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Foreword

I't was the first time the International Sci e
in the For mer Sovi et Uni o n &"editiSrowRs lsted by thea s
Higher School of Economics, Moscawstitute of Electronics and Mathematics. The previous
conferences took place in 2006, 2011, 2014 and 2017, respectively. Technical support was
provided by I EEE Computer Sofmiety.

In 2020, the conference geography included Russia (Moscow, St. Petersbuogibsk,

Kazan, and Yekaterinburg), Austria, Belarus, Belgi@ovakia, Finland,Poland, Hungary, and

the USA. The representatives of academic and sectoral science, education and culture took part
in SoORuCom2020.

For Russia, this conference is a uniguwent where participants present and discuss the results of
their research on the history and prospects of Soviet computer technology and software. The
conference participants proceed from the fact that the emergence of computer industry and
programming & well as of the entire infrastructure of informatics (microelectronics,
communications, and education) was a breakthrough in domestic natural science, the last Big
Project of the late Soviet era. The history of informatics presented at the conference is
personified as it is mainly based on the evidence of the participants of the events.

In addition to the traditional list of speakérdounders of the domestiand foreign computer
industies historians of science tend to participate in increasing numisish indicates a
growing interest in this issue among professional historians. They manage to find and publish
new archival evidence, supplement and develop-kvedlvn research areas.

The purpose of this conference is to strengthen scientific coopetatween Russian and
foreign scientists and technicians, to identify and systematize urgent problems and trends in the
field of communication technologies and computing systems, to create the conditions for
exchanging the results of research projects,atserthe status of research activities, and to
involve young people in science.

Program Committee
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COMPUTER MUSEUM EXPE RTISE FOR A WORLDWID E COOPERATION TO DEV ELOP A
CRITICAL MEMORY FOR THE DIGITAL CULTURE

R ® g i -Readinahd Poswick
Computer Museum NAMP, Namur, Belgium
info@knowhowsphere.net

Abstract i The author is the founder of one of the main computer museums in Europe and has
studied many computer museums or related projects in Europe and Nortlhmerica. This foundation could
become a reference point for the beginning of the concern for preserving the traces of the history of
computing and the beginning of digital culture. The paper offers suggestions in this area and provides an
opportunity to discuss computer museology.

Key wordsi Computer Museumsi Information technology heritage -Critical Memory in the Digital
Culture 7 Worldwide sharing and responsability in the Digital Culture

ESTABLISHMENT OF ACOMPUTERMUSEUM

After more than 40 years worlg at applying computer techniques to handbfigextand documentation
(19682 009 ) , t he team of t he iMai son des Ecritureso
www. ci bmaredsous. be) , of which | 6m on @&stheycodldnetcairnp undi 1
on their activity at medium and long term, they wondered if all traces of their pioneering computer works should be
abandoned and scattered or if a way to preserve the memory of these accomplishments could be found.

After having g¢hered competent advicthe RePPI (Network for the Preservation of Computer Patrimony)
was established in October 2009. It started in Belgium, soon followed by France and Switzerland. There was no real
active computer museum neither in France nor in BelgiHowever, several collectors had, with no institutional
support, gathered items, evidences of the evolution of the digital culture. Only private visits were organized to
discover these carefully kept and maintained treasures.

Our network brought togethdour main collectors in a Collective Institution (2012). They searched a
common way to maintain all traces of the striking evolution of computer techniques in a given geographical area
(Belgium).

At the end of 2012, this initiative was recognised wheorgerence was organized in Paris by the CNAM
which is one of the founders of RePPI. CNAM is a very old technological museum (1789) which was striving to be
the promoter of a French computer museum. As of today this project is still nowhere. Howevirditthecreation
of a series of i me mo i r enwminly doento thereatusidstic darkgoif Isahdlle Astic ¢séeut | o
CNAM site). As Prof. P. MounieKu hn wr ote in fiLe Mondeod: the French ar
it!

To preseve is, above all, to establish a dynamic conservation of items of the past with a solid logistics
(premises, management, financial security, etc.) in order to guarantee a perennial institution. In order to achieve this,
the collectors went two ways:

1) Toseek the support of a financially sound institution with clear secomomic and cultural goals: the
King Baudouin Foundation where a special T Baambokkenmdas cr €
I nformatica i n B e lomswearedortated inwlew af & pe@ninial conserdvdtianc t i

2) To create a Computer Museum (the first in Belgium and Northwest Europe) and tissfimamcial and
cultural viability through the impetus given by the collectors creativity.

This goal was achievethrough an innovative scenography in harmony with the content (items are
presented inside 206 containers whose era of develop
fibatch processingo) and with r aa meeograplicdvisient thaths asa nc i a
professional as possible. Inauguration was held on October 26, 2016, two years after the acquisition of a site not at
all suited for a museum: a sports hall!

WHATE& A MUSEUM?

Beyond a f ew fc a furiositytclesets) evsredbyisomeansgoliile®ters in the previous
centuries, the museum concept appears and grows with the development of the modern city of the industrial
revolution. We have to remember that it often shows the fruit of war chestsnsrdfecolonial pilferage!

The core task of a museum is to preserve traces of human or natural activity and to present it to a given
society in order to promote the development of its cultural intelligence (science, art, pedagogy, etc.).

The museum is andemains a place of intelligent conservation of the past and/or of other realities
inaccessible locally. Then it is also to preserve through communication, the accumulated traces as there is no
intelligent preservation without life. It is therefore essdrtiialet the artifacts express themselves towards the
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following generations in order to show how they made the present and to indicate the direction of the development
of the artifacts created by man.

The importance of such places has been clearly demonhseed by Andr ® Gob (A. Gob
museol ogi e, Hi stoire, d®vel oppement, enjeux actuel s.
Le mus®e demai n, Paris 2015) .

To develop and understand cultural intelligence the museum hasdamb a tool more and more in phase
with the human structure whose intelligence cannot develop correctly without a tangible relation to material
elements that surrounds him or that he has created.

Tourism has evolved (a rather new phenomenon since itdvasoged after paid vacations (1936 in France
and Bel gi um) became available) and scenographers ha
audience with emphasis on the recreational aspect of communication. This way they only keep thécpsdagdg
the museum. Of course they are a logical complement to the dynamics of a museum but cannot supersede the
essential purpose of museums which is to preserve the memory.

WHAT MAKES A COMPUTERMUSEUM SO SPECIFIC

The first and major characteristi¢ @ computer museum is the rather novelty of a technology which has
emerged after World War Il. In this way they are similar to space museums. For this reason they all appear after the
906s when they emerge as memory shrines.

Another characteristic : theseuseums have to present artificial realities linked to the use of electricity (or
magnetism) combined witBooleanalgebra in order to treat information through programmed algorithms in fields
managed until then only through human intelligence (with someehanical extensions for tallying, calculus,
registering, etc.: abacus, typewriter, mechanical computing devices, etc.).

The lightning evolution of numerical technologies has to be presented through artifacts which have been
used for the development ofetbe techniques and the applications that these artifacts have been able to process more
widely, with more reliability and speed than the human mind which has created these algorithms and their technical
supports.

The main challenge in a computer museummake sure it clearly presents the various systemic layers of
the applications of which the hardware (steel, plastics, rare metals and others) is only the tip of a complex iceberg
t hat is always aimed at an fapp miseographyasnt@ focusThaotenlycoi a |l | e
ffobjectsod (hardware) but also on software without whi
is also a need to integrate the engineering concept of the computer and the various operationas lth@rsa(e
very well shown in the INTEL Museum in San Jose, CA), such as analysis, programming (always made for an
ffapplicati ono) , -opeoatiohal moims, slocwrerdatios,, maintenaneerover time of the electronic
data with pertaining documéation.

The Living Computer Museum and Lab created by Paul Allen in Seattle has lived up to this challenge.
Everything that is shown to the public (including the oldest machines) has to be in working order. This monumental
task took three persons sevearays to produce the documentary bases; out of the 27 employees, seven are engineers
in charge of maintenance and presentation of results. To be noted is the reconstruction oflaq(IR%b) icomput
roomo with all t he t e c hlatiom raised floer,eta.). r e ment s (cool ing, Vv

Another aspect is initiated by the Software Heritage (INALF, Paris) created by Roberto Di Cosmo in 2016,
supported by UNESCO since 2017.

Maintaining (both by daily use and by regular updates) of a search engine strdhwdswphere created
by the House of Scripture (Maredsous), an application to manage texts, documentations, artefacts in large archives,
shows a similar urge to keep alive an immaterial heritage. It is now used at the service of a museum and presenting
the full inventories (both materials and immaterial) to all kinds of public of the NRNComputer Museum and at
the same time preserving in the long term a pioneering application in this field (see : wwpn@inCollections).

INTERNATIONAL COOPERATION: AN INVI TATION TO SHARE THRQJGH ACTION

It is to be noted that ICOM has no specific section for computer science, its history and its impact on the
whole planet even though several computer museums are members of ICOM.

Besides, after a quick inquiry, we could nitdf any international association of computer museums. The
CCS (Computer Conservation Society) is the only functioning national association that was created in 1989 in the
U.K. The CCS has quite a few successful achievements such as the conservatimaftheh e st er fiBabyo
iCol ossusod at Bletchley Park (see their website and t
We have triedR®seaasdaeblPr®seavéation des Patrimoi ne
Heritage Preservation Network) for frengleaking Europe at first. But no formedtablishment existss of today.

Our inquiry has shown the existence of about fifty computer museums mainly in Europgeoghd
America. 6ee www.nanrip.bei NamIP/INFO 2019/4). Today we are trying to organize foR2 or 2022 the first
Computer Museums I nternational Conference in partner s
de Namur. The goal is to identify the specific problems of such museums and maybe to create within ICOM a
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collective moverant in order to establish new computer memory museums mostly for the southern part of the
planet.

There are many topics to be covered and we have provided a list, the English version was created with the
help of Cinde Moya, chief curator of the Living Conter Museum + Lab in Seattle. &saww.namip.be NAM-
IP/INFO,2019/4).

AS A CONCLUSION

Beyond the traditional <concept of museum as devel
term memory tools to allow future generati@mfsnankindt o r oot i n a #fAhistorywayt he or
thati s different from all the museums who are based on

museums based on the culture of t hs offelactranie supporgbbthforode o .
communication as for the conservation of its content.

If we want to use this memory as a tool to increase knowledge of beauty and truth, helping mankind to
achieve even more creativity, then even if many practices camrewed from experiences and from standard
procedures, be it at an international level (ICOMg need to adapt them with a critical mind to the new realities of
the digital world.
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WOLFGANG VON KEMPELE N AND THE ILLUSIONIS TIC IMITATIONS OF THE BO DY

Alice Reininger
Freelance scientist, Austria, Vienna
alice.reininger@unak.ac.at

Abstract i On November 21, 1781, the Russian Grand Duke, heir to the throne Paul and his wife
Maria Feodorovna, arrived in Vienna. Among many sociale ent s, a de mo admirablemachimn@ of a
where a Turk plays cheés t ook place in the rooms of Vi enna Cas
idiosyncratic machine, Wolfgang von Kempelen, lived temporarily. The attendees were thrilled by the
demonstration because the machine won all chess games. A machine, made up aritf ba a chessplaying
Turk, as an organized body with thinking ability, born from the vision of producing an android machine. The
clockwork, the precision mechanics of a chronological sequence, as the technical vision of a-lsalfning
process. This mache was not just an illustration of a human organism, it was also a sign of the superiority of
an enlightened person to create something independent. It therefore gave the creator a proud awareness,
dignity and strength. But it also created the illusion ofthe living for a curious and entertaining addicted
audienceeA Among the abilities of mi nd and hand of man , j
underestimated. Because some of them, even if they are intended for easy and playful use, can efill be
informationvalue 0 These wor ds Fr anc NeumBlagarmm scientiamuhelready in 1620s "
about creative games and developments. The fundamental importance of game as a conception of human art
and knowledge.Nature would also have its metamphoses, from which new things develop. The human mind
only follows the free, playful nature and thereby gains knowledge, understands the essentials, and leaves no
choice in new creation. The game as center of a research and learning society, where prirespbf nature are
imitated, and new, artificial things are created. And the android fulfilled the expectations.The mechanics of
this creation showed an amazing rationalization of movements. Human skills, especially those of independent
thinking, were taken up and formed a basis for further developments and updates in coming centuries. But
Kempelen, an ingenious mechanic, however, created another machine that he had worked on for years,
namely a speaking machine, which he presented experts on a Grand Tour thigh Europe between 1783/84.
In this development he dealt with the generation of the human voice in long and tiresome studies.Finally he
implemented his knowledge in a clear, purely mechanical shape. In contrast to the Turk, its shape was no
longer anthropomorphic, although he originally intended to give it the shape of a child. In 1791 he published
his theoretical studies on this speaking machine i n
he encouraged future generations of readers and remehers, to develop his machine and carry on with his
studies. History of technology therefore assigned Kempelen a special place in the history of phonetics due to
the efforts. As for the Chess Turk, we know that it could not play chess games on his owrddly enough, it
still inspires our imagination and phantasy.

Key wordsi 18" century, Age of Enlightenment, androids, speaking machine

|. PREFACE

The arrival of this celebrated Androides was anticipated in this country with much interest. It has now been
exhibited some months, and abundantly answereéxpectation®f the curious Many theories have been framed
to accounfor its operation, but &lare attended with serious difficulties, and though many believe themselves who
have discovered the secret, the reare few who would not feel better satisfied by ocular demonstration. With this
introduction begins a detailed description of a ch@aging machine, which was still the main attraction in a
panopticon among mechanical dolls and music machines. The author of this description, published in Boston in
1826, Gamal i el Br adf o indusiligndcequltargtud Aickid £ h @ m Adheas gfterlthe s A
title, which, completed, referred to the ruse of the Greeks who, hidden in a wooden horse, conquered and destroyed
Troya victoriously, which, for connoisseurs of ancient literature drew attention to the illusions on the daily public
showsin the town.

A humanlike being, creating an android, moving independently, solving tasks and doing tasks
independently, has been a vision that has long occupied mankind. A likeness with a perfectjkeuptarsique,
facial features, possibly with a ham personality, hardly distinguishable from his role model. But: the more similar
the artificial man became in his development to the human model, one felt this artificial being ettlterally i as
a sympathy bearer, or elseand for the most part as scary and terrifying, which led to the rejection of this
artificiality. The rejection, triggered by mechanisms in certain regions of the human brain, was only discovered by
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researchers in the 1970s and was k n tomthe nanacceptdnes offi Un c a
anthropomorphism could be that an android is classified as an intermediate between the clearly recognizable
machine and the clearly recognizable human being. Intuitively, humans grasp their kinds because they measure with
the samestandards, while an android claims to be human. The perfection of humanization leads to an emotional
reaction of noracceptance. Advantage becomes disadvantage.

This reaction of rejection also explained the outcome of the often miraculous stories Abtarssreated
androids and their destruction in the dawn and in the Middle Ages, where especially these mechanical inventions

were condemned as devil bés wor k.
Mandéds need to create his own i mage was t @oastadtr i vi n
curiosity was part of it and a portion of selfishness and inventivéness go beyond, see what ¢

how far one can gaand pushingneself to the limit. Because what a divine power can do, man can as well: the
production of seimovi ng, obedi ent Fuhingsweahg beipgss Aor his ha

l'iving wheel sof massy gol d, / Wondd rous to tell, i
blestabodes, / Sethov 6 d, obediokgods fit a htehd i mecsk from Homer ds dAllia
do that too!

The human ingenuity was very successful in this. Initially, it were mobile images of gods in ancient places
of worship that spoke to those seeking advice and communicatkedntothirough movements. To pour God into a
human form in order to make the incomprehensible understandable and to be close toeetiisnatlassing
supernatural power. However: a soul in the statue was required, because from an early age onwards pdirtine sup
including emotional care was required. Communication was important, the dialogue, the figure should show
compassion and, warn of dangers. The simpler and more striking the images of the gods, the more successful
businesdoving and artful priests enyed these often eadg-understand handheld tricks. Nobody asked about
ethical boundaries here, the result and what was experienced mattered. Simply: being close to the deity trusting in
his words.

