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Abstract

The Dung Beetle Optimization algorithm (DBO), as an emerging intelligent optimization algorithm,

XEF|H: #REe. £ R o R A B R R ). THENLRNS S R, 2024, 14(11): 45-59.
DOI: 10.12677/csa.2024.1411215


https://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2024.1411215
https://doi.org/10.12677/csa.2024.1411215
https://www.hanspub.org/

ok
\}
4

shows great potential in solving complex optimization problems. However, its limitations in con-
vergence precision and susceptibility to local optima hinder its broader application. This paper pro-
poses an improved multi-strategy Dung Beetle Optimization algorithm (ODBO), which enhances
population diversity through good point set initialization and periodic mutation mechanisms. A
Beta distribution is introduced to dynamically generate reflected solutions to explore a wider
search space, and Lévy flight is applied to handle boundary violation issues. Additionally, the spiral
search update mechanism from the Whale Optimization Algorithm is integrated, along with random
strategy updates for position, significantly improving the algorithm’s convergence accuracy and ro-
bustness. When the algorithm stagnates, a t-distribution mutation perturbation strategy is intro-
duced, effectively enhancing its ability to escape local optima. Simulations on 17 benchmark func-
tions test functions validate the effectiveness of the improved strategies. Moreover, the application
of ODBO to the job-shop scheduling problem confirms its effectiveness and reliability in solving
real-world engineering problems.
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Hh, X R AR R EAI B Lb M Ub x9N X | F 5 R=1-#/Tmax; Tmax xRk
RRRE: Lb FIUB 73 IR TTAT IR E R S Ub'+ Lb" A& 4 X F AR S o AR A B 1k g
TERFIEARR R —AN00 . P20 XS S B BEE S A, R EIE R R F, BRI A B R
A, RRWT:

B (t+1)=X"+bx(B,(t)~Lb")+b,x(B,(t)-Ub") Q)
Horb B (025 ¢« YOS 5 i DNERIRIIALE by A1 by M SLHIBENLIA &, K/ 1 < D; D 244
(3) /MgkE%
— LG R IR 2 M R B H R SR, ISR ARR Dy /INSEIE  /NIE MR A £ D DX AR S E L
W
Lb® = max(X" x(l—R),Lb)
UB® = min (X" x(1-R),Ub) (6)
ot X° FoR R E;  Lb" MU 53 & et 58 1 X3t RN B IR . R, /INIsEaeh ) ir 25 5
I
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Figure 1. Diagram for particle boundary processing
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B ORIEARIREL T MBI N, DL 0] JRYERE D (30 « X TR w1616, Rl E 248 O (N x D),
X2 RN AN MR TR 2 4E D 4E 8 A i 8 — MR AL B 4, 1& N FE VA I Al 24 2 O (N < T),
AR AR A ORI #075 EE T S S B B . B A B SF 71, DBO BVEAAL, 7 PUFh AN [
FRAMEURAT Ay RER, BFH . WEULAFTREEIR “/NREE” R /1T A, NRERRTIEE). LA
KA gi. RAIGEMSER IR EA — B AR N, HIXREAT AR IOE RS20 G M7 . R
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Algorithm 1 The framework of the ODBO algorithm

Require: The maximum iteration T, the size of the particle’s population NV,

and the problem dimension D

Ensure: Optimal position X and its fitness value f,

1:

ool e

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:

Initialize the particle’s population i <— 1,2,..., N using the good point set
strategy
Calculate the fitness of the initial population
while ¢t < T do
for i =1to N do
Generate opposite solution using dynamic reflective learning based
on Beta distribution
end for
for i =1to N do
Record position and fitness history
if ¢t mod C' == 0 then
Apply periodic mutation mechanism
else
Update positions based on behavior strategies:
if individual type is ball-rolling dung beetle then
Update position using Eq.(1)
else if individual type is brood ball dung beetle then
Update position using Eq.(2)
else if individual type is small dung beetle then
Update position using Eq.(3)
else
Update position using Eq.(4) and spiral search strategy
end if
end if
Handle boundary violations using Levy flight
Evaluate the new position
Greedy selection: update individual if new position is better
end for
Apply t-distribution mutation to the best individual
Store the best cost found so far
Display the best cost for the current iteration
end while
Return X and its fitness value f;,

Figure 2. Pseudocode diagram for algorithm
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Figure 3. Flowchart of algorithm
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Table 1. Test functions

F 1M R

o % HRK il FlEReE B R R He FlERsE e
F1 Sphere 30/100  [~100, 100] 0 F11 Griewank 30/100  [-600, 600] 0
F2  Schwefel2.22 30/100  [-10, 10] 0 F12  Penalized 30/100  [-50, 50] 0
F3  Schwefell.2  30/100 [-100, 100] 0 F13  Penalized2 30/100  [-50, 50] 0
F4  Schwefel2.21  30/100 [-100, 100] 0 F14 Foxholes 2 [-65,65]  0.9980
F6 STEP 30/100  [~100, 100] 0 F15  Kowalik’s 4 [-5, 5] 0.0003
F7  Quartic 30/100 [~1.28, 1.28] 0 F21 Shekel5 4 [0,10]  —10.153
F8  Schwefel 30/100 [-500,500] —12569  F22 Shekel7 4 [0,10]  —10.402
F9  Rastrigin 30/100 [-5.12,5.12] 0 F23 Shekel 10 4 [0,10]  —10.536
F10 Ackley 30/100  [-32,32] 0

