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Annotation. In this paper we deal with the PNtoal tool for a design, analysis and developmentooarrent and time-critical systems specified
using the Petri nets (PN) formalism. The PNtoolmarfs four Petri nets dialects: Generalized PettsnTime-basic nets, Evaluative and Coloured
Petri nets. The tool allows to design and simutatystem using any of the supported PN dialectst@amerform an invariants-based analysis and
reachability analysis for Generalized PN. Each Gized and Evaluative PN can be also loaded frathsaved in a standard interchange format
called PNML. The tool is implemented in Java asag pf the mFDT Environment (MFDTE). The mFDTE isoalset for the formal design and
analysis of concurrent discrete and time-critigatesms, developed at the home institution of ththas. It integrates three formal methods with
complementary features: Petri nets, process algeitaB-Method. This paper also describes interfagbh connect the PNtool with other parts of
mFDTE. The work presented is supported by the grislot 1/3140/06 and No. 1/4073/07 of the VEGA- Bogentific Grant Agency of Slovakia and
NATO CLG 982698 grant.

B cratbe uagr peds o mporpaMMmHOM cpenctBe — PNEOOl, npeHasHadeHHBIM Il CHHTE3a M aHAJIW3a MapaJuICbHBIX U KPHTUYECKHX BO BPEMEHH
CHCTEM, KOTOpBIC OMHCHIBAOTCS ¢ nomomibio (opmanusma cereit Ilerpu (CIT). PNtool npenHasmauen it mommepkkn derblpéx auanoros CII:
o6o6mEnnsie CIT (generalized PN)ppemenHo- 6Gasucubie CIT (Time-basic PN)sBamoarmonnsie CII (evaluative PN)u packpaumenssie CIT
(Coloured PN). PNtoolmo3Bossier KOHCTpyHpPOBAaHHE H CHMYISIMIO CHCTEMBI C IPUMCHEHHEM 00010 n3 ymomsiHyTeix auanektoB CII u takxke
HpoJieNnaTh AHAJIN3 CHCTEMbI C LENbIO OJCPXKaHMA ©€ WHBAPUAHTOB , W PELICHUS NPOOIEMbl TOCTHKMMOCTH I CHCTEMBI HPEACTaBICHHON
0600ménHo# CIT.Cnenudukarys cucteM Ha s3bIke 0000UIEHHBIX, MK dBaoanoHHbIX CIT MOkeT OBbITh HpENCTaBICHA U COXPaHATHCS B popmare
PNML.PNtool peanusoBan nHa s3eike JAVA, kak oxHa u3 vacrteil mporpammuoii cpeast MFDTE (multi FDT Environment)Cpexa mFDTE
npeaHa3HauYeHa Ui CHHTE3a M aHalh3a MapaleNbHbIX (CONCUrrent) QuMCKpEeTHBIX CHCTEM , BKIIOYas M BPEMCHHO-KPUTHYECKHE CHCTEMBI.
Iporpammuas cpena MFDTE co3nana B yHiBepcuTeTe aBTOpPOB CTaThh. B Heil MHTerpHpoBaHbl TP (OPMANBHBIX METOAA, KOTOpbIC 00NaJaroT
B3aMMHO-KOMIUIEMeHTapHbIMU cBojicTBamu: CII, mpoueccusie anre6per 1 merox B AMN. B cratee ommchiBaroTcss MHTEP(EHCH CBSI3BIBAIOLINC
PNtool ¢ ocranbubiMi gacTsiMu cpeasl MFDTE. Pesysbrathl HecIeI0BaHMi TIPEICTaBICHHbIC B CTAThe ObUIH JOCTHIHYTHI IPH MOUIEP)KKE IPAHTOB
Ne 1/3140/06 Ne 1/4073/07 VEGA -xayuHoro rpantoBoro arentcra Ciosakuu, u rpanta NATO CLG 982698.

