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A Preliminary Remarks

A  PRELIMINARY REMARKS

This bibliography has been gathered by Jirgen Will, graduate in chemistry, during a practical
training period with the research group for “ Data Structures and Software Dependability” at the
Brandenburg University of Technology at Cottbus, from August 5th to October 29th, 2002.

Special emphasis has been laid on Petri nets applications in biochemistry for modelling,
analysis, and simulation. All the other entries given below may be considered as just a by-
product of the mainstream search, which seemed to be too interesting for throwing them right

away.

A.1 OVERVIEW

To the best of our knowledge, it was 1993 that Reddy et al. introduced Petri nets for the quali-
tative modelling of biochemical networks. Sincethat time, just afew papers appeared every year
with similar approaches in order to model and/or analyse biochemical pathways, dealing with
metabolism, gene regulation, or signal transduction, respectively. Only recently, there seemsto
be an increasing interest in that research topic, at least as far we can tell from the total number
of published papers.

A quick search through the papers found reveals a quite large variety of Petri net extension,
for qualitative modelling:

* hierarchies,
e colour

aswell asfor quantitative modelling and simulation:

* time dependency: discrete, continuous, hybrid,
* stochastics,

» sef-modification, in different variations, and
o fuzzy Petri nets.

All these kinds of Petri nets are used on all levels of biological abstraction, for example for the
modelling of the relationships between biochemical substances, cell components, cells, organs,
individuals, species, organism classes, and population.

In chemistry, applications seem to be restricted to the control and regulation of process technol-
ogies and installations. Just Kuroda et al. used Petri nets for modelling more complex reaction
dynamics.

Also, many applications are conceivable in the field of stuff and energy flows, ecologica
systems, population dynamics and evolution. Suzuki introduces spatia hybrid Petri netsfor that
purpose.

In medicine, the majority of the published applications come from the field of management
processes, for instance the passing on of patients, diagnosis preparation, display preparation,
and therapy. But, there are also afew applications, modelling the devel opment of some diseases.

A central topic of almost all investigated publications is the demonstration of a methodol ogy
how to use Petri nets for the chosen application area, often associated with the presentation of
related software tools. Accordingly, amost all published applications seem to rely on demon-
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stration examples only. Therefore, a major break-through of a Petri net based technology for
modelling and analysis in applications related to biology, chemistry, or medicine can’'t be
reported yet.

Summarizing the following chapters, our search through the literature revealed the following
specia applications.

Chemical Reactions

* Oscillationsin non-linear chemical reaction systems; non-linear wavesin asheared liquid
with an exothermic diffusion reaction

Cédl cycle

 Cdl cycle (Drosophilafly, mammals)
» Cdl divison - Mitosis, Melosis

Cell communication

» Embryonic evolution of nematode Caenorhabditis el egans
Diseases

* Heart rhythm

* Human seeing-channel - glaucoma formation

* Infection of erythrocytes by malaria pathogens (Plasmodium falciparum)
* Insulin kinetics

Gene-Regulation

» Day rhythmics (Drosophilafruit fly { melanogaster})
* DNA mutation and DNA translation

» EGFR-Pathway (Epidermal Growth Factor Receptor)
 Genetic switch mechanism A-phage

* lac Operon regulation (bacterium Escherichia coli)

* Protein production, protein synthesis

* Replication of plasmides

» Sigma-B regulation

M etabolisms

« Citric acid cycle (cancer cycle)
» Glycolysis and pentose phosphate metabolism (bacterium Escherichia coli, red blood cor-
puscles)

» Metabolisms Mycoplasma pneumoniae
 Tricarboxylic acid metabolism
» Ureacycle

M or phology
» Excitement of salivaflow reflex at dog through an electrical bell
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Population dynamics

e Grain growth

» Larvainfestation of oak trees

» Migration of species at the Galapagos archipelago
* Robber-booty systems - hare-fox

Signal transduction

» Cdl signalling system bacterium Escherichia coli
Delta-Notch signal path (Drosophilafruit fly { melanogaster})
Fas-induced apoptosis signal path

Sigma-32 stress cycle bacterium Escherichia coli

Two states of the mucoidity (slimyness) of the pathogenic bacterium Pseudomonas aeru-
ginosa

Suff and energy flux nets
» Sewage plant

Altogether, this compilation supplies
74 entriesin biochemistry,
1 entryinchemistry,
58 entriesin medicine,
13 entriesin ecology and environment.

A.2 SOURCES

Resear ch period
August 5th - October 29th, 2002

Inter net search machines

Google (http://www.google.de),
Metager (http://www.metager.de)

CiteSeer
http://citeseer.nj.nec.com/cs

Petri net bibliography
http://www.dai mi.au.dk/PetriNets/bibliographies/

DBI
http://dbix01.dbi-berlin.de:6100/DBI/login.html
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Petri Net Newsletter
http://www.informatik.uni-Hamburg.de/TGl/pnbib/

PubMed MedLine
http://www.ncbi.nlm.nih.gov/PubMed/

Web of Science
http://elib.tu-intestine cities.de/\WoS/

Open
Science Citation Index (state library Berlin).

Search keys

(petri & 'boite & !dish* & !plate*, "petri net*") & (biochemi*, biolog*, chemi*, ecolog*,
kinetic*, medic*, metabol*, molecul*, react*, "signal transduc*")

Sear ch languages
German, English

Additionally, a CD-ROM with supplementing or related internet pages has been created. The
internet addresses of the sources are usually given in the head of the HTML text of the
respective internet page. The internet pages have been saved with the Microsoft Internet
Explorer.

A.3 DISCLAIMER

This survey is very likely to be not complete, because basically only papers or references to
papers available over the internet have been inspected. Therefore, the search result comprises
also preprint and software announcements, or descriptions of research projects, respectively.
For agreat number of entries, summary and/or sourceswere not searchable. These entries might
be lectures or unpublished papers. The abstracts given below originate from the respective
origina article, or - if it was unavailable - from the review (mostly PubMed or Web of Science).
Under Keywords stand our own comments, concerning especially the applied class of Petri nets.

This report is complemented by a CD-ROM, containing a literature collection concerning
modelling and analyzing biological networks.
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Ambrosiano, J.; Oliviera, J. S.: A Biosystems Network Ontology Based on Petri Nets. 3rd Georgia
Tech-Emory International Conference on Bioinformatics, Atlanta, USA, November 2001.

Abstract Complex biological systems on many levels, from genetic regulatory networks to com-
munities of cells and organisms, can be viewed conceptualy as self-regulating control networks.
Unfortunately in biology, the diversity of interpretationsthat must be applied to this simple concept
isenormous. Thisintroduces substantial practical difficultiesin designing ontologiesfor biological
networks because we want them to be general enough to accommodate a broad range of interpre-
tations, and yet still support data structures that can be customized to specific bioinformatics ap-
plications. While there are many good efforts underway to define knowledge ontologies for sys-
tems biology [1], we believe that the key to eventual success, that is a truly generic conceptual
framework for biosystems networks, remains a challenge.

We will describe a conceptua framework under development for biosystems ontol ogies based on
Petri nets. Inthe past, Petri nets have been applied successfully in the analysis of complex networks
occurring in a number of settings such as parallel computing and manufacturing-distribution sys-
tems. Recently, Petri net models have also been applied to biomolecular networks[2,3].

The formal Petri net model has a number of features that appear idea for capturing fundamental
relationshipsin control systems; and models of biosystems ranging from reaction kineticsto logic
circuits seem to map onto them well. Earlier work in "event nets', as these systems were once
called, suggests that category theory may provide the formal basis on which to build useful map-
pings for ontology interchange. This canin turn provide a solid foundation for generic, object-ori-
ented implementations of bioinformatics software that would be capable of handling the complex
and diverse data sets expected to emerge from rapidly expanding research in systems biology.

Keywords describes a conceptual scheme for biosystem ontologies based on Petri nets

Amer-Yahia, C.; Zerhouni, N.; Ferney. M.; El Moudni, A.: Modelling of Biological Systems by
Continuous Petri Net. Proc. 3rd IFAC Symposium Modelling and Control in Biomedical Systems,
Warwick, UK, March 1997, 383-388.

Keywords continuous PN

Barjis, J.; Barjis, |.: Formalization of the Protein Production by Means of Petri Nets. Proc. IEEE
International Conference on Information, Intelligence and Systems, Washington, USA, October -
November 1999, 4-9.

Keywords protein production; formalization

Barjis, |.; Barjis, |.; Barjis, J.: Simulation of Molecular Processes Using Petri Nets: Comparison of
Mitosis and Meiosis. Proc. 2000 Summer Computer Simulation Conference (SCSC), Vancouver,
Canada, July 16 - 20, 2000, 181-184.

Keywords cell division: mitosis, Meiosis, comparsion of mitosis and meiosis

Barjis, |.; Barjis, |.; Barjis, J.: Modeling of a Chimeric Protein Construction by Means of Petri Nets.,
Proc. IASTED International Conference "Applied Simulation and Modeling” (ASM), Banff, Can-
ada, July 2000, 87-90.

Keywords protein synthesis defect

Barjis, |.; Barjis, |.; Barjis, J.: Analysisand Simulation Modeling of Glycoalitic Pathway Using Petri
Net. Proc. 4th International EUROSIM Congress, Delft, The Netherlands, June 2001.
Keywords metabolisms; glycolysis
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Chen, M.: Modelling the Glycolysis Metabolism Using Hybrid Petri Nets. DFG-Workshop im
Rahmen des DFG-Schwerpunktes Informatikmethoden zur Analyse und genomischer Datenmen-
gen, Magdeburg, Germany, May 2000, 25-26.

Keywords metabolisms; glycolysis; hybrid PN; quantitative analysis; methodics

Chen, M.; Hofestadt, R.; Freier, A.: A Workable Approach for Modeling and Simulation of Bio-
chemical Processeswith aHybrid Petri Nets System. 1st International M TBio Workshop on Func-
tion and Regulation of Cdlular Systems: Experiments and M odels, Dresden, Germany, June 2001.

Keywords metabolisms; hybrid PN; quantitative analysis; methodics

Chen, M.; Freier, A.: Petri Net Based Modelling and Simulation of Metabolic Networks in the
Cell; Bioinformatics Research and Education Workshop, EMBL-EBI, Hinxton, UK, 2002.
http://www.techfak.uni-biel efeld.de/ GK 635/publikationen/downl oad/Chen2002-PNB. pdf
Abstract In this paper, an application of the Petri net methodology to simulation of metabolic net-
worksis presented. A software system called 11UDB isdevel oped to integrate the access to several
biological databases and to offer a possibility to model and simulate gene regulated metabolic net-
works based on the Petri net modelling. A Petri net model of urea cycle and its simulation results
are presented to show that Petri nets make possible a quantitative analysis of the metabolic net-
works as well as simulation of the dynamic behaviour of the networks.

Keywords metabolisms; urea cycle; hybrid PN; quantitative analysis, simulation of the dynamic
behavior; methodics, software

Chen, M.: Biochemical Reaction Pathways Modeling & Simulation: A Quantitative Modeling
System Based on Petri Nets Approach.
http://wwwiti.cs.uni-magdeburg.de/~chen/research/abstract.htm

Abstract A quantitative model of metabolic network system based on Petri netsis outlined. A de-
tailed model of ureacycle which includes gene regulatory network, metabolic pathways and signal
transduction isdevel oped. An explanation of the observed behavior of ureacycleis proposed based
on the Petri net model. Some new observationsindicate a highlight hint on metabolic engineering
and medical care or gene therapy. The methodology of model can be used to all other metabolic
networks or the virtual cell metabolism. All pathways within a cell or from various organisms are
constructed to determine the alternative pathways, presented in this research work the aternative
pathways related to urea cycle is to be picked up. The motivation of that is to investigate the pos-
sible aternative pathways to overcome the defect of urea cycle orientated diseases. Considering
the choices of the best alternative pathways, or taking the biology evolution on metabolism level
into account, pathway alignment isrequired. A new pathway alignment algorithm isto be given by
scoring the similarity of pathways.

Keywords metabolisms; urea cycle; hybrid PN; quantitative analysis, methodics

Chen, M.: Modeling Biological Systems with Petri Nets.
http://wwwiti.cs.uni-magdeburg.de/~chen/chenming.htm
Keywords glycolysis, sigma-B regulation; hybrid PN; quantitative analysis; methodics

Chen, M.: Petri Nets and XML in Bioinformatics.
http://wwwiti.cs.uni-magdeburg.de/~chen/bi o-petri-xml/seite_1.htm
Keywords metabolisms; hybrid PN; methodics XML

Clark, L.: Information Processing Perspectives Of Cellular Communication.

Abstract The biological cell signalling system very clearly resembles some sort of information
processing unit. Tasksare divided between different cellswhich are specialised for particular proc-
esses: eg. regulation, integration, coordination, and oscillation. In this report we ascertain whether
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an information processing system can be used to model cellular communication. Such a model
would have many benefits; eg. help in understand the computational power and structural organi-
sation of the cell better, and suggest new systems for distributed, parallel information processing.
The report begins with an examination of the biological cellular signalling system. Then various
modelling strategies are discussed, including parallel distributed systems, cellular automata, dis-
tributed / decentralised artificial intelligence, algebraic machines, Petri Nets, and other net / graph
schemes. It concludes by detailing further work to be carried out. Thiswill involve implementing
acellular signalling system using some of the computational tools discussed, focusing on signal-
ling / information processing in the bacterium Escherichia coli.

Keywords cell signal system; modelling the cell signal system in general

Compte-Rendu de la Septiéme Réunion de |’ Atelier "De la Simulation en Génomique vers L’ Epi-
genese", June 2001.

Abstract A la suite de ses discussions avec Janine Guespin, Patrick Amar a proposé une nouvelle
application potentielle aux réseaux de Petri, en biologie : lamodélisation de la bistabilité de I'état
de mucoidie chez P. aeruginosa. La discussion a ensuite porté sur les extensions existantes et aen-
visager pour adapter le réseau de Petri a cette nouvelle problématique.

Trandation Asaresult of hisdiscussion with Janine Guespin, Patrick Amar proposed anew poten-
tial application of Petri netsin biology: the modelling of the bi-stable state of mucoidity of P. aer-
uginosa. After that the discussion referred to the existing extensions, taken into consideration to
adapt Petri Netsto this new problem.

Keywords modelling the bi-stable state of mucoidity (simyness) of the pathogenic bakterium
Pseudomonas aeruginosa and extensions (The genome of this bakterium ist alrerady cleared up. -
Will)

Craemer, D.: A Net Representation of Old China's Eight Seasons Followed by aHint to the Genetic
Code and again to Quantum Mechanics.

