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SIMULATION STUDY OF USES OF A COMPUTER NETWORK

INTRODUCTION

The University of Waterloo, through its Department of |
Computing Science and Computing Centre, has expertise, expem‘encé5 and
faci11tiesA1n computer/communications. We propose to exploit and extend
.them by addressing some of our personnel and féc111ties to the study of
vCanadTan'computer/communications problems. This is one of a set of
coordinated research proposals; because of‘thé timeliness and urgency
of tﬁis particular research problem, this proposal fis being submitted

 first.

BACKGROUND
Networks of computers are being constructed in various p]aces;
“While there have been many statements made concerning the anticipated

usefulness of such networks, the prime approach has been to construct

them fivrst, and then discover the éerviceS‘that they can providéi Th{s
_?s understandable, for the actual construction of the network strongiy"
affects its use, and until its properties are known, no other approqch
{s feasible. .

| However; there are now severa1'nétworké under coﬁstrﬁction with

basically different design philosophies.. These philosophies do affect

the user, and the constructions are sufficiently advanced to enable us to -

- see what system parameters will result. Before building more hardware,’

-1t is now sensible to sit back and see how plausible or practical certain.

propqsed apb?ications are, under:each'design philosophy.
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_PROPOSED RESEARCH

“We propose to per:orm lheoreL1cal and s1mu1at1on stud1es of

certaln uses Lhai can be made of a computer neLwork via Fac111t1es

prov1ded by subscr1bln0 computers of the neuwork Suoh fac1]1u1e¢

| 1nc1udc a system Lo SPOOL (Sce be1ow) jobs to. bo run on computers of

the network, a system to administer the‘sharjng of jobs to be executed
by computers of the network, as wé11 as é central file system shared by
the computers of the network. 'We intend to determine the fdncticﬁs of

- edch 1aCI11ty and Lhen perform a 1unct|ona1 s1mu1at1on of the Fac11|ty

‘ The obJect of cho s1mu1at1on siudy is to determ1ne wnether such:facilities

' are Lcchn1ca11y fea¢1b1e and ecowom1cally Just1f1ab1e on a computer

hehwork. .
The system to SPOOL.job§>to be run on éomputers of the nefwork
‘would accept job requésts_from various sources, order .the job requests
(perhéps by priority) for each processor oF the networL, and supp]v JObS
1o brocessors on demand.

The system to administer the sharing of Jobb to be execuued by
CompuLcrs of the network keeps records aﬂd makes enquiries of processors
on the network to determine their loads. For.each incoming job, cost,
anticipated turnaround, and possibly other parameters are considered in
determining which of the computers capable of executing the job should
. do so. | , | |

Centralized file syétemsfare desirabie as they a1jow greét
economies of scale and.sharing; thus, Tor example, a single 1argé disk

- file could provide file storage to a local network of small computers .
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I
far cheaper Lhan cou]o be done: tnd1v1dual1y A major issue in 0rgan~

izing such a file facility is bhe grade of service offered: whoTlesale

or "retail". If the central file system of a network were organized

as a wholesale operation, it would allocate and otherwise manage files

for computers of the network without knowing or caring about the organ-
jzation or contents of them. Retailing invo]ves mdre direct contfo] of
File format and management by the central file system so that files can
be shared by processors other than the originator.

. ExpTrc1L1y, the simulations will consist of progrdm modu]es

lhat m1m1c the a(t10ns of the ne Lwork SWILcheq and var1ous subscr1bers,

commun1cac1on bauween the modulos be1ng 11m1ted to convont1ons ThaL

ArefTeCL Lransm1sa1ons through the neuwork. This kind of simulation is
necessary in order to examine the {;;;;;ca1 feasibility of proposed
facilities. To ddvit we need the ébi]ity to do user-controlled multi~
brqgramming and some of the aspects of multiprdcessing.' The program
strﬁcture providing these is cal]ed a coroutine_éystem. Fortunately. a

coroutine system extension to Fortran is being developed at the

University of Waterloo.

