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Observation equivalence

* CMETIE structural equivalence& strong bisimulation(=
elANE Wi
— Y AT LiMobservable actions (observation)f=1+ T,
unobservable actions (reactions)tH—E LA IT (X% 540

— LALEELDILobservable actions

o

o L ZXTFLiMinternal behaviorld® z %< observationh [FEL

THhnlXequivalent

« Observation equivalence, weak bisimulation



6.1. Experiment relations

- Experimente= A1, A,... 1, 175 &lEprocess(Z
*TL’C%O)observationﬁll’H’E%)

« Experiment eZ1T2&EI2, VAT LAZBD
reationsMEZ o f=MEI MR ML

* Experiment relations
def

— = %k (P=QIl&EP—..—-Q)
s def al a2 on
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(P:>Q & Po>—->P=>—>...=>—>P =0)



6.2. Weak bisimulation

e SlXp LM -IER&R. Sldweak simulation &IFPSQ D
EE,
if P=P then 3Q"c p s.t. 0=0Q and P'SQ’
« Qweakly simulates Pif 3Sst. PSQ

« Strong simulation& Ll TV E S
P S Q 3Q’
eﬂ ﬂ e

PP S Q



Weak simulation

* Prop. 6.3: S is a week simulation if and only if,
whenever P S Q

if P— P’ thendQ’e ps.t.Q0 = Q" and P'SQ’

p p
if P— P thendQ’e ps.t.0=0 and P'SQ’

e FIEBEA:
— (=) Weak simulation@D E &N 55 M5
— (€) eDRIIZDVNTDIRINE
« F9 Sl&transitiveZEERA S1, S2A weak simulationZss . S =
S182={(p,r | 3q:(p,q) €51, (q.r) €S2} &
« ZLT.e=€e'A LLTIRMIREL2EDFHZ[ES. ...



Strong & Weak simulation

Every strong simulation is also a weak one
sIEBR:
- P~Q,P>Piisid,
3Q' s.t. Q>Q AP ~Q
- P —1—> POHREIHk
THbHhb Prop. 6.3&kY ~ % weak simulation



Weak bisimulation and equivalence

* A binary relation S over pis said to be a
weak bisimulation if both S and its
converse are weak simulations

« P and Q are weakly bisimilar
— Weakly equivalent&Et£ 5
— Oservation equivalent&EtE5
- P=Q &KL
» Strong bisimulation&Bl TS E 2



~ & =EDE R

* Prop. 6.6.
- P~Q=P=Q
— §EBA: Prop 6.412&%



= (Dproperties (Prop. 6.7)

= (X RER %

— &IEBA:
» Reflexivity: P = P [ BB
« Symmetry: P>Q = Q=PIXEREIZELD
« Transitivity: S1, S2h weak bisimulationTé#h LI,
S=S1S2={(p,r) | p S1q, qS2r}HIweak bisimulation

- = HEIdweak bisimulation
— EIEBA:

e PxQ&d AL PA-PHSLIAQ:Qr=2Q st. P = QDT>
[Zweak simulation. = M conversed @+,

» Strong equivalencelZtH o= HE




Weak simulation up to ~ (Def. 6.8)

« Binary relation S is weak simulation up to ~ if,
whenever P S Q,
— fP—=P then 3Q’s.t. Q =Q" and P’ ~S~ Q’
—fP —4—=P’then 3Q's.t.Q=A=>Q and P ~S~Q’
« Sis a weak bisimulation up to ~ if S-1also has
this property.
P S Q P S Q

10



Weak bisimulation up to ~ and =

« Prop. 6.9: If Sis a weak bisimulation upto ~and P S Qthen P=Q
« EIFBR: ~S~ Hweak bisimulation&EEBH. P ~S~ Q&9 5E&3IP1, Q1, s.t.
P ~ P1 P1 S Qf Q1 ~Q
TR
PP~ P, P, ~S~ Q, Q,~ Q
ThHHdH b,
P ~S~ Q

SR

Rl P" ~S~
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Strong&weak®iELY: T sensitivity

« Example 6.10:
A=aA B=DbPB
A =Db.A B '=c.B

P=newb (AB)&L.

E=aF, FE=aE’'+cE, FE’'=c.F
&3 5E P = E (E [ ttransitionZ#f-%LY)
=EBH: { (new b (A[B), E), (new b (A’|B), E),

(new b (A|B’), E’), (new b (A’|B’), E”) )

[Xweak bisimulation TTé&H 5 Weak bisimulation®:E
BRIERDAS A
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Exercise 6.11

o 2XTAFDEFRD Weak bisimulation® EEBA(Prop. 6.31Z

&)
newb (AIB) = E newb (A|B) = FE’

d ﬂ a J ﬂ
newb (A'B) = E new b (A|B’) = E
new b (A|B’) = E

a 7

fth Dtransition® F 4k
newb (A’|B’) = E”
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Weakly non- T reducibility (Example 6.12)

« ZTMprocesshinon- T transition process|Zweakly equivalenti|Z
reduce TESHNITTIEELY

