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PRECIS

The isolation of tho Chinese during the Cultural Revolution widened the
gaps in the information available on their efforts in science and technology.
As in other fields, vcr;' little was learned regarding Chinese progress in
computer dcvolopm‘ont from mid-1966 until 1972, Evidence obtained since
then, however, mdicutbs that certain computer developments advanced
with little mtorruphon resulting in early completion of several new
computer inodels employlng integrated cnrcmts

The Chinese ha\['e demonstrated the capablhtv to design and build
prototype large-scale computer models exceeding the performance of US
models commcrciu"v dvailable in 1963. Further, it is believed that the
Chinese, using mtegrated circuit technology, have already built their first
versions of axrbome dxgltal computers for navigation and control.

In the nett few yOars thev probably will progress rapldl\ in developinga

more powcrful larg(* scalo computer as well as an extensive variety of small
and minicomputers, Improvements in the performance and qualntv of
peripheral cquipment." however, must be made and, more important,
t dnd user service must be given greater attention if the

software developmen

Chinese hope to usé 0 li\rger number of computers cffectively or to use them:

in more cophistlcutcdf applications than they now do. In addition to

" developing more advanced domestic computers and related equipment, the

Chinese probably L\llll attempt to purchase from Western and Japanese
sources a few of the largest computers commcrciully avnilublc
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PREFACE

This report evaluates Chinese cupul)llitics and trends in the design and
construction of dig:t.nl computers, auxiliary storage devices, and peripheral
equipment, as well as in the development of software for such computers. In
particular, it evaluates Chinese capabilities; to design and build large-scale
computers and highly: mi matumcd computers, two categories of computers
that are of the gre.ltht significance for both civilian and military
application; The report does not attempt to evaluate Chinese progress in
analog computer evelnpments Very little information on such
developments has chome available since the Cultural Revolution and
recent information indicates that the Chinese are primarily concerned with
digital technology. Thntreport was prepared by the Office of Scientific

“Intelligence and coordinutcd within CIA. The cutoff date for information is

December 1974 !
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|
COMPUTER RESEARCH AND DEVELOPMENT IN THE

PEOPLE’S REPUBLIC OF CHINA

' I
* i

To assess the status
computers and related
apphcatxons o i

1. For priority civilian and military prog rams requir-
ing the use of large-scale digital computers,;the, People’s
~ Republic of China (PRC) has built. at least two
computer models since 1973 that are as powerful as
the largest US machines commercially avallable
beginning in 1963. It is estimated that within the next
3 to 4 years the Chinese will be able to assemble on a
one-of-u-kind basis a computer with nearly twice this
capability. During this period the miml*er and
performance features of domestically deve'opod large-
scale computers probably will not be adeduate to
satisfy all priority needs, which accordmg to the
- Chinese would include applications. in numerical
weather prednctlon. control of large industrial
complexes, and scismic data processing—and,
presumably, in military developments. The Chlnose
~have rurently purchased a large-sca]e IRIS-60
computer from France and probably \\ill| attempt to
purchase a few larger machines from Westérn and
Japanese sources. '

2. Using small-scale Intcgmtcd circuits, the Chinese
may have built as carly as 1970 small, nlrlmmi\ digital
computers for mwlgutltm and control, ‘o detailed
specifications are avatlable for such compuion but
they probubly: are very limited functionally, with
practically no programming flexibility. Thc level of
- circuit and component technology mcd in such
comipuiters may be comparablé in mmplcxlty with
that of US aircraft computers of the early 1960s, but

the Chinese could significantly improve their airborne

; PROBLEM

ana trends in the dcvelopmcnf of Chinese: digital
equipment including those having possible military

,EONCLUSIONS

i

computcn as a result of the rapid progress they un:lf_

making in mtegmtcd circuit technology.

3. Desplte thelr notable achievements in hardwartf.
development, the, Chinese have yet to recognize the

relative importance of computer software developt

ment, cquipment standards, maintenance, and other.
user support activitics. These arcas will probably be-

major sources d: difficulty for the Chinese as thcv
attempt to make effective use of a larger number of
computers or more sophisticated use of them. Furthcrl
the geographlc ‘dispersal of Chinese computer:
development .ind production has created mde
variations in tho quality and reliability of computmg
equipment. Another constraint is the limited
performance and relinbility of input/output anc
auxiliary storage cquipment. Efforts to improve mch
equipment ha\o been started only reccntly

o

4, A greater variety of digital computers utnlmng
integrated circuits probably will be announced by the .
Chinese during the next 8 to 4 years. Dv\olnpmvnt
efforts will probably emphasize minicomputers and
large-scale computers with expanded cnpulnhhcs|
Minicomputers for such applications as industrial
control, testing, and small-scale engincering problem
solving undoubtedly represent the class of computers
most needed by the Chinese. Improved machine
performance in all classes of computers probably will,
be achieved \vuth both sophisticated system
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o to remain geographically dispersed, although
- selected priority programs a number of the|major
- organizations may be forced to combine resources.
~ Military computer developments probably will
- accomplished primarily by organizations separate

architecture and more advanced integrated circuit
technology. But improved performance in lnrge-scule
models may be handicapped by Chinese inability to
fuhrk.utc core memories with sufficiently high qiced .