CURRENT STATUS OF THE RESEARCH

We ‘have chosen {0 s:mu1aie Lhe f0110w1ng networks

(a) The U.S. Advanced Research‘Projects Agency (ARPA) network

- designed by Bolt, Beranek, and Newmans Inc.
(b) The so-called Davies network being implemented by the

~National Physical Laboratory of Great Britain.

n
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S
o ~_(c) The experimental network being developed by A.G. Fréser -
at Bell Telephone lLaboratories, Inc. |
(d) The OCTOPUS network of Lawrence Radiation Laboratoriest
We areAstudyjng‘their pfoperties, and are p]anﬁing to collaborate with
the designers and implementers of each of these networks.
The functional design of the applications to be simulated has
been studied. We think we know what kind of data we are seeking from

the simulation,

Coroutines can now be written and run with our system, although -

the trénélator extending Fortran by . coroutine operations-is still being

implemented. This coroutine system has been described in a paper that
has been submitted for presentation at IFIP 1971 Congreés. ‘A.copy of the

_paper is fnc1udedvas an appendix. -

TIME SCAL

——

A By October 1971 theICOroutine system should be running
'comp1ete1y; the simulation of the SPOOLING system should be running, and
an analysis of possible designs of the central file system should be A
.comp1éted.'_ | - ) )

| By March 1972 ‘the study of the SPOOLING system should be
cdﬁpTete and simulation df some. aspects of the central %iie system shdu1d
be underway. . _ . |

It 1s'expected that useful resu1ts.wi11 be avai1éb1e from all

phases of the project in approximately two and one-half years.




 INVESTIGATORS.

“The PFOJGCE D1rec10r for - th1s research w111 be Pro:essor

‘7.3D.D.VCowan. The Prlnc1pa1 InvesL1nator will bL Professov WM. Gent]eman, |

ésSisted by three graduate students;

PATENT RIGHTS

It is not ant;c1pa1ed Lhat any patenhab1e idea w111 evo1ve from

this 1nvest;gaL;On, however, should a patent ariselit w1]| be in the
vames of the Project Director and the Principal Investigator and_the
“rights will be offered for assignment to the Department of Communications,

. Government of Canada, for considerations to be negotiated.

 PUBLICATION RIGHTS -
'~The Project Director; the‘Prinéipa]AInvestigator and the -
“graduate students fnvolved will retain the rights to publish the ‘methods

and general findings of this study.
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’ Reportq of Lhe work and f1nd|ngs w111 be submltted per1od1ca11y
at naLura1 division po1ncs of lhe work. . . f L 'q -E;f " ;:.‘ i

A summary report will be prov1ded at the conclusnon of the F1rst
yeér.or work. .

In the event fhat no»report is'providéd 1nAany three month perioda
a brief technical progress statement will be subm1tued before the expiry of
. such-period. Such statement will indicate the worL undertaken in the pcrlod1’

and planned for the next three month period or longer.

BUDGET FOR ONE YEAR

We submit the following budget for this résearéh.foerne yéav: §
'Support of three graduate stﬁdents _ o R _E
‘at $3,500 per year per student -~ $10,500.00. |
 Professional fees | : 4“ _ 2,500.00 | .§
One secretary one day per Qeek - . '_i,QOO{OOI ‘g
7']5 hours of éomputer time at $654.50/hour 99817.50 ' g

20 cylinders of file space at‘$5/cy11nder/month 1,200.00

Books ' o ,;j‘YO0.00 |
T Travel : 7 1,500.00
1 Telephone and miscellaneous expensesk | L 1 500.00 :
 University overhead : L __."3 . .S;TSQQQQ ?
TOTAL o  .: ‘fff";“~; . $ 35,252.75 |

: _InVoices will be provided quarterly: 3, 6, 9 and 12 monthé-after

authorization to proceed with the work.
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"_'AGREIMEN!

.;_‘It is agreed that the work should proceed in accordance with this
~ proposal. o | o ' _‘1 | , .
~ DEPARTMENT OF COMMUNICATIONS S :UNIVERS’ITY OF WATERLOO

~ GOVERNMENT OF CANADA

Per: e S ~ Per:

~J. W. Tomecko, Director
. Industrial Research Institute

.Datedf

Vera Leavoy :
Ass1stan1 to Comptrol]er

In consideration of being retained by'the'University as Principal
. Investigator in comnection with this project, I herebyiagree with the

University to be bound by the terms of the foregoing contract.

