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PREFACE

This research paper discusses Soviet efforts to develop
Somputer software, esp2cially in the areas of computer
lanquages, couwpilers, translators, and operating systens.
{Detailed idinformation in these areas is available upon
request in three additional appendices.) The report also
analyzes Soviet «capabilities to use computer languages in
specific types of applicatioans.
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TECHNICAL FOREWORD

The advent of the computer called for many innovations,
not the least of which was the neei for man to 1learn to
communicate with the machine. This required that man be
conversant with machine language--a language in which number
sequences represent data and siqgnify manipulations to bhe

performed.

A programming lanquage allows the computer user to
communicate what he wants the machine to do and how he wants
the results displavyed. 4 compiler or translator for a
programming lanquage then converts these semiconversational
statements into the more complex language of the machine for

axecution. An operating systen allocates the various
resources of the computer to allow for their most efficient
use and for accurate transferral of results to the

appropriate output devices.,

Certain terms used throughout the report are definedx

below.

*See American National Standard: Vocabulary for Information
2rocessing, ANSI X3,12-197C, published by the American
National Standards Institute, Inc. New York, and CDP Review

Manual: A Data FProcessing Handbook, edited by Roger A.

MacGowan and Reid Henderson, Auerbach Publishars, Inc., USA,

1972.

Software is a set of computer programs,

procedures, and possibly associated documentation
concerned with the operation of a data processing

system (e.9g., compilers, library routines, manuyals,
flow charts).

Hardware means physical equipment (€eJe,

mechanical, magnetic, electrical, or electronic
devices)--as opposed td> the computer program or method

of use,

Frograpming_langquage is a set of representations,

formats, and rules used to communicate the procedure
for problem solution, Specifically, it is a language
used to prepare computer programs. There are several

types of programming lanquages:

Machine_language consists of a series of
numbers which are accepted by a computer and cause
a specific operation to take place. These
numbers, when expressed in binary form, have a
pattern that represents the pattern of the
electronic signals actually used in the computer

Approved For Releage 2004/01/05 : CIA-RDP78-01092A000100060020-2

25X1

25X1



Approved For Release 2004/01/05 : CIA-RDP78-01092A000100060020-2

Page vi

circuits. Machine language programs are unigque to
a4 specitftic computer model and require specializea
knowledge on the part of the user.

symbolic_language (also rerferred to as an
assembly language) utiiizes alphabetical,
numerical, and special characters to iientify and

to name data and instruction locations {(mnewmonic

addresses). symbolic languages ara machine
dependent and must be converted to machine
lanquages before they <c¢an be used on a computer.
This 1s accouplished by an assembler. Although

programs written in symbolic language are unigue
to a given model of computer, they bear a closer
vesemblance to the natural laaguage of the user
than do machine languages.

igher_level lapguage (also referrzd to as a
vompiler language) is designed for the convenient
oxpression or procedures us2d in the solution of a
widn class of problems. Even though higher level
languages are artificial, their syntax and gramwar
are similar to those of a natural lauguage., In
addition, such languages are said to be machine
independent sincCe they can be translated into many
different machine languages. AS with assembly

ifangyuages, programs written ia higher level
Lanpguages {(source programs) must be tramnslated
into machine languages ({object prograas) before

they <can be executed on a computer. A single
higher level language statement may correspond to
4 segquence of machine languige statements, Higher
level languages are important because they offer a
convenlient means of stating a problem and solution
orocedure without requiring specialized knowledge
ni the computer to be used. In most cases higher
Llevel languages have been developed to i1incorporate
features that make them particularly suited to a
partvicular class of probplens,

In oraer to automate the conversion oI programs
Wwritten in one type of language into another, there is

a uneed for certain types of PLograms that are
independent of any specific problem-solving
application. The four most i1mportant types ot

conversion programs, usually consia=red to be a part otf
4 computer system's software, are;

Assembler, a computer program that prepares a
wmachine lanquage program from a symbolic language
proqram by Substituting absolute operation codes for
symbolic operdation codes and absolute or relocatable
4ddresses tor symbolic addresses.

Compiler, a computer progrda that prepares a

machiue lanqguage program fronm 4 computer progranm
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written in another programming language by making use
of the overall logic structure of the 1latter, or
generating more than one machine iastruction for each
symbolic statement, or both, 3and by performing the
function of an assenhler.

Interpreter, a computer program that traaslates

and executes each source language statemant before
translating and executing the next one.

Translator, a computer program that transforms

statements fron one language to another without
significantly changing the meaning.

Because computers usually consist of a number of
functional devices, there 1is a neel for «certain
specialized types of programs that manage the system
and make it perform in the desired fashion regardiless
of the programs being run.

An operating system is that computer software
whick controls the execution of computer programs. An
operating system may provide scheduling, debugging,
input/output control, accounting, compilation, storage
assignment, data management, and related services.
Obviously, the nmore complex the computer system, the
greater the need for an operating system and the more
difficult the Job of developing a suitable operating
system.
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SOVIED COMTUTER SOFTWARE

PROBLEM

To assess Soviet capabilities to provide for the
softvware needs of the USSR, particularly for amilitary and

other advanced computer systens.

CONCLUSIONS

1. Soviet capabilities to provide for the software
needs of complex military systems are only marginal.
Specifically, the Soviets have adequate capabilities to
provide software for guidance systems, but they have only
Llimited software capabilities for supporting tactics or
logistics systems. They now are incapable of supporting the
software needs of a complex command and control systen
composed of networks of computers operating online,
particularly in a time-sharing mode. Software for Soviet
military systems is probably no turther advanced than that
2f the civilian sector, with most military computer programs
written in machine or assembly language. Military interests
nave been identified with work on multipurpose languages,
computer-aided-design lanquages, and time-sharing operating

systems, but the extent of military application is unknown.

2, Soviet higher level programming language and
ralated compiler developments are characterized by
iandependent, and at times redundant, efforts. They have
peen geared largely toward scientific problem~-solving
applications, with the ALGOL-60 language and its derivatives
receiving most attention. Higher level language compilers
have been developed for most models of domestic computers,
put machine language programming predominates. sSoviet
capabilities in this area have been hindered by ineffective
means for program sharing, and software documentation and

maintenance are poor.

3. Soviet development of standard types of computer

systems software has bheen impaded by shortcomings in
coordination and by the limited storage ani input/output
capabilities of domestic computers. Parochialism and
di fferences in computer systam configuration amonyg
facilities have resulted in independent and localized systen
software development. Soviet interest in time-sharing
speratinyg systems 1is high but actual accomplishments have
not kept pace with the demonstrated theoretical

understanding, and only experimental systems have been
developed. Activities in this area parallel thoss of the US
in the wearly 1960s. System software developments continue
to sufrfer from an insufficient base of computer progranmers

axperienced in the use of complex computer systens.
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SUMMARY

Nevelopment orf Soviet computer software has been
haracterized by independent, uncoordinated zfforts. These
afforts nave been dairected largely toward satisfying the
needs ot local institutioms and their individual computers.
#ell Dbefore 1960 the Soviets demonstrated a theoretical
understanding comparable with that of their Kestern
contemporaries on the problems associated with computer
software development, but the software that the Soviets have
produced has not kept pace with the needs of complex
systems., For exanmple, back=-up documentation has Dbeen
inadequate for easy location and correction of errors.
Maintenance software has not been developed and thoroughly
iocumented concurrently with corresponding hardware. Space
nissions have failed because of software errors, probably
caused Dy inadequate program check-out proceaures. In order
to close the gap, Soviet designers will have to emphasize
the development of gemeral purpose timz=-sharing and
aultiprocessing operating systems that can easily support
compilers for high level languages. The Soviets will also
aave to provide for more effective us=2r groups to help solve
softvare problens. They wWill also have to accelerate
afforts to build 4 sizable base of programmers who are
axperienced in the use of higher 1level languiges and in the
s>peration of complex computer systems.

