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“. .. lel us scientists continue to exchange information
in friendship and peace.”—From a Russian (foasi.

Swmmary. The paper presents a factual account of the trip of
“ihe U. 5. technical delegation in computers to the Soviet Union. 1t
‘ncludes the itinerary, deseriptions of specific Soviet computers,
deseriptions of certain computing centers, a discussion of Soviet
computer-oriented education, and a description of eurrent cireuit
and component development. In appendices are given the instrue-
tion repertoire of the Urar-T and the Uran-I11 machines, and an
analysis of some magnetic cores. The paper is extensively illus-
trated and containg a bibliography of relevant Soviet docnments.

liprror’s Nore: In contemplating the large amount of factual
information, impressions and statisties which our delegation ob-
tained in the two weeks we spent in the Soviet Union, it seemed
advisable to me {0 present {his material by topice, rather than to
recite 1t in the chrouological order of eollection. T have, therefore,
arranged the information under subject headings which appeared
to be fitting. For this reason much of the text which follows repre-
sents my own wording, although euch delegate may reeognize
phirases, sentences, or entire sections as being his awn.

Because of the difference between the Roman and Cyrillic al-
phabets, the rendition of Russian names into Rnglish is subject o
congiderable variation. In this report T have attempted to use
conglstently the system of transliteration adopied by the United
States Board on Geographic Names. ITn many instances the names
of the Russians we met were avaitable 1o us in both the Cyrillie
and Roman alphabets; consequently 1 have been able to verify the
English rendition.

From visits of previous groups to the Bovief Union and from
open literature sources, a certain amount of information about
Russian computer development has gradually been aceumulated.
In order to maximize the effectiveness of our visit, the delegation
made a strong effort not to investigate those areas which previ-
ousty had been described. However, in order to make this report
comprehensive within itself, T have taken the liberty of including
a small amount of material from other sources. In particular, I
have carricd forward some of the information obtained by the
Beott, Carr, Perlis, Robertson group who visited the Soviet Union
in August 1958.

I have also cross-checked a few other references in an effort to
reduce conflicts between our information and that previously re-
ported. It is hoped that this present veport represents an essen-
tially correet picture of the Soviet computer field as it is visible to
visitors from the western world.

[ have elected to report in a positive and definite siyle, but
there is, of course, always a possibility that our factual material
may be wrong. Among other things, the dificulty of communicat-
ing across a language barrier introduces nneerlainties into the
information.

Organizalion of the Report. This report hag heen divided
into the following major sections:

History of the Delegation

Ttinerary

Organizations

Specific Machines

Other Machines

General Development of Machines

Applications

Cireuits and Components

Major Machine Componcents

Fdueation

Chinese Developments
Under “Organizations” is also included a certain amount
of technical material of a miscellaneous nature which did
not conveniently fit. into other scetions.

History of the Delegation

As a result of negotiations between the National Joint
Computer Committee of the United States and the
Academy of Beiences of the Soviet Union, an arrangement
was concluded whereby a Russian delegation would visit
this country in April of 1959 and an exchange American
delegation would visit the Soviet Union in May of 1959,
Irom April 19 to May 1 the Russian Delegation of seven
visited approximately twleve factories, installations, re-
search estabtishments and other activities in the United
States. The details of this group’s itinerary and discussions
have been published separately?

Because the exchange had been arranged in the name
of the National Joint Computer Commitiee as a representa-
tive of the computer societies of the United States, and
because this was an exploratory trip, it was considered
desirable that each of the three societies which vomprise
the National Joiut Computer Committee, us well as the

Y 8ee: (1) Status of Digital Computer and Data Processing De-
veloprient tn the Soviet Union, ONR Symposium Report, ACR-37.
(2} Comm. Assoc. Comp. Mach. 2, No. 6, (Tune 1959), 8.

*Bee: (1) Comm. Assoc. Comp. Mach., 2, No. 11 (Nov. 1959}, (2)
Trans. PGEC, Vol. EC-8, No. 4 (Dee. 1959).
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NJCC itself, should be represented on the delogaiion.
Six of the cight members of the delegation weare therefore
officers of the NJCC or its member societies, or yepre-
sentatives of one of these. The two other positions were a
representative of she many governmant  departments
which participated in the Russian visit to this eountry,
and the interpreter for the group. The delegation was
fortunate in having as a member Professor Lipran Bers
of New York University; beeause of his personal stature
as a mathematician and his fluent knowledge of Russian,
we were able to obtain insight into Russian mathematics
and social life.

The members of the American Delegation were as
follows:

Name Afflation Representing

Morton M.
Astrahan

Chairman of the Dele-
gudion, Past Chair-

International Busi-
ness Machines

Corporation man of NJCC
Samuel N. Nutlional Bureaw of | United States Covern-
Alexunder Standards ment Ageneles
Paut Armer The Raxo Corpora- | Vice Chalrman, NJCC
tion

Institute of Mathe-
matices, New Yorl
University

University of Michi-
gan, Bendix Sys-
tems Division

University of Cali-
farnia

Lipman Bers Tnterpretor

Hurry H. Goode Chalrman, NJCC

Harry D). Huskey Vice Chairman, Asso-
ciation for Comput.-
ing Machinery

Chairman, Computing
Devices Committee,

Morris Rubinoff Phileo Corporation

Anerican Institute
of Iilectrical ISngi-
neers

Willis H. Ware Chairman, Profes-
tion sional  Ciroup  on
Electronic Com-

puters of the LRI

The Raxp Corpora-

In addition, Mesdames Astrahan, Alexander, Armer,
Huskey, and Ware aceompanied the group. Fach member
of the delegation was financially supported by his own
organization, or by a special grant from the government.
Each wife paid her own way.

In an international exchange of this kind it must be
recognized that the difference in language is a serious
barrier (o Lhe interchange of information, While the delega-
tion had available the finest of interpreters, and while
the translating in general was very good, in all cases the
necessity of communicating across a language barrier
hindered the free flow of ideas. It was apparent on many
oceasions that an inadvertent mistranslation of a single
word changed the meaning of a key sentence or mis-
divected the entire conversation. For this reason it was

# Professor Bers used the oceasion to cstablish contaet with
mathematieians in the Soviet Union. A copy of his repori can be
obtained by writing to him.
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often neressary 1o rephrase and repeat g question S
fimes i order to convey the proper implication Ty

formation el forth in this report differs serionsly
that reporied elsewhere, there is, i addition tg thig r ‘
ficulties imposed by the language difference, the poss ”31? -,
thet some of the work in question is srill -:experirneﬂwﬂ }
raay therefore have changed sinee an eavlier report i

ltinerary

The delegation arrived at Vnukove Adrporr, ;\I(_j‘gwq,m%. .
at approximately 10:35 p.m. Sunday, May 17, ']B‘f?ﬁ':“i.‘
We were met by our host, Aeademician Sergei A, I.el‘rea-@:{:”f’?;“
and three members of his Institute: Vietor K, Zeidq-:--;-lh ‘
and Aleksei S, Fedorov, electrical engineers, and AT is
Anna 1. Mariynova, & linguist. The men were lransyrey ps ¢
1o the Tolel Sovetskaya by bus, while the womew, ar
Miss Martynova traveled to the hotel by car. Tt is AP
priate at thiz point to express publicly the gratitizee of
the delegation to thelr host and to the techrical grygyiges
who were to make the stay of the delegation in F#2 yyasis
so pleasant, so cordial, and so memorable. i

Mondoy, May I8

After the necessary but time-consuming escharngre: o
dollars into rubles, the group traveled to AcaderyaiseTang
Lebedev’s Institute of Precise Mechanics and Compun ot ing
Techniques, which ig located at 51 Leninskly Prospards:

in the southwest section of Moscow, In the momirags ke
work of this Institute was generally discussed and zx wimi
was made 1o the Bresv-T installation. Following hurrerdby swie
visited laboratorics working on the following topi B

1. TFransistor parameters

2. Transistor circuits

3. Core materials

4. Core switching time

5. Thin magnetic ils

6. Magnetic circuits

We met or spoke with (he following people:

