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Highlights, continued ...

in flight to Moscow will be able to obtain seat reservations
for the next leg of their journey before landing at Vnukovo
Airport. Planes will carry equipment for transmitting
reservation requests for on-board passengers and for re-
ceving seat confirmations,

Organizational Chart

Of interest to all concerned with Soviet studies will be
an organizational chart of the government (p. 60). It iden-
tifies ali the all-union ministries and the ministries of the
union republics, plus the important agencies. Readers may
wish to make special note of this chart for future reference.

One government agency recently equipped with a new
computer is USSR Gosplan, the state planning body. Its
Main Computing Center recently moved into a new 12-
story building in Moscow, and a journalist takes us on a
tour of the facility (p. 19). Pictured is one of Gosplan’s
computers, believed to be its ICL System 4-70, purchased
this past year from the English. In an interview with the
Center’s director, the interesting statement is made that
Gosplan does not plan to make a “cult” of computers.
Bitter words are uttered about “mountain-top econo-
mists” who are using computers and computational math-
ematics to do “super-idealized” and “ultra-optimized”
planning. It could be conjectured that such remarks sig-
nify a reaction to some of the more advanced goals of
cybernetics research,

Some of the practical problems faced by industrial
automation projects are brought out in the experience of
the First State Bearing Plant to implement a fairly ambi-
tious management information system (p. 25). The system
was coupled with a high degree of mechanization and
retooling of this large and important factory. Many obsta-
cles were encountered, and in many cases needed equip-
ment was found to be nonexistent. Suggestions are made
for organizing firms responsible for all phases of industrial
automation, similar to construction firms that handle all
aspects of a building project.

The use of computers in construction in Moscow is
detailed in an account of a new automated system for
planning and control of projects (p. 61). Mobile data col-

lection and transmission stations at construction sites will
provide communication to central computers. The system
Is being implemented with help from the East Germans.

In an article that discusses automation implementa-
tion on a broader scale, an eminent Ukrainian economist
identifies specific ways of closing the R&D gap (p. 21).
One addresses the problem of “rigid” organizational
structures in Soviet R&D. He proposes “hybrid™ struc-
tures that permit groups of specialists from various arcas
to be brought together in one team 10 work on a specific
problem or R&D project.

A series of brief notes on computational aspects of
recent Soviet space probes includes a drawing of the Lana-
16 station (p. 37). Very, very slowly, more information 1s
becoming available on the use of computers in the Soviet
space program, and we continue to monitor the press and
other media for these small pieces of data.

Three articles in this issue concern technical cybernet-
les. A briel, popularized article on voice recognition de-
vices identifies several Soviet projects in this area (p. 45).
More detail is provided in a popularized article on a voice
recognition system developed in Novosibirsk (p. 63). The
third item is a short article with a photograph on the Ritm
special-purpose analog computer for producing network.
or PERT, charts (p. 38). The Ritm machine is not new or
particularly sophisticated, but it appears to be highly relia-
ble und uscful.

A recent International Symposium on Computer-
Based Automation of Scientific Research is the basis for
a sketchy article that lists some projects in Novosibirsk
that have as their purpose the facilitation of research (p.
53). Mentioned in particular are a light pen graphics sys-
tem and the AIST multiple-user time-sharing system.

A world-renowned mathematician is the subject of an
interesting article that ranges over his views on abstract
art to his boyhood ambition to be a forest ranger. Kol-
mogorov emerges as a complex, unique individual, one of
the great scientists of our time (p. 39).

Poor utilization of computers, this time in Uzbekistan,
is the subject of an article that is typical of hundreds noted
in the Soviet press over the years (p. 57). The reasons for
falling utilization indexes are personnel shortages, lack of
cooperation among enterprises, and obsolete equipment.
—WH
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BRIEF ITEMS

Investment Planning Computerized

The Main Computer Center of USSR Gosplan has
been working since 1968 on a series of programs to calcu-
late capital investment portions of the State Plan for the
USSR and for union republics. At some point in the fu-
ture, all drafts of capital investment plans will be output
from the computer in a standardized format, based on
data received from enterprises and organizations. Sum-
mary indexes for the commodity and achieved production
plans have been generated on the basis of a series of stand-
ardized input forms, demonstrating the possibility of do-
ing optional plan calculations and of producing integrated

development plans for a region.
(From the journal Planowe khozyajstvo, No. 6, 1970, pp- 29-30.)

Ultra-Pure Substances Produced

Scientists of the Institute of Inflammable Mineral Re-
sources have perfected the technology of producing semi-
conductor materials and, under the leadership of State
Prize laureate £. M. Grigor'ev, have designed an original
device which makes it possible to obtain ultra-pure or-
ganic substances so necessary in modern electronic equip-

ment, including computers.

(Fromthe article “Sverkhchistyj naftalin,” in the newspaper Sorsiatisti-
cheskaya industriya, August 23, 1970, p. 4.

Standard Forms in Effect

The first attempt in nearly 30 years to standardize all
documents and forms in the Soviet Union takes full effect
as of January 1, 1971. Some 9000 standard forms and
documents were introduced last July, and their use
becomes mandatory after January 1. Not since the 1930s
has an attempt been made to regulate all document han-
dling, and the earlier program was abandoned after ten

unsuccessful years. The new system is covered by 27 sets
of State Standards, “providing a harmonious system in
which literally everything is provided for: what, where,
and how to write or print, and how to date, number, and
circulate business documents.” Some 4 billion documents
circulate in the Soviet Union each year; it is estimated that
the savings in central manufacture alone of just two—
order blanks and decision forms-—will save 836,000 rubles
each year. The major problem encountered in introducing
the new system has been to overcome resistance based on
decades of experience with existing, locally designed
forms. The new system has been in development since
December 1966. One of the organizations participating in
the work was the Sigma Association of Lithuania, a manu-

facturer of document handling equipment.

(From the article “Delovoe pis'mo,” in the newspaper Pravda, May 23,
1970, p. 2.)

Ukrainian Academy Elects

Corresponding Members elected to membership in the
Academy of Sciences of the Ukrainian SSR include V. K.
Dzyadyk and I. I. Lyashko (mathematics, including com-
puter technology) and B. N. Malinovskij (computer tech-
nology).

(From the journal Vestnik Akademii nauk SSSR, No. 3, 1970, pp. 126-
127)

Long-Term Store for Dnepr-2

The long-term storage device for the Dnepr-2 control
computer system is an autonomous unit which can be used
in various information and control systems with appropri-
ate synchronization of the parameters of input and output
circuits. The basic technical data of the long-term storage
unit, during parallel operation of two units, are as follows:
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storage capacity, 32,768 words; bit configuration, 42 bits;
access time, 3.2 microsec; quantity of address lines in the
matrix, 512: cabinet dimensions, 500 x 1388 x 1775 mm;
weight of two units, 600 kg. The electronic portion of the
device 1s based on Mir-1 elements. The application of
long-term storage devices in the Dnepr-2 computer system
decreases the cost of stonng one bit of information by 5.5
times, 1n comparison with the cost of storing one bit of

information in the immediate-access store.

(From the article “Dolgovremennoe zapominayushchee ustrojstvo
upravlyayushche) vychixshitelno) sistemy ‘Dnepr-2,”" in the journal
Mekhanizatsiva 1 aviomatizatsiva upravleniya, No. 3, 1970, p. 31.)

Fconometric Models Constructed

The Main Computer Center of USSR Gosplan is de-
veloping a system of econometric models which includes
the most important divisions and indexes of the national
economic plan and which can be used for multivariant
planning calculations. One of the main models of this
systemn is the large-scale dynamic interbranch optimal
planning model. This model is used to determine and
optimize major economic indexes and proportions
(branch and interbranch) of the process of expanded re-
production on the national economic-—i.e., Macroeco-
nomic -level.

The mode! will make it possible to investigate the proc-
ess of expanded reproduction on the basis of the most
important facto-s, indexes, and relationships, including
the movement of gross industrial vutput, national income,
accumulation funds, overall interbranch production
capabilities, and the consumption fund based on consumer
requirements. A number of experimental calculations
have been conducted on the basis of the model for 1975
and 1980, and the model is being improved and adapted
for practical application.

(From the article, “Econometric Model of Optimal National Economic
Planning,” m the journal Voprosy ekonomiki, No. 6, 1970, p. 62.)

Svetlana Plant

The Svetlana Plant has been in operation for over 50
years, and continues to play an important role in the
USSR electronics industry. The Svetlana Design Bureau
is one of the largest vacuum tube designers in the USSR.
In addition to developing receiver and amplifier tubes, the
Design Bureau is the leading organization for the develop-

ment of generator and modulator tubes. Since 1962, the
Svetlana Plant has been the leading plant of the Leningrad
Association of Electronic Instrument Construction,
which unites a number of enterprises and is a powerful
scientific-technical and production electrovacuum facility

with important national-economic significance.

(From the article “*Sostoyanic i putvi razvitiya optoelektroniki,” in the
journal Radivelektrunika, No. 4, 1970, p. 452.)

Automatic Circuit Design

The Institute of Technical Cybernetics of the Belorus-
sian SSR Academy of Sciences has developed a device for
automating documentation of circuits—an automatic cir-
cuit designer. The device consists of four units: a unit for
converting images to electrical signals on a vidicon, a
scanning and synchronizing unit, a unit for controlling
changes in parameters of electrical signals, and a unit for
converting modified electrical signals into images and re-
cording the images on light-sensitive paper. The new de-
vice will greatly decrease design time for new radio parts,

most of which are still being designed manually.

