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* Bisimilarity as a game

mulation : relation R = Procxl20c such that If PR Q

(i) if PEoP' than QEQ' and P'MQ

(ii) if QQ' them I foP' and P'R Q

-> P
, Q bisimilar (PnQ) if there exioto R bisimulation at PRQ

il
L

~ = U &R/ R is a bisimulation]

* how to show 4 &Q

-> take all possible relations R = 920) x Poc i
.

t. PR Q

-> check if R is a bisimulation

suppose P
,
Q ore fimite-state , say MeN States (1920x1 = m)

R = Proc x Proc

/Pros x Proc) = m2

# relations = zu

if n= 10

#relations = 220 = 2100 ~ 1038

* Bisimulation Games

on P
,
Q

2 players

acker : aims at proving PNQ by proposing challenges Pop
A

der
: amo at proving I wa by onswering to challe ses

Q EQ



details
-

-X zoueds : at each round the game is in a configurations (P'
,
Q'

-

- moves i Attacker - choses a side left righte- - O
and a move of the chosem proces

P'Exp"

Render answers with a move of the other proces

Q'Q"

and we continue from (P"
,
Q"

X : sequence of rounds starting from 14
,Q)

which is maximal

② fimite with a player who got out of moves

② infinite

WINNER of a play

I Playez who did the lost move

z defender

P Q

↑h ↑↓

Theozem : Given 4
,
Q processes

- PNQ iff the Defender has awimming strategy
- PNQ iff the Attacker hos a wimming stegy

-
function Attacker (0 !a') ma side & tronction

left/ right

Defender (4'Q') & more of -a more of
Attacker the other

proces
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* Properties of n

mulation : relation R = Procxl20c such that If PR Q

(i) if PEoP' than QEQ' and P'MQ

(ii) if QQ' them I foP' and P'R Q

-> P
, Q bisimilar (PnQ) if there exioto R bisimulation at PRQ

il
L

~ = U &R/ R is a bisimulation]

Is it really on tolence

OBSERVATION :

(i) I = ((P ,
4) / PEP20c} is a bisimulation

rii) if R is a bisimulation them Ri = 1(Q ,
P) 1 (4

,
Q) ER)

is a bisimulation

(iii) if R ,
R' ore bisimulation then RjR' is a bisimulation

"I (P ,
5) / EQ s i

t
.

PRQ and QR's
Proc R Proc R

Poc
·

·--
.

-n

· -

--

·-

---
O

*

R ; R

(V) If Ri ict ore biamulations then Ri is a bisimulation

of
P = p pl

(i) let PIQ them if PLP' them Q--Q' and P'IQ
!

& dual

(ii) obvious



rivis R
,
R'bisimulations

let P(R:) - and

PEyp - 55' and P'(RiR) s↑
&

We went

s

EQ P RQ & Q R's

&
& bisimulation

E

QQ' and P'RQ P'(RiR)s

LI
R'bisim. SE5' and Q'R's

-RiR' is a bisimulation

riv) Ri izI bisimulations

let P/& Ri/Q ie . Fiel sit. P Ri Q

and P Ex P--
QQ' and P'RiQ' no P'(URil Q

OBSERVATION : Bisimilarity n is the largest bisimulation

ie
·

~ is a bisimulation (N = UCR/R bisimulations (
and de (IV)

② for all R if R is a bisimulation them R = N

OBSERVATION : N 15 an equivalence

Roof

· reflexive : for all P PIP thus by (i) PNP

· symmetric : If PNQ them there 15 R bisimulation st
. PRQ

Thus QR P & by rii) R" bisimulation => QNP



· Gansitivity :

if PWQ and QUE then PR Q d QR'E

with R
,
R' bisimulations

them P(RiR')s and by vivi) RiR' is a bisimulation

ud Prs
E

ExeRCISE : find a bisimulation which is not

- reflexive
- symmetric
- Gomitive

RCISE : Show

PNQ iff if PEP' the QEQ' and P'Q

d if Q-Q' the P-P' and I'nQ

=

~ Is a bisimulation

=



RCISE (E)
: FINITE CC (exam)

C with no constante

PQ ::: d
.P/Pi /419/ Pi Pf

-

I fimite

two properties

② programo always terminate

② : ore finite-state

② every computation

↑ Pe E392 --- - is fimite

proofIdea :

show that if inPe .. E Pr

them i EIP2/
↳ for a reosonable motom of size IP I

which in turn follows from

↑ Ex P them IP'l /P)

↑
proof by induction on h

-1 +N

in :in ↑ h-

↑ ExP V

② everyi hos a fimite number of states

States(P) = P' 1 Piet --P'y is fimite



define #(P) : bound to the mumber of states of 4

# 0 = I

#(d
.
P) =

1 + #P

#(Pi) = # Pi

#(P(a) = (P) * /# Q)

#(PIL) = #P

#(Pff)) = #P

prove Istates (P)/ E #P

* What if sums are not fimite ?

PQ ::: d
.P/Pi /419/ Pi Pf

↑ possibly infimite

② falls
-> states com be infinite

# a
.

Ai. O c = (a3u(ai /itNY
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① ? Is termination enoured ? VES


