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" . . .  let us scientists cont inue to exchange inform:~tion 
in friendship and peace.' . . . .  From a Russ ian  toast. 

nary. The paper presents a factual account of the trip of 
• technical delegation in computers t0 the Soviet Union. lit 
the itinerary, descriptions of specific Soviet computers, 

ions of certain computing centers, a discussion of Soviet 
~r-orientcd educ'~tion, "rod a description of current circuit 
Lponcnt development. In appendices arc given the instruc- 
ertoirc of the URAL-[ and the URAL-][[ machines, and an 
of solne magnetic cores. The paper is extensively illus- 

nd contains ,~ bibliography of relevant Soviet documents. 

)R'S NOT~: In contemplating the large amount of factual 
: {.ion, impressions and statistics which our delegation ob- 

a c o b s  

~erner 
% I I I  

a the two weeks we spent in the Soviet Union, it seemed 
cr ies ,  Oa~ 1~[~ advisable to me to present this material by topic rather than to 

it m the chronologmal order of collection. [ have, therefore, 
• '~'~a the information under subiect headings which appeared 

~, A n z o m , ~  ,. , s ~ t ! be fitting. For this reason nmch of the text wh'e ~ follows repre- 
mv own wording, although each delegate mav recognize 

LaboraN~fy;/i~]~i phrases, sentences, or entire sections as being his own. 
n ........... )f the difference between the Reman and Cyrillic al- 

, rendition of Russian names into English is subject to 
: w~riation, in this report I have attcmpted to use 
the system of translit.eration adopted by the United 

t on Geographic Names. In many instances the names 
ans we met were available to us in both the Cyrillic 
Jphabets; consequently 1 have been able to verify the 
lition. 
t s  of previous groups to the Soviet Union and from 
LiFe S O t l r e c s ,  a certain ~illlOtlnt of information about 
tputer development has gradually been accumulated. 
naximize the effectiveness of our visit, the delegation 
ng effort not to investigate those areas which previ- 
~,en described. However, in order to make this report 
ve within itself, I have taken the liberty of including 

nount of m,~terial fronl other sources. In particular, [ 
led forward some of the information obtained by the 
'r, Perlis, Robertson group who visited the Soviet Union 
1958.1 

also cross-checked a few other references in an effor~ to 
nflicts between our information and that previously re- 
is hoped that this present report represents an essen- 

ect picture of the Soviet computer field as it is visible to 
om the western world. 
elected to report in a positive and definite style, but 

is, of course, always a possibility that our factual material 
)e wrong. Alnong other things, the difficulty of communicat- 
cross a 1.mguagc barrier introduces uncertainties into the 
nation. 

Organization of the Report. This report has been divided 
into the following major sections: 

History of the Delegation 
I t ine ra ry  

Organizat ions 
Specific Machines  

Other Machines  
General  Deve lopmen t  of Machines  

Applications 
Circuits and  Components  
Major  Mach ine  Componen ts  
Educa t ion  
Chinese Deve lopments  

Under  "Organiza t ions"  is also included a certain am(mnt~ 
of technical mater ia l  of a miscellaneous na tu re  which did 

no t  conven ien t ly  fit into other  sections. 

H i s t o r y  o f  t h e  D e l e g a t i o n  

As a result of negotiat ions between the Na t iona l  Jo in t  
Colnputer  Commi t t ee  of the  Uni ted  Sta tes  and the 
Academy of Sciences of the Soviet  Union,  an a r rangement  
was concluded whereby a Russ ian  delegation would visit  
this  e(mntry in April of 1959 arid an exchange American 
delegation would visit the Soviet  Union  in M a y  of 1959. 
F rom April 19 to M a y  1 the Russ ian  Delegat ion of seven 
visited approximate ly  twleve factories, instal lat ionG re- 
search es tab l i shments  and  o ther  activit ies in the United 
States. The detai ls  of this group 's  i t inerary  arid discussions 
have been publ ished separa te ly?  

Because the exchange had been arranged in the name 
of the Nat iona l  Jo in t  Compute r  Commit tee  as a representa-  
t ive of the compute r  societies of the United States, arid 
because this was an exploratory trip, it was considered 
desirable tha t  each of the three societies which comprise 
the Nat ional  Jo i n t  Compute r  Commit tee ,  as weil as the 

1 See: 11) Status of Digital Computer and Data Processing De- 
velopment in the Soviet Union, ()NR Symposium Report, ACR-37. 
(2) Comm. Asset• Comp. Mach. 2, No. 6, (June 1959), 8. 

2 See: (1) Cornnt. Assoc. Comp. Mach., 2, No. 11 (Nov. 1959). (2) 
Trans. PGEC, Vol. EC-8, No. 4 (Dec. 1959). 

Communicat ions  of  the ACM 131 



N J C C  itself, should be represented on the d(leg,',~i<m. 
Six of the eight members of the delegation were ih(w(f<)re 
officers of the N J C C  or i ts member socielies, or ~ct)rc- 
sentatives of one of these. The t w o  other  posili<ms were a 
representative of the m a n y  govc rmnan t  depa r tmenIs  
which part icipated in the Russian visit Io this  country ,  
and the interpreter for the group. T he  delegat ion was 
for tunate  in having as a member  Professor IApman Bets 
of New Y<)rk Universi ty;  because of his personal  s tature 
as a mathemat ic ian and his ftuen( knowledge of  Russian, 
we were able to obtain insight into Russi-m mathemat i c s  
and social life? 

The members  of the American Delega t ion  were as 
follows: 

Name Aftiliation Represent i~g  

Morton M. 
Astrahan 

Samuel N. 
Alexander 

Paul Arme,' 

Lipinan Bers 

Harry H. Cmo(le 

tIarry 1). Huskey 

Mor,'is Rubinoff 

Willis H. Ware 

International Busi- 
ness Machines 
Corporation 

National Bureau of 
Standards 

The R~XD Corpora- 
tion 

Institute of Mathe- 
matics, New York 
University 

University of Michi- 
gan, Bendix Sys- 
tems Division 

University of Cali- 
forni-~ 

Phileo Corporation 

The RAND Corpora- 
lion 

Chairman of the l)ele- 
gation, Past Ch'dr- 
man of NJCC 

United States Govern- 
ment Agencies 

Vice Chairman, NJCC 

[nterprete,- 

Chairman, N.ICC 

Vice Chairman, Ass(): 
elation for Comput-. 
ing Machinery 

Chairm'm, Computing 
Devices Committee, 
Amerieaa InstituIe 
of Electrical Engi- 
i l e e r s  

Chairman, Profes- 
si(mal (h'oup on 
Electronic Com- 
puters of the IRE 

In addition, Mesdames Astrahan, Alexander,  Armer,  
I-htskey, and Ware accompanied the group. E a c h  member  
of the delegation was financially supported by  his own 
organization, or by a special grant  f rom the government .  
Each wife paid her own way. 

In  an international exchange of this kind it mus t  be 
recognized that  the difference in language is a serious 
barrier to the 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 Cite 

necessity of communicat ing across a language  barrier 

hindered the fi'ee flow of ideas. I t  was a p p a r e n t  on m a n y  
occaskms that  an inadvertent  mistranslat ion of a single 
word changed the meaning of a key sentence or mis- 
directed the entire conversation. For this reason it was 

a Professor Bers used the occasion to establish contact with 
mathematicians in the Soviet Union. A copy of his report can be 
obtained by  writing to him. 
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often uec(,~sary lo rephrase a~<l repeal a ([~lestioli 
limes il:~ order to .onvey the pcoper implicatioli. ~[:f o 
formation ~et forth iu this report differs seriously ~:, .... 
thal reported elsewhere there is in addition to t a ~ '  ~:°'!ii~.~ ~: 
fic ill ties imp<~sed b v t he l,~mgttage ctiffereu ce, t he poss i l~,i I i t~ii~ 
thai some of the work hi (lUeSlion is still experimental :  ~:z:¢i : 
may  therefore have changed since aa earlier topoi-{ 

t 

l t l n e r a r v  

The delegatioa arrived at Vntll,:ovo Airport, -Me:):seo+a. ; 
a.t approximately 10.o,} p.m. Sundav, Ma y  17, I ¢  ~ 
Wc were met by our host, Academician Serg( 'A .  L e l - ) ~ t e a .  : 
and three members of his Ins t i tu te :  Victor K. Z e i d e v i b e r a  : ..... 
and Aleksei S. I"edorov, electrical engineers, and A ' . [ ~ +  
Atom I. Mar tyneva ,  a linguist, l 'he men were transi~,~:>r,{:{;~{{ :~ 
lo the Hotel Sovetskaya by bus, while the womel:~ a=~s,d~} 
Miss Mar lynova  traveled to the hotel by c'tr. It is : x D p r ~ ,  
priate at  this point to express publicly the gral i t t~<l~:  e '?  ! 
lhe delegalion to their host. and to the technical ~ l a t d e "  ~'~ .......... 
who were to make the stay of the delegation in [{~tsa.ia. 
so ple'Lsant, st) cordial, and so memoral)le. 

Monday, 3Ia!l 18 

After the necessary but t ime-consuming e x c h a ~ g e  <d~: 
dollars into rubles, the group traveled to A<a( le~n~e ia~  ; 
Lebedev's  Inst i tute of l 'recise Mechanics and Conip~_at i~::~g 
Te<'.hni<lues, which is local.ed at 51 Leninskiy l)rejsl/:>ek~,~ 
in the s<mthwest section of Mos(ow. In the momi t :~g  t h e  
work of this Insti tute was generally discussed and a ~.'i:+{¢ 
was made to the BESM-[ installation. Following h u ~ c h  ~:e 
visited laboratories working on the following top ics  : 

l. Transistor parameters 
I ranst,+;tor cir<'uits 2 .  r~  "91 

3. Core materials 
4. (,< re switching time 
5. Thin magnetic fihns 
6. Magnet ic  circuits 
We met or spoke with the following people: 
[. S. ~,/[UKHIN, I )eputy  Director  of the Insf i tuI (>  
V. A. 5![ELNIK()V, Engineer 
V. V. BAmnzn, Engineer 
P . P .  - > (~OL( WST[KOV 
Y t l . [ ,  S H A I i A P O V  

. . . . . .  VAS~LEV 

'* [t is frequent in Russia for an organization to be na ~7~:t~?d i~  
honor of an iinportant personage. This is done by coupli ~:~g t he 
name of the institute to the n'tme of the person with t h ~  ~ (~.~rd 
"imeni" which means "in the naIne Of." The proper name o t  the 
Steklov Institute is, therefore, the Institute of Mathemati¢~ i*:~~e:~i 
V. A. Steklov. Frequently such long titles are shortened b> ~ t~:si~,,.. 
the man's name to describe t.he institute. AImther ex,tmph~ i ~ t ha~ : 
of Moscow State Uifiversitv imeni M. V. Lomonosov whict:* i s  i " re- 
quently called simply Moscow State University or, son :+ ~ "  
Lomonosov University. On other occasions an institute is r ~ f e  cv:e~ 
to by the title of its director. For example, the Institute of l:-reeils+e ! 
Mechanics and Computing Techniques is sometimes referr e ~ i  t ~  ~s 
Lebedev's [nstitute, although this particular case creates c ° * : ~ : :  
sion because of the Institute of Physics imeni P. N. Lebe( [~  ~¢" 
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tq(;. I. At the .\h)sc<)w Comput ing  Cente r  of the Academy of 
ciem.es. 

Tuc,vday, May 19 

The gr<)up visiled the Moscow Compuling C, enter of 
~e Soviel Academy of Sciences. This organization and 
:tri of ihe Sleklov Institute for Mathematics* strafe a 
ill(ling al 

Aka(lemi<'hesky l)roezd 
l)om No. 28 
Moscow V- 134. 

We discussed the work of this organization and visited 
the [ lc.uA, tile S'rm.:LA-[II ~ and the Bnsx~-ll installations. 

We reel (tr spoke with the following people (fig. 1): 
A, ~.. I)Om)DXtTSYX, l)ireet<n' of the Computing 

(,enter, Aer<)dymmtMst 
V. A. l)rrKlx, Deputy 1)ireetor of the Computing 

(2enter 
V. M. KUZ()CHKt×, Head, Programming I,aboratory 
A. P. YERSHOV, Ilead, Theoretical Programming 

Depart ment 
V. P. SMIZYA(ltN, Chief Engineer 
P. T. CHUS~[KtN, Scientific Staff Worker in Aero- 

dynamics and Gas Dynamics 
l:ollowing hmeh the group split into two parts. Bet's, 

(',oode, Rubinoff and Ware discussed with G. B. Bin- 

*'v- a Occasional references in the literature have suggeste, d that 
; • * Ill~tel'eltt verslollS of tile ~TI~.ELA llla(',hllle exis t .  For  lllStallce, in 

Vol. 5 No. 4, page l t ,  reference is made to 
~lt~(;~{~r~!i: the S'rR~:LA-II[ nmchine instal led a t  the  Academy Comput ing  
~ l"et'{!~{}~ Center. Other references in the literature mention a STaZLA-[, "~ 
2 e~e~(~ ~s*)STRELA-II and a STare A-IV 
' - :Le@ 

kovsky his theory of the memory function in the human 
l>raim The rest of tile group visited and heard described 
ihe th,:s~-I [. 

Wednesday, May 20 

In the morning the group visited the Institute for 
Scientific Information in Moseow, htcated at Baltiiskaya 
[ litsa 14, and discussed its work on information storage, 
retrieval and dissemination. We discussed at some length 
plaus for atttomating these fuuctions with l)rofessor L. I. 
Gutenmakher. We met or talked with the folk)wing 
people: 

l'r<)fessor A. I. MnoL~n,ov, Direct<>r, All-ITnion In- 
stitute of Seientiiic and Technical  Information (V1NITI) 

l)rofessor L. I. GtT~';X~L~KH Fro, Head, lad)oratory for 
Elect ro-.\ h)(leling 

.................. RaKOV 

........ C n E ~ x v 
In the afternoon lhe group rcconvened at the lnstilxtte 

for Precise Mechanics for a discussion of language transla- 
tion. We met or talked with Ill(; following people: 

[. S. Nlm~u~x, Deputy 1)ireetor of the Institute, in 
charge of langu'tge lranslation researeh 

V. V. Iwxx(.tv, (~ Head, l~anguage Translation group 
......... Kom)Eu, Assistant to Mukhin 
V. V. I'AItSHUM, 7 German-to-Russian translation 
G. A. V(nx'HF:K, Japanese:t():Russian lranslation 
(Mrs.) T. M. NIKOLAVEVA, Russian-to-other-lan- 

guages translalion 
V. A. V o t t o x t x ,  C, hinese-to-Russian transhttion 
.............. BoBn, SKV, s lhtssian-to-other-languages transla- 

tion 
(Miss) A. I. MAm'x'x'ow,~, English analysis (one of 

our (eetmieal guides and t he priucipal Soviet interpreter) 
(Mrs.) G. I >. ZELENKEVI.CH, MathematMan 
N. O. Koltot,[,:v, Mathematician 
~[. B. YEFIMOV, Japanese-to-Russian translation 

Thursday, May  21 

The group ,~gain split. Goode and Rubinofl' visited the 
Institute for Automalion and  Telemeehanies at 15A 
Kalanehevskaya UI,, Mose<)w 15. Th W discussed analog 
eompuling devices and deve[opmenls in switching theory 
and remote c<mtrol. They met or  spoke with: 

BoRIs S. SOTSKOV, D e p u t y  Director 
A. M. GAVmLOV, Senior Professor 
B. Y. KOC, AN, Engineer 
.................... PETttOVSKI~ ~, Secretary of the Institute 
............. I)ARKHOMENKO 

. . . . . . .  GRUENBERGER, Staff Engineer 
G. K. MOSKATOV 

6 Affiliation uncer ta in ,  l:te m a y  be a general  consu l t an t  to 
IPMCT and also Mfiliated with The Institute of Language Studies 
of the Ac'Memy of Sciences, with the Committee for Applied Lin- 
guistics of the Academy of Sciences, with Moscew State Univer- 
sity, and with the Institute of Pedagogical Scieaces. 

7 Spelling uncertain--m'~y be Parshin. 
s Spelling uncertain-may be Barbitsky. 
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The rest of the groul) visited the Lomo~osov <:ampu~ 
of Moscow Slate lhiiversily and its eomputi~lg tether, 
The work of this computing eenter was discussed and the 
STm.:LA aH<l SI,:'rcx installations were visiled al~d deseribe(l, 
We niet or spoke with the following: 

Acadenfieian S. L. SOBOLI:V, t[ead, Compuliiig Chair, 
MSU 

I, S. P,t':ttEZlX, l)irector of (he (~omputing ( / en te r  
M. Ii, SH~ mx-Bu,A, l'rofessor of Numerie'd Analysis 
N. 1'. Ztm)KOV, Pr<)fessor and Seni<)r Scienlist 
N, I'. Ihtus[,:xzov, Chief I,;ngiiJeer of the Sm'ux 

ma<'hiim 
The l)ireciof <)f Moscow St'tie University was h<)sl to 

fi~e delegation at a formal hmehe<m in the university. 
A( ihis time we met or spoke with the f()llowing people: 

Aca(lenfi(qan I. (1. I)F, TROVSKI Y, [{(;ctor, Mos('ow 

Stale [7niversiiy 
IN, I)+ Zm[)aov, Iq'<dessor and Senior Seientisl 
Acudemiciai| I+ M, (',ELFAND, I'rofessor of Mathe- 

matics, MS(/ 
Aca<lemician i. II. SUAFAm,:V[TCH, l'r<)fessor of Mattm- 

mat its, MS ( ; 
Aea(lemicia, S. L. SOB<mEV, Head, Computing Chair, 

M S U 
Ye. M. l,~,X[)lS 
I. S. lh~:mc, zlx, I)irecior, (k)mpuli[lg Center, MS(; 
.................... N|Kn~'olu)V, Hca<l, li'oreign I)ept., MSU 
M. I{, SItuItA-l!h:m~, I'r<fl'ess(,r of Nunierieal An'dysis 

The part of lhe delegation which had visited the Inslilute 
for Atmnnaii<m and Telenmeh-lnies arrived in time to 
join the hmche<m+ 

In the evening Aca(lemiei'ui and M.ldame Lebedev 
were hosi to t tte deleg<'tti<m at their Mos(;ow ~lpartnlent. 
Foll<lwing an (nltsianding example of Russian hospitality, 
the gro,p departed cm lhe overnight [led Arrow Express 
for I,eiihigra(l. 

l,'riday, May 22 

The (lelegation visited the C<lmlnlting Center of Lenin- 
grad ()niversiiy, which is physically located in the build- 
ing of the hlstiluie of Mathenlalies and Mechanics. The 
address ix : 

Fak. Vyehislitel'nyy Tsentr 
Mat iko-Mekhanieheskiy 
10 Pinikh D. 33 
Leningrad, [3-178 B. O. 