Although the Middle Ages were a dark chapter in termsecifitical developments in Europe and a lot of
knowledge lost or forbidden by nearsightedness and namimdedness e x posed t d thiseanciemhagi c 0
technical knowledge survived in the Arab world. Here it was comprehensively taken up, improved awieeXpya
scholars. This included, inevitable for the mechanical division, the construction of clockworks and automatons.
Artful and complicated mechanisms were soon created, the message of which slowly spread across Europe after the
turn of the millenniumThese findings and manufacturing techniques fell on fertile ground for technically curious
and eager to learn.

As | ate as the 17th <cent ur yo,be ane of the fikst &nkl mossfambuss ¢ r |
amongst the ancients, for his skill in makiautomata or selfnoving engines6 Her on of Al exandr
which have survived only in fragments, have been translated and inspired subsequent generations of future
mechanics, technicians and engineers.

I1. A NEWHIGHLIGHT IN THE 18™ CENTURY: THE HUMAN-MACHINE

Even at the beginning of the 18th century, the destructi@lezfendary artificial man, android, created by
Al bertus Magnus by one of hi s br ehadhno édea aboatsphysice gndet t e
mechanic8. Knowledge of metaphysics is not sufficient for such an art! Ratio prevailed in the Age of
Enlightenment and the way to success was paved for the illusion of an autonomous movement in this century. When
Jaques de Vaucanson creat ed HWitso thé publio theerecéved greatratbentionn 1 7
and became a role model for a number of mechanics for the next decades. Wolfgang von Kempelen included.

Years earlier, a copperplate engraving by Chedésc o | a s LaCbaotantencatéd ( 173 1) poi nt
the new era of machine construction, suggesting great things. The copper engraving represents an illustrious crowd
of spectators, consisting mainly of women, grouped around sneefing doll. The small doll, driven by precision
mechanics and moving towardhe viewer of the engraving, is partially illuminated by flickering candlelight. The
faces of the salon society are astonished to amused, stunned to the point of terror. The latter is drastically
underpinned by the woman in the foreground, who has spreadrms, falling fainting on her knees. The little
android, like the ladies around her, is fashionably dressed, wears a ruffled hood on her hair and holds a shawl over
her chest with her right hand. It attracts everyone's attention, it dominates the ldoerver, the sentence below
the graphic makes one think. dang, maltihéc mecans kRegulaoegh
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Around 1759, a similar graphic by No=zxl Le Mire wi
shows a distinguished lady with a little girl sitting on her lap and a second adult woman opposite them. All three
people are fascinated by an android that moves between them. The little girl and the ladgptisitepoint to
this little mechanical figurevith their outstretched arms. This android is dressed like the ladies and it seems that it
moves just like the human role models. But an open wooden box with a kind of crank on the narrow side on the right
in the foreground seems to be the container poesent the android's apartment. Which shows the difference to the

dwelling of Areal peopled, because they live in a mag
graphi c tQuandjs marche) e fait Iéis beaux bras, / Tourne @t e avec des mines: /
doutent pas, / Ne sont comme moi que machines. 0

This saying symbolizes the fascination and at the same time that it is difficult fon theking spectator
to distinguish a person from an android. Clothing,typ@s the movement of arms and legs, the facial expressions
were amazingly similar, just lifelike. The androids mastered all of this. But: some people might also act as machines
as the android did. Ponting out the new chapter openly discussed, if the bathaonly works like a precise
clockwork and exquisite mechanics? Man is working like a machine.

But there was another sensual aspect important: the sense of Ttwckurface of a stone sculpture felt
cold. Therefore,it had no soul. This resulted ingtCreator's desire to create something soulful, something living,
humanlike, as we have been told in the story of Pygmalion. The sculpture is broulifet the breath of life is
blown in.

Now there were two motifs in this way of thinking that requited different types of creators. Other
experts had to develop from the former artist, namely the mechanics and engineersc thé doed A Chamber s

and Wondersod were built around these two aspthert s. Ar
power and independence. The collector and his passion spurred many an alert mind. Theoretical foundations were
expanded, the mastery of nat meckaniwas Tarpamhad ebyut he:

beings gave rise to structures aibecame more and more hunriike, which showed human abilities. That meant
training eyes and minds, because the goal was to recognize similarities, to separate dissimilarities and to recognize
the results as an image of nature.

These special chambesgre alsanarea that left enough space for the idea of free game. The human mind
was able to imitate the varieties of nature, hold onto them, change them again and again, and let his imagination run
wild. Limits were also shown here, despite many utopidse ideally typical art chamber was a laboratory, a
demonstration room, where the natural sciences and humanities came together from a mechanical, alchemical and
empirical point of view. And so a game begins in the practice of various techniques, mectiamidrawing of
complicated mechanical processes, abstruse machines and devices, calculations of statics, perspective, architecture
and painting and the like. The playing persbomo ludensthe game as a basic category of human behavior.
Because in th game there is pure pleasure, lust and freedom, but also basic research, purpose and use. Never forget
that man has reason. The game as a creative act, as a divine germ in humans, namely to produce something himself.
Included: the competition with likeninded people.

The triumphal march of creating useful structures and useful industry was unstoppable. A more than three
meter high pendulum " The Mi cr oc o sByarts MdclyaniddeunwillynereBbe i d g e
tought / More than Rome knewr, Grecian sages thoughtt The ¢l ock shows the world
which is installed in a housing in the form of a Roman temple. And what about man? How does he work?

Man a machine. Julien Offray de la Mettrie's materialistic view of manewtegdps between supporters
and o pplb.nkunall grapertigés of the soul depend so much on the peculiar organization of the brain and the
whole bodywhen they are visible ... only this organization itself, shows ... a very enlightened macBmd is.
only a meaningless expression, of which one has no idea and which a sharp head can only use to do the part that
thinks in us to name. If one assumes even the simplest principle of movement in themfitleal dmdies have
everything they neea tmove, to feel, to think, to regret, in short, in terms of the physical and the moral, which
depends on it to find their wayd

But time could not be stopped: technical innovations were institutionalized, became almost a part of
everyday life. Patent lawprotected inventors, capitaitensive inventions and production improved certain
businesses. The link between invention and its impact has been intensified. This inevitably led to an increase in
production and the creation of new products. Everything edepossible now. However, one thing still was
unsolvable and let some knowledgeable people reach their limits: the independent thinking and acting of the created
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artificial figures. In this case, one had to fall back to tricks and illusions again. Kedpelenc hess aut omat
Turk, falls into this category.

Although made up and created 250 years ago, this figure still fascinates due to its originality and technical
ingenuity.In the years that followed its creation it was used as a template for mangmgy®se, and even in the
20th century it was a topic in the film industry.

Kempelen was a good observer and expert on the human psyche. He deliberately relied on effects to cover
up the weaknesses of his mechanical Turk, never made a fuss aboutimplgdsaid, of course with a wink of the
eyeCbefst une bagatelle qui néest pas sans merite du
merveilleux que par l a hardiesse de | 6i d®e, BOt par |
However, what always astonished on this machine were the following questions: How does the communication
between the player and his counterpart, the Turks, works? How and where does the human operator works in this
machine, with this machine? How ispbssible to make the moves with the left arm so precisely? Opening and
closing its hand? Move the fingers? Grasping the chess pieces with its fingers?

Kempelen naturally was proud that the movements of the arm were never discovered by many
mathematiciansghess players and other people. Although Freiherr von Racknitz published very extensively about
the Kempelens mechani sm, some thinkers TfhemHstonnand sker
Analysis of the supposed Automaton Chess Player #fed®eled o p e n| y Itandsibetatkeod/ledged,
however, that this explanation is rather unsatisfactory, when we compare it with the above account of the public
manner which is the internal structure of every part of the machine was exhildited @atet dyd the descriptions
provide comprehensible solutions. Nevertheless, the refined design and the previous idea were recognized so
skillfully implemented in this illusion and therefore needs being praised.

The chesglaying android, lifesize, sittingon a chair, in a Turkish robe, with pronounced facial features,
sat opposite the human chess player. Obviously, there was no indication that this waghnokself selfacting
machinery in the background, but that a human being was serving it insisleinseen. That made the whole thing
so fascinating. The technology remained hidden, the focus was on anthropomorphism. In the royal chess game, the
human mind and the android were challenged to perform highly complex thinking.

The situation was quite different with the speaking machine developed by Kempelen in the course of more
than twenty years. Although Kempelen also intended to give it the shape of a four to five year old child, he
abandoned this idea and now let the opesadd this apparatus and the listener of the sounds and words emitted out
of the machine, seen the bare technology. No illusion, no trick, only the sober technology stood in the foreground.
The body parts and organs necessary for the speech process whamigaly implemented. The rectangular box
contained the various forms of material that represented the internal organs of the larynx, an externally connected
bellows represented the lungs, the air supply, the mouth as well mlatgdehe box. One codl open the box,
touch the individual parts necessary for speaking and see in action. Through the construction, Kempelen acted like a
dissecting doctor who knows the reason and cause and knows how to explain it later. That should also
fundamentally differetiate him from ventriloquists who could manipulate their voice.

For Kempelen there was also another aspect in the foreground that prompted him to build such a
mechanism, that of a philanthropist. This apparatus should serve the deaf and dumb to gét withotleeir
environment, make themselves understood, step out of the shadows and inhumane existence, in order to become a
full member of society. Not being able to express themselves, not having he chance of a proper education let these
handicapped peopkuffer as animals.

When he set off on an European Grand Tour with the chess machine in 1783, the technical construction of
the speaking machine was available in the form we know today and could be demonstrated like this to a special
audience, to expert3his tour was emphasized by the souvereign, Joseph I, himself. For the emperor Kempelen
represented an enlighted subject, whom he was proud of to send to foreign countries to show the ability which brain
can achive. The bright light and fame of the ineeralso shines on the country where he came from and on the
souvereign who rules.

Kempelen was smart enough to know what he achieved in further technical developments, such as a steam
engine and reaction machine, which he also carried as a modeluigdegke, he would not be accepted by scientists
and will be dismissed as a charlatan, because of the chessit@ydiysion. For that chessplayer his name was
famous for throughout Europe as leading newspapers and magazine spread the news yearbdefmsplayer
contributed to finance thistwpear 6 s travel . But for Kempelen the go
receiving the fame as leading scientists of this time inhabited. The Turk was a toy, which caused amusement. But
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constructing a sam engine, developing a speaking machine an other inventionsnpnavements meant going
through hardships, showing entrepreneurship, lifelong learning, being alert, open and curious for new developments.

I n 1791, Mdaechasismbsaler knenéchlichem 6 a ¢ (Meclanism of Human Language) served as
a basis for future linguists and phonetissecur ed Kempel enédés place in scien
examined, recreated, and finally found to be wortlgntionedn serious research.

Finally, one pointalso has to be mentioned which became important throughout the 18th century: the
national state seen as a machine, bound to a social body. Easgdueebeedeach one as the driving force in this
machine that produces the greatest impact. The optimizdtiertactical incorporation, the establishment of order
like a functional warfare. Mental movements should not experience too much friction. Androids or human beings,
no differences anymoreshould human mutate to fighting machiéeaBut this opensupatoh er t opi c é
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In the first half of the 1950s, the authorities
noticed the growing importance of electronic computing. The freedom of Polish esc@uicthe research and

a

development sector was hindered by limited access to western centers, as well as a trade embargo on computers and

measuring and testing equipment. This deficit was compensated to a small extent by the scientific and technical

contacs developing in the 1960s with the USSR and with other partners frol@dhecon. Documentation
obtained mostly in Western European countries andlesser extentin the USA by Polish intelligence served as

an additional source of knowledge fthe auhor i t i es of the Polish Peoplebds

production centersdowever, the greatest successes in acquiring kmmaw were achieved not through thee of
illegal methods, but through official negotiations with Western partners. ctiminating moment of the

6democraticd (free) devel bphmePDl DEht Reopbeapst Bepubldiu

company signed the contract with fBgtish ICT (later ICL) company in 1967. Unfortunately, it coincided with the
inaugurationof talks by Moscow in the Eastern Bloc on the unification of computer systemsp ttedledRIAD,
during the Comecon forum. The interests of the computer industry S8R as a superpower and the Polish
Peoplebds Republ i c alsioncoursefw avwhiel | i te were on a col

The inside story of the accession ofwasiemnstRidddi s h
as a result of analysis of documents created in the Polish institgtipesvising the Polish computer industry in its
first developmentaphase (preceding Edwa@li e r e kid 280 tén@iré &nd RIAD). To supplement and verify the
above sources, thauthor also selectively used other archives, which in perspective can be very useful for
understanding the factors behind the coratf RIAD and determining the role of Polaincthis program.

F
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THE ROLE OF ACADEMY OF SCIENCES IN CREATIONOF SLOVAK COMPUER INDUSTRY

MartinGp er k a
Museum of Computer€omputing Center of the Slovak Academy of ScienBestislava, Slovakia
martin.sperka@savba.sk

Abstract i The paper deals with the evolution of computer technology and consecutive creation of
computer industry in Slovakiai the Eastern and less industrially developed part of Czechoslovakia in the
years 19521989 at the context of Czechoslovak, COMECON and World state of art of electronics and
computer technology. It analyzes how this process was influenced by the Institute Déchnical Cybernetics
(BTK) at t he Sl ovak Academy of Sciences (SAV) , sunmn
development and aftereffects on the contemporary situation. Last and not least documents how visionary
persons and their enthusiastic tems could achieve ambitious, at the first glance unreachable goals.

Key words’i the first Slovak analog and digital computer, microelectronics and microcomputers,
development after the year 1989.

INTRODUCTION

After the WW2 Slovakia was mostly agricultutahd with the exception of few small (including military)
companies. After the 1948 started industrialization of the country, mainly environmentally harmful metal works and
mills (steel, aluminum, nickel, manganese with ore imported from the USSR, Hufgangnia and Albania),
heavy and military industry (mechanical parts and their assembling, but not electronics). The reason was fact, that
Slovakia was more remote from the NATO border then the Western part of CzechosloBakiemia. Later arose
factories for radio and TV receivers, dial phone sets and small exchanges.

This process created many jobs and increased regional development. But the most research and
development (R&D) institutions were concentrated in the more industrially developed Bohkwik B&D was
concentrated at the universities, among them at the Institute of Technical Mechanics of the Slovak University of
Technology (STU) in Bratislava.

One of the research goals of this lab was to find faster computational methods and tools limgmode
vibrations and a stability of engines, turbines and motor vehicles. In 1952 two doctoral students Ivan Plander and

Gtefan Petr8g were admitted to this institute. I n 19
the first institutions washe Commission which later transformed to the Laboratory of Theoretical and Applied
Mechani cs. Petr8g and Pl ander moved to this | ab. Th

modeling properties of mechanical systems. Instead of using tlogési slide rules and electrmechanical
calculators they experimented with mathematically analogous electrical models using passive L, R, C components.
But these models were laborious and inaccurate.

THE FIRST SLOVAK ANALOG COMPUTER

The Plander, educatadechanical engineer also was radio amateur and understood electronics, designed,
calculated and built a direct current, vacuum tubes amplifier with the high amplification gain.

