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Graduate Student Solves Quantum
Verification Problem

@ Urmila Mahadev spent eight vears in graduate school solving one of the

most basic questions in quantum computation: How do you know

whether a quantum computer has done anything quantum at all?

13:36
1}
- M 2019/02/04 E1




& FiEs DR E

/LWE (MEFRES) "EFTETIZEHLWERET 2R 5, %?%ﬁ@@%@
IX A BE | [Mahadev, arXiv:1804.01082]

Sposthoc”7’ A k a)L%F|A |
\ )

Morimae-Fitzsimons Mahadev

ElE A

T
=Y U,..01|0" @ |t)

t=0




Yap

QL

(1) EFRTL < —

EWRICTZZ S A (350 ] EFETEBTETFEMNEZ T
SGoogleAADWIZEIR | 7

(2) EFHES
S>SETFEE-> TaltRDBSKiiARIE A6
Bl:ex*xa7777 FEFFE

AEANBRZ2MBITER - T-FTEEFETEAETTETE S
HFEOFELEIHFv I TES



= I~~~ =4 = /\
T8 = F;

e

BRSO —HTF
HEICEDCHLDY Y —R (B, XEY) AREHEFAN DR

PSPACE (HyBRETE I THhEKAY
XEYY A X THRITAEE)

PSPACE#P |
RARFERIE |

BQP (EFitE# T
SRR AR T 5 REIE)

BPP (HERFERRVETEM T
SRR S 2 )

BQP#BPPZx /9 D |
P (HHRERT LALLELWEAD
BT
B2 T A E)




51 SIREEAABD I N X TD

LD LD, EF>HHBTHLII L Z2TRTIBERIIKREICH S

(quantum algorithm zoo)

TODRATITDEIND

1. 7a—~"—%4147  (Grover. Simon. Bernstein-Vazirani)

2. var7—x47 (ZREDHEE. JonesZIER., EF>IL—3V)



S LI ABER

R TILTY X LIENY T, RIRHEL W

10240y FOERKSEET B DI A

200 0EOEFEY b, 10MIEOEFYT — FHRE

k[RoetteIer et al., arXiv:1706.06752] )

BLEoT




-

~ 5 R
AL

7% 7]

HEEEROEKRTETF > HHATRICEEBET 2D IHIZIZAA]EE

yul

BEF>EHMTHIRAERILT D (X XER

-~ )
EFHENHMAETYIL — P TELLP=NPIZHRS

SPzNP/ED T, EFIFHETIEYIL—FTEHL

\

Recommendation 5

System (& SRR P£NP
SR HETIHEL BQP ZPH PHOD SRR 14 |

=t = — —_
EREE RS

P. NPE—fft L7cZIBAREREOERIEZED |



= A

ST E )7 XL a[EE ?

B HHER G S 1L ANA] BE

1 77>~ K +Perfectly secure CRIBE7 5BQPANPIZ A 5,

(BQPA'NPIZA D L IFIEL HNTLRLY, )

I HETYR

TM and Koshiba, arXiv:1407.1636

BTk 5k & 71 7=[Aaronson et al., arXiv:1704.08482]
—@{E[EHpoly, 1> 7y FDOH A ZIL/NTH UL,
Ry YT S TERLPHA BRE



B amEmE DL FE

HBUEET R EE P D

[ wsas
O

© o .
OQO ® .\vo
@) ,
© <<: :> ﬁﬁv .
e © O =
o ©
RRR  (HIRIN/gN)
BEMLETEZHR

BRI, EFLZEYEBEERIALYICELVONMRIETESZ2DA | ?

A

DERIF RIS, BT, BIEAECRRY -T2 PRSI NTNDS
ET RSN, BEAENERE |



FAD RSB
YTIL—F
TR
xR LW
z — H7I—F
Eﬂﬂ;ﬁr 1‘7&

7L — %/%ﬂj’tvs\@‘&f: ITRTW3

SHEEERICBITA2 XX VX — i J 7'0—F (query complexity)
SHEDRR @&%#L@?mo(%<@ﬁﬁﬁ SNTW5, )
9%5%2135’6‘85 78 % M ANBH,



a7 —XA7
ZH 6 EERE % B 3 (time complexity) :

HHORI ML ERTHD I &EERT

arXiv:1807.04271
arXiv:1811.00414

~

/,zqtéiﬁéj\ﬁﬁ T TITEWAEFTIEEL
SHETIZEWNE WS HEREEEAAH 5 H T Tld A

i | .
|
! | | »
1
lr '
- 1 ]
a1k
|

T
S EHOSETILTY XLNRED2HEHD | |

. /
-

5] © recommendation system
HOBET—X—hroBdIomazR oIl 22FEEFEET7ILIY XL

SKED 1 SHEOFEENTEHFHRTIILITYXLEEDIFTLE 7!
\_ J

HHONZ P EEEL TEWN, & WD DB




