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Abstract. The paper presents results of modeling and perfomance anal-
ysis of systems that support QoS (Quality of Service). Timed Petri nets
are used to model the behavior of analyzed system and to obtain their
performance characteristics. Traffic shaping mechanisms based on PQS
(Priority Queueing Systems) are studied with queueing techniques used
in implementations of QoS mechanisms. It is concluded that Petri net
models provide a simple, convenient and effective approach to model-
ing and analysis of the performance of computer and communication
systems.
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1 Introduction

Queueing theory is one of popular tools used in modeling and analyzing the
quality of transmission in computer networks [1-3]. This theory uses a math-
ematical apparatus associated with the theory of stochastic processes, and in
particular Markov processes [4]. In queueing systems, there are arrivals which
require some service from the system’s server. If the service requirements ex-
ceed the capacity of the server, spme request are saved in the queue for later
service. A queueing system may be characterized by regulations of queues, i.e.,
the way one determines the order of service applications in the system [5]. The
most common queueing systems are FIFO (First In First Out), LIFO (Last In
First Out), SIRO (Select In Random Order), PQ (Priority Queueing). The basic
mechanism that supports the transfer of packages is FIFO scheduling that is
easy to implement and treats all packets equally. FIFO scheduling is not suit-
able to provide for a good quality of service transmission, as when the packets
come from different traffic flows, one of them can easily disrupt the flow of the
other remaining streams. Packet processing in the order of flue means that an
aggressive stream can appropriate the higher capacity of a router queue. This
can result in poor transmission causing, for example, sudden increase in delays
of transmitted packets.

Many packet scheduling algorithms were developed to provide better insula-
tion between the streams [6]. In the case of the priority scheduling algorithms,
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some application can be handled before others, regardless of when they occurred
in the system. Priority queueing systems form a large class of queueing systems
where the incoming requests are to be distinguished by their importance [7]. A
typical example of the use of such algorithms are routers, to which are flowing
subsequent packets. Core routers classify incoming packets to classes of traf-
fic, and then handle packets belonging to the aggregated streams. Packets are
handled in accordance with an implemented queueing mechanism and specific
support and traffic shaping policies in order to provide services with the agreed
QoS [8]. QoS is one of the most important challenges arising during the design
and maintenance of both modern computer networks and next generation net-
works [9]. Guaranteeing adequate quality of service is of particular importance
in the case of real-time applications such as Voice over IP [10] and video - IPTV
[11]. These services are particularly sensitive to delay and require a guaranteed
bandwidth [12]. To provide the desired QoS packages for the entire route from
the sender to the recipient has been the subject of research for many years
[13-15]. Research in this area can be divided into two groups. In the analytical
methods the authors sought solutions of algebraic or differential equations which
bind together the probability of events in the system. In the simulation methods
were used most often implantation queueing algorithms, which were then sub-
jected to statistical analysis. Based on the analysis of available research, it can
be stated that the analytical methods most commonly include relatively simple
queueing systems, which require implementation of many of the assumptions
of the stochastic nature of the traffic flow. Complex systems are very difficult
in the analysis and their functioning can be effectively examined by simulation
methods. It should be noted that, to construct a sufficiently accurate model is
not simple, and the waiting time for results could be discouragingly long. Hence,
the aim of this study was to use models of Petri nets to assess the efficiency and
to study the effectiveness of queueing mechanisms of PQS. Such an assessment
may also be useful in the design and analysis of data in computer networks,
distributed systems and multiprocessor systems. Constructed queueing models
allowed estimation of significant features and parameters of the system under
test.

2 Petri Nets and Network Models

Petri nets are a graphical and mathematical tool used in many fields. They are
seen as a mathematical tool for modeling of concurrent systems [16, 17]. Al-
though there are many varieties of Petri nets [18, 19] their common feature is
the structure based on a bipartite directed graph, i.e. graph with two types of
vertices, alternately connected by directed edges (or arcs). These two types of
vertices represent, in general terms, conditions and events occurring in a mod-
eled system, but each event can occur only when fulfilled are all the conditions
associated with it. Formally Petri net is defined as a system N = (P, T,A) com-
posed of a finite set P of p-elements (representing conditions), a finite set T of
t-elements (representing events) and a set A of arcs connecting the p-components
with t-elements and t-elements with p-elements, A ⊆ P × T ∪ T × P , A is also
called the flow relation. p-elements connected by arcs directed to an t-element
are called its input elements, while p-elements connected by arcs facing away
from a t-element are called its output elements.
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