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Clustering Algorithm of Quantum Self-Organization Network Based on Bloch
Spherical Rotation

Abstract

Abstract: To enhance the clustering ability of self-origanization network, a quantum-inspired self-
organization clustering algorithm was proposed based on Bloch spherical rotation. The clustering
samples were mapped to the qubits on the Bloch sphere by taking all the sample values as the phases of
the qubits, and the all weight values in the competitive layer were mapped to the qubits randomly
distributed on the Bloch sphere. Then, the winning node was obtained by computing the spherical
distance between sample and weight value, and the weight values of the winning nodes and its
neighborhood were updated by rotating them to the sample on the Bloch sphere until the convergence.
The obvious advantage of this method is that it has higher clustering accuracy. The clustering results of
the benchmark IRIS sample show that the proposed approach is obviously superior to the classical self-
organization network and the K-mean clustering algorithm.
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Abstract: To enhance the clustering ability of self-origanization network, a quantum-inspired
self-organization clustering algorithm was proposed based on Bloch spherical rotation. The clustering
samples were mapped to the qubits on the Bloch sphere by taking all the sample values as the phases of
the qubits, and the all weight values in the competitive layer were mapped to the qubits randomly
distributed on the Bloch sphere. Then, the winning node was obtained by computing the spherical distance
between sample and weight value, and the weight values of the winning nodes and its neighborhood were
updated by rotating them to the sample on the Bloch sphere until the convergence. The obvious advantage
of this method is that it has higher clustering accuracy. The clustering results of the benchmark IRIS
sample show that the proposed approach is obviously superior to the classical self-organization network
and the K-mean clustering algorithm.

Keywords: quantum bits; Bloch spherical rotation; self-organization network; clustering algorithm

55 WL, HUGR IR T . 1997 4,
Gopathy % % il 7 B h 5 T2 A (0 AR, 482
T T 2 Y B B T I 2 )
1998 4, Dan $&H T & FBAALFEEE, FXT
WORE: 20140505 REEEM. 20140720, ARGUAERE R IR i FLAT PR A 2 B,

EaumH: EBXRARRSESEIUE (61170132); o S A S
WL 4 ST T EL R BF S F (125410590 I 2000 4, Ajit SN2 FH EFER A, T

PR 2 PR S T _E A2 90 4FAR
1995 4, Kak A& #“On Quantum Neural Computing”

iR e 4 B V5 F 2013NQ119); V3 28 I ) 22 3 T R AR 20 I AR g AR
TEHRIN: BIRZ(1968-), L, MIBT &N, Y. o S e ;

, g P 2L A E
R A vl 2001 4R, v ERFERAR KA (A 2 1R A

http: // www.china-simulation.com

* 1105

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 5, Art. 26

27 B S W
2015 4F 5 H

SRR B IRACIE NS IA T BT A T S
&P, 2004 4F, MROCESFEABIIT T LR T2
BTN v SR R, M3 1 Pl 28 P 26 SR ()
JPEICT, 2007 4F, Matsui S5 T2k 45 R
HH b SR A S S B T e 2 ) BT
2008 4, SCHR[91E T8 T e I A T2 54k
(R P 3 S0, gt — ML T30 &1 T 1A )
BP MZ5 57, 2009 4F, SCHR[10]4& H—Fh &
TRUE S T A T 25 1R . 2011
A, SCHR[IE T8 7T BRI B S, Feth—Fh
T S R . HitE it S
AT SRS 1380 O — A8 B IS5 18] o