Dated at Waterloo, this — 26th  day of JanuaryA 51971
Withess to signature = . - D.D. Cowan o

Witness to signature

" APPROVED BY
L . Chairman,

-Sc|ence

APPROVED BY = o
' . Dean of Graduate Studies .

- Department of App11ed Ana]ys1s and - Computer "

A St f naret bt PP
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Appendices

1'Department of Applled Ana1y51s -
and Computer Sc1ence '

' Research Report CSRR 2031

A PORTABLE COROU'IINE SYSTEM
by

'W. Morven Gentleman
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© A PORTABLE COROUTINE SYSTEM.

", by WJHM,@Gentleménﬁf}A".
UniVersity‘Of'watérloqz
‘Watéfldd;.Ontarioﬁﬂ

“Canada - L ” ﬂ‘f. o U B

Abstract

. Cofoptiﬁes‘haveAbgén:arouda~at ieast.éinCé Cénwa§ inﬁfoduéed
 th¢.£erminol6gy in'1963. Néyerthéless;féxceﬁt_iﬁ diSérgte event simulétibn
'éna\in soﬁe sysﬁemé prograﬂs; fhey have>rafély.béen‘uspd. A;bgliéf that'
this is.becausé they havé néggbeen widély‘aQai;éblé ih‘é.highér:leVe1.>
g.prog:amming‘lénguagﬁ”has'motiVated the‘develoﬁment:of é portatié.éoféﬁtine:'
 system;  This system-is based on an extenéioﬁ of'Fortrén éhat proVideé'_"‘
‘a veryvgéneral form of céroutines in addigién to_the.standard'ﬁfégram-‘l
‘_units\such as Subréutines and block data subp%ograms. The cqmpiler, its
ﬁbbjeét.codé, and theAsupplemenéary éer&icé réutines aré all ésséntiaily
ANSI.fértran'prégrams such that:implémentation atva new instéllation
wili'bEJsimplef‘ Tﬂié paper describes the'éystem,Atellé‘howzit-ié!

" dmplemented, and discusses some uses of coroutines.

~*«This'research‘WééVsuﬁpofted’byithé National® Research Council of.Canada.

.
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A PORTABLE COROUTINE. SYSTEM

ﬂ{!lntroduction

™

There is general agreement.thaL modularlty in: programmlng
is a good th1ng, exposlng‘the essentlal strucLure of. the program and
~s1mp11fying debugging and modiflcatlon;‘ Thefuosthfamlllar'klnd.of__
program module is Lhe subroutlne.-:The usual realiZationkof subroutines‘
has, however, several features that llmlt the ways Lhey can he.used

| Coroutlnes are another klnd of program module (4 5, 8 9 ll)
iThe& prov1de greater flex1b1l1ty than subroutlnes because.they separate
ilthe three actions'inVolved in.calllng_a subroutine.—— obtalnlngvan"
executable copy of the rout1ne, Lransmlttlng.arguments, -and transferrlng
- control ——:and blur Lhe dlstlnctlon between CALL ‘and RLTURN.- Elegant
new langnages.such as Slmula 67 (6) have been- deslgned which prov1de at
least a llm1Led folm of" coroutlne as well as; or 1nsLead of, subroutlnes.
But rhplementatlons of such languages have noL been w1dely avallable, and
'hence coroutines have not been widel& used;
| AThe system described:herefis intended to encourage the use of
._pgbfoutines by making Chem readlly available.:TAnjextension to_ANSl Fortranl
“(lZ)his deflned that provides a Veryigeneralfformiof coroutine'in*adﬂltion
to.the_standard Forgiéniprggramiunits such és.sgbroutines and block data
subprograns. The'main reason,for:using:anventension to*Fortransisvthat
as wlll be shown, 1t is posslble toltranslate program unlLs.of the exten51on
.':into program units of Fortran-such that,hwhen used in conjunctionuWith
SUpplemenLary servmce routlnes(also nostly Ain- bortran) the des1red effectsl

-4

.~_occur. Thus by writlng the tlanslaLor, too, 1n Fortran, Lhe system can




IRI Project 1013

_be made portable ~—~1nstall1ng it on any machlne with .an ANSI Fortlan'_‘

compller involves l1ttle more than prov1d1ng a few‘prlmltlves and puttlng'