5. Computer developments in the PRC are expected
for

w

be

t
1

Since 1971 the PRC has displayed about u du/len new

,computer models, all incorporating integrated circuit
" components. The larger of these new models,
+ are also the most powerful digital computérs yet

*whnch

dgisplayed by the Chinese, are the DJ]S-11 bunlt at

- Peking University and the TQ-6 built by the Shanghai
! Radio Factory No. 13. The performance of both
- models lies between that of the US CDC 3600 rnodel
* first available in 1963, and that: of the CDC 3800
- model,
. however, exist only in prototype or in very few units.
. The DJS-11 is the first Chinese digital computer
. known to have sophisticated system and logical dcsign
. features.
- accessing, parallel input-output opemtioné and
+ instruction look-ahead, all of which make possible
. higher operating speeds without major lmpm\tement
" in internal memory speeds. Such design concepts were
- first used in US machines during the mid- 19605 The
i Chinese have nlso made ' use of modular design
"+ concepts (as seen in ‘the 709 model) that pcrmlt wide

- flexibility in the constructlon of lnrgc spcciul purpme
. ‘computer systems. %

first available in 1965, The PRC models,

These features allow parallel memory

Chinese applicatton of integrated clreuit technology

" In computers appears to be progressing much more
- rapidly than has' occurred previously in[ other
. countries, More advanced integrated circuits than
.. ,those used in current computer models have béen
" described in Chinese component handhoolhi

| By combining the lngtc

“and system design concepts cmploycd in the D]S-ll

and 709 models with the more advanced intc]gmmd
circuit components, or even with hlgh-spécd
transistors if they become available in sutficicnt
quantities, the Chinese should be able to huild a
computer with as much as twice the pcrfmlmnhce

|
I
|
|

i
[
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from, but receiving stipport from, major academic and
Industrial computer development facilities. Chinese

~ applications of computers, particularly large-scale

2

~SECRE—

models, have emphasized and probably will continue
to emphasize stand-nlone installations for scientific
and engineering problem solving. The Chinese show
little capability to implement more sophisticated real-
time or interactive computer systems—such cs those
associated with automuted command and control
npphcntiom

| SUMMARY

capability of the DJS-11. Memory technology may be
a temporary though significant constraint in such
developments. The Chinese are still dependent on
ferrite core technology for internal memories and have
not demonstrated a capability to assemble memories
with cores having diameters small enough to achieve
cycle times of less than one microsecond.

Strong Chinese interest in developing or acquiring
computers more powerful than the DJS-11 and TQ-6
has been apparent since 1971—in publications as well

as in contacts with Western computer specialists. In -

1978 the Chinese attempted to acquire such
computers from US and other foreign manufacturers
but were unsuccessful. Recently they purchased an
IRIS 60 model from the French but continuing needs
for larger computer models should prompt addltlonal
purchasing efforts.

Considerable evidence has been found to suggest

that in the next few vears the Chinese may develop a
greater variety of minicomputers and other small

" computing and calculating equipment for industrial

and scientific applications.

Chinese versions with capabilities comparable with
early US minicomputer models have appeared in
isolated instances since 1972, Strong Chinese interest
in the engineering construction of minicomputers has
been evident in discussions with US and Japanese
specialists. This intercst may have been prompted in
part by military airborne computing developments,
though minlcomputcrs can certainly satisfy the
majority of Chincse, civilian computer requirements
for such uses as industrial control, testing, and small-
scale engineering problem solving, ‘

The Chinese S&’l4 University in Peking and the
Fourth Instltute of the National Defense Scientific
1 |
’
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- Committee In Peklng prol)ubly were rcspomlblc in

1970 for using integmted circuits to build an dirborne
digital computer for navigation and contml
Integrated circuits described in handbooks appeared

. in prototype computers by 1970, These| integrated
i clreuits as well as multilayer printed circuit, boards
* fabricated by the Chinese are comparable with those
f ‘used in US airborne computers bunlt by l§62l

‘The Chlncse have reached the stagc in which the
limited performance and poor reliubility of auxiliary
storage and input/output equipment are rcbognind us
major handicaps to the full utilization of |computers

" The best. examples: of Chinese magnet|c|drum and
tape units, which are used with only a few! known
- models of Chinese computers, are comparable with US

commercial models available in the earlyIIQGOs The
only example of a magnetic disc unit, whufh is used in
the only known DJS-11 installation, compares

_ favorably with the first US units available |(n 1957.