The total extent of military involvement in Soviet
software developrents 1is not known, but the military
affiliations of people and institutes involved in these
afforts indicate possible military applications work on
aultipurpose lanquages, systenm design lanquages, and
time-sharing operating systems, The Soviets are capable of
ieveloping adequate software to support guidance systens,
scientitic and technical problem-solving, and process
zontrol systemns. Soviet development of computer-aidea design
systems will continue to be hampered by the limited
zapabilities of Soviet computers for input/output and
storage. These haraware limitatioas and the lack of
axperience with automatic systems for mass data manipulation
#4ill impede the development of software for complex command
ind control, tactical, logistical, and other nonnumeric data
processing systenmns.

The Soviet Union and its East European neighbors are
zurrently developing a series of gensral purpose computers
called RYAD which is similar to the IBM/360 series. The
joviets have not demonstrated an adeguate understanding of
the problems associated with 360-type software, hovever, and

ippear to be repeating mistakes others have made 1in
daveloping software for similar types of computers.
sufficient emphasis 1s not beinyg placed on some software
ireas :sitch as Jo:. Countrol Langurge, used to 1nitiate and
:ontroi job proc ss.ng anil to piovide data caarasteristics

1ad pe,.pheral ¢oyvipuent requiren-nts at the time a progran
is executed. It 15 likely, therefore, that the RYAD project
will not be the punacea that the Soviets expect 1t to be and
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that lack of experience will cause them great difficulty in
leveloping computer programs for such applications as
national cconomic data processing.

The first significant high level programming language
to be implewmented by the Soviets was ALGOL-60, which became
the nucleus for most later software efforts. Most of the
60-odd higher level ianquages and the 50 compilers that have
been identified are extensions or specialized subsets of
ALGOL-60. The remainder are one=-of-a-kind languages for
which no compilers have been identified. The Soviet
decision to use ALGOL-6C was probably based in part on the
international effort that went into its deavelopment. In
addition, ALGCL has a strong mathematical orientation, and
most Soviet software developers are mathematizians., The use
of ALGOL-60 and AL3O0l-based languages probably will continue
1s the Soviets 1increase their efiorts to develop and
implement multipurpose languages, particularly EL/1.
Multipurpose languages like PL/1 probably will be
increasingly utilized with the RYAD computer series.

Early Soviet lanjuage compilers appeared to be
straightforward and uasophisticated, geared more toward
jetting the job done than toward improving the techniques
ased, Most compilers were designed to acconmodate the neeas
2f local installations and the specific computer model being
smployed. In several cases nmultiple cowpilers existed for
the sane nodel of computer, indicating a lack of
coordination between organizations as well as an absence of
affective cowmputer user grougps. Most programs were wWwritten
in machine or assembly language, very few in higher level
languages. The literature indicates that most of +these
practices still prevail and probably will continue for the
current models of Soviet computers.

The Soviets have expressed their intention to exploit
thorouqhly prover Western computer languages such as FORTRAN
and COoOL., The mathematically oriented Soviet software
designers previously were opposed to the use of COBOL for
aconomic data processing but the Soviets now intend to
2xtend its wuse in order to benefit from large Western
program libraries. Increased utilization of FORTRAN will
likewise enable tkem to benefit from the Western scientific
program libraries already in existence.

The majority of operating systems for Soviet computers
nas been developed by individual dinstitutes. These
operating systems are handicapped by the ra2latively snall
internal wemory capabilities and poor peripheral equipment
o>f the cowputers involved, Until recently, magunetic disc
units were nonexistent and operating systems were based
axclusively on the use of mwmaguetic tapes or magnetic drums.
Complex operating systems could not be supported and indeed
were not needed since programs were written largely in
machine or assembly language., Even now the Soviets do not
have enouqgh well-trained experienceda computer specialists to
levelop and maintain standardized operating systenms.
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Operating systenm expertise in the Soviet Union appears
to be concentratea in a few facilities, particularly in the
Tnstitute or  Apvlied Mathematics (IAM) at tne Academy of
jciences in MOSCOW. The relatively small IAM dgroup was to
have developed a standard operating system for the
1965-vintage BESM=-6 computer, but this group has not yet
completed 1its task satisfactorily--probabiy Dbecause or

sanaqgerial inadequacy and differences in machine

zonfiqguration at various 1installations. As a result,
several organizations--notably the Institute of Cybernetics

in Kiev aad the Joint Insiitute ot Nuclear Ra2search at
Dubna--nave had to provide operating systems tfor the BESM-6
on the basis of their local needs.

Soviet interest in developing general purpose
time-sharing operating systems has increased dgreatily.
Zurrent high level plans to increase utilization of computer
systens ana to develop a nationwide network of computers and
automated management information systemns have imposed
increased reguirewments for aevelopment of general purposc

time-sharing systems. While the Soviets have claimed the

time-sharing capability for a number of their operating

systems, available material indicates only experimental or
very simplistic develooments at scientific research and
lavelopment establishma2nts. Lack ot appropriate hardware
and peripheral egquipment is a major handicap to software
develiopmeut efforts in this area.

DISCUSSION
wackground

Fvan betfore 1960, such Soviet computer plioneers as A.
Yershov, 4. Ie Kitov, L. V. Kantorovich, and A, A.

Lyapunov damonstrated strony capabilities in the
dathematical land theoretical aspects of computer software.

{1-9) Iu wparticular, Lyapunov's theory or programming has

been a4 classic in the field. (8) A reviseda version of the
textbookx H>n computer prograaming by A. I. Krtov and N. A.
Krinitskiv is still one of the works most treguently cited.

%)

rior to 19¢5 machine lanquayge was used a2lmost entirely

for programming, and high level language devzlopment in the

IS3R  consisted ot basic independent research by many
individuals. Soviet software designers vere S0
inexperienced that programs were not designed tor
step-by-step development nor were provisions made for

possible program expansion. (10) A, ?, Yershov ana his
1ssocidates at the Computing Ceater of the USSR  Acadeny of
s3ciences 4t Novosibirsx aevoted 353 man years to development
9f the aleUOL-dialect ALFHA language ana its associated

rompiler. (171) M. K. Shura-Bura became involved with ALGOL

tmplementdtion 4and with general programming theory. Ve 4.
slushkov authored books and articles on cybernetics aad

ibstract programming theory. (13-20) Other programming
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systems developed before 1965 apparently were specialized
research tools that never became popular. These included the
25K-1 compiling system, which utilized a subroutine library,
and various developmental efforts for interpreting systenms
and primitive assemblers. (21-24)

Since 1965 the Soviets have intensified on-~going
levelopment programs in the area of couputer languages and
language conpilers. Althouygh good theoretical work has been
iemonstrated, practical work has been constrained by the
limited capabilities of internal and auxiliary stores and by
lack of good input/output equipment for both alphabetical
and numerical data. (25) Most early efforts were directed
toward development of scientific and computational languages
at the expense of business and data processinyg languages and
1ssociated compilers. As the nunpers of computers have
increasea and as their wuse for economic planning and
susiness-oriented as well as scientific applications has
axpanded, software problems have likewise assumed greater
importance.

Languages and Compilers

Soviet computer lanquages are divided into six major

categories:

Numerical scientific

Data processing

String and list processing

Multipurpose

System design

Miscellaneous
Jnly the more signrnificant features of these languages and
compilers are discussed here,

NUMERICAL SCIENTIFIC LANGUAGES

These languages, which are oriented toward
computational capabilities were origyinally designed to solve
such engineering problems as matrix inversion and to
avaluate mathematical formulas. Twenty-five lanquages
mentioned in the Soviet literature are categorized as
nurerical scientific lanquayges, five of which--ALCOR, ALGOL,
FORTRAN, CERN-FORTRAW, and SUBSET-ALGOL--were developed in
destern countries. There are more compilers (approximately
24) in the numerical scientific category than in any other
zateqory, which indicates a strongy Soviet interest 1in
numerical problem-solving.

ALGOL is the most widely wused high level language in
the Soviet Union, probably partly due to the international
a2f fort that produced it (it is used extensively in Europe}
and partly ©Dbecause of its strong mathematical orientation
{more appealing to mathematicians than the 1langquages
oriented more toward engineering). ALGOL was created to
solve a variety of problems in engineering and numerical
analysis, but it has also been used for numerical forecasts,
processing of observation data, and certain ipformation

retrieval applications. ({26)
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For instance, the translator of the

SUBSET ALsCOL+60 lanquage, developed at the Computing Center
>f the Moscow State University, 1is part 2f the BESM-6
yperating system there.