It happened in 1956. This was the basis for the main computational unitsmobtie precise and universal
analogue computérintegrators, adders and inverters. Beside the amplifier, it was necessary to design and construct
power supply units, functional generators etc. But the way from a theoretical model to the prototype wis long
required a lot of experiments and electronic components, mostly Czechoslovak made vacuum tubes, resistors and
capacitors, including some German made (booty from the Wehrmacht radio stations during the WWII) resistors. The
computer which was capablegolve non linear differential equations was ready in 1958. One of the first modeling
tasks was to calculate cushiony attachment of an incubator at the ambulance car. At the same time Plander lectured
the subject Analog Computers at the Slovak Technicavedsity and published the first book on analog computers
in Slovakia [1], [2]. The computer is exhibited at the Museum of Computers in Bratislava [3].
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Fig 1. Professor Ivan Plander and his analog computer

THE FIRST DIGITAL COMPUTER[4]

In the yearl959, the Section of Technical Sciences of the SAV made a decision to transform the lab (it had
department for scientific and engineering computing), which could provide computing to all SAV institutes. The
idea was implemented in 1962, when the GDR mad#atl computer ZRA1 was installed at the new founded
Institute of Machines and Automation. Plander became the head of computing department. 15 SAV institutes and 18
schools and industry institutions used this computer. Department trained 85, mostlslextmgrammers [5].

Few weeks later STU installed Soviet computer URAL 2. URAL (based on vacuum tubes) was faster, but
ZRA 1 (rectangulai loop ferrite cores and Germanium diodes logic) was more reliable with more precise
calculations (48 bitslongwords) | nst i tut eds mission was industrial aut
theoretical problems of control computers in real time in order to design own one. In that time at the Institute of
Mat hemati cal Machi nes ( VDbpentcontrol cdmputegwitte disevetestransisial legic. d e v e

To purchase computer in that time was not easy. There existed CoCom embargo on advanced Western
computers and those, not embargoed were extremely expensive due to the fact that the exchangavatibdd co
money was high. COMECON computers were cheaper, but for the academic institutions still expensive and there
was a long delivery time to get one. In the centrally planned economy, the monopoly on computer R&D in
Czechosl ovaki a h adetgémisent fuhdng, ®landee and his colleagues decided to name it
iFast Programmabl e Processoro (RPP16) i nstead of cor
processor is part of the computer. Approximately similar situation was igatynwhere computers developed at
academy of sciences used the name TPA AProgrammabl e A

RPP16" THE FIRST3TH GENERATION CONTROL COMPUTER INCZECHOSLOVAKIA

The project RPP16 started in 1965. One year later The Institute of Mechadidsitomation disjoined.
One offspringd The I nstitute of Technical Cybernetics (DBTK)
Pl ander vice director. At the same year, at t he c¢om
transistor basedanish computer Gier. Instead of purchasing spare parts for this computer (from the allocated
budget ), Pl anderdéds team (especially lvan Kol i g, head
circuits (ICs) made by the US company Texagruments (T1) and used them in RPP16 laboratory model. This was
actually illegal, b ut i €zhchoslovlkrelecivonit tompany plEn8dd £ stRbpipduotion
of Tl compatible ICs and RPP16 would be based on Czechoslovak componentsdJ8iegtern parts (or at least
minimum) at any electronic systems was an ideological requirement.

This tactical decision resulted in the first Czechoslovak 3rd generation control computer. Young engineers
and mathematicians, who defended their mastei tses at BTK partici pated on the
laboratory model. Architecture and basic machine code was simulated on Gier computer as well computing ICs
layout and routing of small printed circuits boards (PCBs) or wiring between PCBs. fiostsuavere
mi croprogrammed (ferrite core ROM) so it was easy toc
system softwaré drivers of electrical typewriter, paper punched tape reader / writer, bootstrap, loader, assembler
and FORTRAN compiler.

Cooperating institutions developed flat multi wire cable (embargoed), bigger format PCBs and connectors.
One task was to develop platted wire cylindrical magnetic memory (1976). During the construction of the laboratory
model , Pl ander atatibns Kith|poteptialsraraufadtueei. Thedigt candidate, TESLA Bratislava
(radio recieivers manufacturer) had no interest to er
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in the least industrially developed part of Slovéki@rava ageed. But it was necessary to reconstruct their recently

built plant in N8mestovo, originally planned for asse
In order to speed up knowhow transfer and train workers for a new technology, Plandér atk o | i ¢

proposed creating Research and Devel opment Lab (VVL)

succeeded in Gilina (1969). The first step was trai

prototypes (1970) and later in cooper i on wi t h devel opment a constructior
they redesigned model with bigger PCBs and worked out technological documentation for the production.

This started in 1974 and until 1978 THPSAMAMINMYE me st
computers [7]. More advanced operating system and application software was developed in a new established
computer business, installation, services and software houses with cooperation with their customers and partners.
RPP16 computers weresiialled in many factories, electric power stations, one coal mine, research institutions,
universities and even in one library. This was beginning of the Slovak computer industry which enabled automation
of many industrial processes, created new jobs &tftbpms for computer education [1].
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Fig. 2: RPP 16S at the Museum of Computers in Bratislava

THE SYSTEM OFSMALL ELECTRONIC COMPUTERS(SMEP)

When the 3rd generation control computers project
andComputers of the 4th and next generationso was prc
December 1969 Plander participated at the meeting of the International Commission for Computer Technology in
Moscow. The topic was system of Small ElentooComputers (abbreviation in Slovak SMEP) in the frames of
COMECON. On this meeting, participants constituted the Board of Chief Engineers (BCE).

In 1970 during the process of normalization after the Warsaw Pact invasion, all employees were
background cecked, especially those who were in higher positions in 1968. Many had to relieve their posts, among

them Petr8g (CEO) and Pl ander (vice CEO). But Pl and
project, however with very little competences angmort. Managing this big project with many subjects was very
hard. But fortunately teams at BTK and partner insti

programmers, so the project could be successfully finished. Plander propdseldde RPP16 in SMEP project,
but it was not accepted.

The final deci sion was that the template for S ME
minicomputefi Digital Equipment Corporation (DEC) PBDEL. Some countries continued in their nagion

programs. In Czechoslovakia it was ADT 4XXX (equivalent of Hewettkard HP 2100 and 21MX) developed in
VDMS. RPP 16 production was i mperatively stopped in
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was multiuser operating system RSM F16, kg PDR11 RSX 11, programmed by three students of STU in
Bratislava [8]. It was possible due to the new PCB card with 4 asynchronous serial interfaces using UART LSls
targeted for SMEP computers.

T

Fig. 4.: Exposition of integrated circuits desighed R Y RS A y Y {1+ ¢9{[! tAaASO
Computers in Bratislava
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Af ter 1970 the <chief manager for Czechoslovaki a
working group for the electronic components and participatedvaralemeetings in the USSR. Almost all ICs
needed for the construction of PAR equivalent were produced in COMECON countries. Among missing was
Universal Asynchronous Receiver and Transmitter (UART), which was the key elements for serial communication.
At DTK with tdlreevediogpedf i seé&factive graphics system w
manufactured (1976) the first UART in COMECON [9]. In 1974 chief engineer for Czechoslovakia became new

DTK CEO. But he was noogy.expert in computer technol
Since 1976 VVL Gilina was involved in SMEP acti vi

chief engineer moved to this laboratory, which transformed to the Research Institute for Computer Technology

(VbVT) . VBDVT devel opedermpmyer abmupwmterss dmeésp wer e ma

alphanumerical and graphics terminals for SMEP and RIAD systems, vector or raster displays and stations
compatible with DEC and Tectronix peripheralbsBDR TESL A
11 compatible SM 20, SM 420, SM 50/562, SM 52/11, SM 52/11+, SM 182 and 32 bit VAX 11/738
compatible SM 52/12) and ZVT Bansk8 Bystrica (8 and
processors: SM 50/40, M 161, PP 0% 06) induding intelligent terminals, office stations, microprocessor
development and robot control systems, special military systems: SP 30 amdB@uters for rugged conditions

SPMXP 16/ SIMD architecture based on 16, 8bit microcomputers) for interagtiage processing and other
applications [10], [11]. There were some plotters anda
in SMEP program.

T
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THEROLE OFD T KSAV

In 1979 Plander has become CEO and Petr8g scient.
DTK concentrated on theoretical research in the fiel
systems, speech syn#ig and linguistics, computer vision, robotics, electron beam lithography, digital circuits
testingi including testing IC chips inside with controlled electron beam. In 1982, after the agreement between the
Slovak, Czechoslovak and Soviet academiesiehses The International Laboratory for Atrtifficial Intelligence was
created, where worked not only scientists from COMECON but also few scientists from the West.

I n order to speed up transferring r esevtldpmentafid t heo
manufacture department, where several models of SMEP and non SMEP computers were developed. They were:

SM 50/502 was PDPL1 compatible computer with processor based on 2 bit sliced, bipolar ALU IC from
TESLA RioMHB8000 (equivalent ofintel 3000). This computer used exclusively Czechoslovak made
components, as was proposed by manufacturers and was installed in mechanical engineering plant for robots
control . But at VVL -JQisdd# bitaALUdskcgsevithoApMie 20003@d &ter/USIR made
equivalents.

SM 54/30 was computer vision system, with 256 x 256 pixels resolution, somevinaddalgorithms for
image preprocessing, interface for 1 to 4 cameras controlled by SM 3/20 or SM 50/50 machines used in several
institutions for image processing and computer graphics.

Parallel associative SIMD machine had architecture inspired by the Goodyear Staran computer, but the
construction and machine code were different. It had (maximum configuration) 2048 simple processors and was
controlled by SMEP and later IBM PC compatible computer. Associative Programming Language (ASPL)
assembler, macro ASPL, expanded FORTRAN and the language for parallel computing based on Modula 2 and
Actus were developed. Targeted applications were in RRB#&nal processing. The project finished in 1989 and 8
pieces were produced at the joint BTK and BEZ Brati s

I n cooperation with EIl ektromont company, PTK SAV
ICs, based on implemet ed on CMOS Gate Array GAC 1200 (designed
PiegSany and applied in industrial controllers (repl
factory i nlo98pgice (1982

Di vi si on i n designedidiStribBed systenn with node computer, communication processor
and 4 microcomputers SM 50/20 used in several industry enterprises. This division significantly contributed to the
creation of the Academic Computer Network SANET (connectivity witlerhvet implemented in 1991), at the
beginning used not only by academic but also government institutions.

Another project was clone of 32bit RISC microprocessor Acorn Computers Ltd. ARM. Masks for the
technology were ready in 1989 but the technologicatos ses in PiegSany did not stz
changed and the CoCom embargo was released. This project was part of biggédadae-low Computer for
Knowledge Based System. This project started in the time when Inmos International Eacspytuters appeared
(1985) . I MS T414 had more then 200 000 transistors,
functional equivalent with two separate VLSI ICs, one of them ARM (25 000 transistors) and the second serial 4
ways interfaceOr i gi nal ARM chips were used in DTK designed P
computer graphics ISO standard library (GKS) [13].

1987

Fig. 5: Professor Ivan Plander at the front of parallel associative SIMD computer, desigriedrbyodKaroRichter (at the
right) at the Museum of Computers in Bratislava
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SLOVAK MICROELECTRONICS ANDMICROCOMPUTERY14].

The mainprerequisite for modern computersiisnt egr at ed circui t s. TESLA Ro
bipolar SSI TTL ICs in 1967 and produwth of di screte transistors moved to
Communications (VBST) explored MOS technology | Cs. I
because of the lower speed. Within the frames of research of 4th generatiomqp ut er s BTK desi gned
logic array, composed from identical universal logic modules (1971) and intended to implement it on one chip at
VDBST. But they proposed the design do at bBHTK.

That was reason why DTK deamelrsbhigged MASHQ degigaed withthis | C
system was logic module with 300 transistors for the Institute of Control Problems, Soviet Academy of Sciences in
Moscow (1973). Another goal was to create microelectronics lab for some technological processgeiation
with TESLA PiegSany. Within the frame of these actiyv
lithography machine (EBM) from the Japanese scanning electron microscope controlled by PDP 11 minicomputer.
In 1982 GDR made ZBA 10/EBM was installed and used for the IC masks manufacturing [15].

Fig. 6: Part of the exposition with Slovak made 8 bit microprocessors at the Museum of Computers in Bratislava

In 70s semiconductor MOS memories became cheaper then magnetic ferriteacdrelemand for
production MOS RAMs at TESLA Rognov came not only fr
Bohemia. Moreover, Intel released 4004 and later 8008 microprocessors. In 1973 we analyzed 18008 with the goal
to clone it, but meantime lek launched 8080, with more advancedhannel Silicon Gate Technology. In 1979

TESLA purchased |Iicense on 16kb MOS RAMs wusing this t
supporting LSIs. They were followed by 8bit single chip microcomputer
Few custom bipolar TTL or’LICs for SMEP computers were designed i®WT Gi | i na and mac

TESLA Rognov. VDVT used I C CSD system developed at Co

In 80s started era of microcomputers in Czechoslovakia. Emerged sevatalsi®jle board
microcomputers, home or industrial computers. In Slovakia they were MHB 8080 base3DPRWMD-85 (TESLA
PiegSany and Bratislava) Didakti k Al fa ( DBydtac&)toi k Sk e
Didakti k Gama, oM(4g@kiatulcadyre Ma&rm in ZSvadka) with G
home computers Atari, Commodore or Sinclair (mostly used for games at home) were cheaper, but those, made in
Slovakia were installed at secondary schools (only few of them had oimfran@e or minicomputers at that time).
Programming courses of BASIC, assembler or even Pascal (compiler developed at Comenius University) became a
part of curriculum

I n 80s 16 bit I BM PC compatible desktop clymputer

TESLA Bratislava and ZVT B. Bystrica. Intel 8088 microprocessors were imported from the West and later their
equivalentdrom the USSR.
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1989AND AFTER

After year 1989, when HiTech embargo finished, computer and semiconductor companies (not only)
collapsed. Some people joingide world known IT companies like DEC, IBM, Dell, Lenovo, AT&T, Siemens.
Sometimes, thoseho before cloned products of theiew employer. Others started small or medium enterprises for
reselling, installing or servicingnported computers. Some createelw, maintainear upgradedld applications of
their former customers. Many engineers and scieritistsd jobs in abroad at IT companies or universities.

But there are few successful IT Slovak companies producing own sefamdrapplications internationally.
Among them is maybe the most Slovak world known ESET
transformed to the Ul (Institute of Informatics) and continues in theoretical rese#éhth the frames of EU
projec t s . Beside education | T departments of wuniversitie

CONCLUSION

Analyzing positive and negative aspects of era 19989 we can summarize followindit early 50s
continued conservative attitude towards the Western inveftgoernetics. Next 10 years slowly started
Acomputerizationi, mostly with punch card machines a
computer companies. Late 60s were years of liberation of\ast relations. In those years RPP16 projéatted.

In 1969 in Bratislava was founded t®mputer research centeith contrbution of United Nations Orgaraton
Development program, CRC/UNDP and there was instaliedthat time the most powerfutomputer in
Czechoslovakia (CDC 3300). This ingtion significantly contributed to research in theoretical computer science,
software engineering and Enterprise Informat®ystems[16]. Then a pr oc e s s i aftér 1968n or ma |
followed. This caused stricter embargo, biite Western companies werstill interested in business with
COMECOM. It was clear, even to senfnot all) high ranking politians, that IT plays strategic role. Government
invested in R&D and production of computersfartunatéy not enough, existing economy did not allow more.

Despite the centrally controlled economy, finances and energy were inefficiently distribatetially
when microprocessors appeardf&D became chaoticand uncoordinatedMany companie developed and
produced practically the same models in low quantity. There existegbetitionbetween Czechs and Slovaks as
well betweeninstitutions inside. But this competition was not so efficientoasexample in Sicon Valley. It was
not based omrconomical criteria (all institutions were financed from the same state budget) but more or less on the
enthusiasmof developers and political or ideological prestige of some managers.

International cooperation also was unefficient. Companies producedidsigrtment ofsystemsand
components in low quantity (however there were exceptions). Often they were notable to cover home market, not
speaking about export. But sometimes they preferred exportingtevéome market. The ratio of revenues versus
R&D costs was low. Lagging behind the West increased.