1. Introduction

The architecture of the multi Formal Descriptiorchieique Environment (mFDT Environment, mFDTE) hastb
proposed iMDmmuoka! McTounnk cCHUIKH He HaiigeH. as, among others, an answer to one of the grgatdsems in
the practical use of formal methods. The problerooisnected with a hypothesis that claims that tldees not (and
will not) exist any universal formal method, coveriall aspects of systems. The mFDTE adopts the dddormal
methods integration to cope with this problemint¢grates three formal methods with complemerfeayures:

1.Petri nets (PN) is a behaviour-oriented method wighy nice analytical features, such as an aut@mati
derivation of invariant properties and a reachgbdnalysis.

2.Process algebras view systems as processes, @elsdniban algebraic way. They allow to deal with a
de/composition of systems very elegantly. The mFDIuUpports two process algebras: the Algebra of é3c
Components (APCPDmm6ka! Ucrounuk ccbliku He Haiined. and the Algebra of Communicating Processes (ACP)
Omuoka! McTOYHHK CCHIIKH He HalieH..

3.B-Method (B) Omuoka! Ucrounuk cchliku He Haiigen. iS a model-oriented method. Contrary to the
previous methods, B provides the whole developrpemtess from abstract formal specification throtlgh sequence
of refinements to the concrete specification, whiah be automatically translated to the executedie.

The mFDTE consists of tools for the integrated mdthand interfaces between languages of these dsethbhe
tools allow the designer to gain from the advargaggindividual methods and the interfaces providerect and
formally proved translation from specification ineomethod to the equivalent specification in anotme.

In this paper we introduce the most advanced ofmifTE tools — the tool, which implements the Pasts
formalism and is calle@®Ntool After the introduction the paper continues witshort description of four Petri nets
dialects supported in theNtool Section 3 is dedicated to tfNtool itself — namely to its modes and features. In
Section 4 we describe how the exchange format PN&/kupported in thé®Ntool and Section 5 deals with the
interfaces, which connect tfNtoolwith the other parts of the mFDTE.

2. PN dialects supported
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There are many types, or “dialects”, of PN andRh&ool supports four of them: Generalized PN, Time-basis,
Evaluative PN and Coloured Petri nets.
21. Generalized Petri nets

TheGeneralized PNGP netsGPN) are the “basic” type of Petri nets, supportechiFDTE. This type of PN is also
called Place/Transition nets (P/T nets) or, simpitri nets. GP net can be defined as 5-tuple

N=(P, T,pre post my),

whereP={py,...p} is a finite set of placesT={ty,...t,} is a finite set of transitiongre: PxT . NV is a preset function,
post: PXT — IV is a postset function and,@N'"lis the initial markingV is the set of natural numbers with 0.

A markingof GP netN is a functionrm: P— . Value ofm(p) is the number of tokens in the plazeThese tokens
have no individuality, so they are undistinguisiealiransitiort/7T is enabled(feasiblg§ in marking m, iff

LpOt : m(p)=pre@.?),

wheret={p| pre(,t) Z0}. Whent is enabled, it can be executed (fired). The restlts execution is a new marking
m' /7N
m’(p)= m(p)- pre@,H+ postp.?.

Markings represent states of a Petri net. A markivigch can be reached from the initial markingofe GP nel by
firing some sequence of enabled transitions i€dal reachable marking Nf

A very popular representation of GP net (and otigges of PN) is an oriented graph with two typeweitices -
places (circles, or ellipses) and transitions @egles). When prp(t) 20, then there is an arc fropto t, when postg,t)
#0, then there is an arc frotrto p. If the value of preq,t) or postp,t) is greater thad, then it is written next to the
corresponding arc. For example, in the net in Figre have preul,9=2, prep2,t)=1 and posi4,t)=3.

Fig. 1. GP net (fragment) before (a) and after (b) tHadiof the transition t

The system specified by GP net can be analyseddansnof the place and transition invariants andehehability
analysis, for which the original algorithm has béenelopeddmuéka! UcToUHNK CCHUIKH He HaiiIeH..