Keywords eight season system; cyclic process; genetic code; quantum mechanics,

CSM Computational Sciences & Mathematics: EGFR Network.
Figure: http://csm.pnl.gov/mathematics/biology.stm

Abstract We develop the mathematical machinery for the construction of an algebrai c-combinato-
rial model using Petri nets to construct an oriented matroid representation of biochemical path-
ways. For demonstration purposes, we use amodel metabolic pathway example from the literature
to derive ageneral biochemical reaction network model. The biomolecular networks define a con-
nectivity matrix that identifies alinear representation of a Petri net. The subcircuits that span are-
action network are subject to flux conservation laws. The conservation laws correspond to algebra-
ic-combinatorial dual invariants, called S- (state) and T- (transition) invariants. Each invariant has
an associated minimum support. We show that every minimum support of a Petri net invariant de-
fines aunique signed subcircuit representation. We prove that the family of signed subcircuits have
an implicit order that defines an oriented matroid. The oriented matroid is then used to identify the
feasible subcircuit pathways than span the biochemical network as the positive cycles in a hyper-
digraph.

Keywords biochemical networks; metabolisms; EGFR network; methodics of the use of Petri Nets
to the construction of an oriented matroid representation of the network

CSM Computational Sciences & Mathematics: Krebs Cycle Network.
Figure: http://csm.pnl.gov/mathemati cs/biol ogy.stm

Abstract We have devel oped a computational model of biochemical reaction sequences that accu-
rately renders pathways of enzyme-catalyzed reactions as directed hypergraphs, known as Petri
nets. Application of the model to the citric acid cycle, or Krebs cycle, is presented. The Krebs cy-
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B18

B19

cle, which oxidizes the acetyl group of Acetyl CoA to CO, and reduces NAD and FAD to NADH
and FADH2, is a complex set of nine reactions. The utility of the algebrai c-combinatorial model
for identifying the complete set of biochemical subcircuits as a data set is demonstrated.

Keywords biochemical reaction networks; enzyme reactions; citric acid cycle; determining of the
complete set of biochemical sub-circles

Dixon, D. A.; Romine, M.; Oliveira, J. S.; Miller, J.; Landvoy, R.: Enabling the Silicon Cell: De-
velopment of Models of Cell-Signaling Pathways and Networks.
http://www.emsdl .pnl.gov:2080/docs/tms/annual _report1999/1619b-4q.html

Abstract A critical need existsto understand cell-signaling processes to determine how acell func-
tions given an either natural or anthropogenic external signal. Thisis especialy true when low sig-
nal/insult levels are present when trying to predict the biological outcome of an initial molecular
interaction. We have focused on devel oping avariety of methods to analyze cellular pathways and
networks. These methods include a variety of traditional approaches based on coupled-rate equa-
tions, aswell as new methods based on new mathematical techniques such as Petri nets. Such mod-
elsare inherently complex because significant variations exist in time and space in the various cel-
lular processes. ...

Some of our research efforts this year focused on developing a Petri network model of cell signal-
ing. The Petri net model transforms the molecular signal into a linear algebra representation of a
systems process model. The linear algebra representation defines the stoichiometric system of en-
ergy-mass-balanced chemical equations. The Petri network model provides us with a representa-
tion of the molecular signal that enables us to mathematically predict the behavior of a molecular
communications pathway when it is no longer in an equilibrium state. This model will direct usto
the construction of the molecular information analog of Shannon's laws of information and com-
munication. We will also have an opportunity to examine the orders of both physical and compu-
tational complexity associated with reliable molecular communications within and between cells.
Thisyear we

showed that place-transition Petri nets and stochastic Petri nets can be used to model molecular
communications within a cell constructed alinear algebra-based, time-dependent, place-transition
Petri net model of the EGFR biosignaling network of subnetworks shown in (Figure 4.21).
showed that Sand T algebraic invariants can be used to establish the existence of self-regulating,
bistable reaction states that imply the EGFR network has an adaptive feedback mechanism that acts
to maintain a3-D memory trace of molecular information asit passes through the network channel
employed path algebras to the linear null space associated with state paths to determine the exist-
ence of hidden and emergent, nonequilibrium state reaction paths

employed both abductive inference (reverse Bayesian) and hidden Markov methods to uncover
hidden and emergent nonequilibrium state reaction paths

defined the computational complexity bounds of unbounded place-transition Petri net models of
cell communication pathways.

Keywords signal transduction; EGFR pathway (Epiderma Growth Factor Receptor) of the
MAPK-signalling network; time-dependent and stochastic PN; S- and T-invariants, methodics

Doi, A.; Drath, R.; Nagasak, M.; Matsuno, H.; Miyano, S.: Protein Dynamics Observations of
Lambda-Phage by Hybrid Petri Net. Genome Informatics (1999) 217-218.
http://www.jshi.org/journal/GIW99/GIW99D08. pdf

Abstract We will demonstrate how we can effectively observe the dynamics of concentrations of
proteins of A-phage by using a hybrid Petri net (HPN) tool called Visual Object Net ++ [2]. The
HPN has continuous and discrete elements. It is an extension of Petri nets which have been used
to represent many kinds of systemsincluding stochastic onesin the _eld of computer sciences and
engineerings[1]. Then, it is possibleto tranglate biological factsinto HPNs and to observe contin-
uous factors behavior such asmRNA or protein concentrationsin anatural manner. We show some
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computational results of the protein dynamics of the A-phage mechanism that is simulated and ob-
served by implementing the HPN on Visual Object Net ++.

Keywords gene regulation; protein dynamics of A-phage; hybrid PN; methodics, software

Doi, A.; Matsuno, H.; Miyano, S.: Induction M echanism Description of Lambda-Phage by Hybrid
Petri Net. 4th International Conference on Computational Molecular Biology (RECOMB), Tokyo,
Japan, April 2000. Miyano, S.; Shamir, R.; Takagi, T.: Currentsin Computational Molecular Biol-
ogy, 2000, 26-27.

Keywords gene regulation; A-phage; hybrid PN

Doi, A.; Matsuno, H.; Matsui, M.; Hirata, Y .; Miyano, S.: Simulation of Biologica Systemshby Hy-
brid Petri Net with an Enhancement. Proc. International Conference on Fundamentals of Electron-
ics, Communications and Computer Science (ICFS), Tokyo, Japan, March 2002, S5, 13-18.

Keywords hybrid PN

Dai, A.; Matsuno, H.; Miyano, S.: Induction Mechanism Description of A-Phage by Hybrid Petri
Net.

http://bonsai .ims.u-tokyo.ac.jp/people/ miyano/systemsbiol ogy/phage.ppt
K eywords gene regulation; A-phage; hybrid PN

Fuss, H.: Simulation of Biological Systems with Petri Nets - Introduction to Modeling of Distrib-
uted Systems; Moller, D. P. F. (ed): Advancesin System Analysis. 1987, 1-12.

Genrich, H.; Kuffner, R.; Voss, K.: Executable Petri Net Models for the Analysis of Metabolic
Pathways. 21st International Conference on Application and Theory of Petri Nets, Aarhus, Den-
mark, June 2000, International Journal on Software Tools for Technology Transfer 3(4) (2001)
394-404.

http://www.dai mi.au.dk/pn2000/proceedings/pn2000_hlpnworkshop.pdf

Abstract Computer simulation of biochemical processes is a means to augment the knowledge
about the control mechanisms of such processes in particular organisms. This knowledge can be
helpful for the goal oriented design of drugs. Normally, continuous models (differential equations)
are chosen for modelling such processes. The application of discrete event systems like Petri nets
has been restricted in the past to low-level modelling and qualitative analysis. To demonstrate that
Petri nets are indeed suitable for simulating metabolic pathways, the glycolysis and citric acid cy-
cle are selected as well understood examples of enzymatic reaction chains (metabolic pathways).
The paper discusses the steps that lead from gaining necessary knowledge about the involved en-
zymes and substances, to establishing and tuning high-level net models, to performing a series of
simulations, and finally to anaysing the results. We show that the consistent application of the
Petri net view to these tasks has considerabl e advantages, and - using advanced net tools - reason-
able simulation times can be achieved.

Keywords metabolisms; glycolysis, citric acid cycle; hybrid, time-dependent PN

methodic to find usable metabolisms from daten bases. 1.) consider only such ways, which include
all educts, intermediate products and products; end of apath only at source, sink or complementary
substances. 2.) limit length and width of the network.

simulation time, auantitative analysis; methodics

Goss, P: Stochastic Petri Nets; 1997.

Abstract An integrated understanding of molecular and developmental biology must consider the
low concentrations of many species in vivo and the large number of molecular species involved.
Quantitative stochastic models of molecular interaction networks can be expressed as Stochastic
Petri Nets, a mathematical formalism developed in Computer Science. Existing software can be
used to define and solve Stochastic Petri Nets, allowing biologiststo concentrate on modeling rath-
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B26

B27

B28

10

er than implementation, and to exchange models via a standardized format. Results are computed
numerically or by simulation for several models as an illustration of the approach and the broad
applicability of detailed stochastic modelsin biology.

Keywords quantitative stochastic models of molecular interaction networks; stochastic PN; me-
thodics

Goss, P. J.; Peccoud, J.: Quantitative M odeling of Stochastic Systemsin Molecular Biology by Us-
ing Stochastic Petri Nets. Proc. Natl. Acad. Sci. USA, June 1998, 95(12) (1998) 6750-6755.

Abstract An integrated understanding of molecular and developmental biology must consider the
large number of molecular species involved and the low concentrations of many speciesin vivo.
Quantitative stochastic models of molecular interaction networks can be expressed as stochastic
Petri nets (SPNs), amathematical formalism developed in computer science. Existing software can
be used to define molecul ar interaction networks as SPNs and solve such model sfor the probability
distributions of molecular species. This approach allows biol ogists to focus on the content of mod-
elsand their interpretation, rather than their implementation. The standardized format of SPNsaso
facilitates the replication, extension, and transfer of models between researchers. A simple chem-
ical system is presented to demonstrate the link between stochastic models of molecular interac-
tions and SPNs. The approach is illustrated with examples of models of genetic and biochemical
phenomenawherethe ULTRASAN packageis used to present results from numerical analysisand
the outcome of simulations.

Keywords quantitative stochastic models of molecular interaction networks; stochastic PN; me-
thodics

Goss, P. J.; Peccoud, J.: Analysis of the Stabilizing Effect of Rom on the Genetic Network Con-
trolling ColE1 Plasmid Replication. Pac. Symp. Biocomput. (1999) 65-76.

Abstract A stochastic model of ColE1 plasmid replication is presented. It isimplemented by using
UltraSAN, asimulation tool based on an extension of stochastic Petri nets (SPNs). It allows an ex-
ploration of the variation in plasmid number per bacterium, which is not possible using adetermin-
istic model. In particular, the rate at which plasmid-free bacteria arise during bacterial division is
explored in some detail since spontaneous plasmid loss is awidely observed empirical phenome-
non. The rate of spontaneous plasmid loss provides an evolutionary explanation for the maintain-
ance of Rom protein. The presence of Rom actsto reduce variance in plasmid copy number, there-
by reducing the rate of plasmid loss at bacterial division. The ability of stochastic models to link
biochemical function with evolutionary considerations is discussed.

Keywords replication of plasmides; stochastic PN

Gull, D.; Oliveira, J.: Petri Net Representation of the Kreb Cycle.

Abstract We have developed a computational model which accurately depicts sequences of en-
zyme-catalyzed reactions as specialized directed graphs. We hypothesize that creation of network
models for biochemical systems will allow elucidation and quantification of the system response
to a given perturbation. Our model is a first step toward a goal of facilitating manipulation and
study of a complete biochemica system. Graphical network models provide a computational
framework for identifying key circuits, oscillatory behaviors, and response to biochemical pertur-
bation. The model presented here represents afirst approximation of the set of all mass-flux bal-
ance conserving pathwaysor circuitsfor agiven biochemical reaction sequence. The size and com-
plexity of the problem of identifying all such paths and combinations of paths requires enormous
computational resources. We have extended previous approaches to this problem by formulating a
combinatorial geometric model referred to as an oriented matroid. The interested reader isreferred
to our previous work and to the Mathematics section of this paper.

K eywords metabolisms; citric acid cycle; methodics

11/2002
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Heiner, M.; Koch, |.; Schuster, S.: Using Time-dependent Petri Netsfor the Analysis of Metabolic
Networks. DFG-Workshop Informatikmethoden zur Analyse und Interpretation grof3er genom-
sicher Datenmengen, Magdeburg, Germany, May 2000, Univ. Magdeburg, Fakultét fir Informa-
tik, Preprint Nr.10/2000, pp. 15-21.

Abstract Petri net theory is a powerful tool for describing and analyzing information and control
data flows. Hitherto this theory has been applied basicaly to technical networks. The application
of Petri netsto metabolic pathways offersalot of new possibilitiesfor simulating and even analyz-
ing them. We discuss the modeling of the extended combined glycolytic pathway and pentose
phosphate pathway. Using time-dependent Petri nets we model one possible mode of the pathway
and analyze the net in detail. We discuss the simulation of fluxes by moving tokens as well as the
resulting structural and behavioral net properties. Results show that the time behavior of reversible
reactions can be simulated using time-dependent Petri nets.

Keywords metabolisms; glycolysis und pentose phosphate metabolism combined; time-dependent
PN; S and T-invariants; steady states, elementary modes; methodics

Heiner, M.; Koch, I.; Voss, K.: Analysis and Simulation of Steady States in Metabolic Pathways
with Petri Nets, Proc. CPN Workshop, Univ. of Aarhus, August 2001, ISSN 0105-8517, 15 - 34.

http://www.dai mi.au.dk/CPnets/workshop01/cpnpapers/Paper04. pdf

Abstract Computer assisted analysis and simulation of biochemical pathways can improve the un-
derstanding of the structure and the dynamics of these systems considerably. The construction and
guantitative analysis of kinetic models is often impeded by the lack of reliable data. However, as
thetopological structure of biochemical systems can be regarded to remain constant intime, aqual-
itative analysis of a pathway model was shown to be quite promising asit can render alot of useful
knowledge, e.g., about its structural invariants. This paper deals with pathways whose substances
have reached adynamic concentration equilibrium (steady state). It is argued that appreciated tools
from biochemistry and also low-level Petri nets can yield only part of the desired results, whereas
executable high-level net models lead to a number of valuable additiona insights by combining
symbolic analysis and simulation.

K eywords metabolisms; glycolysis and pentose phosphate metabolism combined; time-dependent
PN, hierarchical PN; S- and T-invariants; steady states, elementary modes; methodics

Hirata, Y.; Matsuno, H.; Sasaki, M.; Miyano, S.: Genomic Object Net: Petri Net Enhancement for
Multi-Cellular Processes. Genome Informatics 12 (2001) 292—293.

http://www jsbi.org/journa/GIW0L/GIWO01P025.pdf

Abstract Recent study of cell lineage of multi-céllular organism such as C. elegans shows us that
cell-cell interaction and localization of gene products take very important role in the development
of early embryo[3]. In order to describe such multi-cellular processes, we extend the software tool
Genomic Object Net [2, 4] in which we enhanced the hybrid parametrized functional Petri net (HP-
FPN) model to extend the parameter space of elements of Petri net and carry out the dynamical
change of Petri net.

