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INTRODUCTION

The А. Р. Ershov Institute of Informatics Systems (IIS) was founded in April,
1990. The main rеsеаrсh directions of the Institute deterTnined Ьу the resolution
of the Prezidium of the Siberian Вrапсh of the Russian Асаdеrпу of Sciences (SB
RAS) аrе €Б follows:

theoretical basis of informatics;
methods and tools of consffцcting рrоgrаms of higher efficiency and rе-
liability;
methods and systerns of агtifiсiаl intelligence;
software fоr promising computers, systems, neМorks, and cornplexes.

In 1998, the Institute conducted fundamental investigations in the following
directions:

the fеdегаl target рrоgrаm "Integration";
the рrоgгаш of SB RAS aimed at the development of scientific directions
of hiф-рriоritу;
projects supported Ьу the Russian Foundation tbr Basic Research
(RFВR);
international sci entifi с рrоj есБ;
contest projects of SB RАS.

In 1998, 80 works were publislred, including 1 mопоgrарh, З9 papers in сеп-
trat and 25 рареrs in fоrеigп editions, and З manuals; З'сапdidаtе theses were
defended and 4 state scholarships obtained.

А total of scientific trips was 12, аmопg them 5 supported Ьу RFВR.
lп t998, the statT of the Institцte consistecl of 125 rnembers. ]Ъе stalT of the

scientific divisions was i04 mешЬеrs, аmопg them бЗ rеsеаrсhеrs, inclцding 8

doctors of science апd 29 Ph.D holders.

TIIE MOST IMPORTANT SCIENTIFIC RESULTS

Imрlешепtаtiоп of the рrоЬlеm-оriепtеd епуirопmепt for constraint

рrоgrаmmiпg NeMo+

Authors: Dr. Shvetsov I. Е., Dr. Ushakov D. М., Dr. Теlеrmап V. V., Lip-
skii S. V., Sidorov V. А., and Zаgоrцl'kо G. В.

The рrоgrаmmiпg епчirоппtепt (}teMo+) of the next gепеrаtiоп has been
elaborated and implemented. It allows complex mathematical rnodels to Ье de-



scribed declaratively in а high-level ianguage and, оп this basis, чаriоus рrоЬ_
lems (direct, inverse, optimizing, and so оп) to Ье sotrved. NeMo+ is particularly
eificient when used fоr the case of heterogeneous models witlr various kinds cll
constraints (liпеаr and поп-liпеаr equations, inequalities, relationships, Iogical
statements, tables, etc.) and data types (integer and rational nrmbers, symbols_
Sets, struсfurеs, апd others). The оthег advantage of the system is its feasibility trl
work with partiallrv determined infoпnation оп the basis of original арраrаtшs ol'
subdefinite conrputations deyeloped iп lIS. The most promising application area
for NeMo+ is the solution of engineoring рrоЬlеms in CAD systems.

Elaboration of methods for integration bettveen logical рrоgrаmmiпg and
subdefinite models

Authors: Prof. Yakhno Т" IИ. and Реfrоч Е. S"

Iл the constгaint рrоgrаmmiпg paradigm, the authors hаче proposed the
novel methods fоr integration between logicaI рrоgrаmmiпg and subdefinitc
models. These methods fогmеd а basis of the Interva] Library (IL) fоr solving
попliпеаr constraints in ttre logical рrоgrаmmiпg systcm ECL/PSe.

IL is intended to solve попliпеаr equations and inecltraiitic:s (ctlrtstгaitlts)
writtеП in а соmmоп mathematical language. Ftrг every чаriаЬlс, IL calcrlllttcs itlt
interval containing а рrо_iесtiоп of the set tl[':rll stllutitllls ttf'tllc ctlltslt,;tiltl syslclll
ontO thiS variatlle апсl stafls thc itutoltrittic scal,clr lilt,scllitгlttc srlltttitllts.

А пuпrЬсr tl['ir1l1rlicatitltts [ritst_:d tlrr Il. Ititvc lrccn iltt1llelltc:lllctl. llt 1litгtiсrtl:tг.
Il, wirs tlsctl ltr stllvtl thc;lruhlcltt <lt'tlivcгsiliclrti<lll rll'illvcstlttcttls itt sccul,itics.

( Jl,:l;rlr-l llclll,y lltclhlltls ittltl vistlitl ;lrtlccssilrg

.Itt!lttlt,,s l)lrll'. K;tsy;ttlrlv V. N., I)rtll. Uvstigrreev V. А., Boyarshinov V. А.,
[.isits;zll l. Д

Д ltlгInalisnr of'lricrarchical graphs and grарh models has Ьееп developed. It
is tlгiепtеd to the hierarchical representation and visual pгocessing of соmрlе;<
informational models. Possible applications of graph-tlreory methods to рrо_
grаrпmiпg have Ьееп investigated; а пчmьеr of rosults hаче Ьееп achieved оп tlrc
following problems: complexity of grарh models of rесопstгuсtаЬlе соmmutаtiоп
schemes, recognition of types of chordal and iпtеrчаi grарhs Ьу local algorithms,
and edge and total colouring of iпtеrчаl grарhs. It has Ьееп рrоvеd that the class
of problems polyrromially solvable Ьу finite аutоmаtа neмorks coincides witlr
the class of problems polynomially solvable Ьу grарh rewriting systems, Д totll

system HIGШS has Ьееп implemented to suррсrt constructing, visualizing and
analysing various objects within their hierarchical grарh models. Тhе system
runs under Microsoft Windows 95/NT without any additional requirements to
hardware; it supplies а чsеr with animation tools of visual processing апd spe-
cializing of the syýtem and is available at http z / /рсо. ils , nsk. su/higres.

Logical methods fоr рrоgrаm yerification апd пеt models of distributed
systems.

Authors: Dr. Nepornniaschy v. А-, Dr. Virbitskaite I. В., Dr. Shilov N. v.,
Bodin Е. V., апd Pokozy Е. А.

Рrоgrаm models presented Ьу specifications in the REAL language and net
models presented Ьу time PN's аrе considered as distributed systems'models. То
verifu the REAL specifications, а method has Ьееп proposed which cornbines
model checking with principles of inductive рrооf. Using this method, the рrоg-
reSS properties have Ьееп proved fоr sоше of REAL specifications of соmmuпi-
cation protocols with infinite пumЬеr of states. The model checking algorithms
have Ьееп сопstrдсtеd and their estimations heve been obtained for different
classes of time PN's where the nefrvc:rk рrорегtiеs аrе presented Ьу the fоrmu}аs
of real-time temporai logics. In оrdеr to increase the algorithms' efficiency, the
Раrtiаl оrdеr technique is used; this allows us to reduce the пumЬеr of states Ье-
ing analyzed at the cost of сопсulтепсу of the time PN. I



ln 1998, the Institцte conducted investigaticlns within the рrоgrаm of SB RдS
оп п9w generations of соmрutеr епgiпееriпg, mathernaticai rnodeling, and in-
fоrmаtiоп technologies сочеriпg the following rеsеаrсh themes.

The thеrпе "Investigation and elaboration of rnethods fоr integration
between logic апd set-theoretic сошрutаtiоrr раrаdigшs''

Supervised Ьу Рrоf. Yаkhпо Т. М.

Investigations оп the theme wеге conducted within 4 projects.

The projecl"Iпvesligatioyl апd еIаЬоrgtiоrc of rnethorls fur iпtеgrаtiоп betlyeeп
lo g i с atl d s el- t h е о r et ic с о rпp u t ati о п р а r u d igпts''

In 199В, the Irrterval library 2.0 (TL) and the "Finite sets" library wеrе iпз-
plemented rvithin this project for the ECL/PSe system.

