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ABSTRACT

Modern systems result in a number of challenges that can be
considered and studied by choosing the appropriate modeling
techniques, some of these techniques aim to represent behavior within
what is known as process modeling, while other techniques aim to
analyze and study performance quantitatively and qualitatively, which is
called performance modeling. The importance of the latter is due to the
increasing complexity of current systems, the difficulty of tracking
performance at the source code level, and the inability to predict virtually
all possible situations.

Petri networks are the most famous performance modeling
techniques, which have graphical capabilities to represent the
characteristics of systems as well as a mathematical representation of
them. Since their innovation to the present day, these networks have
shown their great capabilities in modeling, analyzing, scheduling and
controlling different types of information systems, transport and
communication systems, which are characterized by characteristics that
possess synchronization, competition, distribution and randomness. Petri
network types have varied since their inception to meet the successive
evolution of systems complexity. It's often important to provide the ability

to dynamically convert between models, helping to rid analysts of the
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need to have enough expertise for each type of model and tool. In this
research, due to the importance of Petri networks, we have worked on
finding solutions to problems related to their structural analyses by
means of transformations to generalized random Petri networks, and we
have done an opposite conversion process to take advantage of
simulation capability.
Key words: Tracking performance, petti networks, transformations,
modeling.
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Chapter One
Boot
1.1 Introduction:

Petri networks are an effective means of modeling different types of
systems and in multiple fields in order to verify their characteristics,
study their performance and ensure the correctness of the desired
results. These networks have been evolving since they were invented in
1961 in the doctoral thesis of Carl Adam Petrie. Among the most
prominent of these networks, we find deterministic and random Petri
networks used in the study of systems with time parameters such as
packet transfer time in distributed systems, lead times in real-time
systems and repair time in systemsForgive errors, colored Petri grids In
order to increase the expressive ability to represent Petri networks must
have the ability to interoperability among themselves, in the sense that
researchers and analysts are able to share models so that they can use
different tools in analyzing the same model. Hence the importance of
the Petri Net Markup Language (PNML) standard, which works to share
models by configuring them in the form of XML Stylesheet files. This
characterization allows the wuse of Extensible Markup Language
(XML) technology and Petri networks with ardeners that contribute to the
study of stubborn and programmatic characteristics together in one
model. In the process of conversion between them Language
Transformation (XSLT)

It is often necessary to secure the ability to exchange models that
are built using Petri networks between tools that may be distributed in
different geographical areas. This allows users to take advantage of
advanced capabilities in other means such as analysis, simulation and
verification. This necessity arises depending on the different capabilities
of the tools, so someone may want to build the model in one tool, verify

it in a second tool, and simulate it in a third. Because there are no
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common interfaces and methods for conversion, tools can't communicate
with each other or even exchange forms. The distributed modeling
methodology for a collaborative environment requires a lot of
coordination, as the problems of the security domain in using open
networks and trust raise the question of which coordination mechanism
to follow.

In the past twenty years, tools began to appear that support different
types of Petri networks, and became available for use and development,
and with the multiplicity of patterns and methods of analysis, it becomes
difficult to have a single tool that supports all the analysis techniques
used in the study of structural and non-structural properties of computer
systems. These tools dealing with Petri networks vary in terms of their
expressive ability to represent additional structures other than traditional
structures in Petri networks,  which are represented in
parentheses, places and transitions.Transitions and Tokens allowing the
representation of different states in a simplified manner, and the most
prominent of these structures are the retarding and zeroing arcs that are
not available in the tool.

Queuing Petri Net (QPN), invented in 1993 by Falco Bass, is an
effective modeling method for studying distributed systems and
analyzing their performance and scalability, by integrating the expressive
capability of both Petri and frame networks. Based on this
integration, QPNS networks) Dealing with standard and programmatic
considerations in a single model, as well as the scheduling policies that
support it and representing competition for resources, also enables us to
model synchronization, asynchronous processing and competition at the
software level. These considerations call into question the performance
of modern software systems.

