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Soviet Computer Technology:
Little Prospect for
Catching Up ¢ -

The United States Icads the USSR in all fields of gencral purposce digital
computer technology. This lead ranges from at least three years for
internal memory devices to more than 10 ycars ia high-performance
magnctic storage systems. In gencral, the outlook for the remainder of the
1980s will be for the US lcad (6 increase slightly, although. for some high-
priority applications. the Sovicts may be able to reduce or design around a
particular technology gap

The Soviets have made progress both in compuler technology and in
computer production techniques; however, their progress has been over-
whelmed by the rapid advances made in the West and Japan. The Soviets®
status in scven important areas of computer technology is summarized in
figure 1. These estimates are based upon the first delivery dates of
functionally equivalent US and Soviet civilian computer products. If we
were able to include computer production volume and quality in our
mcasurc of technology. then the United States would be at least several
morc years ahcad

We belicve there are many reasons why the Soviets trail the United Siates
in computer technology:

= The Sovicts centrally planned cconomy docs not permit adequate
flexibility to respond to design or manufacturing changes frequently
encountered in computer production; this situation has often resulted in a
shortage of critical componcnts—especially for new products.

* The extraordinary compartmentalization of information in the USSR —
especially on technologies with potential military applications; compart-
mcntalization not only restricts the flow of information. but also results
in snuch duplication of work because of a lack of knowledge about other
activitics.

* The Sovict preoccupstion with meeting production quoltas. frequently at
the expense of component and system quality control.

The lack of adequatce incentives for Soviet managers (o take the risks
associ~ted with innovations or new technology.

= Poor coordination between separate design institutes and production
facilitics, ~ometimes resulting in products that have to be redesigned 1o
it a facte ry's production capabilitics.
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Figure 1

Computer Technology: United States Versus USSR
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The Sovicts' lag in computer-aided design and computer-aided manufac-
turing techniques causcd by a belated development stari and also,
ironically, by the Sovicts’ lag in computer technology.

Concerns by Sovict officials that a computer is a nowerful tool that could
be used for antirevolutionary activity and that a prolifcration of comput-
crs might reduce the tight control of infermation in the USSR thesce
concerns tend 1o restrict access (o and firsthand knowledge about
computers us well as their applications.

Provincial disputes within and between ministerial and institutional
organiZations,
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« Very poor customer support-—including iazdequate user [eedback. poor
installation support. and delayed maintenance—-that {requently results tn
reduced eflicieney and productivity for computers in usc.

Similar reasons also account for the Sovict lag in microclectronics
technology as well as instrumentation und test cquipment: these technology
lags in componcnts and basic clectronic tools that arc essential for modern
compulters contribute dircctly 1o the Sovict lag in computer technology. In
our view, the entrenched Sovict burcaucracy would probably find 1t
difficult to take the necessary steps in the foresccable future o correct
many of these well-rccognized problems

The Soviet lag in computer technology and prouuction is resulting in a lag
in both civilian and military computer applications. We beiieve that the
Sovicts have sufficient numbers of computers for high-priority, low-volume
military and civilian projects. It is the remaining uscr community.
including Eastern Bloc allics. who will expericnce shortages and delays in
obtaining their desired computer systems. We expect the shortage of Sovict
automation cquipment to hinder scriously the modcernization of their '
industrial basc and also the growth of their cconomy

The Sovicts apparcently lag the United States also in the application of
computcre in their ficlded military systems. Historically. there has been a
tendency in the USSR 1o avoid the complex multimission military
systems—for which computers arc an esscntial subsystem—that arc
{rcquently prelerred in the United States. The gencrally conscrvative
Sovict weapon design philosophy has probably not taxed Sevict computer
capabilitics in the past. Howcever. this may be changing. We believe that
the Sovicts will be forced 10 incorporate morc-advanced technology into
their weapon sveteenc in order 10 stay compctitive with Western military
development.

The Soviets” inost signiticant hardware deficiencices arc in supcrecomputers
and high-pcrformance magnctic disk technology. We do not expect the
Sovicts to have a supcrcomputer until 988 at the carlicst. whereas the first
US commercial supcecomputer was delivered in 1976, In magnctic disk
systems, the Sovicts arce about a decade behind the United States. Lags in
these critical arcas will consteam Sovict computer system performance for
applications requiriap, hypb-wpead capabilives, such as batlistic misailc
defenae. and appheations tequenmy laph mput /output data cates, such as

Lorye real tome command cantrol, and commumications <vatems e the
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softwarc arcna, the number of experienced Soviet programmers who are
also cleared for classified proiccts may still be insufficient to complete all
priority projacts on time.

We cxpect the Sovicts® future progress in computer technology to be
heavily dependent upon their advances in microelectronics and in second-
ary storage technology. and upon their continuing activity in legally and it-
legally acquiring Western and Japanese hardware and software. Judging
from past performance and current technology assessments, we expect the
Soviets to fall further behind the United States throughout the 1980s. If
the Soviets obtained ‘urnkey production facilities or detailed production
know-how from ths West or Japan—as they have done in the past—they
would be able to narrow, at least temporarily, a specific technology gap.
Also, if they made a major technological breakthrough in areas where they
appear to be investing hzavily, such as in optical computing or optical
storage—and chances arec about even that they will—the Soviets could
overcome some of their computer deficiencics, for applications such as
ballistic. missile defense or real-time reconnaissance.

vi
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Soviet Computer Technology:
Little Prospect for
Catching Up "~

Introduction

This report is ag assessment of the state of the art of
Sovict gencral purposc digital clectronic computer
technology. 1t is primarily 2 condenscd version of a
morc dctailed Technical Intelligence Report on the
same subject.’ The assessment is based on information
about Sovict civilian computer systems: however, we
belicve that this information is indicative of Sovict
capabilitics in military general purposc computer
technology ’

Microprocessors

A basic microprocessor typically consists of the inter-
conncction of an arithmetic and logic unit (ALU). a
register set (very fast storagc). a control unit, and
interrupts. A microcomputer consists of a micro-
processor plus a main memo:;. an input medium. and
20 output medium

The current state of the art in Soviet microprocessor
technology is a 16-bit single-chip capability in low-
volume production and 16-bit éhip-scls in scrial pro-
duction. The Sovicts are four to six ycars behind the
United States in microprocessor technology: however,
we expect the US lead 1o increase in the near future
as 32-bit monolithic processor technology maturcs.

