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Horse Optimizer (WHO) for optimization problems, this paper proposes a Multi-objective Improved
Wild Horse Optimizer (MOIWHO). By integrating simulated binary crossover (SBX), normal distri-
bution crossover (NDCO) operators, and an adaptive chaos mutation mechanism, the algorithm’s
ability to escape local optima is enhanced. Solution quality is evaluated using the Pareto front, with
a balanced closeness metric identifying optimal solutions. A novel integrated encoding-decoding
scheme is developed for the open simultaneous pickup and delivery location-routing problem with
fuzzy time windows, targeting maximum customer satisfaction and minimum operational cost. Ef-
fectiveness is validated via 6 test instances, and performance is analyzed by comparing with 4 algo-
rithms on 13 standard benchmarks. Results demonstrate MOIWHO'’s effectiveness and practical
value across problem scales.
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Table 1. Model parameters and descriptions
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Figure 1. A schematic diagram of a complete chromosome containing 32 genes.
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Figure 2. Alternative vehicle gene selection facility process
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Figure 3. The service vehicle corresponding to the customer
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Figure 4. Flowchart of the multi-objective improved wild horse algorithm
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WAE ENLIEAT T KRB SLE .

ARICAE Prins SF[13]H2 ) CLRP S5 EAf 7 AHR 0, FIH AM 3 B il F IRk U BR 75
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~ {(1+ A)q AL

(-2)q D9 G

Heb, g WEGIRFIET R, AHL0.7.
A B R SR A R, AR SCEBIIE T R I E A, Bk A 308 a; =randi(0,400)
b; =a; +randi(30,60) , HAh¥E e 2 fros.

Table 2. 6 sets of benchmark instances

2.6 AEEES

A ES it B E-IAE (& i B R A LB S
1 coord20-5-1 5 20 1000 70
2 coord20-5-1b 5 20 1000 70
3 coord50-5-1 5 50 1000 70
4 coord50-5—-1b 5 50 1000 150
5 coord100-5—1b 5 100 1000 150
6 coord100-10-1 10 100 1000 150
42. BRH/E

NEREESHAES, WEE 1. 23847 7. i RBE B 5L B br s BqE AT s 4T 1], %
FREEE N FhS80E G TS 8. R U — SRk Rent, HASHR R AL

R 3 NRHERIRAE 6 FASFIHUETS BL XS 2 4L BT Bs AT a5 R, I R s k. K58
PSS B AR G 18] o AR RSB L 40 I, PRZL S R B B Sme UM o - 220 I 1) 32 AR A 52
AR, AEFFARRER R (52 w3 e, WAL (K R DI AT I 18] 70 3l 2 RO A 120 (B4 1) Abfie Rl
15 60 (50 2)4k, ERENA K. LRENRFE, AW HEEL HAR WHO FHERURR 1%+ )y 40,

Table 3. The impact of population size on the solution

3 3. MEFAURX RIS/

. SRA P I TI(S)
R
20-5-1 20-5-1b 20-5-1 20-5-1b
20 42,706 30,479 5.07 3.34
40 35,876 28,611 4,94 3.30
60 36,799 29,642 4.99 3.11
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Figure 5. Changes in objective function values and computation time with respect to population size for case 1 (left) and case
2 (right)

&5 BHl1(XK), 2(H)BREH. MEMEHEFIRELER

A RS HORAE 6 MR FIBUERE DL T X 2 HE IR EI24T 45 R, A iR IRg R . K6
9 AL AT I 1 A2 A fH 2

XTSRS, FARMEIEAREE M SHCRIG AL, S0 1 ER SR 30 ARk B sh, HE 2 1E
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AT TR AR A S BRI 2 AR 2, HATREREOE 2 Y. SREORE, R EEE 36 I, A
%, HISATI Rz SRS A el WHO Bl B B UE Y 36,

Table 4. The impact of stallion count on the solution

4. MBHENERIFNG

SIS EJIZAT I [H(s)
it I K
20-5-1 20-5-1b 20-5-1 20-5-1b
6 46,770 30,226 1.74 1.46
12 41,478 35,044 4.85 3.32
18 37,885 31,177 10.24 7.17
24 34,772 29,245 17.54 12.37
30 36,313 26,959 26.67 18.44
36 33,854 26,304 37.09 25.86
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Figure 6. Changes in objective function values and computation time with respect to stallion count for case 1 (left) and case 2
(right)

E6 EH1(K) 2(H)BREH. HEEHDHETHIFR

4.3. BBIEERSHR

NEEZ HARSUE WHO SRBIARE, JEH 4 HEGI%IE1T 15 X, BHEBH 2R 20 RITM
. 4 HEBIRRIEE 7 HER 200 50 22 APIRRUEL, DU SRR B — 40 RAT Rt T i
1) &/HEEDY 20 M

Table 5. Comparison of Pareto solution sets, grey relational degrees, equilibrium degrees, and equilibrium proximity for 20

gs?r;grs@}ﬂ%mmﬁ%ﬁﬁ@%\ RKRERE. HEE. HEREELLR
5 ELSA R IRRIRIE B eyt e i
1 33,854 81.10% 0.667 0.811 0.541
2 34,525 81.30% 0.588 0.863 0.507
3 34,561 84.06% 0.603 0.892 0.538
4 35,628 84.95% 0.526 0.948 0.499
5 35,889 86.14% 0.520 0.965 0.502
6 36,151 86.55% 0510 0.974 0.496
7 36,198 87.11% 0512 0.978 0.501
8 36,524 87.34% 0.499 0.985 0.491
9 36,703 87.54% 0.493 0.989 0.487
10 37,217 90.31% 0.503 1.000 0.503
11 37,325 91.07% 0.510 1.000 0.510
12 37,589 91.29% 0.504 0.999 0.503
13 38,328 91.65% 0.486 0.994 0.483
14 38,428 91.92% 0.488 0.992 0.484
15 38,639 92.72% 0.495 0.986 0.488
16 38,843 92.49% 0.486 0.985 0.479
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17 38,949 94.44% 0.520 0.968 0.503
18 39,032 94.85% 0.527 0.962 0.507
19 39,053 95.11% 0.532 0.959 0.510
20 39,436 96.54% 0.560 0.931 0.521
21 39,505 97.46% 0.587 0.913 0.536
22 39,543 98.07% 0.607 0.900 0.546
23 39,560 98.36% 0.617 0.893 0.552
24 40,936 100% 0.667 0.811 0.541