I. 8. MukHiy, Deputy Director of the [nstituf«

V. A. MEeL~xikov, Engineer

V. V. Barpizn, lngineer

P. P. GoLovisTikov

Yu.l. SHarapov

~~~~~ VasILEY

. . . a . TS BT
+1t is frequent in Russia {or an organization to be narzw@td 1%

d H P P—— "
honor of an important personage. This is done by coupl ’i'f'" Hﬁ’:‘;
name of the institute to the name of the parson with the€ ] :;r;.,

£ =

“imeni” which means “in the name of.”” The proper name * .
Steklov Institute is, therefore, the Institute of Mathematics ﬂffm‘i
V. A. Bteklov. Frequently such long titles are shortened by il‘b”}@‘
the man’s name to describe the institute. Another example 3% sy
of Moscow State University imeni M. V. Lomonosov, whick* 1” fre.
quently called simply Moscow Staie University or, somﬁ'r;'lj:i
Lomonogov University, (n other aceasions an inslitute is 1’?_’;( f;‘{?ur'@
to by the title of its director. For example, the Institute of ¥ ; t;.‘_lfn:?
Mechanics and Computing Techniques is sometimes referr€ L-o n:; r:i%.
Lebedev’s [nstitute, although this particular case creates ‘_L'I s
sion because of the Institute of Physies imeni P. N. Lebed €™~




Fic. 1. AL the Moseow Computing Center of the Acudemny of

i Brienees.
Tuesday, May 19

The group visited the Moscow Computing Center of
4he Soviet Aeademy of Sciences. This organization and
part of the Mteklov Institure for Mathematics' share a
Hakding at
' Akademichesky Proead
Dom No. 28
Moscow V-134.

We discussed the work of this organization and visited
tthe Unar-1, the 8reena-T115 and the Besa-11 installations,

We met or spoke with the following people (fig. 1):

A, AL Doroonrrsyw, Director of the Compuling
center, Acrodynamicist
V. A, Drrxay, Deputy Direetor of the Computing
- Center
V.M Ruzocakix, Head, Programming Laboratory
: A, P Yersuov, Head, Theoretical Programming
Department,
V. P. Syuzyvaaiy, Chief Engineer
P, I Cuvsukiy, Scientific Stafl Worker in Aero-
dynamics and Gas Dynamicg

Following lunch the group split into two parts. Bers,

Goode, Rubinoff and Ware discussed with (i, B. Lin-

s Gecnsional references in the literature have suggested that
fdifievent versions of the SrevLa machine exist. For instance, in
; H(tmnzau'on, Vol. 5, No. 4, page 14, reference is made to
cthe Strera-TII machine installed at the Academy Computing
“Center. Other references in the literature mention a StreELAa-1, a

SrrELa-1T and @ SteELA-TV.

kovsky his theory of the memory function in the human
braiu, The rest of the group visited and heard deseribed
the Brav-I1L

Wednesday, May 20
In the moring the group visited the Institute for
Sefentific Information in Moscow, located at Baltiskaya
Ulitsa 14, and discussed its work on information storage,
retrieval and dissemination. We discussed al some length
plans for automating these funetions with Professor L. 1.
Gutenmakher. We met or talked with the following
peaple:
Professor A. [. AMixitaicov, Director, All-Union In-
stitute of Seientific and Teehnical Information (VINITI)
Professor L. 1. Guresaaxa sy, Head, Laboratory for
Electro-Modeling
e RAKQV
e CHERNY
In the afternvon the group reconvened at the Tustitute
for Precise Mechanics for a discussion of language transla-
tion. We met or falked with the following people:
[ 8, Mukury, Deputy 1irector of the Institute, in
charge of language transtation research
V. V. Ivavov,® Head, Language Translation group
——JNORDER, istan{ ta Mukhin
V. V. Paugros,” German-to-Russian translation
G. A. Vorersk, Japanese-to-Russian translation
{(Mrs) T, M, Nikoraveva, Russian-to-other-lan-
guages translation
V. A. Vouwoxry, Chinese-to-Russian translation
Ronrrsky,® Russian-to-other-languages transla-

tion

(Miss) A. L. Marryvova, English analysis (one of
our techuical guides and the principal Sovier interpreter)
(Mrs) G. P. Zeueskevicn, Mathematician
N. O. Kororryv, Mathematician
M. B. Yrriwov, Japanese-to-Russian translation

Thursday, May 21
The group again split. Goode and Rubinoff visited the
lustitute for Automation and Telemechanics at 13A
Kalanchevskaya Ul, Moscow 15, They discussed analog
computing devices und developments in switching theory
and remote control. They met or gpoke with:
Bores 8. Sorskov, Deputy Director
A, M. Gavruvov, Senior Professor
B. Y. Kocax, Engineer
—e PETROVSKLY, Secretary of the Institute
e P ARK HOMEN KO
~——(YRUENBERGER, Stall Engineer
G. K. Moskarov
¥ Affiliation uncertain. He may be a general consultant to
IPMCT and also affiliated with The Institute of Language Studies
of the Academy of Sciences, with the Committee for Applied Lin-
guistics of the Academy of Beiences, with Moseow State Univer-
sity, and with the [nstitute of Pedagogical Seiences.
7 Spelling uneertain—may he Parshin.,
# Spelling uncertain—may be Barbitsky.
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Fhe rest of the group visited the Lomonosoy campus
of Moseow Srate University and its computing center.
The work of this computing center was diseussed and the
Qisena and Serox installations were visited and deserthed.
We met or spoke with the following:

Academician 8. L. Sosorev, Head, Computing Chair,

MSsU

[ 8. Benezis, Director of the Compuating Center

M. 12, Suuia-Bera, Professor of Numerieal Analysis

N, P Zrroxov, Professor aud Senior Seientist

N, 1. Breusexzov, Chief Eogineer of the Sgruy
roachine

The Direeior of Moscow State Universily was host to
the delegation at a formal luncheon in the university.
At this tine we mel ar spoke with the following people:
[. G. Pemavssry, Hector, Mogcow

Academician

Stnte University

N. P Zurorov, Professor and Senior Seientist
Aeademician 1. M. Gerraxn, Professor of Mathe-
matics, MSU
Academiciun B IR Suaraeevired, Professor of Mathe-
matics, MU
Acadernician 8. L. BoroLey, Head, Computing Chair,
May
Yo. M, Laxors
[. 5. Berezin, Director, Computing Center, MSU
e NTRIPOTROV, Hend, Foreign Dept., MSU
M. R SBuuea-Buia, Professor of Numerieal Analysis
The part of the delegation which had visited the Instivute
for Automation and Telemechanics arrived in time to
join the luncheon,

In the evening Academician and Madame Lebedev
were host to the defegation at their Moscow apartment.
Following an outstanding example of Russian hospitalily,
the group departed on the overnight Ted Arrow Lxpress
for Leningrad,

Friday, May 22

The delegaiion visited the Computing Center of Lenin-
grad University, which is physically located n the build-
ing of the Institute of Mathematics and Mechanies, The
address is;

Fak. Vychislitel'nyy Tsentr

Matiko-Mekhanicheskiy

10 Pinikh D, 33

Leningrad, B-178 B. 0.
We discussed at some length the curriculum for training
of computer-oriented mathematicians. We later visited
stallations of the Unar-[, the BV-80, the MN-M and
the MPT-9 analog machines. We met or spake with the
following people:

; Professor 8. V. Vattaxpen, Director, Institute of

I\‘[’utrhomzu tes and Mechanies; Hydrodynamicist

) M. K. Gavonix, Deputy Director, Computing Center:

Professor iu the Theory of Punctions 7 '

. At N. BaLuyey, Second Deputy Director, Computing

Jenter

134 Communications of the ACM

—Burovsiky, Research  Assistant,  Programmer,
Statistician

¢ Ya. lrriavov, Research Associate,
interested in Mathematios and Linguisticg

trofessor 10, K. PADEYEY

Mrme. V. IL. apeyeva

Mme. 0. A. Lapvzamsskava, Mathematician, in
terested in partial differentiul equations

Professor 8. (. Mikunixy, Mathematician, interested
in integral equations

Programmer

Professor M. L. Tswruiw, Logician, interested i
the Theory of Automata

Saturday, May 23

The group visited the former summer palace of the
Clzars at Peterdvorets; in the afternoon we visited oller
historical sights around Leningrad. Saturday evening we
returned by overnight express to Moscow.

Sundeay, May 24

In the afternoon the group visited the Kremlin and, in
addition to the more usual tourist sights, were privileged to
have special permission to see the Great PPalace of the
Kremlin,

Monday, May 25

The group split into three sections. Armer met privately
with Yershov to discuss matters of prograraming and
operation of the Academy Computing Center. Ware me
with a group of BrsM engineers to discuss general matters
related to design philosphy, reliability, components, and
so forth. Ile spoke with:

V. V. KoBeLEY

V. 8. Burrzey

V. Ya. AvEksryRv
M. V. Tyarxrrw
V.N. Laur

The rest of the group left by plane for Penza to inspect
the computing machine factory and to see the Urav-l
machine in production. (Address: Vavod Schetno Ana-
licheskikh Mashin, Penza.) They also saw the prototype
of the Urar-II and {earned its characteristics. They mel
or spoke with the following:

V. A, Morkiy, General Manager

V. A. Buanov, Deputy General Managoer

V. M. Srepavov, Iingineer of Soviet Production
A. ML Ivanov, Engineer of Regional Production
A D. Paveov, Engincer

B. I. Ramevey, Chief Design Engineer

Tuesday, May 26
The group reconvened at the IPMCT for a roundtable
discussion. Such topics were discussed as digital differential
analyzers, the relation between digital differential analyzer
and general-purpose machines, the inter-connection of
computing machines by communication networks, re-



ransisiors, machine organization, ete. The
as follows:

aifity of
»3_}1(‘? wiu)m we met and spoke with are
rrrrrrrrrrrr BacmN

B, F. BeErEzeNGY

T, P, GoLovIZTIKoy

N. N. Cuexrsoy?
Vil SHARAPOY
s G
=,

I ALASHNIKOVS

K. NESLUKHOVAKIY
M.V, Pyarxiy
A N, Laur

e U7 MICH BV

(. K. SHCHERBAKOYV
V., YA ALBKSEYBY

— — CrALSKIY

P. 8. OraBvSKLY
——ITKEBVICH

V. V. KoBELEY

V. V. Baroizy

Wednesday, May 27

In the morning and early afternoon, the group visited a
facility of the Moscow Computing Muachine factory where
“we saw and heard deseribed w hitherto undisclosed machine,
the M-20. We mei or spoke with the [ollowing people:

[. . Konvagniy, Divector of the facilily

M. K. Svnv

Koxpravov

- BOLOVEY
. We again were treated to Ilussian hospitality with a
ssumptuous luncheon served in the Director’s office.
© Lale i the afternoon the group flew to Kiev where they
were met by a parly from the Computing Center of the
“Ukrainian Academy of Sciences and driven to the Hotel
Ukraina,

Thursday, May 28

The group visited the Kiev Computing Center of the
Ukrainian Acadeny of Sciences located at:
Bolshaya Kitayezskaya 115
Kiev 28
We discussed the work of the computing eenter and learned
of some of their automatie programming work., We also
visited and had deseribed the Kimv computing machine,
4 special purpose analog computing machine, the Szsm
computer, and some experimental work in character
recognition.
We saw or spoke with the following people:
V. M. Grusugov, Director, Computing Center,
Academy of Scienee, Ukrainian SSR
B, N. Mautxovsxkry, Proxy of the Director of Scien-
tific Matters, Candidate of Technical Sciences
A. I Koxoavyey, Scientific Secretary, Candidate of
Technical Sciences
G. E. Prkuov,
Technical Seiences

Head of Department, Doctor of

? Initials uncertain.

L. N. Dasurvskry, Head of the Department (in
charge of Kiev machine), Candidate of Technical Sei-
ences
Yu. V. Buacovesacamnskry, Chief Secientifie Asso-
ciante, Candidate of Technical Sciences
V. N. Ograrrxko, Chief Scientific Associate, Candi-
date Physico-Mathematic Sciences
E. L. Yreaenexko, Head of Department, Candidate
of Physico-Mathematic Sciences
Z. 1. RasiyovieH, Chief Scientific Associate, Candi-
date of Technical Sciences
. B, Sunamanskry, Head of Department, Candidate
of 'I’hysim-i\-’Ia‘rhemﬂti(', Sciences
I. T. Papxmnomexko, Chief Fngineer (acting)
Y. T. Mrronissxry, Chief Engineer
V. A. Kovanevskiv, Chief Scientific Associate, Candi-
date of Techuieal Sciences
V. L Skurixuin, Chief Scientific Associate, Candi-
date of Technical Sciences
N. N. Pavrov, Junior Scientific Associate, Candidate
Technical Sciences
R. Ya. CuernyakH, Candidate of Technical Sciences
V. V. Kravxrrskry, Chief of Department
That evening we were the guests of Dr. Glushkov and
other members of his organization at the Dynamo Res-
taurant in Stadiun Park in Kiev.

Friday, May 29

The group returned by air (o Moscow and spent the
balance of the day preparing for departure.

That evening a farewell dinner was given for the dele-
gates and their wives by Academician and Madame
Lebedev at the TTotel Ukraina. In addition to the Lebedevs,
the U. 8. delegates and their wives, the technical guides
and interpreters, also present were Professor Ditkin,
Mr. Bardizh, Mr. V. 8. Petrov, Director of the Moscow
Computing Machine plant, and Mr. P. 8. Oraevskiy,
Stall of the Presidium Office of the USSR Academy of
Sciences.

Saturday, Mat 30

The delegation departed from Vaukovo Airport, Mos-
cow, via Aeroflot TU-104A Jets, some of the party pro-
ceeding to Copenhagen and the remainder to Amsterdam.

It is interesting to note that the only locations where
the group was requested not to take photographs were
the computing machine factories at Penza and at Moscow,
the Tusiitute of Autemation and Telemechanics, airports
and coastal locations. At no time was there any restriction
on making notes. A number of the photographs which
were taken by various members of the group have been
included with this report, in order to illustrate some of
the machines seen and some of the new developments in
Soviet computer tochnology.

In judging the quality of the pictures included in this
repart, bear in mind that conditions for photography were
not always ideal. Some of the illustrations are reproduced
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from 35 mm color slides; others are reproduced from black
and white negatives taken by subminiature cameras, or
from black and white prints. In some cases a picture is an
enlargement of a portion of the original.

It is hoped that the llustrations, thongh sot always
technically exeellent, will contribute to a sense of famil-
inrity with Soviet personnel, plices and machines.

Organizations

The Institute of Precise Mechandcs aned Compnding
i 4
Technigues

This was the host Institute to our defegation (fig. 21, Prior
to coming to this Institute as ity Director, Aeaderician
Lebedev was at the Iiev Academy of Sciences and
was responsible there for the construction of the Mr
digital computing machine, said by the Kiev workers to
be the first electronic computing meachine in continental
Furope., Subsequent to hiz coming to Maoscow as Director
of IPMCT, Academician Lebedev has been responsible
{or the development of the Besa-l, Bess-Ll, and olher
machines,

The building itzsell is reminiscent more of an academic
building than an mdustrial building. It is equipped with
the usual offices and laboratory facilities as well as a
large lecture hall. Within an office the decor tends to be
ornate; the entrance door is frequently padded on both
sides with what appeared to be leather, and heavy drapery
ugually hung across the doorway and at the windows.
The ceiling height was somewhat higher than that of
contemporary  American construetion, but we felt in
general that working conditions in the offices and in the
laboratories were good. There appeared to be an adequate
amount of room and the workers were comfortably sup-
plied with material and equipment. The building was
constructed in 1951, Mauy things testified (o the steady
and heavy usage which it has received. In Russian {radi-
tion, the Hoor is parqueted and of unfinished cak. As in
nearly every building, there are two sets of permanent
windows for weather protection.

Most of the discussions which took place at TPMCT
fit naturally into other parts of this report; however, the
discussion of the second Tuesday afternoon was so hetero-
genous that it is included here. This discussion had been
suggested by Lebedev in order to give a large number of
his staff an opportunity to exchange information with
the delegation. During a discussion of digital ditferential
analyzers it was indicated that the interest at IPMCT
in this deviee was ag an adjunct to a general-purpose digital
computer. The opinion was expressed that the DDA
might be a very useful device to process input information
for certain kinds of problems Lo be handled by a general-
purpose machine, e. g., partial differential equations.
Such a capability might be added to the Brsm-IT. They
were familiar with the American literature on this subject
and asked by name about the TrreE machine. Other
unnamed institutes in Russia are actively engaged in
designing and constructing digital differential analyzers.
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fnw dizeussion ahout the structure of machine ingiey,..
fiuns, Lebedev commented thet they had in the po
preferied three-address  instructions; but, sies lopes,
stores and longer addresses have appeared, they now [(;,}‘{;
towared single-address instructions because the word leng: 4
for o three-address format becomes too long {or the pz-{?«;.
sion needed in the arichmetic, They have made an analbysi.

of o number of problems which shows thal most machine
operations are two-address in nature; the opinion wa.
EXPICSE
he an eventual and reazonable compromize,

The Institute of Automation and Telemechanies i

f that a two-address instruction format mighs

considering combined analog-digital computing svsten,
for some of their problems. It has boen their expevience
that unacceptable errors aceumulate when large problems
are atfempted with an analog compurer. Because of
higher unit costs for digital equipment, more money js
avallable for it than for analog equipment.

TPMOT hopes o improve the speed and logieal design
of their machines by using special vacuwn tube strielures
for binary wadders and switching, They {eel lhat ferrites
are nol fast enough {or such special structures; nor de
semi-conductors appear to have a place for this purpose.
Low temperature, thin filmi magnetic devices are heing
seriously considered for more sophisticated, multiple-
element switching devices.

There geemed to be general agreement between the
Russian group and the delegation on the techuiques for
faster machines. Suggestions included: sirnultaneous opera-
tions such as overlapping the fetch of the next instruciion
with the execution of the present instruclion; making
slower units work in paraliel to feed faster units; accelerating
tast units by improved circuit techniques, or more sophis-
tlented logical deviees; inelusion of new multiple operation
instructions v the wmachine repertoire; imcreasing the
size and speed of the working store. In connecetion with
the size of the working store, it was felt by the Russuans
that 5o far as scientific caleulations are concerned o large
store may help programming cfficiency more than it con-
tributes (0 Increased machine speed,

We were asked about transistor reliability in our

Fig. 2. The Tustitute of Precisc Mechanies and Computing
Techniques.



nm(?hihea‘ and we in turn inquired about their comparable
experience, They referred to a working experimental
transistor machine elsewhere in Moscow which contained
several thousand transistors. Their life experience indicated
that & few fens of transistor failures had occurred in a
few months of operation, of perhaps five hours per day.
They expect to publish details of this muchine soo.
They have experimented somewhat with computing
machines connected to ecommunication lines, but this is
not & regular technique. They felt that machines coupled
by communication networks is not a lechnigue to be
studied of itself. The details of each application would
depend on the problem to be solved. Lebedev maintained
strongly that it does not make sense to share a4 problem
between several machines linked by communication chan-
nels, although he did admit that for special purposes it is

‘reasonable to transmit data over lines to the machine.

The Moscow Compuling Cenler of the Academy
of Sciences

The Computing Center of the Academy of Sciences wus

formerly a part of TIPMCT. As it expanded it moved to
| its own building, of which it now occupies the first and
- third floors. The second floor is occupied by mathematicians
* of the Steklov Institute.

About 95 per cent of the machine hours at the computing

- eenter are devoled to seientific and technical work; in