2.2. Time-basic nets

Time-basic nets (TB nets, TBN) are an extensioGBN, which incorporates the concept of the timeeyThre
intended for a design and analysis of time-critegdtems. There is a value, calldtronos or timestamp associated
with each token. The value is the time when thkemndhas been created by a firing of some transifibetime function
is associated with each transition and describesefation between the timestamps of tokens rembyete firing and
the timestamps of tokens created by the firing.
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Fig. 2. TB net with TI semantics before (a) and aftethifiring of the transition t
The timestamps can be represented as single v@loespoints) or time intervals. The TB nets whéneestamps
are intervals are called TB nets witine interval(TIl) semantics. An example of TB net with TI semiesis shown in
Fig. 2. Here the time function for the transitibonly defines how the timestamp of a new token,eddth p3, is
computed:
max((4,8),(2,10)) = (4,10) and (4,10)+1 = (5,11).

More information about TB nets with Tl semantias¢luding canonical representation of time functamd an
example of a new approach to the time reachabditglysis can be found i@mmuoka! McTouHHK CCHUIKH He
Haii/leH..

2.3. Evaluative Petri nets

The Evaluative Petri ne{&vPN are an extension of GPN, introducedOnmuéka! McToYHHK CCHIIKH He Hali/IeH..
They have important analytical properties and traputational power equal to the Turing machine® i differ from
GPN in the following way:

« There are 3 sets of places in each EVPN. Thesktstdesignated & includes places, which are alike the places
in GPN. Places fror® are called individual variables. The second setlkedP; and there is an n-ary integer function
assigned to each place frdPp These functions are functions over the individwaiables, i.e. over the places frén
The marking of each place frofy must be always equal to the value of the funcéissigned to given place. The third
set isP. and there is a predicate over the individual \deisa assigned to each place frém The value of the predicate
must always correspond to the marking of givenqldicthe predicate, associated with some place. /7P, is true,
thenm(pe)=1. Otherwisem(p.)=0.

* The negative values of markings of places fidandP; are allowed.

* The capacity (i.e. maximal value of marking) cardeéned for places with respect to individual arcs

« If some transitiort fires, then it is possible, that the change ofrtfagking of adjacent places depend also on the
marking of places, which are not adjacent with

pe=p,>0 ®p2 pe,=p,>0 @pz

P,

Fig. 3. EvVPN before (a) and after (b) the firing of thensition t

In Fig. 3 we have an EVPN with = {p;, p,, ps} andP. = {pe} The setPs of this net is empty. The meaning of the
predicate foipe, is m(p;)>0. The inscription 1 of the arc fronpe; to t; means that a firing df takes one token from
pe; and that the capacity gk, is 1. The inscription [ of the arc front; to p; means that a firing df adds 2m(p,)
tokens tops.

2.4. Coloured Petri nets

Coloured Petri netfCP nets, CPINOmmu6ka! Mcrounuk cchbliiku He Haiigen. belong to the family of High-level
PN, where tokens have individuality. This meang trach token have some value. The value of tokenbeasome
integer, string, tuple, list of values and so ohe3e values are called colours and their typesated colour sets.
There are arc expressions, specifying the groupskehs taken from and delivered to places whersitians are fired,
and guarding predicates, associated with transitidrhe guarding predicates represent additionaditons of
transitions feasibility. Each CPN has declaratiomsgre colour sets, functions and variables usearénexpressions
and predicates are defined. The declarations,xanessions and predicates must be written in aulage, which meet
the specifications formulated Dmuéka! Mcrounuk cepliku He HaiigeHn.. To define groups of tokens (in markings,
arc expressions...) multisets are used. For exarttmeinitial marking of place ;pfrom Fig. 4 is one token of value
(colour) 1 and one token of colour 5 (it is the tiset 1°1++1°5).

