
Issues in IFSs and GNs, Vol. 14, 2018/19, 92–112

Some Remarks on the Potentials of the Generalized
Nets as an Effective and Efficient Tool for Solving a
Multitude of Practical Management and Economic

Problems

Aleksander J. Kacprzyk

Resource Partners
Zebra Tower

ul. Mokotowska 1
00–640 Warsaw, Poland

e-mail: aleksander.kacprzyk@resourcepartners.eu

Abstract: The paper represents an overview of the possibilities for solving of
practical management and economic problems with the help of Generalized
Nets (GNs). The advantages of the GNs approach to the modeling of discrete
event systems are summarized. GNs make it possible to formalize, analyze and
algorithmize many more types of behavior and properties of the discrete-event
systems than even the sophisticated extensions of the Petri nets. In particular,
an outline for structuring, codification, and a possible implementation of the
executive compensation design process is presented which is the base for con-
struction of GN model.
Keywords and phrases: Executive compensation design, Generalized nets,
Petri nets.
2000 Mathematics Subject Classification: 68Q85.

The purpose of this position paper is to present some thoughts and perspec-
tives related to a rapid development and a growing popularity of Atanassov’s [7–
9, 11] Generalized Nets as a tool for the representation, analysis and solution
of a multitude of problems in which some processes run in a parallel mode,
are triggered by some internal and external event, with various evaluations and
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adjustments performed at various moments, to just mention a few of their char-
acteristic features which will be elaborated upon later.

We will not discuss in detail a sophisticated formal apparatus of the Gener-
alized Nets, which has been presented in a formal and comprehensive way by
Atanassov, notably in his well known books [8,9,11], but concentrated on those
aspects of the Generalized Nets which may be relevant for practice, that is, for
people who try to use the full power of the Generalized Nets for the solution
of their practical problems. We will relate mostly to problems in the broadly
perceived economics, and management and organization sciences, in which
the above mentioned characteristics of virtually all processes are common so
that the Generalized Nets can be a perfect candidate. To be more specific, we
will mention the Generalized Nets mainly in the context of a new approach
to the determination of financial and non-financial compensation for manage-
ment executives (cf. Kacprzyk, Sotirova and Atanasov [24] and Atanassov,
Kacprzyk and Sotirova [16]) and the modeling of various economic contexts,
notably of banking and large companies (cf.(Kacprzyk and Mihailov [23], Mi-
hailov [26], Atanassov, Kacprzyk, Skenderov, and Kryuchukov [15]. This will
give us a convincing and comprehensible, even for practitioners with a limited
command of mathematics, presentation of reasons for the appropriateness of
the Generalized Nets for solving problems from the classes discussed.

The above mentioned problem of the determination of executive compen-
sation is one of crucial problems in many companies who usually operate in
difficult economic, social, technological, etc. conditions, under a fierce compe-
tition on the market, both in terms of products and their prices, and a necessity
to operate in an economically effective and efficient way. This calls for hav-
ing a very good management executives who should be properly compensated,
both financially, exemplified by a proper salary and performance bonus, and
non-financially, exemplified by insurance, company car, options on the com-
pany’s shares, etc.

The executive compensation is usually considered in a more general per-
spective of a reward system adopted in a particular company to identify key
objectives placed on the executive compensation as well as key requirements
of the compensation design process, with extremely important updating proce-
dures in the compensation design which include a continuous cycle of develop-
ing, implementing, using, evaluating and adjusting of the executive compensa-
tions. The executive compensation system is meant to support the attainment
of business goals, and to attract, motivate and retain competent executives in
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view of a market competition, both in a short-term and long-term perspective.
This multifaceted, updating focused, distributed over various time periods and
horizons, a combination of long term strategic with short term tactical aspects
and a day to date operations, various importance and priorities assigned to
various aspects, use of various measures for the evaluation of options, use of
various information sources, use of various benchmarks, etc. characteristics
of the process clearly indicate that the Generalized Nets can offer proper tools
and techniques.