But for young and enthusiastic scientists, engineers and programmers with good fundamental education in
mathematics, physics and teckogy it was interesting and challenging era, despite the fact thahdwe limited
chance to traveind directly communicate with their colleagues in the West, whobk#tdr workingconditions
including finandal benefits.
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Abstract i The aim of this paper is to describeH u n g a eaylydirssolvement in the Comecon's Unified
System of Computers (Ryad) and its impact on the ¢ 0o u n t comgp@tarization. This case study details
Hungary's complexsituation at the time: its engagementwith Western computer companies,its willingnessto
participate in Ryad, and the impact of its newly introduced economicreforms on theseprocesses.

Key wordsi history of computing, Unified System of Computers, Ryad, Hungary

I. INTRODUCTION

This paper provides a case study of Hungary's early involvement with the Ryad project and its impact on
the country's computerization. First | give an overview of the state obmputing industry and changing economic
system in the years leading up to the Ryad project. Then | describe how the country managed its tentative attempts
to engage with Western European computing companies and its newly accepted obligations auttendRysed
the situation for its own benefit. Finally, | introduce the institutions that were created to accommodate the Ryad
project, and show how they and the new economic system impacted the field of computing in the country.

Il. THE COMPUTERINDUSTRY IN HUNGARY BEFORETHE RYAD PROJECT

The computerization of Hungary started out relatively slowly even within the Eastern Bloc, not only in
comparison to the Soviet Union but also to Poland and Czechoslovakia ([5], [9]). The first computer in the country,
a clmne of the Soviet small computer-8] was operational only by 1959 ([7], [16] and [29]). By 1965, the country
of 10 million citizens still had fewer than 50 computers altogether and only one outside Budapest, the capital.

However, the mid to late 1960s bghi two promising domestic computer developments for the country.
Between 1966 and 1968, the Central Physics Research Institute,’kdfdtied the popular DEC PB® small
computer under the name TPA 1004s it was compatible with the PB®, its developer became members of the
DEC User Society (DECUS) in 1969, gaining access to most of the software that was already available. The TPA
1001 was in standardized production from 1968, first with transistors, then with integrated circuits. It was a
successful mmicomputer by Eastern European standards, as around 600 of them were sold in Hungary and
Comecon. Later members of the TPA family were in production until 1990 [19].

Around the same time, a small to rszed computer family (with four model sizes) wasealeped at the
Factory for Electronic Measuring Instruments, EMG. This independent and original design, the EMG 830, was also
introduced in 1968 and about 15 of them were manufactured during the next two years. While the TPA machines
were manufactured t@8sfy the needs of the scientific community, the EMG 830 was created primarily for business
applications ([11], [12] and [14]).

I1. THE NEW ECONOMIC MECHANISM®

In 1968, Hungary introduced economic reforms. These had aldstigg impact on the way enterpigse
operated, and consequently deeply impacted the computing field as well.-CakegoNew Economic Mechanism
introduced a mixed economic system, where planning was retained only at theegmuomic level, while
enterprises enjoyed freedom on the mieoonomic level. That is, annual and fiyear plans were prepared for the
national economy as a whole, but these were not broken down to targets on the level of the enterprises anymore.
This meant that enterprises had freedom in deciding what to produt®irquantities. The government influenced

! This paperwascarriedout aspartof the ANR/DFG project(ANR-17-FRAL-000301) i F F | Wddmalism,Formalization,
Intuition and Understandingn Mathematicsfrom Informal Practiceto Formal SystemsndBackA g ai n 0
(Nancy/Paris/Munich).
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their decisions only in forms of incentives, such as taxation, creditsepayable grants, etc. There was also larger
freedom in pricing: the government set only pniaages for products, and within that rangnterprises could set
their own, marketlriven prices. In addition, the largest enterprises were encouraged to export their products as well,
and partially finance themselves from foreign markets. However, state ownership remained unchanged. Niot only di
the enterprises remain state owned, but their leaders remained state officials, still being appointed or dismissed by
the government ([1], [3], [4], [15] and [27]).

These new economic policies impacted the computer industry in two important ways. rld,gereémpact
they had on the country's economy was to foster computerization. Since enterprises now had more freedom in their
production and were not just mechanically fulfilling central plans handed to them, they became interested in
optimization. Thisnew focus on optimization led to an increased interest in the use of computers for business data
processing. The other impact of these policies was that enterprises now had to raise at least part of their own budget.
In the case of the computer industtymeant that manufacturers advertised more aggressively and offered more
well-rounded services, whilisoftwarehouses actively sought possible users.

IV. LOOKING FORA LICENSE

In the second half of the 1960s, the leaders of the National Committee of Technological Development,
OMFB,’ chairmanCrp8&d Kiss and vice chairmargdos Sebes@, were aware that Hungary had to decrease its
deficit in computer technologies and appropriately cot@pze the country. However, it was clear that it could not
do it on its own, despite the promising domestic projects at KFKI and EMG. To remedy the situation, OMFB
decided to acquire a Western European computer license. The sole promising interaktgladeavith France,
who saw this as an opportunity to promote its newly established government program, Plan Calcul, internationally.
Starting in early 1968, meetings began between the government organizaB8®sED I'Informatique and OMFB,
and the manufacturing companies, the newly established Fiieatihnal championClI® and EMG ([23], [28]).

The license in question was that of ClI's 10010 computer, which was a downsized versiord ®i§Da
2, and all of itsditure versions. The upgraded computer, the Mitra 15, was Cll's own genuine design. It was modeled
after DEC's minicomputers and was, consequently, not compatible with the 10010 [21].

The impact of the New Economic Mechanism is already apparent in thetsregdmout the license
negotiations that EMG sent to OMFB. These reports consider the remunerativeness and time efficiency of the
different options based on the estimated domestic market needs, instead of merely trying to fulfiplarstetd
preset requement [13].

V. HUNGARY®& ENGAGEMENT WITH RYAD

In January of 1968, Kosygin, the Chairman of the Council of Ministers of the Soviet Union, reached out to
the governments of Bulgaria, Czechoslovakia, the GDR, Hungary, Poland and Romania to invite therth¢o join
Unified System of computers, the development of an upward compatible family of computers. The invitation was
eventually accepted by all countries but Romania.

Participation in the joint effort appeared beneficial for the satellite countries for raut@glsons. It
promised a whole family of computers that they would not be able to develop on their own, while creating a stable
national industry with an easy access to the entire Eastern European market. In addition, in many of these countries,
it guaraneed for the first time the steady backing of computing industries by the highest level of government, both
politically and financially.

During the second half of 1968, the Soviet leadership of Ryad decided to use the IBM S/360 as the
fiprototype of the prgect, i.e. to reverse engineer the most successful computer on the international market ([18],
[20] and [26]). All satellite countries, with the exception of the GD#pposed this decision without any affect.

Or gasKT s zR&ji | eBsizzto@stis § g .
& Compagnidnternationalepour 'Informatique.
” Scientific DataSystems.

‘% Asthe GDR-hadaccessgo a coupleof IBM 360/30sand40sthroughWestGermany[6] andalreadybeganexaminingthem,it
alonesupportedeversesngineeringhem.
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They feared that engaging in an essentialiyerse engineering project would lead to the demise of their national
computer industries and suppress domestic computer developments, innovation and fesearch.

In this complex situation the goal of the Hungarian political and professional leadership ofalsl.t@n
the one hand, purchasing the French license was considered of utmost importance, as it was part of a deliberate
effort to restart technology and knowledge transfer from Western European countries through legal channels. On the
other hand, they waed to use the participation in Ryad to benefit the Hungarian computer industry. Thus, during
the Ryad negotiations, Hungary offered to contribute a small computer to the project that was smaller than the
smallest member of the IBM S/360 family, with theal of basing such a computer on the CIlI license, which was
not IBM compatible. Hungary closed the negotiations with ClI and bought the 10010 license only once it was able
to push this proposal through the Ryad decisionmakers.

A. NewHungarianRyadInstitutions

To participate in as large an international undertaking as Ryad, Hungary had to create several new
institutions. The international bureaucracy had to be handled; the domestic effort had to be organized.

Hungary first created its own, domestitcireaucracy that was also connected with the general Ryad
bureaucracy. The main international governing body for the Ryad was-tialexd Intergovernmental Commission
on Computing Machinery, ICCM. The main political institution Hungary created was teedépartmental
Commission on Computing Machinery, SZ¥BIt enjoyed large freedom, as it was not subsumed by any of the
ministries. It was the first time the computing industry and computing professionals had direct political
representation on the highdsvels. As part of the Ryad project, SZTB delegated the Hungarian member of the
Council of Chief Designers and managed the Hungarian participating institutions and factories on the political level.
Once it was created, its responsibilities were not msttimerely to managing Ryadlated issues, but to promote
computing in general. Soon SZTB established the Central Development Program for Computing"SAK Fikst
countrywide plan addressing every facet of computing.

The most important professionaiganization of the Hungarian Ryad participation was the Institute for the
Coordination of Computing Technology, SZKifounded at the end of 1968. Zsolfdy, the former head of the
TPA program at KFKI, was appointed as its director. Thus, it was entheedne of the few people who were
already experienced in overseeing a computer development project was in charge from the bed@mayings the
head of SZKI, represented Hungary in the Council of Chief Designers on the international level. Thegoahaf
the institute was, of course, to coordinate hardware and software development and the manufacturing of the
Hungarian Ryad computer. SZKI was also responsible for the documentation and the approval of the machine and
its software.

However, in spi of its name, the activities of SZKI went beyond coordinating the development of the
Hungarian Ryad computer. It also attended to independeniRyad related research and development tasks as
well. But this opportunity came with an obligation: SZKI beearesponsible for raising a portion of its own budget.

This prompted SZKI to actively promote computerization and to seek out possible users in Hungary as early as
1969.

SZKI also managed to engage with Western computer companies through its existinduRgsdThis
was due to the strategic maneuvering of the SZTB politicians. In order to facilitate real knowledge transfer beyond
mere technology transfer from the licenses and other engagement with Western companies, SZTB requested from
these companies dh a portion of the price be paid by Hungary in services. This meant, for example, the
participation in the software development of Cll's Mitra 15 as part of the payment for its license. This strategy was
especially viable in the field of computer techrgitss, where Western European companies were willinipty
market sharesin Eastern Europe to counteract the global dominance of IBM. SZTB managed to secure that 40% of
the ClI license could be paid in research and development services. This ledt@gastperation between Cll and

® Many leadingSovietcomputerexpertsandpioneersexpressedimilar worriesconcerningheir domesticfield.
S5z 8m2t § sTtSercchdbki%kzmiti t s § g .
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SZKI employees. For example, when ClI's Mitra 15 was introduced to the public at the 1971 &t@@8Bshow in
Paris, SZKI employees participated in the installation of the computer on site.

Besides SZTB's insistence, the iN&conomic Mechanism also fostered this kind of engagement with
Western companies, for it allowed and encouraged large enterprises to finance themselves and their growth partially
through international export. As a consequence, the cooperation with Ctnlyathe first of many with Western
companies.

As SZKI's Ryadrelated tasks became more and more routine over time, it devoted increasing amounts of
its capacities to domestic and Western European commissions that were independent of Ryad. This led to a
fiwesternized work culture at the Institute with additional benefits of higher wages and the potential for regular
international travel for its employees. By the 1980s, SZKI functioned more as a software house with additional
research and development pragethan an institution with the main focus to coordinate the actions of the Hungarian
computer industry ([17], [22] and [23]).

As the rapid growth of the computer industry, along with the number of computer installations, was
expected as a result of RydaHe country needed scores of programmers and operators in a short period of time. To
quickly remedy this increased need for computer experts, a new Computer Education C&MEKS? was
created as part of the Hungarian Ryad effort already by the er@g69f 1

In accord with the aforementioned intention of Hungary to engage legally with Western companies,
SZCMOK bought an educational license from the Control Data Corporation, CDC. This meant that it was allowed
to use the CDC's educational materials fore@urg and received its updates. As the New Economic Mechanism
encouraged international expansion of large enterprises through export, in 18KEO8Zapplied to the United
Nation® Development Programme, UNDP, and won a contract for computer technologyi@uucaleveloping
countries and Hungary. Subsequently, in 19838 SZMOK received 2.2 Million USD from UNDP, which
played a pivotal role in its development. During this period annually around 7000 people attended the trainings
offered by SZMOK in Hungaian, English, German and Russian. It also published, sold, and distributed its own
textbooks, about 124 titles and 45,000 copies annually. Once the first generation of Ryad computers was available,
SZCMOK educated Hungarian computer specialists abaaitirtiported Ryad computers, and offered trainings on
the Hungarian Ryad computer both in Hungary and abroad ([10], [8] and [25]).

In 1973, around the time most of the first generation Ryad computers were nearing regular production, the
NOTO-0OSZV was foundedEvery country participating in Ryad hadiidOTO0 institution, the Russian acronym
loosely translating into National Organization of Technical Service. The Hungarian subsidiary was O@ish
stood for National Enterprise for Computer Technologies. dt@ganizations had the most important job in
spreading the Ryad computer technologies in their respective countries. OSZV was responsible for importing Ryad
computers through the foreign trade office and installing them. The service provided by OSZéhweashensive.

It designed and built computer centres, maintained the import machines and supplied them with software, all under
warranty. It also organized training courses about the Ryad machines and a software club for it users. In addition, it
acquiredWestern software and adapted it, and even distributed certain IBM software through IBM Hingary.
Again, the software acquisitions were legal purchases or license based ([24], [31] and [32]).

B. Manufacturingthe HungarianRyadComputer

Although the Clllicense was purchased for EMG, in December of 1970 it was transferred to VIDEOTON.
This came as a surprise to most participants of the computer industry, because even though VIDEOTON was the
largest electronic manufacturer in the country, it had absolatlgxperience with computer technologies. As a
consequence, EMG's computer development program shrank and was terminated after a few years ([23], [30] and
[14]).

13 Salondesindustrieset du commercede bureau.
“sz8m2t § sQketckhtnzipkoanit .
%0r sz8g8m2technik@ps§ | | al at .

181BM hada subsidiaryin Hungarysincethe 1930sto sell its calculatingmachines|BM Hungarystayedin operationevenafter
the SecondWorld War with a smallnumberof representatives.
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As VIDEOTON was not prepared for manufacturing computers, the production and distributioa of
Hungarian Ryad computer was delayed. VIDEOTON founded its Factory of Computer TechAbtdjem 1971.

Due to its lack of experience and prestige in computing technologies, VIDEOTON had trouble recruiting an
experienced workforce, and had to hirenast entire electrical engineering and programmer cohorts that had just
obtained their degrees at the University of Technology in Budapest [2].

During 1971, VIDEOTON manufactured around 100 computers based on the CIl 10010 license under the
code VT1010B. However, Hungary's contribution to the first generation of Ryad computers was VIDEOTON's
computer based on the Mitra 15, under the code nameK)EQ, VT-1010, or more colloquially referred to as R10.

It was adapted to Ryad standards by VIDEOTON and SRKeé to VIDEOTON's lack of experience, the operating
systeni®of the computer was adapted entirely by INFELOR (the first Hungéasiaftware hous® and KFKI.

It was introduced to the public in 1972 at the Budapest Internationaf’faaid, was distributed biate 1973
[23]. Altogether almost 500 of them were sold in the Comecon countries. Although the shift to VIDEOTON caused
a delay in the delivery of the R10, it was still among the earliest Ryad machines.

In addition to manufacturing computers, VIDEOTON became involved with two kinds of peripherals:
printers and graphical display terminals. As VIDEOTON was awntelevision manuafcturer in the region, its

TheHungariarRyadcomputer,the VIDEOTOR10(EG1010)with its
VT340(ECG7168)graphicaldisplayterminals

entry into display peripherals came as no surprise. With the peripherals, the company followed a similar route as
with the computer. Its goal was to purchase Western licenses legally, thus maintaining Hungary's tentative
rapproclement to the West, while being able to market its peripherals as high quality licensed products in Eastern
Europe. VIDEOTON's early line printers were based on Dataproducts licenses. In the end, VIDEOTON had to
develop its own CRT graphical display ternijnas its license negotiations with Siemens did not reach an
agreement. Its display, VT 340 (EX168), was an especially successful product, sold all around Eastern Europe.

