o block sed bryws s
md widred, PLP pleces EOF nt (b Lust Yyus of cha lass block in the Ay
ENTER sl m inl gk ENjM V)

Encers & ornonym kor w fllr in o directory will an opdion W loros the var
wiom wumbstr of L cavcpuil Bbt ko 1 grealsr s Ubr lnts) verainn kU

1]

outh Tha fbs sarrs, fiw (ype, or D vergon oo be pxplicn o
wildeard, or null A fiakd uhac s & wildesrd o oull samares 4
torreaponding input feld

nlia [iwtruls door ulor B mwr, Pide typm, wrd Mo reroion w **"

my S TOFY.

FILE 10 /FElLbarsm barsag s r e pum b
Acrmeass b Ak by its Slo deplification byt [Fls Dy

FRLE [aom] /PN
Princd on Uy tarminsd W piomanl of spascs avaiabbe pn g vphy ma ol L
lurgoain block of combiguoul Efubeds

IDENTIFICATYON AD

Causet Ut varyion mumbaar of PIP corresdly s el b b dugdayed e b -
Lrmical ,



PERIPHEMAL INTERCHANGE PRAOD AAM
WP DDA N

LIST latiite = infi lada ¥ K anbawhici]

Lanty b cominmi o cror o mmaoers o Flly Drirwelorses. wilh 1o ofilos W
vy formate bor outpul durec e

Al T el Lantong fils momcifior delaulls Lo T

il Dwlaull 258

Tha b bwine by dotormine what Ly of ripory o dieplaysd
AVAR o MR Bried reguart

Al i._l.dmu.'l.
ALWFUA o Full rrport In mpecllion Uw  detirasl ¢ harsciers
iFlin i Luna; Lhe dafaudt 48 dovice buller s

ALNTE o ITH Tesal bhocks repart.

WERGE JCONMCATEMATE) gutfibe = by fiari il 1 s bed v ri fopn|

Crentid ond film by concatenalisg tmo of mory filss The fickls and
wubuy & LChie A8 Lhat kaine e Tor L PP COPY opers Uon

WO MESSAGE iy HLlyE W]

Cauvrt twrlan PIF srror mecigrn S s be prinded. dor siarape. Ch
warbigt MO STHCH FILESe Tha soriuciit that can by gand with the s
Muanage rwilch ar

nl Lise dwrw ity
oE Dhaslertamy b g
Lot Purge e

Any nbawriched of (hase mribchos o0 Al b ued .

PFROTECTMOM aymboli Il Bt P R b b F O]
AT T E R i) saboalFO]
Advget # it Bln prwiacibon bor the Kla spcified The (ks nene and S Lype
waast ba wapbeiy :

Symbolly prolection coded amsign priviegy merely by Uwir prdm oy,
kg

Symm = ST INED

1Dy Tl » KA RWED
Group = M3AAWED
Workd = WO LD

Mutnerfaf proteciion deritt privilegs by sailg bils in o protecion sales
wgrd Add ital vuloes brom the following Lt 1o dany privilage.

v

PERIPHERAL INTEACHANUE FROGRAM
P LA A NTIS

Yanr Claks Peivibnger Oclal Cosa L U]
Rynism L) 1 ]
w 1 1
E 4 H
o % ]
Crwnar A 0 L]
W 40 1
E 100 ]
[+ 200 1
Oroup L] 400 ]
w 1060 ]
E 2000 1]
1) [l 4] 11
ek R L) ¥}
w 000 13
E 40000 1"
£ 100000 14

FUAGE inthain) FPL gAY

Pirlatus & spucaiad rusgy of varsons of 5 Bl . dues pol delels U
Late #1 vermion). Spec Grauan of u File veruon pomber kv nol feotxaary.
wildcards i valid lor hibe pame nod Rk (ypa,

Whan = iy wpcified, PIF delaies all bat » st ronsacyuvaly pumber sl
vy, Wikkiout o P17 bt all b tha latest il o

RAMOVE brilimin] ma
Heyncvrs &8 45Lry from u dirsciory G [ opposlis ol ENTERY
RERAME outibe » flls{syLEINY]

sy mame oo ch Bla spacifind, Used wish the e Vourmicul, N¥1
awitch, RENAME ormstan 15 outpul fie with 8 varsion numbat 1 B
than the sk veroon of L fiie

ocuilile A wildesrd (%7 or null Tudd svvames Lhe valun of (e oo
ronprinucllng Sindd In L et Libe

nfuk Mull e maome, Sbe ty7n arsd file version deleult L """

Y He COPY,



FERIPHERAL INTERCRANQE FROGEAM
1P COMMANGSE

AEWIHD auriLafin W] = Indhay R
ol I Canginind L Lipet ot Lo jopuci Fiiedl wirsll bty bk gl

nlike Cociaant ek taprs golt Wi syt fied wiskt Ly T rwwimumd bfinry
Hor inpul Tibe s opeaed
SELECTIVE DELETE inflin{s¥ED

BHARED READING inilkefa SR
Albrwr s abaret rsading of o e thal bas alresdy beo opemed lor wriling.

EFAN BLOCKE meuichih vol uwms upidtiarf i = bnn pgvod s dedily
ARowy mplguas file recorde ke cross block bossdaries whes A KED Ly
v bing copisd W0 Flhee 11 volumss.
BFOOL WnideierEMn]
Specilis & bat of flae b bt proscad (s be U skt of eopsest This
ewitch sppless anly i 1 wear by the Seral Deapocks of Ui Quios
Managwr. Hosrsr, iLs usa sith P Qs Mangor is mot rcomosoded.
BUPEASEDE oadtilhe o nlils(syBU
Conpa kb inpurl flm, sypmirssding ar ouiaclsg el jegt Mike gl Lee s s np e
el el dial ey ke
WEEA FLE DIMECTORY ENTRY sutl Ifwil FEPE D] = mfiaie)
Crealoa o Usar Fil Dirsciory oo 2 volums.
Buliue Sprieci ot U UI1C s [.%) b prwmadber mabuphe iefibe UICK
o B APFENTE

UHLOCK intlis{ayUN

Unkochs i fiby Uht won bpioed wn n rosult of Sengy clomed eproparky. Las
Lind ussr Wrct Ul Lhet cits oooliiibeed Lo e G may bove besn oor

ruptad
UPFDATE FILE sultla = ndiaurlPyFO]

Crpend & sxnking fibe and wiiiey Lt froe che bagionlag, Lty the oucpuat
il

oyl iue iust b azplerialy bden cifid

inlita Null pureonstisy defuuh w = %" [apul filest replacoe U
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~ APPENDIX
SUMMARY OF EXAMPLE PROGRAM

The folluwing histing summarizes the development of the FORTRAN
propram ADLD and 1he manmipulation of the resultant files.

AHEL <CR™
ACCOWHT DR MAME: CHARLES <CR» -
FRSSWORD.I GREY LK.

REX=-11M BL18 MULTI-USER BYSTEH

GO RORNING
22-mAY=F7 11107 LOGODED DN TERMINAL TT4A:

J2-nAT=27

SYSTEM WILL FE DOWH TOLAY FREOM 13:100-1570G FOK
CORKRECTIVE MAINTENANCE

2El. ADD.FYH <CR.-
[Cht ATIHG NEW FILED

IMF LMY
TYFE 1 <CR

: FORMAT (' ENTER TWO WUMBERS - MrH') <LR-
AFFEANEFPNCCEFRT 2:KeL <CTREL/R> )
ACCENT Mabol, <ER -

by FORHMAT ¢22°.2MI5) <CR>
FRINT U
TYFE J«M+L +CK.

3 FORMAT (° THE SUM IS5 "«I%) <CR>
STar «CR
EMD <CH

«CR

XEY ~I'L

tExXIT 3

*EIF TIS=ALID.FTH <CR¥
TYFE 1

1 FORAATY (¢ ENTER TWI HUHHERS — Hipm*)

ATCEFT 24K+l .
FORHAT (215) .
TYFE Jehtl
3 FORMAT (© THE EUM 1§ *4I5)
5T
ENIL
SEBT ARDLFIN <CR3
[0000% LINES KEAL INJ
(HAGE 13
SLOCATE ENTER <CR :
1 FORHAT (' ENTER TWO NUHBERS - MiN‘)
SCHANGE /ENTER/TYPE/ <CR>
1 FORMAT ¢ TYPE TWO NUMBERS — HiN‘)
ENEXT <CR>
#FRINT <CR
ACCEPT 2oKiL

L |

A-1



Summary of Example Program

YLOCATLC %5umM <CR. .
¥ FORMAT [+ THE SuM 16 “«I3)
SCHAELGE /SURSRESULT A <CR>
- FORAAT t° THE RESULT IS “«13)
sLOCATL ¢(2I%) <CR-~
LeLOhE] . -
aTDHF <CR.
2 Ck -
TYFE 1
AEXITY <CR>
{EXIT]
*ED]1 ADD.FTH <CR>
LC0OD?] LINES READ IN

{FAGE 1]

FINSERT <LCR; )

C TH1S PROGKAM ADDS TWD "NUMBERS TOGETHER <CR:
<CR*Y

sLOCATE HUMBERE <CR>

1 FORMAT ¢° TYPE TWD NUMBERS — HeN*')

*«ADD VINFUT FROMPT «CR-
¥PRINT <CR-

3 ForRmAT ¢ TYPE TWO NUMBERE - MyN7)IINPUT PROMFT
#LOCATE RESULT <LCR™
L FOKHMAT {* THE RESULT IS IS
¥DELETE <CRK:>
x<ESLC -
TYPE 3+KiL
F1INSLRT <CK
2 FORMAT ¢* THE SuUHN 15 ‘¢ IS IDISPLAY RESULT <CR>
ZCR .
k10 <CR
¥-.Ch
{ THIS PRDGKAM ADDS TWD NUMFERS TOSGETHER
sRETYFLC C ADD DISFLATYS THE Sun OF TWOD HUMBERE <CR:
$LIST «CH
c ATID DISFLAYS THE Sud OF TWQ WUHMBRERS
TYFE 1
1 FORMAT (° TYPE TWO NUMPFERS -~ MM }IINPUT FRODMFT
ACCEPT 2Zrhel
p FORHAT (215}
TYFE 3+K+L _
I FORMAT {° THE SUM 15 *+IS)IDISPLATY RESULT
STDF
EdL
»EXTIT <£CKr
LEXITI

SFOR ADD.ADN=ADD <CR>
*THE AL ADLpALLmADL
»RUN Al <CR v

TYHL TWD NUMBERS - MrN
7¢3 W CR:

THE SUH IS 10

TT13 -- STOP

SRUNM ADD <CRY

TYFE TWO WUMBERS - MrN
RO A0 SER

THE BUH 1§ 1150

17113 -- STOF

»RUN AT <CR»
TYFE THD HUHBERS ~ MM
¥114 <CR>



. 1 - Summary of Example Frogram /6'5 )
N fa

L—_

1#E SUn & 2%
T1:13 -- STDF.
aF1F LR -

FI1F sLI <CR2»

DIRECTORY DEQIL3I01, 3143
2L-HAT-77 1414E

ATD.OBJED o a5=HAT=-77 14131
A0, TSk rd ‘L 2O=MAY-77 14132
Al MAFF ] N onL_MAY-F7 143132
ADD.GTH 3, oL =MAY-77 14332
Al FTHI 1 1, 20=-MAY=-F7 15124
All, TShid ag. C o45-pAY-77 14133 .
&l OBJi L o. So-MAY-F7 15307
Allr, TSKED o, £ 2o-mAY=77 15:28

TO1AL OF %%.,112, BLOCKS 1IN B. FILES

FIF

Fli - .CTRLAZ™

SFIF ADL.®AFUW LCRC
»F1 FL1 -CKk.

DPIRECTORY DBOIL3IC1+334]
JL-MAY-7F 141358

ALDL.QEIFT 2. 2L-RAY=77 1413}
abilr.AAFFL 4. ahapAT-77 14020
Al ST L oN=HAY=F7 14332
AlLi.FTH}? 1. oO-MAY=-27 13328
ANLL. TSKEE -¥. L Z25-HA7-77 14153

10TAL OF 39./49, KLOCKS IN 5. FILES

“EpiF ADDTWO, xpe=aDD, 2ixs/RE  <CR:-
*FIF SLI <CK

NIKECTORY DRO:L301,314]
DE-mMaY =27 14143

ANDTUN.OHIED 2. Nm.MAY-77 14131
AT WD HAR L 4, an-pAY-77 34332
ADTITWD L. ST ] 3, a5-MAY-F7 14332
ADDTHO.FTHEL 1. 2o-HAY-77 15104
ADDTUD.TENG3 ne, C 2u-MAY=-77 14133

TOTAL OF 39,/49, BLOCKS TN S. FILES



gy S

Fu
FrTI{=AFTH\M\N
TYFE 10
AGCEFT 1541
FORMAT (12
FORMAT (2%, “Iiak IATO CHTERO(YYY FAfn MATHT 7 et
CALL K '

caLL
TYFE 201

a0 FORMAT{ZX . “DATO LOINDG EN HAIN= "+ 12}
EHn
FIF=TIi=R.FTN
BUNROUTINE Lk
10 FORMATI(DY, *HAR DATD ENTERD(XX Y PakS GUE.DE= 72%)
TYFE 10
ACCEFT 15-
| FORMAT(IZ)
CoalLl I
CAaLL E
TYFE 70
iy FrMaT (32X *DATO LETHO EN SUE.R= 7 T2
HUSTURN
EMD
PIF>TIi=C.FTH
SURRMUTIHE [
TYPE 10
ACCERY 15«10
15 EORMAT ¢ I
10 FORMATIOX "Lk Paio ENTFROCXY)Y FakRa GOR.CT Y+ 4
CaALL F
catL G
TYHE 20K
20 FORMAOGTIDX, 010 LEINO EH SR C: “e 13
KETLIRHN
EMND
FIF-TI'w«D,.FTH
SURRDUTINE Ti
TYFE 10 .
10 FORMATIDY s "HTEAHTN A SUR.TED
o -
-Fﬁéédgipa.fanlﬁwnn b funr.nt)
FETURN
EHN
1 P F T
SUERGUTTHE K
TYFE 1D
10 FORMAT (DY 'THTRANDIND A BUBGE "D
TYFE 20
24 FORAATI2XY, *SaLTLHDD DE SUE.E*)
FF TUER
Lorl
[IF T13=F.FTud

[ ]

F
—_F

— -
gl

70



PROGRAMMINE EXAMPLES

r. PROCRAM TO COUNT NEGATIVE NUMEBERS IN A TABLE
;20. SIGHED WORDS °
; BEGINHING AT LOC VALUES
;COUNT HOW MANY ARE HEGATIVE IN R@

RA=%§
Rl=tl
,R2=%2
: SPalf
PC=17
=546
START: MOV #.,5P . :;SET UP STACK
MOV FVALUES,R1 . #5ET UP POINTER
MOV #VALUES+4#.,R2 ;SET UP COUNTER
CLR Rf
CHECK: TST (R1)+ ;TEST NUMBER
BPL NEXT ;POSITIVE?
INC Rp@ ;NO, INCREMENT COUNTER
NEXT: CMP R1,R2 {YES, FINISHED?
BHE CHECK :NQ, GO BACK
HALT :YES, STOP
VAILUES: @
. END START ‘

IT. PROGRAM TO COUNT ABOVE AVERAGE QUIZ SCORES
;LIST OF le. QUIZ SCORES
: BEGINNING AT LOC SCORES
: KNOWN AVERAGE IN LOC AVRAGE
:COUNT IN RJ SCORES ABOVE AVERAGE

RP=LH
Rli=%}1
R2=%2
Ri=%3
SP=ig
PCai7
~5gd

START: MOV {.,5P ; SET UP STACK

. MOV $#16.,R1 :5ET UP COUNTER
MOV §5CORES,R2 ;SET UP POINTER
MOV FAVRAGE, R} '

) CLR RJ

CHECK: CHMP (R2)+, {R3) ;COMPARE SCORE AND AVRAGE
BLE NO :LESS THAN OR EQUAL TO AVRAGE?
INC RE ;NO, COUNT

NO: DEC Rl :YES, DECREMENT COUNTER
BNE CHECK _ :FINISHED? NO, CHECK
HALT " :YES, STOP

AVRAGE: 65,

. SCORES: 25.,78.,1p98.,69.,65.,88.,88.,48.
5%.,75.,198.,65.,98.,78.,65..74.

2D START A-29



A}

B)

C}

D}

E)

F)
G)

H)

I)

3
K)

L}

- .EJERCICIOS DE COMANDOS MCR -

Entrar al sistema de tal manera gue &ste nos reconozca,

Inicializar el dispositivo 'DISCO_, cuye nombre £fsico
es DKL, con el nombre de PRUEB 1., '

Monte el DISCO. cambiando las protecciones de DEFAULT

Crear una UFD en el ©DISCO con un grupo y un miembro de
113, 2 resmectivamente.

Reservar 20 bloques para el archive de CHECKPOINT en el
DISCO, .

Definir el nombre l&gico D1l al dispositivo ffsico DISCD
Desplegar en la terminal las asignaciones LOGIN Y LOCALES

Borrar el Area que reservamos para el archivo de CHECKPOINT

Borrar las asignaciones l&gicas especificadas como locales

Instalar la tarea PIP gue se encuentra en la cuenta 1.54
con una prioridad de 103

Cesplegar en la turminal el estado de la tarea instalada
PIP y también su descripcidn general.

Canbjiar la prioridad de la tarea PIP, a una pricridad de -
DEFAULT. .

LL)Desplegar en la terminal, informacidn acerca de todas las

M)

N)

R)

0)

terminales reconocidas por el sistema,

Terminar ancrmalmente la tarea PIP TI, si previamente la
activamos con la siguiente instruccidn:

PIP TI:= (l13,1) CARTO1l.LCS
DONDE TI Ea la terminal donde estamos: cuando

el nfimero de terminal sea menor de -
1) se pondrd TTn:

Igual gue la M pero sin indicarle la tarea que vamos a ter
minar anormalmente,

Desmantar el DISCO.

Concluir la sesi&n con el sistema



8)

A}

C)

D}
E)

F)

G)

H)

1)
J)
K]

L}

(i

Entrar al sistema, {5in que nos pregunte ACCOUNT OR NZME)

Inicializar al DISCO. DKLl, con un nombre PRUEB 2 y cambian

. do las protecciones de DEFAULT.

Montar el DISCO con una prioridad de DEFAULT

Crear una UFD en el DISCO con un grupce y un miembro de
1le,3 respectivamente; y cambiande las proteccicnes de
DEFAULT,

Con qué€ instruccién se instala, CORRE y REMUEVE la tarea
EDI gue estd en la cuenta 1,54 .

desplegar en _la terminal los namercs de unidades ldgicas
asociados a los dispositivos fisicos de la tarea EDI.

Manejar mintisculas en la terminal

Listar velocidades de las terminales y, cambiar la veloci
dad en la que se esté,

Hacer 1o contrario de la 4.

Dejar la velocidad como estaba antes de cambiarla
Desplegar todas las terminales gue estén LOGON

S1i por alguna razfn na sirve la terminal 4 ydvamﬂs a eje-
cutar un programa gque hace usc de ella; para no modificar

el programa, hacemos que use la TT3 (Qué comando le indi
camas?

LL}Para probar lo anterior, en lugar de un programa usaremos

M)

0)

P)

@)

la siguiente instrucecidn:
PIP TT4:=(112,6) PRUEBA.LCS

NOTA: Usar leos ntmeros de terminales gue esten LOGON.

Desmontar el DISCG pxl..

Crear una UFD con un grupo ¥y un miembro de 113,31, respec-
tivamente y con un protecgién de DEFAULT, en el DISCO

Mandar el mensaje: "HOLA,MI NOMBRE ES:" a la terminal O

Mandar el mensaje: "ADIOS, MI NOMBRE ES:" & todas las ter
minales gue esten LOGON



R)
5)

‘1)

‘)
Vi

W)

6¥

De3p1egar la descripeidn de cada participacidn en memoria
existentes en el sistema

Desplegar las tareas activas de todas las terminales.
Correr la tarea PIP que estd instalada, (checar gue estd
instalada) despu#s de transcurridos 3 minutos y ejecutar
la cada 90 segundos (checar el estadoc de la tarea)

Igual que la T perc sincronizado a.SEgundDS .

Desmontar el DISCO DE1

Dar por congluida la sesidn con €l sistema



i

EVALUACION DE COMANDOS DE MCR

Tenemos un proceso gue debe ser checade cada minuto por
un programa gue hace interfase con los controles gque
afectan al mecanismo de control,

Escriba el comando para gque el programa CONTRL corra ca
da 4 minutos,

Tiene usted una cinta cuya etiqueta es 'CINTA' y contie
ne un archivo gque usarfi su programa

20ué comando v formato debersd dar vara dque la cinta pue
da ser utilizada por su programa?

El programa °'RECORD' es muy utilizade en su instalacidn
y gquiere usted evitarse el trabajo de instalarlo, cor::r
lo ¥ removerlo, las veces gue se use.

¢C8mo hace para lograrlo?

Entra usted por la cuenta (11,27}, pero necesita estar
en la (300C,300).

{COmo le hace?

A diez oficinas de usted se encuentra la miquina ¥ el

aperador principal, usted necesita que esti montado el
disco con etiqueta ‘PROCESI' en la unidad 2.

Notifigquelo desde su terminal al operador.

Si se ha realizade la sig. secuencia de comandos:
INS (l¢,19) PROG/TASK= PROGI
SET AUIC= (2@,28)

a) 5i deseamos ejecutar la tarea PROG instalado que hace
mas?
b)Y S5i damos el comando:

RUN (14,18 PROG
como aportamos el programa

¢} Si damos el comando:
RUN . PROG
que programa ejecuta {y como lo abortamos)

d) Si damos el comando:
RUN PROGL )
gue programa ejecuta {(y como lo abortamos)



10.-

*ihl

).

5i se instala la tarea 'CRAX', como podemos averiguar sus
asignaciones de unidades l&Ggicas.

Si la tarea tiene la unidad 16gica & asignada CL:. como
se la asignamos a LP: ?

