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Introduction

The author isdeeply convinced that programming problems are
decisive In the overall designandutillzatlon of parallel computing
systems, O f course, the englneerusing 'his ‘Imaglnation can fairly
rapidly propese one or anotherdaes!ign for such a computing system and
even bring It ints beingih e does this through anal>gy or,
conversely, through the method ofselecting acontrastingdesiagn,
Thfs approach, however, necessarily leads toa situation In which
programming prohlems pecome secondary, and the degree of freedom
available| nsolvingt h e misautomaticallylimited by a prescribed
structure that is frequently not responsiveto essential points,

"The problemo f programming {S oV @essentially segondary
importance when one speaks 0f a particular task that must be solved
on a g¢glven machine, However, the problem of programmling is of
primary Importanceinamrythoughtful aeproachto the design of a
computling system, in the sense that the developer must by the
strength of his own penetration into the essence of the matter
menta|ly include im the deslan the complete set of all possible
programs and algorithms,On the basls of an analyslso f thelr
internal properties, structures, and external characteristlics,he
formulates desian nrlinciples tot the computing system, These

orinciples must be adequate for the examined propertiesofth e
programs, and--most Important-mustbe appropriate for reducing the
programringtask toaformal procedure and for automating Tt,

Automatlono forogramming for Parallel computingsystemslIs a
baslcnecesslityfor a numberofreasons,

Filrst, the descriptiono f a parajlel program is not
characteristlicof the nature of man'salgorithmicthoughtprocesses,
In fact, thls Is trueonlyto the extent that we are considering the
Imolementation on a computing system of a task speclfled| n
algorithmie form, Today ¢this |Is the most common way of stating a

problem} however, fnthe future thiscould change,since parallelism
fna problemlisfrequentliyimplleitinitsinitialformulatingandls
artificlallydrlveno ut b yalgorithmlizatlion,Thiswlll b ed iscussed

Inmoredetalibelow,

Second, Independent of whether man thinks "sequentlally”or
"In paralle|»” he tends to think laconically-to seek compactnessln
problem formulation, A t the sams time, studleson the design of
parallel programs indicate that lnmany cases complete parallellsm
can be achleved only under conditions of potentiallyunlimited
"multip|icatlon® o fsomeinitial program constructlions, where the
multiplicatlon s associated with systematic modificationofth e
constructions, Thus, some portion of theprogramming process hecomes
an organic partof the oomputatlional process and therefore must
necessari|yb e transfarredto the machline,



InthisworkanattemptWi{! be made to demonstrate the
gra-emlnenceo f programming gver hardware design. of acon"putlng
system, The concepts of paralle| programming establisheda t the
present time will beexamined, and on this baslSan evaluation Wil
bemadeof severajapproachesto the structure ofcomputing systems,
Due to the general laok of development of the problemsthlisanalysis
will b e superficlalandlin placesevenspeculative, However, the fog
that obscures ourujtimate goal can be dissipated only |f we boldly
stepout Into It, ©Onthe other hand, an attemptwillbemade t0 put
forth some recommendations from a real|lstleposlition, takimg@into
eonsideration contemporary ‘technlica| capabllities, historically
establ!shed frameworks, and other currentiimitations, - Flnally,the
paper!siimitedin the sense that it!Snot a balanced, ?nolUSTVB
survey, but only reflects thepersonal viewpointofthe author,
nurtured however over a long perlodoftime,

Baslc concepts Of ParallelProgramming

In any theory of parallel programming aspiringt o]
comcleteness, there are three components that mustpepresent!

-y way o f descrlbling a parajlel program (paralilet
programming faellities);

=g way of deriving a wparallel oprogram from ordinary
algorithmic notation(deseauencing of sequential algorithms);

--a way of executing a parallel program (specificationof the
computling system, assianment of processors to jobs, control of the
parallelcomputationalprocess),

The recommended structure for a computing system must be
derived from basic principlesrefiectingthe most essential aspects
ofeachof these components,

Three approaches to parallel programming can beexamlned, and
will beconditional|y designated as follows:

