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1. InTerPoLATION STEP

En& utaol%mm‘ual QXY with (i,g_)'tfﬂjl‘ﬂ B = \i f(n-r‘-(m i)
So that @("(c.ﬂ.‘ \ =0 with Vvlu|h?|\'of|'-é‘ v o 1=\y g

2. Roor-FinDiNG STEP.

Retum ot F 5o frat - Q(¥,F(X)) =0.
[Nobve tnat thare ace < log (@) < Dg & (7 oft these. ]




ORSERVATION : There is no reason that e ¥; ‘s nead fo be distinct
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tﬂl&nowa‘s \C( X) of &% 30 that -
Hd=ye e af st £ = J\Mkumﬂ i,
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lnthe conlest of RS codes, fle. pichure is Hhis:
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L= 1Tk ond L2200 0)% ¢

|
@& RQE)\C\CQ M \}é' Y\& and  coose. r:ZﬂQ&,
T

kanc&ma&kux%@
SO\ME Nonss ABOULT LisT Recovel Y - fudk-Had £ s an

|'M€ﬁz/r...
1. List YCCOV% 1S I(\Jﬂ‘ﬁéhﬂ% oven ig E:V\J.
2. |f {=1 s fsJumL /flsf—oécoc//gj aaou'/\
3. Wewed L=2{ Eweu&? ]
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The GOD THING about tnis:
~ We can toleate way wofe enor Wan we could without this
expander tick  (it's “distane amplification” )

T RAD TU ING:
- Tie vake takes & fuchor ol d Dt
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PROBLEM.  Qliven adata Stream XX, , .., Xw, Whee X; € UL,

whore (UL =N, fndal e X sothat |Ti{x=xF[zem.
X

Easy! Shore a \/\isbsrum (&, 06, QN\ which ounts Yo 4 of elowarts. w

Or, junsjr shre Ljj.oe ) % and do Hra count onthe ij Suchan X is
(alled an
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CATCH . You L |imited (sa\{ ,OO%OAWW\(L) Spce.
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NEW PROBLEM.  (Agprovimale. probsbl ey hiters)

6\Ven acass Yo & data  skreoum X1 ) — X e()/{,‘ with l’[,“:[\l)
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THIS IS Do-ABLE: Sex e orginad paper by Gomote «Huchulishrn
Here's o classic soluhon, called  COUNT-MIN-SKETCH. e &jn{b o \S\AS“‘ Gooalu * Cound min Skalh.”

Let T = Ollog(NY))
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o Hasn (unchions &, G, ot U— [,
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&HC( retum all ‘H/\QWLVll'ﬂdS with b\% eShMaks.
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one loucket  (in tnat no o \AQMA Ritter \ands thore o), and then taz min
(S mt&ood ek .
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4 rundow,
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TS IS AN ANESOME DITA SRUCTRE < by
But @ presented e e 24t 1 recog o help viih

WUnder an additionad assm, we can weke s DETERMINiSTIC DIACT,
Sea [Nelson, Ngungw , Woodwif 14 7 P nonexact ddemitishic, w guce Oy

2s) Beller qren fime_
Tte. ore bollrelgs out fore, bt fisone el ate. and uses RO wdes



@ Demreminstic ConstRUCTION.

“The randomizzd, part s fite P s, so wel havefomplm%se
w\\“\/\a Read - Sdomon code !

a%mmmtl: " lql/ﬂzﬂlt:n:"rj“l’ﬁs

s 1 "s L) ish- re(oVerabla | G vessoncble L

TLEA fix o, —, ol e“t_
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. b (% {10( ) e F L )(:er ey (1:4/6' = 4 buckefs
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Same data shuchwee. T recovey alt&on'{‘v\m is:

e j=1,n _Sln RS lig, I
= A\ = C = . €M
et 5 {f Aipleen t < S‘)- {‘3 ' ikxnsmf mm*‘fﬁ
(R\W\ [ \‘3{' W.CCNQ(S_ (A)l lists SJ H\q{- Q(MJ)-;?
Rehuat e vesults
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g
Z vac&x) < $ i %nSstNgl‘okew
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QUERY TIME: ?Qla Q«am le
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T Rty Dot sea why Hnis works.
for an titem (aka, \)d%novv\ia() £ ot Ec dande Jrf/tﬂgv(suemu/ % 3

osel. Suppose Yy 2em 50 X an z-hea,va-wen
“Then (Z(o(j) € S\-\ @7(‘ all )’= Loy S0 ﬂ/w.[(‘sml-vtcoverd alaon'ﬂ'\w«

WiLL vefum Y\

CASE 2. Supposa Vs <em, o [ is NoTa heay it

There are <Ve  AcnuaL vieayy fhiters, 9,59,

1 {368m23 with eachof fhose in © <k places

- Sie >R, Nereisat ket 0w sk fl) # 3¢(oq) Ve, Ve

«That means Yhat thre (s some | s.t. A,‘ \_—]C(o(j)] receives N0
Conbibuhions from ny ot the heaty Witters

° CLAIM: € ﬁsfﬁl thas 1o coatei bubans @bMMV\QAV\a Witbers, e
ACRY < 2w,

pE. Tollows fom owr ASSUMPTION.  Evend AL Hha von-HH comvdodd, fatsfill <em.

