Communication complexity and
the information cost approach
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Privacy amplification

Eavesdropper




2-universal hashing




ommunication complexity view  [Ben-Or




The model of computation




Two-party communication

Alice

X compute f (x,y) y

*  Would like to compute function f on some input

. Input dlstrlbuted among two computers as X, y respectlvely
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Example: Equality

X s x=y?




* Randomization helps

 Alice and Bob encode x, y using the same good error-
correction code (length ¢n, distance 0n) into C(x), C(y)

e Alice picks uniformly random i, sends i, C(x);
e Bob outputs “equal” if C(x)i = C(y)i , “not equal”
e Correctness
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Application |l




Formula size

A




Examples




Bound a la Neciporuk [Klauck]

e Partition variables into sets { P;}

* For each i, consider a one-message
communication problem:

e Alice gets values of variables not in
Pi

Bob gets values of variables in P;
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Formula size = (1/4) > D(f)

e |et Li be the number of leaves with
variables in P;

e Formulasize = >; L
* Suffices to show D(fi) < 4L

e Green nodes: those with at least one
descendent in P;
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Space complexity of streaming algorithms

0101 10010101011 10010--

device with small memory

Streaming model




Streaming algorithms

Streaming algorithms with constant memory and time per symbol are
precisely finite automata

Advantage for more complex natural problems ?

e Context-free languages: e.g., checking whether a sentence is
grammatical
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Streaming algorithms for Dyck(2)

Magniez, Mathieu, N 10:

e A single pass randomized algorithm that uses O( (n log n)'’?)
space, O(polylog n) time/ symbol

e 2-pass algorithm, uses O(log? n) space, O(polylog n) time/
symbol, second pass in reverse
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Connection to communication complexity
[MMN’10]




ommunication problem




Equivalent problem: Augmented Index

Variant of Index function

* Alice has n-bit string x, Bob has the
prefix x[I,k-1], anda bit b.

 Need to checkif b= xx.

Alice One-pass algorithm with space S implies a
protocol with communication 2S5, with two
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Proving space lower bound




Hard instance

ki, b

k2, bz

2nd unit

| st unit




Information cost trade-off

Theorem [MMN’I0]

If a Alice-Bob-Alice communication protocol computes
Augmented Index, with probability | - & on the uniform
distribution, either

Alice reveals ()(n) information about x, or

Bob reveals Q(Iog n) mformatlon about k,
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Intuition behind proof
(2 messages [JN’10])

X = X| X2 ... Xn k, x[l,k-1], b

Consider uniformly random X, K, let B=Xx (well-lormed / O-input)
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Intuition continued...
Alice’s input Bob’s input  Protocol transcript
NG T X[1,K] M Odinput
flip L-th bit I same index

X[1, K] M = M
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Finally...

Alice’s input Bob’s input Protocol state

Y T X{1 K] v

flip L-th bit I I switch index

F R 1 TH X(1, M

We have M..
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Final remarks

e Communication complexity captures a number of phenomena in
information processing

(also data structures,VLSI layout, time-space trade-offs,
proof complexity, circuit depth, decision tree complexity,
coding, game theory, ...)
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