
week2 Tuesday
Plan :

·Self-grade due Friday · Finish up Set size estimation

(Formalize "unlikely" event)
· Thoughts on "working smart not hard"

· start frequent items
4 focus is a muscle

(fast dopamine weakens it)

↳ even 15min is enough to start

a hard task
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Suppose we made m = 1
,000 queries and saw D = 10 duplicates.

How does this compare to what we expect?



MosInequalit
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Proof : ((X) = [xPr(X = x)
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-
> 2 + Pr(X = x) + 0 = + Pr(X = t)

* x 27

Answer to duplicate question :



Frequent Items
Naive Attempt : Store each item

Problem : Most common elements with its frequency
in a streamy.

Is this a good solution ?

Examples :

· most popular products on Amazon
· most watched videos on YouTube
· most searched queries on Google

A stream of n items X
, ..., Xn

U = set of all items

R positive integer and ECO small constant

Return :

· every item that appears at least I times

· only items that appear at least (1-1) times



Let f(u)= Counting
↑
frequency of item v

X, X2 .. - Xn

Ourstrategy :

Maintain estimates (v) Sit -

f(u) = F(u) = f(u) + En I 2 ... m

For X
; in X

, ... Xn :

Question : How do we use
to solve frequent items problem?

A (n(Xi)] = ACh(Xi)] + 1

Return F(v) = A/h(u)]



N2 Thursday Han

· self-grade due Friday · Count-min for frequent items

· Problem 2 and 3 due Monday
· Union Bound



MurkowsFequait X
,
two Counting

X, X2 .. - Xn

Pr(X =t)

I 2 ... m

Frequent Items

Problem : Most common elements
For X

; in X
, ... Xn :

in a streamy.
A (n(Xi)] = ACh(Xi)] + 1

Examples :

· most popular products on Amazon Return F(v) = A/h(u)]
· most watched videos on YouTube
· most searched queries on Google

Key fact : Pr)h(v) =h(vl)I



F (v) = f() + [ f(y)1(h(y)= h(v)] With one array,

↑
yeUYv3

f(u) = Ath()] = f(r) + 2↑
true error

up t for any

Show that :

setting m=

Pr)[f(y)1(h(y)=h(v)]<2)- f (v) - A[h(rl] = f(u) + G
ytUlEv3

up 1/2 for any v

↑
a little low...

Strategy : Boost success by
repeating subroutine !



Count-Min
-

- f(v) = Ah . (v)] = f(v) + EEwp112

:

- f() = Ah(v)] = fin) + EEwp112

For * ; in X
, . . ., Xn :

Pr(f(v))f(r)+ )
For Aj in A

, . .

., At :

A; [h; (xi)) = A(h ; (xi)] + 1 = Pr(AiChi(v)] = f(rC +E
i= 1

Return (v) = min A ; Chj(v]
= (t)t



-CountMin Guaranta
a

Space : 0cm + ) = 0( logz "6)
E > o error

K integer

m = ↳ size arrays ... but this only holds for one v

Pr(F(v) < f(u) =0

Pr)(v) < f(v)+Et) = 1)
= want
2t = YS T

failure

t=log,2t = log2' probability



AnonBou = Pr(t) + .. .
+ P(tu)

Apply union bound to

Pr) ·Y(u)-f(v.)+ U
... F(un)f(Unit =