IL is ilrtended to solve попIiпеаr eqшatiorrs and inequaiities written in а соm-
mоп matheшatical language using чаriаЫеs, constants, arithrnetic ореrаiitэпs,
direct апd iпvеrsе trigonometгic functions, and the functions In, ехр, mifi, rпах,
as well. Fоr every vаriаЬlе frоm such equations. IL calculates an iпtеrчаi of all its
adrnissible val.ues.

тhеrе is а possibility of specifuing the initial rапgе of а variable, computatiort
ассurасу, and the rапgе of arguments of trigопоmеtriс functions. The pгedicates
combining а dichotomic search with suhdefinite computations аr9 irrcluded irtttl
IL.

The ECtr-iPSg systenr together with IL, is а convenient tool tЬr solving рrоЬ*
iems whеrе nonlinear dependences аrе conrbined with combinatorial aspects, i.e,
the problems of design, financial рlаплiпg, апd so оп.

In 1998, the first vеrsiоп of the "Finite sets" liЬrагу (FS) was implemented. It
was rnainiy aimed at increasing the lечеl of the language of set specification in
the ECL'PSe systern. А finite set is ап extended objeit frоrп thb рrоЬlеms of
combinatorial паturе (planning, design, etc"). А tool suрроrt for the language of
set specification and set processing substantiatly simptrifies consffucting the ар-
plications airned at solving suсh рrоЬlеms.

FS is desigrred to solve, in the ECL'PSe System, set-theoretic relationships
between variables, constants, and finite extensional sets. The variables mау de-
поtе both unknor,vn finite sets and uпkп,оwп integers. iL is used in integer calcu-
Iations.

Ап original аррrохiшаtеd algoritfun kпоwп as "unification of extensionai
sets" has Ьееп developed fоr FS. It gives good аррrохirпаtе resuits фгесisе in

some cases) and is rаthеr effective in distinction to the NP-complete рrесisе algo_
rithm_

The complexity of set unification \ryas а decreasing fасtоr fоr their specifica-
tion level in the Conjunto library embedded into ECLrPSe: it rvas foгbidden to
speciff а set intensionally, to denote а set element Ьу а variable and to rеfiпе
then its чаluе. The set specification language supported Ьу FS rеmочеs these
restriction s and provides satisfactory е ffi ciency.

FS has Ьееп tested on standard combinatorial problems. In combination rvith
IL, it was used in а search for Steiner ffees of а given topology (а modeting
рrоЬIеm). То rvork with FS, OS Linux апd the system ECL/PSe wiй IL аrе
needed.

А пumЬеr of applications have been сопstrцсtеd оп the basis of IL. In раr_
ticular, it was used to sоlче the рrоЬlеm of diversification of investments in secrr-
rities. Let us consider this рrоЬlеm in mоrе details.

Investments in securities rеiаtе both to an ачеrаgе iпсоmе and to some risk
showing how оur real income mау deviate frоm this аyеrаgе чаluе. The poгtfolio
theory states that an income received frоm а combination of securities фоrtfоliо)
varies less than that of опе of them. The following question arises: цrhаt а port-
folio should we choose in оrdеr to minirnize оur risk?

Еасh security i is characterized Ьу а mеап squаrе deviation о; оf its rеtчrп. In
addition. fоr cach раir of securities (z, i), а соrrеlаtiоп coefficient ру is dеГшеd to
specify шufuаl deviation of the rеfurп of these securities] Fоr all j and7, the fol-
lowing holds: -l < pij S 1 and pij: I

То сопstruсt а poЁfoiio of minimatr risk is in gепеrаl case а рrоЬlеm of quad-
ratic рrоgrаmmiпg. IL is used in сопstruсtiоп of а роrtfоliо of miпimаl risk with-
out short sales сr irrterest-free loans. Fig. 1 shows а ýсrееп of а session with ап
application calcuiating а portfolio's "form" (distribution of funds between sepa-
rate securities). There аrе three windows; опе of them shorrs the graphs of yield;
the second shows rеfurп, risk, and mаtriх оf соrrеlаtiоп coetficients; and ihe iast,
the search control рапеl. 'Пrе сurrепt portfolio's fоrm апd the coffeýpondent risk
(minirnal iп this case) and rеtшrп can also Ье seen.

The application allows опе to automaticaliy solve the рrоЬlеm fоr 30 securi-
ties in 10-15 minutes. In the semi*automatic mode, the nurnber of securities is
not restricted. ]Ъе automatic mode of ruппiпg the application гвquirеs OS Linux
and the ECLIPSe system rryith IT., and, additionally, the iпtеrрrеtеr of the TcYTk
language (to suррогt the dialog), fo. the semi-automatic mode.
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The project "Elaboratioп of а software епvirопmепt based оп &l, iпЛеgrаtес!
mо del of hnowledge rерrеsепtаtiоп"

In 1998, wоrk was реrfоrmеd оп furthеr developrnen of the object-oriented
sоftwаrе епvirопmепt SеmР-ТАо intended to сопstгuсt а wide sресtrшrп of in-
telligent systems. In pafiicular, it allows one to сопstrшсt systems which rеquirе а
logical iпfеrепсе in combination with computations оп suьdегшitе чаiuеs. Most
attention was paid to etTciency and flexibility of knowledge representation tools
and to the best usage of the feasibilities provided Ьу object-oriented аррrоасh
and integrated m odel of knowledge representation.

то make thc processing of subdefinite values mоrе efficient, we hаче deve]-
oped means of а search for precise чаluеs under given constraints, minimization
апd rnaxirnization of а specified target function included"

То provide mоrе close and nafurai interaction beмeen а usеr апd а system
сопstгuсtеd in SemP-TAo, tools for constrrrcting а usеr interf"ace have Ьееп de-
veloped and а роssilэilitу of procвssing multimedia objects has Ьееп added.

Besides, mеапý have Ьееп implemented to integrate the applications соп-
structed using SеmP-TAO with other soft- and hardware tools. In раrtiсulаr,
mеапs of data interchmrge with standard data bases have Ьsеп included into
SеmР-ТАо.

With the help of SеmP-TAO, а пrrmЬеr of applications hаче Ьееп designed
fоr various dornains. Fоr ехаmрIе, in collaboration with the Gеrmап Institute
FAW on the рrоjесt of сопstruсtiпg а speech сопtrоl systern for ап intelligent
rоЬоt, а рrоgrаш. simulator of а robot has Ьееп designed. Implemented Ьу шеапs
of SеmР-ТАО, this simulator is considered as а system kеrпеl to which soft- and
hаrdwаrе modules of speech processing, recognition, and synthesis аrе соп-
nected. The usеr interface of the rоЬоt speech сопtrоl system (Fig. 2) was also
irпрlеmепtеd Ьу mеiшý of SеmР-ТАО.

The project"The асtivе object techпology of maltiageпt system design {ТАО}"
In 1998, specification of а new чегsiоп of the language of active objects was

completed. Its rnain distinctions аrе as follows:
struсturеd data types (аrrауs, lists, sets) аrе introduced;
means Гоr active object's behaviour control have been extended;
а possibility of constrmcting а hiеrаrсhу of active objects has been added;

Fig. l . Stllving the рrоЬlеm of diversification of investments iп securities Ьу the
ECL?S" systern and iL

l
I

l

I

l

l

Fig.2, А window of the usеr interface of the rоЬоt speech сопtrоl sуъtспr
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means for dynamic reconfigцration of the active object environment hаче
Ьееп introduced;
time processing mechanisпrs have been developed.