It is easy to see that the processes mentioned above can be meant as se-
quences of consecutive steps which can conveniently be presented in the form
of diagrams which include specified sequences of tasks to be solved by par-
ticular agents (individuals, groups, committees, etc.), and which then trigger
other sequences of subsequent tasks. These are clearly discrete event systems
(cf. Kumar and Garg [25] or Casandras and Lafortune [17]), an extremely
challenging and important type of systems, both from a theoretical and practi-
cal points if view. In our opinion, the Generalized Nets (GNs) are a powerful,
general and comprehensive tool to conceptualize, model, analyze, design and
solve all kinds of discrete event type processes that evolve over time and whose
behavior over time is triggered and influenced by some external and internal
events. We will elaborate later more on this aspect of the Generalized Nets
because we are convinced, which is supported by our practical experience,
that the formalization, analysis and algorithmization of the Generalized Nets
in terms of the discrete event systems can be very effective and efficient, and
can open new perspectives and vistas. This is certainly an important challenge
for the area of the Generalized Nets for the future.

As it can be seen from a very general formulation of the problem of man-
agement compensation mentioned above, the process of determining the com-
pensation (financial and non-financial) for business executives – which is for
the purposes of this paper viewed as a best example of class of practical prob-
lems considered – can be conveniently viewed from the perspective of a dis-
crete event system the very idea and essence will now be briefly presented.

We start with some some basic concepts related to general systems and con-
trol. The concept of a system can be viewed from different points of view but
it is convenient to assume here that it is a primitive concept which is well in-
tuitively understood but difficult to precisely define. A system is usually some
aggregate of elements (things) which are combined by a natural or deliberate
way to form a more complex whole which is composed of an interdependent
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and interacting set of things which form a homogeneous whole, a combination
of components which act together to perform functions in a way that it would
not be possible for the individual components acting alone. In general, a sys-
tem consists of interacting components, and has a function it has to purpose-
fully perform. In general, a system can consist of animate (people. animals,
social groups, . . . ) and inanimate (machines, computers, . . . ) components.

The systems can be modeled and analyzed in various ways, both qualitative
and quantitative; the quantitatiove way is clearly more relevant for us. From
the theoretical and practical points of view, a very convenient representation
of systems is an input–output relation which assumes that we have input vari-
ables, presented as a vector u(t) = [u1(t), . . . , up(t)] ∗T and output variables,
presented as a vector y(t) = [y1(t), . . . , ym(t)]; notice that, for more generality,
we assumed that the input and output vectors vary over time. If we assume that
the mathematical relationship between the output and input variables is given
by a function gi(.), then a simple, representation of a system can be

y(t) = g(u) = [g1[u1(t), . . . , up(t)), . . . , gm(u1(t), . . . , up(t))] (1)

There may be various specific kinds of systems exemplified by:

• static and dynamic systems: in a static system the output is independent
of the past, i.e. values from the past, and in a dynamic system to find the
output, one has to take into account the values of the input from the past,

• time-varying and time-invariant dynamic systems: in a time-varying sys-
tem the output for the same inputs can be different because the system’s
behavior and properties can change over time as opposed to a time-
invariant system.

In the input–output modeling which is convenient and widely used, one of
the most important concept is of the state which is meant to be information
at some specified time that is required to predict the output at future time mo-
ments under some specified values of the input. The state, similarly to the input
and output, is also generally a vector the components of which are called state
variables. Then, relationships between the input, output and state variables are
called state equations, and the determination of these state equations, which
represent dynamics of the system, are what is sought in systems modeling.
Clearly, this is a “black box” type approach because all what we know about
the system is specified “indirectly” by the inputs, outputs, and state variables
which provide an additional information.
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The input–output relationships can be specified in various ways, starting
from a simple, yet fundamentally important form of linear equations, notably
linear differential (or difference) equations, to more general forms of nonlin-
ear or even partial differential (difference) equations. Such a representation
makes it possible to well represent a wide class of dynamic behaviors of var-
ious systems. Unfortunately, such a differential (difference) equation based
representation does not make it possible to deal with discrete events systems
to fully reflect their specifics.

The state variable can clearly take on real values, which is commonly used,
but they also take on some integer values, and also some “symbolic” values
from a specified set as, for instance, “high”, “low”, “(switched) on”, “switched
off”, etc. This implies a next classification of systems into the continuous
state systems, in which the state variables take on values from the set of real
numbers, and the discrete state systems in which the values of state variables
can take on, for instance, discrete values, 1 and 0, some categorical values,
etc. A hybrid system involving both discrete and continuous variable is here a
viable and important alternative too.