Unier the leadership of A. P. Yershov at the Academy of
jciences Computing Center in Novosibirsk, the Soviets have
peen major participants in international meetings held to
ietermine specitfications zfor the updated version of ALGOL,
2alled ALGOL+-68., Apparently no ALGOL-€8 compilers have been
ieveloped for Soviet computers. (28) (29) {38) The increased
zomplexity of the language requires (greatar storage and
input/output capabilities tham are dJenerally available on
5oviet coamputers.

"he ALFHA lanquage is the second most widely publicized
soviet computer lanquage; it is reportedly in use all over
the USSK. (11y A. P. VYershov and his associates developed
ALPHA, which 1is an extension of ALGOL-60, in 1959-64. 1In
srder to make Dbetter use ot their computers, new
features~-~-handling of complex yuantities, better declaration
rapabilities, and optimization features--were added to
ALGOL-o(. Thus, ALPHA «could conveniently be used for
30lving linear algebraic problems. (36} {(37) There 1S Lo
mention in the Jiterature of any significant problems that
dere solved by utilizing the ALFHA lanquage. The ALPHA

translator for the M-20 allows direct use of matrix
aotation, ALFHA also uses list structure processing for its
internal transiating processes, thereby permitting
significantiy faster compilations; list structure

orocessing, however, 1s not available in objzct code. (26)
(32) (33)

PORTRAN, developed by IBM, has become the most widely
1sed progqramming language in the US and wmuch of Europe--in
soth its original and updated versions. In spite of a late
start, the 3oviets are now increasing their use of FORTRAN
in order to take advantage ot tne large quantity of
commercialiy avallable FORTRAN language programs. Since
1957, at least ftour Soviet FORTRAN compilers have been
jeveloped. One of these is a two-phase coapiler written in
the Soviet-developed languaye ALMO (discussed in more detall
nelow). This compiler translates the source language into
ALMO and then into machine lanquage. (35)

pBotiu the Joint Institute of Nuclear Research (JINR} at
Jubna and the Institute of High Tnergy Physics at Serpukhov
ippear to be using FORTRAN as their high level language.
(36-38) The FORTRAN compiler at the JINR was developed by
sonverting into BESM-6 code each instruction of a compiler
for the US Control DJata Corporation 16C4 computer. This
primitive approach resulted in a nuch lLess efficient
sompller than one specifically designed to taxe advantage of
the characteristics of the computer «#ith which it is to be
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used. The Soviets at JINR apparently were willing to
sacrifice efficiency in order to utilize immediately the
PORTRAN language progranms developed for high energy nuclear
physics problens at the European Center for Nuclear Research
(CERN) in Switzerland. {39) N. N. Gororun of JINR admitted
that a major reason for acquiring the CDC 1604 computer was
to get the FORTRAN compiler. {(40) The JINR also developed
the ITVE-67 system for monitoring the performance of FORTRAN
lanquage programs, and this system appears to have been
incorporated as part of the standard software package for
use with the DBFSM-6 in the solution of engineering as well
Aas nuclear research problems. {471} A4 wajor advantage of the
FORTRAN lanquage is tnat it can be used in conjunction with
large libraries of relatively independent programs. Other
FORTRAN compilers are operational at the Institute of
Jybernetics of the Ukrainian Academy of Sciences in Kiev,
the Institute of (ontrol Froblems in Moscow, and the

Novosibirsk State University. (33) The compiler «c¢ited in
connection with the University was stated to be the Soviet
version of TPCRTRAN-IV and was used with a BESM-6. Only a

very limited subroutipe 1library was available as of May
1971: complex variables and double precision variables could
not vet be used althnough procedures for their use were
described in the associated manual. (42)

There are numnerous examples of Soviet attempts to
ievelop 1langquages for special types of scientific and
angineering applications. These developnents reflect
original theoretical and conceptual work, but in many cases
the rTesults do not appear to have Dbeen implemented; in
certain cases use of the languages 1is confined to the
driginating facility. One example is the K-~language
leveloped for proving theorems and solving certain classes
of linear algebraic equations. This work was based on that
of L. V. Kantorovich at the Leningrad Brancia of the
Mathematics Institute of the Academy of Sciences who
pioneered in the use of computers in nonnumerical symbol
manipulation. (43) (44) A second example is the SIRIUS
language, developed at Kharkov University to perforn
analytical operations in solving problems of numerical
analysis. This was a query-type language that could be used
in a conversational mode. A third example is the work of
the Institute of Cybernetics in Kiev on the APROKS and SAP-2
languages used for the flame-cutting of ship parts and for
chemical plant control, respectively. (45-49) APROKS 1is
surrently in use at three Soviet shipyards, (26)

DATA PROCZSSING LANGUAGES

Data processing laanguages were originally designed to
s30lve problems that have large data files on which
straightforward operations must be perfornmed. BExamples of
such problems are payroll, inventory control, and insurance
files.

Initially, the USSR exerted little official

anpcouragement to use computers for economic data processing;
nence, very little effort on related software was expended
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antil the early 1960s. Even then, after the need for data

processing languages was recognized by some Soviet
specialists, the amount of effort on data processing
langquages and compilers remained small. This may be

attributed to the fact that Soviet computers and related
2quipment were not well designea for data processing. In
addition, the 1leading software specialists were largely
scientirically oriented. Indeed, Soviet efrorts have been
1imed at adding data processing features to scientific
lanquages rather tnan developing lanquages strictly oriented
to data processing. cCcurrently, intensive efforts are under
4ay to wuevelop and use large numbers of computers of
appropriate design for economic applications. This will in
turn motivate the Soviets towara increased implementation of
lata processing languages, particularly those already widely
1Sea 1n the West. ({51-55)

only eight ot the languages mentioned in the Soviet

literature .have been cateqorized as data processing
Lanquages. Two of these, FACT and COBOL, originated in the
45, and one, A-COBCL, 1is an extension or COBOL. Until

recently (OBOL, the most widely used US data processing
lanjuage, was not widely accepted in the USSR, partially
because 1ts terminology was unsatisfactory to many Soviet
specialists. Growing Soviet interest in COBOL was indicated
in April 1968, when C(COBCL developers met to formulate an
integrated Soviet version of minimal COBOL and to achieve
the program compatibility provided in this language. (54)
This meeting was evidence of a complete change in Soviet
attitude toward the use of COBOL in a growing awareness of
the use of the computer as an aid in economic planning and
data processing. Three COBOL compilers are presently used
for processing large arrays of data in information retrieval
ipplications and economic planning problems. The compiler
ased for information rTetrieval wvas developed at the
Institute of Cybernetics, Ukrainian Academy of Sciences,
{iev. {(33)

ALGEK 1is perhaps the most significant and the most
publicized data processing language developed by the
Soviets., A 1963 directive specified its development for the
solution of economic problems. It was produced by computer
specialists at Novosibirsk, Moscow, and Kiev. (26) {(45)
?eatures were added to ALGOL to accommodate data processing
problemns and to permit ALGEK to be used in the development
3f translators. As a result, ALGEK is unduly complex and
theretore difficult to use. As late as 1968, it nad been
a1sed only on a limited scale, probably because of 1its
zomplex nature. {38) (56«61)

The ALGAMS data processing 1language, also based on
ALGOL, was developed at the Institute of Applied
1athematics. Like FORTRAN-ALMO it too goes throuqh an
intermeaiate ALMGC translator to be nrocessed 1into machine
Lanquage. {6Z2) The personnel who developed the ALGAMS-ALMO
translator are not the same as those who worked on the
FORTRAN-ALMO compiler, but these related developnments
indicate that an exchange of information between the two
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issociated institutes probably took place., (62=-65) EPSILON,
while classified as a data processing language, has been
mentioned in relation to symbol w@manipulation; it 1is a
machine-oriented language which has been used for software
design and implementation as well as for documentation. (12)
(34) (50)

STRING AND LIST FROCESSING LANGUAGES

String and 1list processing lanjguages were originally
lesigned to solve problems that require maintenance of
tables of several different kinds of data and/or
manipulation of variable lengtn sequences of characters.
Compiler writing, theorem proving, manipulation of formal
algebraic expressions, linguistic data processing,
artificial intelligence, and text processing are all prime
axamples of potential applications of string and 1list
processing lanquages. There are five of these languages and
three associated Soviect-developed compilers in use in the
dSSR. Two of the lanquages (SCL and SIGMA) were developed
by the Soviets and the other three (CGMIT, SNOBOL, LISF) by
the US.

