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Abstract: In this paper, an important idea of devising a quantum algorithm is introduced, based on the description
and analysis of two classes of quantum search algorithms, i.e. the unstructured search algorithms and structured
search algorithms. Some qualities of Grover’s search algorithm, which is the representation of the unstructured
search algorithms are introduced and summarized, by analyzing its peculiar complexity, completeness, sensitivity to
the errors in the mappings, and its advantages and disadvantages. On introducing structure-based search algorithm,
the Tad Hogg’s series of search algorithms are referred to. They can be summarized into one universal algorithm
framework, which can be separated into two parts, i.e., the problem-independent mapping and phase rotation matrix.
This paper places emphasis on analyzing one of the phase adaptation strategies, and interprets how it works and
what can make it more efficient. Some other factors affect the algorithm are also discussed more generally. Finally,
based on the comparison and analysis of classical search algorithm and the quantum one, the thoughts behind
various quantum search algorithms are illustrated.

Key words: quantum search algorithm; geometric interpretation of Grover’s iterative procedure; problem-

independent mapping; phase for nogoods

# E: %4 Grover #» Tad Hogg #9 R AER A T & T Ak P aF Mo 2 Mty B R4 & Bk gkt 8
A Grover ik 50 ek, GRS, ELAM. TEMFERESITELE T —8 MR 24 T Grover B

* Supported by National Natural Science Foundation of China under Grant Nos.60073039, 60273080 ([H5 [94R8 Bl %3 4x); the
Science and Technology Development Program of Jilin Provience of China under Grant No.20020306 (7 Ak Bl & it%1); the
Foundation of Innovation of Jilin University of China (# #& K481 #r 3 4)

F—EHBEN: IEERA962—), 5,10 7 R A B0, 10 A2 BT, 32 TEHE A O N TR B8, 20 R P B e S SRR
R



WEF FETHEEE 335

R R 5 A Tad Hogg B3k W ad 4k 5 F 94 69 B St Ao A4S B B SUAE T 8. 5047 T — AP AR 5 Rk,
RBIZRRA XY R AFER GG TR TRk ENAE £ LA b2 TR E k54
GAE R I ERITT BRI B4 T BRRETRRE T EEEF E0R2EA,

KR T L F ik Grover ARG JUAT & T 0 2 T 19128 49 we S AR A &

hEESZES: TP301 CRAFRIZAD: A

TEA T EEYEN. AR AP LR . T4 5 PHENIED) . BB MG, KEn s 55
FRAE AR TR NI e 52 5 2 R E S AT 2% 31 T A R 04 DUTE 5048 e 4 9], A B AUGE /K Hopfield
I &4 T 1R B 1 R B AR SR AR R T X R AR T IR SEARL R SRR, AT D AN W N B AR () T B R K
FE K.

TR S — AN R T A A B P P T AT A TS b AT DA S DA RO T 4 S Y ] R
JIT 5 T FE O EL S ] B AR Y B SRR T R A R Y B R i B v . AR T Feynman T 56 1A R F
X B R W] DU RS R A S B L T R G R ARYE David Deutsch & EA5 3] T iE—25 (1)
R AR T R P R B URE R SO S T 1 A AP B S SCER T R S 4% Andrew Chi-Chih
Yao 3 —AE AT E LR 5 B R 2 2 100X ) R D1 B30 1 R 50— 8 A7 70— A Y 1 22 T XK/ ) i H
e 1 T3 R BT AT LA FH 5 18R (1 B R R A R S B B 7 8991993 4 Bernstein fl Vazirani #f 5% T &
TS E AR JE B e T 21 R AL 2 i R B R LA T SRR Sk 3k (A4,

1994 4 Peter W.Shor & Daniel Simon JJ7 2 i SCUR et 142 H 1 2 HOek 501 80 R B H R -1 A 1)t
(B T AE W T X PN S L 24 1 15 R T BQP 255 Shor (83 KR 3 T 8 T 510 % At A
NATER 1 B A B T 57 o S RO 350 322 3 i st Ak, tHE AR 2 BE 5 /NN T 30 54T 471, 51
THEAUIF SRS T ¥ 2 B CRED A S 7 b UG T — 28 R, 0 Jozsa (IR T iR AU Hoge M2
A AL ) TR L Grover $OH AR R SVEN O sk b B U TR 38 B SR IA 4 Shor (¥ 55— A AR
() T AR R4 T R A R RO 3k fof 75 2 10 R T S A T 20, B 7 6 s SO A ) 7 B

Julia Wallace 7£“a brief histroy of quantum computation”— 3CH 5 i : CL AN 1 & 7 Sk M 4 A8 H 1 7 vk ml
PAGr ok 3 2847 — 28100, e 1 A i b AT — AL [ 190 J P (R 50 ) R A — 2 B T X e
185 0,191 401 Shor 9 SVEISL 57 — P B3 T 3 AN I & T 28 ok 4 w50 T A5 S 2 0 At B0 AT k490 1 Grover (1
BRI B 3 R AVE S T 2 B 45 4 . Brassard,Hoyer F1 Tapp AT £ 592:21 56 T Shor B KU
7 i S ) A SR A PR S B AR S A BT S — AN N AU —— 41 A R R A I A
52 KojEm B,

AT EERUR T Grover FIE W EIVEIAT T FEA M IR,45 B T Grover FIE A 1 5L, 347 T 5
ERACHR LSS 2 R T Hogg FEMESL, S, 204 T S g5 A5 BRI A L S IR 26 46 il L3S 3 15 R
B T ETHREESHEAEM RS 4 WA H T RZN A4,

ZH A 4 A ) R — ST B o) L 22 1) R e A O 5 — T I, SR TR R ) X BT R e 1) i
TF) B A ) A ) RS 552 i A K B B IR R RRAIE - AR 4R B AR AR X (R R (R A 6 AR 25 5 40 A 4 R Il Y
WER R B B RN AL, T T LA i O Rk R, A2 . B G AR BT A .