Despite not having any experience with computing technologies, VIDEOTON quickdynieesuccessful
in this field as well, and grew to be the second largest computer company in the satellite countries, with only the
East German Robotron being larger at the time. This quick expansion was due to VIDEOTON's experience with
international disibution and marketing of its televisions and other household electronics. VIDEOTON's market
strategy was to emphasize the Western origin of its products and downplay their Ryad involvement, in order to price
them more highly than the usual Comecon produdtgh the success of VIDEOTON, Hungary became a net
exporter within Ryad.

"sSz&m2t §sQ@yeScrh.ni k ai
18VIDOS, standingfor VIDEOTON OperatingSystem.
BudapestN e mz e VI & Blingexpo.
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Assemblyof the VIDEOTONT340(ECG7168)graphicaldisplayterminalsat
VIDEOTONHEactoryof ComputerTechnologies

VI. CONCLUSION

This case study showed the swéftpansion and development the Hungarian computing industry went
through in only a few years at the turn of the 1960s and 1970s. The opportunity for such growth in the field of
computing was due to the country's involvement with the joint Ryad effort tieatuigteed unprecedented political
and financial support for the sector and a large international (Comecon) market. The institutions founded to
accommodate the project covered all aspects of computing, from hardware and software development to education,
export and import, and customer service. As the scope and service of these institutions and programs went beyond
the framework of Ryad, they impacted and accelerated the computerization of the country in general.

At the same time, Hungary fulfilled many afsiRyad obligations through legally obtained Western
licenses. Seeking out Western licenses (not just in the field of computing) was part of a national strategytto re
technology and knowledge transfer from the West. This trend was also fosterexr NgwthHEconomic Mechanism
that encouraged large enterprises, like VIDEOTON, to finance themselves and their growth through export
activities. Despite the fact that this strategy was independent and even prior to the country's involvement with the
Ryad effots, most likely it would have been infeasible without the political and financial support that became
available due to Ryad.

The Ryad project is understudied in the scholarly literature, which is most likely due to its being seen in a
negative light. Be tht as it may, this case study shows that Ryad strongly impacted Hungary's computing field and
computerization in general. Most likely it was similarly impactful in the other satellite countries, and in the Soviet
Union as well. Thus, in order to understati@ history of computing of the Eastern Bloc, a more systematic
examination of the joint Ryad project seems necessary.
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THE TELOS OF CONFRONTATION: THE PLACE OF IDEOLOGY IN HISTORY AND
HISTORIOGR APHY OF COLD WAR COM PUTING

KseniaTatarchenko
Singapore Management University
ktatarchenko@smu.edu.sg

Abstracti A nut shel |l hi story of modern computer . A omes
progress line stretching from the ENIAC to the internet offers a coherent narrative arc which culminates
with the FAAMG and its $4 trillion capitalization. This story of triumphs, however, generates its own counter
narratives, such as KaiF u L Al&dpsrpowers: China, Silicon Valley, and the New World Ord2018), and
relies on the plot of a Anewd Cold War. I'n this I|igh
the relevance and the limits of the Cold War history of computing and to mue for an inclusive
historiography. My reflection concerns the ideological dimension of computing during the second half of the
twentieth century as well as the literature structured, explicitly or implicitly, by the narrative of Cold War
confrontation. | will first engage with several foundational texts in the field:Computer:A History of the
Information Machine (1996),The Closed World: Computers & the Politics of Discourse in Cold War
America(1996), andThe Government Machine: A Revolutionary Historgf the Computer(2003). | will next
discuss a series of challenges, destabilizing and complicating these master narratives, raised in recent
historiography and in my own work on Soviet programming and cybernetics. In particular, | will focus on the
following dichotomies: confrontation as analytical vs. actor category; mechanisms of circulation versus
effective and metaphorical barriers symbolized by the Iron Curtain; and the duality of hardware and
software histories.
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AN IDEAL ISM AFFAIR IN THE EA RLY DAYS OF THE SOVI ET COMPUTER SCIENCE

Mark Trakhtenbrot
Department of2omputerScience, Holon Institute of Technologgrael
markt@hit.ac.ll

Abstract i In this talk | will present details of an affair that dates back to 1951 (almosf0 years
ago!), to early days of the research in the theory of algorithms and mathematical logic in USSR. In fact, this

story relates to early days of Computer Science in t
were not in use yet. Moreover,n t hose days cyber net-d cise nwaeso ,| adbred erda tal
logcia fibourgeois idealistic distortiono.

During 1951, this story has been developing in Penza, and it involved my father, the late Prof. Boris
Avraamovich Trakhtenbrot (B.T.). He then was a Docent (Associate Professor) in Penza Pedagogical
Institute, where he started to work shortly after finishing and defending his PhD thesis conducted under
supervision of the outstanding Soviet mathematician Peter Sergeevich Novikov. In additioB.T. was
involved also in cooperation with Bashir | skander ov
Research I nstitute of Mathematical Machines (1 jdza j dzi€

In a seminar in Pedagogical Institute, B.T. delivered a talk © mathematical logic to his fellow

coll eagues, entitled fAThe method of symbolic calcul:i
algorithm concept. Thi s wa si fdlowiagt tlkis; B.T. was actukeel ofbéing@a |l i s
ACar+dyappe i dealisto. Note that this was the | ast stage

not only them. This made the situation very dangerous for B.T.

Fortunately, during the work on his PhD thesis (in Kiev), was often on longerm scientific visits in
Moscow, wher e he actively participated i n research
Problems of Mathematicso | ed by P.S. Novikov, S. A. Yanoc
(A.A.Lyapunov, A.N.Kolmogorov) were involved in B.T. defense against the absurd accusations. They

provided | etters of expertise that supported B.T. 6s
topics in fADoclady of ANO and in AUspekhi dfdhese mat i ¢
devel opments was publication of a popular bookiby B.

one of the first books on the theory of algorithms that was translated to many languages around the world.
I n the tal k | 064 dfthepaffadr,sagwetl as thb elatet eldcaments, including letters by
the mentioned prominent mathematicians.
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COMPUTER TECHNOLOGY IN THE MUSEUM OF HIS TORY SAINT PETERSBURG INSTITUTE
FOR INFORMATICS AND AUTOMATION RUSSIAN ACADEMY OF SCIENCES

RafaelYusupov
SaintPetersburg Institute for Informatics and automation of the Russian Academy of Science
yusupov@iias.spb.su

Vladimir Ivanov
SaintPetersburg Institute for Informatics and automation of the Russian Academy of Sciences
vpivanov.spb.su@gmail.com

Abstract i The article describes the history of computer technology development at the Saint
Petersburg Institute for Informatics and automation of the Russian Academy of Sciences (SPIIRAN) along
with some aspects of the institubn's history. The experience of the organization in the use of computer
technology in scientific research is systematized. An overview of the main collections of computer equipment
exhibits in the SPII RANG&6s hi st or y celthinstagesrof thesforngatiom e n .
and development of computer technology in the country, the emergence and development of computer science
as a fundamental science.

Key wordsi computer technology, electronic computers, computer science, mathematical and
computer software, computer networks.

INTRODUCTION

The Museum of History of the St. Petersburg Institute for Informatics and Automation of the Russian
Academy of Sciences continues thaditionslay down in the mieénineteenth century on the creation of museums of
scientific and educational organizations. Their main task is -alepith study of scientific and educational material
on specific natural and manade objects, popularization dhe achievements of science and technology,
communication of generations through the transfer of knowledge and experience of researchers and developers.
Such, for example, were the museums of Ethnography, Anthropology, the Russian language and Betaicel
and others in the system of the Russian Imperial Academy of Sciences, Gorny, Zheleznodorozhny, Maritime,
Communications and other museums at universities, the Artillery Museum.

Computing and telecommunications technology in less than a hunelesi of its development has made a
tremendous leap forward. But perhaps that is why many priceless rarities, unfortunately, have already been lost
forever. It should be noted that hardware and software are developing together with each other, and therefore
computer software is also an object of historical research.

That is why when creating the Museum of the History of the St. Petersburg Institute for Informatics and
Automation of the Russian Academy of Sciences, it was decided not to be limited only bigttmg of the
institution, but, due to the specifics of the tasks solved by the institute, interconnected with computer technology and
telecommunications, to form a public scientific multifaceted museum of great sociocultural importance which is
determired by the solution of the following tasks:

- improving the general educational, cultural level and computer literacy of the population,

- stimulation of interest in the practical widespread use of computer and telecommunications
facilities,

- preservation of théistorical and cultural heritage of society associated with the creation and
development of means of working with information resources,

- preservation of objects of computer and telecommunication equipment,

- preservation of computer and telecommunicatiamggent software objects,

- replenishment and restoration of equipment samples, storage of information about losti objects
computing and telecommunication systems of various models, related devices.

- excursion services for various groups of the populatiamilfarization with technical samples,
with the basics of computer science, technical cybernetics, conducting visual classes with students
on computer science, the basics of computational mathematics, etc. for career guidance.

Due to the presence of a dofént number of unique samples of computer technology, peripherals, other
exhibits, interactive information systems freely located on the exposition space, the SPIIRAS History Museum is

able to solve the tasks and make its own contribution to the-sdtimal development of not only the city, but also
Russia.
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THE HISTORY OF THE DEFELOPMENT OF COMPUTR TECHNOLOGY INLENINGRAD (ST. PETERSBURQ

The history of the St. Petersburg Institute for Informatics and Automation (SPIIRAS) of the Russian
Academy of S@nces began on October 7, 1974, when the Department of Computing Engineering of the Leningrad
PhysicaiTechnical Institute named after A.F. loffe under the direction of Doctor of Technical Sciences Professor
V.M. Ponomaryov. Note that by 1974 in Leningthére was an acute shortage of computing power, primarily for
academic institutions. The resource of the Leningrad branch of CEMI of the USSR Academy of Sciences, which
was trying to assume the role of a computer center for collective use, was clearmpungh.

Quite quickly, the Department of Computing Engineering was reorganized into the Leningrad Computing
Center (LCC) of the USSR Academy of Sciences. The LCC team was tasked with creating a computing system for
collective use and then, on its basisyeleping a system for automating scientific research. Note that not everyone
had the task of commissioning powerful computers. For example, one of the institutes of the USSR Academy of
Sciences, having received a scarce and expensive BESM 6, faileddb iaun

The LCC of the USSR Academy of Sciences successfully coped with the task. In 1975, such computers as
MIR 2, M 6000, the first computer from the BESM 6 series were commissioned. The next year, the second BESM 6,
which were immediately combined intcsingle computer complex, which made it possible to satisfy the needs for a
while Leningrad institution of the USSR Academy of Sciendssthe same time, the corresponding operating
systems, software, a set of compilers for programming languages (Asseifiptd, Fortran, PL 1, SIMULA, APL,

GPSS, etc.), standard program libraries, DBMS, and programming automation tools were introduced. In a short
time, almost all software and mathematical components were installed and put into operation.

The next step iexpanding computing resources and introducing new services was the installation in 1978
of the CYBER172-6 computing system from Control Data Corporation. It was distinguished by a rational and
balanced architecture, a wide variety of highality peripheal equipment, advanced mathematical support, and the
availability of a database management system EIM& The system was based on a central processor, 10
peripheral processors, and a separate network processor. Architectural features allowed to ipsie@se s
performance, since the central processor was engaged only in solving user problems. The first experiments on
creating computer networks and connecting the resources of European computer centers were carried out in 1978
with Hungary (IIVTA) and Finlad (Technical Research Center of Finland).

A further step in the development of the collective use system was the installation in the 80s of the ES
1052, ES 1060 computers (combined into a single rmadithine complex), as well as SM. This allowed to imeeea
the number of users and expand the terminal network. Remote terminals in more than 50 geographically dispersed
institutions were connected by telephone wires. The computers of the SM series were used as network computers,
which were also used to autoratxperiments at academic institutes, as well as to control production systems.

Unlike the CYBER system, in which the circuit switching method was used to provide network
telecommunications, domestic computers were combined on the basis of the packaigwiathod.

This approach was implemented in the ACADEMNET project in 1985. The center, reorganized into the
Leningrad Scientific and Research Computing Center of the Academy of Sciences of the USSR (LNIVC),
completely took upon itself the fulfillment afpplications from academic institutions for the implementation of
computational work.

The number of users has steadily increased. If in 1982 55 organizations used the network services, then
three years later, in 1985, their number increased to 82.

The list of user organizations, in addition to academic ones, includes leading universities of the city
(Leningrad State University, Leningrad Polytechnic Institute, Leningrad Electrotechnical Institute, Leningrad
Mechanical Institute, Forestry Academy, Leningfiagthnological Institute, etc.), industry research and scientific
production organizations (Home Geophysical Observatory, Leningrad Optical and Mechanical Association, NPO
Plastpolymer, NTO Central boiler turbine and others.). The economic efficiency bNIRE network already in
1982 exceeded 4.0 rubles per ruble of costs, which significantly exceeded the average economic efficiency of
scientific research, which amounted to about 2.5 rubles per ruble of costs in the same year.

Using the indicated computéechnology, appropriate mathematical and software, important scientific
problems of plasma physics, gas dynamics, and solid state dynamics were solved, -quactianical calculations
of electronic structures of molecules, spectra and structures of polyystems were carried out, ephemeris
calculations, studies of planetary geophysical hydrodynamics, theory were carried out climate, mathematical
modeling of photocenoses was carried out, productivity forecast in ecosystems, modeling of 4B lgggtem
sphere, the creation of regional models of rational use of resources, etc.

In the 1990s, the Institute retained its accumulated experience and ensured a consistent transition to modern
information technologies.

It should be noted that the collective useénfbrmation and computing resources in the modern world has
transformed, for example, in the concept of Data centers representing cloud services, the concepts of virtual
machines.

Further development of telecommunication technologies will undoubtedlyttead rethinking of past
experience and to the construction of fundamentally new telecommunication networks.
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COMPUTING AT THESPIIRAS MUSEUM OFHISTORY
For a relatively short historical period SPIIRAS has preserved many unique examples of computer
technobgy, primarily electronic computers of different generations, which currently form the basis of the SPIIRAS
Museum of History.
Exhibits can be divided into the following groups:
1. Largesized samples of computer technology.

These include, first of althe CYBER 172 computer complex (see Fig. 1), which reflects the period of
development of computer technology, "when the machines were large." It is built on low and medium integration
integrated circuits. Input/Output devices are magnetic disk drives,atiagapes, remote terminals, printers, punch
card devices of input/output information. The complex had high productivity at that time up to 1 million operations
per second. The bloakodular principle of building the complex made it possible to quickiingk its composition
depending on the tasks to be solved and provided quick diagnostics and troubleshooting.

The software consisted of a balanced NOS network operating system, Fortran, Algol, APL, Lisp, Simula
programming language compilers, a set of ddierprogram libraries, a database management system that made it
possible to solve a wide range of scientific and engineering problems.

At this complex, in particular, in 1982, calculations were carried out on the impact of the Leningrad flood
protectionsystem proposed for construction on the ecological state of the eastern part of the Gulf of Finland.

After the introduction of an embargo on the supply of computer hardware and software to the USSR in the
USA, Control Data Corporation stopped the salespdre parts stipulated by the contract. High qualification of
LNIVC engineers allowedopingwith all the difficulties. Failed blocks were replaced by their equivalents using
domestic element base. It is interesting to note that the improvements madsibtepto simultaneously increase
the system performance.

