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CCS:Two ways of specibcation

P:=0|aP|@P|r.P|P|P

Labeled

Reactive
| .PI" P P|[0L P
PI P Pl = QP
j P RLP R
YT (+symm.) (P]IQ) (QIIR)
PHQ%P'HQI | P~ P
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Aynchronous CCS
P:=0|aP|a)!.P|P|P

Labeled Reactive

| .PI" P pI[0L P

pr p PIIQ & Q|IP
P Pa (PIIQ)IIR = PI(Q[IR)

Pr P (+symm.)
pIQr’ Py YT AP|@ P

PP Q-—0Q |.P~ P

Pl[Q — P*|[Q
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From reactive to labeled

Typical goal:

4 )

From a reactive specibcation,
derive a bisimulation congruence.

[Sew98], [Lei02], [Sob04], [KSS05], [B)on08]...
How about the full relation?

Real goala convincing debPnition of equivalence
for reactive specibcations.
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Any help fromlerm Rewriting?

In TR, equivalence typically contains reduction:

t! r==t=r
Sensible If some conf3uence Is present.

But we want no conf3uence!

|deasystems equivalent iff we canOt see a differenc:
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ldea 1: Saturated semantics

o test a system, we can.

- put It In a context,
- notice that a reaction has happened.

(also clone It, exhaust Its capabillities...
' 1s abisimulation congruenagP ! Q iImplies:

- C[P]! C[Q]for allC ,
-ifP! P 'thenQ! Q's.tP'! Q'.
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A simple formalisation

A monoidal reduction systeMRS):
- setA of agents

- monoid(M, 1,9 of contexts
-action! ' | ofM onA
- transition relation: onA

(IdeaA =termsM = unary contexts,up to )

An LTS presentationP ““/R «— C[P]! R

Saturated bisimilarity! s
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Trouble: divergence

P:=0|aP|aP|r.P|P|PI|Q)

P|IOE P a.P||a.Q! PJ|Q
PIIQ £ Q||P |.P ~ P
PIQIIR = PI(QIIR) s
I~ | ||a.(
ldea @.0 not necessary Iin |a.0! ! ||a.0

but necessary in||a.0||a.0!
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ldea 2: IPO semantics

o test a system, we can.

- check if a context is necessary for reduction.

Roughlyif P ' R
then P "' U D[R] unnecessary.

IPO LTS ! Saturated LTS

I S
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More structure required

A monoidal reduction systefMRS):
- setA of agents

- monoid(M, 1,3 of contexts

- action! ' ofM o0OnA

- a set of reaction rulesL,R)! A" A

- a submonoid ! M of reactive contexts

- transition relation: onA
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Trouble: asynchrony

P:=0]aP]|al!.P|P|P

N

PO

P
P|IQ & Q||P a.Plla! P
(P]|Q)|IR = P||(Q|IR)
(+ summation...)
ag+!.0 " 1 O
ag+!.0F" but 1.0 A8
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The weak scenario

o test a system, we can.
- put It In a context,

_-notise-that-areaction ias TappeTed.

If + reldexive and transitive:
-1 s always the full relation,
- a.a!", 0 In asynchronous CCS.

Sa are there further ways to observe systems?
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ldea 3: Barbs [MS92]

Barly a predicate on systems.

Given a selection of barbs,

' IS abarbed congruencd P! Q Iimplies:
- C[P]! C[QIfor allC ,
-ifP! P 'thenQ! Q's.tP'! Q',
- P andQ satisfy the same barbs.

Thelargestsuch is what we want.

But how do we choose barbs?
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ldea 4: Consistent theories [HY9E

Assume we can observamething

' Is aconsistent theorvf P I Q iImplies:
- C[P]! C[QIfor allC ,
-ifP! P'thenQ! Q's.tP'! Q' ,
-+ Is not a full relation.

Problemthere Is no largest such.

ldearequire further that a theory identipes all
Insensitivesystems.

Thm[HY95]. for the: -calculus, the largest
such theory exists.
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Does It work in general?

- IS consistency always good?
- consider a language:

-- constants b and
-- unary operatorf
-- two reduction rules:f (a) ~c  f(b! c

Everything isnsensitiveexcepta ,b .

Three mutually iIncomparable theories:
a E b
T T
Insensitives
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What Is testing anyway?

A: MilnerQOs testing scenarios

------------
— ........................... .
unns®
nun®
pe®
et
a®
et

d

B: Contexts as tests

-
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ldea 5: Pairs of contexts as labels

a.P|llaQ! P||Q

a.P|aQ! P JQ ap 122 IR, p
a.P|laQ ! Pl Q @.() aP it 1Pl Q
Close these under rules:
am!n!b = akm!kn!t
a ———! n[a]

For weak scenario also:

3 m[>m{>a
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Examples

- for CCS with!

1 1a.0 —lla.P! || P

but

| L llaP P,

- for asynchronous CCS:

| 3| |
ag+ ro—2 g

but also

o2 v g
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Trouble

It Is wrong for CCS.

P ' [la.Q!! [|Q > R
p ! 11aQIIS!! QNS |

P _ ISlla.Q!! [|S]|Q I R

7~
‘
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ldea 6: change tracking in contex

o op 80 1o, o
a.PllaQ! P||Q
~_ 0P | ||a8.Q | PHQ

AL
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Formalisation

Term reactivesystem:

- sighature!
- setR ofreactionson closed! -terms

LTS a=%1p ff
' g:tla]" b st f! g:t[a]" s[b#R

Thm: Bisimilarity is a congruence.

(BTW: Structural axioms  mutual reductions)

IFIP WG 1.3, Udine, 09/09 21/24



Doubts

1.Abstract enough?

- categoryA of agents

- monoidal categorgM, 1,! ) of contexts

- action! ' | ofM onA
- set of arrows: INA

2.General enough?

(

.

Debne LTS?

NB: rich structure on rules required
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Results

1. Bisimilarity for CCS fragment (also with )
2.Asynch. bisimilarity for asynch. CCS fragment

Scribbled:
- the same results for weak scenario
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Trimming the labels

In any LTS, labels amhd arguivalentf:
PL1Qr P—OQ

FactlLabels can be replaced with
equivalence classes.

Example: in CCS, all labels of the form

HlaQ !H][Q
are equivalent.

’\

[ call the equivalence class O O. )

’\

There are also classes QO 0,0 O...
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Slogans and Questions

SlTests are contexts, test results
are changes to contexts.

SZ Reduction rules contain enough information
to track contexts and their changes.

Q1. Does It have to be so complicated?
Q2. More advanced examples?
Q3. Relation to barbs or cons. theories?
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