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* Bisimilarity as a game

Bimulation : relation R = ProxProc such that if I R Q

(i) If PEP' than QQ' and P'RQ

hi) if QQ' them PP' and P'R Q

-> P
, Q bisimilar (iva) if there exists R bisimulation at PRQ

iP

N = UGR) & is a bisimulation ?

* how to show that I Q ?

-> take all posable relations & St .
PRQ

-> check if R is a bisimulation

suppose D
,
Q have finitely many states /meIN states

R = Proc x Proc /Pro ! = m

/ProcxPrx1 = m

# relahoms = zez

esi m = 10

2282 = 2100 =1030 (nomillion

* Bisimulation Same

for establishing if PrQ

2 players - ATTACKER : aimo at proving PNQ by proposing challenges
P= P

- DEFENDER :

aim at proving Ina by anowering to challenges
QQ



more precisely :

- rounds : at each round the game is in a configuration (P,a's

- moves : Attacker chooses a side (left right)
P'Q

and atransition of the chosem process

P28p"

Defend anowers with a transition of the other process

QQ"

and continue from (P" ,
Q")

- PLAY : requence of moves storting from (P
,
Q

which is moximal

2) finite , one of the player connot move

(2) infinite

* who is the wimmer ?

(2) Finite play : the player who played Post

(2) infinite play : defendir

P Q

↑ by idy

Theorem : Given P
,
Q processes Ideepening

- Pra iff the Defender has a wimming totegy
- Ora iff the Attacker hos a winning legy

~

funchone Attacker : configuration (P!a') Le ideee
Defender : configuration (Pia') & attacker more

-> answer (move of other process)
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-

Q

=

Or

s t R = G (5 ,
t)

,
(52

,
+1)

,

(52
,
t ,)]

b -
↓
a517 -52 SNt

Ub tagb

e
B X B

SiRt"

! .

Example :

CTM = coim · (feMCTM
= cinfe .

CT

coim . Fea
.

CTM

A : CTM co coffee .

CTM D : CTMim coffee .

CTM +

Fear
.

CTM

A:eh D : coffee . CTM
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The defender can win a play if the attacker is playing booly)
&

A : S - 51 D : t to

A : 51 e 52 D : t
,

6 te

A looses.



* Properties of N

Bimulation : relation R = ProxProc such that if I R Q

(i) If PEP' than QQ' and P'RQ

hi) if QQ' them PP' and P'R Q

-> P
, Q bisimilar (iva) if there exists R bisimulation st PRQ

i2.

~ = UGR) & 1s a bisimulation ?

Isn really on equivalence ?

OBSERVATION :

u I = (19 ,
p))peP203 bisimulation

(ii) if R is a bisimulation then R = ((a
,
P)( (PQCER)

Is a bisimulation

(iii) if R ,
Rare bisimulations then Rir = (19 .

5)/ -Q PRO1QRs]

is bisimulation

Proc Proc Proc
Q

·
al &

o

⑨

> o

&
& *

riv) if Ri ieI ore bisimulations then Ri is bisimulation

of P P pl

f if PI if pr then d and 'I

& dual



hi) by symmetry of the definition

fiii) R
,
R' bisimolation

if Prima
we want to show

if PP -ve QQ and P'RcQ

I massi es Sca

abisius. I
-

55' and'p'Rs

-"L'a Q and s'ag
L

P'CR iR)Q

& dual .

=> RiR' is bisimulation.

ev) Ri ieI bisimulation = U Ri bisimulation
TEI

let Prit Q

w Fiel st
.
PRiQ

↑
if PPm-QQ' and P'RiQ

hence I'NR Q

Observation : Bisimilarity is the largest bisimulation

i
.

e

. Q ~ is a bisimulation (v = UIR/R bisimulations
2 ~ I the forgest bisimulation (ie . R bisim = R = N)

f
no need.



Observation : Bisimilarity n is on equivalence
· reflexive

Since I is a bisimulation : P PIP no PNP

· symmetric

if PrQ them there is R disim. St . PRQ then QR* ↑
↑

bisimulation

and thus QuP

· Granative

if Pra and QNS then there are R
,
R'disimulations at.

PRQ QR's

then &R no PrS .

bisimulation

#

EXERCISE : find a bisimulation which is not

- reflexive
- symmetric
- transitive

EXERCISE : Show

Pra iff if P8' then QQ' and P'NQ

& dal

=>

~ is a bisimulation

#



Exercise (e) : finite ccs

without constants

P
,
Q ::= d

.P/E Pla / Pi I P

-

I finite

properties

② program always terminate

② ore finite state

② every computation

P --- is fimite

proof idea :

show that if PP---drim

there m = /p
-> size of program

in turn this follows from

if Pop then IPl = IPI

proof by induction on heigth of derivation /rule induction)

- - 1

--

---

--

-- ---

P = P ~

G
every p hos finite states

States(P) = 24' p --- py

Finite



define #(P) = bound for number of elements in States (P)

#0 = 1

#C
.
p = 1 + #P

*= P

Pa

↑ (() = (P)*/ Papae Pia
#(P) = #P t

pa

#(Pff) = #P

prove that /state (pre #P

* what happen if we allow infinite non-determidic choice ?

P,Q ::= d
.P/E Pla / Pi I P

te
(2) states can be infinitely many

E adi A = (a) uPaulitN)

I do
ba
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4) ?? Is termination eneured ?