P IR AR v, 3 o SR B b
2 M A IR, TN T e B L GURFAE A A
25 MRS WA TR D o BRSCER[ 12148 tH— Rk T
HH NS AUE ) H AR 28 508, SR A
BERLR HI PR Bl 2, Horb 28 I BeTssRoR 147
WA, IR AN S B Fo B ) g
Mo F—J71h, R IFE RGBS & T 15
gt HA M TERE, A2, B ritESmeiH
(RIRERIETT H B A B, A7 2k R A
T Z GET Rl 7 2, DUIRE— DR mph &t
SRR P2 H—FIE T Bloch BKIfE 1 &+ H
H 21 M 2% (Bloch quantum self-organization network,
BQSON)ZRISL L. fEIZSET, FEAFBUER
H Bloch BKIf b ()51 EUREA, SR BRAEAER
PR B R 38 40 1 O SEF RS AL RIAUA
FOARE ) FEAS LU ARE (R el e e, S IR 4 5 B 4R35
BUATR % . FRUEss R I FEAS (R SR 2R 45 3k
W, 2715 WAL 50 A2 2% K- R R
I AR R EAL G T

1 EFHHRH Bloch BRME#A KSR
RS

1.1 EF iR Bloch BRI iR

FERE T A, — DR R — T LE
2 53 A R AR R S 18] PP A (R P RER R AR, AR AT

ARG HAR

Journal of System Simulation

Vol. 27 No. 5
May, 2015

F R, B BRI SR AT LS

|¢)=cos§|0>+ei¢ sin§|l> (1)

H: 0<0<7z, 0<p<2r.

H1T 0 @ JEZE, FrLh—N 51 HRy il AR IR
LI ZANAREPRE . 7 R LU =4EBloch
BRI B A ROR A, wmE 1T, o
X =cos@sin@, y=singsind, z=cos@. I,
fEBlochIRIHI_EFIAER — s P(X, Y, 2) #— AT LE
R | @) XM o

Az

K1 27 LEFIBlochBR R #i A

1.2 BT HErSiahes

A K A1 BlochBR I I 37 38 4 |27 s B 1)
AN, ROASRUE L Rr 7T Bloch BRI 484 Kt —
] 2 2l 1) S A AN AR 2 o SO 2 T [ e o
FLERF A S H 0 F1 @, IF0T A Bl S B AN
R RAEICAS, AT ) S A AR B AT A o ST
R T () OB TR ) BT, FRATI4E R
R iR RIR R E B

FEH it BlochER [ F £ PFI QT NV (1] ) 5 43 31
il P=[py, Py, P, 1 A1 Q=[qy.0qy,0,], WHE
BlochBR M |, ¥ LUF DL AT R 4% th R UPH: 7] 11Q
(e P AT Q M AR, B Ry = PxQ o 1
@2}5)?7%[13-14]0

AWy Fl| X)) KR Bloch AR g ) 43 3k
W =W, Wy, W, ] Al X =[X, Xy, %], R4 ke
B, |y A | X) e el

http: // www.china-simulation.com

* 1106 «

https://dc-china-simulation.researchcommons.org/journal/vol27/iss5/26



Yang and Li: Clustering Algorithm of Quantum Self-Organization Network Based o

$27 B 5 M Vol. 27 No. 5

201545 A Ml z, 5 5T Bloch BRI E R H 412U 45 SRS May, 2015
_ WxX 1 0

Ros =1 x| @ z=<¢|az|¢>=<¢|{o _Jw ©

A 71 E R B, 85 LURFAE Bloch BR M
B AN AT KB n=[n,, 0,0, ] KIENEE B & IR
FRy i 2 e e Ay 1)

Rn(é'):cosgl—ising(nxa) 3)

Hrb: TARNRE, o=[oy,06,,6,] MU EXT
TR

{0 1} {0 —i} {1 0}
o = .0y = ,0; = (4)
1 0 1 0 0 -1

[AIt, 7E Bloch BRI I, 477 ELE | w7y Seki
R.is [ H AR LCRR | X e o SIS e e H e o

My ()= cosgl - ising(Raxis X o) ©))
e B4R
W) =Mg()|W) (6)

B2 57 HRR 1 Bloch K I e il

13 BT HRFHBZNE

WRYE 5 P, R TR o) Lt
DV RIAERE, AT LASREE | @) 1 Bloch 2445 (X, Y,2) ,
X RERR O BT LR B . BT LU | 9)
4 5 5 R )