The software system has beerr designed to imрlеmепt the language of active
objects. Its basic modrrles аrе tlre iпсrепrепtаl соmрilец the active object network
iпtегрrеtец the solver fоr а system of consнaints, the uýеr sсrееп interface, the
system оf gгарlriс visualization, etc.

The project "TIte dеvеlорrпепt of softl,are tools оп the бasjs of suЬсIеftпitе
modeIs"

In 1998, the object-oriented епчirопrпепt for constraint prograпrming NeMo+
was implemented and debugged. It is intended to so]ve problenrs based tln subde-
finite rnodels and includes шеапs for speciфing and solving чаriоus сопstrаiпt
satisfaction рrоЬIеms. In addition to the libraries containing а wide sресtrum оf
data types which realize чаriоus kinds of subdefuriteness, а speciaiized liЬrаrу
has been desiped and irnplernented to provide iпtеrfасе to standard databases.

Тhе NeMot епчirопmепt is sцccessfully applied to solving geometric рrсЬ-
lems and engineering computations, as и,.ell. In Dassault Systemes сOmрапу
(Frапсе), it is used in CAD systems.

In 1998, NeMo+ was awarded Ьу а diploma of hопоur апd got а prizo оf the
Russian Association fоr Artificial Intelligenco as "Thc best system рrеsепtеd at
the Exhibition of RCAI-98".

Моrеочеr, in 1998 а пеw version of the environment NeMo+ was dcsigned
which is mоrе effective and contains mеапs fоr integration with other sоftwаrе
systems, CAD included.

The mаiп puhlicatioпs:
Narinyani А. S., Теlеrmап V. V.,lJshakov D. М., and Shvetsov I. Е. Constraint

рrоgrшIшiпg апd subdefinito rnodels // lпfоrmаtiоп technologies. -1998.- N7.- р.|з---22.
Теlеrmап V. V. and Ushakov D. М. Constraint satisfaction in the рrоЬlеms of

mathematical рrоgrаmmiпg llComputing technologies. - 1998. - Vоl. З,
N 2. - р.45-54"

Реtrоч Е. An ехреriепсе of integration between logical and constraint рrоgrаm_
ming l/ Рrоgrаmmirочапiе. - 1998. - N З. - Р,40--49.

Yakhno Т., Реfrоч Е. Constraint рrоgrаmmiпg fоr knowledge representation //
Knowledge-Based Software Engineering / P.Navrat, Н.Uепо (eds.) // Рrос.
Зrd Joint Conf., Smolenice, Slovakia. -Аmstеrdаm: IOSPess, 1998, -р.116-123.

10

Zagorulko Yu.А., Popov I.G. Object-oTiented language for knorTledge
representation usirrg dynamic set of consfi,aints // Ibid. - Р. |24-1ЗI.

Тсlеrшап V., Lipski S., Ushakov D. Object-oriented constrairrt-based database
processing // Iпtеrп. Conf. on Рrасtiсаl Application of Constraint
Technology (РАСТ'98). - London, 1998.

Zagorulko Yu.А., Popov I.G. Knowledge representation language based оп the
integration of production rules, frames and а subdefinite model /l Jo:шt
Bulletin of the NCC&IIS. Sеr. Соmрutеr Science, - 1998. -N 8. -р.58-76.

Zagorul'ko Yu. А., Mirzaeva Е. М., апd Popov I. G. Оп creation of ап extend-
able robot simulator Ьу mеапs of integrated software епчirопmепt // Рrос.
бth Nation, AI Conf. (RCAI'98). - Pцschino, 199В. - Р.З7З-З"l9.

Dinenberg F. G., Zagorul'ko Yч. А., Zhigalov М" А., Levin D. Ya., апd
Popov I. G. The system of speech conffol fоr an in-telligent rоЬоt /l Ibid. -р.50з-509.

The theme "The theory of рrоgrаm optimization and construction of effec-
tive and reliable рrоgrаms using functional апd logical specifications, and
methodology of creating tools of trапsfоrшаtiопаl рrоgrаmmiпg fоr соm-
рutеrs of аdчапсеd аrсhitесturеý. "

Sapervised Ьу Prof. Каsуапоч V, N. .

lnvestigations hаче Ьееп completed in methods of сопstгuсtiоп апd optimi-
zation of раrаllе1 рrоgrаms and in exploration of ехреrimепtаl systems within the
PROGRESS project. The results аrе as follows.

Fоrmаlisш of hiеrаrсhiсаl grарhs has been elaborated. It is oriented to hiеrаr-
chical rерrеsепtаtiоп of stшсtцrаl objects апd thеir visual processing. The рlапаr
grарhs hаче Ьееп sfudied and ths рlапаriф criterion has Ьееп stated fог а simple
соплесtеd lrierarchicaI grарh. А gепеrа1 notion of а hiсrаrсhiсаl graph mоdеl has
been introdrrced and studied; its versions connected with simulation of ореrаtоr

рrоgrашs and parallel systems hаvе been considered; methods fоr а grарh глоdеI
semantics specification rryith the help of invatiants апd systems of equivalent
transfonnations hаче Ьееп sfudied.

Locai arrd distributed computations have Ьееп studied. It has Ьееп proved
that the class of рrоЬlеms polynomially solvable Ьу Гшitе аutоmаtа networks
coincides rvith the class of probiems polynomially solvable Ьу grарh rewriting
systems. The ргоiэiеm of type dеtегmiпаtiоп of а graph, such as iпtеrчаl and

l1



chordal graphs, has been considered, These types admit ап effective solution of
NP-complete рrоЬlеms for graphs of а general ýре (fоr ехаmрlе, the рrоЬlеm of
чеrtех соlочriпg). some interesting results generalizing еаrliеr known ones on

grарh чеrtех colouring hаче been achieved оп edge and total соlоuriпg of inter-

val graphs.
Methods апd systems of optiTnizing ffanslation and рrоgrаm constructiorr f,оr

соmрutеrs of parallel architecture have Ьееп investigated. А survеу has beert

рrераrеd оп stuctures of vectorizing and parallelizing compilers (CFT, сFт2,
кАр/205, Fоrtrап-77VР, Fo;ffan77lSI', FоRт ,1,7MAP, Convex, IBM 3090vF.

Pascal-XT of Siemens, Раrаfrаsе-2, etc.) and tool systems oriented to automatic

parallelizing of рrоgrаms (рдт, SUIF, Faust, FALCON. рторр, рЕрр).

Fig.3 д hiеrаrсhiсаl graph H:(G, Т) and its рlапе попstruсfuгаl representation D-

L2

The questions of etTective paгallelizing methods, known as PlC-methods
(Particles In Cells) and widely used in computational mathematics for modeling
оfчаriоus processes, hаче been discussed.

The simplest раrаllеi architectцre with а соmшчtаtоr of а definite type has
Ьееп considered, and the рrосеss has been proposed fоr representation of ап al-
gorithm оп а computational system of this аrсhitесfurе. Vrithin some паturаl as-
sumptions, time estimates hаче been obtained fоr running the аlgоrithш in а раr-
allel and sequential cases and fог the acceleration coefficient, as well.

The question of parallelizing а 3D-variant of the PlC-method has been con-
sidered in application to the рrоЬlеm of interaction between rarefied plasma
flows in self-coordinated еlесtrоmаgпеtiс fields. Studies have Ьееп conducted оп
parallelizing the method of discrete whirls; it has been shown that these рrоЬlеms
can Ье effectively parallelized.