5 o was u Jeloped at the Computing Center of the
eradery of  Sci e 1in MoSCOW., It is meatio.:d in an
irticl - by 3. S. avrov as a strisy processin; lanjuage, but
insufficient info-mation is available for evaluation. (67)

SIZGMA represants the only major Aattempt by the Soviets
to develop a native list processing lanquage; there is no
indication of an associated operational compiler. SIGMA was
leveloped at Novosibirsk by A, F. Rar and A. 2. Yershov,
(68) for use in writing assemblers. (50¢) The SIGMA language
reflects work performed in the US on IPL-V and LISP and
concepts borrowed from the US language SLIFE.

COMIT was developed in the 0S8, primarily for language
translation, but the Soviets have experimented with it.
There is no indication of any COMIT compiler in the Soviet
Union.

SNOBOL, anotuner US string processing language, utilized
axperience gained from COMIT. SKOBOL was developed to solve
a wide variety ot problems involving string handling and
pattern matching. The Soviets have indicated a growing
interest in SNOBOL and have developed SNOBOL compilers for
the BRSK~-6€ computer at the Academy of Sciences Coaputer
Zenter in Moscow, (33) Other developmental work has been
ione at the Institute of Computer Design in Moscow., {70)

I57 nhas been of 1interest to S. S. Lavrov at the
Academy of Sciences Computer Center in Moscow. A compiler
was developed thnere Dbut is reported to be extremely
inefficient; it taxes 20 minutes to compile fairly small
programs. {(53) (71) A. P. Yershov E;;;f;;;;;Limplemented
LISP on a BESK-t¢ computer, and it has =3 ned also in
relation to projects at the Institute of Computer Design in
Moscow. (7CG) (71) (143)

t
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Altnouqh the Soviets are awvare of the value of string
and list processing lanqguagyes, they apparently have nade no
significant advances in this area 1in spite of publicity
jiven to vaiuable applications of such languages.

YULTIPUR2OSE LANGUAGES

Multipurpose langquages were developed s0 that a single
lanquage could meect the needs ot several applicatioas.
"hese languages are or special interest because they are the
types needed 1in certain important military applications of

computers, inclading command and control, tactics,

logistics, and computer-aided design problems. Sone
multipurpose lanquages also can he used reasonably well to
leveiop quidance svstems. TFragmentary information indicates
that some or the Soviet work on mwmultipurpose languages may
nave peen intended ror military applications. (72)

The Soviets have worked on at least five multipurpose
languages 1n addition to the ALGEK language (previously
iiscussed as a data processing languag2). ALGEK might be
csonsidered a4 wultipurpose lanquaye 1n the sense that-~like
ALGEM-~1t 13 based on the kernel of the ALGQL scientific
langquage with aaded features for data processing.

The ALGEM, ALTEM, ALGOL-COBOL language 2volution is of
special 1interest not only because 1t represents a @major
sontinuing soviet effort but, more importantly, becaus2 of
some 1ndirect evidence that the leading figures in the

affort, A. I. Kitov and F. F. Schiller, have military

1ffiiiations. (73) The Soviets have avoided revelation of
the full nawe and location of tae institute involved--NIIAA,
the Scientiific Kesearch Institute of A A--both in reports orf
the langquage developiments and of a conference on
Zomputer-aided ceslgn. {7T4) Kitov has co-aunthored articles
with N. A. Krinitskiy, who has pea2n more directly identified
4ith military uses of computers. In discussions during US
visits, Kitov indicated ais in-depth knowledge of the use of
computers in both wWestern and Soviet military systems. (75)

G. A,

Yiconov, Who WwWOLked on t(his wmilitary project, was an
15sociate or Krinitskiy.

Cowpilers [or the Minsk-22 computers have been reported
for both ALGEM and ALTFEM. Tae latter 1s aun extension of the
former and was developea to incorporate elewe2nts of the US
spusiness-oriented ianguage, CCOB0OL. No compiler <for the
ALGOL-COBOL extension ot the early work has been reported
nut if, as 1s suspected, the applications were classified,
compilers for such computers as the M-220 model may have
been developed and not revealed openly.

Two oOther centers ror work on nultipurpose languayge
levelopunents (probably overt) are the Institute of Applied
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Mathematics in Moscow and the Computing Center of the
Siberian Department of the Acadeny of Sciences in

Novosibirsk. Both groups display a strong ianterest in PL/1,

a1 US langquage that has been used in some military tactical
and logistics applications. This 1language 1is mentioned
frequently by A. F. Yershov and a PL/1 manual reportedly was
translated into Russian, (72) but there is no indication ot
an operational FL/1 compiler., S, S. Lavrov, a member of the
Working Group on the ALGOL-68 Algorithmic Language, has
stated that AaLGQL-68 and PL/1 Aare viewed as possible

universal programming languages of a new generation,
replacing ALGOL=-£0, YORTRAN, and COBOL. (78)

In September 1971, the Soviets mentioned that they were
planning--and had actually started working on--a single

compiler to be used for three aifferent languages: PL/1,

SIMULA-67, and ALGOL-68. This was to be a general software
package for the BESM-6 that could also be used with the RYAD
series of computers ({curreantly being developed). It was
further stated that various groups=--unotably tkose in
Novosibirsk, Moscow, and Leningrad--were cooperating in this
project, (79-82) In May 1972 Yershov indicated that this
sompiler project, peing funded <tarough an industrial
contract, woula probably be completed by 1975. (83) In
dctober he admitted that his work was 1laygging, apparently
because of a lack of programming capabilities, To overcome
the probleas, an attempt was being made to simplirfy the

program for the lanquage. {121).

SYSTEM DESIGN LANGUAGES

System design languages are used in the analysis,
iesign, and optimization of systems. Soviet work on such
languages has taken two directions. First, there has been
work on simulation languages for use in the development of
aconowic planning, 1industrial control, and for trade,
transportation, and communication systems. The languages
involved, SIMULA and SIMSCRIZI, are both of Western origin,
but only the former appears to have had any extensive uses.
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{86) (87) Second, work has been aimed at the development of
Tomputers, relatea components, and sortware, Eight of the 11
different lanaguages that have bheen studied for the secona
type ot application were Soviet developments, with varying
deqgrees or dependence on adaptation of prior Western work.

3IMULA 1s an ALGOL-based simulation language which was
leveloped for a US company by Dr. Kristen Nygaard, Director
2f the §Norwegian Computer Center. Nygaard later providea
significant assistance in the implementation and use of
3IMULA by Soviet computers. In addition to presenting a
number of seminars on the language during visits to the
JSSR, Nygaard receivea Soviet specialists at his facility in
Norway where he collaborated wita them in developing SIMULA
compilers for the dral series of computers during 19€¢7. (58)
{89) Tihe Central Fconomics Mathematics Institute has been a
Leaaer in soviet development of SIMULA language
capabilities, probably because no suitable Soviet simulation
language wds availabie for use by the Institute in 1its
issignment to develop models of the Soviet economy.

In 970 the Soviets were reported to have SIMNULA
zompilers ifar tne B2St-3M, URAL-14, and URAL-16 computers
and to have a compiler tor the BESM-6 under development.
{30) Increasiny Soviet interest 1in SIMULA application is
axemplified by 1its incorporation in multipurpose language
levelopments under A. F. Yersuov. (79) The Soviets probawnly
preter SiMULA to other Western-developed simulation
lanquages because 01 1ts ready avaiiability and its close
relationship to ALGOL, to which they are already committed.
In addition to its value in economic applications, SINULA
could bpe used to aevelop systems for logistical support and
sommunications.