: it 1n a llbrary i
S Two:addltional advantageshaccrueﬂfroﬁ'éﬁtending}Fortran{‘}First;
extendiné such a widely used'language1ehould;allevrate:the;brohlems‘oft;"‘-
L programmer-inertla;jbecausejrather‘than learning a whole-new languaée,h_ »

they needtonly\learnAthe new:features: Second; the'translatlonlof‘
h"programiunits~other.than coroutines consists essentially oflleaulng
the statements. as: they»are,jso the uqer pays llttle or nothlng at run

tlme for featules noL actually used

Systein Survey.

| .ilThe'portahle/coroutine‘systeg provides a very general-form
of coroutlne;gincorporating}uost.features-suggestedlelsewhere Vith'
others.that are whollylnew.';Thevbest.lntroduction to the‘system;is_to
view a runnlng program.:' .

A runnlng progran con81sts of a number of executable modules.‘

"~Each modu]e has a dlstlnct name prov1ded by the . sysLem and modules "know"
~about each oLher by having sPec1al va11ables that contain names of modules.
‘At any time; statements in only one‘module'are beingfexchted.A The module

3

that is executlng can create new modules, elther as dupllcates of eklstlng

;_ modules it knows about' or afresh from patterns supplled by Lhe programmer.A

_.IL can also tlansmlt arguments ‘to modules 1t knoWS abouL, such algumean _
. persisting until subsequently.changed. _And it also can pass control to

_any oLher module it knoWS about execution:oflstatements in:this other

o

‘1module beglnnlng where 1L was left off Lhe last tlme the module was execuLed._f:
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Note that all that matters is whichlmodules;are'knoWn.f_Ind-
'“ partlcular; the route by whlch control reached the modulelcurrently.belné .
.executed 1s 1rrelevant, unlike the way that the order invthe nestlng
. list affects’relations between‘subroutines. _Note.also that_lf a modulé”
Aor'group_of modules becomerunknown to the module currently being emeCuted;
and to all other moduleswto which control could_pass, then such:a~m9dule
;por group of modules can be“expunged from the‘system. Note_finally that*
nothng precludes modules from employlng conventlonal programmlng fac111tles
such as functions or SubroutineS,:common data‘bases, standard l/O, etc.
| E Repeating the above descrlption in more detail, the first ideaA

~is that what the programmer writes are-not eXecutable modules themselvesy p
but rather patterns(called prototvpes) from whlch modules can be.made.'
Ehecutable modules (called copies) made from the same prototype need not
:be 1dent1cal because a ‘prototype can have parameters whose values affecL
for example, array dimensions or initial values of" varlables. lhls is
similar to the.idea ‘of macro definitions,‘from which (not:necessarily
.1dentlcal) macro expanszons.can be produced 1n‘text.

Maklng a copy from a prototype is called -creating a copy
‘Making a new copy which is 1dent1cal to an ex1st1ng copy in its current
, state (in- partlcular s0 arrays have the same s1zes, varlables the same
values,'etc ) is called dupllcatlng a copy. The language extens1on
{ prov1des CRLATE and DU?LICATE statements. these statements resemble
LOGICAL IF statements in that a substatement is 1ncluded to be executed
_ lif,the‘creation or duplication.fails, for'inStance if insufflc;ent_store

isiavailable,“'
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o

" The system asslgns each copy a, unlque name, 1Ls cogxname and

the language extension prov1des varlables of type copyname through whlch

coples_oan beireferenced. Por example, when a copy is created or dupllcated

Ty

>the name. of the new c0py is made avallable 1n a sysLem copyname varnable,".

NEWCPY. ‘Arrays of‘copynames and'c0pyname~valued funetlons are allowed:

.as,wellvaS“simple‘copyname variables. Apart from use in referencing copies,

oniy"twofoperations are‘defineé fot cooynames:‘essigning a confnane”to
fs:oopfname_varistie, end testing Whether twoicooynames ere identical.
A'eopfneme'variabletmay-not'be undefined:.iﬁ_must refer to ‘the null oopy
.if‘no‘other.