Weare planning to simulate arealistic multi-cellular process such asthe development of C. elegans
embryo with this framework of HPFPN.

Keywords The article is only a summary. Extension of Genomic Object Net and hybrid functional
Petri netsto hybrid parameterized functional Petri nets by defining the range of the parameter val-
ues; dynamic modification of the network structure; planned application to the communication be-
tween cells at the example of the embryonic evolution of nematode Caenorhabditis elegans. (The
worm consists only of less than 2000 cells. Its genome is cleared up already. - Will)

Hofestadt, R.: A Petri Net Application of Metabolic Processes. Journal of System Analysis, Mod-
dling and Simulation 16 (1994) 113-122.
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Hofestadt, R.; Thelen, S.: Quantitative Modeling of Biochemical Networks. In Silico Biology 1
(1998).
http://www .bioinfo.de/ish/1998/01/0006/main.html

Abstract Today different database systems for molecular structures (genes and proteins) and met-
abolic pathways are available. All these systems are characterized by the static datarepresentation.
For progress in biotechnology, the dynamic representation of this data is important. The metabo-
lism can be characterized as a complex biochemical network. Different modelsfor the quantitative
simulation of biochemica networks are discussed, but no useful formalization is available. This
paper shows that the theory of Petrinetsis useful for the quantitative modeling of biochemical net-
works.

Keywords biochemical networks; example glycolysis, (discrete) functional PN; introducing of
self-modifying nets and functional Petri nets for biochemical networks; short discussion of the ap-
plication of Petri nets for modelling biocatalytical reactions, gene regulation, cell communication
and for the representation of biochemica networks; methodics

Koch, I.; Schuster, S.; Heiner, M.: Simulation and Analysis of Metabolic Networks by Time-De-
pendent Petri Nets; Computer Science and Biology; GCB ‘99, Proceedings of the German Confer-
ence on Bioinformatics, Hannover, 4. - 6. Oktober 1999, ISBN 3-00-005121-X, pp. 208 - 209.

http://www.bioinfo.de/i sb/gch99/poster/koch/

Keywords metabolisms; glycolysis and pentose phosphate metabolism combinedt; time-dependent
PN; methodics

Konig, R.; Weismiller, M.; Eils, R.: Generating Petri Nets for Metabolic Network Modédlling.
Proc. 10th International Conference on Intelligent Systems for Molecular Biology (ISMB), Ed-
monton, Canada, August 2002.

Abstract Biological systems process physical substrates and information, e.g. by metabolic reac-
tions for building cell structures or gain of energy, or by signal transduction pathways. Modelling
metabolic reactionsin networks provide insight into responses of the cell to drug treatments or/and
mutations in a system view. However, constructing such metabolic nets for simulations, e.g. as
Petri nets, is impeded by alack of availability of cell and compartment-specific data. In our ap-
proach, we compile a metabolic net by combining two major database systems. Enzymatic reac-
tions and classifications of metabolic subnets, e.g. glycolysis, PPP, are taken from the metabolic
network database KEGG. Enzymelocations and organism specific abundancies are taken from the
sequence based databases Swissprot and Embl/Genbank. Here, we present a concept to define or-
ganism-specific detailed metabolic Petri nets. These nets provide arobust starting point for mod-
elling and simulation studies. Furthermore, we are developing a scheme for restricting certain me-
tabolites and compare the net's connectivity with scale free networks.

Keywords metabolisms; glycolysis and pentose phosphate metabolism; methodics

Koga, S.-I.; Matsuno, H.; Murakami, R.: A Simulation Tool for Regulatory Network of Gene Ex-
pressionsin the Patterning of Multicellular Organisms. Genome I nformatics Workshop, December
2000, Tokyo, Japan. Dunker, A. K.; Konagaya, A.; Miyano, S.; Takagi, T. (eds.): Genome Infor-
matics, Universal Academy Press, Tokyo, 2000. Genome Informatics 11 (2000) 227-228.
http://www .jsbi.org/journal/GIW00/GIWO00D04. pdf

Abstract Detailed knowledge has rapidly been accumul ating on the regulatory network of gene ex-
pression in patterning of multicellular animals. With the expansion of knowledge, it is getting more
and more difficult to understand and predict the working of gene regulatory networks. Usage of
some simulation tool would be inevitable to improve thinking of researchers of gene regulatory
networks, though only afew simul ation methods have been proposed for multicellular systems[1].
We constructed asimulation tool for gene regulatory network in devel oping multicellular animals.
Intracellular regulatory network was constructed by the Petri net [2]. Working of the network in
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individual cells of multicellular systems coordinated by a modeling system for extracellular sign-
alings, with visual interface whose operation and presentation are designed to be familiar and easy
to biologists.

K eywords gene regulation; delta-notch signalling pathway; methodics, software

Kuffner, R.; Zimmer, R.; Lengauer, T.: Pathway Analysisin Metabolic Databases via Differential
Metabolic Display (DMD). Bioinformatics 16(9) (2000) 825-836.

http://www.bioinfo.de/isb/gch99/tal ks/kueffner/main.html

Abstract A number of metabolic databases are available electronically, some with features for que-
rying and visualizing metabolic pathways and regulatory networks. We present aunifying, system-
atic approach based on PETRI nets for storing, displaying, comparing, searching and simulating
such netsfrom anumber of different sources. RESULTS: Information from each data sourceis ex-
tracted and compiled into a PETRI net. Such PETRI netsthen allow to investigate the (differential)
content in metabolic databases, to map and integrate genomic information and functional annota-
tions, to compare sequence and metabolic databases with respect to their functional annotations,
and to define, generate and search paths and pathwaysin nets. We present an algorithm to system-
atically generate all pathways satisfying additional constraints in such PETRI nets. Finally, based
on the set of valid pathways, so-called differential metabolic displays (DMDs) are introduced to
exhibit specific differences between biological systems, i.e. different developmental states, disease
states, or different organisms, on the level of paths and pathways. DM Ds will be useful for target
finding and function prediction, especially in the context of the interpretation of expression data.

Keywords metabolisms; example glycolysis, classical PN; comparison of metabolism data bases,
extraction of metabolisms from data bases; methodics

Doheon Lee; Kwang-Hyung Lee; Yonggwan Won: Distributed Agent-Based Software Architec-
turesfor Bio-Pathway Simulation. Poster 10th International Conference on Intelligent Systems for
Molecular Biology (ISMB), Edmonton, Canada, August 2002.

Abstract This paper proposes software architectures for bio-pathway simulation based on distrib-
uted agent technology. The fundamental advantages of distributed agents are their effectivenessin
handling heterogeneous pathway information and efficiency in scalability. They aso utilize XML
to represent semi-structured data such as quantitative reaction rules, and adopt Petri nets to model
concurrent pathway executions.

Keywords distributed agents

Matsuno, H.; Dai, A.; Nagasaki, M.; Miyano, S.: Hybrid Petri Net Representation of Gene Regu-
latory Network. Proc. 5th Pacific Symposium on Biocomputing; World Scientific Press, 2000,
341-352.

http://www.smi.stanford.edu/projects/helix/psb00/matsuno. pdf

Abstract It isimportant to provide a representation method of gene regulatory networks which re-
alizestheintuitions of biologists while keeping the universality in its computational ability. In this
paper, we propose a method to exploit hybrid Petri net (HPN) for representing gene regulatory net-
works. The HPN is an extension of Petri nets which have been used to represent many kinds of
systems including stochastic ones in the field of computer sciences and engineerings. Since the
HPN has continuous and discrete elements, it can easily handle biological factors such as protein
and mRNA concentrations. We demonstrate that, by using HPNs, it is possible to trand ate biolog-
ical factsinto HPNsin a natural manner. It should be also emphasized that a hierarchical approach
is taken for our construction of the genetic switch mechanism of lambda phage which is realized
by using HPNs. This hierarchical approach with HPNs makes easier the arrangement of the com-
ponents in the gene regulatory network based on the biological facts and provides us a prospective
view of the network.
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We also show some computational results of the protein dynamics of the lambda phage mechanism
that is simulated and observed by implementing the HPN on a currently available tool.

K eywords gene regulation; genetic switch mechanism of A-phage; hybrid PN; methodics, software

Matsuno, H.; Doi, A.; Drath, R.; Miyano, S.: Genomic Object Net: Object Oriented Representation
of Biological Systems. Genome Informatics Workshop, December 2000, Tokyo, Japan. Dunker,
A. K.; Konagaya, A.; Miyano, S.; Takagi, T. (eds.): Genome Informatics 2000, Universal Acade-
my Press, Tokyo, 2000. Genome Informatics 11 (2000) 229-230.
http://www.jsbi.org/journal/GIWO00/GIWO00DO05. pdf

Abstract One of the most important and interesting topic in the field of bioinformaticsisto develop
the tool simulating biological phenomenon such as gene expressions and biochemical reactions.
The required conditions for realizing the effective simulation tool are

1) Acceptable technical expression of the tool to biologists,

2) Easy to describe biological facts and biological phenomenon on computers,

3) Easy to get the tool through Internet, and

4) Easy to simulate the biological phenomenon on the tool.

Our solution to the problems is “exploiting hybrid Petri net (HPN) technique for describing bio-
logical systems”. In[1], we showed that, by using HPN, the genetic switch mechanism of A-phage
can be realized on computer in a natural manner, and protein and mRNA concentrations of the
mechanism can be successfully simulated by using Visual Object Net++ (Figure 1) [2] whichisa
general purpose system description tool based on HPN technique. The evaluation version of Visual
Object Net++ can be downloaded from the site [2].

In this software demonstration, we will show the following examples of biological systems de-
scribing and simulating on Visual Object Net++; 1) Circadian rhythms in Drosophila, 2) Delta-
Notch lateral inhibitory, and 3) Apoptosisinduced by protein Fas. We then introduce our next strat-
egy “ Genomic Object Net Project” which may lead usto the devel opment of new efficient bio-sim-
ulation tools.

Keywords gene regulation, signal transduction; circadian rhythmics of drosophilafly; latera inhi-
bition of delta-notch signalling patway, Fas-induced apoptosis, genetic switch-mechanism of A-
phage; hybrid PN; methodics, software

Matsuno, H.; Doi, A.; Hirata, Y .; Miyano, S.: XML Documentation of Biopathwaysand their Sim-
ulations in Genomic Object Net. Genome Informatics 12 (2001) 54-62.

http://bonsai.ims.u-tokyo.ac.jp/people/miyano/ systemsbiology/GIWO1F06.pdf

Abstract Genomic Object Net is a software tool for modeling and simulating biopathways which
employsthe notion of hybrid functional net asits basic architechture. This paper shows how to in-
tegrate this basic architecture with XML documents for biopathway representations, simulations,
and visudizations for creating a tailor-made simulation environment.

Keywords methodics, software

Matsuno, H.; Dai, A.; Drath, R.; Miyano, S.; Genomic Object Net: Hybrid Petri Net for Describing
Biological Systems. Currentsin Computational Molecular Biology (2001) 233-234.
Keywords hybrid PN; methodics, software

Matsuno, H.: Genomic Object Net: Biopathway Modeling and Simulation System Based on Hy-
brid Functional Petri Net and XML Technology. Proc. 1st International Symposium on Biosys-
tems, Dagjeon, Korea, February 2002, 5-22.

Keywords hybrid functional PN; methodics, software

Matsuno, H.: Genomic Object Net: On-Going Report on Biopathway Modeling and Simulation.
Proc. 1st International Sympaosium on BioSystems, Dagjeon, Korea, February 2002, 5-22.
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Keywords methodics, software

Matsuno, H.; Yamane, Rie; Fujita, S.; Yamasaki, N.: Modeling and Visualization of the Pattern
Formation in Drosophila melanogaster by Genomic Object Net. Proc. 10th International Confer-
ence on Intelligent Systems for Molecular Biology (ISMB), Edmonton, Canada, August 2002.

Abstract Genomic Object Net (GON) is a powerful biosimulation system which consists of two
tools, GON Assembler and GON Visualizer. GON Assembler can model any kind of biopathways
based on hybrid functional Petri net architecture. With GON Visualizer, which is constructed on
XML Technology, we can observe simulation results exported from GON Assembler.

In this poster, we present the modeling and visualization of two pattern formations of the neural
precursor cells in embryos and the border cells at large intestine of Drosophila melanogaster by
Delta-Notch signaling pathway which acts as follows. Delta protein is a transmembrane protein
and works as a ligand for Notch receptor of adjacent cells. Binding of Delta ligand to the Notch
receptor activates Notch signaling cascade, resulting in repression of Delta in the Notch-active
cells. Conversely, Notch cascade is suppressed in Delta-expressing by Delta protein.

Keywords signal transduction; delta-notch signalling pathway of drosophila melanogaster fly; me-
thodics, software

Matsuno, H.; Hirata, Y.; Dai, A.; Miyano, S.: Genomic Object Net: On-Going Report on Biopath-
way Modeling and Simulation. Currentsin Computational Molecular Biology 2002, 132-133.
Keywords methodics, software

Matsuno, H.; Fujita, S.; Doi, A.; Hirata, Y.; Miyano, S.: Genomic Object Net: Hybrid Functional
Petri Net Architecture for Representing and Simulating Biopathways.
http://bonsai .ims.u-tokyo.ac.jp/peopl & miyano/systemsbiol ogy/ GON2002. pdf

Abstract Motivation: In order for simulation tools to be widely accepted and used by biologists,
two issues must be addressed. First, properties of the simulation irrelevant to biology should bere-
moved from the representation and second, biologists should be able to intuitively and easily man-
age the details of the representation. Based on these criteria, we have implemented a novel notion
of a Petri net called hybrid functional Petri nets (HFPN). We introduce a software tool, Genomic
Object Net, for representing and simulating biopathways, which we have developed by employing
the architecture of HFPN.

Results: In order to show the effectiveness of Genomic Object Net for representing and simulating
biopathways, we demonstrate how biopathways can be modeled with HFPN through the example
of lac operon regulatory mechanism and glycolytic pathway of E. coli. Moreover, simulation re-
sults of the model obtained from Genomic Object Net are evaluated.

K eywords metabolisms, gene regulation; glycolysis of bakterium escherichiacoli, lac-operon reg-
ulation mechanism; hybrid functional PN; methodics, software

Matsuno, H.; Murakami, R.; Yamane, R.; Yamasaki, N.; Fujita, S.; Y oshimori, H.: Boundary For-
mation by Notch Signaling in Drosophila Multicellular Systems. Experimental Observations and
Gene Network Modeling by Genomic Object Net. Proc. Pacific Symposium on Biocomputing
(PSB), Hawaii, January 2003.