We dis(usse(l at some length the currietihml for training 
of conqmter-oriented mathematicians. We later visited 
installaiions of the (TUAL-I, the EV-80, the MN-M and 
the MI)T-9 analog niaehines. We met or spoke with the 
following people: 

Professor S. V. VAI,LAXDIi:U, Director, Insiiiute of 
Mathematics altd Mechai/ies; I-[ydrodynamieist 

I. K. (Ltvuit[x, I)eputy l)ireetor, (,,onlputmg Centel ; 
Prof(,~ssor in the Theory of Functions 

A. N. BALUYEV, Second Deputy Director, Computing 
Center 
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. . . . .  I))ULOVSK'I ", Re~careh Assistant, Programmer, 
Statislieian 

S. Ya.l"rr~ALOV, Research Associate, Programm<. 
inlerested in Mathematics arid Linguisties 

t>rofessor I). K. Ii'ADr:YEV 
Mine. V. H. FADEYEVA 
Mine. (). A. I,AI)YZHENSKAYA, Mathenmtieian, ir~, 

teresled in partial differential equations 
Professor S. G. M[[CnL[N, Mathematician,  interested 

in iritegral equatioris 
Professor M. L. TSETLIN, Logician, interested it,, 

the Theory of Automata 

Saturday, May 23 

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

Sunday, May 2~ 

In the afternoon the group visited the Kremlin and, in 
addition to the more usual tourist sights, were privileged t0 
have speeial permission to see the Great l)alaee of the 
Kremlin. 

Monday, May 25 

The group split into three sections. Armer met  privately 
wfih Yershov to discuss matters of programming aM 
operation of the Academy Computing Center. Ware met 
with a group of Bnsu engineers to discuss general matters 
related to design philosphy, reliability, components, a n d  
so forth. He spoke with: 

V. V. KOBELEV 
V. S. BURTZEV 
V. Yl.t. ALEKSEYEV 
M. V. TVAPKtX 
V. N. L*UT 

The rest of the group left by plane for Penza  to inspect 
the computing machine faetory and to see the UmtL-I 
machine in pr(>duetion. (Address: Vavod Schetno A,m- 
licheskikh Mashin, Penza.) They also saw the  prototype 
of the URAL-II and learned its eharac, teristics. They met 
or spoke with the following: 

V. A. MOTKIX, General Manager 
V. A. B(TANOV, Deputy  General Manager 
V. M. STEPANOV, Engirmer of Soviet Production 
A. M. Iw,txov, Engineer of Regional Production 
A. D. PAVLOV, Engineer 
B. I. IRAMEYEV, Chief Design Engineer 

oo < 
N, CnE 

KAI,. ~ 

mY.  
! ! i  

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, ttle inter-eommction of 
computing machines by communication networks, re- 



iability of transistors, machine organization, etc. The 
people whom we inet nnd spoke with are as follox~s: 

............ B . ' , c : m x  

p. p. GOLOV[STIKOV 
N. N. CHENTSOV 9 
Yu.I. 8Ha m~Pov 
8. G. KAD~SHX~KOV ~ 
K. S. NESLUt,:HOVSKIY 
N[. V, TYAPKIN 
A. N. L:vuT 
....... KUZMICHEV 
O. I(, SHCHI'.:RBAKOV 
V. y A . A L E K S E Y E V  

........ C~ALSKI[Y 

P. 8. Om~nVSKIY 
........ P ITKEV l t i t  

V. V.  [K()BI,;LI';V 

V. V. Bamnz~-[ 

Wednesday, May 27 

[n the morning and early afternoon, the group visited a 
facility of the Moscow Computing Machine factory wimre 
we saw and heard described a hitherto undisck)sed machine, 
the M-20. We met or spoke with the following people: 

I. [. KONYAKHIX ", Director of the facility 
M. K. SvL~x.t 
................ [~.ONI) RAMOV 

............ SOLOVEV 
We again were treated to I{ussian hospitality with a 

sumptuous luncheon served in the Director's office. 
Iate in ihe afternoon tim group flew to Kiev where they 

were met by a party from the Computing Center of the 
Ukrainian Academy of Sciences and driven to the Hotel 
I/kraina. 

Thursday, May 28 

The group visited the Kiev Computing Center of the 
Ukrainian A{.'ademy of Sciences located 'tt: 

Bolshaya Kitayezskaya ll5 
Kiev 28 

"e discussed t tie work of the computing center and learned 
some of their automatic programming work. We also 

sited and had described the Kmv computing machine, 
special purpose analog computing machine, the SESM 
,mputer, and some experimental work in character 
cognition. 
We saw or spoke with the folk)wing people: 

V. M. GLUS~KOV, Director, Compnting Center, 
Academy of Scmnce, Ukrainian SSR 

B. N. M;tLtNOVSKIY, Proxy of the Director of Scien- 
tific Matters, Candidate of Technical Sciences 

A. I. KOXDALYEV, Scientific Secretary, Candidate of 
Technical Sciences 

G. E. PUKHOV, Head of Department, Doctor of 
Technical Sciences 

9 Initials uncertain. 

L. N. DASHEVSKI¥, Head of the Department (in 
ctmrge of KIEV machine), Candidate of Technical Sci- 
ences 
Yu. V. BLAGOVESHCHENSKIY, Chief Scientific Asso- 

ciate, Candidate of Technical Sciences 
V. N. OSTAPENKO, Chief Scientific &ssociate, Candi- 

d-tte Physico-Mathematic Sciences 
E. L. YUSIICIIENKO, Head of Department, Candidate 

of Physico-Mathematic Sciences 
Z. L. t{ABINOVICH, Chief Scientific Associate, Candi- 

date of Technical Sciences 
V. E. SHAMANSKIY, Head of Department, Candidate 

of Physico-Mathematic Sciences 
I. T. PARKHOMENKO, Chief Engineer (acting) 
Y~'. T. MrruLtXSKn, Chief Engineer 
V. A. KOVAL~VSKtY, Chief Scientific Associate, Candi- 

date of Technical Sciences 
V. I. SKUmKmX, Chief Scientific Associate, Candi- 

date of Technical Sciences 
N. N. PAVLOV, Junior Scientific Associate, Candidate 

Technical Sciences 
IR..YA. CHERNYAKH, Candidate of Technical Sciences 
V. V. KRAYNITSKIY, Chief of Department 

What evening we were the guests of Dr. Glushkov arid 
other members of his organization at tim l)ynamo Res- 
taurant  in Stadimn Park in Kiev. 

Friday, May 29 

The group returned by air to 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 Hotel Ukraina. In addition to the Lebedevs, 
the U. S. delegates and their wives, the technical guides 
and interpreters, also present were Professor Ditkin, 
Mr. Bardizh, Mr. V. S. Petrov, Director of the Moscow 
Computing Machine plant, and Mr. P. S. Oraevskiy, 
Staff of tile Presidium Office of the USSR Academy of 
Sciences. 

Saturday, Ma9 30 

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

I t  is interesting to note that the only locations where 
tile group was requested riot to take photographs were 
the computing machine factories at Penza and at Moscow, 
the Institute of Automation and Telemeehanics, airports 
arid 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 technology. 

In judging the quality of the pictures included in this 
report, 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 subFaitliaiure (:a{neras, Or 
from black and white prints. In some c'tses a picim'e is all 
enlargement of a portion of the original. 

lit is hoped that  the illustraticms, though ~o{; always 
technically excelle.nt, will contribute to "~ s(mse <)f famil- 
i'trity with Soviet personnel, places "t~)d nmchincs. 

O r g a n i z a t i o n s  

The Institute o.f Precise Mechanics and (/omp~tti'ng 
Techniques 

This was i~he host Inst i tute to ()tit' delegation (fig. 2). t'rior 
to confing to this Inst i tute as its I)ireclor, Academician 
Lebedev was at the Kiev A(:a(lerny ()i' Sciences a~M 
was responsible there for the construction of lhe M~,:s.v[ 
digital computing machine, said by the Kiev workers to 
be tim first electroni(, computing machine in continental 
Europe. Subsequent lo his coming to Moscow as Director 
of I t )MCT, Academician Lebedev has been responsible 
for the development of the Bns~.~-I, BESM-[I, and other 
machines. 

The building itself is renliniscent more of an academic 
building than an industrial building. It  is e<luipped with 
the usual offices and labortdory facilities as well as a 
large lecture hall. Within an office the. decor tends to be 
ornate; the entrance door is fre(tuently padded on both 
sides with what appeared to be leather, and heavy drapery 
usually hung across the doorway and at the windows. 
The ceiling height was somewhat higher than that of 
conteraporaw Mnerican construction, but we felt; in 
general that working conditions D,t the oflices and in the 
laborat~oI'ies were good, There appeared to be an ade(luate 
amount of room and the workers were comfortably sup- 
plied wil:h material and equiprnent. The building was 
constructed in 1951. Many things testified io tim steady 
and heavy usage which it has received. In Rt~ssian Ir'Mi- 
lion, the floor :is parqueted mM of unfinished oak. As in 
nearly every building, there are two sets of permanent. 
windows for weather protection. 

Most of the discussions which took place at I P M C T  
fit; naturally into other pt~rts of this tel)oft; 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 differential 
analyzers it was indicated that the interest at IPMCT 
in this device was as an adj unct to a general-purpose digital 
computer. The opinion was expressed that the I )DA 
might be a very useful device to process input information 
for certain kinds of problems to be handled by a general- 
purpose machine, e. g., partial differential equations. 
Such a capability might be added to the BESM-II. They 
were familiar with the American literature on this subject 
and asked by name about the TalCF machine. Other 
unnamed institutes in Russia are actively engaged in 
designing and constructing digital differential analyzers. 
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It) a (ti~(' tssic ~ "d)ou{ the st:ructure of machine i~ ~t,~. :::':~d 
films, i,(,:)e([ v contmenied thai ~hey had i~) the t)~" ~"¢i:'<~ 
pr(fferred ~hree-~ddress insIru(qi(ms; but, si~ce largest ; < '  
sieves and longer addresses ha~e appeared, they t~ow te <:~:e~ 
toward single-address instru('tions t)(~(:ause the xxord lel~g~t) : :~!  
for a thr'ee-a(ldress format be(:omcs too long for ihe prec= ' 
siou needed in the arithmeiie. Th(y  lq~ve nmdc at) :t~taly~i~ Z,~:~ 
of 't Jmnd)(w of problems which shows thai most maehi~> ~1 
op(wati<)Hs are two-tM(h'ess in nalure; the opi~d(m w>, 
expressed lhat a two-:M(:tress instruct i(m form'~t mig),~ :,:ss¢~ 

be ,m event ual and r(,aso~mble compromise. T 
The Institute of Automation and T(demet:hatfics i~ t : : d  

considering coml)ined amdog-digilal computi)~g syste,n> 
for some of theh' problems. It has been lheir exi:)erie~cv 

~ ~li ~,1 that una(',(~eplable errors ue(,'Ul'aulale when large problem~ ~ , , ~  
are "dtempted with :m an:dog (!ompui(;r. [~ecttttse ~ : '  ......... i 
higher unit costs for (ligilal e(luipment, m<)re me t% is > ~  
available for it: than for analog equipnwnt. 

[I MC 1 hopes to improve the speed and logical (l(*sig~ 1 
of their m'tchines by using special wwuum tube structures i T! 
for binary adders and switching. They feel that i'errt~s 
are not fast; en(mgh for such special structures, nor (I~ i; ~;~>rn 
semi-(ondu(tors app(ar  to have a p a(e for (his p n'p( se~ ii ~ ~i 
Low temperature, thin fihn magnetic devices are bci~g ~:hi~ 
seriously considered for more sophisli('ated, multil)h,-e,~:~2~l 

A element switchit|g devices. 
There seenwd to t)e general agreenmnt betwe(~l~ t}w qeI~t 

• } ,  , 

Russi'm group and the delegation on lhe techniques f(~r p~'oi 
faster nlachines. Suggestions included: simultaneous opera,, I li 
lions such as overlapping the fetch of the next instrueii,.~ ~ ~{i 
with the executkm of the present instruction; makil~ 
slower units workin parallel to feed faster units; aecelerati~g ~0~:! 
fast. units by improved circuit tectmiques, or rot)re SOl)his,. ~:a: 
tieated logical devices; inclusion of new nmltiple operqti.I~ era! 

At 
h~slructions ill the machine repertoire; increasing the <~:m 
size and speed of the working store. [n eonneclion wilh 
lhe size of the working store, it~ was felt by the Russ a ~s woi 

wet 
that so far as scientific calculations are concerned a hwgc (;., 
store may help progranlnling efficiency more than il <:el> :~ i~'~g 
tributes to increased machine speed. ...... 

We were aske(l about transistor reliability in our S~e~ 

Fro. 2. The Institute of Precise Mechanics and Computi~g 
Techniques. 



laehines and we in turn inquired about their comparable 
xperience. They  referred to a working experimental 
ransistor machine elsewhere in Moscow which contained 
everal thousand transistors. Their life experience indicated 
hat a few tm, s of transistor failures had occurred in a 
ew mon ths  of operation, of perhaps five hours per day. 
?hey expect  to publish details of this machine soon. 

T h e y  have experimented somewimt with computing 
~achines connected to communication lines, but, this is 
,or a regular  technique. They felt tha t  machines coupled 
,y communicat ion networks is not a technique to be 
tudied of itself. The details of each application would 
[epend on the problem to be solved. Lebedev maintained 
trongly tha t  it does not make sense to share a problem 
)etween several machines linked by communication ehan- 
Lels, a l though  he did admit that  for special purposes it is 
easonable to transmit  data over lines to the machine. 

The Moscow Computing Center of the Academy 
of Sciences 

The  Comput ing Center of the Academy of Sciences was 
'ormerly a par t  of IPMCT.  As it expanded it moved to 
ts own building, of which it now occupies the first and 
~hird floors. The  second floor is occupied by mathematicians 
)f the Steklov Institute.  

About  95 per cent of the machine hours at the computing 
~enter are devoted to scientific and technical work; in 
bhe course of a year about 100 different institutes put 
problems on the machines. About half of the machine time 
is used by  computing center personnel themselves with 
~utside insti tutes using the other half. The outside eus- 
Comers 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  momen t  there are approximately 300 people in the 
computing center; but  it was estimated that 1,000 people 
would be required to do all of the programming for the 
work being done on their machines-- the ST~ELA, the 
URAL-I, BEsM-I and the BESM-II. Apparently the comput- 
ing center  still makes extensive use of the BESM-I, even 
though it  is located in the nearby I P M C T  building. I t  ap- 
pears t h a t  BESM-II, although just finished, provides produc- 
lion t ime.  A typical problem was said to be approximately 
500 three-address instructions and would take about ten 
days to  be programmed and coded. In such a problem t~n 
programming errors would be regarded as a poor showing. 

T h e  general mode of operation is as follows. Program- 
mers f rom the outside who come to the computing center 
with a problem apply to the scientific secretary of the 
computing eente?. He assigns someone from the computing 
center to  provide any assistance needed by the outside 
programmer.  In general, an operator is provided for each 
machine, and only programmers with specific permission 
can opera te  the machine personally. Normally a program- 
mer can expect only one code check pass per day at a 
machine;  with a very high priority he might get two or 

three passes. 

A programmer is required to submit his manuscript in 
ink. Examples of manuscripts which we saw indicate that 
often a manuscript is written in pencil until it is thought 
to be correct, and then redone in ink. The mamlscript is 
then keypunched twice, and the two decks compared, be- 
fore being sent to the machine. The output cards are 
handled on an off-line printer. 

In general, there is a reasonable amount of cooperaiion 
between the machine designers trod the p,'ogrammers, 
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 a 
local group of engineers was willing and eager to change 
the character of the machine. In this connection it, was 
observed lhat the interchange of routines for S'rtCFa~..t 
machines was virtually impossible because no two of ~he 
machines were alike. It was also suggested that  the same 
situation prevails for the UmtL-I machines. As a result, 
user organizations do not exist:, for the URa:L-I or S'rtcEt,A. 
Dorodnitsyn thought it. was too early to standardize (m a 
specific machine la.nguage for the whole of the Soviet 
Union. t te suggested that they plan to design a large 
number of machines and to construct enough of each to 
provide adequate operating experience. Perhaps iH five 
years a decision would then be made as to which machi~e 
and which language should be chosen for standardization. 