.The ustial syntaxbfotlsnotoutinelatgunent ttsnsmissionswould'be.
inaonrontiate~for qotontinés, because argnnent transnission is not.linked
‘to'transfer.of control.. Insteadfthe langnage.extension allows Qariablesi‘
to'be declared accessible,-whereupon:their values can be set or fetched
-ftom‘other copies:at any time, ﬁf execnting the nen statements STORE and
| ' FETCH. It slso allows Variaoies to be declared dummy , wnereupon'other'

: copies csn at any.tine substitute variables fot.the-dummf variabie b&
'~eXeeution of the‘new statementhSSOCIATE;:Thereéfter, whenever tne dumny
'jvafiableeis apperently:used,>the storage locations'of its‘ourrent associate

are actually used. The essociation persists until another execution of

an ASSOCIATE‘statement,estabiishessa‘newAassociate. Note that accessible
variables correspond to the association of subroutine arguments by
‘ *assignment" or "by value", vhereas dumny Vsriablesfcorrespond to .the"

assoc1atlon of subroutlne arguments ”by address “or "by reference" or
s o N

in” IBM: 360 Jalgon "by name"'

GOt
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Varlables can . be both acce851ble and dummy, whlch means the
‘value‘of the current- assoc1ate.can bevset and tetched from other copres.
:The STORE FETCH “and ASSOCIATE statements identlfy acce881ble or dummy
variables by matchlng the symbollc hamc, an 1mportant feature because
fdt means’ that the’ prototype of the referenced copy need- not be known.
: leeltheZCREATE\and DUPLICAPE statements, these statements ;nclude.
.a.substatement,to be executed if theAmatn statement.fails,.for example
if‘the referenced copy contains no. such varlable. ‘The statements 'STORE
.and FETCH are only deflned forAs1mple vallables or array elements,'
‘butzASSOCIATE.may also be used.w;thlarrays. ‘Ascw1th Fortran subroutine
) array arguments, this.meansiassociating the_array bases;_the dimeneioning
.cfor Lhe dummy arlay belng declared w1th it.
d: hach copy has a spec1al copyname‘vallab]e ”CALLER"\that plays.

"a 1ole slmllar to a subroutlne Leturn address. At any tlme one copy is

dlstlngulshed as- being the curlently executlng copy and statements in 1t._,

are\executed in the usualvsequential mannerl It can transfer control to
.any copy;it knows.aboutjin_twojoays;. if itjinyoheg the‘other:copyg'its
lcopyname is placed in the.CALLERAVariable of the invoked copy, whereas
if 1t resumes the othe1 copy, Lhe CALLER varlable of the resumed copy is
left unchanged The copy yleldlng control thus has the optlon of whethel
. to make.its copyname_avallable’so»the‘lnthed.copy knovs who invoked rt,

or to transfer-controllanonymously,;preserying the copyname of the previous

\

invoker. -
C In elthel case, execution. of the copy to which control is

o tlansfelllng proceeds flOm the' polnt 1nd1cated by the resumptlon marker,'

+




of that c0py. Initlally thls p01nt 1s the f1rst executable statement of

_the copy, but normally 1t is JUSt after- the statement last causlng

’control to leave-the COpV. The resumptlon marker is in fact an 1nteger

(Figure 1

about here) -

3

'varlable GOFROM used in a super COMPUTED GO TO s0 declaring it aCcessible’v

allows othe1 copies to force resumption at spec1f1ed p01nts.

If the copy being resumed'or'invoked is the null cOpy,.eontrol

returns to the main program.

The new statements and resérved words of the language extension

are shown in Figure 1. The.language extension also includes'a‘change

“in dnterpretation and some restrictions. The change in interpretation

ta gtatements

i

- ds

S‘.-"

9

is the natural one th
create time not compile time. This has two important consequences,

first that creation. parameters, mentioned earlier, are allowed as values

‘in_datanstatements; and second that array Qimensions may be defined in

data statements, thus allowiﬁg érrays to be of different'sizes'in different
copies.‘_most of the restrictiens are eonsequences of the implemeetatien;
'fbrlexample-subreutines cas bekcalled from the«main proéram,‘from coroutines,A

~or from other subroutines, but coroutine control transfer can only occur

from the main program or coroutines.

 Implementation Scheme
Since»Fortran is the-language extehded the goal of portablllty makes.

1mplementat10n by precomplllng to Fortran deslrable. More, it is deslrable .