Within the PROGRESS project, work has Ьееп continued оп implementation
of experimental subsystems (TRANSFORM, SFР, HIGRES, etc,) supporting
compilation, analysis, visualization and ffansformation of imperative and func-
tional рrоgrаms, as well as the stоrаgе of iпfоrmаtiоп on transformations. The
PROGRESS system is оriепtеd to the sчрроrt of fast prototyping of compilers,
optimizing included, for target аrсhitесfurеs and specific соmрчtеrs (VLIW and
suрегsсаlаr, multiprocessors with distributed mеmоry, and so on). It сап also Ье
used in investigations of efficiency of application of чаriоus systems of trапs-
fоrmаtiопs to different classes of рrоgrаms and compuths, including the qцes-
tion how the efficiency of the system of transformaticns changes according to
different forms of internal reprosentation of а рrоgrаm, transformation sets, thеir
context conditions and the strategy of application.

А comparative implementation has been шаdе fоr three graph-theory rерrе-
sentations of рrоgrаms, пашеlу, for а graph of рrоgrаm dependencies, ап ideo-
graph, and а hierarchical giaph of tasks. The strucfure of а subsystem with ап

extendabie library of tosts intended to detect ореrаtоr dependencies has been
designed; оп the trasis of the Slrostak algorithm, а test of а solution fоr systems of
inequalities has Ьееп сопstrцсtеd and included into the library. The algorithms of
optimization of SlSAl--programs hаче Ьееп explorated at the level of iпtеrmеdЬ
ate graph-theory rерrеsепtаtiопs.

An experimental system HIGRES has Ьееп designed. It is intended to support
constructing, visualizing, апd sfudying various objects and phenomena in the

framework of their graph models. Tlre system has а conyeпient up-to-date
grарhiсаl interface and allows опе not only to construct and edit the struсturе of
t}re hierarchical graph, but to dеГrпе its semantics, either. As fоr its graphical fa-
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cilities and interface, the systern is соmраrаЬlе rvith its foreign analogs running at

шоrе роwеrful computers. The system provides that it сап Ье specializeф as well
as the liЬrаrу of algorithms of graph model processing arrd their full-scale dy-
паmiс visualization (animation) оап Ье extended.

system TRAhrSFORM.

The HIGRES system runs under Microsoft Windows 95i]rIT withor.lt addi-
tiona] requirements оп hаrdwаrе апd is available at'-htЁp://pco.iis.nsk.suДrigres>"

The mаiп рuЬliсаtiопs:
Evstigneev V. А, and Каsуапоч V. N, Graph theory: processing algorithms fоr

acyclic graphs" - Novosibirsk: Nauka, 1998.
Kasyanov V.N, Iterative switching networks i/ R.ecent Advances iп Iпfоrmаtiоп

Science and Technology. - London: World Scientific, 1998. -Р.68-12.Kasyanov V.N. Нiеrаrсhiсаl grарhs and visual processing l/ Intern. Congress of
Mathematicians (ICM98). Abstracts of Short Communications and Роstег
Sessions. - Berlin, 1998. -Р.292.

Fig. 4. Web-page of an experimental version of the information
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Kasyanov v. N. and LisiЪYn I. А. Methods and tools of viýual processing for
hiегаrсhiсаl graph modeis ii New informational technologies in the чпiчеr-
sity education. 

- Novosibirsk: Research Inst. of Math.-Inform" Basis fоr
Education, NSU, 1998. - P.135-136.

Kasyanov Y.N. Grарh methods in рrоgrаm сопstrцсtiоп and optimization //
seyenth Intem. colloquium on NumericalAnalysis and Соmрчtеr science
with Applications. Abstracts of Invited Lecfures and Shоrt
Communications. 

- Plovdiv, 1998. - Р.62.
Kasyanov v. N., Evstigneev V. А., Matinina Yu- V., Birjukova Yu. V.,

Маrkiп v.A., Кhагitопоч Е. Y., and Tsikoza S. G. Support of suрегсоmрч-
tations and Intemet-oriented technologies // Distributed processing of infor_
mation. - Novosibirsk: SD RAS Publ. House, 1998. - Р. 4I0-4l4.

Boyarshinov V. А. Edge апd toиl соIоuriпg of interval graphs // ОрегаtiопS rе-
sеаrсh and discrete analysis. - Vоl. 5, N 4. *_ Р |8*14.

The theme "Methods апd tools of teaching iпfоrmаtiсs and рrоgrаrпmiпg
within multilevel education''.

Sapervised Ьу ProJ, Kasyaпov И N.
'w'оrk 

has been completed on educational Internet-oriented sоftwаге апd on
furthеr development of functional and trапsfоrrпаtiопаl аррrоасh to сrеаtiпg the
rеmоtе access systems. I

Experiments hаче Ьееп саrriеd out оп compilation of GNu Linux рrоgrаms
for vаriоus рlаtfоrms. Most attention has boen given to compilation of the sоurсе
texts of Clisp (GNLJ Сошmоп Lisp) for Linux, Windows, апd MS DOS.

А miпimаl "kernel" of the file system of GNU Linux has been exffacted, and
а minimal set of files has Ьееп рrераrеd for пошtаl functioning of Linux rvith mс
and clisp рrоgrашs. The set is used in the "сепtачr" environment and in the Li
nux set, as а help for students'projects in Clisp+Linux.

The source texts of the clisp system hаче Ьееп changed, which results in the
Russian vеrsiоп of clisp. This шаdе it possible to use it шоrе widely in courses
on functional programming at the Nsu and Higher college of Informatics.

In the field оf methods of compilation and debugging of functional рrоgrаms,
experimcnts wеrе регfоrmеd оп implementation of the Lisp self-definition Ьу
mеапý of Clisp; а rерliса of the author's (J. МсСаrtу's) implementation has been
made in а new (clisp) епчirопmепt; the possibilities апd operation characteristics
of the еаrliеr implementation of the Rapira language have Ьееп improved.



Fig. 5. Тhе dictionary оп grарh-thеоry

The "сепtаur" епчirопmепt intended to defend the system resourcos of the
DoS and WindoWS users of соmmоп access computers, for ехаmрlе, at schoois,
has Ьееп сrеаtеd. The system is based on the polyakofs idea to use the disc sec-
tors of Liпuх not visible frоrп DOS апd Wirrdows as а place fоr rеsеrче copies of
educational епvirопmепt, which allows us to promptly and safely rеstоrе the аЁ
fected os ог to change the епчirопmепt. The рrоgrаms fоr "сепиur" have Ьееп
irnPlemonted iп Clisp, GNU Linux systern. The ttser characteristics of the system
аrе available at <http : l/www, iis.nsk, su/edu/Centaur/index.htm>.

V/ork has Ьееп сопtiпuеd on the dictionaгy of graph theory fоr рrоgrаrпmеrs.
The initial 'web-version of the dictionary has Ьеоп complcted. It supports the
interaction with the user via HTMl-documents with built-in scenarios iп the Java
and С++ larrguages. It is available at <hф://pco.iis.nsk.su/grapp>.

А manuscript version of the dictionary essentially extended and il]usfrated
has been рrераrеd. This is а collection of the most usable terms of graph theory
and its applications to informatics and progrffilming. Тhе mапusсriрt was а rvin-
пеr of the SD RAS contest of publishing projects and is to Ье published in
"Nацkа", Moscow.

The mаiп publicatioпs:
Kasyanov V. N., Evstigneev V. А., Malinina Yч. V., Birjukova Yu. V-, Маrkiп

V. А., Kharitonov Е. V., and Tsikoza S- G. Suрроrt of supercomputations
and [nternet-oriented technologies // New informational technologies in the
university education. - Novosibirsk: Research Inst. of Маth.-lпfоrm. Basis
fоr Education, NSU, 1998. - Р.162-1бз.

