
CS 331 Fall2025 Today Basicboosting

lecture 20 11 5 Chebyshev's

inequality

Meanmedian

boosting

Morris counter

Basic boosting Part VII Section3

Jaysimprovingthfailurepobability

Pr A does S 2

Basic setting you have A succeeds

outputting good Wip p
e g FindPivot p

Contention resolution p f



What if p small

If we can check whether good

Run AT times

Check all of them return any good

We'll get good except wip

1 p

key fact pe 0

1 p

Thus T2 log t

IP T S



What if we can't verify

Motivation running experiment to estimate

design also to output X G X
but we care about X x

Can't check don't know

Today how to prove things like

Pr R R 8

Confidence interval

Mean boosting improve

Median boosthy improve f



thev ul.ly PartVll Section3.1

Key players

Vax x GCA 20

convexity

Stoev x JJ spread

Asided Variance crash course

Reminder about
no caveats

GEX E X Y

CECX GLX GLY



X EXT x2

2 X EX x

Yeti
X x Var X

Also we have

V X CVar X

Vv X Y Vr x Voly

only if X Y independent

Compare to both always true



Our intuition for reasonable 8

pick R stoev x

Makovsirequal.ly

Fr.v.X20 then Second

Pr X
ᵗ 8

e g X 10 X except wp.to

Proof if not let Eff
G x Pr XI I PrCxc O

S T ECM



Chebysheu'sirequal.t

ApplyMarkou.s with X ECM

Pr x ex F s

IX ex staff
Thus we have shown except wp S

Xe EX stuff x 1 3
e g f confidence interval

GX 2stier x CX 2stdec

TSR



MhbousthgPrtVllSecton3.2
Idea 1 Improve R mean boosting

Recall that R star x

Howto halve R Decrease Var

Basic fact

let X X2 Xk It copies of X

x ̅ EX
Va x ̅ Var E Xi

var x furx



Takeaway if K
then our confidence gets Ex better

Vr x ̅ Var x Fx for stoev

Idea 2 Improve 8 median boosting

Suppose r v has

Pr XE I for interest ICR

Claim let median X1 X2 a

KZ 12109 t

Then x ̅ E I except wip 8



How to prove

Step 1 it's enough to show
copies I

e g if I to theright clerly K E I
et

ttements
Our goal we have cornthat H up

toss k coins are H

Step 2 binomial concentration

Suppose i copies miss I

Pr Eae T If 4 i pipk
i

Fall 4 4



Observe if i it F
win

decreases decrestel 3x

Thus geon sequence Enough to get firstterm

E 4 4 018
24 ᵗʰ

Goodenough it k 0 los f

3 stage plan Basic interval via Var X

R 2stoev X 8 4

Mean boost

R Estow X 8

Median boost PloyB
R Estoev x 8 8



Morris counter Part VII Section 3 3

Goa
builddatastructutostoecoutri

o.count i it

Report return i

How much space needed to Count n times

Trivial O log n space store i

Today O loslos a space randomized

Motvation Count many large things

Constant factors help a lot

Web crawler search engine etc

Morris spellchecker needed

263 trigram counters



Algo XE 0

Count wp 2 1

Report return 2 1

It works

Intuition log itt

laresse once in each bucket

it 3,4 518 9,16

let X value of X after i k

Claim 2 9 4 1
keen

Vr 2 7 212



3 Step plan gives esthiste in

1 E n He n up 1 8

NY 22 space 0 lusts lost

Proof of true when k 0 Induct

24 1 241

EPr Xk
s

IEEE

r Xk s 2 PrXk

2
1

1 Vr see notes


