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Lecture Notes

1. Elementary concepts of Petri nets, Process nets for P/Tr Petri nets (3 hours):

· concepts discussed were: transition is enabled, enabling set ES(t) for transition t, contact situation and methods of conflict resolution – random or by priority, step of PN execution, confusion as coexistence of concurrency and conflict

· formalization of confusion using conflict sets; conflict increasing and conflict decreasing confusions

· definitions of: sequential net, non-sequential net, deterministic net, non-deterministic net

· example of a multiple vending machine modeled by Place/Transition nets

· analysis of three different process nets representing three different scenarios of vending machine activities

· definition of a process net for a given Place/Transition net – illustration of a process by a vending machine example

· computing co (concurrency) and li (linear) relations from given process nets as a method of extracting maximal permissible concurrency and a set of actions that need to be computed sequentially

· two PNs are equivalent iff their case graphs/reachability graphs/occurrence graphs are isomorphic.

2. Conceptual modeling of Information Systems with Condition/Event nets using net morphisms (4 hours):

· refinement and abstraction operations in conceptual modeling of Information Systems

· example of a car renting agency modeled by C/E nets

· three perspectives of the renting agency: customer perspective, insurance agency perspective, and renting agency perspective and their representation by C/E nets as a result of application of several incremental abstraction operations based on the idea of vicinity preserving morphisms of PNs

· example of the Peterson’s mutual exclusion algorithm – Petri net model using C/E net with abstractions/ refinement (optional; presented as homework assignment)

· definitions of Petri net morphisms and vicinity preserving morphisms; S-components and T-components of PNs; examples of PN transformations using vicinity preserving morphisms

· catalog as an application of system morphisms in contemporary world; definition and explanation what it means for a function to preserve operations of a system being modeled by finite automata and Petri nets  

· role of Petri net morphisms in conceptual modeling of IS (refinement and abstraction operations as a way to get system with more details and system with less details, respectively)

· computing a reachability graph for a P/Tr net with one customer (example of a renting agency with one customer only being processed); explaining meaning of case graph and occurrence graph, for C/E nets and for CP nets, respectively

· representing Petri net by means of a transition (adjacency) matrix N with row as places and columns as transitions; definition of net invariants as vectors x wrt to set of places such that NTx = 0.

3. Business Decision Support Systems (DDS) modeled by high-level Petri nets – Predicate/Transition nets with hierarchical data structures (3 hours):

· travel agency with concurrent activities of plane ticket ordering and hotel ordering modeled by means of Predicate/Transition nets (based on a paper by Oberweis)

· filter tables as a method of hierarchical data structures representation - Nested Predicate/Transition nets

· modeling of organizational aspects with Predicate/Transition nets (such as specialization of employees)

· modeling of business rules with Predicate/Transition nets (such as payment by a credit card)

· modeling of time with Predicate/Transition nets (such as delay and duration of actions represented by transitions)

· modeling of exceptions with Predicate/Transition nets (such as negative completion of one activity and positive completion of another activity that requires a reconsideration of the first one) 

· incremental development method of PN model for IS, their integration and simulation

· business process redesign, business process reengineering

4. Performance evaluation of Information Systems by means of Petri net modeling and simulations – example of client/server architecture (4 hours):

· Representation of time in Petri nets (tokens with timestamps in places, transitions with time annotations representing delay and duration of action)

· Time in Petri nets as delay of action, duration of action, window of opportunity to start an action

· Example of deterministic PN of making a jam from apples, sugar, and preservatives – indication of problems with time in PN representation

· Stochastic Petri nets and their reachability graph in a form of Markov chain

· Generalized Stochastic Petri nets – timed and immediate transitions – example of applicability in modeling – 2 processor bus-based parallel system

· Overview of software tools that allow simulation with time and their capabilities

· Information System performance understood as mean response time and utilization of computing resources (such as CPU, disk, network); parametric sensitivity – exploring different architectures and their influence on performance; exploring different workflow scenarios and their influence on performance

· Trivedi’s Stochastic Reward Petri net  (SRN) model for client-server architecture in Token ring architecture – basic model and a model with super-client

· Incremental design of Stochastic Petri net model with consecutive refinements for client-server architecture with changing number of clients and servers, and changing architectures and behavioral scenarios of client-server interactions

· Place invariants of PNs and their applications to prove correctness of system properties (a method of IS verification) – two clients and two servers running each on one computer

· operational scenarios for client-server architecture: a - with file server, b - with compute server

· results of simulations from performance perspective – average system response time, CPU, disk, and network utilizations; comparison with results for real system runs.

