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Abstract

Petri nets are a mathematical apparatus for modelling dynamic discrete systems.
Their feature is the ability to display parallelism, asynchrony and hierarchy. First was
described by Karl Petri in 1962 [1,2,8]. The Petri net is a bipartite oriented graph consisting
of two types of vertices - positions and transitions connected by arcs between each other;
vertices of the same type cannot be directly connected. Positions can be placed by tags
(markers) that can move around the network. [2] Petri Nets (PN) used for modelling real
systems is sometimes referred to as Condition/Events nets. Places identify the conditions of
the parts of the system (working, idling, queuing, and failing), and transitions describe the
passage from one state to another (end of a task, failure, repair). An event occurs (a
transition fire) when all the conditions are satisfied (input places are marked) and give
concession to the event. The occurrence of the event entirely or partially modifies the status
of the conditions (marking). The number of tokens in a place can be used to identify the
number of resources lying in the condition denoted by that place [1,2,8].

Coloured Petri nets (CPN) is a graphical oriented language for design, specification,
simulation and verification of systems [3-6,9,15]. It is in particular well-suited for systems
that consist of several processes which communicate and synchronize. Typical examples of
application areas are communication protocols, distributed systems, automated production
systems, workflow analysis and VLSI chips.

In the Classical Petri Net, tokens do not differ; we can say that they are colourless.
Unlike standard Petri nets in Colored Petri Net of a position can contain tokens of arbitrary
complexity, such as lists, etc., that enables modelling to be more reliable.
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The article is devoted to the study of the possibilities of modelling Colored Petri nets.
The article discusses the interrelation of languages of the Colored Petri nets and traditional
formal languages. The Venn diagram, which the author has modified, shows the relationship
between the languages of the Colored Petri nets and some traditional languages. The
language class of the Colored Petri nets includes a whole class of Context-free languages
and some other classes. The paper shows modelling the task synchronization Patil using
Colored Petri net, which can't be modeled using well- known operations P and V or by
classical Petri network, since the operations P and V and classical Petri networks have
limited mathematical properties which do not allow to model the mechanisms in which the
process should be synchronized with the optimal allocation of resources.

Keywords and phrases: Petri Nets, Colored Petri Nets, Traditional Languages,
Transition, Position.
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Cwdwnnwnwghp

Mbwphh gwugp dwpbdwwnhlwlwu uwpp £ nhuypbin nhuwdhy hwdw-
Ywpgbpph dnnbwynpdwu hwdwp: Lpw wnwuduwhwwnynyeniuubphg Gu qniqw-
htinnyeniup, wuhwdwdwdwuwynieniup W hhbpwpfupwu uGplYwjwgubint niuw-
Yniejniup: Unwoht wuqwd ulwpwapyb) £ Ywpp Mewnpph Ynndhg 1962 pywlyw-
uhu [1,2,8]: Mwnpphh gwugp Gplynndwup Ynndunpnayws gpwd £, npp punyuw-
gwd k£ Gpynt wbuwyh quqwReubphg' nhppbp W wugnwubp, npnup dhdjuug htin
Ywwywd tu wnbinubpny: Lnyu wmbuwlyh qugqupubpp stu Yupnn ninnwyhnptiu
dhwgyti: Hppbipp Yupnn Gu wwpniiwyt) Ughsutin (dwpltiputip), npnup Yupnn
Gu nbnwownpdyb| gwugh ubipunw [2]: MGunphp gwugbphu (PN), npnup ogwnw-
gnhpdynw Gu ppwywu hwdwlwpgbph dnnbjwynpdwu hwdwp, Gppbdu wugw-
unw 5U wwjdwuubph/ppwnwnpénieniuutiph gwugbip: “Hhppbpp twpwgpnd Gu
hwdwYwpgh yhbwlutpp, wwjdwuubpp (wofuwwnwupwipu, wugnpdniu, hbp-
pwagpn U dwfunnnud), huy wugnuutipny uywpwgpynwd Gu hwdwlwpgnud nb-
nh niubignn gnpdnnnueyniutbpp’ wugnd dh wwydwuhg dnwp (wnwownpwuph
wywpw, dwiunnnud, unpngnud W wju): hpwnwpényeniup wnbinh § niubund (wu-
gnudp Juwwpynud k), Gpp pwdwpwpynwd Gu pnjinp wywjdwuubpp (wnyw Gu hw-
dwwwuwufuwu pwuwyny ughsubip dnunpwihtu nhppbpnud) W pnyjwwpbph k
wugdwtu Ywuwwpndp: bpwnwpénigjwu wnbinh nubuwp wdpnnonigjwdp Ywd
dwuwdp thnthnfund £ hwdwlwnpgh yhéwyubiph, wwjdwuubph Yupguwyhbwynp:
“hpptipnwd wnyw ughsubiph pwuwyny £ ywypdwuwynpywsd hwdwlwpgh yhbw-
yhtu hwdwwywwmwufuwu nbunwpuutiph dwywih npngnidp [1,2,8]:

Mbwnphh gniwwynp gwugp (CPN) gpwbhlywlwu Ynndunpnpdws (Lgne £
hwdwlwpgbph twhuwgddwu, Gogpndwt, uphdnywghwih b unnigdwu hwdwp
[3-6,9,15]: Uju dwutwynpwwbtu jwy & hwdwwywwnwufuwund wju hwdwlwpgb-
nhu, npnup pwnlwgwd Gu dh pwpp qnpdpuewgutinhg, npnup ndjwiutipny tin-
fjuwtwyynw L uptfupnuwgynwd Gu: Yhpwndwu puwgwywnubph whwhy opp-
uwlyubpu U hwnnpnwygdwu wpdwuwgpnyeniuubpp, pwoiujwd hwdwlywnpgb-
pp, wywnndwwnwgywd wpnwnpulwu hwdwlwnpgbpp, w2fuwwnwupwihtu hnuph
gtipindniyniup W VLSI shwtipp:

Twuwlwu Mbwnphp gwugbph ushsubipp dhdjwughg s6U wwpptipdnud, Yuw-
pGlh £ wub], np npwup wugnyu Gu: b wwppbpnientu MGnphp unwunwpw
guugh’ Mbwnphh gniiwynp gwugh nhppp Yupnn £ wwpnwyt) udwjwyw
pwpnniejwu ughsubip, ophuwy' gnigwlubp W wyu, husp huwpwynpnipniu | nw-
(hu dnnbjwynpndu wybiih hnwuwih nwpéut):
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<nnywédp udppqwsd £ Mbnppph gnwwynp gwugbph dnnbuwynpdwtu huw-
pwynpnieniuutiph nwnuWuwuppnyjwup: <nnywénd putwpyynd Gu Mbunppp
ghiwwynp gwugbiph (Ggniubph bW wywunwlwu dbwywu [Ggnwubph thnfuwnwpa
Ywuwp: <bnpuwlubph Ynndhg tinthnfudwsé dbuuh nhwgpwdp gnyg £ wwihu
Mbwnphh gniuwynp gwugbiph [Ggniubph W npn2 wwunwlwu |Ggnwtiph dhole
thnfuwnwnd Yuwp, npinbin MGwnphh gnibwynp gwugtiph |Ggniutiph nwup ubpw-
nnuw b hwdwwnbpunhg wuywfu [Ggniubph wdpnne nwup b npn2 wy nwutip: <nn-
qwdnud gnyg £ tipdwd, np Mwunpjh hwdwdwdwuwynygjwt fuunhpp dnnbjuwynp-
ynw £ MbBinphp gniuwynp gwugh dhongny, npp huwpwynp skp dnnbjuynptip P L
V hwjinuh gnpdnnniegyniuutph Ywd MGnphp nwuwywu gwugh dhongny, pwuh
np P W V gnpdnnniejniuuipp bW Mbwnpph nwuwywu gwugbinu odnywd s6u hw-
dwwwwwujuwu Jwebdwnplwlywu hwwnyniyeyniuubpny, wjuhupt’ s&u Yupnn
dnnbwynpb] wju dGfuwuhqdubpp, npnugnd gnpdpupwgp wbwnp £ hwdwww-
wnwufuwubgyh nbunipuutiph oywnhdw| pwotudwu hbwn:

Pwuwih pwnbp b punwuwwwygnipyniuubp. Mbwnpph gwugbip, MGunphp
gntuwynp gwugbp, wjwunwywu [Ggnwubp, wugnud, nhpp:
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AHHOTALINA