The computing center's responsibility is largely for 
scientific and engineering calculations. A government 
scientific technical committee has recently been formed 
and will be responsible for eomnmreial applications of 
computers. Any special machine required for this aork  
will presumably be developed by laboratories or institutes 
connected with industtT, rather than by those eonnecte(l 
with the Academy of Sciences. 

The Moscow State University irneni V. M. Lomonosov 

Department of Mathematics. Mathematics 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 Mathematics, Me- 
chanics and Physics. Tim Dean of the Mathematics anti 
Mechanics Faculty is now the fluid-dynamieist N. A. 
Slezkin, who succeeded Kolmogorov. A Mathematics 
section of the Faculty comprises eleven subdepartments or 
"chairs," each of which was originally occupied by a 
single professor, but now includes several people. These 
chairs and people in charge are as fotk)ws: 

Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N. V. Y~a 'I~tov~° 
(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 . . . . . . . . . . . . . . . . . .  P. S. ALEKSANDUOV 
Differential Geometry . . . . . . . . . . . . . . . . . . . .  S . P .  FINIKOV 
Differential Equations . . . . . . . . . . . . . . . . . . . .  [. G, pI~:TROVSKI'~ 
Probability and Statistics . . . . . . . . . . . . . . . .  A. N. Koi,~m(~oaov 

10 Initials uncertain. 
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Number Theory and History of Mathe- 
matics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I .M.  G~:LFAX~) 

Function Theory and Functional 
Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D. YE. M~NSH()v 

Logic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A. A. MAUKOV 
Computational Mathematics . . . . . . . . . . . . . .  S.L. SOBOLV:V 

(This is the Russian equivalent of Nu- 
merical An,dysis.) 

During the first two years, a student of mathemat ics  
is not at tached to a given chair but  takes a s tandard 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 a partial 
picture of the overwhelming concentration of mathe-  
matical talent at Moscow University. For instance, the 
Chair of Function Theory and ii'unctional Analysis con- 
tains, in addition to its leader, such people as I. M. 
Gelfand, G. Ye. Shilov. P. A. Raykov,  '0,, and others. 
L. S. Pontryagin and M. M. Postnikov ~°~ are a t tached to 
the Topology Chair. 

The mathematics group at Moscow State Universi ty  
is equaled only at one or two other places in the  world. 

In addition to the strong mathemat ics  depar tment  a t  
Moscow State University, there are prominent  ma thema-  
ticians connected with other institutions of higher learning 
in the Moscow area. There are also people whose pr imary  
assignment is elsewhere, but  who also teach at  MSU;  
for instance, S. N. Mergelyan, director of a computing 
center in Yerevan, the capital of Soviet Armenia;  and 
some members of the Novosibirsk branch of the Academy 
of 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 scientific books are translated 
into Russian and published• 

Computing Center. The Computing Center organiza- 
tionally is within the Chair of Computing,  al though it 
appears to be independent in the sense tha t  it is separately  
funded and has its own scientific council of representa.tives 
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 computat ional  
mathematics.  One of these is a programming laboratory  
which is concerned with numerical solutions of applied 
problems and includes several groups: 

Electrodynamics: A. N. T~KHONOV 
Nmnerical Weather Prediction: I. A. KOBEL 
Gasdynamics: G. I.  PET~¢OV '°~ 
Automatic Programming: M. R. SHURA-BuRA 

Shura-Bura's group is also responsible for the Theory 

~0~ Initials uncertain. 

of ]'rogrammil~g, and for providing eompu{i~ G s(¢v. 
10 (,{hol' j~)(K)]D]e w i t h  pFoblelYiS. Th(~y chaF~0 0 ( ) 0 '  } ,  .~ '~ 

pel' }~()ur for |he STItELA~ 11 although the group s(:)meti~ .. ;~ 
does w()rk for industry al no charge, provided it is > a  
fei( ill ly i~lcresting. 

( ] The secotld laboratory aI the Cc ~tcr has just rc<~a.~> 
been formed amt concerns itself soMy with m m~e~qs>~, : 
analysis. [t is headed by Y. t'. Zhidkov. 

The Compuling ()enter is responsible for traipsing , 
nmthematicians who are specializing in computers, l:<>r.~ >,. {i 
per cetlt of the mathematics students a( Moscow S~ ...... 1 
University are specializing it~ numerical analysis, L,~> 
avery mathematician must  take at least one yea~ - =,i- 
numerical analysis and computing mathematics.  T i ~  ..... 
university provides its own mail~tenance engineers f~¢~ 
their machines. 

The university expects to obtain a large, new, I(l~a . :l 
trially-produced machine in a year or two. l:utm'c u>vr> : 
of this new machine have agreed not to modify i~: i 
order that  an effective interchange of routines migh{ }~< 
accomplished. At the moment  an informal users' orga~iz~ ..... 
tiou of 20 members already exists for it,. 

The lack of an alpha-numeric printer is something ~)f :a':~, 
nuisance to the Computing Center, and they hoped ¢ }~::~,:: 
such printers will be available for their machines in ~i>~ 
reasonable future. ! 

The Institute of Automation and Telemechanic:~ 

I t  appears that  most analog computer (levcl(,pm*~,~ :~ 
take place at this institute. I t  does work not only i~ ~'>:< 
development of specific analog computing dexices, 'i,~:~'~: 
also in the field of remote conlrol devices, design of ce$,C, 
networks and the design of specific devices to "~ssis~ i=e~ 
analyzing and synthesizing relay networks. We wv.r.e. 
shown t, he following devices: 

l. A chopper-stabilized operational amplifier wh~,*.: 
drift was 13 millivolts over 2 hours, or 66 millivolis o v v  ~'~ 
8 hours. I t  consisted of an AC amplifier with a 1()0 (~y,~ l,~' 
to 100 Kc pass-band in parallel with a chopper-stat)itizv~i: ..... 
DC amplifier having a pass-band from zero to 100 cych':,~: 

2 li'unction Generators. One type was the convent i~.m ~i 
diode-function box, sometimes used in the input or  ~'~ 
the feedback position of an operational amplifier. A se(~o~ ~ 
type was the drum h'~ving on its surface a wire shapv.~i 
to the desired function; this technique is familiar i~ ~i ~*:~ '~' 
United States. 

3. Linfiters. Two types were shown. 

1~ The ruble/dollar ratio is artificial in tile sense that there is 
free market exchange of rubles for dollars. For "~ tourist or viii t<~' 
within Russia the exchange rate is set by the Government a~: ~v~> ~ 
rubles to the dollar; however, the ratio for commercial purpose~ i> 
approximately four rubles per dollar, This is verified partially i:~ 
comparing the airline fare from Western Europe to Moscow -~vi~: 
the airline fare from Moscow to the same point in Western Eu r ° ~  
We found that the 10:1 rate is more accurate in terms of purch~.~i ~; ~4~: 
power; at this rt~te hotel rooms and restaurant meals are slight: ~ ? 
less exI)ensive by our standards, but most hard goods are so ~v~' 
what more expensive. 
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4. A three-dimensional flight table with a 5 cycle/ 
;cond response, and amplitudes up to 6 degrees on each 
~is. 
5. An Analyzer machine. This was developed by 

iaw'ilov and l)arkhomenko, lit is intended to examine 
~e performance of a given relay circuit to see whether 
agrees with a previous analysis. I t  consists of two large 

~binets; the left, one is a series of jacks, plugs and wires 
)r simulating a desired test circuit of up to 20 variables. 
'he righi-hand box contains 480 three-way switches 
n'anged in 20 columns of 24 each. The 20 rows represent 
~c 20 variables of ~he test circuits and the 24 columns 
~,prcsent 24 time steps. These switches arc set to represent 
le condition of each variable at each switching time. 
step switch sequentially progresses through the 24 time 

?riods, in each of which the test in the left box is corn- 
ered to the state set by switches ill the right-hand box. 
he machine stops if these do not compare identically, 
:~d the designer can then study the situation to locate 
m design error. At each such stop the machine also 
anches (Jut a 45-column card indicating the condition 
ader which it had stopped. The machine could also 
mulate "race"  conditions in relay circuits by inserting 
me delay devices of fixed values. This device used relays 
hich had three coils and 15 contacts, five of which are 
ansfer contacts. A new version of this machine will 
~rmit including t ime delays which will be variable by 
× increments. This new design will also permit inter- 
)nnecting other devices into the test circuits as well as 
eluding a printer and other devices to permit analysis 
' larger sequential circuits. 
6. A Synthesis machine. This machine is inlended to 

mthesize a relay circuit which in some sense is a best 
le for carrying out a particular switching function. 
avrilov felt that the algorithms for synthesis are not as 
)replete nor as well known as he would like. However, 

has developed his own theory of synthesis using simple 
:idge circuits and can achieve minimal forms. A paper 

this subject is expected to appear soon22 
7. The Error-Correction machine. This development 
aehine is intended to correct errors at the receiving end 
a remote control circuit. I t  is to correct single errors, 

td detect double errors ; it is to be expandable for multiple 
ror correction and detection. The technique is not that 
Hamming, but  one which they had devised. The message 
N bits is considered as a mathematical  group and there- 

re, the check bits are not necessarily distinguished from 
e data bits. This seems to imply that  some form of 
etionary look-up or word translation must be aeeom- 
[shed if the original data  is to be reconstructed from 
is message. The information theory measure of the 
tmber of bits being transmitted is not being used; two 
presentative bits out of four will occur if single and 
uble error correction is done, but  four representative 

~2 Automatika Telemechanika. See also Proceedings of the Sym- 
~ium on Switching Theory, Harvard University, April 1957. 

bits out of four will occur if single error correction only is 
done. la 

8. Remote Control Device. This is a switching device 
which has been developed for remote control applications. 
I t  utilizes square loop ferrite cores, power transistors and 
relays to create a 52-bit switch. I t  can be used to send 
several signals along a sirlgle twisted pair line for approxi- 
mately 30 to 40 kilometers without amplification. If stone 
degradation is permitted it can be used for about 200 kilo- 
meters. The frequency of operation was riot specified, 
but it is inferred to be of the order of a few kilocycles. 
This device returns an echo signal to *,he sending station 
to verify the correct transmission of the switching instruc- 
tion. I t  apparently uses time-division coding, with syn- 
chronization either by means of special clock pulses or 
tile alternating current power frequency. 

The analog computing equipment at this laboratory 
had been built, in 1957 or 1958. This Inst i tute 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 predicting 
performanee of eomplicated systems of equipment and 
people. Since the operational amplifiers available had 
responses as high as 30 kilocycles, problems were being 
solved in terms of seconds per run; occasionally problem 
solutions were as high as 15 runs per second. 

The All-Union Institute of Scientific Information TM 

(VINITI) 

The Director of this inst i tute  is Professor Mikhailov 
(fig. 3). The Insti tute is 7 years old and its purpose is 
to centralize collection and dissemination of scientific 
information from the USSR and the rest of the world. 
I t  is responsible for receiving foreign periodicals and for 
translating and disseminating these within the Soviet 
Union. I t  is also responsible for producing abstracts in 
many areas of science. Consequently, this Inst i tute 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 to be 
abstracted. Tile editorial board then sends this material 
to an appropriate individual somewhere in the Soviet 
Union for abstracting. After the material is returned to 
the Institute,  the abstracts are 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 

~3 See M. V. Gavrilov, V. M. Ostianu, V. N. Rodin, B. L. Timo- 
feyev, Realization of schemes for discrete correctors, Electro Tech- 
nika, Doklady, Academy of Sciences, USSR, Vol. 123, No. 6, 1958. 

~a~ See: American Documentation, Vol. X, No. 1, January 1959, 
page 5 ft. 
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publication now appears as 24 volumes per year, and the 
lead time for producing an abstract  is from two to four 
months after the appearance of the journal. Mikhailov 
estimated tha t  the lag in the publication of a journal is 
itself from three to six months, and he hoped, by  mecha- 
nizing his process completely, to reduce the total  t ime 
from first typing of the original manuscript  to the appear- 
anee of the abstract, to three and one-half months. One 
technique 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 office was a map  of the 
world. From each country a string led to Moscow and at, 
at tached number  indicated the number of journals re- 
ceived from that  country. A few such figures are as follows: 

U n i t e d  States . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
England . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fl'anee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Italy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Japan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Australia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sweden . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Canada . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Germany . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
China . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Spain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Denmark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Portugal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Argentina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Brazil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chili . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Iceland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mozambique . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hawaii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1416 
844 
491 
368 
304 
143 
142 
133 
123 
123 
123 
104 
91 
71 
47 
42 
38 

8 
3 
3 
2 

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

L e n i n g r a d  U n i v e r s i t y  i m e n i  A .  A .  Z h d a n o v  

D e p a r t m e n t  o f  M a t h e m a t i c s .  The building of the In- 
stitute of Mathematics  and Mechanics of Leningrad 
University is a very old one, and was at  one t ime a girls' 
school. The exterior is an off-shade of yellow which is a 
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 Director 's office were pictures of Khrushehev, 
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 Depar tment  of Mathematics,  of which 
25 are at graduate level. The Depar tment  of Mathemat ics  
inciudes four sections; Mathematics,  Computing Mathe- 
matics, the Computing Center, and Astronomy. The 
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]~'IG. 3. Professor A. I. Mikhailov, I)ireetor, All-Union Instil ~a~ 
of Scientific and Technical information (VINITI). 

depar tment  is divided into fourteen ChMrs as follow:s. 

MathematieM Analysis 
Ordinary I)ifferentiM Equations :~ 
Geometry 
Algebra and tim Theory of Numbers 
Theory of Probability including Statistics, Information Theist:, 

and Game Theory 
Mathematical Physics 
Computing Mathematics 
Fhlid Mechanics 
Hydrodynainies 
Flasticity and Plasticity 
Theoretica,1 Mechanics 
Mechanics of Rigid Bodies 

Celestial Mechanics 
AstrophysieM Mechanics 
Stellar Mechanics 

Geodesy and Gravity ii 

In addition, the Mathematics l )epar tment  has a general 
service function to teach mathematical  topics to other g~ 
depar tments  of the University. Except for one or two "1 
theses, the Mathemat ics  Department  is not yet. performing i! 
any experimental  work in computing machines, but they ,~ 
hope to inaugurate  work in this field soon. ° 

T h e  C o m p u t i n g  Cen te r .  This Computing Centcr has :~: 
just recently been founded and regards its first respo:~- 
sibility as training of students. I t s  second responsibility 
is service calculating for the university, while last is 
cMculation for outside people. The Center has a URa~.,,-~ ~:I 

machine, various punched card calculating machines a~d ;~ 
several analog devices. One of these is the MPT-9 whict~ ::~, 
contained 50 operational amplifiers; another is MN-Si 
which is a desktop machine capable of integrating ~ 
16th order equation. The amplifiers in these devices had ) ~ 

iN 
drifts of the order of 10-15 millivolts over 115-20 seconds- '~' 
The overall accuracy of solution was of the order of 6-8 ~i• 
percent. The  Center expects to receive an At~AGA'rs maehi~e ~i 



~i~ the coming year, and they plan to begin progranfing 
this machine in the fall of 1959. They intend to install 
~a a lower floor than the present equipment, which 
~ests theft the UaZL-I machine will continue to be 
:ated. 
rofessor Ladyzhenskaya has developed a scheme of 
i n g a  differential equation which utilizes large in- 
~ents of the variables, but still provides very small 
rs. The Center has also written a translation routine 
::h will modify the routines written for the Moscow 
,L-[ machine into routines for the Leningrad URAL-I. 
y recognize the desirability of having a uniform 
:aling system for any given machine type, but at 
moment they expect to develop their own algebraic 
,~ramming system. A special machine for performing 
rier analysis was mentioned, but not seen. There was 
an implication that a special machine was available 

analytically manipulating formul-~s; it was also sug- 
ed that formula manipulation had been done on one 
~,~ known machines. 
here is a branch of the Steklov Institute of Mathe- 
ics at /.he University of Leningrad under Professor 
• Petrashen, but  the delegation did not visit it. 

Computing Center of the Ukrainian Academy of 
Science, Kiev 

fis Center grew out of a group headed by Lebedev at 
s o m e  ten years ago. At that time Lebedev conceived 
built the MESM machine, which was said to be the 
sequence controlled computer in continental Europe. 

machine still exists but is used only for training 
oses "rt another location. Following Lebedev's transfer 
[oscow, the Kiev group continued to exist as an arm 
e Insti tute for Precise Mechanics. In 1956 the group 
me a Computing Center in its own right; it was 
led the group should build at least one machine for 
donee. The Computing Center's new four-story build- 

slightly over one year old. 
Le Center, under the direction of Dr. V. M. Glushkov, 
lesigned and built the Kr~:v and the SESM computers. 

have also designed and built specialized analog 
~es for performing analysis of rigid structures, as 
as a 48-integrator electronic analog computer. The 
er at Kiev is working on algegraic symbol manipula- 
and has just begun work on numerical analysis. 
addition to the previously mentioned machines, they 
have a URAL-I. There is art active group planning 
nodernization and improvement of the KIEV. They 
dso actively working on the problem of character 
~attern recognition. 

The Penza Computing ]~Iachine Factory 

E~za is a town of approximately 250,000, located 350 
east and slightly south of Moscow. I t  is in an agricul- 
region and is surrounded by many smaller satellite 

< The region produces onions as a major agricultural 
let, and such manufactured items as textiles, com- 

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 
agricultural institute. For university training, students 
must go to Kazan, Gorki, Moscow, Ser'ttov, or Voronezh. 
The factory visited by the delegation also produces, in ad- 
dition to digital computers, electronic test equipment, card 
punches and card reading devices, and some analog com- 
puters. I t  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 Central Council on Production. A representative 
of the factory then participates in the selection of new 
employees through student interviews. This phmt repre- 
sentative also obtains 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 at Penza. 