Figure 1. Cybet72 computer

The CYBER 172 is represented at the museum by the following devicasetjral processor unit, 2) an
operator console with a graphic display, 3) a magnetic disie dmit, 4) a magnetic tape drive unit, 5) a remote
terminal.

Among the other large computers of the museum exposition, we note such complexes as BESM 6 and ES
series machines that are quite popular in the corresponding era (Fig. 2,3).

Their practical apjcation for solving scientific problems at the LNIVC RAS was considered in the
previous section. And therefore, their fragments are preserved in the SPIIRAS Museum of History.
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Figure 2. E$052 computer

2. Server computers.

In addition to large machines, a certain ecological niche was occupied by-théesbserver computers.
These machines fully provide their resources to users of other machines through the network, although in some
cases the user is allowed to work on ¢beasole of such a machine. Their distinguishing feature is the availability of
resources that significantly exceed the capabilities of conventional personal computers.

Of this class of machines, the museum presents the Corollary computer.
3. Information hputoutput devices.

The museum has a fairly rich collection of inyputtput devices. These include mechanical and electronic
printing machines, teletypes, dumiatrix, ink-jet and laser printers, plotters, light pens, metype manipulators,
devices for wrking with punch cards and punch tape, devices for storing information on magnetic disks and
magnetic tape.

4. Personal computers.

The museum stores personal computers of different years of production, which clearly demonstrate the
progressive developmemtf technology over the past thirty years. Among them, the first mass and affordable
personal computer IBM PC XT, as well as its counterpart "Pravets 16".

5. Specialized computers.

The class of specialized machines is represented by graphic stationdh okedbknown companies as
Control Data Corporation (Silicon Graphics), Sun Microsystems (Sparc), Apple (Macintosh).

Game consoles also present in the exposition belong to the same class.
6. Communication and telecommunications.

As the number of computeradreased, to improve the quality characteristics, tools appeared for building
local area networks, linking computers with user terminals.

The museumbés collection includes terminal s, synect
rates, network dewes (boards, switches), teleprocessors for building a backbone network, and satellite
communications equipment.

7. Tools for performing calculations.

Of a sufficiently large variety of such tools, the museum stores office accounts, an arithmometer, slide
rules, simple and programmable calculators.

8. Devices for monitoring and adjusting computer equipment.

From this group of devices, the museum presents testers, voltmeters, ammeters, oscilloscopes, frequency
meters, standard and special signal generators.

9. Element base for building computing and telecommunication equipment.

The exposition reflects the historically established way of building computer technology using relays,
electronic tubes, transistors, integrated circuits of various degrees of ilmlegfdtere are also presented nodes and
printed circuit boards of electronic devices of computer technology, for using the corresponding element base.

10. Aukxiliary electronic equipment and devices.
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This group includes household televisions and tape rec®r(hs a means of displaying and fixing
information) for homemade and specialized computers, a fire extinguishing installation, a climate control
installation, a punch for punched tapes, uninterruptible power supplies, a microfiche reader, and a tapgnetic
cleaner.

11. Software and algorithmic software.

This includes installation packages for operating systems, device drivers, major programming languages,
and various application programs. The packages are accompanied by their descriptions andriasiouctse on
paper.

Thus, the exposition of the SPIIRAS History Museum covers from a different angle a fairly wide group of
computing and telecommunication devices with appropriate software, which allows a relatively complete picture of
the developmenticections of this type of equipment and technologies.

WAYS OF FURTHER DEVEIOPMENT OF THEMUSEUM

The development of the Museum is planned in the following areas: 1) replenishment and structuring of the
collection, 2) the use of robotic tools for excursioB$, the formation of interactive space for expositions,
excursions, career guidance for schoolchildreran@lysis of the processes of structuring the history of computer
technology.

The formation of an interactive space for the exposition, excursionsaaadr guidance of schoolchildren
involves the formation of collection description metadata, the user interface, the museum search system, the
development of a system for displaying audio, video and text information, the collection, integration and ahalys
exhibit data, the creation of multimedia collections of excursion material and etc.

CONCLUSION

The exposition of computer technology at the SPIIRAS History Museum, as an object of the sociocultural
heritage of mankind, plays an important roleuinderstanding the place of computer technology in the life of
modern society and in assessing the direction of its development. The role of the monuments of material culture (in
its broadest sense, including computer facilities) is that against theirrbaoklg a person is highlighted more
clearly, as a thinking, creating, creative being. Their study allows the younger generation to link together the system
of acquired knowledge, consolidate them, find their place in life, and the specialist to comgrehenacess of
development of science and technology, to highlight its promising areas.

Based on the foregoing, a natural logical conclusion follows: the SPIIRAS History Museum will not stop at
the achieved level, it should continuously develop furtherder to more fully meet the needs of society.
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v 06, &zOof ted d3j t, 9 YyJdwvrs HJBsdNisteOydd Cbkte!yLdzr 7 ofts
OdzdL so Oz ¢+ CMstcOC tsH fJoWssteOydg o tiH@&W B8 s dr'dr otsa 6Byt
W 5C Otels: SOCdd3 tsBtcOLtsd3 9  Bzdzwikstste] By dets o7 HO9 Ol
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04,03,20 M1

tod
fdt
dzO

MOHMKTOP-810 (3,6) 26.,11,83M C MC ” 0L YB HA” U ) unep 419999000000
KKK K X K X OKMKEX K X XXX HRKK X KKK OKKKK KKK KKKK KKK K K KKK
X KX XX X X XX XX XX KEKKK K X X X X XX KX XX
KoK K K K K M OKKEK KX X X KK X X X X XX X X KoK KK OKKKXK KX
KX K K XK XX XK X KX XX X X X X XX XX X X X XX XX XX
XK K K K K X XX XK X X X XX HEKKK K K KHKX X KXKK X K X X X
KoK K K K KK X K K KK KKKKX X X X X XX XX KEKKK K K X
KKK KKKKK K X KXKX X X X X HRKK X KKK X X X K K KK OKHKXX
*NAME OUMWBKA B ®OPTPAHE
#FORTRAN
04,03,20 M1
& 0P TPAH
/16.07.,73/
PROGRAM MAIN
1 =5
2 J =5
3 IF (1=
4 - PRINT 10
10 FORMAT(13HHELLO, WORLD!)
5 PRINT 20
20 FORMAT(32HWHY ISN”T ”HELLO, WORLD” PRINTED)
END
TABAWUA OTHOCUTEAbHHX AAPECOB
1 2 3 4 5 6 7 ) 9 10 11 12 13 14 15 16 17 18 19 20
000  :00001 00002 00003:00007:00012
*EXECUTE
MAIN 01000 SWRITT 03165 AHID/* E 04407
PROGRAM E 01000 LUNMUN C 03170 10SKIP* C 04414
BCDWRIT= 01042 LUN*MON 03171 10XGIVEM 04415
FT#621 E 01042 0CTTDEC 03177 GIVEMASK E 04416
BCDENC* E 01046 TABWT/*» 03231 10XXRPCK 04445
FT#611 E 01046 RHTB/* 03236 10XXUPCK E 04446
FT#571 E 01050 PRINTS 03321 MON*ITOR 04517
FT#561 E 01053 PRINTB0D E 03321 PLBEG E 04526
NEXTLET* E 01060 10XXTTWT 03357 PLCLO £ 04534
RK* E 01075 TTPRINTD E 03363 ASAVE® E 04542
WSy= E 01345 TTPRINT E 03363 SAVE*HID E 04547
10CONT® 01530 TTPRIKS E 03375 FOR®ALL E 04564
10AC* E 01562 /1P» E 03443 OH* E 04566
FT#002 E 01575 TOXXFMR* 03457 OH#*1 E 04573
FD*642 E 01576 10XXFMW* E 03460 150/G0ST 04602
FDe722 E 01576 10XXER/M 04055 TSTATE* C 04651
FCa722 E 01576 10XXER/O E 04056 #ICHECK* C 04652
FC*642 E 01576 10XXPKWT 04077 GIVELEXX 04660
FC#002 E 01576 BCDPUN E 04100 SAVELEXX E 04762
I0END*® E 01603 COLPUNC#® E 04101 RD/BT 05002
FT#003 E 01603 COLPUNB* E 04136 WR/BT E 05003
10SVFR E 02112 COLPUNE* E 04136 SDEC™ 05022
SUBPERR* E 02124 IBCDCTR® E 04143 #10XLSWH* C 05062
sTOP* 02526 10XXLPWT 04243 CLEARLEX 05063
BCDBEG* 02547 ERRIOM 04246 CBOBOA 05075
FT2% E 03056 ERRLUN E 04326
KONV1# E 03071 H1D/® 04404
WHY ISN”T #HELLO, WORLD” PRINTED
KOHEW 3ARAYN
00411: 00 074 0000 #74
—~ — , -
_.m g)h M a g)h _oac Ye o . . -co e e Y ¢ ho . h a a
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Hdzwv fjtedydmdzdds™ = Isdf o BIOENjdesm] Cofs Isdsjied fijj df dsd dzO § SH  tetS G to (

Rdzls j e Mdes tSlsdzj Isdls! MdziHEze M dj HJIlOd]:

T 9jteimdw CesRBf ddzv ststc® 9 Wisted3Ols j sBl jCIlsdzts@ s BsH
slsmikzlsmMlseze h dr o CtsBfddwvisstey C0O0¢ yYyoOfmlsd dBsddBsigrs T OmMO M
(PASCAL COMPILER 15.0 (15.02.8p). 15 tlts?2  ftedyudds Hdzv  Hisfisdy j da
toj CBfdzdtetso Odzdeséts tsBi jCIsdesedts BsHEzY 1 dMetsHd &3 o dzj
HisflsddidL Oydd;

iLOBjyukz o COyjfMmbej Chktgdw{Eds.ylsis. L OB @A) dad"S SIRf C Mk
1 0fMC0o0dzy, SBBRBIJdzvydw Cobttets? ey HOjls BsBEzQ C Is @b 2 tc Bjsdz@
Oo kMmO RWOElo7dets swWjGejL 35 M fodseadds? dils §ftshmdi HOIT o]

T IsjClsr digfsB sy shdes ¢ On dzd ftedmkzlsMlseze ls dzj § sMts |
s@f ddviIststcO, ylsts d Edzjdzt hOjIs jets ©OL &3] t6, d tBjMmf]
sdz' LB OIsjdzj 2, Ydi?2 tHds?2 wLr ¢ sSldzdyjd sk ttkEMhitses;

OHd MsCLOh jddvw Bl j BOf dfdddy skt &3, 1 OslgdSdply "d3tsiy s e ashdg dzd

i
Bdlsdze d3 € tsH s BTEKT Beéd cHHUMLY, 09 Ctbtstesd slsmizlsMisoakzjls dd BEZSC:
Of sistesW, lyijcets Ooaltste tejhddz LOYdMOl! omdzjHdzejd Mdztsoe
claiacl [ Agdslstedzy dzO Ists, Ykt dMfsd L se Ols! BYeCd?2 L do¢
dzts 6 d ydats;

i9 MfdmMej MmMotseh jdd?2 B hdeCOR fwdmizsmMsolkzjls dzj di1
Hsosdz! dzs 1 L Slsj s BRANTHI G s Y f 2015 s @O dz' dzts f) k& @ Istbe@¥ s egef ez M |

®http://www.moorecad.com/standardpascal/CDC6000_Pascal_Compiler_Pascal_1972.pdf
il kdjlSaak dudevipsoiadBiipdz/github.com/besmé6/pasaal


http://www.moorecad.com/standardpascal/CDC6000_Pascal_Compiler_Pascal_1972.pdf
https://github.com/besm6/pascal-re
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HisB Qo dzj dzgdesets o Hjtear 2 dL-6 tc) OFYEXEPH Qditids B i Sp@ids s CItsCHuS) C
ZOMEsdz! S5 By des MEHdIs!, BLCOLOoh jesMw  dOMstdz ¢ G
fsdz Ls9Olsjdzj?2, uybts dvr (sBRfdized®BO | B8NMEGY @M & ydwy B dzO

THdw BBd hj2 edBStfsd WL "M CO e jtcC O Isdftse f OttOd3] |
CoOyjmhsej WttdzOdz dzf » (OO stese, HJEZOjIsMW dzj Htod ¢ 5B
dzO f te o3y Aedzts 20 i Ols !

PROGRAM MAIN(OUTPUT);

PROCEDURE CALLANDPRINT(FUNCTI ON F:il NE®GGERY ; *)Y* Ot

BEGIN

WRITELN(F)

END;

PROCEDURE TODO(PROCEDURE WHATTODO; FUNCTION F:INTEGER);

BEGIN

WHATTODO(F)

END;

FUNCTION F:INTEGER,;

BEGIN

F :=12345

END;

BEGIN

TODO(CALLANDPRINT, F)

END

CsO ftoscteOBRBO SsRfddadtezjlsmy o Jted orf ff sdzdzj dzdd 1§ § yC
syjdz a0V foscOBBO oy C(sBfddddtkzjlsffyv, ds fted orf

PROGRAM MAIN(OUTPUT);

PROCEDURE PRI NTVAL(! | NTR @BR) ks * * Ptec

BEGIN

WRITELN(I)

END;

PROCEDURE TODO(PROCEDURE WHATTODO; FUNCTION F:INTEGER);

BEGIN

WHATTODO(F)

END;

FUNCTION F:INTEGER,;

BEGIN

F :=12345

END;

BEGIN

TODO(PRINTVAL, F)

END

Il MmdMmsjdki clbkd ke, o MsMmMksOsj € tsisaskctsPs HEQB tsistOd] Iso ¢ st
orhjftcdojHjdedes? ftesctcOBB HJOGdsMisdJiezj s ©hdBCO 9 IS
Hdzv ftcOoddz dzsets o' fsdzdzj dzgd W § tets RO dzzy des § dmMOIs+  WHA

TRBJ dIsmw shdBCO o Mddels OL B9d Yj TSt GEcB®BEZBRMBBIOSsKL] , dL

PROGRAM MAIN(OUTPUT);

FUNCTION F:INTEGER; BEGIN F := 5 END;

PROCEDURE X(I:INTEGER); BEGIN WRITELN(I) END;

BEGIN

X(F +5);

END

Mudlsojlsmw MmMddsosmdui Meéd djictetej Clsdzs?2 (o §sLdydd |

LOfwIsts?2 ddzd MEtBCd )ddd dGOizgs PXEHEHTFHE EKEGazf) 0 st ot &3 €
Codkf v s olsBRBAdY k52 shdeSd doj MBH, ey dls.
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I bt 3] otjdvw &oyds slsdkjlsdls:, ybt tsH-fztxtdhEstge v
hdted, Ui §oHBdsY]Msets, -(fotdsEtfstzy do AjOBs] dgOfQdyCdfide, o
sBi Wo dzw [s CdzlsOdzlsT Mbstesydzsets Isdif O.

RL9 jMlsdes, 1yt o { totsynjdififilsij d3tc O L{tddOBcdsCE defiti] dodsts dTats v B 7y dzq
odzgi Mjdzr o SCtdBfddwistste, HtsMiskzyder 2 o Ists otej 3w odaddvign SH dar
Moy Odzj ded ¥ , kdzzyh j dedzOW o jtedw dzj MhRteOded zOM: , O HjlOdzj

lfsfmazjHimisedd f §odshi s OOEsedyudsets ftesyj MO B
fMzzy jede | fsctOBl o MfMisOsj BdBddBIjSd, o YOmbdshls
ftotsetcOBRNR.

