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Introduction

There is necessity to use special program tools for
analysis and design of control systems, especially if they
are large, non-linear or stochastic. These tools or methods
can radically simplify and make this job easier. Simulation
is one of the analysis methods. Petri nets are often used to
simulate systems based on event logics. These nets allow
simulation of parallel and concurrent processes.

Traditionally properties of Petri nets, such as safe-
ness, boundness, conservation, livness, reachability, cover-
ability and efc are accented. These properties can be for-
mally analyzed only of closed Petri nets and are unap-
proachable if a net is open [1]. If Petri net is used to simu-
late a control program (program of a controller), it perforce
is open, because the program must interfere with an object
of control, react into disturbances. This does not exclude
usage of Petri nets on the purpose, because many of before
mentioned properties may be checked as a result of simula-
tion and parallelism and possibility of simulation of con-
currence looks very attractive.

There are many papers analyzing usage of Petri nets
to simulate control systems [2, 3, 4], but universal mean
does not exist, therefore systems are often met, which can
not be simulated using traditional Petri nets. On the other
hand, it is very important to have possibility to simplify
models of complicated control systems. The authors of this
paper propose to let use (with some restrictions) the global
variables in Petri nets applied for simulation of control
systems.

Presence of global variables means hidden links in a
net and disables before mentioned analysis, but for the
authors this loss does not look very significant. A systems
which can be simulated by simple and ostensive models, if
global variables used, are discussed in the paper. The job
is controversial and reflects an experience of authors in
simulation of navigation of mobile robots in flexible manu-
facturing systems. Proposed extension of global variables
in colored Petri nets is realized in program package CEN-
TAURUS COLOR.
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Peculiarities of Colored Petri Nets

Any colored Petri net consists of two subsystems.
One of them is inherited from classic (place/transition)
Petri nets [5] and is graphic structure representing an ori-
ented graph and consisting of positions, transitions and
oriented links — chords. Appearance or disappearance of
tokens in positions, sometimes treated as “movement”,
enables visually observe and understand operation of a
model (net). Formal analysis of the structure lets to detect
deadlocks, cycles and other properties of the net.

Another subsystem is programmable and is not met in
classic Petri nets. It consists of expressions associated with
chords (chord expressions), transitions (guard expressions)
and places (init expressions) [5]. Tokens of the colored
nets may be complex data structures and contents of the
structures may be changed. The SML [6] program lan-
guage is traditionally used to denominate these expres-
sions. In other words, any Petri net represents a program,
flow control of which is supervised by graph structure. A
user can create desirable types (colors) of tokens, declare
variables of various colors in colored Petri nets, but all
variables are strictly local with respect of any transition —
any variable can obtain a particular meaning, from token in
appropriate place, only in expression of an input chord of a
transition, if it is fired, and this meaning can be used only
in expressions associated with this transition (guard ex-
pression) or in expressions of chords outgoing from this.
The result of expressions of outgoing chords is outgoing
tokens. So, information can be transmitted through the
transition.

Continuing this correspondence between colored
Petri nets and high level programming languages some
similarities may be noticed:

e Firing of a transition corresponds to calling of a
subroutine;

Expressions of input chords of a transition define
input parameters of the subroutine;
Expressions of output chords define values of
output variables of the subroutine;



All variables in the environment of the transition
are local, what is usual practice of subroutines in
high level programming languages.

The main difference between colored Petri nets and other
high level languages is absence of global variables in the
first. This absence ensures strict flow control by the graph
structure of a Petri net.

Many control systems operate at real time — any process
under control has duration and model of such system must
reflect this, usually, by including delays associated with
transitions [7]. So the time, global variable, appears in
Petri nets. Usage of this variable is specific, because the
time is independent variable and influences the flow con-
trol of a net, but does not create hidden links between ele-
ments of it. Sometimes it is necessary to control duration
of delays dynamically [8], so inflating flow control, mak-
ing it dependent of other variables or events in a net, what
is equivalent to presence of hidden links. There are control
systems where even before mentioned extension of Petri
nets is not sufficient.

