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Adaptive Streaming
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» A stream of length m over domain [n] is a sequence of updates ((ul,Al), e, (U, Am))
* Here u; € [n] is the ith item and A; € Z is its weight

* Letg:([n] XxZ)* - R be a function

« Attime i we obtain (u;A;) and need to output z; € (1 + @) - g((uyg,44), ..., (u;, 4;))

* Requirement: Sublinear space (we assume n >» m)



TR .Stream 2 DIV D'2'RN 190N MR NNSI0 g N'Y7I9NY N 1NVIYOD NNAIT

(.!2); ( !1)1 (.!3)! ( 1_1)! (.1_3)

(I''? 78nwn oyan stream 2 0NN [XD)

NN NI DNALT
Every item in the stream is a pair (u;, A;) where u; € R™ is a standard basis vector and A; € R is
its weight

N2 .
At every time step i, the goal is to estimate ||f(‘)||2 for fO =A;-uq + -+ 4; -y
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Let A be txn matrix with entries uniformly in {+1}
Initiate y = 0 € R
Fori=1,2,...,mdo:
*  Obtain the next update vector v; = A; - u;
e lety<—y+A-v;
L 1
*  Output estimation z; = - llyll3
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((ul, 44), ..., (U, Am)) = fixed stream (unknown to the algorithm)

(ull Al) (uz' AZ) (um! Am)
StreamingAlgorithm
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Adversary chooses (u;,A;) based on all previous

items and answers

A A A
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StreamingAlgorithm




NIFN7 NI P71 DNNIIATRN 7Y NINTIEZN NIAIYNN R0 7V DN stream 2 DNA'RN 21'WOY 'Wign an
N MDA 2N 7Y NINVANN DX NIYAWN Q78N NIPNN .ONMNIA7RN 7w N'Mon NIFKIpPRA NN
.0m"n streaming

:("2'v9TNN streaming n 77IN) A1Tan

* Fixafunctiong: ([n] XZ)* - R
* Two-player game between a (randomized) StreamingAlgorithm and an Adversary
* Inthe ith round:
1. The Adversary chooses an update (u;, A;) for the stream, which can depend on all
previous stream updates and outputs of StreamingAlgorithm
2. The StreamingAlgorithm processes the new update and outputs its current response z;
*  The goal of the Adversary is to make the StreamingAlgorithm output an incorrect response z; at
some point i

Adversary for the AMS Sketch

Recall AMS sketch
» Random matrix 4 € {+1}*"
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*  After the ith update, respond with % A 'f(‘)||2 = ”%A fOl where
2
f(") :Al.u1+...+Al,.ui
The attack
+ Setw« C-+t-eqg
e Fori=273,..,m=0(t) do
1 - :
1. old « ||ﬁA'W||2
2. wewte;
1 2
3. new « ||$A . w”2
4. If new > old then w «w —e¢;
Analysis
+ Atalltimes ||[w||% = C? - t by init
2
= Suffices to show that ”%A . w” drops below €?/2 - t
2
1 z 1 z 1 2 1 1
- new; = ||$A wte)| = ||$A : w||2 + ”EA ‘e |2 +2 <ﬁAw, ﬁAei>
1 1
= Oldi +1+2 <EAW, ﬁAei>
- s —ld~2<lA lA>
0, new; —olq; = 7 w, i e;

This inner product is symmetric, and is “negative enough” with constant probability, because Ae; is the
it" column of A which is uniform on {+1} even conditioned on Aw (which is independent of the it"
column of A).