The recent development in terms of technologies and information

systems requires that operations must be faster than ever, for example,
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the Internet of Things technology has made the performance of suppliers
more effective by carrying out tasks very quickly, and modern means of
transportation such as drones need great speed in carrying out
operations. Many process modeling techniques have been developed
with the aim of descripting, analyzing and evaluating them, the most
common of which are: Business Process Model and Notation
(BPMN) which can describe the structure of complex processes, the
organizations that implement these operations, and the way resources
are managed. Descriptive elements can be used to represent many
concepts, but this will make the form of models more complex and
difficult to verify them, so we are looking for analytical tools that can be
used with BPMN (BPMN). These tools should be equipped with
capabilities to simulate and evaluate time considerations
in BPMN models.

1-2 The importance of research:

Petri networks are a powerful tool for modeling complex systems.
Used to describe and analyze the control flow and information flow in
the system, especially those systems with asynchronous and
concurrent activities Used to represent positions (places) and transitions
and the circle represents the position (place), and the token in the circle
indicates that the condition is met. The bar represents the transition.
The Petri grid graph is a two—part vector graph used to illustrate many
Petri network concepts.

1-3 Research problem:

It is the process of developing a model abstract or graphical
representation using realistic concepts or ideas. During petrometric
modeling, different assumptions are made regarding how the system
works. The models also illustrate the prevailing processes in the system

and how they are related. These processes may include factors known
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to drive change in the system, or they may include the consequences of
change in the factors themselves.

1.4Research Methodology

The descriptive approach was extracted in writing scientific research

1.5 Data collection tools

1- International information networks (Internet)

2. Some libraries

3— Some books

Chapter Two

Modeling using Petri grids

2.1 Introduction to Petri net modeling

Petri Net Modeling is a powerful technology used to model and analyze
complex systems. It provides a graphical representation of the behavior
of the system, allowing wus to study its dynamics, identify
potential problems and improve its performance. This section will
provide an introduction to Petri Net modeling, exploring its basic
concepts and how they can be applied to different domains [1]

At its core, Petri Net Modeling consists of two basic elements: places
and transitions. Places represent system states, while transformations
represent events or actions that cause a change in system state. These
elements are linked by parentheses that define the flow of tokens
(representing resources or information) between places and transitions.
2.2 Modeling examples

To better understand the Petri Net model. Such a simple manufacturing
process includes three stages: production, quality control and
packaging. We can represent this system using Petri networks, where
places represent the different stages and transitions that represent
actions between them. By analyzing the PetriNet model, we can identify

bottlenecks, improve the process and improve overall efficiency
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Another example could be a traffic intersection. Places can represent
different lanes, while transitions represent variable traffic signs. By
modeling the intersection using Petri Nets, we can simulate and analyze
traffic flow, identify potential congestion points, and improve signal timing
to reduce traffic jams [2]

2.3Petri network components

Petri's network is based mainly on a group of elements that are either
1- Places represent the states or conditions of the system. It can
contain a certain number of symbols that represent
resources, data, or entities.

2— Transitions represent events or actions that can occur in the
system. Represents changes in situations or interactions between
places.

3—- Symbols: represent the presence or absence of resources,

data or entities in places

Example of a simple Petri grid

W P

This simple example shows us a grid of 3 places and one transition let's
say it represents a pulling machine so that for two units of place p1 and
one unit of place p3 will give you two units of a p2 type product.

There are a large number of types of networks that you can adopt
colored and object-oriented and and and a large number of methods of

installing networks as needed
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2-4Performance modeling:

We use performance modeling to predict the behavior of systems during
different stages of their life, and it can also be used to plan for capacity
and understand many changes, such as changing scheduling rules or
predicting the impact of deleting or adding loads. There are many
methodologies that make building performance models an automated
process, which must be quick and accessible to designers among these
methodologies. [3]

1- Extracting forms from registration paths within what is known
as process mining

2- Conversion between models.

3- Feedback in software design

2.5Concepts of the process of conversion between models

We will introduce a number of concepts that are needed to understand
conversion processes when talking about them, including:

1- Model: It is a simplified (abstract) representation of the actual
system. Own models using domain—specific languages or
general-purpose languages such asUnified Modelling Language
(UML). They often have a pictorial form [4]

2— Meta-Model: The descriptive model of Model X has the
structure for which this model is valid. The descriptive model must

be precisely defined as a grammar.