- Paper tapc, typewriters, and other . inputl(output

equipment have changed very little in the last 5 years
or more, but a few very modem line prmten and
digital plotters comparable with US models available
in the late 1960s have begun to appear. ;

The Chinese computer delegation that vis| ted the
United States in 1973 clearly expressqd Chmese
concern for developing improved 'pcnpheral
equipment for computers, and they probably acqulred

- useful information on equipment design and

assembly. Improvements, at least in the relinbility of
this equipment, are necessary before the Chmcsc can
attempt to implement more sophisticated real-time or
interactive computer systems. i !
Software developmcnts lag consndcrublp' hurd\mrc
developments in the PRC. Higher-level pmgrammmg

 language compilers have been written for many
- computer models, the most thoroughlv developed one

i
k 5 !
t . Hi
| Do

|
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| |DISCUSSION

STATUS AND DIRECTIONS, -
OF DEVELOPMENT |

Since the withdrawal of Sovict technicml assistance
from the People’s Republic of China (PRC) fn 1960,
Chinese computer technology has gmdually 'evolved
from one that was essentially, Soviet- basedl to one
which reflects strong Japanese and Western influence.

. TSPEREL_

being the ALGOL type for the 109C. In contrast,

~ operating systems in general are very primitive. Recent| -
visitors to the PRC have observed that knowledgeable| i
Chinese software specialists are not generally aware of -

the significance of such basic concepts as job control
languages and certuin memory protection techniques. .
It is also clear that the Chinese do not appreciate the]’
importance of maintenance and other support for

computer users. Nor have they tuken measures to -
establish equipment standards. This is not surprising -
since the Chinese have a very small inventory of -
computer installations, most of which are used in,

scientific und engineering problem solving. The lack

of attention to these areas even at this carly stage,’

however, suggests that the Chinese will make very. !
slow progress in the more sophisticated apphcatmns of
computers and in the effective use of greater numbcrs;"

of computers w hcn they become available.

The major development centers

to be conducted at other places, such as Harbin, Sian|
Chungking, and Wuhan. In the PRC there is nd
identifiable centralized direction for computer

development or established standards for computellj S
equipment, except possibly for military developmcnts; e
Few details are available regarding specific mnhtarv.
computer developments but the technology involved

does not appear to be markedly different from or mo i

advanced than that obscrved openly at well-known "

organizations. In some cases the assembly of the samé

computer models by different organizations using -

local materials and talent has resulted in serious
reliability problqms, possibly occurring even in priority
programs, ' ‘

[ : ’
From 1960 to about 1965 new computer models

announced by the Chinese were primarily extrapolas -
tions ‘and modified versions of the carlicr Soviet

models. From 1965 to about 1970 a variety of

transistorized models were developed that reflected a4

stronger Western than Soviet influence. The Cultural

Revolution in the late 1960s curtailed many computer |
dcvclopmvnt nctwnhcs but did not seriously affect . ©

R Rt e X

Computer devclopment in the PRC is much more " ;

\widcspreud tlmn has been rcportcd_ :

are Jovateu 1 tiese two cities and in Shenyang. but ,
many dcvelopment cfforts, especially military, appcar‘
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~ virtually all models now incorporate. integrat

‘ f
programs at certain facilities. Since 1971 the vurictv of

new Chinese models has increased markedly Lnd
circuit

components, most, of very limited complexity (scc
ﬁnppcndb( A) ‘ :
 Chinese imports of Japunese und Westcm European

i Hcomputers before 1970 reflected the inability of the
i PRC to satisfy its own military and J:Mliun

i requirements for computers In ull sizes and

7+ performance levels.! Although quantities of importq
it were never great, after 1970 they dwindled
i considerably, suggesting that the Chmcse pmbably
have been able to satisfy their own necds at least for
smull and medium si7e computers. | J

Ll 1, The Chinese shlft to integruted circuit tcchnology
" may have been' prompted by a number| of
considerations but two reasons are lmmodmtcl\
' apparent: the propaganda value of dcvelopmg and
o uhlmng a component technology which can be

Ly closely compared with leading worldwnde state-of~thc-
./ art technology, and the savings in time and cost: for

constructing -assemblies with integrated |circuit
s components versus' discrete transistors. The latter

" reason was a major consideration in a ﬁlmlldl’
transition that occurred earlier in the West. Clearlv
the Chinese established integrated circuit technologv
" much quicker than the West because they were able to

“learn from Western experience and ucquire ithe
"' manufacturing skill that the West had eurhermvcsted
e tlme and effort to develop ‘ N

,j:"jv"Orgamzatlon of Computer Research and Develop-

ment L

Computcr rcscarch and developmcnt in theP Care

‘ conducted at a large number of rescarch’ institutos
_'umversitics. plant facilities, and military organba-
‘ tlons A partial listing of these organizations and thonr
relutionships with specific computer developmentsare
~shown in appendix A. ' Peking, Shanghai, x‘nd
" Shenyang have been known to be the locations of the
_ major devclopmcnt and production facilities. Recent
" information indicates that several other! cities
- including Harbin, Stan, and Chungking are Importtmt
- locations of special purpose developments; somc of
- which directly support the military.. The Chinese
. Academy of Sciences, the Fourth Ministry of Machmc
Building, and the: Seventh Ministry of Machme
Building direct most of the research and dcvelupmvnt
activities that hch been identified at thefmujor

I

4

p——

institutes and plants. There is, however, no evidence of
central direction for computer development nor of any
cfforts to establish national standards for computer-
related equipment.