the course of a year about 100 different institutes put

- problems on the machines. About half of the machine time
" is used by compuling center personnel themselves with

. putside institutes using the other half. The outside cus-
¢ tomers all do their own programming, and, for the most
part, are physicists and engineers who have received
training in programming from the computing center.
At the moment there are approximately 300 people in the

computing center; bul it was estimated that 1,000 people

- would be required to do all of the pmgramming_for the
~ work being done on their machines—the Streva, the
. Urar-I, Besw-1 and the Brsm-IL Apparently the comput-

ing center still makes extensive use of the Besm-I, even

© though it is located in the nearby IPMCT building. It ap-

pears thab Brsnm-T1, although just finished, provides pmduc-
tion time. A typical problem was said to be approximately

. 500 three-address instructions and would take about ten

: prograniuer. [n general, an operator is prov

days to be programmed and coded. In such a problem ‘tén
Programming errors would be regarded as a poor showing.

The general mode of operation is as follows. .Progmm-
mers from the outside who come to the computing center
with a problem apply to the scientific secretary of the

. computing center. He assigns someone from the computing

center to provide any assistance needed by the outside
ided for each
machine, and only programmers with specific permission

ecan operate the machine personally. Normally a program-

mer can expect only one code check pass per day at &

o himo; with & very high prioity he might gel two or

“ three passes.

' A Iil’()gl‘&-mmer is required to submnit his manuseript in
ink. Examples of manuscripts which we saw ndicate that
often a manuseript is written in pencil autil it is thought,
to be correct, and then redone in ink. The manuscript is
t.hen keypunched twice, and the two decks compared, be-
fore being sent to the machive. The output cards are
handled on an off-line printer.

In general, there is a reasonable amount of cooperntion
between the machine designers and the programners,
with the programmers taking a considerable part in the
design of machines. However, their experience has been
that in most organizations which received a machine »
local group of engineers was willing and eager to change
the character of the machine. In this connection it was
observed that the interchange of routines for Srrena
machines was virtually impossible because no two of the
machines were alike. It was also suggested that the same
situation prevails for the Urar-I machines. As a rvesult,
user organizations do not exist for the Unar-I or S1REvA.
Dorodnitsyn thought it was too early to standardize on a
specific machine language for the whole of the Soviet
Union. He suggested that they plan to design a fwrge
number of machines and to construct enough of each to
provide adequate operating experience. Perhaps in five
years a decision would then be made as to which machive
and which language should be chosen for standardization.

The computing center’s responsibility is largely for
scientific and engineering caleulations. A government
scientific technical committee has recently been formed
and will be responsible for conumercial applications of
compubers. Any special machine required tor thiy work
will presumably be developed by laboraiories or institules
connected with industry, rather than by those connected
with the Academy of Sciences.

The Moscow State University tmeni V. M. Lomonosoy

Department of Mathemalics. Mathemstics at Moscow
State University is taught in the Faculty (i. e., depart-
ment) of Mathematics and Mechanics. Most other Russian
universities have a joint Faculty of Mathematies, Me-
chanies and Physics. The Dean of the Mathematics and
Mechanics Faculty is now the fluid-dynamicist N. A.
Qlezkin, who succeeded Kolmogorov. A Mathematics
soction of the Faculty comprises eleven subdepartments ot
“chairs,” each of which was originally occupied by 2
single professor, but now includes several people. These
chairs and people in charge are as follows:

Analysis. ...ooiei LN V. Yerrov!t
{This Chair is the service part of the de-
partment. It is responsible for the
teaching of mathematics to nonmathe-
maticians throughout the university.)
Geometry and Topology. . ... .ovv v e
Differential Geometry....... ..o
Differential Equations. ... .. ...
Probability and Statisties.............-

. 8. ALERSANUROY
g, P. Frnigov

[. G. PETROVSEIY
A. N, KousoGoroy

19 Tnitiafs uncertain.
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Number Theory and History of Mathe-

mabies, ..o .M. Genrann
Fuanction  Theory  and Funetional
Analysis............... ... ... D). YE. MENsHoy

Logic. .. ... 0 ALA Margov
Computational Mathematics......... 5. L. BopoLry

{This is the Russian equivalent of Nu-
merical Analysis.)

During the first two years, o student of mathematics
is not attached to a given chair but takes a standard set
of courses. After two years he must decide on his specializa-
tion., In making this decision he is helped by general
expository lectures given by a representative of each
chair, The above list of chairs indicates only u partial
picture of the overwhelming concentration of mathe-
matical talent at Moscow University. For instance, the
Chair of Function Theory and Iunctional Analysis con-
taing, in addition to its leader, such people as I. M,
Gelfand, G. Ye. Shilov. P. A. Ravkov,' and others,
L. 8. Pontryagin and M. M. Postnikovt® are attached to
the Topology Chair.

The mathematics group at Moscow State University
is equaled only at one or two other pluces in the world.

In addition to the strong mathematics department at
Moscow State University, there are prominent mathema-
ticians connected with other institutions of higher learning
in the Moscow area. There are also people whose primary
assignment is clsewhere, but who also teach at MSU;
for instanee, 8. N. Mergelyan, director of a computing
center in Yerevan, the capital of Soviet Armenia; and
some members of the Novosibirsk branch of the Academy
ot Sciences.

"The mathematicians in Moscow appear to be very well
informed on the work in the United States. They publish
a separate journal for translations of foreign papers, and
large numbers of foreign seientific books are translated
into Russian and published.

Computing Cenler. The Computing Center organiza-
tionally is within the Chair of Computing, although it
appears to he independent in the sense that it is separately
funded and has its own seientific council of representatives
from other Chairs in the University. Originally the Com-
puting Center consisted only of the Chair of Computa-
tional Mathematics, of which Sobolev is still the head.
In December 1956 they received a StrELA machine which
was characterized as the first computer that had been
built: by Soviet industry. The Center now includes two
laboratories devoted to different aspects of computational
mathematics. One of these is a programming luboratory
which is concerned with numerical solutions of applied
problems and includes several groups:

Electrodynamics: A, N. TrxroNov

Numerical Weather Prediction: I. A. Kos®L

Gasdynamies: G, I. Prrrovt®

Aulomatic Programming: M. R. Sevra-BURA
Shura-Bura’s group is also responsible for the Theory

s Initials uncertain.
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of Progmmming, and for providing computing se
to other people with problems. They charge 600 i3,
per hour for the Brrena,'t although the group sometiy.,,
does work for industry al ne charge, provided it is ..y
ficlontiy interesting.

The second laboratory at the Center has Just recerysy,,
been formed and concerns itself solely with numeriy.,
analysis, It is headed by N. P, Zhidkov,

The Computing Center is respousible for lraining .1
mathematicians who are specializing in computers, Fopeo,
per cent of the mathematics students at Moscow Styy,.
University are speciallzing in numerical analysls, Ty
every mathematiclan must take at least one yenr ..¢
numerical analysis and computing mathematies. "I
university provides its own maintenance engineers §
their machines,

The university cxpects to obtain a large, new, incus.
trially-produced machine in a year or two. Future us
of this new machine have agreed not to modify it
order that an effective interchange of routines might bu.
accomplished. At the moment an informal users” orgarn iz
tion of 20 members already exists for it.

The lack of an alpha-numeric printer is something «f =
nuisance to the Computing Center, and they hoped thas
such priuters will he available for their machines in tle
reasonable future.

The [nstitule of Awlomation and Telemechanics

It appears that most analog computer developments
take place at this instituie. It does work not only in the
development of specific analog computing deviees, ns?
also in the field of remote control devices, design of rexhuy
nelworks and the design of specific devices to assist 230
analyzing and synthesizing relay unetworks. We wors
shown the following devices:

1. A chopper-stabilized operational amplifier wheses
drift was 13 millivolts over 2 hours, or 66 millivolts oyes
8 hours. It consisted of an AC amplifier with a 100 ewaher

to 100 Ke pass-band in parallel with a chopper-stabilizedi
DC amplifier having a pass-band from zero 1o 100 eyeries

2. Function Generators, One type was the conventic:!
diode-function box, sometimes used in the inpub ov
the feedback position of an operational amplifier. A secois?
type was the drum having on its surface a wire shap s
te the desired function; this technique is familiar in 1124
United States.

3. Limiters. Two types were shown.

fah®

i1 The ruble/doliar ratio is ariificial in the sense that there w ‘
[ree market exchange of rubles for dollars, For a tourist or visits
within Russia the cxchange rate is set by the Government a% #
ribles to the dollar; however, the ratio for commercisl purpose
approsimately four rubles per dollar, This is verified partiniiZ
comparing the airline fare from Western Europe Lo Moscow W
the airline fare from Moseow to the same point in Western P
We found Lhat the 10:1 rate is more accurate in terms of purcl}mﬁ o
power; at this rate holel rooms and restaurant meals are shs‘éf"f*-f”‘;v
less expensive by our standards, but most hard goods are s Ta#
what more expensive.




-

4 A three-dimensional flight table with a 5 cyele/
- second response, and amplitudes up to 6 degrees on each
axis.

h. An Analyzer machine. This was developed by

. Gayrilov and Parkhomenko. 14 is intended to examine
“the performance of a given relay circuit to see whether
*it agrees with a previous analysis. It consisis of two large
“cabinels; the left one is a series of jacks, plugs and wires
“for simulating a desired tesh eireuit of up to 20 variables.
The right-hand box contains 480 three-way switches
Sarranged in 20 eolurons of 24 each. The 20 rows represent
“the 20 variables of the lest circuits and the 24 columns
_represent, 24 time steps. These switches are set to represent
the condition of each variable at cach switching time.
A step switch sequentially progresses through the 24 time
periods, in each of which the test in the left box is com-
pared to the state set by switches in the right-hand box.
“The machine stops if these do not compare identically,
and the designer can then study the situation to loeate
“the design error. At each such stop the machine also
spunches out a 45-column eard indicating the condition
.under which it had stopped. The machine could also
_simulate “race” conditions in relay circuits by inserting
“time delay devices of fixed values. This device used relays
:which had three coils and 15 contacts, five of which are
transfer contacts. A new version of this machine will
‘permit including time delays which will be variable by
six increments. This new design will also permit inter-
connecting other devices into the test circuits as well as
‘including a printer and other devices to permit analysis
‘of larger sequential circuits.

6. A Synthesis machine. This machine is intended to
‘synthesize a relay cireuil which in some sense is a best
one for carrying out a particular switching funetion,
Gavrilov felt that the algorithms for synthesis are not as
‘complete nor as well known as he would like. However,
he has developed his own theory of synthesis using simple
bridge circuits and can achieve minimal forms. A paper
ont Lhis subject is expected to appear soon.?

7. The Error-Correction machine. This development
machine is intended to correct errors at the receiving end
of a remote control eircuit. It is to correct single errors,
and detect double errors; it is to be expandable for multiple
error correction and detection, The technique is not that
of Hamming, but one which they had devised. The message
of N bits is considered as a mathematical group and there-
fore, the check bits are not necessarily distinguished from
the data bits. This seems to imply that some form of
dictionary look-up or word translation must be accom-
plished if the original data is to be reconstrueted from
this message. The information theory measure of the
number of bits being transmitted is not being used; two
representative bits out of four will oceur if single and
double error correction is done, but four representative

" Automatike Telemechanika. See also Proceedings of the Sym-
pogium on Switching Theory, Harvard University, April 1957,

bits out of four will oceur if single error correction only is
done '

8. Remote Control Device. This is a switching device
which has been developed for remote control applications.
It utilizes square loop ferrite cores, power transistors and
relays to create u 52-bit switch, It ean he used to send
several signals along a single twisted pair line for approxi-
mately 30 to 40 kilometers without amplification. ¥ some
degradation is permitted it ean be used for about 200 kilo-
meters. The frequency of operation was not specified,
but it is inferred to be of the order of a few kilocycles.
This device returns an echo signal to the sending stalion
to verify the correct (ransmission of the switching instrue-
tion. It apparently uses time-division coding, with syn-
chronization either by means of special clock pulses or
the alfernating current power frequency.

The analog computing cquipment at this laboratory
had been built in 1957 or 1958, This Institute is also
doing simulation in which a person is included in the
loop. Such simulations are being used for purposes of
design, testing of equipment, training, and predieting
performance of complicated systems of equipment and
people. Since the operational amplifiers available had
responses as high as 30 kiloeycles, problems were being
solved in terms of seconds per run; oceasionally problem
golutions were as high as 15 runs per second.

The AlU-Union Institute of Scientific Information'®®
(VINITI)

The Director of this Institute is Professor Mikhailov
(fg. 3). The Institute iz 7 vears old and its purpose is
to centralize collection and dissemination of scientifie
information from the USSR and the rest of the world.
It is responsible for receiving foreign periodicals and for
translating and disseminating these within the Soviet
Union. It is also responsible for producing abstracts in
many areas of science. Consequently, this Institute is
deeply concerned with the field of information retrieval
and it feels that its largest problem is the mechanization
of its processes. As journals are received at the Institute,
editors mark the parts of the article which are {o be
abstracted. The editorial board then sends this malerial
to an appropriate individual somewhere in the Soviet
Union for abstracting. After the material is returned to
the Institute, the abstracts arc edited and published. The
individuals who do the actual abstracting are workers
in the particular field and are paid for their contribution.
Mikhailov found that it was necessary to have a computing
center just to calculate what each abstractor should be
paid. In the field of chemistry they have approximately
20,000 abstractors working all over the country, and they
publish approximately 500,000 abstracts per year. This

13 See M. V. Gavrilov, V. M. Ostianu, V. N. Rodin, B. L. Timo-
fevev, Realization of schemes for diserete correetors, Electro T'ech-
nika, Doklady, Academy of Sciences, USSR, Vol. 123, No. 6, 1958,

1@ See: American Documentation, Vol. X, No, 1, January 1959,
page 5 ff.
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publication now appears a8 24 vohunes per year, and the
lead time for producing an abstract is from two to four
months after the appearance of the journal. Mikhailov
cstimated that the lag in the publication of a journal is
itgelf from three to six months, and he hoped, by mecha-
nizing his proecss completely, to reduce the total time
from first typing of the original manuseript to the appear-
ance of the abstract, to three and one-half months. One
technigue suggested by Mikhailov is to have the original
typist prepare some sort of tape from which the final
typesetting can be done.

On one wall of Mikhailov’s officc was a map of the
world. From each eountry a string led to Moscow and an
attached number indicated the number of journals re-
ceived from that country. A few such figures are as follows:

United States.. ...... ... .o L 1416
England. ... .. .. 844
Franee. ... ... . .. ... .. ... ... 49}
Ltaly. ... 368
Japan. ... ... oo 304
Australia.. . . .0 . L. 143
India............ ... ...l 142
Sweden............. .. i 133
Canada,. . .. . e 123
GOITANY . .o e s 123
Netherlands............. ... ... ... ..... 123
Spain.. .. ... . a1
Denpmark. ... 71
Porvtugal . ... 47
Argentint, ... ... ... . 42
Chili... ... ... 8
Teeland. . ... ... ... ... .. ... .. ... 3
Mozambigue. .............. .. L 3
Hawali............. ... ... coiveion.. 2

The additional work on information retrieval and
mechanization which this Institute is sponsoring in the
Laboratory for Electro-Modeling under Professor L. 1.
Gutenmakher will be discussed later as a separate topie.

Lendngrad Undversity imeni 4. A. Zhdanov

Department of Mathemaiics. The building of the In-
stitute of Mathematics and Mechanies of Leningrad
University is a very old one, and was at one time & girls’
school. The exterior is an off-shade of yellow which is 2
very common exterior finish in Russia. The interior
floors are parquet, but the wood is very rough and sur-
prisingly of random width; it has been stained a dark red.
In the Directer’s office were pictures of Khrushchev,
Lenin, and Engel. The appointments in the room reminded
us of the early twentieth century in the United States.

At present the enrollment is 9,000 day students and
6,000 evening students. There are approximately 200
students in the Department of Mathematics, of which

25 are at graduate level. The Departient of Mathematics

includes four sections; Mathematies, Computing Mathe-
matics, the Computing Center, and Astronomy. The
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Fia. 3. Professor A. I. Mikhailoy, Director, All-Union Instit e
of Scientific and Technical Information (VINITL).

department is divided into fourteen Chairs as follows.
Mathematical Analysis
Ordinary Differential Equations
(Geometry
Algebra and the Theory of Numbers
Theory of Probability including Statisties, Information Theory
and Game Theory
Mathematical Physics
Computing Mathematics
Fluid Mechanics
Hyvdrodynamiecs
Elasticity and Plasticiiy
Theoretical Meehanics
Mechanics of Rigid Bodies
Celestial Mechanies
Astrophysical Mechanics
Stellar Mechanies
Geodesy and Gravity

In addition, the Mathemalies Department has a general
service function to teach mathematical topics to othar
departments of the University. Except for one or two
theses, the Mathematics Department is not yet performing
any experimental work in computing machines, but they
hope to inaugurate work in this field soon.

The Computing Center. This Computing Center has
just recently been founded and regards its first respon-
