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1. Introduction

Modemtechnologies, usedtodevelop informationsystemsand interactions, require sane
formal and linguistictools for specification, thatare appropriate for theautomationof
Separate stages, suchasmodelling, sinulation, monitoringorverificationof the interac-
tionsbeing designed. InthisaspectPetri Nets (PN) with their two isomorph forms -
graphical andanalytical [1], provideefficientpossibi lities for the formal descriptionad
study ofawideclass of systers, characterizedas concurrent, asynchronous, distributed,
parallel , nondesterministicand/or stodestic.

Recentlymany university and company institutes and centres showparticullar interest
tonardsPNgpparatLs [2-15], eoressed intheactivity of different researchteans, realizing
thorough theoretiicand appl ied investigations. Thescientific investigations intended to
reflectmore adequately the variety and specifics of real processes, aredirected mainly
tonards the study or definrtionof subsets of the“ ‘gereral ized PN’ class extensians, suchas:

—Timed PN, that have adigital scale called aglaobal clock ingeneral ized PN
formalism. Thisenables the study of models of real processes, rumning inphysical time.

—Coloured PN, characterized by the introductionof the“‘colour’” attribute for the
markers. Ingeneral thisfaci litates the prooessof specificationand leeds to the incresse of
the carputiing procedures intheanalysis.

— Stochastic PN, designed tomodel and analyze processeswith probabilistic
characteristicsandMarkovian processesaswel l.

Thegppliedactivity, comectedwiththesciantific investigations, realizesthedesion
and development of some specific software tools, systems for processesmodel lingand
analysis respectively. Thestructural organization, the functional possibilitiesand the
purpose of these systems have a number of conmon characteristics, expressed in the
folloming:

The hardware and software structures of the systems correspond tosoftware media
and packages rather thanto conplete independent graph-oriented systems . Suchaconcept
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leads to theuse of auxi liary software like compi lers, graph systens, systens fordatabase
cotrol, etc. , andofmore ponerful computerequiprentaswel 1. Besides this itisdifficult
todesignproblem-oriented anduser-friendly interface insimilar cases.

Alarge partofthese packages is intended for operationwithcomputers of SN Spare,
DEC5000, HP9000 type and also:

—onthisbasisworking stationswithgraphiccapacitiesarecreated, or

— they are combined with aMAC or PC computer .

Inmost ofthe cases the packages requiire the presence of additional software inorder
tofunction, suchascompilers (C, C*, Saltalk), systems for database control (Orecle,
Gemstone) , documentationtoolswithgraphic potentials (LaTex) and packages analyzing
Retrirets.

The packagesaregraph-oriented, carprisingagrapheditor for interactive construc-
tionof networksmodelswithgptions tomanipulate dbjects, groups of objectsandsoon.
In many cases when analyzing and simulating PN-models, “animation’ is used to
demonstrate the current results. Theeditors are often an extension of sane graphic
platforms such asWindows, X-Windows and others.

The analyzing possibi litiesof the separate packages depending on PN subclasses
beingmodel led and on the extensions are based on selected criteriafor the analysis of
groups of properties. The cormon set includes the fol loving groups:

— Structural properties (Bounds, Structural bounds, Liveness, Conservation, Repeti-
tive, Staticeryreeetitive),

—Graphproperties (Traps, Deadlocks) ,

— Linearproperties (P-flow, T-semi-flow, P-semi-Flon),

—Timinganalysis (livenessand safety propertieswithinagiventime limit) .

The present paper discusses some problems, concemiing the designand functioning
of agraph-orientedsystemformodel lingand research, involvinganalysisandto certain
extentsynthesisof information interactions inopensystens. ThemodelsarePN-graphsor
theiranalytical descriptions.

2. Representation of an approach and agraph-oriented system
for information interactionsstudy

The functional capecitiesof the systemfor information interactions studyarise from
thebasicproblems solvedwith itshelp, narely:

a) Graphicmodel lingand operations with themodels

—Designof graphicsymbolism (icons) describing systemsand interactions;

—PNgraphs construction; storing, editingandmanipulating (unionand subtraction)
ofgraohs;

— Hierarchical description (constructing by parts) of informationsystems and
inteyactios;

— Control of the correctness inthe design, editing andmanipulating of PNgraphs
checking the feasibi lity of the relationscreated anong the informationobjects (positions
and transitions) inthe graphor inthe deconpositionarrangement of PNhierarchical
stntues;

—Dynamic control of thegraphs in interactions simulationandmonitoring;

— Transformationofmodels (graphs) inanalytical (matrix) formandvice versa.

b) Model investigations, that include the analysis of the main properties and
daracterisgicsof‘the interactionsmocel ledandsynthesis ofmodel structureswithdefinite
(&Opoerties. ) )

The diagram inFig.1shows inageneral formthe basic technological processes and
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functional tools inthe systemdiscussed, realizingthe stages (phases) inmodellingand
inestication.