Altkough thke Soviets have studied and experimented with
several aestern computer-aided design languages, most of
their reported applications have involved langquages of their
a2wn development. Soviet capabilities for development and use
>f these lanquages have been seriously handicapped by the
limited storage and input/output capabilities of their
iomestic computers. Thus, by far the greatest amount of
joviet erfort on system design languages has been aimed at
levelopment of computers and other electronic components and
zircuits.

The earliest ana the nost widely used systerm design
Lanquage 1s the all-derived language, LYAFAS. {91) (92) This
language was developed DYy A. D. Zakrevskiy and his
1ssociates at tne Tomsk State University. LYAFAS was
specificaily developed as a computer-aided design lanqguage
iand reporteaedly has Dbeen implemented on most Soviet
computers, = It seems to be a highly specialized Boolean
logic languadge. It was kept <close to machine language 1in
order to minimize the computer storage required for its use
4nd 1s tuereiore very difficult to use. (93=95)

rrom the standpoint of possible uses in  classiiied
projects, probahbly the most significant Soviet system design
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lanquage 1is FRCY&KT. It was developed as a cooperative
affort of several facilities in the Moscow area under the
leadership of k. Ya. Matyukhin and Ye. I. Gurvich; the
latter hhas also experimented with Western~-developed
languages., As previously noted, ©people associated with
programming Jdevelopments at the institute designated NIIAA
nave been assigned to projects which are related to military
research and developnent, Reports from a 1967 semninar
chaired by Gurvich revealed an assocliation between
somputer-aided design work at NIIAA and related work at a

facility listed as MNIID, | | 25X1
to be engaged in @military © T nrS.

{(MNIIP is believed to be a cover aesignation for NII-17 ia

Moscow which has been concerned with computers for use in

1issile systems. (74) In descriping the FROYEKT language in

1967, Matyukhin noted that it was designed to overconme

inaerent inadequacies which existed in previously designed

5oviet lanquages such as LYATAS.

PROYEKT was developed on the basis of the (general
purpose ALGOL~-€60 language and was designed with adequate

somputational and string capabilites, good report
jeneration, and strong input/output {I/O) capabilities. The
I/0 includes alphanumeric printers and plotters., This

language was described as suitable for solving problems of
synthesizing and wodeling digital automata and for solving
many algorithms used for structural design. This is perhaps
the most advanced language devaloped oy the Soviets for
systemn design efrorts.

Results of the PROYEKT language work probably formed
the basis for the ASP automated design system described by
Matyukhin and Gurvich in 196% <for the M=-22C computer. As
was the case with the PROYFKT language efiort, the ability
to produce detailed and thoroughly checked documentation
jutomatically for all phases of the design process has been
amphasized in the ASP developments. The ASPF system appears
to be intendad for use in the development of
third-generation computers, The Soviet system has
incorporated all of the criticali features of the Solid Logic
Jdesign System (SLDA) developed 1in 19¢4 by TIBM for use in
lesigning and 9opreparing documeantation for the 36C-model
computers. ASF is called a two-stage system that uses
ALGOL-basea programming languages. The first stage deals
with the <functional and structural simulation of the
proposed computer and uses a language called MODIS. (96)
(97) A second language <called MOLK is used for
specification and testing of +the detailed Boolean logic
description of the designs for functional units. The MOLK
language also is used for at 1least part of the second state
af the ASF systen which specifies the physical
implementation oi the 1logical design. The authors clainm
that the total size of the basic and auxiliary ASP progranms
is approximately 35,000 instructions. The experiences of IBH
with the SLDA system indicate that a much more extensive set
of proygrams for computers with considerably better internal
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and auxiliarv storage capabilities than the M=-220 would be
needed for the ASP system to be used effectively in the
desiqn of any major new computers.

The Institute of Applied Mathematics of the Academy of
S5ciences 1in Moscow, which previously has been identified
with space and military projects, also has worked on
designing lanjuages and compilers apparently intended for
classified proijects. In 1967, Yu. M. Bavakovskiy described
the development of a computer-aided design lanquage called
JPAL, wihich was similar to a Wwestern Jlangquaqge specifically
intendedi for the design of parallel processors. In response
to gquestions on the use of the OFAL lanquage, the cryptic
zomment was made that it had been used by IAM for the design
of small parallel computers intended for *"unpleasant
parposes.”" (98)

The nost publicized Soviet vwork on software for
zomputer~-aided design has been done at the Institute of
Zybernetics in Kiev., In addition to having worked with the
LYAPAS language, they have also studied and experimented
with languages of Western design and origin, notably LOTIS
and SLANG. (¢9) Cne internally developea lanquage, ALOS,
has been used to describe the logic of a computer, and an
improved version called ALGORITHM is used in the Institute's
PROYEKT computer design system (not to be confused with the
PROYEKT language previously discussed). Once again, V. M.
G3lushkov and his colleaques at the Institute of Cybernetics
pave chosen to use a lanquage quite different from that of
other Soviet groups working on similar problems. Generally,
the qgroup in Kiev has concentrated more heavily on a design
program rather than on optimization of the language used.
In part of their work they have used the assembly language
ar Autocode for the M-220, and its limitations may have
prompted their more recent selection of the higher level
ALGORITHM lanquage. Ffractical results presently within the
zapabilities of the ALGORITHM language and the PROYEKT
system still appear to be at most designs for relatively
wminor subunits of computers. {(100-104)

Other Soviet organizations, such as the Institute of
"recision Mechanics and Computing Technigues in Moscow, also
nave made what apprear to be major efforts on computer-aided
design, but information is too fragmented for assessment of
the software employed. The need to produce good
documentation as well as good logical and engineering design
for computer egquipment is an area commonly emphasized 1in
Soviet work on computer-aided design. The need for using
computers to assist in the design, checking, and
documentation of sottware for new computers also 1is
smphasized, but results do not yet appear to he
satisfactory. In late 1969, Soviets concerned with
programming speclalized computers for space acknowledged a
lack of sotftware thnat would allow them to model and debug
zompletaly the programs for the specialized computers. (71)
inadequacies in Soviet software for system design also are
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indicated by failure to develop maintenance programs for the
IBM-360 type computers along with the hardware.

MISCFLLANEOUS LANGUAGES

The miscellaneous languages include those used for
information retrieval, compiler writing, analog conmputer
modeling, and geometry. Six of these Jlanquages were
developed in the Soviet Union, and a seventh, SYNTOL--an
information storage and retrieval language--was developed in
France.

The 5ATAM language is based on ALGOL=-60 (105) and is
used for automatic programming of analoqg machines. A
translator has been developed that transforms the
mathematical description of a model in SAPAM source language
into the language of analog computer components. This could
be a powerful tool for use in the support of engineering
problems <related to a@military systems development. One
indication that SAFANM mnight Dhe intended for use in
>lassified prodects is the apparently deliberate concealment
2f the affiliation of its developers.

In three separate articles V. F. Turchin Dbriefly
lescribed the REFAL language and compiler without supplying
any technical details. (106-108) REFAL (recursive functions
algorithmic language) was developed at the Institute of
Applied Mathematics of the USSR Acadeny of Sciences in
Moscow, apparently for the purpose of writing translators. A
REFAL compiler translates the REFAL language 1into assembly
language for the BESM~-6 computer.

The ALMO language was developed about 1966 by V. 4.
Kurorkhin, S. S. Kamynin, E., 2. Lyubimskiy, and V. V.
Lutsikovich at the Institute of Applied Mathematics in

Moscow. (56) (109) (110) ALMO is a machine~oriented, rather
than a problem-oriented, intermediate language and serves as
an abhstract vrepresentation of machines, It is similar in

concept to UNCCL (universal computer oriented language)} in
the United States; however, the US has never successfully
developed UNCOL nor any similar language. Apparently each
higher 1level language is to be reduced to ALMO as an
intermediate language and then ALMO is to be translated to
sach machine Jlangquage. For example, the FORTRAN-ALMO
translator translates FORTRAN into ALMO and then to machine
lanquage; this compiler 1is itself written in ALMO. In
addition to the FORTRAN-ALMO translator and the previously
mentioned ALGAFS-ALMO translator, a COBOL~-ALMC +translator
has been reported to be under development. (111) An ALMO
translator has been developed for the BESHM-4 with a
compilation rate of 120 instructions per minute under poor
conditions; a large part of +this compiler deals with
documentation of the obiject program.