Gorodniaia L. V. and Кhаritопоч Е. V. The рrоЬlеms of using OS Linux at
school and other educational instifutes // Iпfогmаtiоп technologies and the
mothods of applied mathematics in interdisciplinar rеsеаrсhеs and proj-
ects. - tnst. Math. SD RAS, the Omsk Ьrапсh, 1998.

The proje ct " Е duсаtiопаl informatics"
А пumЬеr of рrоЬlеms of methodological and technological support of

teaching informatics at different educational levels hаче been solved, including
installation and соrrесtiоп of information technologies used in educational рrос-
ess, frоm рrimаry school up to professional сочгsеs fоr teachers.

Ап experimental and methodological justification has been presented for the
system of projects and соursеs oriented to еаrlу programming and studying the
basic notions of informatics at school, fоr example, teaching parallel ргоgrаm-
miпg to schoolchildren.

Solцtions of sоrпе рrоЬlеms connected with Boolean algebras at specific do-
mains lrave Ьееп modernized (the FABULA system). The problems of teaching
computer algebra and рrоgrаmmiпg paradigrns to studeЙs have been considered.

The question of including functional languages and software systems оп their
basis, starting frоm GNU-Clisp, into the educational system has Ьееп studied. А
trапsfоrmаtiопаl аррrоасh to рrоgrаm transformation has Ьееп modified and
applied to tгапsfоrmаtiоп оf information forms (the project of the Friепd-2 sys-
tem).

А concept of the design and development of the lNFОstrцсfurе of ап еdцса-
tional instifute has Ьееп formulated, including а concept of continuous teaching
informatics. А concept of mass teaching informatics to everybody has Ьееп
elaborated; ап аррrоасh to methodical and technological support of teaching in-
formatics and рrоgrаmmiпg has Ьееп рrороsеd, as well as soft- and hаrdwаrе for
соmрчtеr classes at schools. А пumЬеr of manuals have been рrераrеd.

Besides, а system of training сочrsеs fоr tеасhеrs of informatics has Ьееп
wrilten. Within this system, attempts wеrе made of teaching рrоgrаmrпiпg on the
basis of shаrеwаrе апd of еаrlу teaching раrаllеl progrzlmming to schoolchildren,
either.

l
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А proposal was made оп organization of interschool events, suсh as contests,
сопfеrепсеs, etc., intended to raise interest iп advanced lessons of informatics
and inforTnation technologies. Wоrk has been continued on the рrоjесt "High_
level object-oriented environments". The rпопоgrарh "Оп foundations of infor-
matics and their justification" is in wоrk.

ConИcts hаче been established with the administrative system of education
of the Novosibirsk region.

The А. Р" Ershov Foundation stаrtеd functioning.

The thеше "ЕIаЬоrаtiоп of methods and ехреriшепtаl tools of рrоgrаlп соп_
structing and specializing iп the reliable рrоgrашшiпg епчirопmепtu'

Sapervised Ьу Рrоf" Роttоsiп tr. И апd Dt" Вulуопkоч М. А.

Researches on this theme and оп the project "Рrоgrаm understanding ftlr its
construction" have шuсh in соmmоп, so the results obtained оп thеm аrе рrе*
sented jointly. А model has been elaborated for estimation of а qualiф of infor-
rnation flows; ап algorithm of checking the рrоgгаm qrrality has Ьееп соп_
strrrcted; ап initial чеrsiоп of а рrосеssоr verifuing а criterion of sffцсfurаl поп-
redundancy has been irnplomented.

Чrithin the context-sensitive data fiow analysis, ап algorithm has Ьееп соп-
struсtеd for static computation of чаluеs of sсаlаr type variables, rvhich substan-
tially increased the ассurасу of analysis and reliabiliф of ешоr messages iп the
static апаlуzеr of еrrоrs OSA. Оп the basis of а hypergraph representation of а

РrОgrаm being analyzed, algorithms of the data flow analysis hаче lэееп con_
structed for Java-programs, processing of extraordina.y situations included.

The problem of application of the static data flow analyz.er to gаthеriпg the
necessary (and accessible) information has Ьееп stшdied fоr the case of automatic
test generation. The system of gathering such information has been constгucted
on the basis of the OSA апаIуzеr.

Based on the рrороsеd model of rеgulаr schemes, an optimal аlgоrithш of the
rеgulаr scherne cleaning has been impiemented and justified. It includes suсh
transformations as elimination of redundant operators, boot-strapping of triviai
cycles, and hаmmосk and сусlе cleaning.

Some systems connected with this research direction hаче been implementod
ог modified.

А system of раrаliеl рrоgrаmmiпg SuperPascal is rе;rф to Ье put into ореrа_
tion, and а пеw version of the system vvith а function of parallelism conflict соп-
trol has Ьееп designed.

А set of files in the HTMl-format presenting the feasibilities of the соп-
struсtеd hypertext епчirопmепt has Ьесп рrераrеd.

Within the international frееwаrе project (the GNU system), the system Ispell
fоr spell-checking апd the shеll-iпtегрrеtеr Bash hаче Ьееп adapted io u ,p*Cifi.
language.

А mапuаl on the Modula-2 standard has Ьееп рrераrеd and is to Ье pub-
lished.

The mаiпрuЬliсаtiопs:
Pottosin I. V. The quality of рrоgrаms and inforrnation flows // Ореп systems. -1998.- N6.
Katkov S. I. and Pottosin I. Y. А parallel рrоgrаmmiпg system based on Sчреr-

Pascal// Рrос" бth lпtеrп. Seminar "Distributed processing of infoпna-
tion". - Novosibirsk, 1998. - Р. |27-|3l.

Chernonozhkin S. К. and Каufrпап А. v. Сritеriа of testing апd а system fоr
estimation of completeness of а validation suit /l Рrоgrаrпmirочапiе. -1998.-_ N 6.- р.44-59,

Uvаrоv D. L. Ап optimal algorithm fоr cleaning of rеgulаr hammocks // Рrо-
grаmmirочапiе. - 1998. - N 2. * Р.68-80.

Kuksenko S. v. апd Shelekhov v. I. А static aпalyzer ofrun-time sernantic еr-
rоrs // Рrоgrаmmirоуапiе. - 1998. - N 6.

The рrоj ect'n Тhе s ortw are rеепg iпееriпg sy stem Rеsсu eword'
This is а joint рфесt with the system Рrоgrаmmiпg Dераrtrпепt of the st-

РеtеrsЬurg State Univcrsiф, State Епtеrргizе ''Tepkom'', *d Relativф Tech-
nologies, Inc., USA.

Rescue'ware workbench is ап integrated rеепgiпеегiпg епчirопmепt that
takes into consideration all aspects of the ýоurсе system. First of all, deep analy-
sis is реrfоrmеd for each рrоgrаm, including its interaction with оthеr рrоgrаms.
Rescueware provides а роwеrfui toolset fоr visual decomposition of а sgurсе
рrоgrаm, so it саП Ье treated as а system of rечсгsе engineering. But this is поt
the point of рrirпаry attention.

тhе rеепgiпееriпg process in Rеsсuеývаrе is considered as а solution of thrее
basic problems. The first is data сопчеrsiоп frоm old DBMS and ''рlапе'' files
into up-to-date relational databases. The second is generation of rпоdеrп GUI
based otr old alphanumerical Sсrееп fоrms. The third is сопчеrsiоп of the рrо-
grаms themselves with due account fоr the аЬоче transformations. The general
scheme of the рrоdчсt сап Ье illustrated as follows.
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Fig. 6. The general scheme of the рrоduсt.