51 una tarea 'XXX' esta contruida para correr siempre en-
la particidn 'XXXPAR'!, y en el momento en gue queremos -

ejecutarla, esta particidén se encuentra ccupada, (COmo po

demos ejecutarla en la particifn ‘gen’,

Si ee estan ejecutando 20 tareas de una misma prioridad
50., ¥ en la tarea 'AA', que también esta ejcutandose,
esta elaborando un reporte que le urge al gerente de la
empresa, y por la cantidad de tareas ejecutandose el pro-
ces0 se vuelve algo lento, como podemos hacer para apresu
rar la generacidn del reporte?,.



PIF -EJEMPLOS-

Editar 2'archivos con 1os datos gue se deseée. Deberdn llamarse:

PRUEBA.DAT {cada uno con varias versiones)
CaTOE . DAT

También se usardn leos archivos A.DAT vy B.DAT de la cuenta gue se

crearon para practicar EDITOR.

CCPIA DE ARCHIVOS:

1}
2}
3

4)

5)
6}

7]

8]

9}

Copiar a su propia cuenta los archivos A.DAT y B.DAT ~
Crear una nueva versién de A.DAT por medio de PIP

Crear un archivp 5Y: C.DAT que sea la unidn de los ar-
chives A.DAT y B,DAT.

Imprimir ies8 archivos PRUEBA.DAT y B.DAT, de manera gque
galgan como un sélco archive en la impresién.

Hacer el archivo DATOS.DAT contiguo.

Teniendo. el archivo A.DAT;2, copiar el archive B.DAT; 1
a4 otro archiveo gue se llame tambié&n A DAT;2 sin usar el
switch/NV; ver gque sucede, y luego hacer lo mismo pere
usando el switch/HNV.

Copiar DATOS.DAT a un archive gue se llame PRUEBA,DAT de
manera gue &ste Gltimoc contenga sdle la informacidén de -
DATOS.DAT, perdiéndose los datos que tenfa PRUEBA.DAT an
teriormente.

Copiar de una cuenta a otra todos los archivos que se lla

men A, de cualguier exténsidn ¥ s6lco las dltimas versio-
nes, : .

Realizar A.DAT:¥ = B.DAT;{#/S0 ¥y ver gue sucede,.

CONTROL DE ARCHIVGS:

13

2}

3)

Listar el directoric para saber gque archivos se tienen en

la prepila cuenta.

Ejecutar el comando necesario para conocer los némercs de
identificaci6n de todos los archivos gque se llamen PRUEBA

Listar en forma reduc¢ida el directoric propio, en una ter

minal diferente a aguella en la gue se esta trabajando.



4)

5)

6}

7)

8)
9}

Conocer el nfimero de blogues gue se esta acupando en total

Borrar las versiones mds antiguas de todos los archivos de
la propia cuenta,

Cambiar la proﬁeccidn del archive A.DAT de manera que sdlo
puedan leerlo tantc el duefic come los demis miembros del -

mismd grupo.

Listar este archivo en la terminal &n gque se trabaja. HNo
se 'desga el directorio, sing el contenido del archive,

Comprobar que la proteccidn A.DAT realmente se cambid.
Borrar todas las versiones del archivo A.0AT vy volverlo a

- coplar de la cuenta

10¥

11}

12)

13}

14y

15)
16}

16)
19)

20}
21)
22)

23)
24)

Purgar todos los archivos de nombre B y de nombre PRUEBA,
en un sdleo comando.

Teniendo DATOS.DAT;3 ¥y DATOS.DAT;5, realizar el sigulente

.comando entre DATCS.DAT/PU:2 y ver que versiones de ese ar

chivc conserva.

Conocer cuantc espaclo libyre hay en el dispositivo de DE-
FAULT

Copiar al dispositivo de DEFAULT, bajo la cuenta en gque co
rre PIP, un archivo A.PAT de otra cuenta, sin especificar
archivo de salida, y ver que sucede.

Establecer un UIC de default, listar el directorio corres-

‘pondiente a e&se UFD y regresar a la propla cuenta,.

Agregar el archivo C.DAT a el final del archivo B.DAT.

Realizar el proceso anterlor usande comg¢ archive de salida
*,%;% v ver gque sucede,

Cambiarle el nombre a C-DAT por el de CAMBIO,DAT.

Cambiarle a la versitn mis antigua de B.DAT el nombre por -
el de CaAMBIO.DAT, usande el subswitch nec2sario para gue no
margue errcr (Ambos CAMBIO.DAT deben tener igual ntmero de

de versidn).

Cambiar la extensi&n de los archives DATOS.DAT y PRUEBA, DAT
por .DTO en un s6lo comando.

Crear una nueva entrada en el UFD del archivo DATOS.DTO gue
se llame INF.DTO

Crear otra entrada de DATOS,.DTO sin especificar archivo de
entrada y ver gue sucede

Remover la entrada INF.DTO del UFD

Listar en la propia terminal el archivo PRUEBA, DAT # por me
dio de su ntimero de identificacidn.

LR
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CHAPTER 5 °

IRDIRECT COMMAMD FILES

5.1 INPIRECT COMMAND FILES

An indirect command file is a text file containing a list of commands
exclusive to, and interpretable by, & single task, wosvally a
system-supplied component of RS5X-11M, such as MACRD-11 or the Task
Builder. In addition to tasgk components, MCR has an indirect file
processor (...AT.} which interprets commands and elther acks o©n  them
or passes them on to MCR for processing.

Indirect files are initiated by replacing the command string reguired
by a task with & file epecifier preceded by an at sign (B},

For example, to initiacte a flle of MACRO-11l commands, the user would
lnpukt:

»MAC BINPT.CMD

Afcer MACRO-11 is initiated, it accesses the file INPT.CMD for its
commands. .

To initiate a file of MCR commands, the user would &sinply enter the
file specifier preceded by arn ar (B) sign, ag shown helow,

»pfllespac
anytime MCR will accept input.
The defavlt file type for indirect command files is .CMD. An indirect
file may centaln any command interpretable by the task to which Lt is

directed, but no otherm.

Indirect files for tasks other than MCR may not contain Indirece file
referances.

MCR indlrect files may reference aother MCR {indirect files, but the
maximum nescing depth is limited ko four levels of files., MCR will
display on the requesting terminal every command cetrieved from an MCR
indirect command file.

5.2 MCR INDIRECT FILE PROCESSUR

‘“The MCR indirect file processor rask [AT.) ita capable of reading &

command input file and intecpreting each line as either a command to
be passed directly to MCR oc a reguest four action by the task {rself.



INDIRECT COMMAND FILES-

Commands for MCR ate simply enteced on a line, reguicring no special
prefix characters, whereas commands to the indicect command file
procegaor always begin with &4 period {.). Commeéents are indicated by a
lnadinglexclamation point or semicolon and are printed on the entering
terminal .

Commands’ interpreced by the indirect file processor previde the
following capabilitea:

Define & label (.label:}:

Ask a guesticn and wait for reply [.ASK);

Delay execution for a Specified period of time (.DELAY);

Branch to a label [(.GOTO);

Determine whether a task is active or net [,IFACT/.IFNACT):

Determine whethar a symbnl ic defined or not [,IFDF/.IFNDF):

Determine whether a taak is inatalled in the system <r not
(.IFINS5/.IFRINS) ;

Determ1ne whebther a symbol is true or false (LIPT/.IFF);

"Branch to a label on detecting an ercor {.ONEER);

Pause for operator action (.PAUSE);:

Set the value of a symbol to true or false {,.SETT AND .SETF);

Walt for a task ko finish execution ([.WALIT);

Start a task, pass a command line te it and continue {.KGT}. and

provide commentary {("lrext™ QR ";text").

5.2.1 Symbols

It is poesibla to define symbals which represent true or false wvaluem
and which may be tested to conkrol flow through the indirect ¢command
file. S5ymbola are one to mix ASCII characters in length. Humber s,
vppetr and lower cagse letters, and speclal characters are all valia,
Symbols are defined by the .ASK directive or by the .SETT and .SETP
directives, The flerst appearance of the symbol in one of theze
directives defines cthe symhol and sets it o Ltrue or false;
subseguent directives may tesk the value or redefine it.

There l& one special symbol which is always defined and i1s used to
determine whether the system on which the user is gfunning iz mapped or
vneapped. This symbol is

<MAFFPED>
The brackets are required synkax. If the Bystem js unmapped, <{MAFPED>
has a wvalue of false; if the system is mapped, it has a value of
krue.

Example:
JIFT <MAPPED:» SET AUIC=([]1,54]

1f the Bystem is mapped., the Ser command ls passed to MCR.

5~2
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,9.2.4 Multi-Level Indirect Files

INDIRECT COMMAND FILES

5;2.2 Cuﬁmands to MCR . ’ . '

A command i{s normally pasced d1rect1y to MCH for procexsing, and the
indirect file processor walts until KCR has processed it before going
on to the next command in the file, However, if the first character
in the line is a peried (.1, this signals that the command is to be
interpreted by the indicect file processor and appropriate action s
te be caken. ', The command i85 s=cantied and processed fiom left o cight.
When the final command on the line is proceegsed and the condicions are
true, Lthe rest of the line will be passed to MCR, If the conditions
are false, the rest of the line will be ignored and the next line will
be proceszged.

Exsmple:
I
" IFRINS ...PIP IHS [l,50)FIF ' -

If vask ..,PIP is not installed, the command INS [1,50)PIP will be
passed te MCR  for execution. If ...FIF was installed, the
INS [1,50]PIF command would not be passed to MCH. Each command passed
to MCR is also displayed on the entering terminal as a log of executed
commands. ) .

5.2.3 Switeches

The indirect file processor accepts two switches: /TR and /DE.

TR Indicaten that a trace of each 1line processed is to be
provided on the entering terminal. This function is ugeful
for debugging an indirect command file. Each command 1line,
ingludine those that begin with ‘a perlod {directrive}, 1is
displayed, The period on the first directive in the line s
changed to - an exclamation mark (comment) and displayed. 1f
the command causem sSome action to ogcur, the next lline
printed will 1indicate the actiong usually, this line
consists 0of the MCR cosmands issued as a regult of the
previoues directivae,

FDE  Indicatee that the indicect command file is to be deleted
when proceasing is complete.
These switches may be -prefixed with a minus slgﬂ {-1 or "HD" ro negate
the action of the swiech, e€.g9., AHOTR will pnot genecakte a t:acp. The
defaultu ace SHOTR and /HODE, )

Up to- four levels of ipdlrect command ‘files may be «specified.  Each
tine 2 new leval is entered, all symbols previpusly defined are masked
out of the symbal table, and only symbcls defined in the current “level
are avaliable; symbols are ‘lecal to the level of command file in
which they are defiped. When conktrol rekturns to a previous level, the
symbols defined in that level are‘available again.

5-3
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INDIRECT COMHMAND FILES

5.2,5 Syntax _ .

All directives are separated from their arguments by at least one
Epace. MCR commanda are separated from directives by at laast ane

Epace.

5.2.6 Directives

5.5.6.1 pefine a Label . ) labels
I
Labels are always at the beginping of the line; they may be on a line
with additional directives andfor an MCR command, or on a line by
themselves. When control ia passed to a line with a label, the line
iz processed as if the label was nop there. Commands do not have to
be sepsrated from the label by a space. Only one label is permitted
per line. Labels are 1 to 6 charactare long and muse be preceded by a
pecicd apd terminated by a colen. Any valid ASCII character is

allowed In a label.

Examgles{

L1000
.HERE:
L105;

5.2.6.2 Ak 8 Question and Wait for s FReply JASK

rhe .ASK directive will ask a guestion, wait for a reply, and seb a
spaclfied wsymbol to the wvalue of true or false, depending on the
reply. If the symbol ls not defined, ap entry will be made in the
symbol table. If the symbol is already defined, its value will be set

By the answer (e the guestion.

Format:
ASK ssEsed txt-glrng

whete:

ESSEEE = 1= to G-characrer symbol which 18 assigned a
Lrue/false value.

txt-gteng = any ASCII string of characters which must be
prceceded by at least one blank.

The text-string will be prefixed with an asterisk and suffixed wich
"? [Y/H]:" when it is displayed. Three anewars ara recognized by the

indirect file processor:

l, ¥<CR> - Bet oymbol sEBscss to brue.
Z. H¢CR>» - setk eymbol ssegss; to false.
Y, £{CH» ~ set Bymbol to false{ <CR> indicates carriage retkturn,



", INDIRECT COMMAND FILES
E:amEIE:.

LASK A DG YOU WANT TQ INSTALL PIP
will display

->* DO 1?u WANT TO INSTALL PIP? [Y¥/N]:

on the entering terminal. Symbol A will be set to true or false.

§.2.6.3 Delay Execution for a _Specified Period of Time | +DELAY

The .DELAY directive i3 u=sed to .delay further processing of the
indirect file for a specified period of -time.

Format:
+ODELAY nnu
where:
nn = Number of time units to delay
u =T - ticksa;

£ - seconds;
M - minutes, and
H - houcn.

The parameter nn s octal, unless terminated with a period. For
example:

105 1% 1¢{8) -~econds
10.5 is 10({10 seconds

When the DELAY dlrective 1z executed, the message
AT. -- DELAYING

is igsued.

When the time pericd expires and the task resumed, the message
AT, =— CONTINUING L .

I issued.

Example:

The directive
“DELAY ZOM

will ﬂélay precassing for 20(8) ., or lﬁtlﬂl minutes.

5K



INDIRECT COMMAND FILES

5.2.6.4 Bzanch to a Label . . GOTO

L

Branchesa from ong line in an indicect file to another are accomplished
with the .GOTC Adirective. All commands between the .GOTO directive

and the specifled label are ignored. Branches may go forward or
backward 1n the file.

Format:

.GOTH label

where label 15 khe name of the label, but without the leading perlocd
and trailing colon. The label must be preceded by at least ona space.

Example: .

The directive
.GOTO 100

will transfer contral to the line contalning the label .1Q0:.

5.2.6.5 Logical Test (IF)

There are a nuttber of directives which make tests; if the test, lis
true, Lthe rasgt of rthe command is praocessed, Logical teats may be
combined into a compound logical test with the LJAND and .OR
directives.

L]
-

5.2.6.5.1 Test if Symbol Is True or False : LIFT/ . IFF

The valus of a symbol may be teated for krue or false; if the test is
true, the rest of the command ie processed.

Formak:
.IFT E=ESBEE If symbol sgaaga ls true,
.IFF sSs5=BEEB If symbol sssaes ls falaee,

The symbol must be preceded and followed by at least one blank, except
at the end of a line, in which caee, it need not be followed by a

bBlank.

Example:

LIPT A .GOTC 140
-IFF B .GOTO 240

5-&



INDIRECT COMMAND FILES

5.2.6.5.2 Test if Symbcl Is Defined or Notk Definad .IFDF/ _ 1FNDF

A test can be made to determine whether a symbol has been defined or
not Jdefined; Lf the tesatr is true, the rest of the command i5
processed. ‘This directive does not test the value 0f the symbol.

Furmgis '
.IFDF =ssaBas If ayphol 86s5ss 18 dafined.
LIPHDF =s5G658E If symbol 585555 is not defined.

The symbol sEssgs must be preceded and followed by at least one hlank,
except akt the end of a line, in whigh case, it need not be followed by
a blank.

Example:

.IFDF A .GOTO 100
LIFNDF A&  .ASK A pO YOU WANT TO SET TIME

£.2.6.%.3 Test if Task Is Installed or Hot Installed JIFPINE/S . IFHINS

A test can be made te determine whether a task is  installed in  the
aystem; 1f the test is etrue, the rest of the command is processed,

Formak:
LIFINS EtEREE If task tbteke 18 installed.
+JIFNINS LEEEEL If task EbtEbt 18 not installed.

The tagk name titttr muse be preceded and followed by at least one
plank, " except-at .the end of a line, in which cagse, the tralling blank
ia not required.

Example:

:IFINS ...PIF .GOTD 250 .
-.IFNINS ...PIP INS [1,50}PIP .

5.2.6.5.4 Test if Task Is Active or Not Active L IFACT/ . IFNACT

h test can be made to determline whether a task is acktive; 1f the test
is Erye, the rest of the copmand is processed.

Format:
:IFhET EEELEE If task tbtkttt im In executleon.
LIFHACT EELLLE If task Lttttt is not in execution.

The task name tbtttt Must be preceded and followed by - at leagt one
blank, except at the gnd of a line, in which case, it ‘reed not be
followaed by a blank.
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Example : ) . .
. .IFACT  REPORT .GOTO 150 | A
IFNACT REPORT RUN REPORT !
. ; "
N

5.2.6.5.5 Compound Tests

"If" tests may be combined via the .AND and .OR directives. In
addition, an implied .AND is effected when multiple IFs appear on the
same line without being aseparated by an .AND directive. In thls case,
the command is executed only if all teets are true. The compound
operatocs .AND and .OR must be preceded and followed by ab leaat one
blank.

ExampleB:

LIFT A RHD TFF B .GOTO C
JIFT A JIFF B .GOTD C Same effect as first line .

LIFT A ,OR IFF B RUN PIF

5.2.6.6 Branch top Label on Detectlng an Error «ONERR

If one of the following ecrors is detected:
l. Undefined symbol referenced,
2. Symbol rable cverflow, |
3. Undefined label, orx

4. SByntax error,

control will be passed to the line containing the spegified label,
This feature provides the user with & meana of gainlng conteol to
terminate command file processing in an orderly manner.

Formak:
3
LONERR label

Control 18 passed to the line starting with ".label:" wupon datecting

AN  BICOL. The .OHNERR directlve may be lgsued ab any place in the )
command file. If the directive !B executad, error procesalng will be .
passed to that label until & new .ONERR direckive is executed. If the

label specified by the .ONERR directive does not exist and an error

condition has oocgucred, the cask will exit.

Example:
+DHERR 100
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5.2.6.7 Pause for Operato: Actlon . PAUSE

It is possible to intercupt the processing of an  Lndirect f£file and
wait for operatar action. This ls done using the .PAUSE directive.
Issulng a .PAUSE directive will cause the -indivect file processcr LaBk
to supend,itself. The operakor may perform some gpecified operations
and then cause the task to resume. .

Formalk:

. PAUSE

When the indirect flle processor task suspends itself, it displays the
following message an the entering terminal:

AT. -~ PAUSING. TO CONTINUE TYPE "RES trrret®
where:
tttkkt = is the name of the rask.
When the operaror ls ready to resume, he types:
>RES tttekr
The task then princs oot:
AT. -- CONTINUING

and it continues procesasing where it lefk off,

5.2.6.8 Set Symbol ko True or False BETT/ .SETF

A symbol may be defined or its value may be changed by vuse of the
.SETT/.SETF direcrives. If the symbol ia pnot defined, a symbol table
entry 18 built and set Lto the appropriate value; if the symbol
existg, the valpe is set appropriately.

Format :
JSETT ssgsas Set eymbal B5s2s585 L0 Lrue.
+5ETF sBgEese Ser symbol sEssss to false.

The symbol sssgss must be preceded by at lepst one blank.

Exampla:

LSETT X
t8ETF ABCDE



INDIRECT COMMARD FILES

5.2.6.9 Wait for a Teek to Finlsh Executicn LHAIT

Processing of the indirect command file may be suspended until a
particular task has terminated by issuing the .WAIT directive.

Formak ¢

“WAI? tErbrt

The "Leak name ttEbtkt must be preceded by at leagh one blank.

+

Ezample:
LWAIT FIP
5.2.6.10 Iniriate Parallel Task Execotion -XgT

Hormally, a command is passed to MCH and the indirect file processor
waits until the coomand ie completely executed, However, it is
possible to inltiate a task and not wailt for it to complete before
executing the next [pdirect file command,. The MCR ERun command
initiates taskse, and the indirect file processor will continue as soon
as the PRun command is processed. Bub the user is not able to pass a
command atring e0 the target task wvia the Run command. Using the _XOT
direcrive, it 18 possible to start a task, pass a command sktring to

it, and c¢ontinue procegsing command lines in parallel with the

lnitiatad cask.

Format:
-XQT c¢od command-atring
where:

cmd is the name of the task [e.g., MAC, FIP,
DMO) .

command-string ts the command to the taek.

Using the .XOT <command provides a facllity to inltiate parallel
proceasing of tasks. To synchronize the execution of parallel tasks,
the .WAIT directive can be aused to suspend command fille processing
until the speclfied task has completed.

Examplet

. XQT MAC TEST,TEST=TEST
~AiQT TEB BLD,BLD=BLD
-WAIT MAC

+.WAIT TKB

The example starts an aesembly and a taak build executing In parallel
and then waits for the two tasks to complete.

{2



AT. —-

AT, --

AT, —-

AT, --

INDIRECT COMMAND FILES
FILE READ EERROR

hn error was detected In reading Lthe indirect file.
Usually dee Yo reccrds which are more that BO. bytes long.

INVALID ANSWER

In response to a gquestion from ,ASK, the operator enktered
something other than ¥, N, or null, followed by carriage
return, The Quaation will be repeated.

HaxImygM INDIRECT FILES EXCEEDED

An attempt has been made to refarence ap indirect f£ille at a
nested depth greater than four.

PAUSING. 'O CONTINUVE TYPE "RES tttttt”

Mat an error message., The indireck file processor Jjust
erxecukted a .PRUSE directive,

RECORD LARGER THAN BO. BYTES

h record larger than RO, bytes has been encountered.,
“aximum record sire is BJ. bytes.