-natural Parallelism,

-concurrent computations | nalgorithmiclanguages,

-asynchronous programming-,

Natural parallelismls far from what might be somehow

considered a compraehensivetheory. However, some of Itstfundamental
considerations are quite clearand in many respects highly attrasctive
and distinctive, givingu s the rlghtt o regard it as 4 baslie

approach, This theory does not have aspecifleadvocate, although it
{scarried on thewindand appears tacitly In many works, Therefore,
itisdifflcultto clearly speclfysources for it,

Thebaslcthaslsofthlstheory is that innature everything

in fact takes placeln Parallel, and the morelliteral|ysome actual
processi s descriped, theclosersuch adescriptionisto a paralje]
program, The general problemls that one must be able to

successfully and simpiycapture this natural parallelism and describe



It InsomeuniversalSystem ofconcepts, based on suchorlneciples a3
simultaneity of many events, bproximityo f actlons, etc,==ii18.» a
system of concepts inwhlecha phenomenon is represented aS a Set of
many elementary progcessesoceurringin a SPac® simultaneously and
Interactingoniy with neighboringBprocesses, T h eporlncipleo f
determinism (Indeed understood|Ina broad sense)|Isthe basisofthis
approaoch; Itsay3 in the given case that ifa phenomenon at Some
momenti8sdescribed as a set of initial states and mechanism3 Of
Interactlion, - then theentliresubsequenthlistoryispredetermined and
canb e observed, measured, and computed, The spacereferred to does
not necessari'!y have to be opbyslecal and continuous-it can be
discrete, flnlite, ete,; it is only important that the concept of the
immediate nelghborhood b e determined,

Thisprinciplei squltewelilknown and In factweapplyit In
many situations (in carticular,ailmethodsof describing ®phenomena
in differential form are basedon It), The real and far from trivial
problem is toconstrugtively formulate thisprincipleina unlversal

forr representing all! the essentlals that must be embodiedi n
parallel programs, inviewo f t h ediverse computationaluniverses | n
which Informationa| models of phenomena of interest to us may b e
embedded,

On the wholeg, programming under such an approach disappears
as a Separate task and becomes an InSeparabjle constituent and maybe
even thewholeof the Problem ofdescribingthelnitialsituationfor
t hegivenphenomenon,

Undera opure formulatlon of this question, the problem Of
translating “ordinary” notation into a Parallel one alse does not
arise, since natura| oparalle|lsm | sprimary and thecoenceptof
"ordinary” notation loses| t s meaning, However, a pure formulation
of the question js not Dpossible, sincethe entirecomputational
aspect concerned with the desidnof the arithmetic model of the
pheromenon bears imprintsof the inherently sequentialprocesses o T
logical reasoning wWhlegh are the foundation of any algorithm,
Therefore, gnNYy systematic attempt to construct a direct bridge from
natural Parallelism to %8s Impiementatfon |In @ computing System
reguiresa n essegntial revisliono f all numerical analysis and the
apparatus of mathematical physl¢cs, Anadditionaland no less vast
roblem is the deslan of sueh a system of concepts in which any
?n;eract!onoccurr'ingln nature is describeda s aoprocesso f
fnformationexchange,and in which the Interactingelement ofa space
Isrepresented as a miniature, universalcomputer withmany Inputand
output |tnes doing the required information Processing,

If we turn to the third component of natural paralleilism,
then It Is Immedjately necessar,to make ahypothesls about an
appropriatecomputingsystem, It is perfectly obvious that a computer
environrente (1] s the first c¢andl date for such & system, A
considerationof such an environment proper|yisdeferred untl}l the
eonclusion of this paper, butltshouldbe mentioned here that if
therels enough computingpower, wec a nassociate a separateunitof
the environment Wwith each element of the Space, all control and
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implementationo f the computational process reduces to the
construction and start-up of the environment, The environment
reproduces the described phenomenon almost "one=for=one", an d thereby
frees usof concerns about organlring the computational process,

However + the Problem becomes substantlial|y morecompiex [f
the parallejprocessconsists O f Just one element more than the
aval lable number of units of the environment, Verycomplexproblems
of accountingfor boundary effects and of rearranging the environment
duringimpliamentationof the compytationalProcess then arlse,