We have been able 1o identify 20 types of Sovict
microprocessors (table 1). Although 20 is a4 small
number relative to the number of microprocessors
commercially available in the West and Japan. the
Sovicts have judiciously spread their resources across
a wide varicty of semiconductor devices and (abrica-
tion processes. Thus, Sovict design cngincers may
choosc a semiconductor device for a particular appli-
cation on the basis of 2 wide varicty of trade-offs in
speed. power, radiation resistance. and cost

The Sovicts can, however, be cxpected 1o make in-
creased usce of complementary metal oxide scmicon-
ductor (CMOS) devices in the next few years. The
best known advantage of CMOS technology is its low
power, both in the standby and in the operating mode.
The high immunity of 2 CMOS device 1o noisc
cncourages design cngincers to usc a lower voltage
power supply. In addition. speciul processing tech-
niquces can make CMOS chips more resistant than the
widely used ncgative-channel metal oride semicon
ductor (nMOS) chips to a specificd radiation dose rate
or flucnce. CMOS devices have other advantages over
nMOS dcvices:
+ Inherently faster switching times.
* Better resistance 10 “'soft errors’ caused by alpha-
particlc radiation.
+ Higher tolerance 10 transistor-lcakage problems.
ti: the light of these advantages. we expect the Sovict
military to dircct major Ministry of Elcctronics In-
dustry (MEP) resources toward the advancement of
their CMOS fabrication processes during the remain-
der of the 1980<

As in many non-Communist countrics. US micro-
processors have served as the model for many, and
prrobably most. Soviet products (figures 2 and 3). In
general. Soviet microprocessors reflect various de-
grees of similarity to US products (table 1. coluinn 4.
Howcver, the Soviets have not copied US counterparts
cxactlv, but rather have adapied the US designs 1o
Sovict fabrication processes. We cxpect other US
counterparts 10 be identificd in time. The Sovicts also
have demonstrated an indigenous design capability in
nucroprocessors. according to cvaluations of a KS87
device that was received by a US firm in 1973

Perhaps the most striking aspect of the hist of Sovict
nucropracessars {table 1) 1s the preponderance of bir-
shice Tdevices We belicve that the Soviets” preponder-

ance ol Lieahice devices resalied (eom delicicncres in

Bt vhive dovices amd chup set nncoapos vasors soplenent the
Tuactions veuaby s sated aath 1 menabithe tangle « hagee snne
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Table 1
Sovict Nicroprocessors

Designatar

K CMOS/4 -
K<le PMOS/R »
Ksss T 2.
N SxQ aMOS/H

K $§1 aMOS/16
KSR2 (4 -
K583 L/8e

K $K4 HLgae
K386 AMOS/i6
Ksg? _ CcMOs/4-
K Sxg CMOS/i6+
KSg9 STT(/2-+
K 1800 ECL/4»
K180( ) anS/Ib
K1802 SYTU/8-
N180a STTL/a -
K1810 aMOS/16.
- sos/?

. aMOS/8

' AMOS/R

Techaatogy/ Width (harsy

Eaclicst Refereace

1976
1919
1976
1978

1979

1979
1980

1977

1980

1978
1977
1977

1982
1980

1981
1981
198}
1919
1943
1981

LiS Countcrpart

1n-ci-8080A; 197}

G1CP1600: 1975
T SBP-0400: 1975

None

Noac
{n1cf-3002: 1974

A(-10800: 1975

lact-8086: 1977

Intel-8C% . (o

Inicl-8088: 1979

Microcomputers and Other
Applications

NTs-OZ )

Etcktronika S5-02. -11, -12
NTs-01

SM-1800. SM-18031.0%,
Soort, K1-10, VEF-1021,
-22.-23. m_ilif?vy
Elckironika-60

Ryad computcr cquipment

d microcomputcrs

" Eickironika $5-21.35-31

NTs-03. NTs-80-01
Military. NTs-03T, Agat-
Elcktronika-60 bus (ormat-
ter. SM minis. airborne pro-
cessors, Ryad computer
cquipment, PS-315

‘NT5-80-010 = NMS-
11100.1. BK-0010
NTs-03D

Miliary

+ Bit-shce device.
<10t AUt certaia it K3

. prowessar product.

V0 4 U OpEa s sun . Susitl DRt be e
litcrzture ta 1977 Wdentificd it as a two-bit-slice microprocessor: but
3 19%4 opcn-source catalog cquates the K355 family to the Texas
Insteuments (T SN4LS serics, which docs not have a micro-

~Aovict Agat is modceled after US Apple microcomputer

architectuce,
4 May have been ociginally TTL.

z
A G112 m\croprocessor wis mentioned in a 1978 Sovict publica-
tiga: we suspect that i e actually 2 miccocomputcer

MOS ~ mctal oxidc semiconductor
TLCo wanplamdantary MOS
eMOS — positive<channcl MOS
aMOS ~ ncgative-channct MCS
TTL = transistoc-teansistor logic
STTL -+ Schottky-clamoped TYL
ECL = cmitter—oupled togic

SOS ~ silicon on sapphire

(L. = iatcgrated-injcction logic




Figure 2. US Intel-8080A Microprocessor and &~ CSKN. [ he
K580 is a cluse. but not exact, physical vepy -

Saviet micrackectronic fabrication capabilities during
the 19705 and carly 19805, Although stngle-chip
microprocessors are cheaper, smaller. and more reli-
ablel they alsa place more-stringent denands than do
muluchip microprocessors an the production cquip-
ment and the overall fabrication process. The Sovieis
deticiencies in the production of semiconductor de-

vices wowid sdsa explinin (e usage of beieabid o
tectures o mictal oxide semiconductar (INMOSH techne)-
agtes samething that is nat done in the West or
Japan. beciuse it is simply nat etlicient or cost
cllective

We betieve that sl af the Savict anceoprocessars
listed 1o table 1ure inat feast limited peoduction, A\
US nueket anadysis fiem estinmted that over 60
milhion micropracessors weee shipped 0y cottipanics in
the non-Communist world during 1953 On the base
of fragmentary tnformation. we suspect that the pea-
duction valume of Soviel microprocessars Ligs this
tipuree by two ta theee arders of nugnitinde. lronicaliy

low production vatumies of microclectromic devices

muny hinder advamees in Sovict microclectronic pro-
ductien technology . Major UN muanufacturers have
attribured Gosigaificant poction of their high vield and
praduction techaotogy adviances 1o their very large
producuon volume, which Guickls exposes the nunu-
Cactucing peoeses thut are the leading Gituses of
recdtion
There aie teliccting Savict tnterest in
ar devclopment of mcropracessar applications for
theie mihitiey . W e do nat have information at this
e Thitt 1 San et ICToprocessar is currentdy de-
plorved wnar designed into any specitic Soviet militn
avsteme There i great patential far using ~mall st
nucropracesaars with law poawer requirements in mili-
tary appheatians, and we believe that it is simply
nuttier of tme befure we abte Gees evidence that the