Another extremely important categorization of systems is into the deter-
ministic systems, in which the future states and outputs can be determined
precisely upon known initial values, and stochastic systems in which the future
values can only be determined with some probabilities, that is at least one of
the output variables is a random variable. Such an indeterminacy can also have
the form of imprecision, or fuzziness, which boils down to the imprecision
of terms or values, usually resulting from the us of natural language by the
humans, This problem of fuzziness will be considered later on.

In many situations the state variables of a system take on discrete values,
for instance from a set {1, 2, 3, . . .}, and the state transitions are specified for
discrete time moments only. These transitions are called events and such sys-
tems are the co-called discrete event systems which will be briefly described
now and we refer the interested readers to the well known book of Cassan-
dras and Lafortune [17], as well as many other books published by virtually all
major publishers.

The point of departure is here the concept of an event which is intuitively
clear but difficult to define, so that it is good to assume it to be a primitive
concept. An event occurs instantaneously and causes some occurrence, for
instance a transition from one value of a state variable to another, or the trig-
gering of a new course of action. An event can also be a specific deliberate
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action, for instance starting a car engine, a result of some number of specific
conditions fulfilled simultaneously, but can also be a non-planned occurrence
of some event like winning an award or break down of a computer program.

Usually, in the modeling of the discrete event systems, we assume that the
(discrete!) set of possible events – which can affect the system considered
– is specified. A simple example is here the moving of some objects in a
two-dimensional space, with moves happening at the consecutive time instants
(1,2,3, . . . ). They can consecutively move by a one unit step in one of four
directions: North, South, West, or East, and the moves can be deterministic or
stochastic (random). The state is here clearly the position of the object on the
plane and it takes on only integer values.

For our purposes, an important problem is the role of time in discrete event
systems. In traditional continuous-time and discrete-time dynamic systems the
values of state variables usually changes as time elapses. In the discrete time
systems, which are relevant for our discussion, it is convenient to assume the
existence of a clock the ticks of which change the values of state variables.
So, if an event (clock tick) does not occur, then the value of state variables
does not change with time. The state transitions are therefore synchronized
by the clock which, if it ticks, triggers the happening of some even (or no
events), followed by possible changes of values of state variables, etc. So,
the clock alone is responsible for any possible state transition and is a natural
independent variable in all input, state, and output functions.Such systems are
therefore called time-driven systems.

On the other hand, in the discrete-state systems, the values of the state
variables change only at certain points in time through instantaneous transi-
tions which are associated with events which should happen (usually some set
of events) so that a specific transition could occur. At various time instants,
which need not be known in advance and need not coincide with clock ticks,
some event(s) can occur. It defines a distinct process through which the time
instants when the event occurs are determined. The state transitions are then
implied by the combination of these asynchronous and concurrent event pro-
cesses which need not be independent of each other. Such systems are the
so-called event-driven systems.

A simple example of an event-driven version of moving objects in the two-
dimensional space mentioned above would be the case when two players move
the objects at specific time instants but an event, which is here the former
player’s move to a position which becomes occupied, prohibits the latter player
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to move to that position if he/she planned to do so. Another simple example of
an event driven system from computer programming is the familiar systems of
interrupts which control actions (flows of programs) in an asynchronous way,
independently of the computer clock.

It is obvious that the modeling and analysis of event-driven systems are
more complicated mainly because of the existence of asynchronous event-
timing mechanisms to be specified.

Trying to give a definition, for our purposes a discrete event system is a
discrete-state, event-driven system, that is, its state evolution depends entirely
on the occurrence of asynchronous discrete events that happen at some time in-
stants and trigger some changes. The event-driven property basically refers to
the fact that the values of state variables can only change at some discrete time
instants which correspond to occurrences of asynchronously generated discrete
events. Therefore, if a set of event causing state transitions can be specified,
then time does not serve the purpose of driving the behavior of such a system.
The events correspond basically to switches from one mode of operation (state
equation) to another.

