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On the global operator GG over generalized nets
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1 Introduction

Generalized nets (GNs) are an instrument for modeling and optimization of parallel and compet-
itive processes [1, 2].

The operator aspect takes an important place in GN theory. Since 1982 many operators are de-
fined and classified in six categories: global, local, hierarchical, reducing, extending and dynamic
operators [3, 4, 5].

The global operators transform, according to a definite procedure, an entire given GN or all
its components of a given type. Operator G5 changes the form and the structure of a given GN F
by shrinking it to a single transition, keeping only the input and the output places of £ [2].

The algorithm for applying GG, (and thus the software implementation of (G2) is not trivial and
not yet formally defined. There are many cases that should be taken into account. For example, a
given predicate may check whether a place, removed by G5, contains a token.

In this paper a new global operator, GG, is introduced. It retains the original idea of G5, but
can be formally defined with a simpler algorithm. For a given GN £, the results of the work of E/
and G5 (E) are the same (on every step of their functioning).



Proposed here GN operator is implemented in GN IDE - a graphical environment for visual
editing and simulation of GN models [6, 7]. GN IDE is part of GN Lite - a software package for
modeling and simulation with GNs [11]. GN Lite implements the current state of the most aspects
of GN theory, compared to other software tools for GNs [11]. Its graphical environment has user-
friendly interface which assists the user through the whole modeling process [6, 7]. Some of the
features of GN Lite are the following:

e implements the algorithm for GN functioning;

defines an XML format for describing GN models;
e provides a programming language for predicates and characteristic functions in GNss;
e supports integration of MatLab code into GN models;

WYSIWYG editor of GN models;

visual simulation of GN models.

Currently GN Lite supports GNTCFL and JavaScript as programming languages for predi-
cates and characteristic functions in GN models [11]. The software implementation of the new
operator supports JavaScript.

2 Formal definition of G,

The modified version of G5 compresses a whole GN E to a net £’ with two transitions (Figure 1).
The first one has the topological structure of the sole transition in Go(E). The second transition
has a single input and output place [*. The original GN is contained as a characteristic in a token 7y
that loops in [*. On each step of E’s functioning the algorithm for GN functioning [8] is executed
on E by the characteristic function of [* and tokens in £’ are updated to match the current state
of .

In order to make possible tokens to pass to output places in £’ on the same step as ®« is
executed, the new place [*, as well as its corresponding transition Z; and the token vy have the
highest priority among the other components in £’. This way the characteristic function for [*
is executed before the predicates in Z; are calculated. If a token « goes to some output place [
(in £) on a given step of GN’s functioning, the predicate of the arc between the input position,
containing «, and [ is evaluated as true.

Figure 1 illustrates the transformation of a sample GN by operator G.

Token splitting and merging must not be enabled for F, e.g. operators DD(2,1) and DD(2,4)
[2] must not be defined for the net.

G, can be defined formally in the following way:

Go(E) = ({21, Zo}, ma, m, € f o, %),
(KU {y}, g, Ox), (T, 1%,87), (X7, @7, 0%)),

where:
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Figure 1: Sample generalized net and the result of applying G/, over it

Zl = <Q17QO7T7 t*,TT, *7*>;
Zoy = ({U},{l*}, T, %, %, %, %);

Ql = {U},l,,...., 1} and Q° = {i}.14,...,1" } are the input and output places of E, respec-

m

tively;
I ¢ Q'uUQY;

™y = {(Z1,0), (Z,, 1)} is a function that specifies transitions’ priorities - 7% (Z,) = 1, e.g.
greater than Z;’s priority;

r 1s the following predicate matrix:
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where predicate W; ; checks whether the place named /7, part of the net F (represented as
a characteristic of 7), contains a token that corresponds to a token in [; from E’.

7y = m, U{(l*, max 7w + 1)} sets the priority of the new place [* to be the highest possible
in the net. All other places retain their priorities;

c=cU{({l*;00)};
v &K
T =7 U{(y, maxmg + 1) };

05 = 0x U{(7,T)} sets the entering times of all tokens. The new token - enters the net at
the beginning of its functioning, while all other tokens retain their previous entering times;
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o X* = X U{(y, E)} sets the initial characteristics of the tokens. 7’s characteristic is an
ordered 4-tuple representing the original GN E;

e &}, 1 < j < m, updates the characteristics of tokens in /] by copying the characteristics
J
of the corresponding tokens in E;

e O;. applies one step from algortihm B for token movement [8] on the generalized net E,
represented by the characteristic of ~;

o b =bU{(y,00)}.

3 Conclusion

The so-defined global operator simplifies a given generalized net £ while not altering its func-
tioning and the results of its work. G, as well as the other GN operators, can be used for model
refactoring.

G, can easily be extended to support various extensions of GNs.

The proposed global operator G, is important for checking properties (correctness, equiva-
lence, etc.) of procedural [10] and object-oriented programs [9].

Future work on the topic will include:

¢ Extending G, to support token splitting and merging.
e Support for predicates and characteristic functions written in GNTCFL in GN IDE.

e Formalization and extensions of other GN operators.
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