5. Organizing workflows – definitions and modeling by Petri nets (3 hours):

· Organizational paradigm shift from capacity utilization to customer care 

· concepts of workflow analysis: the process, the case, the conditions, the tasks – an example of tasks in insurance company with claim processing

· classification of processes: primary processes, support processes, and managerial processes

· two kind of principals: the boss and the customer

· relationship between principle and contractor (an actor) – a communication protocol

· organizational structures: the hierarchical organization, the matrix organization, the network organization important for WF systems

· classification of information systems: office IS, transaction processing systems, knowledge management systems, decision support systems, control systems, business information systems

· routing (sequential, parallel, selective, iterative routings); enactment – examples of travel agency and insurance claims

· Petri nets applied to workflow modeling; mapping workflow concepts onto Petri nets.

· workflow patterns – patterns as flexibility mechanisms in workflow modeling

· Renew – Petri net based modeling software package: http://www.renew.edu

6. Analyzing Workflows (3 hours):

· Soundness property of workflows modeled by Petri nets

· Relation of soundness to liveness and boundedness of Petri nets

· Analysis of CP nets and their applications to modeling workflows: transition enabling and firing in CP nets – principles and examples – several versions of resource allocation problem

· Woflan – software tool to analyze workflows modeled with Renew and other systems

7. Management of Workflows (2 hours)

· Processes driving networked economy – process portal, process vortex, dynamically traded processes (based on handouted paper by Sheth, van Aalst, and Arpinar, IEEE Concurrency)

· WfMC – Workflow Management Coalition reference model for workflows.

8. Verification of Information Systems modeled by PNs and CPNs (3 hours)

· application of PNs to represent and reason about human factors problems during air traffic accident analysis (paper by Johnson handouted)

· place invariants for PNs and CPNs - definitions, computing, invariants vs. safety properties of systems

· reader/writer problem – modeling and verification using place invariants

· producer/consumer problem – modeling and verification using place invariants

· sender/receiver problem – modeling and verification using place invariants

· communication protocols – modeling and verification using place invariants

9. Inter-organizational Workflows for Electronic Commerce (4 hours):

· Six architectures for electronic commerce and inter-organizational workflows: capacity sharing architecture, subcontracting architecture, case transfer architecture, extended case transfer architecture, loosely coupled architecture and their informal characterization

· Formalization of communication protocols for inter-organizational workflows for extended case transfer architecture and in loosely coupled architecture

· Correctness and consistency concepts for IOWF modeled by PNs

· Message Sequence Charts MSC as models of communication protocols for IOWF

10. Industrial examples of workflow modeling, analysis and diagnosis with Renew and Woflan (3 hours):

· Printed Wiring Board Manufacturing System at Raytheon

· Procurement System at Raytheon 

I. Homework Assignments

Homework #1 (5 points): Gas station modeling by C/E nets and CP nets

Customers, attendants, and pumps are entities that participate in this system and can be at certain moment of time in one local state only – for instance attendant can be in one of three states: being ready to accept pre-payment, being ready to activate a pump, and being ready to pay a change; number of customers is unlimited, number of attendants and pumps is finite and fixed. Sequence of actions from customer perspective is as follows: to arrive to gas station, to prepay, to get access to a pump, to use pump, to collect change, and to be a former customer. 

Present C/E net model that contains deadlock (being reflection of certain organization of system). Specify conditions when deadlock can occur. Eliminate deadlock by changing organization of the gas station procedures (this implies that number of pumps and attendants is fixed; it also means, implicitly, that number of places and transitions remains unchanged; only connections of arcs can be changed, i.e. preconditions of certain actions can be modified. 

Compute reachability graph for C/E net with deadlock and without deadlock. Describe in your own words a global state of a system in which deadlock occurs. Initial marking of the system should include availability of at least one customer, one attendant, and one pump. Arrival of the second customer, before the first one is fully processed, is needed to be able to show existence of deadlock. (Main issues – deadlock, deadlock avoidance by structural changes, reachability graph vs. deadlock)

Deadline – Friday, Nov. 29, 2002.

