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Table 3 Operation results of different algorithms
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e S ‘
Function Statistical WOA GWO HBA PSO SOA SO MSSOA
value
F1 mean 4. 17E—74 1.66E—27 1.41E—135 1. 17E+00 3.29E—218 3.48E—94 0. 00E+00
std 1.59E—73 3.32E—27 3.49E—135 5.09E—01 0. 00E-+00 1.35E—93 0. 00E+00
F2 mean 4. 03E—51 7.25E—17 4. 12E—72 9. 73E+00 6. 08E—114 6. 63E—43 0.00E+00
std 1. 03E—50 4.78E—17 1.62E—71 4. 11E+00 2.77TE—113 2.31E—42 0.00E+00
F3 mean 4. 50E+04 7.7TTE—06 2.21E—96 7.94E+01 2.06E—183 6.34E—56 0. 00E+00
std 1. 33E+04 1. 59E—05 1. 19E—95 3. 14E+01 0. 00E+00 2.58E—55 0.00E+00
F4 mean 5.09E+01 6.88E—07 3.30E—56 5.91E+00 1. 55E—106 1. 21E—40 0.00E+00
std 2. 71E+01 6.07E—07 1.37E—55 2. 19E+00 4. 41E—106 2. 47TE—40 0. 00E+00
F5 mean 4.48E—03 1. 63E—03 3.25E—04 8.93E—02 7.69E—05 2.10E—04 4. 05E—05
std 5.20E—03 9.81E—04 2.56E—04 7.96E—02 5.42E—05 2. 04E—04 6. 99E—05
F6 mean 3.79E—15 3. 23E+00 0. 00E-+00 8.45E+01 0. 00E-+00 5.61E+00 0. 00E+00
std 1. 44E—14 3. 30E+00 0. 00E-+00 1. 74E+01 0. 00E+00 1. 17E+01 0. 00E+00
F7 mean 4.20E—15 1.09E—13 1. 99E+00 5.46E+00 8.88E—16 2.42E-+00 8.88E—16
std 2.46E—15 2.21E—14 6. 08E-+00 1. 15E+00 0. 00E-+00 7.21E—01 0. 00E+00
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Continued table
oL it .
Function Statistical WOA GWO HBA PSO SOA SO MSSOA
value
F8 mean 5.21E—01 1. 16E+00 6.52E—01 9. 67E+00 1.91E—06 1.02E—01 1.50E—32
std 2.69E—01 2.19E—01 2.06E—01 3.02E-+00 5.95E—06 3.38E—01 1. 11E—47
F9 mean 8. 08E—03 4.01E—03 0. 00E+00 3.71E—01 0. 00E-+00 3.75E—02 0.00E+00
std 3.62E—02 1.02E—02 0. 00E+00 1. 24E—01 0. 00E-+00 9.84E—02 0. 00E+00
F10 mean —7.57TE+00 —1.04E+01 —1.00E+01 —8.35E+00 —9.87E+00 —1.03E+01 —1.04E+01
std 3.26E+00 9.72E—04 1. 71E+00 3.28E+00 1. 64E+00 1.39E—01 3.85E—05
F11 mean —6.92E+00 —9.72E+00 —7.59E4+00 —8.78E+00 —1.00E+01 —1.05E+01 —1.05E+01
std 3. 45E+00 2.50E+00 3. 72E+00 3. 16E+00 1. 66E+00 1. 95E—02 3.12E—05
F12 mean 3. 45E-+00 5.01E+00 1. 42E+00 2.25E+00 2.25E+00 1. 30E+00 9.98E—01
std 3.51E+00 4. 66E+00 1. 81E+00 1. 73E+00 1. 95E+00 5.92E—01 2.14E—16

Note:bold fonts represent the best results in the experiment.
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Fig. 3 Average convergence curve of test function

3.1.3 Wilcoxon # F= 45 3

Wilcoxon B& 1A 56 F] T~ 3 ik A [6] 55 vk Jz 7 45 2R
MESTEGITE E B EE. GRER P EHANT
0. 05 T B AR B30 3 00 45 2L 2 5 W 35, 5 D0 30 W) 7
P FAE R R E 2R AR E W TR %
Z B TSR 2 AN B E B9 ] NaN Ros , 1350 0] 5
PEREAH S . 1 E— 2D PP Ak gk SR 1 A5 80 L AR AT
¢ 1 Wilcoxon Bk AR 52k 56 iE MSSOA 5 HAth 5
*£ 4 Wilcoxon BRI P &