REDEFINING SPECIAL SYMROL
An atbempt has been made te change the value of a apecial
symbol ({l.e., those brackeced wikh "«<" "3"})., They may nat
be redefined,

SYMPOL TABLE OVERFLOW sss%ss

The symbol table is full and there is no space for symbol
555558,

UNDEFINED LABEL 1111111

The label 111111 specified in a .GOTO or LONERR directive
cannok be found,

UNDEFIRED S¥YMBOL Ssapcs

The symbol assese 15 being tested, but ‘it has not been
defined,

The default file type for (ndirect command filles is .CKO,

when the indirect file processor reaches the end-of-flle at
the top level flle, it wlll display:

YR <EQF>

and exlip. |

&>



@ IMPRIMIR ‘
»* TIPO DE PROCESDO (COPIA,FIN): CS5d: COPIA

»* DISPOSITIVO DE ENTRADA: [SJT: SY

>% DISPOSITIVDO DE SALIDA: 0SJ: TI

>* NOMBRE DEL PROGRAMA: C£ST: IMPRIMIR
>%* TIPQ DEL PROGRAMA: C53: CMD

>* YERSION DEL PROGHRAMA: TS83: O

>PIP TI:=SY:IMPRIMIR.CMD:O

.8ETS COP "COPIA"

.S3ETS FIN “FIN"

. LD

.ASKS TIPD TIPO DE PROCESO (COPIA,FIN):
JIP TIPO EQ COP ,GOTO 20

JIF TIPO EQ FIN .GJITO lod

LGOTO 10

20

.ASKS ENT DISPOSITIVO DE ENTRADA:
ASKS S5AL DISPOSITIVO DE SALIDA:
.ASKS PROG NOMBRE DEL PROGRAMA:

LASKS EXT TIPO DEL PROGRAMA:

.ASK5 VER VERSION DEL PROGRAMA:
LENABLE SUBSTITUTION

PIP “SAL”;:="ENT”:“PROG”. “EXT”: “VER”
,DISABLE SUBSTITUTION

.A5K OK DESEA COPIAR OTRO ARCHIV(Q
IRt OK LGOTO 20

J100:

/

>* DESEA COPIAR OTRO ARCHIVO? [Y/NJ:N
*MCR :
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CHAPTER 2
OPERATING SYSTEMS

OVERVIEW

The success of the PDP-11 famlly of cperating systams is largely attri-
butable to Its ability lo handle many diverse data proceszing applica-
ligns. For example, RT-11 provides a single-user envirgnmenl with
fareground/background processing: RS75/E provides 8 multi-usar
anylrgnment with econemical timesharlng: RSX-11M providas & mulli-
user an-line gnvironment with data collecton and process controf;
DSM-11 [MUMPS) provides tha same with data bese informalian Ey5-
terns; and 1AS provides a multi-user eavironment with simulianeous
limesharing. real-times, and balch processing.

Basic cancepls partalning 1o the siructura of Ihese sysiems are pre-
sented in this chaptar.

FEATURE TOPICS

s Companents and Functions

* Prpcessing Methods

s Data Management

Data Slorage and Transler Mode

iﬁj Devices and Physicai Data Accoss Characteristics
Physical Device Characieristics

= Filg Siructures and Access Mathods

s Directeries and Diraciory Access Techniquas

* File Prolection/File Naming

= lserintariaces
- LSpeacial Tarminal Commands
- 2 Commands
- Monitor and Command Language Commands

s System Ulilllies
« Operating System Comparative Chart

OPERATING SYSTEMS

INTRODUCTION ;
Operaling systems have two basic funclions: they provide services for
applicalion program development and act B5 2h anvironment in which
application programs run. The character that an operating system
hasg, 1hat is, the services and environment it supplies. is appropnate
only lor a cerlain range of program development and applicatan re-
quiremenls, in order to serve selected needs ellciently. Cperating
syslems tor 1he PDP-11 lamily of computers, however, share many
similar program developmenl lechniques and processing environ-
ments.

COMPONENTS AND FUNCTIONS

An operating system is a collection of programs thal organizes a sel of
hardwara devicas into a warking unit Ihal peopie can use. Figure 2-1
illysirates the relalionship between users, the operating system. and
the hardware. #DP-11 operaling systems basically consist of two sets
of software: the monilor (or executive] software and lha system utili-
tias.

—— T T e e — 9
| . i
| |
AR ATIE T
e""‘ PROG MG E@Z: HART Il
| |
J

Figura 2.1 Compuler 8ystem

An pperating system monitor is an integrated set af routines that agis
as the primary [nterface between the hardware and a program runnmg
on the sysiem, and belween the hardware and the paople who use the

* syslem. The monilor's basic lunctions can be dividad amang the rou-

tines that provige the tollowing services:
» device and data managemant

* user interface '

* programmed processing services

* mamary allocation

& procassor bme allocation

In general, & monitor can have twe distincl cperating components: 5
permanantly resideni portion snd a transient portion. When & manjlar

s
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OPERATING SYSTEMS
is loaded inlp mempry Bnd started, all of the monitor iy resident in
memory. |1 first duly (s o inlerface with tha operalor running the
systam. The monitor simply waitz unlil an cperalor requesis some
servicm, and then perlorms that service, tn general, these services
inctude loading and slarung peograms, contrelling program axeculion,
madihying or retrieving system infarmation, and setting sysiam param-
eters. in most systemns, these funclions era serviced by iransient
portiens of the monitor,

in some cases, when the monitor initiales another program’s execu-
tinn, 1he transient portion of the moniter can be over-written by the
loaded program or swapped out. The permanently residen] portion
rer:ji_gnn.mrnnry 1o act on raquests from the program. Thess gener-
ally include I/ services such as ie managemenl, device dependent
pperallong, blocking and unblocking data, allecaling slorage spacy,
fam:l managing memory areas. In large systems, Llhese services might

Blso include Inter-task communication and coordination, memary pro-
tection and parity checking, and task execution scheduling.

The gividing ling batween parmanently ragident and transient perlions
of the maonitor, however, ig nol sirictly based on user-inlerfage func-
tiong and program-inlerfaca funclions. In some syslems, special mon-
itor routines That service eilher the pperator or programs might be
stored on Lhe system device, and are galled intc memory only as
needad. The concern for apece in smalt systems usually delermines
whal porikang of the moniter are resicent at any time. The programmer
or operator can control the size of the meniter, based on the negds tor
memaory.

In sama casas, the user can adjust the stze ol 1he monltor by

eliminating features 1hal are not negded [n en application envlron-
meni. ASTS/E, RS3X-11M, and ASX-115 are examples ol gech Sys-
tems. Tha RSX-115 system's moaitor {(catied an executive) iz akways
permanantly residant when 1he system is operaling. In this case, the
user concerned with 5fze ¢can ellminate routines that pertorm unneed-
gdt operations. In general. however, 8l FOP-11 operating syslems are
designed to be flexible enough 1o operale In e relatively wide range ot
hartwara anviranmenis.

Sysiem utilities are the individual programs that are run under control
of the monilgr 1o pecform usefu! syslem-level operaligns such gs
spurge program assembly or compilation, object program linking, and
filg managomant. . -

..
-’

Systern uillity programs enhence the Capabliities of an cperaling Sys-
tern by providing users with commenly performed general services.
Thera ara three classes of sysiem ulilities: lhose used solely or primar-
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ily for program develospmant, those used lor lile management, end
thasa used 10 perform speclal aystam managemant luncilons. -

Program devalopment utllities include tex! ediiors, assemblers and
compilers, linkers, program lbrarians, and debuggers. File manage-
mant utilites Include iile copy. translter, and deleticn progrems, hle
farmat translators, and media veritication and clean-up programs,
System managemant utillties vary from syslem 1o system, depending
on the purpose and funclions tha system serves. Some exampigs are
system in[ormation programs, useér accounling programs, and error
logging 2nd an-line diagmostic programs.

PROLCESSING METHODS

The basi¢ distinclions among Sperating systems ara in the processmg
methods they use to exscute programs, The distinctions lo be dis-
tussed here arg.

» zingle-user va. mulli-user

* single-job vs. loregroundd background

s foreground/background ve. mulii-programmming

* ttmesharing vs. evenl-driven multl-programming

A singlg-user operating syslam viaws demands upon its resources as
emanaling {rorm & single saurca. Il has gnly to menage the resources
besed on hess demands. As a result, Lhese systems do not requires
account numbers to access Lhe Bystem or data files. RT-11is & eingle-
user operating syslem.

A mulli-uzer operaling system recewves demands for 12 resources
Irom many diflerent individuais. The system musl manage its ra-
sources haged on these demands. For example, several users may
want sole access 10 the same device al the same time. The systern
must control Access to thesa devices. In addition, the individuals may
be using the system for differant purposes, implying that some privacy
must be maintained. As an effecl, a multi-user systerm normally has en
account system to manage ditferenl user's files. The |1AS, RETS/E, and
R5X-11M syslems are all multi-user systems, and all provide ¢device
allocalion conirol and file accounts, In the case of the 1AS, ASTS/E
and systemas, Lha fila account slruclure is /50 used Lo keep lrack of tha
amounls of Eystem resources an Individual usas, Furthermore, 1he
RSTS/E syslem extands privacy by prolecting Individual vsers gt a
gystam leval from tha efects of eny olhar users of the aystem.

An AT-11 syslem can ogerata in bwo modes: 85 a ginple-job system, or
as = foreground/background systam. In a {oreground/background
syslem, memory lor user programs is divided nfo two separste re-

by
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gions. The foreground reglon is occupied by a program regquiring fast
responsa 10 A& demands and phnosity on fll resources while it is pro-
cessing; for exampla, & real-time sppliceticn program, The back-

ground region is avallable far a low-prlority, preempiable program; tof

exampla, A compiler.

Twe Ingepandent progreins, theretore, can reside In mamory. one N
the loreground region and ane in the background region. The tore-
ground program is given priorily and executes unti) i relinquishes
conlrol to Lhe background program. The background program is el-
lowed 1o execule unlii Ihe Ioregraund program agaln regquires control.
The two programs effectively shara tha rescurces ol Ihe sysiem. When
the foraground program s ldle, the system does nol go unused, Yet,
whan tha forsground program requires seovice, Itis immediately ready
1o mxacute. I/D operations are processed independently of Lhe
requasling job 10 ensure that the processar is wsad etficiently as well
as to enable fasl response 1o ali 140 inferrapts.

The basls of loreground/background processing s the sharing ol &
syslem's resources between twa tasks. An extension ol fore-
groundfbackground processing is mulkprogramming. In mullpro-
grammed processing, many jobs, inslead & Gnly two, compele for the
syslem's resources. Whila it is still rue Lhat only one program can
have conirol af the GPU al a time, concurrent exgcution ol several
tasks Is achieved because other system resources, partcularly 170
dewce operations, can execute in paraliel. While ona lask is wailing for
an IO ope'ratiun lo complate, for axample, anoiher task can hav@
conlrol of the CPLU.

The RSX-11 family of operating systems emplays multiprogrammed
processing based on a priority-ordered queue of programs demand-
ing sysiem resources. In this case, memory is divided into several
regions cafled paritions, and all 1asks lcaded In the parlitons £an
erpcute in parallel. Program execution, as in tha AT-11 fare-
ground/background syslem, is event-driven. That is, a program re-
iains control of the CFVY unlil it declares a signiflcant avenl—normally
meaning thal it ¢can no longer run, eilher because il has linished
processing, or because il is wailing lor anglher operation 1o aoour.
When a significant event is declared, lha R5X-11 exaculive gives con-
trol o ihe CPU to Lhe highest priority task ready to azecule. Further-
mora, a4 high-priority task can interrupt a lower-priority task i i re-
quiras immedialo sarvice.

Thea RSTS/E and MUMPS-11 systems also perform concurrent exedu-
tlon of many independent jobs. RGTS/E and MUMPS-11, howouit.
pracess jobs on a llmesharing fathar than an event-driven basis, since

13

OPERATING SYSTEMS

1his is besl suited lor an inleractive processing anvironment. Each job
i$ guaranieed a cartaln amouni of CPU Lima {& ime slica), 2nd jobs
receive time one after mnother, in a8 round-robin iashion based on [ob
priority levels set by the system. The syslemn itsel! manages timeshar-
ing processing to obtain the bast pverall rasponse depending
ganarally an whether |abs are compute-bound or IFO-bound. Tha sys-

. tem manager or privileged users can also specity Lhe minimum guar-
anleged lime for a particular job when it gels service, as well as modity.

ing its prigcity.

The 1AS Bsystem ellectlvely combines event-drivan and timeshared
progessing in arder 10 handle bhoth raeal-time processing negds and
interactive Lmesharing needs. In 1AS, /0 tasks and any user-desig-
nated real-time tasks mre assigned figh priorities and receive serice
on an gvenl-driven basis, Ali other 1asks run at lower pricrities ¢n a
timoshared basis, using any CPL lime remaining after real-1ime, high-
priorily 1asks have bean serviced.

DATAMANAGEMERNT
Digital computers deal with binary inlprmation only. The way in which

pacpie interprat and manipulata the binary intormation is called data
managameni.

This section desénbos POP-11 soliware data management sirudcluras

and technigues, from the physical storage and trangter level to 1ha

logical organization and processing level. This includes:

* ASCIl and binary storage fprmats — how blnary dala can be in-
terpreled .

= physical and ioglcal data structurags — the difference between how
dala siorage davicas operate and how peopla usa them

+ fila glructures — how physical unils of dala ara logicalty organized
1or easy referenca

= file direclories — how liles are locatad and retrieved

. * Nils protection — howliles are prolected fram unaulhorized users

* file naming convanllons — how lilas are identitiod

Physical and Legical Wnits of Data

Pnysical unils of dala are the elamenis which digial computer davices
use 10 siore, translegr and relrieve binary inlormation. A bl (blnary
digil} is the smallesl unit of dala thal computer systerms handle, An
axample of a bil i3 the magnetc core used N SOMa pEOGassor Mamo-
riex that is polarizad in one direction o represent the binary number 0
and in the opposite direclion {orepresent the binary number 1.

14
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in PDP-11 computers. & byte |s the smallesl memory-addressable unit
of dats. A byta consists of mighl binary bits. An ASCII characler code
can be stgred in one byle, Two byles conglliute a 16-bil word, A word
i% the largest memory-addressable unit of data. Soma maching n-
Eiructions arg slorad in ona word.

Tha smallas! unit of data Lhal en YO peripheral davice can ttangler is
catlad Its physica! record. The size of e physical record is usually hxed
and depends on lhe typa of device being reélerenced. For axample, a
card readar can read and transfer 80 bytes of inlormation, stored on
an Bl-coiumn punched card. The card reagdor's physical record lenglh
is BD bytes.

A block is 1he name lor the phytical record ol @ mass slorage device
such as disk, DECtape or magneiic tape. An RKDS disk block conslsts
of 512 conliguous bytes. Iis physical recard length is 512 bytes,

Physicat blocks can be grouped intd a coliection called & device Or 8
physical voluma, This colleclion generaily has a slze eousl (o Ihe Ca-
pacity o tha govice 1nedius, The term physical volume is gaparally
wead with rerngvable media, such as oisk packs or magnetic tape.

Lagical nnils of dala are the slements manipulaled by people and usec
piggrams 10 storg, lransler and retrigve information. The infarmation
has lagical characteristics, for example, dala type (alphabalic, deci-
mal, ete.) and size. The logical characteristics are nol device
.dependent, iheyare determinad bythe pesple using the system,

A ftald iz the smallest logical unil ¢f data, For axample, the fiafd on a
punched card used to contain a petson’s name is a logital uml of data,
I ¢an have any length determined arbitrarily by the programmer who
detines the fiald.

A logical record is 8 collection of Hlelds trealod as aunit, [Lcan cantain
any lagically relatad informatlan, in any one of aeyersl dala bypes, and
it can be any user-determined leagth. Its characteristics ara not device
cdepgndent, but can be physically defined, For azample, a logical rec-
ord can oocupy several blocks, of It can 7eside fn a single block, or
several logrce! records can raside in a single bleck, its charagter|slics
ara determinead by the programmer,

A file ks a logical collection ol dala 1hal oooupits one of mere blocks on
a mass storage device such as @ disk, DECIape or magnellt lape. A
hle is a system-recognized logical unit of data. {5 characierislics can
be determingd by lhe System or the programmear, )

A fhlg can be r coltectlion of logical records realed as 8 unit, An exam-
ple is & emplovee file which contains one fogical record i Lhe file lor
each employes. Each recard gonlaing an employee’s name and ad-
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dress and other pertinent information, )f the logical record length Is 50
byles and thare are 200 emplcyees, the tempiale employes lile could
ba slared in 20 532-byte biocks. Depending on ihe fils structure Used
In ihe system, 1he blocks coutd be scatiered over the disk, or coutd ha
lozated one aller the other,

A logical volume is a collection ot liles thal reside on a single disk ar
DECIape. It Is the logical equivalenl of 8 physical device urit |a physi-
cal volume) consisting of physical records, such as a disk pack. The
tiles on a volume may have N specitc ralglionship other than their
rasidence on tha sama magnetic medium. In somme cases, however,
the titas on & volurme may all balong to Ihe same user of Lhe syslem.

Figure 2-2 Illustrates soma of tha kinds of physlcal and logleal units of
data thal POP-11 compular systems handle,
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Figure 2-2 Physicaland Logical Dala Storage
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Cata Storage and Transfer Modes

All POP-11 aperaling systems use lwo basic methods of data slorage:
ASCI and binary, Data stored tn ASCH format conform te the Ameri-
tan Mational Stangard Code tor Informalion Interchange, in which
gnch characler is reprasenled by a 7-blt code. Tha 7-bit code
oceupies the low-order seven bils of an §-bil byle, Depanding on the
opereling syslem's slorage lechnigquas, tha high-order bt may ba
used lor parity checking and special lormalling. ¢r it may ba ignored.
Text files such as source pregrams are examples of dala stored in
ASCH tormat.

Binary storage always uses all eight bils of a byte 1o store information.
The signiticance of any tit varles depending an tha kind of inlormation
o be stored. Machine instructions, 2's complament inleger data, and
Hoating poinl numesic data are same examples of cala stored in bina-
ry tormat.

Figure 2-3 illustrates the way in which binary dela can be inlerpreled
as either ASCI ¢ala or machine instruclions. Tha ligure shows two
examples ol a word ol slorage cantaining the same sequence of bils,
interpreled first as two ABCI characters and second es 3 maching
inslruction. When a word of slorage is inlerpreted as two ASCH char-
aclers, lhe binary digils are grouped inte octal digils in & bytewise
manner. Each byle iz arauped inle threa oclal digis. Tha low-order
two oclal digils cantain lhrea binary digits. The high-order oclal digit
contains iwo binary digiis, When a word ol siorage |5 interpreted 25 a
maching instruclion, ihe Dinary digits are grouped inlo six oclal digits
In a wordwise manner. Proceeding trom Lhe low-grder binary digit,
gach group of three binary digils is interpreted a= an oclal digit. The
single remaining high-order blnary digit |s Interpreled as an oclal digit.
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I large, sephisticated aystems such as ASTS/E, ASX-11, and iAS, Ihe
way in which data are stored on the byte or bit level is carely & concern
of the application programmer. The operaiing syslem handies all data
slprage and transter gperalions. [n smaller systems such as RT-11, the
programmer can become involved In data siorage lormats. A panicu-
lar application may require the salection of a paricular storage fermat.

The data siorage format is related 1o the way in which dala are irans-
ierrad in an I/ operation.

Formalling can aiso ba applied al & higher level 10 define the type of
daia file belng processed. I the AT-11 system, Ihere arefour types of
binery fileg, each type signities that & 6pecial Interprelalion applies 1o
the kind of binary data slored. For example, 2 mernory image lilg bs an
exact pioiure of what memory will Igok fike when the e 15 toaded to be
execulad. A relocatable image [ile, hawever, is an exaculable program
wmage whose instrucllens have been linked as il lhe base address
werg zérd, When the Ille is loadad tor execullon, Lha systarm has 1o
c_hanga &ll lhe instructlons according Lo Lhe oflsel from base address
Zera,

1fO Devices and Phyalcal Data Access Characierislics

In 2 POP-11 computer system, da'a moves Iroem axtarnal storege de-
vices tnte memory, Irom memoery into the CPU reqisters. and gul
again. The window from exiernal devices 1o mamory and the CPY is
called the I/0 page. Eath exiernal /D device in a compuking system
has an external page address assigned Lo it Figure 2-4 illustrates the
dala movement pathin a POP-11 camputing systam.
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Figure 2-4 Memory and /0 Davices

Alhcugh glf external devices rensmit and receivae data ihrough the
LIS, devices ditfer in thelr akility to slore, retrieva or trensfar data,
Almast all POP-11 aperating eyslems providae device independence
Letween deviced that have simllar characiartslics and, where possible,
batween ditlering devices in sttuations where Lhe datz manlpulaion
operations are lunclionally idenlical. Primarity, POF-11 operating sys-
tams differgnliate between:

» {lfe-slructurad and non-fila-structured devices

& hiock-replaceabls end nup-blmk-raplaceabte devices

Terminats, card readers, paper lape readets, paper tapa punches ang
Lne printers are examples of devices that do not provide any means 1o
store of retrleve physical records selectivaly, They can transfer data
cnly In the sequence in which thay occur physlcally.

In eonirast, mass sterage devices such as disk, DECtape, floppy disk,
magnetc lape and cassalle have the ahility to atore and relrisve physi-
cal records salectively. For anample, an operating system can selecl a
tile from among many logwcal collections of dala stored on the med)-
um,
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Mass slorags devices are catled lile-structured devices since a file,
consisling of & group of physical records, Can ke slored on ang re-
trigvad from the davice. Terminals, card readers, paper tape read-
ers/punches and [ing printers ere called nan-lile struclured devices
because Lhey do not have the ability selectvaly 10 read or write tha
physical records constituting a tile, .

Finally, mass s1orage devices gitler in their ability to read and write
physicai records, Disk and DECiape devices are block-replaceahla
devlces pecausa & given block can ba read or writlen without
accessing or dislurbing all the olher blocks on the medium. Magnetic
tepe and cassatle are not block-replaceable devices.

A device's physical dala access characteristics determing which data
transter methods ara possible for that device. Non-hle struclured de-
vices allow sequantial read or wrile operations only. Mon-bBlock re-
placaable devices allow sequentlel or random read operatons, but
allpw sequential wrile gpsralionsg onty, Block-replaceable devices al-
low both sequential and randpm read or write gperations. Flgure 2-5
sumrarizes Lha read/ write capabililies o! each calegory ol 110 device.
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Fll= Proptection

Master Fila and User Flie Directorias form the basis lor file access
prolectlon In mulli-user systems. Unauthorized users cannot BCCeEss A
file uniess they know Lhe BCCount under which il |s stored ang can
oblain a¢cess 10 that account. Account systems and file access pro-
teciton tachnigues ara related.

Multi-user systems identify the individuals who use the syStem by
accounl numbers callad User |dentihcation Sodes [UIC). Tha aystem
.manager narmally gives a user an account number under which the
user can 1og in (o the system and oblain access 1o its services. In
general, 8 UG consists of w0 numbers: the first number is used lo
ur:demilg.r a group of ugers, 1he segond number is wused to uniquely
!!idanmy an ndividual user [n the group.