Nasaq Journal VOL (42) No.(1) June 2024-1445 h

3- Meta—meta Model: It is a descriptive model that describes the
descriptive model of a model. There are criteria and evidence for

the representation of descriptive models, for example (Meta
Object Facility (MOF or Ecore), which is the most common
investigation and is synthesized using the modeling environment

in Eclipse. Eclipse Modeling Framework (EMF)

4- Model Transformation Description: This description expresses

how to convert one or more source models into one or more
target models by writing them using the conversion language, if

the language depends on rules, then we say that the description

is a set of conversion rules that can also be used instead of the

word description of terms such as program, code or definition

5- Transformation Rule: It is a description that determines how to
convert part of the source model into part of the target model. The

rule contains the source form and the target form, and every
occurrence of the source form is converted to the target form.

6— Transformation Engine Tool to implement the rules or
description that was written using the conversion language, we

need a tool or engine to implement these rules The property

of the ATL that we will rely on in this thesis.

2.6 Definition of Petri networks

Petri grids are mathematically represented according to the trilogy (N =
(P), TF, where it consists of the following components: Positions: It is
one of two basic components in human networks, and is graphically
expressed in an oval or circular shape, and is described as negative
components, meaning that the position stores, assembles or shows
things. [5]

— T transitions: They are the second component in Petri grids and have
a rectangle or square. Transition is the active component as it works to

produce, consume, move or change objects.
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— Brackets F: Positions are connected to transitions by directed arcs,
and the arc does not have any of the components of the systems, and
the arcs cannot connect two positions or two transitions together.

Parentheses are described according to the following relationship:
FC(PxT) U (TxP)
The rear groups are known as xe and front.x of element x according

to the two relationships:

x = {ylyFx}  x={y|xFy}
The two elements, in the N grid, form a ring if y€Ex & x€y as in Figure

(1)

*'1 t*

We call the distribution of symbols in positions during a particular
crossing Marking, so that we have an initial determination before
crossing any transition. We say about transitions in Petri grids that they
are activated if they are transitable — when the number of symbols in the
input positions of the transition is not less than the weight on the input
brackets for it — and once they are crossed the symbols are deleted
from the input positions and it is enough to do a task, and the symbols
are placed according to the weights on the brackets in their output in the
output positions perform these The process leads to the selection
change in the input and output positions of the transition and therefore
the state of the network as a whole. It should be noted that the transit of

the transition in normal Petri networks is an atomic process, in the
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sense that the transit process occurs in one step that is not interrupted,
in addition to that, the implementation of Petri networks is not inevitable,
meaning that several transitions can be activated and
crossed simultaneously and in a different order[6] PxT—N ,[out [in
Consequences determine how positions communicate with transitions,
ifP:t)>0 )

Then there is an arc from position p to the transition, and the number of

symbols of P:tis omitted) ) When crossing the transition

if P:t)>0 ) We say that there is a connection from the transition to
the position, and when crossing it a number of symbols equal to P:t) ) In
position p. It can be said that the consequences of occurrence place
integer values on the parentheses that connect the transitions and
positions, which are referred to as parentheses weights. When each
position in the transition input has at least as many symbols as the
weight on the arc it connects to the transition, then we say that the
transition is activated. Crossing the transition ) changes the selection in
the grid from M to 'M in the following cases:

“MI(P)=M(P)+  (p<t)

M(P)=M(P)+  (p<t)

2.7 Benefits and applications of Petri networks

Petri networks are suitable for information systems that are
asynchronous, competing, distributed, non-deterministic and that may
also be random. The wide spread of Petri networks in various fields is
due to the following[§]

1- Petri networks easily illustrate the relationships of precedence

and interaction between asynchronous and competing activities as

well.

2-You can simulate and verify models in addition to the
possibility of including time constraints and their ability to show the

dynamic behavior of systems through the Token Game.




Nasaq Journal VOL (42) No.(1) June 2024-1445 h

3.1t is an appropriate tool for systems that include
communication, synchronization and sharing of resources.

4- Petri networks have a mathematical definition that helps verify
important properties in systems such as stability analysis.
2.8Expansions of Petri networks:

The expansions of Petri's networks from their inception to the present
time can be viewed according to several considerations, including:

0 The way behavior is represented.

0 Elements that support it.

0 Integration with other technologies.

0 Analysis methods.

The evolution of behavior representation using Petri networks is as
follows:

1- The flow of basic control of systems and simple behavior in
them.