(From the article **Voprosy avtomatizatsii podgotovki dokumentatsii na
clektricheskie skhemy,” in the journal Vestsi Akademii navuk BSSR, No.
2, 1970, p. 79)

Kirillin on Computer Development

Academician V. A. Kirillin, Deputy Chairman of the
USSR Council of Ministers and Chairman of the Coun-
cil's State Committee on Science and Technology, pre-
sented a report at the Fifth Plenum of the All-Union
Council of Scientific Technical Societies. Kirillin stated
that at present, the most important base for improved
automaticn is new computer Jevelopment, since their
high speeds make it possible to rapidly solve complex
problems. He stated that Soviet specialists estimate that by
1980 the speed of computers will rise to one billion opns/-
sec; if laser switches are used, it can be increased to 10"
opns/sec. The present capacity of computer storage de-
vices, which is 10" symbols, will also be increased.

The USSR has a large program for the development of
a third-generation computer series, Kirillin said, which
will be technically more advanced and applicable to pro-
duction applications.

(continued on p. 7%


















Conversations with V. Evdokimov, Institute for Space Research

Dr. Valery Evdokimov is a spacecraft data-compression specialist at the Institute of
Space Research. He accompanied me to the Institutes as translator and general-purpose
expediter. He was generally available after hours to get the Soviet system to sell me a
balalaika, give me Bolshot tickets, and the like. Personally, the major benefit of the trip was
this chance to get to know Valery well, and to be able to compare notes on the way our
respective systems worked out things like plumbing services, vacation trips, babysitters, jobs,
and schools. We discussed technical topics also.

Institute for Space Research,
Moscow

The Coordinating Computer Center for spacecraft is in Moscow. So far, only French
engineers and a nontechnical American film crew have been allowed to see it. The Center
usually handles only data processing for orbit and trajectory corrections, but life-support and
emergency data are routed into the Center and programs exist for performing emergency
analyses if necessary. Scientific data-collection is recorded o tape at the receiving antennas
and processed 'ater. On long-term missions such as Venus, data are collected and stored
on-board on magnetic tape for five days, then read off tape through specially-designed
data-compression hardware into a buffer, and sent out when the buffer is full, for another
five-day period. Evdokimov said they do not encode data for error detection.



























Czech ZPA-600 computer being assembled in computer
plant near Prague.



One of the computer halls in the new 12-story building for USSR Gosplan’s Main
Computing Center. The machine is unidentified, but is believed to be the new ICL System
4-70 configuration recently purchased for Gosplan from the English.

Source: Pravda, Nov. 29, 1970, p. 3.
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Gosplan Pledges “No Cult of
Computers”

V. Parfenov

“Now we have at our disposal reliable and high-speed methods for the economic
calculations needed for planning,” stated M. E. Rakovskij, Deputy Director of USSR Gos-
plan, in opening his description of the Main Computing Center. “Computers permit us to
do rapidly what recently could not be done even by a large group of specialists.”. . .

in the new building of the Main Computer Center. The director of the Center, Nikolaj
Ivanovich Kovalev, a great proponent of this work and a broadly educated engineer, scientist,

“. . .Calculations of demand for construction materials by builders have already been
fully translated for the computer. . .. Ministries need not submit orders for materials. Our
Center itself prepares a summary report for Gosplan on construction materials for each
ministry. If a disagreement arises between Gosplan and a particular industrial branch, the
issue is resolved by the computer—it produces a detailed analysis. . . .

The plan for each branch of the economy is calculated today with a precise accounting
of the demand for equipment. . . . The Main Computer Center rapidly and with greater

- - -Although computers are efficient, their capabilities are only partially exploited.
Gosplan’s Main Computer Center, together with a number of institutes, is creating a grandi-
0se system for calculating the entire national economic plan, in which machines will not only
solve individual problems but will also relate them to each other.

T —————————SOVIET CYBERNETICS REVIEW, January 197) —

Translation of excerpts from the article “Plan rasschityvayut mashiny" (“Machines Design the Plan"), in the
newspaper Pravda, Nov. 29, 1970, p. 3: translated from the Russian by Wade B. Holland.
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...The hall where the computers are in operation produces a great impression. Cross-
ing the threshold of this gigantic building, one thinks he is in the world of the future. Through
a window, on an ideally clean parquet floor, in an atmosphere of strictly constant temperature
and humidity, are the units of the electronic machines—the *brains" —spaciously distributed
and constructed of lifeless materials. The machines operate three shifts a day.

An operator, sitting at a console, quietly conducts a *“conversation” with—a machine,
Just asif to do so were nothing at all. He pushes a button, and a response appears on a screen:
“Ready. Request input data.”” The man inputs a program to the computer. And immediately
it demands, “Mcunt tape No. 6. Then, “Mount disc No. 2.”

All goes normally, while the operator clearly issues orders to the computer. But if he
suddenly slips—for example, if he mounts the wrong tape—a notation appears on the screen,
“No program.” Thus the machine reacts to man's error.

“Of course, far from all planning problems can be translated into the formal language
of mathematics,” notes Kovalev. “There are many socioeconomic problems that cannot be
expressed in the form of formulas. While we are enthusiastic about the immense capabilities
of computers, we do not make a cult of them. Plans are developed by people, for people.
People program the operation of the machine and use the results of that operation. They
reserve to themselves the establishment of goals, they develop the socioeconomic perspectives
for a given period. We are not attempting to alter the theory of socialistic planning, as some
mountain-top economists, creating some sort of super-idealized, ultra-optimized plan with
the help of mathematical methods and electronics, are trying to do. But if Gosplan fully
masters this new, powerful planning instrument, then this will help in the development of a
balanced, comprehensively validated national economic plan.”

Commentary

This journalist's report on the opening of Gosplan's new 12-story Main Computing
Center is mostly taken up by descriptions of the kinds of planning tasks for which the
computers are used. There are some interesting aspects, however.

The computer described, and shown in the accompanying photograph, is believed to
be Gosplan’s new ICL System 4-70 machine, recently purchased from the English. We have
been unable to secure a photograph of this machine for comparison against the depicted
computer. But the machine shown is totally unlike any known to be in production in the
Soviet Union. A disc storage unit is clearly visible in the background, and the text account
of the operator’s interaction with the system refers to mounting discs. Since no sizeable Soviet
computer is known to be equipped with discs, and since the ICL machine at Gosplan has
four disc units, it is reasonable to conclude that this is in fact Gosplan’s new ICL system.

In the concluding paragraph, the Center's director is quoted to the effect that they are
not making a cult of computers. He criticizes “*some mountain-top economists, creating some
sort of super-idealized, ultra-optimized plan with the help of mathematical methods and
electronies.” It is not clear whom he is referring to, but it could be the Central Statistical
Administration, the proponents of the State Network of Computer Centers, or some staff
members at the Central Economic Mathematics Institute, which has been severely criticized
recently for its work in this area. It could hardly be accidental that this statement crept into
the author’s turgid description of the computer center’s operation.—WH
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Automating Research

It is necessary to significantly improve existing methods of planning experiments and
processing results. Manual data processing delays research, increases cost, anu decrea s the
volume and reliability of new information. Work conducted in the area of automation of
experimental data at the Institutes of Physics, Electrical Welding, and Physiology, all of the
Ukrainian SSR Academy of Sciences, indicates that the application of computers makes it
possible to deeply and comprehensively analyze experimental data and increase processing
accuracy. This significantly decreases the duration of experiments and increases labor effi-
ciency. Wide-scale automation of data processing is a long-standing problem and its solution
cannot be delayed.

Large savings are realized in the transition from uncoordinated and smali experimental
production and computational bases in scientific research institutes to the establishment of
multiuser bases serving groups of scientific institutions. This is also true for the shops for
repairing and adjusting scientific instruments. The prompt supply of scientific research
institutes with materials, reagents, etc., which was experimentally tried by the Leningrad
Scientific Supply agency, was a complete success. The time has come to establish similar
services in a number of republics and also in Siberia.

It must be emphasized that there is a difference between the concepts of “manage-
ment” and “correction.” The same measures, but undertaken too late, will actually result not
in management, but in correction and cannot be effective.

Here, an important role belongs to the establishment of services for continual monitor-
ing of R&D trends, and for forecasting requirements in managerial activity. So far, this
principle has been clearly underestimated. Large-scale forecasting projects have not been
methodologically oriented, and are uncoordinated and without representation on the State
Committee on Science and Technology of the USSR Academy of Sciences or an appropriate
problem scientific council.

It has been thought that scientific management could be successfully formulated by the
director [of an institute] on the basis of everyday experience and “common sense.” But this
is a delusion. The personnel managing science must be specially trained and selected from
among gifted and professional specialists. As an experiment, the training specialists of this
type was started by the Economics Faculty of Leningrad University. Training in the manage-
ment of science is available only to scientists in Kiev and in one or two other Soviet cities.
Of course, this is clearly inadequate.

To manage, one must be well informed. However, when the question of scientific
information is raised, it refers only to supplying researchers with information on the achieve-
ments of their colleagues. Meanwhile, the volume, complexity, and responsibility of the
management of science are not treated as a specific scientific problem. Here, first of all, a
synthetic processing of information on the operation of scientific institutions, on the formula-
tion of trends, on comparative evaluation of levels, on preparation of different solutions, and
on forecasting based on continual improvement in the accuracy of forecasting hypotheses is
required.

Scientists and cyberneticists of the Ukrainian SSR Academy of Sciences have recently
proposed a program for developing an information system for the management of science—
the UPRAN system (management and forecasiing of the development of the Academy of
Sciences). The time has come to face this probiem on a state-wide scale.