0 1
><=<l/>|<7xl/>>=<<o|{1 O}Iw) (7
0 —i
y=<¢|6y|tp>=<<0|{i O}IW (®)

2 ETHALRMSEE

i th 1) 55 T Bloch B [ JiE % (¥ & 1 H 412
2%, LA AR ZE e S BUE 3 K HIBlochBR T il i& )
EHAE DSOS RN RUNBI, LA 3
Fso

[x)) O
| x2) Os
= T T ) )
PN Wi,1 Wy 1 W71
; W) Y [wy o) [W72) Y
| T 5 [Twan) w2
2 [wa 1) [Ws 1) |wg 1)
[wa2) g: [Ws2) ‘; IWg2)
) |W2,n>' ] [Ws.n) | |W8,n>;
[ws 1) [ We,1) | o1
IWs2) | We 2) [Wo2)
[1wsn) ; | We,n) g: [ 1wo,n) ;:

K3 i BN Y

BHINK | X) =[] x1),] X505 [ x)]T 5 FE4HE
B AN RVBERBON W) =[wi ) win) s [wid]T s
Forr | ) A |w ) 28000 )5 (¥ Bloch A 4R 75 53]
3126 =X Xy Xig 1T R w5y = Wi, Wiy, Wi, 1T
AR A BRI LA W] %, R A g TA) ) i R R
e B R ARG YE B ERORE BRI T
Bloch ER 4 HLALER, i BL| x;) A1 wy) Z 18] (1) Bloch
BRI EE B 2 m kA, AT H R R R

djj = arccos({x; | wj)) =

arccos(XixWiix + XiyWijiy + XizWii; ) (10)

PRIk, FEAS | X) MIBUE | W)y Z IR BE S, B 584
JE JAS RN S

Dj =y di (11)
3 ETHHASRMKEE

3.1 HAR ML
I, R A A A 0 [0,112 1] 1 %L

http: // www.china-simulation.com

* 1107 «

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 5, Art. 26

%27 %9 5 ) E R Vol. 27 No. 5
201545 1 Journal of System Simulation May, 2015
1B o BRRIBCRERE M EAS R DUZAFE A -G48 0 1 RSB ASNE R I R . 5% G BPM 4%

BRI, AT BLSEBRA—Ak, AHIX Rl ) —
TSI EAREA T S B, I 6K 2 s
BAPEA 2 8] (L 5 B
A LA nERERIFEA N X, =[%), %o K]
Hodrl=1,2, -, Loy T HAR&AREAZ 1 ]
SRR ARFEARAS , ASCR IR I3 — 1k 75
X, -MIN

X=—"—"— (12)
MAX-MIN

Jrh MAX A MIN 25 B2 7 A RE A SO0 f B R A8
Fildge M

A AT HIREAR N X =[X X X0
IR 58 H A B 7 LU BRI

0, =61, 62, 6n]" =[m1, 1,10, ] (13)

o =0, 00,00 =

[27tXp, 27X,y oo 5 270X ]T (14)

g, X, WM Bloch BRIf F A9 T HCRE,
TR

X0 =100 X000, D] (15)

O . O,
;§¢\m9=c%7§|m+e%sm7%u>o

3.2 HEEIHN

A Te e A AN AU BT HORE U ()
Do)

(W) =1 W) [ W), [ wip)]T (16)

ot T4 LAREAR ] X)) =100 1 X000+, [ %)
s (10, 11), HE|Ww;) ZIRIHEEE A

Dy = \/zin:l [arccos( X Wiix + Xiy Wiy + XiWji, )J* (17)

RSEGRAT C A KL, TG RIN D BAT e
(57 RO, DRI A A 7 i A
D|j* = min Dlj (18)

I<j<C

3.3 MERBEE

L2 2% 2 ST FR) OFG B SRS, i

=

YIGRIF T PR 2 2R IA, [ 44U 25 A R FH
S CU AR REA B S B 0 5 DU T 0 AS St
(IR, BTN Iy, IR e
AR IE R SCHR[1 20 FIBh 2o A SRR S 2R
W 77 SRHEAT I

(1) PEAR TSk

15 (12)~(15) 58 e BE A T Ak, 3% 0
(T)~(9) 5 i T AFEAR M BE IR, LSRR
AAHUER T Y = AN Bloch A A5 18 -

) FSBUERIEAL .