Novacts are so using them
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Figure 3
Sovict Copies 8{ US Microprocessors, 1971-83
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Internal Memory Technology

Semiconductor Memories

The Sovicts arc three to five years behind the United
Statces in semiconductor random-access memory
(RAM) technology (higure 4). but when production
capability and quality arc considered we assess that
the US lead can be extended by at least several morc
vears. The Sovicts literature indicates that they arc
cven further behind the United States in rcad-only
mcmory (ROMI technologics. including programma-
blc ROMs (PROM:s) and crasable PROMx
(HPROMS

Over 50 semiconductor RAMs and over 50 ROM-
typc memory devices, most in more than onc version,
have been identified in Sovict catalogs and open
literature. As with their microprocessors. the Soviets
have spread their semiconductor memorics across a
varicty of technologics. including low-~- ~MOS
and high-speed emitter-coupled logic

.I—/ - :) the Sovicts began

. - - . .
using small-capacity semiconductor RAMs i the late
1970<, There were ™

able quulity .

and- 1980

. adequatc supplics of accept-
ol 16-Kbit (1K = 1024 RAMs n

j, The




Fipure 4

Scmiconductor Memory Technology: United States Versus USSR, 1971-87+
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Sovicts probably had a 64-Kbit dynamic RAM in
sample production by the carly 1980s. In the United
Stites und Japan, the 256-Kbit RAM is now being
produced and prototypes of a 1-Mbit RAM have been
madc with improved photolithographic techniques in-
stead of X-ray or E-beam lithography. contrary to
what was frequently forecast in the techmical litera-
ture We expect that the Soviets will not put 254K bt
R A M-« into production until the Late 19805

NMuagnctic Cores
Magnctid core memonies have several fentures that

are attracting 1o the nubioy Tarse, mapnchic Corcas a

randoon ooy memory, the e to retoeve daea s

the same no matter where the data are stored in the
memory. Seconc core memorices are nonvolatile: when
power is disconnccted or interrupted. core memorics
do not losc their information as many semiconductor
memorics do. Third. corc memorics arc available in
systems that have been hardened against nuclear
radiation. Fourth, carcs require no power in order to
retain data in a standby mode. On the other side of
the ledger. core memaorics require much more physical
space and more power 10 operate. and cost much
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Figure S
Magnetic Core Memory Technology:
United States Versus USSR, 1955-85
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more. than a semiconductor memory of like capacity.
The trend in US military applications is 1oward
scrmiconductor memories. with backun ~r shadow
memorics in critical applications.

Magnectic corc technelogy ts frequently gauged by the
external diamcter of the basic ferrite toroid " —the
smaller the diamcter, the greater the memary capaci-
tv per unit of arca. Using this corc diameter as a
figurc of merit. we find that the Sovicts lag the
United States in magnctic core technology by about
five years (figurc 5). We belicve that this lcad was

. mainataincd during the 1970s. cven though the emipha-
sis on the devclopment of magnctic corcs in the
United States decrcased as fast as the popularits «nd
usage of semiconductor memorics increasce

p

Plated-Wire Mcmories
A plated-wirc memory is a random-access memory
that consists of a planc of parallel wires electroplated
with 2 thin (lm of magncuc materiad and overluid Ly
g et of transverse word hines. One bit of information

CThe il daaghnut diagped nogacta des ot hodda o tares

the datie 0 g nehic vorg macnnn e

/jc(ffrd

_<in be stared ar cach intersection of these wires.

Plated-wire memorics have several characmeistioe 2 .
that ure atteactive to military-system designers.
Plated-wire memorics providc protechion against clec-
tromagnctic pulse (EMP) and have good radiation
hardening propertics. These memorics are nonvolatile
and can be made with a nondestructive recadout
(NRDO). thus providing additional protection for the
stored dita. However, nlated-wire memarics are ¢x-
tremicly expensive---on  he order of $1.00 per bit.
whereas most other metaory technologics are just
penanies per bit or less |

|

S

—
tn the United dtates. plated-wire menmworics have been
developed for the guidance computer in the Polaris
and Poscidon missiles. Plated-wire memorics have
been used also in the US Minuteman weapon systcm
computér as well as bricfly in a fcw US and Japancse
commercial computers. [na 1982 list of IS space
computcers being used by the National .\cronautics
and Spice Administration, ninc of 17 svstemis used
plated wire for their main memory. [ is reasonable (o
cxpect that the Sovicts would also use their pliated-
wire systems in ruggedized maobile applicrtions wich
madest memory capacily requiccments




Minicomputers

The Soviets are four 10 six years behind the United
States in 16-bit minicomputer technology. They may
realize their fiest 32-bit superminicomputer by the
cnd of 198S.

Following along the lines of the successful CCMA
cooperative program in mainframe computers. the
Council of Principal Constructors of Minicomputer
Systems was created in 1974 in an attempt to coordi-
nate minicomputer development within CEMA coun-
trics. The Soviet Union assumed the major rolc and
developed four new minicomputers: the SM-1, -2 -3,
and -4. This group, and possibly the SA-5. constitutes
the first genceration of SM minicomputers, SM-1
(table 2). ‘

The SM-1 and the SM-2 arc modeled after the
Hewlett-Packard HP-2100 architecture and arc pri-
marily for process and production control as well as
real-time applications. The SM-2 is essentially an
SM-1 with an improved central proccssing unit and
more main memory. These two machines are unusual
examples of Sovict plagiarism in that the resulting
Sovict systems arc not compatible with HP softwarec,
The Impuls Scicentific Production Association devel-
oped the SM-1 and the SM-2: the SM-1 is produced
at the Ministry of Instrument Making. Automation
Lquipment. and Control Systems (Minpribor) plant in
Orcl. and the SM-2 is produced by the Imputs
assoctution in Scverodonctsk. Impuls is currently pro-
moting medernized versions called the SM-1M and
the SM-2M. The great majority of the publicity has
been given to the SM-2M. which has been identified
in 3 Soviet brochure with 25 diffcrent configurations
including 22 dual-processor versions. In an open-
source article. the deéputy general director of Tmpuls
states that diffcrent computer architectures will be
uscd o overcome the “disadvantages™ of traditional
minicomputcers such as the SM-2. He then deseribes
the SM-1210 multiprocessor and the PS-3000 array
-processar. which lmpuls may now have in production.
As in the United States. the trend in the USSR is
toward multiprocessor systems to avoid the through-
put bottlencek ciused Ly sequential processing on gy
UNIPIOCCSSOr System 1

tn 9% 1 the USSROSte Pove m Technoloey was
aovarded to 10 Sovict mzniy ees and enpancers fue

Haveng devcloped the SM-Vand SA-3 numcamiputens

and for having put these machines into serial produc-
tion. The SM-3 and the SM-4 arc modcled after the
low end of the US Digital Equipmient Cor;:o?.:lion
(ODEC) PDP-11 minicomputer linc and are intended
primarily for smatl scientific and cngincering applica-
tions. The SM-3 and SM-4 can ¢xecute DEC soft-
ware without modification. The newer SM-4 with 256
Kbytes of main memory can execute DEC's RSX-

* 1M opcrating system. The popular UNIX o;-~rating
svstemy, which was originally writte: a . ¢ winted
States for DEC PDP-11 minicompn s, 2150 is known
to be available in the 1JSSR. Copies of PDP-11
minicomputers ar . being produced in Bulgaria,
Crechoslovakia, East Germany. Hungary. Poland.
Romania. and Cuba.

