Concepts of Bi-similarity for Petri nets

1. Strong bi-similarity (nets without abstraction): the simplest equivalence relation that respects the moment of choice

Definition: Two nets are considered (strongly) bi-similar iff a correspondence between their states can be established such that in corresponding states every event in one net can be matched by a similar event in the other net leading to again corresponding states (calling a branching-time equivalence).

Bi-simulation means simulation in both directions for two systems.

Formal definition: Bi-simulation relation R is between the reachable markings of nets N and M such that for any markings m, m’ of net M and n, n’ of net N such that nRm (markings n and m are R equivalent) the following holds

Remark: Protocols of bi-similar nets have exactly corresponding moments of choice. All the options of some net in a certain state are also open to a bi-similar net in a corresponding state and vice versa.


Whether two nets are bi-similar now depends on which events are possible in a given net.

Strong bi-similarity: If one is interested in the functionality of a system and not in its efficiency then it is a good choice to define single firings of transitions as events, thus obtaining interleaving bi-similarity.


For nets without abstraction we use strong bi-similarity, i.e. equivalence relation that respects the moment of choice.


If efficiency is important, all possible simultaneous firings of transitions can be taken as events (which may dramatically increase number of possible events in a given state). This yields step bi-similarity.

Example: of interleaving bi-similarity and step bi-similarity
Branching bi-similarity:


Strong bi-similarity does not take the special nature of -labelled transitions into considerations.


Abstraction declares the non-essential events to be silent, which is done notationally by labeling them with the label . The net thus modified is often is then reduced modulo an equivalence relation that disregards -labelled actions. The reduced net is a simple protocol net that embodies all desired behavior and nothing more.


In branching bi-similarity the label  is considered as an ordinary label, so it is not possible to eliminate any silent event while staying in the same equivalence class.


Branching bi-similarity is an equivalence relation containing strong bi-similarity, as it allows nets with silent events to be equivalent to nets without them.


Given a net, one can determine silent transitions that are truly invisible, i.e. that do not make choice when firing.


The below presented net contains a silent transition that is not invisible since after it fires the event b can no longer occur.


The net below contains silent transition that is invisible, since the possibility of an event c followed by d, which might have become impossible when the silent transition fired, in fact remains possible. An invisible transition can be eliminated from a net modulo branching bi-similarity.

Definition: Two nets are branching bi-similar iff they are strongly bi-similar after eliminating invisible transitions.

Remark: Branching bi-similarity presupposes fair iteration, ruling out the possibility that a customer will eternally load products without ever checking out.
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