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Hybrid Mutation Pathfinder Algorithm Embedded with
Cat Mapping and Its Application

MAO Xue-di, WANG Bing, XIA Huang-zhi,ZHANG Lu-ping,LI Yong-chao
( School of Mathematical Sciences,Mudanjiang Normal University ,Mudanjiang 157000, China)

Abstract; A hybrid mutation pathfinder algorithm embedded with Cat mapping ( CHMPFA ) is proposed for the function optimization
problem in view of the problems of low accuracy of pathfinder algorithm (PFA) solution, slow speed of finding the best and easy to fall
into local optimum. Firstly, using the characteristics of Cat chaotic mapping such as randomness and dispersion, combined with the
guiding effect of opposition—based learning , the population can cover a wider search space and improve the global search capability of the
algorithm. Secondly, the introduction of reduction factors in the pathfinder position update phase balances the global and local search ca-
pabilities of the algorithm, gradually narrowing the search space range through the growth of the number of iterations, helping the
algorithm to find the optimal solution quickly, thus enhancing the search speed and convergence of the algorithm. In the end,the optimal
individual is perturbed in position using the mutation probability of randomly selected Cauchy mutation or Gaussian mutation , and the two
mutation strategies can help individual quickly jump out of the local optimum to other regions. The CHMPFA is tested on 10 classical
benchmark test functions and 12 complex CEC2017 function, and applied to pressure vessel engineering design problem. The
experimental results are compared with those of the original algorithm and other algorithms, and the results show that the CHMPFA is sig-
nificantly enhanced in terms of solution accuracy, finding speed and local optimum avoidance, and the lower engineering cost further
validate the robustness of the CHMPFA.
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Fun Item CHMPFA PFA PSO WOA DE SCA BOA BSA ChOA
Mean 3.42E-04 7.11E-02 3.83E+01 1.89E-03 2. 19E+02 5.54E+01 9.65E-04 1.43E+03 3.61E-03
fs SD 3.58E-04 8. 11E-02 6.19E+01 2.46E-03 1.05E+02 4.60E+01 4.05E-04 2.28E+02 3.11E-03
p-value NaN(=) 3.34E-11(+) 3.02E-11(+) 1.86E-06(+) 3.02E-11(+) 3.02E-11(+) 4.44E-07(+) 3.02E-11(+) 1.21E-10(+)
Mean -4.18E+04 -3.23E+04 -1.65E+04 -3.78E+04 -1.97E+04 -7.19E+03 -7.09E+03 -2.32E+02 -1.82E+04
fs SD 5.89E+01 1. 19E+04 2.79E+03 5.02E+03 2.96E+03 5.17E+02 7.79E+02 1.92E+03 9.94E+01
p-value NaN(=) -1.14E-01(-) 3.02E-11(+) 5.53E-08(+) 3.02E-11(+) 3.02E-11(+) 3.02E-11(+) 3.02E-11(+) 2.95E-11(+)
Mean 0 1.54E+02 7.83E+02 0 7.85E+02 2.15E+02 9.51E-13 1.48E+03 2.65E+00
/‘7 SD 0 6.22E+01 7.98E+01 0 1.65E+02 1.01E+02 2.46E-12 8.55E+01 4.50E+00
p-value NaN(=) 1.21E-12(+) 1.21E-12(+) NaN(=)  1.21E-12(+) 1.21E-12(+) 3.13E-04(+) 1.21E-12(+) 1.21E-12(+)
Mean 8.88E-16 3.89E+00 4.41E+00 4.68E-15 2.00E+01 1.79E+01 3.38E-07 2.08E+01 2.00E+01
fs SD 0 1.44E+00 1.03E+00 2.46E-15 5.45E-03 5. 14E+00 5.99E-08 1. 12E-01 3.31E-03
p-value NaN(=) 1.21E-12(+) 1.21E-12(+) 1.16E-09(+) 1.20E-12(+) 1.21E-12(+) 1.21E-12(+) 1.21E-12(+) 1.19E-12(+)
Mean 0 3.65E+00 1.23E+01 0 4.25E+02 4.62E+01 9.01E-10 2.93E+03 7.85E-03
fo SD 0 1.53E+00 6.29E+00 0 4.59E+02 3.64E+01 5.38E-10 2.38E+02 2.05E-02
p-value NaN(=) 1.21E-12(+) 1.21E-12(+) NaN(=) 1.21E-12(+) 1.21E-12(+) 1.21E-12(+) 1.21E-12(+) 1.21E-12(+)
Mean 1.25E+00 2.82E+01 2.03E+02 1.47E+00 1.54E+09 2.88E+08 9.98E+00 6.92E+09 9.35E+00
fo SD 1.04E+00 2.39E+01 6.11E+02 4.92E-01 1.78E+09 2.09E+08 -5.63E-03 1.07E+09 1.74E-01
p-value NaN(=) 8.89E-10(+) 3.02E-11(+) —7.73E—02(-) 3.02E-11(+) 3.02E-11(+) 3.02E-11(+) 3.02E-11(+) 3.02E-11(+)
MAE 9.96E+00 5.55E+03 1.22E+04 9.58E+04 1.54E+08 2.88E+07 2.29E+49 3. 18E+53 4.08E+03
Rank 1 3 4 5 7 6 8 9 2