IV.resdfYRICARC GRAULOBR

] MmMlsOe s kzdytodts? HFOGsEdRPBOIs a2 detezOMd| fiplsizialsr ¢ 1 Y o
o RuUuf d Jluv 1. 1. ssBjdzjor &5 dzO BOLJ MmdMmisj o3 clkzd se,
LWWiClsdo dets, O r dORDOygHE f Otlsds eoMmMjcets jHJdd yr md ¢ I
HsMisfder 2 Bl jd&B& [ vU. JsHj dz dzrijd Wetc Od @3f) ldatizts f) ldcf], M Is ¢ 30 2@ ¢
Wz dzC yd s dzO dzt fgitisige @ dfchdpd ! dzO dd3j v M j 3w 2 dzOf) ff tise) te @UsJO o Hiaf fy G
dzi Cslstster 2 Ckdz stesdzse dyj M€ d 2 ddzlsj .o M, fsmMEtsd CFk fmt
fteddzd yj Mlso ks h jes odtlkzOd dats?2 ff j temtsdzj ¢ Hs(sdzdz® & ,9 d &5 d figl*
szgtféﬁts? Hi Sl iz dpd f stigQ O MO Oztstc f Hagy e v bSO QT G&E3 B EZH j |
L OHOYd

1 sdz' L W fip! Is j o3, Ylsts -§ dsld3t 9wy és s tdf s dzd Ol § 1©de MlsOIsd yd
BdBdkdBlsj ¢ 52 otej 3gided o' fsdzdzgj dzdv d sty HOJl ftosdj >zl
cooalssCtsH RUJS e, EHOdZsMH O fddMbe z@isjedz§ skskz MOBL WA, d MsL
o jtemdys f teisioLtcGipin" 3B dzj c©@, o' HOs h k¥ tjLEzd sOIs, { Reflc sH dgr 2
MCtedylstsds.

] ZOEGBHOtW Istsdzz, yYlksts OBt dMisd Lkjdi s Isdise d Mmls
Mfg¥ydsd, ©BCOLOdNY Mih jMmise jdzdes E3j, uyjdz o SoRfddvisst],
o dHJdBsBE, dzi Mddzt dets Blsdzd yodzof! s JMfsd Lo Odzdes?2 o M
ftesyd Mmd wkydts?2 HsetHSd Mikzh jBigs j dzdzr w Odatzls d3dztfidz u® j dzif sa
dZO2H jdedzr 2 2O BBKOL ] Isset Yj HdMEO dMmasHdr 2 IjCMmls ftofs

tOL dzd ydg' § kL tste’ Zz0 ctoOWdudmMésds Hdmy dzj 4 , dL SCobttets?,
GJjdzj tOIsste MigkdrO2 dgsAlstfh O 8 BtsSdz h j2 yomisd dti ofmmiJ
stededdzOdz! detsds adHi t©WOHd HJ BsdhisttOydd MddzlsOtMdmMO ¢ dolsts!
dzj ots?2 ftsdzseoddzy HBOMJddesets Mdzsea O Bls C SdBOAzH T o f dztisddO® .ts 2
[BtOIdlsy oded3O0Odzdj dz0O ARAND B tedaydzveh ¢ 5 BRIPELO dalsid v Is diydzOw L
sdfdudetsy udmdzts ¢ &z dpfhidgrup-rey-sieezedutmbe). § Zfistse (

_FUNs SONRONDY [ R &; (* ®wfoveéosr fr vyref [ 1 (0,1) =)

_(eDf (8; 4t 77=177Y RONDOBURENE=M 1,

AegROND=J v 11 R[ , [ RNDI==vdom , 1 7 RL =115

g ; ROND 0 ,RPND4004142135623735,

4RO)ND 0003303130564677, J1R[:0017777777777777,[ ;4]

S, MROYTY=RIND [ :=; _)NDRNI [ *)

Il MmdMmilsj 8§ cryddee Mmkh j Mise s OEaR] dzePfp ‘O, HOfala] 5 " ded Csls®
LdZOSCsdiiMisej Ysdz LsoOIlsjdzv M ¢ 3 ddetsdze, fsdz d HOO tiyH
fsdz L s Olsj dzw , dzO T wfr) difiste @edzf{df € bsfipfifistpdids BU 'dsO a5 e ¢ d n
HsMisOlsydzets? O @ tedetfisldz 4 sz¢ L 50 Olsj dzv, jMdzd tsdz dzgj BT dz
§4tehtsdO icqe=ifO® tiIs d W@ dafts BO" Jlaf 3 § sdz' L 59 OdzOM! .

[ dzw fteddzjte® Htode jHLE BjL Cod3dsj dals Oted j o dzj MS sdz! € s
ctcOLGE o Bte 0. AsHdEHEE (MstBj Bsa Odz ftcjHo OQteWils! Mmdzzy jBder | fdzise
fsLotsd"dz Hdzw CtOlS sMmisd LRy iendd @%Gd ); dietntii W jdsOdz" jo ' fifztgoc@ [kt
qetesC O dL ydls" ey a: ¢ dzd s5te), [ RO dpHt[filfPldsO dattzoudd)birkigzdes 1] ttc § gz ethofet
dmMf sdz? L s9a Odzd ! OdeGdzsw L " ydzg' § dHJjdelsd¥W S Olstster twOH EZHESB

_if ((known Gender = MASC) _or (known Gender = FEM)) _and (age > 0)
_then _(

_select
(age < 20): write("d");
(age < 50): write('"vldrdrf");
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true: write('¥Jfyovr11"')

_end;

_if (known Gender = MASC) _then write('"3zs ") _else wri
i

_if (I3v4z = 13) _and efendi _and ((known Gender = MASC) _or (known

Gender = FEM)) _then

_(
I3v4z := chkRandom( 6 );

write('1ruv ovrdr tolyv{');

_if (knownGender = FEM) _then write('s') _else write('1J[");
write(' ®wtrrrR '");
i f (1'3vdz = 1) then write(" ot ooa1")
el se _if (1'3vdz = 2) _then write("'[fdlt ] )
el se _if (I'3vdz = 3) _then write('dJrrovr1J1")
_else _if (1'3vdz = 4) _then write('yrt1l1d{s{rrm")
_else _if (I3v4z = 5) _then writ e("vsoudtr 1 L)
_else write("SaAarRJY I "),
Dk
_if (I3v4z = 3) _and (known Gender = FEM) _and (age < 25) _and (age > 0)
then
wite ("uvz, 1vélrtrdr, uvfisd, sé¢s sRIGLRH® ! ')
_else _if (13v4z =4)_ then write (" & {J({zZzRrR [JJRuUulJUL 1 U{R {6¢6sdu
_else _if (I13v4z = 5) _and (known Gender = FEM) _and (age < 22) _and
(age > 0) _then
wite (" mfurf 13 Pfeaffutru? 1o wvrac, rftfaoéc ')
_else _if (13vdz =6) _ thenwrite (' ¢ 11¢9 Jr[RrRYOBZ[ R 99 R
r)
_else _if (13vd4z =7)_ then write ("1 Yy ouv? w1 [fr1)1¢1 Ut ¢
_else _if (I'3vdaz = 8) _then write('suvlrR wraypr Jlrtis
el se write("¢f[dm JrfrRs 11" ),
1 Okj ykz dzdh ', Yylss BiMijHO B' ZO GHdsMIscsdzdzy v . [ dz¥

HsfMsObtsydss B' dzs otej &BY sl otcj d3j ded dzOB dHigiGl™ & hfj testesd LrotesHdz! oz
ryrddz esotsteddz t ¢7 w3z [fJLJYRZ?, vl R Cc Jdvrv [[]YOou?.

1 s Mkh jimseok Odkétstdlks®kO Jcter dsyds LOBjlsdks! , uykt .
Ftotso dzj EyOmlsddS O ddzd WjdHd, (occttOBBEO0 §rlsOjlhy {§to
slsHjdz des?2 oMy sdiitse Olsj dz' dzts 2 pers womo)t @ d3dgezd dh, 1) b p if dzdts dzffPyistisdz’, L s
HiBtls ftedoajdz ¢ ftsdeterhlkz ¢ryddzOe, fydsdOd: ds o dztsmd dzd

[jlsodd tf odd@piyiglsio s % kdC ydd, dMftd Lo Ooh j2mw Hdw
det’ ¢ryddzOe M OdzOdzise d yHiz KB of tigjiscstic OfifyfPodgdh s ojAly j dgv .

V.31 fr3 R Y0s8fd5Y[1RY

I fddkkz bees, vyt SsBfiddvlsstr M -6, &O 6O Ok @@
Mted HMlso Odsd BYfilsdddL Oydd, ftod dOdzdydd oL dBsydtsmisd o,
HiCadfddy ydy §oOdpodds, de®ls Qa0 ls msets? §shdd dzse L0
sBi jCldsets S8HO, ©OS d dL MkObduimMStses CsHO, §klsjd d&
LOMBjdz, M tOLEZBds?2 ft ItzHtsY S sMisd ttkzydets? HtsotsHC 2.

l sz yj dedz’ § tjLbkzd SOl'ddzgaell § ©F Hffjs Ol ey &d L toj dzd v
fecctcORBdse s | WEsOtspyisdfy oL &ty jd O0dzOddL &jlssHss o
dmAisHdr & IsjSCMsOkd OOdscdydey » fesceO®RE HdY Hkzedn ¢
HjSCtd ddzdetse Odg 1€ fiftde SRR L Oydd 5 otej &gj dad o' f tsdzdzj dzq
syjdCj Bl jBO OBl ft5 S&OHS)] d kimsdess Oy d zh kK

& j Lz dajle@esiB duovinlsdetfibiipaz/github.com/besmé/kalak


https://github.com/besm6/kalah-re
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Ltcj ddw dMmlsstedd Clkzdz Iskter sBh jdedw, ddzj oh j2 -~BB3 HG Sz Pr o
ftetsh dzsets o j CO.

Reus[YLRs ARLOGURRCLI HOUTr dt1 feuRr
{ OBSISO o' ftsdzdzj 2O Oolststesds 9 COyjMmlsej ~tBB(.
bolsste B EZOESHOWdl . 1. 1 OCkdzjdsts d [. 5. Ctesf

fMtslstezHdzd yj Mlsos o t©OL W6OB ds.§\J. 1 {dsiugzf defistigi®cOm @ p@zdz" | 2 d&EOG dzd Is d
Yylsts foLosdzddas d&oOyols: tcOBtslsk dzOH 1 Bedzvlststetsdg t©j 3 d BO
Crkzsdzoé, BJjL Yjet HBojHjdd] { BzdviststtOd f tsdds? &OhMdd H

R[S [RUCLOUVUL 3

1.uvsteddan. [ jtOydoddzor mdhsj k0 [ dMfos, 1 0ECO, [smSeOo,
2./0Ldg 2] . 1 GSCLOBRIeeo Odiff MdkzPd3j Cef B dzOe, 1 0SSO, [ MCo
3.0dzd 0 j eMOdz dzOvW o' yd fdzd | dudp@uizd iz M § Gz 1Xs T 6 fip@etzg | .5 § o Oz
g iisj & € 530 dfHin fds dekjL ks HOgE] Of § OOl zter gOh qdz . Ruf dl v

4. vdedo j einOdzt dzOW o ydmdzdi6j dz'vdgGwdzd 4@ G 29 NsPufid @ atigd Js.d uy DOt
EmMstcs2mMisets. Ru[dlu ¢1 wuwut, 1967

51 dtegdzr. cL " & Sd@fiCealz’d jets dMfsd LsoOdedi, 1A ¢1 dwaui,
6.1 Jicgdzr. 1-OfGPdzt ECsoatsHMsoats 5 ftosctcOBBJtetso Odeds , 1 A ¢
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fRmOR] 1 tRrRefI@u?PRI0UYDF 11 34 [ ¢1 URS

I droddz ¢ dzj Clffcpzn teso d Y
s OdZL bIsjteBztce MC 5 #sgi - jddglag th CdE@ 2 w diz® dzd 2
mixail-vys@mail.ru

1 Ols Odr twd fi) 5 d&z digff dzO
4 OdZk flsjteBztee MC 5 #eg ik jddglag th CdfG 2z v diz® dzd 2
gunat2007@amblerru

O dzdzs s @Y dwimlsOls: | Mo jh Ojlsmw ydLdzjdeder 2 ks  dzOky
dzj dzd dze tc O H ) € mYGjtsls j t6 ENOEZE i 56 t5) Yy dzsEdsyOf i Odied®' | 9 8 o d fasd:
dzj JLBjtedd3r 2 oCd&ZOH o tw©OLodlsdj lsjyjmlsejdedzs?2 CdBjtedsjls
dde¥ stedz3OIsdL Oyds sBteOL tso Odad v, sBtsfdztso Ooh jets OolsstemCzs
Wstodidz dzdteso Ooh jets Ctsdzyd fyde Efmis 52 ydieoOeds] v to Andofifildsiddyr  CoC
OHOfIsOydisdaese s dB3OSC Md sz 3O, hmdese Olsj dzv dOkz ydetse s dzOf O o d

sdzg yjor j 1 fpdtses@OlsdL Oydw ftesdL o sHMise O, OHOf IsOYyd tsde
odtelszOdz dzr §j ¢ sleiif A dztsdrtedfldlf ste 3ZOIsdL Oydvw 5B te O Lidy oS Ardifiid, o d& ¢ B
Clf, tBtltlsjrnddt0O, EkEMmts2ydetj t©OLadlsd,.

¢ RMisd dzdz" 27 { BsuBjj dg'lsOIs j dz' e .
. 10d& LOC

] WiottOdzy 2-631 % mulz dzdzO ts8) B O dzts ood deshy! b jtdgigrghfgndy2i ) § Vs dztsc s,
Myfiydoadmnso o tsB&OMisd Cdbjtedz ©dOdzd L Of dz &1 g @ Bz & | dz fplef
BsHj dzdtetseo Oded v, esBtslstslsjndzd $d d ClsEAAddrO dzi B tc d ff) sia dyazd dzq
1 Ofmdzizy § dedz" 2 H J Wlisj oz zokSd { smMimdd, HsCIstste Isjrdzeduyd MSdn
fteiB3dd ltejLrdH] dzBEBdt sH3Jd=aOQdp @G tcd Mfso dy B ZOHOd dzj L OF
d dzls § dzdzd ¢ § dzls dzr o3, HtsBter &3 d lsL" ayde" @3 yJ dztse § ¢ tsd, Zdzj oh
tOLd » HtesWimMmd2, ©OLdses " lsO, ©OLd » (cltdjjda ». 1t
BkHEMNj |, Fyofmlsakzw o t©OLKOBSISE dzZso " a dHJ 2 d fttsjCls
[ jdad dzc tcOHMEBEE oatsCL OO, SCtSEHO d oatLateO Oz M i sd
BsME somMEsets akzL O.

fdhO RCZOI' jo, GoHJeBERMS § j ztieeepaEz j B dzsC OH dzs2

1942 ¢d@. " HJowWlHHg tsHm 8 dzh sz Wzt ? L Oh dlsded § et HO. [
LszdlsquOds O Otclsddzdzj ed2MEs?2 BOLOKj] | ttcOy Ols! dz0 dzv Is
sBl JUlOo txHe | 5 ddOHAOdEs dL f jteoar n Blsjydfmlsejdeder = e HYftodWls
vh jHhd2 d0O ¥ tesdzls tsls;u fdhd ftséeds © 1942 6. ; d&OIls: , H
HdMistetsW dd o 1lstindiziy jo destg v d (ﬂiHFddeZ»@Z'SJ?JS fsROd " fzj BhGgPR |
fts ¢crstesdj ydLdzede 1 90CkdtesoOdz dL B dZsCOHMMsEs GEistesHO.
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ltetsW j Mfpste [ . 1 . RGdzOIs! j o f tsH Hojtdaly de tOfiddf dlslsj Grpdelzdj € tsfigo WHL jdls
BIzsC OHdsE s CEistctsH O, ftoddzsy ddz dRBdesets kfmddzd?2 € MthteOdzj dz
5B Ste s dz' d BisSCOHT [ jdddzGtcOHOG.(LOBOEGCSEEEROY 1Pds9dded yd
ftoj Hdzsy ddzO dH & fr) tsgL OHOQOdzd 8 dztf COpidaY DR IsH{dzjj & d L dzi € Is to ts dzdzis |
dmMf sdz! L soOdedj d3 odtclszOdz dgf » SR s Isjteder n Isjrmndesdzsed?.
MsLHOdzdYy ddzsj cOCddasE® JHElNKNERADPOBEDA. RUé, f tsfyo wh
BdzsCOHY . [ 1]

