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ABSTRACT 

The aim of the research work reported in this thesis is to provide 

additional insight into the theory of bipolar synchronization schemes (bp 

schemes), and to show (i) its application in modelling of distributed 

processing systems, (ii) Logical analysis of the scheme under study, and 

(iii) its usefulness in performance evaluation of systems. 

The theory of bp schemes is based on Petri nets and is oriented 

towards synthesis of well behaved systems. We critically examine the 

synthesis rules proposed by Genrich and Thiagarajan and extend them to 

accommodate the 'interface nodes' for modelling interaction with the 

environment. We propose 'communication modules' and show how to 

construct these modules using our synthesis rules. We represent 

semaphore, mutual exclusion and resource guardian constructs using our 

communication modules. Some of these constructs are employed to model 

the dining philosophers problem and the Ballistic Missile Defence (BMD) 

system. 

The notion of 'well behavedness' is the key issue in the theory of 

bp schemes. We propose new techniques for verification of well 

behavedness using 'net transformation' and 'reachability graph'. The 

latter is also used to detect 'deadlock' in bp schemes. Our "arc 

numbering system" is a new method to partition a bp scheme into its V—

components which is useful in consistent data allocation of bp schemes. 

We also consider "fairness" in bp schemes. 

Besides modelling application and logical analysis, we extend the 

applicability of bp schemes to performance evaluation. We provide a new 

interpretation to bp schemes by associating the notion of 'time' and 

'branching probability' with the choices made between alternative 



courses of actions. The concept of Moment Generating Function (MGF) of 

the probability distribution function associated with bp schemes is 

exploited to derive useful performance indices like mean and variance. 

The quantitative results presented in the thesis also include an integral 

approach towards analysis of large and complex bp schemes using 

decomposition and reduction techniques. We consider a typical Flexible 

Manufacturing System (FMS) for performance analysis. 

Further research work to reinforce the results and ideas given in 

the thesis is suggested. The thesis also includes comprehensive 

reviews on Petri nets and bipolar synchronization schemes. 
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