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3,5,3,7,54,8,5,3,7,5,4,8,6,3,2,6,4,7,3/4, ...
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¥ How Odi#rentO ag p and?
Dr(p.a) = pif (ai/ pi)

Be(p,a) = [F(p)! F(a)! (pi! a)F (as)]
where f andFare convex andf(1)=0.




The Catch...




The Catch...

¥ What if m andn are huge andgu canGtore the list?




The Catch...

¥ What if m andn are huge andgu canGtore the list?

¥ Applicationmonitoring internet trafbd/O efbcient
external memoy, processing huge log bleatabase
guery planningsensor netvwrks,...




The Catch...

¥ What if m andn are huge andgu canGtore the list?

¥ Applicationmonitoring internet trafbd/O efbcient
external memoy, processing huge log bleatabase
guery planningsensor netvwrks,...

¥ Data Steam Model:
No control over the order of the stieam
Limited working memop, e.g, polylog(n,m)space
Limited time to pocess each element




The Catch...

¥ What if m andn are huge andgu canGtore the list?

¥ Applicationmonitoring internet trafbd/O efbcient
external memoy, processing huge log bldatabase
guery planningsensor netvwrks,...

¥ Data Steam Model:
No control over the order of the stieam
Limited working memop, e.g, polylog(n,m)space
Limited time to pocess each element

¥ Pevious worlguantilesfrequency momentsyistograms,
clusteringentropy, graph problems...

seee.g. Muthukishnar©Data SgtamsAlgrithms and\pplication:
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¥ A p-stable disbutior# has the éllowing pioperty:

It X,Y,Z! panda,b” R then:
aX + bY! (Jaf + |gP)IP Z

¥ Examples:

- 1
Normal(0,1) is 2-stable: ——g' */2

V2!

Caucly is 1-stable:

1
I

1+ x2
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¥ Let# be ap-stable distribution (0g!1)

¥ |dealAlgiithm:
Fori=1tok:
Let x be a length n vector with x j~ #
Computet ;i =|x.(p-q)|
Return median(t  1,t 2,..,t n)/median(|  #|)

Easy to compute.(p-q): for stream3,5,3,7,5, ...compute
X3-X5+X3-X7-X5- ...and scale

¥ LemmaReturns(1+! )Ly(p-9 with prob. 1", if k=I( !-2In"-).

Apply Chernoff bounds.
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¥ Sletdh/Embedding into Small Dimension:
Let x1, X2, ...,xK be length n gctor with xj' ~ #
Let C(y)= (X, ..., xKy)
Approximate Li(p-q) fom C(p) and C(p)
cAuTION: Not an embedling into a normed space

¥ Can we also construatdkin small space:
Storing all Xxrequires "(nk) space
Generate xwith Nisan®©pseudo-random generator
Can stoe the seed in O(pgllog n) space

¥ Thm:Can (1+)-approx Ly(p-g in i( ! 2In"-1) space
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¥ Copllay: Poly(n)-gpprox. of Dr requires "( n) space if is
twice diferentiable and stric{l convex.

¥ Coollay: Poly(n)-approx. of B-requires "( n) space if thea
existss, zo with

1 0" 2" z1" z9, F' () F' () # (2] )
or 10" 2" z1" 79, F'(z))/F' ()" (2] 71)’

¥ Only exceptions & L; andLy!

I Breaking NewsMary of these lover bounds also @ply for
randomy/ ordered streamschakrabati, Cormode, McGregor 2007]
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LetA be a t-apmx algpnthm: -
Alice 1.Alice ru.nsA on brst half Bob
x<H0,1¥ 2.Tran§m|ts memoy state y<HO,1}
3.Bob instantiate®\ weightn/4
4.ContinuesA on second half

weightn/4

ThmAny t-gpprox algrithm for the
divergence equires "( n) memoty.
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Corollary to Dy

¥ Coollay: Any polyn) approx.of D (p,a) = pif (ai/ pi)
requires "( n) space if@xists and is stricyl positie.