There is little - evidence of cooperation among
development orgunizations except among those within
the Chinese Academy of Sciences or the Fourth and
Seventh Ministries. In fact, there have been numerous
examples of parallel developments of computers with
comparable capabilities, such as the 111 with the 709
and the DJS-11 with the TQ-6. Each locality tends to
build machines for local requirements using locally
available materials und skills. Recent information

indicates that some computer models such as the 709

have been built and possibly modified by different
organizations using documentation provided by the
responsible plant.? The extent of this transfer of
computer design documentation is unknown but is a
practice that is likely to be followed by some
organizations that support the military.

While computer models are designed and built at
universities and research institutes and at times
transferred to the plants for production, the plants also
design their own models. These are generally of higher
quality and reliability. Computers designed and built
at the academic facilities undergo frequent
modifications and in some cases serve as test beds for
software development and as special system
configurations for users. Serious reliability problems
have been attributed to recent models, such as the 111,
because of poor quality assembly techniques.?

Available evidence indicates that comprehensive
maintenance .and othcr user support activity are not
provided by computer manufacturers. There are also
no indications that, the Chinese are planning to
establish in the fomscc.xl)le future support organiza-
tions for these pnrpov:s-—-or now appreciate the
lmportancc of such support. Current priorities seem to
be conccmed with manufncturing capabilities.

" Military Devclopment and Applications of Com-

puters : ! :

lnformuhon regurdmg military computer dcwlop—
ments or military computer apphcntiom in the PR(‘ is
extremely limitod

Computing equipment associated  with
classified programs probably incorporates design and
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# o B e e Ty B

B T SN R o

:
;
i
i
3
]
!




component technology which is cnmpurub ¢ \\]ith that
. observed in nonmilitary computing uctlvll‘lcs Ithough

there Is a good possibility that lurger ¢tund-ulonc
- computers or more highly miniuturin-dico nputers
- exist than those openly displayed by Chmlcsc.]

LARGE-SCALE COMPUTERS

The limited amount of information on Chinese
digital computers available before 1972 does not
indicate development of machines any larger than thc :
DJS-6, a transistorized model with a published speed -
of 100,000 operations per second.!? The tight security
restrictions imposed by the Chinese on advanced
computer developments, however, suggests that them;
is a good chance that the Chinese have developed
machines larger than those they huve displayed. t

& a3

T oaltis” g e s

The largest und highest performance Chinese dlgltdl-
computers displayed since 1972 have also been among,
developments or applications occurring bcforc the the first integrated circuit models. The first of tho';

larger integrated circuit computer models, the 111,

lell:ur:;lo R:::o}uttmn butthctl;:‘rct is. tur::“fffwslsn': built by the Institute of Computer Technology,
information geiermine act na ot suc Pcking, and the 709, built by the Institute nf,

activities

Several other facilities have bcen lmkcd to hnhturv

Computer Technology, Shanghai, appeared to be
experimental developments in which the Chinese were
more concerned with the assembly and oloctronicg'
features of integrated circuit machines than with) i
claborate system design.

Thc 709 is noteworthv because of its mndular‘
construction, allowing upward expansion in both log'c: ,
and memory capabilities.? This feature is particularly
important in the construction of special purpose
systems for unlquc applications including those fo
mlllhrv uscs.




]

The DJS-11 computer, announced in August 19‘7-‘3,
represents  the largest and  most powerful - digital
computer displayed by the Chinese and the ﬂimt
Chinese application of sophisticated system designs for
increased  compnter performance  (see figure 1)1
“Major characteristics of the DJS-11 are listed | in
appendix B, but the most notable of these u:ro the
arithmetic speed  and  internal memory  capacity,
which greatly exceed those of previously displayed
models. An arithmetic speed of one million operations
per second has been published by the (Ihilms"‘}('. but
separate reports of a cyele time of 1.2 microseconds
indicate that the actual machine speed may lw;’ closer
to 800 thousand operations per second. ™ The I'(lvsi‘j:n
and construction of the DJS-11 required snppnr:t from
~several organizations in Peking and elsewhere and is
the first known instance in which such a joint: effort
has been made. 1t illustrates the limitations of the
dispersed organizational structure of computer, R&D
in China, ‘ { i
.‘ bl

