
Annotated Bibliography on Stochastic Petri Nets�

F� Baccelliy� G� Balboz� R� Boucheriey� J� Camposx� G� Chiolaz

Abstract

An annotated bibliography on stochastic Petri nets is given�

� De�nition

Originally� no notion of time was included in the de�nition of Petri nets and their use was
limited to the study of the logical �qualitative� properties of systems� Their application to
the analysis of real systems soon made clear the necessity of incorporating time speci�cations
in the de�nition of the formalism to make it useful for the assessment of the performance
�quantitative evaluation� of systems� Several authors proposed the association of time with
the nodes of the models described with the Petri net formalism� Among these �rst proposals
are worth mentioning those due to Noe and Nutt ��	
�� Ramchandany ��	��� Merlin and
Farber ��
���

The idea of associating a random delay with the �ring of the transitions was independently
proposed by several authors ���� �
�� �	�� ���� and led to the de�nition of Stochastic Petri
Nets �SPN� ���	� �
�� in which a Markov chain that is isomorphic to the state space of the
net can be de�ned starting from the time speci�cations of the model� Alternative de�nitions
of timed Petri nets associated with underlying stochastic processes are also due to ����� �	
�
��
��

The use of Stochastic Petri Nets for the performance analysis of interesting problems
coming mostly from the area of computer architecture� led to the de�nition of General�
ized Stochastic Petri Nets �GSPN� in which the transitions may be of two di�erent types
�timed and immediate� depending on whether a delay is speci�ed for their �ring or not �����
Subsequently� Extended Stochastic Petri Nets were proposed in which the most important
additional feature is represented by the presence of probabilistic arcs that upon �ring of a
transition may deposit tokens on subsets of its output set depending on a probability distri�
bution ������ Similar ideas are also contained in the Stochastic Activity Nets ��

� that have
been developed for the evaluation of systems a�ected by failures�

Trying to understand the deep implications that the extensions proposed by these last
models have on the qualitative as well as quantitative properties of this generalized formalism�
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several papers have been published in which di�erent aspects of the problem have been
discussed ��� �� ��� 	� ��� 	�� ���� The current de�nition of the GSPN formalism is contained
in ��
� and characterizes a modelling tool that is now well understood and well established�

Dealing with increasingly complex models has led several researchers to propose addi�
tional extensions of the basic stochastic Petri net formalism including the idea of colored
tokens �Colored Stochastic Petri Nets � CSPN� ����� and of controlling transition �rings by
means of boolean expressions introduced in the models at the moment of their speci�cation
�Predicate�Transition Stochastic Petri Nets � P�TSPN� ����� �
��� In order to keep under
control the growth of the complexity of the stochastic process underlying these models and to
obtain a modelling formalism that is well suited for the representation of highly symmetrical
systems� some restrictions on the speci�cation of the colors of the tokens and of the functions
that are used for their manipulation have been introduced in the de�nition of CSPN� leading
to the proposal of Well Formed Stochastic Petri Nets that are today one of the most used
modelling tools for the high�level description of complex systems ����� ��� �
� ����

� Numerical Solution

In the early proposals of the SPN modelling technique� the Markovian numerical analysis
based on the construction of the Reachability Graph was adopted as the standard analysis
tool ��
� ��� ���� ��
� �	�� �

�� The technique is relatively easy to implement and to
use if properly embedded into a tool with a good graphic interface that allows the user to
ignore the mathematical details of the technique and concentrate on the examination of the
performance results represented at the net level ��
	� ����

Unfortunately the application of the technique is severely limited by the memory require�
ments of the Reachability Graph computation algorithm and the complexity of the numerical
solution of the Markov chain� Early attempts to address the size problem include the idea of
using approximate hybrid solutions exploiting computationally e�cient algorithms based on
product form queueing networks ���� �
� ���� The technique has been subsequently applied
also in ��
� and related to hierarchical model decomposition in the framework of colored net
models �����

Another point of interest in the case of GSPN models comprising immediate transitions
is the elimination of the vanishing states �the ones in which the model spends zero time
due to the enabling of immediate transitions�� Earlier algorithms performed this elimination
globally ���� �	� �
�� A time decomposition approach was proposed in �
��� On the �y
elimination based on static identi�cation of extended con�ict sets where proposed in ����
and implemented in ���� yielding substantial advantage in terms of memory space for models
with large numbers of vanishing states� In general� the idea of static structural analysis of
GSPN models to compute properties ��
� that can be exploited at run time to reduce the
complexity of the Reachability Graph enumeration algorithm ��
� is the key for the success
of the GreatSPN tool in its present form ����� For the transient analysis� the randomization
algorithm has proven to be superior to other algorithms previously used ��
���

In the case of colored Petri net models� intrinsic symmetries can be exploited to reduce the
cost and complexity of the numerical solution algorithms ����� �
�� ��� 
��� In particular�
lumping techniques can be automatically exploited in the case of well�formed net models






���
� ��� �
�� Prototype implementations of the technique ��	� have already proven the
tremendous gain that can be obtained in case of highly symmetric models �����

Another way of extending the feasibility of numerical analysis for SPNs and GSPNs
yielding a huge state space is to resort to parallel processing� In �	�� a �rst attempt to
use a massively parallel SIMD architecture for the generation of the Reachability Graph
of GSPNs is described� One order of magnitude gain in the number of states that can be
handled is claimed for a Connection Machine CM�
 with respect to powerful workstations�
so that models with several millions of states can be analyzed� Kronecker algebra is used in
����� ��	� to guide the implementation of a distributed version of the Markovian solution on
Transputer based MIMD architectures�

The numerical analysis of open �i�e�� unbounded� SPN models has been addressed in
��
��� where a technique is proposed in the case of SPNs with a single unbounded place� An
original matrix method for closed SPN models has been proposed in ����� as an alternative
to the usual Markovian numerical approach� Its viability in terms of CPU time and memory
requirements with respect to the usual approach has not been demonstrated yet� however�

� Product Form Results

Product form results for the equilibrium distribution of stochastic Petri nets have been
derived �rst for some special cases �
� ��� ���� and subsequently for a few classes of stochastic
Petri nets by analogy with results for queueing networks �Baskett et al� ��
�� Gordon and
Newell ��
��� Jackson ������ Kelly ���	�� Serfozo ���
�� Van Dijk ���
�� Whittle ������� These
results are closely related but not equivalent due to the incorporation of structural properties
�e�g�� T�invariants� in the product form results for stochastic Petri nets� Similar to the results
for queueing networks� a product form stochastic Petri net o�ers enormous computational
advantages�

Product form results for stochastic Petri nets can be separated into three classes� The
�rst set of results covers Petri nets in which in each transition a single token can move
from one place to another� The second set of results allows multiple tokens to move in
each transition� The equilibrium distribution in these results can usually be presented as a
product over the places of the Petri net� The third set of results covers Petri nets for which
the equilibrium distribution is a product over subnetworks�

Li and Woodside ����� present product form results for state machines� the equivalent for
queueing networks in the Petri net formalism� and for serial�parallel Petri nets� obtained by
adding places to a state machine such that the underlying Markov chain remains isomorphic
to the Markov chain for the state machine� Lazar and Robertazzi ������ ���
�� ��	�� obtain
product forms for safe stochastic Petri nets that are comprised of task sequences sharing
common bu�ers� These results require the state space of the underlying Markov chain to be
a multidimensional toroidal manifold� These results are extended and formalized by Frosch
��

�� ��
��� ��
��� The framework of Frosch is that of synchronized systems of sequential
processes� state machines that share bu�er places� The evolution of these nets resembles the
evolution of state machines�

The Petri net equivalent of batch routing queueing networks is analyzed by Henderson et
al� ������ ���	�� In these nets multiple tokens are involved in each transition� Boucherie and
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Sereno ���� show that these Petri nets can be characterized via minimal closed support T �
invariants� Coleman et al� ����� provide su�cient conditions for the equilibrium distribution
to be a product of Jackson�type �a product over places��

The Petri nets of Henderson et al� and Frosch are mainly disjoint classes of nets that share
state machines only� A comparison between these classes is given by Donatelli and Sereno
���
�� Boucherie and Sereno ��
� extend and unify these two classes via the framework of
batch routing queueing networks with state�dependent routing �Boucherie and van Dijk ������
This generalization incorporates inhibitor arcs in the product form formalism� and allows
general marking dependent �ring rates� and marking dependent enabling of transitions �as
long as the product form conditions are satis�ed��

Petri nets for which the equilibrium distribution can be expressed as a product over
subnetworks are analyzed by Boucherie ����� Henderson and Lucic ���
�� and Li and Geor�
ganas ������ Boucherie ���� characterizes the product form via independence arguments for
competing Markov chains representing Petri nets that are synchronized via bu�er places�
Henderson and Lucic ���
� and Li and Georganas ����� use their product over subnets to
obtain computational schemes related to aggregation of subnets�

The normalization constant for product form Petri nets is computed in Coleman ������
via a recursion in the number of places� and in Coleman et al� ������ Sereno and Balbo �����
via a recursion in the number of tokens �convolution algorithm� as well as in the number of
places �Mean Value Analysis algorithm� ������ The theoretical basis of this last approach is
proposed in ��
��

� Bounds

There are numerous techniques for deriving bounds in stochastic Petri nets�
A �rst approach consists in the computation of insensitive �i�e� valid for all distribution

functions� upper and lower bounds for the performance indices of timed Petri nets� based
on linear programming techniques� net p�invariants� and Little�s law� This approach was
followed by Campos� Chiola and Silva in �
��� �
��� �

�� �

� and ����� This technique can
be improved when something is known on the distribution of the activities as shown in ��	�
and �
��� It can also be extended to the case of well�formed colored Petri nets �����

A second one is based on the derivation of upper and lower bounds for the conditional
token probabilities in a subnet of a stochastic Petri net� from probabilistic arguments� This
technique can be used to bound the error due to aggregation and time scale decomposition of
nets �it is applicable to systems containing activities the durations of which di�er by several
orders of magnitude�� This approach was followed by Campos� Silva and coauthors in ������

A third technique consists in using stochastic graph representations of the net of interest
in order to derive bounds� This was done by Rajsbaum in ��	�� in order to derive upper and
lower bounds for the throughput of stochastic marked graphs with exponential� independent�
and identically distributed random �ring times� For marked graphs� other approaches based
on stochastic recursions were developed by Baccelli and Liu in ���� using convex ordering
and by Baccelli and Konstantopoulos using large deviations �����
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� Stability

A �rst line of research concerns the computation of saturation conditions for particular classes
of stochastic Petri nets with exponential and independent random times� The �rst papers on
the matter were by Florin and Natkin ��
��� ������ See also the paper by Campos and Silva
����� Necessary and su�cient saturation conditions for stochastic Petri nets with general
distributions� were also derived in some particular cases using techniques from stochastic
processes �in particular� martingales theory� by Campos� Plo and San Miguel �
��� ��
��� and
by Baccelli� Bambos� and Walrand �����

The approach by recursive equations which was developed for stochastic marked graphs
by Baccelli ���� and for nets with switching by Baccelli� Cohen and Gaujal ����� allows for a
complete analysis of stability �see the book by Baccelli� Cohen� Olsder and Quadrat ��
� for
marked graphs and the paper by Baccelli and Gaujal for free choice nets �
���� The technique
also allows one to determine coupling times as shown in ������

� Analytical Results

Outside product form results� the main analytical results are based on the �max��� approach�
This approach was �rst used for deterministic marked graphs by Cohen� Dubois� Quadrat and
Viot in ����� where the periodic regimes of event graphs are understood as spectral properties
of matrices in this algebra� The extension to stochastic marked graphs was considered in
����� A classi�cation of the stationary regimes and necessary and su�cient conditions for
their uniqueness was proposed by Mairesse in ��
�� �

�� A Markov chain analysis based on
this representation was considered by Olsder� Resing� de Vries� Keane and Hooghiemstra in
��	�� and by Jean�Marie ���
�� A survey and a bibliography on this approach can be found
in the book by Baccelli� Cohen� Olsder and Quadrat ��
��

� Approximations

There is a large number of approximation techniques for stochastic Petri nets�

� Flow equivalent approximation techniques ������

� Iterative approximation techniques for subclasses of stochastic Petri nets� based on
decomposition and aggregation ���
� ���� ���� ��
� 
�� ���� ���� ��	��

� Iterative approximation techniques for subclasses of stochastic Petri nets� based on in�
dependence or near�independence of the underlying Markov chain �orthogonal concepts
to decomposability and near�decomposability� �����

� Approximative aggregation techniques for hierarchical well�formed colored nets� based
on the regular structure of the generator matrix of the underlying MC ���� ��� �
���
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	 Discrete Event Simulation

Simulation was one of the earliest techniques proposed for the analysis of timed Petri net
models ��	
�� It was introduced as a viable� practical way of dealing with time extensions
that do not allow for exact numerical analysis ����� ���� �����

In another approach� simulation was seen as the alternative to Markovian analysis in case
of models with huge state space that prevents numerical solution on computer systems due
to memory shortage ���� ���� In this case e�ciency is a crucial issue in order to handle large
models not amenable to other analysis techniques� The idea was then pursued to try and
exploit preliminary structural analysis to improve the e�ciency of the simulation engine for
SPN models ��
� �	� ��� ����

The next step has been the exploitation of model symmetries naturally described by
the Well�formed Colored net formalism to speed�up simulation as well as numerical solution
��	�� This approach led to the introduction of the concept of symbolic simulation for colored
nets ���� 	��� According to this technique the average length of the list of scheduled events
is kept smaller by scheduling only the �rst event per equivalence class up to a symmetric
permutation of basic colors�

In case of large SPN models an intuitive way of speeding up the simulation is to apply
classical distributed simulation techniques to a static partition of the model ��
	�� Both the
conservative �	
� and the optimistic ����� methods can be adapted to the simulation of SPNs
����� �	�� 
�� ����� Also in this case the exploitation of statically precomputed structural
properties seems to be the key for improving the performance and obtaining real speedup
compared to sequential simulation �	
� 	�� 	��� In some particular cases such as for example
Marked Graphs the gain can be dramatic ������ A new distributed simulation protocol with
intermediate characteristics with respect to the conservative and the optimistic ones that
dynamically exploits lookahead information computed based on structural net properties has
been proposed in the SPN framework �	��� Its implementation on the Connection Machine
CM�� is currently in progress �		��

Di�erent simulation methods based on the recursive equation approach were recently
derived by Baccelli and Canales in �
��� This method allows for a SIMD simulation of Event
Graphs� and yields signi�cant speed�up �up to three orders of magnitude when executed on
a CM 
�� More on this technique can be found in the thesis of M� Canales �
	��


 Applications

The use of stochastic Petri nets for the evaluation of interesting systems is reported in
numerous papers that can be found in the proceedings of many international conferences
and in important international journals� The application �elds in which SPNs have proven
to be successful are listed in ��� �� where some simple examples of models analyzed with
this technique can also be found� An exhaustive list of references of this type is di�cult to
produce� but some papers are mentioned in the rest of this section to point out the type of
applications for which the use of SPNs turned out to be important�

The interconnection structure of both loosely and tightly coupled multiprocessor systems
has been widely studied with the help of SPNs ���� ��� �
� 
� �	� ��� 
�� 
�� 	�� �� 
	� ����






SPNs have also been employed for the evaluation of strategies in the use of these complex
systems ����� ����� for the analysis of con�gurations comprising clusters of computers ������
and for the analysis of speci�c architectural features such as the Floating Point Unit of a
particular computer ��	��

The problem of writing reliable and e�cient concurrent software has been studied with
the help of SPNs showing that qualitative and quantitative analysis of speci�c algorithms can
be performed by means of the same model ���� and that the analysis of concurrent software
can be done with this technique to identify �rst the exact structure of the application and
to subsequently allow the e�cient allocation of processes on the computational nodes of a
parallel architecture ����� ��� ��� ��
��

Another important �eld of application is that of communication systems where several
communication protocols have been analyzed by means of SPN models ����� ��� ��� ���� 
��


� ��� �����

Flexible Manufacturing Systems have also been studied with the help of SPNs showing
that a formalism and a technique originally developed for the analysis of parallel and dis�
tributed computing systems can be conveniently employed also in application �elds that are
apparently quite di�erent� but that present instead quite a lot of commonality �
�� ��� ����
��	� �
���

Finally SPNs have been found useful in the analysis of systems a�ected by failures as it
is shown in ��� 

��
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stochastic Petri nets for the solution of complex models of system behavior� IEEE
Transactions on Computers� �	������
����

�� October �����

���� G� Balbo� S� Donatelli� G� Franceschinis� A� Mazzeo� N� Mazzocca� and M� Ribaudo� On
the computation of performance characteristics of concurrent programs using GSPNs�
Performance Evaluation� ���
��������


� March �����

���� G� Balbo� S� Donatelli� and G� Franceschinis� Understanding parallel programs be�
haviour through Petri net models� Journal of Parallel and Distributed Computing�
������ July ���
�

��
� F� Baskett� K�M� Chandy� R�R� Muntz� and F�G� Palacios� Open� closed and mixed
networks of queues with di�erent classes of customers� J� A� C� M�� 

� 
���

�� ��	��

��	� M� Becker� C� Dekoninck� J�P� Prost� and B� Verrier� A stochastic Petri net model for
the FPS�	
�� Computer System Science and Engineering� �����

���� A� Bertoni and M� Torelli� Probabilistic Petri nets and semi�Markov processes� In
Proc� 
nd European workshop on Petri nets� Bad Honnef� West Germany� September
�����

���� A� Bobbio and A� Cumani� Discrete state stochastic systems with phase type dis�
tributed transition times� In Proc� AMSE Int� Conf� on Modelling and Simulation�
Athens� �����

���� R�J� Boucherie� A characterisation of independence for competing Markov chains with
applications to stochastic Petri nets� Proceedings of PNPM� �����

���� R�J� Boucherie and M� Sereno� On the tra�c equations for batch routing queueing
networks and stochastic Petri nets� ����� in preparation�

��
� R�J� Boucherie and M� Sereno� Product forms for stochastic Petri nets� ����� in
preparation�

���� R�J� Boucherie and N�M� Van Dijk� Product forms for queueing networks with state
dependent multiple job transitions� Advances in Applied Probability 
�� ��
���	� �����

���� P� Buchholz� Aggregation and reduction techniques for hierarchical GCSPNs� In
Proceedings of the �th International Workshop on Petri Nets and Performance Models�
pages 
�
�

�� Toulouse� France� October ����� IEEE�Computer Society Press�

���� P� Buchholz� Hierarchies in colored GSPNs� In M� Ajmone Marsan� editor� Application
and Theory of Petri Nets �		�� volume 
�� of LNCS� pages ��
��
�� Springer�Verlag�
Berlin� �����

��
� P� Buchholz� Numerical solution methods based on structured descriptions of Marko�
vian models� In Proc� �th Int� Conf� Modeling Techniques and Tools for Computer
Performance Evaluation� Torino� Italy� February �����

��



��	� J� Campos and M� Silva� Embedded product�form queueing networks and the im�
provement of performance bounds for Petri net systems� Performance Evaluation�
����������� July �����

���� J� Campos and M� Silva� Steady�state performance evaluation of totally open systems
of Markovian sequential processes� In M� Cosnard and C� Girault� editors� Decen�
tralized Systems� pages �
	����� Elsevier Science Publishers B�V� �North�Holland��
Amsterdam� The Netherlands� �����

���� J� Campos and M� Silva� Structural techniques and performance bounds of stochastic
Petri net models� In G� Rozenberg� editor� Advances in Petri Nets �		�� volume 
��
of LNCS� pages ��
����� Springer�Verlag� Berlin� ���
�

�
�� J� Campos� B� S�anchez� and M� Silva� Throughput lower bounds for Markovian Petri
nets� Transformation techniques� In Proceedings of the �rd International Workshop on
Petri Nets and Performance Models� pages �

����� Melbourne� Australia� December
����� IEEE�Computer Society Press�

�
�� J� Campos� F� Plo� and M� San Miguel� Boundedness on stochastic Petri nets� Revista
Matem�atica de la Universidad Complutense de Madrid� 
�����
����
� �����

�

� J� Campos� G� Chiola� J� M� Colom� and M� Silva� Properties and performance bounds
for timed marked graphs� IEEE Transactions on Circuits and Systems�I� Fundamen�
tal Theory and Applications� ��������
����� May ���
�

�
�� J� Campos� G� Chiola� and M� Silva� Ergodicity and throughput bounds of Petri nets
with unique consistent �ring count vector� IEEE Transactions on Software Engineer�
ing� �	�
����	��
�� February �����

�
�� J� Campos� G� Chiola� and M� Silva� Properties and performance bounds for closed free
choice synchronized monoclass queueing networks� IEEE Transactions on Automatic
Control� �
��
����
�����
� December �����

�
�� J� Campos� J� M� Colom� H� Jungnitz� and M� Silva� A general iterative technique for
approximate throughput computation of stochastic marked graphs� In Proceedings of
the �th International Workshop on Petri Nets and Performance Models� pages ������	�
Toulouse� France� October ����� IEEE�Computer Society Press�

�

� J� Campos� J� M� Colom� and M� Silva� Improving throughput upper bounds for
net based models of manufacturing systems� In J� C� Gentina and S� G� Tzafestas�
editors� Robotics and Flexible Manufacturing Systems� pages 
���
��� North�Holland�
Amsterdam� The Netherlands� ���
�

�
	� M� Canales� Simulation Parall ele de R�eseaux de Petri Stochastiques� Th ese de Doc�
torat� Universit�e de Nice� February �����

�
�� J�A� Carrasco� Automated construction of compound Markov chains from generalized
stochastic high�level Petri nets� In Proc� �rd Intern� Workshop on Petri Nets and
Performance Models� pages �����
� Kyoto� Japan� December ����� IEEE�CS Press�

�




�
�� S� Caselli and G� Conte� GSPN models of concurrent architectures with mesh topology�
In Proc� �th Intern� Workshop on Petri Nets and Performance Models� pages 
���
���
Melbourne� Australia� December ����� IEEE�CS Press�

�	�� S� Caselli� G� Conte� F� Bonardi� and M� Fontanesi� Experiences on SIMD massively
parallel GSPN analysis� In Proc� 	th Int� Conference on Modeling Techniques and Tools
for Computer Performance Evaluation� Vienna� Austria� May �����

�	�� S� Caselli� G� Conte� and U� Malavolta� Topology and process interaction in concur�
rent architectures� a GSPN modeling approach� Journal of Parallel and Distributed
Computing� ������
	��
��� July ���
� Special Issue on Petri Net Modelling of Parallel
Computers� guest editor�s introduction�

�	
� K�M� Chandy and J� Misra� Distributed simulation� A case study in design and
veri�cation of distributed programs� IEEE Transactions on Software Engineering�
������������
� September ��	��

�	�� P� Chen� S�C� Bruell� and G� Balbo� Alternative methods for incorporating non�
exponential distributions into stochastic Petri nets� In Proc� �rd Intern� Workshop on
Petri Nets and Performance Models� pages ��	���	� Kyoto� Japan� December �����
IEEE�CS Press�

�	�� G� Chiola and A� Ferscha� Distributed simulation of timed Petri nets� exploiting the
net structure to obtain e�ciency� In ��th International Conference on Application and
Theory of Petri Nets� Chicago� Illinois� June ����� Springer Verlag�

�	�� G� Chiola and A� Ferscha� Distributed simulation of Petri nets� Parallel and Distributed
Technology� ����������� August �����

�	
� G� Chiola and A� Ferscha� Exploiting Petri net model structure to improve distributed
simulation� In 

th Hawaii International Computer Science Symposium� Honolulu�
Hawaii� January �����

�		� G� Chiola and A� Ferscha� Performance comparable design of synchronization protocols
for distributed simulation� Technical report� Austrian Center for Parallel Computation�
Technical University of Vienna� �����

�	�� G� Chiola and A� Ferscha� Self adaptive logical processes� the probabilistic distributed
simulation protocol� In Proc� 
	th Annual Simulation Symposium� La Jolla� California�
April �����

�	�� G� Chiola and R� Gaeta� E�cient simulation of parallel architectures exploiting sym�
metric well�formed Petri net models� In SCS Western Simulation Multiconference �	��
pages 
���
��� San Diego� California� January ����� Society for Computer Simulation�

���� G� Chiola� C� Anglano� J� Campos� J� M� Colom� and M� Silva� Operational analysis
of timed Petri nets and application to the computation of performance bounds� In
Proceedings of the �th International Workshop on Petri Nets and Performance Models�
pages �
����	� Toulouse� France� October ����� IEEE�Computer Society Press�

��



���� G� Chiola� C� Dutheillet� G� Franceschinis� and S� Haddad� Stochastic well�formed
coloured nets and multiprocessor modelling applications� In K� Jensen and G� Rozen�
berg� editors� High�Level Petri Nets� Theory and Application� Springer Verlag� �����

��
� G� Chiola� C� Dutheillet� G� Franceschinis� and S� Haddad� Stochastic well�formed
coloured nets for symmetric modelling applications� IEEE Transactions on Computers�
�
������������
�� November �����

���� G� Chiola� G� Bruno� and T� Demaria� Introducing a color formalism into generalized
stochastic Petri nets� In Proc� �th Europ� Workshop on Application and Theory of
Petri Nets� Venezia� Italy� June �����

���� G� Chiola� G� Franceschinis� and R� Gaeta� A symbolic simulation mechanism for
well�formed coloured Petri nets� In Proc� ��th SCS Annual Simulation Symposium�
Orlando� Florida� April ���
�

���� G� Chiola� G� Franceschinis� and R� Gaeta� Modelling symmetric computer architec�
tures by stochastic well�formed coloured nets� In ��th International Conference on
Application and Theory of Petri Nets� Zaragoza� Spain� June �����

��
� G� Chiola� M� Ajmone Marsan� G� Balbo� and G� Conte� Generalized stochastic Petri
nets� A de�nition at the net level and its implications� IEEE Transactions on Software
Engineering� ���
�������	� February �����

��	� G� Chiola� R� Gaeta� and M� Ribaudo� Designing an e�cient tool for Stochastic Well�
Formed Coloured Petri Nets� In R� Pooley and J� Hillston� editors� Proc� 
th Int�
Conference on Modelling Techniques and Tools for Computer Performance Evaluation�
pages �������� Edinburg� UK� September ���
� Antony Rowe Ltd�

���� G� Chiola� R� Gaeta� and M� Sereno� A simulation model of a double ring protocol
based on timed well�formed coloured Petri nets� In Intern� Workshop on Modeling

Analysis and Simulation of Computer and Telecommunication Systems� pages 
���

��
San Diego� California� January ����� Society for Computer Simulation�

���� G� Chiola� A graphical Petri net tool for performance analysis� In Proc� �rd Int�
Workshop on Modeling Techniques and Performance Evaluation� Paris� France� March
���	� AFCET�

���� G� Chiola� A software package for the analysis of generalized stochastic Petri net
models� In Proc� Int� Workshop on Timed Petri Nets� Torino� Italy� July ����� IEEE�
CS Press�

���� G� Chiola� M� Ajmone Marsan� and G� Balbo� Product�form solution techniques for the
performance analysis of multiple�bus multiprocessor systems with nonuniform memory
references� IEEE Transactions on Computers� �	������
����� May �����

��



��
� G� Chiola� Compiling techniques for the analysis of stochastic Petri nets� In R� Puig�
janer and D� Potier� editors� Proc� �th Int� Conf� Modeling Techniques and Tools
for Computer Performance Evaluation� Palma de Mallorca� Spain� September �����
Plenum Press� New York�

���� G� Chiola� Simulation framework for timed and stochastic Petri nets� International
Journal in Computer Simulation� ��
�������
�� �����

���� G� Chiola� GreatSPN ��� software architecture� In Proc� �th Int� Conf� Modeling
Techniques and Tools for Computer Performance Evaluation� Torino� Italy� February
�����

���� G� Ciardo and K� S� Trivedi� A decomposition approach for stochastic reward net
models� Performance Evaluation� �������	���� July �����

��
� G� Ciardo� J� Muppala� and K�S� Trivedi� On the solution of GSPN reward models�
Performance Evaluation� �
����
�	�
��� July �����

��	� G� Ciardo� J� Muppala� and K�S� Trivedi� SPNP� Stochastic Petri net package� In
Proc� �rd Intern� Workshop on Petri Nets and Performance Models� Kyoto� Japan�
December ����� IEEE�CS Press�

���� G� Ciardo� R� German� and C� Lindemann� A characterization of the stochastic process
underlying a stochastic Petri net� In Proc� �th Intern� Workshop on Petri Nets and
Performance Models� Toulouse� France� October ����� IEEE�CS Press�

���� G� Cohen� D� Dubois� J�P� Quadrat� and M� Viot� A linear�system�theoretic view
of discrete�event processes� In Proceedings of the ���nd Conference on Decision and
Control� IEEE� �����

����� J�L� Coleman� Algorithms for product form stochastic Petri nets � a new approach� In
Proceedings of the �th International Workshop on Petri Nets and Performance Models�
pages ������
� Toulouse� France� October ����� IEEE�Computer Society Press�

����� J�L� Coleman� W� Henderson� and P�G� Taylor� Product form equilibrium distributions
and a convolution algorithm for stochastic Petri nets� Research Report
 University of
Adelaide� ���
�

���
� A� Cumani� Esp � a package for the evaluation of stochastic Petri nets with phase�type
distributed transition times� In Proc� Int� Workshop on Timed Petri Nets� Torino�
Italy� July ����� IEEE�CS Press�

����� F� DeCindio and O� Botti� Comparing Occam
 program placements by a GSPN model�
In Proc� �th Intern� Workshop on Petri Nets and Performance Models� pages 
�
�

��
Melbourne� Australia� December ����� IEEE�CS Press�

��



����� A� Desrochers� H� Jungnitz� and M� Silva� An approximation method for the perfor�
mance analysis of manufacturing systems based on GSPNs� In Proceedings of the Rens�
selaer�s Third International Conference on Computer Integrated Manufacturing� pages
�
���� Rensselaer Polytechnic Institute� Troy� NY� USA� May ���
� IEEE�Computer
Society Press�

����� M� Diaz� Modeling and analysis of communication and cooperation protocols using
Petri net based models� Computer Networks� 
��������� December ���
�

���
� S� Donatelli� and M� Sereno� On the product form solution for stochastic Petri nets�
Proceedings of the ��th international conference on application and theory of Petri
nets� She�eld� UK� �����	
� ���
�

���	� S� Donatelli� Superposed generalized stochastic Petri nets� de�nition and e�cient
solution� In Proc� ��th International Conference on Application and Theory of Petri
Nets� Zaragoza� Spain� June �����

����� S� Donatelli� Superposed stochastic automata� a class of stochastic Petri nets amenable
to parallel solution� In Proc� �th Intern� Workshop on Petri Nets and Performance
Models� pages ���
�� Melbourne� Australia� December ����� IEEE�CS Press�

����� J� B� Dugan and G� Ciardo� Stochastic Petri net analysis of a replicated �le system�
IEEE Transactions on Software Engeneering� �������������� �����

����� J�B� Dugan� A� Bobbio� G� Ciardo� and K�S� Trivedi� The design of a uni�ed package
for the solution of stochastic Petri net models� In Proc� Int� Workshop on Timed Petri
Nets� Torino� Italy� July ����� IEEE�CS Press�

����� J�B� Dugan� K�S� Trivedi� R�M� Geist� and V�F� Nicola� Extended stochastic Petri
nets� Applications and analysis� In Proc� Performance �
�� Paris� France� December
�����

���
� C� Dutheillet and S� Haddad� Aggregation and disaggregation of states in colored
stochastic Petri nets� Application to a multiprocessor architecture� In Proc� �rd Intern�
Workshop on Petri Nets and Performance Models� Kyoto� Japan� December �����
IEEE�CS Press�

����� C� Dutheillet and S� Haddad� Regular stochastic Petri nets� In Proc� ��th Intern�
Conf� Application and Theory of Petri Nets� Bonn� Germany� June �����

����� P� Ferrara� A� Ferscha� I� Graf� and W� M�ullner� Distributed timed Petri net simula�
tion� Technical report� Dept� Statistics and Computer Science� University of Vienna�
Lenaugasse 
��� A����� Vienna� Austria� �����

����� A� Ferscha and G� Chiola� Accelerating the evaluation of parallel program perfor�
mance models using distributed simulation� In Proc� 	th Int� Conference on Modeling
Techniques and Tools for Computer Performance Evaluation� Vienna� Austria� May
�����

�




���
� A� Ferscha� A Petri net approach for performance oriented parallel program design�
Journal of Parallel and Distributed Computing� ����������
�
� July ���
� Special Issue
on Petri Net Modelling of Parallel Computers�

���	� G� Florin and S� Natkin� Les reseaux de Petri stochastiques� Technique et Science
Informatiques� ����� February �����

����� G� Florin and S� Natkin� Matrix product form solution for closed synchronized queueing
networks� In Proc� �rd Intern� Workshop on Petri Nets and Performance Models� pages

����� Kyoto� Japan� December ����� IEEE�CS Press�

����� G� Florin and S� Natkin� Necessary and su�cient ergodicity condition for open synchro�
nized queueing networks� IEEE Transactions on Software Engineering� �������
	�����
April �����

��
�� G� Florin and S� Natkin� On open synchronized queuing networks� In Proc� Int�
Workshop on Timed Petri Nets� Torino� Italy� July ����� IEEE�CS Press�

��
�� G� Florin and S� Natkin� One�place unbounded stochastic Petri nets� Ergodicity criteria
and steady�state solutions� Journal of Systems and Software� 
���
���������� May
���
�

��

� G� Florin and S� Natkin� Rdps� a software package for the evaluation and the validation
of dependable computer systems� In Proc� SAFECOMP
�� Sarlat� France� ���
�

��
�� G� Franceschinis� R�R� Muntz� Computing bounds for the performance indices of
quasi�lumpable Stochastic Well�Formed Nets� International Workshop on Petri Nets
and Performance Models ����� Toulouse� France� October �����

��
�� D� Frosch� and K� Natarajan� Product form solutions for closed synchronized sys�
tems of stochastic sequential processes� Proceedings of �		� International Computer
Symposium� Taichung� Taiwan� ��
���
� December ������ ���
�

��
�� D� Frosch�Wilke� Exact performance analysis of a class of product form stochastic Petri
nets� Proceedings of the �		� UK Performance Engineering Workshop for Computer
and Telecommunication Systems� Loughborough� UK� July �����

��

� D� Frosch� Product form solutions for closed synchronized systems of stochastic sequen�
tial processes� Forschungsbericht Nr� �
���� Universit�at Trier� Mathematik�Informatik�
���
�

��
	� R�M� Fujimoto� Parallel discrete event simulation� Communications of the ACM�
������������� October �����

��
�� W�J� Gordon� and G�F� Newell� Closed queueing systems with exponential servers�
Operations Research� ��� 
���

�� ��
	�

�	



��
�� R� Gouet� F� Plo� M� San Miguel� and B� Ycart� Saturation conditions for stochastic
Petri nets� In G� Rozenberg� editor� Advances in Petri Nets �		�� volume 
	� of LNCS�
pages 

	�
��� Springer�Verlag� Berlin� �����

����� P�J� Haas and G�S� Shedler� Regenerative simulation of stochastic Petri nets� In Proc�
Int� Workshop on Timed Petri Nets� Torino� Italy� July ����� IEEE�CS Press�

����� P�J� Haas and G� S� Shedler� Regenerative stochastic Petri nets� Performance Evalu�
ation� 
��������
��� September ���
�

���
� W� Henderson and D� Lucic� Aggregation and disaggregation through insensitivity in
stochastic Petri nets� Performance Evaluation� �	� ������� �����

����� W� Henderson� C�E�M� Pearce� P�G� Taylor� and N�M� Van Dijk� Closed queueing
networks with batch services� Queueing Systems� 
� ���	�� �����

����� W� Henderson� D� Lucic� and P�G� Taylor� A net level performance analysis of stochas�
tic Petri nets� Journal of the Australian Mathematical Society Series B� ��� �	
���	�
�����

����� W� Henderson� and P�G� Taylor� Aggregation methods in exact performance analysis
of stochastic Petri nets� Proceedings of PNPM�
	� �
���� Kyoto� Japan� December
�����

���
� W� Henderson� and P�G� Taylor� Open networks of queues with batch arrivals and
batch services� Queueing Systems� 
� 	����� �����

���	� W� Henderson� and P�G� Taylor� Embedded processes in stochastic Petri nets� IEEE
Transactions on Software Engineering� �	� ������
� �����

����� O�C� Ibe and K�S� Trivedi� Stochastic Petri net models of polling systems� IEEE
Journal on Selected Areas in Communications� ����� December �����

����� O�C� Ibe� A� Sathaye� R�C� Howe� and K�S� Trivedi� Stochastic Petri nets modeling
of VAXcluster system availability� In Proc� �rd Intern� Workshop on Petri Nets and
Performance Models� Kyoto� Japan� December ����� IEEE�CS Press�

����� S�M�R� Islam and H�H� Ammar� On bounds for token probabilities in a class of gen�
eralized stochastic Petri nets� In Proceedings of the �rd International Workshop on
Petri Nets and Performance Models� pages 

��

	� Kyoto� Japan� December �����
IEEE�Computer Society Press�

����� J�R� Jackson� Jobshop�like queueing systems� Management Science� ��� ������
� ��
��

���
� A� Jean�Marie� Analytical computation of Lyapunov exponents in stochastic event
graphs� In � These proceedings�

����� D�A� Je�erson� Virtual time� ACM Transactions on Programming Languages and
Systems� 	���������
�� July �����

��



����� H� Jungnitz and A� Desrochers� Flow equivalent nets for the performance analysis of
�exible manufacturing systems� In Proceedings of the IEEE Robotics and Automation
Conference �		�� pages �

��
	� �����

����� H� Jungnitz� A� Desrochers� and M� Silva� Approximation techniques for stochastic
macroplace�macrotransition nets� In Proceedings of the QMIPS Workshop on Stochas�
tic Petri Nets� pages ������
� Sophia Antipolis� France� November ���
� INRIA� To
appear in Flexible Manufacturing Systems�

���
� H� Jungnitz� B� S�anchez� and M� Silva� Approximate throughput computation of
stochastic marked graphs� Journal of Parallel and Distributed Computing� ���
�
�
���
���
�

���	� F�P� Kelly� ���	�� Reversibility and stochastic networks� Wiley�

����� G�I� Klas and U� G� Seidel� A subsystem identi�cation algorithm for the approxi�
mate solution of large GSPN models� In G� Balbo and G� Serazzi� editors� Computer
Performance Evaluation� Modelling Techniques and Tools� pages 

��
��� Elsevier�
Amsterdam� The Netherlands� ���
�

����� G�I� Klas� Hierarchical solution of generalized stochastic Petri nets by means of tra�c
processes� In K� Jensen� editor� Application and Theory of Petri Nets �		�� volume

�
 of LNCS� pages 
	��
��� Springer�Verlag� Berlin� ���
�

����� G� Klas� Protocol optimization for a packet�switched bus in case of burst tra�c by
means of GSPN� In ��th International Conference on Application and Theory of Petri
Nets� Chicago� Illinois� June ����� Springer Verlag�

����� P� Konstantopoulos and F� Baccelli� On the cut�o� phenomenon in some queueing
systems� J� Appl� Prob�� 
��
���
��� �����

���
� A�A� Lazar and T�G� Robertazzi� Markovian Petri net protocols with product form
solution� Performance Evaluation� �
� 
	�		� �����

����� A�A� Lazar and T�G� Robertazzi� Markovian Petri net protocols with product form
solution� In� Proceedings of IEEE Infocom�
�� San Francisco� CA� pp� �������

�
March ���	�

����� P� Legato� A� Bobbio� and L� Roberti� The e�ect of failures and repairs on multiple
cell production lines� In Proc� 
�th Int� Symposium on Automotive Technology and
Automation� Florence� Italy� May �����

����� Y� Li and C�M� Woodside� Product form stochastic Petri nets and Norton�s aggrega�
tion� Research Report� Carleton University� Ottawa� Canada� �����

���
� Y� Li and C� M� Woodside� Iterative decomposition and aggregation of stochastic
marked graph Petri nets� In G� Rozenberg� editor� Advances in Petri Nets �		��
volume 
	� of LNCS� pages �
������ Springer�Verlag� Berlin� �����

��



���	� Y� Li and C� M� Woodside� Performance Petri net analysis of communications proto�
col software by delay�equivalent aggregation� In Proceedings of the �th International
Workshop on Petri Nets and Performance Models� pages 
��	�� Melbourne� Australia�
December ����� IEEE�Computer Society Press�

����� M� Li and N�D� Georganas� Parametric analysis of stochastic Petri nets� In Fifth In�
ternational Conference on Modelling Techniques and Tools for Computer Performance
Evaluation� pages 
�	�
��� Torino� Italy� ���
�

����� Chuang Lin and Dan C� Marinescu� On stochastic high level Petri nets� In Proc� Int�
Workshop on Petri Nets and Performance Models� Madison� WI� USA� August ���	�
IEEE�CS Press�

��
�� Chuang Lin and Dan C� Marinescu� Stochastic high level Petri nets and applications�
IEEE Transactions on Computers� �	�	�������
�� July �����

��
�� C� Lindemann� An improved numerical algorithm for calculating steady�state solutions
of Deterministic and Stochastic Petri net models� In Proc� �th Intern� Workshop on
Petri Nets and Performance Models� pages �	
����� Melbourne� Australia� December
����� IEEE�CS Press�

��

� J� Mairesse� A graphical representation for matrices in the �Max��� algebra� INRIA
Report n� 
�	�� �����

��
�� J� Mairesse� Products of irreducible random matrices in the �Max��� algebra � Part I�
INRIA Report n� ����� �����

��
�� B� Mazigh� J� Gresser� and F� Simon� GSPN modeling methods for performance and
dependability evaluation of a real�life �exible manufacturing system� In Proc� �th
Intern� Workshop on Petri Nets and Performance Models� Toulouse� France� October
����� IEEE�CS Press�

��
�� P�M� Merlin and D� J� Farber� Recoverability of communication protocols� Implica�
tions of a theoretical study� IEEE Transactions on Communications� 
��������
������
September ��	
�

��

� J�F� Meyer� A� Movaghar� and W� H� Sanders� Stochastic activity networks� Structure�
behavior� and application� In Proc� International Workshop on Timed Petri Nets� pages
��
����� Torino�Italy� July �����

��
	� M�K� Molloy� A CAD tool for stochastic Petri nets� In Proc� ACM�IEEE�CS Fall Joint
Computer Conference� pages ���
������ Dallas� Texas� November ���
�

��
�� M�K� Molloy� Performance analysis using stochastic Petri nets� IEEE Transactions on
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