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Indexing function:Alice receivesx 2 f 0; 1gn, Bob receives
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 Quantum communication channels will be depicted this way:
x y
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It has been an open question since 1999 whether there existeda
communication task easier to solve in the one-way quantum model
than in the multi-round classical one.

My result: yes, such task exists.
x y yx

I The separation isexponential; no superlinear separation was known
before.

The quantum solution is, in fact,0-error.
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protocol of costO (log n), that will not be described here.
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The communication problem can be solved by a 0-error quantum
protocol of costO (log n), that will not be described here.

I On the other hand, the problem requires~

�
n1=4

�
communication in

the classical multi-round model, as we shall see now.
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Classical Solution is Expensive: The First Reduction
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Claim
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error. Then another protocol of similar cost solves the1 � 1-versionwith
probability 1
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Claim
Assume that a protocol of cost k solves the1x1-versionof the problem
with probability 1

n with small error. Then another protocol of similar cost
solves thesearch1x1-versionof the problem with probability 1

nk2 log2(n)
.

The proof is combinatorial, technical.
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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.

I \Wider" separations?
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