In terms of performance, the DJS-11, which exists in
prototype or very limited numbers, lies lwt\\'m;_;n the

! i

i
!
i !
! ‘

6
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' b
Figure 1. DJS:11 Computer at Peking University
o ‘

CDE 3600, first delivered in the United States in 1963
and the CDC 3500, first delivered in 1963 (see table).
The increased performance of the DJS-11 is the result
of system design features, such as memory overlaps,
instruction look-ahead, and parallel input/output
operation and control. These characteristies permit
parallel machine operations involving an inherently
slow internal memory., ¥ Such design concepts, applied
to US machines built in the early 1960, are attractive
when internal memories are considerably slower than
arithmetic and logic circuits and thus become a major
bottleneck in achieving inereased computer performs-
ance. While technical details are Lacking regarding
certain other recent computer models announced by
the Chinese, the DJS-11 appears to be the firt model
incorporating all of these features. Previously built
madels, such as the 111, display relatively simple,
straightforward  muachine architectures in which
memory cyele time is the  limiting performance
factor, 1®

Integrated circuits used in the DJS-11 appear to be
comparable in sophistication although considerably

'
1
|
1
'
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Comparison of PRC

g Table o ; |

and US Large-scale Computer Models

PRC Us

.

N 11 D11 TQ6 CDC 3600 CDC 3800 CDC 6600
First year of availability 19702 19733 19732 1963 1965 1964
Add time (microseconds) 5.0 1.5-2.01 1.,5-2.0! 2.1 1.0 0.3
Storage cycle time (microseconds) i2.0 1.2 NA 1.4 - 0.9 1.0
Maximum storage capacity (words) 84,000 131,000 262,000 262,000 262,000 131,000
Word length ; 48 bits 48 bits 48 bits 48 bits 48 bits 60 bits

> 1 Estimated values. :
2 Chinese models exnst only in prototype

L |
~ higher in perfofmance than tho!se used in the}t earlier
- integrated circuit computers
Published articles indicate that the DJS:11 uses
. thick film and semiconductor circuits, and a 1973
- . Chinese computer delegation to the US reported the
* use of Schottky high speed TTL (transxstdr-transnstor
logic) circuits in the DJS-11.'® 7 Recent photographs
of the circuit boards of the DJs-11 (see figure 2)
indicate that some of the circuits are externally similar
to and may correspond with the 5]JZ blpolar types
shown in the 1970 components handbook pubhshcd in
Shanghai. The 5]JZ circuits contain no more than one
or two logic gates per package, which is essenhally the
same as circuits described in earher computer ntlodcls 18

NA—Data not available. P ;
: ‘ i

Another Chinese integrated circuit compute' moacl
with a reported speed of one million opérations per
- second, the TQ-6, has recently been observed in
prototype at Shanghai Radio Plant No. 13 (see figure

3).19 20 1t has a larger internal memory than the DJS-
11, but the details on performance and system design
that would permit a more accurate comparison with
the DJS-11 are not available,

i

A substantial Chinese interest in the engineering
design and assembly of digital computers much largell
than the DJS-11 and TQ-6 has been evident since
1971. Chinese translations of US publications reflect -
in-depth research of the literature on the designs of .
some of the largest US machines, such as the IBM B
360/91, produced during the last 8 years.?! '

T A e L e

Sy

Chinese needs for large-scale computers with grcutcr‘
performance levels than domestically originated
models became particularly apparent in 1973 when
the Chinese began negotiating with IBM for the
purchase of its largest commercially available model,
the 370/168.2* 2% Specific end uses for the imported
computer were not identified, but a likely use \\nuld
have been for a major computing center such as thc] :
Institute of Computing Techniques in Peking,. Bcc.msc

of Chinese refusal to submit end-use duuun(‘nlutmn

required by export controls, the IBM negotiations w (‘r(‘I

terminated. The Chinese also have been negotiating

with the Japanese fora large system. but the status of
these negotiations is not known at the present time > -

In June 1974 the Chinese purchased an IRIS 60 mnd(‘{
from the French for processing seismic data.?® This is
the only Chinese acquisition of a large-scale computer
since the Cultural Revolution; but becansé the IRIS60° © «
is comparable \\ilh an IBM 360/65, it pmh.nl)l\* ;
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I

satisfies only part of the original Chinese rcquill*cm%:nt.
The Chinese are, therefore, expected to continue
efforts to import one or two larger models cither from
Japanese, European, or US sources. - :

i ;
|
i [
| | |
The Chinese huve displayed a strong intércst in
small and minicomputers for " industrial ,Eontml
applications and for conventional engineering and
scientific computation, This interest was clearly
highlighted during o visit of the Chinese computer
delegation to the United States in 1973 and has been
reflected in computer and test equipment imports,
primarily from Japan, since 1972.% % The intérest in
minicomputers may also be associated with classificd
developments of alrborne computing cquipment since
both kinds of equipment use much of the sumv!ciréuit
technology and assembly techniques, ; f
1
Examples of small Chinese desk size cnnllpnhers
include the DJS-17 and TQ-11 models, first displayed
in 1972.%' 3 These models offer capabilities na better

than those of carly minicomputers built in the US
|

SMALL AND MINICOMPUTERS

i

]