¢ s, ATR) ) <em, 5o flog) § S \

o Than the list recovery a\%on'ﬂl\m wil NOT  refum f

Now lets estadish e paramaters.
ueorteive - Nead o anute )y, O(v) < O( 9% )
QUERY TIME : t\g (ndal Q/\QQV% WH@(‘S) .' Rum Guruswani - Sden J \)dd(wﬁ =\)ol3(l°%"‘)>
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SPACE q, fubles w/ cgbudtds eh 5o O (CC (OS(W\)\ ‘O( (oi,]l(N\ o )\




This approach does not hie aimal spece , and 1t vequires an addibonal assm

)

BuUuT it is:
e daferminishc |
Nahice that soma. sort of assm is racessery
e oxack b0 get Hhase w/ o(N) space.
. re&\ls cante !l

@ %Qck o He r@mc[omfzad, aPpn:x(zv\rAe Sc’(h'f\a.
AS P(Q%med MS has o glow (CLove/a mgaonWMi
T For xel: A
ES“/Q‘“*Q Cx asS F K
I€ 0 > sm, indudex in Mhea\/a\(\iﬁw lisk.
which fokes ‘me O (N \ | Y‘ealha ot &Uod

e s Voelfer elc&s known :

“ v [LEIW: Nelson-
\{vwlfvﬁzpéa%g S DI TRCK o N T i RS(,LE‘C?L?E(OVEKT
UDKE | foq(N) log?(N) log(N) Ollog) )
Queky N pfoq () / pdgog() pol%( log() /6>
SPACE log 2
lag(N).¢ g0, ), log (), .
* biﬂ—O‘A’s Suppressed| 1\

What we'[[ see foday
isnt the best known | bout
\t/s compehitive Qne

Ve/a cube [



Heres Yo idaa. CAUTION: el nad fofwesk: flis Sl(ﬂhﬂy-

la C = RS ('Yl QQ ) w/ Q en |
(1' L) . 2 ) So 1T 1§
3 (S movera\om witn L’Pol%( /\Sam dhoose o

Acaum let U < W D(l cﬂa&(\CRQ}

DATA STRUCTURE :

Maintaia v different  COUNT-MIN-KETCH data Stuctures
QM , QMS,, .., (M4 )

whidh have o wiverse, W' =

, and. the same Pmmder £.
« Eadn has:

WUPDATE : CX[OS(‘O)

@uery = O(y)

A 1 O (1) rigm)

* So e
IPACE Qf "y deta shucure is O( 03(‘(‘) +O(cglc,3(mh)
O(Iog(m/ez)

UPDATE SteP
Uhen \Ceu appears :
Qori=1, .. n:
Lo oMs; . upoare( §xy))

Sotie WOKETME is O n ( Tl oelsir) s T(o b))
= O logN)e )




QUERY STEP:

Let 35 = QUERY ( CMS;\ \\Wa%%m\ods B tdt Qm%mud

occred s 0w )
Run Guwswani- Sudan on te & s \ind al e 5t m\k\\/\f o
and rebum oz oufput- b resporside. for hose F’s.

Notie trat || €2, sine thatistie Quarartes of CMs.
Since {‘;T =t ,  Cuuswemi - Siden  applies.

QUERY TIME: O(V\'%\ £ polyin) = po\z\(‘%“—\}

And Gna\(%, \/\ﬁla distiswork?  CAUTION: [TDOESN T QUITE WIRKYET,
Heresthe picture:

upPpATE (§)
g > ) flke) ) Flw)
J J ! J
(M3, CMS, [ --- [ (MS,, (MS.,

I \ \ \

S N A
QUERY () %1 %1 - v

Guenswimi - Supan — g\g,Qz, .--)CL}

I{ \C ison S- B\fzdwd fitter, Yen F(olc) is an i-ewav%—\n(Her for us; | Vi,
and so Hu)eS; Vv, ad 5o Gueuswt-Sm  ehums {3«\ e autput sk