5. 5, Kamynin, %, %Z. Lyubimskiy, and A. P. Yershov have

been involved in nost Sovietr efforts to develop an
intermediate language, Kamynin and Lyuabimskiy were involved
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in the development of the TA-2 compiler, and Yershov was
ianterested in an intermediate langquage for ALTHA.
{59) (60) (112) {113)

ATFLICAT IONS POTENTIAL OF LANGUAGES

Tha strengths and weaknesses ot 34% Soviet computer
Janguages ar» depicted in table 1.

*Some of these lanquages were excluded bpecause of
insufficient adata on which to base an evaluation.

"he potential usefulness of these languages 1in certain
application areas 1s depicted in table 2. The <figure
nrovides an overview of the Soviet application capabilities
ind needs reflected 4in the aata presanted in table 2. The
fact that Soviet comvuter languages denerally have good
computational capabilities is reflected in the overwhelming
majority of 22 that have been ranked A (have all mininmum
ittributes and excel in at least one) for scientific and
taechnical problem solution. In the areas of command and
sontrol, logistics, and tactics, only the Western-developed
?L/1 lanquage, which was designed to be machine independent,
nas been glven an A rating; almost 30 have beep rated C (do
not meet minimum requirements) for use in these areas. The
joviet-developed languaye PROYEKT and PL/1 have been rated A
in the area ot computer-aided design; of th2 remaining 32,
23 have been ranked 3 {have only the w@most important
ittributes) and the remaining 9, C. In the two areas or
nrocess control and guidance, the distribution of ratings
1mong the 34 langquages is falirly even: 10 4s, 15 Bs, and
the remaining 9, Cs. It should bhe noted that PL/1 1is the
only lanquage which has been ratea A in alli areas, a good
reason wny Soviet interest in its use nas increased,

Jperatling Systems

Ain operating system 1is composed of that software which
ontrols the computer system's execution of programs, An
aperating system nay provide scheduling, monitoring,
iebugginyg, input/output control, accountiny, compilation,
sitorage assignment, data management, and related services.
Operatiny systems are designed for a specific model of
zomputer and cannot be easily shared even by users of the
same model if minor modifications have heen made at the
vyarious installations.

¥hen provided, standard operating systems for Soviet
serially produced computers generally have been very
ansophisticated. No standard software that coula properly be
Talled system software is available for the widely used
4insk-22 models although some individual installations have
leveloped primitive types tfor local needs, Such local
modifications probablv have slowed the development and use
>f standard operating systems. Indeed, successful Soviet
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TABLE 1

Attributes of Soviet Computer Languages

Attributes

Input/ Report
Language Output String List Computation  Generation
A-COBOL good fair poor poor good
ALCOR poor poor poor good poor
ALGAMS poor good poor good poor
ALGEK poor good fair good poor
ALGEM poor good fair good poor
ALGOL poor fair poor good fair
ALGOL-COBOL  good poor poor good good
ALGOS fair fair poor good poor
ALMO fair good good poor poor
ALPHA fair fair poor good poor
ALTEM poor good fair good poor
APROKS fair poor poor good poor
CERN-FORTRAN fair fair poor good poor
COBOL good fair poor poor good
COMIT fair good poor poor fair
EPSILON fair fair good
FACT good fair poor poor good
FORTRAN fair fair poor good poor
K-LANGUAGE poor fair poor- good
LISP poor fair good fair poor
LOTIS poor good poor good
LYAPAS poor good poor poor poor
MALGOL poor poor poor good poor
PL/1 good good fair good good
PROYEKT fair good fair good fair
SALGOL poor fair poor good poor
SIGMA poor fair good fair poor
SIMPOLIZ poor poor poor good poor
SIMSCRIPT fair fair fair good fair
SIMULA poor fair good good poor
SLANG poor fair fair good poor
SNOBOL fair good poor fair fair
SOL fair fair fair good fair
SUBSET-ALGOL poor fair poor good poor
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TABLE 2

Applications Potential of Soviet Computer Languages

Application Areas
Comp.

Comm. & Process Aided S&T
Languages Control Control  Logistics  Tactics Guidance Design Problems
A-COBOL B C B B C C C
ALCOR C B C C B B B
ALGAMS C B C C B B A
ALGEK C B C C B B A
ALGEM C B C C B B A
ALGOL C B C C B B A
ALGOL-COBOL B A B B A B A
ALGOS C A C C A B A
ALMO C C C C C C C
ALPHA C A C C A B A
ALTEM C B C C B B A
APROKS C B C C B B A
CERN-FORTRAN C A C C A B A
COBOL B C B B C C C
COMIT C C C C C C C
EPSILON C A C C A B A
FACT B C B B C C C
FORTRAN C A B C A B A
K-LANGUAGE C B C C B B A
LISP C C C C C C C
LOTIS C B C C B B A
LYAPAS C C C C C C C
MALGOL C B C C B B B
PL/1 A A A A A A A
PROYEKT C A C C A A A
SALGOL C B C C B B A
SIGMA C C C C C C C
SIMPOLIZ C B C C B B B
SIMSCRIPT C A C C A B A
SIMULA C B C C B B A
SLANG C B C C B B A
SNOBOL C C C C C C C
SOL C A C C A B A
SUBSET-ALGOL C B C C B B A

A: has all of the minimum attributes and excels in at least one.
B: has the most important attributes but none of the others.
C: does not meet minimum requirements,
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developments in this area are fairly recent; these, too,
have been characterized by independent efforts, owing to a
lack of uniform input/output devices and limited computer
storage capabilities.

BATCHED FROCESSING

The simplest type of computer operating system 1is one
designed to execute one program at a time, Most Soviet
computer models--even some of the largest ones--employ this
type of operating systen, which usually monitors the
proqress of program vperformance, permits the operator to
interrupt the computation at any stage, and may provide for
zollection of statistics on Jjob processing, Typical of
these is the auto operator system for the M-20 and M-220
models. (114) (115)

Frequently in Soviet discussions on computer
applications emphasis has been placed on more efficient
techniques for the transfer of blocks of data among internal
and auxiliary stores. One simplistic answer to this problen
is the D2U system which supervises the transfer of data to
and from magnetic tape units of the URAL-11, -14, and =16
computers. ({(116€) An ubpgraded version of this system, the
DIUR, was proposed in 1968, but only the D2U has been noted
as standard software with the URAL computers. {117)

In addition to providing for monitoring and record
keeping, which are typical features of the batch mode
operating system, various local needs have been satisfied by
individual developments. Some of these have included the
addition of «compilers to smaller machines 1in order to
zompile programs written in higher 1level 1languages for
larger machines. For example, the BESM-4 installation at
Dubna incorporates an ALGOL comnpiler to compile progqrams for
the BESM-6. The IFVF-67 monitoring system was developed for
1 Minsk-22 at the ZInstitute of High Energy Physics at
Serpukhov specifically to support a FORTRAN compiler which
could compile CERN=FORTRAN programs. (37)

MULTIPROGRAMMING

A multiprogramming system allows concurrent processing
of two or more programs by switching between programs during
somputational delays due to input/output or storage
transfers. The BESM-6, which is the largest and fastest
Soviet computer to be announced openly, was supposed to
accommodate multiprogramming features, but initial efforts
were unsuccessful. The Computing Center of the Academy of
Sciences in Moscow was resvonsible for these developments,
and its failure may have been due to inadeguate manpower
assignments and an underestimation of the overall problen.

