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Lecture Notes

Lecture1: Course Organization; Introduction to Workflows


Workflow Management Systems – information systems to reduce people’s workload, esp. in offices; Business Process Redesign; WFMC – Workflow Management Coalition, Petri nets – formal model to define, analyze and verify workflow processes, types of IS: Office IS, Transaction Processing Systems, Knowledge Management Systems, Decision support systems, Control Systems, organizational paradigm shift from capacity utilization to customer care, fundamental workflow concepts: task, process, atomicity, granularity of a task, economy of scale, case, state; subdivision of processes: primary (production processes), secondary support processes), tertiary (managerial processes); three dimensions of workflows: control-flow dimension, case dimension, resource dimension; homework #1 distributed 

Lecture 2: Eight Hypothesis Concerning Influence of WFMS on Society


Three types of triggers in workflows: a resource initiative, an external event, a time signal; common errors in process definition: tasks without input/output conditions, dead tasks, deadlock, livelock, activities take place after the case has been completed; elementary Petri net concepts: places, transitions, arcs; mapping workflow concepts onto PNs; example of a process – insurance claim processing; classes of organizational structures: hierarchical organization, matrix organization, network organziation 

Lecture 3: Defining Processes Using Petri Nets


Transitions with AND Split and AND Join; transitions with OR Split and OR Join; four fundamental PN constructs: sequential composition, parallel composition, selective routing, iterative routing; three extensions of PNs: color – to define complex data types, time – to allow performance evaluation and representation of reactive systems, hierarchy – to support abstraction and refinement

Lecture 4: Petri nets with abstraction and refinement – Petri net morphisms


Example of renting agency modeling using PNs; vicinity preserving PN morphisms and their application in PN abstraction and PN refinement; three perspectives of the renting agency modeling: customer perspective, insurance company perspective, renting agency perspective,; discussion of solutions to problems 2.6, 2.7, 2.8, and 2.9 from chapter 2 of the textbook – subjects of HW #1 (modeling issue and performance issue)

Lecture 5: Specification of Business Processes with Relation/Transition nets


Example of travel agency with plane tickets and hotels being booked; modeling of organizational structures, modeling of business rules, modeling of time; project #1 handouted and discussed – workflow modeling using Renew software package; use of Woflan – workflow diagnosis tool; definition of Workflow net, soundness property of Workflow nets 

Lecture 6: Workflow diagnosis with Woflan


WfMC – reference model; Woflan’s software architecture; Woflan’s flowchart, examples of workflow nets with design errors, what Woflan can diagnose: many structural properties of the workflow net, soundness as a dynamic property of the workflow net, several dynamic properties of the workflow net based on its reachability graph 

Lecture 7: Processes in Petri nets and Workflow Nets; Confusion = Concurrency + Conflict


Example of a Petri net modeling concurrent vending machine with several drinks being served to different clients at the same time, concept of a process for a Petri net, unfolding of a given Petri net process from a Petri net; definition of confusion by example and formally by means of conflict sets, computing conflict sets; conflict increasing and decreasing confusion; distribution of research topics for a term paper 

Lecture 8: Five Perspectives of Workflows; Why to Use Petri nets for Workflows


The control flow perspective (routing), the resource perspective (organization), the data perspective (data), the task perspective (function), the operation perspective (application); three good reasons to use PNs for WFMS: PNs have graphical representation yet also a formal semantics, PNs are both state-based and event-based, PNs have abundance of analysis techniques and software tools

Lecture 9: Reachability graphs of Petri nets – deadlock detection


Example of pump system modeling by Petri nets; deadlock representation in Petri nets; deadlock detection using reachability graph of Petri nets, elimination of deadlock through change in structure of Petri nets, algorithm to calculate reachability graph of Petri nets 

Lecture 10: Colored Petri nets in WFMS


Example of resource allocation problem and its modeling using Colored Petri nets, analysis of enabling conditions for a transition; enabling sets, folding of a Place/Transition net into Colored Petri net, analysis of arc inscriptions in Colored Petri nets, homework #2 handouted 

Lecture 11: Structural and Behavioral Properties of Workflow Nets


Definition and example of Non Free-Choice Petri nets – nets with a mixture of parallelism and choice; Free-choice Petri nets; Workflow net is sound iff its short-circuited version is live and bounded; soundness property assumes fairness; how to prove WF net soundness property – a) by checking the following properties of the WF net: on input and one output place, no dangling references (tokens) after reaching the output place, each transition can be enabled at certain global state (marking) of the WF net; b) by using reachability graph to check the above three properties.  

Lecture 12: Elements of Performance Evaluation Applied to Workflow Nets


The Little’s theorem; Definitions of basic concepts in queuing theory: arrival rate, service rate, utilization, time spent in a queue, time spent in a system, average processing time, coefficient of variation, capacity utilization, average number of cases in progress, average waiting time. 

Lecture 13: Two Methods of Verification and Validation of Workflow Nets


Method #1: using place and transition invariants of Petri nets to prove dynamic properties of a system; Method #2: using reachability graph. Computing place and transition invariants for PNs. Solving problems from HW #2: problem 3.3 (resource allocation); problem 3.4 (workflow modeling); problem 4.2 (computing place and transition invariants), problem 4.3 (verification and validation), problem 4.4 (correctness of process definition), problem 4.7 (performance analysis). 