4 AT B ) 444 g BlochBR T L BAIL > A 19
BT LR W) = [ wy), | wip), -, [wi)] T, S

6‘ji igp . Hji
|Wji>:0057|0>+e sm7|1> (19)

$;i =205 =2m-rand , j=,2,---,C, CHh%%
JE 5%, rand SHIXTE (0, 1) HIBE AL

(3) WM& HHIIEL

fdE: AP G, YIREE B, KilEE
B s VIAASICEA ), b 01t WM T 2
oo, ZibJiZzor, HHiAEt=0.

(4) #an Tt =AU AT A, AR AE

B = Bo(Bs )Y (20)
rit)=ry+(r; —ry)t/G) (21)
o(t)=oy(o; /op)V'® (22)

(5) #% X (T)~(9) ] i A1 AR 512 it $ s Wl +2
PR | AMEEAR X)) (1=1,2,--+, L), %X
(17) A8) a4 3RME AL WD)

(6) XHFH I AFEAR| X)), 7385 2T mi b
B, LUy b 3 5 2k AR r(t) i A%
w(iT,r() » R TAZAR P T A W) e
FUSCRE | Wy ) A | X) TR

e T AT S E R A

_ e
5 () = A1) exp(—d(J’—J)

20(0) )arccos((X;; [Wj))  (23)

http: // www.china-simulation.com

* 1108 «

https://dc-china-simulation.researchcommons.org/journal/vol27/iss5/26



Yang and Li: Clustering Algorithm of Quantum Self-Organization Network Based o

$27 B 5 M
20154F5 H

e d(J, J°) ABESI AT R 5 T B ES
MRAEEHL, W) 05 | Xy ) BEG 0 i el A e
BB 5

[Wiix> Wjiy s Wjiz 1% [Xiix> Xiiy > Xiiz ]

—_— 24
i Il TWjixcs Wiy » Wiz 1 [ X Xiiy > Xjiz 1 ] )
M;;; (5:j(t))2005? _ism@(leji,li xe) (25)
F B I i) [ | Xy ) e RE
|Wji) =M i (5|ij ®) [ xi) (26)

Het jew(j,rt), i=12,,n, I=1,2,-,L.
(7) #t>G, Wi RKLER, =, 50
t=t+1, ¥%4).

4 XFEbsZE

5 UE BQSON AT Rtk 1 i K 1 e
AT I R B A (IRIS) A St 2R 26, JF
16 485 3 41 21 W 4% (Classical Self-Organization
Network, CSON)!'®! | K311 58 25 (K-mean)!' "), #
A3 58 2K (Nearest Neighbor Clustering, NNC)!'*13
FREEREAT X o AR EE S5 R WA I, X T
CSON, AR 55 BQSON A [H] 1) €5 K FI S 44

IRIS Hi 4L 005 150 M PYLEREA, LA 32K,
£ 50 4, 43N setosa (1-50), versicolor
(51-100), virginica (101-150). LA%E 2, 3, 4 4
JB, 3 RFEA A E] A i ] 4 Fros .

