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CIS 581

Design and Verification of Information Systems

Prerequisites: 

CIS Graduate Standing and CIS 580

Credit Hours: 

3

Catalog Description: The course in applied computer science. Information systems have to adapt to changing environments. Adaptability and flexibility of information systems have to be supported. Distributed and concurrent execution of information systems, as represented by Internet and intranets, have to be supported during the design phase. The course systematically addresses an issue of sound engineering design methodologies and technologies in development and maintenance of information systems/business systems with special emphasis on workflow management systems. The course adopts various forms of Petri nets to represent distributed and concurrent nature of such systems. It takes into account foundations of Petri nets and availability of related CASE tools. For systems partitioning the object-oriented approach is applied. For representation of process-based activities Petri nets are applied. Combination of Petri nets and object-orientedness is used in design and verification stages of systems’ development.

Course Objectives:

· The introduction of computer networks has enabled technologies like workflow automation and coordination of collaborative work in and across organizations, allowing process reengineering to shorted process times by introducing parallelism; the introduction of these technologies requires a precise specification of control for a parallel process to avoid control anomalies (like useless work or deadlock)

· To master effective modeling of information systems, business processes, and workflow management by means of Petri nets

· To master structural and reachability-based verification techniques for information systems, business processes, and workflow management

· To master performance evaluation techniques (with respect to time and cost) of information systems, business processes, and workflow management

· To master application of existing CASE tools in design of information systems, business processes, and workflow management engineering.

Textbooks:

1. van Hee K M., Information Systems Engineering, Cambridge University Press, 1994, ISBN 0-521-45514-6.

2. Eds. Wil van der Aalst, Joerg Desel, Andreas Oberweis, Business Process Management, Models, Techniques, and Empirical Studies, in series: Lecture Notes in Computer Science, vol. 1806, 2000, Springer Verlag, ISBN 3-540-67454-3.

3. Claude Girault, Ruediger Valk, Petri Nets for System Engineering: A Guide to Modeling, Verification, and Applications, May 2001, Springer-Verlag, ISBN 3540412174

4. M.P. Papazoglou, G. Schlageter, Eds., Cooperative Information Systems: Trends and Directions, Academic Press, 1998.

5. Reisig, W., Elements of Distributed Algorithms, Springer Verlag, 1998.

6. Holt, A.W., Organized Activity and its Support by Computer, Kluwer Academic Publishers, Dordrecht, 1997.

Journals and Web Resources:

1. http://www.jeffsutherland.org/oopsla97 S. Paul et al. “Essential Requirements for Workflow Standards”, OOPSLA’98, Business Object Workshop III.

2. International Journal of Electronic Commerce, since 1996.

3. Van der Aalst, W.M.P., The Applications of Petri Nets in Workflow Management, The Journal of Circuits, Systems, and Computers, vol. 8 (1998), pp.21-66.

4. European Journal of Information Systems.

5. Computer Supported Cooperative Work (CSCW), An International Journal, since 1992.

6. Journal of Intelligent Information Systems, since 1998.

7. Journal of Computer Supported Cooperative Work (CSCW).

8. IEEE Transactions on Software Engineering.

9. Woflan Home Page: http://www.win.tue.ne/~woflan
10. IEEE Transactions on Systems, Man, and Cybernetics.

11. Distributed Systems Engineering, since 1992.

12. A. H. M. ter Hofstede, M. E. Orlowska, J. Rajapakse, Verification problems in conceptual workflow specifications, Data & Knowledge Engineering, (362), 1998, pp.239-256.

Course Outline:

A. Business Process Engineering 

1. Conceptual modeling of Information Systems. Introduction to techniques for Modeling Business Processes and their support of design reuse. Modeling, Analysis, Validation, and Simulation of Formalized Business Processes. 

2. Formal Analysis Techniques in Business Process Redesign/Reengineering. Formalization and verification of event-driven process chains. Case-driven processes: approving a loan, processing an insurance claim, handling a traffic violation. Issue of automatic code generation for Information Systems. FIFO nets and FIFO occurrance nets in Information Systems. Nested Relation/Transition nets in modeling distributed business applications. Dynamic Process modeling using Rule-based Nets and Predicate/Transition nets.

3. Synthesis problem of concurrent systems from observations or specification encoded in data table - approach based on rough sets theory and Petri nets. Distributed Information systems.

4. Development of Effective and Flexible Information Systems.

5. Object-Oriented Petri Nets in Business Process Modeling:

· objects allowing partitioning of the model according to an application and 

· Petri nets to follow a process centered approach. 

· analysis of several techniques of combining object-orientedness with Petri nets to achieve verification and validation of Information System design.

· analysis and use of related CASE tools. 

· Petri net representation of objects, methods, and inheritance. Inheritance anomaly and techniques of its avoidance.

6. Performance Issues - Throughput and Cost Analysis of Business Processes based on Process Nets.

7. Management-Oriented Models of Business Processes – decision-making with Fuzzy Petri nets.

8. SGML nets for modeling business processes in the area of Internet-based commerce. Architectural evolution in the context of networked economy. Processes driving the Networked Economy: Process Portal, Process Vortex, and Dynamically Trading Processes.

9. Case studies of information systems engineering – management of a distributed database, management of a traffic congestion at the airport and seaport. Symmetric communication between Colored Petri net simulations and Java processes.

B. Workflow Management:

1. Petri net-based specification of workflow applications, analysis, simulation, validation. Petri net-based tools for Workflow analysis. Workflow as a set of business rules.

2. Workflow management in support of controlling, monitoring, optimizing, and supporting business processes.

3. Workflow Management Verification – finding control flow errors by using formal techniques. Validation of Process Models by Construction of Process Nets.

4. Adaptability and Flexibility of Workflow Management Systems – design fundamentals and software tools supporting adaptability and flexibility. Automatic detection of deadlock, congestion, soundness, and fairness in business processes.

5. Interoperability of Workflow Management Applications. Inter-organizational Workflows. Exception Handling in PN-based workflow management.

6. CSWM-Computer Supported Workflow Management; CSCW–Computer Supported Collaborative Work. Project Engineering: Computer-Oriented Planning of Operational Decision Making.

7. Object Nets in Workflow Modeling.

8. Case studies of workflow management systems – electronic trade procedures, bank transaction processing, insurance claim processing, electronic conference organization, travel agency workflow analysis.

Evaluation Procedures:

Several homework assignments shall help students to understand conceptual fundamentals of the course, two individual projects shall give practical experience with software tools, a bigger collaborative project in the second part of the semester shall expose students to human interactions within course materials in achieving significant design and system performance goals. Midterm and final exam shall solidify student knowledge of fundamentals.