DNBAORSE I I AP YEFI AT Lu B, i BV (0 S 07 BUILE AR R AR & Btk AT, B )
& Matlab 2021a . SEISHG— R B W F: HSRERRE T #8300, FHEFEE pop 5N 30, &R
SRS IEAT 30 IR, I LAFE 30 IRGHAR 45 R B i (Best) T3 {E (Mean) FI bR #E 22 (Std) VE 9 IEAT FE bx
X = AR MR R, AT E R AT IR A MG ODBO Sy AR 1 B

4.2. BUHRIEBEME ST

ODBO %2 7E DBO By 12Eah F T T = WMo, MIsud 275 DBO fie, TR T =
FohAS [ A8 R B0

1) ODBOL1: i 44 A i) b A0 S ms A B AL 51 A2 DBO H, RAI145%] 7 ODBO1. X — i
B TESRTH EIETEYIIAIT B 2 B A TE R A AR 1 R A g

2) ODBO2: 7t DBO f2&ft b, FATIIN T 28 B Ml il 3035 25 21 I ) Sk LA S Sk 4 AT 10 Fadi )i
AEEEHLAI, MTHEA: T ODBO2. iX— duilk B 75 1Y 5 B 7R 48 2R 2 [A] v (R R 2 B8 ) A 120 S 5% AR 1 Ak R e
1.

3) ODBO3: i K iedd & sl ¢ 7 s F o\ DBO, A152] 7 ODBO3. X—it B1E
P v IR AE o R4 2R e IR A P RN AE A e 3 2R R R B AL

N7 AT PEL ODBO K HAMKE LRI ERE, AT H S DBO. MSADBO (MRAH#ZREE) [1015 T
FhEEEHEAT 7R LS. SEIGRA 7 1 A 17 MR B, SR EESMATIZEAT 30 Ik, Il
H S A5 R T E (Best)s P (Mean) MR HE 2 (Std). b, Bl fE w1 Sk s tE, BIILAES
REN R ARMERI R P E AR 22 0 3L [F] S T BE AR e 1, B2 a8 1T 46 I — S AT 4
PEo SERR SR AIE 2 .

72 PRI EIE R T AT DBO Hik, PSR A BT BRI . AR % 2 AR SR S L
A2 MBAE T, FRATRT AR H LR 4 i

5 DBO #tt, ODBO1. ODBO2 #l ODBO3 43 AL 12 A~ 9 ANFH 12 AN eg e B Seal 173 340
FEEERI4 Tt . i ODBO HAAE 13 A% BRIP4 F00H BEAHEC T DBO A B 4w, REEHR 4 MR
ERRRTHIREE A K, BT ARG R SR bR i 2 7 A b, BRSKEE, ODBOL fEMEL Fl
2 F4 F B USIUE R B T B S AR, 1% 70 70 E B T S AR TR U6 1h SRS 0 JE 31 S ML D T3 T 5
TEUSCSIORS FE 1 2% . ODBO2 7£ F1 & F11 (% F6 4N 10 NIRRTk 2 IS E L & 1)
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WSS B, HBSEEL T KIRIRTF. R R AE LG E % F11 |, ODBO2 fIbriEZ A% T DBO H/h, iXEH
7E DBO H 5] N [ fiff S R % i 2 4 s A AR B 4 . 1 ODBO3 7E FO M1 F11 M eR £ 11~ 5 Fl
ARSI FRIA B 7 S AR, EE, FO K Rastrigin BREUE — N B LS RE, BHETLEE
W/ ME,  FX SRR AME AL E N A0, SR+ 535 %]. ODBO3 Refig#R I H 4 R m i, 15 B H il
1 BVE RS R SRE A ¢ AT B AR AN DBO 1, R DL FIRTE SR SR PERE, IR B H R
BARMRERIRE R . X T [ e 4k R F14 % F23, M F13. FI5 BLM F21 £ F23 (UEdRETULE L, AT =
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Table 2. Optimization results of different strategies

2. TRIRBEIMER

RE fEh DBO ODBO1 ODBO2 ODBO3 QHDBO  MSADBO  ODBO
Best  6.62E-104  7.5E-214  23E-249  92E-192  4.8E-249  8.93E-298 0
Fl Std  2.866E-51  32E-138  7.81E-72  2.6E-139 0 0 0