Being copies of US systems, the Soviet SM systeims
provide a good basis for a comparison of 16-bit
minicomputcr technology. According 10 the year of
first installation for the SM-1 through the SM-S$
{figurc 61. the Sovicts are about four to six vears
behind the United States in general purpose 16-bit
nminicomputer technology. However. if we were to RO
by the quality and quantity of production. scveral
morc years could be added to this US lcad. In 1979
Sovict oflicials made an admission

1 that thev vere having “vicld and rcliability™
prablems in then SM production line. They hoped to
resolve these problems and o be producing 1.000 SM
units per vear by 1982, the bulk of which were 10 be
SM-3 and SM-4 modcls. In the fall of 19817

J 3.500 SM-4 units would be produced that
vear. Even the more optimistic forecast is quite
modcst, considering that the SM is the primary’
minicomputer serics for the entire Soviet Union. B
comparison, after about a decade of production. DEC
had almost 100.000 PDP-11 minicomputers installed

* worldwide by the end of 1981, In latc 1982 L

the SM-4 would be repliced by
the ncwer SM-1420 —alco catled the SM-S-—mini-
camputer 1o 1983 (higure 7).

In the spring of tosr &
s S Minary of Blectronics
fndustes (MED has decided 1o develop, manufaciurce,

and aell i own ine of minicompuiers i the Soviet
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Table 2 A
Characteristics of Soviet SM-1
Ninicomputers

Charocternistic SM-1
Avcrage speed tn kops # 110
Main mecmory, Kwords 110 12
fnstruction time in microscconds
Fixed poent
Addition 18
Multiplication RN N
Division
Floating point
Addition 33
Multinlication 1on
Division —

SAf2 SM.3 SM-4 SM.%

135 18 218 400

AR N I6 1o 28 610124 128 10 2.097
22 s 12

10 16+« 10.8 -

13 19.5 121

1% 10 40 320+ 287

21 410+ 34

40 - 52 -

» These speeds. cxcept for the SM-S, whose speed is estimated. were
cited in Sovicet literature and scem to be maore realistic than the 250
kops for the SM-1 and 800 kops for the SM-4 which arc {requeatly
Quated in open literuture.

r Probably implemented in sol’&':\rc.

« tmplemented in software.

kops: 1.000 opcrations per sccond.
Kwords: 1,024 words with 16 data bits pcr word.
* Not knowa.

Note: Sovict open literature has placed the SM-$ in the SM-]
family: however. a Savict export brochure (circa 1983 claimy that
the SM-5 isin the SM-11 family of minicomputcrs.

/

Union. The Sovict official said that MEP had made
“exact replicas of the DEC minicomputers.” We do
not know at this time whether the Sovict official was
relerring to DEC's 16-bit PDP-11 minicomputer line
or to its newer 32-bit VAX superminicomputer fam-
ily. Miapribor has been the primary manufacturer of
minicomputers in the USSR to date. If MEP Legins
producing minicompulters, scrious intcrministerial
canflicts could casily arisc beiween MEP and Minpri-
bor. because MEP i< also the primary (possibly the
sale) source of microactectronic components for Min-
pribor minicomputers

At zaanicrnational confercnce in I‘)XI_C

'.\l:llcd that the Savicns were devels
vpap o mrcompoter that would he caapanible with
Al

thanplomlormiatian s very sjpurae, we bolieve, an dhe

software for DECS VAX supcermuon ampates

s

e

baxsix of past Soviet accomplishments. that the Soviets
will produce their first 32-bit minicomputer by the
end of 198S. and that this machinc will be compatiblc
with DEC VAX softwarc. DEC’s first VAX. the
117780, introduccd in 1978, is a complex machine
requiring 23 printed-circuit boards for its central
processor. We believe that the Sovicts will have an
casier tunc copying the DEC VAX 11/750. which,
with its four-boai ¢ ~-ocessor. is much less complicat-
cd than the 11/780.

Nuiri-4 Minicomputer
Although the SM serics i no known special versions
tur nuhitary apphications, at least one civilian geacral

purpose nmcameuter, the Narr-d, has been eraditicd
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Figure 6
Soviet Capies of US Minicomputers
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for such usc. L_ r;’rcporlcd that a
special Nairi-4 with gold contactl was being built in
1977 for the Sovict military. Indced. the Nairi-4 has
scveral other conspicuous characteristics that would
make it usclul for many fixed land-bascd military
applications. Onc is the usc of plated wirc to provide a
nonvolatilc main memory having a nondcstructive
rcadout. Plated-wirc memorv ~t~ Y35 good radiation-
reststance characteristics

The Nairi-4 minicomputer has used a magnctic drum
{or bulk storage. Magnetic drums werc used in many
carly automated subsystems for the US military, but
they have largely been replaced by fixed-head muag-
nctic disk tystems. by corc memories, #nd. mmare
recently, by semicanductor memorics. The phyvacal
~i7¢ of the Nairi-4 computer would fiona o to apphica-
tions b ixed ground -basad vtes oc on Luepee matate

platforms A new versvon called the Nan 3w

bricfly mentioned scveral timies in the open litcrature

in 1982. A nonopcrational Nairi-41 was displayed at

the 1583 Leipzig Spring Fair (Agere 81 According 1o
a technical brochure, the Nairi-41 has a2 $49-nanosce-
ond cycle time for register-register instruction< and up
1o 256 Kbytes of scmiconductor memory

PS-2000 Array Processor

The PS-2000 is 2 microprocessor-based array proces- -
sor system developed in the late 19705 at the Control
Probleins Institute. Moscow, in coordination with the
Impuls Scientific Production Association in Scvero-
doncetsk (figure 91 With Impuls” involvement, it is
likcly that the PS-2000 will operate only with the
SM-2 and the SM-2M minicomputees. Savict litera-
turc states that the PS-2000 cansisix of cight. 16, 10