The authors of CP ne@mmoka! Ucrounuk cchliiku He Haiigen. claim that CP nets have the same expressional
power as GP nets and each CP net can be transitdezhjuivalent GP net. Therefore the same analgsthods as for
GP nets can be used for CP nets.

3. PNtool modes and features
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The PNtool allows to create, edit, simulate and analyse nsosigécified by means of PN dialects described above
It is a JAVA-based application, which uses the JDQary to deal with XML (PNML) format and SWING
components for graphical user interface. It canumein one of these three modes: GPN/TBN mode, Exnfoe, CPN
mode.

Each mode is dedicated to the corresponding typB&Naand offers a plenty of features, which arecdbed in the
rest of this section.

Fig. 4. CP net before (a) and after (b) the firing of ttasition t

3.1. GPN/TBN mode

The GPN/TBN mode is the feature-richest mode ofRhkool An appearance of tHeNtoolin this mode can be
seen in Fig. 5.

\FDT Environment: Phtool - GPN/TBN mode [PN_RpEx. pnmli].
File Edit Draw Wiew Analysis Transformations Info

BRI O =Ko A e

achability analysis - results
Computation report |
Mw automaton r Marking search |

~States

Q0= (0,1 0,w,0)
03=010wwu)
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 Transitions tahle
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Fig. 5 A screenshot of theNtoolin the GPN/TBN mode

| »

The GPN/TBN mode provides the following compondatsGeneralised and Time-basic nets:
Graphical editor.In this essential component it is possible to drsave, load and modify a graph of any GP or TB net
The properties of places and transitions, suchamsen appearance (colour), initial marking (i.e.umber and time
intervals of tokens in places) and time functiom ¢ set in special dialog windows. One of them, tifansitions
properties window, is shown in Figure 6. Each tiftection is composed from the simple time predisatvhich can
be seen in Fig. 6, too.

Simulator.A simulation of PN is controlled by a simulatiarotbar, which is situated in the left lower coroérthe
main PNtoolwindow (Fig. 5). When the simulation is turned af enabled transitions of a given net are higitkd
in the graphical editor. By clicking on some enabteansition we fire the transition. The effect fafng — a new
marking and a new set of enabled transitions hisve directly in the graph. The simulation toolbiso allows to fire
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one random transition or a sequence of 5 or 50ammhdchosen transitions. In addition, it is possiti go back to the
previous marking or to the initial marking.

Even more simulation possibilities are available™8 nets. Namely, we can choose from 3 simulatrtes:

« GPN-like mode, which ignores timestamps and tinmefions,

< Time point semantics mode, which takes into accoutyt beginnings of time intervals and

« Time interval semantics mode.

£ GPN/IB - Transition properties

Name: |t

coior: NN
Time predicate
| max(y+a || min{ ) + a || maxi ) *a || mini ) *a |
| tau>=p+a || tau=p+a || tau==p*a || tau>p*a |
| tau<p+a || tau<=p+a || tau<p*a || tau<=p*a |
| AND | | OR | | Clear | | Clear All |
Time function
{imaxiP1, P23+13 )

| 0K || Cancel |

Fig. 6 The transitions properties window from the GPNffhBde

Invariants-based analyser (GPN onl§h automatic derivation of invariants is one of thest valuable properties
of Petri nets. There are two kinds of invariants®Pi: S- and T-invariants (also called place aaddition invariants).
An S-invariant represents a set of places for whictveighted sum of tokens remains the same forraaghable
marking and a T-invariant defines a sequence okttians which, if executed, leads from a given kivag m back tom.

Both types of invariants are integer vectors ardaamguired by solving a linear equations systene. Aitool can
compute both of them, using Silva or Gaussian elitiidon method. If the net analysed has infinitelgny invariants,
the PNtool computes only basic ones. The other invariantsheaderived from these basic ones, because argrline
combination of invariants is also an invariant.