Plant managers come from technical backgrounds and 
do not receive specific administrative training; a plant 
manager, however, may correspond more nearly to a 
"director of engineering" than to a chief administrative 
officer. 

The factory is in the process of planning a 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 ''L4 for 
about 800 people. Last year 6,500 square meters of housing 
was added which provided 1-, 2- and 3-room apartments 
for approximately 200 families. 

At, this factory we saw prodcction of the Ut~AL-I, and 
also the prototype model of the URAL-II. The charac- 
teristics and details of these two machines are included in 
another section 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 a restful ligt~t blue color. Workers on 
the pluggable unit assembly line are paid on a piece-work 
basis and a punched card computing installation is used 
to calculate the payroll. Separate forms are used to record 
information about each worker's daily production. 

The URAL-I 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 layout boards as in this country. 
Capacitors, resistors, and some of the plastic parts of 
the machine are not produced at this 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 generMly, "vacation opportunities." 
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lion rate of one evew four days, more than 120 have been 
produced at this plant. There were no serial nurnbers on 
the machines which we saw. 

Marginal checking equipment is brought to the machine 
while it is still on the production line, and the rnachine is 
checked out. A rnaehine is transported as modules to the 
customer, who is responsible for connecting them together 
himself. Inter-module power connections are plugged, 
but signal connections must be resoldered. I t  takes approxi- 
mately from two to three weeks after delivery for the 
U~AL-I to be set in operation at the customer's site. 

The machine is t)uilt of ten types of pluggable packages. 
Test equipment capable of checking all types was available 
and provided both maximum and minimum marginal 
voltages for the package. The debugging crews 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 almost operative UaAb-I for its 
final checkout. Other devices included a paper tape verifier 
and a keyboard device similar to a desk calculator. The 
latter had 100 keys arranged in a 10 x 10 array and a plus 
and minus key. Apparently it. permitted establishing a 
number of ten decimal digits for some particular test 
purpose. Special test equipmeut is also available for 
cycling the ferrite store through special test patterns and 
displaying the response as a geometric image on an oscillo- 
scope. The usual complement of oscilloscopes and volt- 
ohm-milliameters was also available. 

The back panel wiring of the UmtL-I was done on a 
systematic basis. There is a network of horizontal and 
vertical intereonneelions 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 connectors and the checkerboard wire. In 
order to reduce the number of different types of packages 
in the rnachine, components are occasionally mounted 
on the base of the plugs. We were told that, these phlgs, 
which use phosphor bronze springs, had proved to be 
completely adequate. This checkerboard wiring occupies 
the top half of each eal)inet module; the bottom is reserved 
for power supplies, which use selenium rectifiers. Signa!s 
between cabinets are brought out to lugs on the side faces 
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 carbon 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. I t  was explained that  
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these were needed in some cases lo yield a sufiieiently low i i 
forward resistance combined with a reasonably high } 
back resistance. 

In manufacturing magnetic drums the drum itself is 
} first machined to close lolerance and is then sprayed with 

the brown magnetic dispersion. Following Ibis a lacquer 
coating is sprayed on the surface for protection. Three 
clock tracks are physically engraved on one end of tThe 
drum. One of these establishes the origin reference of th(~ 
drum, a second marks the beginning of each word, and the { 
third marks the position of each bit within a word. tle- 
cording density is 100 pulses per inch and 4 positions are 
allowed between words to accommodate timing inac-{ 
curacies in the machine. } 

Three sets of heads are mounted on a drum. (h~e set 
reads all lhe even tracks, while the second set reads th(> ~i 
odd tracks. The third set is an erase stack for all tracks. ;{ 
Before pernfitting the drum to rotate, the structure which !: ~i 
holds the head is heated for several minutes as a prceautio~t !~ 
against head scraping, ai 

The price of the UmxL-I was quoted at 1.1 million rubles, it 
but as soon as the UmxL-II is in production this price will {i 
be halved. 

Using the same basic components as the UmtL-l, the 
product engineering group at I)enza has designed the 
UUAL-[I; a different internal organization is used *0 : ei 
achieve a much higher speed. The Umtr,-H was said to be 
50 times as fast as Ua.,tL-I, but 100 times more effective ii 
because o f  improved organization. I t  will sell for ei 
million rubles, and its details are given elsewhere it~ the ~l 
report. We saw what appeared to he a prototype model, sl 
I t  was being debugged prior to production, and apparer~tly ,v 
routines were being prepared for it. At the present there 0l 
are more customers lhan machines, and the factory does :ii 
not have to maintain a sales force. They do, however, :t] 
have people who write equipment descriptions and set~d 
them to potential users. OeeasionaUy, factory represm ta- 
lives even visit these potential users to explain the use- 
fulness and desirability of the digital computers. Ii 

In another building we were shown about 40 card 
punches. About half of these were 90-column maehit~es 
and the other half, 80-column machines; all were generally 
similar to United States designs. These units appeared to 
represent the most recent design in Soviet punched card 
equipment. We saw also a 500-card-per-mimate sorter whieh '~  
closely resembled a corresponding American product. It had : 
electro-mechanical sensing of the holes and a set of switeties ; 
for suppressing specific row selections as in American 
sorters. I t  also had a special at tachment which permitted 
collating on 12 columns by means of a plugboard and 12 / 
auxiliary brushes. 

S p e c i f i c  M a c h i n e s  

The Soviet development of internally sequenced con> 
puters began with the MESM machine, conceived and 
constructed by Lebedev at Kiev. The development of the 
field, so far as the Academy of Sciences is concerned, has 

i 
! i  

i 



Fro. 4. Magnetic Core Store, BESM-I 

centered around Academician Lebedev and his Institute 
for Precise Mechanics and Computing Techniques. There 
also has been some parallel development by other labora- 
tories or institutes which are connected with other minis- 
tries of the Soviet government or industrial organizations. 
At the present t ime cooperation between the Academy's  
Institule and industrial plants is beginning, and future 
machine development in Russia may  well turn out to be a 
(.ooperative venture. 

In comparing Russian machines with United States 
machines, it, must be noted that  Soviet designers place 
considerable emphasis on "malyzing the set of problems 
to be encountered by a given machine. A fairly detailed 
study is made of the number of each kind of instruction 
which occurs in some class of problems, and on the basis 
of this sttttistical distribution the speed of the machine 
is quoted as so many  operations pet" second. Unfortunately 
there are several sets of statistics in use; and from our 
inform'ttion, it is not always clear as to which set applies 
to a particular machine. Further, there is also some dis- 
parity between the statistics reported "it various locations. 
In the following discussion and in table I, the statistical 

FIG. 5. Magnetic Tape Unit ,  BESM-I 

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

i,'or some machines it is un(ertain as to which might 
be the correct basis; the speed of the machine in operations 
pet' second is not likely to change radically from one 
statistical basis to another. 

The so-called BESM-II statistics as reported at  Moscow 
are :  

30 % add-subtract 
30 % multiply 

3 % divide 
37 % all other operations 

The so-called ST~tEL,~ statistics as reported at  Moscow are: 
25 % 'tdd-subrract 
30 % multiply 

2 % divide 
10 % address modificat ion 
33 % all other operations 

The U~t:tt~-[ statistics as quoted at. the Penza factory are: 
17 % add-subtrac~ 
17 % multiply 
3 % divide 

33 % transfer 
30 % all other operations 

The  figures quoted to us by the Leningrad group differed 
ra ther  significantly. According to them the BESM-II 
statistics are 68 % add-subtract and 32 % nmltiply, while 
the STRELA statistics are 75% add-subtract  and 25% 
multiply.  I t  is believed that  the statistics quoted to us in 
Moscow are more likely to be correct. 

Table  I summarizes the information received on all 
digital computing machines which were seen. In order t~o 
make this table complete a small atnount  of information 
has been carried forward fl'om the Scott-Carr-Perlis- 
Robertson report. Where there is considerable uncertainty 
as to the accuracy of a figure, it is followed by a ques- 
tion mark. 

BES~ l-I 

The  BES~a-P ~ was originally constructed in the early 
1950's with an acoustic delay line store. This store was 
later changed to a Williams type electrostatic re;ore and 
recently was again changed to a magnetic core store of 
1,023 words of 40 bits. ~6 

The  COrk storage element of BES~-[ 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 indication thai; this expan- 
sion would be done. I t  was indicated that  only one BESM-I 
machine has ever been built in the Soviel~ Union. The 
machine requires seven DC voltages between +400 and 
- 4 0 0 ,  and is physically constructed of fairly large plug- 

1~ See: J.  Assoc. Comp. Mach. 3 (1956), 129. 
~G I t  will be noticed that  the size of many stores in Russian ma- 

chines is (2 " -  1) words in size. This is because storage location 
zero is permanently reserved as the location for the numeric con- 
s tan t  zero. 
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mits, l~si,~g vacuum tubes of the general dimensions 
iSN7. The tape t ransports  connected to this machine 
dified audio transports;  there are only two tracks ...... 
r i,fformatiou and one for timing signals (fig. 5). 

The machi~e was reported to be asynchronous;  however, 
alter detailed i~cluiry it. developed tha t  it had an internal 
d~x'k, its operations could be variable in time of cxecut ion, 
t~  only by increments of the clock interv'fl. 

The input device to th.e BEs~t-I is a photocell paper tape 
r~,acler (fig. 6). The output  includes a high-speed, 14- 
~>lumn, 15-lines-per-second numeric printer, producing 

(~aly oue copy (fig. 7). 
The Br:sx.I-I has a supplementary 400-word, changeable, 

r~,ad-only store of the diode function table type. There  are 
~:reral locations a t  which pluggable panels can be man-  
~ally changed in order to provide certain s tandard sub- 
r~}~tines to ti~e machine without  repeated reference to 

~he main core store. 
The mean free tiine between failures on the BESM-I was 

sported to be approximately 6-8 hours; about  70 percent 
of ~he breakdown is it, the input-output  devices and other  
electro-mechanical equipment.  The BESM-I is operated 
by the programmers who use it, and therefore in ttle 
machine records no accounting is made for restarts or 
~,runs which are due to machine failures. Good perform- 
a~ee statistics were no t  available, but  tile maintenance 
e~lgineers (one nlan per shift) thought  there was about  
8 per(cnt lost time. Associated with the Bt~:s~I-I is an 
,)ffqi~e pril)ter which is connected by teletype with ihe 
ke'~demy Comput ing Center. This is probably a con- 
venient method for t ransmit t ing problems to lh~:sM-[ from 
lt~e Conlputing Center, whietl still regards B~:sM-[ as one 
o[ its operating machines. 

The general appearance and marginal workmanshil) 
visible on th,:SM-I eertainly marks it as an older, often- 
thronged machine. 

B E S M - I I  

'his machine is organizationally like the BEsM-I and 
~umably will accept  routines which were written for 
~M4 (fig. 8). I ts  construction and circuit technology 
different, however. Physically it consists of 24 cabinets 
h about 3 ft. wide, and about  7 ft. high; this includes 
cabinets for the four tape units. I ts  internal store is 

tally 2,047 words but  will be expanded at  a later date 
4,095; it is a word-organized end-fire design (fig. 9). 

cores themselves are 1.4 millimeters outside diameter,  

FIG. 6. Paper Tape Reader, BESM-[ 

Fro. 7. Output Printer, BESM-[ 

and each plane is :128 X 48. There are 16 such planes in 
the store. The store is designed with 48 bits per word, 
al though only 40 of these are required by the machine.  Tile 
cycle time of the store is 6 microseconds, a l though the 
basic cycle time of tile machine is 10 microseconds; this is a 
carry-over from the design of BESM-I where 10 microseconds 
were required for a cycle of the electrostatic store. Of the 
6 microsecond store cycle, 1.5 microseconds are required 
for address decoding, then 0.6 nlicroseconds 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 sufficiently bad tha t  only by  
using two cores per bit could a yield as high as 80 percent 
be achieved from the core production. The  second pos- 

F O O T N O T E S  TO T A B L E  [ 

These speeds are quoted with respect to some statistical dis- 
,ution of instruction types. The particular distribution which 
ppropriate is not always known. These rates are, as appropri- 
, three address/single address, fixed point/floating point opera- 
~s per second. 
These speeds usually include necessary accesses to the store, 
uding that for the instruction fetch. 
In arriving at these figures, the BESM statistics were used 
a factor of 2.5 was used to adjust the single address machines 

~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. 

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

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

6 Only one tape unit was seen on the STa~LA 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 pet' 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 sec- 
ond core on eaeh bit provided redundancy in ease the first, 
one fractured or failed. The current to drive the switch 
cores is obtained from large v'aeuum tubes and, as in the 
[Tnited States design, the core s~ack is force air-cooled. 
In order io avoid exlr,'meous ground noises, twisted pair 
t)USeS have heell used. 

Between slages of lhe shift register is a 0.3 microsecond 
delay line; even so, to shift any number of places less than 
l(i will require 65 microseconds because of some l~)eeuliarity 
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FIG. 8. BESM.-II 
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FIG. 9. BESM-II Core Store 

of the imernal structure. Addition time is 70 microsecol)ds, 
including 4 accesses to the store; multiplication and divi- 
sion are each 230 mieroseconds, including accesses to ihe 
store. The word format is 32 bits plus sign for the mantissa, 
and 5 bits plus sign for the characteristic. ~7 

There are two magnetic drums of 6,000 words each 
and four magnetic tapes of 30,000 words per tal)e. As 
in B~:sM-I, the magnetic tapes have two tracks and move 
at 2 meters per second. One track is for iifformation and 
the other for timing signals. Start, ing and stopping is do~e 
at the reel, which implies that  these units are efti(::ie~L~ 
only for transferring large blocks of information; 1,5 
meters of tape is allowed between blocks of informati(m 
and the designers felt that they could guarantee inter 
e|mngeahility of tape between transports. Tape densit: 
is 7 to 8 bits per inillimeter, and the method of reeordi~i 
is discrete pulses on a saturation bias background. ; 
modulo 32 count of the mlmber of words transferred is 
automatically made for tap(; records "rod blocks of drum 
information. This count is stored in a special 5-bit counter 
which can be addressed by the routine and therefore used 
to verify that  the eorrect number of words h~s b@n 
transferred. 

Germamum diodes have replaeed the vacuum tube 
diodes of BEsM-I. The new style of pluggable unit co> 
struetioll does not use printed circuits in the model whi& 
we saw, but. it  is expected  that  printed hoards will be 
used in the product ion  mode l  of this  m a c h i n e  (fig. 10). 

~v While this accounts fro" only 39 bits, the store was definitely' 
reported as having a 40-bit length. There may be a parity cheek. 



FIG. 10. Pluggable Packages, BESM-I[ 

A t  t h e  lime we saw the machine it was in the final stages 
of  debugging.  We were told by  I)orodnitsyn that it would 
be  fu l ly  operational in June 1959. Miscellaneous remarks 
led  us  to believe that  some amount of production time 
h a s  a l ready been realized from this model, and that routines 
fo r  i t  have probably already been checked out. The 
dec is ion  has been made to place this machine in serial 
p roduc t ion ,  ts The location of production was unspecified, 
a l tho t tgh  it was thought tha t  it would probably not be in 
M o s c o w  or Penza, but might be in Siberia. The size of 
t he  BEsM-II production was suggested to be a few tens 
of  uni ts .  

T h e r e  were three independent groups of engineers 
w o r k i n g  on the BI,:sM-II. One of these was from Lebedev's 
I n s t i t u t e ,  which is responsit)le foreompleting and debugging 
tlhe machine.  A second group was from the Computing 
C e n t e r  which will have to maintain it; and the third 
g r o u p  was from tile Georgian Academy of Sciences at 
Tbi l i s i ,  which apparently is scheduled to either get or to 
b u i l d  a BEsM-II. 

I n  debugging this machine, test routines and marginal 
check ing  are being used. There is manual control per- 
m i t r i n g  :t= 10 % variation in all voltages. Design tolerances 
a r e  =t:10% on the 6 volt heaters, :t=4% on the negative 
b ias  voltages, and =t=2% on the positive supply voltages. 

W e  were told that  the design of the B~:SM-I[ had been 
c o m p l e t e d  in a few months and that  the biggest job which 
f a c e d  the Insti tute was not tha t  of completing the machine, 
ztot" of  designing it, but rather  the time of preparing produc- 
t i on  drawings for the factory. 

T h e  BES,U-II is designed for a different final checkout 
p r o c e d u r e  than is common in the United States. One 
c o m p l e t e  machine is assembled at the factory and thor- 
o u g h l y  checked out. Since each cabinet of the machine 

,8 The Russians use the phrase "serial production" to indicate 
t&at an item is to be made in succession in a production facility. 
Our term of "mass production" is used to describe the scale of ac- 
t i v i ty  concerned, rather than the number of items produced; e.g., 
production of one battleship would be regarded by them as mass 
Production but not serial production. 

consists of several removable panels (fig. 11), this 
pleted and tested machine is then used as a test d( 
in which production panels are tested in the envirom 
of a completely checked out  system. Such a remo~ 
panel for BESM-II contains approximately 50 pit 
packages, and is removable as a unit by means of sm 
Most of the connections to such a panel are mad~ 
plugs, although some signal leads are soldered conneci 
and sometimes also coaxiM cable. The intent is to pro, 
the structural fr~unes of each machine, and to hand-ins 
them. Panels will be individually tested at  the faetm 
tile environment of the previously checked-out and ( 
pleted machine. A new machine will he assembled for 
tirst time on the customer 's  premises, and any remail 
troubles will have to be dealt  with at that  time. 

B~:s~t-II has punched paper  tape input, and output.. V 
respect to the statistical weighting of 68% add-subtr 
and 32 % multiply, the BESM-II operates at 10,000 float, 
point 3-address operations per second. 

