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e.g. 3 : Random walk

-2

State space : S=&={o, It, ez, - - - }

Xn Et
'

the location valued in S on the real line

h= 0, 1 , 2 , n - .

Requirement :
* From Xu to Xnxi

, you walk by
}n+ , steps . ⇒ Xue , = Xu + But ,

* 31
,
32
,

- - - i i. i.d.
,
assume :

PC3i=k ) = fck)
,
the S

T

p. d. f . for each Bi

Q . : find transition matrix
.

Pcx, y) =p ( Xm , -- y l Xu -_ x )

=P ( Xn the , ⇒ / Xu -- x )
E- mm

=P ( Bnei -- y - x / Xu -- x )
mhm me

=P ( K+
,
= y - x )

= fly-x)
,

V- x. YES -124

Remade : Simple random walk
-



I-p p

¥
-1 O 1

Pdf fi =/
with pros. =p

of eachGi
:

with pub = I - p

means that you walk by exactly
one step either to the right with

prob . p or to the left with

prob . I-p .

An interesting question :

Assume 1/0=0
,
what happens to

your location as n→ co ?

e¥4 ( Ganmbler's ruin chain )

• A player again the house .

• $1 bet y
win $1 with p
lose $1 with l -p

• start with a certain amount ;
ruined ( quit

the
game ) if your amount

= O

Xu = $ at the nth stage



h= 0 , 1 , 2,
- - n

S = { 0,1 , 2, - - - J

Q
.

: transition probabilities

pcx , y) =p ( Xue , -- y l Xu - x ) ,
× . Y E S

If x=o,
1 for 4=0Pco , Y) = { otherwise ( for 't? ')O

Def . If Pca, a) =L ( or Pca, x) -- o

for any xES
with x #a) , then

the state a ES is called an

absorbing state
.

If X 31 ( so, x is non- absorbing )

pay>=P (Xue , -- y l Xu -- y ,)

=/
P 't ¥ ,
i -p if y-- x- l

l lose $1 )
0 otherwise



"÷I÷÷÷÷:÷÷÷÷t
Slight modification : Add one more rule

.

.

(th) tf you reached the amount = N , you
also quit

the
game

Xo , Xi , - - -

or

as

{ Xn ) n-- o

S = { o , 1 , - - -

,
N }

Pco , 07=1 , PCN , N) - I

both o L N are absorbing States

transition matrix y z 3 ooo -N- l N
O T O O O - - - O

F- : I÷
'

N- l l-p o p

N o - - .
. . .

-0 1J



e.ge 5 Queueing chain
3 ,§, Bz

Xo
,
1st period
),

2nd period,
3rd period#→

° l z 3 . . .

time

Xo , Xi , Xz , . - -

Xu did no
, of persons on the line waiting

for the service at the
time slot n=o , 1,2,

" -

Requirement :
• Bn = no of arrivals in the nth period

Bi
,
32
,
33
,

n - - : i. i. d
.

Pdf = f , i.e .

PEE. --hi = fck)
,
k=o
, 1,2, . - -

A typical example for f is
the Poisson distribution

f-Ck) = e-
" Ah
q , Leo , 1 , 2 , - - -

• In each period ( n-I , n ) for n=l , 2, - - - ,

exactly one person on the line will

be served and leaves away .



then 0+8*1=3*1 if Xu - o
un

witXu > tXue . -- kn'
ii. a

.
.
. .

①tilth period

;
,

/
But

, arrivals

u t
Xu Xue ,

Q
.
: transition probabilities :

Stata: : S
-

- Lo, e , z, - - - J
pcx , y ) = PG⇒/ Xu -- x)

x. YES

=

fit
. -o
,

then ppg?!÷÷EI
= fol)

if x> I , then =P (Xanthi ' ⇒ / Xix)
'

I
-

xthee
,
-1=4 Ep ( 3n+,=y-xtl ( Xix)

⇒ fine , = Y - x -11



=P ( Ew ,-_y
30

= f-(y -xx , ) .e⇒

e.g .

fck, > e-date
434mm

k=o , 1 , 2, - - -{
o
,
then Poisson
O T Z - - -

-

O
- f-CO) fct) fcz) - - .

P - - e
" =E¥ -

- E
'

- - .

-

P c y
theft;' tuff," fat

ti: 1¥:÷÷n÷÷÷÷÷÷:÷÷÷÷.
= :L::÷÷÷÷÷÷.
I ↳

"÷
.
.

.

":÷
.!



e.g . Branching chain :

describe the population of offsprings

Require : Each individual in one generation

generates § offsprings in the nexturn

generation I dependently .

- ---•a- -←- nth stage

µ
(heist stage-

-o - -• - -
-

3=2

Xo
,
Xi

, Xz , - - n

,
Xu
,

- - -

Xu th total no, of offsprings at the
nth stage .

State
space :

S = { o, l, 2, - - - }

Transition probability :

PC K+ ,
-
- YI Xu -- x )

=p ( geht -" + Ex⇒ I Xn=×)
¥¥t• nth

=p (hint . - -thx") ¥I¥•¥*¥
VX . y =

0
,
1
,

- . - y

{ offsprings %
generated by ①



① Given that Xu -x
Xue , =y

(⇒ 7
,
t k t . -- t 3

×

= Y

mum