Figuee 7. Soviet SM-14200,
NM-S Minicomputee §

or 64 Tpracessing clements” that can be dy namically
rearranged. In Soviet literature. “processing clement”
usually refers toa biteslice microprocessor component.
The word lengths in the PS-2000 (12, 16, or 24 bty
suggest a 2-bit or a d-bit device as the basic building
block. This hypothesia, in conjunction with the operas
tianal speed of the PS-2000 and the time st which
wis develaped, suggests that the KXY ar the K381
micropracessar is used in this machin

A Soviet arlicle announced that the PS-2000 wasable
to halve the computation time of 2 maodcling problem
cxecuted on 2 uniprocessor minicomputer  probuably

an S22 This incrcase in performance scoms mare

realistic than the extraordinarily high <pecds clasmed
in the Savict press since 1981 BEven so, the PS- 2000
riportant becaose it rellects the Sovies " interest and

progress in areay_ pracessar technolog

C.encral Pucpose Mainframes

bigxurc X Noviet Naici -4 Minicompute

Fhe term Tnunnlame,” which areinaddy setereed o
the central processag unit and somctimes the o
memory s o pencethy used e desabe oo ot
computers aacmphined by the THND Do Coanpanter

e Ahoonpeh e surpassad o b b ol

\)A-c 1o




Figure 9. Noviet PN 2000
Array Processor

microcompuiers and minicomputers sold today . the
nenalrame class sull accounts for over 30 pereent of
the dollar volume in computer siles worldwide

Historically the Sovicts. together with their CENMA
partners, have placed great emphasis on. and have
invested signilicant resources in, the development and
production of their serics of software-compatible
main{riames kecwn as the Unilied System (ES: Bdin-
ava Sistemat er as the Series (Ryad). We know, rom
a varicty of sources, that the Sovicts patterned the
fiirsi Ryad famiiy after the highiy successiui i3
System/ 360 link: Ryad-2 develapers used the 1B\
System/ 370 as a design basis. The adoption of o
proven commercial system was a low-risk dectsion
cnabling the Sovicts 1o circumivent much of the R&D
costs assoctited with the ¢.velopment of new comput-
ers s well as most of the software development costs.
In both Ryvad-1 and Ryad-2, Sovict models were tirst
instatled approximately sevgn to cight yeurs after
their 18M counterpart (igure 101 Several improved
verstons of the Ryad-1 series were put inta seriad
praduction during the 1970s in Bulgaca (ES-102 240
and the USSR ES-1022. 21033 and <1032 Oiher
Ryad- 1 machimes included the Crechostovak TS
1O which was nat compatible with 1R S

tem W60 soltware, and the Palish FS- 1O (o

The Ryad-2 fumaly intadly consisted of five members
that entered production an the Late 19705 - the
ES-1025 (Crzechostovakiag, ES-1025 (USSR, Bulgar-
i ES-1043 (USSR ES- 10535 (GDR 1 and ES-1060
{LUSSR - -plus a sixth, the ES-1063 (USSR which
‘was in production by 1982 The ES-1060 slipped
{rom the Ryad-1 program because of technolagical
problems including overheating of its fast integrated
circuit logic, and is now considered part of the Ryad-2
series thpure 11, Three improved Ryvad-2 models
were i or acariag production in 1984: the Crechoslo-
Can B PG00 the ast German U5 1030 and the
Soviet 1S-1061

Vigure 12 shows a performance comparison of Ryad-2
nunlrames and some TBM System 7370 camputers.
The values for the speed operations per second -
and the memory size are taken from Soviet and
Western literature Although lagging US nuinframc

(apsi

Hangaey pradices the FS-1018 mincomputer. which s alse listed
s Raad e bat s At compatible v RN Naaem 370
sl ene ;

CHNatohs e secotd cad other single mcasures of cilectn end$s
e everamphinehen, gy saostem performiance s actoally o
comples ons b ab s Bictors, espevidly the et asplna

e




Figure 10

Timetable: 1BM and Soviet Ryad Mainframes, 1964-84

@ 1M
[ o] Ryad
N7 - System

3736 announced

JOKX dclivered

308X announced
431X X dehvered

43X X announced

M1IX delivered
AN announced

$7370 announccd
I S$7300 delivered I S$7310 delivered
L———— R oacun

- ¥
| L(_\’ad-l tevcaled T ?

Ryad-t
sanounced

1961 o L3 n =2

:

1 veats ___—-——;

Ryad-3 Rysd-} -]
?\()ad-.‘ revealed revealed announced
Ryad. 1 delivered Ryad-2
dehivered
Ryad.2
annavnccd
e 18 X0 R2 R4

technology. the Ryad-2 family still offers the Sovicts
and their allics a fairly wide range of computing
capability. Tablc 3 shows some Ryad-2 technical
specifications. We belicve that the Soviets arc produc-
ing Ryvad-2 machincs in sufficient numbers 1o sausly
at least priority users. However, when one considers
quantity, quality. and performance/cost ratios real-
ized by the gencrai-user pupulation, ik Sovicts arc
about four vears further behind the United States
than the scven to cioht years indicated by the dates of
first delivery

Bascd on open litcrature, figure 13 illustrates those
{BM system software products that we belicve arcin
use. with some nam= changes, in the Sovict Bloc.
Open literature suggests that the Sovicts arc using
most 1BM system safltwarce products rclcased prior 10
197%: the most nota®'~ cxception is Multiple Virtual
Storage (MVS

la November 1981 the Sovicts announced i new Ryad

auinaframe. the £S-1036: 3 scale madel of this com-

puter was exhibited at the Budipest Sprang Technied

Seeect

Fair in_1983. A Sovict cxport brochure C ]in
1984 states that the ES-1036 represents the first stage
in developing Ryad-3 computers. According to open
literature, the ES-1036 can cxccute up to 400,000
operations per sccond, has a main memory of 2104
mnegabytes. has an 8-kilobyte buffer (or cache) memo-
ry. and will have s virtual machinc opcrating system.
We suspect that Ryad-3 computers will be copies of
the IBM 43X X and 303X familics. In the spring of
1982, the Sovicts also bricfly mentioned that they
were developing a prototype ES-1061 computer,
which will be a2 modernized version of the ES-1060.
The ES-1061 was to enter scrial production in 1984;
according to Sovict open literature. Other new Ryad
designators include: _ . -7

- Hungary: ES-1016. -1017.

« Czechoslovakia: ES-1026. -1027.