] 4
X AsFg

K4 IRISEEARZ (0] 7 Af

4.1 ZHKE
FT A 598 34 5% H Matlab R2009a % #2, 375

Y AbFx 0 2

Wiz, 45 JET Bloch BRI RS (15 5 A 42U 2 R ETI%

Vol. 27 No. 5
May, 2015

1.0GBWN A7 I{IP-IT 2.0 GHZfHL_F 528

BQSONFICSONIFHI AT i35 4, se4)2
TAEC =100, HHE10x10 J7BE. KB
G=10 000, Ze3d 2 IR R SR, FRAl 55 24 o 1) o
HZHAER: PIREE B =08 4 (Ll F
B =0.1, ¥ FAEr, =5, &ib¥Ern =01, 4
Wk o,=5, it E o =05, FFIES1005
RPLERTAALNIN S . X FK-mean, fiE
FHK =3, RIRE (A LA T AR
PN FAZAE ML L 1) £ =107 4 FNNC,
SRR (RN A FEREA L JE O R BR R E 2 /N T
HAE, WP ZAEA R %25, 2R EIR
5, AT MR RIEEE N A=2.0.

4.2 FKRGERNTE

AETREL, B e SCRUER TR 2RI .

X 1. RUER=CRIG I HL P& 0 e
FEANE/ S R B Z R A S 20 % 100%

X 2. BAeF=CREIG RS P& e
FEABU TR LR INZRAEA D HL) x100% o

BQSON £&3t 9 797 ik Wesh, A=A
TN 3, /50 5 1 R4 50 4 setosa
FEAS, 2H 2 2’5 48 A versicolor FEASKT 2 4>
virginica FEA; 55 3 ZEALF 48 A virginica FEAFI 2
A versicolor FEA. 3 FFEASRUER NI 251y
530 100%, 96%, 96%. AR AIE 5 iR,
Horp ] 5a) R BEANFE AT IR LY R oL,
5(b) M S [5] 55 A BERRE I R SRS R

80 1Goooooooo
A m
= 60 E8tecoeeces
— X 69 oo 000 o000
%40 _‘<< 0O 0 00O OOO
iR 20 R R R R R R R
0 0 CmnE— Qoooooogo
0 50 100 150 2 4 6 8 10
A BEAS S
(a) BRI RO (b) &5 R T B

K5 BQSONI KRR

CSON £k 10 000 ARG A WS, Wk

http: // www.china-simulation.com

* 1109 «

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 5, Art. 26

27 B S W
2015 4F 5 H

6(a)FT /e ATFEAE N 60 2, W 6(b)FTR. JL
S 1 548 50 4 setosa BEAS, X)W 35
e 5 71 T 4% 100 4 versicolor Al virginica
FEARNSE WA X 53T -

—_

100 :id.gg; 5 0 —0—9—0—0-9
1 801-; () :°° s 8'::::::::::
P Q0 28 2 ee0o0ceece
P60 o L6 X 6geeeceoceo e
$ 40 0.0 fogd < b0 0000 @00 O

6 o0& R 44000000000

R 9 0.00....i0.2.9.9 beeoceoceoce
o o (<] (<]

p o B0 20000000009

0 50 100 150 2 4 6 8 10
FEARF 5 B S

(a) FRMET A5 (b) FEA T
K6  CSONIMIERA R

Xt K-mean, &3 11 DB E IS 55 128
{545 50 A setosa FEAS; 2 2 F5HA5 61 4, I
U 47 ANIER; 58 3 2838 39 4, H
36 NIEM. 3 BFEARIRAEZE 7304 100%,
77.05%, 92.31%; FEAF53 7114 100%, 94%, 72%.
R 7K.