23






Control System Installed Despite Severe
Problems

F. Chajkin
Deputy Director for Economic Problems,
First State Bearing Plant

A radical production retooling and reconstruction has taken place during the past five
years at the First State Bearing Plant. Large-scale mechanization of production processes,
dictated by high output growth rates, led to changes in production control methods.

At present, almost 40% of all bearing production occurs in automated shops. The
immense productivity of these shops requires systematic control and monitoring of the
technological processes, continual flow of information, and constant analysis. The volume
of this information increases every year. Suffice to point out that today some 20,000 various
materials, 70,000 instruments, and up to 30,000 different spare parts are accounted for at
the plant. Of course, it is only possible to process and analyze this information with the
application of computers.

Just afew years ago, plant management was based on punchcard equipment which was
used for production planning and accounting. Tabulators were used to maximum capacity,
but their limited speed was inadequate for rapid operations. Data were received from sections
and shops with some delay and could not be collected and projected into a comprehensive
and overall picture; this made it impossible to effect efficient production control.

Thus, inherent conditions made it necessary to automate information collection, trans-
mission, and processing with the application of computers, and to develop a plant automated
production control system.

A portion of the work on the system was completed this year. Its area of application
is extremely broad and encompasses the management of shops, planning, material-technical
supply, accounting, reports and finances, output of finished productioa, etc.

Shop Operation

Here is how the system is used in the No. 2 automated shop. Information on the output
of finished production, equipment downtime, and losses from defects is collected by special
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Translation of the article *ASUP: Advantages and Problems” (“ASUP: Vygody 1 problemy™), in the newspaper
Moskovskaya pravda, August 15, 1970, p. 2; translated from the Russian by Irene Agnew.
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electrical sensors, installed in machines or conveyers, for initial storage in machine-readable
form. Then, all data are transmitted to the computing and information center for further
processing. As a result, each day, by 9:30 am, the head of the shop receives six reports. They
indicate the course of plan fulfillment for the shift and from the beginning of the month,
defects by section and shift, metal on hand, equipment downtime, etc.

The head of the shop can obtain this information not only in the morning, but anytime
during the day, within five minutes of his request.

The information is objective and extremely accurate: not more than one error occurs
per million characters transmitted to the computer. Its other feature is the speed of transmis-
sion. Thus, measures to eliminate deviations from the normal course of production can be
taken quite rapidly and not “post factum,” as is often the case.

After the introduction of the system, equipment downtime in the shop decreased by
half, and production output increased 20% and reached the plan quota before the end of the
plan period.

Workers at all plant services have benefited from the system. The system helps me-
chanics plan equipment maintenance more accurately, allows rate setters to calculate stocks
for technological operations, and permits foremen and section heads to calculate plan fulfill-
ment for a day, ten days, or a month in advance. The system computes production capacity
of the main and auxiliary shops, the efficiency resulting from the introduction of new
equipment, payrolls, and hundreds of different operations.

The following example demonstrates the efficiency of the system. In the last few years,
production volume at the plant increased three times. Without the system, this would have
required 400 additional accountants. The plant has only 110. The additional work load is
carried by the equipment of the computing and information center.

The introduction of the system sharply decreased plant losses and increased labor
productivity by 5-6%. The plant shows annual savings of almost 500,000 rubles from the
introduction of the system. Further development of the system should show additional
annual savings of 600,000 rubles, and expenditures for the development of the system should
pay for themselves in three or four years.

Advantages and Problems

Thus, the advantages are obvious; an important task has been accomplished. Of course,
the plant did not accomplish this by its own effort. Dozens of plants and organizations
participated in the development of the system. . . .

The plant is grateful to all of them for their help, but at the same time the following
observation must be made: the client-enterprise should not have to deal with dozens of
institutes, assembly organizations, and plants, but only with one firm—a general contractor.
This is the case in construction, and the development of automated production control
systems is essentially a form of construction, Unfortunately, there is no general contractor
to handle the complete set of tasks: planning, production, assembly, and adjustment. And
here is the result.

When the First State Bearing Plant started to develop the system in 1965, it immedi-
ately required so-called peripheral equipment for collecting, storing, initial processing, and
transmitting information to the computer center. First the “‘sense organs” of the system were
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required—i.e., sensors for tabulating output in the automated shops. It was found that no
one serially produced dust- and moisture-proof sensors capable of counting fewer than 20
items. Each enterprise produces them individually for their own needs in small batches. Our
plant required them by the hundreds. It was necessary to form agreements for the develop-
ment of such devices with a number of scientific research institutes. A year and a half later,
we had still not received sensors with the required specifications. One type of sensor counted
an extra item when shavings were present, another could not separate one item from the
other.

Finaliy, it was Necessary to organize a brigade at our own plant to produce the required
mechanism.

Much time was wasted, and much expense was caused because these devices were not
produced serially—and, incidently, are still not being produced to this day! Is it practical
for a plant involved in its own business—production of bearings—to have to organize the
manufacture of electronic instruments? Obviously not. It is also un reasonable because similar
devices are required by dozens of other plants that produce similar products. Consequently,
serial production of devices for counting parts is not only a necessity, but a potential source
of profit for their producer,

No Storage Units

Institute of Computing Machines, but no mass production or testing of equipment was
organized. It is not enough to develop a device, it must also be assembled and adjusted. Who

tions. To find the hecessary firm, people had to be sent on numerous trips.

Similarly, the plant, as a machine construction enterprise, did not have the funds to
purchase needed quantities of electrical engineering equipment. Cables, instruments, etc.,
had to be “knocked out” with great difficulty, Obviously, this could have been avoided if al)
work on the development of the automated production control system and the material funds
were concentrated in one organization,

Apparently, such an organization exists today. It is the Proektavtomatika Association
of the USSR Ministry of Instrument Construction, Means of Automation, and Control
Systems. True, planning, assembly, and adjustment of equipment is done by specialists from

this firm, but only if the client supplies the electrical engineering equipment, the designs, and

This is not surprising. After al!, it is serially produced. The representatives of the producer
have only to adjust the standard machine to local conditions. Two years vs. one month. This
comparison alone attests to the necessity of organizing serial production of all equipment for
automated production control systems.
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Notes on Recent Soviet Space Activities

Computing Devices Aboard Luna-16

The landing stage of the Luna-16 probe is an independ-
ent, multipurpose rocket unit with a liquid-fuel engine, a
system of tanks with fuel compartments, instrument com-
partments, and shock-absorbent supports for landing on
the moon’s surface. The instrument compartments [see
photo] of the landing stage house the computing and gyro-
scopic instruments of the control and stabilization sys-
tems, the electronic instruments of the orientation system,
the radio transmitters and receivers of the radio-measur-
ing complex, a timer that automatically controls the oper-
ation of all systems and units, and telephotometers for
transmitting information about the drilling site.

The coordinates of characteristic lunar orientation
points are stored in a computer housed aboard the Luna-
16 probe. The computer analyzes images flown over by the
probe, compares them with images stored in memory, and
determines the position of the probe, its trajectory, and its
speed.

Data are immediately processed by on-board logic de-
vices, which issue commands to the engine.

Tracking of Probes

The work of the ground command and measuring
complex was of great importance for the successful fulfill-
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ment of the Luna-16 station’s flight program. Data from
trajectory measurements regularly made by the Long-Dis-
tance Space Communication Center were continually
processed by a computer.

The flight of the Luna-16 station was monitored by an
extensive network of ground measuring points on the ter-
ritory of the Soviet Union and on ships of the USSR
Academy of Sciences. Control of the Luna-16 flight was
conducted from the Long-Distance Space Communica-
tion Center.

Computer Tracks Zond-8

The Shternberg Observatory has, for the first time,
used a telescope for visual tracking. It tracked the flight
of the Zond-8 artificial satellite for three consecutive
nights following launch. The computer complex, equipped
with a Mir computer and an automatic coordinate mea-
suring device, processed tracking data which were then
transmitted to the Coordinating Computer Center.

Automated Probes

Academician B. N. Petrov states that the advantages
of automatic space probes over manned ones are as fol-
lows: (1) the flight of automatic probes is 20 to 50 times
less costly, and (2) the risks of manned flights are elimi-

Collection of excerpts from articles appearing in recent issues of the news

papers Moscow News, Sotsialisticheskaya

industriya, Pravda, Izvestiya, and Moskovskaya pravda, translated from the Russian by Irene Agnew.
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nated in automatic probes. Thus, he states, in determining
new stages of development of space erploration, auto-
matic hardware which has already proven its efficiency
will be especiaily effective in the exploration of distant
planets.

The Luna-16 flight proved that the volume of informa-
tion obtained by completely automatic stations is no less
than that obtained by manned spacecraft. At the same
time, automatic space stations costs tens of times less than
manned spacecraft.

Interstation Communication

The organization of radio communication between au-
tomatic lunar stations separated by distances of hundreds
and even thousands of kilometers can be solved. One
method is developing a satellite communication system
using artificial lunar satellites as retranslators. The artifi-
cial lunar satellites, collecting information from the auto-
matic lunar stations and transmutting it to earth, could at
the same time act as control repeater stations for the
operation of the lunar stations. Thus, the problem of in-
teraction between automatic Innar stations, which is espe-
cially important for future research on the moon and in
space as a whole, would be solved. This radio communica-
tion system will be organized within the next few years.