Problems of Simulation by Petri Nets of Control Sys-
tems with Navigation

Modern flexible manufacturing systems use mobile
robots. It is necessary to know position of a robot at any
time to avoid collisions with other robots or stationary ob-
jects. Coordinates of a robot, using conventional colored
Petri nets, must be an attributes of a token because only
these attributes can be changed dynamically. On other
hand, any token is accessible when it is in a place of net.
When a transition simulating a “step” of a robot fires the
token with coordinates disappears from input place and
information about the robot’s position becomes not acces-
sible during the all delay of the transition (duration of the
“step”). It makes a problem to supervise movement of all
robots, if a system contains some robots moving with dif-
ferent velocities (different “step” durations), because in-
formation about positions of all robots is necessary to
make a decision — this causes synchronization of “steps”
what means loss of real parallelism of processes associ-
ated with different robots. It is necessary to have possibil-
ity to get coordinates of any robot even if it is making
“step” — appropriate transition is fired and token not acces-
sible, to avoid this loss. The evident solution of this prob-
lem is to use global variables. The same problem arises
then controller of above mentioned system works with
interruptions — an interruption can not be served if infor-
mation about a position of a robot is not accessible. This
causes delays of interruptions, what can essentially com-
plicate all the control process. The last problem was solved
in [8] by introducing global variables allowing to control
delay of a transition dynamically — to break running delay,
make coordinates of a robot accessible and make possible
to do a new decision.

Complication of flexible manufacturing systems is
still growing and supervision of operation of such systems
becomes more and more complex, especially when the
same manufacturing system produces different products in
parallel. Such systems consist of production centers (ma-
chine-tools) and mobile robots. The “behavior” of, both —
production centers and robots, can change dynamically.
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The all possible variants of, for example, a production cen-
ter must be reflected in the structure of a Petri net simulat-
ing such center, if traditional colored Petri net is used. This
can be done using subnets (sub models) (Fig. 1), but num-
ber of variants may be very large and net - very complicated.
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Fig. 1. Diagram of action variants of a machine-tool, when opera-
tion conditions changes

So organized model has tendency to grow very rapidly,
with increasing number of machine-tools and transportation
robots — if machine-tools are two, number of variants in-
creases twice, if three — nine times, so square dependence is
noticed. This dependence may be of even lager degree, if
number of machine-tools is less then number of products
types.

Links in Petri net are not strictly predefined, if mobile
robots are used, because what robot in what sequence will
serve which machine-tool depends on product to make. Of
cause, it is possible to make all possible links (chords) be-
tween robots and tolls (Fig. 2), but such net clearly have ex-
cessive chords.
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Fig. 2. All possible links of robots in flexible manufacturing sys-
tem

Usage of Global Variables and Restrictions

It seems to be reasonable to use global variables to
overcome before mentioned problems, but presence of
global variables creates hidden links in Petri net — flow
control of a net is not strictly defined by graph structure.
Usage of global variables can cause ambiguous results of
simulation also. There is only one way to assign value to a
variable in colored Petri nets — to use constructors (struc-
tures, tuples, consisting of variables) as expressions of in-
put chords. Suppose that a global variable is used in a con-
structor associated with one transition and in an expression
of an input chord of another one, and then result of the last
expression depends on value assigned by the constructor to
the global value. But assignment may be done only if ap-



propriate transition fires. So firing conditions of the second
transition becomes dependent on a fact of firing of the first
one. On another hand, conditions of firing of transitions in
fact are calculated not parallel, but in series, in computer
with one processor. So marking of a net becomes depend-
ent on order of calculation of firing conditions, if before
mentioned situation establishes. It is evident that values of
global variables can not be changed while not firing condi-
tions of all transitions are checked in a simulation step.
Usage of global variables in constructors is very dangerous
and another mechanism, changing global values only at the
end of current simulation step, must be formulated.

Authors propose to use an additional attribute of tran-
sition — finish expression, which would be evaluated then
an appropriate transition closes. To minimize danger of
usage of global variables the following rules are proposed:

1) usage of global variables in constructors is prohib-
ited;

2) values may be assigned to global variables only
using finish expressions;

3) new values are written into global variables at the
end of current simulation step;

4) aspecial function to change values of global vari-

ables must be used, so avoiding unauthorized as-
signments.

