IPSJ SIG Technical Report

EFIA—TJZRBL

E At

Vol.2021-QS-2 No.21

BIE © 4, RREARCEZA T REOHRZ ARSIy a— F 3 288, wbwsiET
FURLT 7ERAXEY (QRAM: Quantum Random Access Memory) D& TV + — 712 & 3 EE %

FERLEDT, AEETRINERET 5.

Ryo Asakafl:a)

1. [IL®IC

BT HRLEIZZ OEEEw 2 1IEHEEDTWS.
ZIBELR O —N—D 7NV XL EHHTIUE, A
BRBOT =20 slREETHNO 7T -2 2T 3
k3512545 [1,2).

L IZAM, ZOEHRERRLIEFEMNESINEL TWEET
B EEE [3-10], REDT—XEWS>EFT7 LIV XL
DEEMEEHEME T 2I2E, ZhoDTF— XML LI ET
MCERAEDLEZEPDREL 2 Z (F—RTya—F 4
V) 11]. ZITRESINTOVEIDONETI VR LT 7%
ZXE1Y (QRAM : Quantum Random Access Memory)
<53 [12].

QRAM I 7 —Z BN T 2 XY (X TV RILOEEE
N 3$3) LZeIoRICE > THERENE (K1), 20

o@D, QRAM 3RO Y2 —RICBF27 0K

WHBLL -8R 2 0. BB O
- 1]} DELREDEIREL AT
—Xtv b {z9]a e A}

L7 ZEAREY (RAM) |
7 PR A={Valae [0,N
L, ZOHNELTRD LS T

T BUE, REERERY
Presently with Tokyo University of Science
a)  1219502@ed.tus.ac.jp
b)  k.sakai@rs.tus.ac.jp
©)  yahagi@rs.tus.ac.jp

(© 2021 Information Processing Society of Japan

2021/3/29
CEFITUALTIEAXEY
BORDETLD) R Eihe)
Kazumitsu SAKATTLP)  Ryoko Yanaai':©)
DEAGHOEIREZG S
> labal0)p 5 D )42y (1)

ac€A acA

QRAM DOE&1E 2009 £F12 Giovannetti, Lloyd, Z LT
Maconne D =T & - TIREI Nz [12]. HOBERL:
QRAM D53 ARD% 7 — R |wait), |left) KX |right)
WAET 2 320D A NF—H]AZROBRTAAL v F 0
WEINDZ [13]. 2o TEEZRIEL, EEOEK
DA EY LANDERHINGR 7 722 %2175 22T, 1§
oLy a—7 4 7B T55. ZOHRIEEK —F
WHEINZADBEEST 2 ) — FI2VW3dANIANTFY 2
LT ifgichlzons enrs, N7y ) L—FHR
EIN DG, BTFAA vy FOBREENICK S8R -0
IR [14-16], BFAA v FOFEEHEORBREORE
F(17-19], QRAM OHERIFZEIE AT Y Y L= 2 HuD
ELTERL TV .

—HAGL T, &/ — NICETAA v F 2B LRV
LWHRAD QRAM 28R 3 5. SRHBI/EAT 2 2=
VHEFICE o T2 X 25l 3 2 MR RIRE T 7 + —
71— [20,21] ZBAL, ZORTV +—H—EHZERS
ATV LToOREZHEDES. Z oK EICEASINL
BTV A—F—I%, (i)Routing: 1 DDEFY +—A—»
BEDOREY EANERRHCEREL, (i)Querying : XEV



IPSJ SIG Technical Report

LMZFZAENERZRAL L, %2 LT (ii))Output :
MENZREREDEIREZ RN LRSS EHREEN L T
, WO —HEHDOFREICL>TNEDELLEREOAEY
2 OSEBUE, H250VIEETORERE O(og N) ORRIT=
Ya—F¥ 5. #2335 QRAM ZERD ATV Y L—F
A WEELZD, =ra— FIEBLTHEY 2% Quantum
Resource (BT EIH) DEEDIX T O - 7 — X EC
—ERFE S, X5ICH—D NOT ¥ — DA %ZHAWTIE
FWICHMZ T ETHEROBAL LEITA 5. 2% D, Y
RBELICH LT & D B E R QRAM Of%GEH 2D 3.
FEHICOWTIX [22] BB Iz,

BE X

[1] L. K. Grover, “A fast quantum mechanical algorithm
for database search,” in Proceedings of the twenty-
eighth annual ACM symposium on Theory of comput-
ing, pp. 212-219, 1996.

[2] M. A. Nielsen and I. Chuang, “Quantum computation
and quantum information,” 2002.