Ceru Iletpu - 3T0 MaTeMaTH4eCKUI ammapar Ajis MOJEIUPOBaHUS JUHAMUYECKHUX
JMCKPETHBIX cucTeM. MX 0COOEHHOCTh - BO3MOXKHOCTH OTOOpaXaTh MapajuIesu3M,
ACHHXPOHHOCTh M Hepapxui. Brepseie onucana Kapnom Iletpu B 1962 r. [1,2,8]. Cetb
Ilerpu - nBYIOJBHBIH OPHUEHTHPOBAHHBIA Trpad, COCTOSIIMKA M3 ABYX THUIIOB BEPLIMH -
MO3UIHN W TEePEeX0JI0B, COSANHEHHBIX yraMH MEXIy c0o00il; BEpIIMHBI OJHOTO THIIA HE
MOTYT OBITh HAaIPSMYIO CBS3aHBL. B mo3ummu MoryT OBITH pa3MelIeHbl METKH (MapKeph),
KoTOpble MoryT mepemematbess mo cetu [2]. Ceru Iletpu, wucmomb3yeMbie st
MOJICTIMPOBAHMSI PEANbHBIX CHUCTEM, WHOIJA HAa3bIBAIOT CETSAMHU YCIOBHU / COOBITHIA.
[To3uiuu onpeaeNnsaroT COCTOSHUS YacTel cucTeMbl (padoTa, MpoCTOl, ouepenb 1 0TKa3), a
Iepexo/ibl ONHCHIBAIOT MEPEX0]] OT OJHOTO COCTOSIHUSI K ApYromy (3aBeplleHHe 3a/auu,
OTKa3, peMOHT ...). CoOBITHE TPONCXOANT (CpabaThIBaHKE MEPEX0a), KOT/Ia BHIOIHIIOTCS
BCE YCJIOBUS (BXOJHBIE TO3UIIMU COJEPXKAT COOTBETCTBYIOIIEE KOJIMYECTBO MapKEpOB) H
BBIJJAETCS pa3pelieHne BO3HHKHOBEHHIO COOBITHS. BO3ZHMKHOBEHHE COOBITHS TOJHOCTBHIO
WIN YacTUYHO W3MEHSET CTaTyc YCIOBMH (MapkupoBka). KonwndecTBo MapkepoB B
MO3UIHAX MOKET HCIIONIB30BaThCS AJIS ONPEAETICHUS KOJIMYECTBA PECYyPCOB, HAXOAAIINXCS
B COCTOSIHMH, 0003HaYEHHOM 3TOM mo3unueii [1,2,8].

Packpawennsie cetu Ilerpu (CPN) — aTo rpaduyeckn OpHEeHTHPOBAHHBIN S3BIK LIS
MPOCKTUPOBAHMS, CICHU(BHUKAIMH, MOJCIHPOBAHUS U TpoBepku cucteM [3-6,9,15]. Own
0COOEHHO XOPOIIO MOAXOAUT IJIsl CUCTEM, KOTOpPBIE COCTOAT U3 psija MPOLECCOB, KOTOPhIE
OOMEHHUBAIOTCSI JAHHBIMH M CHHXPOHHU3MPYIOTCS. THNMYHBIMH TIpEMepaMH objacTer
MIPUMEHEHUS SBIISTFOTCS TIPOTOKOJIBI CBSI3H, pacIpeaeeHHbIe CHCTEMBI,
aBTOMAaTU3MPOBAaHHEIC IIPOM3BOACTBEHHBIE CHCTEMBI, aHAINW3 pabodero mporecca M
Mukpocxembl VLSI.

B knaccuueckoil cetu Iletpu Mapkepel He OTIMYArOTCA APYr OT ApPYyra, MOMKHO
CKa3aTh, 4TO OHM OecIBeTHhIE. B oTiInuMe OT cTaHIapTHBIX B pacKpalleHHbIX ceTsax [letpu
MO3MLIMU MOTYT COJIEpKaTh MapKephl MPOU3BOJIBHOMN CIIOKHOCTH, HAIpUMeEp, CIIUCKU U T.
1., 9TO TIO3BOJISIET MOJIEIUPOBATH OOJIEe HA/IEKHO.