« Poland and/or USSR: ES-1034, -1047.

- GDR: ES-1056. -1057.

« USSR: ES-1046. -1066. -1067.-1077. -1087.




Figure 11. Soviet ES-1060 Twin Computer Comple.

\We believe that at least the ES-1036 and -1061 were
in production in 1984_anrd that most of the machines
listed above will enter production over the next two Lo
three yeanns

Large Scientific Computers

Status \

\We belicve that the Saviets will not develop their first
digital clect-onic supercomputer until 19%S at the
carhicst, T - . Y 7 sodern supercomputer ¢an
rOXITICt o 7 LAV, e D programs as well ax
civil and mid tary applications, such as cocrgy explo-
ration and strategic missite defense, that require a

huge number of computaton

Elbrus Computer

The USSR docs not have it supercomputer in oz class
with the US Cray-1 or Cyber-205, The machine most
likely to become the first Sevict aupeecemputer wit!
probably come from the tibrus project at the fasiiiuie
for Precision Mechanics and Computer Technology
ATMIVT)in Moscow. The Elbrus- T multiprocessor
computer was created and fostered during the 1970
by V.S, Burtsev. the director o ITYOVT. The
Flbrus-1 system emplovs o tagged architecture with
stack organization and an addressing structure simiiar
to those of the Burroughs B-6700-system hirst delay -
cred in 1970 in the United States. However, tlbrus-|

is much more ambitious 1w that i reportediy has (rom
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Figure 12
Main{rume Performance: United Staies Yersus USSR
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ane ta 10 central processimg units (CPUs operating :] stated that “all of the Elbrus-1 com-

asvnchronausty © with up to four inputfostputl proces- pulcrs af which he wis aware are xingle-processor

wrs and 12 memory modules iterconnected through  models exezpt one machine that has twao CPUs. We

aaeries of crassbar swatches thgure 141 1n 1982 C ©cuspect that this small oumbee of processors in Llbras
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Table )
Techaical Spectfications for Soviet Ryud-2
Mainf{rame Computers

Modci £5-1025 £5-101% £S-1045  ES-10587  ESA060 £S.1061 [S-100%
Cstimatcd datc of het 1950 1917 1979 1979 192¢ 1984 1982
delivery
P\‘ro’duc-lion plant Cakovice Miash-Urest/Sotia Kazan Oresden Minsk Miask Minsh
Cou;\lr; Crechostovakia USSR/ Bulgaca USSR GOR USSR USSR USSR
,I)TOCC.&SOY
" Specd (1.000 vperationsf IS, 160 630 0 1.000 2.000 3.000
second)
‘Fized 2dd time (un) 513 s 0.7.085  0.6-2.7 0.25-0.30 012
Fixed multiply time (s} 95-220 S T 2834 345 . 1548 . 0.6
Flosting point 2dd 500 950 19 1.6 0.80 . 0.24
ume (s}
" Floating point multiply 9.1 195 28 21 2 . 0.30
_hme bt
B_Aain mecmory .
" Capacity (Mbyiest 0105 025 1.4 0284 058 18 116
CCycletime () 1250 800 840 1.140 800 .
-_‘_“_“ e (m) 500 L0 ) 650 . . - RIQ
’ 8 8 8 5 % . .
Muc-rouro—e-ra—m cohn'lr;)—lvr—ncr‘;\t;}y b o
T Capacity (Kbytesd -+ 43RW 1RO + g a .
IRW
T Cydeumen 380 200 120280 133 . - .
CAccess tme () v . . 140 63 . .
length of word  « . & 5 16 . .
accessed (bytes)
€_ache (scraich pad) me
Gapacity (Kbwien X X 8 x 8 . n
C T Cpeletime () X X 10 X 138 . .

* Access time (ns) X X ) X 65 . .
Length of word X X R x 8 . .
accessed (bytes)

Chamncls
T Maximum aumber ) s 6 < 1 % .

Total transler rate . 1.200 000 6.000 2.000 . 15,000

(Khvtes/s)

Sclectar ¢tanncts
Ms1imum avmber L 4 [N r . 3 . (e
Tnm(cr‘ruc 33 140 (1.5001% (15001 «1.1}001+ . S50
(khvies/sy

Byt -multipler chaancls
Miumun aumber 1 1 bi 2 N -
Teansler 1atc 14 40 X0 - 40-160 ¢ 10.1 0. 1in.a70- - RN

thhared/a
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Table 3
Technical Specifications for Sovict Ryad-1
Mainframc Computers (continued)

Modcl ES-1028 ES-103%
Bl naltiplex channcls
Muztmum nuaber X X
Transfer rate X X
tLhvtes/a
Cliass. 1<t State Standard (1 t

GOST 162816

£S5-104% ES-10s8 £S-1000 £S-10061 ES-1065
s 4 3 - -

t.200 $00-3.000< - . 3.000
i v v v v

- Data aut available.

« QOn these modcls the block-multiplex chanacl can be apcrated as ==
selectar chanacl.

+ Specd varies depending on numbcers and typcs of aperational
channcls 1n system.

ux = mcrasccond = 107 sccond: ns = nanosccond = 107" sccand.
Bite = X bits (X binary digits); Kbyte = 1,024 bytes: kbyte =
1.000 buies, Mbyte = 1,048,876 bytes.

X = ceuipment not availablc un modcl: RW = ccad/wriac: RO =
read onrly,

an opcrating system (or Elbrus-1 computers having
more than two processors. By analogy, the first US
comniercial supercomputer, the Cray-1, 1aitally was
dclivered in 1976 with only the most primitive soft-
ware support for system management

Table 4 lists four Clbrusconfigurations identified as
“standard” in a Sovict brochurc. All of the through-
put values are quite optinustic: and the maximum
main memory capacity is modest relative to US state
of the art. On the basis of comnents by Sovicet
scicntisty and the size of the Elbrus machine, we
cstimatce that between five and 10 Elbrus computcrs
have ben built cach vear since 1979, Cray Research
Corparation in the United States delivered an aversgc
uf «cven Crayv supcrcomputers cach veir between
1976 and 1987 }

C : T connccting the Ulbrus
camputer with the Soviet nalitary. & !
Burtsev had sand that there

dd he two verstons of Elbrus: ane for crvilian use.

o the nubitany s Accordiog o Burtev, the
art T erenee behween thow two Camputots would he

ot G ety Bl i et e s

Natc: Speailications lor Ryad computers vary. somctimes greatly,
in CEMA titeratuce. Nonc of the values in this table have beea
confirmed by dircct access 10 2 Ryad-2 computer, and we belicve
that they tend 1o be overly optimistic. Ryad-2 systems introduced in
the late 19705 had ferrite-core main memorics; these were upgrad-
cd 10 semiconductor memorics in the early 1980s. Opcrational
paramcicrs {or scmiconductor devices are 2scd in this table. The
rerformacce of the £S-1065 i« bascd vron 3 uniprocessor
conliguration.

