Weak Bisimulation




Observable transitions

P = Q or P == (Q where ais a or @ for action

name a

. P, p p =
P=sp - — ¢
P=qQ

P=P P —-Q Q=0Q
P=Q

We may construct observable transition graphs using
observable transitions, just as transition graphs are

constructed from standard transitions.




Example

CL.PO —+ bPl + T.Pl
CL.Pl + T.P2
b. P

CL.Ql —+ T.QQ
b.C1

Exercise

Give the observable transition graphs of Fy and ().




Weak (observable) Bisimulations

A binary relation B between processes is a weak (or
observable) bisimulation provided that, whenever

(P, Q) € B and (is a, a or € for action name a, then

o it P =25 P’ then Q N ()’ for some (' such that

(P',Q") € B,and

o if () N ()’ then P 2. P’ tor some P’ such that
(P',Q") € B.

Two processes P and () are weak bisimulation
equivalent (or weakly bisimilar) if there is a weak
bisimulation relation B such that (P, ) € B. We write
P ~ Q) if P and () are weakly bisimilar.




Example of Weak Bisimulation

To establish P =~ ()

1. present a candidate relation B with (P, Q)) € B;

2. prove that B is a weak bisimulation.

Example

CL.PO —+ bPl + T.Pl
CL.P1 + T.P2
b. P,

CL.Ql —+ T.QQ
b.C1

Fact

The relation B = {(FPy, @1), (P1,Q1), (P2, Q2)}isa

weak bisimulation.




Properties

Weak bisimilarity ~ satisfies analogous properties to
strong bisimilarity:

e weak bisimilarity is an equivalence relation

weak bisimilarity is a congruence with respect to all

operators of CCS with the exception of +

7.a.0 ~a.0 but 7.2.0+b.0% a.0+b.0
weak bisimilarity is the largest bisimulation
strong bisimilarity ~ implies weak bisimilarity ~

it is possible to adapt HML to get a correspondence

between weak bisimulation and logical equivalence.




Exercise Which of the following are weakly bisimilar?

a.7.b.0 a.b.0

a.(b.0 4+ 7.c.0) a.(b.0 + c.0)

a.(b.0 4+ 7.c.0) a.(b.0 4+ 7.c.0)+a.c.0

a.0 +b.0+7.b.0 | a.0 + 7.b.0

a.0+b.0+7.b.0 | a.0 +Db.0

a.(b.0 + 7.b.0) a.b.0




Weak Bisimulation (Alternative)

A binary relation B between processes is an observation

bisimulation just in case whenever (P, Q)) € B and ais

a, a or 7 for action name a,

1. if P — P’ then Q == ' for some @’ such that
(P',Q") € B,and

2. if Q — (' then P == P’ for some P’ such that
(P,Q") € B,

where&@ = aifaisaora,and & = cif ais T.

Two processes are observation equivalent, denoted by
~', if they are related by an observation bisimulation

relation.

Fact

1. B is a weak bisimulation if and only if B is an

observation bisimimulation
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Example of Weak Bisimulation

To establish P ~ ()

1. present a candidate relation B with (P, (Q)) € B;

2. prove that B is an observation bisimulation.

Establishing weak bisimilarity is so much easier using an

observation bisimulation.

Example

CL.PO + bPl + T.Pl
CL.P1 + T.PQ
b. Py

a.Q)1 + 7.Q9
b.Q1

Fact

The relation B = {( Py, Q1), (P1,Q1), (P2, Q2)}is

an observation bisimulation.
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Protocol that may lose messages

Sender
Send1(x)
Medium
Med1(y)

Receiver

Protocol

Cop

in(x).sm(x).Send1(x)
ms.Sm(x).Send1(x) + ok.Sender
sm(y).Med1(y)

r(y).Medium + 7.ms.Medium

mr(z).out(x).ok.Receiver

(Sender | Medium | Receiver)\J
J = {sm,ms, mr, ok}

in(x).out(x).Cop

Recall that P\ J is alternative notation for new J(P).




Example

Protocol =~ Cop

Let B be the following relation

{(Protocol, Cop)} U

{((Send1(m) | Medium | ok.Receiver)\J,
Cop) : me D} U

{((sm(m).Send1(m) | Medium | Receiver)\J,
out(m).Cop) : m € D} U

{((Send1(m) | Med1(m) | Receiver)\J,
out(m).Cop) : m € D} U

{((Send1(m) | Medium | out(m).ok.Receiver)\J,

out(m).Cop) : m € D} U

{((Send1(m) | ms.Medium | Receiver)\J,
out(m).Cop) : m € D}

B is an observation bisimulation
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