2 Time—-dependent behavior.

3. Behavior that involves the presence of certain data and
functions.

4- Petri networks in a pyramidal shape.

5—- Object—oriented modeling.

6— Agent-based modeling.

7 — Modeling based on software structure

The expansion of Petri networks dates back to the seventies of the last
century, where these expansions mostly cause a variety of transition
rules and lead to an increase in expressive ability. For example, the
amplitude in one place, which expresses the maximum number of
symbols in that position can be simulated with the presence of another
complementary position, also testing the absence of any symbols in one
position facilitates the generation of formal languages, as well as

temporal constraints help to increase Expressive Ability
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Petri networks initially appeared as causal models without any time
inclusion or even probability. Adding time to many applications is
important. Without declaring tenses, important performance parameters
such as productivity and utilization cannot be measured. In the early
seventies, talk began about adding time in Petri networks, and
accordingly many methodologies appeared in its inclusion and many
special methods of analysis Time can be added to symbols, transitions
or positions The most commonly used method is to put delays Temporal
on transitions because they have activities that can take time to
implement Some consider that inclusion should be on positions where
we preserve the original meaning of transit transitions, i.e. activation and
transit are done together in many high—level Petri networks. Tenses can
be placed with symbols, which indicate the time when the code becomes
ready for consumption [9].

2.9 Petri network types:

Many patterns of Petri networks have emerged as a result of their
continuous expansions, which are accompanied by specific tools and
analysis methods. We will give a glimpse of the most common patterns
that have been widely used in recent years in different fields. These
patterns include: [10]

1- Timed Petri Nets (TPNS).

2- Stochastic Petri Nets (SP).

3— Benzi random generalized networks (GSPNs)

4- Colored Petri Nets (CPN)

5- Petri networks with QPN

Chapter Three

use the concept of Petri network to organize resource sharing

between processors
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3.1 Petri Network

It is a graphical interface and a mathematical modeling tool, and it
consists of places and transitions , which are linked to each other
by arcs, places contain tokens and represent the current state of the
system, and represent symbols in the form of numbers. [11] The
activation process (Firing) is done by the transition of the code from the
initial state of the network and is called (Initial(0)Marking) to the outlines
directly of the Petri network and is weighted There are several concepts
in addition to places and transitions such as the concept of the
independent Petri network and non-independent[12 ].

Places are represented by circles, transitions are represented by
squares or boxes connected to each other by parentheses, places
express conditions and transitions are the event), Table 1 shows some

of the ideal change processes for the transition operation.
[4] ) Sldas (1)Jsad)

| Im Table (1) Change processes (4) J
Precondition Event Post Condition
Input Data Computation Step Output Data
Input Signal Signals Process Output Signals
Resources Needed Task or Job Resources Released
Buffers Processor ' Buffers

v.YBasic concepts in Petri networks: There are some concepts that are
frequently discussed in the field of Petri networks, including the
following:

1.Accessbility: This feature helps to identify unwanted or erroneous
selections if accessed from the initial selection. This property is verified
using an access scheme that is a directed statement in which nodes
have Petri network states, and parentheses are the transition between

two states. We get the diagram from the initial state M,) and form the
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root node, and then add all the accessible states. For each case we
review all the transitions that can be crossed from [13]

2. Liveness :Petri networks are described as having four levels of
vitality. A network has a L_k level where k<4 if all network transitions
are

3. Boundness We say about the Badri network that it is limited to the
degree K when each position in the network in each case contains the
most K symbol, and if all its access schemes are finished.

4. Safeness is safe if the number of symbols does not exceed one for
any selection, and the Petri network is secure if all transitions are
secure.

5. Conservation to achieve this property if the sum of the symbols in the
grid is the same for any selection.

6. Reversible: We say that the Bahri network is reversible in case it is
always possible to return to the initial state from any other case..

7. Conflict: A conflict occurs when the same position is in the input of
two or more transitions. We call a conflict an effective conflict if the
number of symbols in the common position is less than the number of
transitions in the output.