URAL-[  (Figs. 12, 13) 

A 19-column rotating wheel printer is in production 
Um~L-L Its speed is 100 lines per minute, and the prin 
mechanism includes a facility for suppressing printin! 
any desired cohmm. Tile Ua~L-I magnetic tape cont; 
six channels, three of which are used a t  a time to r 
the 12 lines of information required for the 36-bit w( 
There are 104 words per meter ,  which implies that 
recording density is 1,248 bits per meter. The linear t 

FIG. 11. Rear Panel Wiring, BESM-II 
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FiG. 12. Console, Ura.1 [ 

speed is 0.75 meters per second resulting in a transfer 
rate of 75 words per second. 

Characteristics of the URAL-I are summarized in table I. 
Appendix I gives the instruction repertoire of this machine. 

URAL-II 

This machine has a 200-kilocycle clock rate, compared 
with the 7-kilocycle rate for URAIrI. 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-point. It  contains 
error-checking, including aut()matic computation of check 
stuns for input-output devices. Other possible input 
devices mentioned were punched cards (300/rain), com- 
munication lines, and random number generators. The 
usual output devices will be a printer and card punch 
(100/min). The .p r in te r  is numeric only, 20 lines/sec, 
and can be either t6 or 96 cohmms. Commction between 
the URAL-I[ and its input-output devices is through the 
arithmetic unit, where a check sum is formed on every 
100  words .  A special selection word using a separate bit 
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FIG. 13. Perforated Fi lm [)'nit, URAL I 
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per input or ~l~p~t device allows up to J.2 input devices 
and 12 outp~i devices wi:thout the ~eed for ~.~, decoder, 
Information can be transferred to several oulput (l~ v ces 
simult;aneously. 

The storage hierarch.y in U,~L-[ t  is a 2,04g-word core 
store (12 us cycle), an 8,192-word drum (maxhnum of 8 
drums),  and magnetic tape.s of 700,000 words each up t c~ a 
total of 5 million words. Each of the 20 planes in the cor~ 
store consists of four 16 x 16 arrays assembled on thin 
plastic frames (a~2 in. X 4 in. X 4 in.). The store operates 
in a eoineidem current mode, has only one core per )i* 
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. [ t  therefore can be thought, of as 4,096 
20-bit words, or 2,04:8 40-bit words. They achieve a 50 % 

( yield on cores made at the factory. C)~e windings are 
soldered to a mounting 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 current tolerance is =t=30%. 

The punched tape input and output is similar to that 
of UI~AL-I. Cmtmuous loops of perforated 35ram movie 
fihn are read at the rate of 150 numbers/second (1.5 
meters/second linear motion). [he reading device uses 
photo  diodes. The tape has eleven channels, and one word 
is writ ten across it in paralM; decimal digits are writte~ 
along the tap(; in 8-4-2- I  (;ode. A special nine-cohmm 
decimal keyboard is used for tape preparation. Normally 
a URAL-I[ has one punch station but  two readers which 
operate in paralM to compare 200 numbers per minute. 

The U~AL-[I magnetic tape is also similar to that of 
Um~L-I. 35mm fihn is used as a base for the magnetic 
medium, and punched holes mark the records. The 
tape reads 1,()00 words/second at a line'w tape speed of 
t.5 meters/second. 

The  word format is: 8 deeinml digits plus sign for the 
mantissa (33 bits), and 6 bits plus sign for the exponem. 
The range is therefore :i: 1 X 10 :e~'~, and the word lengfoh 
is 40 bits. Based on the statistical distribution of 17% 
add-subtract,  3% divide, 1.7% multiply, 33% transfer, 
and 30% other operations, the speed of the UmtL-ll 
is 5,000 operations/second. 

The  URAL-II instruction repertoire is given in Ap- 
pendix II. 

STRELA 

This machine (fig. 14) was designed by an industrial 
construction bureau and serially built at  the Moscow 

, Computing .Machine plant; it is now referred to, because 
of its age, as the "Old Woman." I t  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 eonsultatio,,~. 
One S'rREL.~ had five card readers and two card punches, 

1~ See : High-Speed Computing Devices, ERA Sa'A~'F, McGraw- 
Hill, p. 84. Also: Annals of the Harvard Computation Laboratory, 
Vol.  27, p. 145. 



F~G. 14. Console, STRELA 

while a second ST[{EL£ had only one of each. The machine 
at the Computing 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 
maintenance. This machine was designed in 1948, although 
the installation at the Academy Computing Center was 
not made until 1957. The precise number of machines 
manufactured is uncertain but it was suggested that at 
most a few tens had been constructed. 

The STRELA tape unit is approximately 4 inches wide 
(fig. 15). A word is written 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 STaELA, like the BESM-I, also has some interchange- 
able wired subroutines which can be used for such things as 
sine, logarithm, etc. It also has about 10 groups of stored 
constants of 16 bits each. The card readers and card 
punches were quoted at about 60 cards per minute. 

The inadequate reliability 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. 

FIG. 15. Magnetic Tape Unit, STRELA 

machines being built elsewhere. It was thought easier to 
operate a simple machine at their center. The machine 
contains 4,000 magnetic cores, 4,000 germanium diodes, 
approximately 100 transistors, and 40 vacuum tubes. I t  
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 a maximum of 
100 degrees centigrade. 

SETVN 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 
contains two instructions per word. Them is no divide 
instruction. 

The ferrite core store can be regarded as having 162 
9-digit words because the half-words can be addressed. 
The drum store contains 2,268 half words. Number 
representation of SETVN 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 total of 54 heads. In each band 
of 18 tracks there are 756 words recorded in parallel; 

SETUN 

This base-3 machine being constructed at Moscow 
State University appeared to be in operation when we 
saw it (fig. 16). I t  was explained that the choice of base-3 
was made because it can be shown that in some sense a 
base of 3 provides the most efficient utilization of equip- 
ment. 19 Since a base-3 electronic technique 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 FIG. 16. Pluggable Package, SETUN 
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there are thus 756 bits around the 13-inch circumference. 
I t  is planned to add magnetic tapes to this machine at 
sonm later date. 

Addition time is 180 microse(()rlds, including all accesses. 
Fetching of the next instruct~ion is overlapped with execu- 
tion of the previous one. Multiplieal;k)n time is 335 
microseconds, and transfer of control is 100 microseconds. 
SETUN includes a normalizing instruction (shifting epera- 
lions to facilitate progralnming of floating-point), one 
index register, and teletype input and output. The German 
type R F T  teleprinter is partially base-9 and partially 
base-3. A 9-digit word is printed as two base-9 digits, their 
o n e  base-3 digit, then two more base-9 digits. The charac- 
ters used are: 

Base-9 t7,t},g, [,0,1,2,3,4 
Base-3 i,0,1. 

Five-level punched paper tape is used for t.he input and 
output.  

KIEV 

This machine is expected t,o be completed by I)eeember 
1959; a substantial part  is ah'eady operatkmal (fig. 17). 
I t  is in five cabinets in a semi-circular arrangement and 
requires a floor area of approximately 20 X 35ft. I t  is truly 
asynchronous and operates at a speed of 5,000 to 6,000 
operations per second. I t  uses static flip-flops, but diode- 
transformer gates. Pulse sources are blocking oscillators 
having two independent transformers in tile plate circuit. 
One is for the regeneration required by the bioeking 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 arithmetie 
unit is capable of adding, shifting, mtfltiplying and 
dividing. 

The principal store is a 1,024 word ferrite store of the 
end-fire B:FSM-I.[ typefl ° 

The store is autonomous, and  has separate checking, 
which suggests that there may be a wired-in independent 
test routine. There is also a 512-word read-only st, ore 
which is based on a transformer te('hnique; its read time 
is approximately 3 microseconds. 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 BESM-II; only one is presently 
installed. At the moment  the input and output is paper 
tape. 

There are seven types of standard circuits in this m a -  
~ chine. La th  cabinet of the maehin 9 contains its own power 

supply. Because of this modular construction and the 
truly asynchronous organization, it was observed that 
expansion and modernization is very siinple. It  was also 
stated that  convenient marginal "conditions for prophy- 

~0 This  particular type of store is frequently referred to in Rus- 
sia as the "Z" system.  
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Fro. 17. General View, KIEV 

FtG. 118. General View, SESM 

laxis" exist. An improved version of tile Kn,:v machine 
is under way, and we noticed a suhstantial amount of 
BnsM-II type equipment on hand for this purpose. In the 
modernized version, arithmetic operatkms might be 
attt<)matically repeated under marginal conditions and 
the result eompared; this is a type of checking being co> 
sidered. 

SESM 

This machine (fig. ;18) is a special-purpose digit'fl eom~ 
pater  which is intended to solve sets of linear equatio~ls 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 tile distribution of these elements. 
For an 18 X 18 matrix which was rather ill-conditioned, a 
solution had been achieved in 148 iterations and about 
2 hours. A rough rule of thumb 2~ for the tinm in seconds 
required for one iteration is: the number of non-zero ele- 
ments divided by 20. 

21 This rule-of-thumb does not agree with the previous example, 
but these were the data that were collected. 
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The input is prvset~tly punched paper tape at a rate of 
27 decimal digits per seeo~(:t; the speed at which the ma- 
chine can achieve a solu[i(m is limited by this device, The 
output is on at~ adding machine-type printer. The SESv 
was conceived by Lebedev, but designed and cot~structed 
by D~abinovich, A magnetic drum contains 34-bit recir- 
culating registers :for arithmetic purposes. The recording 
density is 3 bits per millimeter. The internal clock rate is 
50 kilocycles. 

Special-Purpo.se Analog ('omptder at Kiev 

This machine was designed to anMyze the stresses in 
fllree-dimensional rigid structures. [t  was conceived and 
constructed by Professor l 'ukhov. [t consists of three 
panels, each of which has 48 potentiomcters arranged in 
six rows and eight cohmms. 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 machine uses all passive elements, operates on D.C. 
at,d achieves approximately 5 per cent accuracy. I t  can 
~tlso be used to give dynamic solutions, although normally 
it is used for static solutions. It provides three-dimensional 
solutions, rather than the two-dimensional ones obtained 
by other workers. They are planning a new desk-size 
machine of sinfilar kind, capable of accommodating 
70 rods. 

MN-M and MPT-9 Analog Computer.s 

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

M-20 

[n deference to Academician Lebedev's desire to have 
the tirst publication of M-20 details appear in the Soviet 
literature, 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 a supplement to this report. 

ARAGATS, RAZDAN, YEREVAN 

These three machines are under development at the 
h)slitute of Mathenmtical Machines in Yerevan, Armenia. 

The  delegation was unable to arrange a visit to this 
f ac i l i ty  although S. N. Mergelyan, when visiting the 
U n i t e d  States, gave some details of these machines. Tile 
,:\n:~(~ATS, based on a statistieM distribution of 25 % multi- 
ply a n d  75 % add, is reported to be a 15,000 operations-per_ 
see(rod vacuum tube machine. One is to be delivered to 
the Comput ing  Center at the Universi V of Leningrad in 
approx imate ly  one year. 

T h e  I{AZDAN is to be the first "ill-transistor machine in 
the Sovie t  Union and is to have a speed of from 4,000 to 
6,000 operations pet' second. I t  was thought by I P M C T  
worke r s  that all of the circuit, development work neces- 
sary  for  this machine would be done at Yerevan and 
would  not draw on the work at, Moscow. 

T h e  YI':R~:VAX is said to have a highly developed logic 
,'rod instruction repertoire, although it is the slowest of 
these  machines---2,000 operations per second. It is to be 
a V a e t t t l F t l  tube machine. 

T h e s e  three names are respectively a mountain, a river, 
and  a city in M'menia. According to an article in a n  

Amer i can  Russian-language newspaper, these three ma- 

FIG. 19. MPT-9 Analog Computer FIG. 20. MN-N[ Analog Computer 
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chines are all to be completed in :1959. This same article 
quoted the addition time of the A~t.~GATS aS 5 
microseeondsY" 

LEM-I 

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 the avail- 
ability of an English translation of an article partially 
describing the machine? a 

EV-80 

This machine (fig. 21), built in 1950, physically 
resembles the 604 punched-card calculator 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. S. machine. 

Punched-Card Equipment 

Some of the older models of Russian punched card 
equipment were seen at the Academy of Sciences, 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. I t  operates at  40 cards per minute and at the Com- 
puting Center was usually used to compare the outputs of 
two S~t'RELA runs of the same problem. The tabulator 
(fig. 22) operates at  approximately 100 cards per minute, 
and has 70 numeric positions for printing. I t  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 IO-4 has a pass-band from 20 
cycles to approximately 6 megacycles. I t  consists of two 

boxes  and usually is mounted on a dolly. The model 
~DESO-1 oscilloscope is a twin-beam unit; one of its ampli- 
tiers has a response from approximately 200 cycles to 80 
megacycles, 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 Slovo for Wednesday,  May 20, 1959. 
The  art icle is a pa r t i a l  repr in t  of an original ar t icle  appear ing in 
a Soviet teen-age m~gazine,  Ogonetz. The informat ion from this  
source was made  ava i l ab le  by  Mr. Eugene Zaitzeff of the  Bendix 
Systems Division,  Ann  Arbor,  Michigan.  

~3 See: Radio Technilca, No. 3, March  1959, Moscow, pp. 47-57. 
Comm. Assoc. Comp. Mach: 2, No. 10, October 1959. A t ransla-  
t ion  of this  ar t ic le  is also avai lable  from the Uni t ed  Sta tes  Jo in t  
Publ ica t ions  Resea rch  Service, Suite 300, 205 Eas t  42nd Street ,  
New York 17, N. y .  D o c u m e n t  No. 705-D. 
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equipment is capable of resolving approximately 5 milli. 
microseconds. Curiously, a small voltmeter is included ot~ 
the front p~me[ to monitor the AC line voltage. We were 
also told that oscilloscopes with pass-bands of 200 mean. 
cycles and a rise time of 5 millimieroseconds were produc- 
tion items. It appeared that their oscilloscopes generally 
did not have a pass-band down to zero cycles. 

O the r  Mach ines  

A number of other machines, some of them speeiai 
purpose, have been referred to in Soviet literature and by 
members of their delegation. Mention of them is made here 
simply to indicate their existence and the scope of tht~ 
Soviet computer activity. None of these machines was 
seen by the American delegation, nor is much information 

Genera l  purl:)ose, not  yet completed.  
Special purpose, weather  predict ion.  
Special purpose, erys tMlography problems. 
SpeeiM purpose st,~.tistieal problems. 
These  two nmchines are general  purpose, a~d are 

associated with I. S. Bruk;  he is associated 
wi th  e i ther  a different labora tory  of ~he 
Academy of Sciences or an industr ia l  desig~. 
b u r c ~ l l .  

• ~ H  LUC T h o u g h t  to be general purpose. 
M-50 T h o u g h t  to be in the  final stages of design am:t 

cons t ruc t ion ;  likely to be a follow-(m ~o the 

M-20. 

Genera l  D e v e l o p m e n t  o f  M a c h i n e s  

We accumulated fragmentary information which indi- 1 
antes in part how the Soviet Union controls research. Sub- 
ordinate to the Council of Ministers is, among other 
organizations, the Academy of Sciences, GOSPLAN (Stat~ 
planning committees), and the Ministry of Itighcr Educa- 
tion. Each of these can conduct research either on its own 
initiative or on request• The work at Moscow State Uniw~r- 
sity, for instance, is within the Ministry of Higher Educa- 
tion, while the work at  IPMCT is within the Academy of 
Sciences. The Institutes of the Academy are sometimes 
specialty-oriented (IPMCT--eomputers) and sometimes 
task-oriented (VINITI--information dissemination). In 
the event that  (say) a laboratory of a university and a 
laboratory of an Academy institute happened to fall into 
competition in some area, the decision to resolve, to fund, 
or to control this parallel effort would need to be made in 
the Council of Ministers. 

Decisions related to the production of computers and 
perhaps to designated research toward new ones are evi- 
dently made in the planning committees of GoSPLegN 

• o • • , 

and perhaps in the State Scmntffie-reehmeal Committee 
attached to the Council of Ministers. The personnel of ~.~.~ 
Institute may participate in the activity of these bodies 
although the Institute itself does not cast such decisions- 

The Institute of Automation and Telemechanics is or- 
ganizationally in the Department of Technical Sciences of 
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Ihc Academy; the Steklov Insti tute and the Moscow 
Computing Center are in the Department of Physico- 
,\/athematieal Sciences. The two universities are organi- 
zationally in the Ministry of Higher Education. There 
~rc numerous other institutes of these two departments of 
the Academy, ~md there are several other departments. 
In addition, there are research institutes attached to 
GOSPLAN, to other All-Union Ministries, and to various 
state committees, lit is quite possible that computer devel- 
opments are in progress in some of these areas; the con- 
tacts with the western world in computing matters have 
b~e~ almost exclusively through Lebedev and his Institute. 

Applications 

Machine Translation of Languages at Leningrad 

At Leningrad University a group of 80 people is working 
oa machine translation. This Experimental Laboratory of 
Machine Translation is headed by  Dr. Nicoli D. Andreyev 
and includes S. Ya. Fitialov of the Leningrad University 

Fro. 22. Tabulator 

Computing Center and G. C. Tseiten, 24 a logician. Re- 
search oil translation by automatic means is also done at 
three places in Moscow, at Kiev, ~t 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. Morphology 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 
difficult in Russian because the word_ order is freer than in 
English. 25 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 done on the problem of synthesis. 