Modelling. It isassumed that the initial stage ofeach development startswith
conputer-aideddesignofagraphmodel (GV), interactivelydone by thegrapheditor. The
PN-model describing the interactions, isbuiltwithapriori created symbolismfor the
objects (positionand transition) andcomnectionsbetweenthem (Fig- 2) - Thefessibilityof
the relationobtained is automatical ly checkedwhen the dbjects are connected. The
Teasibilityconditionsarestored inthe“‘control”’block. Anerrormessage isyieldedateach
Taultand theoperation isautomatical lyblocked. The currentGM is stored inthe “graphic
DB’ block as a corresponding structure of graphical data.
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Analytical model (AM) . The Av-model is autamatical ly created by the Av-former
Tromthe data structure of the GV stored in “graphicDB’” block. Themodel obtained is
defined inanalytical form by the matrix representation of the input (1) and output (O)
functionsof incidence and the initial markingvector . Ifnecessary, AMcanbecreatedas
aliststructure (onthebesisof Itsexpressingwith thehelpofconpletes theory) -

Since the solution of PNmatrixequattion requires the absence of loops, acorrespond-
ingcheck isforeseen. The formal conditions for the absence of loops are:

I=1",00",
where 1™ and 0" are the inputand output matrices formed inanappropriate way fronthe
incidencegereralizedmatrix.

The process of AV formation includes the check of the conditionsabove given. Incase
theyareviolated, amessage isgereratedand theelements included in loopsarevisualized
onGM. The operator takes a decisionwhether towork with GV for their transformation
wirth the help of the graphiiceditor or to undertake model studywith the loops avai lable,
storingAV inagivenfileformat.

Themodel investigationsonAVare of two types: analysisof thebasicpropertiesand
characteristicsofthe interactionsmodel led by PN; syrithesis of model structureswith
definiteproperties.

The analysis is donewith the corresponding software tools (forexample [8, 9, 10],
preferred by the operator . The information obtained, which reveals the structural
properties, graphproperties, 1inearpropertiesandsom, isthebasisforQinodification,
ifthis isconsiderednecessary.

The synthesis isdonewith the purpose to obtain newvmodel structureson the basis
of formal transformations. The “‘synthesis’” block isused as AV input, and agroup of
modelsare obtainedat itsoutputwith the helpof tensor transformers [16], based onamocel
specifiedasa“base PN’ [17, 18] . The graphicdescriptionblock (GDB) [19], serves for
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connectionwirth the graphiceditor and “‘closes’ the computer—aided model ling cycle.
Depending onhisaims, the gperator canstartan iterationprocess, which is interrupted
when the purpose defined is reached.
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KoMnemnTepHOE MOOENMPOBaHNE U MCCIIe HOBAHME
B3aMMOIEMCTBMIM, ONMCAaHHEIX alllapaToM ceTeM [leTpu

X. XpyicToB, P. Kynues, T. Tames

UHCTUTY T MHPOPMALIMOHHEIX TexHoJormit, 1113 Copus

(PeswomMme)

[IpenriaraeTcsa NOOXOT U I'padrueCKM—OpMEeHTMPOBaHHAa S CHUCTEMa Il CIeLMOUKalIL
VI MOIEJIbHEIX MICCIIEIOBaHMM B3aVMOLOEMCTBIMM, OIMCaHHEIX anllapaToM ceTel [leTpu
(PN) . JaHHBM [IOIXON M CUCTEMA ONMCAaHEL OVaIPaMMOM OCHOBHEIX TEXHOJIOTMHUECKMX
LUMKJIOB ¥ QYHKUMOHAJIbHEIX CPeNCTB. B cTaTbe IOMCKYTUPYITCS OCHOBHEIE
byHKLMOHAJIbHEIE BOBMOXHOCTHM M 3a0aul [JIS PelleHN s, BKJIoYas aHaJlMs CBOVICTB U
XapaKTepMCTMK MOOSIMPOBAHHEIX B3aMMOIEMCTEIM M CHHTE3 MOIeJIbHbX CTPYKTYP
C onpeleJIeHHEMM (33aIaHHEMM) CBOMCTBAMMA.
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