
#Please do not post homework
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2) a.) Xnli) =L (✗nli - 1) + ✗nlitl))
⇒ This linear homogenous recurrence is true because

for a fixed N
,
if ✗ n Li) is the probability

of winning
with i dollars ,

there are two

events that could occur : you lose a dollar Ci - 1)

you gain a dollar (in)

Both of these events have a 50% chance or

Yz probability of occurring (
for a fair coin ) .

Therefore , by the conservation of probability ,
the sum of the probability

of winning from

each of these states ☒ titi ) + Xn ( i - i )]
multiplied by the odds of entering one of

these states (E) must be equivalent to the
probability of winning from the initrafysn-tg.ge

Alternatively , it could be thought of as there being
two states from which one could arrive at i

dollars
, you

either lost a dolla- ( came from it , )
or gained a dollar previously ( came from i - 1) .

Then
, by the law of

Total Probability :

Plxnlil) =p (xnci) / Xnli - D) •pfxnli-iptpfnliyxnlii-ID.PK/nli+D)thprobabilityog-h-Ihy¥ÉÉfgoing
from (i - i ) to i = Yz from ( it 1) to i = tz



Boundary conditions :
✗v10) = 0 is true because the probability of winning

when you
have e' = 0 dollars is 0 because

you
cannot gamble with

0 dollars .

✗NIN) = 1 is true because the probability of

winning , which
is defined as leaving

with

N dollars , is 100%(0-111) if you already
have N dollars .

b.) ynli ) = ÉN boundary conditions :

you ( o)
= I = 0✓

you G) = In = I ✓

ynli )
?=

12 (ynli
- 1) + you

Citi ))

=

?

:( If + li+÷ )

i. = :( ÷ +1€ )

: =# IX. E.)
= in ✓ LHS = RHS

÷



We have the beautiful explicit formula Xnli )= because

the chance to gain a dollar at each round is equivalent
to the chance to lose a dollar at each round ( both =L ) .

This means that the probability of obtaining N dollars

is based solely on how much
money you

have (i dollars)

in relation to the amount you must obtain to
win (N ) .

So if you're starting
with i < < N and the probability

to win and lose are the same
,

it makes sense that

you
're more likely to lose because you're starting

closer to 0 (same vice versa ) . This is why the
overall probability to

win is the fraction of in .

c) Enlil = '

-2 ( En Li - 1) + En Litt)) +1 is true because

there is tz probability of losing a dollar ( i - i ) and

tz probability of gaining
a dollar ( it 1) when you

have i
dollars . If either one of these

events
-
-

occur ( and only one can occur pe_- End and

rounds are independent ) , then I must be added

beta use a
used when switching stales

( from i to either it 1 or i - i ) .

Boundary conditions :

En (o) = 0 is trie because the game is over

if you
have 0 dollars , therefore the expected

number of rounds
will always be 0 .

"You've lost before starting "



EN (N ) = 0 is true for the same reasoning :
If you already have

N dollars , the game
is over , therefore the expected number of
rounds is 0 .

" You've won before starting
"

d.) 2- ~ ( i)=i(N - i )

Boundary : ?

2- v10)=? 0 Zn (N ) = O

N (N -N)=o
0.1N-01=0

N . 0=0
0 . N = 0

0=0 ✓
0=0 ✓

Zn ( i )=? '

-2 (znli- 1) + Znliti) ) + I

i(N - i) I g- ( ( i- 1) ( N- ti - il ) +(in ) (N
- Citi )) +1

'

,

= 12 (IN-1N- Li - 1)
'
+ IN#- Citi )YH

I

=L (2 IN - i 2+24-1 - i'¥-1 ) + I1

' = ¥ CAIN -2%2-27+1
I

= IN - i
' tf

i 1N - i) = i (N - i) ✓ LHs= RHS

⇒ NOT sure why we have this Arm- la . . .