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

~s In addition to translating other languages to Russian, the 
Soviet research effort also 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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Fro. 23. Professor L. I. Gutenmakher 

A conference on  mathentatieal linguistics has been 
recently held at  t he  University of Leningrad and a Pro- 
ceedings is expec ted  to be published. The Leningrad group 
has already publ i shed  one book on the subject of machine 
translation and hopes  to publish two more in 1959. They 
also told us of a ve ry  complete three-vohHne Russian 
grammar which has  been publisimd by the Soviet Academy 
of Sciences. 

Machine Translation of Languages at the Institute of Precise 
Mechanic,s and Computing Techniques 

The language translat ion work at this Institute began 
in 1954 and an a lgor i thm adequate for initial experiments 
was completed b y  M a y  1955. For the first experiment on 
BES~-I, three Engl ish  books of 400 pages each were 
analyzed and a d ic t ionary  of approximately 2000 entries 
was hand compiled.  The algorithm for this experiment 
contairmd approx imale ly  12,000 3-address instructions. 
In this first exper iment  the machine routine and the 
voeabulaw were contained in tile magnetic drum and tape 
stores. 

Their English dict ionary has grown to approximately 
2500 entries and each  experiment processes approximately 
2000 sentences. An  algorithm exists for analysis of English 
grammar and t h e y  have developed a dictionary for the 
Chinese-Russian work.  The Japanese-Russian work is just 
starting, but  a d ic t ionary  for words having a single mean- 
ing and the analys is  algorithm already exist. The groups 
working on the various languages work separately but  
exchange their ideas  and techniques freely. 

The I P M C T  group  presently feels that  a dictionary of 
approximately five to six thousand entries of technical 
terms is sufficient 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 to ta l  dictionary of 
approximately 10,000 entries is felt to be sufficient for 
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most work. They anticipate that for some time as nmeh a~ 
five to ten percet~t of the words in a new article wilt not 
be found in a dictionary of this size. 

Although ti~eir initial work used "binary" algorith,~s 
which proceed directly from the source langtmge to *he 
target language, they now feel that it is desirable to tra~)s- 
late the source language into an intermediate language 
front which an exit to any desired target language can t:u~ 
made. In this connection Mrs. Nikolayeva and Bobitskiy:~ 
are attempting to construct algorithms for translaling 
Russian into an intermediate descriptor language. Such :an 
intermediate language would establish for each word i~ 
the source m'~terial a set of descriptive characteristics 
which define the use of the word and its eoni;ext. In this 
connection their sentence structure analysis algorithm 
first identifies the stem of each word and then ide~tifies 
any endings, prefixes, etc., which may be present. The ne×~ 
step of the algorithm identifies clauses, phrases, "rod w~)rd 
groups and also tries to resolve these slructures. By co> 
suiting the dictionary at each step they also establish 
grammatic features for each word. So far, very littfe 
progress has been made in constructing the synthesis 
algorithms which reconstruct the material in any desired 
target language. 

Present experiments still use the BEs~-I, which is a 
limiting factor. The lack of alphabetic input-output fa<>iti 
ties on this as well as on other machines is a serious limit> 
tion to actual machine verification of the algorithms. 
N. L. Korolev, who took part in the early experiments, 
indicated that he felt a special machine for langu,tge trans- 
lations might be about  as follows: 27 

(1) An input character reading device based on sore( ~ 
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 necessarily including 
alpha-numeric capability. The logic would probably us~,. 
a Boolemr algebra of two arguments. 

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

Information Retrieval 

The Laboratory for Electro-Modeling, directed by Fro- 
fessor L. I. Gutenmakher (fig. 23), is approximately 21 
years old, having first been organized in 1939, At that time 
the function of the laboratory was the analog modelit~g d 
physical phenomena. In 1945 the goals of the laboratory 
were redirected, and in 1953 the most recent objective: 

26 This may be Barbitskiy. 
~T The LEM-I at Gutenmakher's Electro-Modeling Laborator) 

has man's- of these feat, tires. It may be an experimental specia 
machine to test language translation concepts, 



11 tit h/,e 

~iling b! 

Fro. 24. Kovalevskiy and the Experimental Character Reading 
Device 

were stated to be the modeling of mental processes and of 
~he 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: 

1. A logical-mathematico department. 
2. A mathemalicM linguistics (tepartment. 
3. A department of mechanical methods in chemistry. 
4. A department of storage devices. 
5. A department of permanent and erasable stores. 
6. A department of nmchine elements. 
7. A department of machine exploitation. 
S. A department of analog electrical modeling. 
Professor Gutenmakher felt, that  the problem of mech- 

anizing automatic abstracting consisted of three parts: 
first, obtaining visual characters in some coded form;two,  
storing this information in some efficient form; and three, 
forming the al)stract, which is thought to be the mest 
difficult part. He felt that special purpose, rather than 
ge~eral purpose, machines are desirable. For this reason 
the L~,:M-I machine was constructed to test, components 
d(:.veloped in this laboratory and to investigate some tech- 
niques for information rctriewd, and perhN)s machine 
translation. 

This Laboratory has developed a form of read-only store 
which utilizes sheets of paper on which have been printed 
small capacitors? s I t  was stated that 100,000 bits of this 
capacitor storage is now operating in the laboratol T and 
that the store is now ready for production by industlT. In 
this store, data is retrieved on tile basis of a descriptor, 
rather than on tile basis of a direct address. Thus simula- 
tion of the characteristics of such a store on a conventional 
general-purpose machine is difficult and ineffective for 

~.s See: (1) Comm. Assoc. Comp. Mach. 2, No. 6, June 1959, p. 11. 
(2) A vtomaticheskoye Upravleniye i Vychislitenaya Tekhnika, Mos- 
cow, 1958, p. 136. Available, translated, from U. S. Joint  Publica- 
tions Research Service, 205 East  42 Street,  Suite 300, New York 17. 
JPRS: L-871-N, 50 cents. (3) American Documentation, Vol. 10, 
No. 1, January 1959, p. 13ft. ContMns pictures of the storage de- 
vice. 

their experiments. Mthough tile store responds to a de- 
scriptor rather than an address, it still 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 describing art associative 
store; this algorithm resembles those which are being 
developed for maehine translation. This Laboratory is "dso 
independently developing magnetic elements for their 
special machines. Magnetic elements will be used because 
of tile requirement for reliability. 

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

Rakov, a colleague of Gutenmaeher's, has constructed 
a punched card information retriewd system which can 
scan 400 abstracts per minute. Each card in the file has 
from one to 24 descriptors associated with it. 

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

Chm'acter Recogn, ition 

Work on character recognition is being done at  the htsti- 
tute for Precise Mechanics 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 and then 
attempting to identify the characters by examining the 
intersections of the series of parallel lines with the letters. 
We did have an extensive diseussion about the character 
recognition research at the Computing Center at Kiev. 

One technique was demonstrated and discussed by 
Kovalevskiy (fig. 24) and Pukhov. The technique is an 
edge-tracing scheme in which the beam of a cathode ray 
tube scanner moves either clockwise or counter-clockwise 
depending on tile output of a photo cell which views the 
reflection from the l-inch-high eharacter under test. The 
scan 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 0.1-inch increment, 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 hMf 
of the step, the following increment is made slightly 
longer. I t  is intended that  the pattern information gener- 
ated by this scan will be stored in a computer and front it 
will be computed the average direction of the line, quan- 
tized to the nearest 45 degrees. I t  is believed that a 
sequence of such quantized line directions will then char- 
acterize each character. When the scanning reader is 
actually connected 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 
scan 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 differences. A large change of 
direction would indicate that  such an inflection point 
should be recorded. If necessary, a coarse measure of 
length, such as short, average or long, will also be com- 
puted for each line segment. I 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 logic would be constructed in 
terms of inexpensive magnetic core components. 

Theory of Human Memory 

Linkovsky (fig. 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/9 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 r' is less than the lag 
time of the circuit r in the following equation: 

x ( t )  = A [ x ( t ) ]  x ( t  - ~), 

and if A is of the proper form. For A of the form 

a(x)  = ~ alxi(t), 
i 

~9 The  journal  conta in ing th is  work is uncer ta in .  I t  may  be the 
Memoirs of the Popov Society or the  Journal of the Institute of 
Biophysics; publ ica t ion  may have  been in 1955, or may not  yet 
have  occurred. 
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Wrath 
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Fie;. 25. G. B. Linkovsky 

the system will oscillate if the initial value is a solutio~ 01 ~i 
the equation :i~ 

A(x) = O. 

Initial values which are step functions of a size equal t~ !' 
the real roots of the polynomial equation 

A(x) = 0 

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

A pulse consisting of the sum of three pulses of durati 

k ~oade 
~:,f pro 
m.aehi 

F 

.~e~ded 
%vi'li b 

Th~ 

~er. F 
r l ,  r2 and ra, and ach of whose amplitudes is a solution / ~' 

= 0, will be remembered so long as };a~eh 

rj q- r2 q- ra < r. I etTo'r~ lmvs 11 

In this context, the roots of A(x) are essentially eige> ~ h~ 
values, i 'or a discrete delay line of the type which this ~>>e~ 
theory postulates, only signals of eigenvahm amplitude i~ :~ has e 
can be accommodated. Therefore the quantized and stored :~¢ also) I 
wave shape cannot degrade with tune except t h rough  :; 
accidentM discrete ~umps, which means that  the memory gram 

, 

and therefore representing absolute memory ~×dy 
• } {  v"' 

Linkovsky estmlates that the nervous system has ;y ~l.l[ 
14 X 10 9 such nonlinear oscillators. Each sense orgal~ {:;., . . . .  

polynomial A(x) i s  automatically distributed over severa[ ~( 
such memory oscillators He believes that a repeated. { 
stimulus can cause st'tatic changes to take ,place in ner~ie i) P" 
cells and therefore some parts of the brain may ha "e~!J C?ml 
static memory; the brain as a whole however, exhibit~:}7 atgh( 
both static and dynamic memory. He concludes that si~.ee : ,~vf.e~ 

be discrete and that since his;: ~r~a~,~el n a t u r a l  s y s t e m s  t e n d  to 
theory can explain a discrete memory, the natural syster~~ a,~, 
may  be a complete system of memory His belief is a* ~: 
the nerve fibers form feedback loops and with the synapseS{ "~m~ 
permit the nonlinear oscillations. 

} 



iVeather Fore, casting 

At the time of our first visit to B~,:s~.,-I, a weather prob- 
em was ()~l the ,nachil~e. The particular model in use had 
>een developed by  Dr, Bugaev, the Director of the 
Yeaiher Foree~sti~lg Inst i tute i~ Moscow. The model 
:ises 500 lattice poin ts  and is for the northern hemisphere. 
7~ predicts tile pressure and vortieity pattern of the 500- 
',~illibar le~gel. T w e n t y  minutes of machine time is required 
o r a  24-hour forecast.  

Digitall, y Controlled Machine Tools 

It~ the STIcEL~t location at the Computing Center of the 
~.aderny of Sciences in Moscow, there was a unit capable 
)f providing X, Y, and Z coordinates for positioning of a 
m~chine tool. Simple parabolic interpolation is used but 
:he overall accuracy  of control is limited by the nmchine 
:ather than by the computation.  I t  has not yet been de- 
?ide(t whether all of the tapes necessary for industrial use 
~rill be computed a t  a central location, or whether each 
:)[ant will contain its own computation facility. 

Automatic Programming 3° 

The first au tomat ic  programming system for the 
~'rU~:L:t was completed in 1955. In 1956 one was completed 
ior the B~:SM-I, and  in 1957 one was completed for the 
~T~mLA-III at  tile Academy of Sciences Computing Cen- 
er, Finally, in 1958 an atttomatic programming system for 
he STRELA-IV at  Moscow University was completed. 

Each system required approximately nine man-years of 
~ffort. The lack of alpha-numeric input-output devices 
!:ms handicapped Soviet, progress in this field. 

Interchange of routines for the STRELA machines has 
~)een difficult or even impossible because each installation 
las changed the machine to suit itself. The same situation 
.~lso prevails for a number  of Ua~L-I machines. Therefore 
~ach center has had  to construct its own automatic pro- 
~ramming system. Some people in the Soviet Union feel 
ihat it is not ye t  t ime for them to standardize on a machine 
[::mguagc. Their  in ten t  is to design many computers and 
Lo produce enough of each one to aceunmlate a substantial 
body 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 wi th  FORTRAN, FORTRANSIT, [~NICODE, IT, 
~md ALGOL are being prepared and disseminated to 
i~:~terested users. 

Orbit Calculations 

Preliminary orbi t  computations have been done at the 
Computing Center  of the Academy of Sciences in Moscow, 
although final calculations are done elsewhere. These 
calculations were done on existing serially produced 
machines ra ther  th~n on machines constructed especially 

a0 See: (1) Comm. Assoc. Comp. Mach. 2, No. 6, June 1959, p. 
tl ft. (2) Status of Digital Computer and Data Processing Devel- 
:)pment in the Soviet Union, ONR Symposium Report, ACR-37. 
(3) Datamatio~ 5, No. 4, p. 14. 

for the purpose; however, the machines "tre specially 
organized, al There are special organizations which perform 
the orbit calculations, although tile Stekk)v Institute is 
sometimes involved in tile prelimiaary design of tile com- 
puting routines. 

Some orbit, calculations apparently have also been per- 
formed by Shura-Bura at Moscow [;niversity Computing 
Center, although they are concerned about the accuracy 
of tile calculations and insist that only radar data is avail- 
able as input. There was considerable interest in the ques- 
tion of the transmissi(m of data over king 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 area. The problem was first solved 
by the Simplex Linear I'rogramming method and required 
approximately three hours on STRELA. A new method was 
evolved which produced a solution 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 progranmling work is also being done for the Insti- 
tute of Railway Transportation Problems. 

Numerical Analysis 

Although work on electronic eornputers 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 numerieal 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 a 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 mlmerical 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 maintaining this fellow- 
ship. a'-' All mathematics students, regardless of their special- 
ization, are required to take courses in numerical analysis 
and programming and to have some practical experience 
with eomputing 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- 

a~ This may imply speeiM input-output devices, or it may im- 
ply a group of machines netted by communication links. 

a2 These special inducements for students in numerical analysis 
have recently been abolished. 

C o m m u n i c a t i o n s  of  the  A(.IM[ 157 



; i  

!iiiiii!ii!i ~ ~! 

iil ~ il i 

i!iii~!,!: ~ ! ~;; 

i i,i  ̧ 
!iiiiii:!ii ¸ !i i!i !i i 
 iiiiill ii i i 

ii !i;ili 
iill ~ i!ill i~ ii!!~ ~i~i! i 
i~,i~ :i!i ~) !i  ~ 

!i~iiii! ~ i~i ~i~;~ 

i ill ~ i l ~I ~ !i ~ 

ill ii ~: ~ '  

i !  ' i ~ i l  I 

linear situations. In the detached shock wave problem, 
Dorodnitsyn's method appears to be the only approach 
in which the solution st~rts from the geometrical outline 
of the given body rather than from an assumed shock wave 
front. The method is semi-empirical, arid complete theo- 
retical justification of tile method has been sidestepped 
in favor of the achievement of practical results, 

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

The Russians seem to have succeeded in attracting more 
of the powerful theoretical mathematicians into numerical 
analysis and computational mathematics than has the 
United States. The intelleetuN climate in Russian mathe- 
matics makes it easier for an abstract, mathematician to 
make valuable contributions to applied problems. Related 
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 Russian scientists are entering these fields. 

Circuits  and  C o m p o n e n t s  

Thin Films 

The development of thin fihn magnetic deviees appears 
to be in its early stages. We were shown experimental 
vacuum evaporated deposited fihn samples on glass plates. 
These films were circular in shape, had been deposited at 
a pressure of 10 -4 to 10 --5 millimeters of mercury at a tem- 
perature of 200 ° to 500 ° centigrade and were permalloy 
(80 % nickel arid 20% iron). Tile films were from 500 to 
2000 A thick and exhibited an exceptionally square hys- 
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FIG. 27. Mounting Frame for Transistor Pac~ 

teresis loop. They ultimately hope to achieve a s~ 
time in tlm order of 20 to 50 millimicroseconds. 

The experimentM setup for determining the h~ 
loop at 50 cycles per second permits placing tire sample 
fihn in a uniform magnetic fMd on a table which can ~>< 
rotated to orient the sample with respect 1o the fietd 
Compensating coils were provided to adjust for field I~,)u. 
linearity. Surrounding the solenoid which generated th~ 
uniform AC field was a rectangular wire frame thro~@ 
which direct current could be passed to r()lale the dir<~<~ 

i 

tion of the uniform field. 
Kobelev indicated that they were not presently doi~)g 

any low temperature thin film experiments a~ IPM(I'L 
but that such work was being done elsewhere. 

Ferrite Cores 

An experiment was demonstrated for invesiigating ~1'.~ 
switching time of magnetic core materials. The t)artictfl:,~' 
sample shown was being switched at a 100-(y(le-per- 
second rate, in a coincident current mode at 0.5 mitt*> 
seconds. The rise time of tile cun'ent pulses was approxi. 
mately 10 millimicroseconds; with increased drive {h~ 
same cores could be switched at 80 millimicrose<( ~d~ 
Under these conditions the switching field was the ot:d(~r 
of 5 to 6 oersteds. The (:ores were approxinmtcly 3 milli- 
meters in outside diameter, and the Ho was approximat(:lY 
1 to 2 oersteds. 

We also saw in operation equipment for automai:i*' 
testing of cores. It  is similar to that whi('h is used i~ thi~ 
country for the same purpose. 