Abstract The Delta-Notch signaling system plays an essentia role in various morphogenetic sys-
tems of multicellular animal development. Here we analyzed the mechanism of Notch-dependent
boundary formation in the Drosophila large intestine, by experimental manipulation of Delta ex-
pression and computational modeling and simulation by Genomic Object Net. Boundary formation
representing the situation in normal large intestine was shown by the simulation. By manipulating
Deltaexpressionin thelargeintestine, afew typesof disorder in boundary cell differentiation were
observed, and similar abnormal patterns were generated by the simulation. Simulation results sug-
gest that parameter values representing the strength of cell-autonomous suppression of Notch sig-
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naing by Deltaare essential for generating two different modes of patterning: lateral inhibition and
boundary formation, which could explain how a common gene regulatory network resultsin two
different patterning modesin vivo. Genomic Object Net proved to be auseful and flexible biosim-
ulation system that is suitable for analyzing complex biological phenomena such as patternings of
multicellular systems as well as intracellular changes in cell states including metabolic activities,
gene regulation, and enzyme reactions.

Keywords signal transduction; embryonic development, cell differentiation; delta-notch signalling
pathway of drosophilafly; hybrid functional PN; methodics, software

Matsuno, H.; Doi, A.; Tanaka, Y.; Aoshima, H.; Hirata, Y.; Miyano, S.: Genomic Object Net: Ba-
sic Architecture for Representing and Simulating Biopathways.
http://www.genomi cobject.net/public/tutorial/Basi cArchitecture.pdf

Abstract Motivation: Thefollowing two matters should beresolved in order for biosimulation tools
to be accepted by usersin biology/medicine; (1) Remove issues which are irrelevant to biological
importance, and (2) Allow usersto represent biopathways intuitively and understand/manage eas-
ily the details of representatio and simulatiomechanism. From these criteria, we firstly define a
novel notion of Petri net called hybrid functional Petri net (HFPN). Then, we introduce a software
tool, Genomic Object Net, for representing and simul ating biopathways, which we have devel oped
by employing the architecture of HFPN.

Results: | order to show the effectiveness of Genomic Object Net for representing and simulating
biopathways, we show some typical biopathway modelings related to gene regulation (switching
mechanism of A-phage, circadian rhythm of Drosophila, lac operon regulatory mechanism of E.
coli), metabolic pathway (glycalitic pathway), and signal transduction (Fas ligand induced apop-
tosis), which cover the basic aspectsin biopathways.

K eywords gene regulation: circadian rhythmics of drosophilafly, genetic switch-mechanism of A-
phage, lac-operon regulation mechanism of bakterium escherischia coli; metabolisms: glycolysis;
signal transduction: Fas-ligand-induced apoptosis; hybrid functional PN; methodics, software

Matsuno, H.; Dai, A.; Fujita, S.; Sasaki, M.; Hirata, Y .; Miyano S: Genomic Object Net: XML Vis-
ualization of Simulation Results from Biological Modeling on Hybrid Functional Petri Net.
http://www.jshi.org/journal/GIWO0L/GIWO01DO06. pdf

Abstract In [2], we showed that hybrid Petri net (HPN) provides the promising basic architecture
for representing biological processes with an example of description and simulation of A-phage ge-
netic switch mechanism. We launched the project “Genomic Object Net Project” whose aim isto
develop the software tool which can be used by biologist easily and intuitively. As afirst step, in
[3], we introduced the new mathematical expression enhanced from HPN “hybrid functional Petri
net (HFPN)” for realizing biopathways naturally and intuitively. Furthermore, by using Genomic
Object Net Assembler [3], we showed how the concept of HFPN is suitable for describing and sim-
ulating biological processes through the realizations of circadian rhythms in Drosophila mela-
nogaster, glycolytic pathway of Escherichia coli with the lac operon gene regulatory mechanism,
and apoptosis induced by the protein Fas.

Recently, we devel oped atool “Genomic Object Net Visualizer” based on XML technology which
enables us to visualize simulation results produced by Genomic Object Net Assembler. By using
thistool, usersin biology/medicine can view simulation results on their own aspects.

In this software demonstration, wewill present severa visualization examples of simulation results
including lac operon gene regulatory network, circadian rhythms in Drosophila, and Delta-Notch
lateral inhibition mechanism.

Keywords metabolisms, gene regulation, signa transduction; circadian rhythmics of drosophila
melanogaster fly, lateral inhibition of delta-notch signalling pathway in drosophila fly, Fas-in-
duced apoptosis, glycolysisof bakterium escherichiacoli, lac-operon gene regulation mechanism;
hybride functional PN; methodics, software
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Meric, P. A.; Wise, M. J.: Quantitative, Scalable Discrete-Event Simulation of Metabolic Path-
ways. Ralf Zimmer (eds.): Proc. 7th International Conference on Intelligent Systemsfor Molecular
Biology (ISMB), Heidelberg, Germany, August 1999, AAAI (1999) 187-194.
http://www.bio.cam.ac.uk/~mw263/ftp/doc/I SMB99.ps

Abstract DM SS (Discrete Metabolic Simulation System) is a framework for modelling and simu-
lating metabolic pathways. Quantitative simulation of metabolic pathways is achieved using dis-
crete-event techniques. The approach differs from most quantitative simulators of metabolism
which employ either time-differentiated functions or methematical modelling techniques. Instead,
models are constructed from biochemical data and biological knowledge, with accessibility and
relevance to biologists serving as key features of the system.

Keywords metabolisms; glycolysis, tricarbonic acid metabolism; quantititative simulation of met-
abolic networks through discrete time steps and discrete values of the token set similiar to Petri
nets; software, paramterfree

Miyano, S.: Knowledge Discovery System for Biological Data and Biopathway Simulation.
Institute of Biomedical Sciences, Academia Sinica, 2001

Abstract The talk consists of three parts. (1) Gene Expression Profile Data Analysis: Algorithms
for analyzing gene expression profile data are getting more important especially due to the invent
of cDNA microarray and oligonul eotide chips. For the analysis of these data, we have been inves-
tigating strategies for inferring Boolean model-based genetic network with these data, where the
expression level of MRNA. Thefirst part of this talk presents our strategy for analyzing gene ex-
pression profiles based on the Boolean network model and othe models. (2) Principles of Knowl-
edge Discovery Systems. We have been developing a software library, HypothesisCreator (HC),
for assisting experts in knowledge discovery from genomic databases. It is said that a key to the
successful discovery processis acreation of anew "view" on data which describes away of inter-
preting adataset. For this purpose, we defined a concept of "view" mathematically so that software
development based on this concept can be carried out. HC allows the seamless integration of var-
ious knowledgein databases, newly created attributes, and even experts' intuitions. HypothesisCre-
ator facilitates arapid development of application programs for knowledge discovery and the com-
putational experiments, especialy for genomic data. We are currently conducting a series compu-
tational experiments on demand of various laboratories for several different kinds of genomic data
by scripting HC application programs. In thistalk, we report an HC computational knowledge dis-
covery experiment for protein localization problem where we identified important knowledge on
Mitochondrial targeting peptides (mTP), chloroplast targeting peptides (cTP), and signal peptides.
HypothesisCreator is free software distributed under the GNU General Public License. It will be
available from the HypothesisCreator web site http://www.HypothesisCreator.net/. (3) Biopath-
way Simulation - Genomic Object Net: Genomic Object Net is a software tool for describing and
simulating structurally complex dynamic causal interactions and processes such as metabolic path-
ways, signal transduction cascades, gene regulations. The notion of hybrid object net is employed
asitsbasic architechture and visualization technique is devel oped for intuitive understanding of the
representation and simulation. Along with the completion of many genome sequencing projects, a
new interest of research isemerging for elucidating how the living systems function in terms of all
levelsof biological information, and then to devel op information technol ogy for applying such sys-
temic information to medicine and biology. Among many issues related to this matter, avital ne-
cessity isto develop information technology with which we can easily represent and simulate the
structurally complex dynamic causal interactions and processes of various biological objects such
asgenomic DNA, mRNA, proteins, functional proteins, molecular transactions and processes such
as metabolic pathways, signal transduction cascades, genetic networks, etc. In order for software
tools to be accepted by users in biology/medicine for biopathway representation and simulation,
the following two matters should be resolved, at least: (1) Remove issues which are irrelevant to
biological importance; (2) Allow users to represent biopathways intuitively and understand/man-
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age easily the details of representation and simulation mechanism. We have developed a software
tool Genomic Object Net (http://mww.GenomicObject.Net/) for representing and simulating bio-
pathways based on [1,2] together with visualization strategy that would satisfy (1) and (2). Itsem-
ploysthe notion of hybrid object net [2] asits basic simulation architechure. Usually, abiopathway
information is conceputually described as afigure together with the explanation about the relations
between biological objects of concern and the measured/observed data proving their qualitative/
guantitative relations. Theseinformation can be easily described and simulated with Genomic Ob-
ject Net. We show some representation and simul ation examples of typical biopathways related to
gene regulation, metabolic pathway, and signal transduction, which cover the basic ascpectsin bi-
opathways. [1] Matsuno, H., Dai, A., Nagasaki, M., and Miyano, S. 2000. Hybrid Petri net repre-
sentation of gene regulatory network. Proc. Pacific Symposium on Biocomputing 2000, pp. 338-
349. [2] Drath, R. 1998. Hybrid Object Nets: An object oriented concept for modeling complex
hybrid systems. Proc. Hybrid Dynamical Systems. 3rd International Conference on Automation of
Mixed Processes, ADPM'98, pp. 437-442.

Keywords metabolisms, gene regulation, signal transduction; methodics, software

Miyano, S.: Modeling and Simulating Biopathways. Journées Ouvertes Biologie Informatique
Mathématiques (Jobim), Saint Malo, France, June 2002.

http://bonsai .ims.u-tokyo.ac.j p/peopl &/ miyano/j obim/M odelingSimul ating. ppt

Miyano, S.: — Genomic Object Net. Towards Biopathway Simulation.
http://www.iis.sinica.edu.tw/~hil/summer/miyano3.pdf

Keywords metabolisms, gene regulation, signal transduction; circadian rhythmics, Fas-induced
apoptosis, genetic switch-mechanism of A-phage, glycolysis, lac-operon gene regulation mecha-
nism; hybrid functional PN; methodics, software

Mounts, W. M.; Liebman, M. N.: Analysis of Enzyme Pathways with Petri Nets and Stochastic
Activity Nets. International Journal of Computer Simulation (1996).

K eywords metabolisms; stochastic PN

Oliveira, J. S.; Bailey, C. G.; Jones-Oliveira, J. B.; Dixon, D. A.: An Algebraic-combinatorial
Model for the Identification and Mapping of Biochemica Pathways. Bull. Math. Biol. 63(6)
(2001) 1163-1196.

Abstract We devel op the mathematical machinery for the construction of an algebrai c-combinato-
rial model using Petri nets to construct an oriented matroid representation of biochemical path-
ways. For demonstration purposes, we use amodel metabolic pathway example from the literature
to derive ageneral biochemical reaction network model. The biomolecular networks define acon-
nectivity matrix that identifies a linear representation of a Petri net. The sub-circuits that span a
reaction network are subject to flux conservation laws. The conservation laws correspond to alge-
braic-combinatorial dual invariants, that are called S- (state) and T- (transition) invariants. Each
invariant has an associated minimum support. We show that every minimum support of a Petri net
invariant defines a unique signed sub-circuit representation. We prove that the family of signed
sub-circuits has an implicit order that defines an oriented matroid. The oriented matroid is then
used to identify the feasible sub-circuit pathways that span the biochemical network asthe positive
cyclesin ahyper-digraph.

Keywords metabolisms; S- and T-invariants; methodics

Peccoud, J.: Stochastic Petri Nets for Genetic Networks. M S-Medecine Sciences 14 (1998) 991-
993.

Keywords stochastic PN
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Peleg, M.; Gabashvil, I. S.; Altman, R. B.: Modeling Mutations, Abnormal Processes, and Disease
Phenotypes Using aWorkflow/Petri Net Model. Proc. 10th International Conference on Intelligent
Systems for Molecular Biology (ISMB), Edmonton, Canada, August 2002.

Abstract Predicting the molecular- and cellular- level effects of genetic mutationsis a challenging
task. It calls for models that integrate different data sets, and represent the interactions of mutated
gene products with other cellular components, in order to understand their effects on molecular,
cellular, and organism- level processes. We have developed a graphical knowledge model for rep-
resenting molecular functional information as a first step towards modeling the relationship be-
tween molecular structure and disease phenotypes. Our model is based on a Workflow model that
can be mapped to Petri Nets, and isimplemented as a frame-based knowledge base using the Pro-
tégé-2000 tool. We use TAMBIS and the UMLS as to describe biological and medical concepts
that can be mapped to the participants, roles, and processesin the workflow model. The formal na-
ture of our model allows us to write queries about structural and functional aspects of biological
systems — such as relationshi ps between defective processes and the clinical phenotype of the mu-
tationthat iscausing it. Toillustrate the power of thismodel, we have used it to represent mutations
in tRNA and their affects on the process of translation. Mapping the workflow model to Petri Nets
enabled usto verify the soundness of some dynamic aspects of tRNA biology and to simulate sys-
tem behavior in the presence of different mutations. Our model isavailable at http://www.smi.stan-
ford.edu/people/peleg/Process Mode.htm.

Keywords gene regulation; DNA mutation and DNA trandation; PN from workflow model; me-
thodics

Peleg, M.; Yeh, |.; Altman, R. B.: Modelling Biological Processes Using Workflow and Petri Net
Models. Bioinformatics 18(6) (2002) 825-837.

http://smi-web.stanford.edu/peopl e/pel eg/M odelingBiological Processes_paper_ RBA.pdf
http://www.shc.su.se/~per/Peleg_2002.pdf

Abstract | combined the best aspects of two of the models: (1) Transparent Access To Multiple Bi-
ological Information Sources (TAMBIS) - abiological concept model, and (2) a workflow model
that can represent the ordering of processes, the structural components that participate in them, and
the roles that they play. The Workflow model maps to Petri Nets, allowing verification of proper-
ties (correctness — Will) such as boundedness and soundness, and determination of reachability. |
composed queries that can aid discovering relationships among processes and structural compo-
nents. | used reachability analysis to answer queriesthat relate to dynamic aspects of the model.