« Example 6.2:
P=a+b

’e/Fi‘b a/Q\ Q=a+717.b
0 0 0 &){

0
« P&QlEweakly equivalentTIE7z0Y
— ﬁ,Q%eSfcuo Q—b.0%ZMDT, AP’ s.t. P ( b.0) €S, LAL
5 5P =P THsb, &>T. (P, b.0) € S —a— 0CHY. b.0lZa

MDactionF M %E Ly = FE
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Exercise 6.13

Q, RAweakly equivalentTIE7z0
Q=a+7Thb

7@\ /R R=ra+ b
: \Ob a] \\b

0 0
(R, Q) €S%i5 R—a.0Th M5, (Q,a.0) €S

LHLQ—b.0Aa.0lZ[EZAFIA LY
(P, R)L Rk
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Some equivalences (Example 6.14)

« XM MDdashed transitions [HIBR 7] 8E(weak
equivalenceZ & D)

’ \\
' // \\\
! ’ SN
: /I \\‘\
' A ~o
| N S
' ’ ~
- d, -~ d
' » RS
v TA
\\
\\
\\
\
d o \C
\\
|

a=t7a a+ ta=rta a(b+tc)+ac=alb+7c)
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Varying the pattern of T transition

« Theorem 6.15:
— lfP€ p, M, N: summations, then

® P=tP

S
&

@ M+N+ tN=M
® I\/|++ a(tP+N)=M+ a(TP+N)

-+ EIEHA:
— (1): {(P, TP)} Uld, A weak bisimulation

— 2):{M+N+ TN,M+ TN)} U Idphfweak
bisimulation

— 3):{(M+ P+ a(tP+N),M+ a(TP +N))} U
ld , A'weak bisimulation
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Exercise 6.16

EXTARDR)M+N+ tN=M+ TN [FZD (*)ERHE (M, NIZ
summations)
— M+ aP+(aP+N)=M+ z(aP+N) ()
AlEFA:
(=) (2)TN=aP +N&gTHE
I\N/l’)+ dP+ 7 (aP+N)=M+ aP+N + t(aP+N)=M+ 7(aP +
(€)N=aP +N&ETBHE, (HIZKY
M+ aP+ T7(aP+N)=M+ 7(aP +N)
F-. M+ aP+ t(aP+N)=M+(aP+N)+7(aP +N)
FOT.M+N+ TN=M+ TN
B)E) L aPRRADEE>TNSD, B) ()AL HDHE T I aPDHI
;{C;?J%:Z:’GM%W;L\O L=02T. (2), Q) liAHDE. T DILEITHE
A
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Weak process congruence

Weak equivalence is a process congruence;
that is, if P = Q then

1. aP+M=aQ+M

2. newaP=newaQ

3. PI[R=Q|R

4. R|P=R|Q
IEBA: strong equivalence (page 51)&RILC &SI
(1)TIX.P=QTH-TH. a-prefixedhNihE

— b=tTb THAMN.a+b—=a+ b (Example 6.12)

— Partial summationZ @ =# 2 TIEH A

19



6.3. Unique solution of equations

« EILHEHZEHES Euld:X1 Xn’ij
X, =onE,+..+a,E,

X, =0k, +..+a,F,

e fFl: X=aX+bY (1)
Y = c.X (2)
— fE[IX = A=deg A +b.B, Y=B=dfcA

— LERDEITHE— (P, QNY(1), (2)FE=L=5 P=A, Q=
B)

« LAL. X= . XI[EEALprocessTHHE
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Exercise 6.18

« Xza.P+ 7.X &9d& EFEQIZTDONT
(a.P + 7 .Q)H &
» FIEBA:
-fHi10 aP+t.(aP+7t.Q=t(@P+7.Q-=
a.P+ 7.Q
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Unique solution of equations
(Theorem 6.19)

X =X,,X,,.(may be infinite)
X, =, Xk(n) .t o ank(lnl) (aij * 7T)
X, =0, Xk(21) +a2n2Xk(2n2)

o 2[ZDWTIEHE—LRE(P1, P2, .. )D\H 5
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Th6.19(MFIEBA

L% @ﬁ*zTODEL’éM[X]}:i<

P, QMN2DDfEET H( P, = I\/I[P] Q = M[Q])
P.=Q Z&EBH. DFY

S={(P, Q)| P=P;, A Q=Q for some i}
Hiweak bisimulation
EFEDP, Q ESTES

=
Q

—»>

— P=2P45, 3P P=P =M[P] =P =P . LAL., aij# T DT,
8’;ran§|’uonb'€’b%d)$$ ST, P P THY.Q = QEESNE(P
N —

- P 4= PGn - 4

P=P =M.|P]-F, =P =P (wherel= OJU,P P(U))
FOTP =P
- gf—PM[Q]léQk’C%éb\ Q=Q *M[QHENTQ 1= Q =Q,*
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FEH

« Weak bisimulation: &R T transitionHY:E->
THequivalentEEZ 55

* Weak equivalence (=): strong equivalence
Ll TUL Y SpropertiesZz > TULVS A, D4
"% By%5propertiest D
- P=7.P

« B AL HOIFHED T TH—HEZHED

° ’ko)ﬂligo)ﬁ-ﬁﬂﬂo)hbh :

24