One step of simulation of a Petri net with global vari-
ables can be defined by these stages:

1) verification of conditions of firing of all transi-
tions — evaluation expressions of all input chords,
checking, if got multisets (results) exist in appro-
priate places, checking if value of guard expres-
sion is TRUE;
evaluation of expressions of output chords, if a
transition fires, stowing of calculated multisets
(tokens) into appropriate places;
evaluation of finish expressions of all transitions
and assignment new obtained values to global
variables.

Values of global variables do not change along a
simulation step, but can be changed just before start of
another one.

Authors propose to apply predefined BOOL color for
finish expressions, assign new values for global variables
and test the fact of assignment using two new functions:

zap(glob_var, expr): bool;

2)

3)

or
zap(field_of glob_var, expr):bool;
and
zapped(glob_var): bool,

here glob_var — name (identifier) of global value,
expr — expression, color of which is the same as glob_var,
o field_of glob_var — name or number of a field of (re-
cord or product) structured global variable. Result of zap
function is always TRUE. Examples the usage of zap func-
tion:
declaration —

color example = record a:real * b: int * c: bool;

global var x: real;

global var y: example;

and usage —
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zap(x, 2.56) and zap(#b y, 138);

Result of function zapped is TRUE, if value of a vari-
able glob_var is changed and FALSE, if nof changed.

Example of Simulation using Global Variable

A transportation robot can move being in one of two
states — busy or idle. The first state presumes necessity to
finish started movement and the second state allows break-
ing the movement and doing another, more useful task.
The advantage of use of global variable may be more per-
spicuous from an example (result of simulation) shown in
Fig. 3.
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Fig. 3. Simulation of movement of robot: “movement” — the way
(coordinate) ‘walked” by the robot (AB — the robot brings a thing
from a store to machine-tool, BC — the robot standing by the tool
and doing some service job, CD — the idle robot moves to the
store); “token” — presence of token, with value of coordinate, in a
place, representing the robot; “global” — coordinate of the robot
held in a global variable; “interruption” — a moment of time ¢,
when request of new job for robot occurs

A robot is represented by structured token in a posi-
tion of Petri net. One of elements of the structure is a coor-
dinate — the way “walked” by the robot. The value of coor-
dinate is accessible if the token is in the position, but this
token disappears, used by transition firing procedure, then
robot starts to move or to do service job. Presence or ab-
sence of the token is shown in Fig. 3, “Token”. An inter-
ruption (Fig. 3, “Interruption”), which requires information
about the position of robot, can not be served immediately,
because the information is hidden. The delay of interrup-
tion At , until token E appears, occurs. The coordinate of
the robot becomes accessible any time, if it is hold as a
global variable (Fig. 3, “Global”). No delay is necessary to
get information about the position of the robot in this case
and new task for the robot, “go to the store”, delay has
been broken and token F produced, for example, can be
initiated.
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Simulating the complex control systems and desiring the results of simulation to maximally draw nearer the real processes, it will be
already not enough of those possibilities, which are provided by colored Petri nets. There exist such control systems, for which it is not
possible to create adequate model or the model complexity grows to such extent at which it loses its functionality. For the solution of
such problems it is proposed to use global variables in the colored Petri nets. Global variables create the possibility to simulate the pro-
grams of control, when control system is built using a mechanism of interruptions. The use of global variables breaks the rigidly specific
graphic structure of the colored Petri nets, since the concealed connections appear, so that for their use rigid rules are determined. Usage
of global variables enables to make models with dynamic control of delays and fast service of interruptions, without damaging causal
connections and parallelism of processes in a control system. Ill. 3, bibl. 8 (in English, summaries in English, Russian, Lithuanian).

C. BaprkeBnuloc, P. Kparuuc, K. lllapkayckac. I'100ai1bHbIe nepeMeHHble B LBeTHBIX IleTpu ceTsix // DjIeKTPOHMKA M dJIeK-
TpoTexHuka. — Kaynac: Texnousorus, 2006. —Ne 5(69). — P. 49-52.