Future Developments

In the near future, scientific research bases with a com-
plete network of small automatic stations will be ¢:tab-
lished on the moon. These stations will be capable of
conducting special investigations for many lunar days.
The development of such long-term automatic stations
will turn the moon into an immense space laboratory.

The theoretical possibility of obtaining rock from
other plznets, such as Mars, was proven by the Luna-16
flight.

The computational problems of space exploration are
so complex that they require the development of qualita-
tively new theories, methods, and computer hardware.

It 1s difficult to enumerate all possible studies and
investigations that could be conducted in the near future
by automatic surface vehicles on the moon. The majority
of specialists at present are of the opinion that wheeled
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vehicles, rather than the *“Moon Walker,” are best suited
for exploration of the moon.

Ritm Network Planning Computer

The Ritm computer is described as a “'special-purpose
electromodeling machine,”” and was developed at the In-
stitute of Cybernetics of the Ukrainian SSR Academy of
Sciences. It has recently been on display at the Exhibition
of National Economic Achievements in Moscow.

The machine produces a network, or PERT, chart on
a display screen almost immediately following completion
of input. Simultaneously, quantitative indexes are trans-
mitted to the control console.

The Ritm machine was first noted in 1967, at which
time it was already in production, although the number of
orders for it, according to press claims, far exceeded pro-
Jected output schedules. One of its features is its simplicity
of operation, requiring only an operator. For schedules
requiring more than 200 events, two or more Ritm units
can be operated together in a system.

The first Ritm was in operation at about the same time
at the Obukhovskij Residential Construction Combine in
Leningrad; the Ritm is manufactured in Leningrad. It was
first noted on display at the Moscow Exhibition in
November 1967.

A Ritm-2 computer forms part of the ATsS Central-
ized Modular Production Control System (see SCR/70/8,
pp. 57-58).

(Photo from Ekonomicheskaya gazeta, No. 38, Sept. 1970, p. 22; other
information from past issues of SCR.)

Ritm computer






discovered that he held some 50 positions in various institutions. This, of course, was not
his fault. Academician Kolmogorov for a long time held only one position, that of professor
at Moscow State University.

His refusal to accept the countless offers which undoubtedly he continues to receive
demonstrates the independent character of this scientist and his purely human, physiological
feeling for what is most essential—for maximum effectiveness in his work. In a study of the
efficiency of human thought, one of his associates used Kolmogorov's mental activity as an
example of maximum human capability.

Reporters have always complained about Kolmogorov, saying that it is too difficult to
come to an agreement with him about an article; and when it came to writing about himself,
this was completely out of the question. Only once was one of my colleagues able to get
somewhere. But relations between Kolmogorov and reporters are not as simple as they may
seem to those who run after celebrities. His popularity, which I mentioned, even among those
who hardly remember the basic elements of algebra, helps Kolmogorov to escape all ceremo-
nies, promises, and requests. From his wife you can always find out when he is home. He
usually likes to devote the morning hours to conversation. After dialing his telephone number
you will hear a slightly gutteral voice:

*Hello, what can I do for you?"

“Andrei Nikolaevich, could you write for our paper (or journal)—"

Kolmogorov: “*Humanity has all the possibilities for a kingdom of freedom™
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Kolmogorov is an outstanding man. There is no doubt about this, and it is felt by
everyone who has worked with him or has had a brief or a prolonged association with him.
The most indisputable authority, a staggering capacity for work, amazing broad-mindedness,
and a reserve of ideas! I will never forget the enthusiasm with which one of his pupils spoke
of him: “This is an amazing, deeply interesting person.” The young man’s eyes sparkled.

And here is what Kolmogorov himself admires.

Foremost Question

“Humanity is going through a period when it has all
the possibilities to jump from the kingdom of necessity to
the kingdom of freedom. All theé material possibilities to
do so are now available, which was not so 100 years ago.
Whether humanity will make this jump or meet with an-
other fate—this is the primary and foremost dramatic
question of our time.

“When people remember Einstein, for some reason
they always say that he wore a wrinkled coat. Of course,
it is silly to say that he was a good man only because he
wore an old coat. But the fact that he signed the appeals
for peace, and suffered the fate of humanity until he
became ill, this should be known to everyone. This is the
mark of a great man.”

By coincidence, Kolmogorov also usually wears a
cheap, worn suit. Inexpensive suits for 60 to 70 rubles have
long become the *‘a la Kolmogorov" style among math-
ematicians. But in his own words, this is not where man’s
greatness is evident. Kolmogorov's concern about the
young generation and its talents, about the future of

humanity, comprises the immense moral potential which
attracts to him students and followers.

For a time, not only among romantics, but even among
scientists, a mass psychosis was developing a cybernetic
future, where man would be completely replaced by ro-
bots. There were fears that the robots will cease to be
obedient, etc. Kolmogorov as one of the proponents of
cybernetics clearly cast aside such ideas.

Future of Reason

Andrei Kolmogoroy

“The future, as I imagine it, will be the kingdom of reason. And man will never push

the ‘release catch’ for developing creatures who are capable of harming him. If the urge for
a meaningful and good life continues for several thousand years, humanity will change into

completely new forms, which now are difficult for us to understand Humanity will change,

not some rebellious robots.” It is for this future that citizen and patriot Kolmogorov is

fighting
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Voice and Sound Recognition Devices
Developed

L. Agayan

-..The first device capable of recognizing the human voice, understanding the meaning
of its commands, and executing instructions was demonstrated at the Institute of Automation
and Remote Control of the Georgian SSR Academy of Sciences. The unit was linked to a
typewriter, which typed characters and numbers dictated into a microphone, and to a small
cart, which on command from A. G. Kakauridze, Doctor of Technical Sciences, moved about
the laboratory, stopped, move forward and backward, turned right and left, accelerated, and
slowed down.

This was in 1961. In demonstrating this first model, scientists even then dreamed of
the time when similar voice recognition devices would be used for controlling machines and
assemblies, or for inputs to computers. Now, after only a few years, at the Computer Center
of the USSR Academy of Sciences in Moscow, V. N. Trunin-Donskoj can dictate assignments
to a computer: “Listen! Sine! Two! Five! Period! One! Four! Two! Degree! Stop!"” True, the
assignment so far was not very difficult, and “‘stop!” did not mean for the computer to stop,
but rather indicated the end of the assignment. The last word was hardly uttered when the
results were already printed on a sheet.

Another recognition device has been developed at the Institute of Cybernetics of the
Ukrainian SSR Academy of Sciences. This computer “knows" dozens of words: by combin-
ing them it is possible to issue hundreds of different commands. The computer can execute
commands given by any voice or, if necessary, will listen only to the voice of its “proprietor.”
This means that the computer will listen only to the person delegated to control the specific
process or machine.

A device with a very fine musical ear was developed at the Bonch-Bruevich Elec-
trotechnical Institute of Communications in Leningrad. It is called an “electronic ear,” and
can be used for evaluating the sound quality of musical instruments. For example, the
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Translation of the concluding paragraphs of the artic . “Zakodirovannyj zvuk” (“Coded Sound”), in the journal
Scientific-Technical Societies of the USSR (NTO SSSR). No. 7, 1970, p. 20; translated from the Rusuan by Irene
Agnew.
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This is a prolonged process; positive results will be slow in coming because a whole
series of measures must be taken. For example, prior to computer processing of reports on
the fulfillment of output norms at the enterprises of the USSR Ministry of the Aviation
Industry, special instructions were prepared and plant reports were compiled according to
these instructions. Nevertheless. after checking the information, the Ministry's labor ad-
ministration was forced to send special letters to the majority of enterprises describing the
specific errors made in the reports.

Common Language

In the USSR, management automation started in the enterprises. Today, it widely
encompasses branch staffs, and there is strong evidence that in the future an automated
system for controlling the entire national economy will be operating. But to function effi-
ciently, its individual parts, such as the ministerial systems, must be completely coordinated
with each other and must *'speak the same language.” Provisions for this must be made even
now, in the first stages of the development of branch automated control systems, since it will
be very difficult and costly to change anything in the systems after they are perfected.

It would seem that this idea does not require explanations or proof. Nevertheless, all
ministries are developing their own automated control system designs, which are different
from each other according to a number of parameters. For example, the USSR Ministry of
Instrument Construction, Means of Automation, and Control Systems is mainly using the
Minsk-22 computer; the USSR Ministry of the Radio Industry is using the Minsk-32 com-
puter. The methods for writing programs for these computers in the majority of cases are
different. Thus, the conclusion: Ministries must be supplied with identical computers. How-
ever, this is just one of the conclusions that can be made from examining the problem of
unification of branch systems.

Who then should solve all these problems? It seems most necessary to establish a
single interbranch organization and scientific-research center for coordinating ministerial
automated control systems. A “mini” version of such a center has already been established
as a department of USSR Gosplan, but because of the limited authority that has been
delegated to it and the narrow range of its activity, the center cannot cope with the total
problem—a problem that remains unsolved,

Commentary

Since we are unfamiliar with either of the authors of this article, it is not clear whether
they approach their problem with naivete or with the knowledge that somewhere there exists
a force to require a common approach by Government ministries to the design and specifica-
tions of management control systems. The problem is very real, but the lack of commonality
in the systems of the different ministries is hardly accidental.

When the State Network of Computer Centers was first proposed, the various minis-
tries immediately rushed ahead with implementation of their own, local systems. This was
their reaction to the needs for such systems coupled with their extreme reluctance to have
someone else assume responsibility for them. The ministries feel their prerogatives are seri-
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Adjusted quarterly and monthly schedules will serve as the basis for developing opera-
tonal-production documentation for organizing construction. This documentation will in-
clude hourly installation-transport schedules; daily schedules; supplies required for special
projects: delivery schedules for mixes, concrete, and asphalt; and optimal plans for earth
moving. Later, this documentation will be delivered to the executors—i.e., to the trusts and
administrations, to construction sites and projects, to enterprises and supply bases.

