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i 2 f 1; : : : ; ng. Bob must outputxi .

Multi-round protocol: Bob sends to Alicei , she responds withxi ; that
costsO (log n) bits.

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

I Therefore,multi-round communication can be exponentially more
e�cient than one-way communication.
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Most classical communication models under investigation have
natural quantum analogues.

In quantum models, both communication and local operationsof the
parties are governed by thelaws of quantum mechanics.

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

I Both quantum and classical communication can be ampli�ed by
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that was exponentially easier to solve in the one-way quantum model
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 classical
communication and shared entanglement than in the multi-round
classical model. In fact, our separation also subsumes that from [G07].
Our second result: There exists a nonlocality game that is \robust"
against n
(1) communication between unentangled players.

I Thesetwo resultsgive almost the strongest possible (and the
strongest known) indication of nonlocal properties of two-party
entanglement.
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Classical Solution is Expensive: The First Reduction
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Assume that a protocol of cost k solves theoriginal problemwith small
error. Then another protocol of similar cost solves the1 � 1-versionwith
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n with small error, then another protocol of similar cost
solves thesearch1x1-versionof the problem with probability

1
nk2 log2(n)

.

The chances of a protocol of costk to solve the search 1x1-version
are O

� � k
n

� 2
�

.

I This gives us the requiredk 2 ~

�
n1=4

�
.
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Is it possible to �nd afunctional problem that requires exponentially
more expensive protocol inR than in Q1?

N.B. The question is open both forcompleteand forpartial functions.

CanSMP with quantum communication but without entanglementbe
(exponentially) stronger than classical interactive protocols?

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