Among many questions and problems related to the discrete-event systems,
we can be interested in answering many time-related questions, for instance:

• How much time does the system spend at a particular state?

• How soon can a particular state be reached?

• Can this sequence of events be completed by a particular deadline?

to just mention a few.
An important problem in the context if discrete event systems is that they

can operate under uncertainty (randomness), Needless to say that in such a
case stochastic analyses complicate the analysis of discrete event systems to a
high extent. We will not consider this case in our work.

Within the field of discrete event systems, many models are considered. In
the case of using the idea of a state transition equation, which is relevant for our
work, the two main classes of models are (cf. Cassandras and Lafortune [17]):

• automata and

• Petri nets,

which basically specify possible events in each state of the system.
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These two formalisms differ by how they represent information on the state
variables, and the discrete event model of a system is built from discrete event
models of the system components. In both models the analysis and synthesis
problems are typically addressed by making use of the structural properties of
the transition structure in the model.

In our context we will basically operate within the second main class of
models developed for the discrete event systems, those which are traditionally
based on the Petri nets (cf. Reisig [29,31,32]). However, in order to better rep-
resent complex dynamic processes and cover more complicated event-driven
mechanisms, we will use a new, powerful extension of the Petri nets, the so-
called Generalized Nets originally introduced by Atanassov [8], and then con-
siderably extended in Atanassov [9, 11], to cite the books only. The General-
ized Nets make it possible to formalize, analyze and algorithmize many more
types of behavior and properties of the discrete-event systems than even the
sophisticated extensions of the Petri nets.

Before proceedings to the brief presentation of the Generalized Nets we
will start with some general remarks. The present day real world complex sys-
tem involves multiple communicating units (subsystems) with a sophisticated
and involved modes of dynamic interaction between the constituent units and
and their behavior emerges from the information flow. The modern systems
are no more purely continuous or purely discrete but constitute a (possibly
synergistic) combination of the continuous and discrete ones, and – what is
more important – involve some event-driven systems as important components.
Such a combination of (sub)systems exhibiting various modes of operation is
by itself very difficult to formalize and analyze. In particular, as we have men-
tioned, the discrete event-driven systems are difficult to handle because they
go beyond the conventional systems science methods.

The dynamics of such discrete event-driven systems is in general event-
based (event-driven), asynchronous and concurrent. The event-driven charac-
teristics is by itself difficult to handle (cf. Cassandras and Lafortune [17]),
and the addition of asynchrony and concurrency makes it even more difficult
to model and analyze. On the other hand, in reality events take some amount
of time which is variable. This implies that the discrete event-driven dynamic
system must, first of all, be able to represent the asynchronous behavior of the
system.

Second, the concurrency – which may be understood in various ways –
requires an intuitively appealing and tractable theory. This is provided by
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the Petri nets (cf. Starke [33], Murata [27] for a comprehensive state of the
art survey) introduced by the German mathematician Carl Adam Petri in ca.
1962. Basically, it can be viewed as a mathematical modeling technique for
the description of distributed, event-driven, asynchronous and concurrent sys-
tems. Graphically, a Petri net is a directed bipartite graph in which the nodes
represent transitions (i.e. events that may occur, commonly represented by
bars) and places (i.e. conditions, represented by circles). The directed arcs
describe which places are preconditions and/or postconditions for which tran-
sitions (signified by arrows).

The Petri net is a system modeling tool, graphical and mathematical, but
also a simulation and analytic tool. Basically, as as a modeling tool it can help
in system analysis and design with the use of mathematical tools and tech-
nique to formally capture the system’s behavior while the use of a graphical
representation is important for an easy to comprehend and intuitively appeal-
ing visualization. As a simulation tool, it can effectively and efficiently identify
design errors. As an analytic tool it reveals various properties of the model and
hence of the actual physical system being modeled.

The Petri nets are a powerful and convenient model applicable to many
areas, notably computer sciences, operations research, control, etc. (cf. Mu-
rata [27]). The basic, source model of the Petri net has been then extended
along many directions, basically to express a need or interest in studying spe-
cific system properties, such as performance, reliability, schedulability, etc.