According to our calculations, the development of the automated system for planning
and management of construction will require 10 miltion rubles. However, these expenditures
will soon pay for themselves. As a result of optimization of production processes, the
automated system will make it possible to decrease production costs by 2.6-4%, and will
result in 38-40 million rubles annual savings.

A significant portion of the computing and communications hardware has already
been assembled. Central dispatcher control consoles serving all subdivisions have been in-
stalled. Algorithms and programs have been developed for solving several problems, includ-
ing the execution of installation-transport schedules, hourly delivery schedules for mixes, etc.

Plants of the USSR Ministry of the Radio Industry have started to produce and deliver
instruments for the collection and transmission of information.

A significant volume of work related to the development of norms, data bases, al-
gorithms, and programs is yet to be completed, and the interaction of dispatcher services
must be organized. A number of scientific research and design projects, particularly for
developing a large-capacity memory for storing standard information, must be undertaken
in the further devclopment of the system.

By introducing the automated system for managing construction in Moscow, it will be
possible to assemble prefabricated elements and building sections directly from transport
facilities.

GDR Cooperation

A scientific and technical cooperation agreement has been established with the Ger-
man Democratic Republic in the area of improving management of the construction process.
In the course of the three-year collaboration, there has been an active exchange of scientific-
technical information, algorithms, and programs.

The first sequence of the automated control system for managing construction will be
put into operation at the end of 1970,
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How Do You Hear Me, Computer?

Galina Shpak
APN Staff’ Writer

A switch was flicked, and a voice resounded in the silent room. “Attention, this is the
tomputer speaking. Listen to an excerpt from Alexander Korneichuk's play “The Front.

After completing the dialoguc, the computer issucd a number of difficult sound combi-
nations and then Sang a popular Russian song.

This performance by an electronic computer took place in the conference room of the
Institute of Mathematics of the Siberian Department of the USSR Academy of Sciences [in
Novosibirsk]. Enhancing the “intellect” of a computer is a thrilling problem, the concern of
many research centers throughout the world. The problems interest mathematicians, physi-
cists, psychologists, linguists, and physiologists. For 25 years the computer has been a blind,
deafl, and dumb instrument performing nothing but mathematical operations. Today, with
numerous ultra-high-speed computers in operation, the machine must be able to speak.

This requirement has given rise to a new study in the field of cybernetics—automatic
pattern recognition, A number of research institutions in the Soviet Union have been working
in this area for several years. At the Siberian Department’s Institute of Mathematics, it is
the laboratory headed by Nikolaj Zagorujko, Doctor of Technical Sciences.

Specialists attempt to teach the computer to draw logical conclusions and to answer
Questions without access to answers prepared in advance—i.e., they want 1o imbue it with
some elements of intellectual behavior. Computers must be able to perform the functions of
a machine operator, a bibliographer, or a translator; to store and output information on
Tequest; to control intricate production processes. In many of these applications, the impor-

tant thing is not to push control buttons, but to issue oral commands to the computer or to
ask it questions.
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Edited version of the article by the same title in the English-language publication Science and Engineering, the
Novosti Press Agency (APN) newsletter, No. 37, Sept. 25, 1970.
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200 Words

The Institute of Mathematics is concerned with machine speech in its various aspects.
These include, what was said, who said it, and in what emotional state was it said. What is
said involves the identification of a limited set of words. What size vocabulary must the
computer possess to be able to understand a person and answer him? As an example, in order
to solve an applied problem for the Murmansk fishing port, the Siberian mathematicians
decided that 200 words would suffice. In fact, a vocabulary of this size is sufficient to input
any mathematical problem to a computer.

However, successful use of a system of this type depends also in large measure on who
speaks the words. A computer may have a small vocabulary and be able to understand any
speaker, or it may know a great many words but only be able to identify them when spoken
by a particular person. The machine at Novosibirsk knows 200 words. The answers it gives
are correct 96% of the time. But it functions under one condition: it needs rehearsing and
tuning to the voice of the speaker. The scientists are now working on methods of teaching
the computer to adapt to any accent or voice pitch. And unlike the robots of science-fiction,
the Siberians consider that a machine can speak with feeling and intonation.

Dr. Zagorujko performed some interesting experiments while on a scientific visit to
the Royal Technological Institute in Stockholm. He input to the computer’s memory charac-
teristics of Russian sounds. He then checked the quality of the machine’s pronunciation on
the phrase, “Sasha has come back.” At first the machine’s responses seemed to simply copy
the input phrase. But then it asked, “Has Sasha come back?”

It responded with a question. And afterwards, whenever his colleagues at the Labora-
tory greet Zagorujko, they do so by asking, “Has Sasha come back?”

A different method in the attempts to make the machine a true companion for man
is to teach it to distinguish not words, but various sound patterns—phonemes. There are not
many of them—40 or 50 in the Russian language. But they are highly unstable, and this leads
to another problem: teaching the machine to recognize boundaries between sounds and words
and to apply correct stress where needed.

The problem of automatic pattern recognition is infinitely broad. Those studying its
various aspects pursue both applied and purely scientific goals. Nikolai Zagorujko comments,
“Language is the bearer of the meaning of all information. By analyzing its structure, we can
also fully understand the structure of the brain. We consider language to be the key to the
brain. True, the linguists hold a different view. Language is so complex, they say, that it
would probably be better to study the brain first. It is an extremely difficult problem, the
solution to which must be on a multidisciplinary basis. A study of speech as the form in which
language is manifested opens great opportunitics. This is where physical, psychic, and physio-
logical procedures come together. The problem is interesting also because it includes the
mysteries of other auditory signals. That is why we do not give up on the idea of studying
the “language’ of fish, dolphins, and even mechanical devices.”

One cannot help but think that someday, in answer to the question, “How do you hear
me, Computer?” the machine will answer sarcastically, “And how to YOU hear me?”
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CONFERENCES

Fifth Congress of the International Federation on Infor-
mation Processing, Ljubljana, Yugoslavia, August 23-28,
1971.

The basic purposes of the congress are to facilitate the
exchange of information on achievements and problems
and to stimulate research in areas encompassed by IFIP.
In accordance with a practice established for IFIP con-
gresses, the program will include two types of papers:
invited papers, intended as one-hour surveys of broad
areas followed by half-hour discussions of recent achieve-
ments in areas of special interest; and submitted papers,
comprising the main part of the program and dealing with
original works or new results in information processing.

To facilitate the presentation of papers, the Program
Committee has divided the subject into seven main areas
with a list of themes for each. It is desireable that submit-
ted papers deal with those themes or related themes within
IFIP’s sphere of interest. The seven main areas are as
follows:

Computational Mathematics

Mathematical Principles of Information Processing

Computer Software

Computer and Computer System Hardware

Management and Administrative Systems

Technological Applications of Computers

Natural and Humanitarian Sciences

The Program Committee Chairman is V. M. Glush-
kov, Institute of Cybernetics, Kiev.

IFIP 71 will be held on the grounds of the Ljubljana
Fair. Computers from various countries, peripheral units,
and other equipment will be on display. A demonstration
of computer-generated graphics and of machine-produced
music are planned. (Zhurnal vychislitel'noj matematiki i
matematicheskoj fiziki, No. 2, 1970, pp. 541-543.)

All-Union Conference on Philosophical Problems and
Prospects of Cybernetics, Moscow, October 1970.

The conference was organized by the Scientific Coun-
cils on the Complex Problem of Cybernetics and on Philo-
sophical Problems of Modern Science, and the Institute of
Philosophy of the USSR Academny of Sciences. Scientists
form Moscow, Leningrad, Minsk, Novosibirsk, Kazan
and other cities participated.

Academician A. I. Berg, who spoke at the opening
session of the conference, analyzed the current status of
cybernetics research in the USSR and emphasized that
cybernetics is becoming a powerful accelerator of scien-
tific-technical progress.

Of great interest was the report on biocybernetics pre-
sented by Academician V. V. Parin and E. S. Geller,
Candidate of Philosophical Sciences. This new science
utilizes the methods and means of cybernetics in solving
the mysteries of animate nature. The results obtained are
used for the solution of technical problems. Soviet engi-
neers have designed machines to simulate the movements
of a whale and a penguin, space orientation instruments,
and systems for collecting and processing information
based on brain functions. (Pravda, October 6, 1970, p. 3.)

All-Union Scientific-Methodological Conference on
Teaching the Subjects of Computers and Mechanized
Processing of Econemic Information, Moscow, Novem-
ber 1970.

The conference was organized by the USSR Ministry
of Higher and Secondary Specialized Education for
professors and teachers in higher educational institutions
who are conducting original scientific-methodological re-
search and have specific information on the subject of the
conference. High-interest reports were selected for presen-
tation at the conference, and curricula of courses on com-
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scientific and technical forecasting. The materials of the
symposium indicated that Soviet scientists are expanding
the theoretical bases of forecasting and using mathemati-
cal modeling, computers, and advanced software in the
preparation of forecasts. The Mining Institute of the
Stberian Department of the USSR Academy of Sciences,
the Computer Center of Ukrainian Gosplan, the State
Committee on Science and Technology of the USSR
Council of Ministers and other organizations reported on
specific research in the area of torecasting.