IsLotcOIsdoh g+ o (osifdgjdadsdpaite®y, GfsHI Oddz AB8EGME d 16 ¢ fSHEHAT
dzj Clstesdzj m Odzd yd MS d 2 WOoCkd Isjls J jded dzc e OH MC s¢E s f sdzd Is
bolstsdBOdSO d Isjdzj di3i mnOded S Oe. [ sdztsHB2V Mif ddpd ®lezi tpfigls & ©® dzi tc
Oh ddeslstesj dzgd W, €& H jd3Q dafdfdisiovdidiytc Cattos s OAMls s BOIs L Oydj 2 f t
1019763 ¢c6. Btd tOBtlsOd o Rdhisdlskzlsj 1 dzj Cltesdzj mn Oded € d
9 jddt® ¢tcCOH' jodyol slotsteitdzteas@z CistsHs to edzts L Oded B3O dzfpw o
Ef tcOo dzj ded W . ] 1962 g¢. 9 vy desdz Mo jlsjy [ JdeddzetcOHME
Vdz! Wdeso © ([ Jdeddz®@) [ drOddz 1 sstedMmtsady REdOIs! jo kM jh dats
Misifjdd 9sQEAQINA s d&ZOESC. uvjidkBO d tjLbkzd IsOIsr jets HJMM,
fMddels j L O d 4§ tod d3sj daj ded W Hq’ WittjdeydOdz dzf 7 OdzOdzdL Olststctse o
HOdz! dzj 2h dr dRdetse tsdzj Is dz cffr]fr]dzJHisaOdzq’Q

] 1963 G. 9 dL H (Dls({jlzjﬁJ MBeapt ¢$ 0w d3drRJe dz@ls ! j o s kB dzqd
BsdesctcOW ds ¢ | 5dzts dats dzdz' QolstsdzOIsdyjmMedy Mmdmlsjdzre. 1 1 1Is
sjistedd MmdMmlsidz M fnlstslelslztccftsisaOdzdzls? dzj s toj H j dzj dedetsfiyls ! ®
RBdes e s todg Fderdgj dAdfdiinls j BZOR, SColsster 2 wodzw jlsfw o dGgdzOdzd dzls dz" ¢
sl Wwidedls! fsyj M’ ©OLadlsdw Mmdsyd -~ Mdisjd fted dn
RGA&ZOIs! jor d3 B Z0O MW steBe dzdtetso OdzO S tsdzyd §f ydv flisds? g o st e,
OHOY sOY(d tsdzdzts 6 5 f ®FIPRMOEFZAGOR &0 fteslswyjddd tWHO djls fts
Widetsdzj dzO, ftsLoeotsdzdeh jj orwedl! WOCIKr dOdazdyd®w OHOfIlOYydHL
flsj d&3: BdbdscduiNcdn, @dadaldpBd qEnt R, IsOftyd Cedz! Isigsn dzd
e Isdj 9 ®BdOMId C¢deBjtdilsdSd d MmMdmlsj Bdese s 0OdzOdzq L
Bsy desMmisj 2 o MdLdej dgdescds ydedzi fzsy de" = tcOL 9 do OBH g mw
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Ta6auiwa Xapakrepucruku [3IBM,

npouweilinx COBMECTHbIE

HenbiTanns B 1984—1988

Ir.

= > >
Llsdp FIDANE, |SRBMECTANE =E- % % B3y Ilucnaen, paspemenie Onepaunonn
[3BM TR0 m:rr(r)l:}r:::n. IMponeccop gg 5“".—; gg ‘*:{1;241{1 b‘g";m/ -xo»irr‘mn.{:ep i ©
€5 | a8 |ag
EC1831 HPB 1986/02 |K1810BM86 (4,77 | 640 32 |[HIM]I x 4/6 25 X 80 au./usernoit |J0OC IIK.1
X 2/HMI
EC1832 HPB 1986/02 |18088-2 4,77 640 40 [HTMI x 4/6 640 X 200/uB. CP/M-86
X 2/HM]II 320 x 200
CMI1911 HPB | 1986/04 |KI810BM86 | 5| 640 48 |[HTM/ x J10C-86
. X 2/HMI
CM1901 HPB- | 1986/12 | U88OD 4 64] 4]2 x 360 J10C MUKPO
CM1916 HPB | 1987/07 |K1811 512| 16|2 x 400/5 24 X 132 u/6 0OS/PRO
EC1839 HPB | 1987/07 [K1810BM86 (4,77 | 640 48|2 x 360/20 u/6 25 X 80 3n./usernoii |MUKPOC 86
EC1838 HPB 1988/04 [180286 6| 640| 64 |2 x 360/20 320 x 200, CGA MHKPOC 86
EC1847 HPB | 1988/04 |18088-2 8| 640| 64 |2 % 360/20 320 X 200, EGA JocC 3.1
EC1847.01 HPB | 1988/04 |18088-2 8| 640 64 |2 x 360/20 320 X 200 XENIX, J0C
ECI1830 BP 1984/12 | 18088 4,77| 256 482 x 360 25 X 80 3u., 3eeHbl J0C 2.0
EC1833 BP 1985/12 | 18088 4,77 256 | 48 (2 x 360/20 q/é 24 X 80 3u./upernoit |JOC 2.0
EC1833.01 BP 1987/12 | 18088 4,77| 256| 482 x 360/20 320 X 200 J0C 2.0
EC1843 BP 1987/12 | 18088 4,77| 704| 482 x 360/20 320 x 200 MS DOS 2.0
EC1844 BP 1987/12 | 180286 4,77| 512| 48|2 x 360/20 320 x 200, EGA MS DOS
EC1844.01 BP 1987/12 | 180286 7,20 (2000 | 48 (2 x 360/20 320 X 200, EGA MS DOS
e ——————————————————
ECI1861 BP 1988/12 180386 16 [ 8000 (128 [2 x 1200/40 320 x 200, EGA DOS 3.2
CM1904 TOP | 1985/12 |U8SOD 4| 64| 4|2 x 720 a/it 24 X 80 SCP, BROS
CMI1910 TOP | 1985/12 |K1810BM86 5[ 768 482 x 1200/40 a/u 24 X 80, 640 X 480 |MUKPOC 86
EC1834 FOP | 1987/12 [K1810BM86 |4,92| 640| 48|2 x 720/40 640 X 480 - ICP 3.2
CM1905 P 1985/12 [18080 2 64| 8 a/u 24 X 80 CP/M
CM1909 np 1985/12 |K1810BM86 4,77 | 512| 32|HrM [
CMI1914 P 1986/12 |K1810BM86 | 4,77 | 640 32|HIrM I x 2 MHUKPOC 86
CMI915 P 1986/12 |MS1601 6,67 | 256| 32|HIMI x 2 MHKPOC 86
CM1907 P 1987/12 |K1810BM86 5| 512 482 % 200 20 X 80 u/6 MHUKPOC 86
(EC5074)
CM1902 PP 1985/11 |K580MK80 2| 64| 2|2 x H'MIO 25 X 80 CP/M
EC5082
CM1908 PP 1985/12 |K1810BM86 4,77 128 32|Hrm
CM1917 PP 1986/12 |U880D 4 64| 4|HrMIO 20 X 80 a/u MUKPOC 80
CM1918 PP 1986/12 | M8 1] 64|16
CM1919 PP 1986/12 |K1810BM86 (4,77 | 256| 32 (HrMI 340 x 200 MS DOS
EC1840 CCCP | 1986/12 [KI1810BM86 |4,09| 256 | 64 |2 x 360/20 340 x 200 MS DOS
EC1841 CCCP 1988/02 |KI810BMS86 [4,09| 512 32|2 x 360/20 340 x 200 MS DOS
CM1903 YCcCP | 1985/12 | MHB8080 2| 64| 8 256 X 256 CP/M
CM1912 YCCP | 1985/12 | 18088 4,77| 640| 64|2 x 360/5 640 X 200 MS DOS
CMIi913 YCCP 1985/12 |K1804BC1 [4,77| 256 384 X 256 ®OBOC
CM1924 Yyccp 1987/12 | 18088 4,77 640 40|2 x 250 640 X 200 MHKPOC 86
CM1922 yccp | 1988/12 |18088 4,77 | 640 40|360/20 640 X 480, EGA MS DOS 32
. md Mo
¥ h t(h*mt' X H“ﬁ‘ zcho'(’'*_M)(*)yn)pMa'(@pte.< *mc.t"e
Vilzlfrzs rR 1 osfdvrre
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HilOdzj 2 d MmHj &zOl! M@WMisj dgls daz® ' s Prs Qupdigjley=iin S s o * yd mdzd Is.
Isj ~ded € d
2. 17 dzd EMsOdesodzj dz MmoewiLd diBiyHE lsHjd d" i3d Htetsj €
ftotsj Clsr Colstster j 9 Mets BYyjtej H! B dzd IOCyJ Isj mdes oL
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HOdzdzr d©3 dzOf e Qo dzj dedwv d3 ® Mo tsdn MistcOdzOR .

5. 1 syksd oMfj, Ylsts B dzs L Ozsy jdes o o jiChOC sdsdeyg
Hj &zOs sy Mse toj d3j dzdz’ | d dzt% st 3Oy d s dzdz’ § d or ydmdzdlsj dz' o
tOL OB OIS’ 9 Ocdzd M)! 5 bzg{ds@ Lte@sHj,C 15O ts BHSAZj fgdzt8c 5§ dzj S OL Odztsfy!  fls
BOMMtsotsisd 1 s, RdzljtodjlsO, hdesCtets twOMftesMisttOdz ddW Bt

6. s 1992 cetHEz dhksectsMmisstetsdzdzj | MslstezH dzd yd Mlsets Mtsyd
o MevwiLd M O @FtsdE MEYPNEPBIMH] I CodHOYdj2 w0l .

Reu[YLRRL O L R JIONRA ST dt1L faUR
t OBSISO o' f sdzdzj dzO ftod W d deOdzMtso-@FDI4FAsHH jtey C ) GCOdals O
polststc B AZOGBSHOWdIS 5. ¢. [ Ootcj dz¢ € O, MertcOdzdoah j dgz HE
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Hl rRu s JRuUurtOUULL 3
1. gisfadw dtse’ = §sCtsdzj dd?2 o uddnsizd ks § gz¥ ez 820 e Hnds'j X3.
&ZOkzydes?2 d bjrdedyd MCOBM dqde stedgdOydde, 1985.
2. Zakharov V., Lavrenjuk Y. Conception of New Generation Computer Sy$térhe Last LargeScale
Initiative in Computers of the O@ECON Countries: A Glance after Twenty Years. IFIP Advances in Information
and Communication Technology, 2011, vol. 357/2011, ISBN3®882-228155, pp. 5063.

3. 10ROttt 1 .1., [ Ooatejd¥C 5. ¢. stdeyj f yiffvts figegion BY W t
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9" AtsH | BdzdzO2dz, Mz ddzd dMstsydedSsds MfteOo sydats?2 j -8 a3 HJ 2
B dzd ML H Odg s zdzv todz j i s jwavw.herdej Miftgfiglor 2 sOC df js MGy
Rambl er, ¢ Op@vasdfvwiBtdXdstsd j chmd2i3&6d2 kdzdo | tevigidmaday?2 ff stolk
cOLodzj COIsjdz dz" J toj MEtemr anekdot . ru, caejteiBtWdz 2 HESYH
UYJd ©® 1996 ceHE fsweddhmw ([ARU d B'" dzOL Of I izjdafe Isji 3 jgc tszasdz
B dzdzd sdzO § slstswdzdzr = fsdz' L tse Olsj dzj 2, O Ctdzdyd Mseats MO2AIs
Cdzdzj ey MEts2 HjwWilsjdz desfplsd o  kzdzjlsy: B Odgdzj tc dzOW toj € dzOd
v jhdes ftetsh dzd o j tcds'dzis 2 s tfe’j 1§ 'dzOMBEsR ts dzls &) € ) .

ltosedesL qioso Odedj tOLoadlsdw t kdzj sO o 1 Istsd ofpg 3w d dftsidy ‘dzc
dzd dzj 2 dets?2 L CteOf sdzw ydd kyJj drLrejMmlsder = ¢ OL Olsj dzj 2.

11.20002010s [ [ frt yrusR[ pPEIEMRI?21 (B Ct3

vijdzso dzts ksl fjdsH (i @idsif e @G wdecz BajrLzB ¢ Is sy dzts

MEOLlsY sdzso, COC MiejHMlso O HeMisEfO ¢ {kdslsk. RrRdj dedes o

O (kdzjls SOC desq’ 8’ MERBHERSMdyPd & BWHEsdE dddydOlsds,
{ sMidvz dzjllsj dzOyOdzd ©OBGKOK! §jtwor j ojdubteds j W sdeH' .
wdh jdz o feBddyd j ftshstOdnlss O,

—

l tscdzsL tetso Odzd ks otj W f§sdzydds Mdd d 2 JdGt
dz' dgf 7 Oc¢jdalsflse. wtejHd dadrn, dzOf
fOdigw 2002 c.) . prj GHjd d j &jkedSd kdzglko

m
3
0]
B zdzd sdzse . Rdzls jtodzjls ff
9
Hic@j ded?2 d MOBsMisswIsj
&3 I'f]tee _ ( _
SUOdZdesd (GFK d Hkzedj). [bddudjd Gesdeiudutkd Qdd] §!
9
¢

sCtco, dzj sSBRtHJ®BS, 9 jdyktedets? w®lsteOmMdzd d ftd M j &
dz¢ ydlsj dz dzs tsdedz@2 dzgser j wfR. Ishdd o §wOCIdSlk Mmyjls
odd&zOMm! fkeddyddow 1tjddw tkdylsO.
s ERIEE tsSd [ kdaj O dzOyOdzd w©WOMMEBOIeds Ols! Mw, COC B
BRBj dzgdzs HOdzdz' 2 Isdf HwoscdsLse fsLotsdzddz tsBMdse Ols! yj dz'
Mdzsoz tsyjdzCd MftcOo j Hdzd o 52 - s deiy s dzf 2 O Wdests{drgEebydili=®d 1018 o d3ju
OsOdztEdO® ¢ Lkz! , o { 5 dadijedad®com (Hdgigvdz! ' tg s HEGMO0D IsT fy. 2000 ¢t
s¢ dztsh j dzdQolddnTettomi(ss 1 0 d3dzdz, 2008 G tsH)

(hj BHddz deser 2 Istej dgH Msfisswd o tesWe dzj dzd d dhstipy d O dz!
s dztsL Jtetso Odzdj MsydOdz dzf 7 L WW jClstse tkzdzjsO. 1 OtcOdzdzj dz
bjrdsdsedyjmMSdn ftccedsL 5o .

111.20102020t v1 v rfc Jugm kY Il Adsuvft ¢ o)1) RUR
vtedils! §j HiMwWisddilsd) ©OLadIsdw ft KdzjtdsjOn ztddiedds) Gy jisldfv  fiisly @
fsofmj &j Misde" &3 o  sMidd, EMCsteddshn: d HsMisdecds jMmisjmlse
slsdzdydy b fftejH" HkhdR fjtedtsHtses MowlL Odes ) W o dzj ded j o
BsBddzt dzf = kMt Mo f ZOdgOclbE ds)ats | sstes?2, COyd Mise j dedets dz
cOMmMf esMistcOdzj dzdd + dzd S stetsdzdzts? Ctsd3d3j teyd d, CslsstcOW tsn 9 Ols


http://www.rbc.ru/
http://www.au.ru/
http://www.list.ru/
http://www.infoart.ru/

SoRuCom 2020 141
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