SR O T 2B IF Al CHMPFA (1 3R B, Ji iod
Wilcoxon Fk R4 ") S 461 5 H &2 54 vk 22 o] S A7
T EH 225 1% SCERE 0. 05 1 0 3 MK A7
Wilcoxon FkFIHE K , 415 CHMPFA I T *F Ho 8032,
p —value<0. 05 ; U1 CHMPFA 5%} Fb B vE A1 24 | U] 78
Bl hid 58 NaN; @12 CHMPFA 45 % He 0,
p —value=0. 05, Jf F K ik Le404l DL R IA IR o 2l
H“+/=/-" 55 Kk F /R CHMPFA “ i T/# X4 T/4;
T XAk,

HRHE 2 3 1S5 45 5 ] 1, CHMPFA 5451 PFA
FE 9 A FE IR R E FAF 20 p (EE /N T B KOE
0.05,7H] CHMPFA 7 S BE L8 TA5E PFA, X
JE[R i CHMPFA 5 1 1R il 1] 2% 2 ) 46 A i 5
W T e D R B A R T O RN AR 5 R, Cat
TR WS 25 45 B ) 2 20 T AFERI 4R B B st | 5 b 1
2RI AT R N m 2 R
PERE ; U T35 B S0k R IS SR e e A B30T, 2
S e M AT SR X R AR AT A e T
Ak R R TR B 2R R R, BR
WK H A AR 5 2 4, CHMPFA 5% WOA 4Miy 6 Fif
SAEAE 10 AN FEUEN i R B AR B0 p (R FEZ /N T
3K 0. 05, W] CHMPFA LA | 6 Mkt
LT B FEPERE W%t T WOA, Bl i {7 #E & 5
CHMPFA PEBEA 5l 8 45 1 3L %, (At & U

LA P BE S , CHMPFA A5 5 4 B 2 3

S = T 10 A DN I R R Y T 34 A o 5 2
(Mean Absolute Error, MAE) , % iF G 8.4k ) 1 fE & =
OIATJE HEATHERY R VA B A O S AT A T T S
FE" S HEA R MAE BN R O 45
SIS A R 1 2 X 158 25 AN R VERE B T
HAA AN

i | avg_B, — 9, |

MAE = = L
Hh Javg_ B FRRE AR BI04 R i il 0~ 41E, o,
PR BB HE I 12 R B BB B M, L, s e UEE
Y X R R B A R, 52 8 25 R 2 R, CHMPFA B
MAE MHEA S — D00 E T S Bk i &k
3.3 S mE o

A S50 eRBOR A U e st e an &1 2 e
N R IT REL S, o, S fo N fy) O T T (R i
L APSIF B, XTI AR BRI 10 R JEE A X 4K

F1P 2 AT, CHMPFA 7 2 ACHT IS th 26 T
Btk X 72 i T PRA W) 40 [ BEAY FRE TR B 16] 27 ~)
TS A 8, AR T B AL A ORI | Cat BRIFE A= B A DA
A7 A AR (), P 5 ) o ) SR S A £
FEPE Y [ T A B AR, A F) T 4R B% 4 AN
SRR VA W T

(19)



TEEE HRA Cat WL ARG 728 SR B 5 18 ML H]

10t
0

Ec
2

1,00

B

=
2

-3.00

Best score obtained so far
Best score obtained so far
=
Best score obtained so far

L
2
3

=

&
s
3

10710

Best score obtained so far
Best score obtained so far

10—\5

200 400 600

Iteration

(a) f, WSl £

800 1000 2000 400 600

Iteration

(b) f5 YBlhiZk

800 1000 200 400

Iteration

(c) f, HeshiZ

400

600
Tteration

(d) f3 WSl

800 1000 200 400 600

Iteration

(e) fo Wrslih £

600 800 1000 200 800 1000

A2 SRR

TEE 2 (a) FIIE 2 (b) By 200 bR %0 1815
CHMPFA TE f, FREL EUWSIGER BB oy 8 R EIAAE
Tt RE B85S T CHMPFA ; % T pR L £, , BARTE 2%
FREETRET 9 A3k 38 K AR 4R 2 B0 A (A, (02
CHMPFA 11 0K BE AR XT3 i, WSt A R 22 T B
A B 3k P s O PR Ry R B A A R AU 0 4
PRBG L, (4 3% i 400 IR o o 7 Sy 3 X 3 B % T
R 0 R 2R, AS 7 Hb 17] S5 0 ik IX 3ok 30T, e ¢ A
CHMPF 7£ FuHE B LI FHE AL,