Seminar on the Problems of Electronics, Herzeg Novy,
Yugoslavia, June 1970,

The Seminar on Problems of Electronics was held in
Herzeg Novy, Yugoslavia, in June. Specialists from a
number of countries participated, including the Soviet Un-
ion. They exchanged experience in the development and
application of electronics and automation. (Sotsialistiches-
kya industriya, June 24, 1970, p. 4.)

International Symposium on Theoretical Principles of
Information, Moscow {1970].

The recent symposium was attended by some 300 spe-
cialists from Bulgaria, Hungary, East Germany, Poland,
Rumania, the USSR, Czechoslovakia, and Yugoslavia, as
well as representatives from CEMA and the International
Center of Scientific and Technical Information.

The purpose of the symposium was to pool research
results on theoretical principles of information, as ob-
tained i CEMA countries, and to elucidate the most
promising trends for research in this field. Semantic stud-
ies are an important trend in the elaboration of the
theoretical principals of information. Extensive applica-
tion of logical and linguistic semantics to the analysis of
specitic features of natural and artificial information lan-
guages is quite promising. A number of papers presented
a comparative analysis of applied information-retrieval
languages and methods for compiling reference dictionar-
ies witich have been developed rezently in CEMA coun-
tries.

Many reports were devoted to the development of
mathematical and cybernetic models of information sys-
tems used in the transmission and analytical-synthetic
transformation of scientific information.
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The further application of methods from such allied
ficlds as psychology and sociology is quite promising, too.
A number of reports examined initial results obtained
using these methods. (Science and Engineering, APN
Newsletter, Novosti Press Agency, No. 34, September 4,
1970, p. 4)

Symposium on Physico-Chemical Methods in Microelec-
tronics, Novosibirsk, November 11-13, 1969,

The more than 200 specialists attending the sym-
posium heard some 150 papers dealing with synthesizing
and analyzing inorganic materials, as well as standardiz-
ing methods for physico-chemical control of impurities in
integrated cireuity. These control methods would be suita-
ble for mass analysis of microelectronic element reliability
and instability. There was wide discussion of experimental
and theoretical results in the development of various
methods of controlling inorganic materials and microelec-
tronic elements (contactless measurement of electrophysi-
cal parameters). Methods of micro-X-ray spectral, elec-
tronographic, electron microscopic, X-ray, spectropho-
tometric, luminescent, and photoelectrical analyses, and
methods of internal friction, ellipsometry, as well as
analytical chemical control (amalgam polarography with
accumulation,  mass-spectrometry, radioautography,
amalgam chronotensiometry with accumulation, extrac-
tion chromatography, etc.) were examined. (Vestnik Ak-
demii nauk SSSR, No. 3, 1970, pp. 116-117.)

All-Union Conference on Defects in the Structure of
Semiconductors, Novosibirsk, September 29-October 4,
1969.

The conference was organized by the Institute of Semi-
conductor Physics of the Siberian Department and the
Scientific Council on the Complex Problem of Solid State
Physics of the USSR Academy of Sciences. This was the
first such conference on lattice defects in semiconductors
to be held in the Soviet Union, and was attended by over
150 scientific and engineering-technical workers from 19
Soviet cities.

The following main themes were discussed: lattice de-
fects in thin films of semiconductors, diffractional meth-
ods of investigating defects in semiconductors, acoustical
properties of semiconductors with defects, radiation de-



fects, dislocations in semiconductors, impurities and ther-
mal defects, and electrophysical properties of semiconduc-
tors with defects,

In evaluating the work of the conference as a whole, it
can be said that it facilitated the coordination of Soviet
research and permitted the determination of two main
directions for future work: (1) a search for ways to elimi-
nate the harmful influence of defects on the properties of
semiconducting crystals, and (2) a study of the possibili-
ties of using individual defects or ensembles of them for
purposeful change of semiconductor properties in a broad
class of materials. (Vestnik Akademii nauk SSSR, No. 3,
1970, pp. 106-108.)

All-Union Conference on Problems of Technical Diagno-
sis, Moscow, October 20-23, 1969.

The conference was organized by the Scientific Coun-
cil for the Complex Problem of Cybernetics of the USSR
Academy of Sciences, and by the Institute of Automation
and Remote Control. More than 100 papers and presenta-
tions were heard by 550 representatives from 214 scientific
research, planning, and industrial institutions, as well as
higher educational institutions.

The foundation of technical diagnosis as a scientific
discipline began over ten years ago. Its basic task is the
efficient organization of processes in the inspection and
reconstruction of the technical state of complex objects,
installations, and systems under production, operation,
storage, and back-up conditions. The conference operated
in three sections: “Analysis of objects of diagnosis and
optimization of diagnostic procedures,” *“Diagnosis of the
state of discrete objects,” and *“Technical means of control
and diagnosis of defects.”

The reports and discussions testified tr the fact that a
large number of investigators and engineers in many scien-
tific institutes, higher educational institutions, and enter-
prises are working in the area of technical diagnosis. Re-
cently, individual questions in the construction of math-
ematical meodels of objects of control have been studied,
methods have been worked out for the construction of
programs of inspection for various classes of objects (espe-
cially for combined discrete and continuous dynamic in-
stallations), and methods for optimizing processes of in-
spection programs taking into consideration the probabili-
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ties of the states of the objects of control and the costs of
individual inspections have been proposed. Research is
being conducted to estimate the efficiency of technical
diagnostic systems and to analyze human activity in those
systems, and research related to the design of hardware for
inspecting objects of control is being intensified.

However, work on technical diagnosis is being done
disparately and communication among various organiza-
tions is poor. Only a few of the methods developed have
been brought to practical introduction. The theoretical
and practical problems of diagnosis for discrete installa-
tions with memory are being solved slowly, holding back
the effective solution of problems in the inspection of such
complex objects of control as computers and control ma-
chines. Little research is being devoted to the diagnosis of
the technical state of mechanical installations and sys-
tems.

The resolution adopted by the conference pointed out
problems that deserve special attention. They include the
search for, creation of, and application of new mathemati-
cal models of objects of control which are effective both
from the point of view of the solution of large-scale diag-
nostic problems and of the formal description of complex
(including continuous) dynamic systems. It is also neces-
sary to develop theory and methods of investigating the
optimum design of control systems containing as subsys-
tems diagnostic control and inspection systems, methods
of estimating the degree of efficiency of technical diagnos-
tic systems, and effective methods of writing verification
programs for discrete devices with memory.

An extremely important task is the creation of new
and the development of existing methods of checking the
efficiency of and localizing defects in objects controlled by
an interchangeable program, including computing and
control machines. New methods of solving problems of
discrete optimization are needed, primarily problems of
constructing optimal and optimized inspection programs
for objects of control.

Of great significance are the automation of the pro-
cesses of constructing programs for the inspection of con-
trol objects, the search for new ideas and principles of
designing built-in and external hardware for inspecting
complex objects, and principles of constructing combined
systems for monitoring data processing equipment based



on optimal combination of programmed and hardware
diagnostic means. Among the paramount tasks cited were
problems of forecasting the technical state of complex
objects of control, as well as the development and practical
introduction of methods of designing objects of control
taking into account the specitications of the efficiency in
organizing their inspection in production, operation, and
storage conditions. (Vestnik Akademii nauk SSSR, No. 3,
1970, pp. 108-109.)

Mathematical Economic Methods of Regional Forecast-
ing and M« deling of Territorial Economic Systems, Uzh-
gorod, late 1968,

The conference was organized by the Scientific Coun-
¢il on Cybernetics of the USSR Academy of Sciences, the
Central Economic Mathematics Institute of the USSR
Academy of Sciences, the Computer Center of Ukrainian
SSR Gosplan, the Institute of Cybernetics of the Uk-
rainian SSR Academy of Sciences, the Institute of Eco-
nomics and the Organization of Industrial Production of
the Siberian Department of the USSR Academy of
Sciences, Uzhgorod State University, Ivano-Frankovsk
State Pedagogical Institute, the Bureau of the Coordina-
tion Council on Population of the Scientific and Technical
Council of the Ukrainian SSR Ministry of Higher and
Secondary Special Education.

Academician N. P. Fedorenko, Director of the Central
Economic Mathematics Institute, opened the conference,
dealing in detail with questions of the optimal functioning
of cconomics. Deputy Director on Science of the Com-

puter Center of Ukrainian SSR Gosplan, Candidate of
Geographical Sciences, M. L. Polonskij, presented the
basic methodological principles of designing territorial au-
tomated systems.

At the conference's plenary sessions and in its ten sec-
tions, some 200 papers and reports were presented dealing
with methodological problems of modeling and designing
territorial automated planning systems, the mathematical
theory of economic models and numerical optimization
methods, probability-statistical systems and methods,
models tor forecasting the development of cities, as well
as the optimal distribution of various branches of the na-
tional economy. The present source dwells on the work of
Section VI, “Territorial Demographic Forecasting Mod-
els and Analysis of the Distribution of Population and
Labor Resources” (V. V. Onikienko, Candidate of Geo-
graphical Sciences, Chairman).

Many papers noted the necessity for the further intro-
duction of mathematical methods and computer tech-
nology in the analysis of population problems and the
improvement of existing models and systems for forecast-
ing quantitative and qualitative indexes of population and
labor resource productivity. In order to increase the sig-
nificance of demographic research, the participants of the
section emphasized the necessity of expanding the training
of demographic specialists in the country’s higher educa-
tional institutions, the publication of a journal, and the
expansion and improvement of primary information on
the given question. (Vestnik statistiki, No. 5, 1969, pp.
83-84.)

