
27 Apr 2022 Sketching : Count-Min & Count Sketches

Stream of tokens all - - yan .

- Each ai
e- [m]

Algorithm maintains data structure of size S bits
.

Gali s=O( poly ( ↳ n

, Los 4) .

Frequency vector of the stream : Ft Rm
f = # of times token j appears in streamj

E { 0,1, _ - in} .

11¥14 - n '

two algorithms today .

N-amespaieRequned-Approximatio-Em.ir Probability

CountMin 040912169¥ ≤en=eHf1k 1-5
one - sided

Countsketch 09"m%¥ ≤ ekfll
,

ts
two-sided
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Gian positive integers B
,
t

.

Sample t independent hash functions hi
, _ - >ht :[m]→[B]

from a 2-universal hash distribution
. his 2-unreal if

V-xt-yc-f.in]Initialize a 2-D array
C
,
site Bxt

, ñij c- [B)
Clk ,l]=O Uk,l. Pr(hW=i^hG1=j)=¥ .



✗ CCK,l7 c- unis ¥ stream elements ai
sit , hela.nl ⇐ K .

for each ai in the stream :

for left] :

let k= hecai )1 inurement CCK,l] .
endow

endfor

✗ Done processing stream .

To answer Freq QueryG) :

return mine. { C. [hewitt} .

Analysis . Space Requirement
store t hash function descriptions each

requiring 04g m) bits
.

Oct login
store Bxt array of counters

in { 0
, .
-in} .

0(Bt Wgn)

Approximate Correctness

For any given l , €14441,13]=E+¥×fjB(ʰe41=heW )
= f-

✗
+ b- §≠×fy

= f-
✗

+ ¥ (n - f;-)
.



The random variable (( held, l] - is 70

and has exp val. ≤ %
.

Markov : Pr(cIheHl] - ≥ %-) ≤ £ .

Independence
of him ,a*

:
Pr / ME / 4444} - ≥ F) ≤ ¥ .

To get error ≤ en WI prob ≥ 1-8

set

2¥ ≤ en ¥ ≤ 8

I ↓

B= El t ≥ loges )

space required is C)( tlegm + Btbosn)

=0(lgCm)los (F) + £ loses)bsGD .

Count sketch : similar to Count Min but each

token is added to the counter with

a random tf sign .

Consistently use same sign for × wherever it
appears.

sign, signal index when x≠y .

This could help because if many other tokens

collide in same hash bucket as × ,

their counters may cancel each other out
.



Countskekh ( B= / ¥7 , t=l8lnfs) )
Given B,t pros . integers .

Sample indy 2-univ hash functions

hi
,

- - - iht : In] → ( B]

91 , - -
- igti [m7→ {1--1} .

Jnioid.ie C(kd]=0 KKÉB}
,
left]

for each element ai in stream i

f for each left} :

I 4helaitlk-clhecai.tt + gdai
endfw

endtor

To answer FeqQuery(×) :
return median element of { gektcflykl.lt/etH1}

Analysis . Space is 0ft login) + Btloscn))
=0(bgsflbslmlte-zlgfslbslnbg-ittybt.ly/x1Correctness :

0 if not

Elgin.CM/eD--fx+g-Efy .ElgekigeGiÉ{%!h
0
"



= f× .

Var / geca.CH# 4) ≤ b- LIFE
To finish up , Chebyshev ⇒

Pr(Held .GG/xbD-fx/seHfk)
≤ ¥ .

( B ≥ 1¥71

≤ ± .

Finish up using Hoefling .


