ooooogon

ERERE

gboboboooobboooobobod

0 o

ugoubobooooouoooaooon
gboboboboooooboobooboooboon
gbobobobbooboboboboboob
gbgbobobobobuoboboooan
gbobooooobobooboboooooboo
gbobobobooboboboboboob
gbobbooboboobobooogoan
gboobobobooooobooboobooobon
gobooboooooboobooooboo
gboobobobooooobobobooboob
gooooo

1 0000

uboboooboobooboboboboan
gbopooobooboonoooboobobb
goboobooboobooobooobooboo
gbobobobooooobooboboooon
gbobobooboobooboobobobob
gbobgbobooboobobobooban

gbbooboooboboobbooboboobboboo

OO00RSAODODOOODOOOOOOOODOO
gbbobouooooobobobobabo
gboobooooobooboobooboooboo
gbobobobobooooooobobon
gbobgbobooboobobobooban
gbobobooboobooboooobobo
goboobooboooobobooon
gboboobobobobobobobon
goooooooooooooooobooobb
gboboboobooboooobooboboobon
gboobobobooooobooboobooobon

gboobooooooooogoog

2 OQOouoobobuoooboao
goon

uboboboboobobobooboobab
gboboboooooobooboobobob
gbooooboobobooooog20b00bo00
000000 Grover UOOOODOODOOO
OO Shor0O0OO0OOOODOODOOODOO
gobooooobooboboobooboo
gbobdoboooooobobobobab
gboboouooooooboooooooon
gobooobooboooobooobooboo
gboobootoboboboboboboobon
gboobobobobooboboobobon
gobooobobooooboobooboo
uboboobooobobooboooboo

DO00Grover 00000000000000
0000000000ONOOOOOOOO
00000000000000000 100
000000(WN)OOODODOOO0oOoO0O0o00o
000000000000000000000
0 O(N)0ODOOOOODOODOO0ODOOO00O
0000000000000 000Grover O
000000000000000000000
000000000000000000000
0000000Grover 000 GOODODOODO
00000000000000 GroverJOO
G0000000000000000000 2
000000000000000000000
020000000000000000000
000000000000000000000



p qubits _ %P XX FTT:
. ] n 1 | 1 I ] p—1
n + 1 qubits :H® +1: G2 — G2 — eee ] G2
0 1: 00000000 (a)
p qubits — H®P eoe FTt E
its —rent+i_| p—1 — _] v e
n + 1 qubits :H® +1_ G2 — eee ] G2 — G2

02:00000000 (b)

00000000000000 w00000
000000000 /) 0000000000
00 {jw),|r)} 00000000000000
0000000000000000 G000
0000000000006400000000
ooooo

goboooobooooobboogooobo N
gboobgb«gobobooboboong
000000 ¢t000D0O0D0O0GroverOQd
0 G000000000D0000000DO0
gbgbobobobobuoboboooan
gobobooooboooobooboooboboo
gl1gooooooooobgoo

Ulboogbpuobobobooboban
O00oooobooDeOOoOoOODOODOOO
ooo200000 n+1000000 N =2"
gbobooboboobooboboboooon
gboboboboboobboobobobob
OooooooOoooooo Gooooed
gboboboboooooboobobooobon
gobooboooboooo

oobooooboooooooooooooo
00000000000 depolarizing channel

0000000000000000000 10
000000000000000000000
00000000000000000d 00
000000000 1-4d000000000
000000000000000000000
0s,04,0,00000 000 (1) 0000000
000000000000000000000
000000000000000000000
000000000000000

00000000 (a)0000000000
000000000000 (b)000o (02)0
Grover 10 000000000000000
0000000000000000000 20
000000000000000000000
000000000000000000000
o000

0000000000000000 100000
000000000003450000000
00000000000000 6400000
00 1300000000300000000
000000000000000000000
000000000000400500000
00000 (a), (b)0000d=10"4000



gbobobobobooboboboobab
gooooooon

100 T T T T T T

80 - q

60 B

probability

20 - q

0 1 | 1 1 1 1 1
0 10 20 30 40 50 60
the number of solutions t

03:00000000 (d=0)

probability
N
(52
T

10 -
Aol o

o L mm‘
0 10 20 30 40 50 60
t

04 0000000000d=1040000
000 (a)000000

50 rr

45 | E

40 - 8

probability
= = N N w w
(%] o [$2) o o o o
T
Il Il Il

OMHm\HMww Ll L1
0 10 20 30 40 50 60

05 0000000000d=1040000
000 (bh)00ooo0

00000000000000000000
00000 ()0 (b)000D00000000
00 (0000 1300000000000
00000 (b)00000000000000

oboooo N=640000000O0ODOD
oooO0ODO00oOo00oooooODOOGroverd
OO0 GO0000000000O0O0

OO0O00GroverOD 0D GUOOODOOOO
gbooboobooboboobooboonoo
O0D000O00D0OD00DO00Groverddn
GO00O000O0O0O0OO0oO0oOoooDooooDoD
OO0 (b)DO0U0O0OU00O0DO0OOo0ooooood
gbobooooboonoobobobooonog
0000000000 0ODO0O0O (a)0ooo
WBOoobhooobooooboboooobboo
gooooo

obooooooooobooooobooboo
goboobogboboboobooobboon
oboobooboobooboobooboonoa
gbopooboooboobooobboobbbooon
goboobooboobooooooobon
gboobooboobooboobooboonoo
goboobooboobooobooboon
gobobooboobobooboobon
gboboboboooboboboooooo
goboooooboboobooboooobon
goad