EEXTEA 1R 2, AR SEIGHR S A U R A SR AERAAE, 3k 30 URSRER AR T 30 A RATARSE, %5
NHA LR A 1 ERE, RIS RN HE

TEZ 5, TR S A SR R TR N, A S BRE L. 2 5 i 24 AMEARIE T RAEAE S
FLfd. T HIBIALS, SIRE1HE R H0E N AT BRI T, B 5 s, ik, B
FERRIRFS 8 23, IREIMEEIW, ZiRBin s, WAG PR R

2) & HEN 50 B

Table 6. Comparison of Pareto solution sets, grey relational degrees, equilibrium degrees, and equilibrium proximity for 50

gsé?rgg%f:%w@mﬁ%ﬁﬁﬁ%\ RRERE . R HERILERR
) B A RS IRRIRSE e B et i
1 72,188 80.00% 0.667 0.811 0.541
2 73,485 80.76% 0.617 0.852 0.525
3 75,693 80.98% 0.549 0.898 0.493
4 75,779 82.57% 0.557 0.912 0.508
5 76,703 83.92% 0.543 0.937 0.509
6 76,704 84.13% 0.545 0.938 0511
7 77,593 84.55% 0.528 0.952 0.503
8 77,593 85.39% 0.535 0.958 0513
9 78,249 88.00% 0.546 0.980 0.535
10 82,939 90.47% 10 0.505 1.000
11 85,345 90.93% 11 0.486 0.996
12 87,347 92.20% 12 0.488 0.983
13 87,763 93.35% 13 0.504 0.973
14 88,518 94.25% 14 0515 0.961
15 89,863 96.48% 15 0.558 0.922
16 92,207 96.72% 16 0.550 0.900
17 93,522 96.77% 17 0.545 0.889
18 93,559 100.00% 18 0.667 0.811
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HI%2 6 AT, 50 % S, SBIL R RIS 08 1. ARIE TS, SR RIEEZH ¢,
IESWR 4w 8
4.4. BIEMRESHR

=BV 2 B bRl WHO (1R, 5 HAREEZEATX L. 38 CLRP SRt B A4I3E4T 2047,
BN B AR E A 1. % LN GRASP [13]. MAPW [14]. LRGTS [15]. BKR & 415 R

7 7 4 Barreto ¥E4E /) 13 4~ CLRP #riEF ], MOIWHO S AN N FEGIIZ 1T 20 IR 45 5
BRI, ZFRE %% 50 x 5 ARKIZEI N 50 NS 5 AR CLRP 546, 55 % 8 CLAN K
i, REUSIF R ME. =3 HFA FIREERGHEE R . "TLEH, HXxLesF, MOIWHO 1]
PR 12 HE A, ME—— AR DR U I 545 Daskin95-150x10 7% 150 M& 5, AR
RG] SLIR S5 FAUEIH T O SRS A R, B IR T T RSO B . G R ST A R .

Table 7. Solving 13 Barreto datasets using 4 algorithms

5% 7. A MEEKAR 13 4 Barreto RS

5 BKR GRASP MAPW LRGTS MOIWHO

Christofides69—-50x5 565.6 599.1 565.6 586.4 565.6
Christofides69—75%10 861.6 861.6 866.1 863.5 863.5
Christofides69—100x10 842.9 861.6 850.1 842.9 842.9
Daskin95-88x8 355.8 356.9 355.8 368.7 355.8

Daskin95—-150x10 44,011.7 44,625.2 44,011.7 44,386.3 44,876.7
Gaskell67—21x5 424.9 429.6 424.9 424.9 424.9
Gaskell67—22x5 585.1 585.1 611.8 587.4 585.1
Gaskell67—29%5 512.1 515.1 512.1 512.1 512.1
Gaskell67—32x5 571.7 571.9 571.9 584.6 571.7
Gaskell67—32x5 504.3 504.3 534.7 504.8 504.3
Gaskell67—36x5 460.4 460.4 485.4 476.5 460.4
Min92-27x5 3062 3062 3062 3065.2 3062
Min92-134x8 5809 5965.1 5950.1 5809 5809

5. &g

ASCAE T IR R 38 X B b ik B AR e AU RY B N T SR T 1) i AT B P IR, 37 T AT
JERE BRI 2 A briE kB4R ) A . £Hf WHO S22, A5 N RHEstm m s, Sol 178
X5 IFERrE CIRMAR S, BRSO S R T RE R IR S BN RS AL L. T34,
RSB T — MO RS T7 5, AR IBR IS T T . RS, IS E M E MOIWHO 24,
5 CLRP FRifEHGIHEATXILG, UER T B0 MOIWHO SR s /NS G hE B8 4% 1) B R AT PERE. (H
K&, AR Z AR, R, mHRZEESESSmEREFRIAREE, mEHRA K
WIS, G TR M EENT, BRI RGN .
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