А special раrt of RescueWare is intended to solve the Y2K рrоЬlеm.
In 1998, the foliowing software tools have been created:

GlobalBRE рrоgrаm which allows, оп the basis of а dialog with а
usеr, а "monolith" рrоgrаm to Ье broken into sечеrаl components taking
into ассоuпt both sruсtцrаl and informational dependences;
DataMap tool for forming sсrееп fоrms оп the basis of data struc-
tцrе description;
LegacyDictionary - а tool fоr so-called "паmе rationalization" wltich
allows one to соrrесtlу rепаmе objects of а heterogeneous software sys-
tem;
Callie _- а component of visualization of а call grарh fоr Cobol рrо-
grams;
НуреrТrасе - а рrоgrаm for "abstract" tracing of Cobol рrоgrаms
which allows опе to start а рrоgrаm frоm an аrЬitrаry рrоgrаrп point, to
choose опе of the Ьгапсhеs of а conditional statemcnt, and, when neces-
sаrу, to mоче both along the trасе and the call stack;
W3HC - а рrоgrаm for сопчеrsiоп of а specializeci databases to
HTML-files which can Ье visualized with the help of standard HTML-
brorvsers.

S/оrk has Ьееп continued оп reorganization of the НуреrСоdе system iп оr-
dеr to extend it and rnake it independent of the sоurсе data representation. А spe-
cializer fоr Cobol рrоgrаms is being designed.

The mаiп publicatioпs:
Bulyonkov М. А. and Kochetov D. V. Visualization of the рrоgftlm рrореrtiеs.

- Novosibirsk, l998. - З8 р.- (Рrерr./SD RAS, IrS; N 5l).

The project " Th е analyzer of s еmап tic prop erties for Modu la-pro grams"
Wоrk has Ьееп continued on etacient implementation of the апаlуzеr of se-

mantic properties ц.hiсh реrfоrms analysis of the equality relations on рrоgrаm
tеrms. Тhе mаiп efforts wеrе devoted to а sеаrсh for and implementation of the
algorithm оf alias analysis which worrld make it possible, at its рrеlimiпаry stage,
to find effectively а nontrivial uрреr bound of the alias sеБ. Although the
Deutsch alias analysis еаrliеr implemented is rаthеr "exptressive", it is very соm-
plicated to use it as а рrеlimiпаry analysis. Most attention was paid to а newly
proposed Steensgaard algorithm. Based on а fast algorithm {,JNITEДIND, it al-

i
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Fig. 7. А typical RescueWare session.
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lows а nontrivial uрреr арргохimаtiоп of the alias sets to Ье built at almost liпеаr
time.

Furthеr rеsеаrсh was being реrfоrmеd оп integration of the analyzer of рrор-
erties into the НуреrСоdе system.

The mаiп publicqtioпs:
Еmеliапоч P.G. Analysis of equality rеlаtiопs: proofs and examples //Joint NCC

& ШS Bulletin, Sеr. Соmрutеr science. - 1998. - Ns 9 (to Ье printed).

The project " Sпtkьiп-th е-Вох рrоЬlеm"
А widely-knorvn combinatorial рrоЬlеm "Snake-in-the-Box" has Ьееп con-

sidered. The рrоЬlеm is to find оut the length and effective сопstrцсtiоп of the

mахimum cycle without сhоrds in the n-dimensional unit сшЬе. At рrеsепt, опlу
the Гrrst 5 рrесisе values of length аrе knorvn. Ап HTML-page has been wоrkеd
out to present а review on equivalent statements of the рrоЬlеm, estimations, and
bibliography consisting of 58 рареrs t2]. А new uрреr bound of the snake's
length has Ьееп obtained [1]. А рrоgrаm has been written fоr сопstrчсtiпg long
snakes iп the cubos of small dimensions. New rесоrd snakes' iengths have Ьееп
found fоr cubes of dimension 8 апd 9 being 90 and I64, respectively.

The mаiпраЬliсаtiопs:
Еmеliапоч P.G. and Solovjeva F.I. Ncw uрреr Ьоuпd for length of snake in unit

n-dimensional сuЬе // Discrete Mathematics (to Ье printed).
Emelianov P.G" Snake-in-the-Box: known values, bounds, and bibliography.

URL : http : /lwrvrv. iis.nsk. suЛers ons/Short/bib-snake, htm 1, 1 99 8.

The рrоjес t"The diugпosis systems for Y2К problem'
This is а joint project wiф the System Рrоgrаrпmiпg Dсраrhпепt of the St-

РеtеrsЬurg State University, State Enterprize "Tepkom", and the R-elativф Tech-
nologies,Inc., IJSA.

А toolset has Ьееп designed to detect the Y2К рrоЬlеm for different language

рlаtfоrms. All the similar systems include the stage of finding the suspicious
places usually реrfоrrпеd Ьу means of а text pattern search, Unfortunately, they
do not obtain satisfactory results and do not provide interactive mеапs fоr а pat-
tеrп speciГtcation, рrоgrаm annotation, and so оп.

The system Scan2k is intended for рrоglаm analysis in оrdеr to fiпd vari-
ables, string litcrals, and integer constants considered as Y2К suspicious. The
mаiп advantage of the system is its easy adaptation to а specific рrоgrаmmiпg
language, which makes it possible to analyze рrоgrаms iп almost апу rеgulаr
language. At рrеsепt, we have adapted the system to С/С++ and Visual Basic.
Тhе system has up-to-date interface; Fig. 8 presents its basic rMindow.
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Fig. 8. The basic window of the Scan2k system

The system See2k is constrrrcted fоr mоrе profound analysis within the proj-
ect consisted of one 0r sечеrаl iпtеrсоппесtеd рrоgrаms in ClC++. The system
provides the ацtоrпаtiс propagation of iпfоrшаtiоп аЬоut а Y2K suspicious vari-
able очеr the whole application. Tlre С dialects, such as ANSI С/С++, Microsoft
Visual С++, Borland С++, and GNU С/С++, аrе supported. Its interface is close
to that of Sсшt2k.

The рrоjе ct " Schedale соmроsiпg systeпt"
Work has Ьееп continued on the Schedwin system intended to compose а

schedule of lесtшrеs for high school. It supports all stages of the job, frоm input
of the рrоgrаmmе of lectures up to рriпt of the final sсhеdцlе. The system сап
process sоmе specific requirements to the sоurсе data, suсh as division of а
grоuр into subgroups, different schedule for ечеп and odd weeký, and so оп.
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Fig. 9, А sсrееп of the Schedwin session

The system provides а simulИneous colTeýfiless check-up. Tools fоr ехроrt of
data in HTMl--format have Ьееп creatcd, which suррогts а rсmоtе access to а
schedule.

The system ruпs uпdсr MS Windows (З.11 and higher) and has up-to-date

interface easy to lеаrп and use. Schedwin has Ьееп put into operation at the No-
vosibirsk State University, Novosibirsk State Acadomy of Есопоmу and Man-
agement, and Novosibirsk University of Trade.

The thеrпе "rnformation and tеlесоrпmuпiсаtiоп systems апd пеtwоrks''

Sapervised Ьу Pro$ fuIarchuk А. G.

The project"Iпtegratioп of taya-pragrams with database m&паgеmепt systems''

Investigations have Ьееп рursuеd iп the direction of сrеаtiпg applied sоftwаrе
systems (Ass) and computer-aided information systems (rs) on the basis of
CLIEN T/S ЕRVЕR аrсhitеоturе.

ТЪе wоrk is aimed at eiaboration of methods, approaches, and technology of
constructing trS to provide uрgrаdе of AýS during the lifetirne of an applicaiion,
from the statement of the рrоьlоm to the mаiпtепапсе of the system.