Biological processes can be considered at many levels of detail, ranging from atomic mechanism
to general processessuch ascell division, cell adhesion or cell invasion. The experimental study of
protein function and gene regulation typically provides information at many levels. The represen-
tation of hierarchical process knowledgein biology istherefore amajor challenge for bioinformat-
ics. To represent high-level processes in the context of their component functions, we have devel-
oped a graphical knowledge model for biological processes that supports methods for qualitative
reasoning. Based on this assessment, we combined the best aspectsof two models: Workflow/Petri
Net and a biologica concept model. The Workflow model can represent nesting and ordering of
processes, the structural components that participate in the processes, and the roles that they play.
It also mapsto Petri Nets, which allow verification of formal properties and qualitative simulation.
The biological concept model, TAMBIS, provides a framework for describing biological entities
that can be mapped to the workflow model. We tested our model by representing malaria parasites
invading host erythrocytes, and composed queries, in five general classes, to discover relationships
among processes and structural components. We used reachability analysisto answer queries about
the dynamic aspects of the model.

Keywords biological systemsin general; modelling of processes of the infection of erythrocytes by
mal aria-pathogens (plasmodium falciparum); comparison of different modelling concepts of com-
puter science with the destination to find methods for description of complex biological systems.
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Result: workflow model in connection with a semantic net of biological terms (TAMBIS). Work-
flow models maps to Petri nets. Petri nets are used for the verification of correctness and for deter-
mination of interesting properties of biological systems, methodics

Peleg, M.; Gabashvili, I. S.; Altman, R. B.: Integrating Bio-ontologies with a Workflow/Petri Net
Model to Qualitatively Represent and Simulate Biological Systems.

http://www.cs.man.ac.uk/~stevensr/meeting02/abstracts/pelig.doc

Abstract The volume of data contained in biological literature isincreasingly growing.The diver-
sity of datais very large, and includes information such as genetic sequence polymorphism, mo-
lecular function, clinical phenotypes, and cellular location. Data exists in many levels of detail,
ranging from atomic mechanismsto cellular-level processes. A challenge facing researchersisthe
ability to piece together the wealth of dispersed data relating to their domain of interest. Thus, our
goal is to develop technology for representing qualitative, noisy, and sparse biological resultsin
support of the eventual goal of fully accurate quantitative models. We developed data structures
for storing datarelated to a biological domain in away that allows the knowledge to be systemat-
ically evaluated and examined by scientists as well as computer algorithms. In an earlier work [1],
we concentrated on representation of structural, functional, and dynamic aspects of biological sys-
tems and querying the system to discover relationships among processes and structural compo-
nents (e.g., biopolymersthat have the same set of rolesand are not inhibited by the sameinhibitor).
We have extended this work by representing the interactions of mutated gene products with other
cellular components. This representation and its querying tools may aid scientists to gain insights
into the effects of specific mutations on molecular, cellular, and organism-level processes.

Keywords mutations; PN from workflow model; methodics

Peleg, M.: Biological Processes Ontology.
http://smi-web.stanford.edu/projectshelix/pubs/process-model

Abstract We developed aformal yet intuitive knowledge model of biological processes and func-
tions that is graphical, for human comprehension, and machine-interpretable, to allow reasoning.
The model enables verification of safety and soundness, and querying information that can assist
in discovering relationships among processes and structural components that participate in them.

Our framework for modeling biological processes is based on the Workflow model of the Work-
flow Management Coalition and incorporates the TAMBIS ontology asabiological controlled vo-
cabulary. We added other elements that are relevant to biological systems: cellular location infor-
mation for process participants and the types of evidence that support facts in the knowledge base.
We augmented the Workflow model with elements taken from Object-Process Methodology, to
create a graphical representation of four relationship types that occur between a process and the
structural components that participate in it (i.e., catalysts, substrates, products, and inhibitors).
We implemented our framework using the Protege-2000 tool and tested it by representing Malaria
parasites invading host erythrocytes. Using Protege’ s axiom language, we composed queries that
can

aid discovering relationships among processes and structural components. We used reachability
analysis on Petri Nets that were manually converted from the Workflow model to answer queries
that relate to dynamic aspects.

Keywords modelling of processes of infection of erythrocytes by malaria pathogens (plasmodium
falciparum); PN from workflow model; methodics

Reddy, V. N.; Mavrovouniotis, M. L.; Liebman, M. N.: Petri Net Representations in Metabolic
Pathways. Hunter, L. et al. (eds.): Proc. 1st International Conference on Intelligent Systems for
Molecular Biology (ISMB), 1993, AAAI Press, Menlo Park, 328-336.

Abstract The present methods for representing metabolic pathways are limited in their ability to
handle complex systems, incorporate new information, and to provide for drawing qualitative con-
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clusions from the structure of pathways. The theory of Petri netsisintroduced as atool for compu-
ter-implementable representation of pathways. Petri nets have the potential to overcome the
present limitations, and through a multitude of properties, enable the preliminary qualitative anal-
ysis of pathways.

Keywords metabolisms; introducing of PN for modelling of metabolisms; methodics

Reddy, V. N.: Modeling Biological Pathways. A Discrete Event Systems Approach. Master The-
sis, University of Maryland, 1994.

http://bellatrix.isr.umd.edu/TechReports/ISR/1994/MS _94-4/MS_94-4.pdf

Abstract A discrete-event systems approach is proposed for the modeling of biochemical reaction
systems. The approach is based on Petri nets, which are particularly suited to modeling stoichio-
metric transformations, i.e., the interconversion of metabolites in fixed proportions. Properties of
Petri nets and methodsfor their analysis are presented, along with their interpretation for biological
systems. An example of the human erythrocyte metabolism is presented to illustrate the concepts
of the methodology.

Keywords metabolisms; glycolysisin red blood corpuscles; methodics

Reddy, V. N.; Mavrovouniotis, M. L.; Liebman, M. N.: Modeling Biological Pathways. A Dis-
crete-event Systems Approach. Inst. Syst. Res., Univ. Maryland, College Park, USA. ACS Symp.
Ser. 576 (Molecular Modeling) (1994) 221-34.

Reddy, V. N.; Liebman, M. N.; Mavrovouniotis, M. L.: Qualitative Analysis of Biochemica Re-
action Systems. Comput. Biol. Med. 26(1) (1996) 9-24.

BTU Cottbus

Abdtract The qualitative analysis of biochemical reaction systems is presented. A discrete event
systems approach is used to represent and analyze bioreaction pathways. The approach is based on
Petri nets, which are particularly suited to modeling stoichiometric transformations, i.e. the inter-
conversion of metabolitesin fixed proportions. The properties and methodsfor the analysis of Petri
nets, along with their interpretation for biochemica systems, are presented. As an example, the
combined glycolytic and pentose phosphate pathway of the erythrocyte cell is presented to illus-
trate the concepts of the methodology.

Keywords metabolisms; glycolysis und pentose phosphate metabolism combined in redd blood
corpuscles; methodics

Schuster, S.; Pfeiffer, T.; Moldenhauer, F.; Koch, |.; Dandekar, T.: Structural Analysis of Metabol-
ic Networks: Elementary Flux Modes, Analogy to Petri Nets, and Application to Mycoplasma
pneumoniae. Bornberg-Bauer, E.; Rogt, U.; Stoye, J.; Vingron, M. (eds.): Proc. German Confer-
ence on Bioinformatics, Berlin, Germany, 2000, Logos Verlag, Berlin, 2000, 115-120.

Schuster, S.; Pfeiffer, T.; Moldenhauer, F.; Koch, I.; Dandekar, T.: Exploring the Pathway Struc-
ture of Metabolism: Decomposition into Subnetworks and Application to Mycoplasma pneumoni-
ae. Bioinformatics 18(2) (2002) 351-61.

Abstract Motivation: Reconstructing and analyzing the metabolic map of microorganismsisanim-
portant challenge in bioinformatics. Pathway analysis of large metabolic networks meets with the
problem of combinatorial explosion of pathways. Therefore, appropriate algorithms for an auto-
mated decomposition of these networks into smaller subsystems are needed.

Results: A decomposition algorithm for metabolic networks based on the local connectivity of me-
tabolitesis presented. Interrelations of this algorithm with alternative methods proposed in the lit-
erature and the theory of small world networks are discussed. The applicability of our method is
illustrated by an analysis of the metabolism of Mycoplasma pneumoniae, which is an organism of
considerable medical interest. The decomposition givesriseto 19 subnetworks. Three of these are
here discussed in biochemical terms: arginine degradation, the tetrahydrofol ate system, and nucle-
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otide metabolism. The interrelations of pathway analysis of biochemical networks with Petri net
theory are outlined.

K eywords metabolisms; mycoplasma pneumoniae; methodics

Schuster, S.: Topologische Analyse metabolischer und regulatorischer Netzwerke.
Abstract: http://www.biol ogie.hu-berlin.de/~gk/studies/content.html

Abstract Aufbauend auf modernen Methoden der strukturellen Analyse sollen gréfere realistische
Systeme modelliert werden, die biochemisch gut charakterisiert sind, z. B. Teile des M etabolismus
in verschiedenen Zellen des Menschen, Bacillus subtilis, Escherichiacoli u.a. Dabei sollen anhand
der Elementarmoden optimale stéchiometrische Effizienzen ermittelt werden, insbesondere fir
technisch genutzte Biosynthesen wie z.B. die Aminosauresynthese in E. coli und Hefe. Im néch-
sten Schritt ist geplant, biochemisch weniger gut untersuchte Systeme wie den Sekundérst-
offwechsel zu untersuchen. Ein zentrales Forschungsobjekt werden die Mikroorganismen sein,
deren Genom vollstandig sequenziert vorliegt (z.B. Mycobacterium tuberculosis, Mycoplasma
genitalium, Helicobacter pylori). Das Ziel dabei ist, die Liicken in der Zuordnung der Informatio-
nen Uber das Genom zur topologischen Struktur des M etabolismus schlief3en zu helfen (sog. Re-
konstruktion von metabolisms).

Als medizinisch relevante Anwendung sollen Enzymdefekte (vererbte geringe oder fehlende Ak-
tivitét einzelner Enzyme) durch Ermittlung der verbleibenden bzw. alternativen metabolischen
Routen charakterisiert werden. Ankniipfend an die Vorarbeiten zur Optimierung von Enzymsyste-
men soll die Frage untersucht werden, nach welchen Kriterien die biochemischen Wege wahrend
der Evolution aus der Vielzahl der stochiometrisch und thermodynamisch zul&ssigen Routen aus-
gewahlt wurden. Das wiederum kann helfen, evolutiondre Stammbaume von Mikroorganismen zu
vervollstandigen.

Esist beabsichtigt, die bisher erarbeiteten Methoden so zu erweitern, dal3 sie auch auf die Wege
der signal transduction (z.B. Enzymkaskaden) anwendbar sind. Die Schwierigkeit besteht dabei
darin, dai3 diese Systeme haufig keinen stationéren Zustand erreichen und es weniger auf den
Stoff - alsauf den Informationsflul? ankommt. Dabei kénnten M ethoden aus der Theorie der Petri-
Netze Anwendung finden.

Einewichtige Aufgabe wird die Erstellung und Adaptation spezifischer Software sein; z.B. soll ein
Computeralgorithmus entwickelt werden, der alle mit den genetischen Daten und den Bilanzglei-
chungen konsistenten Topologien entwirft und dem Nutzer mittels eines Dialogprogramms er-
laubt, die plausibelsten M 6glichkeiten auszuwahlen. Esist geplant, Routinen einzufiigen, die ein
automatisches Einlesen von Reaktionsgleichungen grofierer metabolischer Systeme aus Daten-
banken wie PUMA und WIT erlauben. Sowohl die Uberarbeiteten als auch die neuen Programme
konnen dann in Form von Services im WWW angeboten werden.

Translation Founded on modern methods of structural analysis bigger realistic systemsthat are bi-
ochemically good characterized are supposed to be modelled, for example parts of the metabolism
in different cells of human, bacillus subtilis, escherichia coli and other. Thereby optimal stoichio-
metric efficiencies are supposed to be determined by means of the elementary modes, in particular
for technically used biosyntheses as for example the amino acid synthesisin E. coli and yeast. In
the next step it isplanned to investigate biochemically lesswell examined systems asthe secondary
metabolism. The microorganisms whose genome is available completely sequenced will be acen-
tral investigation object (for example Mycobacterium tuberculosis, Mycoplasmagenitalium, Heli-
cobacter pylori). The destination in this case is, to help to fill the gapsin the assignment of thein-
formation about the genome to the topological structure of the metabolism (so-called reconstruc-
tion of metabolisms).

Asamedically relevant application enzyme defects (inherited small or missing activity of individ-
ua enzymes) are supposed to be characterized by determination of the residual, respectively ater-
native metabolic routes. Establishing onto the preparatory works for the optimisation of enzyme
systemsthe question is supposed to be examined, according to which criteriathe biochemica ways
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during evolution were selected from the multitude of stoichiometric and thermodynamic permissi-
ble routes. That again can help to complete evolutionary pedigrees of microorganisms.

It isintended to expand the up to now elaborated methods so, that they aso are available to path-
ways of signa transduction (for example enzyme cascades). The difficulty thereby is, that these
systems do not frequently achieve a steady state and that it depends less on the substance than the
information flow. Thereby methods from Petri net theory could be applicated.

Animportant task will be the preparation and adaptation of specific software. For example acom-
puter algorithm is supposed to be developed that works out all topologies consistent with the ge-
netic data and balance equations, and that allows the user to choose the plausiblest possibilities by
means of adialog program. It is planned to insert routines which make possible an automatic input
of reaction equations of bigger metabolic systems from databases as PUMA and WIT. Both there-
worked ones and the new programmes can be offered then in the form of servicesin the WWW.

Keywords In German. description research prject; metabolisms, gene regulation, signa transduc-
tion; methodics

Srivastava, R.; Bentley, W. E.: Kinetic Modeling of the Sigma-32 Response in Escherichiacoli Us-
ing a Stochastic Petri Net. Abstracts of Papers of the American Chemical Society 217 (1999) 141
- Biot Part 1 Mar 21.

Keywords sigma-32 response in bakterium escherichia coli; stochastic PN

Srivastava, R.; Peterson, M. S.; Bentley, W. E.. Stochastic Kinetic Analysis of the Escherichia coli
Stress Circuit Using Sigma(32)-targeted Antisense. Biotechnol. Bioeng. 75(1) (2001) 120-129.

Abstract A stochastic Petri net model was developed for simulating the sigma(32) stress circuit in
E. coli. Transcription factor sigma(32) is the principal regulator of the response of E. coli to heat
shock. Stochastic Petri net (SPN) models are well suited for kinetics characterization of fluxesin
biochemical pathways. Notably, there exists a one-to-one mapping of model tokens and places to
molecules of particular species. Our model was validated against experimentsin which ethanal (in-
ducer of heat shock response) and sigma(32)-targeted antisense (downward regulator) were used
to perturb the sigma(32) regulatory pathway. The model was also extended to simulate the effects
of recombinant protein production. Results show that the stress response depends heavily on the
partitioning of sigma(32) within the cdll; that is, sigma(32) becomesimmediately available to me-
diate a stress response because it exists primarily in a sequestered, inactive form, complexed with
chaperones DnaK, Dnal, and GrpE. Recombinant proteins, however, also compete for chaperone
proteins, particularly when folded improperly. Our simulations indicate that when the expression
of recombinant protein has alow requirement for DnaK, Dnal, and GrpE, the overall sigma(32)
levels may drop, but the level of heat shock proteins will increase. Conversely, when the overex-
pressed recombinant protein has a strong requirement for the chaperones, a severe responseis pre-
dicted. Interestingly, both cases were observed experimentally.