sibility as training of students. Its second responsibility
is service caleulating for the university, while last #
caleulation for outside people. The Center has a 'Ur::u._w'ﬁ
machine, various punched eard caleulating machines and
several analog doviees. One of these is the MPT-9 which
contained 50 operational amplifiers; ancther is MN-M
which is a desktop machine capable of integrating @
16th order equation. The amplifiers in these devices had
drifts of the order of 10-15 millivolts over 15-20 seconds-
The overall accuracy of solution was of the order of -8
percent. The Center expectsto receive an ARAGATS machine



within the coming vear, and they plan to begin programing
for this machime n the fall of 1959, They intend to install
i+ on o Jower floor than the present equipment, which
suggests that the T'rar-T machine will continue to be
aperated.

Professor Ladyzhenskaya has developed a scheme of
solving o differential ecquation which wtilizes large in-
vements of the variables, but still provides very small
sprore. The Center has also written a translation routine
which will modify the routines written for the Moscow
. Urar-l machine into routines for the Leningrad Urar-I.
. They recognize the desirability of having a uniform
- operating system for any given machine type, but at
the moment they expeet to develop their own algebraic
programming system. A special machine for performing
Fourter analysis was mentioned, but not scen. There was
©ales an implication that a special machine was available
Ao analytically manipulating formulas; it was also sug-
grsted that formula manipulation had been done on one
- of the known machines,

There is a branch of the Steklov Institute of Mathe-
- mutics at the University of Leningrad under Professor
5. 1. Petrashen, but the delegation did not visit it.

The Computing Center of the Ukrainian Academy of
Science, Kiey

This Center grew out of a group headed by Lebedev at

Fiev some ten years ago. At that time Lebedev conceived
-and built the MEsM machine, which was said to be the
st sequence controlled computer in continental Turope.
- This machine still exists but is used only for training
f purposes at another location. Following Lebedev’s transfer
<t Moscow, the Kiev group continued Lo exist as an arm
~of the Institute for Precise Mechanics. In 1956 the group
Cheeame o Computing Center in its own right; it was
~deerded the group should build at least one machine for

#eperience. The Computing Center’s new four-story build-

ing s slightly over one year old.

The Center, under the direction of Dr. V. M. Glushkoy,
hus designed and built the Kisv and the Spsm computers.
They have also designed and built specialized analog
devices for performing analysis of rigid structures, as
well ay a 48-integrator electronic analog computer. The
Center at Kiev is working on algegraic symbol manipula-
tion and has just begun work on numerical analysis.

in addition to the previously mentioned machines, they
alsy have a Urar-I. There is an active group planning
the modernization and improvement of the Kigv. They
-4k also actively working on the problem of characier
and pattern recognition.

The Penza Computing Machine Factory

_'E"em;a it & town of approximately 250,000, located 350
miles east and slightly south of Moscow. It is in an agricul-
biral region and is surrounded by many smaller satellite
towns. The region produces onions as & major agricultural
produet, and such manufactured items as textiles, eom-

pressors, bicycles, watches and computers. The industrial
capacity of this town has developed since the revolution.
Schools in the region include a polytechnic institute, a
pedagogical institute, a civil engineering institute, and an
agriculiural institute. For university training, students
must go to Kazan, Gorki, Moscow, Seratoy, or Voroneszh,
The factory visited by the delegation also produces, in ad-
dition (o digital computers, electronic test equipment, card
punches and card reading devices, and some analog com-
puters, It is part of a larger complex which produces
watches and heavy equipment. Engineering personnel for
the factory is obtained by sending manpower requirements
to the Ceniral Council on Production. A representative
of the factory then participates in the selection of new
emplovees through student interviews, This plant repre-
sentative also obtaing additional information on the student
from the graduating commission at his school. When the
engineer arrives at the plant he may, if he wishes, take
evening courses in the polytechnic institute al Penza.

Plant managers come from technical backgrounds and
do not receive specific administrative training; a plant
manager, however, may covrespond more nearly to 2
“director of engineering” than to a chief administrative
oflicer.

The factory is in the process of planning & new plant
which is to be constructed on the same 180-acre site
during the next seven-year plan (1959-1965). At present
the factory has about 4,000 workers and has approximately
2 million rubles per year to provide “rest homes”™ for
about 800 people. Last year 6,500 square meters of housing
was added which provided 1-, 2- and 3-rcom apartments
for approximately 200 families.

At this factory we saw production of the Urar-I, and
also the prototype model of the Urar-II. The charac-
teristics and details of these two machines are included in
another seetion of this report; only information about
production techniques will be included here.

The assembly area looked quite modern and had
fluorescent lights. The windows were curtained and the
walls were painted o restiul light blue color. Workers on
the pluggable unit assembly line are paid on a pisce-work
basis and a punched card computing installation is used
to caleulate the payroll. Separate forms are used to record
information ahout each worker’s daily production.

The Urar-T is manufactured in modular fashion. Five
basic modules approximately 8 ft. x 3 ft. x 14 in. are
needed for the complete computer. Above the level of the
console there are glass windows, and below it, metal
doors. Cabling is done on layoul hoards as in thig country.
Capacitors, resistors, and some of the plastic parts of
the machine are not produced at thig plant, but most
other parts are, such as ferrite cores and magnetic drums.
Yield on core production is currently 50 percent. There
were 24 machines on the floor at the time. With a produc-

14 This term does not have our usual meaning. It means “vaca-
tion homes’* or, more generally, “vacation opportunities.’”
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tion rate of onc every four days, more than 120 have been
praduced at this plant. There were no serial numbers on
the machines which we saw.

Marginal checking equipment is brought Lo the muchine
while it is still on the production line, and the machine is
checked out. A machine is transported as modules to the
customer, who is responsible for connecting them together
himself. Inter-module power connections are plugged,
but signal conneetions must be resoldered. [ takes approxi-
mately from two to three weeks after delivery for the
Unar-1 to be set in operation at the cusiomer’s site,

The machine is built of ten types of pluggable packages,
Test equipment eapable of checking all types was available
and provided both maximum and minimum marginal
voltages for the package. The debugging erews had avail-
able a certain amount of special test equipment, such as
a punched paper tape reader which could be used to read
a test program into an almast operative Urar-L for its
final checkout. Qther devices included a paper tape verifier
and a keyboard device similar to a desk caleulator. The
latter had 100 keys arranged in 2 10 x 1O array and a plus
and minus key. Apparently it permitted establishing a
number of ten decimal digits for some particular test
purpose. Special test equipment is also available for
cyeling the ferrite store through special test patterns and
displaying the response as u geometrie image on an oscillo-
seope. The usual complement of oscilloscopes and volt-
ohm-milliameters was also available.

The back panel wiring of the Urar-I was done on a
systematic basis. There is a network of horizontal and
vertical interconnections and power distribution wires
which form a checkerboard pattern, each square of which
is approximately three inches on the side. Within each
square are three different connectors associated with that
square. Signal and power connections are then made
between the conncetors and the checkerboard wire. In
order to reduce the number of different types of packages
in the machine, components are occasionally mounted
on the base of the plugs. We were told that these plugs,
which use phosphor bronze springs, had proved to be
completely adequate. This checkerboard wiring occupies
the top half of each cabinel module; the bottom is reserved
for power supplies, which use selenium rectifiers. Signa's
between cabinets are brought out to lugs on the side [aces
of the cabinet which mate with similar lugs in the ad-
joining modules. Clocking pulses are distributed across
each cabinet by heavy buses. Both wiring tables and
scale drawings are used to indicate where back panel
connections are to be made and components located. Plugs

of solder are used because either resin core solder is not

available, or it is thought to be inadequate. No composi-
tion ecarbon resistors were seen, either at Penza or else-
where in Russia. Low wattage resistors are deposited
carbon, whereas higher power resistors are wire-wound
units encased in ceramic. The capacitors physically re-
semble resistors. Curiously, copper oxide rectifiers were
observed in the back panel wiring. It was explained that
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these were needed in some cases to yield o sufficiently oy
forward resistance combined with a reasonably higy,
back resistance.

In manufacturing magnetic drums the drum itgelf i
first machined to close toleranece and is then sprayed wit,
the brown wmagnetic dispersion. Following ithis g tacoer
coating is sprayed on the surface for protection, Three
clock tracks are physically engraved on one end of |4,
drum. One of these establishes the origin veference of 13
drum, a second marks the beginning of each word, and 1.
third marks the position of cach bit within a word [,.
cording density is 100 pulses per inch and 4 positions aye
allowed between words to accommodate timing inac.
curacies in the machine.

Three sets of hoads are mounted on o dron One e
reads all the even tracks, while the second sot, veads the
odd tracks. The third set is an erase stack for all tracks,
Before permitting the drum to rotate, the structure which
holds the head is heated for several minutes as a preeantion
against head seraping.

The price of the Urar-1 was quoted at 1.1 million rubles,
but as soon as the Urar-Il is in production this price wil
be halved.

Using the same basic components as the Urar-1, 1he
product engineering group at Penza has designed {the
Urar-Il; a different internal organization is used io
achieve a much higher speed. The Urar-IT was said 1o be
50 times as fast as Urar-I, but 100 times more effecrive
becauze of improved organization. It will sell for iy
million rubles, and its details are given elsewhere in U
repart. We saw what appeared to be a prototype model.
{t was heing debugged prior to production, and apparentiy
routines were being prepared for it. At the present there
are more customers than machines, and the factory does
not have to maintain a sales force. They do, however,
have people who write equipment descriptions and send
them to potential users. Qccasionally, factory representa-
tives even visit these polential users to explain the use-
fulness and desirability of the digital computers.

In another building we were shown about 40 cari
punches. About half of these were 90-column maehines
and the other half, 80-column machines; all were generally
similar to United States designs. These units appeured w
represent the most reecent design in Soviet punched card
equipment. We saw also a 300-card-per-minute sorter which
closely resembled a corresponding American product. It had
clectro-mechanical sensing of the holes and a set of swilgh&‘
for suppressing specific row selections as in Americad
sorters. It also had a special attachment which pﬂ'mimé
collating on 12 columns by means of a plugboard and 12
guxiliary brushes, '

Specific Machines

The Soviet development of internally sequenced oom;
puters began with the Mesm machine, conceived ant
constructed by Lebedev at Kiev. The development 0f :-hf”:
field, so far as the Academy of Sciences is concerned, b
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Fra. 4. Magnoetic Core Store, BESM-1

centered around Academician Lebedev and his Institute
for Precise Mechanies and Computing Technigues. There
also has been some parallel development by other labora-
tortes or institutes which are connected with other minis-
ries of the Boviet government or industrial organizations.
A the present time cooperation between the Academy’s
fstitute and Industrial plants is beginning, and future
machine development in Russia may well turn out to be a
cooperative venture,

In comparing Russian machines with United States
machines, it must be noted that Soviet designers place
considerable emphasis on analyzing the set of problems
v be encountered by a given machine. A fairly detailed
study is made of the number of each kind of instruetion
which oceurs in some class of problems, and on the basis
of this statistical distribution the speed of the machine
i quoted as so many operations per second. Unfortunately
there are several sets of statisties in use; and from our
mformation, it is not always clear as to which set applics
o a particular machine. Further, there is also some dis-
sarity between the statistics reported at various locations.
[n the fellowing discussion and in table I, the statistical

Fic. 5. Magnetic Tape Unit, BESM-I

weighting has been used which is believed to be correct
for each machine.

For some machines it is uncertain as to which might
be the correet basis; the speed of the machine in operations
per second is not likely fo change radically from one
statistical basis to another.

‘The so-called Besm-IT statistics as reported at Moscow
are:

30 % add-subtract
30 % nuwuliiply
3% divide
37 % all other operations
The so-called STrELA statistics ag reported at Moscow are:
25 % add-subtract
30 % multiply
2% divide
10 % address modification
33 % all other operalions
The Unav-1 statistics as quoted at the Penza factory are:
17 % add-subtract
17 % multiply
3 % divide
33 % transfer
30 % all other aperations

The figures quoted to us by the Leningrad group differad
rather significantly. According to them the Brsm-TI
statistics are 68 % add-subtract and 32 % multiply, while
the Syrrra statistics are 75% add-subtract and 25%
multiply. Tt is believed that the statistics quoted to us in
Moscow are more likely to be correct.

Table I summarizes the informalion received on all
digital computing machines which were seen. In order to
make this table complete a small amount of information
has been carried forward from the Scott-Carp-Perlis-
Robhertson report. Where there is considerable uncertainty
as Lo the accuracy of a figure, it is followed by a ques-
tion mark.

BISM-1

The Brswm-I'* was originally constructed in the early
1950°s with an acoustic delay line store. This store wag
later changed to a Williamus type electrostatic store and
recently was again changed to a magnetic core store of
1,023 words of 40 bits.!¢

The ecore storage element of Brsm-1 was designed ap-
proximately four years ago, and it. is clearly an early model
of such a store (fig. 4). The store is expandable to 2,047
words, although there was no indieation that this expan-
sion would be done. It was indicated that only one Brsy-T
machine has ever been built in the Soviet Union. The
machine requires seven DO voltages between 4400 and
—400, and is physically constructed of fairly large plug-

1t See: J. Assoc. Comp. Mach. 8 (1956), 129,

¢ It will be noticed that the size of many stores in Russian ma-
chines is (2"—1) words in size. This is beeause storage location
zero is permanently reserved as the location for the numeric con-
stant zero.

Communications of the ACM 143
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anits, using vacunm tubes of the general ditnensions
sithe G8N7. The tape transports connected to this machine
are modified nudio fransports; there are only two tracks
e for information and one for timing signals (fig. 5).
The machine was reported to be asynehronous; however,
giter detailed o uiry it developed that it had an internal
dock. Tts operations could be variable in time of execution,
e oniy hy merements of the clock interval.

The inpud device to the Busy-1 is 1 photoesll paper tape
ader (fg. 6). The output ncludes a high-speed, I4-
i, 15-lines-per-second numeric printer, producing
suly one copy (fig. 7).

The Brsm-I has a supplementary 400-word, changeable,
sad-only store of the diode function table type. There are
wveral locations at which pluggable panels can be man-
wlly changed in order to provide certain standard sub-
wtines to the machine without repeated reference to
tye main core store.

The mean free time between failures on the Besu-I was
wported (o be approximately 6-8 hours; about 70 percent
of the breakdown is in the input-output devices and other
deetro-mechanical equipment. The Brsm-I is operated
by the programmers who use it, and therefore in the
machine records no accounting is made for restarts or
reruns which are due to machine failures. Good perform-
anee =tatisties were not available, but the maintenance
enginesrs (one man per shift) thought there was about
% percent lost time. Associated with the Bmsm-1 is an
afidine printer which is connected by teletype with the
seademy Computing Center. This is probably a con-
wenient method for transmitting problems to Besu-I from
the Computing Center, which still regards Besu-1 as one
aof its operating machines.

The general appearance and marginal workmanship
vsible on Besm-I certainly marks it as an older, often-
changed muchine,

gble

BESM-TI

This machine is organizationally like the Busm-1 and
presumably will accept routines which were written for
Brsm-l (fg. 8). Its construction and cireuit technology
we different, however. Physically it consists of 24 cabinets
each about 3 ft. wide, and about 7 [t. high; this includes
the cabinets for the four tape units. Its internal store is
fnitially 2,047 words but will be expanded at a later date
0 4,095; it is a word-organized end-fire design (fig. 9).
The cores themselves are 1.4 millimeters vutside diameter,

and each plane is 128 X 48. There are 16 such planes in
the store. The store is designed with 48 bits per word,
although only 40 of these are required by the machine. The
eyele time of the store is 6 microseconds, although the
basic eycle time of the machine is 10 microseconds; this is a
carry-over from the design of Besm-I where 10 microseconds
were required for a cyele of the electrostatic store. Of the
& microsecond store cycle, 1.5 microseconds are required
for address decoding, then 0.6 microseconds for reading.

Two cores are used for each bit. There were three
arguments advanced to us for this choice. One was that
uniformity of cores was sufliciently bad that only by
using two cores per bit could a yield as high as 80 percent
be achieved from the core production. The second pos-

Foornores 1o Tasne 1

*These speeds are quoted with respect to some statistical dis-
?ﬁbniiun of instruction types. The particular distribution which
#appropriate is not always known. These rates are, as appropri-
ae, three address/single address, fixed point/floating point opera-
fions per gecond.,

. PThese speeds usually include necessary accesses to the store,
weluding that for the instruction fetch.

*In arriving at these figures, the BESM statistics were used
wd 8 factor of 2.5 was used to adjust the single address machines