Concluding thisconsiderat!ion Of natural parallelism,w e note
thatwebeganWwWlitha statementa s to t h eattractivemesso f the
approach and then turned attention to the fact thatwlthitsome
problems disappear,Howevar, the entlire remaining discussion was
directed towards discreditingthe approach, The dlscreditation lles
Inthefagtthatfordevelopment of the computstionalenvironmenta s
a universalapproach|tlist o orevolutionary,breaklngwlthm a n y past
eoncepts andleadingto many problems on the level of fantasy;
therefore, It cannot be recommended as a guide for immediateactlion,

At the same time, the author hopes that thisdlscredlitatlon
doesnotresult Inany weakening Of thesearch for a deneral=-purpose
schere for Introducing natural parallelism I ntoprogramming,| n
particular, this must not occur because Successful synthesiso f
natural parallelism and acomputationa| environment in efficlent|y
operatingtechnicaldeviceswould havea decisive result on research
into the structure and operatingamechanisms of the brain--the most
parfectcomputationglenvironment created by nature,

Concurrent coOomputationsin ajgorithmlic languages, in
comparlson to the approach Just examined, lower usfromthe skiesto
the earth, Thisapproachrepresents a somewhat minimaj attempt to
introduce parallelism Intoalgorlithmiclanguages,fullytakinginto
account exlstingtechnology, contemporary machinesarchitecture, and
the organlizatlonof Operating systems, The approach puts aside many
guestions O fparallelprogramming,b ut fnreturn It permlits us to
use, even If onjy partially, those capabillties that today’s
techrologyrepresents,

The descrintivafacl|itiesfor denoting rparallellsm, about
which we speak inthisseection, are found in such languages as those
for simulation (SIMSCRIPT[2),SIMULA([3))and the "new generation"
of algorithmic |anguages-=PL/1[4]),ALGOL-68([5]1, Theexisteanceof
theseparallel,or concur rent, ecomputational ©branches are clearjy
expllcated In a n algorithm, Branches parallel to one another
usually have a commonbeginning and end, Each branch, in turm, can
consist of sub-branches, Thus, ail program paraliellismis explicitly
stated, a n d thepoints O f branching and joining can b e determined

sTranslator’s note: "anvironment” JsSusedas atranslation of the
Russian word"sreda"  hichisevidentiyusedasa technical term In
thepaverreferred to,



syntactically. Branches canN USecoOmmonvVvariableSa n dg¢an Include
means forinterruption or suspension of branches depending on the
value of thevariable gquantity, Thus, synchronization of concurrent
computations i s agcomplished, theexplicitprogrammingof whlch is a
task for programmers,

The described approachstilldoes not offerinits general
notation any way of dividing the program Into paralje| branches,
since Useof the descriptive facilitleso f paralleiness IS not
formalized and Is completely urpto the programmer,

In the majorityo f cases, the introduction of parallel
branches permits parallelexecutlonbut does not prescribe it In
the ease of a deviation from fuil paraliejlsm, a well=-wrlttenprogram
permitsthe branches to be executed Inarbltraryorder, which eases
the work of theoperatingsystem, However, In truth the existing
languages do not gfve formal rujes for defining a "we||=formed"

proSram,

The organization of computationsfor a program with Parallel
branches takes place accordingto the Principles of multiprogramming,
where the program for8o|vinga large problem!s represented %o the
"eyas" of the operating system supervisoras a stream of related
small Jobs, One parallel branchiSrepresented as One Job, A kind
o f passportisset up for this Job, and stored In the operating
system, When the c¢ontrfol reachas the branching Polnt, a Call
(established there by the translator) to the supervisorls executed,
whichactivatesth e passportsof the branches beginningat thatpoint
and makesthem candidatesfororocessing, The supervisor carrlesout
some planninga t the assignment of branches for processing, 1ts
purposeiS to maximally load uni{ts(er processors) that are ablet o
operate together, and it attempts to achievecompletionofall
parallel branches as rapidly as possible, since only & concurrent
outputat the convergence polntwllipermitanadvance to the next
pointInt h e program,

Thls method s practicalonly when points ofbran_.chlngand

convergence occur felativelyinfrequently, This at once imposes a
sgrious |imitation on the degree of paralielism and on the number of
permissible branches, Another | Imitation s that the paraljel

structure of the program is statleandlinfact does not permit,for
example, expanslon O floops.,

