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COUNTTCH
initialize

array C of dimension Bxt
C = 0

.

sample random hash functions(-vnin)
h

,
hz , ...,h : (Ny + (a]

91, 92 1 ..., 9t : [N]- 47 13 .

for i = y . --

,
m :

LD , --z) = (h, (i)
,

. --

, ht(xi))I Vj ((bj . j)= ((bj ,j] + gj(x)
↑Could increment or decrement

end for

Query(c) :

for j
= /, . ..,

t let

v .
= C(hj(x)

, j] - gj()↓

↑ in absence of hash collisions
this would be extly fx

output * = median (V1,
---,=) .



Analysis focuses on one

estimator V
e ,

le(t].

Fix X Coken whose

frequency is queried).

Xan = E
1 if h(y) = hy(x)
O otherwise

Zye =

getgelyXyefy
↑

the "noise term" in VR
coming from token

y
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Now focus on Var(ve)

,

with

on eye toward using Chebyshev
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If median (v
..... w) differs from fx

by more than allflly
it means

#e /N* k Elf13
half or more

of V , - -Vt
median nu here

⑨ &
Ii

5) vy). -Vy
here .

i
=

-t/18
.



To make a
#D

> 8 Set

+ 218l (YS) .

Coetusion: Court Sketch

with B =(a)
t = ⑰(2)

satisfiesellfllz with

Prob 31-6
.

N = 2
Space requirement :

O (en(5)(mN) bits.

⑮
h(m) + b



2-universa

Storing one" hash function from

[N]- [B]
takes how much space ?

B =

q prime

[N]= d = [10s
p

(N)7.
Use inner product h,

(x) = (ax) + b
,

med,
o

Description of hi d+ 1 values mod
p .

↑ T
Loords of

a b

(d+1) - log(p) bits

- (logp (N) + 2) log(p) bits

= O(log(N))

3 = y kfN
S

use K indep hash functs with 50
,
1 out

k . los(N) bits
,