3 m O I — 3 EE—
i =
%3 2 VS48 g2 A -+4-4-4- 44
h”ﬁ‘% | c— E&é | —
50 100 150 50 100 150
BEASE 5 PEASE S

(a) K B{HEE (b) AR S IE
K7 K-meanfINNC ) ZERHR

XIT NNC, &fFEARN N 3 K. B—K4
AR 50 4> setosa FEA; 5 2 KL 62 4>, H
50 ANIEA: B 3 RILA 38 AN, AdBIEM. 3
RBREA T RAEZR Y5 100%, 80.65%, 100%:;
RAEFNHN 100%, 100%, 76%. RPN
K 7(b) T
4.3 RRGER T

MSES 45 Fen] LU H s ARSCHEH ¥ BQSON (1)
RUER AR AR E 4 PSEP ), G
AL ZALT CSON, AT K-mean £ NNC. %}
I S0 5 SR AT A R 43 H

ARG HAR

Journal of System Simulation

Vol. 27 No. 5
May, 2015

(1) 7 BQSON H, & () FE f Kl T —Fh 4
BT e fEIA &R R, B
S SR H IR PG B 20 T i 0 e T A R S G 1) AR
PRSI 17 BQSON Hi, B B8 2 56115 1 4%
7 Bloch Bk #E & vHE .

A AR B A B T NFEARTE S | AN A
R R i (O, SZFEALE T S A
WIHO=D YiO/C, EHALH

s c o 4112 \
M o= VO -Fi®F/C, Fifite

KIPFED R o® =Y oiO/L. i

ZIGHIFEA, CSOM K HIWK [GER 25, FEACRIBUE &F
— 4t ZE{H | dy [€[0,1], BQSON KH] Bloch ¥KIf
FEE, FEAFIRUERE— 4R 24 | dy le [0, 7], Btk
AR, FATHE BQSON 1) 04y, (1) B 7° 2 )i
15 CSOM 1] 0 o (1) RFEL o XF EL S5 SR AN 8 T

0.15

0.10

0.054 1
\ 1

0
A K x10°
K8 BQSONMCSONHH i~ 14 77 Z= 5% bt

SR 7%

MEE 8 A%, BQSON [(fifr it 5 7 W] Bk T
CSON [Pt 77 %2, XUt B BQSON K H [#) Bloch
BRIMPE Y, Eb CSON K FRINK FGRE B x) T 85 4R 1Y
FEARAE HAF X 3687, AT 3 LA 5 A 0 R )
EAMERE . K] 4 40, setosa FEASANS L AAT,
DRI 4 R0t T MR REUAT T BRAR IR SRR 5 L
versicolor fll virginica FEAS 2 I 2 A2 755 /0 A
IEI, BQSON [AIFFHUAG T80 BAR IR SR 45 R,
KRR G 25 1) K-mean £ NNC S 2RAUR AL
FRAL, TR FH BK PG R 25 (1) CSON W58 2% 43 T

(2) BQSON SKHU T 48 I BUE 1 3 7 =X

http: // www.china-simulation.com

* 1110+

https://dc-china-simulation.researchcommons.org/journal/vol27/iss5/26



Yang and Li: Clustering Algorithm of Quantum Self-Organization Network Based o

$27 B 5 M
20154F5 H

Wiz, 45 JET Bloch BRI RS (15 5 A 42U 2 R ETI%

Vol. 27 No. 5
May, 2015

CSON H#K FIFEAFIBUE ¥ ) 7, KR 255 4
T RBUE, X722 ST AR, AN
SEUURS 40 R 48 1/ BQSON i, KA &1 Lhdsir)
SRR AR, (B WE L S 2RFEA,
FIX R AE = 4E (1) Bloch BRI _F8EAT, DRI L1
AR RGN, R T H IR ).

B, (HEH, BQSON (Rt 5 R T
CSON, 7r bikszairy, Pyl & kAR 1 1)
INFIR) 39304 0.445 6 s £10.127 1 503X 42 1 T-7F BQSON
o, BN T VR e PO
P, BUEINR T bR &, K TIs TR, A R
G T REHCR . AHIE & I AR 3N, 4K
MRRES = T KRE ). #filiii, BQSON IE 2K
PP SR R SR ISR 3 = ) o 3X 5 0 f 2
A4 e B — BN