Asynchronous programming, from the author’'s viawpolint, has
the most rlghtt o becalledatheory of Parallel programming,and
therefore Will be considered more thoroughly, The first results Of
the six-year work of the young mathematiciansV,E,Kotov andA,S.,
Narinfyaniform the fundamental!sof this theory [6=9), The work of
the Amerlican mathematiciansKarpa n dMijlerfif)isrelated to thils
directlon, Asynchronous programmingfrom the very beglnning has
developed as a mathematicaltheory, based oncertain axiomat!fecs, And

Int hislleslts meritandits Imperfections, No computing systems
have vyet been designedo r translatorscreated according to the
principleso f asynchronous programming, But the theory of



asyrchronous programming promises to!

~-provide a preclse concepto f a parallel (asynchronous)
program}

--describe aclassofcomputingsystems)

==r|lgorouslydefineprogram equivalencel

--formulate c¢criterlaof the correctness of parallelprograms
for aglvensystem;

~-define degrees of parallellsmand maximum paralle|ism;

«-constructively prove thepossibility of formal transiation
of an ordlnary bprogram Into a parallel program possessing maximum
paralle|lsm)

~«stydy certailninternal problems of parallel Programming,

An addlttonal characteristlic of asynohronous programming |s
thatlinltstheoreticalaspect It Islinkedwith the already rather
well-developed theory of Sequential Programs--Program 8Schemes (1113,
this assoclationissti|] not fully developed, but the prospects of
doingsocare clear,

we shall gxami{ne the fundamental concept9 of asynchronous
programming, Thelnitlalconceptlsthat of a quasiprogram, which Is
represented as an arbitrary setof statementsoperating on amemory
which conmsistso fvagriables, A statement I8 a multi-pole "black boex"
which assigns output valuesto Itsoutoutiinega s funetlonsof its
inputs, Agsoclated w!th sach statement jnputa n d output pole are
varlables, Thelnputvariablessupply the statement with values from
memorysand the output variables accept the outputs of the statement,
Each statement can be In one of three states: dormant, ready, or
functionling,

A auaslprogramis executed In a computing system In the

followlng manner, At themoment of start-up, theinitiaistate of
memory is assigned, All statements are dormant, The operatliono f
tha system consistsof a succession Of changes In the states of the
computatlon at separate,discrete moment9 of time, At e&ch such

moménts the computing systepcantransfer Statements fromone state
to anothe., withon|y a peadystatementable to become a functloning

one,

If a statement becomes functlioning, it recelves at that
moment from memory valiues O f arguments, If astatement stops
tunctioning, It transmits to memory atthat moment the values of
computed results,

The progress of the computations can be depicted graphically
In the form of a computational process, represented as a time diagram
of the switching Statements on and off, whereby "oen"{Sunderstood
transfer to the functioningstate, andby"off" IS understood exlt
fromthe functlioning state, An Interval of the timedlagram spanning
moment9 of on and Off switchingsreflects one statement agtion(Flg,
1),

From this computational process it | s possliblet o



unambiguousy plot f{tsl mportant characteristics=~toconstructa n
irnrmation’ogle graph,..., Thie,oriented graph {Swithoutcycles, and
ltsvertices a r et h estatementactions (Flg,2), From vertex A there
s an arc to vertex B If at actionBsome of | t s arguments recelve
Information assigned by some result of action A,or if action Ain a
direct way has an effect on acttonB, Theconcept ofa dlirecteffect
of one statement on another{saqultecomplex|ydetermined,but the
example of Flg, 3 gives some Impressiono f Itsnature, Here,
statement S,1 directiy affects statement S,2,whereasS,lhas no
effect onS+¢3, Statement S«@affectsSé2oniyindirectly,andS¢land
§¢3 directly, y

The Informatlion~logle graph, ON the one hand, retains some
necessary mintmumo f information that makes it posslblet o
re-estab! |sh the way o f processing the inputdata of the
computatlonal processinto the finalresults, ontheother hand, |t
ignores less essential detallsof the progressof the computational
process,

The fundamental characteristlic of asynchronous programming |s
the assumptliono f non-unigueness of the execution of the computing
system to a quasSlprogram, Genera| |y speaking,!ti sassumedthatthe
system has Some parametersor degrees of freedom that are not fixed
by the guasiprogram, ThlsSmeans that for a @lven auastprogram for
some Initlal memory state, the System oan Implement 8ome Set,
possibly infinfte, of computational processes,

