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Quantum genetic algorithm based on Bloch coordinates of

qubits and its application
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Abstract: A novel quantum genetic algorithm is proposed based on the Bloch coordinates of qubits. The chromosome
is comprised of qubits whose Bloch coordinates comprise gene chain. The quantum chromosomes are updated by quantum
rotation gates, and are mutated by quantum non-gates. For the size and direction of rotation angle of quantum rotation
gates, a simple determining method is proposed. For the rotation and mutation of qubits, two new operators are constructed
based on Bloch coordinates of qubits. In this algorithm, the Bloch coordinates of each qubit are regarded as three paratactic
genes, each chromosome contains three gene chains, and each of gene chains represents an optimization solution, which
can accelerate the convergence process for the same number of chromosomes. By two application examples of function
extrema and neural network weights optimization, the simulation results show that the approach is superior to the common
quantum genetic algorithm and the simple genetic algorithm in both search capability and optimization efficiency.
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1 5]% (Introduction)
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72:(Bloch quantum genetic algorithm, BQGA). H 74
B K011 A A OI0 A R A 28 0 286 AL AR Al 1] RUREAT 175
B, JF a5 58 35 4% 5V (common quantum
genetic algorithm, CQGA)- & HL 15t % 5 7% (simple ge-
netic algorithm, SGA)JEAT XS Lh, 25 55 UF T BQGA]
ARNE.
2 BQGA F:A& 5 B (The principle of BQGA)
21 BT 304K = BE 25 B % 15 U5 S(Three
chains encoding method for quantum chromo-
some)
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Fig. 1 Bloch sphere representation of a qubit
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Fig. 2 The three circles on the Bloch sphere corresponding to

the x; in global optimum solution
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23 &8 7 3 A4 1) F B (Quantum chromosome
update)
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3 {HHE45E (Simulation result)

3.1 PRBMRAEPLA(The extremum optimization of
function)

1) Goldstein-Pricepi%X:

flz,y) =

1+ (z+y+1)*(19 — 142 + 32% — 14y +

6zy + 3y°)][30 + (2 — 3y)*(18 — 32z +
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{;z cos[(i+1)z+1]}{ ;z cos[(i+1)y+1]}+

0.5[(z + 1.42513)% + (y + 0.80032)?], (17)

o |z| <10, |y| < 10. ZREAT604N JFEB L/
{f, 4= R B /M o —186.73090882259. 24 4Jt 4k 45 5
/NF—186.34 15 A A SRS

N % %ZBQGA, CQGA, SGAX ik /™ ki %t
LA PE REXT L. G (R 250, S KL A AP 5K
I500. BQGAZ$: Agy = Aby = 0.01x, Py, =
0.05; CQGAZ %i: A = 0.01m, *f T-Goldstein-
Price b %5, F /N4 A 1847 — HE I B R R, Ail
SN R 5 7, B52,307 K B EL AT, BB A~ 1841 K /s
$47; X T-Shubert i 34, A4 5 2567 — 13l
BRoR, AR AT, HE2~507 N AT,
H6~ 2507 /NI ; SGAZH: A8 XMEE P, = 0.8,
B P, = 0.05, kR H L E g, h
385 N 5 R B0 e AR My 1, KA I T O N R
Hhit(z,y) = 14 fmin — f (2, y), FH frain N BT
4= Jai /M. 43 3 HIBQGA, CQGA, SGAREAT 10K
Pk, 45 F5F e AR 1, 22

& 1 Goldstein-Price & #4645 R 2 (10K
)
Table 1 The comparison of optimization results on

Goldstein-Price function(10 optimizations)

Sk BALa R e i 2R T3 a5 R WS R TSI /s

BQGA 3.0001 3.0034 3.0012 10 0.67487
CQGA 3.0525 3.1794 3.1186 0 6.90190
SGA 3.0149 3.0761  3.0385 0 0.82208

& 2 Shubert & HAALE R AT (10K 44K)
Table 2 The comparison of optimization results on

Shubert function(10 optimizations)

