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Course Objectives:

- to learn software engineering principles for Parallel and Distributed Systems (PDS)

- to understand importance of rapid prototyping of PDS

- to appreciate importance of formal methods in design and development of PDS

- to learn formal and simulation methods of verification and validation of PDS

- to accomplish at least one significant project of a PDS using Design/CPN or CPN Tools

Course description:

Design and development of parallel and distributed systems. This course provides state-of--the art presentation of software development for parallel and distributed systems. A systematic model-based approach has been applied across stages of software development. Various versions of Petri nets (condition/event nets, place/transition nets, colored Petri nets) are used to model, specify, validate, and verify correctness of parallel and distributed systems. Performance is also assessed based on stochastic Petri nets. Rapid prototyping of parallel and distributed systems with automatic code generation is an ultimate goal of this course.

Course Textbook:

Claude Girault, Ruediger Valk: Petri Nets for Systems Engineering, A Guide to Modeling, Verification, and Applications, Springer Verlag, 2003, ISBN 3-540-41217-4

Additional Texts:

1. K. Jensen: Colored Petri Nets: Basic Concepts, Analysis Methods and Practical Use, vol.1, vol.2, vol. 3, Springer Verlag.

2. Marlon Dumas et al., 2005, Process-Aware Information Systems: Bridging People and Software through Process Technology, Wiley Interscience.

3. Wil van der aalst, and Kees van Ree, Workflow Management: Models, Methods, and Systems, 2002, MIT Press.

4. M. Ajmone Marsan, G. Balbo, G. Conte, S. Donatelli, and G. Franceschinis, Modeling with Generalized Stochastic Petri Nets, Wiley, Series in Parallel Computing, 1995.
5. Papers in IEEE Transactions on Software Engineering, IEEE Transactions on Parallel and Distributed Systems, IEEE Software, and IEEE Parallel & Distributed Technology.
6. Web page devoted to Petri Nets: http://www.daimi.dk/PetriNets/
Tools:

- CASE tools such as CPNTools, UltraSAN, TimeNET, GreatGSPN with modeling, simulation, validation, and performance evaluation capabilities.

Course Outline:

- model-based software development for high-level reusability
- Petri nets as a unifying conceptual and tool framework for PDS modeling, analysis, design, verification, validation, and performance evaluation (reusability of a model)

- representation of concurrency, synchronization, shared resources and time by means of Petri nets

- modeling principles of PDS systems using ordinary, high-level, and hierarchical Petri nets

- invariants and their role in static verification of correctness of PDS systems

- validation of dynamic systems' properties such as: boundedness, liveness, lack of deadlock, and state spaces by simulation

- performance evaluation of PDS; client-server architectures using stochastic Petri nets

- software development case studies: concurrent conference organization support system, various client-server architectures, distributed databases, distributed transaction processing, multimedia systems

- familiarity with CASE tools for high-level, hierarchical, time, and stochastic Petri nets.