An example of invariant analysis results can bearseehe right lower corner of Fig. 5. Here we ¢glo¢ basic S-
invariant (1,1,0,0,0) of the net displayed in tldit@. This means that net's plade8 andP1 always share exactly one
token.

It is also possible to compute invariants by cgllan Adriana plug-in, developed by D.A. Zaitse\ésearch team,
from PNtool The Adriana plug-in implements a decompositianathod, in which the net is first decomposed itgo i
so-called functional subnets. Then the invariantscamputed for these subnets and combined intmttagiants of the
whole net. This method, which is describedOmiuéka! Ucrounuk ccoliku He Haiigen., iS well-suited for the
analysis of large Petri nets.

Reachability analyser (GPN only). This componeripfi¢o solve aeachability problem(RP) for GPN. The RP is
one of the crucial problems related to Petri natbia formulated as follows:

Assume a GPN, defined as in Section 2.1, withplaces anah-ary nonnegative integer vectqr Then an instance of
RP for N and q is the problem whether q is a relalehaarking of N

An original algorithm to solve RP was designed ty first of the author®muoka! McToOYHMK CCHUIKH He HaliIeH..
The algorithm has been further extended by inclyidie/composition strategies and time isSDaséka! McTounuk
cCBHUIKH He Haiigen.. In general, the algorithm consists of two steps:

1. Construction of aM,, automaton for the né\.
The M,, automaton is a special type of finite automatonictvinepresents the (possibly infinite) state spafdd. States
of M, automaton are labelled by vectors, which are rdalehaarkings ol or cover some infinite subset of reachable
markings ofN. In the latter case some members of these veateis symbols and states labelled by them are called
macrostatesThew stands for a number greater than any natural nurfloe example, the both states of Mg from
Fig. 5 are macrostates. Arcs bf, are labelled by PN transitions. One of the adwgegaofM,, is that once it is
obtained, it can be used for any instance of RNfor

2. Creation and solving of the integer linear prograngmproblem forM,, and q — the ILP(M,,, ¢) Omu6ka!

M CcTOYHHNK CCHIJIKM He HaliaeH..
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The PNtool currently fully implements the first step of RRyalithm. It displays thé/,, automaton created in the form
of transition table and a list of states with thiaibels (see the right part of Fig. 5). It alsovides a step-by-step
visualization of the Mw automaton construction éstucational purposes. The second step is supponigdoartially:
the tool compute some elements f@P(M,, Q) solving, such as the vector form of simple loapsM,, and
identification ofM,, state, which covers the vectqr BecausdLP(M,, @) is nothing else than a problem of linear
equations system solving, it will be relatively yds adopt the equations system solver of invasiamialyser for the
ILP task.

To cope with a tremendous complexity of RP solvitggcompositional approaches to RP solving, based-on
junction and P-junction de/composition of RMunéka! Mcrounuk cchliku He HaiimeH., have been added to the
PNtool.

3.2.  EvPN mode

In the EVPN mode a graphical editor and a simulafoEvaluative PN are available. These componerdskw
similarly to their counterparts from the GPN/TBN deo

Among others the EVPN mode introduces new arc dacepproperties dialogs. The latter one, shownign F
allows to define predicates and functions for th@c@s fromP. and P;. However, it is not checked, whether the
structure of the net obeys these predicates aradifuns.

< EwPN - Place properties

Name: [pef |

Color: | |

functionjpredicate marking

) H
) true=1
®pe: P1>0 | ftrue |w| 1870
1 P ltrue
false
| 0K | ‘ Cancel ‘

Fig. 7. The place properties window from the EVPN mode

It is also possible to convert a GPN to EVPN arak wiersa. Of course, the conversion from EvPN tt GRen
leads to loss of some information because of teatgr computational power of EVPN.

