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Characterization of the Free-Choice Nets

Free-choice nets are generalizations of state machines and marked graphs. Therefore we first characterize these two special cases.
I. State machines (see Fig. 7.27) are characterized by:

· Each transition has one pre- and one post- condition

· Sequence and choice can be modeled 

· There is only one token in initial place

· One token can be passed from one place to another in the direction of arcs

· No concurrency and no synchronization can be modeled
· State machine is live iff it is strongly connected (in this case initial marking can be reached again)

· Transitions can be replaced by arcs connecting their input and output places.

II. Marked Graphs (see Fig. 7.28) are characterized by:

· Each place has exactly one transition in its pre-set and exactly one transition in its post-set
· Transitions can not compete for tokens

· Choice can not be modeled

· Can model sequence and concurrency
· Marked graphs are live iff each cycle has at least one marked place initially

· In marked graphs the number of tokens on cycles is not changed by transition occurrences
· A live marked graph is bounded iff it is strongly connected.

III. Free Choice Nets are characterized by:

· Allow modeling of choice by branching places
· Allow modeling of concurrency by branching transitions

· Free-Choice Nets are structurally restricted - forbidden structure in Free-Choice Nets is presented in Fig.7.29 Left

· All examples in Fig. 7.4, 7.10, 7.11, and 7.12 represent NOT Free Choice Nets
· Branching with concurrency - in Fig. 7.4 the forward-branching place s1 does not model a free choice because transition e is only enabled after d has occurred, whereas b is enabled immediately; therefore the choice made in place s1 is not free
· With loops - in Fig. 7.9 we have additional loops such that s1 branches even to three transitions; transition d can only occur when s1 is marked. Such a conditional split demands forward-branching places with transitions controlled by other places via loops. So conditional splits can not be modeled with Free-Choice Nets
· Adding conflict - in Fig. 7.10 we have a structure from Fig. 7.4 with additional place s5 that introduces conflict between transitions b and d; this situation does not represent free-choice because enabling of transitions b and d depends on resolution of conflict for resources represented by places s5
· Adding a complement transition - in Fig. 7.11 transition d’ complements transition d; this implies conflict between transitions e and d’ to be resolved with respect to token in place s4; that’s not free-choice
· Adding places for alternation - in Fig. 7.12 transitions b, c, d, and e are controlled by an additional cycle carrying only one token. Also, such regulation cycles destroy the free-choice property

· Modeling shared resources by additional places with free-choice nets is also not possible because the resource place itself is branching but the choice depends on the requests of the considered processes

· Free-Choice Nets do properly model sequence, choice, and concurrency
· Many Petri net models of business processes without resources are Free Choice

· In a Free-Choice net, one can imagine that every choice is made within branching places

· In Fig. 7.30 (a modified version of Fig. 7.4) – the choice of firing transition b or transition e’ is made in s1; the choice of firing d or c’ is made independently in s3. Hence, there is one more possible deadlock, reached after the occurrence of transitions a, e’, and c’ 

Results for Free-choice Nets

· Free-Choice Net is live iff each non-empty co-trap includes a trap with an initially marked place (traps and co-traps are sets of places)

· For the combination of liveness and boundedness there exist characterizations based on the rank of the incidence matrix that can be checked in polynomial time with respect to the size of the net.
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