% 8 three-address basis; floating point execution times were used.

These rates are therefore 3-address floating point operations per
second. Admittedly, this measure does not allow for sophisti-
cated instruction types (e.g., indexing, buffered input-output},
but it does measure the ability of a technology to produce switch-
ing circuits in a given speed range.

1 Does not include LARC, STRETCH, nor machines which
are intended primarily for data processing; e.g., 501, 7070. .

3 May be much larger in special cases, as in some data process-
ing applications.

¢ Only one tape unit was seen on the STRELA at the Academy
of Sciences Computing Center; four tape units have been re-
ported on other STRELA'S.
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sibility is that by using two cores per bit the load which
the switch core in the end-fire switch must drive is constant;
and the third possibility suggested to us was that the see-
ond eore on each bit provided redundaney in ease the first
ong fractured or failed, The current to drive the switch
cores is oblained {rom large vacuum tubes and, as in the
United States design, the core stack is foree air-cooled.
In order to avoid extraneous ground noises, twisted pair
buses have been used.

Between stages of the shiflt register 1s a 0.3 microsecond
delay line; even so, to shift any number of places less than
16 will require 65 microseconds because of some peculiarity

RIFITI Y
e i
| UTRETIT

Fra. 8. BESM-IT
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Frg. 9. BESM-11 Core Store

of the internal structure. Addition time is 70 microseconds,
ineluding 4 accesses to the store; mubtiplication and divi-
sion are each 230 microseconds, including accesses to the
store. The word format is 32 bits plus sign for the mantisss,
and 5 bits plus sign for the characteristie.”

There are two magnetic drums of 6,000 words cach
and four magnetic tapes of 30,000 words per tape. As
in Besm-I, the magnetic tapes have two tracks and move
at 2 meters per second. One track is for information and
the other for timing signals. Starting and stopping is done
at the reel, which implies that these units are eflicient
only for transferring large blocks of information; 13
meters of tape is allowed between blocks of information
and the designers feli that they could guarantee inter
changeability of tape between transports, Tape density
is 7 to 8 bits per millimeter, and the method of recording
is discrete pulses on a saturation bias background. A
modulo 32 count of the number of words transferred i
automatically made for tape records and blocks of drum
information. This count is stored in 2 special 5-bit covuter
which ean be addressed by the routine and therefore used
to verify that the correct number of words bas been
transferred. "

Germanium diodes have replaced the
diodes of Brsm-I. The new style of pluggable unit con-
struetion does not use printed circuits in the model which
we saw, but it is expected that printed boards will be
used in the production model of this machine (fig. 10)-

vacuumn  bube

T While this accounts for only 39 bits, the store was definitely
reported us having a 40-bit length. There may be & parity eheck-



Fra. 10. Pluggable Packages, BESM-1T

At the time we saw the machine it was in the final stages
of debugging, We were {old by Dorodnitsyn that it would
be fully operational in June 1959, Miscellaneous remarks
led us to believe that some amount of production time
has already been realized from this model, and that routines
for it have probably already been checked out. The
decision has been made to place this machine in serial
production.® The location of production was unspecified,
although it was thought that it would probably not be in
Moseow or Penza, but might be in Siberia. The size of
the Brsm-IT production was suggested to be a few tens
of units,

There were three independent groups of engineers
working on the Besyv-11. One of these was from Lebedev’s
Institute, which is responsible forcompleting and debugging
the machine, A second group was from the Computing
Center which will have to maintain it; and the third
group was from the Georgian Academy of Sciences at
T'bilisi, which apparently is scheduled to either get or to
build a Brsm-II.

In debugging this machine, test routines and marginal
¢hecking are being used. There is manual control per-
mitting 4-10% variation in all voltages. Design tolerahces
are =#4-10% on the 6 volt heaters, +1% on the negative
bias voltages, and 2% on the positive supply voltages.

We were told that the design of the Besm-1I had been
completed in a few months and that the biggest job which
faced the Institute was not that of completing the machine,
nor of designing it, but rather the time of preparing produc-
tion drawings for the factory.

The Brsm-II is designed for a different, final checkout
procedure than is common in the United States. One
complete machine is assembled at the factory and thor-
oughly ehecked ouf. Since ecach cabinet of the machine

'8 The Ruasians use the phrase “serial production™ to indicate
that an item is to be made in succession in a produetion facility.
Qur term of ‘“mass production’” is used o deseribe the scale of ac-
tivity coneerned, rather than the number of items produced; e.g.,
Production of one battleship would be regarded by them as mass
bProduetion but not serial production.

1

consists of several removable panels {fig. 11), this com-
pleted and tested machine is then used as a test device§
in which production panels are tested in the environment!
of a completely checked out system. Such & removable;
panel for Besm-II contains approximately 50 plug-in|
packages, and is removable as a unit by means of screws.;
Most of the connections te such a panel are made byi
plugs, although some signal leads are soldered connections
and sometimes also coaxial eable. The intent is to produce
the struetural frames of each machine, and to hand-inspect:
them. Panels will be individually tested at the factory in
the environment of the previously checked-out and com-
pleted machine. A new machine will be assembled for the
first time on the customer’s premises, and any remaining
troubles will have to be dealt with at that fime.

Besy-II has punched paper tape input and output. With
respect to the statistical weighting of 68 % add-subtract,
and 32 % multiply, the Besy-I1 operates at 10,000 floating-
point 3-address operations per second.

URAL-T (Figs, 12, 13)

A 19-column rotating wheel printer is in production for
Urar-I. Its speed is 100 lines per minute, and the printing
mechanism includes a facility for suppressing printing in
any desired column. The Urarn-I magnetie tape contains
six channels, three of which are used at a time to read
the 12 lines of information required for the 36-bit word.
There are 104 words per meter, which implies that the |
recording density is 1,248 bits per meter. The linear tape |

Fig. 11. Rear Panel Wiring, BESM-II
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Fre, 12, Console, Ural T

speed is 0.75 meters per second resulting in a transfer
rate of 73 words per second.

Characteristics of the Unar-1 are summarized in table [.
Appendix I gives the instruetion repertoire of this machine.

URAL-II

This machine has a 200-kilocyele clock rate, compared
with the 7-kiloeyele rate for Urar-I, In addition, it is a
floating-point, parallel machine, constructed of germanium
diodes and vacuum tubes. It contains several new in-
structions, including those for floating-peint. It contains
error-checking, including avtomatic computation of check
sumg for input-output devices. Other possible input
devices mentioned were punched cards (300/min), com-
munication lines, and random number generators. The
usual output devices will be a printer and card punch
(100/min}, The - printer is numeric only, 20 lines/sec,
and can be either 16 or 96 columns, Connection between
the Urar-IL and its input-sutput devices is through the
arithmetic unit, where a check sum is formed on every
100 words. A special selection word using & scparate bit

o

Fic. 13. Perforated Film Unit, URAL I
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per input or cuinul devier allows up 0 12 wput devices
and 12 output devices without the need for o decnder.
Information can be transferred to several outpul devices
simultaneously.

The storage hierarchy in Usar-I1 s a 2,048%-word core
store (12 ws eyele), an 8,192-word drum Umaximum of %
drums), and magnetie tapes of 700,000 words sach up (o s
total of 3 million words. Fach of the 20 planes in the core
store consists of four 16 x 16 arrays asserobled on thin
plastic frames 1% in, X 4 in. X 4 in). The store operates
in a coincident current mode, has only one core per bit,
and has four sense windings. By selecting two Y wires
and one X wire, two bits are read out from the 64 x 64
plane at a time. It sherefore can be thought of as 4,006
20-bit words, or 2,048 40-bit words, They achieve o 50%
vield on cores made at the Factory. Core windings are
soldered to a rounting wire which is held to the frame
by being threaded through a pair of holes. Special test
equipment, is available for cycling the store through
special patterns. Drive ewrrent tolerance is 430 %.

The punched tape input and output is similar to that
of Unar-I. Continuous loops of perfurated 35mm movie
film are read at the rate of 150 numbers/second (1.5
meters/second linear motion). The reading device uses
photo diodes. The tape has eleven channels, and one word
is written across it in parallel; decimal digits are written
along the tape in §-4-2-1 code. A special nine-column
decimal keyvhoard is used for tape preparation. Normally
a Urar-I1 has one punch station but two readers which
operate in pirallel to compare 200 numbers per minute.

The Urar-II magoetic tape is also similar to that of
Urar-I. 35mm film is used as g base for the magnetic
mediur, and punched holes mark the records. The
tape reads 1,000 words/second at a linear tape speed of
1.5 meters/second. .

The word format is: & decimal digits plus sign for the
mantissa (33 bits), and 6 bits plus sign for the exponeni.
The range is therefore &= 1 X 10=1, and the word length
is 40 bits. Based on the statistical distribution of 17 %
add-subtract, 3% divide, 17% multiply, 33% transfer,
and 30% other operations, the speed of the Urar-Il
is 5,000 operations/second,

The Urar-II instruction reperioire is given in Ap-
pendix TL

STRELA ?

This machine (fig. 14) was designed by an industrial
construction bureauw and serially built at the Moscow
Computing Machine plant; it is now referred to, because
of its age, as the “Old Woman.” It is a big machine and
uses specially designed electrostatic tubes in the store.
The cycle time of the barrier grid store is 500 microseconds,
and 27 points are regenerated between consultatipns.
One Strens had five eard readers and two card punches,

1o See: High-Speed Computing Devices, ERA Srave, MGraw-
Hill, p. 84. Also: Annals of the Harvard Computation Labaratory,
Vol. 27, p. U5,



Fre. 14, Console, STRELA

while a sceond STRELA had only one of each. The machine
at the Compuling Center operates seven days a week and
requires a maintenance staff of three engineers per shift.
About 18 hours per day of useful running time can be
achieved; 3 to 4 hours per day is devoted to preventive
maintenance, and the balance of the day is unscheduled
maintenanee. This machine was designed in 1948, aithough
the installation at the Academy Computing Center was
not made until 1957. The precise number of machines
manufactured is uncertain but it wus suggested that at
most a few tens had been constructed.

The StrELA tape unit is8 approximately 4 inches wide
(fig. 15). A word is writien in parallel across the tape which
is recorded at a linear density of 2.5 bits per millimeter.
The reading rate is 1,000 numbers per second, and reading
is in terms of a block. For reliability great emphasis is
placed on programmed check sums.

The S1rELA, like the Brsm-I, also has seme interchange-
able wired subroutines which can be used for such things as
sine, logarithm, ete. It also has about 10 groups of stored
eonstants of 16 bits each, The card readers and card
punches were quoted at about 60 cards per minute.

The inadequate reliabilily of the STRELA store leads users
to program check sums into their problems. There is
some possibility that a core store may be retrofitted to
this machine.

SETUN

This base-3 machine being constructed at Moscow
State University appeared to be in operation when we
saw it (fig. 16). It was explained that the choice of base-3
was made because it ean be shown that in some sense a
base of 3 provides the most effivient utilization of equip-
ment.!? Since a base-3 electronic technigue is not available,
they decided to construct a base-4 machine and to utilize
only 3 of the 4 possible states. The unused 4th state in
each case is available for some form of checking. This
machine is regarded as experimental, and as an educational
training program for engineers, In part they felt that
SETUN was a protest against the huge, complicated

Fia. 16, Magnetic Tape Unit, STRELA

machines being built elsewhere. It was thought easier to
operate a simple machine at their center. The machine
containg 4,000 magnetic cores, 4,000 germanium diodes,
approximately 100 transistors, and 40 vacuum tubes. Tt
operates at a 200-kilocycle clock rate. It uses 1 MC
transistors which are rated at 150 milliwatts dissipation
at 25 degrees centigrade, but can tolerate 2 maximum of
100 degrees centigrade.

SETUN has only 81 words of storage and 27 different
instructions. It is a single-address, fixed-point machine,
with 18 ternary digits per word. The point is fixed between
the second and third digits from the left. It is serial and
eontains two instructions per word. There is no divide
mstruction.

The ferrite core store can be regarded as having 162
9-digit words because the half-words can be addressed.
The drum store coniains 2,268 half words. Number
representation of SETUN requires 2 binary digits per base-3
digit; therefore, a 9-digit, base-3 word, will require 18
tracks on the drum. There are three such groups of 18
tracks on the drum, or a tofal of 54 heads. In each band
of 18 tracks there are 756 words recorded in parallel;

Fic. 16. Pluggable Package, SETUN
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there are thus 756 bits around the 13-inch cireumference.
It is planned to add magnetie tapes to this machine at
some later date.

Addition time is 180 microsceonds, including all aceesses,
Fetching of the next instruction is overlapped with execu-
tion of the previeus one. Multiplicalion time is 335
microseconds, and transter of control is 100 microscconds,
Seruy includes a normalizing instruction (shifting opera-
tions to facilitute programming of floating-point), one
index register, and teletype input and output. The German
type RI'T teleprinter is partially base-9 and partially
base-3. A 9-digit word is printed as two base-9 digits, then
one base-3 digit, then two more base-9 digits. The charac-
ters used are:

Base-9
Base-3

¥,62,1.0,1,2,3,4
10,1

Tive-level punched paper tape is used for the input and
output,
KIEV

This machine is expected 1o be completed by December
1959; a substantial part is already operational (fig. 17).
It is in five cabinets in a semi-circular arrangement and
requires a floor area of approximately 20 X 35ft. [t is truly
asynchronous and operates at a speed of 3,000 to 6,000
operations per second. It uses static fip-flops, but diode-
transformer gates. Pulse sources are blocking oscillators
having two independent transformers in the plate circuit.
One is for the regeneration required by the blocking oscil-
lator itself; the other, for driving the output. The machine
has arithmetic, logical and block-transfer instructions, is
binary and has a word length of 40 bits. The arithmetic
unit is capable of adding, shifting, multiplying and
dividing.

The principal store is a 1,024 word ferrite store of the
end-fire- Besm-1I type.?

The store is autonomous, and has separate checking,
which suggests that there may bhe a wired-in independent
test routine. There is also a 512-word read-only store
which is based on a transformer technique; its read time
is approximately 3 microsceonds. This passive store, when
expanded to larger size, will contain the automatic pro-
gram and the binary-to-decimal and decimal-to-binary
conversion routines. There are also 8 words of storage
which can be set from switches. There will be 3 drums of
the same type as the Bess-II; only one is presently
installed. At the moment the input and cutput is paper
tape.

There are seven types of standard eireuits in this ma-
chine. Each cabinet of the maching contains its own power
supply. Because of this modular congtruction and the
truly asynchronous organizalion, it was observed that
expangion and modernization is very simple. Tt was also
stated that convenient marginal “conditions for prophy-

20 This partieulaf type of store is frequently referred to in Rus-
sia a8 the “Z” system.
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Fre. 18, General View, SKSM

laxis” exist. An improved version of the Iimv machine
is under way, and we noticed a substantial amount of
Busw-1I type equipment on hand for this purpose. In the
modernized version, arithmetic operations wmight be
automatically repeated under marginal conditions and
the result compared; this is a type of checking being cou-
sidered.
SESM

This machine (fig. 18) is a special-purpose digital cone
puter which is intended to solve sets of linear equations of
orders up to 120. The design is expandable to orders of
480 and is based on the Gauss-Seidel iteration technique.
The solution time depends on the number of zero elements
in the matrix and on the distribution of these elemeuis.
Tor an 18 3 18 matrix which was rather ill-conditioned, &
solution had been achicved in 148 iterations and about
2 hours. A rough rule of thumb® for the time in soconds
required for one iteration is: the number of non-zero ele-
ments divided by 20.

2t This rule-of -thumb does not agree with the previous exampie,
but these were the data that were collected.



The input 15 presenily punched paper tape at a rate of
27 decimal digits per second; the speed at which the ma-
¢hine can achisve g solution is hmited by this device, The
putput is on nu adding machine-type printer. The Smsw
was conceived by Lebedev, but designed and consliructed
by Rabinovich. A magnetic drom containg 34-hit reeir-
eulating registers for arithmetic purpeses, The recording
density is 3 bits per millimeter. The muternal elock rate s
50 kiloeyeles.

Special-Purpase Anatog Compuler al Kawer

This machine was designed to analyze the stresses in
three-dimensional rigid structures. It was conceived and
eonstructed by Professor Pukhov, [L consists of three
panels, each of which has 48 potentiometers arranged in
six rows and eight columns. These are used to represent
the elastic constants of the bars. Up to 18 flexible rods
and 9 rods in torsion can be accommodated in the model.
This macbine uses all passive elements, operates on D.C.
and achieves approximately 5 per cen! accuracy. [t can
also be used to give dyunamic solutions, although normally
it is used for static solutions. It provides three-dimensional
sobutions, rather than the two-dimensional ones obtained
by other workers. They are planning a new desk-size
machine of similar kind, capable of accommodating
70 rods,

MN

These two machines (figs. 19, 20) are weli-known and
have been exhibited at various frade fairs and exhibitions.
No new information about their capabilities was obtained.

M and MPT-9 dnalog Computers

M-20

la defercnee to Academician Lebedev’s desire to have
the first publication of M-20 details appear in the Soviet
hterature, the delegation has agreed to withhold publica-
tion of information about this machine until the Russian
paper appears, Data on this machine will be published later
as u supplement to this report,

ARAGATS, RAZDAN, YEREVAN