First, one should mention the so-called 4 generations usually meant in the
following way:

• the first-generation low-level Petri nets used mostly for modeling system
control (Reisig, 1985a),

• the second-generation high-level Petri nets for the representation of both
system data and control (Jensen and Rozenberg, 1991),

• the third-generation hierarchical Petri nets for abstracting system struc-
tures (He and Lee, 1991; He, 1996; Jensen, 1992), and

• the fourth-generation object-oriented Petri nets for supporting modern
system development approaches based on the object oriented paradigm
(Agha, 2001).

Another dimension along which the Petri nets have been developed has
resulted in a multitude of extensions exemplified by, to just mention a few:
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stochastic Petri nets, time Petri nets, timed Petri nets, colored Petri nets, etc.
– cf. Haas [18], He [19], Jensen [20], Jensen and Kristensen [21], Jensen
and Rozenberg [22], Peterson [28], Reisig [31, 32], Popova–Zeugmann [30],
Starke [33], etc.

However, even the most comprehensive and recent extensions of the Petri
nets do not involve sophisticated mechanisms, for instance for making it pos-
sible for the tokens to accumulate history, transitions with multiple inputs and
outputs, various time scales, etc. These and many other properties have the new
Generalized Nets introduced by Atanassov [7], and considerably extended in
his further publications, notably in his book Atanassov [9, 11].

In the early 1980s, when the area of Petri nets was booming, Atanassov [7,
8] introduced th concept of a Generalized Net to overcome some limitations
of the Petri nets, even of he extended ones, and provide new mechanisms like
making it possible for the tokens to accumulate history, transitions with mul-
tiple inputs and outputs, various time scales, etc. This ideas has proven to be
very relevant and has found many further theoretical studies and applications
by vary many authors from all over the world.

In general, the Generalized Nets provide effective and efficient tools and
techniques for the formulation, analysis and solution of various kinds of prob-
lems which can be classified as belonging to the following categories:

• description and modeling of processes,

• simulation of processes, and

• control of processes.

Basically, the Generalized Nets are defined in a way that is, on the one
hand, similar to the Petri nets, and – on the other hand – differently. The Gen-
eralized Nets, like other nets meant in a similar sense, contain tokens which
are transferred from one place to another.. Each token enters the net with an
initial characteristic. During each transfer, the token receives a new character-
istic and as a result of a sequence of transfers, the consecutive characteristics
accumulate forming a history; notice that this is a considerable difference in
comparison to the Petri nets which do not have an ability to build up a history.

Each place in the Generalized Net has at most one arc entering and at most
one arc leaving it. The places with no entering arcs are called input places
and those with no leaving arcs are called output places. Graphically, the input
places are always at the left hand side of the transition, and the output places
are always at the right hand side of the transition.
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A transition becomes potentially fireable when tokens enter the input
place, and becomes fired when they are transferred towards the output places of
a transition. A transition becomes active at a given time moment and remains
active up to another predefined moment.

The second basic difference between the Generalized Nets and the ordi-
nary Petri nets is the “place–transition” relation. Now, transitions can be more
complex objects, and may contain m ≥ 1 input places and n]geq1 output
places.

The third basic difference is related to the time during which the General-
ized Net operates. The time can be determined from some global time scale
and in this case the net is not time invariant. When we have the Generalized
Net models of some (different, but connected) processes that flow in parallel,
we can use many time scales or a single one, taking into account moments
when separate events in the particular processes occur. In practice, time is
assumed to be discrete, proceeding in discrete steps.

To make our exposition more complete, we will now provide a more formal
definition of the Generalized Net, indicating again – explicitly or implicitly –
its power and advantages over the traditional Petri nets.

First, we denote:

• N = {0, 1, 2, . . . } ∪ {∞};

• priX is the i-th projection of the n-dimensional set, where n ∈ N ,
n ≥ 1, and 1 ≤ i ≤ n; more generally, for a given n-dimensional set,
n ≥ 2, X:

pri1,i2,....ikX =
∏k

j=1
prijX, (2)

where 1 ≤ i1 < i2 < . . . < ik ≤ n;

• card(X) is the cardinality of set X .