Figure 3. TQ-6 Co;mp&ter ot Shanghai Radio Plant No. 13
Pt .
! ‘

about 19635. Their external appedrance and
specifications suggest that they use much of the sume
engineering design as early, small transistorized
computers like the DJS-7. Desk-top computers such as
the Type-4 and an unidentificd model shown in
Figure 4 have been displayed on only a few occa-
sions.® ™ Externally they appear to be close copies
of carly US Digital Equipment Corporation PDP or
Data General minicomputers but the specifications

Figure 4. Unidentified Chinese Minicomputer

f
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that have been released do not permlt prccnse per-
formance comparisons. 1o

A major source of minicompute‘r technologiv in the
¢ form of finished minicomputer models and technical

g f " assistance in engineering design and applicutlons has
. '-been the Japanese instrument manufacturer Takeda
- Riken and its affiliate, Nihon Mlmcomputer These

companies manufacture under hcense and sell

minicomputer . models of the US Data General

| ' Corporation. The TACC 1200, which is the Japanese

"+ version of the Data General Nova 1200, has been sold

to the PRC on at least four occasions since; 1969 either
~ "as part of test systems or separately.3578 The Chinese
" have visited the factories of both Japanese, companies
and displayed partlcular interest in the manufacturmg

 methods. The strong and continued mterest of the
Chinese in the TACC 1200 and its potentl.1|<

applications suggests that the TACC 1200 wnll serve as

a pattem for snmllar developments in the PRC
AUXILIARY STORAGE AND | |
PERIPHERAL EQUIPMENT ’ |

The Chinese have given little atientlon to
improving the quality, performance, and relmbxhty of
computer storage and peripheral equipment in
comparison with central processor development This
is not surprising in light of the limited number of
- computers in use and their predommantly scnenhflc
" rather than data processing appllcatlon Effectnve
- utilization of existing computermstallanons however,
probably has been hampered by the poor performance
and reliability of the storage . and peripheral
equnpment ‘ “ Vo ! ‘

' The best known examples of magnehc erm and
tape units used with Chinese digital | co}nputers
* compare in performance with models available in the

United States during the early 1960s, Thel largest
~ capucity drum reported has a capacity of 64 000 48-bit

words and an average trunsfer time per word of about
10 ms,* This drum has been observed only with the -

111 computer at the Institute of ICo'mputer
Technology, Peking, Tape units withgmuiaxlmum
storage capacities of 500,000 to 700,000 4?-bii words,
recording densities of 500 bits per inch (b/in), and
trunsfer time! of 150 microseconds havc been
displayed. Assumlng various recording formats and
redundant recording these specifications imply tape
speeds on the order of 50 to 80 in/s, whlch is ugain

early 1960s tcchnnlogy Thc (‘hincsc are theavily

. !
| ——SEGREL.
!

" technical problems of quality control associated with

dependent upon foreign suppliers, mainly French, for

high quality magnetic tape.*! 42 Questions asked by
Chinese visiting the United States in 1973 indicated
that the PRC has not been able to solve major|

the manufacture of magnetic tape. Possibly the only

good quality tape available to military and other| :

priority users is that supplied from foreign sources.
Better quality magnetic drum and tape units, some of

which may have been imported, are believed to be| . i
Those of " Chinese, "
manufacture would be of higher reliability but '

available to priority users.

probably would not offer significant performance
improvements over those more commonly available.

“The only magnetic disc storage unit of Chinese v'f-:“ ~
origin has been one with the DJS-11 computer svstcmi :

at Peking University. It has neither been photogmphcd_
nor observed by US specialists, but the vnsnlmg'
Chinese computer delegahon to the United States i m
1973 described it in some detail. It is a fixed disc um

with 16 discs, 256 tracks each, and a recording density

of 500 b/in.
resembles the IBM RAMAC disc drive developed in’

the 1950s.43 Its design does not incorporate the flying * | g ;

or floating head technology which is critical in the;

high performance and high precision disc drivesj,:f‘:?;f

the West. It is a very,

commonly used in

unsophisticated drive and easily reproducible and mayI na

be perfectly adequate for most immediate Chmese;;
computing requirements. It does not, however, reflect :

a capability to build the more sophisticated disc‘rg‘
even types comparable with US models '+

uvailable in the eurlv 1960s. . !;;’ s

drives;