These three machines are under development at the
Institute of Mathematical Machines in Yerevan, Armeniz.

Fra. 19. MPT-9 Analog Computer

The delegation was unable to arrange a visit to thig
facility although 8. N, Mergelyan, when visiting the
United States, gave some details of these machines, The
AraGars, based on a statistieal distribution of 25 % multi.
ply and 73 % add, is reported to be a 15,000 operations-per.
second vacuum tube machine, One is to be delivered to
the Computing Center at the University of Leningrad in
approximately one year.

The Hazpax is to be the first all-transistor machine in
the Soviet Union and is to have & speed of from 4,000 to
(3,000 operations per second. It was thought by IPMCT
workers that all of the circuit development work neces-
sary flor thiz machine would be done at Yerevan and
would not draw on the work at Moscow.

The Yrrevax is said to have a highly developed logic
and instruction repertoire, although it is the slowesi of
these machines—2000 operations per second, It is to be
a vacuum tube machine.

These three names are respectively a mountain, a river,
and a city in Armenia. According to an article In an
American Russian-language newspaper, these three ma-

Fra. 20 MN-M Analog Computer
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chines are all to be completed in 1959, This same article
quoted the addition time of the Anracary as 5
microseconds.?

LEM-1
This machine was not seen by the delegation, although

the Director of the laboratory in which it was built, Pro-
fessor L. I. Gutenmakher, did meet the delegation and
discuss his work at some length. A reference to the machine
is included here in order to call attention to ihe avail-
ability of an English translation of an article partially
describing the machine?

EV-80
This machine (fg. 21), built in 1950, physically
resembles the 604 punched-card caleulator produced in
the United States. The electronic component is very
similar in design, but the card device contains three card
feeds, rather than the one of the U. 8. machine.

Punched-Card Equipment

Some of the older models of Russian punched card
equipment were seen at the Academy of Seiences, Moscow
Computing Center. We saw a key punch and a verifier,
each of which looked very much like earlier model United
States counterparts. We also saw a machine for comparing
cards. It operates at 40 cards per minute and at the Com-
puting Center was usually used to compare the outputs of
two STRELA runs of the same problem. The tabulator
(fig. 22) operates at approximately 100 cards per minute,
and has 70 numeric positions for printing. It also has an
8-position multiplier and 80 counter positions. The tabu-
lator uses a key punch as its summary punch. We also
saw a card sorter which resembles its United States
counterpart and operates at approximately 300 cards per
minute.

Test Equipment

In most of the laboratories and computing centers
which we visited we saw one or both of two common
oscilloscopes. The model 10-4 has a pass-band from 20
cycles to approximately 6 megacycles. It consists of two
"boxes and usually is mounted on a dolly. The model
"DESO-1 oscilloscope is 2 twin-beam unit; one of its ampli-
fiers has a response from approximately 200 cycles to 80
megacyeles, and a guaranteed rise time of 15 millimicro-
seconds, but a gain of only 100. Its fastest sweep is 0.3
microseconds across the face of its 5-inch tube, so that this

22 See: Novoye Russkoye Slove for Wednesduy, May 20, 1959,
The article is o partial reprint of an ariginal article appearing in
& Soviet teen-age magazine, Ogonek. The information from this
suurce was made available by Mr. Eugene Zaitzeff of the Bendix
Systems Division, Ann Arbor, Michigan.

= Soe: Radio Technika, No. 3, March 1959, Moscow, pp. 47-57.
Commn. Assoc. Comp. Mackhi 2, No. 10, October 1958, A transla-

tion of this article is aiso svailable from the United States Joint

Publications Regearch Service, Suite 300, 205 East 42nd Street,
New York 17, N. Y. Document No. 705-1).
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cquipment is capable of resolving approxunalely 5 milli |
microseconds. Curtously, a small voltmeter is included op
the front pauel to monitor the AC line voltage. We weye
also told that oscilloscopes with pass-bands of 200 megs.
evcles and  rise time of 5 millimicroseconds were produ.
tion items. It appearcd that their oscilloscopes generally
did not have a pass-band down to zero eyeles. )

Other Machines

A number of other machines, some of them special
purpose, have boen referred to in Soviet literature and by
members of their delegation. Mention of thew is made hex:se
simply to indicate their existence and the scope of the |
Soviet computer activity. None of these machines wag
seen by the American delegation, nor is much information
available.

VOLGA | Cieneral purpose, not yet completed.
POGODA Ypecial purpose, weather prediction.
KRYSTAL Special purpose, crystallography problems.
GRANIT Special purpose, statistical problems.
\ These two machines are general purpose, and arg
M-2,{ gssociated with 1. 8. Bruk; he is associzted
M3 | associated with L. 3. ; he s associnte
with either a different laborstory of the
Academy of Sciences or an industrial design
bureat.

LUCH Thought to be gencral purpose.

M-50 Thought Lo be in the [inal stages of design and

construction; likely to be a [ollow-0v to the
M-20.

General Development of M achines

We aceumnulated fragmentary information which indi-
cates in part how the Soviet U nion controls research. Sub-
ordinate to the Council of Ministers is, among other
organizations, the Academy of Seiences, GOSPLAN (State
planning committees), and the Ministry of Higher Tduca-
tion. Fach of these can conduct research either on its own
initiative or on request. The work at Moscow State Univer-
sity, for instance, is within the Ministry of Higher Fduca-
tion, while the work at IPMCT is within the Academy of
Seiences. The Institutes of the Academy are someiimes
specially-oriented (IPMCT--computers) and somelimes
task-oriented (VINITT—information dissemination). 1o
the event that (say) a laboratory of a university zm‘d a
laboratory of an Academy institute happened to falt inte
competition in some ares, the decision to resolve, to funfL
or to control this parallel effort; would need to be made 1
the Couneil of Ministers.

Decisions related to the production of computers
perhaps to designated research toward new ones are ev¥
dently made in the planning committees of GOSPT‘A‘«\
and perhaps in the State Scientific-Technical Comrmfte‘-‘f
attached to the Council of Ministers. The personnel of &
Institute may participate in the activity of these i_:)(?d“ﬁs
although the Institute itself does not cast such decisions:

The Institute of Automation and Telemechanics 15 0
ganizationally in the Department of Technical Seiences of

and
evi-



Fra. 21 EV-80

i‘}iw Academy; the Steklov Tnstitute and the Moscow
Lomputing Center are in the Department of Pliysico-
Mathematical Sviences. The two universities are organi-
stionally in the Ministry of Iligher Education. There
ars numerous other institutes of these two departinents of
the Academy, and thore are several other departments.
5”5’.1 g;c!ciiti()ra, there are research institutes attached to
GUSPLAN, to other All-Tnion Ministries, and to various
state commitiees. 1§ is quite possible that computer devel-
spmments are in progress in some of these areas; the con-
faets with the western world in computing matfers have
been almost exclusively through Tebedev and his Iustitute.

Applications
Mackine Translation of Languages af Leningrod

m;\riﬁr.lmgrad U"i_""TSitY a group of 80 people is working
Mao Achine translation. This Experimental Laboratory of
) 3"%11{1@ Translation is headed by Dr. Nicoli I). Andreyev
and includes 8. Ya, Fitialov of the Leningrad University

Fie. 22, Tabulator

Computing Center and G. C. Tseiten,® a Jogician. Re-
search on translation by automatic means is also done at
three places in Moscow, at Kiev, at Yerevan and at Gorki.
They have separated the problem into analysis and syn-
thesis. Under analysis is included several steps of which
only morphology and syntactical analysis have yielded to
their studies. Morpbology is the identification of a word in
a dictionary plus its declension or conjugation; they feel
that they have a solution to this. Syntactical analysis is
diffieylt in Russian because the word order is freer than in
English.?* Fortunately, they have found that scientific
Russian is not so varied in its syntactical structure, and
consequently they feel that they can handle its analysis.
Since the other problems of analysis have not been solved,
nothing has yet been dove on the problem of synthesis.

% Name uncertain. This may be M. L. Tsetlin, referred to pre-
viously, or it may be G. 8, Tseytin.

28 In addition to translating other languages to Russian, the
Sovict research effort alse includes the translation of Russian to
other languages; hence the great interest in Russian syntax. There
is no known research in this country interested in translating
English to any other language.
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Fia. 23, Professor L. 1. Gutenmakher

A conference on mathematical linguistics has been
recently held at the University of Leningrad and a Pro-
ceedings is expected. to be published. The Leningrad group
has already publighed one book on the subject of machine
translation and hopes to publish two more in 1959, They
also told us of a very complete three-volume Russian
grammar which has been published by the Soviet Aeademy
of Sciences.

Machine Translation of Languages at the Institute of Precise
Mechanics and Computing Techniques

The language translation work at this Institute began
m 1954 and an algorithm adequate for imtial experiments
wag completed by May 1933, For the firat experiment on
Brsm-I, three Tnglish books of 400 pages each were
analyzed and a dietionary of approximately 2000 entries
was hand compiled. The algorithm for this experiment
contained approximately 12,000 3-address instructions.
Tn this first experiment the machine routine and the
vocabulary were contained in the magnelic drum and tape
stores.

Their English dietionary has grown to approximately
2500 entries and each experiment processes approximately
2000 sentences. An algorithm exists for analysis of Inglish
grammar and they have developed a dictionary for the
Chinese-Russian wark. The Japanese-Russian work is just
starting, but a dictionary for words having & single mearn-
ing and the analysis algorithm already exist. The groups
working on the various languages work separately but
exchange their ideas and techniques freely.

The IPMCT group presently feels that a dictionary of
approximately five to six thousand entries of technical
terms is suffieient for one complete area such as mathe-
matics. They also feel that approximately 45 percent of
the content of a technical article will be words not peculiar
to the technical area. Therefore, a lotal dictionary of
approximate]y 10,000 entries 18 felt to be sufficient for
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most work. They anticipate that for some time ay myep, a3
five to ten percent of the words In & new ariicle Wil ngi
be found in a dictionary of this s ue

Although rheir initial work used “binary” algorithme
“hl(ll proceed directly {rom lhe soures language to the

target language, they now feel thal it 1s i].("»lh]x)!u £ trans.
late the source language into an intermediate Lm;’ud,,(‘
from which an exit to any desired target languape cap he
made. In this connection Mrs. Nikolayeva and Bobnm}w
are attempting to construet algorithms for transiating
Russian into an intermediate descriptor language. Such ap
intermediate language would establish for each word 3
the source mualerial a set of descriptive characteristios
which define the use of the word and its context. In this
connection their sentence structure amalysis algorithm
first identifies the stern of each word and then jdentifies
any endings, prefixes, ete., which may be present. The neg
step of the algorithm identifies clauses, phrases, and word
groups and also tries to resolve these structures. By cop-
sulting the dictionary at each step they also establish
grammatic features for each word. So [far, very hLife
progress has been made in constructing the synthes:
algorithms which reconstruct the material in any desiyed
target language.

Present experiments still use the DBesy-T, which i= g
limiting factor. The lack of alphabetic input-output facih
ties on this ag well a8 on other machines is a serious limita-
tion to actual machine verification of the algorvithms.
N. L. Korolev, who took part in the early experiments,
indicated that he felt a speecial machine for language trans
lations might be about as follows:¥

(1) An input character reading device based on some
simple logic.

(2) A large read-only store of perhaps 100,000 words
for the dictionary and a large part of the routine,

(3} A small internal operating store of perhaps one or
two thousand words.

(4) Simple logical instructions not neeessarily ineluding
alpha-numeric capability. The logic would probably use
a Boolean algebra of two argumcnts.

Some of the algorithms which have been written uttlize
tables. In particular, the IPMCT group uses an icliom
table and marks any word which might be part of au
idiom. Preposition tables which relate classes of words 10
meanings of prepositions are also used.

Information Eelrieval

The Laboratory for Tlectro-Modeling, directed by Fro-
fessor L. I. Gutenmakher (fig. 23), is appr oximately 2
years old, having first been organized in 1939. At that tirme
the function of the laboratory was the analog modeting of
physical phenomena. In 1945 the goals of the laboratorf
were redirected, and in 1953 the most yecent objectives

i l‘hls may be Barbitskiy.

% The LEM-T at Cutenmakher’s Fleetro-Modeling Laboratos
has many of these features. It may be an pxperimental specin
michine to test language translation concepts.
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T1g. 24. Kovalevskiy und the Experimental Character Reading

Device

were stated to be the modeling of mental processes and of
the brain., The first efforts will be directed to mechanizing
such logical mental processes as reading and abstracting.
At present, this Laboratory includes the following groups:
. A logleal-mathematico department.

2. A mathematical linguistics department.

4. A depariment of mechanical methods in chemistry.
4. A department. of storage deviees.

5. A department of permanent and erasable stores.

6. A department of machine elements.

. A department of machine exploitation.

8. A department of analog electrical modeling,.

Professor Gutenmakher felt that the problem of mech-
anizing automatic abatracting consisted of three parts:
first, obtalning visual characters in some coded form; two,
storing this information in some efficient form; and three,
iprming the abstract, which is thought to be the most
difficult part. He felt that special purpose, rather than
general purpose, machines are destruble. For this reason
the Lum-I machine was constructed to test components
developed in this laboratory and to investigate some tech-
niques for information retrieval, and perhaps machine
franslation,

This Laboratory has developed a form of read-only store
which utilizes sheets of paper on which have been printed
stnall capacitors.® It was stated that 100,000 bits of this
capacitor storage is now operating in the laboratory and
that the store is now ready for produetion by industry. In
this store, data is retrieved on the basis of a descriptor,
rather than on the basis of a direct address. Thus simula-
tion of the characteristics of such a store on a conventional
general-purpose wmachine is difficult and ineffective for

j—y

# Ree: (1) Coman. Assoe. Comp. Mach. 2, No. 6, June 1959, p. 11.
(2 Avtomaticheskoye Upravleniye 1 Vychislitenaya Tekhnika, Mos-
cow, 1058, p. 136, Available, translated, from U. 8. Joint Publiea-
tions Research Serviee, 205 Tast 42 Street, Suite 300, New York 17.
IPRS: L.871-N, 50 cents. (3) American Docwmentation, Vol. 10,
.\:'0. L. January 1959, p. 13ff. Contains pictures of the storage de-
yice.

their experiments. Although the store responds to a de-
seriptor rather than an address, it siili contains a fixed
word length for each descriptor. Professor Gutenmakher
indicated that his laboratory is working on algorithms and
equipment, for information retrieval and that it has al-
ready developed an algorithm for deseribing an associative
store; this algorithm resembles those which are being
developed for machine translation. This Laboratory is also
independently developing magnetie elements for their
special machines., Magnetic elements will be used because
of the requirement for reliability.

The work of the Laboratory for Electro-Modeling
appears to parallel the work in the United States on the
use of heuristic techniques in information processing. Pro-
fessor Gutenmakher felt that what he called the associa-
tive technique was another way of deseribing the heuristic
approach. He also indicated that they have now given up
trying to describe the activity of mental processes by
partial differential equations. '

Rakov, a colleague of Gutenmacher’s, has constructed
a punched card information retrieval gystem which can
sean 400 abstracts per minute. Fach eard in the file has
from one to 24 deseriptors associated with it.

Apparently the Laboratory for Electro-Modeling at one
time was organizationally part of the Institute for Precise
Mechanics and Computing ‘Fechniques, but was trans-
ferred to the Institute for Scientific Information. It is
uncertain whether the laboratory still has this status or
exists as an independent organizational entity in the
Academy of Sciences.

Character Recognition

Work on character recognition is being done at the Insti-
tute for Precise Mechanies and Computing Techniques,
but there was no discussion of this subject. At the Steklov
Institute, Dubinsky is working on the idea of drawing a
series of parallel lines through a line of print aud then
attempting to identify the characters by examining the
intersections of the series of parallel lings with the letters.
We did have an extensive discussion about the character
recognition research at the Computing Center at Kiev.

COue technique was demonstrated and discussed by
Kovalevskiy (fig. 24) and Pukhov. The technigue is an
edge-tracing scheme in which the beam of a cathode ray
tube scanner moves either clockwise or counter-clockwise
depending on the output of a photo cell which views the
reflection from the 1-inch-high character under test. The
gean is arranged so that after it has moved 0.1 inches in a
straight line, it seeks to determine whether it is in a black
or white area. If black, the beam turns perpendicularly in
a counterclockwise sense and continues to scan for another
0.1 inches, If white, the beam turns perpendicularly in a
clockwise sense and scans for the next 0.1 inch. Therefore,
the beam tends to follow the outline of the character. In
order to assure stability of the edge-following, the scan is
arranged so that if a transition from black to white occurs
in the first half of a 0.l-inch inerement, the length of the
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next increment is made shorter. On the other hand, if the
transition from black to white is found in the second half
of the step, the following increment is made slightly
longer. It is intended that the pattern information gener-
ated by this sean will be stored in a computer and from it
will be computed the average direction of the line, quan-
tizedd to the ncarest 45 degrees. It i3 helieved that a
sequence of such quantized line directions will then char-
acterize each character. When the scanning reader is
actually conneeted to a computer, it may be necessary for
the computer to control the motion of the scanning beam
on the basis of previous history.

A more elaborate concept suggested by Glushkov in-