! In ASTS/E systems, an individual tle can be prolected against read
‘aceess or write agtess where distinclions are meda on the basig ol the
UG eccount number under which a file is stored. For example, B file
can be read protected against all users who arg not in the same ac-
counl graup and wrile prolected agalnst all users axcapt the owner,

The ASX-1171AS5 Niie system provides a protection schema for bolh

. yolurmps ard files. it is possible o specify protaction attribules lor an

. T m—— Ak —d 1

entre valumeg as well a3 far Lhe files In the volume. A file or an anlire
volume can be read-, wrile-, extend- or deleta-pratecied. Distinclions
ara mada on the basis of account number, where the system recog-
mzes lour groups ol users: privileged sysiem usors, Ownar, owner's
proup, and all gthers. .

Fila Haming -

The mpsl Common way USers communicate thelr desire to process

. data is through lile specifications. A lile specificalion uniguely idanti-

hes and locates any logical coliection of data which is on-ne to a
computer system.

" A compller, for example, nesds 1o know the namp and location gl the

sourco program fila that it is to complie; il alse needs 10 know the
namuy Lhal the user wants 10 use for the cutpul gbject program and
hsung lles it produces. Most PDP-11 epereling systems share the
sama basic larmat lor inpul and oulput lite spacilications,

in e AT-11 system, & file speclfication conslsts of the name of the
davite an which tha lilc resides, atlle name, and a file name axignsion
n the lollawing formet:

devfilnam.axt

Tha colan is part of Ihe device nama, separat:ng it from tha file name
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on the righi. The period s part of tha fite name exiension, separating It
from the e name on the lef.

PDP-11 operating systems use the same device nameas for the devices
they can access. A gevica name consists of a two-lefter mnemon/c
and, for multiple devices of the same kind, A ane-digit number indicat-
Ing the device unil number, For example, the name "D 1" g used ta
identity ihe AK11 disk driva unit number 1. The name "DPD:" idenliitesg
the AF11 disk drive unit number 0.

In 1he RT-11 syslem, a li'e name fs 2 1- t& B-character a!phanumeric
name designated by the user. For gxample, “SYMBOL*®, “RL12", and
"NORT4" ere examples of lila names. In the RSTS/E gnd RSX-11M
Eystemns, a lila n@me can ba up Lo nine ¢haracters lang.

A Dhlg nama exiension is a 1- 1o I-character afphanumerlc name
preceeded by & period. The extension can either be assigned by Lhe
usgr or, if unspetitied, assigned by the system, The exlengion fenaral-
ly indicates ihe format af a e, Sysrem-assigned and recognized ax-
iensions make it easy for the user mnd the system to distinguish
beiween diftaranl forms of a fila, For exampls, a fite having Ihe extan-
slon “.FOR™ i3 recognized by the FORTRAM compiler B8 8 sgurce
program wrilen In FORTRAN, A file with the exiension “.QBRJ" is re-
€ognized by Ihe Linker as an object program, a legal inpul fite. When
in Lha process of compiling end linking & FORTRAN program, ihe user
has cnly Lo gpecify a fila name 1o the compiler and Linker. The
FORTRAN compiler will complle the file whose extsnslan s " FOR"
and produce a flite with the same !l g name whose extension Is = (8.,
The Linker will llnk the file whote extansion Is . QBJ™.

In muhi-user systerms such as RSTS/E and RSX-11M, g distunction
must be made between liles stored under varlous accounls on g de-
vica, Two difterant users can have a filp named "REFER.QBJ" on |
disk. In these syslems, therefore, a file specificetion has an additional
component 1o ldentily ithe pser lilte directory @t account under which
the file is stored. The basic lile spectdication is expanded to use Lhe
Illowing format

dev;luld]liinam.ext

The a¢count number or user file directary iy 8lways encloged In brack-
&ls. It consists ot the project or group number followed by & comma
and A pragrammar ar user number. Far example, “[12AY'isan exam-
ple ol an account or user file directory.

I
RSTS/E sysiems also include a prolecllon code as part of the lilg
specdication, 19 indicate tha protection that 1he (il receives. A com-
plele RETS/E file specilication could be:
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BK1:]200,210)BINFOR.DAT <602

ASX-11 syslems extend tha basic fite specification format by edding e
version number |denflifcation after the lila Naime extansion, For exame-
ple, when a file is first creatad using the adlior, 1S assigned a version
number o 1. It the file is subsequentty gpened Tor ediling, the edilor
keeps Lthe firsl version for backup and creales a new file using tha
same file specllication, but with a version nurmber of 2. A camplets
R5X-11filg spacitication could be:

DPU:{15.7]PREFT,MAG;1

in most casas, the user does not have o issue 8 complele file
specification. The POP-11 operating sysia!'rls use defaull values whgn
a portion of B Nle spectfication is not supplied, The file nama BXIENsion
defaults, as Indicated previously, depend on the kind of pperation
Ibeing performed.

The device name, [ omlbed, is normally assumed 1o be the system
‘devica. Far example, the file spectfication “FILE_ DAT" is equivalent 19
1 spectication "DY.O.FILE DAT™, If the syslem device |8 RK11 driva
unit 0. Most gystems alsp &llow the user to omit tha vnll numtrer, i
omihed, the unll pumber |5 assumed Lo Ba unlt numbear . For 8xam-
ple, DT:1s equivatend to DT il signifies DEClape drive unii C.

Il the aceounl number is omittad trorn the lile specification, the sysiem

assumes thal il iz the sama 85 the UIC under which the vsar logged In

or under which the operatlon is being performed. For gxempla, il the
I user [ogged n under UIC 200,200 and issug & file specification YK
¢ SAMPLDAT", It ks intarpraied as *DK3:1200,200)SAMPL. DAT®,

I} the version number is ormitled from an ASX-11/1AS5 tila specification,
the system assumes that the fle specification refers 1o tha fatest ver-
sion of the lile,

For relerances la fIIB—strdcturad devices, & llle specification must in-
v clude 2 file name, The davice mnemonicy, hidxwever, gra also u_sed o
reler 1o non-tile structured devices. In this case, & fila name s irrels-
vanl. For axample, an oparation 10 read through a2 deck of cards and
pring the informatlon on a line printer Is 1s5ued in most gystems as
tollows:
#LF=CR:
The # Indicates thet an inpul/output command {5 being (3aved; 1L 1s
prinied on the terminal by the program |hat requests the VO com-
mand. The user types the command LP:=CR!. The = saparaips the
input lile spactication on the right from 1he cutpul file specilication on
Iha leMt. Tre device name LP: signities thal the line printer |5 to be used
#s Ihe culpul davice, and tha dayice name CR: signilies thai the card
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_reader is t0 be used as the inpul device, A file name, it psed, would be
ignared, since the system can not symbolically reference data on nen-
lite siruclured devices.

In addlugn ta relying on datauils in tha lile specificalian, the user can
alse put an asterisk In pface of g file name, lla name extansion,
accounl number, or versian nrumber Lo indicata 8 class of files, The
asterisk convention, also called (he wildcard convention, is commonly
used in POP-11 pperating syslems when perlorming the sam# opera-
tion on relaled files. For example, the lile specitication DP1;
[2.1]PROG." refers 1o all hles on DPF1: under account {2.1] with o file
name PROG and any exlension, The lile spaciiication DK:|"."
{FILE.SAV refers to 1he lites under all accoums on RE11 driva unit Q
named FILE.SAY. The lite specificaign DT:*.08J refers {o all Hles an
tha DECtape mountad on drive unit 0 that have Lhe exlenzion (OBJ.

USER INTERFACES

A user inlerface refers 1o both 1he software that passes Informalion
between an operator and a system and Lhe language Lhat a systam and
an operflor use 10 Communicals. In the latter sense, a user intarface
consisis of commands and messages. Commands are the instruclions
that 1he user types on a terminal keyboard (Or gives 10 & batch proces-
$01}) 10 18l the system whal 1o do. Messages arg the lext that & system
Yirints on a werminal (or ling printer} \nat 12)ls the operator whal 15 going
o for ezample, Prompung massages, announcaments and error
messages. This section discusses commands, Lha portinn of the user
intertaca that tells the systerm whal 1o do, and prompling massages,
Ine massages the Systgm prints wher L is ready W recelve cammands.,

Thera ara basically lour types ol commands usad in PDP-11 operating
systems:

» manitor or command language cammands — uveed (o reques! ser-
vices Irgm the syslem as a wholg

* /O commands — wvsed to diregl any kind of /D operation (oflen a
parl of monitor commands)

v special terminal commands — these use keys on a terminal for
spacial lunclions

* SysleMm program commands — cammands used in system pro-
grams that perferm operations ralevant only for the individual pro-
gram

Swince system program commands are relevant anly for indiy/duai 3ys-
1em programs, and not lor gperailng systems in general, this se¢tion
discusses monilor and command language commands, /0 com-
mands and special rerminal commands enly,
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Special Terminal Commands

Soecial terminal commands are a set of keys or key combinalions
Ihat, when typed on B 1erminal, are used 1o pertorm special lunctions.
For example, a user normally types the carriege return key at the end
ol an Inpul command string 10 send the command to Ihe system,
which responds immediately by perlorming a carriage relurn and ling
teed on the terminal. The key labeled AUBCOUT or DELETE |s used 1o
gelele the [ast character typed on theinput ling,

The mast significant special tarminal commands are thesa used wilh
tha key labeled CTRL {control). When the CTRL key is held down {like
ihe shiit key) and encther key 15 lyped, a eontrol character is sent tq
Lhe system 1o indicata thal an gperallon is to be performed,

For example. & line currently being entered (whether as part ol a
command or a5 lexnt) will bg [gnarad by the syslem by typing & CTRL/L
combination (preduced by holding down the CTRAL key and lypinga U
%ay). Tha user can then enter & newinputling, The CTRL/U function is
tha same as typing successive AUBOUT keys to the beginning of a
nne. CTALAL is standard on PDP-11 aperaling systems,

another exampla |5 the CTALSQ functien. If, durlng the priniing ot a
long message ar A lisling on the lerminal, the usar types @ CTRL/D, tha
1alaprinter oulpul will stop. The program printing Lhe aulput, however,
will sull continua. The user can type a CTAL/O again to resuma gutput.
CTRL/0 is a slandard tunction on POP-11 operating syslems.

Physica! Device Characierisiics
and Logical Dala Qrganizations
One ol Ihe mos! important services an gperaling sysiem provides 15
ine mapping ol physical devite ¢haraclerislics inla lagical data or-
genlzations. Users do nol have 10 wrile 1he software needad 1o handla
input and output to all standard peripheral devices, since Bppropriale
routines are supplied with the Sperating system,

Therg are penaratly two sels of routines provided in any operating
system, depending on its complexity:

» device drivers or handfers

s llle management sarvices

Davice drivers and handl#ra £an perturrri the followlng operations 1o

relieve ihe user of the burgen of 1JO services, lie management, over-
lapping 1/0 considerations and davice dependence:

s drive /0 devicas
« provide device [ndependence
» plock and unblock gata records lor devices, it necassary
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+ allocale or deallocale storage space on the device
* manage mamdary bullars

These routines may exisl in the system as part ol the monilor or execu-
tive, 85 in AT-11, MUMPS-11, RSTS/E, ASX-11M or R5X-115, or thay
may be providad as separate tasks, as in 1AS.

An operating sysiem can efso provide & uniform sal of Hle manage-
ment senacas, For example, the RT-11 system provides file managa-
ment services thraugh 1he parl ol ibe monitor called \he User Service
Aoutne (LSA). Tne tiser Service Rouline prevides suppert for the RT-
11 fle siruclure, USH ioads dewvice handlars, opens files lor readfwrila
operations, and ¢loses, delgles and renamas files,

In summary, an operating system maps physical device
characterishics into logical file arganizations by providing roctines g
drive /O devices and to inieriace with user programs. Figure 2-6
illustrales the transition babween the usar interface routmes and the
1O devices.
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Figure 2-6 Device Control and Fila Managemant Services

As an exampla of the mapping of physical characteristics inlo logical
organizations, the ASX-11 and 1AS syslems’ device drivers and
handiers ang e managemanlt services allow the user application pro-
gram Lo (reat alf lite-structured devices n the same manner. All of
\hese devices appear 1o the user program I be arganized into filag
consistng of consedutive 512-byle blocks which are numbered slart-
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ing frem block one of the tile to tha lasl block of the file, tn reality, the
blocks may he scattared over the device and, In some casas, the
davice's aclual physical recorg langth may not be 512 bytes.

I ASX-11/1AS terminolagy, the actual physicat records en ihe devica
{lor example, the seclors on & digk} are called physical blocks. At the
davice driver or handler jevel, the system maps these physical bloc_ks
inta logical blocks, Logical blocks are numberad in lhg same relative
way thal physical blocks are numbered, starting sequentially &t block
zero as the firs! block on the device to ihe last block on the ge'lce. Al
the user interface level, the operating syslem maps logical bigcks 140
yvirlual Blocks. Vartua! plock numbars become lile relative valuas, wihiin ™
logical block numbers are veluma relative vatues.

Frgura 2-T illusirates the mapping between physical, logicat and virtug!
Glocks In REX-11 and [AS syslems. The liqure shows two disk davice
\ypes which have diflerent physical record lengins. In 1his case, the
blocks censlituling B file are scaltered over the disk. The lile is & iotal
ot 5 tilocks long. Al the logical block level, the operating syslem views
ihe file a5 a sat ol non-contiguous blocks. At the virteal blogk level, Lhe
user soliware views the file as & g8t of contiguous. sequentially num-
beréd blacks,
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Figure 2-7 Physical, Logical and Virlual Blocks

File Structures and Access Melhods

A fila siructure is & method of organizing loglcal records lnlo fiies. It
dgescribes the ralalive physical jocations ol the biocks constlluting a
Nie. Thae {jile strucluce ar srruclures thal a parcticular operelng system
employs is 2 producl ol the way in which the system views the particu-
lar IfQ devices and the kinds of data processing requirements the
sysiem fulfills. :
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File slructure is Important because a lile can be etiective in an applica-
tion only if it meets specitic requirements Invalving:

1743 - Growih of the file may require 2 change In the tile
structure or repost-oning af the file,

ACTIVITY Theneed 1o sccess many different records in a file or
{freguently access tha same filg inlluences dala
reliieval eiliciency.

vﬁLATILIT'r The number of additions or deletrons made 10 a lile

may affack the access el iciency,

An access method b8 a set o rules for s2lecun logical records lrom e
fite. The simplest access melhad is seguential; each record is pre-
cassed in the order in which it appears. Anclher common 2C0Ce4%
mathod is direcl agness: any recard can be named lor the aggess. Tha
non-block replaceable dewices, such as paper tape and magnatic
tape, can only be processed sequentially, The block-raplaceabie de-
vicas, such as disk and DEClape, can be processed by eilher access
method, bul direcl actess lakes greatest advantage of the device
characteristics.

PDP-11 operating syslems provide a variety of file struclures and ac-
casy methads appropriate 1o their processing services. All PRP-11 hle
struclures are, however, based on some lorm of the [ollowing basic Tile
sirugtures:

FILE STRUCTURE ACCESS METHDDS

Linked Seguential
Conliguous Sequential or Direct AcCess
Mapped Seguential or Dwact Acgess

Linkud files sre = gall-expanding serias of blocks which ara nal phy 5i-
calty adjacen! to one another on the davica. The cperating syslgm
racords data blocks for a linked file by skipping several biocks
between each recording. The syslem then has enough time Lo procass
ane block whilg the medium moves to tha next block o be used for
recording. |n grder 10 connegl the biecks, gach block containg a pont-
er 1o the next btock of Lhe hla, Figure 2-8 shows Wne format of 8 linked
file.
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Figure 2-8 Linked and Contiguous File Btructuras

Linked e slructure is especially sufted 1or sequential processing
whera the final stze of the ftile i3 not known, It readity allows laler
exlonsicn, since the user can add more blecks in the samea way the tile
was created. In this way, linked liles make ellicient use ol sicrage
space, Linked tiles can also be joined together pasily.

The tiocks of cantiguous lilas are physicalty adfacent on Iha recording
medium, This formal |s especially suited for rendom (diracl access)
processing, sinca Whe order of 1he blocks ig not relgvant 1o the crder in
which the dala |s processed. The sysiem can readily determine the
physical locaten of a block wilhoul reference 1o any othar blocks in
tha fila. Figure 2-B alsg shows the farmal of & cenbguous lile,

Mapped files ara virtually conllguous iles; they appaar Lo the wser
program 1o be direclly addressable sets of adjacent blocks. The liles
may not, however, aclually octupy physically contiguous blacks on the
davice. The blocks can be scatteéred anywhera on the devigg, Separata
intormation. called a file header block, is maintained ta idenlily ali the
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blocks conslituling a file. This mathod provides an ellicient use of
storage 5pace and atlows files to be extendad aasily, whila still maln-

1aining 2 unitorm program intartace. Figure 2-8 illustralps a mapped
ite tormat,
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Figure 2.9 Mapped File Siruciura {Non-Contiguous Filg)

Il desired, & mapped filg can be ¢creatad as a conliguoos hie 1o ensura
the lastest random sccessing, In which case it is both virtually end
physicalty conliguous.

The basic tile sirugtures discussed above can be moditied or com-
bunad to extand the features of each type for special-purpose (ngical
processing melhods. Some examples are indexed files ang global
array filas,

Indexed fites are mclually two conliguous files. One hle acls as an
ordered map of a second g containing 1he target dala. The index
POrUGn or map contalns either an ardered lisi of key dale selected
Irom the target data records ot pointers 10 dala records in he secong
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lilg, er bath. The target data racords ¢an be processed in the order of
ihe Index periton, or the larpet data records can be selected by
sgarching through the index portion for the key data idenlilying 1he
racords. Thesa melheds &f logically processing the target data are
called indexed saquentlal access and random access by key, réspec-
livaly,

Glooal DSM-11 {MUMPE) array flles display a speclal tarm of linked
file structure. The arreys themselves are » logical Iree-structured or-
ganizalion congisting of arg or more subscripted lavels of elaments.
AN glements on a particuiar subscripiing level are storad in a singla
chaln of finked blocks. At the and of each blogk In the chain is a
polnter to the naxt Block in the chaln, The levels ol tha array fall lhe
tlock chains) ara linked togeiher through polnlers in the 1irst block of
pach chain. This file glructure ansures tha! ithe time it lakes 1o access
any elament of the erray is minimal,

Dlreciordes and Directory Access Technigues

Jusl as file struglura and egcess methods are required 1o locale rec-
crds within llles, diractory siroctures ang direciory accass techniques
grarequired o locata lilas within valumas.

A directory |5 & system-maintained struclure vsed to qrganize a vol-
umae inte tlles It allows the user 1o locate files without specifying the
physical addresses of the files, It is a direct access mathed applied to
the volume (o locate {les,

RT-11 supports the simplest kind of file directory. Whert disk and tape
madis are inilialized for use, the system creates B drectory on the
davica. Each Ume & flle is crealed, an entry ks made in the direciory
(hat identifies the neme of the fite, ils location on the device, and its
lenglh. When access o the [file is requested thereafier, the system
examines the directory 1o find oul where the file {a aclually tocated.
Tha syslem can access the file quickly withoul having te examine the
entire gevice.

In multi-user sy$lems such as RSTS/E, 1AS, and RSX-11M, Iwo differ-
ent kinds of direciories are used to enabla the system to 4literentiate
between files balonging o dillerent users. They are the hMaster File
Diraciary and the User Fie Direciories. These direciories are
mainained as liles lhamselves, siored on the voluma lor which they
provida a directory,

A Masier File Directory {MFD) i3 a dirsctory Tlie cuntalning the names
of ell the possible users of a parllcular device. A Usear Flle Direclory
{UFD) is a direclory file contalmung the names of all Ihe lles crealed by
a parligutar user on # device, The systemn Ilrel checks Lhe Master Fila
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Dractory to locate the User File Directory lor the particular yser, and
then Shecis the User File Direclary 10 locate tha (e, Figure 2.1 illp-
sirales the use of the Mastar and User File Qireclorias,

HE LGT
FLE FHOKG
UFD 15,
[ ru o r1
FRE FIOG
FLE mAP | TLE MAR
———
— i !ﬁ
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r
OOREE TOke WD MARY
UFD TG0 FRLE ROG
UFD Mkt (FiLE Dhia | FILE Dals
UF D mikk | ,Drieoss
— R—
Fof Cls
L .
-
UED MIKE e
At Lt e BT
Fat 1Dah |
FILE LOWAL

Figure 2-10 Master end User Fife Direclories

RSTS5/E creatas BR MFO on each disk when it |s Inljlalized. On all disks
#XCept the system disk, lhe MFD calatogs other user accounts on Lhe
gk, The MFD on Lhe system disk has a spacial purpose, Since i
maintains a cewzlog of the accounls unader which usSers can log in, in
addwion 10 the user agcounts an tha disk. A UFD exislz on each disk
for each account under which Nlas are creatad, A UFD for an account
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i5 nol created unthl a file is created by the user under that accguni,
CECtape devices Arg considered 10 be smgle-user devices, Bnd he
ASTS/E system meinlaing only 8 slngte directory on DECtapes.

The R5X-11M and IAS syslems also ampioy MFD and UFC files on llfe-
structured volumes. As with ASTS/E systems, the number of directory
Lles required depends on the number of users of the volume. For
single-user volumes, only an MFD is needed. For multiple-user vol-
urmes, an MFD and one UFD for each usar are required. An MFD is
aulometically created when the volume is initialized for ose, A LUFD (3
created only by the system manager of priviledged usar.

Fila access in ASX-11M and JAS systems, however, is not limlled to
using Lhe MFZ and UFD Fles. The basis of ile access using tha MFD
and UFD in these sysiems is a spaciaf fife calfed the index hile. Lika the
MFD, an index hlg ia created on each volume when it is initializad. Filas
in thesa systems ara mapped files, and the index Flla cantaing the tils
hander for each lila stored on thg volume, including the MFD._ Each tile
is umiquely idenlifiad by a file I3 A {ite header conlains the file's 10 and
the physical location {Ingical record number) ol each series ol contigu-
ous blocks constiluting a file. By knowing a lile's 10 and searching
ihraugh the indax lite, a program can iocate a fila (and any black within
Ihe lile} without having to use Ihe MFD and UFD direclories. Figura 2-
11 lllustrates how an indes file 1§ used 10 access fllas on & valume.

