
e.g.Flip a coin, expectednumber offlips
(IH, I Th

needed togettwo heads in a row.

-> HTHTT ---- num--=2
-> ITT ----- num-=3
LetXn denote the outcome of the n-th

coin flip.X,x2,---i.rid.
IP(X1=H)=1P(X, =i)=1

2.

Assume Y is the num of flips needed

to gettwoheads in a row.

Wanttofind EY.Ey
*4:THHH- Y=3X hard to

HT HHY =4- figure out.
TTHH - Y =4 w ↓
HHHH - Y =2 x- no specific

pattern



Idea:consider value of X,-
-

if Xi is it, then I need another head at

E time 2 tostop.

if X1 is 7, then I still need tosee

I heads in a row.

E 1E(X)Y
=

y)

ononabadfarene1E(X)Y) is a

S
1E(TE(x1Y=y)] =1E(x1y=y)
LIE:

E(TECXYL] =1EX



⑧1EY =IE[ECY/X,)] (X, is either H or T)
W

=(E(Y)x1 =H) -) +1E(Y(X=T)

I- I

1E(Y(x)=T) =1 +1E-
-
-

getting a tail
spend 1 time

getting the tail
contributes nothing
to the stopping crital

law ofiteratedexp again
↓

IE(Y)n)=(EC-) X, =H, X2=H) ·-

1P(X2=H) x) +
1ECYIX,=H, X2=T)() (P(Xn=T(x, =H)-

if event is independentof condition, we can

condition- remove the



1E(YIX,=H, X2=H) =2 (alreadyametaly)
1ECY)X1=H, Xz=T =2 +1EY
In

waste 2 units
-Smae Xi=H,XT,

oftheseeing
itcontributethe

nothing tothe

stopping criterion,
still have to

work for 2

consecutive heads
fromthe

beginning,
Combine all ofthem:
nee

1EY=I.(2.2 +1.(2+1EY) +.(1 +1EY)
an equation in IEY, solve it:

1EY =I +FIEY, IIEY=I,

Ft6I



e.g:(Markor& Chebysher)
Use Markor & Chebysher togive two

upper bounds on IP(X>x) where X-E(X),
calculatethose bounds explicitlyfor x=5, x=b.

Markovi For
non-neg

r.v. X, Xxx0,-

-

#x)-

a
X

Seeitis -=,non-neg, 0x. - 5x3
- 55

VarXmysher:x)ex2
sense of concentration

Crv, concentrates near its expectation)
↳1 -IP((X- i1 a) <- - ⑧E -a* =52(3-5)2196

Set a=x-x
I

-iP(X-x) =(P((X - i) =x- i) x(x-x)2



e.g:X, Xu independent - GCP), IP(X=K) =(1-pp
calculate(E(Xi/X+x2)-> random

variable?K=1.2, ---5
-mefranc in x,+X2)

=h(x,+Xz)

To calculate
-

+xn=s) first In identical,
real number

Sunc in s)
=h(s)

Find Xilx,+x2=s (conditional dist), if
x, +X2=S, since X1, X2 take values in

51,2,3,---7, the
support ofXilx.+Xs

is

-s-1.
#prf:

YYx=x+x=s
IP(X,+X2=3)

=

A,X2=S-k)ndep1P(X2=5-k)
-

1P(X, +X2=5) 1P(X,+X2=s)



-

- ixs
=IP(X, =k) . (P(Xi+x==s/X,=k)
--k=1 -

↓
= IP(X,=K). 1P(x2=5-k)xi=k)e
-

independent
Cremove condition)

=IP(X1=K). IP(X2=5 -K)

So:IP(X1=k(X,+Xn=s) =(i**

(s-2
--=
= b
j=1 -

So:Xilx,+xz=S is uniform on

51,2, ---, -17



1x=s)=2k2X+xn=s)
I

Ik2
- k=1-

i+2+3 +- - --n2=(n+1)CI -
S-t

5 - 1

S-1

replace s
-Els

-1

with Xi+X2

-)

x+x2x,+x2)-1)