Keywords sigma-32 stress circle in bakterium escherichia coli; stochastic PN

Suzuki, R.: A Petri Net System Applied to Biochemical Reaction Networks. Master Thesis, 2002.
Abstract: http://www jaist.ac.jp/library/thesi s’ks-master2002/abstract/ryuuji-s/abstract. pdf

Abstract Information about genes and proteins is gathered in large amounts due to the quick in-
crease in computer power and the development of improved analytic techniques and experiments.
Thisinformation should not be considered in isolation, but rather as part of alarger system. Hence,
a synthetic approach is required to verify whether or not the whole system can be reconstructed
from the combination of those parts.

In this context, recent researches investigate the application of graph theory to describe the parts
and their interaction. The theory thus developed provides a common methodological framework
that can be applied at various abstraction levels (e.g. from a molecular reaction pathway to a full
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ecosystem represented as a network of individulas). This makes it possible to understand the life
phenomenon at various levels.

In this dissertation, we use Petri netsto model these networks. More specifically, we present mod-
els built using an extension of Petri nets adapted to the situation, and simulations based on those
models.

The variant of Petri nets used in this research is based on “hybrid Petri net”, which allows both
discrete and continuous values for tokens aswell as arc weights. It extends hybrid Petri netsto al-
low the amount of token moved to parameterized by external values, such as general chemical re-
action kinetics or enzyme reaction kinetics. It further extends hybrid Petri nets to allow the simu-
lation of asystem with spatial information. We call the resulting Petri net a,, positional hybrid Petri
net”.

In this dissertation, we use positional hybrid Petri netsto model and simulate the cell cycle control
system, which is one of the well-known biochemical reaction pathways. Since this pathway in-
volves no positional information, we repeat the process with the pattern formation in drosophila
embryogenesis, another pathway which does.

Keywords In Japanese. embryonic development/cell cyclus of drosophilafly; hybrid PN, introduc-
ing parameterizable hybrid PN, introducing spatial PN; methodics

Yoshioka, T.; Kotani, S.; Konagaya, A.: Computational Model of the Mammalian Cell Cycle using
Hybrid Petri Net. Proc. 10th International Conference on Intelligent Systems for Molecular Biol-
ogy (ISMB), Edmonton, Canada, August 2002.

Abstract Mammalian cells reproduce by passing through the cell cycle. To describe the molecular
mechanism of the mammalian cell cycle in a correct manner, we developed a new computational
model that makes use of hybrid Petri nets. The model shows the status of a given cell, such asthe
concentration of various proteins working in each stage, and the activity level of enzymes. This
describes dynamic changes in each cell cycle controling molecule and the topology of the activity
of Cdc2-cyclin B kinase (MPF), one of the core networks of cell cycle engines. We also confirmed
that the model reproduces some previously- reported biological abnormalitiesin cell cycle fields.
When the level of phosphatase(Cdc25B) is increased in the model, the speed of progression
through the cell cycle is accelerated. This is a phenomenon actually seen in cells extracted from
patients suffering from carcinoma of the colon and rectum. The model can also easily reproduce
"knockout” or overexpression of specific gene productsrelated to cell cycle control inliving cells.
Therefore, this model is a potentially useful means of exploring relations between gene functions
and diseases.

Keywords cell cycle mammalians; hybrid PN

Voss, K.; Heiner, M.; Koch, |.: Steady State Analysis of Metabolic Pathways Using Petri Nets.
Aarhus University, Aarhus, Denmark, 2001.

Abstract Computer assisted analysis and simulation of biochemical pathways can improve the un-
derstanding of the structure and the dynamics of cell processes considerably. The construction and
guantitative analysis of kinetic modelsis often impeded by the lack of reliable data. However, as
thetopological structure of biochemical systems can be regarded to remain constant intime, aqual-
itative analysis of a pathway model was shown to be quite promising asit can render alot of useful
knowledge, e.g., about its structural invariants. The topic of this paper are pathways whose sub-
stances have reached a dynamic concentration equilibrium (steady state). It is argued that appreci-
ated tools from biochemistry and also low-level Petri nets can yield only part of the desired results,
whereas executabl e high-level net modelslead to anumber of valuable additional insights by com-
bining symbolic analysis and simulation.

Keywords metabolsims; glycolysis and pentose phosphate metabolsim combined; time-dependent
PN, hierarchical PN; S- and T-invariants; steady states, elementary modes; methodics
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Theory.

Absdtract In the present paper, we shall focus on the topological analysis of biochemical networks
by using Petri netsrather than on the analysis of the dynamic behaviour. In particular, we shall deal
with variousinvariants and other featuresin these nets such as boundedness and liveness and reveal
their biochemical meaning. Moreover, we shall discuss the appropriate treatment of source and
sink metabolites.

Keywords metabolisms; invariants; source and sink transitions

CHEMISTRY

Kuroda, C.; Ogawa, K.: Nonlinear-Waves in a Shear-flow with a Diffusive Exothermic Reaction
and its Qualitative Reasoning. Chemical Engineering Science 49(16) (1994) 2699-2708.

Abstract In nonlinear chemical reaction systems, the occurrence of the macroscopic structure is
well known as the oscillatory pattern formation, the solitary wave, the chaotic behavior and so on.
In this paper, the occurrence of nonlinear wavesin aliquid shear flow with a diffusive exothermic
reaction is reported and its qualitative reasoning using a timed Petri net is investigated. It is con-
sidered that the viscosity is adirect effective factor on the occurrence of waves. Such viscous non-
linear wavesinduced by adiffusive exothermic reaction are experimentally shown and qualitative-
ly analyzed. The waveswith the almost constant frequency, about 1.7 Hz, can be detected by visual
observation, temperature measurements, and velocity measurements. A qualitative model on the
mechanism of oscillation is proposed based on the interaction among concurrent events, i.e., reac-
tion, molecular mass transfer, molecular heat transfer, molecular momentum transfer and forced-
convective transfer. It is confirmed by Petri net simulations that the relationship of Sc>Pr>1in
the liquid phase is closely connected with the continuation of the oscillatory phenomena. Moreo-
ver, it isexpected that an increase of entire fluid viscosity induces an increase of the frequency, and
it can be experimentally confirmed.

Keywords oszillations in non-linear chemical reaktion systems; non-linear wavesin a sheared lig-
uid with an exothermic diffusion reaction

MEDICINE

Atanassov, K. T.; Shannon, A. G.; Wong, C.; Owens, D.: A Generalized Net for Endogenous and
Exogenous Insulin Kinetics. 1995.

Atanassov, K. T.; Georgiev, P. R.; Shannon, A. G.; Wong, C.; Owens, D.: A Generalized Net for
Insulin Flow. 1995.

Atanassov, K. T.; Cekov, N.; Christov, R.; Georgiev, P. R.; Karagyozov, |.; Momchilov, P.; Sor-
sich, J. G.: Project: Generalized Net Model of Health Activities, Advancesin Modelling & Anal-
ysis. 1994,

Atanassov, K. T.; Bustince, H.; Daskalov, M.; Sorsich, J. G.: Generalized Net Modelsin Neurolo-
gy (Introduction). 1995.

Atanassov, K. T.; Bustince, H.; Daskalov, M.; Kim, S. K.; Shannon, A.; Sorsich, J. G.: Generalized
Net Modesin Neurology (Introduction, Second Part). 1995.
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Atanassov, K. T.; Bustince, H.; Daskalov, M.; Georgiev, P.; Sorsich, J. G.: Generalized Net Mod-
elsin Neurology (NGN17: Clumsiness and Incoordination (Ataxia) Suspected). 1995.

Atanassov, K. T.; Bustince, H.; Daskalov, M.; Kim, S. K.; Shannon, A. G.; Sorsich, J. G.: Gener-
alized Net Mode s in Neurology (NGN84: Guillain-Barre Syndrome Suspected). Preprint MRL-
MFAIS-2-95, Sofia, Oct. 6. 1995.

Atanassov, K. T.; Bustince, H.; Daskalov, M.; Kim, S. K.; Shannon, A. G.; Sorsich, J. G.: Gener-
alized Net Modelsin Neurology (NGN100: Findings of Chorea and Athetoid Movements). 1995.

Atanassov, K.T; Daskalov, M.; Georgiev, P. R.; Kim, S. K.; Kim, Y.; Nikolov, N.N.; Shannon, A.
G.; Sorsich J. G.: Generalized Netsin Neurology. 1997.

M10 Balk, E. W. M.: Einflhrung in Petri-Netze. Teil 2. Grundlagen von Petri-Netzen. 1998.
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http://www.smolensk.ru/user/sgma/M M ORPH/N-4-html/5.htm

Abstract Wir présentieren grundlegende V orstellungen tber Modellierungsmethoden. Die zweite
Arbeit dieses Zyklus ist grundlegenden V orstellungen und Problemen gewidmet, die wir im Rah-
men einer speziellen Art Graphen, némlich Petri-Netzen, |6sen. Wir betrachten Mdglichkeiten und
Verwendung dieses mathematischen Instruments in der medizinischen Morphologie.

Trandation We present basic ideas about modelling methods. The second treatise of this cycleis
dedicated to basic ideas and problems, which we solve within the framework of a specific graph
kind, namely Petri nets. We consider possibilities and use of this mathematical instrument in med-
ical morphology.

Keywords In Russian. medical morphology; excitement of saliva flow reflex at dog through an
electrical bell

Baresi, L.; Consorti, F.; Di Paola, M.; Gargiulo, A.; Pezze, M.: LEMMA: a Language for Easy
Medical Models Analysis. J. Med. Syst. 21(6) (1997) 369-388.

Abstract The quality of health care systems and processes is becoming a prominent problem and
more and more efforts are devoted to define methodol ogies and tool s to measure and assure quality
of care. New methods are required to optimize health care processes to guarantee high quality
standards within (limited) available resources. Resource optimizations able to preserve the quality
of treatments require good models of medical processes. This paper presents LEMMA, a new no-
tation to model medical processes. LEMMA provides physicianswith intuitive graphical el ements
to design their models. At the same time ahigh level timed Petri net corresponding to the designed
model is built automatically. In thisway, LEMMA models are ascribed formal semantics and can
be executed and analyzed automatically. The dual language approach followed in this paper allows
physiciansto gain all the benefits of forma methods without being proficient in them. Medical us-
ers manage simple graphical elements, while Petri nets ensure formality and validation capabili-
ties. In thisway LEMMA mixesformal and informal notations, overcoming the problems of both
the approaches. The definition of the notation has been supported by the development of an envi-
ronment to design LEMMA models. The environment, besides letting us experiment with the no-
tation, has been employed to define and analyze real case studies.

KeywordssSoftware

Bjankova, B.; Sorsich, J. G.; Kim, S.-K.; Atanassov, K. T.: Application of the Generalized Net in
Nephrology (Approach to Patient with Recurrent Urinary Symptoms). 1995.

Blom JA: Temporal Logics and Real Time Expert Systems. Computer Methods and Programsin
Biomedicine 51(1-2) (1996) 35-49.

Abstract This paper introduces temporal logics. Dueto the eternal compromise between expressive
adequacy and reasoning efficiency that must decided upon in any application, full (first order logic
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or modal logic based) temporal logicsare frequently not suitable. Thisisespecialy trueinreal time
expert systems, where afixed (and usually small) response time must be guaranteed. One such ex-
pert system, Fagan's VM, is reviewed, and a delineation is given of how to formally describe and
reason with time in medical protocols. It is shown that Petri net theory isa useful tool to check the
correctness of formalised protocols.

M14 Chin, T. M.; Willsky, A. S.: Stochastic Petri Net Modeling of Wave Sequencesin Cardiac Arrhyth-
mias. Comput. Biomed. Res. 22(2) (1989) 136-159.

Abstract We describe a methodol ogy for modeling heart rhythms observed in electrocardiograms.
In particular, we present a procedure to derive simple dynamic models that capture the cardiac
mechanisms which control the particular timing sequences of P and R waves characteristic of dif-
ferent arrhythmias. By treating the cardiac el ectrophysiology at an aggregate level, simple network
models of the wave generating system under a variety of diseased conditions can be developed.
These network models are then systematically converted to stochastic Petri netswhich offer acom-
pact mathematical framework to express the dynamics and statistical variability of the wave gen-
erating mechanisms. Models of several arrhythmias are included in order to illustrate the method-
ology.

Keywords heart rhythm troubles; stochastic PN

M15 Ciccarese, P.; Kumar, A.; Quaglini, S.: NEW-GUIDE: A New Approach to Representing Clinical
Practice Guidelines. Advancesin Clinical Knowledge Management 5, London, UK, April 2002.

http://www.openclinical .orgcommunity/workshops/ackm5/ackm5. pdf
http://www.openclinical .org/docs/ext/workshops/ackm5/absci ccarese. pdf

M16 Daskalov, M.; Bustince, H.; Atanassov, K. T.: Generalized Net Models in Neurology (Chronic
Headache). 1995.

M17 Daskalov, M.; Atanassov, K. T.; Bustince, H.: Generalized Net Models in Neurology (Coma).
1995.

M18 Daskalov, M.; Bustince, H.; Atanassov, K. T.: Generalized Net Modelsin Neurology (First Head-
ache). 1995.

M19 Daskalov, M.; Atanassov, K. T.: Generalized Net Modelsin Neurology (NGN33: Tinnitus). 1996.

M20 Dazzi, L.; Fassino, C.; Saracco, R.; Quaglini, S.; Stefanelli, M.: A Patient Workflow Management
System Built on Guidelines. Proc. AMIA Annu. Fall Symp. (1997) 146-150.

Abstract To provide high quality, shared, and distributed medical care, clinical and organizational
issues need to be integrated. This work describes a methodology for developing a Patient Work-
flow Management System, based on a detailed model of both the medical work process and the
organizational structure. We assume that the medical work processis represented through clinical
practice guidelines, and that an ontological description of the organization is available. Thus, we
developed tools 1) for acquiring the medical knowledge contained into a guideline, 2) to trandate
the derived formalized guideline into a computational formalism, precisely a Petri Net, 3) to main-
tain different representation levels. The high level representation guarantees that the Patient Work-
flow follows the guideline prescriptions, while the low level takes into account the specific organ-
ization characteristics and allow allocating resources for managing a specific patient in daily prac-
tice.

M21 DeRosis, F.; Pizzutilo, S.; De Caralis, B.: Formal Description and Evaluation of User-adapted In-
terfaces. International Journal of Human-Computer Studies 49 (2) (1998) 95-120.