FILE HEADER BLOFOK

FILE

FLE HEADEN 2 FILE HEMDER SLOCK

FILE HEADER

—

—rFILE

FILE HEADER BLOCK

e F|LE

Figurs 2-11 Index File Accass
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All of these cperating syslem3$ alse permit non-block replaceable
media, such a8 cayseties and magnetic tape, 10 be given a lila slrug-
jure. These madla have no direclory because a dreciory could nol be
updated and replaced. Inzlead, aach e I1s precedsad by one or more
headar records which contain the duectary infarmation such ag the
lile's name, The operating systermn can locate a fita by scanning the
volume and reading each lle header until the corract oneas foupd. The
hle can thén be processed by & sequentizl access method.

HO Commands

AS menlioned above, users communicale thetr Intanuons 10 process
dats tifes by (ssufng /O commands coensating of al fgasl one Nla
specification, Narmally, the /O commands usad in B systerm arg stan-
dard throughout 1hat system; in eddition, most RDP-11 operaling sys-
1ems share the gamae basic I/0 command string tormal.

Frr gxample, in RT-11 systams, the monitor incluges a commeand
siring interpratar routine thal parses and valideiex /0 command
strings. The command strning lnlarpreter routina {8 used both by the
menitor and tha sysiem programs 1o obtain a definitlon from Lhe usar
ol the input flle or files {o be prog¢essed and a datinitlon of the oulpu
file or files 10 ba created, User-written programs can also call tha
command siring intespretar to oblain YO specficalinns irom the cper-
alor at a terminal.

A standard 170 command string consists baslcally of one or maore
inpul and/for ouiput fiig specliications. In all systarms excepl IAS, an
40 command string uses the [owlng general Isrmat:

lilespecwfilespec

where {ilespec is a file specificatlon and e equal sign (=} representy
a character {uvsually equal 5ign or less-than =ign) thal saparatea an
input file speciliicatlon on the fght Iram an output e specilicalion on
the leit. It there is mara than ona Input file speciticatlon or output flle
speciication, \hey &re separated from each gthar by commas. For
gzample, Il thera are wo autput Nile specifications and Lhree input filg
specifications:

filesped lilespac =filesped, liiespoc, filespec

I the program requesling an /0 command string does not need sither
an input or puipy! tile specitication, the equal sign [or less-than sign)is
not present Inthe /O command string.

As an example, the user can run Iha RT-11 operating system's Linker
system utility 1o link one or mora Gbject program liles and produce an
exacutable program file and a load map. The 170 comrmand issuad 10
the Linker could be: -
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"DK:RESTOR.SAY. DK 1:RESTOR MAP=D¥.RESTOR.OBJ/B: 500
Where:

- I5 tha prompting characler prinled by the
Linker program Indicating that | wants an
0 command alrlng, Aller it ke printed, the
uzar types the remeining characlers on the
lima.

DK:RESTOR SAV Is the name of the sxpcutable program tile
10 be crealed. it will be stored on 1he disk
cartridge mounted on tha AK11 drive unit

Lare.

CK1-RESTOR.MAP Is the neme of the load map fife to be Craat-
ad. |t will ba siored on the disk rmounled on

RK11 drive unit 1.

Is the name of the oblect module finput IHe)
o ke used to creale AESTOR.SAV,
6500 ' a command string switch ingicating thal

ihe RESTOR.SAY program is 1o be hinked
wilh ils slarting address at location 500,

Command siring switches ara simphy ways ol appending qualifying
iniprmation 1o BN IO commend string. Tha swliches used vary from
program 10 program. They are not usually required tn an 1/0 com-

_mand string, since most programs assume default values “for any

switch.

Monitar and Command Language Commands

Tne primary Systern/fuser inlerface is provided 'n PDP-11 gperating
sysiams by either monilor soltware of 3petlal command language
terface programs that run under the monitor, The manilor soltwere
and command languagaes ellow the user t¢ request Lthe ayslem 14 sat
system pargmaters, load and run programs, and control program axa-
cution.

An input commend ling ¢onsigis of the command pame {an English
word that describes tha gperation to be performed] followed by n
space and 8 command argumant. For exampla, lhe command to run 8
program |s the word RUN followed by the nama of theTile conlalning
the program. I} the command name is long. It cBn usually be abbravial-
ed. For example, the command 1a sel the Syslem's dale 10 August 15,
1584 cou'd be DA 15-AUG-B4, The system could also accept "DA 27-
AUG-75". A& command inpyt kne (S normally Isrminaled by lyping tha
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carriage return key on the console keyboard, although in some sys-
terns the key labeled ALTMODE is also usad. Typing the carriage
return key |or ALTMODE kay) 1ells ihe systam that the cammandg hne
i5 ready tobe processed.

In the RT-11 systemn, a maniter component celled the keyboard moni-
lor pertorms the function of notilying the wser that the mamtar 5 ready
for input by printing a parlod &t the felt margin, The user tnlers a
cammand $irlng on ine same ke foYowing the period, and 1er minates
the command string by yping tha carriage return key,

In the BRSTS/E system, the monitor and the BASIG-PLUS tanguage
processer share Whe responsibility for inlerpretng commeangds. The
system prints tne word HEADY on the terminel and \hen spaces down
two lines, The user then enters a command on the newling and 1ermr-
nales the line by tyming the carriage return key. There are three 1ypes
ol commands the user can issue: RSTS/E mondor commands, such
as RUK, ASSIGHN, or RENAME; BASIC-PLUS immediale mode
statements, such as PRINT, INPUT, or OFEN; or Concise Command
Language cammands,

& Concise Command Language (CCL) command is used 10 run and
pass arguments aulomaticelly 1o designaled programs siofed (n the
system hbraty. The programs can be systam vllities supphed with the
operalng Syslem, or can be usar-wrllen congole rouling pru.gran-is
that perlorm epecial applicalion aperatons. For example, ASTS/E in-
cludes & systemn utlity called FIF that perlorms a variety ol fila manipu-
lation cperations, including & flle copy opdration, The dialeg normally
used torun the PIP utility and issua a copy command is:

READY The system prinls READY,
RUN SPIP The usar runs PIP.
PP Ynnn FIF anngunces itsall.,

'FILER DAT=FILEA DAT FIP grints an asterisk 1o reguest
“ic an 11O command and tha user ig.
sues a copy command, P1P prints

an asterisk, incgicallng that the -

operalion was perlormed and
that it is ready b0 accapl anolher
command; the user lypes a
CTRLAC 19 abart PIP and retumn
to 1ha monilor,

READY The system prints READY,

The slandard BSTS/E symem alsa includes 8 CCL command named

PP that cen be issusd 1o perlorm any af PIP's narmal fungtior
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used g3 a CCL command, the dialeg to perform Ihe sBme copy opere-
ngn s

READY
PiP FILEB DAT =FILEA DAT

The sysiem prinis READY,

The user issues 1he COL com-
mand and the afgumeni thal lells
PIP to copy FILEA DAT tg Fl-

LEB.DAT.

READY The system prints READY,

A CCL command nol cnly provides an easy-to-use command inter-
tace, it can alsc provide proteglion from unauthorlzed use of certein
programs. For axample_ if 8 particular program perlorms several op-
eralians, seme ol whioh shauld nol be available W unauthorized users,
Iha syslem manager can prevent those users (rom issumng tha AUN
cemmand 1o run the program, bot can allow them to perform safe
oparalions by using CCL commands.

In the ASX-1t systems, a command interface called the Monltor
Console Routine (MCR) allows the wear to perlorm system level opara-
ligns. When MCH ig aclivaled, 1 prinls the characters MCH> on the
rermingl. The usar enters a command on the samé hing as the prompgl,
snd lerminates the line with a carriage relorn of an ALTMGODE. Il the
ine is terminated wilh & carriage return, MGR prinls 8 prompt? and 13
ready 1o receive ancther command. If the ling is larminated wilh an
ALTMODE, MCR does not reactivale, Toreactvale MCH al a tlermingl,
the user types 8 CTHL/C.

There are wo Kinds of commands thal MGR aceepts: general user
commands and privileged user ¢commands. Genersl user commands
provide syslem wntarmalion, run praograms, and mounl and dismount
gevices. Privilegad user commands control system operation and 5
sy51Em paramelers,

Torun & systeam ullity, the user gan type Lhe utllty's nBme in rasponseg
10 &n MCR prompl. When the ulility is loaded, il prinis a prompl Lo
request a command stnng. The pser can Lthen enter a command string.
when il complelas the operation, Ihe user can enter anglher Com-
mand or lype CTRLAZ 1o terminale the pragram. For example, Lo run
tha PIP unlily program:

MCRAZPLR

PIP wcommand siring
PIPHIZ

WMER>
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If the wser wanls 1o issue only one command 10 the ulility, the usm can
typa the command siring on the same hne with 1he MCR requag! 1o run
tha utility, For example:

MEH=PIP command string
MCR>

In the IAS systam, syslem/fuser inlerlaces are provided oy programs
called Command Language Interpraters (CL1). The standard system
includes a CL) called the Pregram Developmenl System. When it is
activated, it prinls the prompt POS> on Ihe terminal 1o indicate il is
ready o accapl 8nd process commands. Tha usgr has several options
lor command sirlng formats. Il the user is uncertain aboul 8 com-
mand’s synlax, the user can simply lypa the commangd nama and &
carriage raturn. FDS will ask the user to supply each porllan gl the
cammand siring individually, Lisers can wrlla their own Sommand
Language Inlarpralers.

"PROGRAMMED SYSTEM SERVICES

Al PDP-11 gperaling syslems provide access 1o their $ervices lhrough
fequests thal programs or tasks can issuo durlng execution.

The AT-11 system provides a variely of programmed requests, There
are programmed requesls that perlorm lila manipuyiation, dala trans-
fer and other system services such as loading device handlers, selling
B mark time for asynchronous roulines, suspending & program, and
calling the Command Siring Inlarpreter, Monitor services ara requeast-
ad through mecro instructions In assembly language programs, of
through calls 1o the syster llbrary tn FORTRAN programs. The basis
af the programmed requesls in AT-11 are the Emalalor Trap (EMT)
instructicns. When an EMT i3 executed, control is pessed 1o the
monitor, which axtracts appropriate informalion [ram the EMT Instruc-
lisn and execules the operation requested. When the operation Is

performed, the manitor returns control to the program.

tn the ASTS/E system, users wriing BASIC-PLUS programs have Bc-
cess 1o the monllor's services Lhegugh systemn lunclion calls. The fung-
von calls allow a program o centrol terminal aparalion, (0 read and
_write core comman strings, and to issue calls t the syslem tile proces-
“sor. The file prncessnr calls enable a program 10 B8t program run
priority Bnd prmlages scan a Nle specrfication, Bssign devices, sel
tarminal chasactaristics, and .perform directory aperations. A syslam
function I5 callad in & manper almilar to normael BASIC-PLUS language
calls. When Lhe function np-arnuun 13 performed, the program eantin-
uas executmn -

The RSX- 11_and 1AS execulives Include programmed servicas called
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axadutive directives, Directives can be axacuted In MACRO .. _rams
using system macro calls provided with the aystem. The FORTRAN or
BASIG-PLUS-2 progremmer can invoke directives through a
subroutine call, The system usas only the EMT 377 Instruction 1o im-
plement directives. The direclives allow the program 16 oblaln system
informalion, controb task exegution, declara signilcent evants, and
perform 1/Q operallons. Atter the directive is processed, control is
normally relurned to tha [nslruction follgwing the EMT,

The RSX-11M and IAS gystems also Ingiude programmed fils contral
services. The file control services anabie the programmer 1o perform
recorg-oriented and block-orientad (/0 eparalions. These services
are provided as macro calls.

The |45 system cludes a 5pecial 58t of programmed sarvices called
Tirasharing Control Primitives, These are available lor use by any
program Ihat is written a3 8 Sommand Language Interpreter (LI
They anable 2 CLI 1o atart or conlegl execulion of oclhar limesharing
1as%s, and share access 10 devices wilh other timesharing users.

SYSTEM UTILITIES

PDP-11 operallng systems provide, In genaral, threa kinds of system
utilily programs: program developmant utllines, lile managemant utili-
lies, 8nd special syslem managemant vtifities.

Mozt POP-11 operallng systems include the following kinds of
program developrmant utllities:

Taxt Cdltor An adlior |$ vsed for gn-ling interact|ve creation and
editing of source programs or data flles. An editor
uses severdl sets of commands that search for char-
acter sirlngs, insert, move or defets characlers or
lings, and insert, mave, delete or append whole bulf-
ers of data. Although & text editor is desigred {or
inleractive use, |t can also usually be run under a
batch processor it Iha operating systam supparls
batch pracessing.

Assemblar An gzsembler accepts A source program written in
FDP-11 machine language and produces an object

' module as outpul.

Linker A linkar is a pragrarm that accepls relgcptabile abjacl
programs created by an assembier or Sompiler and
produces an executable program module, Some
HUnhera provide facllities for cverlald pregram seg-
menls to enabla a [arge pregram o execute 0 a

grnall memory area,
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A librarian is & program thal enebles e programmer Most sy$lem management utilities included in an operating systern area
to create, updale, modify, (15t and maintain hbrary dependenl on the lunclion the operaling system sarves. The ASX-11M,
files. A library file is an object module {or modules) 1AS, and RSTS/E syslems piovide special sysiem managemenl
thal Is used several times in a program, used by. utilities. For exampla, RSX-11M eng RSTS/E include syslem
rmgre than one program, of foutines that are relatad error logging and reporl programs. RSTS/E, and 1A3 and Include user

and simply gathered logethar 1o inCorporate easily agcounting programs.

intQ B program.

A debugger is a program which enables a uzar 10
troubleshoot program errors dynamically thrgugh a
terminal keyboard. Il is normally linked with 2 pro-
grem and runs as part of the program.

Some of lhe file management utilites available on many operating

systems include:

Pip

FILEX

DUNMP

VERIFY

The Peripheral Interchangs Program {PIP}is & gen-
aral-purpose like wlilily package for both tha general
user and pragrammer and tha system manager. FIP
normally handlas all liles with the operating sysiems
standard dala igrmals, In general, Lhe program
transfers data Lles from any daevice in the sysiem wo
eny other device in lhe system, PIP can also deleta

or rename any existing file. Some operating syslems

Inciwde special tile managemant operations In the
PP ulility, such as directory listngs, device lnltallza-
tan and tormatting, and accoun creation,

Tha Fite Exchange program is a special-purposa file
transter wtility simitar in operation to PIP. 1| provides
the abllity 1o copy lles stared In oné kind of format 1o
anather farmat, Thig enables s user lo create data on
one system in a spacial iormal and then transter the
dala 19 a device in & larmat that gnolher syslem can
read,

DUMP displays &ll or selected porlions of a file on a
terminal or ling printer. In general, DUMP anablaes
Ing user to inspect 1he filg In eny ol three modes:
ASCI, byle, and octal. In ASCI mode, he conlenl of
each byie is printed as an ASCH characier. In byte
mode, tha content of each byta is printed as gn octal
value, In actal mode, the contanl of each word 13
primted as an octal value.

In general, a VERIFY program checks lhe readabilily
rnd validty of data on a fie-strociured devica.
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CHAPTER 1

INTRODUCTION TO THE RSX-11M V3.1 OPERATING SYSTEM EXECUTIVE

This introduction is a tuterial for those who are beginning to' learn

‘the RSX-11H Executive internal legic. However, this mapual assumes

that you have at least read and understood the RSX-11M Introduction;
the ESX-11M COrcerator's Procedures Manual, the BS%X-11M Tack Bullzer
Heference Manual, and the REX-1l4 Svstem Generation HManual, If you
are familiar with the BRSX-11M Executive or you are an exparienced
ayYEtem programier, you may wank to begin this manual with Chapter 2,
which assumes that you have a basic knowledge of the Executive anpd
describes the Demory structures of RSX-11mMm.

1.1 RSX-11M SYSTEM

REX-11M is a real-time operating system. This means that B25X-11H
responds quickly to lnput condltiens or input data. RSx-11M is also &
multipraogramming system. This combination allowe real-time activity
([for example, procems concroll to ocour along with program develcprant
(interactive rerminals] and other user jobs. At one extreme, FSX-11M
can be a dedicated process contiol system, and at the other, 2 sysStem
for develeping and running applications programs,

1.2 SYSTEM GENERATION

RSX-11M offars a wide rapge of servicem and utilities from which te
choose. Each installation selects Ffrom these optiong to shape 1ts
version of @8SX-11" accerding te the processor and periphecals
available and the purpose of the 8ystem. You perfeorm a sy=ten
generation (5YS5GENY process to select these options,

Every installation intitlally receives an RSX-11M Sysrem on
diskributien media. ¥ou run this a8yscem and use LL8 resources Lo
geneérate a carget system configqured to your installation's needs.

System generation is gdone in twe phases. Dutlng the firsc phase
SYSGEH defines and assembles the Executive (the kerncl or "brain" of
the operating system that responds to exXternal reduests) by conducting
a dialogue with you. Query programs pose gueBtions at a terminal,
Your answers to the ouestiond determine the Executive service opricns,
processocr options, and peripheral devices to be incorporated into che
system. During the second phase, SYSGEN builds the Executive, allows
you to defins memory structtures called partitions, and bu:ilds and
installs the system programs.

You comolete the SYSGEN process by saving and bhootscrcapping the new

BysCem. Saving a system means writing the image of an RS5X-1lk syatem
that has Leen resident in main memotry into che syBtem image file from
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which it was bogtstrapped. You do this with the Save command, «hich
saves the image tp sllow a hardware bgotsetrap ¢r the Book . command to
later reload and restart the SySstem.

You bootstrap {boot} a system by either using the swiltchez on  the
pProcessar control panel of using the Boet compand., The Boot command
beotstraps & System that exists as a system image file on a Files-1l
fthe ERS5%-11M file structure) wolume., The Boot command immedlavely
terminatcs the system in operation and starts ancther. The Save
command, the Boot command, and the process of booting & sysktem with
the switches are all described in the REX-114 Qrerator's Procedures
Manual. ;

To change either the hardware or software configuration af an
installation, you musy perform another system genaration, The RSX-1lM

System Genetakion Manual desgribes the system generation process 1in

etail.

1.3 HAJQOR COMPONENTS OF R5X=-11M .

R5¥X=-11M reguires the organlzed interaction of the fellowing
components: '

& Memory resource managehent, Memory is the processor storage
medivm in which loaded wuser progrars, the Executive , and
controel blocks of data reside, Much ¢f the Executive's work
involves memory resource management and control.

# Task scheduling and processing. Tasks are syStem or user
programs that perform needed functions and zanipulate data to
gchieve some goal. The Executive contigls task processing and
handles specific reavests issued by the tasks.

« Interrupr processing, The Executive procecses synchronous and
asynchronous evepts that pooer as a resyls of task processing.

Examples of cthese evepnts include sofrware BLIOrS, 170
completion, illegal instructions, and power failure,

1.4 MEMORY

l.4,1 Memory Partitions
& partition is 2 continuous area of merory in which executable
programs called ctasks can be run. The tvpigcal memnry organization
consists of an area for the Executive and areas for systam- Or user-
¢ontrolled pactitions. A parktition hae the following characteristics:
* A name
e & defined size

e A fixed bage address

« A defined type
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1.4.2 Partitions In Mapped And Cnmapped Systems

R5X-11M runs on almost all medels of the PDP-11 processor. The POP-11
addressing scheme allows a program to address directly cnly 32K words
of memory. For larger memories, DIGITAL has a KT-1l Memory Management
Unlt (hardware} available for all models of the PDP-~1l1 except the
POP-11/03/04/05/10/20 processors. The KT1l Memory Management Unit
assocliates addresses expressed in programs ("virtual® addresses in the
range 0 to 3I2K) with actual locations in memory {"physical”
addresses] ., Phyeical addresses can range from 0 to 124K words on all
progessors other than the POP-11/70. Physical addresses oOn a
PDP-11/70 can range frem 0 to 1920K words.

Mapplng is the process that asspciates virtual addresses with physical
paddresges, Therefore, a PDP-11 system that ingcludes a KTll Hemory
Management Unit is called a mapped systes, Conversaly, SYstens
without a KT1l are called unpapped sySterms, In & mapped 8Y5tem, a
task can be installed in any 8ystem partition or user partition large
enough te contain it. In an unmapped system, the task i3 bound to
physlcal memory and must be installed in the partition that starts at
the sape memo:ry address as the partitien for which ik was built.

Whether a system is mapped or uwnmapped affects the way in which wvou
create tasks. Before a compiled program (object cedel can be fun, it
must be pracessed by the Tagsk Builder pregram (linkerd. The Tacsk
Buillder produces & razk image that runs in a memory pactition.

If a system 1% untapped, you nmust specify to the Taak Builder the bacse
addres=s of the partition in which the task is to be run. Yeou cannct
run the resulting task in a partition that has a base address
different from the address you specified to the Task Builder.

In a mapped system, however, every task {ather than a privileged rtask.
mapped inte the Executivel has a wvirtuzl base address of 0.

Transparently to the user, the KTll meps the virtual addresges of

task to the actual chysical addresses in which the tazk resides, A
task in a mapped System can therefore rton in any partition large
encugh to contain it.

=1

You need not rebuild nonprivileoed tasks in a mapped system  whnen
physical particien boundaties  move. This is true becauce
nonprivileged tasks on 2 2Apped systed run ac a virtual basge addres:
of 0, rather than at a physical hase address.

IE you move the syrbols that are referenced in the code, ¥O0U Tmust
rebuild privileged tasks in either syster because they are linkad o
the Executive symbol taple file, You may oe reguired to recpild
nonprivileged caske gnly Lif you change any of the task's attribucae
guch as checkpolnkanility, The task'z attributes ¢an bs changed wnan
¥ou use the Install coxmand to ingtall the task, You uae the Tass
Builder to establish the attributes when byilding a task, <Consult the
BS¥-114 Task PBuilde: Feference Manual for a comprehensive discussion
of task attributes angd asspciared Task EBuilder switches. Bee the
R5X-11y Operator's Procedures Manual for a gdescription of the Install
command.

1.4.3 vpartition Types
RSX-11lM supports twa types of partitions in which tasks can execute:
1, System-controlied

2, User-controlled
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In a system-contcolled partition, the Executive allocates available

space

to

accomodate as many tasks a5 possible at any one time. This

allncation may involve shuffling resident tasks to arrange available
into a continuous block large encugh te contain a regquested
The Shuffler, which is a privileged task and a SYSGEH optian,
* Lhalfles
-requested
partitions.