A quasiprogram Is called a Program for a glven computing
system tf for any assigned Initial memory state all c¢omputational
processes Implemented for it by the system have the Same
Information=jogle graph, Thus, an Information=iogicgraphils
Invariant, guaranteeingacouracyo flinformationprocessingunder any
behavior of the computingsystemexecutingtheglvenprogram,

The computing system’s greater degree of freedom Isdueto

thefollowing, Itis assumed that each statement In a program i's
equinped wWwlth a predicate that ha9 some Inputs from memoryjthls
predicatelscalleda trigger function, The statement an dlits

trigoer functlon arecalled a blogck, In executing the program, the
system cont|lnuously computes the valuesofal|trigger functions of
the program btotks, Block9 with trigger functionsegualtolare
conslideredto be readyswhllethe othersaredormant, Atany moment
in time, the system can sSwltehany ready blocks on or switehany
functioningonesoff, Computing systems of this type are called
asynchronous systems,

Thus, we se8a that asynchronous program9 have a very Important
quality: nrotectionfromarbitrarinessthat the system may exhibit
with respect to the moments of switching of ready operatorson, the
timeo fthelr execution,o r the amount of computlng faclllities
available for appointment of the ready operators for operation, An
asynchronous program doeS not ImposSe any speclflc reaulrements for
the computing systemregarding | t s time characteristics o r computing
power (number of processors). Moreover, system characterlstios can



be altered dynamigally, without anylossof program runvalidity.

The conceptsof the degree of parallelness, or the degreeo F
asynchronousness, are ntroduced in asynchronous programming in an
Interesting manner, Quantitative measures of asynchronousness are
notusedihowever, (tlspossibleto determine that one program Is
more asynchronous than another, and alsoto determinet h e most
asynchronous program among a  set of programs belng compared for
asynchronousness, '

We shzji{ consider tw oprograms,Pslan dP+2,equivalentin
the sensethat foridentlcal Initlal memory States they generate
computationalprocesses with Identical Information=joglegraphs, For

each Informatione logicgraphlLthereare,correspondingly,sets Myl
and Mé2 of thecomputatlonalprocesses nossessedby such graphIL,
Thus,if for any IL, Mél » M2, then P4l possesses greater
asynehronousness, In thisway, theProgram thatallowSthe computing
system greater flgxibillty jn the range of computatjonaj BDroecesses
resulting | n thegiveninformation-graph Is recognizeda s beingmore
asynchronous, Thereareno expjlclt statements about more or lass
parallelism , and thisiscorrectsincethe degree of Paraljeiness o f
a programis actually determinednoton|ylinherent|y,but also by the
capabli|ities Of the system, However, IfprogramPslcanbe executed
by all thesame waysascanP+2, andlnmnaddition by 8ti|lotherways,
then there | ssomechance that JIthas greaterparaljajness,and
anyway NOt |ess,

The degree of asynchronousness also has a more constructive
form of determination, Tne deareeo fdiversit .. i r.e ecutingprograms
inthefinal analysisrestson the %seto benaryrelaﬂons among
program statements for determining wWhether Or not restrlctionsexist

on therelatlveorderofstatement execution, the S€tS of these
binary relations forms a dependence graph, The fewer edges the
dependence graph nas, the more asynchronous js the program, If the

Program has a dependence graph such that removal of any edge fromijt
clearlydestroys theinformation=|oglcconnections of Some execution
oftheprogram, then such a program has maximum asynchronousness,