Lecture 14: Process-based Architectures for Inter-Organizational Workflows


Overview of basic properties of six architectures for inter-organizational workflows: Capacity Sharing Architecture, Chained Execution Architecture, Subcontracting, Case Transfer Architecture (CTA), Extended Case Transfer Architecture (ECTA), Loosely Coupled Architecture (LCA); Role of Inter-organizational Workflows in Electronic commerce. 

Lecture 15: Midterm Examination

Lecture 16: Extended Case Transfer Architecture (ECTA)


Definition of the architecture – formal and by example, one business partner has a case at any single moment of time, cases jump from one location to another under certain circumstances; reasons for case transfers: load balancing, pro-active/dynamic reconfiguration, lack of enabling of a task by a given business partner. 

Lecture 17: Loosely Coupled Architecture (LCA)


Formalization of the Message Sequence Charts (MSC) for IOWFs. Partial order relations for MSCs and IOWFs, asynchronous and synchronous communication mechanisms in IOWFs, correctness issues for IOWFs: inter-organizational soundness and consistency. Local and global correctness. Examples of workflows that are locally sound but not globally sound and workflows that are globally sound but not locally sound. 

Lecture 18: Loosely Coupled Architecture (LCA), ctnd.


How to make workflow structure closer to behavior of Petri nets – by designing workflows that are well-structured wrt SPLIT/JOIN operations, i.e. their behavior can be easily derived from its structure. Extended net for LCA of IOWF; unfolding of LCA IOWF, concept of implicit places and their role of consistency of IOWF. Definition of 1-consistency and k-consistency. Example of checking consistency of IOWF with MSC. Analysis of solutions to Homework #2 – esp. computing S-components and checking that Petri net is free-choice.

Lecture 19: Project #2 – Design/CPN - the Banker’s Problem


Definition of the Banker’s problem; analysis of the problem for 2 dimensions; state space of the problem as a function of 2 variables, Petri net model of the Banker’s problem; stable states, unstable states and deadlocked states; graphical representation of the state space; the Banker’s problem for 3 dimensions, classification of global states in the Banker’s problem. 

Lecture 20: Liveness, Boundedness, and Reversibility in Petri nets


Formal definitions of liveness, boundedness, and reversibility for Petri nets; several examples of PNs indicating that liveness, boundedness, and reversibility are three independent behavioral properties of systems. Concept of the home state and the home space.

Lecture 21: Relation of Bi-similarity for Petri nets


Strong bisimilarity relation. Step bisimilarity relation. Branching bisimilarity relation. Examples of systems with different bi-similarity relations. Silencing transitions. Respecting the moment of choice. 

Lecture 22: Time in Petri nets


Time as delay and duration. Discrete and continuous time; time assigned to tokens, transitions and arcs; Semantics of time annotations in Petri nets; code regions assigned to transitions. Global vs. local time in Petri nets. Examples: jam making, chemical reaction.

Lecture 23: Major Issues of Workflow Systems

Workflow mining, workflow reconstruction, workflow recovery. Adaptive Workflows. Process-based architectures for IOWF. Correctness issues for Workflows and IOWF (soundness and consistency). Petri net-based WFMS – review of software tools. Reference Nets – Nets in Nets. Controllability of Workflow Processes. Application of Petri nets to reason about human factors. Time in Petri nets, Workflow nets. Functions and Architecture of Workflow Management Systems – chapter 5. Organizational modeling in UML and XML in context of Workflow Systems. Standards of Web Services. Workflow Patterns. Workflow Specification Languages. Proclets – Interacting Light-weight Workflow Processes. 

Lecture 24: Chapter 5 – Workflow Management Systems


Role of WFMS; a Reference model; the various components of a workflow system; roles of people involved; data in a workflow system; problems with interfacing; interoperability standards; required technical infrastructure; current generations of workflow systems; Staffware, COSA; ActionWorkflow; Analysis tools – Woflan. 

Lecture 25: Chapter 5 - Workflow Management Systems


BPR tools – Protos; Adaptive workflows; Computer Supported Coordination Work (CSCW); In Concert system; Workflow Management Trends; Planning, Transaction management; Internet/Intranet; logistical management.

Lecture 26: Chapter 6 – Workflow System Development


Business process re-engineering (BPR); Rapid application development (RAD); the IPSD method (Interactive Process-oriented Development); phases of the IPSD method: preparation, diagnosis, process redesign, requirements, architecture, component design, construction, integration, delivery, enactment, monitoring and improving; integrating WFMS with legacy systems. 


Lecture 27: Student Research Presentations

1. Wenyi Lin, Tool case study: PIPE software package; http://petri-net.sourceforge.net/
2. Jian-Lun Chen, Token-controlled place refinement in hierarchical Petri nets with Applications to Active Document Workflow
Lecture 28: Student Research Presentations

1.Joshua Masters, Tool Study; Icondea – Business Pilot

2.Kuan-Hsuan Wang; Inter-organization Workflow Management with Mobile Agents in COSM

3.Marcio F. Santiago, Inheritance in Petri Net Designs.
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