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Quantum Advantage

Goal Design an experiment to demonstrate
unconditional quantum advantage using
Communication complexity
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Quantum Advantage
Two flavors

Partial problems promise on input

Total problems No promise

Remark Few separations for total problems
Impossible for querycomplexityof booleanfus
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A relation REX Y O is in communication TFNP if

Totality for all x y there is a

zs.t.CNy z ER

Verifiability given x y 27 Alice and Bob can
verify in polylog 1 1 141 communication if
x y Z ER
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Null Codeword Yamakawa Zhandry's relation

Fix a code Cn E Σ
Notation H x H x HnXn Hi 20113

Then
NullCodeword 20,13 C

H C cECn Hcc 0

Yamakawa Zhanday if C is a certain folded Reed Solomoncode
H is uniform random

Qᵈᵗ NullCodeword On yet Rᵈt NullCodeword 2ⁿᵈ
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Yamakawa Zhandry algorithm

Query Process
10,7 147

Alice Bob Referee
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Classical LB

Intuition Agoodcode is pseudorandom
Moreover Per H c On 2

Every codeword is unlikely to be a Sol

Querying one codeword does not
reveal much information about

many other codewords



Classical LB
List Recoverability Simplified E Σ is l.ee

if for any S S2 Su Σ sit I Sill

x a C C Kieth xic.si 0.4m 2



Classical LB
List Recoverability Simplified Σ is l.ee

if for any S S2 Su Σ sit I Sill

x a C C Kieth xic.si 0.4m 2

IS I
number of inputs
bits revealed
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Subcube Protocols
Defn 20,13 is a subcube if I In

KI E 20131 K EX α

and I contains all possible strings

Defn A protocol I is a subcubeprotocol if
for every a R XY

X Y are subcubes



Subcube Protocols Decision Trees



Subcube Protocols Decision Trees
No they are more expressive



Subcube Protocols Decision Trees
No they are more expressive

Bob length log Ntl
i Ntl subcubes

ie.TN s t

jci



Subcube Protocols Decision Trees
No they are more expressive

Bob length log Ntl
Ntl subcubes

can't be efficientlyit IN s t
simulated by

queries decisiontrees
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Lower Bound for Subcube Protocols

Any subcube protocol solving BiNC has complexity RCL

By list recoverability if IT l then

dangerous n e C 20cm

Say KEC becomes dangerous when Aline speaks at v

x has at least 0 In unfixed bits in Bob's halfofR

Pa HC 0 HER 2
0



Lower Bound for Subcube Protocols

Any subcube protocol solving BiNC has complexity RCL

By list recoverability if IT l then

dangerous n e C 20cm

By union bound the chance of any dangerous a Sol

Pr dangerous n H x 0 HER 2 0h20m

2
Rcn
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Lower Bound for Subcube Protocols

Any subcube protocol solving BiNC has complexity RCL

By list recoverability
We need parameters stronger
than we can prove for the
42 code

we generalize to a p biased input distribution
to tradeoff upper and lower bounds
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Lower Bound
how can we lift the lower bound for
Subcube Protocols

Structure vs Randomness

how do we convert to a total relation

employ trick find short certificates TFI 3
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