Tran6*istor Circuils 

Transistor circuits were demonstrated using indust' ally 
produced PNP  alloy diffusion transistors with ~ i2O" 
megacycle alpha cutoff. Four hundred megacycle tra~ ~si:~ 
tors are available but are in use only in communica~ioJ:: 
circuits. In one laboratory we observed an experiment fv: 
determining optimum characteristics of transistor triode" 
by the systematic determination of the small current;! 
breakdown voltage. For the 120-megacycle transistO~ 



everse current is five microamperes at a reverse 
tter voltage of 2 volts. 
-flop was demonsi.mted which exhibited a 20- 
'osecond rise lime anti was changing every 200 
'oseconds. The transistor logic circuits which we 
,~ed the current switching OR and AND eonfigura- 
exclusive OR version also exists. 

~o observed a ten-stage transistor-core shift regis- 
~ged in Lt plug-in unit. They have experienced no 
r difficulties with the contacts of a Jones-like 
e frame into which these particular packages were 
was also shown (figs. 26, 27). Figure 28 shows 
natic of the SETUN ternary shift register. 

Miscellaneous 

lgineers in charge of machine development at the 
of Precise Mechanics and Computer Techniques 

[ that the recombination time of the best Russian 
0.1 microseconds. With the uncertainty in the 

1, of the term itself, it is not clear whether this 
favorably or not with the best presently avail- 

[es in the United States. There seems to be some 
n the Soviet Union in developing specialized beam 

tubes for purposes of logical operation rather 
rage. Soviet standard radio or television tubes 
,n average life of 5 to 10 thousand hours and 
it has not been necessary to develop special long 
for computer usage. 
design philosophy appears to parallel that in 

try. They derate the current capability of tubes 
~rcent. They also derate the power rating of 
by 50 percent, but, in general, they operate 

r---1 f-'3 

ALLOWABLE STATES 
00,10,01 

8. Schematic of SETUN Ternary Shift Register 

capacitors at 100 percent of rating Decause their produc- 
tion test procedure tests the capacitor to double its work- 
ing voltage during manufacture. Common resistors have 
a 5 percent tolerance, but occasionally they match pairs 
for particular 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 Bt,:SM-II machine was 
also used oil tile KrEv machine and was seen in other 
places. A sunlmary of magnetic drmn characteristics is 
shown in table II. In this table the unit listed under 
BESM-][I is the one which appears to be an off-the-shelf 
item of commerce. 

Maguelic, Paper and P~lm Tapes 
Early machines utilized punched 35=millimeter cinema 

film. The punched fihn handler of the UUaL-I is shown in 
figure 13. A similar transport is also used on U~aL-I to 
handle 35-millimeter magnetic fihn. Both tapes of UnAL-I 
are closed loops, implying that a reverse mechanism does 
riot exist. The perforated tape operates at 1½ meters per 
second with a 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 nmnbers per 
second. 

The STRELA 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 15 
shows this unit. 

The magnetic tape units of the B~SM-I are modified 
audio tape transports and are shown in figure 5. The 
perforated tape reader also uses a similar transport. 

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

Input~Output Equipment 
The BESM-I uses punched paper tape input and output. 

The BESM-II will also use punched paper tape input and 
output. Both machines also have a 15-line-per-second, 
14-column numeric-only printer (fig. 7). The STR~m.~ uses 
punched card input and output. The card equipment 
appeared generally 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 equipment 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 intended for the URA~-II was seen. 
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 a magnetic core matrix on a character-by-column 
basis. At the STREL.~. location of the Computing Ceuter o f  
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TABLE II  
Characteristics of Soviet Magnetic ])rums 

Diamete r  ]Cilcumferential  Number  of [ Trans-  Speed Length  i " Packing ' Axial Packing Capac i ty  Head  Spacing Head Gap i [er Ra t e  
Drum (RPM) (inches) I (inches) li (pulse/illch) ( t racks/ inch)  TrackSHeadsand (words/drum) (mils) (mils) (words /  Remarks 

Laboratory 1500 15-181 . . . . .  44 tracks 4000 bits/ 
(Penza) 88 heads track 

] I 2 st~tions 
URAL-I ] 60001 . . . .  20:t8 hall 

w o r d s  

URAL-II 

BESM-I 

6000 

EBSM-II 

Typical 
U.S.  
early 
1959 

1500 1~ 
(30 

1800 8-12 

100 (4 
pulses/ 
I n n l )  

75 (3 
pulses/ 
mm) 

16 75 (3 
(40 cm) pulses/ 

m i l l )  

12-36 100-400 

4 (6 mm 
between 
tracks) 

10 (2} mm 
between 
tracks) 

10-20 

100 

44 tracks 
88 heads 

8192 

6000 
40 bit 

6000 

8000-50,000 

sec) 

I 

0.8-1 (20- 
25 mi- 
e r o n 8 )  

1.2 (30 
microns) 

0.24(?) (6 
microns) 

O. 25-1 

_m 

40(?) 
(1 ram) 

0.25 

100 

5000 

12,000 

10- 
50,000 

Expect 6 months 
with no inspec- 
tion of drum; 
spare drum to be 
supplied with 
each Ilmchine; 
customers will 
report: troubles. 

Similar dnun ran 3 
years on BESM-I 
without trouble, • 

Special drums are 
as large as 400,000 
words with a rei: 
cording density 
of 1000 pulses/ 
inch. 

TABLE I I I  
Characteristics of Soviet Magnetic Tapes 

Machine Width Linear Speed (inches/see) Start/Stop Density (bits/in) Words/tape 

BESM-I 
BESM4I 
URAL-I 
URAL-II 
STRELA 
M-20 
Typical U. S. early 1959 

l f /  
If/ 

35 mm 
35 mm 
4" 

41t 31! -- 

w 

80 (2meters/see) 
30 (0.75 meters/see) 
60 (1.5meters/see) 
16 

75 

4 sees (?) 
seconds 
m s  

m s  

seconds 

5-10 ms 

200 (8 bits/mm) 
32 (1248 bits/meter) 
210 (8300 bits/meter) 
62 (2½ bits/mm) 

2O0 

30,000 (?) 
30,000 
40,000 

700,000 
200,000 

1,000,000 

Transfer  Rate T 'acks 
(words/see) 

71 400 ] 
75 11 

1000 11 1 
1000 43 

2500-10,000 7 to 36 

the  A c a d e m y  of Sciences an experimental  numer ic -on ly  
pr inter  was demonst ra ted .  This device is no t  ye t  ful ly 
operational ,  and it is hoped  tha t  it will u l t imate ly  achieve 
a ra te  of 50 lines per  second, 10 characters  per line. T h e  
principle of operat ion of this  pr inter  is shown in figure 29. 
As is seen f rom this figure, the  zeros in a n y  line are inserted 
a t  one posit ion of the  paper ,  the ones of the same line are  
inserted in the following position, and so forth. Therefore  
to complete ly  pr int  only  one number  requires 10 ad-  
vances  of the  paper.  However ,  in pr in t ing a long sequence 
of numbers ,  10 lines at  a t ime are being completed.  Such  
a pr inter  requires tha t  10 complete lines of in format ion  
have  to be prepared  and  stored within the  computer .  There  
is also a r a the r  compl ica ted  refill and  release cycle neces- 
sary  to couple the pr inter  and  the  machine  proper.  

Table  I V  summarizes  the  characteris t ics  of the known  
printers. 
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Magnetic Stores aa 

The 1024-word store designed at  the  Ins t i tu te  for Pre- 

cise Mechanics  and  Compu t ing  Techniques  has served as t 
the  model  for the  stores of subsequent  large Soviet ms-! 
chines. The  same st:orage device is being used in BESM-IIa! I 
and  also in the KIEV machine.  Contr '~ry to the usual store !~ 
organizat ion in this count ry ,  the Soviet  so-called type41 

aa See V. V. Bardizh, "Magnetic Internal Memory with Direei 
Selection," Moscow, 1958. This paper was presented at the 195g: 
University of Michigan Summer Conference See S. A. Lebedev, i 
"Certain Works in the Sphere of Computing Techniques," Mos- 

1956. This paper was presented at a 1956 conference in Stock ~' COW, 

holm. 
a4 Aleksei Fedorov, one of our technical guides, was largely re: 

sponsible for the design of the 2048-word version used in BESM-II~ 
and other machines. 
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Fro. 29. Schematic of 50 lines/see Printer 

system is not a coincident current read; an N-way decoder 
switch is used to end-drive all columns of the desired word 
(fig. 30). Approximately one and one-half times switching 
current is applied to the core for reading. Writing into the 
store is, however, coincident current. 

In order to minimize the change in load presented to 
the end-drive switch, two cores are used for each bit. In 
this way the s'~me number  of cores changes state at  each 
cycle regardless of the digit content of the word. The cycle 
time of the standard type Z store is 6 microseconds, al- 
though in the BESM-I and BES~-II  machines it is used 
at a 10-microsecond cycle. The basic unit of construction is 
a rectangular frame which contains both storage and 
switch cores. Each frame contains 128 48-bit words or a 
total of 12,288 storage cores (128 x 48 × 2) and also eon- 
l;ains 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 has also been built using two 
cores per [)it and operating with a total  cycle t ime of 0.2 

TABLE IV 
Characteristics of Soviet Line Printers 

Machine 

BESM-I 

BESM-II 

STRELA 

URAL - I 
URAL-II 

K[EV 
Typical 

U.S. early 
1959 

Col- umns Characters 

14 / Numeric 

14 Numeric 

10 Numeric 

19 Numeric 
16 to Numeric 

96 
19 Numeric 

Up to Alpha--nu- 
t20 merle--up 

to 56 char- 
ucters 

Printing 
Rate 

{ (tines/sec_~ 

15 

15 

50 

1.6 
20 

1.6 
Up to 

15 

Remarks 

Roll paper; 
no carbon copies; 
no format carriage 
control 

Experimental, no~ 
yet completed; 
roll paper 

Fanfold paper, mul- 
tiple copy, format 
carriage control 

microseconds. The cores in this experimental unit have an 
inside diameter of 1 millimeter and the current drives 
have a rise t ime of approximately 30 millimicroseconds. 
There is also in serial production by  industry a 64-word by 
50-bit store with a one microsecond cycle time. I t  is pos- 
sible that  this unit is not a coincident current type but 
rather  a magnetic shift register type. 3~ 

Experimental  transistor stores have been constructed, 
but adequately fast high current transistors are not pres- 
ently awfilable. I t  was estimated on the basis of their 
experience that  the inductive voltage for 40 cores is of the 
order of } volt. 

The magnetic core store for U*~AL-II is a one-core-per-bit 
coincident current type. 

Other Components 

Typical other types of components are shown in 
figure 31. 

E d u c a t i o n  36 

The career of a student begins with ten years in ele- 
menta ry  and high school. All students not in the upper five 
percent of the graduating class are required to have two 
years of working experience before applying to an institu- 
tion of higher learning. A high school graduate is permit ted 
to apply to one university only, and if rejected he cannot 
hope to gain admission at  that  t ime to another school. 
Admission to a university used to be based primarily on 
the result of competitive examinations. For mathematics,  
such an examination might  cover mathematics,  physics, 
a foreign language, Russian language and Russian history. 
The average entering age of university 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 ~wo years all students in a field 

s5 There is some uncertainty whether the cycle time is 0.3 ~s or 
1 tLs. The best guess is a 1-t~s cycle time but a 0.3-its access time. 

~6 See: Soviet Commitment to Education, U. S. Department of 
Health, Education and Welfare. The report'of the first official 
U. S. education mission to the U.S.S.R, ; available from U. S. Gov- 
ernment Printing Office for 70 cents. 
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Fro. 30. Esset~tial Features of the Type Z Store (This drawing is patterned after one in a paper by V. V. B~trdizh.~ 

take the same courses, but  during the final three years, 
specialize to a certain extent  within the field. The  program 
of s tudy  for each special ty  is rigidly prescribed. By looking 
up his plan of s tudy,  a s tudent  will know in adwmc.e which 
courses he must  take during each year,  which term papers 
and examinations he will have in each course, and in 
which weeks these examinat ions  will take plaice. 

Every  s tudent  is required to take 11 terms of ideological 
subjects, such as Marxism-Leninism, dialectical material- 
ism, history of the Communis t  par ty ,  political economy, 
and economics. He is also required to take four  terms of a 
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Fro. 31. V~rious electronic components: 
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foreign language and four terms of physi(al  educatkm ~ieo~ (~ 
In Ins five years,  a student wdl have to pass ~2 (rat ~> . . . . . . . . . . .  1' ut 
aminations, will have to submit 36 reports, a~d wri{,*,; . 
term papers, l )uring his final term a s tudent  is required i~ 1 -~¢~we, 
write a diplonm dissertation and to acquire some p,'acd,':~i~ ,:(~r~i, 
experience, l ' r ior  to graduat ion he is expected to take tw°l ~ i; (~,iiii 
s tate  examinations:  one in Marxism-Leninism, and o~m i~ ~ ~ie~., ~i 
his specMity.  o,f ,m 

Each undergraduale  s tudent  is assigned an advis,~{ i i~it~, 
(teacher), allhough Ins final grade is granted l)y the bcu!> ~,..~, ic 
title Council of the university. ~Ihe Scientific C~oun(dl ~','~-iil 
also responsible for recommending a student (o grad!mi~ gei~r,: 
study.  During each semester docents (associate professors:: Thi: 
"rod the full professors lecture and hold recitations for tl'~e ;: i~'*g a 

~LSSlSt ~Ht[~ e~;~{ IV elasses. The  examinations are given by the ' . . . .  
alt tmugh a s tudent ' s  final examination is required to D:.,: >~(~wl ~ 
given by his assigned teacher. During the five years 0~;, year i 
s tudy there are exammatmns on four sub jec l s  ea('h hmf e al~di~ 
year.  Two or three months  before graduation,  each stu(le~{;i, a~:~d P 
is appointed to a job according to his specialty; he c.amm~ ~hat 
leave or be dismissed from this job for three years. If' there,: 
is no opening in his field, the university is obliged to ti~d',. :Tke ti 
him a position in a related field. The  appointments ~:~, 
s tudents  to jobs are apparent ly  ( 'ontrolled by a Ce tma TL, 
Council for Production.  d:w 

A research worker may  lecture or m a y  supervise a ~°o, le il 
thesis, but he is not permit ted to teach until  he h,~s sue-: %~e s< 
eeeded in a competi t ion arid shown competence in his ~&i, ~:,ut b 
by means of publications or accomplished work. ():'l the: ~.a~,e 

k ~ o ther  hand, any teacher is permi t ted  to do resear(h wor " :  ~dty, 

ar Notice the very particular sense in which the word "teacher i~:*fltle 
is used in the Russian connotation, d;e{3~t 

i 



The col~teIt~ of e~ch course is de t e rmined  by the Minis- 
} ~rv of I[igher tkhlcation, though t h e  preparation of the 

detailed program is clone by the professors. The lectm'es 
~re supposcct to tl, d t l e r e  to the prescr ibed  content rather 
zi~id]y si~ce the student s are *o be exo.mined on everything 
r;a~cd in the program ~l.[ld OFt n o t h i n g  else. A Russian 
shemat i ( ' a l  graduate will have a shallower knowledge 
)~ (,~wh field than his American coun te rpar t ,  but he will be 
familiar with a larger number of fields. "['he Russian stu- 
deist will also l)e unacquainted wi th  modern ternfinology 
~ild moderll methods but., unlike t h e  American student, 
~,r~%" t{ussian m-~thematician has a t h ree  year foundation 
i~ physics and has been required to t~ke  a minimum num- 
ier of courses irt computer mathemat ics .  

The diploma paper which a s t u d e n t  writes under the 
dire' ion of his advisor in his ten th  t e r m  is approximately 
at ~he level of the bachelor's thesis in Americ, an universi- 
ties. It must be publicly defended before an audience 
v,b ch in(:ludes the professors belonging to the relewmt 
,,bah', the advisors, the referees and a n y  students who may 
wish to attend. After successfully passing his final thesis 
teiense, a student graduates ei ther simply or "with dis- 

}} . . ) " . ~(q~(t~. Then he either becomes a n  "aspirant" or must 
rake a job. If he is required to take  a job because of poor 
grades, he has little chance subsecluently to attain a higher 

,ai:i~;~; (eg'e~, 
'~I ~::~ Future sciemific workers are rec ru i t ed  from the ranks 
rii:~: ,~i ~ the aspirants. An aspirant " a sp i r e s "  to the first ad- 
~/l ;i: valeted degree, that of "candidate ."  He  takes no formal 

courses in his three years of graduate  w(.)l'k but must write 
~ a didat e's t bests and defend it; a t  a stiff public examina- 

~a~ ~ tiara, This ~ 'm(hdate' 's thesis' is wr i t t en  under the direction 
*~t' a,,~ advis()r and appears to be ~t; a level slightly below 

ch'i ~hai of a Ph.I). thesis in leading Amer ican  mfiversities. A 
8~'~ ca~ ~did~tc is entitled to teach at  a n  institution of higher 
ndl;:, learning, but to achieve the rank  of professor he must 
:~d~:> g~ er dly ( m~ the highest learned degree ,  that of "doctor." 
e s,7,~, The do( tor's degree is 'dso acqui red  by publicly defend- 
['ori i~g a ih(sis. This thesis is written completely independ- 
is~a~; (,ntly at~d must constitute a significant contribution to 

~t.o k~)wle(tge. Only a. few doctor's degrees  are awarded each 
~ar~  
?h ~ y(ar i~ the field of mathemati(:s. Thus, while a Russian 

<mdidate is approximately between the American M.S. 
{,udei and ['h.D., a Ru sian doctorate degree  is somewhat beyond 

iha~ of the American doctorate. 
f i:h¢¢ 

to ?'/~e Role of the Soviet Academy 4 Sciences in the Scientific 

2e~t~:c The All Union Academy of Sc iences  of the USSR and 
~he 15 t{epublican Acadernies of Sciences play a dominant 

as s~ 
llS I{~:N 

role in the scientific life of the S o v i e t  Union. The bulk of 
the scientific resem'ch work in Russ ia  seems to be carried 
om by the various Institutes of the  Academy. Each Insti- 
tute seems to be a largely independen t  unit organization- 
aIty, is often housed in a single building,  and is strongly 
influenced by the personality of the  director, who has two 
d(~puties, one for scientific mat te r s  and one for business 

matters. He is assisted by a Scientific Council consisting 
of tim senior members of his Institute. 