Each transition is described by a seven-tuple:

Z = 〈L′, L′′, t1, t2, r,M,�〉, (3)

such that:

(a) L′ and L′′ are finite, non-empty sets of places (the transition’s input and
output places, respectively) which are as follows:{

L′ = {l′1, l′2, . . . , l′m},
L′′ = {l′′1 , l′′2 , . . . , l′′n};

(4)
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(b) t1 is the current time-moment of the transition’s firing;

(c) t2 is the current value of the duration of its active state;

(d) r is the transition’s condition determining which tokens will be transfered
from the transition’s inputs to its outputs; parameter r his represented as
an index matrix (IM) introduced by Atanassov [13]:

r =

l′′1 . . . l
′′
j . . . l

′′
n

l′1
... ri,j
l′i (ri,j −− predicate)
... (1 ≤ i ≤ m, 1 ≤ j ≤ n)
l′m

(5)

where ri,j is the predicate which expresses the condition for the transfer
from the i-th input place to the j-th output place.; when ri,j has the truth-
value “true”, then a token from the i-th input place can be transferred
to the j-th output place, otherwise, this is impossible;

(e) M is an index matrix of capacities of the transition’s arcs:

M =

l′′1 . . . l
′′
j . . . l

′′
n

l′1
... mi,j

l′i (mi,j ≥ 0− natural number or∞)
... (1 ≤ i ≤ m, 1 ≤ j ≤ n)
l′m

(6)

(f) � is called a transition type and it is an object similar to a Boolean expres-
sion as It may contain as variables the symbols that serve as labels for
the transition’s input places, and it is an expression constructed of vari-
ables and the Boolean connectives ∧ and ∨ determining the following
conditions:

• ∧(li1 , li2 , . . . , liu) – every place li1 , li2 , . . . , liu must contain at least
one token,
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• ∨(li1 , li2 , . . . , liu) – there must be at least one token in the set of
places li1 , li2 , . . . , liu , where {li1 , li2 , . . . , liu} ⊂ L′..

When the value of a type (calculated as a Boolean expression) is “true”,
then the transition can become active, otherwise it is inactive.

Now, we have the following formal definition of the Generalized Net as
the following ordered four-tuple

E = 〈〈A, πA, πL, c, f, θ1, θ2〉, 〈K,πK , θK〉, 〈T, t0, t∗〉, 〈X,Φ, b〉〉 (7)

if:

(a) A is a set of transitions,

(b) πA is a function specifying the priorities of transitions, i.e., πA : A→ N ;

(c) πL is a function specifying the priorities of places, i.e., πL : L → N ,
where

L = pr1A ∪ pr2A

where L is the set of all places;

(d) c is a function specifying the capacities of places, i.e., c : L→ N ;

(e) f is a function determining the truth values of the predicates of transition’s
conditions; for the (ordinary) Generalized Nets considered here function
f yields the values “false” or “true”, or the values 0 or 1;

(f) θ1 is a function yielding the next time-moment for which a given transition
Z can be activated, i.e., θ1(t) = t′, where pr3Z = t, t′ ∈ [T, T + t∗]
and t ≤ t′; the value of this function is calculated when the transition
terminates;

(g) θ2 is a function yielding the duration of an active state of a given transition
Z, i.e., θ2(t) = t′, where pr4Z = t ∈ [T, T + t∗] and t′ ≥ 0; the value
of this function is calculated when the transition starts;

(h) K is the set of the tokens and sometimes, it is convenient to consider this
set as K = ∪l∈QIKl, where Kl is the set of tokens which enter the net
from place l, and QI is the set of all input places of the net;

(i) πK is a function specifying the priorities of tokens, i.e., πK : K → N ;
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(j) θK is a function specifying the time-moment when a given token can enter
the net, i.e., θK(α) = t, where α ∈ K and t ∈ [T, T + t∗];

(k) T is the time-moment when the Generalized Net starts functioning;

(l) t0 is an elementary time-step related to the fixed (global) time-scale;

(m) t∗ is the duration of the functioning of the Generalized Net;

(n) Usually,X is the set of all initial characteristics that the tokens can receive
when they enter the net, X can also be defined as a function which as-
signs initial characteristics to every token when it enters input place of
the net;

(o) Φ is a characteristic function that assigns new characteristics to every token
when it makes a transfer from an input to an output place of a given
transition;

(p) b is a function yielding the maximum number of characteristics a given
token can receive, i.e., b : K → N .