AS already mentlioned, the theory of asynchronous programming
offers a constructive method for forma| transfer from seaquentiaj
programs, considered Inthe form of programschemata, to asynchronous
programs of maximumparalle|lness, This transfer takes place |n two
stages, In thetlrststage, severalequivalent transformationsof
the scheme jtsejf occur, and then a single transformation of the
scheme Into an asynchronous program |sperformedithelatterconsists
of "splitting"the scheme Into the Individual statements and of
assigning for each statement itstrigger function,

| tappears thata barrierinthe path Ofconvertingfrom a
programschemeto a maximallyasynchronous programl|iesin the fact
that the Internal aSynchronousnessofa Schemecanbeproventobe
actually Jess than §ts potential asynchronousness, This dlfference
results in an unsuccessful allocation of memory, Imposingartificlal
connections between statements, and In Imperfect multipilcatlono 7



some Statements into severa| Instances which, when executed

simultaneously,can extend the rang8 of Program executiong. Two
Pairs of statements, depictedInFig,h6 4, serveas anexampleOfthe
dlifference between internal and potentlal asynohronousness, Since

the samevalue y isusedlneach pair to transfer Informatifon; these
twopalrsof Operators gannotbeexecuted concurrentiy, which would
bepermissible!f jn each palrltsownvarlableswere Used,

In the work of V.E, Kotoviamethodology Isafferedfor
transforming any Program Scheme Into an equlvalent scheme, the
internal asSy i¢nPoONOUSNESS o f wh I ch reaches its potential
asynchronousness,

Int h e devejopment of a theory O f parallel programming,| t
was unclear earl ler whether or not, without Sacrlflc_ing generality of
results, quantitative Indicators of the passageof time <could be
Included, threadingo n the temporal axis 2nly thefact Of the

ocourrence of events, and not thelrduration, The assumotfon that
all changes In state occurinstantaneous|y,including theac¢tlons of
statements, !s the extreme expression of this abstraction, 1%  has

been shown by A,S, Narin’yan! that for any Information-logic graph
there exjsts an executable c¢computational oprocess In which all
statements actlvateinstantaneousiy(the so-called reducednrocess),
Moreover, it has beenshown by hjmthat if a cauasiprogram_ Is a
Program for a computing system wlth Instantaneous actlono f
statements, then {twlijalsobethe program for a oomputing System
with any projongedactionof statements,

Contjnuous computationof trigger functlons occupies g
signiflcantplace jn the exeeutlon of asynchronous programs, !fsuch
a nrocess |Is to be implemented IN areal system, maximum
simpiification and accejeratjon of this computation begomesv e r
Important, From ¢thls viewpolnt, the result obtalmed by Z,
zvinogrodsklJ#* is very Interesting, It shows that for any
asynchronous program 1|t i spossible to constructivejy flnd its
equivalent program such that all trlgger functions Int h a tprogram
have the form of Jjoglecal fungtlonso f elementary conditions
expressingonlythefactof theactlonof the operator, Thls makes

1t possible Without Jesso f generallty t o attribute to the
gomputationof triggerfunotjons a specfflc appearance that permits
realization using interruptregisters and other high-speed hardware
facllities,

# Pplvate communlicattion

Discussiono f the Structure O f Computing Systems

the uUs8 Of blnaryswltchingandthe reallzation of Boolean
tunctlions remainforthe foreseeable futurethe f jrm foundatlono f
electronics, based |[n its most direct form on theorinclpalof
dlgcrete actlons, However » the “embedding” Of elementary binary
structures within larger structures reflectinga n a priori
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aigorithmic basic of programming must be one of the fundamental
orirciples for achievingpre=-eminence of programming over hardware,
The author has already mentioned that the established ajlgoprlthmic
basis (arlthmetic actionsandrelationson numbers, associativeand
addressed Information Sseareh) has an historical nature and, posSsibly,
Issubjectt orevistonfrom the tenets of naturalparallellsm,
Nevertheless, we do notpresentiyses the possibillityo f steppling
beyond the Ilimlitso f thisalgorlithmicbase, which, toapolnt,ls
taken fully Intoaccount in contemporary algorithmie Jlanguages and
the axlomatles of the theory of programming,

Therefore, the author snecliflcally does not recommend
homogeneous blinary computational environments with . dynamic
restructuring a sStheprimarycandldatefora computatiomajunlverse,
Becauseof |tsuniversa|lity, any such compiex will lose out in
proaguctivity to a computing system inwhleh the structure of the
alqorithmicbase (accumulators, multipliers, Intexraglisters, address
matr 1ces, ete,)l3introduced a prlori atthemomantof design and is
Implementedwith theassistanceof arlecharsenal ofspeclaldevices,