CraTbs IOCBSAIIEHA UCCIIEAOBAaHUIO BO3MOXKHOCTEH MOJEIUPOBAHUS PACKPAIIEHHBIX
cereii [lerpu. B crathe 00cysknaeTcsi B3aMMOCBSI3b SI3BIKOB pacKpalieHHbIX ceteld [letpu u
TPaIUIMOHHBIX (OPMaNbHBIX A3bIKOB. Jlnarpamma Benna, MoaupunnupoBaHHast aBTOPOM,
MOKa3bIBaeT B3aMMOCBS3b MEXIy S3bIKAMH PacKpamleHHBIX ceTel [leTpm M HEKOTOpHIMHU
TPaIWIMOHHBIMHU SI3BIKAMH, TIE KJIACC SI3BIKOB PACKpAIICHHBIX ceTel [leTpw BKIIOYacT B
ceOs eI KIlacCc KOHTEKCTHO-CBOOOIHBIX SI3BIKOB U HEKOTOPBIE APYTHUE KiIacchl. B cTaThe
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[I0Ka3aHO MOJEIUpPOBAaHUE 3ajaud cUHXpoHu3auumu [latun ¢ HUCHOIB30BaAaHUEM
packparmeHHbIX cereil [leTpr, KOTOpyIo HEBO3MOXKHO CMOZEIHPOBATE C MMOMOIIBIO XOPOIIIO
n3BecTHhIX onepauuii P u V unu knaccuueckoit cetu Iletpu, mockonbky onepauuu P u V u
KJaccudeckue ceTd [leTpu UMEroT orpaHMYCHHBIC MaTEMaTHYECKIE CBOHCTBA, KOTOPBIE HE
MO3BOJSIFOT ~ MOJCNUPOBATh MEXaHW3MBI, B KOTOPBIX MPOIECC JODKEH OBITh
CHHXPOHHU3UPOBAH C ONITUMAIBHBIM pacIpeie]IeHUEM PECYPCOB.

KiroueBnie ciioBa u cinoBocoderanus: cetu [letpu, packpamennsie cetu Iletpu,
TpaJULMOHHBIE A3BIKU, IEPEXO/I, OZULIUS.

Introduction (Heading 1)

The formal definition of a Classical Petri Nets:
Petri Net M = (C, i) pair, where € = (P,T,I,0) is the network structure, and
[t is the network condition. In structure C of a P-positions, T-transitions are finite sets.
I:T— P 0:T — P™ isthe input and output functions, respectively, where P* are all
possible collections (repetitive elements) of P. u: P — N is the function of condition,
where N, = {0,1,--- } is the set of integers.
We determine (in a known manner) the allowed transitions of Petri Nets and the
transitions from one state to another, as well as the set of reachable states [1,2].
Definition. The mathematical definition of Colored Petri Net: CPN is a nine-tuple
CPN =(%,P,T,AN,C,G,E,I):[7,9, 15]
(i) X isafinite set of non-empty types, called colour sets,
(if) P is afinite set of places,
(iii) T is a finite set of transitions,
(iv) A'is afinite set of arcs such that:
* PNT=PNA=TNA=0
(v) N isanode function. It is defined from A intoPxTUT xP
(vi) Cisa colour function. It is defined from P intoX .
(vii) G isa guard function. It is defined fromT into expressions such that:
* VteT:[Type(G(t)) = Bool AType(Var(G(t))) = X].
(viii) E is an arc expression function. It is defined from A, by expressions such that:
* Vae A:[Type(E(a)) = C(p(a)),q ATyPe(vVar(E(a))) c %]
where p(a) is the place of N(a).

(ix) 1 is an initialization function. It is defined fromP into closed
expressions such as:

* VpeP:[Type(I(p) =C(p)ys ]
Colored Petri net consists of the following components:
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» The ellipses and the circles are called places. They describe the states of the
system (buffers).

» The rectangles are called transitions. They describe the actions (processes).

» The arrows are called arcs. The arc expressions describe how the state of the
CPN changes when the transitions occur.

» Each place contains a set of markers called tokens, each of these tokens carries
a data value, which belongs to a given type.

In the CPN Tool, this is represented as initial marking next to the associated
place. The distribution of tokens, called marking, in the places of a CPN determines the
state of a system being modelled. The dynamic behaviour of a CPN is described in
terms of the firing of transitions. The firing of a transition takes the system from one
state to another. A transition is enabled if the associated arc expressions of all incoming
arcs can be evaluated to a multi-set, compatible with the current tokens in their
respective input places, and its guard is satisfied. An enabled transition may fire by
removing tokens from input places specified by the arc expression of all the incoming
arcs and depositing tokens in output places specified by the arc expressions of outgoing
arcs [9].

