
4 Feb 2026 The Chernoff and Hoeffling Bounds

Announcement : Problem Set 1 due thurs 2/12
late deadline Sun 2/15 without penalty

i .
Recommended group

size 2-3.

[in Each
person should understand all solutions and

Y

e up in the words.

iii . If you
use Gentl on the PSet, report how you

used it.

ir
.

Homework (20% of your grade) is

10% based on completion, 10% correctness .

Croff. If XyoryXm are

independent random variables taking
values in [0

, 1] and

X = X
,

+ .. .. +Xa

then for all O & GX1

Pr(X= (I +a)(X) XeEX

↑ (Xx (l- (X) = ezX



De For random variable X its
↑

moment generating function is

My(t) =CetX] cas and be )

Its Taylor Series Mxlt) = @ m
has coefficients

Mn = # (X*] (ni moment of X)

The camulant generating function is

kx|t) = m(My(t)) .

Its Taylor series

kx(t) =
the coefficients Kn are called cmulants
of X.

k
,
(x) = Ex

((x) = #(x)- (EX) = Var(X)

k
,(X) = #(x) -3 .E(4 . ((x) + 2(xB



↓ema.
If X

, , ---Xn are independent

and X= X
,
+. -- + Xn Then

My(t) =T
, Mx(t)

kx | t) = kx
,
(t)

Pet My(t)=(e+x] = #(et(x,
+ - +

xn)]-

= E(e+X
. e

+x
.... etXn]

by solperdee

- = TLei] =x,

Take In) both sides) to obtain Ky=x

* Working out Ki
, Ky ,

K
,
(x)

.

X

My(t = 1=E ++..

K-rem
X

Use (n (1 + x) = x- X +x-
...



Kylt) = m
,
t + my + my +..

- [(m,
t+ + m +. .)2

+ 5(m,
t + +

-

K
= mitt
_m

I
k

,
= m = E(X)

( =

m mi = E(x- (EX)
43 =

my- 3m
, mz + 2m? = E(X)-3(e)((X)

+ 2((X)3 .

Practequestion.

For Bernoulli av

X = & withf



what are Mylt) and Kylt?

What about geometric
X = nm prb . p(t-p)

for n+ 11
,
2, ... 3 .

For Bernoulli
.

--

My(t) = pet + 1-p

For X
; taking values in Co

,
1]

MIt = E(xi(=) + 1
.

... = pet + 1 -
p

etx
when p = EXi ·

X(et- 1) +1

1
et ---- XX(0

,1]I
&

-- etX - X(et- 1) +7&1

·Thi
*(e*] - (X).. (e[ 1) + 1



Prof of Chernoff
.

-

S

Recall Xer,
Xi Indep

* + [0
,
1]i

X = X
,

+ --- + Xn
-

My(t) = TMx,
(t)

Y

#SetX] · / + (i)

exp((e=1) EXi)
= exp((eE1)eXi]

Elex) = exp((et- 1) - EX)



Pr(X = ((+)tX)
= Pr(e

+X-e(++t - (x)
Let 1) EX

(MarketTex
e

= exp((e=
-1 - x+a+) . (X)

Minimize RHS at t = &(1 +a),
et- 1 -( +2) = c- (+ a)(n(1+ s)

= 3 - (Ira)(c-t+3- 7
=y-y- k + +-

....

< - 55 for 01E11.

Pr(X = ((+)(X) - e
- 12. EX