Computer Center for Kazakh SSR

A nine-story building has been built in the center of Alma-Ata to house the Computer
Center of the Statistical Administration of Kazakhstan. Several computers will occupy
the lower floors, and engineering and technical services will be located on the upper

floors.
(Sors. ind.. Sept. 26, 1970, p. 4, EVM --novosely)



NEW BOOKS

Source Language for the SIRIUS Automatic Program-

ming System

. R. Aksel'rod, L. F. Belous, Vkhodnoj yazpk sistemy
avtomaticheskogo programmirovaniya SIRIUS, Khar-

kov University Publishing House, Kharkov, 1969, 68

PP

The book describes the source language of the SIRIUS
automatic programming system developed by the authors
at the Computer Center of Kharkov State University. The
system is used to solve problems that include a wide range
of analytical operations and problems of numerical analy-
sis. In describing matheniatical problems in languages
which allow the assignment of alphbetical-analytical
transformations, fundamentally new possibilities for the
solution of these problems become apparent. These are
related to the introduction of analytical operators—for-
mal differentiation and integration, operators for the in-
troduction of similar terms, simplification of analytical
expressions, removal of parentheses, series expansion, re-
placement of variables, substitution of expressions, ec.

The SIRIUS system, in contrast to ALGOL-type lan-
guages, allows the description and solution of problems by
methods in which a practical compromise can be achieved
between analytical and numerical systems for solution us-
ing computers.

On the other hand, with the development and wide-
scale utilization of these languages, analytical approxima-
tion methods for the solution of problems using computers
will undoubtedly develop, just as the development of com-
puters has led to the development of numerical methods
for computerized problem solution.

Fundamentally new problems arise in the application
of these languages with advanced computers. Due to their
limitations, the algorithms developed for execution of
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analytical transformations cannot be used with all al-
phabetical-analytical expressions permissible in the lan-
guage, but only with a few of these expressions. For exam-
ple, there is no integration algorithm in an analytical form
that is applicable to any integrand function. The same, but
toastill greater degree, applies to the operators max, min,
lim, etc. Difficulties of this type are characteristic of the
ordinary formula language of mathematics. Thus, it is
necessary to introduce symbols in the language that signal
the effectiveness of the execution of analytical actions as
applied to specific objects, ard to examine the computers
as partners with whom it is possible to conduct a dialogue.
The man/machine dialogue consists of questions com-
piled by the computer, or the results of the execution of
individual instructions by the computer, and human com-
mands. Human commands are provided for in the source
language of the SIRIUS automatic programming system,
which is essentially a system of dialogue programming.

The characteristic feature of the language is that a
program solution program written in this language con-
tains two types of information--non-algorithmic (initial)
information, and algorithmic information, which are dis-
tinctly separated from each other. Under the first type of
information is understood the set of formulas, equations,
and expressions written according to the rules of the gen-
erally established linear notation, descriptions, and some
special objects. The second tvpe of information, used
strictly for the problem solution algorithm, consists of
sequential instructions made up of Russian imperative
phrases which begin with a verb in the imperative mood
(with some natural exceptions).

Instructions written in the SIRIUS source language
are not a fixed set of various macrocommands, each ex-
ecuting a narrow and completely fixed purpose. So-called




standard instructions, which comprise the basic portion of
instructions written in this language, are constructed ac-
cording to a uniform principle. The rules for their compi-
lation are, when possible, selected in such a manner that
instructions which have no meaning in the Russian lan-
guage are not acceptable in the SIRIUS system.

This description of the SIRIUS language system is a
preliminary report and the system itself is of an experi-
mental nature.

The syntax of the language is described by means of
the Backus metalinguistic language, used in the report on
the ALGOL-60 language.

The metavariables were selected in such a way that
they approximately reflect their semantic meaning. Many
metaformulas, for the purpose of convenience, are re-
peated several times.

The first part of the book gives a general idea about the
language and its capabilities by means of program exam-
ples. The second part of the book contains the formal
description of the language.

An Analysis of Time-Shared Computer Systems

A. L. Scherr, Analiz vychislitelynkh system s razdeleniem
vremeni, Mir, Moscow, 1970, 135 pp., translated from
the English by E. S. Kovalev and V. L. Rybachenkov;
edited by A. N. Myamlin and V. K. Smirnov.

The book examines a model of the user, characteristics
of the hardware and solfware of time-sharing computer
systems, program modeling of a service system, modeling
of the operation of magnetic disc and drum memories, and
an analytical model for multiprocessor systems. An ap-
pendix includes brief characteristics of a time-sharing sys-
tem developed at the Massachusetts Institute of Tech-
nology and a general description of the principles of its
operation.

The introduction to the Russian translation states that
in spite of its small size, the book contains much useful
material. The inclusion of the appendix makes it possible
to understand a number of problems discussed in the
book. The information on hardware and software portions
of time-sharing systems, and algorithms for the individual
components of the modeling program inciease the value
of the book. Scherr's work concerning vital problems of
computer technology—e.g., the development of quantita-
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tive methods for the analysis of complex computer sys-
tems—will be of interest to specialists in computer tech-
nology and students specializing in the development and
application of computers.

Computer Systems, No. 34

E. V. Evreinov and Ya. 1. Fet (eds.), Vychislitel'nye
sistmy, vyp. 34, Nauka, Siberian Department, Novosi-
birsk, 1969, 150 pp.

This collection, prepared by the Siberian Department
of the Institute of Mathematics of the USSR Academy of
Sciences, includes articles on the development of algorith-
mic methods for designing computers and computer sys-
tems.

The book contains the following articles:

S. V. Piskunov, S. N. Sergeev, and B. A. Sidristyj, A Lan-
guage for Describing Algorithms of Computer Operation

B. A. Sidristyj, An Equivalent Transition from the De-
scription of Computers in the F-Language to a Micropro-
gramming Description

I. V. llovajskij, Construction of a Computer Functional
Circuit by Description of its Operational Process

V. A. Tyurenkov, Some Algorithms for the Construction
of a Shortest Circuit

M. 1. Kratku, The Degree of an Information Graph

V. G. Khoroshevskij, Tenacious Homogeneous General-
Purpose Computer Systems

E. G. Khoroshevskaya, Evaluation of Nonstationary Reli-
ability and and Reducibility Functions of General-Purpose,
Homogeneous Computer Systems

A. G. Shigin, Some Problems of Program Modeling in De-
signing Computers

1. 1. Dzegelenok and A. G. Shigin, Generation of a Fore-
casting Filter on a Programmed Maodel of a Computer

[. [. Dzegelenok, V. Kubera, V. G. Popov, A. L. Syrkin,
and A. G. Shigin, Experiments with the “Konsilium” [Con-
sultation] Heuristic Program for A-Automata

1. I. Dzegelenok and A. G. Shigin, Behavior of an A-

Automata in a Nonstationary Discrete Medium

The book will be of interest to specialists involved in
computer design, program modeling, and theory of com-
puter systems.



Computer Systems. No. 37.

N. G. Zagorujko (ed.), VychisliteI'nye sistemy, vyp. 37,
Siberian Department, USSR Academy of Sciences, In-
stitute of Mathematics, Novosibirsk, 1969, 76 pp.

This collection of articles describes various aspects of
the problem of automatic pattern recognition, particularly
problems of the theory of pattern recognition and methods
for analysis of complex recognition systems.

A recognition algorithm based on dynamic symbols
and an algorithm based on utilization of a redundant sig-
nal for increasing recognition reliability are presented.

The collection includes the following articles:

B. P. Gavrilko, N. G. Zagorujko, and K. F. Samokhvalov,
Refinement of the Simplicity Hypothesis

N. G. Zagorujko, Comparison of Resolution Functions
According to Power and Expenditures

G. Ya. Voloshin, Resolution Rules in Hierarchical Recog-
nition Automata

V. S. Lozovskij, Approximation of the Response of a Sys-
tem in the Z-Plane and a Format Analysis of Speech

N. G. Zagorujko and K. F. Samokhvalov, Recognition of
Situations According to Dynamic Characteristics (the
“DIP" algorithm)

G. Ya. Voloshin, 1. V. Bakhmutova, and A. A. Proko-
penko, A Network Algorithm for Recognition of Pho-
nemes According to Segment Sequentialness

V. N. Elkina, L. S. Yudina, and A. G. Khajretdinova, Sta-
tistics of Two- and Three-Phoneme Combinations in Rus-
sian Speech

V. M. Velichko and N. G. Zagorujko, Automatic Recogni-
tion of 200 Vocal Commands
This book should be of interest to specialists working

on the development and application of recognition meth-
ods.

Devices for Storing Discrete Information

L. P. Krajzmer, Ustrojstva khraneniya diskretnoj infor-
matsif, 2nd ed., rev. & enl., Energiya, Leningrad, 1969,
312 pp.

This is a completely revised edition of a book origi-
nally published in 1961. In this edition, the author concen-
trates on newly developed storage media—magnetic film,
cryogenic and optoelectronic elements, ferrite-core stor-
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age devices, etc., and almost completely eliminates ele-
mentary explanations related to circuitry which have al-
ready been described in detail in many other books. Three
new chapters devoted to problems common to all storage
devices, a separate chapter devoted to permanent storage
devices, and three chapters devoted to new long-range
trends in information storage techniques have been added
in the new edition.

The book is of interest to engineering technical work-
ers involved in computer technology, avtomation, and
related areas, and students of electrical engineering higher
educational institutions specializing in these areas.