Homework #2 (5 points); Peterson’s mutual exclusion algorithm – abstractions and refinements

Develop Petri net model using Renew software; apply at least two abstraction steps to modify initial model to a simpler one; these abstraction steps must be based on vicinity morphisms as discussed in class; check syntax correctness and run simulations of all three models with Renew. Report results of your simulations. All places and transitions used in Petri nets must be explained wrt to their intended meaning. For PN transitions use verbs, for PN places use nouns (Main issues – step-wise refinement/abstraction of Petri nets using vicinity morphisms).

Deadline – Dec. 20, 2002; submit by email

Homework #3 (5 points); Dining Philosophers with C/E nets and with CP nets


Design a C/E net for a classical dining philosopher problem; assume five philosophers and five chopsticks. Assume that philosopher can be in one of two states: thinking or eating. Chopstick can be also in two states: available and used. Indicate conditions of deadlock in this problem. Consider two possible cases of the problem: 

a) when both chopsticks are taken by a philosopher concurrently (synchronous version), and 

b) when chopsticks are taken separately, one at a time in arbitrary order (asynchronous version). 

In initial situation all chopsticks are available on a table and are represented by separate places. Repeat your design with CP nets (Main issues – modeling of IS by CPNs, relationships between CP nets and C/E nets, familiarity with CPN system and its functionalities – visual programming). 

Deadline – January 8, 2003 - submit by email

Homework #4 (5 points); Place invariants of Petri nets as applied to Workflows


Solve exercise 4.2 a) and b) from the van Aalst/van Hee textbook, chapter 4, page 135-136. 

Deadline – January 20, 2003; submit at PJWSTK during session in January 2003

Homework #5 (5 points); Architecture of Workflow Systems


Solve Exercise 5.1 and 5.2 from the van Aalst/van Hee textbook, chapter 5, page 208-209.

Deadline – January 24, 2003; Submit at PJWSTK during session in January 2003

II. Project Assignments

Project #1 (12.5 points) - Modeling of organizational workflows with Petri nets. 

Use Renew modeling and Woflan diagnosis software packages to model and diagnose one of three workflow systems as described on pp.71-74 of the van Aalst/van Hee book and distributed to you in form of a handout:

a) claim processing by insurance company

b) complaints handling by complaint department

c) let’s have a party – a student group organizing parties

Your solution in a form of a Petri net should have a list of places and transitions with their names indicating purpose of their existence. A Petri net model should be implemented in the Renew system, should compile correctly and should perform a Renew-based simulation of tokens. In addition, one should import Renew files into Woflan system and show that your design is correct by running Woflan diagnosis (Main issues – modeling of workflows by PNs, familiarity with Renew and Woflan). 

Deadline – December 15, 2002 – by email – submit the whole project; demo during second session in January 2003

Project #2 (12.5 points); Conference paper submission and acceptance process using Design/CPN; 

Using Colored Petri nets design and implement using Design/CPN an executable model of a system that represents a conference paper submission process. An author can submit arbitrary number of papers with different titles. Submission of a paper with the same title by the same author implies that the latest version should be accepted only. Papers are called submitted if they have been sent to conference’s organizers. Paper submission process has a deadline. Papers are called received if they have been filtered (no duplicates), accepted and stored by the conference organizers. The filtering operation is done in the following way: a dynamic list is hold to store the titles of papers that have already been accepted. Every new paper that comes in is checked against this list. If the paper name is already on the list for the same author then the previous version of the paper should be replaced by the new one. Two different authors may have papers with the same title. Invitations to participate in the conference are sent to all authors. This means that authors of several papers will get several invitations to register. In your solution show: names of all places and their intended meaning, names of all transitions, names of all functions designed, description of your design. Your design must compile correctly and must execute within Design/CPN software package. (Main issues – modeling of IS by colored PNs, familiarity with CPNs system – visual programming)

Deadline – January 10, 2003; submit by email; demo during second session in January 2003

Final Exam combined with Midterm – handouted and discussed on Saturday, January 25, 2003 (a separate handout) – 60 points; to be submitted electronically by January 31, 2003.
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