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A novel Yin-Yang pair optimization algorithm based on the Wavelet elite
solutions learning and multi-angle search
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Abstract: In order to solve the problem of low calculation accuracy and slow convergence velocity of the Yin-Yang
pair optimization (YYPO) algorithm, a novel YYPO (NYYPO) algorithm, based on the Wavelet elite solutions learning
and multi-angle search, is presented in this paper. Firstly, the strategy of Wavelet elite solutions learning is proposed to
make full use of the evolutionary information of elite solutions. High-quality solutions generated by this strategy are
used in the global exploration and local exploitation of algorithm. Secondly, the search angle is introduced into the
solution update equation, which can realize the all-round search of algorithm search space. The convergence of the
proposed algorithm is analysed. The continuous functions and the bottleneck traveling salesman problem are employed
in the numerical experiments. NYYPO is compared with many intelligent optimization algorithms. Experimental results
demonstrate that the presented NYYPO algorithm has better optimization performance.
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ALO 118.9257 383.8154 228.2869 60.9012
fr GWO 2.4533e-287 4.5427 0.2271 1.0158
SCA 3.0760e-05 39.9020 11.8182 14.0107
YYPO 25.6490 75.3138 51.1499 12.5289
CSIOYYPO 8.8590 28.5630 16.7469 5.4526
NYYPO 0.0000 0.0000 0.0000 0.0000
GA 2.3140e-05  2.9264e-04  1.2096e-04  7.2652e-05
PSO 2.8497e-06 0.0344 0.0091 0.0104
SA 4.8586 10.6981 7.5590 1.4808
ALO 2.9413e-04 0.0364 0.0126 0.0121
fs GWO 1.2958e-213 0.0381 0.0033 0.0089
SCA 0.0049 0.9666 0.2459 0.2740
YYPO 1.0863 3.6684 1.9127 0.5916
CSIOYYPO 1.0102 1.1442 1.0519 0.0323
NYYPO 0.0000 0.0000 0.0000 0.0000
GA 10.8744 24.6323 15.8319 3.2858
PSO 4.8091 84.8377 18.0684 17.3206
SA 2259195 258.2858 243.2176 10.4113
ALO 113.9241 171.0099 140.7389 16.1753
fo GWO 9.1997e-15  4.3068e-14  2.1659%-14  9.6676e-15
SCA 0.0225 2.2684 0.7216 0.7075
YYPO 37.1509 80.4017 57.0122 11.5057
CSIOYYPO 26.8275 56.8246 40.8424 8.7510
NYYPO 0.0000 0.0000 0.0000 0.0000
GA 0.1014 0.2604 0.1851 0.0444
PSO 0.2454 0.7414 0.4549 0.1458
SA 0.6429 0.7212 0.6871 0.0264
ALO 0.2520 0.5924 0.4346 0.0802
f1o GWO 3.0811e-206 0.0397 0.0036 0.0103
SCA 2.5958e-06 0.1624 0.0219 0.0444
YYPO 0.0297 0.0856 0.0645 0.0172
CSIOYYPO 0.0022 0.0313 0.0113 0.0069
NYYPO 0.0000 0.0000 0.0000 0.0000
GA 1.9838e-04 9.2125 0.4902 2.0536
PSO 1.7375e-07 11.8915 1.4754 2.8277
SA 1.1554e+05 1.1082e+11  7.1629¢+09  2.4749¢+10
ALO 32.0452 3.5989e+08  2.4414e+07 8.1121e+07
Jin GWO 4.0942¢-76  1.5444e-46  7.7273e-48  3.4532e-47
SCA 2.4812e-08 0.7097 0.0456 0.1616
YYPO 0.0083 55.6939 3.3013 12.3433



8 # % 5 x K
CSIOYYPO  2.8562¢-04 0.3747 0.0274 0.0824
NYYPO 0.0000 0.0000 0.0000 0.0000

H3R 2 AT DAR B 1) JE A B P i 4 Ak 7k
YYPO 7E K fift b3 AR Ak v 8 1 v 5K B R AN
R, ULz T R I R e W — P R A
CSIOYYPO Bk v A FE 142 =140 A B 1 2
I B ~F 7 AL B3 NY'YPO 78 B A Ik o 3 e 1 5
W% LA B IR T, THE A R AR T YYPO
A CSIOYYPO ik, A AR A & ge i fb
AR, MR EL £y b, ZORMACSE I GWO. IR
FEARBLIE SCA MU AL FH-F i LA 5% NYYPO
O SRS FEAR ). X3 10 AN 26 B0 5, 3 7Y
[ BH A4 AL BV NY Y PO (3 50K B (AR 35143
B3 2) MHE 8 FHEEMLL, A CHEE NYYPO (1)
5 A W BR800 BT IR A5 (R AR 1 22 2 d /N, 31X
R NYYPO BEIIRALPERE T IS E .