In particular, the author considers advisable the
preservationo f the established separation between theorganization
of Informatlonprocessing In actl¥e Processors and its Storage in a

passive store, A jargevolume ofa common memory Withrandom access
Isthe mostsultableunitforprogramming,"absorbing™a n d decoupllng
all diffleulties concernsdwlthboundedness,w ith th enecesslityfor

fast commutationof processors far some operation Ina sequence that
wasnotpredlctable earjler,

Distributiono f memory among processors leads to the
necesslty of establishing more rlgidsynchronization, In fact, If
processor A transferscresultso fitsoperationt o another processor
Bythen thls means that the results at A consist of only partof that
fnformatlon Whlehisneeded for the operation Of B{ifthlswere not
80, then A could continue the operatlonitself,wlthcut transferring
It to B), Butconsistentreceiptofinformation by processor Bfrom
varlouSparts of thesystem can lead toa confiletwlththe desire to
utillze as fully aspossiplietheproductivityofthe processor and to
notcreate downtimes, sincegenerally speaklng It is possiblet o
gquarantee such productivity only under "equiw=accessibl|Tty" Of any
operatlonto anyprocessor, whiech contradicts the principlia of memory
distribution, Anothar threat to productivity from memory
distribution is thatlnorder to provide remote data transmisslon
connections, toomanyprocessorsS must operate only as transitpoints,
Thus, a homogeneous system of many Processors with a distributed
memory becomes economfcaiiy Justifled,intheoplinlonof the author,
only when the wutilizatlien factor for the processors may be
comparatively low and!S measured by roughly the Same values asS the
utillizatlonfactor for the core memory locatlons,determined by the
number of Joeation accesses relative to the duratlonofthestorage
o finformatlionint h elocation,

Thus, as aporimarycandldats for the computing system of the
Immediate future, the author advocates a homogeneous computing system
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on a common memory WFfth sufficiently well developed processors
stpuctur®d on an egtabllghed algo,ithmic ©bage, Thig reagoning,
honsever,isinn e e d of some closeeyamination,

First, the programming for such a system must be based on the
principles of asynchronousness,singce the architecture ofthlstype
of system |8 most adequate to an abstract mode! of thecomputing
systeamused in asynchronous programming theory, I N addition, orogram
asynchronousness makes very Simpje the problemo f asslaning
processors to operatlons, Including dynamic assignment, [f only the
problemo ffast scanning of th eprogram'Strigger functions is
solved,

Second, the system must Ine|udetheprinciple of separating
strictly computationalprocesses(executionof program statements)
from c¢cOontfol processes (Scanning trigger functlonSo r external
Interruptsignals and assianlngdprocessors toanoperation),

It is Very temptingto concentrate the controlprocess In a
spaclal processor, called here the monitor, Processor general
registersmust pe accessible, on the one hand, to the monitor, whlle
on the other hand the monltor must haveln Itsown memory the
complete”loglical scheme" of any Program presented to Jt In Its
capacitya s a generator ofa flow of requests for a Job to be
executed, Processingthese requests by the method of asslignling
processorst o varjous Jjobs cgonstitutes t h e essentiajaspecto f
control,

Suchanapproach isof interest also because, it seems to the
author, itpermitstheunionwithin the framework ofasinglesystem
architecture of what would aopear to b econtrasting types of
operations, Such as t h eorganizationo f multiaccess use(l,e,,
allocatlen of the computational Fesources among a flow of wWeakly
connected Service reaquests), a n dparajle|;multiprocessoroperation
(l.e.+ concentration of the computationral resources for the solution
of one large problem)}, Thisunltylsachieved by thefastthat if we
examine the "amatomical structure” of the process of controlling the
solution of a large problem written In the form of an asynchronous
programy,thenthis structure-wouldappearas alimit case of the fjow
of requests for operattonsina time=sharing system,

Separating control outas anlindlividualprocess,serviced by
themonltor, hasitsown weaknesses, Oneof these is that critical
requirerents arelmposedon the speed of scanningtrigger functions,
asslanlipg processors to anoperation,andloading processor register
stores, Another factor is thatoentralizationof control reduces
systemrellabililty, A different scenarlo s one In whleh each
nrocessor Itse|fsgarchesoutltSownnewjobassoonasltfinishes

ttsexistingoperations, Thisrequires the creation i n the common
memory of a Specia "labar exchange",access towhlehisopen to
every processor, Thi9 exchange can be duplicated @r can have