FEE 2(c) ~ (e) 20 R A EI{E 1, CHMPFA £
fo BRELE 50 Yk AR SR B T IS SR AE 0, T BR
WOA HPHAY 7 R BT A R AR B (5 R 42
XS F7E PFA I T 48 S R S Ak ve b o ms , L —
SE P ARE 233 36 v BT 2 S o 1 A S P SR AR
T Bk R AL ABE T, %R & /E CHMPFA -0 7

hORVEE BB MIE RS, A f, b BRI A B
TR B R X 8k, {H 25 45 % 3 W %1, CHMPFA
AR T e S et 7 - D0RG B Lz 8 e X
AN RE

25 L TR, TR A A pRBIOA SR 0 SR TE R
PRI I CHMPFA 11 3-J0AE BE P SIGsR 24T+ 43 th 1
BSTE T 254 =/l 5 mg CHMPFA ARALRR
3.4 CEC2017 E A4 ik $oK fg L 16

9T HE— A CHMPFA By #: , 7 CEC2017
FEUE pR B b 2k U 43 2 0% oR B TR & pRE ( Hybrid
Function , HF) 5 & & 1 % ( Composition Function, CF)
BEATSR A 00, B I R AN 3R 4 Fi 7R, & W) i il
BERLE R 30, fe KaEARRECH 1 000, 4854 30, 45 54
HEIEAT 30 IRISEIIME (Mean ) S5Fr#E2 (S. D) it # 7
x5,

%4 CEC2017 A A ml X & 4

BT MWRWE Soin FHE PR WEIE 4y Jain FHAE
CECO05 [-100, 100] 30 500 MN CEC16 [-100, 100] 30 1 600 HF
CECO07 [-100, 100] 30 700 MN CEC17 [-100, 100] 30 1 700 HF
CECO08 [-100, 100] 30 800 MN CEC20 [-100, 100] 30 2 000 CF
CEC09  [-100, 100] 30 900 MN CEC21  [-100, 100] 30 2 100 CF
CEC13 [-100, 100] 30 1 300 HF CEC24 [-100, 100] 30 2 400 CF
CEC15 [-100, 100] 30 1 500 HF CEC29  [-100, 100] 30 2 900 CF

A5 CEC2017 A X F 3 F-1 45 R 2k
Fun Item CHMPFA PFA PSO WOA DE SCA BSA BOA ChOA
Mean 6.20E+02 6.68E+02 7.64E+02 8.33E+02 6.80E+02 8.18E+02 1.53E+03 9.09E+02 8.29E+02
CECOS S.D  2.58E+01 3.52E+01 3.50E+01 5.54E+01 4.30E+01 2.53E+01 2.09E+02 2.43E+01 3.42E+01
Mean  8.90E+02 9.38E+02 1.10E+03 1.29E+03 1.25E+03 1.20E+03 4.98E+03 1.40E+03 1.25E+03
BT S.D  3.36E+01 6.22E+01 4.56E+01 8.65E+01 1.83E+02 5.00E+01 8.63E+02 3.95E+01 5.42E+01
Mean  9.11E+02 9.19E+02 1.06E+03 1.07E+03 9.76E+02 1.20E+03 1.71E+03 1.13E+03 1.08E+03
CECos S.D  2.44E+01 4.77E+01 3.73E+01 5.65E+01 5.97E+01 5.10E+01 1.43E+02 1.84E+01 1.84E+01
Mean 2.82E+03 3.58E+03 6.25E+03 1.09E+04 8.38E+03 7.68E+03 3.92E+04 1.04E+04 8.48E+03
CECo S.D 1.10E+03 1.60E+03 2.32E+03 3.81E+03 2.98E+03 1.80E+03 1.17E+04 1.14E+03 1.52E+03
Mean 1.23E+05 1.24E+05 4.03E+08 1.90E+06 3.26E+08 9.21E+08 1.03E+11 8.75E+09 4.56E+09
CEC1 S.D  6.22E+04 9.13E+04 1.12E+09 1.76E+06 1.40E+09 3.62E+08 4.06E+10 4.19E+09 3.98E+09
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¥ &
Fun Item CHMPFA PFA PSO WOA DE SCA BSA BOA ChOA
Mean 3.83E+04 5.00E+04 5.56E+05 1.53E+06 7.09E+07 4.54E+07 4.04E+10 3.94E+08 1.37E+07
CECIS S.D 2.82E+04 4.19E+04 6.11E+05 1.95E+06 3.33E+08 2.95E+07 1.62E+10 2.68E+08 1.20E+07
Mean 2.82E+03 3.03E+03 3.72E+03 4.05E+03 3.50E+03 3.96E+03 7.31E+04 7.72E+03 4.22E+03
CEClo S.D 2.84E+02 3.67E+02 4.44E+02 4.41E+02 6.01E+02 3.18E+02 5.69E+04 1.76E+03 4.38E+02
Mean 2.18E+03 2.41E+03 2.52E+03 2.75E+03 2.72E+03 2.66E+03 1.76E+07 7.14E+03 2.92E+03
— S.D 1.78E+02 2.35E+02 2.82E+02 2.34E+02 2.81E+02 1.98E+02 3.02E+07 4.75E+03 4.01E+02
Mean 2.50E+03 2.76E+03 2.82E+03 2.89E+03 3.07E+03 2.90E+03 4.58E+03 2.89E+03 3.06E+03
CEC20 S.D 1.52E+02 2.18E+02 1.93E+02 2.47E+02 2.38E+02 2.42E+02 3.53E+02 1.11E+02 1.71E+02
Mean 2.41E+03 2.45E+03 2.57E+03 2.63E+03 2.48E+03 2.62E+03 3.73E+03 2.66E+03 2.60E+03
cEeal S.D 2.92E+01 3.81E+01 4.19E+01 5.88E+01 5.18E+01 6.08E+01 8.55E+02 1.33E+02 3.24E+01
Mean 2.93E+03 3.01E+03 3.65E+03 3.24E+03 3.02E+03 3.23E+03 6.65E+03 4.01E+03 3.30E+03
CEC24 S.D 3.08E+01 5.94E+01 2.32E+02 1.00E+02 6.98E+01 4.62E+01 1.30E+03 4.05E+02 6.02E+01
Mean 4.27E+03 4.41E+03 4.93E+03 5.35E+03 4.55E+03 5.10E+03 2.81E+08 9.03E+03 4.79E+03
CEC29 S.D 1.95E+02 3.12E+02 1.03E+03 4.29E+02 3.38E+02 2.29E+02 9.14E+08 3.03E+03 2.78E+02