volves the scanning of a square in order to determine its
average darkness. The beam would be programmed to
sean adjacent squares in order to determine the direction
of maximum darkness and to move in that direction. The
associated logical equipment would store this direction
and control the motion of the beam accordingly. The
direction and curvature of motion would then be com-
puted using first and second ditferences, A large change of
direction would indicate that such an inflection point
should be recorded. If necessary, a coarse mesasure of
length, such as shorf, average or long, will also be com-
puted for each line segment. [t is hoped that from such a
scanning scheme, a set of invariant characteristics can be
determined for each character. Initially they intend to
utilize approximately 50 words of storage and it was
thought that the associated logie would be constructed in
terms of inexpensive magnetic core components.

Theory of Human Memory

Linkovsky (fg. 25), an engineer who has worked in
both applied and pure mathematics, formulated a theory
of the memory function in the human brain several years
ago.?® He conjectures that the memory function of the
brain is supplied by a collection of nonlinear oscillators.
Experiments have shown that there are two autonomous
memory systems possible, one of which preserves the pulse
amplitude as it is (relative memory), and the second of
which quantizes the height (absolute memory). He be-
lieves that the memory function in the brain is of the
absolute kind. He argues that a nonlinear oscillator can
operate in two fashions: relatively by integrating sets of
pulses or, absolutely, by merely repeating any pulse form
which comes to it. Such an oscillator will oscillate if the
duration of the excitation pulse 7' is less than the lag
time of the circuit 7 in the lollowing equation:

x(t) = ARx@®)] x{t — ),
and if A is of the proper form. For A of the form
A(x) = Z a;xi(t),

2 The journal containing this work is uncertain. It may be the
Memeoirs of the Popov Sociely or the Journal of the Institute of
Biaphystcs; publication may have been in 1955, or may not yet
have occurred. .
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Fra. 25. G. B. Linkovsky

the system will oscillate if the initial value is a solution of
the equation

Alx) = 0.

Initial values which are step functions of a size equal 1o
the real roots of the polynomial equation

Alx) =0

are solutions. Further, combinations of such pulses of
height equal to the real roots will also be solutions,

A pulse consisting of the sum of three pulses of durations
1, 2 and 73, and each of whose amplitudes is a solution of
A(x) = 0, will be remembered so long as

1+ et o <

In this context, the roots of A(x) are essentially eigen-
values. For & discrete delay line of the type which ilis
theory postulates, only signals of eigenvalue amplitude
can be accommodated. Therefore, the quantized and stored
wave shape cannot degrade with time except through
accidental discrete jumps, which means that the memory
function is very reliable. As the polynomial A(x} degener
ates to a constant, the system becomes the conveniional
delay line capable of storing a signal of any amplitude,
and therefore representing absolute memory.

Linkovsky estimates that the nervous system ha
14 X 10° such nonlinear oscillators. FEach sense organ
quantizes the information which it receives into pieres
that ean be remembered. A signal whose duration is greater
than the maximum permitted by the eigenvalues of the
polynomial A(x) is automatically distributed over severil
such memory oscillators. He believes that a repeated
stimulus can cause static ehanges to take place in nerve
cells and therefore some parts of the brain may have
gtatic memory; the brain as a whole, however, exhibif#
both static and dynamic memory. He concludes that sinc®
natural systems tend to be discrete and that since hig
theory can explain a discrete memory, the natural systen
may be a complete system of memory. His belief is ti‘nf
the nerve fibers form feedback loops and with the synapse®
permit: the nonlinear oscillations.



Weather Forecasting

At the time of our first visic o Brsm-1, 2 weather prob-
lern was on the machine. The pacticular model in use hiad
heen developed Dy Dr. Bugaev, the Director of the
Weather Forecasting Institute in Moscow., The model
nees 500 lattice polnts and is for the northern hemisphere.
It predicts the pressure Fmri vortieity pattern of the 500-
aullibar level, Twenty mmnutes of machine time is required
far o 24-hour forecast.

Digitally Controlicd Machine Tools

Inn the §TrELA location at the Computing Center of Lthe
Aeademy of Sciences i Moscow, there was a unit eapable
of providing X, Y, and Z coordinates for positioning of a
machine tool. Simple parabolic interpolation is used but
the overall accuracy of control is limited by the machine
mither than by the computation, It hag not yet been de-
rided whether all of the tapes necessary for industrial use
will be computed at a central location, or whether each
plant will contain its own computation facility.

Awtomatic Programming®

The first automatic programming system for the
SrrrLa was completed in 1955, In 1956 one was completed
far the Besy-I, and in 1957 one was completed for the
Srrena-f11 at the Academy of Beiences Computing Cen-
ter, Finatly, in 1958 an automatic programming system for
the Sroena-IV at Moscow University was completed.
Fach svstem required approximately nine man-years of
offort. The lack of alpha-numeric input-output devices
has handicapped Soviet progress in this field.

Interchange of routines for the STrELA machines has
been difficult or even impossible because each installation
' hus changedd the machine to suit itself. The same situation
“also prevails for a number of Urar-1 machines. Therefore
eiuch center has had to construct its own auctomatic pro-
grawming system. Some people in the Soviet Union feel

Cthat it is not yet time for them to standardize on a machine
lzuguage, Their intent is to design many computers and
to produce enough of exch one to accumulate a substantial
hody of experience. In perhaps five years, they believe it
will be possible to select the best one for large-scale serial
production. Meanwhile, translations of United States

- papers dealing with Forrnran, Forrransiv, Unicoos, 1T,

c#nd ALGoL are boing prepared and disseminated to
interested users.
Orbit Caleulations

Preliminary orbit computations have been done at the

- Computing Center of the Academy of Sciences in Moscow,

calthough final caleulations are done elsewhere. These
ealeulations were done on existing serially produced

_machines rather than on machines constructed especially

Sec: {1) Comm. Assoe. Comp. Mach. 2, No. 6, June 1959, p.
1T H. (2) Btatus of Digital Computer and Data Processing Devel -
~opment in the Soviet Union, ONE Symposium Report, ACR-37.
45} Datamation 5, No. 4, p. 14

for the purpose; however, the machines are specially
organized.®* There are special organizations which perform
the orbit caleulations, although the Steklov Institute is
sometimes involved in the preliminary design of the com-
puting routines,

SBome orbit caleulations apparently have also been per-
formed by Shura-Bura at Moscow University Computing
Center, although they are concerned about the accuracy
of the caleulations and insist that only radar data is avail-
able us input. There was considerable interest in the ques-
tion of the transmission of data over long distances.

Linear Programming

A particular transportation problem was described to
us. It involved the distribution of building sand by a fleet
of trucks operating from eight sources and delivering to
100 sites in the Moscow avea. The problem was first solved
by the Simplex Linear Programming method and required
approximately three hours on StaeEra. A new method was
evolved which produced a selution in approximately
30 minutes. This work was done jointly by the Computing
Center and the Institute of Complex Transport Problems;
the actual work on the 8 X 200 matrix was done by Yu. A.
Oleinik. A paper on this new technique is in process. Some
linear programming work is also being doune for the Insti-
tute of Railway Transportation Problems.

Numerical Analysis

Although work on electronic computers started in the
Soviet Union a few years later than in the United States,
the Russians have a long established tradition of outstand-
ing work in numerical analysis. This is due partly to the
strong development of applied mathematics. The Soviet
Union is currently making a strong effort to foster numeri-
cal analysis as o part of the intensive development of com-
puting. Approximately 40 percent of the mathematical
students at Moscow University specialize in numerical
analysis, although the Chair of numerical analysis is only
four years old. This was achieved i part by raising the
stipend for students in numerical analysis and by lowering
the academic requirements for maintsining this fellow-
ship.® All mathematies students, regardless of theirspecial-
ization, are required to take courses in numerical analysis
and programming and to have some practical experience
with computing machines.

The quality of the work in numerical analysis in the
Soviet Union is impressive. The group at the Academy
Computing Center has been applying a method originated
by Dorodnitsyn for solving boundary value problems in
difficult configurations. The method consists of replacing
the partial differential equation by a system of ordinary
differential equations. While restricted to two-dimensional
problems it is applicable to a wide class of linear and non-

st This may imply special input-output devices, or it may im-
ply a group of machines netted by communication lnks.

5 These special inducements for students in numerical analysis
have recently been abolished.
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linear situations. In the detached shock wave problem,
Dorednitsyn’s method appears to be the ouly approach
in which the solution starts from the geometrical outline
of the given body rather than from an assumed shock wave
front. The melhod is semi-empirical, and complete theo-
retical justification of the method has been sidestepped
in favor of the achievement of practical results.

At Moscow University the research in numericsl anal-
ysis cenfers in Lusternik, Berezin, Zhidkov and Sobolev.
In Leningrad, Ladyzhenska has developed a method for
solving differential equations using large steps while simul-
taneously achieving small errors. Kantorovich, who is one
of the discoverers of the linear programming technique, is
going to the Novosibirsk Scientific Complex, where a
strong development in computational mathematics is
expected. Russian work in nunerical analysis is published
in a special journal,

The Russians scem to have succeeded in atiracting more
of the powerful theoretical mathematicians into numerical
analysis and computational mathematics than has the
United States. The intellectual climate in Russian mathe-
matics makes it easier for an abstract mathematician to
make valuable contributions to applied problems. Relaled
fields in mathematics, such as game theory and cyber-
netics, were at one time under a cloud of ideological sus-
picion, but this has now been removed and many promi-
nent Hussian scientists are entering these ficlds.

Circuits and Components
Thin Films

The development of thin film magnetic devices appears
to be in its early stages. We were shown experimental
vacuum cvaporated deposited fibm samples on glass plates.
These films were eireular in shape, had been deposited at
a pressure of 10~ to 10° millimeters of mercury al a tem-
perature of 200° to 500° centigrade and were permalloy
(80 % nickel and 20% iron). The films were from 500 to
2000 A thick and exhibited an exceptionally square hys-

Fra. 26. Pulggable Transistor Package
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Fre. 27. Mounting Frame for Transistor Prckages

teresis loop. They ultimately hope to achieve a switchéizag
time in the order of 20 to 50 millimicroseconds.

The experimental setup for determining the hysteresig
loop at 50 eycles per second permits placing the samply
[ilm in a uniform magnetic field on o table which can fe
rotated 1o arient the sample with respect to the field,
Compensating coils were provided to adjust for field noe
linearity. Surrounding the solenoid which genersted 7t
uniform AC field was a rectangular wire frame through
which direct current could be passed to rotate the dives
tiont of the uniform feld.

Kobelev indicated that they were not presently doing
any low temperature thin film experiments at IPMOT,
but that such work was being done elsewhere.

Ferrite Cores

An experiment was demonstrated for investigating the
switching time of magnetie core materials. The particu!
sample shown was being switched at a 100-eyd ‘
second rate, in a coineident current mode at 0.5 miers
seconds., The rise time of the current pulses wis approxi-
mately 10 millimicroseconds; with increased drive t
same cores could be switched at &0 millimicrosceonds.
Under these conditions the switching field was the order,
of 5 to 6 oersteds. The cores were approximately 3 milli
meters in outside diameter, and the I, was approximatel
1 to 2 aersteds.

We also saw in operation equipment for autom
testing of cores. It is similar to that which is used in ©
country for the same purpose.

Transistor Circurls

Transistor circuits were demonstrated using is;lr,lurstri-it_é”
produced PNP alloy diffusion transistors with o LJG
megacycle alpha eutofl. Four hundred megacycle transt
tors are available but are in use only in commumics
circuits. In one laboratory we observed an oxperimen’i‘
determining optimum characteristics of transistor triot j
by the systematic determination of the small curté!®
breakdown voltage. Tor the 120-megacycle transistof

a5
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typical reverse current is five microamperes al a reverse
| base-emitter voltage of 2 volts.

- A flip-flop was demonstrated which exhibited a 20-
- millimierosecond rise time and was changing every 200
smillimicroseconds. The travsistor logic circuits which we
~saw utilized the current switching OR and AND eonfigura-
S tions; an exclusive OF version also oxists.

We also observed a ten-stage transistor-core shift regis-
*ter packaged in a plug-in unit. They have experienced no
cparticular dilficulties with the contacts of a Jones-like
=plug. The frame into which these particular packages were
winserted was also shown (figs. 26, 27), Figure 28 shows
“the schematic of the Surun ternary shifl register.

Miscellaneous

The engineers in charge of machine development at the
Institute of Precise Mechanics and Computer Techniques
.indicated that the recombination time of the best Russian
diodes 15 0.1 microseconds. With the uncertainty in the
‘definitiory of the term itself, it is not elear whether this
zcompares favorably or not with the best presently avail-
“able diodes in the United States. There seems to be some
interest in the Soviet Union in developing specialized beam
switching tubes for purposes of logical operation rather
‘than storage. Soviet standard radio or television tubes
sexhibii an average life of 5 tuv 10 thousand hours and
“therefore it has not been necessary to develop special long
life types for computer usage.
- Boviet design philosophy appears to parallel that in
this country. They derate the current capability of tubes
by 30 percent. They also derate the power rating of
resistors by 50 pereent, but, in general, they operate

ALLOWABLE STATES
00, 10,01

Fre. 28. Schematic of SETUN Ternary Shiit Register

capacitors at 100 percent of rating pecause their produc-
tion lest procedure tosts the capacitor to double its work-
ing voltage during manufacture. Common resistors have
a 3 pereent tolerance, but oceasionally they mateh pairg
for particnlar applications such as a voltage divider.

Major Machine Components
Magnetic Drums

Some magnetic drums appear to be in serial production
by industry. The unit used on the Busm-Il machine was
also used on the Kisv machine and wus seen in other
places. A summary of magnetic drum churacteristics is
shown in table IT. In this table the unit listed under
Bism-IT is the one which appears to be an off-the-shelf
item of eommerce.

Magneite, Paper and Fibm Tapes

Early machines utilized punched 33-millimeter cinema
film. The punched (ilm handler of the Urar-I is shown in
figure 13, A similar transport is also used on Urar-I to
handle 35-millirneter magnetic film. Both tapes of Unar-T
are closed loops, implying that a reverse mechanism does
nol exist. The perforated tape operates at 13 meters per
second with o data rate of 75 numbers per second, and at a
packing density of 50 numbers per meter. The data trans-
fer rate on the magnetic tape is also 75 numbers per
second.

The StrrELA is equipped with a magnetic tape unit
whose tape Is approximately four inches wide. A word is
written on this tape completely in parallel. Figure 13
shows this unit.

The magnetic tape units of the Bmem-1 are modified
audic tape trunsports and are shown in figure 5. The
perforated-tape reader also uses a similar transport,

Table LIl summarizes the characteristics of the mag-
netic tape transports of the various machines.

Input/ Oulput Equipment

The Brsm-T uses punched paper tape input and output.
The BesM-IT will also use punched paper tape input and
output. Both maechines also have a 15-linc-per-second,
14-column numeric-only printer (fig. 7). The SrruLa uses
punched card input and output. The card equipment
appeared gencrally similar to that in use in this country
for the same purpose although the operating rates are
somewhat slower. A full line of numeric 80-column and
90-column punched card ecuipment is presently manu-
factured in the Soviet Union, and such equipment will
probably be coming into increasing use for input/output
facilities of computers.

Two new printers were demonstrated. At Penza the
rotating drum printer jntended for the Urar-IT was scen.
Timing signals are provided by illuminating a sequence
of slots cut into the circumference of a hollow cylinder at
the end of the drum. The passage of the slots is read by a
set of germanium photo diodes; the data to be printed is
stored in & magnetie core matrix on a character-by-column
basis. At the STRELA location of the Computing Center of -
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TABLE 11
Characteristices of Soviet Magnetic Drums

; Circumierential | 4 . wing  Avumber of “apacity Headl Spacing } Head Gz, >: Lcl;‘}:;:ﬁtl.‘ .
prom | G VRS GBS | Backne T GESHRAY T | el ™ Remarke
| ‘ _ e
Labaratory| (506G | 15-18] — — — 44 tracks | 4000 bits/ — e — _
(Penza) 28 heads Lrack
2 stations
URALI 6000 e -— —_ — 2048 half — — wr, -
words
URAL-II | 6000 — —r 100 (4 [ 4 (6 mm e 8192 0.8-1 (20~  40(?) 5000  Expect 6  months
prlses/ hetween 25 mi- (1 mum) with 1o insper
mim ) {racks) ctons? fion  of  drum;
gpare drum to be
supplied with
each  machine,
customers  will
report troubles,
BESM-1 — — — |75 (3 — 160 6000 1.2 (30 — -
pulses/ 40 bit microns)
nm) )
ERSM-IT | 1500 | 12 16 75 (3 10 (22 mm | 44 traeks | 6000 C024() (6 — 12,000 | Similar drum ran $
{30 em)|(40 em) pulses/ between | 88 heads mierons) years on BESM.I
mm) tracks) : without trouble.
Typical 1800 | 812 | 12-36 | 100-400 - 10-20 — 8000-50,000 0.25-1 0.23 10 Special drums are
. S. 50,000  as large as 400_‘000!
early words with & re:
1959 | ‘ ('r,‘)rd.lng density
} \ of 1000 pulses
i inch.
TABLE III
Characteristicg of Boviet Magnetic Tapes
Machine Width | Linear Speed {inches/sec) | Start/Stop Density (bits/in) Words/tape Transfer Rate | tuacks
BESM-I Ly — 4 sees ()] 30,000 (?) 2
BESM-II 17 80 (2 meters/sec) seconds | 200 (8 bits/mm) 30,000 400 2
URAL-T 35 mm | 30 (0.75 meters/sec) | ms 32 (1248 bits/meter) 40,000 75 11
URAL-II 35 mm | 60 (1.5 meters/sec) | ms 210 (8300 bits/meter) 700, 000 1000 1
STRELA 47 16 seconds | 62 (2% bits/mm) 200,000 1000 43 !
M-20 — — — —_ — — Lo