Although the BESM-6 was available 1in 1965, the Soviets
sere still working as late as 1971 to develop a satisfactory
aperating system, As yet no standard type for all BESM-6
installations has been developed, The criticality of the
problem was evident when the job of developing a standard
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operating system was offered to leading Soviet software
specialists, all of whom declined. This task was finally
assigned to V. S. Shtarkman at hte Institute of Applied
Mathematics, who was diverted from work on the design of
computers more advanced than the BESY-6 to do the job. By
Shtarkman's own admission, this Institute's operating system
for the BESM=-6 still is unsatisfactory; it cannot be used
Wwith tane BESM=€ at the Computing Center of the Academy of
Sciences due to differences in the hardware configqurations
of the BESM-6 installations. (71)

Several other installations have attacked the problen
of providing an operating system for the BESM-6 on the basis
2f their own needs. At the Institute of Cybernetics in Kiev
the BESM=6 is multiprogrammed to handle up to three jobs in
core; further details are unknown. The BESM-6 operating
System at Dubna was developed jointly by the Institute of
Precision Mechanics and Computer Techniques, the Joint
Institute of Nuclear Research, and the Computer Center of
Moscow State University, This operating system uses a
virtual memory paging technigue for multiprogramming and has
an interrupt capability; SUBSET-ALGOL 50 and CERN FORTRAN
compilers as well as a SIBFSM=-6 assembler are available, and
the system relies heavily on subroutine 1libraries existing
in source language, machine lanquage, or SIBESM-6 assembly
lanquage. (36) (03 (118-120)

The problems the Soviets have had in developing an
operating system for the BESM-6 appear to be due in pact to
the limited input/output and interrupt capabilities of the
machine. variations among the different installations
slearly have made interinstitutional collaboration difficult
or impossible.

The Minsk=32 computer is reported to have
multiprogramming capabilities. This computer was designed
as an upgraded follow-on to the Minsk-22; their programs are
compatible. Specifications in 1971 for the Minsk=-32
indicated that the central processing unit could accommodate
a maximum of four simultaneous jobs residing in its magnetic
core mewory., Sorting, editing, filing, and
assembly/compiling routines reportedly are available, and
the general Jangnage used is a symbolic one for which
individual users have developed a nunber of macro routines.
As with the BEsSH-5, apparently very Jittle or no

compatibility exists among various Minsk-32 operating
systems due to tape formatting differences within the
various installations (a magnetic tape-based type of

operating system is specified for this model of computer).
(122)

The Soviets are now attempting to follow the US lead in
leveloping computers patterned after the logical
architecture of the IBM/36C series. The first models in the
Soviet line, the ASV?T (modular computer hardware systemn)
series, were discussed at the first All Union Conference on
Programming held in Kiev in 1968. (123) The operating systenm
2£ the ASVT series is reported to have multiprogramming and
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multiprocessing capabilities, Economic, process control,
and scientific libraries are said to be available, and hign
level language compilers, an assembler, and debugging and
jiagnostic utilities are said to exist. (124-126) While the
instruction set of the ASVT series appears to bhe the same as
that of the IBM/360 models, the extent of their
compatibility is not known, nor is it known whether the ASVT
3eries has the kinds of special instructions that would
permit use of IBM/360 compilers and other system software
without considerable reprogramming. There are reported to
be six models in the ASVT series--M-1000 through M-6000--but
only M=-400C through M=-&000 are believed to be
third-generation computers {(i.e., thin- or thick-film hybrid
and/or integrated circuits). (127)

TIME-SHARING

A time=-sharing system is a multiprogramming system in
¢hich  nultiple users have simultaneous access to the
resources of the computer systen, This operating  system
makes it appear to each user that he has a conmnpletely
dedicated computer system at his disposal.

The 3oviets have been trying since the mid-1960s to
develop general purpose time-sharing systems for day-to-day
use, Indirect evidence indicates that some of their
afforts--at least initially-~were aimed at military
applications, possibly for command and control systenms.
{128)

The Soviets have <claimed that a number of their
operating systems have time-sharing capabilities, but the
op=nly reported work on time-sharing systems has been
axperimental or very simplistic and confined to scientific
research and development establishments, One operating
system that may incorporate time-sharing features is the
SIRENA system for airline reservations, At present, this
system reportedly employs some remote terminals with display
devices, but Soviet interest in acquiring Western systenms
for the same purpose indicates that SIRENA is a simplistic
first attempt at an on=-line time=-sharing system.
{(129) (130) (153)

Of the 24 operating systems identified, eight have been
declared by the Soviets to be time-sharing systenms.
However, the ATSS, UVK, and Dnepr-21 systems seem to be
small process control systems with only a crude interrupt
capability to simulate a time-sharing environment. {131-134)
The TENZOR system, developed in Moscow Dy M. M. Bezhanova,
sperates in a dialogue mode to permit several users
simultaneously to solve linear algebraic problems, with
partially automatic selection of the solution method. (135)

The first Soviet testing of a general purpose
time-sharing system was carried out on a Dnepr-2 computer at
the Institute of Cybernetics in Kiev around 1969,
Teletypz-like terminals physically located in the same room
as the computer were connected +to the computer in a
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time-sharing mode. It was hoped that the Dnepr-2 would
eventually operate as a remote terminal to the larger
BESM~-6; further specifics or characteristics for this system
are lacking. (72) {136)

The operating system developed for the BESM-6 computer
by M. R. Shura-Bura and his associates at the Institute of
Applied Mathematics in Moscow supports a
conversational mode via teletypes, ut  not enough
information onm this aspect of the system is available for a
complete evaluation. (137) (138)

Perhaps the most widely publicized Soviet attempt to
develop a time-sharing system is the AIST {automatic
information station system), which was assigned to the
Siberian Department of the USSR Academy of Sciences at
Novosibirsk. Specifications in 1967 <called for this systen
to service users as far as 200 kilometers from the computer
center; it was suspected then that certain users had
military affiliations., {(128)

The AIST project was broken down into several steps.
AIST-O[:;:::;:;::] supports a conversational ALGOL language
{139) an utilizes M-220 computers and a Minsk-22 monitor
computer, (111) software includes systen programs, batch
processing, console debugging, an incremental compiler,
analytic manipulation, and a document search text editor.
(31 (140) This software package was estimated to be
comprised of 20,000 words. (12) Originally scheduled to be
operational in the summer of 1968, (128) AIST-0 was not
implemented until June 1970. (139) The next phase in this
project is AIST-1, involving two BESM=-5 computers with a
Ural-14 performing intercommunication functions (141) of
collecting and batching data to send to the BESM~-6 for
standard batch processing. (140) This system is to be
located at Akademgorodok and[:;:::%::::]will be capable of
servicing more than 100 terminals at remote locations. {139)
Purther developments in the AIST project include integration
of several BESM-6 computers in order to serve several
hundred users. (140) In light of the delays in AIST-0, it
is probable that AIST-1 is still in the experimental stage
and that more ambitious efforts at time-sharing are only in
the design stage.

5/360 TYPE SYSTEMS

As early as 1965 the Soviets began to realize that many
advantages could be gained by designing and developing
computers similar to those widely used in the West. 1In that
same vyear they Jlaunched the previously mentioned ASVT
series, to be used in hierarchical computer systems for data
processing in the planning of industrial operations as well
as for on-line process control.

The second major effort directed against the S/360
design is the RYAD series of computers being developed
jointly by the Soviet Union and the Eastern Furopean
countries. A 1968 decision to copy the IBM/360 designs for
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this project resulted in plans to develop six basic computer
mrodels and several modifications (144). While the three
larger models probably are still in the design stage--due to
the increased nuwmber and more advanced design of planned
inteqrated circuits-~serial production of the three smaller
models and several variations has reportedly begun. There
are firm indications that software for the RYAD series of
computers probably will be highly oriented toward the PL/?
language.,

Developing operating systems for the RYAD series
probably will prove to be a troublesome exercise since there
are indications that the Soviets have neglected--as they did
for the BESM-6--to devote sufficient effort to the problenms
3ssociated with the Job Control Language, JCL (used to
initiate and control job processing and to provide data
characteristics and peripheral equipment requirements at the
time a program is executed). JCL has been one of the
biggest problems for programmers using the complex and
advanced MVT S/36C operating system, and the same types of
problems would probably exist in using the entire set of
S/360 reference manuals. A Soviet translation of the IBNM
S/360 JCL manual would probably add to the ambiquities
already present 1in the manual. If the Soviets attempt to
use a bootlegged "tape" copy of the 360 operating systenm,
they may expect to encounter both operational and technical
iifficulties--especially if the RYAD hardware is similar but
not totally identical to that of 5/360, as design
specifications indicate,

Modeling computer systems after the §/360 can make
available a myriad of related software packages for various
applications and thereby reduce design efforts plus the
expenditure of time and manpower. However, through naivete
and inexperience the Soviets probably will have to solve a
jreat many operating system programming problems before
achieving successful operation of the RYAD series of
computers.