IE A, B 25 T X 9 B AL VR AE S 2
Friedman & % [] Average rank 18, 7 5 N 4.7273.
5.2727. 8.5455. 6.8182. 2.0909. 4.6364. 7.2727.
4.5455 F1 1.0909. P {E°4 2.3254e-11, i /T & 3 1%
K 0.05. 7E45 5, Average rank FEARMEER /)N, Fik
PEREBRIF. B B B BH P LA SRE HE AL 5 —, Gt
2 R AL NYYPO HA i etk e

10°

OO0

10° \®

—&—PSO
—b>—5sA
—6—ALO

—e—GWo
—%—SCA
—A—YYPO
—+—CSIOYYPO
—*—NYYPO

10'10 L

15 2

2 R T AR E

R4k, D9 S IR G 3 325 7L B B 1 i AR A Rk
HRVEREMILS, B 2 45 73X 9 MhELVALE R EL f
R S i LS LE 2 R AT U B, NYYPO
FE M SR AR A T E 8 MRE. AE
WEE R, RN BORS S AR 7 2] SR, — 5 T AT BLER
B SRR T 1), 53— 5 TR AT A A A Py
A Py, U5 S HEBAT R R A2 B IRR. 1
bh, R 2 A BEAE 2SR, BE W AT 207 AL ) SR,

Pem IR R A R B A A RIREEE. R, B B B BE P
TP % NYYPO BAT S 4Lt P Re.
42 “AEMKERE

B R i 22 A0 A4k ) 7K NYYPO &%
RE Ab, 3 K H R 250 AT 7 1) @ (bottleneck traveling
salesman problem, BTSP) it — 35 il S v (1 AL A0
fe. BTSP [a) @ —Fpdr e JE 20 iR AT 7 il 2, ok
£ Hamilton [=] % Hh iy 3ak 7 T] fe 22 6 29 g4, RV 350
YNNI SN

X B, R A BBk R BTSP [0 . & G =
(V,E) XM TE 2 E, VA E 25 %R T4
Mih%E. AEEHRANT R Z AR d;; S, g
(¢,7) FERIERERAE b, & 2y = 15 BN, 2 2y = 0. 10
TRETUEAT 7 I L ) B A AR ] IR R

minZ = max{d;jz;;|i,j € V} 17
n
Zazij = ].,Z eV
j=1
n
iy, =1,7€V
sit. Z §= 5 (18)

=1
YD <I8|-1,¥8eV

i€s jes

z;; € {0,1}

Hr,n FZnBE GBI AN |S| B S A
GRS EL 2U(18) BTN LI AR AT AR
UEAFAN T A0 el — K 28 3 DM IRRAE AT fRAIE
AN g A Bl % R I (18) AR ] LR R A
Hamilton [A] .

T RAE NYYPO FIE MR Pz 2R AL I 3 (1)
R, B R W EALE (0,1 W, (H2THFERH
HEA T AR AL B R i BTSP 1) 8BS #0U% = 1)
filg. X B, SR BE AL BE 7 15 S B ) i . DR AR,
K BB 0 R s J7 1%, BT DL E #7242 BTSP )
FRATAT . AESRSH, SR A TSPLIB A ) &5k
NYYPO Hik A e, I HAE & 5 (GA).
BEPLIE KB (SA) ORI BFER AL 1% (PSO) AN
AL (ACO) HyTHHE 45 BT AR, R R EOT
PR BN 50000, NYYPO Bk ESHk B REF
AR, He EIE S BORE SR [2] TR E. R
FEANLIEAT 30 K, Giit HFIME, SEie st Rk 3
Fis.




WA 50 AT B SRS 5] Ae S A AL & R AT AL Me PR AL 9

2% 3: BTSP it 45 R

HEEA GA SA PSO ACO NYYPO CAanmiiil
Fil101 14.2 15.3 139  13.0 13.0 13.0
Lin105 5165 5883 5326 5012  487.0 487.0
b127 7996.2 8533.4 80129 79823 7851.3 7846.0
ch130 156.7 1689 1544 1463  135.5 132.0
pri36 30129 3698.1 3455.6 33658 2979.8 2976.0
ch150 1073 123.8 138.6 1124 92.8 89.0
KroB150 479.6  505.1 4985 4758  411.3 366.0
Rat195 289 356 399 275 21.8 21.0
KroA200 4569 523.1 606.1 5023  356.6 340.0
gil262 42.1 587 614 392 25.3 22.0

T 3 BT BAR I, FISAE % (GA) BLAUGER
H (SA). ki BE ALY (PSO) RS At AL 572
(ACO) MLk, L NYYPO TER i 4 k22 % BTSP )
AR R, el ) R R R TR ROTVE, B
HNHEEHA A B R AR S
5 Z5ip

DR i v A B O ST 487 R A SR TR 1 e, AR S
HH — o B B BE - A B NYYPO. i R
BLHE LA R P ANRRAE: 1) Bt /N RS S A 2 2] SR s oK
PR N iR ), B AE I s AT 2 R R
AR AL 2R 2) K48 2 A BE 5N A R B4R A = T
RIIAR R, WA AT IS % SUE
SEEG R B NYYPO B vH 5Ok B 58 47, A 4o 5 58
PR B TR R 2 B AR AL B S — 2B
78 TAE.
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