[3] A.W.Harrow, A. Hassidim, and S. Lloyd, “Quantum al-
gorithm for linear systems of equations,” Physical review
letters, vol. 103, no. 15, p. 150502, 2009.

[4]  N. Wiebe, D. Braun, and S. Lloyd, “Quantum algorithm
for data fitting,” Physical review letters, vol. 109, no. 5,
p. 050505, 2012.

[5] S. Lloyd, M. Mohseni, and P. Rebentrost, “Quantum
principal component analysis,” Nature Physics, vol. 10,
no. 9, pp. 631-633, 2014.

[6] S.Lloyd, M. Mohseni, and P. Rebentrost, “Quantum al-
gorithms for supervised and unsupervised machine learn-
ing,” arXiv preprint arXiv:1807.0411, 2013.

[7] P. Rebentrost, M. Mohseni, and S. Lloyd, “Quan-
tum support vector machine for big data classification,”
Physical review letters, vol. 113, no. 13, p. 130503, 2014.

[8] J. Biamonte, P. Wittek, N. Pancotti, P. Rebentrost,
N. Wiebe, and S. Lloyd, “Quantum machine learning,”
Nature, vol. 549, no. 7671, pp. 195-202, 2017.

[9] M. Schuld, M. Fingerhuth, and F. Petruccione, “Imple-
menting a distance-based classifier with a quantum in-
terference circuit,” EPL (Europhysics Letters), vol. 119,
no. 6, p. 60002, 2017.

[10] J. Bang, A. Dutta, S.-W. Lee, and J. Kim, “Optimal
usage of quantum random access memory in quantum
machine learning,” Physical Review A, vol. 99, no. 1,
p. 012326, 2019.

[11] C. Ciliberto, M. Herbster, A. D. Ialongo, M. Pontil,
A. Rocchetto, S. Severini, and L. Wossnig, “Quantum
machine learning: a classical perspective,” Proceedings
of the Royal Society A: Mathematical, Physical and En-

(© 2021 Information Processing Society of Japan

[12]

[13]

[14]

[17]

[18]

[19]

[20]

[21]

Vol.2021-QS-2 No.21
2021/3/29

gineering Sciences, vol. 474, no. 2209, p. 20170551, 2018.
V. Giovannetti, S. Lloyd, and L. Maccone, “Quan-
tum random access memory,” Physical review letters,
vol. 100, no. 16, p. 160501, 2008.

V. Giovannetti, S. Lloyd, and L. Maccone, “Architec-
tures for a quantum random access memory,” Physical
Review A, vol. 78, no. 5, p. 052310, 2008.

S. Arunachalam, V. Gheorghiu, T. Jochym-O’ Connor,
M. Mosca, and P. V. Srinivasan, “On the robustness of
bucket brigade quantum ram,” New Journal of Physics,
vol. 17, no. 12, p. 123010, 2015.

0. Di Matteo, V. Gheorghiu, and M. Mosca, “Fault-
tolerant resource estimation of quantum random-access
memories,” [EEE Transactions on Quantum Engineer-
ing, vol. 1, pp. 1-13, 2020.

C. T. Hann, G. Lee, S. Girvin, and L. Jiang, “The re-
silience of quantum random access memory to generic
noise,” arXiv preprint arXiw:2012.05340, 2020.

F.-Y. Hong, Y. Xiang, Z.-Y. Zhu, L.-z. Jiang, and L.-n.
Wu, “Robust quantum random access memory,” Physi-
cal Review A, vol. 86, no. 1, p. 010306, 2012.

C. T. Hann, C.-L. Zou, Y. Zhang, Y. Chu, R. J.
Schoelkopf, S. M. Girvin, and L. Jiang, “Hardware-
efficient quantum random access memory with hybrid
quantum acoustic systems,” Physical review letters,
vol. 123, no. 25, p. 250501, 2019.

A. Paler, O. Oumarou, and R. Basmadjian, “Paralleliz-
ing the queries in a bucket-brigade quantum random
access memory,” Physical Review A, vol. 102, no. 3,
p. 032608, 2020.

Y. Aharonov, L. Davidovich, and N. Zagury, “Quan-
tum random walks,” Physical Review A, vol. 48, no. 2,
p. 1687, 1993.

J. Kempe, “Quantum random walks: an introduc-
tory overview,” Contemporary Physics, vol. 44, no. 4,
pp. 307-327, 2003.

R. Asaka, K. Sakai, and R. Yahagi, “Quantum ran-
dom access memory via quantum walk,” arXiv preprint
arXw:2008.13365, 2020.