U

- to preserve Lhe 1mportanL Foltran featur that each program unlt can ‘be-

IRI Pvdjeéti1013

et o\ T e e g ety




_IRI Project 1013

. separately coupiled. Thls means coroutlnes musL be complled to functlons
or Subroutines.‘ In fact,<each coroutlne complles into three subroutines.

'Tbody, create, and precall

The bodv subroutine con31sts essentlally of the executable
statements of the prototype, with_extension.Statements’converted to
subroutine calls aszoutlined later.

. The pOSSlblllty of multlple coples of a prototype 1nd1cates that -

the . p1ototype should. be complled as . pure code, coples actually belng sLorageu

’frames for this code. The create‘subroutlne*;s_called to_obtaln an adequate

block of stOrage for a Storage frame,.perform initializations, etc. o

'Management of storage flames as blocks in a. storage pool 1s well understood,.
‘and the. only dlstlnctnons of thlS appllcatlon are that a flxed header
‘scheme (2) will avoid the neéd for_backpointers.when<compactiﬂg the pool,

~and-that true garbage collection (rather than a reference count scheme)

is'neceseary because_riﬁgs offpointerstﬁay'Be:expected. The . management
routines are readlly wrltten in Fortran, the maln 1nte1face belng the
allocatlon 1out1ne OBTAIN |

Two ways of using a,Fortrau:eubroutine as pure code_are'to
exololt Fortran's arguueﬂtctranemission By addreée by putting:an item in

the calling sequence-and using the corresponding entry in the storage-

,'frame'as_the argumentg or to treat the storage in the subroutine\as.registérs,

copying in values from the storage frame in' a prologue before executing

the-body; and copying them back afterward iﬁ’an epilogue. 'Except'for some

. simple variables,. the first way is better,;so:theabody subroutine-has a

~ long argument list. Since;the argumehtsztolbeesupplied depend ohly,on'the

|
1
_i
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;(copyname and offseLs 1h the. sterage frame; a. th1rd subroutlne, the Erecall
.qubroutlne, is preduced\to calculate these offsets and call the body
.:subrobtrne; | h
.j. A copyname rarlablells~reelly a Pplhter tolthe fixed header‘
of the'stbregehframe:of the cop§§ -lq inVoRezor resumeethis cop&; the ’
chrreSpondlng Rrotetype must be foundl .This ls.arranged for by having
‘ the creete sebrqutlne_call aimachine 1angeagecpriﬁitive,_SAVE, with the
precall'eebroutine as argument., - lhis primltire records in the storage .
fraﬁe-ehehgh~informétioh (e.g.'entry polnt address) that_laterAwhen‘a '

secohdﬂmgchihe_language_primitive, CALL, is éiven this. information, it -

‘can call the precall subroutine. (Note that these primitives are
‘effectively providing procedure name varlables).

(Flgure 2
about here)

The orgehization of the‘system.ls;thus_indicated by Figure‘2. ]
'Selld boxes are routines combilec frem the pregram, dotted boxes are .
wshpplementary.service routines; ‘Te invoke QY resume a‘ccpy bISPATCﬁER.
.1Qcates the appropriate:storage frame (and,‘if'inroking, updates CALLER),_b.
.'ehd,thenlcalls the'precall subroutiﬁe via CALl; The precall sebroutine
.ih’thrn theh{calls~the'body subroutine. AS meﬂtioned‘earlier, the bodj
.subroutrne sLarts wrth a COMPUTED GO TO so execution can begin at the ‘
"f‘polntxlndicated by the'resumptlon marker.. (Note that ths mlght be in
:a DO, loop,'ehlch would require the DO loop to be replaced by equ1valent ‘ S
‘statements).d In‘executlng,.the body may call service subroutlnesf |
h’;STORE FLTCH and ASSOCIATE to perform thesc operatlens upon epeclfled
-:storage frames \ Dupllcatlon 1s.pe;formed by calllng the service’ subroutlner
‘-DU?hICAlE;-and_creatloh‘by calllnglthe creete>rputlne;fquthe_sbecrfled

x




IRI Project 1013
-9

'&bfoﬁqtype. ﬁbthqu fhese_ﬁéy‘caééégblécks ﬁq méVe’in‘fhe_éthagé pooi,.~
.sg'the Bo@j subroﬁtine ﬁﬁsfffeturﬁ fd‘the precali:subfbutipé:énd‘bejcallea
“égéin tp“enSQr§ #ﬁegétbrag§ qofrespoﬁdénces‘arévéorréct; Eefq¥é‘rétprﬁing*