8. Persistence (permanence): Petri network achieves continuity property
for each accessible M determination then the following property is
realized for each pair and T activated in M then (TT forms a transit
chain in the TT chain as well) meaning that the activated transition is
deactivated by crossing this transition only[14]

Y-¥The mathematical formula for the Petri network Petri network
consists of five symbols (PN=(P,T,F,W,M0) where:— P=
{P1,P2,P3,......... ,Pm} which is a finite set of places T={t1,t2,t3,...... tn}
A finite set of transitions W=F—{l,2,3,......... N} weight of function
M0=P—{1,2,3,........ ,M}marking start PNT=s and PNT+#s
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1- To describe the marking process in the Petri network, there are
rules for transition or activation, which are: — The transition (T) is
activable if the entry (P) of (T) is at least PT) token) where (W(PT) is
the weight of the arc (Arc) from (P) to (T) — activability (T) can occur or
not occur depending on what is required of the system [15]

The activation process is the activation of (T) and moving W(PT) token
molecule from each input (P) for (T) and adding (W(PT) symbol for each
output (P) for (T) so that PT token) is the weight for the transition
process from (T) to (P), the rules can be clarified by taking the well-
known chemical equation of the water—forming reaction as an example
where there are two symbols in each of the places as in the illustration
(1) (a) where two molecules of each of hydrogen and oxygen appear
and after the activation process The initial state will change according to

the three rules mentioned as in the illustration (1) (b)

2 »
" H.0

Scheme A before the combustion

O
@/
ot tol

Scheme B after the combustion

Diagram (1) Illustrate the Chemical Water Equation Using Petri

There is also a concept related to a network, which is that each place
has a specific capacity of symbols, meaning that they must have a fixed
number (p), which is the upper limit of the symbol numbers that places
can store at any time. From this point of view, a fourth rule of activation

rules can be formulated, which is that the number of symbols in each
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transition from (P) to (T) must not exceed the amplitude of (p) after the
activation process [16]

v.¢Representing the problem using a Petri grid The problem of a system
that contains more than one processor and requires sharing sources can
be represented at the same time, if we take, for example, the existence
of each of them separately, the representation is in the following

diagram (2)

p2 p4
PO P P & JsY) el
S aadl JY aadl

Chart 2 representing two processors with two sources using Petri Net
The processors were represented by P1,P3) and the two sources were
represented by P2,4 and the number one within the circuit is the symbol
(Token), which represents the process of starting the source request by
the processor and {11,12,13,14) represents transitions, which is
necessary within the concept of Petri network to complete the
application process,(12) The above illustration is suitable for
representing the use of the source by the processor in autonomous
systems that do not contain several processors and sources, which
avoids falling into the fatal lock ((Deadlock 3-5) Scientific application
using Petri net representation of the same process on multiprocessor

systems will be as in the following
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Scheme 3 Process Sharing Exporters for Both Processors
The system was represented by a group of places, namely
{P1,P2,P3,P4,P5,P6,P7,P8} And transitions {t1,t2,t3,t4,t5,t6} and to start
the process of requesting exporters by processors at the same time, a
code (Token) was added in each of {pl,p2,p3}, where a series of

activation process will take place as in the following plan (4)
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Scheme 4 Execution of a series of firing operations
The activation process will take place either in both the t]1 or t4, and
the following is a series of steps using the Petri network model: — 1-
Activate t4 as in (a) The code will be reduced from (p2,p4) and a code

will be added to (p7). 2— Activate t5 as in (b) the code will move to (p8)
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3 — activate t6 as in (c) the codes will move to each of (p2, p3, p4) 4-
activate pt as in (d) the codes will move to (p5) and activate t4 again as
in point number (1) then we will notice that there are two symbols in
both (p5,p7), which means that the continuity of the system fails and it
falls into the problem of deadlock because t2 cannot be activated, t5
means the maximum activation of t is (5) times only, as in the following

diagram

A

£

7

J

\

Diagram 5 shows the occurrence of the system in the Deadlock state

v

3=(—EO«—3=(—E®
R

The following table (2) is a statistic that represents the process of
reducing and adding symbols from places where: — Event: Represents
the number of times the event occurs, that is, the number of times the t
is activated. Arrival Sum:— Represents the number of symbols that have
been added to places. Throughput Sum: Represents the number of

shorthand symb-'- -* -'----
Table 2 Places Statistics through 5 Event

Event 5 (DA Places J) Aulaa)(2) Jsa>

Place Name Arrival Sum Throughput Sum
pl 0 1
p2 1
p3 1
P4 1
PS5 1
po (&)
P7 2
P8 1