It can be seen that the concepts of the Generalized Net is much more gen-
eral and complex than the concept of the Petri net, even in any of its extended
forms, because it encompasses many more possible types of behavior. There-
fore, the algorithms for the transitions of token transfers are also more com-
plex, and also more general than those of the Petri nets. Roughly speaking,
in the Petri nets the parallelism boils down to a sequential firing of the tran-
sitions. The order of their activation is usually probabilistic or dependent on
the transitions’ priorities if they are available. The algorithms employed in the
General Nets make possible a wider and deeper modeling of the described pro-
cess. The algorithms for the transfer of tokens take into account the priorities
of the places, transitions and tokens, i.e., they are more comprehensive and
precise. For details we refer the reader to Atanassov [8, 11]).

It may be interesting to contrast the Generalized Nets to some extensions
of the Petri nets. Basically, to just mention a couple of some more relevant
difference, tokens of the Generalized Nets are not colored as in the colored
Petri nets, Generalized Nets have no generators of random numbers as in the
stochastic Petri nets, Generalized Nets have no inhibitor arcs as in the so-called
super nets, etc. On the other hand, the Generalized Nets have some new com-
ponents that make it possible to describe various components of the extended
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Petri nets in terms of the Generalized Nets. The Generalized Nets have also,
like all other extensions and modifications of the Petri nets, a static structure,
and dynamic elements, that is, tokens. The Generalized Nets have temporal
components as the time Petri nets, E-nets, PRO-nets, generalized E-nets, etc.
but they can be non-time-invariant, because the Generalized Nets can have
three global temporal constants: the one corresponding to: the initial moment
(due to some absolute time scale) in which the net starts its functioning; an el-
ementary time-step of the process, described by the Generalized Net, and and
the duration of the functioning of the Generalized Net. The modifications and
extensions of the Petri nets are not related to an absolute time-scale, i.e., they
can function at every time-moment and this does not influence their function-
ing. This scale is very useful, when we like to describe two or more parallel
(and concurrent) processes. The static structure of the Generalized Net is simi-
lar to that of the E-nets and the generalized E-nets. The dynamical elements of
the Generalized Net are the tokens (which also exist in other nets) but here the
transition conditions also have a dynamic character. What is very important the
Generalized Net has a new, fourth component, the “memory”. The tokens enter
the Generalized Net with some initial characteristics and during their transfer
from an input place to an output place, they acquire new features, not neces-
sarily the same for all tokens. Therefore, the tokens become “individuals” with
their own “history”. A similar idea of individual properties has been proposed
in the context of the color Petri nets and in the predicate/transition nets, but
therein the information related to former colors, or symbols of tokens, is not
saved. Here, the tokens keep their characteristics so that their history can be
traced and used in the next moments of the functioning of the Generalized Net.
It may also be mentioned that the idea of a memory component can be found
in some extensions of the Petri net markings proposed by some authors but the
Generalized Nets can accumulate much more information about the modeled
process than the Petri net models.

Therefore, we can summarize the very essence and purpose of the Gener-
alized Nets as follows:

• To provide a possibility to compare different types of nets both as mathe-
matical and analytic objects and as a means for the modeling of parallel,
concurrent and asynchronous processes.

• To formulate and analyze the most general properties of the General
Nets and to transfer them to other nets since the Generalized Nets unify
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all modifications and extensions of the Petri nets (and also other nets of
a similar type),

• To provide a means for a more advanced modeling of complicated real
processes.

Of course, the above advantages of the Generalized Nets are even amplified
by some new extensions in which the Generalized Nets are augmented with the
inclusion of the intuitionistic fuzzy sets (see [10, 12, 14]) to make it possible
a richer representation of imprecision (fuzziness) in the data. In [6, 7, 11], the
first two types of fuzzy Petri nets, called intuitionistic fuzzy generalized nets of
first and of second types are introduced. The concept of the Color Generalized
nets [7] makes it possible to considerably extend the scope of complex systems
which can be modeled. There are a lot of other Generalized Net extensions. In
particular, in some of the most recent extensions defined in [2–5], the arcs and
the places can also obtain characteristics which vastly increases the modelling
possibilities.