¢ Q is NUT an ¢ e\eav“ Vilfer.. er, well, Jrlma(epd (n) Wﬂng wuch H/\a’rewd up
in e ou&wjf st QoPS! Wwtnat deesn't quite work . fix on nadr \)&Zf



g fix is fo kaep avle wioe CHS | Hiisore for e univese U

uroaE(p) &
J ;/\/
C——) R, flx) {ln-) Fw)
J J ! M
S, MS, | --- | CMS,, MS.,. QMS
| \ | |
! | l |
QUERY () _ %i %‘ Sy gi,"
| Gueuswrm - Supan
l
26,—, 8.3
J
‘nih‘a((y L=¢
foc t=l, .., L

Use CMS toestimate ﬂufvt%umudo{z &
Tlits = emy add §fo L

J
T dist L

M , thishes oubpad st Sige. < e, lecause. CMS will ov\la sy “2em" R
grmet /e of Y £ %

Hooray !  TThat's what we wanted, NI it's mall\I Quéc./




(2C) P\\’?L\CM\(N‘- \(\ef\‘r'»(:\{in%aﬁschr_s in B)S atlacks L %asad ”Deen-craﬂlc\m-wgd& 0z ]

gNonm\ ugers i Rad %:?s W“‘}f*" camyo

Suppose e Set- up s
o daniaf- of -service deck.

22882222222222
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=SSN

'\‘W&Se red

edqes are.

k\\ ~ — éJ— rﬁ% ick e

(ontuin Sons
of ?adm{-s

A lownoh
of

1OUiters

(Wvestion: How can o (with e helpo? e mﬂm) ic\enh‘H Yo bad (MS and block
Paie packets infio fiwe?

Here's o cute (lowt %mssw over- sme\i&A ) versionbasd on RS codes.

Se\{ e e n<q vouters, and each rowter is add ressec] ba Sote_ aeﬁ.
hoe example, let's take S 2%, et evey niter s @ 32-bt addeess).

NAVE SCHEME Ereny Y o moter Jendls o packet,  appends it's addes.

This waks: Butthe downside is thet fie
@ J—i\j:mﬂ(‘g;ﬁ (ff T"Eﬁ( o) — Péc(&)rs % REALLY b“?‘; &QXW\‘O&S
\ T'm ot 8oir\<& loacc;?k gn'% m:w_ F\)F eéd\ m(AJcer JtWZ,\f S PGJ[

fackats “with that pa’ml



| stead -

Eadn pockat s “TNO. fld comuits appeded

{. Packet ID - e Rrst vouder cliooses His 2t random. *l—\lrow doesoa ﬁuc{i-er know
I itis frst? cesn',

2. ClLYYQl’l{ PJW D - is is inihali}ccl *\) O Ove Wé\frsioc&z’raand his

ish randomize — e vouter

Padc?()\ . Sust eswes Yot it isfret

. o - ‘. W i with some. small pdasly.
The ™ Q)rarou&er is (\mlm slu(ﬂ; ,F) s cnty viszbarh

§ «—1—Twisvouter's Dis
\’
(pecket-suf, o, B+ )

That wears thet whet happens b pacetis:
( P, 0)

|
| o)
i1
L (poy gesaia)
Te

&"’ 4 Pl g )

“hat is, each path hos asseciaked fo it a POLYNoMIAL {(x).
At tha end of fhe day, whit you see i:

(«, R60) (% q) (7,bp)
() (3 40 (5460 (. 4) (O, 9)
(3. go)) (9, @)

(& htel) (5,46)) (5,96))
(24 S )

<— |n s examyle, fie patis
CO(YESpoadfn(ér bo % and g\.
Cave & malicions  wser

Romawem ’u?sfmawt.




Thet s, you ae %we/\ abundhof \)0&(\&8 (o((,\((\ so that Yue “BAD P&H/\S
CorV?::sPoad bo Pott\nwio&'s fat  pass ‘rhmu%\/\ nnany R Hag Po(/\is —
and you want to find these tad Folammfals.

/\—\/\a’r's what e Gumwamhgudam &Iéon'ﬂ/lm coes”

X
b3
X X
(b)) (1.k) T X x X
(1 99) (B, Re)) (8460 (7, 9@) (6987 X X x \
0
% (b, 4p)) (¢, 9) - x X 0 ) 9x)

e L) 1) o) ) drwa \/ % * !
(240 (5.4 (@entty X X X
t } t t t t 1

\L Guuswami - Suden

3 a(X), &%), 20073

Tim not going fallow any path

hak eﬂdzdd ép %0\' r\%‘v‘\(\v\;ﬁ%e?g
J o L !

Suve, o will be gomewca(k

posilives, Put fnat's oK.

Thats it!

QUETNON T PONDER_
What can \u’s%—mcovm/ do ﬁr You 777