TR IRATH SR HE I HT Grover ik i ST A8 1 H S A A5 AR T A M8 A TN T B
AT R G TR TT Tad Hogg M EVEHESL, & 75 R H 10 45 /45 B &= b R — 5 AR .

1 Grover BYI EE %

Grover [RJSLEXS N — L EL K WL R SE AR 15 P 4R B — e 3 X0 500 AL CO0 N B



336 Journal of Software #AFFIR  2003,14(3)

1.1 EEUA
N

—_——t
1 1 1

B T CAREE N =27 AU B T3 2L IE AT — 5 1 5% 5 O A LB 4,
9(1,0,0...)(0,1,0...).. ) IRHRIR(— A PR BE SR p A il — N STHL @S 1, p = | P R [y UKD, B AT o
SR A TSR0 c=( 2 L6 P8 6 1)) A% 2T B Walsh-Hadamard 5 S FE1000...0> Ffesi it 3%
T O(logN)#b ‘Walsh-Hadamard 25 31 52 SCHy

H:|0>—>L(|O>+|1>) Il)%LdO)—Il))-

W, =H,...,W, H®W

W, =275 (=) S i i T HEBIRR. R R G VAT R A 1AL
(2) #AT Grover £4{(Grover iterate fij#k G:G=DU ,=WRWU )
J2 ST T 38 (a),(0)O( NN )R (2 A B % 20 U2 T 35 11,45 e 16 5 L SR [23]).
(a) EFEVEEH AR U , (A4 T iR EEAEFRIL):
WS AP AR CS)=1 I LR F S WEH 180°24 C(S)=0 I, AL,
(b) FIAEHk D {E (e &4 A4 LD 52 AT F: D, :% if i%/,D, :_1+%.
D W LA IR B WRW I W /& Walsh-Hadamard A8 # 40 [ R J2 5% fFAH %% 4 B (conditional phase shift matrix):
R, =0 if i#j; R, =1 if i=0;R, =—1 if i#0.
I BEAE R 171000...0) LAk 5% 1) 4 M AH A7 B .
(3) X4t HH HEAT I AR AL T Sv. B C(Sv)=1, 15 21 45 B 45 ) 5058 T 4R 53k
1.2 EZmihe o
ABRQ)F K () I — AN IERENE e b A2 4 U 43 2000, AR AR b A By 1 — S B Lok b -
Upilx,b)—=x,b@C(x)),

(1) #rade:

Emlb>=%(\0>_|1>)-iﬁX0={x|C(x):0},X1={x|C(x):1},%}Jiléﬂji?&)ﬂltﬁ& Nk |)

U, ()= J_u<z|xo> ICEDIMED Y

xeXy xeX| xeXy xeX

\/27( Yx0@0)+ Y [x0@1) — Y |x1®0) — > |x1®1))

xeXy xeX; xeX xeX;
7 (Zk) = Zk)si.
xeXy xeX|

Tk X P OB IR R AT AL e e T 180°.ﬁul’§l 1 .

Average

Fig.1 Inversion about average operation
K1 T PR R
TG BQO) T, D=1+ 2P 1 JERAEIE B, =— B, PP =RV D* =153 D ST D 2 4

ERGEUUT =U"U =1 Jerh U* 2 U BSCHERE BRI U R4 % AR SRR B 1 U SN B AR e i A T



WEF FETHEEE 337

%%ZI%&)H:LE$Tfm§%ZﬁﬂﬁﬂﬂqumﬁwhwiﬁD;%%i%ﬁ%ﬁ

— v #24=A+(A-v ). I, Grover JEX A5 # M ff the inversion about average.

BAR H AR KRR IRIE N C 2R, JT IR C jCQ’JiJT AR R PR 2 5080 4 KRZAE T CldR H s

SRR A2 A2 4 i e AANAR T H A 5% 2 (K i ) 2 IR K 48 K T3 2GRt 4y % JnlE 2 s

]'W'\"\"F“|"T\'fﬁg'e: IWTW"'\ﬂ'fvfﬁg'e:

(a) Before D transform (b) After D transform

(a) D & HZ T (b) D 2 )5
Fig.2
K2
H AR R SRR M8 /NI T Ch 1 B0 7 SRR, )5 142 21 B i 25 ANRE IR 4 3 98 IR i 0 K1), A H
Hos IR R HA R AT 1 M A5 oD AT — IRAE IR T A 28N i A SR R R S i AN T L SR A ML S
ARSI, H s O 2 1) 5 I EL A 38 o, S v i/ SO0 A RS0 1 e 0 i S R SR
AT 5T, AT LS I Grover SR LA 2R P4 dtle] 3 Firogs.

——

0 AT T~

~

Fig.3 Geometric interpretation of Grover’s iterative procedure
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