RPN IR S St b O B OEIE & Ve G I TR

BQGA —186.54 —186.31 —186.46 9 1.7344
CQGA —184.70 —179.76 —182.37 0 9.6965
SGA —18594 —183.95 —185.08 0 1.8525

M1, FR2nT 0, st etk 45 R AT i) 5,
BQGA & fiz Uf f1, X J&ESGA, 1 Z 11 /£CQGA.
AEBQGAHT, =5 5L N 4 5 110 1 FH 42 v 1 10 g
3, T AR S S ] A S0 e BN R B AL A
FBQGAH B UF Mtk PEfg, RS R4 P otk
Fr3HENEE, (Hl THAAER X4,
FT L3538 47 I TR S T-SGA. ZECQGAH, T
W R B AE () R R AL IS B, DR T aE AT I
() e Ko RIS RT DA HY, Tz kAl S R
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3.2 P& M 45 BUE L A (Optimizing of the neural
network weights)

ARSI 3 )Z B w2 W a5 AN oy K ds, H
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“ChL7 AR AN DU EHSAS AN R ZE IR
PN PE, HA22830 N FAAEA. R4 K 5 5L
P A AL SEAR, FRRE A G R V5 K A A
RO Ag s SR, TR X = (wsiy ) TAEAH, 13
RUBETRBIUEE, T B 0] 8 2 (1) (B B 150, 1B RE2RIN
FHIRT10 B AR 2R 4R, T4 HURE R FEAR
RS B, & T ISANE AR, kA 46 9
WHIZARE . BQGARE AN G M 48 5y 028 5
B3,

%3 BQGAKEBANE W oK B A5H
Table 3 The parameters of BQGA and neural
network classifier

L1 L2 L3 n m Pm A(po Aao E G

64 5 1 325 50 005 0.0lwr 0.017m 0.5 100

FINSHULIH: Ly N 5 Ly 2T
R L A 5T A5G o BUE (G 0BG m o R
FRE; P o A8 MR Ao, AOo WL FaIME; BN
PR 2, GO PR E AR

CQGARH — gty BB FH 1547 — 13k
TR IR, 2o 5 N R 54, 2~ 50 Ky HEEER
g5, 6~ 1507 N /ANEGES 58, B AP KAG = 0.017;
SGAR H s $i g b, XX MEH P, = 0.8, & =M
E Py = 0.05. CQGARISGA 1 H Al 2 %1 [FIBQGA.
&N R B A exp(— Error), o Error g N 4%
iR ZE, M Error < 0.5 B S Kb
SFIBAT 10K, Pup gl T b W4,

A S T B[R] N AR AR 325N AR . 4] 4,
b YE AR AL 1) B, BQGAR A4k v BE [7) #E 2
B U FR, AT 3445 22 B/, it HLIE AT i )
R a /DI R A R R SR  e
CQGAWL T I R U AL aE S, JLAR A0 &5 IR AR
T-SGA; {H i T % A = 2k H 4 15, 32 47 1 ) ik
K, AT BREAIR T 23026 s U1 25 1 DX 286 T 00k
FEFRAE AR, BQGA ) IE A IR 5 % 5534 100%,
MCQGARISGAI 1E iff 1R 51 43 5l }180% F160%.
AT WLBQGAXS - Ab B vy 2 A Ak 1R 8% =0 R 51 i 7L
HRKIE .

R4 AR BALELALE R L(10R L)
Table 4 The comparison of optimization results of
neural network weights (10 experiments)

By wmMRZE BOKNRZ SPRZE WEGRE I Rl/s

BQGA 0.02712 0.04663 0.03519 10 20.71
CQGA 0.07386 0.23618 0.16972 10 99.96
SGA 0.22661 0.30290 0.26311 10 21.83

4 %58 (Conclusion)
HPBEREE R E TN SRR ML &
(=4, B R A A8 S B 5T 7 1, T A A2 1
P A2 ST, AR SCEE T —FpoB B s Ak
S, SR F R T I Bloch AR bR AE A B B 2 1,
etk b AL 3L AL bR AR A AR T AL 45
FEFE R BE. DL A2 A8 5 1) R BON A AR A0 0 FH T
T ARDL TR A28 0 2% 3 SR 28U A A A 491
Rt 5 A ST VENT L, 17 B 45 R R HBQGATEHY
KA FACCE A I L T-CQGARISGA.
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