The S-1026. -1086. and -1061 2.c madernized Ryad-2 versions of
the ES-102S, -1088M . and -1060. respectivels

application ' 3 for the Elbrus
computer. It was rumored in Sovict scieatific circles
around 1978 that an Elbrus was 1o be installed on an
atrcraflt carrier. \

A new model. Elbrus-2. has been under development
at ITMiVT. According to Sovict literaturc. this ma-
chine will excced 100 million opcrations per sccond.
Llbrus-2 was mentioned as carly as 1977, but we
suspect that Burtses ios been busy debuggine Elbrus-
1 and is still trving to perfcct an Elbrus-2 prototype.
C 2 in Sepiember 1981 that no
1brus-2 machincs had been producced a5 of that date.
I Elbrus-2 is realized. ot will be. we expect. the
Savicts” fiest cntry tnta the supcrcomputer reatm,

M-10 Computer

In Muay 1979 M A Karisev published o description
of 2 svnclironous multipeocessor syatem crlled the M-
10 that bie had designed at the Insttute of Electronw




Figure 13
IBM System Software in Use in CEMA Countries
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Table 4

“Standacd” Sosier Flhros-1

Conliguratians ‘
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i sy achrancus complea. Another open source

stores e Rysd penipheral cquigsnent can be used

wetk he M0 Accerding to Kaetsev, this 32-bas s

wesd computer s v eragee apeed ot over S million
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Kostsey adesortbed the control umin of the M-10 as

et abde tedvnanncady adapt the number of pro-

ceseets e nder preciam control s Tunaction of the

word Terpis Flis appeeach s simibar 102 technique

tacd an e S a0 sunercomputer, which made

~nsiinge cither e eaecute wath 64 processors on

Wt sthy of G4 Lt cu touse 128 PraCCszars on Al
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Lo ble moncnecal tange requirement
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for Sovict military systems requiring such capabilitics
at tixed ground sites. Although Kartsev died in April
198X, v suspect that the design philosophy of this
domineering personality is well entrenched at the
institute that he dirccted. We cxpect that improve-
ments and varatons on the basic M-10 architecture
will continue through the 19805 €

.\.('“'
E Yec. P. Velikhov, vice
" president of the USSR Academy of Sciences. stated
i fite 1983 that he was the focal point for an
accelerated program on the development of supcrcom-
puters. This pronouncement is intess :zting because
Burtsev's institute and the Elbrus program arc under
the control of the USSR Academy of Sciences. Until
now, Burtsev seems to have had an autonomous rcign
in pursuit of his high-performance Eibrus computcer.
Many sectors of Soviet socicty. especially the mities-

[

Activity

are koo e - ~~:~us for a supcrgompu(crL

DVchl\hov s appointmen? as the
focal point for managing a supercomputer program
may be the first step in opening up the development of
these machines 1a mhcr organizauons within the
gcademy

Software

We estinmute that, in general, the Soviets are five 10 10
vears behind the United States in the i plementation
of large multivser and real-time software systems as

well asin cenmer

industrics

cc-aided techniques for various

There are numerous causes that contribute to the

Soviet software lag. Some of the problems frequently

cited by Savicts T

L’ Jare
+ The Sovict hardws.¢ lag.

= A bclated appreciation of. and belated emphasis on.
software.

* A poor or noncexistent vendor-uscr feedback toop in
the USSR

« Low pay for programmers relative 1o other technical
persanncl.

< Poor software development tools.

- A Sovict preoccupation with mccting quatas  usuy-

ally at the expense of quahity controt.

Duphication of wark due ta the exeessive compart-
mentiahzatos of safltw e reutines writien at nunm

Cacibitee: .

The aumber of experienced Sovict softwire program-
mers who also arce cleared for classified Projects may
stll be insullicient, thus DbeJbly lcdvnnf..nun\ mili-
tary pmud\—nul complucd onTine

Softwarc is one arca Whuc lcuhnolog\ (ran\fu from
the West can help the Sovicts close Specific gaps with
quantum jumps. Sofltware programs arc coavenicntly
stored on relatively small media such as diskpacks.
Noppy disks. or mugnctic tapes—-or on solid state
nemory devices, which arc cven smaller. It is not Just
classified military software that is of interest to the
Sovicts: they also can use many commercial software
programs to improvc their industrial base or to imple-
ment military subsystems. Programs arc available
from thousands of commereial outlets in the non-
Communist world. Thus, the United States has 4
mijor technology transfer problem. If the Soviets
were able to obtain a microprocessor from the United
States. a team of cngincers and technicians would
nced from onc to (our vears 1o reverse cngincer the
device. However. if the Sovicts obtaincd just onc copy
ol a softwarc program. it would be a niinor project for
CVEN 3 NOvICC 10 turn out copics of this program
immediately. With the increasing number of comput-
crs available to the Sovicts that are functional cquiva-
lents of Western systems, we can expect the Soviets 1o
continuc. and probably 1o increasc. their legal and
iHegal acquisition of Westicrn software svstems

Peripherals

Magactic Disks

The Sovicts arc about 10 vears behind the United
States in high-pcrformance magnetic disk technology.
This is onc of their most scrious computer hardware
deficiencics and it is limiting the performsnce of cheir
camputer sysiemis in many applications

Figure 18 llustrates the signiticant lead that the
United States has in magnctic disk devices. The
Sovicts have announced their own 200-Mbyte disk
drive (ES-50801 —-about four vears after the Bulgari-
ans began low-volume production of comparable
cauipment (£S-3067) and about 10 vears after the




Figure 18
Mugnctic Disk Technaology: lelilv:d States Versus USSR. 1965-88
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advent of 1BM's 3330-11 counterpart. Bulgaria and 1nto compulter systems believe that system peefor-

the USSR have. howcever, been able 10 adopt somic mance sbove approximatcly 5 million operations per
mcchanical fcatures of disk drives -+~h as voicc-coil  sccund would be severcly hampered without further
motors. in a very timcly fashiorn advances in disk technology. We belicve that this

Although the low performance of Bulgaruin and
Sovict disk deives may tmpose Somc inconvenienées

nov s Wedern engincers who tatcgrate dodmemorses




situation is currently slowing or ncgating many appli-
ciatrons on the Elbrus-1 multiprocessor system and
willxlso hinder system-performance on Ryad.comput-
crx beyond the current top of the linc. the ES-1065.