3.3. CPN mode

As in the case of EVPN mode, the CPN mode offegsaphical editor and simulator. Currently the CPNde
supports integer, string amtcolour sets. Th& colour set contains only one element — the cohstafokens of colour
e are equal to the tokens of GPN. A new colour satsbe created from the existing ones using thée€lan product
and list operator. The CPN mode also offers basieger operators (+,-,*/) for arc expressions aadic integer
predicates (>,<,= <) for guards. A logical operatoafhd’ can be used in guards, too.

An appearance of theNtool in this mode is slightly different from another d&s and can be seen in Fig. 8. The
most noticeable difference is the presence of tad®®ons frame (for variables and colour setsphim left part of the
PNtoolwindow.
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Fig. 8. A screenshot of theNtoolin the CPN mode
4., PNML and PNtool

The Petri Net Markup Language (PNML) is an XML-bésaterchange file format for Petri-ne@muo6ka!
Hcrounuk cepliku He Haiigen.. The PNML is flexible enough to integrate differéypes of Petri Nets and is open for
future extensions. There is a variety of softwa@s with the PNML support, such as Petri Net KériRenew, PEP
and TINA. The PNML elements allow describing bdik structure and graphical appearance of PetrBasic PNML
elements are:

e <pnml> — the topmost element;

e <net> - contains the description of the whole net;

e <place> - a sub-element of <net>, describes camepf PN;

. <transition> — a sub-element of <net>, describestoansition of PN;

. <arc> — a sub-element of <net>, describes onefdri\;

e« <name> - holds the name of a net, place, arc amhsti can be used as a sub-element of the previmur
elements;

«  <initialMarking> — a sub-element of <place>, hotlle value of initial marking of given place;

e <inscription> — a sub-element of <arcs>. In theecaf GPN it holds the correspondimg or postvalue.

A hierarchical structure of these basic elementsluding <name>, can be seen in Fig. 9. Therel@ af additional
elements, for example <graphics>, which includdsrimation about rendering of given component, sastposition
and line and fill colours.

The PNtool also belongs to the group of tools supporting PNMlallows saving and loading of GPN and EvPN in
PNML format. However, because of some special featwf EVPN, it was needed to extend PNML by a few
elements:

* <evpnPlace> — a sub-element of <placgpecifies whether the given place belongB,tB, or P,

e <evpnArc> — a sub-element of <arc>, specifies ivied negative value of marking of the place adjatethis

arc is allowed,

» <capacity> — a sub-element of <evpnArc>, specHi®@saximum capacity of the place adjacent to ttds a

« <relPlace> — a sub-element of <evpnArc>, incluthesname of a place, not connected to this ardachndiffects

thepre or postvalue of this arc.

The place of these new tags within the PNML stmgcts also shown in Fig. 9.
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transition
inscription

GnitialMarking) [evpnPIaceD (evpnArc)

( reIPIacej (capacity)

Fig. 9. The hierarchical structure of basic PNML elemeN&sw elements for EVPN are rendered in grey

5. Interfaces

As it has been said before, tR&ltoolis a part of the mFDT Environment, which also ipayates process algebra
and B-Method. To interact with the other parts dFDTE the PNtool provides interfaces, which implement the
semantics-preserving transformations between Retts and process algeb@umunéka! MCTOYHHK CCHIIKH He
Haiizen. and between Petri nets and the language of B-Mdthou6ka! McTouHHK cCHUIKH He Hali/IeH..

The theory of transformations between the langudde-Method (also called the B-language) and PMpituced
in Ommoka! McroyHuk cchliIkM He HaiimeH., makes it possible to transform any GPN or EvPRb ithe
computationally equivalent B-machine and almost &iynachine into the equivalent CPN. The B-machiseai
specification component of B-Method and its condspjuite close to that of the class in objectiued programming.

The basic idea of these transformations is to timdfether the similar behavioural concepts of botsthwods.
Therefore places of PN are transformed to stateabias of B-machine, initial marking to initialiéat operation,
transitions and adjacent arcs to operations anel wécsa. Instead of explaining the details of th@gformations we
present a small example in Fig.10.