Table 4 P-value of Wilcoxon rank sum test

BRI MERA R EEZS, VR MSSOA
BRI FLRE 1 (R O,

MSSOA 7E F6.F7 L &% F9 |5 HBA 1 SOA
M2 AU, F2E P HBA Fl SOA 7E F6.F7
LK F9 b IEAR S T HIe R, HEMNEEE -
K F, Wilcoxon B Kz 3 19 P fH K £ /NF 0. 05,
MSSOA iz 458 5 H At 6 Fh 8 2 Z (8] 19 22 55
FLXHE— U T MSSOA A %58 1) S e T7 .

Fu%lfi(on MSSOA vs WOA  MSSOA vs GWO MSSOA vs HBA MSSOA vs PSO MSSOA vs SOA MSSOA vs SO
F1 1.21E—12 1.21E—12 1.21E—12 1.21E—12 1.21E—12 1.21E—12
F2 1. 21E—12 1. 21E—12 1.21E—12 1. 21E—12 1. 21E—12 1.21E—12
F3 1.21E—12 1.21E—12 1.21E—12 1.21E—12 1.21E—12 1.21E—12
F4 1.21E—12 1.21E—12 1.21E—12 1.21E—12 1.21E—12 1.21E—12
F5 7.39E—11 3.02E—11 1. 55E—09 3.02E—11 3.85E—03 3.02E—11
F6 3.34E—01 1.19E—12 NaN 1.21E—12 NaN 5.85E—09
F7 1.09E—08 1. 15E—12 8. 15E—02 1.21E—12 NaN 1.21E—12
F8 1.21E—12 1.21E—12 1.21E—12 1.21E—12 4. 19E—02 1.21E—12
F9 3.42E—01 8.06E—02 NaN 8.01E—09 NaN 8.06E—02
F10 6. 80E—08 6. 80E—08 9.06E—07 3.01E—04 5.87E—06 1. 07E—01
Fl11 6. 80E—08 6. 80E—08 2.84E—01 6.92E—03 1. 38E—06 2. 85E—04
F12 1.82E—11 1.82E—11 9.41E—01 1. 89E—05 5.57E—11 1.82E—11

3.2 ITERNAZRNIESH
3.2.1  FAh/JE 43R AL E A

T B UE MSSOA 114 52 By )i, FH 68 7, 38 3 Fir fd/
JE 45 3 T A ) ROk R A TR R AR AT
fift L SEBR MR B RE 7o R ARIE A P £ Bk S 4L
SRS YA I R R B R R 20 A
R AT R RSOk A RS A5 2K, B Ry XN i 2 2 R

SEAE B R R AT AT R 0 A AR O pR A —
WU o e 0 L 4 5 PR T (o) (15D B

T (2) = f(2) +a > [max(0.b,(x))] ,
i=1

(15
Hobsa MAGTTAR I BUE N 1 0005 f (o) 29 iR /9 H
PREQEG n AR ZME AN B0, (o) WS i DNAE
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AR TR R) 8 i 0] SR AEWE 2 3 kI8
Y A4 AR I B SR AT 5 S R Y /D
fEH e F ks (16) iR .

HFRERE: minf(2) =(x;+2Dx,x5,
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/J;Eg}ﬁl: 81\ 717851‘% S
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8 T 19566(a, 00 —21) | 5108x%
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Table 5 Optimization results of tension/compression spring

BEEAMISE . & 3R I 5 A B B 45 RE AR L B R R

VG EREN AP
0.05<Cx,;<<2.00,0.25<<x,<<1.30,2<x,<15,
(16)
7 R R R LA S R LR 5, T LA
MSSOA 45 5 ks i B 248 T HoAth 6 AL, X
s T MSSOA M T4t 3 vk A & 0 i 1 4 5 48
KBS MR FRE T ARSI S B 2 S i
fiff o DN 1M B % BRUAS B A0 A DA 5 2R . B A/ R 4 3%
B AL ) 8 45 3 456 B MSSOA 78 T2 52 B i F v
FAR R A S 4, 0 inUE B MSSOA 1) 31 fig
T8,