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

An Ac'Meray Institute performs no direct teaching 
fmictions even though some of the employees may be 
aspir'mts who work on a candidate dissertation under the 
direction of a senior member of the Institute. Students 
required to gain practical 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 programming of computers. Such students 
not only come from all over Moscow, but front all over the 
Soviet Union and China, and spend three months there. 
An Institute may also give evening courses of a nature 
similar to the extension courses of Mnerican universities. 

The highest class of membership in the Soviet Academy 
is that  of Academician. The number of AeademMans in a 
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 5000 rubies per month in 
addition to any salary he may receive from his job. [,te is 
also entitled to an official ear and to preferred housing. A 
member of a Republican Academy receives 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 each Academician of the 
All Union Academy received a "Dacha," or summer home, 
near Moscow. 

The Economic Status of Scientists 

In evaluating typical Russian salaries it must be remem- 
bered that the highest income tax in the Soviet Union is 
13 percent arid that all other taxes are indirect. Further, 
medical care and certain other services are provided cost 
free by the government. Living conditions are below 
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 "commercial" 
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 rubles 
per month. The scale for engineers at similar Institutes is 
slightly higher. For comparison, a charwoman receives 420 
rubles per month, a chauffeur 500 rubles, an average 

C o m m u n i c a t i o n s  o f  t h e  A C ~ I  163 



skilled worker 800, a taxi driver 1200 rubles, a high school 
teacher from 600 go ;1.500, while old age pensions range 
from 400 to 1.250 rubles per month.  

Professorial salaries are fixed all over the Soviet Union. 
A professor receives 4500 rubles per monlh plus an addi- 
tional 500 if he is in charge of a Chair. If  an Academician, 
he also receives the additional stipends pt'eviously noted. 
Professors often supplement their income by consulting 
or part- t ime teaching at other universities. If  well-known, 
a man may  obtain such additionM work easily and may  
devote as much as one and one-half days her week to this 
second job, for which he is paid at half rate. A particular 
individual m a y  have a full-time appointmenl~ at one insti- 
tube, m a y  be working at  a second job at another, and per- 
haps consulting for a third and a fourth. To some extent 
the salary structure of scientific workers depends on the 
importance of the Insti tute.  Mathematicians and physicists 
are among the top cevals. 

I t  is also possible to earn additional income by author- 
ing scientific books. The rate per page seems to depend 
upon the status of the author and upon the subject of the 
book; for a man  just below the status of full Academician, a 
typical figure is 2000 rubles per 16 printed pages. 

The salary structure for programmers is shown in 
table V. 

The Novosibirsk Development 

I t  is a general belief in Russia that  the future of the 
Soviet Union is closely allied with the development of the 
immense and  largely unexplored naturM resources of 
Siberia. M. A. Lavrentyev is credited with persuading 
the Soviet Government  to establish a powerful scientific 
center in Novosibirsk. Academicians Khrist i 'movitch and 
Sobolev are the other l, wo leaders of the Novosibirsk 
project. 

This new scientific establishment is intended to be a 
nerve center for the development of Siberia. Novosibirsk 
itself is already a large industrial city, and it is now to 
become the site of a large complex of scientific institutes 

TABLE V 
Typical Salaries for Programmers 

Status in Research Institute 

Junior Scientific Worker 
non-Candidate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Candidate of Sciences . . . . . . . . . . . . . . . . . . . . . . . .  

Senior Scientific Worker 
Candidate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Doctorate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Head of Laboratory 
Doctorate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

New Graduate--starting . . . . . . . . . . . . . . . . . . . . . . . .  
non-Degree--1 year experience . . . . . . . . . . . . . . . . .  
Degree--1 year experience . . . . . . . . . . . . . . . . . . . . . .  

S a l a r y  
(Rubies/month) 

1050-1350 l 
1850-2000 

2500-3000 

3500-4000 ~ 

3500-6000 
1050 
1200 a 
1350 

1 An engineer's in this category is from 1200-1800. 
In exceptional cases this may have an upper limit of 6000. 

a This will be 1300 for industry. 
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and training centers for scientists. A n(,~ Siberian dlv~s ~>~ 
se( tion of the A t (Tnion Academy has beea created v;i~i 
Lavrentyev in charge. The government has also ~'reat< 
ten new positions for Academicians; among the >~¢ 
appointees are mathematicians I. N. Vekua and h. [ 
Maltsev, and the hyth'odynamieist P. Y. Polubaril~ov:, 
Koehina. Several other outstanding selent~sts have b~(e~ { 
invited to join the Novosibirsk Center; among them at,  
L. V. Kantorovich of linear programming fame, and k.P. ~ ~" 
Yershov of automatic programming. I t  is intended ~[ ,~i~ 
create a new university there whose rector will be I. S ': ~,a~ 
Vekua. There is also planned a Siberian Mathemat <'~ eo 

{ 
Journal arm a Siberian edition of the Doklady. 

Chinese  D e v e l o p m e n t s  

A number  of Chinese engineers and programmer~ ~ pr 
observed in various laboratories during our visit;, k [,;I 
ently they have eeme to Moscow for training. I ~"P 
indicated that  the Chinese have developed a maehi 
themselves which is part ly ferrite logic and partly vaeuu~., " TI 
tube logic and which has a capability between that (:f h~;; .~ C~ 
BESM-I and the BESM-II. The Chinese ate Mso supp0s~, ,~ 
to have developed a machine which is eompletdy th#ig ~ ~' 
own design. I t  operates at approximately 5000 operatha~:~ 1{ 
per second arid is presently being readied for se:ria[ i~(h~,,} , C, 
trim production. 

A c k n o w l e d g m e n t s  ~ (:''?~! 
i 

II 
Many people have etmtributed to this rel)or~, l!;!j~i ; I ' 

member of the delegation contributed Iris transcribed ~(~ie~l t'~ 
or a complete manuscript;  each member  also assisted me ~' 
in reading rough drafts of the complete report and i~l'*~l 
resolving conflicts and ambiguities in our infornmtion. ~i I 5 
RAND, many people have assisted me. l'rofessor l(. I;} 
Harper,  Dr. D. G. Hays,  Barbara Scott, Andrew Kozak 
and Dolores Mohr, all of the staff of the Machine Transla- 
tion Group, and Margaret  Penington of lhe library s{a~ 
contributed their linguistic skills to the lranslation d{ ~':[ 
various items, the transliteratiou of names, and the tedi~s ~Sq 
task of determining initials. The photographs were pre~{ "d 
pared by L. R. Moekbee; and the line drawings by G. S,!) 
Lucas. T. W. Zeihe and I. I;). Gteenwald helped resolve 
uncertainties in the meaning of certain instructions of tie ,,! 
two URAL machines. F. d. Gruenberger read the nm.m~} J j 
script editorially. Lastly and importantly,  my seer, , 
Mrs. Dorothy Crabb, arid Miss Jessie Gutteridge 
the many  drafts of this lengthy doeulnent with its u>i 
familiar names and places. Each of us now feels screen h a  
more familiar with Russian comput ing technology, the~! 
research institutes, and their scientists. 

Appendix  I 

I n s t r u c t i o n  Reperto ire  o f  URAL-I  

Appendix  II ..... 

Instruction Repertoire oe VRAt-n  

[Appendices I and I I  will appear in a future issue.] 
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B i b l i o g r a p h y  

(l()mposite List of Publications Received as a Result of the USA-USSR Cultural Exchange, April-May 1959 
(Most publications "~re in Russian; a few, in English or French) 

I. BOOKS 

Title Author Sou.rce 

:<(~si(m of t.he USSR Academy of Sciences on Scientific A. V. Topchiev, Ed. USSR Academy of Sciences, Moscow 1957 
Problems of Produc|~ion Automation: complex automa- (Aeademeeian) 
do~ of production processes, scientific problems of tele- 
mechanized production, basic problems of automatic 
contr~)l; 15-20 October, 1956, 215 pp. 

* System of Sta~ (lard Sub-Programs--Moscow 1958, 229 pp. E . A .  Szogolav, G . S .  Physico-Mathema.ticM Literature Publica- 
Rosliakov, et. al. tions 
Edited by Prof. 51, P. 
Shura-Bura 

Program of Automatic Programming for High Speed A.P .  Yershov USSR Academy of Sciences Computing 
Elect ronic Comput, ers--Moscow 1958, 116 pp. Center 

"~ Problems i~/(?yt~ernetics, Vol. L-.Moscow 1958, 268 pp. A.A. Liapunov, editor Physico-Mathematical Literature Publica- 
tions 

* Ti~coretical Questions of Mathematical Machines, 1st Yu. I. Bazilevsky, editor Physico-Mathema.tical Literature Publica- 
Collcction-.Moscow 1958, 230 pp. tions 
Collection of articles on mathem~tical logic and its appli- USSR Academy of Sciences, Steklov Insti- 
cations to some problems of cybernetics tute of Mathematics 

* Vychislitet'naia tekhnika. 1958. Computing Engineering, USSR Academy of Sciences, Institute of 
1958. Precise Mechanics and Computing Tech- 

niques 
'* Computing Mathematics, 1957-58, 3 Vols. USSR Academy of Sciences, Computing 

Center 
(~onfercnce on the l)eveh)pment of Soviet Calculating- Unknown 
Machine and Instrumentation Engineering. Moscow 
1956. Plenary Meetings. 

~ f'r~)gr~muning for I)igital Computing Maehine--URAL I, V.N.  Bondarenko, I . T .  Artillery Engineering Institute imeni F. Z. 
M~scow, 1957, 415 pp. Plotnikov, P. P. Polo- Dzerzhinskiy 

Z O V  

~ Materials on Machine Translation Vol. I, Leningrad, N .D .  An dreyev, editor Leningrad University Publishing House 
May I958, 228 pp. 

II. TABLES 
The Institute of Precise Mechanics and Computing Technique, USSR Academy of Sciences, is the source of all the following tables. 

Tille Author 

"Fabl(~s of integral Sin and Cos.--Moscow, 1954, 471 pp. Prof. V. A. Ditkin, Editor-in-Chief 
Mathematical Tables of Integral Exponential Functions--Moscow 1954, 300 pp. Prof. V. A. Ditkin, Editor-in-Chief 

~ Tables, c :~ and e -~, Moscow 1955, 144 pp. Prof. V. A. Ditkin, Editor-in-Chief 
Jaeobi Polynomial Tables, Moscow 1954, 249 pp. L.N. Karmazina 

III.  DICTIONARIFS 
A~@o-lhlssian Dictionary of Computer Technology, Vol. V.K.  Zeidenberg and T. 
~, Moscow 1958, 93 pp. S. Loseva 
Anglo-Russian I)ictionary of Automatic a~d Controlled L .K .  Ptashni 
Measured Instruments 

Institute of Precision Mechanics, USSR 
Academy of Sciences 

IV. CATALOGS 

Title 

~) Catalog of Published and To-be Published Books, Second Quarter, 1958 
Catalog of Computing Machines, 51 pp., 1956(?) 

Catalog of Electronic Mathematical Machines--Apparatus Infrashort~ Range Fre- 
quency, 1957 

Source 

Physico-Mathematical Publications 
Central Bureau of Technical Information, 

Instrumentation and Sources of Auto- 
mation 

Central Bureau of Technical Information, 
Instrumentation and Sources of Auto- 
mation 

°In possession of one or more members of the delegation. 
* In possession of the library of the Moore School of Electrical Engineering, University of Pennsylvania, Philadelphia, Pennsylvania. 
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V. REPORTS 

The In s t i t u t e  of Precise Mechanics  and Completing Techniques,  USSt{ Academy of ~ciet~ces, is tile source of all the following rel)0r i 
except the l'~st four .  

Title 

*0 Applicat ion of B T - t  and K-28 Type Ii'errites in ()perati~g Magnet ic  Storage Unit, s, 
Moscow, 1958, 33 pp. 

* Japanese  Language  Analysis in MT,  Moscow ]958, 25 t)P- 
*0 On Machine T r a n s l a t i o n  from Chinese into Russbm Moscow 1958, 34 pp. 
* Basic Elements  a n d  Some Circtfits of Computer  Units----Moscow 1958, 24 t)P. 
* Measurement  M e t h o d s  of Ferroelectr ies  wi th  I{eci~mgul.tr Hysteresis  Loop----Moscow 

[958, 19 pp. 
*0 A Steady SLate Calcula t ion  for a Trans is tor ized  l)igitM Computer  Unit---Moscow Yu. I. Sharapov 

1958, 40 pp. 
* Some Problems of Small Th in  Tape-Wound Magnet ic  Core Product ion--Moscow 

1957, 15 pp. 
*o Some Problems of Ferrite Core Switching--~[oscow 1958, 19 pp. V .V .  Bardizh 
* Reading T r a n s f o r m e r  Circuits  for Storage Units Using Barr ie r -Gr id  Memory T u b e s - -  V . N .  t a u t  

Moscow 1958, 15 pp.  
* A Po in t -Con tac t  T rans i s to r  Pulse Shaper-- Moscow 1958, 22 pp. 
*0 Programmed Access Magnet ic  Memory- -Moscow 1958, 17 pp. 
* A l )ynamic  F l ip -F lop  with Negat ive Pulse Condenser - -Charg ing- -Moscow 1958, 

12 pp. 
* An Operat ional  Regis ter  with  a Magnctos t r ic t ivc  Delay Line--Moscow 1958, 38 pp. E . F .  
0 On Magnet ic  P o l a r i t y  Reversal  (ff Mn-Mg and Ni-Zn F c r r i t e s - M o s c o w  1958, 13 pp. V . V .  
*0 Applicat ion of B T - I  -rod K-28 Type Ferr i tes  in Operat ing Magnet ic  Storage Units  .... M . P .  

Moscow 1958, 33 pp.  
0 Real izat ion of Discre tc  Proof Schemes (Dis tor t ion or Error  Correct ion)- -Moscow 1958, 

4 pp. 
0 Magnet ic  I n t e r n M  Memory with l ) i ree t  Selection----Moscow i958, 16 pp. (English V . V .  Bardizh 

Trans la t ion)  
0 Tes t  E q u i p m e n t  for  Determin ' t t ion  of the  Basic Character is t ics  of Magnet ic  Cores -- Yu. [. Vizun 

Moscow 1957, 20 pp. 
0 Character is t ics  of Ferr i te  Cores with Rec tangu la r  Hysteresis  Loop, Firs t  E d i t i o n - -  V . V .  Bardizh 

Moscow 1957, 20 pp. 
0 I)igital Compu te r  Basic Uni ts  Using Junc t ion  Trans is tor  Elements  of Pulse-Potent ia l  Yu. [. Sharapov 

Type--.Moscow 1958, 35 pp. 
0 Some Principles  of Designing Magnet ic  Pe rmanen t  Storage l)cvices---Moscow 1957, Yu. I. Vizun 

37 pp. 
0 Experiments  wi th  Automat ic  Trans la t ion  on tile Electronic  Calcula t ing-Machine  

BESM---Moscow 1(,}56, 28 pp. 
0 Exper iments  w i th  Automat ic  Trans la t ion  on the Elect ronic  Calcula t ing-Machine  

BESM---Pr i roda,  August  1956 
0 Accelerat ing Multiplie,~tion and Division in High Speed I) igi tai  Computers-.-Mos- 

cow, 1958, 25 pp.  
Title Author 

0 Concerning the Problem of Machine Transla t ion  of Lan- I). Panov  
gu'~ges--Moscow 1956, 35 pp. 

0 Questions of Compu te r  Mathemat i c s  and  Techniques 
(Articles) Th i rd  Edi t ion---Kiev 1958, 98 pp. 

0 Les Experiences  de Traduc t ion  Automat ique  de l 'An- 
giais en Russe a l 'Aide de la Calculatr ice  BESM 

* Los Chiffres de Base  du Developpement  de l 'Economie 
Nat ionals  de I 'U.R.S.S.  pour 1959-1965. Theses du rap- 
port du camt~rade N. Khrouch tchev  au X X I  ~ Con- 
gres du P.C.U.S.  Moscow, 1958. 

N. L. Korolcv,  S. N. Raz- 
oumovskiy, G. P, Zelen- 
kevi tch 

N. S. Khrushchev  

A~thor 

M. P. Syehew~, A. [. Fedorov, et. al. 

M. B. Yefimov 
V. A. Voronin 
N. 5[. Sotin:~, Ym A. Khe[aurov 
I,. V. Kmukov  

V. V. Bardizh,  Yu. I. Vizun 

Yu. I, Ser~atorov(?) 
V. V. Kobelcv,  Yu, I. Vizun 
A. N. Zimarev I 

Berezhnoy 
Kohclev, [. [. Nadashkevich 
Sycheva,  A. S. Fedorov,  et. al, '~ 

M. A. ( lavri lov,  ct a[. 

I. S. Mukhin  

G. P. Zelenkevich,  N. L. Korolev, S. 
I)~azoumovskiy 

V. S. Bur tzev  

SO'~t'rce 

USSR Aca(lemy of Sciences 

Academy of Sciences 4 

In t e rna t iomd  Congress on Cvberneti{0 ~e 
Namur  1956 

Unknown 

166 C o m m u n i c a t i o n s  of  the  ACM 