The current version of theNtool provides the transformation from GPN or EVPN te Bilanguage. The far more
complicated transformation from the B-language RiNGs about to be implemented in the nearby future.

MACHI NE EvPNfi g3
VARl ABLES sv_1, sv_2, sv_3
I NVARI ANT
sv_1: NAT & sv_2: NAT & sv_3: NAT
DEFI NI TI ONS
grdo== sv_1>0 /*from pel*/
I NI TI ALI SATI ON
sv_1:=1 || sv_2:=2 || sv_3:=0

OPERATI ONS
op_0= SELECT grd0 & sv_1>=1 THEN
sv_1l:=sv_1 - 1 ||
sv_3:=sv_3 + 2*sv_2
END
END

Fig. 10. A B-machine transformed from the EVPN shown ig. Bi

The interface Petri nets — process algebra coofteto parts, namely: linguistic semantics preseguransformation
of process algebra ACOmu6ka! Ucrounnk cchlIKd He HaiiaeH. specification into the corresponding Petri net and
the operational semantics preserving transformatio(Ordinary) Petri net into the process algebRCAOmmuoKa!
Hcrounuk cepuiku He Haiigen. by the authors.

The first of two transformations mentioned, is lthe® construction oélementary netscorresponding to atomic
actions of the APC specification, including the ¢ynprocessd) and the deadlocld). Additionally, net operationsare
introduced, corresponding to operators of the AGHRernative composition, sequential compositionyajpel
composition and the encapsulation), allowing coritjpzs of Petri nets in order to obtain the resugtimet,
corresponding to the original specification. Basmu theoretical results obtained, a tool ACP2PETR$ tbeen

8
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implemented, using the Java programming environm&sitan input format for storing APC specificatipstands an
XML-based language PAML by the authors. The outpohtaining the resulting Petri net is written lve PNML.

The aim of the second transformation mentioneth onstruct the APC specification from the souPedri net. The
approach is based on creating special variablesidaE-variables) for every place of given Petri, mepressing
processes initiated in those places. Algebraic séingis given as a parallel composition of alllswariables, whose
corresponding places hold token(s) within the ahitharking. The ideas described briefly are impleteé within the
PETRI2APC tool, coded by using the Java programnpilagform. The input specification is supposed &ib the
PNML format, and the resulting specification istéen in PAML format. Both auxiliary tools, the ACPETRI and the
PETRI2APC, have been designed for a close coopersaiith thePNtoolitself.

6. Conclusion

In this paper we described thHeNtool a software tool, which allows a design, analymisl development of
concurrent and time-critical systems based on #tig Rets formalism.
The PNtool which supports four Petri nets dialogs, providdst of features — from the design and simulatibPetri
nets to their invariant and reachability analyfisaddition, thePNtool implements some original scientific results by
the authors: the Evaluative Petri nets formal@muoka! Mcrounuk ccbliiku He HaiineH., the original reachability
problem solving algorithm and corresponding de/cositonal technique®mmoka! McToOYHMK CCHIKHM He HAiIeH.,
the interval semantics of Time-basic n@smoka! Mcrounuk ccpliiku He Haiined. and, finally, the semantics-
preserving transformations between Petri nets andess algebr®muéka! Mcrounuk ccblikH He HaiizeH. and
between Petri nets and the language of B-MetDndioka! McToYHHK CCHIIKH He HAlIeH..

Despite the rich functionality of tHeNtoolthere is still a lot to add and improve. In thamy future we plan to add
a PNML support for TB nets. This will, of courseguire another extension of PNML. The opportunitylisplay and
edit a graph oM,, automaton inPNtool should be a welcome addition, too. The easiest wagchieve this is to
represent Mwautomata in the form of equivalent GP nets. We alsm to use some of the available 2D graphics
frameworks, such as Piccoldmuéka! Mcrounnk cesliiku He HaiineH., for the graphical editor and simulator of the
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