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[Goldreich-Ron’97]:
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does G have expansion > 7, @ <> <<>\/>

or is G far from any such graph?

‘Goldreich-Ron "00] O(n'/2Y=2) (conj.) | RW collision counting
CS '07], [KS '07], NS '07] | O
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(n ) prove conjecture
Ambainis-Childs-Liu '10] | O(n'/3T~2)
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(Q) element distinctness
Q) QFF
(q) QFF and seed sets
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* throughout this talk, we hide polynomial dependency on log n, max degree d, distance parameter ¢
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e pick uniformly random node v
GR expansion tester: e perform n'/2 RWs of length t = T2

O(n'/?1~2) C (®) count collisions between endpoints

[ACL *10] speedup to O(n!/3Y~2) using
g.algorithm for element distinctness
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e pick uniformly random node v
GR expansion tester: ©perform n'/2 RWs of length t = Y2

count collisions between endpoints
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e pick uniformly random node v

quantum expansion tester: e create quantum sample P*|v) + |T)
(HPt|U>H_1 QS;) e estimate ||P!|v)|| via ampl. estimation
- O 1/2 QS if > ( —1/2 , reject; otherwise, accept
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e [Watrous’98]: (first?) discrete-time QW
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prop.: create P*|v) + |T') using O(t) QW steps |  for arbitrary ¢

X no speedup
e [Amb’03], [Sz’04], [MNRS06]: W = (21, — 1)U

v) = W) st W) = Ty(P)v) + |T)

prop.: create 7 + |I') using O(6~/2) QW steps X only limit behavior
\ v/ quadratic speedup
= hmt_mo Pt"U> 7
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e [A-Sarlette’18]: “polish” quadratic speedup

prop.: e-approximation of P*|v) 4 |T') using O(1/tloge=1) QW steps

v  for arbitrary ¢ v/ quadratic speedup

optimal (¢, €)-dependency:
RW on the line has e-weight
outside [—+/tloge=1,\/tloge1]
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[Watrous'98]
[Amb’03], [Sz'04], [MNRS’'06]

complexity QS, of generating
quantum sample P'|v) + |T')

QW steps

apps

[A-Sarlette’1 8]

O(t)
0(5—1/2)
()(t1/2)

graph connectivity
QW search, Gibbs sampling
QW search, prop. testing

*[Ambainis-Gilyén-Kokainis-Jeffery’19, A-Gilyén-Jeffery’19] use QFF to make progress

on open questions in QW search
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[Goldreich-Ron "00]
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? optimal dependency on n Scv,|S|=n'/3.
quantum expansion tester: 1P S| > |(x]|S)| > n~1/3
O(||P* )| ~¢'/?) Q

improve projection on |)

1/341/2
c O(n'/"t'/?) by (classically) growing seed set from v

similar time-space trade-off:
[BHT'97] (collision finding) and [Amb’03] (element distinctness) replace
(n'/2,1) time-space with (n'/3,n!/3) by first doing some “classical work”
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How to Grow a Seed Set?
o randomly-selectnl/ 3 nodes 4 balanced w.h.p.!

o use DFS/BFS ? balanced w.h.p. — open question

does suffice for sampling |7)! [arXiv:1904.11446]

e folklore (using [MNRS'06]): O(n'/26—1/2) QW steps
e using seed sets: O(n!/35~1/3) QW steps

e.g., creating superposition over graph isomorphisms/black box group in O(n1/3)
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¢ use tool from local graph clustering!

“evolving set process”
[Andersen-Oveis Gharan-Peres-Trevisan’12]

fromS CYV

e pick Z € [0,1] u.a.r.

Y

only boundary 0S changes
[E(u, S)|/d(u) =1, |E(v,5)|/d(v) =1/2, |E(w,S)|/d(w) =0

o VueV:ueSiff|[E(u,S)|/du) > Z
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[Andersen-Oveis Gharan-Peres-Trevisan’'12]

L L. T
"u,‘.-.:';)"'. é’.‘.
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How to Grow a Seed Set?

¢ use tool from local graph clustering!

“evolving set process”
[Andersen-Oveis Gharan-Peres-Trevisan’12]

prop.: ESP returns a set of size n'/3 within cluster in O(n'/3Y ") steps
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e pick uniformly random node v
e use ESP to create seed set S, |S| = n'/3
e use QFF to create P'|S)|0) + |T')

e estimate || P?|S)|| via ampl. estimation

quantum expansion tester:
O(ISIT= +|[PIS)||~t2)
S O(nl/?’T_l)

[Goldreich-Ron "00] O
[CS ’07], [KS ’07], [NS’07] | O

RW collision counting

element distinctness

[A-Sarlette 18]
[A’19]

(n )
(n )
[Ambainis-Childs-Liu *10] | O(n!/3Y~2)
(n )
(n )

QFF
QFF and seed sets
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Expansion Testing

e pick uniformly random node v

e use ESP to create seed set S, |S| = n!/3
e use QFF to create P'|S)|0) + |T')

e estimate || P?|S)|| via ampl. estimation

quantum expansion tester:
O(ISIT= +|[PIS)||~t2)
S O(nl/?’T_l)

recent work on testing graph clusterability: [Czumaj et al '15], [Chiplunkar et al 18]
“can graph be appropriately partitioned into £ clusters?”

should allow for same speedup using similar ideas!
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Open Questions

expansion testing:

o can we use simpler BFS instead of ESP? if yes, O(n'/3Y~2/3) tester!

¢ can we use ESP to speed up classical expansion testing?

o close gap: upper bound O(n!/3Y~1), lower bound Q(n'/4) [ACL10]
use techniques to speed up max/min/sparsest cut approximation algorithms?
QFF + ampl.ampl.: generate P*|v) /|| Pt|v)|| in O(t'/2 n'/?) steps
— general speedup to O(t*/2n1/3)? O(t1/3 n'/3)?

improved ground state preparation for general Markov chains / Hamiltonians
using seed sets?

18
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