R
te k.

the tasks and memory space to make the needed space for the
rask. Only mapped =syEtens support system-controlled

A user-controlled partition is exclusively allacated to one ktask at 2

Eime,

l.4.4

Both mapped and unmapped systems support this type of
partition.

Subpartitions

You can subdivide a user-controlled partition into as many as  seven

- ononeverlapping subpartitions. Like its parent main partition, a
subpartition can contain only one task at a tice, Because the
subpartitions occupy the sane physical memory as the main particion,
tasks canncot he simultanecusly resident in both the main pactition and
one  of
contain a task, up to seven tasks can potentially run in parallel
within a main partition,. :

its subpartitions, Howaver, because each subpartition can

The purpose of subpartitigning is to reclaim large rTexory areas in
unmaEped systems, Far example, when a large task that recuires a main
partitien i8 either no longer active or can be checkpointad {uwritten

cut

Lo

a disk to make room for a higher wrlerity task],

subpartitidning allows a number of gmaller tagks to use the partition

=T _apace,

1.4.5 Memory Structure

RSX-11lM memory in a typical system can be divided inte :tke following

PALLE:

The Executive, which consists of:

Trap vectors. . The trap vecter area Eontaina t~e  hardware
and interrupt vwvectors; it reguires 125 wprds, During
SYSGEN, you can expand this area te 256 words,

System stack. The system stack arca i5 an internzl! =ctorage
arga for FExecutive uge. The Executlve uses it for nesting
interrupts, saving registers and data, and internal galls.
The stack reguires 60 to 110 words depending upon optiens
selected at system generation time. 115?’

System common data. Thie area contains system pninte}a-that
are filled tn during saystem generation and used by the
Executive and privileged tasks during executien,

The Executive code, The Executive coordinates and manages
SYsStem resources and processes apeclalized gvstexs functions.
S¢ysten generation options determine the size apd abilicies
of che Executive,.

1-4
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Dynamic 8torage Region (DSR). The Executive continualily
uses tempOrfary storage in memory. The Executive acguires,
uses, and then ceturns the memory that it used to the
available memory pool. 1If a given Executive service routine
requests dynamic storage and it is unavailable, the
Executive informs the uger task, which usually waits fog
BOMe EEROCY to become avajilable. The size of this region is
important, If it is too swall, long waiting perleds or
gystem deadlocks can occur. If it is too large, fewer tasks
cap f{it into the remaining memory. The size of the region
is a system generation parameter,

You can extend the initial allocation of dynamic storage on
line by 1issuing the MCR cemmand, <Set /Pool, from the
‘console, However, the use of this command is limited in
that this expansion can occur only Inte space thac i3 not
being used. This epace, Lf it exists, I8 begween theg
Dynamic Storage Reqgion space and the first parvition of
memory,

Device drivers:

You gan include three drivers in the EK Executive during
SYSGEN: |

1. A disk driver !

Z. A cassette, DECtape, Fagtape, line‘printer, or floppy disk
deiver

3, A .terninal driver

In general, Executives larger than 8K contain additional
regident deivers which you include during system generation.
Some drivers can be made loadable: that is, they remige on
digk and are loaded intc menory when they are needed,
Therefore, loadable drivers save opemory space Dbecause they
oCcupy heTory¥ only when npeeded and they do npot occupy
Executive virtual address space. ;

Laader:

The Loader i8 a task that rcuns in its own partition, which is
resident in the Executive, Thus, it can run in parallel with
system and user tasks, Theg Loader, which is device

independent:
l. Loads tasks upon initial load reguests

2. Writes checkpointable tasks to disk when reocuired (see
checkpeinting, in this chapter]

3. Relcads previocusly checkpolnted tasks when memory becores
available, allowing them to actively compete far pracessor
cesources. '

MCR and TKTN tasks:

= The Menitar Cansole Routine (MCR) processes Bystem cormands
that you enter at a terminal, Thesge commands are directed
k2 the MCR processor. MCR either execute=s the comtnands
itaelf, or activates a cysgtem or vder-written ktask that can
service the commands.

1-5
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= The Tack Termination Hotification Task {THTH] pecforms two
functions; .

l. It prints put messages and tries to print the contents
of the registers of & task that has been aborted due to
an error.

Z. It prints put mepfages for device drivers.

Ideally, TKTH runs either in a partition in which all tasks
are checkpointahle or execute gquickly, or in fits own
partition. The reason for this is thae TETH nusr be in
memary in order to print messages, If T¥TH cannot get
merory Bpace to execute, the Executlve guelss Up Kes553ges to
TETN, thereby using up Dynamic Storage Region space, It isg
concelivable that all the Dynamic Storage EFeglon could be
wged wp for this purpose; this would cause the system to
hang up.

# The file system:

Filets-1) is a2 syatem of formatting files tkat are held on
volumes. Files-11 volumes are magnetic redia {tapes gr disks)
that have been specially formatted bv the MCR command,
Initialize Vvolume, Yolumes that are nor procetly formacted
are consaldered to be “forelgn,” ERSX-11M ircludes a (file
exchange utility that translates files in DIGITAL'a DOS or
RT-11 format into Files-11 format.

Your tamks that run on RSX-11M access data within flles on
Files-11l wvolumes through the use of two sets of subioutines:

& File Contrgl Servwices (FCS)

s Record Management Services [EMS}

8oth FCS and RM5 provide the ability for your tasks to perfeorm
recorg- &r blogk-I/ 0 operations ¢n Files-1! veluzes, FCS5 and
RM5 are system interfaces between the I/0 crosrams that you
wtite and the' £iles on the Files-ll volur-es that vYou want to
access, These interfaces provide device independence and
allovw you to take advantage of differen: reticds of file
grganization.

FCE imposes a single logical organization cr wvour files. This
logical crganizacion is called the feriential file

organtzation and FCS itmposes it on” all filee regardless of
medium,

In ¢contrast to FC8, RMS provides threee file organizations -
secuential, relative, and indexed,

The MACRO-1l I1/0 programming that you do differs becrween FCS
or RM5., Therefore, you must become familiar with the contentsa
aof the manuals that desgribe each one. The respective manuals
are:

For FLE:

# IAS/RSK~1l I[/0 Qpeorations Reference Yanual

# RSX-11M T/0 Drivera Heference Manual

1-4
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Foaf RMS5:

¢ Introdoction to RMS-11

¢ IAS/RSX-11M RMS-]11 MACRO Programmer's Reference Manual

The Filas-11 ancillary Control Procesgor (F11ACP) i3 a group
of Executive subroutinga that preocess and contrcol the I/0
cantrol structures and devices for RMS5 or FCS. The Executive,
FC5, and RMS use Fl1ACE; however, 1its operation i3
transparent to you. .

F1IACE is avallable in three versions, The firgr and smallest
[FCPNMH.TEK) reguires 28 of memory., PCPHMH does not asupport
multi-header files or AMS record Dblecking. The second
{FCP.TSE) reguires 2.5 of mepacy. The «chird version
(BIGFCP.TSK) reguires from 4.5K ko BK of nemory. You select
thesa versjions oduring SYSGEH. The BSX-11M System Generation
Manual fully describes these wversions, the reagans for their
- uge, and the methods of ipstallation.

¢ The prlnt spoolerl:

The print Spooler task (PRT] sSpeeds bvp the cperation of
MACRD-11, the Task Builder, and compilers ocecause they do not
have to wait for I/0 to complete on the celatively slow line
printer. Instead, the listing files.are written ta a disk,
Subseguently, PRT prints the files as they appear In a gueue,

Any task that uses the line printer to print filas -ay usa the
print spogler, For example, the REX=114v Peripheral
Interchange Program (PIP) can optionally use the PRT task to
print files,

¢ User task parvitions

b
Pser tasks rfun in the remaining memory inp tte memory
structure. The partitions and taske can be conficured to the
Eystem user's reguirements,

1.4.6 Ezample Of A 16K Unzapped System

Figure 1-1 illustrates the memory layouf, ©f a savnle LE6E  unrmapped
systeft, The Execyki{ve rtegion, which requires 8K, consizca of the
Executive and the usecr-controlled main partition named SY55:R, Tris
partition contairns the file sgysvem (FCPMMH), t&he Monitor Consgle
Routine [MCR), and the Tagk Termination Motification raurire (THETNY},
The file system is checkpointable and has a lower priarity than MCR or
TETMN. Therelfore, if the file system is running and a svstem usger
requests MCR, the Executive checkpoints the file syster and loads and
starte MCR.
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WORDS

16K
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SUBA

suBg
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SYSTEM TABLES [SYSTEI
EXECUTIVE CODE

TASK LOAGER

SYSTEM COMMDN DATA
SYSTEM STACK

TRAP VECTORS

a¥TES
10000018)

PARBE - USER-CONTROLLED
» MAIN PARTITION WITH 3 r
SUB-PAATITIONS

SO0 E)

USEA-CONTROLLED PARTITION:

FCPRAH - FILE SYSTEM

MCA — MONITOR CONSOLE FOUTINE

TEKTN — TASK TERMINATION NOTIFICATION ROUTINE

3010015
DYNAMIC STORAGE REGION

S5¥STEM DISK DRIVER

LINE PAINTER AND DEVICE ORIVERS

EXECUTIVE

Figure 1-1 Sample Unmapped 16K System Memory Layout
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4

The user area contains a vser-controlled main partition named PRRSE,
BK in length. PARHK contains three subpartitions, named SUBA, SUBB,
and SUBC. Language processors and the Tagk Builder wuse the 8K
partition for program preparation. These programs usually have a low
pricrity and may be checkpointable, .

The three subpartitinons are available for real-time taske, A task in
the maln partitian is checkpointed 1f:

# It is checkpointable

® Ancther higher priority task needs the partition, or a
svhparition

If tasks occupy the partitiens 5UBA, SURE, SUBL, and SYSPAR and the
tasks are ready to run, the Executive gives CPU resgurces to the task
with highest pricrity.

1.4.7 Exaople Gf A Mapped 124K-word RSX-11K System
Figure ]-2 is an example of a large mapped system,

Besides the Executive, the system contalns DRVPAR, which s a
system-controlled partition for loadable device drivers including the
terminal driver. Loadable drivers residing on a disk are loaded by a
user command when they are needed,

SYSPAR is 2 2K user-contiolled particvion that contains the Mpnitor
Conscle Routine Hulti—-user [(MCRMU) takk, TETH, and the Shuffler task.
The Shuffler is discussed later in thils chapter. '

FCPPAR 1s a 6K partition for the primary file control system, BIGFCP,
The €K size is sufficient to zllecate approximately 50 file concrol
blocks (FChOs).

Rll other tasks run in the system-contfolled GEN partition.
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Figure 1-2 Exanple of a Mappad 124K R5X-11M System

1«10



IRTRODOCTION TO THE RSX-11M ¥3,1 OPERATING SYSTEM EXECUTIVE

1.5 TASE PROCESSING

To make a eask known ta the EXegutive, vyoyu install it When you
install a task [by issuing the Install command: see the BSX-11Y
Operatof's Procedures Manual), the system records & number of task
parameters in a system-resident table called the System Task Dlrectory
{3TD}. The recorded parameterg include the name and size of the task,
the- dlak address 2t which the task's iwmage starts, end the address of
the Partition Contrgl Block (FCB) of the partition in which the task
i EOo run,

1.5.1 Tapk States

An installed task ig defined 28 a task that has an entry in the STD,
It is neither tesident in memory rnor competing for Aystem resources,.
The Executive considers it to be dormant until a runnipg tagk or -a
command lasued from a terminal reguests the Executive to activate it.
The Executive therefore recognizes two task states:

& Dormank., A& dormant task is one that has been installed (has
an entry in the 5TD}, but has not Deen regquested to run.

s Active, An active task |s an inscalled task that has beaen
reguested to run. Tt remains active until it exits, or dets
aborted. It then returns to the dormant state.

An active task can he in one of two substates, rpeady-to-tun or
blocked.

1. EReady«tp-run. A& ready-to-run. task competes with other
tasks For CPU time on the basis ©oF pricricy. The
ready~to-run task having the highest pricority obtailns CPU
time and thus becomes the current task,

2, Blocked, A& blocked rask is unable to compete for CPU tira
for synchronization reasons or because a needed rescurce
is not available.

The distinction between dormant taske and active tagks ts important inp
a real-clme syster. A dormant tas: uses little memory; and yeb when
the task is needed tp service & real-timre avent, the Executive can
guickly and efficiently introduce it intoc active competition feg
gystem resaurces. An installed tasik's E70 entry enables this auick
cespanse  because ip containz zll the garareters the system need:s (o
cetricve the recuesced task, Mote that the number of {nstalled,
dormant  tasks can, and usually will, far exceed the number of active
tasks.

When the Executive receives a  recuest to  activate 2 dormant
noncosident task, 1t performa a geries of actions:

% It allocates the reguired memory Iesources on the basis of the
task's priority.

@ 1t brings the task intd memory.

# 1k places the task in acrcive catpetition far System (eBOUICES
with other resident tasks.

[ tasks fully occupy the partition in which a task iz  installed and

noa resident task can be checkpointed (see Checkpoinkting Lle this
chapter), the task js placed in a oucus by prlorivy with other
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activated tasks, each waiting for space to becowme available in its
particion.

1.5.2 Fized Taska

Ak task can be loaded and locked into its partition. Such a task is
called a fixed task, The Fix command (see the RSX-11M Operator's
Procedures Manual} allows you to fix a task in memery. The Execytblve
services subseguant reguegts to run the task more ouickly because the
tagk is resident in memory and does not have to be loaded from the
disk pefore it can cun, The system can fix a task in mepory only when
the partition in which it is to be fixed becomes avajlable. T

Fixed tasks remain physically in memory even after. they finish
execution. Therefore, the Executive does not have to reload them when
they are again reguested to run. However, tasks that can be fixed in
memory must have re-entrant code (f it is to be reuszed by another
program ©r system user, Re-entrant code must be used because the task
cannot be allowed to ghange its ¢own Internal data bage if another
program uses it, Only an Unfix or Remove command can free the meroly
that the task occuples, .

LOTE

See the ERSX-1l1M Ouerator's Proacedures
Manyal for the rix, Unfix, and Remove
commands,

The following restrictions apply to tasks that youi want to fix in
memory:

# You must first install the tamk,
e You cannot fix an active zasy,

e You cannpt fix a checkpoirntable task.

1.5.3 Priority

Actlve tasks compete for syster resources on the bagia of thelr
relative pricrities, The Executive glves control of the grocessor oo
the active task that has the hichest priority and that 2lsc has agcress
te all the other resourced it needs., When this task becores ologved
iwhile waiting for 1/0 to cormplete, for examplel, the Execut:ve locis*
for anpther task to use the processor. The chesen task 1§ again the
ane that has the highest priority and has access to all the resources
it needs. .

You inftiallvy asesign a default priocrity to a task when you =task-bugild
ic, This priority is a number betwean ! and 250 [(deciral); higner
numbere indicate higher priority. Later, you e¢an change the =orierity
when you install the task; or the system can change the Driority
while the task 18 running (5ee Swapping}.

In an R5%-11% installation that mixes teal-time spplicaticns wich less
urgent work, higher priority nuebers should be assigned to Lhe
real-time taska, This asajgnment ensures that the Executive gives
processor time to the real-time taaks ahesd of the cothers. Text
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editors are an example of teal-time tasks, because they mnmust respond
within a short time perled, Text editors, commonly used for progranm
.development or text processing, spend a large part of their time
waiting for terminal I1/0 teo complete and are therefore out of
competition for processor time. However, when the 170 operatieon ends,
the terminal needs a rapid response. To get the higher response, the
installation system manager can assign to text editors a higher
pricrity than that of more processor bound Lasks like the Task Bullder
or Assembler.

1.5.3.1 Establishing Task Pricrity - You can establish task prierity
when you use the Task Builder to build a task [rom an object »odule,”
See the RSX~11V Task Builder Reference Manual for a description of the
priority aption.

1.5.3.2 1Installed Priority - wWhen you install a task using Lhe
Install comrand, you can specify a priority different Zrom Lhe oOne
that you specified when you built the task, The priority specified in
the 1Install command overrides the pricrity that was specified for the
task in the Taskx Builder command. See the RSX-1lM Coeracor's
Procedures Manual for a complete description of the Install cormand.

1,5.3.3 Altering Priorlty - You may want to alter & task's priccity
after it 13 irstalled. The Alter command provides a way to cheange
priority.,- With the Alter command you can change the tas<'s seatic
installed pricrity or change the task's running pricricy. Hoewsver,
you can make thesze changes only if the system supparts the Alter
Priority directive, See the RSX-1lM Onerakor's Procedures ¥anwal for
a complete description of the Alter cormand.

1.5.4 Round-robin Scheduling

kWhen numerous competing memory-resident tasks have enowal priorities,
the Executlve tends to glve processor time more often to those Laske
thact appear first in the System Task Directory ([5TD) oueve, Enyries
with equsal priorizies normally aggear in the STD in the order in which

the tasks were tnstalled, Therefore, :the Executive favors tass<s L(hat
ware installed [first, To aveid this problem, BSE-11M grovideg 2
Eystem generation opticn called round-robin scheduling, Eound~rebin
gcheduling wuses an algorithm tkhar periodically rotates the executioan
of tasks of egual pricrity in the 5TG. The overall effec: s that
processor time is distriboted more evenly among tasks. Each
egual-priority task has its turn toward the head of the STD cueuve.

1.5.5 Checkpointing

In a programming system where rmany tasks of eouval or diflerent
priorities are ccmpeting for cmermory sEpace and system resouides, the
Execubive must have a pethod of dJdistributing processor usage and
resources +to all the tasks, The RSX-1lM Executive uses a process
called checkpointing te allocate system resources among tasks, The
Executive wuses task priatity as the basis for the checkpointing
acheme.
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In some lnstances, an active task cannot gef inte memory and compete

for processor resources because the partition in which it was
installed is fully occupied. If the partitien contains & task that
has a lower priocity and is checkpointable, the Executive moves that
task out of memory and writes it on 2 disk to make room for the higher
prierity task. When the high priority task is finished, the Executive
reloads the low priority task, which i5 now on the 2isk, to allow it
to continue processing from the point at which it was interrupted,
This rell-out, roll=-in process is valled checkpeointing,

RSX-11HM supports checkpainting im both user-controlled and
system—controlled parcitions. The cohjective is to avoid preempting a
lower priority task, unless a higher priority task can be brought in
to make use of the freed memory. 'This cptimizes the use of system
resources while malntaining a pricrity schedullng discipline.

1.5.5.1 pisk Space for Checkpointing - Te checkpoint a tagk,
checkpoint space egual to the size of the partition that contains the
task must be available on disk, {Checkpoint space <contains the
checkpolnted task while a higher . priority task exegutes.) ¥You can
allocete checkpoint space elther statically when building the task, of
dynamically at run time. ¥You can use beth kinds of checkpainting to
balance the advantages and disadvantzges of the different allocation
methods,

When you use the Task Builder to create 2 task from an object module,
you Ccan reguest checkpoint space allocation in the task image file on
the disk; this 1s the same disk as the one an which the task resides.
The task - image file is the executable task on the disk., WwWhile the
task is running, {its checkpoint space is always allocared on disk,
whether or not the Executive actuvallv checkoeints the task,

You can use disk space more efficiently if you allocate checkpoint
space dynamically. Instead of reserving disk space equal to the slze
of each checkpointable task, you ¢an create ore or more checkpolint
[Files on disk to c¢ontain all checkpoln:tec tasks. The size of the
files depends on an estication of the checkgeoint scace recuired ac any
given time, Whan the system allocates ¢heckpoint space dynzmically,
tasks need not be built as checkpointable. Instead, you decide Lf &
task can Dbe checkpointed when the ta2s% is installed. You create a
checkpoink f£ile, independent of indavidual task:, 2y issulng the ACS
(hllocate Checkpoint Space) cemmand Ereox the cer=inal, Then, when the
Executive needs to checkpoint a task, it writes tne cask out into the
available space in the <checkpoin: file. & drawback to dynamic
allocatien of checkpoint space is that apace in a checkpoint file may,
at times, be filled., However, svsser perforTance may be improved if
the checkpoint file {5 on a fast disk,

See the RSX-11M Operator's Procedures Manual for the Allocate
Checkpoint Space {ACS) command.

1.5.6 Taek Swapping

The Executive musk deal with the gituvatien zhat occurs when several
active tasks with ecual priorities cozpete for partition space in
memory. A task Cannot normally cause the Executive to checkpoint
another task With the same prioricv. Therefore, & task of eaual
priorcity cannot get into MDemOCY. The Executive includes a task
swapping algorithm that wses checkpointing ro allow tasks of egual
priocity ko successfully compete for memory, '
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Swapping is a vari{ation ¢f checkpolnting that enables the Executive to
checkpolnt tasks with equal prisrities in and cut of memory, Swapping
does not work, of course;.unless the tasks are checkpointable. When
an eligible taak begins 'to run, the Executive adds a number to the
task's normal running priority, This number is called the swapping
priority and is wused for swapping only. The old running pricrity
still exists., A8 the task runs, the Exec¢utlve decrements the swapping
priority, Eventually, the Bum of the decremented swapping priority
#nd the task's running priority causes the running task ta have a
pricrity (for swapping) less than that of a corpeting task. When this
eccurs, the Executive checkpoints the running task to make room for
the competing task. The Executive then places the checkpuinted task
in the gueue of actlve raske that are competing for memory, The
swapping priority does not affect task scheduling or [/0 dispatching, .
which are governed aclely by the task's running priority.

.1.5.% The Shuffler Task \
= LI I .

In trying to .accompodate the execution of as many taaska as possible,
the Executlve moves tasks in and out of oepoty depending upon
available space, priority, etc. This operation c¢an result in
fragmented memory, a situation in which many small tasks occupy memory
with unused gpaces in hetwesn, Taken individually, these spaces may
not be large engugh to allow large taske to be loaded and executed,
The Shuffler task, a system generation option, solves this prablem by
Perfarming memcry compaction in & system-c¢ontrelled partition.