Mi4E2 5 7] 41, CHMPFA 7E 12 ) CEC2017 %
D3 bR b D0 I P~ B8 {B R o 22 35 bE H AR B3 1
PR , X J& T CHMPFA 5] A T 1R R 1) 2% > SR
R R B R 2 ORI 22 M 00 s o B A B AL
i A7 T8 R A 8] IR i 5 AR 2
R I 3 P b st Ty i 25 ) 308 4 220 i g /N R AP K
AT IR oy 38 X 358 ) SR, v 1 4k 38 4 Ry e 1L i
FIMEA s B T CEC2017 pRBUR ERIAE AR 22, T LR &
AR 5 R fE CHMPFA ST R vh &5 85 B2 1E A,
fili SR B A Bk 1 SRy A AL 1] eR BSOS B L(E ST

4 EHBFFEIT B

FE I ZEA T 0] H bR 2 (0 45 300 3% 8 R i
ik, KBTI 4 DNPRAS R EAREE T (0 v, <
99) EfKJEFE T, (0< x,<99) [fHRFERZER (0< x, <

k6 ENEE

200) PRI AR BE L (10 < x, <200) , LA K 4 4
LIRS, ) A4 BT ) AR AL T
min f(X) = 0. 622 4x,x,x, + 1. 778 la,x +
3.166 lxjx, + 19. 84x}x,
g (X)=—x, 4+0.0193x, <0
g,(X) == x, + 0.009 54x, <0
£, (X) == e, - 2
g, (X)=x, =240 <0 (20)
60k T 9 VIR K ) AR T 14
CHMPFA i mm i@ [ T,,T,,R,L,] =[0.778 2,
0.384 65, 40. 319 6,199. 999 7], f I {8 f(X) =
5 885.334 5,CHMPFA W HE 8 oo b kA r i
PRRCR A A BARAI BT A, 76 ) 25 48 ] i
R E T RAFRRCR .

+1296000 <0

2
XX, —

B FE R %

(=R7S £ X X3 Xy AX)
CHMPFA 0.778 2 0.384 7 40.319 6 199.999 7 5885.334 5
PFA 0.778 2 0.384 17 40.322 4 199.961 1 5 885.4250
PSO 0.000 0 0.000 O 40.3209 200.000 0 7 590.545 7
WOA 0.8017 0.404 8 41.859 2 179.624 0 5986.777 6
DE 0.790 2 0.390 6 40.941 6 191.595 8 5907.852 5
SCA 1.269 9 0.000 0 65.356 5 10.839 7 7 694.517 5
BSA 13.685 8 12.587 2 61.485 4 19.416 5 426 520.269 2
BOA 1.091 0 0 57.700 1 48.562 5 8 123.176 2
ChOA 1.2535 0 64.634 9 12.625 7 7 647.346 6
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