Abstract This paper describes avisual formalism and atool to support design and evaluation of hu-
man-computer interaction in context-customized systems. Theformalismiscalled XDM (for "con-

11/2002 27



Bibliography - Petri Netsin Biology, Chemistry, and Medicine

M22

M23

M24

M25

M26

28

text-sensitive dialogue modelling") and combines extended Petri nets with Card, Moran and New-
ell's KLM operators theory to describe static and dynamic aspects of interaction in every context
in which the system should operate, and to make evaluations of interface correctness and usability
easier or automatic. The method was developed in the scope of a European Community Project to
iteratively prototype a knowledge-based medical system. It has been subsequently employed in
several research projects and in teaching activities. (C) 1998 Academic Press

Doerschuk, P. C.; Chin, T. M.; Willsky, A. S.: Modeling of Cardiac Rhythms. A Signal-processing
Perspective. J. Electrocardiol. 23(Suppl.) (1990) 102-110.

Abstract The authors describe their perspective on the modeling of cardiac rhythms asacomponent
of cardiac arrhythmia signal-processing algorithms. They emphasize that these models are for a
specific end purpose and that the aspects of cardiac behavior that are captured by the models are
only those relevant for the devel opment of the signal-processing algorithms. The approach isto use
statistics to describe ranges of cardiac behavior that share some common feature with respect to
the purpose of the signal processing. The statistical approach has the advantage that, coupled with
astatistical performance criterion, it specifies an optimal signal-processing algorithm. These opti-
mal algorithms are often computationally intractable, however, especially for rea-time useinin-
struments. Approximations are therefore crucial. The mathematical form of the model isthen im-
portant since, even if two forms generate identical statistics, the approximations that are natural in
different forms can be quite different. Two different mathematical formulations are described - sto-
chastic Petri nets and interacting Markov chains - and the different types of approximately optimal
signal-processing algorithms that are natural in these two frameworks are discussed.

Keywords signal processing; heart rhythms; methodics

Gerhard, E.; Wippich, K.: Structural Description of the Human Eye Using Petri Nets. Biomed.
Tech. (Berl) 36(4) (1991) 66-9.

Abstract Petri nets are atool for analysing and modelling processes and systems. Here they are
used to describe the human visual cana for the first time. A dynamic net describes the formation
of a glaucoma.

K eywords human seeing-channel - glaucoma formation

Gyurov, P.; Georgiev, P.: On the Application of the Petri Netsin Medicine, Biology and Expert
Systems. Proc. Int. Symp. Bioprocess Systems '95, Sofia, VI (1997) 103-106 (Bulgarian).

Hughes, M.; Carson, E. R.; Makhlouf, M.; Morgan, C. J.; Summers, R. A.: Petri Net Based Model
of Patient Flowsin aProgressive Patient Care System. Proc. 20th Annual International Conference
of the IEEE Engineering in Medicine and Biology Society, Piscataway, NJ: IEEE, 1998.

Kimura, H.; Akatsuka, T.: Modeling and Performance Analysis of Image Transfer in PACS. Med-
info 9(Pt 2) (1998) 1080-1084.

Abstract Performance simulation plays an important role in the design of picture archiving and
communication systems (PACS). This paper presents simulation mode s of aPACS in acontext of
outpatient clinical workflow. Models, which are discussed focusing on shared facilities are re-
sources of the system, consist of two levels. Oneistheworkflow level and the other isthe physical
level. Patients medica staffs and images are picked up as the important system resources in the
workflow level. A network, hard disks and network interface buffers of PACS components are
mainly described in the physical level. Models are described with Petri Nets in both levels. Two
examples of performance evaluation are also presented. Both of them estimate transfer time of
computed radiology images for outpatient consultation. In the first example, both the data transfer
rate of hard disks and network speed are varied under fixed system loads. While in the second ex-
ample, system loads are varied against given system components. From the simulation results, fol -
lowing points are summarized. If physicians want to get a set of images in 5 seconds, both high
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performance hard disks or disk arrays and high speed network such as 100 Mbps networks are re-
quired. And it is effective for high speed network to be used in the acquisition phase. If we have to
use the Ethernet and ordinary workstations, the PACS should be used in asingle clinic. In conclu-
sion thismodeling method makes model s simple and is quite useful for the performance evaluation
of PACSin the early design phase.

Marraro, G.; Mereu, M.; Ambroso, C.: Therapeutic Process Formalization in the Treatment of Res-
piratory Failurein Infants. Int. J. Clin. Monit. Comput. 10(3) (1993) 167-173.

Abstract The model described formalizes the therapeutic process developed in the Pediatric Inten-
sive Care Unit (PICU) of Merate's Hospital as a support of medical decisions and as a continuous
control of the adequacy of the ventilatory therapy. Causal and temporal structure of the keypoints
of the treatment are represented by Petri Nets. The model could be utilised in different pathologies
and for different clinical approach giving a meaningful organizational impact.

Mateva, N.; Ouzounov, N.; Stefanov, R.: Assistance with Generalized Net M odels to the Differen-
tial Diagnosis of Some Pathologic Somatic Muscular and Neurologic Conditions in Stomatology.
FoliaMed (Plovdiv) 40(3B Suppl 3) (1998) 81-87.

Abstract Some somatic pathol ogic muscular and neurol ogic conditionsin stomatology are difficult
to differentiate. For example, the myofascial pain dysfunction syndrome, trigger point muscle
pains and anumber of temporomandibular joint related pathoses often cause diagnostic difficulties.
With the purpose to assist general clinicians and students to understand and differentiate more eas-
ily these difficult occasions, the authors try to offer amodel simulating the decision-making proc-
ess in some of the aforementioned pathoses. The model is based on the Generalized Nets Models
which represent extensions of Petri's nets and their modifications.

Keywords generalized PN; methodics

Mounts, W. M.; Liebman, M. N.: Qualitative Modeling of Normal Blood Coagulation and its Path-
ologica States Using Stochastic Activity Networks. Int. J. Biol. Macromol. 20(4) (1997) 265-281.

Abstract We have developed a method for representing biological pathways and simulating their
behavior based on the use of stochastic activity networks (SANS). SANSs, an extension of the orig-
inal Petri net, have been used traditionally to model flow systems including data-communications
networks and manufacturing processes. We apply the methodol ogy to the blood coagulation cas-
cade, abiological flow system, and present the representation method as well as results of simula-
tion studies based on published experimental data. In addition to describing the dynamic model,
we also present the results of its utilization to perform simulations of clinical states including he-
mophilia's A and B aswell as sensitivity analysis of individual factorsand their impact on thrombin
production.

Keywords blood cagulation; stochastic activity nets

Miller, R.; Heller, B.: A Petri Net-based Model for Knowledge-based Workflows in Distributed
Cancer Therapy. Proc. International Conference on Extending Database Technology (EDBT)
Workshop on Workflow Management Systems, Vaencia, Spain, March 1998, 91-99.

Nicolosi, A.; Attolini, M.; Varesco, P.; Sicurello, F.; Pizzi, R.; Antoni, G.D.: An Integrated Work-
station for Research on the Acquired Immunodeficiency Syndrome. Barber, B., et d.: MEDINFO
89. Proc. 6th Conference on Medical Informatics, Beijing, Chinaand Singapore, 1989. North-Hol-
land, Amsterdam, The Netherlands, 1989, 577-581.

Abstract A workstation oriented to AIDS research is described. The formalism used to represent
the knowledge network was the Petri net. The knowledge base contains clinical, epidemiologic,
immunologic, virologic, bibliographic data and text (articles, documents). The workstation utilizes
advanced methods (semantic nets, hypertext), in order to allow the user to explore available knowl-
edge and to produce advances in knowledge through inference and information interaction.
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Ouchi, Y., Tazaki, E.: Medica Diagnostic System Using Fuzzy Coloured Petri Nets under Uncer-
tainty. Medinfo 9(Pt 1) (1998) 675-679.

Abstract We propose amedical diagnostic system using Fuzzy Coloured Petri Nets (FCPN) in this
paper. For complex real-world knowledge Fuzzy Petri Net (FPN) models have been proposed to
perform fuzzy reasoning automatically. However, in the Petri Net we have to represent al kinds
of processes by separate subnets even though the process has the same behavior of other one. Real -
world knowledge often contains many parts which are similar, but not identical. This means that
the total PTN becomes very large. The kind of problems may be annoying for a small system, and
it may be catastrophic for the description of large-scale system. To avoid thiskind of problemswe
propose alearning and reasoning method using FCPN s under uncertainty. On the other hand to cor-
rect the rules of knowledge-based system hand-built classifier and empirical learning method both
based on domain theory have been proposed as machine learning methods, where thereis asignif-
icant gap between the knowledge-intensive approach in the former and the virtually knowledge-
free approach in the later. To resolve such problems simultaneously we propose a hybrid learning
method which isbuilt on the top of knowledge-based FCPN and Genetic Algorithms (GA). To ver-
ify the validity and the effectiveness of the proposed system, we have successfully applied it to the
diagnosis of intervertebral diseases.

Keywords colored Fuzzy-PN; methodics

Padberg, J.: Categorical Approach to Horizontal Structuring and Refinement of High-level Re-
placement Systems. Applied Categorial Structures 7(4) (1999) 371-403.

Abstract Based on the well-known theory of high-level replacement systems - acategorical formu-
lation of graph grammars - we present new results concerning refinement of high-level replace-
ment systems. Motivated by Petri nets, where refinement is often given by morphisms, we give a
categorical notion of refinement. This concept is called Q-transformations and is established with-
in the framework of high-level replacement systems. The main ideais to supply rules with an ad-
ditiona morphism, which belongsto aspecific class Q of morphisms. Thisleadsto the new notions
of Q-rules and Q-transformations. Moreover, several concepts and results of high-level replace-
ment systems are extended to Q-transformations. These are sequential and parallel transforma-
tions, union, and fusion, based on different colimit constructions. The main results concern the
compatibility of these constructionswith Q-transformations that isthe corresponding theoremsfor
usual transformations are extended to Q-transformations. Finally, we demonstrate the application
of these techniques for the specia case of Petri nets to a case study concerning the requirements
engineering of amedical information system.

Peimann, C. J.: Modeling Hospital Information Systems with Petri Nets. Methods Inf. Med. 27(1)
(1988) 17-22.

Pizzi, R.; DeGaetano, A.; Guadalupi, P.; Chiara, O.; Columbano, C.; Sicurdlo, F.: Prediction of
M SOF Evolution by Means of Nine Vital Systems Trajectories. MEDINFO 89. Proc. 6th Confer-
ence on Medica Informatics, Beijing, China and Singapore, 1989. Barber, B., et a. (eds.), North-
Holland, Amsterdam, The Netherlands (1989) 577-581.

Abstract Multiple System Organ Failure (MSOF) remains a principal cause of death after major
operative procedures. In aretrospective analysis of 132 emergency surgical patients, M SOF devel-
oped in 21. 240 integrated monitorings were derived from these patients. The records have yielded
the first knowledge base for an original procedure developed to study this severe syndrome. The
procedureincludesastatistical algorithm and amethod of knowledge representation and extraction
by means of a Petri net system.

Quaglini, S.; Mossa, C.; Fassino, C.; Stefanelli, M.; Cavalini, A.; Mici€li, G.: Guidelines-based
Workflow Systems. Artificial Intelligence in Medicine, Lecture Notes in Artificial Intelligence
1620 (1999) 65-75.
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Abstract This paper describes a methodology for achieving an efficient allocation of resources
while using clinical practice guidelines. The resulting system can be classified as a "guideline-
based patient workflow management system". Both medical and organisational knowledge are rep-
resented through computational formalisms, from relational tablesto Petri net, Human and techno-
logical resources, necessary to guideline-based activities, are represented within an organisational
model. This allows running the Petri net for simulating the implementation of the guiddline in the
clinical setting, in such away to validate the model and to suggest an optimal resource allocation,
before the workflow system isingtalled. Finally, we are experimenting the real setting implemen-
tation. For illustrating the methodology, an application concerning the management of acute
ischemic stroke is presented.

M37 Quaglini, S.; Stefanelli, M.; Cavallini, A.; Mici€li, G.; Fassino, C.; Mossa, C.: Guideline-based
Careflow Systems. Artif. Intell. Med. 20(1) (2000) 5-22.
Abstract This paper describes a methodology for achieving an efficient implementation of clinical
practice guidelines. Three main steps are illustrated: knowledge representation, model simulation
and implementation within a health care organisation. The resulting system can be classified as a
‘guideline-based careflow management system'. It is based on computational formalisms represent-
ing both medical and health care organisational knowledge. This aggregation allowstheimplemen-
tation of a guideline, not only as asimple reminder, but also as an ‘organiser' that facilitates health
care processes. Asamatter of fact, the system not only suggests the tasks to be performed, but a so
the resource alocation. The methodology initially comprehends a graphical editor, that allows an
unambiguous representation of the guideline. Then the guidelineistranslated into ahigh-level Petri
net. The resources, both human and technological necessary for performing guideline-based activ-
ities, are also represented by means of an organisational model. This allows the running of the Petri
net for simulating the implementation of the guideline in the clinical setting. The purpose of the
simulation is to validate the careflow model and to suggest the optimal resource alocation before
the careflow system is installed. The final step is the careflow implementation. In this phase, we
show that the 'workflow management' technology, widely used in business process automation,
may be transferred to the health care setting. This requires augmenting the typical workflow man-
agement systems with the flexibility and the uncertainty management, typical of the health care
processes. For illustrating the proposed methodol ogy, we consider aguideline for the management
of patients with acute ischemic stroke.

M38 Quaglini, S.; Caffi, E.; Cavdlini, A.; Micidli, G.; Stefanelli, M.: Simulation of a Stroke Unit Care-
flow. Medinfo 10(Pt 2) (2001) 1190-1191.
Abstract This paper describes the development and use of a simulation model representing part of
the medical practice within a Stroke Unit. In particular, we modelled the medical activities as de-
scribed in aguideline for the ischemic stroke treatment, adopted by the Stroke Unit of our hospital.
The Petri net formalism has been chosen for the model representation. The numerical parameters
have been estimated both using a database of about 100 patients collected during the last two years,
and eliciting knowledge from the neurologists. A commercial tool was used for performing simu-
lations, while ad-hoc routines were written for tailoring the result presentation to the specific con-
text. We consider simulation a very useful preliminary step for the subsequent implementation of
a patient workflow (careflow) management system. In fact, simulation is based on the process
model (the clinical practice guideline) and on the organisation model (human and technological re-
sources), so allowing to detect bottlenecksin the care delivery organisation and to find the optimal
resource allocation. For example, we show that simulation has been able to find some of the causes
of the delay in the patients treatment, and accordingly, to suggest changes in the organisation.