The Shuffler starts at the beginning of the eysten-conteolled
partitien and tries to move {shuffle) all tasks that are 3itting abowve
a gap of free space down to the base of the free spacs, When
possible, it also checkpolnte' any tasks that it encounters that are
waiting for terminal lnput,

If there are sopme tasks still actively competing for =memory inp  che
partition, the Shuffler creates an ascending, priority-ordered list of
the rasks in the partition., If the sum of the free space now in  tha
partition and the space occcupled by the lew prierity, checkpolntable
tasks In the partition is encugh to allew the waiting task to rum, the
Bhuffler c¢heckpoints the lower priority tasks, The Shuffler then
compacts memory again to make room for the waiting task,

The foregqeoing Shuffler action should resule in 51l free space being at
the top of the particion. Howevgr, there may be additienal holes
below tasks because 8ome things (drivers and reglons) cannot be
shuffled, These additional holes cannot be reclaimed.

1.5.8 Extended Loglcal address Space

hAn RESX-11M taszk specifies an address in a 16-bit word. The largest
address that can be' expressed inp a lé-bit ward lg €5,536 bytes or
32,768 words {commonly referred to as 32K words). To aveoid Qlimiting
the effective sire of a rask to only 312K words, a task can use
overlays that you define when you use the Task Builder to build the’
task, Another option is that the tagsk can ugse memory management
directives to access greater amounts of memory.

1-15



* . INTRODUCTION TO THE RSX-11M V3.] OPERATING SYSTEM EXECOTIVE .

1,5.86.1 Ovwerlayeg - An overlaid taak has parts called segments. The
gegments are the parts that Overlay one another. The Segments are
algo sometices called gverlays., The root segment, which is always in
pemoly and never overlaid, and one or more overlay Segments colpPosSe an
overlaid task, The overlay segmentz can be read inteo memory as
reguired. However, all the Eegments 1n memocy at one time cannot
exceed 312K words. o

See the EB5X=11M Task PBuilder Reference Manual for a complete
description of overlay segments.

1.5.8.2 Memory Management Directives - Memory managerent directives
allow task segmenta resident in merory to access rore than 32K words
of physical memory. The memory Ranagement directives, & subset ©f the
Executive directives, use the KTll hardware to map task addresses Lé
dlfferent loglical ateas within the task, Instead of Jisplacing task
segments in memory, the task can reside entirely ih remory and map ita-
virtual addresses to different physical addresses, T
R5X~11M deflnes three kinds of address space:

# Physical address space. Physical address space consists of

the physical memory in which tasks reside and sxecute,

& Logical addiess space, Logical address scace is the total
amount of physical address space eo which the task has access
righta. B

* Virtual address space. VYirtuwal address space (Corresponds to
the 32K of addresses that the task can explicitly specify in a
lé-bit word. 1f a task does nor use Terory management
directives, 1its logical and virtual scdress spaces directly
correspand one to thke other., However, if the tzsk uzes these
directives, 1t can map Llts wirtual addresses rto different
partg of its legiral address space, ,The net effect 18 reo
allow & task's logical address space to excead 12X,

The Demory management directives also allow = taszk o expand
dynamically its legical address space. In other werds, a task gan
access logical areas that are not part of ita mtatic task image (the
executable task produced Ly the Task Builder), A task can issue
dlrectives that create 'a new region of logical space and then map a
range of wvirtwal addresses to the newly created recicn., A taak can
alse Dap its virtual addresses to logical areas that Lelong o another
task. The mapped area then becomes part of the forzer tas<"s logical
address space,

The ability to create and map to a2 new region allews tasks ko
cormmunicate with one angther by means of shared fegions. For example,
at run time a task c2n create a new region of logical space, into
which |t wrltes a large amount of data. Any nurber of tasks can then
access that data by mapping a range of their wvirtveal addresses to  the
region, Another beneflt of mapping to different regions is an abiliey
£ use a greatsr number of common routines. . Tasks capn map ¢ Lhe
reguired routines at run time, rather than link to them when the tasks
are built by the Task Builder.
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v

1.6 RS5X-11M INTERRUPT PROCESSING

-

The RSX-=11M- system recognizes two kinds of herdware interrupks:
proceBsor traps and external Llnteccupts. Processor traps occur

‘synchronously; that is, the same sequence of instructions causes the

game processor trap ta occur At the same place and tinme in the
program. Progcessor traps usually have a cause originating from within
the Pprogcessor. See Processor Traps, in this chapter, for the causes
of processor traps. External intercupts, which are usually caused by
I/0 devices, are asynchronous in that they may occur anywhere or at
any time In the program's execution,

Programs that use input and autput routines would sperd most of their
time walting for 1/0 devices to complete their operations if it were
nat for the program Interrupt facility of R3X-11M. The program
interrupt facility allows asynchronous events, such as I/0 completion,
te interrupt the running program se¢ that a routine can service the
interrupting device. An interrupt ls analagous to a subroutine jump,

However, to preserve program integriky, intercupts are allowed to
sceur only alter the completion of an inskruction and cefore the start
of the next instructieon.

A an example of the program interrupt facility, programs can centinue

‘operation after starting a device, then allew the device to interrupt

when 1t 18 ready to signal the program about its resulting status,
P

The addresses of the interrupt processing coutines must be made known
te the Execytive. These addresses are called interrvp:r vectors and
they ate in the Executive's low memory area,

+
r

l1,6,1 Interrupt Vectors . .

. N i L] -r
Each peripheral device controller in the RSX-1lM system has a hardware
pointer ko its own pelr of memory words. These words are located 1n
the low memory of the Executive. One word gontalins a vector {(address)

"for the device's interrupt service routine. The vector may be an
fentry point address &r an.Interupt-Control Bleck addrass. 1f this

veckor 18 an entry point address, it becomes the contencs &¢f R? the
pregram counter or PC word) when the service routine Eegins 1ts
execution, For 1lgadable drivers, the vector points to an Interrupt
Control Block,

The other word is the processor status [F3)  word, It containg the
rode and the priority of operation Fer the lneerrurs routine, The
nardware saves the Btacus of the interrupted progcar lthe PC and  P5)
before the interrupt routine begins its processing,

The Executive hag an area called a stack in whigh it saves stacus,
reqister cantents, porameters, ©r any other data that it may need,
) .k - 1 1=
] e :

1.6§.2 5Systewm Stack ) '

R5%-11M maintains a push-down stack using general register &, which is
the sBtack pointer or §P. External interrupts, subrcoutine calls, and

procecsor traps use this stack to save program status. When an

intecrupt occyrs, the bhardware first saves the current processor
status word (FS) and the program counter (PC) on the stack. It then
uses the new PS5 and PC from the trap and interrupt vector area in low
memory, and begins processing the interrupt routine that handles that
particular Intercupt. & rekturn f{rem interrupet (RTI) iastruction
testores the original P5 and PC wvalues from the stack, theceby
testoring the originol interrupted program,
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1,6, Procesear Trape

‘A variety of errors and programming condltions cause the processdr Lo

tIap to a set of fixed locations. These locations contain the FC and
PE for the trap precessing routines. Processor traps include the
following: -

¢ Power fallure

- Oﬁd addreszsing £rrora

# Stack errors

® Hon-exlstent memdfy erzots
® Memory parity erzors
» Memory management yiplations

¢ Floating poinc proceasor exceptions

® Dee of reserved inat}uctiunn
# [Use of the T-bit in the PS word
¢ Use gf the IOT, EMT, and TRAP instructions

Proceseor traps cannot be masked off, That is, when they ocgur, the
precessor immediately &nters the trap sequence of pushing the current
F5 and PC onto the current gtack, retrieving the new PS5 and PC from A '
apecific hardware trap vector, apd executing tha code that baglns ac
the location apecified by the trap vector,

Although there are several processor tcaps {see Interrupt and Trap
Vectore, belowl, the trap of main intereskt is the emulator trap. The

EMT Ilnetruction causes the emulator trap. This inattuction calls the
Executive whenever a usetr task has an Executive dicective wristen into

it that reguests the Executlive to perform some spegiflc function ({see
Executive Directives below).

1.6.4 Exterpal Interruptlona .o . :
External interrupts are hard-wired into one of four pricority levels of

the Pproceasor (labeled 4 to 7, with 7 being the highest priccicy}).

These intarrupts are maskable in that they can cause an interrupt only

lf the priority level held in the processcor status word is leas than

the pricrity of the interrupting source. When an lnterrupting device

causes a new priority level to be loaded from ite vector FE word,

interrupts at the same or lower levels are blocked out. The system,

bowever, remembers that the Interrupts eccutred and it processes thenm

in rurn by priorcity.

Certain traps, however, cannot be pasked by the prioriey field in the
PS word, These traps ore: pacity error, memory management violaticon,
atack limit vyellow, power failure (power down), and fleating-point
sxcepticon.
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- . .

1.6.5 Interrupt And Trap Vector Locatlong

" The Eullnwiﬁg chart shows some of the interrupt and trap vectors . used

by RSX-1l1H interruypt and trap processing. The PC for the interrupt
routine 1a taken from the specified memory location. The next word
containa the new PS5 word.

Memory Interrupt and
Lecation Trap Vector
aod . Reserved for DEC use

004 CFU errors
010 Illegal and reserved instructicns
D4 Breakpoint trap (BFT]
' - 020 . Input/output trap (IOT!}

24 Power fall
02aQ Emulator trap
034 TRAP ingtrugeion
244 Floating-point error

L. 230 Memory management

For a complete list of vectors, see the pertinent PDPIl Processor
Handbook. - '

1.6.6 GEysten Traps

ML | [
Sygtem traps are transfers of <¢ontral {alsc . called software
Interrupte) that provide taske with another means cof zonitoring and

.reacting to evenks, The Executive initiates system traps wnen Certain

events occur. The trap transfers control to the task agsscizted with
the event and gives the task the opportunity to service tne event by
entering a user-written routine.

There are two distinct kinds of system traps:

&  Synchronous System Trape (58Ts). S&Ts detect gvenzd directly
aagoclated  wlth program  lnsteuction execution. Trhey are
*aynchronous® because they always occocur at the saxe soine in
the program when previous 1instcuctions ace regpeacad.  Fog
Y .expmple, #n 1lllegal inatruction causes an SET o cllur,

- . - L b i ' .
" “& ABynchronous System Traps T{ASTs), - ABTE detect 8ignificant
B¥ents that ocour asynchronously o the tagkx's axecytiont
.. that is, the task has no direct control over the grecise time

, that ‘'the event occucs. For example, the completicn ©f an I/0
transfer may cause an AST to occur.

To usg the system traps, a task issues system direczives that
establish entry points for uvser-written eservice routines. Entry
points for 55Ts are apecified in a single table. AST entry,polnts are
set by . individual directives for each kind. of AST. Wwhén a trap
occursg, the task enters the. appropriate routine via the specified
entry poine. C .

bebugging aid progeams [(Cn~line Debugging Toel and Executive Debugaing
Tool) can” be enteced frem points, which are ecalled breaspolnts, that
you insert into a memory-resident task, These Dreakpointy cause &
breakpolnt trap that transfecs execution to the debugging ald program,

The debugglng aid, by means of its own table of trap vectors, can
1i » .
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execute sgpecial processing for certain E55Ts, that can occur, The
IAS/RSX-1]1 ODT Reference Manual discumses the On-line Debugging Tool
n detail. Tha Executive [ebuggipg Teol [(XDT} is described in the

R5X-11M Gujide to Writing an 1/0 Driver.

1.7 EXECUTIVE DIRECTIVES

An Executjve directive is a reguest from a task to the Executive to
perform an indicated oreraticn.. A prograzmper uges Exegutive
directlves to control the execution and interaction of tasks,

Executive directives enable tagks to parform functions such as the
following:

% Obtain task and system infermatlen

e Measure time intervals

¢ Perform 1/0 opeéations

% Manipulate a task's logical and virtual addrese space

# 5Suspend and resume wxecution of tasks .

® Regueat the execution of another task

« Exit From a task .

System directives allow tasks to explolt some major system functions,
including the following: '

e Event flags
* System traps
¢ Extended logical address space

REX-11M MACRQ programs execute Executive directives by uelng racro
calls and the ENT 3177 instruction. FORTRAN uses DIGITAL-sufplied
librazy routines o use the directives,

You should always use magroe calls instead of directly execuring che
directive. Then, Iif system changes are made 1n the directive
specifications, you need only to reassgmble the program rather than
edit the source code.

Listed below is a brief summaty of the directive functions that are
possible for RSX-11M. For a complete degcription of RSX-11M Executive
directives, ses the REX-11M Executive Reference Manual.

Task Execution Contraol Directives

Abort Task Causes the Execukbive to terrminate the
execution of the task narmed in this
direcrive. .
Cancel Time paced Cagses the Executive to cancel
Initiation feauasts all time-synchrenjzed imiciacion

cequegts for the execwtion of the rask
named in this directive, regardlesas of
the Bource Of =ach reguest.

1-i0
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Task Exit

Extend Task

BEequest Task

Eesufe Task

"Run Tagk

Suapend

Statug Control Directives

Alter Prlorcity

1 -

Digable Checkpeinting

Enable Checkpointing

Informational Directives

Get Partition parameters

C

. T . +
Get Region Paramaters v
i+

+ Il
[

Get Senge Switchesm

Informs the Executive that the task
ispuing the Exit has’ coppleted its
executicn. Unless the exiting task is
fixed, its memory 13 freed for use by
other tasks,

Causes the Executive to madify the
slze of the task that Iissues this
directive by a positive or negative
nupber of JZ2-word blocks,.

Caufes the Bxacutive to [2QuESt
immediate expgution of the task nared
in the directive.

Cayses the Executive to resure the
execyution of a task that has issued 3
Suspend directive.

Causes the Executive ko schedyple the
execption of the task named irn this
directive at a time specified in terts
of a time pariod from the lssuance of
the directive. -

‘'Cautes the Executiye Lo susoend
expecution ©f the task that issued the
Suspend until explicitly recured,
either by a PResume directive froc
another task Hr the MCR cazmand,
Regume,

Causes the Executive to change zhe
running vrierity of the installed and
activertask pamed in this directive,

Caumes rhe Executive to make the tasy

that issues this directive no lornger
checkpointable,

Causes 'the Executive to npullify the
creviowsly issued Digazla
Checkpointing directive,

Causes the Execubtive to £i11 a J-worcd
buffer, which is specliled in this

dlrective, with parameters related Lo
the memory partition specified in this
dizecrive or related to the tasx  Ehac
issues this directive.

Causes the Executive to fill a 3-word
buffer, which 1is specified in cthis
directive, with region paraAmeters.

Causes the Executive to, return the

settings of the L6 congsole switches to
the task that issues thias direcrive.
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Get Task Farameters

Get Time Parameters

Event—agsociated Directives

Clear Event Flag

Cancel Mark Time Reguests

Ceclare Significant Event

Exitif

Matrk Time

Read All Event Flags

Set Event Flag

Wait Far Slgnificant
Event

Cayses the Execubtive tao.fill a 16-word
buffer with parareters relaked Lo the
task that iseucg this directive.

Causeg the Executive to return the
current time pavrazetecs [year, month,
day, hecur, minute, second, tick and
ticks/secand) of! the task,

Causes the Executive to clear an event
flay specified in the directive and
return the previeous polarity of  the
f]ﬂgt

Causes the Executive ko cancel MARK
TIME reguests that have been made by
the task that issues this directive,

Causes the Executive to declare &
significant event. The Executive
scans the 5T0 for the highest prioccity
task capable of execurion. It thehn
saves the context of the currcently
exegutling - tagy, and BEacts the
execution of the new hiohkest prigrity
task, .

Causes the Execurive to causs an  exit
of the task that :eczivesxs the directive
it, and only 1!, a ‘specified event
flag ig clear,

Causeg the Ifxegyutive to declare a
significant eveny 2fter ihe expiration
of the time interva! scazified in the

directive, f . ar event flag is
specified in the clrec'1ue, it in
cleared when the Sirective is issued
and set when tne slgnificant event
OCCurs, If e&n Asyrohrencus System
Trap [AST) entre 2oins  =ddress  ia
gpecified in ine Zirective, 2n AST
oCcours at the tise 52 the =ignificant

event.

Inetructs the Exesurive to  feturn Lo
the Ltask cthat isgued this directive
the polarities cf all 64 event flags
in & 4-word Euffer.

Cauges the Expcutive Lo et an
indicated evepnt flag and return the
previous polaricy of che indicated
fiag {wirhour a deciaracrion of a
significant even:z}.

Ceuses the Executive to suspend the
execution of the tasx that iassues ¢the
directive wuntil =the next significant
eyent occurs.
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Walt For Logical gr oOf
Event Flags

Wait pPor 3ingle
Event Flag

Trap-aessociated Directives

AST Service Exit

[
Disable AST Recognition

Enable AST Recognition

Specify FPP Exception AST

Specify Power Recovery
AST

Specify Recclve Data 25T

Specify Recelve By
Reference AST

Specify 55T Vector Table
For Debugging ald

Causes the Executive g suspend the
execution of the task that issues the
directive wuntil ore or mdre specified
event flags of a group of event [lags
ia set,

Instructs the gxecutive to suspend the
execution ¢f the task Lhat issues the
directive until an event flag that Is
gpecified in the directive is scot.

Causes the Executive to terminate tha
exccutlion of the AST s5efvice routine,

Causes the Executive Lo disable AST
recognition .for +ne task that issucs

"this directive, The ASTE are quaved

and only their recognition is
Inhibited.

Causes ‘the Execptive o enable AST
recognition for the task that isgues
this directive,

Informs “the Executive that the
apecified AST rocvtire within the task

is to begin fxecution whenever A
floating-point DIOCESSOr exception
BCCULS, ar that floating-point

processor exception ASTs are no longer
wanted.

Informs the Execotive wherher or not
power [ecovery AET: ace wanted for the
task that lgscer +™=ia Jdirectiva, JE
the AST2 are wanieg, this direcetive
indicates Wwrkere cCntrel is to be
transferced wher thne 227 ozcwrs.
lnforms the Exec:
cecelve Jdacy AST
thiz directiva
AS5Ts are warntced, L35« execution Lg
transferred fo znc z3fress of the AST
service roveipe wizhis the -"ask when
data is placed in zne iask's recelve
guele.

cive whether ar not
T the LaFx 18syuing
if Lhe

LI & TR P 44
ki
T
»
=
T
it
L
oL

Informs- the Executive to transfec
control to an  address In  the +ask
ppecified in the directive when the
Receive-by-peference AST oCccurs, or
that receive-bv-refererce ASTS ate no
longer desired Igr cthe task that
{ssued this Sirecoiva,

Specifies the aZdress of a table of
synchionous S¥SIem trap sorvice
coutine entry points for use by ODT oc
other debugging aids.
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Speclfy S5ST Vector Table
Por Task

Informs the Executive that the task
that issuess this directive contains a
table of addresses of secvice routines
to be executed ypon task trap or fault
conditions. -

1/0 and Intertask Related Directives

ABsign LUN

Conneckt To Interrupt

Vector

Get LUN Information

Get MCR Command Lipe

Cueve /0 Reguest

Queue I/0 Reguest
And Wait

Receive Data

Hecelve Data Or Exit

S5end Data

Cauges the Executive to assign a
physical device unit to a logical unit
number . {LUH) . ' The LUN, device name,
and device uplt number are speclified
in this directive.

Cauges the Executive to allow a task
Lo proceas hardware interrupts by a
routine &pecified 1in the directive.
The Interctupt Service Rogtine {ISR)
must be in the rask's own space.

Causes the Execuklve to return
information regarding the logical unit
specified in the directlve to the task
that issves this direccive,

Causes the Executive to transfer an
HCR (terminal} command line to the
task that imBueg this directive.

Causes the Execygtive to gueue an 1/0
reguest for "the fssuing task. This
reguest 18 gueued by pricrity for e
logical unit which is agsigned to &
phyeical unit. An event flag, an AST,
and an . 1/0 status bleock may be
ppecified as 1/0 completion
indications,

Similar t¢ the gueue I/0 reguest
directive except for one aspect, The
Cueve 170 Request And HWait diregtlve
specifles an ewvent flag and the
Executive executes an implied Wait For
5ingle Event Flag directive,

Informs the Executive that cthe task

thart jessuep this directive is ready to
receive data fipn a l3-word daca block])

that has been sent from another task

by ceans of the Send directive.

Cauges the Executbive to attempt to
[eceive data f(degueue a 13-word data
block) for the task that fssues this
directive. If no data iz recelived,
the pask that issues this directive
exits,

Cauges the Executive to declare a
slignificant event and to gueue the
13-word block of data thar the task
name in this directive i8 to zeceive.
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Menary Management Directives
Attach Regien Causes the Executive to attach the
task that issues this directiveto 'a
static common region or ko a nhamed
dynami¢ region,

Create Addreas Window Causes the Execukbtive to create a new
' ; virtual address window by allocating a
window block from the header of the
task -that issues this directive and
establishing the window's wirtual
address bage and size.

Create Region Causes the Executlve teo <create a
dynamic region in a system-controlled
partitlon and, as an optlon, attach it
to Lhe Lask that issues this
directive.

Detach Region . Causes the Executive o detach the
task that lssues this directive firom
the previously attached region that is
specified in this directive.

Eliminate Address Window Causes the Executive to delete an
existing address window, unmapping it
first 1f necessary. ’

Get Mapping Context Causes the Executlve te return a
descripkion of the cutgentc
window-to-region mapping assignments.

Map Address Window Causes +the Executive to mAp  an
existing window te an attached region.

Receive By Reference Causes the Executive to degusus the
next packet in the

receive-by-reference gueuve of the task
that isasues this directive.

Send By Reference Causes the Exscutive to insert a
. packet containing a reference to a
tegion into the receive-by-referenge
gueve of a receiver task that is

gspecified in this dicective.

Unmap Address Window Causes the Executive to unmap the .
window that is specified in this
dicrectivae,.

1.7.1 Ewvwent Plags .
The execution of certain directives causes siqnificaqt evenks to
. DECUT. In fact, most significant eventa are caused, g¢ither directly
or indirectly, by system directives.

