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6\Ven acass Yo & daka  skresum X1 ) — X e()/{,‘ with l’[,“:[\l)
l:‘/\o( a sek SE’M Sow‘haf, with P(Dloabf[[}é @00 -

N x it Wl"x;:xﬁbsvw) XES
(13| %

Noh'(g. b% Mafl/_ov's inchLaQi\\g, Wmém at mst /e X's o that
[91] x=x | > em.

So s is auow\'né nS bo rehum & %\)\?@(‘SQ/J[ o'g HAOS&, WMA Sowme (—ZM'[(M&
Pro\oa\oi\(‘*\/.
We will just caiveashzﬁ}/\ofw ket fsre.

/
THIS IS Do-ABLE: Sex e orginad paper by Gomote «Huchubishrn
Here's o classic soluhon, called  COUNT-MIN-SKETCH. o rmr &jn{b o \S\AS“‘ Gooalu * Cound win Skalh.”

Let T = Ollog (NY)
DA STRUCTURE -
. Arr&\{s A,,._., A+ , 'each\oC LQVE{H/\ 4/8, '\mhaQ(%zd b O.

o Han (unchions &, G, ot U— [,

PDATE :
-\Wham you see Xé/u.) Y\W each i':\)_,,)T:
AL e\'L (x) AX += 4

QUERY:  Estimate
f#hoes X qpered = A Al ko]

=\, T
&HC( retum all ‘H/\QWLVll'ﬂdS with b\% eShMaks.



"Preture looks lie Huis: X gy z WYY WYYy ..

)
A
% Y £ (%)= bucket 4
Ay x| |z § o ARy
1 ] z 3 | 4 gs o /s QI\'L('\A\‘lOACQd'g
5 ek...
Aa_ x S
: Py 2
AT %”;l Ax W

Each buc ket jusk shores e count of o ¥ ifems in iC.

Now, WOPEFULLY, each teany tifler s “masmabt«a“ isolated in at loast

one loucket  (in tnat no o \AQMA Ritter \ands thore o), and then taz min
(S mt&ood ek .

Fun exercise : - Show it 1S works wg\{) _ (1%, say, Hee bash s are o

4 rundow,
a\’rv\ou«]h Jou don m;(lg( naed

at ),
SPACE - O(M"D \a log(N)logm)  Netes. et bk e dorad e
& s ;s o it ums ot Haf§ Ok
Nowz2. Cinimprve. Hst g\ L.
€

Se————

Ta«w&s wl O(%) uckefs
eadh, and each loucket holds
o in€in Tm3

It i \ﬂera\ka g FVORITE

TS IS AN ANESOME DITA SRUCTRE < by
But @ presented e e 24t 1 recog o help viih

WUnder an odditionad assm, we can weke s DETERMINiTIC DIACT,
Sea [Nelson, Ngungw , Woodwif 14 7 P nonexact ddemitishic, wf guce Oy

2s) Beller qrem fime_
Tute. ore bollrelgs out fore, bt fisone el ate. and uses RO wdes
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Here's o cute (lout %mss\Y over- simP\i&d ) versionbhasd on RS codes,

Se\{ e are n<q vouters, and each rowter is add ressec] ba Sote_ aeﬁ.
hoe example, let's take S 2%, ot evey niter s @ 32-bt addeess).
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CO(YESpoadfn(ér bo % and g\.
Cave & malicions  wser

Romawem ’u?sfmawt.
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