¥ Poof:Seta=c=1 andb=t2n(fOO(1)+1¥(B)

Take Taylor expansion of around 1:

L(b/m, (b+ ) /m) = (b/m) fQ)+ f(1)/b+ f*(L+")/(2b°)
(D) + 1)/(2mb)
| 8! (a/m,(a+ c)/m)/(t°n)
Similay, ! ((b+ c)/m, km) ! 8! (a/m, (a+ c)/m)/(t%n)

Result 6llows by the Shift-lmariantTheorem.
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¥ f-Divergnces:

Thmif Dr boundedQ: (In " -1) space is sufbciertrf !
approx. with prob. 1-".

Thmif Dr unboundedneed "(n) space
¥ Bregman Diveegces:

Thmif F(0)FO(0xnd FO@ist,O: (In " -1) space is
sufpcientdr +! approx.with prob. 1-".

Thm:If F(0) or FO(0) inPniteeed "(n) space
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¥ List ofm pairs in fi] x [n]:
(3:5),(5,9),(2,7),(34),(7,1),(1,2),(3,9), (6,6), ...
¥ Stream debnes random variables:

Xp with distribution (p, ... pn)
with distribution

(Xp, Xg) With distribution 11, r12, ...nn)

¥ OHw independenta&iX, and %?0

Is the joint distributiorOfarO dim the product
distribution @1, Si2, ....Sn)?

ConsiderlLs(sr) or Lo(sr) or mutual inbrmation:
1(Xp; Xg) = H(Xp) + H(Xg) ! H(Xp, Xg) = ;15192

rij
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¥ Estimatingi(s-r):
ThmO(In n)-factor gprox. (w/p 1+)inl (In"-1) space

Thm=! approx. (w/p 1+)inl (1-4In"-1) space (2-pass).
¥ EstimatindXp, Xo):

ThmNo 5/4-factor gprox. (w/p 4/5)in O(n) space
Thm=! approx. (w/p 1+)inl (1-2In"-1) space
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¥ Letx <H-1,1} where x are unbiased!-wise indept

¥ Compute x.(p-q)....
Elx.(p! a))1 = i jERaxl(pi! a)(p! o) = (Lo(p! @))?

Var[(x.(p! @)1 " E[x.(p! @)
= ik Eixxex](pi boaid(p ! g)(pk ! a)(pi ! an)
(Lo(p! q)*

¥ Thm:By Chelycher boundsthe aerage ofO(! 2In" )

repetitions yield$1+!) Lo(p-9 with prob. 1-".
[Alon, MatiasSzegedy 199
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¥ |deaEstimatela(r-9 usingz ! {" 1,1}" " where z; are
unbiased 4-wise independent.

¥ PoblemCantcompute sletch of pioduct distribution!

¥ Solutiorket z,y ! {" 1,1}" be 4-wise independent anc
Setzij= X Y.

zs= i zjsj = (xp)(y.9

¥ Entries ae no longer 4-wise independent busiti)y.
Let aj= rij- §, andconsiderT = % z; aj:

Var[T?] | E[TY

= | i1, 1.d2,)2,03,)3,04) 4E[Zilj 1Zi2j22i3j3zi4j4]ai1j1ai2j2ai3j3ai4j4
L 3(L2(p" q)°
¥ RepeatO(! 2In" ) times to deducd1+!) Ly(r-9




Summay

Small space skches ofls andLy
usingp-stable distributions.

No small space gltches existsdr
other information divergences.

Can use sitching ideas to estimate
Independence

Main Mater ial:
Stable digtvutiongoseudoandom gneatois,embeddingand data sdam computation
Piotr Indyk(FOCS 2000)

Sletdhing inbrmation diveegces
Sudipto GuhaRiotr IndykAndrew McGregpr (COLT 2007)

Dedaring independence via thetdkng of sétdhes
Piotr IndykAndrew McGregor (SODA 2008)




