
Exercice 1

1. In what dimensions is a simple random walk recurrent'

2. Give an example of a, non irreducible Markov chain with a unique stationary dis-

tribution.

3. An irreducible Markov chain on {1,2,3,,4) has statiionary distribution (â'à'â+).
If X0 : 1, what is the expectation of the number of visits to 2 before the chain

returns to 1 for the first time ?

4. Give an approximation to the matrix P500'

5. If r is a stationary distribution and r is a null recurrent site, then n(r) : 0. T[ue

or False. Justify Your ansr /er.

6. Define a stopping time for a Markov chain and give a random time that is not a
stopping time.

l) {h r s, ,t^Lt,c (L orroofl^\ trrttvf,\î I t^uttl d"'{ r rv 0 ' 
mutfr lrrJ

I <7' [v'ouuÂ L $u'z'rolr*

Êii wù fa1fl1rr( f 1frnvrnwtft

z\ '/O \\ onTçfo't) o{L-4ûoutrô^rwrrr@"
'/ (c-, | ) \o'0 \,=\

tf,Sruoî trunco uctbtë Ù9 I -ô O..

3) rvz( nlNtr t nnsôu ublû svruts tf #T' n € th

,t\ f1,rc'zr-rc tîl5

5) rfinÉ. r Ç / I J, tunrt \tçt t'1^^4tu1
FE >t t90(cufù''l)tg 0

r,br. M€ ç01"/r flu 1vt prrgPO'\noN tk T'

f'pt fi^-z 1w {l ûtL cor'âr'S$ flryrrLt^1t sv 1tu LLutD'nL The

616rglrtlv) fltsrû' R q nr^ ,l

lt,. \k tly
1., llf tl3

tlo, h tll
\rc. tK ll1

lr

tl?

'h
t)t

5 \x"

tf.lYt€ c rtet',-' 'Ç $P?(l'oùC '

4 ft 1Y91 :frlcÂr rf f 0rac D VA
rh. t lc. llqo

t lZ tla,l lq I
lfZ ttç- lt4 Q '
c) oo)

-rox\ N1 ( tV^ \ ,,2, o Tis o-re-Dbnz'î/t' 1'/ rf tÇ

PC.v- t{YnA ^vtltuO t 
r fi f o,l Iovl,a) fY 0 -l 0';"

ç

r<)A"<
9 V^'

\T- nl 4 fl.^ !z'^ " ' r - x^\é fl^ ç rnn
6)

/Y-) €i x4 ofà v'n rfhc+

tÇ {o,tC hÊ'rs .* t-- {u,,\ T. t kïs'rt
Yt'. O

L y'v<
w â-turlD <T9$l*"{."â'4-F 

^'9r, 
('rs

f r l2 r;1.1

\o I )



Exercice 2

Consider the transition matrix P -
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with state space,S : tl,2...7\ and let (X")">o be corresponding Markov chain.

1. List the transient states and the closed comrnunicating classes subsets.

2. Give a good approximation to Plpo.

3. For r : inf{n } 0: Xn 4 {L,4I}, find -81[z].
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Exercice 3

A knight moves on areduced chess board (aby a subsquares instead of 8 by 8) : at each

turn he chooses a possible move .

1. In equilibrium is the resulting markov chain reversible?

2. If fhe knight starts in a corner, what approximately is the probability that after
1000 moves he is again in the same corner ?

3. In the time interval [0, 1000], how many visits (approximately) will he have made

to this corner ?

4. The 76 : 4 x 4 positions contain 12 positions on the border (which touch the
exterior and which are thus a distance 1 from the exterior) and 4 central points of
distance 2 from the exterior. After 1000 moves what is approximatively the average

of distance from the extérior for the knight ?
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