A :1&nificant event occurs when a task issues 2 systom directive that
tmplicitly or explicitly suspends a task's execution, or when an
external intecrupt occurs that can affect a task's executicn. Event
Flags are associsted with significant events. When a significant
event occurs, the event flag indicates the specific cause of the
significant event,
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The Executlve uses significant events and event flags to manage task
execution. Howewver, tasks can alse uee significant events to
coordinate internal task activity and to communicate with other tasks.
Faor example, a task can issue an Executive directive to agsociate an
event flag with a specific signlficant event. When that eveni cccurs,
the Executive sets the associated flag. Therefore, by testing the
state of the flag, a tagk can determine whether or not the event has
oecurced.

sixty-fuur event flage are avallable to enable tasks to distinguish
one event from another. Each eyvent flag has a corresponding event
flag number, The first 32 flags are local to eacn task and are” set or
cleared a5 & result &f pach task's reguirements. The second 32 flags
are common to all tasks and are therefore called global or common
event flags, Global flags can be set or cleared as a result of any
task's operation. Tasks use global flags to communicate with other
tasks becauke one task cannot refer to another task's local flags.
Eight of the local event flags and ejght of the common event flags are
reserved axclu=ively for the Executjve.

1.8 THE MCR INTERFACE

You commonloate with BS%-11M by entering commands at a terminal, The
terpinal driver diregts the commands to the Monitor Console Routine
{MCR} processor. The MCR processor either executes the commands

fvself, or it activates a system or user-wrltten task what can service
the commande,

MCR commandg allow you to:
# Start up the system
¢ Manage peripheral devices
# Control task expcution
# Obtain system anﬁ task infarpatien

# Activate system or user-uritten casks that reguest input from
the terminal

The MCR commands that c¢control task execution are particularly
significant to system performance.  You must u22e & MCR command
{Install} to install & task into the system. Therefore, you establish
the hase of installed tasks, whlich the Executive, other Installed and
active tasks, and further MCR commands can manipulate.

1.8.1 Privileged Commands

Ta festrigt the wvae of commands that directly affect aystem
performance, RSX-11M conciders some MCR ¢ommands end cormand eptions
to be privileged. You can issue a privileged command <nly (from  a
privileged terminal. In mulciuser oreotection syatems, individual
vsers are either priviléged or nonprivileged; when & user logs  on,
the terminal assumes the privilege status assigned to that user's
ldentification code [UIC)}., A uvser can issue an MCR command at &
privileged terminal te medify the privilege status, of any other
terminal connected to the system. If multiuser protection support is
not lncluded during eystem generation, all terminals are privileged,
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1.,8.2 External Scheduling Of Task Executklon

An  Impoctant MCR  function 1a the external scheduling of task
exgcutlan, This type of scheduling works in conjunctien with the
Executive's priority driven internal scheduling of active tasks. You
can include time parameters with the ceommand that activates an
Installed task. The time parameters reguest the Executive to run a
taak:

" -

« At a specified time from the current moment

¢ At 2 specified time from clock uniy synchronization
# At an absolute time of day

o Jomedlately

All of these time options are available with or without periocdls
reschedouling. RSX-11M also supports an unlincited number of programmed
timers for each task in the system. The user task can create its own
tiper, which the Executjve then decrements at regular intervals, When
the timet reachas zero, the Executive sets an event flag or  generates
an Asynchronous Sysatem Trap {AST) thalt passes control to the task ak &
prespecified address.

1.2 TEBRMIRAL OPERATION

In RSX-1iM, a variable number of terminals can aperate cOnCurrcently.
In addition, each terminal cperates {ndependently of others in the
Eystem to allow each to run a different task. In & Bystem that
eupports multiuser ptotection, a user must loo conte a terminal hefore
isguing further commands. In ather RSX-11lM systems, & user can lissue
commands whenever the terminal displays an appropriate prompt.

1,9,1 Attached Terminals

E5X-11M allows tasks to reguest input Erem a terminal. To ensure that
a requesting task receives {nput intended for it, the task usually
attaches to the terminal. %hile the task is attached, the terminal
directs all input ko the attached ‘task, with one excention, The
exception is & contrel C character [the C key pressed while presalng
the CTRL key!, which gains tke attention af the ¥CR processef. An
attached terminal ensures tha:t a solicitine vask croperly receives Lte
inpug; but it 2lgo allows a user to interrupt the ra2gk's conteol of
the terminzl to communicate with MCR, Note thak attaching to the
terminal is a functien of the task rather than of a user.

Somg applications may reguire that a user ba denied access to MCR  Eut
aliowed access to a sppecific task only. In this case, a task can
attach te the terminal with a especial subfunction. The subfunction
cauaes the system Lo generate an AST for the attached task whenever
someone enters uncequested irput, including CTRL/C, at the terminal.

However, making the tersinal a slave terminal is another way of doing
this.
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1.9.2 SElave Terminala

When your installation neaeds to dedicate a terminal exclusively to one
orr more tasks, you issue an MCR command (or a task issues a special
1/0 function) that sets the terminal to slave'status. The difference
between a slave terminal and an attached terminal is that the system
ignores all unsclicited input, including CTRL/C, that is entered at a
slave terminal. Until yeou iezue another MCR cozmard to delete the
6lave status, the terminal coan only be used to coZmunicate with the
task scliciting input from the terminal, &An I/0 functien issued by a
task can also delete the slave status of the terminal. Slave
terminals are often dedicated to real-time applications.

1.10 HMOLTINSER PROTECTION

Multiuser protection, a system generation option, allews an BR5X-11M
ingtallation to monitor and control individual users of the Syatem,
Individual users are either privileged or nonprivileged, The =ystem
manager, who is the one assigned responsibiliey for sSyerem
conflguration and opecraticn, assigns a user identificacion gode (UIC)
te each user, whilech determines the user's privilege status. When
logging onto a terminal, the user supplies a last naze of UIC and a
password, If the user gives a name, the system finds the asgsocjiated
DIC. The system then checks that the password matches the last nanme
or 0I¢, and sets the terminal e pr1v1leged or ropgrivileged scatus,
according to the user's UIL.

1.10.1 Public And Private Devices

In &2 nultivser protection system, some commands zllew vou to do things
that are not allowed in systeps withovr zultiueer zrotection, For
example, the Allocate command allows you {or any user) =o allocate a
device (a disk drive) as your private device; alizcazing the device
prevents other nonprivileged users from accessing ic.

A4 nonprivileged user can access a private device that Se has allecated
ta perform MCR [unctions chat are normally swrivileged. These
functions include preparing a disk or magnetic tage Zz2¢ use by the
R5X<1l1M file syetem,

public, Public devices cannot be allocated to ‘rc;v-u-al users, By
declaring a line printer to be public, for exazple, the EVStem manager
can ensure thar all ueere have access to that corzenly wused output
device,

1.11 SYSTEM HAINTEWANCE

1.11.1 Error Logqing

R5X-11¥ provides an error logglng facility as a syste: geneération
coption for systems that ace 24K words or larger. The error logaoing
facility monitocs the hardware reliability of an REX-11¥  svaterm; i
continually detects and records information abtout disk, DECtape,
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magtape, and memory errocs A8 they occur, regardless of whether or not
the error 18 recoverzble, The Executive sutomatically retriea
recoverable errors. However, you might be unaware that Gthe error
occuerred. Therefore, at wser-determined fntervala, a formatting task
can be run t¢ generate individoal error and suemary reports on 5SORE OC
21l of these errers.

Please note that only the following four types of errors are loggable:

-’

# Device errors |digks, magtapes, DECtapes)
# Undefined interrupte

. @ Timeout

- Hemnrylparity eCIars

In summary, the error logging facility pecforms the following
Eunctions:

# Detects a hardware error as it occurs {done by Executive
modules)

¢ Gathers inferoation about the error
» EStores the information in a file
® Formats the information to produce an error report

Conteol of the facility !a shared between routines in  the Executive
and sgpecific errcor logging tasks. These routines and tasks interface
with each other %o carty out the four cperations described abaove.

You c¢an generate a wide variety of error reports, Ahmong many options,
¥ou <an specify a report that covers only & certein time pericd, a
certain device or group of devices, or perhaper a certain type of
error. You can alse requestk a report that contalns orly information
on individual errors, one that contains only summary dinfcrmation, or
ane that contains both kinds of statistics,

Because the error log filey may be written to a removable volume, an
cparator can generate the reports either on eice ¢r at any cother
R5X-11M installation that supports the error logging facility.

1,11.2 Diagnestic Tasks

B5X%X-11H alzseo provides &8 group of diagnostic tasks which you can
incorporate into the Executive supporr at aystem generation time. A
dlagnostic task tests a speclfic device to identify the zource of  any
ercors. RSX-11M diagnostic tasks test for malfuncrions on most disks,
PECtapes, magnetlc tapes, and terminals. The tagks are simple to  Use
and require little memory opace.

When used in connection with error logging reperts, the diagnostice
tasks can significantly reduce system downtime. The system nanager
should reqularly generake error repocts to  check on hardware
performance. When a number of errors indicates that & particular
device i= beginning to malfunction, the manager cam tun the diagnostic
task far the erring device to help isolate the source of the errors.

Each diagnostic task has Ltwo modes of operation: cusfomer mode and
service mode. - In cusStamer mode, the usar activates the appropriate
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task, which then runs to coapletion and reports ita findings.
(Because the tests destroy any data resident on the device being
teated, only authorized users should be allowed to ruh diagnostic
tagks.] Service mpode 1s intended for vee by DIGITAL Field Service
engineers., Service mode allows the uzer to modify the test content
initially and ko interrupt the frunning test to¢ make further
modificationa.

1.11.3 Power Faillure Restart

R5X-11M can execute a power failure restart that e&mecths out
intecmittent short~term power fluctuations with little loss of service
or data. Power failore restatrt functions in four phases:

® When power begins to Fail, the CPU traps ta the Executlve,

which stores volatile register contepnts, thereby bringing
system operations to a coantrolled halc,

# When power is restored, the Executive again receives controel
and restores the preserved state of the system.

s The Executlve then schedules all device drivers that were
active at the time of the power failure at their power-fail
entry points, Drivers have the opticon of being scheduled one
of t{wo ways: i

1. WRhenevetr power fails

2. Only when power fails while the driver is servicing an 1/0
reguest

The drivers can then make any necessAry restorations of state
(repeat an I/0 transfer, for example].

¢ The Executive then determines if any user-level tasnks have
teguested notification of power failure by issuing a sysien
directive reguesting an AST on power Iecovery. The Executive
initiates ASTa for any tasks that have reguested them.
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[jéctor Javier Arrona Urrea
Centro de Cédlculo

Faculiad de Ingenierfa
UNAM

550.52.15 Ext. 4150

Jestis René Acosta Chavira
Aluminio y Vidrio Ruiz, SA.
Insurgentes Sur 1864
México 20, D.F.

548. 60, 61

Silvia Aguilar Morales
PEMEX

Marina Nal, 329
Z.P17

531.57.56

José Guitlermo Almeida Reynoso

SCT

Subsecretaria de P, y Marina Mercante
Insurgentes Sur 4635

México DF

564.57.28

Jorge Alvarado Trejo

Comisitn de Desarrollo Urbano del D.F,

Fdo. Alva Ixtlixochitl 75
Col. Trénsito

Z.P. 1

242.10,21 '

Octavio Aranda Espinosa
Cfa, Contratista Nal, 5.A.
COCONAL 5A

Periférico Sur 6501
Tepepan, Xochimilco
Z.P,23

6705555 1xt.105

Migue! Alejandro Arenas Rodriguez
COCONAL S,A.,

Periférico Sur 6501

Z.P.22

6765555 Exr. 116

Hoberto Astudillo Sarabfa
PECK SA

Calz, de las Aguilas 101-4°
Las Aguilas

Z.P,20

Fco. Morazén 219
M. Baibuena
México DF
768.06,62

Perseo 149

Prado Churubusco
Z.P.13

582.06,38

Penitenciaria 12-4
Morelos

Z.P.2

789.15. 64

Troncoso ydel Paso 226 D 15

Z.P.9
552.2%.07 -

Fresno 116
Sta.Ma, la Ribera
Z.P.4

Convento de Tepozotldn 45
Los Reyes Izracala, Edo, de Mex.,

237.88.78

Relojeros 46-}
El Reroilo
Z.P.13

55294 09

Calle 13 # 150
l.Zaragoza
Z.P.9



10.

11.

12,

13.

14,

{5,

i6.

17,

Yolanda Patricia Avila Azua
Alberto J. Pani 112

(da, Satelite, Ede, de Méx.
562 79 19

Maria Elena Barraza Gutiérrez
SAHOP

Analista de Precios Unitarios
Xola v Av. Universidad

Z.P.12

53033 36

Juan Rafael Callejas Castafieda
SAHOP

Dir, Gral. de Carr., Federales
Méexico 12, DF

Rubén Carranza Vizquez
Cfa. Contratista Nal, S.A.
Periférico Sur 6501

Z,P.23

676 55 55

Carlos Cordova 5,
Televisa SA

Blvd. Adolfo L.Mateos 232
Z.P.20

595,74,69

Conrade Dévila Garcfa

DDF

Jefe de la Secc, de Ana. de Sist,
Sn. A, Abad 231-7°

Z,P.B

388 32 27

Arturo do los Santos Diaz
Tlevisa SA

Bivd. A, L. Mateos 232
Z.P.20

393 74 69

José de Jesds de los Santos y del Angel

Banco de Mex SA
Insureentes Sur 2375
Z,P,20

550 70 I

Rubén Dfaz
Cerro Gordo 168

., Churubusco
Z.P. 21
549 7119

wg oul

Mitla 113
Narvarte
Z.P.12
519, 76 06

Edif. Charange Depto. 202
V. Panamericana
Z,P, 21 63507 05

Paseo Sta. Clara 53
Jardines §_a, Clara

Ecatepec, 'Edo. de Méx,

Miguel Laurent 61-202
Z,P,12

Limenes 60 Mza. 94 1.5l
Jardines Ojo de Apgua
Edo, de M&.

Laguna d¢ GuzmAin 119-5
Z.P.17

Ing. B. Romo A 2]
Coo. Imlustrial
México DIF
557.34.2¢

RN
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18.

19.

20,

21,

22.

23.

24

25

4

Sixto Dominguez Martinez
SARH

Clavijero 19-3°

Xalapa, Ver,

7 53 37

José Luis Estrada Bolafios

Comisidn Nal, de la Ind. Azucarera
Av., Morelos |04

Z.P.1

Gonzale Flores Girén

Serv.” Profesionales de Ing, SA
Melchor Ocampo 445

Z.P.5

525 02 O®

Marila del Carmen Gil Rivera

Centro Latinoamericana de Tecnologfa

Educacional para la Saiud AC.
Presidente Carranza 162
Z.P.2]

554 B6 55

Ed mundo Gedfnez V
Televisa SA

Blvd, A,L,Mateos 232
Z.P.20

595 74 69

Sergio G8mez de la Barrera
DDF

Cerro Gordo 168
C,Churubusco

Z.P, 21

549 71 19

Juan David Goémez Mele
Evarepec Automotriz

Via Morelos 169 Km 23,5
Carr. Mcx. Pachuca
Ecatepec, Bdo, de Méx,
569 81 00 '

Rolando Gonzédlez Soto
Comision de Desarrollo Urbano
Fdo. de Alva Ixtlixochitl 175

Z. P12

522 04 61

H. De nacozari 242-3
Veracruz, Ver,
22549

Valle de Toluca 39
El Mirador

Edo. & Mex.

560. 02 25

Rio Verde 44

Fracc., Viverosdel Rio
Tlanepantla

398 30 34

Sur 111 # 635
Sector Popular
Z.P.13

Casahuete ¢

Unifam. INFONAVIT
Iztacalco

Z.P.8

637 9893

Platanales 174
Nva., Sta. Ma.
México DF
536 65 37

Cerro de la Libertad 398
C. Churubusco

Z. P21

349 03 39

Torres Adalid 1977
Z.P.12
3799598



28

27

28

29

30.

31

32

34

Victor Manuel Herndndez Gonzdlez
Servicios Profesionales de Ing. SA
Melchor Ocampo 445

Z.P.5

525.02 09

Maurc Iiifguez Covarrubias
SARH

Reforma 45 10°

México 1, D.F.

592.01 08

Ernesto lifouez Gonzdlez
UAM

Unidad Xochimilco
México, D.F,

Leonel Herndndez Herndndez
UAG

Esc. de Ing’.

Av. de la Juventud s/n
Chilpancingo, Gro.

Antonio Irigoyen Reyes
SAHOP

Av. Universidad ¥ Xola
Z,P.]12

519.27 70

José D, lzquierde Buenrostro
COCONAL S5A,

Periférico Sur 6501

Zp. 22

676 55 55

Luis Alejandro Fraustro Jiménez

DDF Analista de Sistemas
S. A. Abad 231

Z.B. 8

588 25 06

Rafael José Salin

C M, La Raza, IMSS
Jacarandas y Vallejo
México, DF.

583 63 66 Ext 2106

Jorge Humberto Lozano Medina

Dir. Gral. de Const. y Operacion Hidriulica

DDF .
S, A, Abad 231-7
588 32 27

-

Sur 1} # 335
Sector Popular
Z.P.13

e .".

Bucareli 101-1i
Col. Judrez
México DF
592 38 49

Av, Trea #72-5

Sn. Pedro de los Pinos
Z.P, 18

277 64 01

18 de Marzo No. 5
Chilpancingo, Gra,

Edificio O 1l Depto. 70t
Torres de Mixceoac
Z.P.19

593 35 32

Comdor 156
Col. Alpes
Z.P.20
393 56 86

Andrés Molina Enrigquez 76!
S. A. Tetepilco

Z.P. 13

532 34 47

Londres 2531
Col, del]l Carmen
Z.B. 21

089 04 98

Calle Central E 31-2i
U.H.Alianza Popular Revoelucionaria
Mexico 21, D, V.
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37

38

39

40

4l

41

- 42

Javier Marduefio S,

Cfa. Minera Aucldn S;A. de C.V.
Mariane Escobedo 510 "
Z.P.5

25019 77

Vilinlfo Rolardo Martinez Navarrete
Telewisa SA

Blvd. A, L, Mateoa 232

Z.P. 21

505 74 69

Jos& Luis Millan Vargas
PACK SA

Las Aguilas 101-4
Z.P.20

593 63 00

Gabino Gaspar Monterrosa Reyes
DDF

Dir. Gral. de Const. y Ope. H.
S.A.Abad 231-7°

Z.P.8

588 32 27

Eric Moreno Mejfa
Facultad de Ing.
Profesor

UNAM

548 96 69

Eduardo A, Nardayapa Gimez
S P11 Ingenieroa SAde CV
Melchor Ocampo 445

Z.P.5

525 02 80 Ext. 6l

Germdn Naranjo Torres

Tesoseria D D F Depte. de Soporte Técnico
Nifios Héroesa y Dr, Lavista

Z.2.7 .

761 22 66

' .
Carlés Mario Ocampo Cano

Armando Qcaranza Garcia

Beo, de México § A

Insurgentes Sur 2375

México 20, D.F. Nl O
550. 70. 1l Ext, 251 -

Thiers 251-9°
Z.P. 5
250 17 99

Emiliano Zapata 93
5t¢. Domingo
Z.P.21

597 73 99

Esperanza 28
Vergel
México 13, DF
593 63 00

Saratoga 1017
Portales
Z.P.13

532 46 59

Chiapas 202
Z.P.7
584 B2 65

Pennsylvania 31-13
Coyoacén

. Z.P.21
249 83 32

Sur 75-# 4423
Col, V.,Piedad
Z.P, 13

538 33 62

Av, Sa&nchez Colpin 40
Ahuizotla , Edo.d Meéx,
576. 12.65



43

44

43

46

47

48

4%

50

Carlos Peregrina Ramirez

Libros Mc Graw Hill de Méx. S§ A de CV
Atlacomulco 499 y 501

Col. Ind, S, Ardréa Atoto

Naucalpan

576 90 44 Ext 123

Arturo fonce de Ledn Huerta

Dir. Gral.d e Planfificacion

Plaza de la Constjtuci6n y Pino Suarez 4°
Z.B. 1

312 7094

Ignacic Quifiones Padilla
Servicios Profesionales de Ing.
Melchor Ocampo 445

Z.P.5

525 02 90

Moisés Ramirez M.
Televisa S5 A

Blvd., A, L, Mategs 232
Z.P.20

595 74 69

Juan Manuel Rebollar Pérez
Tesoreriadel DD F

Jefe de la Ofi. de Mantenimiento e
Instalaciones

Nifios Héroes y Dr, Lavista
Z.P,7

588 11.06

Jorge Arturc Rodriguez COrdoba
UA G, ESC.DE INGENIERIA
Av, de la Juventud S/N
Chilpancingo, Gro,

227 41

Enrique Ruiz Martinez Garza
SANCOMER S.A.

Av, Universidad 1200

Z. P13

534 00.34 Ext. 4067

jaime Sierra Ibarrola

SAHOP

Dir, Gral, de Maquinaria y Transportes
Miguel Laurent 840- 5°

Z.P.12

559 16 38

Alcdzar 26-8

Col. Tabacalers. }i“i
Z.P.1 -

591 07 07

Fut bol 118-2

Col Country Club
Z.P. 2]

549 4] B2

Lucerna 75-6
Col , judrez
Z.P.6

56104 70

Calle 631 # 133 IV ¥ V SEC,
Sn. juande Aragin

Z.P, 20

385 74 69

Calimava 36
Lomas de Atizapdn
Edo, de Méx.

A. Guerrero |0-B-2
Chilpancingo, Gro,

Luis Kuhne 25
Col. Aguilas
Z.P. 20

593 14. 06

Av, del Arbolillo 55
Col, Hadas Coapa
Z.P.22

671 25 88



-

al.

52.

- 83.

© 54.

Jorge Arturo Soto Garcfa

Comisidén del Plan Nacional Hidriulico
Tepic No, 40

Z.P.7

584 12 Ol

Juan Germén Velenzuela Ramos
DESFI

UNAM L

México 20, D.F,

Mario Villafin Gonzilez
SAHOP

Analista de Precios Unitarios
Av, Universidad y Xola
Z.P.12

530.33 36 v

Betty Zimring Nicolajevaky
COCONAL 5.A.

Periférico QOte, 6301
Z.P.23

676 53 33

Feo. 1, Madero 67
Cvl. Haizachal
Edo. de Méx.

589 90 17

Nte. 82 B #5816
Col.. G. Sanchez
Z.,P. 14

551, 16 36

Xochicaleco 705-8
Z.P.13
559 87 83

- Av. Panamericana Casa C-34
Pedregal de Carrasco

Z.P.22
635 06 83