- . that the Sovicis
are placing a high priority on obtaining know-how far
the production of high-performance magnetic disks.
probably via Western Europe or Japan. We believe
that the Sovicts also are scriously pursuing optical
storiage technology 10 alleviate this bottlencck in
system performance

C ' 'Jin carly 1976 of the
cxistence ot a sceret production plant for magnctic
disks. possibly in Yaroslavl ncar Moscow. This plant
reportedly produced a small number of high-quality
magnctic disks solcly for military usc. Disks rejected
ax below military standards were destroyed to main-
1ain secrecy. contrary to the usual practice of making
them available 10 the civilian sector. Although we
have no other evidence on this facility. the report is
consistent with the basic policy of autarky for Sovict
military programs. We consider it quite likely that
such dedicated plants and pockets of expertisc cxist in
the USSR for military applications —not only for disk
technology but also for many other arcas as well.

Magnetic Tapers
According to open lilcralurc[ ,_ﬂ, the
state of the art in magnctic tape drives in CEMA
countrics is 1.600-bits-per-inch (bpi) density with
data transfce rate of 189 Filobytes/sccond. 1BM first
rcleased comparable cquipment in 1966--an 18-ycur
difTereatial. A density of 6,250 bpi at 1.25 mega-
bytes/sccond has been used in the United States since
1973. In March 1984, 1BM announccd its new higk-
performance magnetic tape drive. Mode! 3480. sched-
uled for delivery in 1985. The new 3480 will have 3.

- lincar dcusity of approximately 19.000\*_‘_"5_ aed a data
transfer rute of 3.0 megabytes per sccond

Magnetic Bubbles

The Sovict Union possibly had a prototype 64-kbit *
magnctic bubble memory (MBM) by 1980 and a 92-
kbit prototvpe by 1981 By comparison. at the same

T MBM trc has had g confusng cvolution. Eady MOM products
uscd Thit” quite ool goncrathy rouadiag 3 number to the cloceat

OO0 bas Latee areducts tes vried 10 the “aormal’” powcesoaf.
wziag for e omnorics T8 e MEA <ectinn, we une Bk as nogee
ouatelyv cgual 1o LAXKL R = 1025 and 1M (MRS
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tume 1n the United States. 256-kbit MBMx were in
production and 1-Mbit MBMs had begn developed in
the laborygtocy. MBM is an attractive storage technol-
ogy lor.military aancalior);i:bc—cuusc'bu:bb1c mcna-

“rics exhibit very good performance in scverce environ-

menis prescating cxtremesin dust. shock., heat,
huinidity. and radiation. Bubble memorics are nonvol-
atife and have a reputation for high rcliability relative
to magnctic tapc and disk cquipment, which usc
clectromechanical drives.

Tcechnological and Military Implications

Today. the Sovicts arc trailing the United States in ull
aspects of clectronic computer technology. I we
includc the quantity and quality of computer produc-
tion, the US lcad avcrages scveral ycars more than is
indicated by just comparing the dates of first installa-
tion of functionally cquivalent US and Sovict systems.
As a result of the more advanced microclectronic
tcchnology and computcer packaging techniques in the
United Statcs as well as the poar state of the art in
Sovict peripheral cquipment, we expect the US Icad to
increase by onc to three years in all major clectronic
computcer technologics by 198¢

"1t is difficult 1o assess accuratcly the impact of the

Sovicts” fag in computer technology on their develop-
ment of military systems, because of the sparsity of
information on Sovict classified projects. I is rarc
that we receive reliable information when computer
technology is hindering the development of a specific
military program. such as wc reccived in 1982 on the
Swiet spaceplanc project. However, at the high-
rerformance end of computer technology. at least. we
can speculate with reasonable confidence that mili-
tury systems requiring high-throughput computers
have been negated. delayed. or reduced in capability
becausc of the Sovicts™ deficiency in this arca. The
unpact would have been scrious on large high-spced
computational problems such as ballistic missile dc-
fcnse and on high-volume. high-spced data transfcr
applications such as real-time command, control. and
communications systems requiring large data bases.
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The Soviet scientific communtty has frequently cx-
pressed the opinion that the luck of a supercomputer s
hampering many R&D projects, sweh s in computi-
vonal phvsics und chemistre

Apart from Large seientitic computers, the impact on
military-systems of the Sovict lag in computer tech-
nalosy s more ditltcult to judge: here the fack of
information is more of a barrier. Onc may arguce that
the traditionally conservative design philosophy asso-
cutted with Soviet militurysystems has not siressed
thair computcer technology. Another possibifity is that
System requiremients were kept modest in line with the
Soviets” knawledge of the timitations of their comput-
crx. The truth s qrobubly a mixture of both

hy potheses

The Sovicts tend to have less reliable computer Sas-
temis than the United States or Japan because Sovict
microclectronic components are less refiable and Sovi-
<t quality control is generally weaker. An cxample of
how this reliability can affect a critical system is
178 M design. The Sovicis use trinty cadundaat cam-

puIces on board their ICAMe ¢ J
fv]d\C

..... . | By contrast. the United
Stzies hd\ uﬂCd a <mglc computcer {or navigation,
guidance. and coatrol functions on board its Minutc-
man and MX missiles. lronically. todayv US contrac-
tars are reportedly going to redundant computer
svstems in many designs for increased retiability. For
cxanple. the F-16 flight con:-ol systcm and the
navigation system on the Navstar satellite wilt hoth
have triply redundant processors on board

ceiergreane

The Sovicts understand and appreciate the potential
impact of high technology on weapon systems. Auto-
mation in the Soviet military scctor wilt grow steadily
and become an integral part of ncw svstem designs.
We suspect that the Sovicts during the 1980s arc
fallowing ¢he US approach from the 1970s: that is.
cxpanding the use of mil-spec minicomputers for
tactical military applications, whilc continutng (o
decreasc reliance on special-purposc computcers. As
the rcliability of Sovict microprocessors in severe
cnvironments improves., they will become more preva-
fent in Soviet tactical systems. Although automation

i the Saviat military is expected (o increase through-
aut the 1980s, the rate of increasce is cxpected to be
slawer than in the United Statces. especistiy for mobile
tactical systems. Over the next three veirs we cxpect
thitt the Sovicts:

+ Wilt unprove thequantity and quatity of their
semiconductor memory devices .md
MICIrOProCessors.

Will phasc in the production.of Ryxd-3 mainframes.
Probably will build their first 32-bit minicomputer.
Probably will build their first supercomputer.

Will Call urther behind in alt arcas of computer
technology

ro
[