The modelling of Context-Free languages with Colored Petri Nets. The
diagram of the Interrelation of Colored Petri Nets and Traditional Languages

One of the most studied simple classes of formal languages is the class of
Regular languages. It is known that any Regular language is the language of Petri Nets.

[1,10] It’s possible to construct Petri Net, which generates {a"b" /n >1}a Context-
free language, which is not Regular. [1] Not all the languages of Petri Nets are

Context-free; build a network that generates{a"b"c" /n >0} a Context-sensitive

language, which is not Context-free language. [1] Unlike Regular languages, which are
the languages of Petri Nets, there are Context-free languages, which are not languages
of Petri Nets. Such examples of Context-Free languages are noted in the following:

{oo® loeX}, L' =L ULLULLL... (in particular, {a"b" /n >1}). This fact

illustrates the limitation of Petri Net as a tool that generates the languages. [1]

In Petri Nets, it is not possible to remember a long sequence of arbitrary
characters. In Petri Nets, the sequence of limited length can be remembered (this is also
possible in finite automata). [1]

However, Petri Nets do not have the "capacity of pushdown memory" necessary
for the generation of Context-free languages. The interrelation of the languages of Petri
Nets with other classes of languages investigated Venn is shown in Figure 1 in the
form of a diagram. [1]

Figure 2 shows a Colored Petri Net, which generates the L*Ianguage that is,
Colored Petri Net is a more powerful tool than the classical Petri Net. To understand
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types of data used in a figure, it is necessary to give a declaration. Figure 2 introduces
two positions of count type and marked as first and second. In the figure, two
transitions are marked with the symbol a that generates symbol a, and a transition
marked with the symbol b, which generates the symbol b.

In the figure, the position of the count of type remembers the number of
transitions are fired and regulates. Hence, the number of appearances a symbol b was
equal to the number of appearances a symbol a.

In fact, when the marked with a transition is fired, it generates the symbol a; if
the marked with b transition is fired, it generates the symbol b. To the transitions are
attached logical expressions (guards): ct > 0, ct > (n—1), if the logical expression is

true, then the transition is allowed, and if false, then the transition is not allowed. If the
first position of count of type value of token is equal to one, the marked with a first
transition is fired. The value of n must be fixed in advance.

Figure 1. Interrelation of Petri Nets and Traditional Languages (T-0-the General
type of languages, CS-Context- sensitive languages, PNL-Petri nets languages, CF-
Context- free languages, BCF-bonded Context- free languages, R-Regular languages).

Letn =2, then is fired marked with a the first transition, and ct =2, then is
fired marked with a the second transition, are generated by aa symbols, in this case
second position of count of type value of token is equal to two: count= 2, and twice is
fired marked with b the transition, are generated by bb, when the value of the first
counter is equal to one, cycle will be repeated, etc.

Many properties of Colored Petri nets, as logical expressions, types of markers,
the expression of the arcs, etc., which are used to control the transition firing [3].

In Figure 2 Colored Petri Net is constructed for the given language, which supposes the
following interrelation of languages of Colored Petri Net with some of traditional
languages classes (see Figure 3).
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If ct=nthen ctelse

empty
1 } 2 varet:count;

Color count=int;

If ct=nthen (ct+1) else
gount gt SmpLy. ¢tz=0

o

Hi)

If ct=1 then
¢t=0 S

count (ct-1)glse
g>(n-1) ~\ sy

If ct=0then ct=1 else empty

Figure 2. Modelling L" = L U LL U LLL...language by Colored Petri Net.

Figure 3. Interrelation of Colored Petri
Nets and Traditional Languages. CPNL
(Language of Colored Petri Net).

Simulation of the synchronization problem using Colored Petri nets

In 1971 Patil proved that P- and V- actions have insufficient capacity for
resolving synchronization issues. His proposed solution to a model problem is called
smoking a cigarette. The problem consists of four processes that model the agent's
states and actions and three smokers. Each smoker continuously makes a cigarette and
smokes it. To make and smoke a cigarette, we need three components: tobacco, paper
and matches. One of the smokers always has paper, the second smoker has tobacco, the
third has matches. Thus, the agent has an unlimited number of ingredients. The agent
puts the two components on the table, the smoker who has the third ingredient, can
make the cigarette and then he signals the agent. In this case, the agent offers the other
two one components necessary for the smoker, and the action is repeated [10].

The actions of the smokers without coordination are as follows.