User Groups

User groups or associations have been conspicuously
beneficial to both the developers and employers of computer
hardware and software in the West., In both formal meetings
and informal communications these groups have shared
programs, ideas, and experiences in order to publicize new
levelopnents and alert other users to possible problems and
corrective measures for their alleviation or circumvention.

Such user group activity in the Soviet Union 1is
probably minimal. In 1968 there was an All-Union Congress
on Programming 1in Kiev, but there was no society in being

for programmers; instead, reports were published in
Kibernetika, a journal of the Academy of Sciences in Kiev.
(3N As of 1969 no organization comparable to the US

Association for Computing Machinery {(ACM) existed in the
USSR, although small user groups reportedly were exchaaging
software. (50) Thus, the numerous gatherings to discuss

Approved For Release 2004/0188&¢ KHA-RDP78-01092A000100060020-2



Approved For Release 2004/01/05 : CIA-RDP78-01092A000100060020-2
SECRET

topics o0i common concern to computer users appear to be
one-time events and not really countinuing organizations.
(145 (146)

The reason for the small number of formal Soviet user
qroups probably has been the lack of standardized hardware
and software in the Soviet Union. Tne various -hardware
zonfigurations of the same model of computer necessitate
software variations bpefore a given program <an be
successfully executed at another location. Also, the
1ndependence of computer manufacturers in the Soviet Jnion
1llows them to deliver a computer without the responsibility
for back~-up maintenance support, which in turn forces the
and user to develop independently his own software support,
4 practice which 1s unheard of in the West.

The ouly formal Soviet user groups are the associations
linked to each of the major computer models produced in the
Soviet Union {147-150) plus several miscellaneous groups
concerned with computer information dissemination. (148)
(151) (152) The largest and best organized group appears to
be the Assoclation of Users of the ¥4ir Series of Computers.
{150) “his association reportealy has a coanstitation,
charges Jdues, and has 102 organizations as members,
Probably the newest group to come into existence is the RYAD
sroup, formed in 1971 as an intergovernmental association to
liscuss wmethods of cooperation in using the KYAD S2ries.
{149) This qroup is probably somewhat premature since the
RYAD computer is still being developed and is far fromr being
in day-to-day use. However, 1ts 1inception and reported
axistence indicate that the Soviets now recognize that there
is much to be gained through standardization, cooperation,
and back=-up support in the computer hardware and software
areas,
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TECHNICAL APPENDIX
CHARACTERISTICS OF COMPUTER LANGUAGES

Computer languages can be characterized by certain
functions which they support, how well they are capable of
performing these functions, and how well suited they are for
certain applications. Following are definitions of five
attributes, each with three ratings for Jjudging how well
individual languages support these attributes, These three
catings are not absolute but relative; they represent
jross way of evaluating a language's capability. These are
followedi by definitions and general characteristics of seven
areas of application and by table 3 which summarizes minimum
Lanquage attributes desirable for these seven applications.

Language_ Attributes

Input/Qutput_Capability--The types of input and output
jevices that can be supported and the convenient use of the
devices,

1) Poor--The Jlanguage supports only a very basic
I/0 capability, such as paper tape input and output or
specialized sensor devices.

Z) Fair--The language support includes the basic
capability plus magnetic tape handling and a printer

capability.

3) Good--The language supports basic I/0, tape
handling, printer capabilities and random access
devices.,

String Processing--The capability to handle
alphanumeric character representations in nonnumeric

operations.

1) Foor=--The language can support only fized
length striangs in a few basic operations.

2) TFair--The Jlanguage can support fixed and
variable length strings in a few basic operations.

3) Good--The 1language can support .fixed and
variable 1length strings in a wide assortment of
operations.

List Frocessing-~-The ability to list or chain together

logically related alphanumeric character strings.
1 Poor~-The language sSupports no list

capabilities explicitly but does allow proyrammers to
create their own form of list processing.
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2) rair=--"The language supports basic list
processing with a few basic operations.
3) Good--The lanquage supports 1list processing

very easily and contains many operations.

Computations--The ability to perform mathematical

operations.

1 Toor--The lanquage supports basic operations
{addition, subtraction, multiplication, division) in
perhaps one number form (i.e., floating point only).

2) Fair=--~The language supports the basic
operations in both integer and floating point
representation,

3) Good--The lanquage supports basic operations in
multiple representations and easily describes
mathematical calculations. A large mathematical
suproutine library is included.

Report _Generation--The ability to write "management
type" reports including both computational results and
alphanumeric information.

1) Foor--The 1language supports a very basic
capability for printing in which a programmer has to
worry about many details.

2) Fair--The lanquage supports a basic capability
and includes aids to simplify the programmer's effort.

3) Good--The 1language supports a sophisticated
capability making it very easy to write reports.

Command_and Control--A computer system which supports
various levels of military personnel in a chain of command
by providing information necessary to <carry out their
objectives. 4 command and control system relies on such
aperational subsystems as logistics and tactical systems for
information. It is a military management information systen
with the following characteristics:

1) Large amount of data,

2) Relatively simple calculations,

3) Complex data handling requirements, and

4) Complex report generation.

Tactical System--A computer system which aids in the

arranging, positioning, or maneuvering of forces in contact,
a2r near-contact, with the enemy so as to achieve the
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objectives in an air or surface battle. Characteristics
are:

1) Storage of vast amounts of data,

2) Retrieval of vast amouats of data in real tine,

3) Formatting and printing of small amounts of data,
and

4) Deleting and adding elements to large lists of data
in real tine,

Logistigs_System~-A computer system that facilitiates
the support given by a command (or other) oryanization to a
person, activity, unit, or force in which all or any part of
its supplies, egquipment, combat materiel, maintenance,
transportation, administration, or any other service is
furnished to enable the person, activity, unit, or force to
carry out its own operation more expeditiously.
Characteristics are:

1) Storage of vast amounts of data,

2) Retrieval of vast amounts of data in a reasonable
time period,

3) Conmplexity of interrelated itenms,

4) TFormatting and printing of large amounts of data,
and

5) Deleting and adding elements to large lists of data
in a reasonable time period, i.e., one to seven days.

Guidance System~~A computer system which completely or
partially controls the act of guiding a moving object (€eg.,
rockets, bowmbs, or other missiles) along a course,.
Zharacteristics are:

1) Real time,

2} Storage of a small volume of data, and

3) Complicated wmathematical calculations.

Brocess_cControl System--A computer system used in
controlling some technological process {esg., petroleun
cefining or steel making). An advanced process control
system is a closed system in wnich inputs are evaluated and
an _optimal output command (e.yg., change the temperature to
115 deqrees) is sent electronically without human
intervention. An elementary type is an open system in which
the suggested cutput command is printed or displayed and
auman intervention is required actually to execute the
command, (¢.9., turn the burners up to increase heat).
Characteristics are:

1) Real tinme,

2) Storage of a small volume of data,

3) Simple comparisons of values against obdject values,

and
4) Complex calculations (required for the advanced
type).

Computer-Aided_Design_Systen (digital computers) -=A

zomputer syster used to facilitate the design and
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implementation of diyital computers. <Characteristics are:
1) Storaqge of large amounts of data,
2) Complicated mathematical and logical
computations, and
3) Good report generation capabilities.

Scientific and Technological Problems~--Problens
concerned with complex computations such as matrix
inversion, evaluation of mathematical formulas, and

angineering calculations. Characteristics are:
1y Minimal input/output,
2) Vast amounts of computation, and
3) Erocessing of a small volume of data.

Table 3 summarizes the minimum language attributes
jesirable for these application areas.
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TABLE 3

Minimum Language Attributes Desirable for Certain Applications

Application Input/ Report
Areas Output String List Computation  Generation

Command &

control good* fair fair fair good*
Process

control fair poor poor good* poor
Logistics good* fair fair fair good*
Tactics good* fair fair fair fair
Guidance fair poor poor good* poor
Computer-

aided design fair fair fair good* fair
Science &

Technology poor poor poor good* poor

*Indicates that the attribute is very important for the application area.
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