тhе step-by-step method of constrrrcting Is has Ьееп chosen as опе of the
solutions of the рrоьlеm. In this case the application system is built from the set
of uпivеrsа,l and ineapsulated component-applications апсl subsysterns rvith соп-
sistent tools of integration. As for the раrt of the system that сшпоt Ье Ьuilt frоrп
this set, it is constructed in а traditional way Ьut with account for its fцrthеr in-
clusion into the set of reusable components.

The method has Ьееп used for сопstruсtiпg а пuшьеr of Is and рrочеd to Ье
efticient and promising, especially at the stages of design and implementation.

In раrtiсulаr, wоrk Lras Ьееп initiated on experimontal impiementation of а
рrоtоtуре of the set of subsysterns fоr constructing.Is implemented in 2- and З-
unit CLIENT/SERVER аrсhitесtчrе, trnternet/lntranet teihnology included. То
do this, а widc sресtrum of database Inanagement systerns (Informix, Оrасlе,
sybase) and tool sets (Borland Delphi, Microsoft Visцаl С++, Microsoft Visual
J++, PowgrDesigner, АIlаirе Cold Fшsiоп) for MS Windows NT and IJNIX plat-
fоrms has ЬееП used. А пumЬеr of uпiчеrsаl subsystems hаче been elaboraterJ,
such as а management subsystem fоr applied Is, а subsystem fоr remote data
proccssing in the Internet епчirопmепt, а documentation subsystem, etc.

Stцdents of the Mathematical DераrЁrпепt of the NSU took active раrt iп this
rеsеаrсh project.

The thеше "CAI} апd рrоgrаmmiпg sуstеппs''

Supervised Ьу РrоJ Marchak А. G.

The project"Toolsfor aatomgtized gепеtаliоп o!the VLM layoltt,
The рurроsе of this rеsеаrсh is to investigate the possibilities of automatic

transformation of the vLsI layout according to new industrial technologies and
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rеqчirеmепts. This рrоЬlеm is of раrtiсчlаг imроrtапсе for modemization of оut-
оЁdаtо chip layouts.

The аррrоасh is in the following. Given а "flat" chip layout as the input data,
а list of chains of the scheme is made at the frst stage. At the second sИge, а

"flat" layout is to Ье decomposed into а hiеrаrсhу of blocks and subblocks, which
leads to rеduсiпg the dimension of the рrоЬlеm for the next stages of ffапsfоrmа_
tions.

Fig. 10. А fragment of а VLSI layout.

Аftеr that the transformation of blocks into а symbolic rерrеsепtаtiоп (sym-
bolization) is реrfоrmеd, i.e. еlеmепtаrу objects and their geometric, functional,
and scheme attributes are dete,rrnined.
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Next, the symbolic layout is to Ье transformed апd compressed according to
new requirements of design and technology. The set of transformations includes
vаriоus kinds of'elimination of redundant connections and chains, and оthег
nontrivial scheme transformations. The соmрrеssiоп аlgоrithm used hеrе is
rаthеr simple, because mоrв соmрlех algorithms give worse results on big layout
fragments.

Fig. 13. The generated lауоut of the fragment in consideration.

At the fiпаl stages, tlre fragments' layouts аrе nofinalized in оrdег to meet
specific requirements and to Ье combfured into the whole lауошt Ьу the process
"replacement-tracing" that can Ье fulfilled in а standard way.

All the needed algorithms hаче Ьееп elaborated and implemented.
Tests wеrе made on а real chip lауоut. Ехреrimепts and investigations have

shorvn that it is rеаllу possible to solve the рrоЬlеm of VLSI technology migrа-
tion.

The symbolic representation
rеquirеrп,еRts аrе preserved, and
different lауеrs is possibie.
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The thеmе "ýuрроrt and development of iпfоrmаtiоп-tеlееоmmuпiсаtiоп
епчirопmепt fоr SD RAS"

Supervised Ьу PtoJ Shоhiп Yu. I
The project "Tools fоr mаiпtепапсе апd mапаgеmепt of databases чiа ,rтуw
usiпg НTTP-SQL iпtеrfлсе"

The aim of the project is to сrеаtе tools of а unified access to different со1-
lections and information resoiгces оп the basis of CORBA technology.

The аррrоасh proposed allows us to connect the available library systems
into ап integrated information space.

Whеп solving this рrоЬlеm, We should take into асоочпt the foliowing:
data stored in the iibrary systems mау Ье of different incompatible for-
mats;
оur systern should pгovide the usсr with а convenient sеаrсh fоr various
kinds of resources;
it should Ье flexible and extensible as much as possible;
rеýоursеs rеmоtе frоm each other should Ье integrated,

standard аррrоасhеs саппоt solve the рrоьiеm completely, so we hаче cho-
sen the CORBA technology аý а basis fоr сопstruсtiпg the system. CORBA has
Ьееп created Ьу Object Management Grоuр (oMG), whose mеmЬеrs аrе such
соrроrаtiОпý aS Sun, IBM, Сrау, etc., in оrdеr to improve the technology of con-
structing distributed iпfогmаtiоп systems, distributed computations systems апd
so 0n. It allows а рrоgrаm to use ап object from а rеmоtе sеrчеr as if it wеrе оп а
local соrпрutеr. Irr addition, CORBA can Ье successfulty used in solving the
рrоьlеm of integration of heterogeneous information rеsочrсеs into а unified
nettvork.

Frоm the system's viewpoint, all inforrnation stored in the library is rерrе-
sented Ьу а collection of dосumепts, а set of documents unified according to
some specific tьаtчrе. This is а basic notion of the system which permits чаriочs
libraries with specific data fогmаts to Ье treated as sets of а uпiчеrsаI sfiтсfurе.
The опlу function it should maintain is, according to some rеqчеst, to search fоr
and to send а set of documents. А request is а unified сritеriоп of а search fоr
раrtiсulаr dосumепts. Тhеrе аrе sечеrаI types of requests and а special рrосеssоr
for each of them. А list of references obtained frоm Iiьrаriеs is presented as а
document in а convenient fогmаt (HTML-page, Adobe АоrоЬаt (PDF) and so
оп).

Repositarium
(documents аrо stored

in RDBMS)

Rероsitаrium
(dосumепЪ ме

stored iп teК files)

Repositarium
(.,.)

Dосumепt

Fig. 14. The gепеrаl sсhеmе of the system

The gепеrаl scheme of the system is presented in Fig. 14. All the collections
аrе to Ье integrated into liьrаriап ciusters Ьу Iocation оr Ь1. themes of informa-
tion, and the same collection mау Ье included into different clusters which, iп
furп, аrе integrated in а пеtwоrk with the help of а request сопtrоllеr. дs а result
of the request processing, the usеr obtains а list of rеfеrепсеs to documents and
can vierv апу of them via а demonstrator in а conyenient fогmаt.
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The project "The IIS |YWW-seryeF"
А database has been constructed

SD RAS.Its strшсtцrе is given in Fig.
for information оп the staff mеmьеr of IIs
15.

The theme "Investigation iп fоrmаI models and methods fоr describing se_

mantics, specification and чеrifiсаtiоп of сопсurrепt and distributed sys_
tems"

Supervised Ьу Dr. Nероmпiаsсhу Y, Д.

Net models covering the time and соlочrеd PN's, ечепt structures, cause-
effect struсturеs, arrd program rnodels based оп constructions of the standard
languag* of,executable specifications SDL have beon considercd as fоrmа1 mod-
els of сопсuп,епt апd distributed systerns.

Within the rriodel-checking rnethod, an algorithm has Ь*еп proposed for чеri-
fication of behavioural рrореrtiеs of models of distributed real-time systems.