3 Ubbooubooggobo
oddgogogadad

oooboooobooboobooobon
ggbuobobogoogouogbogboon
gbobooopoobobobooboooooo
gobooboobobooboobooon
gboobooboobooboobooboonoo
gboooboobooboboooonogoo
gogooooooooboboboobobbobboo
gboboooboobobooobooboobboo
gooobobbooooobobbooooooboobo

oobboooobooooobboooioogon
god20000000000000 10000

DDDDDDDHDz(é)D|D:<2>D
0O000000oooo

¢p = cos 0|0) + sin 0|1)



EFRESDORE
g @
e L XK
) +2E% AN
+ HE: = A
KERED K TO 0 EFHENR
EBRBOKTI [ SELARIEER
g +EHEDO,1%
B DRERIR N__E7BE N\ +ZERTRE
0M1ZEE «% X EEDO,1%
1 0 =g DIERCIIE
YR % > % XZ{EZR TR
45°IREND F TO gi%w E BAEREEE
1359RBIDH T & XBEE  +rxEoTRIE
(Eve) (12D HEETIERE)
- >
HILEEES)ICLPBRRER WAER LR T
EREOFELEZTREHREBCRRTHE (FTREHRE)

0 6: BB400O000O0OODO

000000000000000000(0)0
00 cos200000000000000[1)0
00 sin2¢ 00000000 1)000000
D00006¢,40 ¢3,, 0000000001
000 1/20000000000000000
00000000040 ¢3,,00000
000000000000000000000
000000000000000000000
DoooO0ooooo

0000000001o),|1)0000000

000000 0)=¢ru0 1) =3, 000
000000000000000000000
0),1)000000000000001/200
0100000000000000000/0),
1)0000000000000000000
100010000000000000000
00000000

uboooobooboboooonoooon
gbobobobooooboobobobob
gbobooogogogooboobobooan
gbobooboooooboobobobooboan
gooooooo200000b00b000Db00DO0O
gbgbobobobobuoboboooan
gbobogo20000000000000000

gbooooooboboboooooboon
gbobdobooooouobobobooab
gboboobooboobooboooooooao
gobobooobbooobbooob end
Uobo0oobbooobooob BB4O OOO
gooo

O0O00ooooobooDOOCOOOOOdOdiookm
gbooboobobooooooboboooon
gboboooboboooboboobobon
gbooboooooooooboobobooban
gboobooboooboooooobooooo
goboobooboboooboobooboo
ugbobooboobbooboobobod

vgbobdgbdgbobobaoboboobob
ugboboobooooooboboooboobon
gbboobooobooboobooboonDoo
gbobdgobooooouobobobooab
gboboobooobonoooooboooan
gboboboboboobooboboboo
gbobgbobobobuoboobooao
uboboobobobooooboobobooban
gogoooooooooooooooooo
gogbbooobboooooboaoobbdao
Shor, Preskil 0 OO0 DO OOOODOOOODO



0.1 r

0.08 |-

0.06 -

1-P(Gamma)

0.04 -

channel error rate

0 0.02 0.04

0.06 0.08 0.1 0.12

channel error rate

0700001 P(I)

ogoooo2o00ooooobooooooo
Shannon 000000000000 11%00
O0BB4OOOOOOOOOOOOOOOO
OOOOOERATODODODODODODO100km OO
O0ooog 10%, 90km OO0 5%0 0000
dooooooooooooboooooooo
O10okmO00O00000000O0OOOOOOO
000000000 0dOShannond 0000
ogooooooooooobobobooooooo
gododoouoooooboooouoao
gdoooooooooooooooooon
00000 BB4OOOOODOOOODOOOO
gddboooooooouoooouooood

uboboboboboboobobooboan
00000 BCHOOOOODOOOODODOOO
goobooooooooboooooooboobon
OO0 GolayOOODOOOOOOODOOOOOO
gboobooooooobonoooooobon
04000000000000 7.3-7.7%000
goboobooobooobboobooobooo

00000000000000000000
0000000000Stabilizer 1000000
000000000000 Calderbank-Shor-
Steaned 0 (CSSOOOO0O00O)000OCSS

000000000000000000000
0000000000000000000 BCH
0000000 BCHOOO nO00000KO
0000d00000000000 [n,k,d) O
000002%-n>1000000mn, 00
02 —n0000d0CSSOO000D000
BCHOOOOOOOOOOODO [[n, 2k —n,d]
ooooo.