Cybernetics and Problems of Teaching

A. 1. Berg (ed.), Kibernetika i problemy obucheniya, Pro-
gress Publishing House, Moscow, 1970, 387 pp.

This is a collection of translations on the application of
cybernetic methods in teaching, with an introduction by
Academician A. I. Berg who also edited ths book. Berg
states that this collection of articles on foreign studies of
the problem of improving teaching methods and using
advanced computer devices for this purpose contains a
number of valuable ideas, concrete methods, and experi-
mental data.

Berg's introduction is followed by an introductory ar-
ticle by A. N. Zakharov and A. M. Malyushkin in which
they discuss programmed instruction in general and
briefly examine the translated works. They state that in
publishing the foreign studies, they fully realize the limits
of applying programmed instruction and hardware for
regulating teaching and upbringing in general. The ap-
plication of programmed instruction is especially limited
in the solution of complex problems of ideology and per-
sonal development.

The book contains the following translations:

G. Pask, Teaching as a Control-Engineering Process
A. Hormann, Gaku: An Artificial Student

H. Sydow, Search for a Structural and Metric Description
of Problem Situation States in the Process of Solution
(Translation from the German)

N. Prywes, Man-Computer Problem Solving with Multil-
ist



J. E. Coulson, Computer in Research and Development on T. Birkin, Human Information Processing and the Struc-

Automated Instruction turing of Teaching Materials

W. R. Uttal, Computer Machines: Real Time Simulation of J. A.Swets, J. R. Harris, L. S. McElroy, and H. S. Rudloe,
the Tutorial Dialogue Computer-Aided Instruction in Perceptual Identification
E. A. Peel, Programmed Thinking W. Feurzeig, Computer and Automation

D. Tollingerova, Programming and Control of Instruction Elisabeth Barraclough, The Application of a Digital Com-
(Translation from the German) puter to the Construction of Timetables

E. Stons, Strategies and Tactics in Programmed Instruc- James Hartley, Some Guides for Evaluating Programmes
tion

P. Hodge, A Proposed Model for Investigating the Instruc-
tional Process: The Relationship between Learning Theory
and Educational Practice

1970 State Prizes in Cybernetics

Winners of State Prizes for 1970 include the following in the cybernetics field.

For development of the Minsk second-generation family of general-purpose computers
and mastery of their serial production: Chief Engineers Viktor Vladimirovich
Przhiyalkovskij, Igor® Kirillovich Rostovtsev, and Mikhail Emel'yanovich Ekel’chik;
Georgij Pavlovich Lopato, Candidate of Technical Sciences, Director; Yurij Vladimiro-
vich Karpilovich, Chief Technologist; Yurij Grigor'evich Bostandzhyan, Guiding En-
gineer; Gennadij Dmitrievich Smirnov, Deputy Chief Engincer; Leonid Ivanovich
Shunyakov, Deputy Shop Head; Nikolaj Anatol'evich Mal'tsev, Section Head; Gen-
nadij Konstantinovich Stolyarov, Laboratory Head of the Institute of Mathematics of
the Belorussian Academy of Sciences. [All but Stolyarov are with enterprises of the
USSR Ministry of the Radio Industry.]

For development and industrial mastery of the first comprehensively automated shop
for continuous pouring of ingots from oxygen-free copper in the metallurgical industry,
guaranteeing a sharp increase in the output of high-quality cable: Nikolaj Paviovich
Kabanov, Head of the Main Administration of the RSFSR Ministry of the Construc-
tion Materials Industry; Vitalij Sergeevich Shchukin, Director of the Gor'kij Glass
Works, Borskoe; Georgij Aleksandrovich Babinov, Nikolaj Mineevich Bystrov, rolling
machnists of the Gor'kij Glass Works; Pavel Ivanovich Moryashov, Head of the Main
Administration of the USSR Ministry of Construction; Boris Grigor'evich Kart, Ad-
ministration First Deputy Head; Vladimir Vladimircvich Erekhinskom, Administra-
tion Deputy Head: Vadim Aleksandrovich Odintsov, Administration Chief Technolo-
gist; Valentin Alekseevich Drozdov, Candidate of Technical Sciences, Laboratory
Manager of the Central Scientific Research and Experimental Design Institute of
Industrial Buildings and Installations; Ivan Nikolaevich Dmitriev, former Manager of

the Dzerzhinskij Trust No. 4.

Sotswalisticheskaya industria. November 7, 1970, pp. 3-4, O prisuzhdenn Gosudarstvennykh premij SSSR
1970 goda v oblast nauki 1 tekhmki)
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Brief Items, continued ...

He stated that Soviet scientists are just as qualified as
American specialists, but that the work of scientific insti-
tutions can be significantly improved by increasing instru-
ment construction. USSR Gosplan, together with the
State Committee on Science and Technology of the USSR
Academy of Sciences and the Ministry of Instrument Con-
struction, Means of Automation, and Control Systems, is
currently devising ways for accelerating instrument con-

struction in the USSR.

(From the article “Dudushchee rozhdaetsya segodnya,” the journal
Nauchno-tekhnicheskie obshchestva SSSR, No. 6, 1970, p. L)

Ministry Expands Computer Use

The Ministry of the Machine-Building and Instrument
Industry has examined the progress of the introduction of
computers. The results indicate that computer hardware
and econometric methods provide great possibilities for
the mechanization and automation of engineering and
managerial operations and for increasing the level of plan-
ning and control at the Ministry's enterprises.

The Ministry has found it necessary to expand the
range of problems being solved by its Information-Com-
puter Center, improve the quality of processing of produc-
tion-economic information of enterprises, distribute sub-
systems for collection, processing, and output of opera-
tional information to all enterprises, expand the number
of obtained and processed production-economic indexes,
and develop the software required for the execution of the
economic-analytical projects of all basic subdivisions of
the Ministry.

It has been decided to establish in the next few years
a series of information-computer centers, to introduce au-
tomated control systems at a number of large plants, and
to organize multi-user computer centers in a number of
cities.

(From the article 'V Ministerstve stankostroitel’noj i instrumental'noj
promyshlennosti,” in the journal Vestnik mashinostroeniya, No. 6, 1970,
p- 82))
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Airline Mechanization Falters

Mechanized methods of accounting, based on punch-
card equipment and keyboard computers, have been used
by the mechanized accounting stations and bureaus of the
USSR Civil Aviation Administration for more than five
years. Most mechanization of accounting and planning
projects has been developed by the staff of the Scientific
Research Laboratory of the Economics, Organization,
and Planning of Civil Aviation of the USSR Higher Avia-
tion School. Since 1965, when the Laboratory was estab-
lished, 18 projects for mechanized accounting and plan-
ning for various production and maintenance enterprises
have been developed, including seven projects based on
runcheard equipment and 11 based on the keyboard de-
vices of the Askota-170 system.

Hoewever, the process of mechanized processing of ini-
tial ¢:onomic and accounting documentation in Civil
Aviation is still inadequate. In a number of enterprises, the
introduction of mechanization has been unsatisfactory.
Some enterprises are not equipped with even the simplest
mechanization devices. This leads to poor utilization of
expensive computing equipment, inefficient use of service
personnel, and slow improvement of the quality of eco-
nomic information. Since the scientific research and de-
sign organizations of Civil Aviation are now developing
automated control systems, it would be practical to simul-
taneously improve the quality of accounting and planning
mechanization, and use it as a base for subsequent intro-

duction of automated control systems.

(From the article “Mekhanizatsiya uchetno-planovykh rabot,” in the
journal Grazhdanskaya aviatsiya, No. 7, 1970, p. 23.)

In-Flight Reservation System

It is now possible for a passenger in flight to Moscow
to reserve a seat on an airplane leaving Moscow's
Vnukovo airport for the next leg of his trip. The operation
is conducted from aboard 60 aircraft. The airline steward-
ess fills out a special form, the information from the form
is transmitted via a special code to the Central Dispatcher
Service of the Vnukovo Airport and is processed on a



Minsk-23 computer. The computer searches for a seat and
transmits the answer to the point of query. Thus, the
passenger is guaranteed a seat for the next portion of his

journey prior to landing at Moscow.

(From the article *Servis Vnukovskogo aerporta,” in the Journal Grazh-
danskya aviatsiya, No. 7, 1970, p. 28.)

New Mathematics Organizations

Significant organizational changes have taken place
within the Ukrainian SSR Academy of Sciences in the area
of mathematics. Mathematics departments have been es-
tablished at the Physicotechnical Institute of Low Tem-
peratures to support research in modern geometry, math-
ematical physics, and functiona! analysis. The Donetsk
Computer Center, noted for its work in differential equa-
tion theory and probability and functions theory, recently
became the Institute of Applied Mathematics and Me-
chanics. Finally, a Mathematics and Mechanics Sector
was formed at the Physicotechnical Institute in Lvov.
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Academician Yu. Mitropol'skij, of the Ukrainian
Academy, urges further reorganization. He calls for total
improvement of existing centers, increased communica-
tion among branch institutes, expanded graduate enroll-
ment in mathematics, and new mathematics departments
in industrial centers, particularly Dnepropetrovs’k and
Odessa.

(From the newspaper Radyanska Ukraina, Aug., 11,1970, p. 2))

Economist Novozhilov Dies

Prof. Viktov V. Novozhilov, an eminent Soviet econo-
mist, died recently at the age of 78. A Lenin Prize laureate,
Novozhilov had been a laboratory chief at the Leningrad
Branch of the USSR Academy of Sciences’ Central Eco-

nomics and Mathematics Institute.
(From [Izvestia, August 21, 1970, p. 4.)
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