A sumllur lack of progress has been evidenced m,\;
Chinese development of input-output equipment for
computers with but two exceptions, line printers xmd L
digital plotters. lnput continues to be primarily pape 3
tape, with few extcmully apparent differences from
equipment used 3

there Is no evidence of card equipment except with;‘
imported machines. The Institute of Computer
Technology in Peking has conducted cxperimontuh
developments of cathode-ray tube displays, electro-
static printers, and character recognition equipment, -
but such equipment has been observed only at':

experimental installations.'® 4 Considerable progress =

has been apparent in the development of digital
plotters und line printers. Line printers with speeds up!
to 1,200 lines per minute with 120 characters per line

i

5 years ago. Typewriters and paper’
tupe punches shaw a similar lack of advancement, and’ ‘

it closely i )

il
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~ have been observed, These cupabilities are lompuo
- rable with those of US models availuble in he late
" 1960s.1° '
" Beginning with the visit of the Chlnese computer
! delegation to the United States in October 1973, there
lmve been a number of indications that the Chinese
- are now placing increased emphasis. on the

¥ |
;- development and manufacture of improved auxiliary

storage and péripheral equipment for computers. The
.. delegation expressed an unusually strong rnterest in

. the engineering design and assembly of [US

", equipment, particularly magnetic disc units.*? 15 48
"¢ Their detailed examination of US equipment was
. - clearly aimed at extracting information on equlpment
" design and layout to be used in similar developments
" of their own, It is doubtful that the Chinese obtained
hny significant assistance in duplicatmg the
" manufacturing process for such equipment but it may
" have provided considerable guidance and time savings
' in initial prototype construction. The rncreased
. attention given to such equipment developments may
" 'be prompted by plans for more sophlstrcated cnvrllan
~ and military use of larger computer s$'stems
* represented by the DJS-11 and TQ-6. Clunese press
-~ releases of these systems have emphasized the vanetv
, and number of pieces of perrpheml equrpment
~ installed. , o
COMPUTER SOFTWARE ! N
g Software developmcnt clearly lags far l)chmd
. computer hardware developments i in the PRC. Before
. 1970 virtually all machines were programmied ' in
_machine or assembly languages. Only within thc past
4 years have higher level programming lnngunge
. compilers been written for several Chinese computer
.+ models. Operating systems appear to be very pnmntlve
i, and only one computer, the DJS-11, has been de-

i seribed as having a multiprogramming capuability.? 13

" The only identificd group known to huve u strong and
.. continuing software development cffort is the l’eking
" lmtitulc of Computer Technology, ~ = .| |

-+ The major source language used with most Chlnlcsc
. computers Is ALGOL, existing In several Chinese
~ varlants with compilers written for several different
models.? 47 The compiler for the Chinese BCY-B
version of ALGOL, which was written for thc‘ 109C
computer at the Pcking Institute of Compulcr
Technology, appears to be the most advunccrl and
thoroughly developed Chinese compiler.? Unllke other
Chinese ALGOL compilers, it accepts some Chlnesc
keywaords epellcd phonetically. Other source lnn unges

~—SEGRET

: i Co
investigated by the Chinese include: FORTRAN,
which has been implemented at least on models 111
and 109; COBOL; and PL/1. The predominant use of
computers for scientific and engineering problem
solving has 'prompted the Chinese emphasis on
ALGOL and this situation is not expected to change
for several years. ! | :

At their current stuge of computer development the
Chinese appear to be unusually reluctant to develop
more sophisticated operating systems or to apply well-
known techniques for data storage and manipulation.
In fact, US specialists have observed that some of the
most expert Chinese software specialists are not
generally knowledgeable of such basic concepts as job
control languages and memory protection techniques,
which have been widely applied in the West.? While
such concepts are not essential to the types of
computer applications now under way in the PRC, the
current lack of understanding of these concepts could
be a serious handicap to future Chinese efforts to
apply computers to more sophisticated data processing
and control appllcahons in both civilian and military
programs. -

The multiprogramming capability attributed to the
DJS-11 appears to be minimal. Program protection is
provided only by the physical segmentation of the
memory into four blocks. There appear to be no
software features to allow the flexibility of handling

programs that overlap into other blocks without

occupying two or more complete blocks. There is also
no evidence of privileged instructions.

SUPPORTINC COMPONENT TE(‘HNOLO(,IES

The Chinese huve clearly made the trunsrhon from
transistor to integrated circuit technology in the
assembly of logic - and arithmetic circuits for
computers. Integrated circuits may have been used
experimentally as early as 1968 in some kinds of
computing equipment.*® A varicty of both hybrid and
integrated circuits have been observed in all recently
announced computcr models and in published
component and equipment handbooks since 1970.'8
For example, thick film cireuits similar to 1BM solid-
logic-technology (SLT) types are used in the DJs-17
and both diode-transistor-logic (DTL) and transistor-
transistor-logic (TTL) bipolor integrated circuits with
one or two logic gates per package are used in the 111
and in the DJS-11.2% # 3! Circuit complexity remains
at or below about 16 gatos pcr chip for all Chinese

hipolor devices shown thus far.®
b [
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Circuit doluvs as short us 10 ns have beon reportcd
for the two-gute Schottky TTL clrcult5|usod in the
DJS-11, which Is ubout twice us fast as clreuits used In
the 111 and other integrated circuit! models
" announced by the Chinese during the pust 2 years.