Let X - the smoker with tobacco, Y - the smoker with paper, Z - the smoker with
matches, A-agent (see Table 1). The smokers' problem is, to define some additional
semaphores and processes, if necessary, and introduce necessary P and V statements in
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these processes to attain the necessary cooperation among themselves required to
ensure continued smoking of cigarettes without reaching a deadlock.

However, there is a restriction that the process that supplies the ingredients
cannot be changed and that no conditional statements may be used. The first restriction
is placed because the smokers are seeking cooperation among themselves and therefore
should not change the supplier, and the second restriction is justified because P and V
primitives were introduced to avoid having to coordinate processes by repeatedly
testing a variable until it changes its value, and because the operation of making and
smoking a cigarette has no conditional actions. It will be seen that the cigarette
smokers' problem has no solution.

Patil showed that there is no sequence of P- and V- actions and can’t solve the
problem correctly. [1,2] If we try to model the problem with the Classical Petri Net, we
will get a non-active net. Also, since all tokens in Classical Petri Nets have the same
type, ingredients will not differ.

The author modelled the problem with Colored Petri Net (see Figure 4), which
gives the possibility of the number of modelling for solving similar problems due to
several properties, such as the existence of the attached data types, functions,
transitions. [3-10,14-15]

Position A presents the agent status, which has three types of tokens: (p, m) - (p-
paper, m-match), (t, m) - (t-tobacco, m-match), (p, t) - (p-paper, t- tobacco), with the
help of an organized net of a cycle, it is possible to constantly offer 2 different
ingredients to the smokers.

In position A and also in several of positions in the net, E type is attached, that is
a combination of 3 types, which means the combination can be any of these three
types, and each of which is a Cartesian product: either with N and Q, U and Q, or N
and U. (k1) the pair of variables is a Cartesian product of E-type, that is either (p,m),
or (t, m)or (p,t). C', D', F, C, D, F positions have E type, where C, D, F transport the
relevant ingredients to the relevant smokers. C ', D', F' positions give ingredients to the
agent again, so the cycle is repeated. On the top of the position, we put the first mark,
which means the net is initialized. If on the top of the position there is the "-" sign, it
means that the position is empty or it contains no token. The type is marked in italic
letters below the position. The ct position is connected to T transition. It allows making
T transition three times per cycle. S, P, M positions respectively have U, N, Q types.
They present the state of the three smokers who respectively own tobacco, paper and
matches. T4 transition would occur only if all three smokers finished smoking.

Now we will describe the net performance. T will occur the first transition, as
there are the corresponding marks in A and ct positions. After T firing transition, we
check if (k,1) = (p,m), token is for C position, and the other two (D, F) positions do
not get any marks. If (k1) = (p,m), then T1 transition can be occurred, which
describes the process of the first smoker, and (p,m) ingredients give C' position. T
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transition may occur in this condition, which will move (t, m), or (p,t) tokens and T2,
or T3 transitions will occur.

Suppose T1, T2, T3 transitions occur, or the agent has proposed the three types
of ingredients, and the three smokers have finished smoking. In that case, the T4
transition will occur, the agent will offer three ingredients again, and the cycle will
repeat.

If we try to present this problem with Classical Petri Net, then we need to use
three transitions instead of T transition. That also means the minimization problem of
the net is also solved, which implies cost reduction due to the reduction of arcs in
positions and transitions.

Declaration
Color
INT = integer,
color U=1:
Color N =P, Processes Ax Processes Ay Processes Az
Color Q = 111,
Color - - -
pick up the paper pick up the tobacco pick up the tobacco
E = {Product N*Q _ _ .
. pick up the match pick up the match pick up the paper
OR ProductU*Q ) ) .
. roll the cigarette roll the cigarette roll the cigarette
OR ProductN*U} _ _ _ _ . .
light the cigarette light the cigarette light the cigarette
Var(K1):E . . .
INT smoke the cigarette smoke the cigarette smoke the cigarette
n: ' return to Ax return to Ay return to Az
Table 1. The actions of the smokers.

Figure 4. The modelling of Cigarette smoker's problems with Colored Petri Nets.
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Conclusion

We conclude that Colored Petri Nets is ideal for simulating real systems, the
study of its elements, the system's verification, the system's validation, detection and
prevention in emergencies, and the system's individual components optimal variants for
replacement. Furthermore, before creating a similar system and implementing the
above process, Colored Petri Nets is a convenient system of imitation in process
optimization and cost minimization.
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