Typical U. 3. early 1958 | 38" 75 5-10 ms | 200 1,000,000 2500-10,000 T to 36 |

the Academy of Sciences an experimental numeric-only
printer was demonstrated. This device is not yet fully
operational, and it is hoped that it will ultimately achieve
a rate of 50 lines per second, 10 characters per line. The
principle of operation of this printer is shown in figure 29.
As is secn from this figure, the zeros in any line are inserted
at one position of the paper, the ones of the same line are
inserted in the following position, and so forth. Therefore
to completely print only one number requircs 10 ad-
vances of the paper. However, in printing a long sequence
of numbers, 10 lines at a time are being completed. Such
a printer requires that 10 complete lines of information
have to be prepared and stored within the computer. There
is also a rather complicated refill and release cycle neces-
sary to couple the printer and the machine proper.

Table 1V summarizes the characteristics of the known
printers.
160
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Magnetic Stores™

The 1024-word store designed at the Institute for Pre-
cise Mechanics and Computing Technigues has served us
the model for the stores of subsequent large Soviet ma-
chines. The same storage device is being used in Besy-1I*
and also in the Kixv machine. Contrary to the usnal stor
organization in this country, the Soviet so-called type-d

3 Bee V. V. Bardizh, “Magnetic Internal Mermory with Direct:
Selection,” Moscow, 1958. This paper was presented at the 195}
University of Michigan Summer Conference. See 3. A. Lehedes,
“Certain Works in the Sphere of Computing Techniques,” Moyt
cow, 1056. This paper was presented at a 1956 conference in Stock
holm. ‘
# Aleksei Fedorov, one of our technical guides, was largely re-|

sponsible for the design of the 2048-word version used in BESM-H%»
and ather machines. :

i
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Fic. 29, Schematic of 50 lines/sec Printer

¢ gystem 18 not a coineident current read; an N-way deecoder
* gwitch is used to end-drive all columng of the desired word
(fig. 30). Approximately one and one-half times switching
current 1z applied to the core for reading. Writing into the
. store 18, however, coincident, current.
[n order to minimize the change in load presented to
" the end-drive switeh, two cores are used for each bit. In
¢ this way the same number of cores changes state at cach
cycle regardiess of the digit content of the word. The cyele
time of the standard type Z store is 6 microseconds, al-
* though in the BmsMm-T and Bres-II machines it is used
af a 10-microsecond cyele, The basic unit of construction is
a rectangular frame which contains both storage and
switch cores. Fach frame contains 128 48-bit words or a
total of 12,288 storage cores (128 x 48 x 2) and also con-
taing the 128 switch cores. These frames are then stacked
to provide over-all stores of 1024, 2048 or 4096 words. So
far, no machine has utilized all of the 48 bits provided.
The extras are regarded as spares in case of fabrication
difficulties,
An experimental store hag also been built using two
cores per bit and operating with a total eycle time of 0.2

TABLE IV
Characteristics of Soviet Line Prinbers

! 7

Machine uﬁ;?rlx-s Characters ] ;‘?‘E;éz) Remarks
BESM-I 14 | Numerie 15 T Roll paper;
- |l me carbon copies;
BISM-IT | 14 | Numeric 15 i f no format carriage
) eontrol
STRELA 10 | Numeric 30 Experimental, not
i vet completed;
roll paper
URAL-I 19 | Numeric 1.6
URAL-IT |16 to | Numecric 20
a6
KIEV 19 | Numeric N
Typical Up to| Alpha—nu- [Up to | Fanfold paper, mul-
U.S. early] 120 | meriec—up | 15 tiple copy, format
1950 to 56 char- carriage control

acters |

microseconds. The cores in this experimental unit have an
inside diameter of 1 millimeter and the current drives
have a rise time of approximately 30 millimicroseconds.
There is also in serial production by industry a 64-word by
80-bit store with a one microsecond cycle time. It is pos-
sible that this unit is not a coincident current type but
rather a magnetic shift register type.®®

TExperimental transistor stores have been constructed,
but adequately fast high current transistors are not pres-
ently available. Tt wag estimated on the basis of their
experience that the inductive voltage for 40 cores is of the
order of § volt.

The magnetie core store for Urar-I1 is a one-core-per-bit
coincident current type,

Other Components

Typical other {ypes of components are shown in
figure 31.

Education®

The career of a student begins with ten years in ele-
mentury and high school. All students not in the upper five
percent of the graduating class ure required to have two
vears of working experience before applying to an institu-
tion of higher learning. A high school graduate is permitted
to apply to ope university only, and if rejected he cannot
hope to gain admission at that time to another school.
Admission to & university used to be based primarily on
the result of competilive examinations. For mathematies,
such an examination might cover mathematics, physics,
a foreign fanguage, Russian language and Russian history.
The average eniering age of universily students is 17 and
approximately 90 percent of them have government living
expense fellowships. '

After admission. a student devotes five full years to
study. During the first two years all students in a field

¥ There is some uncertainty whether the cycle time is 0.3 ps or
1 ps. The best guess is a 1-ps eycle time but a 0.3-us access time.

% See: Soviet Commitment to Education, U. 8, Department of
Health, Education and Welfare. The report of the firat official
U. 8. education mission to the U.8.5.R.; availablefrom U, 8, Gov-
ernment Printing Office for 70 cents.
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Fre. 30. Kssential Features of the Type Z Stors {This drawing is patterned after one in a paper by V. V. Bardish.

take the same courses, but during the final three vears,
specialize to a certain extent within the field. The program
of study for each specialty is rigidly prescribed. By looking
up his plan of study, a student will know in advance which
courses he must take during cach year, which term papers
and examinations he will have in each course, and in
which weeks these examinations will take place.

Every student is required to take 11 terms of ideclogical
subjects, such as Marxism-Leninism, dialectical material-
ism, history of the Communist party, political economy,
and economies. He is also required to take four terms of a

b
¥
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Fre. 31, Varlous electronie components:
P

P-403A Transistor Capacitor
Capacitor Capacitor
Wound 406 Transistor Resistor
Core
Diode
Potentiometer
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foreign language and four terms of physieal edueation
In his five years, a student will have to pass 32 oral e
aminations, will have to submit 36 reports, and write §
term papers. During his final term a student is required t
write a diploma disserfation and te acquire some practizg
experience. Prior to graduation he is expected to take fw
state examinations: one in Marxism-Leninism, and one i
hig speciality.

Each undergraduate student is assigned an advisy
(texcher), although his final grade is granted by the Scier
tific Council of the university. The Scientific Council 5
also responsible for recommending a student to graduai
study. During each semester docents (associate professors!
and the full professors lecture and hold reettations for the
classes. The examinations are given hy the assistank
although a student’s final examination is requived (o b
given by his assigned teacher. During the five years o
study there are examinations on four subjects each huf
year. "T'wo or three months before graduation, euch studest
is appointed to a job according to his specially; he canng
leave or be dismissed from this job for three years. If thex
is no opening in his field, the university is obliged to fud
him a position in a related field. The appointments of
gtudents to. jobs are apparently controlled by a Clentrai
Council for Production.

A research worker may lecture or may supervise
thesis, but he is not permitied to teach until he has sue
ceeded in a competition and shown competence in hisﬁ fieid
by means of publications or accomplished work. (Jn th
other hand, any teacher is permitted to do research work”

31 Notice the very particular sense in whieh the word “‘teacher
is used in the Russian connotation.



Tie vontent of each course s determined by ?-he .\'Iliui&
. of Higher Edueation, though the preparation of the
E;;"‘—%‘I"?‘m i done by the professors. The lectures
adhere to the preseribed content rather
lents are to be exarmined on everything

detailed
are supposed 1o
i1+ since the stil 7
wed in the program and on pothing else. A Russian
hematical graduate will have a shallower knowledge
wch field than his American counterpart, but he will he
arger number of fields. The Russian stu-

gore
apiline with a1
dent will alzo be unacquainted with modern lerminology
thods but, unlike the American student,

~ery Russiar mathematician has a three year foundation

;
¥
i
andl modern me

i phvsies and has been required to take a IAILLLITIURN. NIGH-
her of courses o computer mathermaties.

The diploma paper which siundent writes under the
direetion of hig advizov in his tenth term is approximately
4 the level of the bachelors thesis in American universi-
vies. It st be publiely defended before an audience
whick includes the professors belonging to the relevant
hair, the advisors, the referces and any students who may
Gah to attend. After successfully passing his final thesis
defense, o student graduates either simply or “with dis-
dnetion.” Then he either becomes an “aspirant’ or must
iuke n job. If he is required to take a job beeause of poor
grades, he has Hbile chance subsequently to attain a higher
degree.

Future scientific workers are recruited from the ranks
of the aspirants. An aspirant “aspires” to the first ad-
vaneed degree, that of “candidate.” He takes no formal
eonrses 10 his three vears of graduate work but must write
g randidate’s thesis and defend it et a stifl public examina-
tion, This randidate’s thesis is written under the direction
of an advisor and appears to be at a level slightly below
that of 2 Ph.D, thesis in leading American universities. A
wndidate s entitled to teach at an institution of higher
leurning, but o achieve the rank of professor he must
gonerally earn the highest learned degree, that of “doctor.”

The doctor’s degree is also acquired by publicly defend-
mg a thesis, This thesis is written completely independ-
f:‘zaﬂ}' and must constitute 4 significant contribution te
knowledge, Only a few doctor’s degrees are awarded each
yeor m the feld of mathematios. Thus, while a Russian
sndidate s approximately between the American M.S.
and PhoD. & Russian doctorate degree is somewhat beyond
that of the Awmerican doctorate.

The Role of the Soviet Academy of Sciences in the Scientific
fife

The All Union Academy of Sciences of the USSR and
the 15 Republican Academies of Sciences play a dominant
r-'uie? in the scientific life of the Soviet TUnion. The bulk of
the seientific research work in Russis seems to be carried
(‘mt by the various Institutes of the Academy. Each Insti-
m;*.e seers 10 be g largely independent unit organization-
fﬂ-{}% % often housed in a single building, and is strongly
nfluenced by the personality of the director, who has two
dckputies, one for scientific matters and oné for business

matters. He is assisted by a Scientific Couneil consisting
of the senior members of his Institute,

The scientific employees of an Institute are both pro-
fessors of institutions of higher learning and gmduahés of
universities, with or without advanced degrees. The sup-
port stafl consists of technicians, clerical workers, ete. A
professor working at an Institute may devote any per-
centage of his time to his work. For some, the Institute
seems 10 be a secondary affuir, a role corresponding to
consulting in the United States. For others, the Institute
is the principle job even though an institute employee may
also give a course at a university.

An Academy lostitute performs no direet teaching
functions even though some of the employees may be
aspirants who work on a candidate dissertation under the
direction of a scnior member of the Institute. Students
required to gain practieal experience may acquire it by
working at an Institute. For instance, students come to
the Institute of Precise Mechanics and Computing Tech-
niques for practical experience in both the design of com-
puters and the programining of computers. Such students
not only come from all over Moscow, but from all over the
Soviet Union and China, and spend three months there.
An Institute may also give evening courses of o nature
similar to the extension courses of American universities.

The highest class of membership in the Soviet Academy
is that of Academician. The number of Academicians in o
given field is relatively small and fixed by law, and election
to the Academy is considered the greatest honor which a
Russian scientist may achieve. A member of the All Union
Academy receives a salary of 3000 rubles per month in
addition to any salary he may receive from his job. He is
also entitled to an official car and to preferred housing. A
member of a Republican Academy reccives a salary of
3500 rubles per month. A second class of membership is
that of Corresponding Member, who receives a salary half
that of an Academician. In 1946 cach Academician of the
All Union Academy received a “Dacha,” or summer home,
near Moscow.

"Phe Economic Status of Seientists

In evaluating typical Russian salaries it must be remem-
bered that the highest income tax in the Soviet Union is
13 percent and that all other taxes are indirect. Further,
medical care and certain other services are provided cost
frec by the government. Living conditions are helow
American standards, and in all cases the percentage of
income devoted to rent is much lower than that in the
United States. Remember also that while the tourist ex-
change rate is 10 rubles per dollar, the “comrmercial”
exchange rate is approximately 4 rubles per dollar: '

For mathematicians in a research institute, university
graduates start at 1050 to 1350 rubles per month, candi-
dates at 1850 to 3000, and doctors at 3500 to 6000 I‘llblf.:s
per month. The scale for engineers at similar Inst,z_tut.es; is
slightly higher. For comparison, & charwoman receives 420
rubles per mounth, a chauffeur 500 rubles, an average
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skilled worker 800, & taxi driver 1200 rubles, a high school and training ecenters for scientists. X new Siberian divig
teacher from 600 to 1500, while old age pensions range  section of the All Union Academy has been created v

from 400 to 1250 rubles per month. Lavrentyev in charge. The government has also cregre

Professorial suluries are fixed all over the Soviet Union. ten new positions for Academicians; among the f”:
A professor receives 4500 rubles per month plus an addi- appointecs wre mathematicians I N, Vekua and \,g
tional 500 if he is in charge of a Chair. If an Academician,  Maltsev, and the hydrodynamicist P. Y. Pl’,)hlbai"ﬁ]’if: ’

he alzo receives the additional stipends previcusly noted, Kochina. Several other outstanding scientists have oo |
Professors often supplement their income by consulting invited (o join the Novosibirsk Center; among them @
or part-time teaching at other universities. If well-known, 1. V. Kantorovich of linear programmning fae, and A ¥
a man may obtain such additional work easily and may Yershov of automatic progranuming. It 15 intended :,ﬂ,?

devote as much ag one and one-hatf days her week to this create a new university there whose rector will be 1. \
second job, for which he is paid at half rate. A particular Vekua. There is also planned a Siberian M fl»tllt!ﬁmti{;;y j
individual may have & full-time appointment at one insti-  Jjournal and a Siberian edition of the Doklady.
tute, may be working at a second Job at another, and per- ‘
haps eonsulting for a third and a fourth. To some extent

Chinese Developments

the salary structure of scientific workers depends on the A number of Chinese engincers and prograrmers wer
importance of the Institute. Mathematicians and physieists ~ observed in various laboratories during our visit, Appar
are among the top cevals. ently they have come to Moscow for traming. It we

It is also possible to earn additional income by author- indicated that the Chinese have developed a machine fo

ing scientific books. The rate per page seems to depend  themselves which is partly ferrite Jogie and partly vacuu
upon the status of the author and upon the subject of the tube logic and which has « capability between that of the
book;; for a man just below the status of full Academician, s~ Besy-l and the Besy-1L. The Chinese are also supposed;

typical figure is 2000 rubles per 16 printed pages. to have developed a machine which is completely thel
The salary structure for programmers is shown in  OWn design. It operales at approximately 5000 operation
table V. per second and is presently being readied for serial indus

7 trial production.
The Novesibirsl: Devclopmerd

Tt is a general belief in Russia that the future of the Acknowledgments

Soviet Union is closely allied with the development of the
immense and largely unexplored natural resources of member of the delegation contributed his transcribed note:
Siberia. M. A. Lavrentyev is credited with persuading ora complete manuscript; each member also assisted me
the Soviet Government to establish a powerful scientific  in reading rough deafts of the complete report and &,
center in Novosibirsk. Academicians Khristianoviteh and resolving conflicts and ambiguitics in our information. A
Sobolev are the other two leaders of the Novoesibirsk Raxp, many people have assisted me. Professor K. .7
project. Harper, Dr. D. G. Hays, Barbara Scolt, Andrew Kozak,
This new scientific establishment is intended to be a  and Dolores Mohr, all of the staff of the Machine Transis-
nerve center for the development of Siberia. Novosibirsk  tion Group, and Margaret Penington of the library “W
itself is already a large industrial city, and it is now to contributed their linguistic skills to the translation &
became the site of a large complex of scientific institutes various items, the transliteration of names, and the {ediow
task of determining initials. The photographs were pr,

TABLE V pared by L. R. Mockbee; and the line drawings by G. N0

Typical Salaries for Programmers Lucas. T. W. Zeihe and 1. D). Greenwald helped resolet

. uncertainties in the meaning of cerlain instructions of the,

Status in Research Inctitate (Rubléamontt) two UraL machines. F. J. Gruenberger read the mani,

- © seript editorially. Lastly and importantly, my seerstarl

Junior Scieniific Worker Mrs. Dorothy Crabb, and Miss Jessie Gutleridge fypot
non-Candidate. ... .......... .. e 1050-1350*

the many drafts of this lengthy document with its uir

Candidate of Seiences....... ... ... ... ... 18502000 o ha
Qemior Seientific Worker {amiliar names and places. Fach of us now feels somewie
Candidate. .............. o 2500-3000 more familiar with Russian computing technology, therr)
Dootorate. . ..o 3500-14000° research institutes, and their scientists. :
Head of Laboratory
_ Doctorate. ... ... ... e 35006000 Appendix 1
New Craduate—starting. ... ................ 1050 . . ) :
non-Depgree—1 year experience. . . ............. 12062 Instruction Repertoire of URAL-Y
Degree-~1 y8ar 8Xperience. ... ... --.....-ooco- 1330 , Appendix I :
* An engineer’s in this category is from 1200-1800. Instruction Repertoire of URAL-IT
2 In exceptional cases this may have an upper limit of 6000. . . . . .
% This will be 1300 for industry. [Appendices T and II will appear in g future lssue.l
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