The speed of the Chinese Schottky TTL circuits Is
impressive but less than half the speed of similar US
circuits. Emitter-coupled-logic (ECL) circuits with a
3- to 4-ns rise-time have been repor‘ted by the
Shanghai Metallurgical Research Institute.®® Details
on the complexity of the ECL circuits have not been
reported but they are assumed to be no more than one
or two gate devices. The combination of ECL circuit
functions available in quantity pmbubly is far too
small for the construction of anything more than
small, special purpose’ computing equipment. If
sufficient varicties become available, however, and
the Chinese can make comparable performance
improvements in internal memory speeds, they should
be able to assemble a large scale computer with a
performance level slightly below that of a CDC 6400
model, assuming computer architecture similar to that
used in the DJS-11, Such a one-of-a-kind devclopment
would not be surprising within the next 3 ycun

Bipolar TTL and DTL integmted c:rcults of
Chinese origin probably exist in the greutest nhmber of
functional varieties for use in computer arithmetic and
logic applications, but some examples of mctul-oxidc-
semiconductor (MOS) circuits have: also been
obsorvcd. For example,
- have reported MUY rescarch and
experimental devices as sophisticated ns a 64- bit
memory chip.® The Chinese have also imported from
Jupan advanced integrated circuit test, systems
specifically designed for MOS and very sophisticated
bipolar circuits.® Although bipolar uxid certnlnly
MOS circuits probably exist in very Ilmilc‘d quantities,
the Chinese appear to be making very rapid progress
in advanced semiconductor device developments, The
use of these devices in special purpose computing
equipment for military npplicutiom can Lot be ruled
out at this time.

The. availability of lntcgmtod circuit componcnts
would not be a prerequisite to Chinese cu‘ntructlon of
a large-scale computer exceeding the performnncc of
the DJS-11 or TQ-6. US cxperience hus shown that
machines such as the CDC 6600, with morc than three
times the speed of the DJS-11, can be built with
discrete transistors using sophisticated Iogical design,
system design, and assembly techniques (see table).
The high cpeed purallel multlpllcutlon c!rt.I‘uIte and

|

L

| ' . |

'systom urcllltccturo of the DJS-11 demonstrute

1

Chinese capabilitics to implement such design’
techniques. However,
demonstrated a cupability to supply the necessa
high-speed transistors or small-diameter ferrite co
needed in the construction of a computer like a CDq-

6600. There is a good possibility that transistorized
computers more powerful than the DJS-11 may exist
in China and even predate the DJS-11 announcement,
although available information does not confirm such ‘

a development,

The cycle time or speed of ferrite-core intermil ey
memories of computers currently poses a major ‘it
constraint to the arithmetic speeds of PRC digital -
computers. The speed of arithmetic and logic circuits
has surpasscd core memory speeds, forcing the Chinese’
to use more complicated computer architectures to
permit parallel memory accessing. Memory speed is -

directly related to ferrite core dimensions and drive-
current levels; and small diameter cores and hlgher
drive currents provide increased speed, with reduchor{s

in the core diameter providing the grcates’t‘
improvement. The smallest diameter cores in Chinese .

computers have outer diameters of 30 mils. though a

limited capability to fabricate cores as small as 24 mils &
probably can be credited to the Chinese.'® *® With the

24-mil core the Chinese would not be expected to
achieve much better than a microsecond cyele time for

computer. Therefore the reduction of core diameters

may be a significant concern to the Chinese in the i .|
development of higher performance large scale .7

computers. The use of thin film scratch pad memories
already demonstrated in the 111 and 109C, small
semiconductor memories,
architectures probably will be continued in an effort to
circumvent this problem,? !®

Thc Chinese have shown a budding capubility to
fabricate the multilayer printed circuit boards needed
in the high-density assembly of computing oqmpmN{t
omplmlng integrated circuits, Four-layer bonrds huvp
"been observed In the model 111 and, although not
positively confirmed, comparable boards probably nrc
also used in the DJS-11.'® The fabrication of fwc»luycr
boards has been accomplished by the Wuhan Institute
of Mathematics,

Computer Technology, and -

the Chinese huve not i

LR Fae 3T

ST A

and ‘parallel system -§-

;. i

T

Automation.® While the number of layers is h i

significant achievement, the print density—at least in L

the 111 bourds—Is believed to be wery low.
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a 32,000 48-bit word memory, without overlaps, or % §
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about a fuctor of two improvement in a DJS-11 type of ;-
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