873 - - . RilE
Algorithm ! 2 3 Optimum value
WOA 0.052 618 0.379 477 10. 069 72 0.012 681
GWO 0.051 984 0. 363 460 10. 937 65 0.012 707
HBA 0.052 138 0. 367 622 10. 677 18 0.012 669
PSO 0.051 711 0.357 217 11.262 19 0.012 668
SOA 0.051 537 0.353 037 11.509 50 0.012 668
SO 0.051 243 0. 346 091 11.940 29 0.012 783

MSSOA 0.051 882 0.361 374 11.021 13 0.012 666

Note:bold fonts represent the best results in the experiment.
3.2.2  FRERAM R AT 45 B AL

ks VR AL R S8 W 5 50 & DL R KL
HAM AR Z R IR G, BB % KL MR
Uiy B A 1) 5 SRR R [ B i Bfng KON, USRS 2L
Ve . AE W R R Sty A 7 KA [T Y RE 1Y S T R
FE/IN RGBT BEBRGR . YR /K HLAL I T 3 5
43 fif 4804 (Partial Load Rate, PLR) £ %, & 54
o gk T A S s (7)) By 2

P,=a, +b,PLR, +¢,PLR? +d,PLR} , (17)
Hr, P, B SR VLM IIFE, PLR, A% 6111
(A T 2R H a0, e, Al d, ¥ K HLAL M
£y i

R FE 3 RV LI BE L ¥ AILER 43 i 20 FE R i
T 0.3, PRIV HL 3R G2 B 7 4 TG ] AT 114) 250 2 A 7Y
= (18) o

min P, = min( ZP,-)
i=1
s.t.0.3<CPLR, <18 PLR, =0 , (18)
DIPLR, % Q, =Quuisi =1.2,um
i=1

P NEIIFE .0 AR KA EEL.Q. Wi
B AL B UE IR B Qs R AR i B0 1T 75 5K

R T B AE MSSOA X T fif g I B ¥ AL 4 17 43 i
[F) 50 (4 B8 7, S OSCAR 21 IR 22 B AT AR AL I . 1%
FEBALAL P S 4 AR R HLAL, Hodh v & %1
AEE R 1582, 65 kW, 5 4B & 10 & 2 Hil % RN
3517.00 kW, & 6 b4 5 1% HLARFE AL A (1) AH E R
BUL R R 52 R 'L 2 7T O MSSOA 5 45 SOA,
GAPY NCS™ TWOA™ 4k 3 B & K HL4L 1 RE fY
£ N
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Table 6 Chiller performance parameters

i a b ¢ d Q/kW

1 104. 09 166.57 —430.13 512.53 1 582.65
2 —67.15 1177.79 —2174.53 1 456.53 1 582.65
3 384.71 —779.13 1151.42 —63. 20 3 517,00
4 541.63 413.48 —3626.50 4 021.40 3 517.00

MSSOA % T GA.NCS.IWOA ,SOA 7E A [
(1 177 5 oK R Y RE B T BB AR . M T GALMS-
SOA by 45 R Be 8 75 fig 0. 1096 —22. 27 %, 15
RERL R H A B KM i F+. MSSOA # # F NCS.
®7 HEAKNMARLER

Table 7 Parallel chiller optimization results

IWOA L KAr#E SOA, 78 8] f i 75 2K T i i 40 %l
RERS S EL 16, 44 % .3. 26 % Al 0. 45% A9 17 BE &L R .
MSSOA FHE T X LB, HT g sOR 159 2 42 7, X
U ) - R O % R % ik A A A A 1k g i i
PP EEA PR AR 48 R B 5 £ o 0 dee 10 i, LR A 3R
W& LA Ko £-43 70 H 2 4 g 3 5 MSSOA (1942 5 8 & fil
JR B AE 68 7, MSSOA 8 22 3] 25 [ % 04 % 14 fig
Ty FE R . JFERA O A 4 AR Ak 45 SR B MS-
SOA FE 40 FAR AL I BV AL 1 Aar 43 T 18] B B A — 22 1Y
P, i R oR H MSSOA BoA 1R 38 1Y 4 Jey 18 &
R FB 48 - he