NN ][N

~l~
=l 1=}

1-YUsing the Look head Feedback method to get rid of the Deadlock

problem The Petri network can be relied on to solve and organize many
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problems by using and pairing them with different techniques and
methods, and using the feedback method and applying it to the Petri
network will provide the possibility of getting rid of the deadlock obstacle
by providing a single path for symbols (Tokens) that allows the system
to continue working and avoid failure, this means that the system
continues indefinitely or stops according to the programming of the
system by the user, such as using the number of times the event For (t)
or use a specific time for it, the following is a paraphrasing of the

question with diagram (5) with feedback[17].
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Scheme 5 Using the feedback method to abandon Deadlock
The feedback process was done by linking an arc betw een the p and t
instead of the previous formula, which was p4 and t2, and thus we
succeeded in creating an actual and practical balance between requests
by therapists and accurately determining the process of sharing the two
sources by any processor without falling into the case of a fatal lock,
and this is a series of events in which the two sources were used
unhindered represented by an illustration (6) below (single arrows
represent the active transitions). The activation process is done either in
the t4 or t1, the following is a series of steps using feedback in a model
of the Petri network: 1- Activate t4 as in (a) The codes will be reduced
from (p2,p4) and a code will be added to (p7). 2— Activate t5 as in (b)

the code will move to (p8)
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3-Activate t6 as in (c) The code will go to p2, p3, p4 4- Activate tl as
in (d) The code will move to (p5) 5— Activate t2 as in (e) The code will
move to (p6) 6- Activate t3 as in (f) The codes will move to p1p,3p,4
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Chart 6 Series of firing operations using feedback
Thus, the process will be repeated again, starting from point (1) to (6)
without an intersection in the implementation process, the following is a
table (3) statistic representing the process of reducing and adding

symbols from places where the number of events (Event)

Table 3 Places Statistics during 10 Event
ELvent 1v g2\ riaces < gmj(é)dj-\%

Place Name||Arrival Sum || Throughput Sum
[ n I 2 |
[ 2 2 |
| p3 3 4 |
[ 3 4 |
[ »s 2 1 |
[ »s 1 I |
[ 2 2 |
[ s 2 2 |
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Chapter Four

Conclusions Petri Grid can be used as visual communication similar to
a flow chart or as a diagram template or in grids [18], and is also used
in describing both the practical and theoretical part. For example, from
the global scale and called the verbal model (Semantic Model) The
second part is concerned with the language model (High-level Petri
Nets) depending on the difference between the tools in the language
and is called as there are several versions of the Petri network we will
address the part (Petri Net Markup Language (PNML) There is a Petri
network called (Baukasten), which will support and develop programs
and applications and this support includes the following tasks:

1- Creating an appropriate petri network for the development of
programs.

2- Using Petri network technology that serves the application
development area

3- Finding a suitable type of Petri network suitable for applications

4- Finding the appropriate tool

5—- Provide solved examples that help application developers. [19] The
most important problem that occurs in systems that work simultaneously
and in parallel is the problem of deadlock, which is a common problem
due to the presence of a certain number of processors Prevent
Avoidance Detection and Recovery

Conclusion

Systems that suffer from the problem of deadlock due to
mismanagement of the use of resources that must be available to
implement programs, whether it is a set of files, input and output
devices, etc., can be treated in a way that makes it impossible for the
system to fall into this problem. As a result of the application of the
research, it was concluded that the use of the Petri network in

addressing the fatal lock by integrating the network with the lookhead
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feedback method led to positive results that made the use of the hybrid
network concept with operating systems achieve results at a high level
of accuracy, and this is exactly what real time systems need from the
sensitivity of using sources and the time accuracy required in these
systems. Petri network compared to previously known methods provides
solutions that make it impossible to fall into the fatal lock during any
moment of the system's operation due to the way the network is
designed and made to operate according to an accurate pattern that
does not accept error
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