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of bits that have to be sent by the players in order to solve the
problem with good probability.

Usually, the communication complexity of a problem is exgzed as a
function of the input length

@ Indexing function:Alice receivex 2 f 0; 1g", Bob receives

@ Multi-round protocol: Bob sends to Alice, she responds witly;; that
costsO (logn) bits.

@ One-way lower boundA single message which would let Bob know
any of n mutually independent bits ok with probability 1=2 + (1)
must contain ( n) bits.

| Therefore,multi-round communication can be exponentially more
e cient than one-way communication
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@ Most classical communication models under investigati@véa
natural quantum analogues.

@ In quantum models, both communication and local operatiaighe
parties are governed by thews of quantum mechanics

@ All (reasonable) quantum models are at least as strong asrthe
classical analogues.

I Both quantum and classical communication can be ampli ed by
shared entanglement
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Previous and New Results

An exponential separation betweanulti-round quantum and classical
communication models was given by Raz [R99].

An exponential separation betweeme-wayquantum and classical
models was given by Bar-Yossef, Jayram and Kerenidis [BJK04

In [GO7] it was demonstrated that there existed a communicattask
that was exponentially easier to solve in the one-way quantum mod
than in the multi-round classical model

Our main result There exists a communication task that is
exponentially easier to solve in the SMP model with cladsica
communication and shared entanglement than in the multisnal
classical modelln fact, our separation also subsumes that from [GO7
Our second resultThere exists a nonlocality game that is \robust"
against n® communication between unentangled players
Thesetwo resultsgive almost the strongest possible (and the
strongest known) indication of nonlocal properties of tyarty
entanglement.
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(2;2); 1010 is a valid answer
(2;2); 0001 is another valid answer
1457) (2368 (2;1);0011 is valid too

e It can be solved by &MP protocol of costO (logn) with classical
communication and shared entanglement

| It requires ™ n'™ communication in theclassical multi-round
model (Note that n= " [input siz4g).
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| Alice projects her part of the shared state to the subspacarsged by
the elements of one of the rows.
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o Alice and Bob share the statz t2[2n2y it L.

@ Alice projects her part of the shared state to the subspacarsged by
the elements of one of the rows.

@ Bob does the same for columns.

e They end up withja; ai + jb; bi, wheref a; bg is the content of a cell
(i0; jo)-

@ Both Alice and Bob locallyapply the Hadamard transform, measure
the result in the computational basis and send the outcomagdther
with (ig;jo), to the referee

| That information issu cient to produce a correct answer
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Claim

Assume that a protocol of cost k solves theiginal problemwith small
error. Then another protocol of similar cost solves the 1-versionwith
probability + with small error.
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Claim

Assume that a protocol of cost k solves theiginal problemwith small
error. Then another protocol of similar cost solves the 1-versionwith
probability + with small error.

The proof is not \completely trivial".
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Claim
Assume that a protocol of cost k solves the1-versionof the problem
with probability% with small error. Then another protocol of similar cos

solves thesearchlx1-versionof the problem with probabilitynkz | olg ok

The proof is combinatorial, technical.
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o To solve the problem with constant probability, we need n) bits of
communication.

o If we are allowednly k bits of communicationwe can nd one
elementof the intersection with probabilityO % ;

our chances to ndboth elementsare O~ & 2

Another combinatorial proof.
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Lower Bound for Classical Multi-Round Protocols
Classical Solution is Expensive: Lower Bound Summar

| If a protocol of costk solves theoriginal problemwith small error,
then another protocol of similar cost solves the 1-versionwith
probability% with small error.
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o If a protocol of costk solves the g1-version of the problem with
probability% with small error, then another protocol of similar cost

solves thesearchlx1-versionof the problem with probability
1
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@ The chances of a protocol of cost to solve the searchxl-version
K 2

areO 5

| This gives us the required 2 = n¥™ .
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o Is it possible to nd afunctional problem that requires exponentially
more expensive protocol iR than in Q1?

N.B. The question is open both fatompleteand for partial functions.

@ CanSMP with quantum communication but without entanglemeiie
(exponentially) stronger than classical interactive poobls?

| Can shared entanglement have any advantages ovemtum
interactive (or even one-way) communication?

D. Gavinsky (NEC Labs) Interaction vs. Nonlocality 15/ 16
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