5 &g

b=

e T —FhiE 7 B A SIS R, %k
KU T HARAE Bloch BRI (S8l i Sz Bl 3%
2T RBUE AL . X LLsae R i, $2 5k
SRR ST Sk v 10 2R 4% )52, Tfi HL
5 K-BMERE I IEARLE, R UE R FR A% 55
PE1R1 7.546 T%H1 8.666 7%; 5 e AR A FTILAHLL
SLTRMER R A2 07 R =y 3.783 3%AH 5.333 3%
ARICEMVEECRA G, B, 38 s A SO
VSRR, KR BAT N — DR R

SR

[1] Kak S. On quantum neural computing [J]. Information
Sciences (S0020-0255), 1995, 83(3): 143-160.

[2] Gopathy P, Nicolaos B. Quantum neural networks
(QNNs) inherently fuzzy feedforward neural networks
[J. IEEE Transactions on Networks
(S1045-9227), 1997, 8(3): 679-693.

[3] Ventura D, Tony M. Quantum associative memory with

Neural

exponential capacity [C]// Proceedings of the IEEE

International Joint Conference on Computational

Intelligence. Piscataway, NIJ, USA: IEEE, 1998:

[10]

[11]

[14]

[16]

[17]

[18]

509-513.
Ajit N, Tammy M. Quantum artificial neural network
architectures and components [J]. Information Sciences
(S0020-0255), 2000, 128(3): 231-255.

G, FEBUR. B TAE M. HREIEE,
2001, 28(7): 1-6.

T, JEIgAK, BALRR. —FhE AT S R 4 A
I 5 HAEAR(ESREFAR), 2004, 43(5): 700-703.
e, I, JadERK. TR TR T2 M
2 R ICN ). Rg LREELS 5 SE ik, 2005, 25(5):
113-117.

Maeda M, Suenaga M, Miyajima H. Qubit neuron
according to quantum circuit for XOR problem [J].
Applied Mathematics and Computation (S0096-3003),
2007, 185(2): 1015-1025.

Li Panchi, Li

application of quantum BP neural networks based on

Shiyong. Learning algorithm and

universal quantum gates [J]. Journal of Systems
Engineering and Electronics (S1004-4132), 2008, 19(1):
167-174.

ARy, Pl T 2R I AR 2 ) B T B H D).
P B 5 N, 2009, 26(5): 531-534.

Li Panchi, Song Kaoping, Yang Erlong. Model and
Algorithm of Neural Networks with Quantum Gated
Nodes [J]. Neural Network World(S1210-0552), 2010,
20(2): 189-206.

b, 5. AR T B ALGURAE I R 25
NERRETIR]. T R4, 2007, 24(4): 463-468.
Li Panchi, Xiao Hong. An improved quantum-behaved
particle swarm optimization algorithm [J]. Applied
Intelligence (S0924-669X), 2014, 40(3): 479-496.

Li Panchi. A quantum-behaved evolutionary algorithm
Bloch search  [J].
Communications in Nonlinear Science and Numerical
Simulation (S1007-5704), 2014, 19(4): 763-771.

Giuliano B, Giulio C, Giuliano S. Principles of Quantum

based on the spherical

Computation and Information Volume I: Basic Concepts
[M]. Singapore: World Scientific, 2004: 108-112.

Simon Haykin. #0848 R BE[M]. 1A, sk A,
P bRt AU B R, 2004: 321-334.

PHE. EET KO BERRAE M SR TP
BE2ER, 2012, 23(3): 45-48,76.

XA, SHEE. FE TR AR SRS RO - (H
FHEFEFIID]. R TS FHAR, 2007, 29(12):
2162-2165.

http: // www.china-simulation.com

o 1111~

Published by Journal of System Simulation, 2015



	Clustering Algorithm of Quantum Self-Organization Network Based on Bloch Spherical Rotation
	Clustering Algorithm of Quantum Self-Organization Network Based on Bloch Spherical Rotation
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/S8Z5OujouJ/tmp.1688110563.pdf.afrlB