А notion of а pararnetric tirпе net lras Ьееп iпtгоdчсеd. This is tlre Меrliп
time net extended with раrаmеtriс чаriаЬlеs inserted into restrictions оп firiпg
time of net transitions. The Ьеhачiоurаl properties bf а syýtem аrе represented Ьу
the fоrmulаs of paramctric temporal rеаl-timе logic PTC]L. The verification
algorithm is in finding the conditions оп чаluеs of time раrашеtегs fоr which the
network being analyzed шееts the specified рrореrfу.

Fоr time PN's а compositional аррrоасh to equivalence checking with the use
of the time detalization operation has Ьееп proposed. It was established rvhat
equivalences are preserved uпdеr this ореrаtiоп, which allows us to use them iп
top-down consfi,uction of distributed systems. t

А notion of а time event sffuсturе as а model of сопсurrепt undetermined
roal-time рrосеssеs has Ьееп introduced. Different variants of time testing
equivalence for this model have Ьееп studied, апd necessary and sufficient соп-
ditions have been fоuпd for their existence,

Fоr tьrmаlism of cause-effect struсfurеs, its extension оп the semantics of
соlоrеd tokens is being considered. It has been fочпd that the classes of colored
tr,vo-level cause-effect stгuсturеs and соlоrеd one-safe PN's аrе strongly equiva-
lent, i.e., equiporverful in expressiveness.

А new version Elementary-RЕAl, has Ьееп designed for the specification
language of distributed systems REAL based оп the specification language SDL
and branching tirne logic CTL. Fоr the Elementary-RЕAl specification 1ап-

gчаgе, а fоrmаl semantics has been described, а thеоrеrп оп the absence of соп-
сurrепt access to channels has been рrоyеп, and а verification method combining
the model-checking method with the inductive proof principles has Ьееп рrо-
posed. Using this method, рrоgrеss properties hаче Ьееп рrочеп fоr the Е]ешеп-
tary-REAL specifications of some сошmuпiсаtiоп protocols wiй infinite пumЬеr
of states.

То rерrеsепt data in the fbrmat accessible for WWW, а рrоgгашmiпg lan-
gчаgе QHTL has been designed as the HTML language extended with tools fоr
database processirrg. QHTL essentially sirnplifies the design stage for uniform

раgеý, since it is sufficient for the designer to use опlу the HTML and SQL lan-
guages; the pagB's раrаmеtеrs results frоm SQl-requests included into the docu-
ment's struсfurе. This technology is essentially efficient whеп applied to sma1l

and rаrеlу changing databases, as well as to constrrrcting а static "frame" of ас-
cess to large databases.

з0

Fig. 15, The datфase structure.
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Wоrk has Ьееп continued оп ап experimental tool ESPV (Estelle/SDl Proto-
col VеriГrеr) for verification of communication ргоtосоls presented in standard
languages of executable specifications Estelle and SDL. Within this project, а
method has Ьееп elaborated for translation of SDl-specifications into соlоrеd
PN's. Figs. lб and l7 рrеsепt SDl-specifications of the Station_Ini block of the

рrоtосоl INRES consisting of the processes Initiator and Соdеr_Iпi, as well as

the PN colTesponding to this block. Note that the ISAP channel is presented Ьу
two places of the PN (isapt is ап input апd isap2 is an оuфut) fоr а transition
which models the Initiator process. Similarly, there аrе two places fоr channels
IPDU and MSAP, and the transitions and places are colmected Ьу аrсs whose
direction is the same as that of the communication ffansfer. The initial mаrkiпg
of these places is empty, and tokens mау оссur in it in the process of functioning
of the PN cornpletely сопstrцсtеd.

An experimental system SPECTRUM fоr verification of Pascal/C рrоgrаms
is uпdеr development. Within this project, а method of automatic proof based оп
fоrmulа rewriting systems has Ьееп elaborated. Соrrесtпеss and the Noether
рrореrtу of the fоrmulа rеwritiпg systems hаче Ьееп sfudied. Based on this
rnethod, а prototype of the automatic рrооf block has been implemented; ех-
periments have Ьееп саrriеd out to а success.

The mаiп рuЬliсаtiопs:
Nepomniaschy V. А., Alekseev G. I., Bysftov А. V., Кurtоч S. А., Myl'nikov S.

Р., Okunishnikova Е.V., СhчЬаrеч Р.А., and Сhuriпа Т. G. Verificatiolr of
Estelle-specifications of the distributed systems via colored PN's. - Novo-
sibirsk, 1998. - 140 р.

Таrаsучk I. V. Notions of equivalences fоr construction of сопсцrrепt systems
using PN's // Programmirovanie, - 1998. - N 4.

Апчrееч I.S. А method for simplitjcation procedures design based on fоrmulа
rewriting system //Joint Вullеtiп of NCC&IIS. Sеr. Соmрutеr Science. -
1998. - Ns 8.

Nepomniaschy V.А., Alekseev G.I., Bystrov А.V., Сhuriпа Т.G., Mylnikov S.P.,
Okunishnikova Е.V. ЕРV - Petri net based Estelle protocol чеrifiеr // Рrос.
1st Intern. Wогkshор on the Fогrпаl Dеsсriрtiоп Technique Esteile. -
Frапсе, 1998. - P.101-109.

Ustimenko А.Р. Соlоurеd cause-effect strчсtчrеs // Information Processing
Letters. - 1998. - Vо1.68, JчЬ 5.

Virbitskaite I.B,, Pokozry Е.А. А partial оrdеr algorithm for vcriфing time Pefri
nets // Рrос. lпtеrп. Workshop on Discrete Ечепt Systems (WODES'98),
1998, Cagliari, Italy. - London: The IEE Publisher, 1998. - P.5l4-5l7 .

Pokozy Е.А. Towards Ьеhачiоur analysis of раrаmеtriс time Petri nets # Ibid. -
P.512_5 19.
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Fig. l7. The net fоr the Station Ini block
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The project ''ДtgеЬrаiс specification of dynamic systems"

SapervЪed Ьу ProJ, Zоmuliп А. V.

The basis for the tecnique of typed abstract states machines (TAMSs) serving

fоr the absffact description of рrоgrаmmiпg systems' algorithms has been devel-

oped. The technique includes
means of algebraic specification of the system's invariant preserved in

various its йеs (specification of the data types and static functions),

mеапs of dеГшritiоп of dynarnic functions and constants which have diЁ

ferent values in different states of the system,

а пчmьеr of tbrmal transition rules which define the transition of the

system frоm опе state to апоthеr according to input data.

дs а rеsult, the рrоgrаmmiпg system сап Ье represented as а set of algebras

describing its чаriоus siates and а set of аlgеЬrа trапsfоrmаtiоп rules speciffing

its algorithm. Ап object-oriented version of TAMSs has been created,

The mаiп publicatioпs:
Gaudei м.-с., Кhоur С,, Zamulin Д. Dупаmiс systems with implicit state- -

RR}[9 |\ТТ,LRI, Universite de Paris-Sud, 1998,

Zamulin Д.V. Рrоgrаm specification Ьу typed Gurечiсh machines // Рrос.

Еstопiап Acad. Sci., Math. - 1998. *- Vоl. 47, Jф 3. -р. 162-17з,
Zamulin Д.V. Dynamic system specification Ьу typed Gurevich machines //

Ргос. lпtеrп. Conf. оп Systems Science. - Wroclarv, Poland, t998, - Vol,

1. -- р. l60-167.
Zarnulin Д.Ч. Object-oriented abstract state machines // Рrос. trпtеrп- Workshop

оп Abstract State Machines. - МаgdеЬurg, Gегшапу, 1998. - р, |-_2|,
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