0000000 (00OD)000000D BB&4
gbobooboooooooobobooban
OO0 AliceD BobOOOOOOODOOODOOO
gboouoooooooooobobooab
uoboboooboboooboboooboboao
gbobobooboooooooobooooon
gbogbgbobobobuobbobooab
gboboobobooboobooboboobaon
gboboboooooooobooboboboon
gbobogboogbbod

¢ssOooOoOoboOoOoOboOboObOopoooo
0000000000000 000 (Informa-
tion reconciliation) 0 00000000000
00000 (Privacy amplification) 0 0 0 OO
gooo

ubobobobobobobobooboon



0.1 r

0.08 |-

0.06 -

bit error rate of key

0.04 -

channel error rate

0 0.02 0.04

0.06 0.08 0.1 0.12

channel error rate

U8 goooaoooo

Oo0oo0oooDbOoO0O0DbDOOdOd Schumacher
000000000 Stabilizee O ODOCSSOO
O0000D0O0ODODOO0000DOOoOgOOgcss
gbobobobooooobobobooon
gboboobobobooboobobooan
00000000000 BCHOOOODOOO
gbobodgboooboboooon

0700000000000BCHOOOO

00000000000 1-PT)00000
000000000000000000000
0000000(23,1,7]000 GolayO OO0
000000000000

00080000 Golagy DOOODODODD
00000000000000000000
0000000 [[23,1,7] 000000000
77%00000000 (0000000000
000)00000000000

ubobobooooooobooboooboon
gbobobobobobobobobooob
gooooobo9oooobbbooonon40o
00000 BCHOODOOOOOOOO7.3%0
gboboboboboobobooooobob
OBCHOOODODOOOODOOOODODOO
gboboboboooooboobobooobon

gbboobooboobobod

oooobbgn

ubobdobobooboboboboobob
oobodBelOODOODOOODOOODODOOO
gbooooood

gboooooogooobobob1bobo
ooboooboooobooobooobo 4000
gboobobooboboboboboboo
goboobooobboooobboo1b0
gobooboooobobobobobooboon
gbobobobobobobobboboon
gbobobooooooboboboobab
gbooboooooooobobobooogo
gobooobooobogoooboogoooboo
ugboboobooboooboo

BelOODOOOOOOODOOOOOOOO
gbobobobobobobobooboo
OO0 BellODOODODOOOOOOODODO
gbobooboobooobooboobooooogo
U000 BelDOODOODODOODOODO
OO0o0O0o0o0oo0oboOoD BellODODOODO
gboobooboobooooooooooooaon



0.12 T T T = 7 T
XX 4
REX et
X ++
01| +F B
X
D>§rfr
s F
[m]
0.08 - > .
X
> S
[9) g
x
5 8
£ 006 & x £ 4
= X ox
5 o
) jdf# XXX
X
0.04 | t}ﬁ* X ;‘D i
+
o ><><><><
+, T X Ly
Fa o
X *
0.02 | #{"i x ¥ channel error rate
L Ry D [[2317]1x1  +
ST
g >< 5 1,700 x *
o AT il . [2317]x4 ©
0 0.02 0.04 0.06 0.08 0.1 0.12

channel error rate

09 00BCHOOOODOOOOOODOOOOOODOOOOOO

gobodgboobbogbooobo

Jodad

[1] W.-Y. Hwang, K. Matsumoto, H. Imai,
J. Kim, and H.-W. Lee: Shor-Preskill-type
Security Proof for Concatenated Bennett-
Brassard 1984 Quantum-key-distribution
Protocol. Physical Review A, 67:024302,
2003.

H. Fan, H. Imai, K. Matsumoto, and X.-B.
Wang: Phase-covariant Quantum Cloning
of Qudits. Physical Review A, 67:022317,
2003.

T. Yamasaki, H. Kobayashi, and H. Imai:
Analysis of Absorbing Times of Quan-
tum Walks. Physical Review A, 68:012302,
2003.

J. Hasegawa and F. Yura: An Analysis
of Quantum Search and Counting Against
Errors. In Proceedings of the 7th Japan-

Korea Workshop on Algorithms and Com-
putation, pages 2742, July 2003.

T. Yamada, J. Niwa, F. Yura, and H. Imai:
An Analysis of Quantum Factorization
Algorithm by Simulation — Thorough
Simulation and Effects of Approximate
Fourier Transform. In Proceedings of the
7th Japan-Korea Workshop on Algorithms
and Computation, pages 43-60, July 2003.

T. Yamada, J. Niwa, F. Yura and H.
Imai: Simulation Analysis of the Robust-
ness of the Order-finding Circuit against
Errors. ERATO Conference on Quantum
Information Science (EQIS 2004), Poster,
September 2003.

J. Hasegawa and F. Yura: Quantum
Counting with Decoherence Errors — In-
fluence of Circuits’ Order. ERATO Con-

ference on Quantum Information Science
(EQIS 2004), Poster, September 2003.





