
Markov chain -> State space &e

recurrent state

each state 5 <

transient state

-meassification

Recurrence :
-

-

#

f : States is called recurrent if

1Pxo=s(< x) = 1⑳
↓ ↳

start the MC Ts inf(n31 : xn= s7
at States is the first time that MC

hits state (except time o)

State is recument iff starting from

State s
,
with probability) , we can come back

to states for many times
,



Intuitively , Markor property means that the process
is memoryless , so we can restart the process
at any time.

If States is recurrent , starting from Xo=S ,

returning back
to S cost finitely many time.

By Markor property , we act as if we restart
the process after it hits s, so it only takes

finitely many time until the second hit to s
,

Do this for infinitely many times, as time -> Y,
each hit to states cost finite time

A

infinitely many visits
to states:
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(a) : Write transition matrix

State space 5= <A , R, 2, D ,
E
, F , G7

A B C 4 E F G

A

I
B I I

I

E
0 . 1

I
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I



(b) : Is there a
->

tribution?Immiting
hime

(Xn)

Since not all States are communicating with
each other

, there's no single limiting dist
,

i.e . limiting dist depends on the initial
dist <Y

.

If we restrict to MC with State/A
, B7

or the MC with state /C , D , E , F , G)
,

there is a single limiting distribution .



(a) : Determine the set of stationary dist if exist.

↑T . P = πT

(I:, --- ,Tr) · P = (π,, -
- -

, Tr)

↓ 2
= ⑮,

i + Tz
= T2 (X redundant)S 43+ 44+ x45 = T3)X redundant)

(15=0
ID3 = ⑮4

I Y- = 45
10

.955 =To 15= T= +1= 0.955
↓I To = T2 3 15= 0 , To =My

= 0
-

44= = 3E
↑ = Iπz

E
⑮ ,
= Te

Ti+T2+13 +T= /

r= a as free variable , Is= 2a , T, +12= 1 -3a

-T2 = 1-ba ,
Tr = xba) Ti = a

3



So : if it is stat dist ,

(1-3a)

=(1 -3a) Des dT = 2

aiS ↓

1 (0 -- a =5).here stat dist is not unique , since transitiongraph has two connected
components.

~

-these,state are transient-
If S transient , it must has value o

in stationary dist ,
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(d)
: communication class

(A , B7 , SC , D7 , <E , F , G7

(e) : recurrent/transient states

(A , BY is closed -> A recurrent
,
B recurrent

closed communication class
with finitely many states is recurrent!

Call states in the same commer class

has the same recurrence property)[C ,D) is closed - C , D recurrent
.->

[E ,F , G) is not closed -> E, F, G transient
.



SRW=> MC

symmetric SRW J = E

I-

i !- -

since symmetric , there's no trend of going
left/right for Mc. went .

asymmetric SRW p
: prob of going right
(PF)

since asymmetric , there's a clear trend that

it's either going left
or going right , so

starting from
0
,
we cannot expect to return

to 0

again
in finite time with probl

--so it's /transient -



SXn7 : MC
,
irreducible , closed , finitely many

↓ states

ent

-
0sxn7: I

if we start the char at 0 ,

xo = 0
,
X ,
= 1

,
X 2= 0

, x3 = 1
-

T
first hitting time
back to 0 ,

so To = 2 .

-

1Pxo=0 (Tox) = 1

by def , /Xn) is Ferment .


