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On the Required Number of Grover Iterations
on a Bulk Quantum Computation Model

SETYA OKUBO,! TETSURO NISHINO,! KAZUO OTAt
and NOBORU KUNIHIRO?

In this paper, we discuss the required number of Grover iterations used in a quantum search
algorithm on a bulk quantum computation model which generalizes NMR (Nuclear Magnetic
Resonance) quantum computers. First, we discuss the time complexity of Grover’s algorithm
on the bulk quantum computation model which is used to solve the satisfiability (SAT) prob-
lem. Then, we propose a quantum algorithm on the bulk quantum computation model for
the search problem which has only one solution by using Grover’s algorithm. And we apply
this algorithm to the secret key search problem. Furthermore, we also propose a quantum
algorithm on the bulk quantum computation model for the search problem which has multi
solutions. From these observations, we can conclude that the bulk quantum computation
model can compute faster than the ordinary quantum computation model in some situations.
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Fig.2 The situation of the execution of BULKSAT.
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Fig.3 The situation of the execution of BULKSEARCH.

Vg + Sy )
TN —Tgns
Ub0Ozens UOOOO/e; O0OOODOO
oooobooo
OoOdoob 30 1O0n0000000O0O0OODOO
Joo00obooboooDOoD kOobOooog
gooo e, 000000 6, >000000
O xk000000D01000000 6<0
goo0o0onoO kOOooOoOoboOoODOO
53 0J00O0O0O0ODDOODOODOOO
j 00 Grover 0000000 0DOOOOOOO
oboobooboobon e; DOOODO0OOEK
gopo0o0o0o0o0obo0oo0o0b0oooooDo kOO
doodbD 1000000000k DOO0obOOooooag
DDDDDDDDDDDD@DDDH)DIDDD
lfaj
N -1
1*(1]‘
N

oo

000 |1)0 N/2-1000000

g

ooo
2 2 1—ay
OooooIg—|le"0000a; + *x(N/2—
1—aj

N -1
a;N —1
1) — N/2)=-“2— —0p0oooooon
)N N2 ==
O0ese0d00D00O0O0OODOODODOODOODOON
0d000d0000o0o0ooOoooOo0oooooooonog
eN —e+1
000000a; > ————— 000000 Grover
opooooooooog
000.Va; =sin((25+1)9) DOO0OO0OOOOOO

1
— uooooooooon
N

000 j0)0 N/200000000

O0000Osing =

DDDDDDDDDDDDDDD%«IDDDDDD

9:1/%DDDDDDDDDDDDDDD4.4DD
goooooooo

j>%\/8N—E+1—%

DDDDDDDDDD%%WTH&WHDDDDDD
0000000 00000 1000000000
ooo
0000 A00000000000000000
ooooo
O00000BULKOOOOOOOO Grover 00
DDDDDDDDDDDDD%V@VDD(hmamm
000000000000000000000000
0000000000000000 Grover 0000
00000000000000000000 Grover
000000000000000000000000
54 000000000
00000000000000000000000
0oo0o0o0o0o0
000000000000000 yOOOOoOooO
0OmO000000000000O000000O000
00000 100000000AESOOOOOOO
000000000000000000000000
000000000000000000000000
000000000000000000000 200
0000000 yOOOO0O0O0O0O0OOOO0OO0O000
00000000000 0000000000000
000000000000000000000000
0000000000000000000000
00000000000000000000000
oooooooood
0000 00000000 EOOO mO00000
O ¢old
0000 o= E(mo,y0) 00000 yo 000000
000000 yO ¢ = E(me,y) 000000
0000000000000 40000000000



16 0000000000000000000
FIT [moy—r ——— F3C |mo)
BB |co)— B4} |co)
BT R

oo

y€{y1,yn}

> f(co,mo, )

y€{y1,yn}

10)

04 O00DOOOOODOOO
Fig.4 The quantum circuit as the oracle.

O0000000Grover 0O00OD0OOOOOODOOO
gooooooooooboooooooooboono
000 y,---,yy 000 Si,---,Sy 000O0OD
00000000Uooooooooces) =1«
flmo,co,y) =1 co = E(mo,y)D00000000
goooboooboooooooooboboooooo
gooooobooooooooooboobooooooo
oooo
goboogssboboooooooooooooon
00QCOO BULKOOOOOOO Grover OO OO
gooobobooooooobooboooooooooo
gooooooooobooooobooooooolo
DDDE:%DDD BULK OOOOOODO Grover
gooobooooooooboboooooooooo

gboooooocoobooboobooooooobooon

DDDDDDDDDDDDDDDDDDDS:T;(SD

OoooQTMUOOO 8% OUOoUOoUOoooooo
goooooboooooooo

N

6. BULKODOOOOOOODOOOOOoOo
gooooobooogn

5000000000 1000000000O0O0O
ogodoooooooooobooobobooooaa
goooboooooooobooboooooooooon
goooooooooobooOooboobo 100000
gooobooooooooboooboobooooooo
Ooobo0o0o0o0o0o0ooooono430b000000
ooooooooo2000000c00000o0o00
oobooooood

6.1 DO00O0OOOOO0OO0O0ODO

k00000000000 10000000000
00000 BULKSATOOOUOOOOOkOOOO
gool1ooooooooooooooooooon
ggoooooooooooooboobobobbooooaa
o000 k0000000 10000000000

Dec. 2005

01 005s8000000000000000000D000OO
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