M39 Shannon, A.; Sorsich, J. G.; Atanassov, K. T.: Application of the Generalized Net in Nephrology
(Remark on the Global Generalized Net). 1995.
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M40 Shannon, A.; Atanassov, K. T.: Applications of Generalized Netsin the Modelling of Biomedical
Processes. 1995.

M41 Shannon, A. G.; Sorsich, J. G.; Atanassov, K. T.: Generalized Netsin Medicine. 1996.

M42 Shannon, A. J.; Sorsich, K.; Atanassov, N. N.; Georgiev, P.: Generalized Netsin General and In-
ternal Medicine Vol. 1, 1998, Sofia
Abstract Generalized Nets (GNs) are extensions of Petri nets and their modifications. The purpose
of this book is to apply the theory of GNs to general and internal medicine. Two volumes of the
book are planned: the first (present) one, containing 106 diagnostic GN-models of the basic dis-
eases in the areas of general medicine, cardiology, dermatology, endocrinology, gastroenterol ogy
and haematol ogy/oncology, and a second volume with more than 100 other GN models from the
areas of infectious diseases, nephrology, neurology, pulmonary diseases, rheumatology, emergen-
cy medicine, gynaecology, urology, behaviour medicine, and pharmacol ogy.

M43 Shannon, A. J.; Sorsich, K.; Atanassov, N. N.; Georgiev, P.: Generalized Netsin General and In-
ternal Medicine Vol. 2, 1999, Sofia.
Abstract Generalized Nets (GNs) are extensions of Petri nets and their modifications. The purpose
of this book is to apply the theory of GNs to general and internal medicine. Two volumes of the
book are planned: the first (present) one, containing 106 diagnostic GN-models of the basic dis-
eases in the areas of general medicine, cardiology, dermatology, endocrinology, gastroenterol ogy
and haematol ogy/oncology, and a second volume with more than 100 other GN models from the
areas of infectious diseases, nephrology, neurology, pulmonary diseases, rheumatology, emergen-
cy medicine, gynaecology, urology, behaviour medicine, and pharmacol ogy.

M44 Shannon, A.; Atanassov, K.; Sorsich, J.; Radeva, V.. Generalized Net Interpretations of Ivan Dim-
itrov's Informational Theory of Diseases. 2001.

Abstract Generalized Nets (GNs) are extensions of the Petri nets and their modifications. They are
tools for modeling parallel processes. Elements of their theory are given in chapter 2. In chapter 3
the GNs are used for interpreting the basic elements of the informational theory of diseases intro-
duced by Ivan Dimitrov (1940-1998), described shortly in chapter 1. |deasfor GN-modeling of the
human body are discussed in chapter 4.

M45 Sorsich, J. G.; Atanassov, K. T.: Application of Generalized Netsin Medicine (Diagnostics of Ar-
terial Hypertension of Renal Origin). 1984.

M46 Sorsich, J. G.; Atanassov, K. T.: The Application of Generalized Netsin Medicine (Renal Calic).
1984.

M47 Sorsich, J. G.; Atanassov, K. T.: Application of Generalized Netsin Medicine (Haemuturia). 1985.

M48 Sorsich, J. G.; Atanassov, K. T.: Application of Generalized Nets in Medicine (Permanent Pro-
teinuria). 1985.

M49 Sorsich, J. G.; Atanassov, K. T.: Application of Generalized Netsin Medicine (Renovascular Hy-
pertension). 1985.

M50 Sorsich, J. G.; Atanassov, K. T.: Application of Generalized Nets in Medicine (Acute Attack of
Gouty Arthritis). 1987.

M51 Sorsich, J. G.; Atanassov, K. T.: Application of Generalized Netsin Medicine (Dysuria). 1987.
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M53 Sorsich, J. G.; Shannon A. G.; Atanassov, K. T.: Application of the Generalized Net in Medicine
(Modelling of the Management of Blood Cholesterol in the Adult General Population). 1996.

M54 Sorsich, J. G.; Atanassov, K. T.: Application of the Generalized Net in Medicine (Polyuria). 1996.

M55 Sorsich, J. G.; Atanassov, K. T.: Application of Generalized Netsin Medicine (renal mass|lesions).
1997.

M56 Srinivasan, P.; Vignes, G.; Venable, C.; Hazelwood, A.; Cade, T.: From Chart Tracking to Work-
flow Management. Proc. Annu. Symp. Comput. Appl. Med. Care (1994) 884-887.

Abstract The current interest in system-wide integration appearsto be based on the assumption that
an organization, by digitizing information and accepting a common standard for the exchange of
such information, will improve the accessibility of this information and automatically experience
benefits resulting from its more productive use. We do not dispute this reasoning, but assert that an
organization's capacity for effective change is proportional to the understanding of the current
structure among its personnel . Our workflow manager is based on the use of a Parameterized Petri
Net (PPN) model which can be configured to represent an arbitrarily detailed picture of an organ-
ization. The PPN model can be animated to observe the model organization in action, and the re-
sults of the animation analyzed. This simulation is adynamic ongoing process which changeswith
the system and allows members of the organization to pose "what if" questions as a means of ex-
ploring opportunities for change. We present, the "workflow management system" as the natural
successor to the tracking program, incorporating modeling, scheduling, reactive planning, per-
formance evaluation, and simulation. This workflow management system is more than adequate
for meeting the needs of a paper chart tracking system, and, as the patient record is computerized,
will serve as a planning and evaluation tool in converting the paper-based health information sys-
tem into a computer-based system.

M57 Tetev, M.; Sorsich, J. G.; Atanassov, K. T.: Generalized Net Model of Hospital Activities. 1993.

M58 vander Maas, A. A. F.; ter Hofstede, A. H. M..; ten Hoopen, A. J.: Requirementsfor Medical Mod-
eling Languages. Journa of the American Medical Informatics Association 8(2) (2001) 146-162.

Abstract Objective: The development of tail or-made domain-specific modeling languagesis some-
times desirable in medical informatics. Naturally, the development of such languages should be
guided. The purpose of this article is to introduce a set of requirements for such languages and
show their application in analyzing and comparing existing modeling languages.

Design: The regquirements arise from the practical experience of the authors and others in the de-
velopment of modeling languages in both general informatics and medical informatics. The re-
quirements initially emerged from the analysis of information modeling techniques. The require-
ments are designed to be orthogonal, i.e., one requirement can be violated without violation of the
others.

Results: The proposed requirements for any modeling language are that it be "formal" with regard
to syntax and semantics, "conceptual," "expressive," "comprehensible," "suitable," and "executa-
ble." Therequirements areillustrated using both the medical 1ogic modules of the Arden Syntax as
arunning example and selected examples from other modeling languages.

Conclusion: Activity diagrams of the Unified Modeling Language, task structures for work flows,
and Petri nets are discussed with regard to the list of requirements, and various tradeoffs are thus
made explicit. It is concluded that this set of requirements has the potential to play avital rolein
both the evaluation of existing domain-specific languages and the development of new ones.
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ECOLOGY UND ENVIRONMENT
Gnauck, A.: Modding of Ecological Processes by Means of Petri Nets. BTU Cottbus 1995.
Gnauck, A.: Anaysisand Modelling of Ecosystems by Means of Petri Nets. Eco Summit “96.

Gnauck, A.: Moddlierung von Okosystemen mit Petrinetzen. Reader Pre-Meeting Workshop AK
Theorie in der Okologie. 1997, 1-10.

Gnauck, A.: Modéllierung von Okosystemen mit Petrinetzen. Jahrestagung Gesellschaft fiir Okol-
ogie, 1997.

Gnauck, A.: The Use of Petri Netsfor Ecosystems Modelling. Conference on Statistical and Math-
ematical Modelling, TU Berlin, Germany, 1997.

Gnauck, A.: Automaten und Petri-Netze — Werkzeuge der Okosystemtheorie. Workshop, 1999.

Gnauck, A.: Automaten und Petri-Netze: Werkzeuge zur Okosystemmodellierung. Jahrestreffen
des Arbeitskreises Theorie der Gesellschaft fiir Okologie, 2000.

Gronewold, A.; Sonnenschein, M.: Event-based Modelling of Ecological Systems with Asynchro-
nous Cellular Automata. Ecological Modelling 108(1-3) (1998) 37-52.

http://citeseer.nj.nec.com/gronewol d97eventbased.html

Abgtract In this article, we give an example for the modelling of ecological systems with cellular
automata based on the description of cell's behaviour by Petri nets. Petri nets offer aformal mod-
elling technique with event-based, concurrent, asynchronous state changes where graphical sym-
bols are used for the description of states with respect to stale changes. This allows the formal de-
scription of cellular automata with asynchronous cells' behaviour within one synchronous time
phase of the automaton, i.e. within one time phase of the whole automaton, many asynchronous
mini-steps of cells can appear. This can be, e.g. used to model moving individuals that cross an
arbitrary number of cellswithin one time phase. By this attempt, alarge class of individual-orient-
ed models can be defined in amore abstract and formal manner than can be done by computer sim-
ulation programs. Since Petri nets allow a graphical representation of the modelled cells behav-
iour, interactions, dependencies or cause effect chains can be visualized in the representation of the
model.

Keywords Larvainfestation of oak trees; stochastic PN; methodics

Seppelt, R.; Temme, M.-M.: Hybrid Low Level Petri Netsin Environmental Modelling — Devel-
opment Platform and Case Studies. I ntegrative Systems Approachesto Natural and Social Scienc-
es. Springer, 2002, 181-202.

http://www.tu-bs.de/institute/igg/ag-ans/pers/ral f/chapter.zip
http://citeseer.nj.nec.com/492919.html

Abstract In this contribution, a prototypical development platform is presented, which supports
model development of standard and hybrid low level Petri nets with respect to the requirements of
environmental modelling. The basic theory of hybrid Petri nets with important extensions for ec-
ological modelling are summarised, and the development platform is shortly described. Two ex-
amples are chosen for detailed study: Petri net as integrating framework for a hybrid crop growth
model based on ordinary differential equation systems, and a population/migration model for the
Galapagos archipelago.

Keywords grain growth, population dynamics migration Galapagos archipelago; hybrid PN, me-
thodics, software
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Seppelt, R.: Avenues of Spatially Explicit Population Dynamics Modeling — A par Excéllence
Example for Mathematical Heterogeneity in Ecological Models? Proc.Integrated Assessment and
Decision Support (IEMS), Lugano, Switzerland, June 2002, Vol. 1, 269.

http://www.iemss.org/iemss2002/proceedings/pdf/volume%20uno/52_seppelt. pdf

Abstract This contribution discusses different approaches to spatially explicit modeling of popula
tion dynamics of the intrusion of non-endemic species into patched habitats. Different modeling
approaches such as cellular automata, partial differential equations and hybrid Petri nets are sum-
marized. An application of a meta—population model for the Galapagos archipelago is described
using a partial differential equation and a Petri net model. A detailed comparison of both models
in terms of simulation results and methodol ogy shows how different building blocks of ecological
models can be. And the question is raised, how far the integration of modelsis at all possible and
should be aimed at. Results of the investigation give a detailed insight into the problem of scaling
ecological models and the core question of what processes should be considered in which scalein
terms of space, time or complexity.

Keywords population dynamics; spatial modelling of population dynamics of intrusion of non-en-
demic speciesinto small habitates; meta-population model for the Galapagos archipel ago; method-
ics

Sharov, A. A; Kull, K.: Definition and Elementary Properties of Self-Reproducing Systems. Zhur-
nal Obshchel Biologii 51(6) (1990) 723-730.

Abstract Formal analysis of self-reproducing systems allows to consider joint properties of chem-
ical autocatalytic systems, biological populations, ecosystems, technical, social, and cultural sys-
tems. Potential self-reproducing system can be defined using Petri net language as a non-empty
subset Q of positions with a sequence of internal transitions, in which at least one initial and one
final position belongsto Q, and it increases the number of objectsin all positions of subset Q. Min-
imal potential self-reproducing systems consist of one or several interconnected transition cycles.
Real self-reproducing system can be defined on the basis of its stable existence at constant efflux
of its components. It is ssimultaneously a potential self-reproducing system. At certain conditions,
any potential self-reproducing system may become real. One can introduce a trophic structure sim-
ilar to that in ecosystemsin any Petri net. Abstract population isaminimal unit of trophic structure.
Itisapotentially self-reproducing system. Abstract populations can be divided into autotrophic and
heterotrophic, and the latter, into phagotrophic and saprotrophic ones.

Keywords methodics

Sharov, A. A.: Self-Reproducing Systems — Structure, Niche Relations and Evolution. Biosystems
25(4) (1991) 237-249.

http://www.gypsymoth.ento.vt.edu/~sharov/biosem/petri/petri.html
http://www.gypsymoth.ento.vt.edu/~sharov/pdf/sel frep.pdf

Abstract A formal definition of a self-reproducing system is proposed using Petri nets. A potential
self-reproducing system is a set of places in the Petri net such that the number of tokens in each
place increases due to some sequence of internal transitions (a transition is called internal to the
marked subset of placesif at |east one of its starting places and one of itsterminating places belongs
to that subset). An actual self-reproducing system is a system that compensates the outflow of its
components by reproduction. In a suitable environment every potential self-reproducing system
becomes an actual one. Each Petri net can be considered as an ecosystem with the web of ecolog-
ical niches bound together with trophic and other relations. The stationary dynamics of the ecosys-
tem is characterized by the set of filled niches. The process of evolution is described in terms of
niche composition change. Perspectives of the theory of self-reproducing systemsin biology are
discussed.

Keywords methodics
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Sonnenschein, M.; Gronewold, A.: Diskrete Petrinetze fir individuenbasierte Modelle.
http://www:-ui.informatik.uni-ol denburg.de/ai/forschung/projekte/EcoT ool s/berichte/
Braunschweig95/paper.ps

Abstract Um die Mdglichkeit der Verwendung von Petrinetzmodellen in der Okologie und Biolo-
gie darzustellen, erfolgt die Entwicklung eines Petrinetzmodells fir ein einfaches Rauber/Beute-
System.

Trandation In order to represent the possibility of application of Petri net models in ecology and
biology, the development of a Petri net model for a simple robber/booty system follows.
Keywords In German. robber-booty systems; example fox-hare; place variable and arc weight is
number of individuals; S-invariants, test arcs, inhibitor arcs, time-dependent PN, colored PN, hier-
archical PN, (continuous PN); methodics

Wursthorn, H.: Projektbericht Stoff- und EnergiefluRanalyse. Simulation der Kléranlage Osna-
briick mit Umberto. Anwendung auf das Abwasser der Universitét Osnabriick. Universitat Osna-
brick, Institut fir Umweltsystemforschung, 1998.

http://www.usf.uos.de/proj ects/sue/Zubehoer/Zub_downl oad/abwasser. pdf
Keywords stuff and energy flux nets; sewage plant; methodics, software
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