In this concept one should also mention the concept of a reduced Gener-
alized Net which involves some simplified properties and definitions that can
be important for dealing with practical problems. The price to be paid is that
the reduced Generalized Nets have a much more complex graphic structure in
the sense of a higher number of transitions and places. The characteristic func-
tions and the transition condition predicates of the reduced Generalized Nets
are also more complex because they contain all the necessary information. The
number of tokens in the reduced General Net is also greater than the number
of tokens in the corresponding ordinary Generalized Net. However, the use of
the reduced Generalized Nets seems to be much easier for the practitioners.

Though the above presented model of the Generalized Net contains some
more complicated formal elements, its philosophy and idea is intuitively ap-
pealing and constructive and can be comprehensible even for domain experts.
Basically, to just give a glimpse of the essence of some elements of the use of
the Generalized Net in the case of the executive compensation considered, we
will just mention below some basic elements.

The main goals of the model are:

• To optimize the executive compensation to maximize its value to a com-
pany (in the sense of contributing to the attainment of company’s goals)
and to an executive (in the sense of being attractive to him pr her and
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making it possible to attract and retain the best employees who would
not look for anther job).

• To dynamically calculate the cost of executive compensation to the com-
pany and benefits to an executive to respond to a fast changing and
highly competitive environment,

• To provide a tool for a compensation committee, higher level manage-
ment, human resource (HR) management, etc. to evaluate alternatives
and conditions of the executive pay package and their impact on the
company’s functioning and performance in static and highly dynamic
scenarios.

Therefore, we have the goals for the structuring, codification, and a possi-
ble implementation of the executive compensation design process. The model
includes action steps:

• Description of the current compensation model which should be updated
or improved; this focuses on the compilation of the presumably most
crucial source information, that is about the current salary levels for dif-
ferent positions and grades of the executives together with benefits as
well as short term (ST) and long term (LT) rewards such as target and
result oriented bonuses,

• Use of benchmarks and constraints usually assumed which involves the
gathering of sets of benchmarks and rules and constraints that describe
the competitive environment within which the executives operate and
make it possible a dynamic modeling of the new compensation model;
this includes data from internal benchmarking (between company sub-
sidiaries in a particular country or region, or countries of operation),
industry benchmarking (primary in the same country or region) and po-
sition specific benchmarking as well as information about the size of the
company and executive compensation budgets that are used by similarly
sized competitors,

• Performing the design phase which is done using the executive compen-
sation design model that is basically based on the use of the Generalized
Nets; the model starts with a template of the executive compensation
model which includes all elements of the executive compensation sys-
tem, that is, a base pay, base pay modifiers (such as pay grades), target
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related and results related rewards, etc. but numeric values are not yet
considered; then an evaluation of preferences and trade-offs follows to
eliminate the criteria that cannot be met and to finalize core elements
of the executive compensation model, and an iterative testing of the pro-
posed model against present goals and a present executive compensation
design system, and against new targets and goals is done,

• The finalization phase is performed in which the newly proposed exec-
utive compensation model undergoes stress tests to verify its flexibility
and to possibly correct any improper performance for outliers and var-
ious compensation alternatives; the new executive compensation model
is codified into procedures and manuals,

• The assessment phase includes an implementation of the new executive
compensation model in the specific company or organization in ques-
tion, starting with a pilot implementation, with the new compensation
model being constantly monitored and fine tuned by verifying the ex-
ecutive performance against targets of the the company and individual
targets set of the particular executives, and comparing the past perfor-
mance with that obtained as a result of the new model.

The use of the Generalized Net model for the determination of the execu-
tive compensation is therefore intuitively appealing, simple at the conceptual
level, and has turned out to be very effective and efficient.

A part of the research on the program realization of the GN models is
described in [1, 34].

To summarize, it seems that the power of the Generalized Nets has been
fully confirmed, and – which is an interesting byproduct of the above analyses,
it seems that a further development of the theory of Generalized Nets along the
lines of the discrete event systems should be a very fruitful research direction
because it can make it possible to use some elements of tools and techniques
used for the analysis of systems, notably dynamic, in the field of Generalized
Nets.
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