‘.fdxpthis, ahdAéfICOufée’befbrélrefurﬁiné to biSPATCHER to invdke‘or}%esﬁ@é:

aﬁotﬁef cppy,‘fhe'reshmptipﬁ méfkér GOFROM must bé-updatedp

‘ The importance qf?thé scheme‘outlined ?PQVG ié that by using

_‘th?ee éimpie'machine »;anguagé primitives (ASSOCiATE reqﬁifeé the usual

priﬁitivé of‘fipding the,addreés of ;_variable) ana‘a-set of égpplemgntary/

v;seféiCeiroutines‘tdtalinglabout 300~liﬁes ofiForﬁran; it ié poésibie ﬁo |
implement'a completely different lénguage étructure in Fortran: In £His

fsenéq,'qutran is a powerfully extensible Tanguage.

~Useés. of Coroutines -

Tq'daté,icoroutines have mainly been used éither for processing
;daté‘streams (séquenceévof iﬁemsiqf daﬁa) of>for‘siﬁﬁlating éeve?al processes
sim‘ﬁl;tarieouslyT o |

| .. For example, each pass of a compilef‘éan'be regarded as a stream-
Procéssqf whose input sfréam is £he output stream of the.preceding pass.
Passes w%itéen‘as coroﬁtineé,'rathéf’than funniﬁg to completibn before the
'next«bass,is started,Igén be rﬁn iﬁ_quaéi—ﬁérallel, each yiélding control
thnéveyﬁifslinput buffer iS_empty.gr itstoutpuf_buffer is full. 1In this
Way.Buffér éiéé.cah:be contrélled; élthouéh each péés.éxecu#éé ésSen#iélly
indépendéﬁtli.'i:

‘ :”Anoéhér importaﬁt'u§e~offqérogtine$ is in genérating'streams ffoﬁ

~dété;StPU¢tU?éSiSuch-aé‘fil§$f} F?éduénti¥«th??e §?§3ma#¥:QéYS;tQ:iﬁﬁér?fét~

‘the request "next item from'sﬁfucture”,-and:fof each interpretation there
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may well be several generators pos1tloned at varlous places 1n the structure.”

'_ertlng each generator as a coroutlne 1s ‘a useful way to allow each the

¥

buffer*memory, etc;, that itAneeds, nd generators correspondlng to the
same 1nterp1etat10n of nexL 1tem w1ll usually be so 51m11ar that coples
nof a single protQtype are attractive._

In processing streams, a feathrelof»eonsiderable value (1) is

"that no coroutine really knbws,~in.aﬁy_hard~and,fast sense, just'whe;his

: heighbour,is. The fact that'copynamés are'variables,'cbmbined with:svmbolic‘

W

matchlng to identify acce581ble 01 dummy varlables, means that modules

. can be bound and unbound.dynamically. For . example, a module can be

temporarily inserted betieen twokbthers to‘monltor 1ntermed1ate.results,

or various different versions of. a module can be experimentally connected

~in place.

. Sometimes streame'merge orfepliti _In.such cases, the ptoeeSsing'~
moduie may Want to request that not just oﬁe but a Jlist of other modules
be invbked; This ie easilyvhandled by havihg,ene corQutine that‘ie a -
-sehedulet, accepting Such reqdeets'ahd decidingfwhich cpp?ite exeeete neXt;

| Diecrete event Simulationvconsists df'simulatingka process that
consiete'of;a sequence"of disetete‘events, each bflwhich affectsvthe:valeee
of stateivariablesiof the eysteﬁ.' when‘sevefal‘procesees affecting common
State Qetiablee areAsimulatedAsimﬁltaneoualy,fit.is convenient te eqde.

each process as a coroutine, for.execution must be quasi-simultaneous in

order that events in different processes occur' in proper order of time.
A scheduler as mentioned above. usually becomes necessary. Moreover as
_processes will often be similar, .and the number of such similar processes  .:

" may depend on intermediate results, creatable copies are necessary.
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'ﬁecently.twe new;uses-ofscotdetines~havéfbecdme;appateﬁt};fTﬂe
tifst of these arlses ia>a type of heuristlc plogrammlng that eccurs in such
;-ateas as art1f1c1a1 inte]llgence and statlstlcal model fltLlng (3 10)

A set of alLernatlves‘ex1sts, eash ef which, if pursued would 1ntroduce a .-
iferther.set ofialte:natiyes’ énd soupn;“Rather than pursuing“each set of$
ehoices.in.tutn to the»limit (a'coﬁeept that.may well be meaningleSs), it
isafartmore desirableftoeproceea more uaiformly,:pruning btaeches-ofitﬁe
cﬁoiee ttee:wheneverUthey appeat‘comparatively enprotitable,fbut following‘
fup'the othets:mOie ot>1ess;simuitancbus1y.  If¥pursuing each_altetﬁative
takesea sebarate;program;mbdule,-quasi~patallei‘ekecution and ﬁénce :
.cqtputiaes are called for{ :Fufther, many-alternativestill-use éepies_qf'
the_saﬁe‘protot§pe, and:alse‘stdrageerecovety ftoﬁ\the pruning oceuts

- aateraiiy.asfenptofitabie btancﬁes are ﬁforgottenﬂt

:The~othét.new,use:of1coroutines is to provide a user with
effeetively>his_owﬁ multipfegrammiﬁg system, eOmpiete with'powetfallfeatures3
sueatas‘dfnamic Binding; special scﬁedulers;~means of commﬁnieating between
running ptogtams, run time>spawaiﬁgiof‘new‘jobs, dfnamic storage allecation,
:eoﬁmoﬁ aceess.to shared data bases; aad message switching between jobs
and various periﬁherals. Suchrfacilities, Wheﬁ aﬁailabie at all;fate'
usually available oﬁiy'fet.thevcomtpter\system.as a whole,~andvoftet bhly
to systems pregrammérs. therevare times;iﬁowever; partieulatly in an

interactive,eeyitonmept, Wﬁenla:eser-might-waht tbfsttuctare saEh a‘system
to:his dwnfneeds <7)T Thevbproutiae’system,needs.hothing more than
.yiewiné.inztﬁislwaysto proviae thisiservice;:tﬁe oaly resttiction‘beingt

“that'itJisjnatnral-break;‘ratherjthah‘interrupt;dréyen,%multiprégtammiﬁg;l
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It has been shown hoW,Fottrén'can-be‘extended, in a simple and

natural way, to provide a véry general form of coroutines; how this can

be implemented, in Fortran.using only a.few primitives, so that the .

© system is portable; and why, considering some- of the uses of coroutines,

‘certain features are desirable. It is hoped the discussion of how -

coroutines can be used' will suggest new problems for which coroutines

are a useful tool, a tool which the portable coroutine. system makes

“available. -
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\ Eigute l‘f’New.Statéménté}éﬁd Rééefved,Identifiers

‘ ‘Ndn~e%ecﬁtgbig.sﬁaﬁémehts |
fiiCQRQUfiﬁE;;gmé_(paf 1, béf 2,!;,;; barxﬁj;;,;
Af(COPfNAME-ﬁér’l' Véf l var 2, ;?;,>§af‘ﬁ:

{;COPYNAME FUNCTTON- name (arg 1 arg 2, ;,.i.agg n)
,TACCESSIBLE var'l, var 2, ..., v;r«n‘ P

"DUMMY var l var.2, ..., var no

Exe¢u£qﬁie‘§tétements
’L, éREATE‘(name (par l, par 2, ‘Ta.,'par n)) substaéement 1
i 'DUPLICATE (COpyname) substatement.“ :
 STORL (value, acc var. convname) QuthRfemPnf
. fETCH (variable,lacc var, COpynéﬁe) sﬁbstatemeﬁt

ASSOCIAPE (varlable, dum var, copyname) subqtatement

*INVOKE copyname .
"RESUME copyname
‘;Résérvedﬁidentifiers .
: NEWCP&’ |
1jCALLER ‘
MYNAME . | '
(GOFROM
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. Figure 2. Relation .betwe‘e_n .Com_piljed Routines -and Service Routines
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