"pranches" In segments of the store, preferably those assogiatedwlth
glven processors,
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Acknowlegdging that itIs premature to make finajJudgments on
the uss of centrallZedo r dlstributed control, the author
nevertheless consldersthatltisnecessaryt ofully carry out the
development o f methods foreentrallzedcontrol, A considerationo f
control as a Self-contalined function, sujtable alse for 8peclal
hardware Implementation, hasparticularsigniflcance in anyobJsctlive
sojutlonof theproplemof therelationshipbetween programming and
hardware facilltias forexercisingcontrojover acomputingsystem,
Operational experience wlthwel|-deve|opedoperating systems for bath
batchorocessing andmultiaccessuseh asindicatedthat thecontrol
processes have shalrownalgorlthmicbase, the structureofwhlichean
and must be embedded Inspeclalhardware, Thlisdoes notexclude,
however, the fact thatthisaeurrentiyspec!ficbase wl|| eventually
merge wlththe "gensrajaligorithmic" base, However,thisshould not
be taken for granted; It would ha¥eto come about as t h eresult o f
solving aclearly Stated problem,

Concluslan

What, from the vieawpolnto f the author, must be the
fundamental directions for work In the area o fprogrammlingfor
parallel computingsystems?

Filrst, It Is necessary to implement In contemporary
algorithmie languages sugh parallie] programming facliltlesa s
parall®8|branchesofconcurrent ¢computations,

On the basls of the methodology of asynchronous programming,
It seems thatone could supplement™”manual" methods by facliltles for
automaticdeterminationo fparaliel branches for reductliono f the
number of paralla] branches, makingremainingones longer, and the
checking of a Parallel program’s asynchronousness, These technlaues,
by the mld-seventies, c¢ouldbe fully Implemented on even operating
systems for thirdegenerationmuitiprocessor computer conflgurations,
Some fundamentals for such technlguescanbefoundalready In our
existingoperatingsystems (121,

The second direction, whicht h e authorbelieves can provide
the rlchest resultsbyY the end o f theseventlesrmust be fora
comprehenslve designo f asynchronous ©programmlingasS a ecompleted
theory, linked with the formal theory of sequentialprograms Inthat
itwouldbecome a working tnstrument of Parallel programm|ng,

Efforts must be <concentrated on solution of the
following Problems:

~=the mechanismf o r computing trigger functions}

~~derivation oft h e"loglicalsecheme" o fa parallel program
dur trg the translatlion process and | t s dynamic augmentation or
alteration during program running;

~=a|gorithms for dynamicand static assignment of processors
to a noperation;

--methodologies for fastcommutationofprocessorsdurlngthe
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expansliono fsequential cyellc computations’
==organizationo f bufferinganddynamiclioading of a faster

store froma slower one; -

-study Of the capabllitieso fdistributeda n dcentrallzed
controls;

~=finding a speclfalajgorithmicbase for control processors
in computing systems,

Successfu}lprogress| n these directions, In the author’s
opinion, Wi I telp US by the end of t h eseventles obtain
fourth=generat!on computing systems wlith produectlvityratings greater
than 12@-ml||lionoparationsper second,

As the third direction,ltiSnecessary to supportresearch
on a broad front {nte c¢computatiena| environments with f@undamental

study .oft h e following questions:

--the searchfor the mostapproprliateuniversalcomputational
cellianddeterminmationof the degree of Its econnectivity with t h e
environment;

--study of boundary effects In bounded environments and the
Problem of dynamlgrestructuring of the environment;

--research fntothe capabliitiesand feasibllityof bulldling
"multipie", mutually penetratingenvironments withvarlious funetional
purposes (for example, control and operating, computlng and
transporting environments;

==dave|opment o f <concrete special-appllcation devices for
problems w h o s e strugturelsinlitse(f sufflclent for the selected
environment structure;

--development of theperlneciples of natural paraliellsman d
then onthatbasis areconsiderationof ourajgorlthmicpase,

Intheopinfonof theauthorsint he eighties computational
environrents wl|| become a competitorfor conqueringt h e problemo f
inereasingthecef{lingonthe Power Of computational facilities and
the creation of anartiticlialintel|lgence,
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