A quantum information trade-off
for Augmented Index
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How much information is revealed?

e Similar to honest but curious model

Follow the protocol, but use messages to gain
information

e Extremes

Allce reveals all of X, Bob reveals onl f(x and i
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Augmented Index




Index function

Fundamental problem with a rich history

e communication complexity [KN'97]
 data structures [MNSW’98]

e private information retrieval [CKGS 98]

* learnability of states [KNR’95, A’07]
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Privacy in communication (quantum)
e Klauck’04: wur.t. hard distribution

 |ndex function: various flavours [JRS'02,°09; KdW’04;
LeG’ | 1]

e Jain, Radhakrishnan, Sen’03: AND(aq, b), w.r.t. superposition
over O-inputs
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Privacy in communication (quantum)
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Streaming quantum algorithms




Streaming quantum algorithms

Advantage over classical

 Quantum finite automata: streaming algorithms with constant
memory and time per symbol. E.g., may be exponentially
smaller than classical FA.

e Use exponentially smaller amount of memory for certain
i ___.problems [LgG 06 GKKRdW’O6]
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Streaming quantum algorithms

Advantage over classical

 Quantum finite automata: streaming algorithms with constant
memory and time per symbol. E.g., may be exponentially
smaller than classical FA.

e Use exponentially smaller amount of memory for certain

problems [LeG'06, GKKRdW'06]
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Streaming algorithms for Dyck(2)




Streaming algorithms for Dyck(2)

Magniez, Mathieu, N1 0:

e A ssingle 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

. Space usage of | pass algorithm is optimal, via study of
mform tion reve Ied in class ca Pr otocols for g me,me
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The information cost trade-off
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X = X| X2 ... Xn

Isicoxa=b. -/ k) X[I’k'l], b

Theorem

Ifaquantum_protocol computes. Aln W|th probablllty I -€ on
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Intuition behind proof
(2 messages, no private workspace)

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

Consider uniformly random X, K, let B = Xk.
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Finally...

Alice’s input Bob’s input Protocol state

X[I,K] RUM

flip L-th bit switch index
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Alice’s input Bob’s input Protocol state
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Finally...

Alice’s input Bob’s input Protocol state
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Complications swept under the rug

e How we quantify information that is revealed
e Alice and Bob may maintain private workspace

* Information about inputs may increase with each message, penalty
for switch increases
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Final remarks

e Established a trade-off in quantum information revealed by parties
computing Augmented Index

e Stronger results in classical case, with implications for streaming
algorithms

 Similar implications likely in the quantum case as well
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