Jns MozmenupoBaHHsA CIOXKHBIX CHCTEM YNPABJIEHHUA C IENbI0 MAKCUMAJIbHOIO MPHOIMKECHUS PE3yIbTaTOB MOJAECIUPOBAHUS K pe-
AJIbHBIM TIPOLIECCAM Y)K€ HEXBATaeT TeX BO3MOXKHOCTEH, KOoTopbiMH oOsajator nperssie Ilerpu cetu. CylecTBYIOT TakMe CHCTEMBI
yIpaBiIeHus, ANA KOTOPhIX HEBO3MOXKHO CO37aTh aJCKBATHYIO MOJIEb MIM MOJENIb CTAHOBUTCSA TaKOW CIIOXKHOH, YTO TepseT CBOIO
(YHKLIHOHAIBHOCTD. JJIs peleHnst Takux mpo0ieM npejiaraercss B LBETHbIX [leTpu ceTsx MCronb30BaTh I00aNbHbIE IEPEMEHHBIC.
I'moGanbHBIE IIEpeMEHHBIE CO3AI0T BO3MOXKHOCTh MOJEIUPOBATh U MPOrpaMMbl YIPABICHUS, KOT/la CHCTEMa YIPaBICHUS IOCTPOCHA
UCIIOJIB3Ysl MEXaHU3M TIpepbIBaHui. Mcnop3oBaHue rI00anbHbIX IEPEMEHHBIX JTOMAET JKECTKO ONpe/ieTIeHHY0 IpaGuyecKyo CTpYKTy-
py uBeTHbIX IleTpu cetell, Tak Kak MOSBIIAIOTCS CKPBIThIE CBA3U M IS UX MCIOJIb30BaHHs ONpeesIeHbl xKecTKkue npapuia. C UCHob30-
BAHHEM IJI00abHBIX NIEPEMEHHBIX MOTYT OBITh IIOCTPOEHBI MOJIENH, B KOTOPBIX BO3MOXKHO JHHAMUYECKOE YIIpaBIeHUE 3ama3/bIBaHus,
IPU TOM, HE NOBPEXK/Asi IPUYMHHBIX CBS3€H, 4TOOB! HE MOBPEAUTH ANTOPHTM (PYyHKIMOHHPOBAaHUA cHCTeMbl. M. 3, 6ubi. 8 (na anr-
JIMHACKOM SI3bIKe; pedepaTsl Ha AaHTITHHCKOM, PYCCKOM U ITATOBCKOM S13.).

S. Bartkevitius, R. Kragnys, K. Sarkauskas. Globalieji spalvotyjy Petri tinkly kintamieji // Elektronika ir elektrotechnika. —
Kaunas: Technologija, 2006. — Nr. 5(69). — P. 49-52.

Modeliuojant valdymo sistemas ir norint modeliavimo procesa kuo labiau priartinti prie realiai vykstanciy procesy, nebeuztenka ty
galimybiy, kurias uztikrina spalvotieji Petri tinklai. Yra tokiy valdymo sistemy, kuriy nebegalima aprasyti tomis priemonémis, kurias
leidzia spalvoti Petri tinklai, arba modeliai tampa tokie sudétingi, kad realizuoti jie praranda funkcionaluma. Sioms problemoms spresti
sitiloma spalvotuosiuose Petri tinkluose naudoti globaliuosius kintamuosius. Globalieji kintamieji leidzia modeliuoti ir valdymo pro-
gramas, kai aptarnaujant remiamasi kompiuteriy pertrauk¢iy mechanizmu. Globaliyjy kintamyjy naudojimas griauna aiskiai determinuo-
ta grafing spalvotyjy Petri tinkly strukttira, atsiranda paslépty rysiy, todél yra nustatytos aiskios juy naudojimo taisyklés. Naudojant glo-
baliuosius kintamuosius gali bliti organizuotas modelio elementy vélinimo valdymas nepazeidziant priezastingumo rys$iy ir sistemos
funkcionavimo algoritmo. 1. 3, bibl. 8 (angly kalba, santraukos angly, rusy ir lietuviy k.).
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