
Question : Find a simple functionf such that
Thefollowing expressions are = &(f(n) as new.

Justify your answer.
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-Answer :

= -Intheumber(sketch)

Recall
,

we showed in class that for new.

Inn H E Inn +1

use this to get

en(n2) - In(h)-1 = the-Hn = In 2+ -enn

- (n(n) -* 1 Hm - Hn = (n(n) + 1

: Hnz-Hn = (In (n)

-(en
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Question 2 :

Supposethere is an algorithm whose runtime

depends on a flexible parameter +, and is

O(n!/t) + O(tlogzt) . What is the best t to

choose? What is the run-time of this algorithm
for this best t?

-

Solution

Sch: In general for functions f(n)egen)
max(fig) = feg ! 2. max (fig).



:00(nb/t) + 0 (tlogzt) = 0 (max( , tloght)
- Entutively ,

the optimal value of t is
OCI am skipping below)waitingsuch that

(
A2notloght Actual need : - loght = 0(n!)--

F
-> find this!=> tlogt = 5

show that if y- xlogy for X*1
,
then X-2)

logy

-> to ,
now use Stirling tof a

tlogt = On
: Runties of algo for best t =0

M

Rustions
Let X, NN(q ,4) and X2=NM2 ,

E2) be two
-

&

variables Prove that forindependent random
an azAR ,

X= (9X + 92.x]NantM,
apr+)

Solution
Remark.Notethatitisnot

suficea
- ↓ISketch) to X tojese of

prove this. You need to find the pdf of X or
-

alternately you can show the moment-

corresponding to X isgenerating function
that of Na + 92Mr

, apr+ art2)



Recall
, from class

,
we define Moment generating

of a random variable X as

↑(t) = E[CEX]

consider for X= &Xi+@X2

&x(t) = ECetax +arX2)]
+(aXz)] (independent)= IE[etCaXD] LEfe
-D- ex

,

(9t) · Ove last)

IorGaussian showt
using this in D for X-NCM , 02) &X2NIMe,)
we get :

plat).) = exp +mat)exp +M29)
= expa+ (ay+ 92M2) · t)

% XN W(G + @rM2 ,
Fr+2)

1: moment generating function
uniquely determines the distribution)

·



Bastion4 :

Ferry-Essen Theorem : Let XisXe)--. ,Xn be independent
H

-was[x]=0 i = 1
...., n and1

,
where

= Var[Xi].

Let S= Xi+ Xet.-- n & let ZNN(O
, ) .

Then

*UGSU]- PREZUJI Ce
whereO[IXPB] and c is universal constant.

find an asymptotic upper bound for U, showing
that it is small !

① T : random variable that denotes tails in
n fair coin flips.

Essen while estimatingFind in Berry
PETE (H2 + U . ja(2)] .

(sketch)Solution
-

Take xi= & ifith coin flip i talo
(w . p. 1/2)

n
the EXi = T

rich

Now
,
to use Berry-Essen we need to standardic

Xi's to get :

Up ne = xi- 1

In

& use 3 estimateleavy essen to
Prisons for S: Y+Yet-typ

Also
, Pr[T (E + u ·5)] = Pr &S&U]

=U=[B] OthatshowNew
,

i



② Consider Galton board experiment

Xi= -1 w . p . 113E+ /
wop . 213

Find O in Berry . Essen corresponding to

Pr[St M3 + u · Ja] forSi

solutionketch) :

Again to use Berry-Essen we need to standardize
the YPS

,
to get :

Y13).T

& use Berry-Essen to estimate

PrEtu] which is = Pr[S +u]
Now

,
show that

= [MiB] = 0(b)
T

Question5
ordhese functions in ascending order of
granette .

2) nClogn ! 3)(D1)nplogn)1) (b) b

Easy to see that logn)" is slowest and (b)!
-

is fastest (since you know stirling's
- in classfor 2) & 3) ,

the trick (as mentioned
-

is to take log,
until you get more engo.



log (nlognst) = (Logns !) · logn

(Stirling's) =anlogn Jo · logn)
&

log ((n-Db) " = n . log ((n- 1)
!
)

(Stirling's)
=&(n(n-blog(n)

= (x-)+ log(n-())

Simplify these, now you can visualize the limit

as new of 23).
final order here :

lognynCnlogn) < (C-11)" < (n)!
D


