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Introduction
e concurrency

e process domains
— Petri nets
— event structures

— labelled transition systems

e process algebras
— syntax
— operational semantics

— equivalence semantics

e true concurrency equivalence semantics

a|b# ab.nil + b.a.nil
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CCS syntax

S — set of states

a € Act = {a,b,c,...,a,b,c, ..

Labelled transition system

o write s % s’ for (s,5') € %
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a,b,c,...}

(S, A{HCSxS|aec A})

e A — set of transition labels, actions

relations % describe which transitions occur between states.

e no structure on states or actions — pure labelled transition system
P:=nil|a.P|P+ P|P|P|P\L|P[f]

Jur

f, relabelling function such that f(€) = f(¢) and f(7) =7

P denotes the set of processes generated by this syntax
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Operational semantics for CCS

o € Act

implies
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Examples

a.nil + a.nil 2 il
a .
— mnil

a.nil | a.nil 2 il |anil 5 nil | nil
& anil |nil % nil | nil
5 nil | nal

(anil |@nil)\a = nil | nil

Notation
Use = for (5)%,n >0
Use =% for =5=—
Use == where m = a1.as. .. .. ap, k>0 for =522 ... Ik

14 December 1994 True concurrency equivalence semantics: an overview

4 )

Observational equivalence

Consider the labelled transition system (P, £*,{Z> CP x P | m € L*})

A (weak) bisimulation is a binary relation R C P x P such that (P,Q) € R if for all
m € L*

1. whenever P =2 P', then there exists Q' € P such that Q == Q' and (P',Q') € R

2. whenever Q == @', then there exists P’ € P such that P == P’ and (P', Q') € R.

Observational equivalence = is the union of all weak bisimulations and is the largest
weak bisimulation

Two processes are observationally equivalent if they occur as a pair in a weak bisimulation
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Example
Consider
a.nil | b.nil
and
a.b.nil + b.a.nil
where a # b. Then
{(a-nil | b.nil, a.b.nil + b.a.nil), (a.nil | nil, a.nil),
(b.nil | nil, b.nil), (nil | nil, nil)}.
is a weak bisimulation and

a.nil | b.nil = a.b.nil + b.a.nil
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Syntax for CCS with locations
P:=nil|u:P|a.P|P+ P|P|P|P\L|P[f]

e u € Loc*

o Proc denotes the set of processes generated by this syntax
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Operational semantics for CCS with locations

(LT1) aP—u:P a€L, uc€ Loc

(LT2) P> P implies v: P v P

(LT3) P— P implies P+ Q — P'
Q+P P

(LT4) P— P implies P|Q— P |Q
QIPQ|P

(LT5) P> P! implies P[] %3 P'[f]

(LT6) P P implies P\L — P'\L a,@¢L
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Example
a.b.nil = u :: bonil Tl:) v ng
Notation

a a
Use = for =—=

Loose location bisimulation
Consider the modified labelled transition system

(PLOC:£7 LOC, {::> g PLoc X PLoc | a€ ‘Ca u € LOC*} U {:T> g PLoc X PLoc})
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Loose location bisimulation (cont.)

iff
1. whenever P => P’ then there exists Q' € P, such that Q = Q' and
2. whenever Q = Q' then there exists P’ € Pr,. such that P = P’ and
3. whenever P = P’ then there exists Q' € Proc such that Q = Q' and
4. whenever Q = Q' then there exists P’ € P, such that P = P’ and

=2} is defined to be the largest loose location bisimulation

A loose location bisimulation is a binary relation R C P X PLoc such that (P, Q) € R

\

(P,QNYeR
(P,Q)eR
(P,Q)eR
(P,Q)eR
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Example
(a.c.nil | e.b.nil)\{c} # a.b.nil
Consider the following transitions for I, m € Loc and | # m
(a.c.nil | e.b.nil)\{c} =(;> (L :: nal | b.nil)\{c} ::f (0 mil | m =z nal)
These must be matched
a.b.nil ::> [ b.nil
however the only transition that can be performed after that is
l::b.nil ,:ff l:unil

for some u € Loc* and it is not possible for lu to equal m.
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Other true concurrency equivalences

causal bisimulation: P <LB>) P

distributed bisimulation P — (P', P").

equivalences based on duration
— ST-bisimulation: a.P % f(a).P and f(a).P % P

e equivalences based on time

equivalences based on structure of actions
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Proposed research

e Comparison
— in terms of CCS processes

— in terms of labelled transition systems
e Application
— how to determine which equivalence to use

— properties
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Comparison in terms of CCS processes

Q

observational equivalence

Rd distributed bisimulation

2

(dynamic) location bisimulation

loose location bisimulation

X

static location bisimulation

2

Réc weak causal bisimulation
Rile local cause bisimulation
Rige global cause bisimulation
Rilg local/global cause bisimulation
Rorw read/write bisimulation
-
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Comparison in terms of labelled transition system

e Modified labelled transition systems

e Disadvantages of comparison in terms of CCS processes

e More general approach to modified labelled transition systems
— union
— general labelled transition system

— parameterised labelled transition system
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Applicability of equivalences
e Justification and criteria for use
e Survey of usage
e Decidability and efficiency issues

e Properties

— An equivalence X is said to distinguish

location iff (a.c.b|dce)\c# (a.celded)\c
read-write causality iff (a.c.b|d.c.e)\c# (a.cb|d.ce)\c
concurrency if a|b#ab+ba

— =y, =) and ~; all distinguish location, but not read-write causality
— Ry distinguishes read-write causality, but not location

— =~ doesn’t distinguish location or read-write causality

All equivalences shown previously except =, distinguish concurrency.
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