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ABSTRACT

Stochastic Petri Nets (SPN's) are powerful tools for determining average
performance of the models of computer systems models. The explosion in the state
space of the reachability graph resuits in complex Markov Cham (MC), and thus
hampering the use of SPN's. Partitioning techniques, depending on dividing the net nto
subnets, are introduced to avoid this dilemma. In Generalized Stochastic Petri Nets
(GSPN's) the transitions are divided into immediate and timed transitions. If the net has

not immediate transitions, i.e. only timed transitions, no partitioning can be carried out.

For such cases, time scale decomposition technique can be used, where the
transitions are divided into slow and fast sets of transitions. It is not always possible to

partition the transitions of the net into sets.

A different abstraction technique is mtroduced in this paper. It is based on
replacing a subset of transitions along with their input places by only one equivalent
transition and one equivalent place. This reduction in the size of the SPN's leadsto a

reduction in the size of the RG and MC.

A new classification of SPN's is introduced. Specifically, SPN's reflecting pure
sequential operations, and SPN's exhibiting pure concurrent operations. Also,
symmetrical and asymmetrical sequential transitions are introduced and defined in this
thesis. Moreover, a new type of tramsitions, called absorbng transitions, is presented.
Abstraction techniques for SPN's exhibiting pure sequential operations, concurrent
operations, and contending operations are developed. Furthermore, an abstraction
method for SPN's having self-loops, loops and contention is taken mto consideration.
The proposed abstraction technique can be carried out as stated in the presented

theorems. Throughout this work, the proposed abstraction methods are applied to
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several case studies. The results obtained by analyzing the abstracted models are
accurate, and identical to those obtained by analyzing the original models. Using the
proposed abstraction methods save efforts and keeps the performance of the net

unchanged.

KEY WORDS: o-parameter, absorbing transition, concurrent transition rate matrix,

Markov process, probabi]jsticaly-abstracted model, pure concurrent operations, pure
sequential operations, symmetrical and asymmetrical sequential transitions, timely-

abstracted model
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INTRODUCTION

Petri nets are useful tools to represent sequential and concurrent operations,
forking, joining and contention. The original definition of Petri nets [1] did not involve
the concept of time. But later, time has been introduced as a Petri net IDajor parameter.
In [2], [3], and [4] a fixed time interval is associated with each transition to model the
performance of computer systems. A fixed time interval is associated in [5] with each
place, so tokens were considered unavailable for that time.

Petri nets are extended by Molloy [6] to Stochastic Petri Nets (SPN), by
assigning an exponentially distributed firing rate to each transition for continuous time
systems or a geometrically distributed ficing rate to each transition for discrete time
systems. Since the models of computer systems used to determine average performance
are stochastic in nature and based on the theories of probability and statistics, the SPN's
are powerful tools for the description and the analysis of those systems. SPN's are |
isomorphic to homogeneous Markov process [6],[15] and are solved by Markov chams

(MC) that are obtained according to the reachability graph (RG).
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The size of the RG mcreases exponentiaily with both the number of tokens n the
initial marking and the number of places in the net [12]. Due to this explosion of state
space of the RG. the Markov model becomes complex, and can hardly be solved. To
solve such big models, partitioning and abstraction techniques have been introduced for
$PN and for untimed PN.

In Generalized Stochastic Petri Nets (GSPN's) (71, (8l and time scale
decomposition [9], SPN's are analyzed by partitioning. Partitioning techniques that divide
the untimed PN under study mto subnets, while considering the mteractions between
each subnet of the divided net are proposed in [16]. Thus, the study of the overall net is
avoided by considering only the subnets. For untimed PN abstraction techniques are
introduced in [10] and [11]. In pet abstraction techniques, only a subset of the net
elements of interest is examined, the rest are removed from the net.

The abstraction technique introduced in this research is different. No elements are
removed, since n some cases it is not advisable to disregard any part of the net. The
proposed abstraction technique is based on replacing a subset of transitions and places by
only one transition and one place, while maintaining the performance of the net.

This leads to reduction in the size of the RG and MC to be studied. Analyzing the
abstracted model, the average service time and the steady-state probabilities of the
original system are obtained accurately. The paper is organized as follows. Petri nets and
abstraction techmiques are introduced in chapter II. In chapter II the necessary
definitions are introduced, and a proposed abstraction method for pure sequential and/or
pure concuirent Op erations is mtroduced through theorems 1,2,3 and 4. Abstraction
techniques for additional structure of SPN's are presented in chapter IV, case studies in

chapter V, conclusion in chapter VL
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