Q,.ca/ kW Algojfhm PLR, PLR, PLR, PLR, P /KW
9179, 37 GA 0.992 5 0.948 7 1.000 0 0.736 6 1862.18
0070 NCS 0. 950 0 0.920 0 0. 980 0 0.770 0 1.857.00
IWOA 0.997 2 0.899 6 1.000 0 0.756 5 1857.71
SOA 0.965 2 0.958 5 1.000 0 0.757 8 1.858.08
MSSOA 0.982 5 0.915 3 1.000 0 0.756 0 1 856. 69
8§ 159. 44 GA 0.861 1 0.813 2 0.880 9 0.685 9 1457.23
(8070 NCS 0.800 0 0.760 0 0.920 0 0. 680 0 1 456.00
IWOA 0.828 1 0.805 6 0.902 3 0.682 6 1455.83
SOA 0.843 6 0.7855 0.903 4 0.683 5 1455.89
MSSOA 0. 806 2 0.797 3 0.911 8 0.686 6 1455.78
7139.51 GA 0.659 2 0.760 5 0.755 7 0.636 0 1183.80
700 NCS 0.710 0 0.700 0 0.720 0 0. 660 0 1.180. 00
IWOA 0.7357 0.737 3 0.722 3 0.644 8 1178.27
SOA 0.690 3 0.714 4 0.754 9 0.643 0 1180. 42
MSSOA 0.724 1 0.749 4 0.717 9 0.649 0 1177.68
6 119. 58 GA 0.595 6 0.698 2 0.571 0 0.587 4 1001.62
(6070 NCS 0.620 0 0.690 0 0.550 0 0.590 0 999. 00
TWOA 0.588 7 0.671 1 0.564 6 0.608 5 998. 77
SOA 0.643 3 0.644 8 0.552 0 0.608 4 999. 22
MSSOA 0.591 6 0.665 9 0.562 1 0.612 0 998. 28
5 099. 65 GA 0.596 2 0.363 6 0.442 3 0.575 8 907. 72
(50%)
NCS 0. 460 0 0.420 0 0. 460 0 0.580 0 901. 00
IWOA 0.605 8 0. 000 0 0.567 4 0.610 0 752. 93
SOA 0.676 1 0.000 0 0.543 4 0.602 4 756. 31
MSSOA 0.605 5 0.000 0 0.569 0 0.608 5 752. 92
4079, 72 GA 0.3325 0.3157 0.324 6 0.543 6 856. 30
o NCS 0.540 0 0. 640 0 0. 000 0 0.630 0 688. 00
IWOA 0. 000 0 0.000 0 0.555 1 0.604 9 688.01
SOA 0.359 8 0.000 0 0.442 4 0.556 0 666. 61
MSSOA 0.398 4 0.000 0 0.418 2 0.562 6 665. 57

Note:bold fonts represent the best results in the experiment.
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Improved Skill Optimization Algorithm Based on Multi-strategy
Integration and Its Application

XUE Chaogai” " ,LUO Junfeng,CAO Wujun
(School of Management, Zhengzhou University, Zhengzhou, Henan,450000, China)

Abstract: Aiming at the shortcomings of Skill Optimization Algorithm (SOA),such as low optimization ac-
curacy and slow convergence speed,a Multi Strategy Integrated Skill Optimization Algorithm (MSSOA) was
proposed. MSSOA uses the good point set strategy to initialize the population and improve the distribution
quality of the initial population in the solution space. According to the characteristics of the algorithm,the a-
daptive weight was used in the global search stage to improve the step size of the individual. According to dif-
ferent individuals,different z-distribution perturbation methods are used to balance the relationship between
global search and local search,and enhance the local search ability of the algorithm in the later stage. The per-
formance of MSSOA was tested by 12 test functions and 2 engineering application problems. The test results
show that MSSOA has ideal optimization accuracy and convergence speed,and can solve complex engineering
problems.

Key words: skill optimization algorithm; good point set;adaptive weight;z-distribution perturbation;function

optimization problem;load allocation;engineering optimization
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