Mean 5.233E-52 5.9E-139 1.43E-72 4.7E-140 2E-212 4.01E-193  4.7E-283
Best 8.206E-52 7.3E-105 1.1E-125 9.5E-107 1.6E-129 2.19E-148 1.6E-159
F2 Std 5.89E-32 3.68E-69 1.4E-124 5.13E-72 3E-106 1.78E-105  4.5E-138
Mean 1.278E-32 6.81E-70 4.7E-125 1.08E-72 5.7E-107 3.27E-106  8.2E-139
Best 3.588E-91 7.9E-242 6E—248 1.9E-183 4.8E-242 1.02E-218 0
F3 Std 1.427E-53 1.8E-127 0 1.9E-123 0 1.45E-138 0

Mean 3.413E-54 3.2E-128 1E-245 3.5E-124 3.5E-211 2.64E-139 5.6E-281

Best 4.253E-51 3.5E-111 3.2E-125 5.35E-96 2.7E-127 5.36E-157  6.6E-166
F4 Std 2.828E-33 8.47E-68 7.4E-126 2.9E-69 1.1E-103 8.875E-93 1.7E-140
Mean 7.44E-34 1.69E—68 4.3E-125 5.37E-70 2E-104 1.809E-93  3.1E-141
Best 6.694E-19 0.009342 0.027981 0.010332 4.72E-11 2.709E-15 0.018906
F6 Std 7.375E-14 0.01537 0.195494 0.024425 0.065632 1.219E-12 0.030919
Mean 4.167E—-14 0.032816 0.233292 0.051217 0.073473 9.049E-13 0.063923
Best 0.0001567 9.45E-06 5.07E-05 2.82E—-06 8.71E-06 1.931E-05  4.18E-06
F7 Std 0.0011708 0.000312 0.000209 0.000245 0.000202 0.000144 0.000243
Mean 0.00172 0.000291 0.000269 0.000287 0.000205 0.0002141 0.000203

Best —4189.829 —1.3E+53 —2.1E+31 —1.2E+59 —4189.83 —-1.09E+37  —1706.04
F8 Std 532.17475 2.33E+52 3.78E+30 2.26E+58 797.5957 1.985E+36 184.1298
Mean —3249.935 —4.5E+51 —6.9E+29 —4.1E+57 —3183.34 —3.68E+35  —1305.42
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Best 0 0 0 0 0 0 0
F9 Std 8.5886184 0 0 0 0 0 0
Mean 2.3126043 0 0 0 0 0 0
Best 8.882E-16 8.88E—-16 8.88E—-16 8.88E—-16 8.88E—-16 8.882E-16  8.88E—16
F10 Std 0 0 0 0 0 0 0
Mean 8.882E-16 8.88E—16 8.88E—-16 8.88E—-16 8.88E—-16 8.882E-16  8.88E—16
Best 0 0 0 0 0 0 0
F11 Std 0.0592216 0 0 0 0 0 0
Mean 0.0318332 0 0 0 0 0 0
Best 6.501E-19 0.006201 0.004179 0.003074 0.00148 2.901E-15 4.71E-32
F12 Std 4.567E-06 0.004989 0.021025 0.006014 0.029792 1.494E-12 1.13E-05
Mean 8.339E-07 0.013597 0.027632 0.015356 0.034312 7.693E-13 3E-06
Best 3.68E-16 0.001118 0.264409 0.009342 0.000259 1.551E-13 1.35E-32
F13 Std 0.0680511 0.008824 0.152237 0.081651 0.005239 0.0335791 1.26E—06
Mean 0.052793 0.013238 0.640819 0.110192 0.006627 0.0133493 3.44E-07
Best 0.9980038 12.67051 0.998078 0.998004 10.76318 0.9980038 0.998004
F14 Std 2.0316918 2.31E-13 1.110446 1.022965 0.953117 1.8283697 4.064419
Mean 1.8846914 12.67051 2.304755 1.490099 11.68512 1.4557832 3.180025
Best 0.0003076 0.000308 0.000435 0.000358 0.000307 0.0003075 0.000307
F15 Std 0.0003926 5.37E-05 0.003715 0.000339 4.07E-05 0.0003167 3.48E-05
Mean 0.0007954 0.00035 0.003789 0.000779 0.000339 0.0005582 0.000336
Best —10.1532 —10.0398 —8.64979 —9.97054 —10.1532 —5.055198 —10.1532
F21 Std 2.8012857 1.496831 1.034111 1.880955 2.375941 2.0796472 0.00699
Mean —6.869318 —7.79054 —5.47573 —7.10676 —6.58434 —3.385713 —10.1472
Best —10.40294 —10.3271 —10.3265 —9.75886 —10.4029 —10.40294 —10.4029
F22 Std 2.9005639 1.653269 1.82438 1.698345 1.819441 2.7975311 0.026964
Mean —8.113965 —7.78766 —6.0879 —6.78902 —5.78918 —3.245011 —10.3929
Best —10.53641 —10.2633 —9.04942 —10.4956 —10.5364 —5.128481 —10.5363
F23 Std 2.8747407 1.501277 0.918715 1.865828 2.200108 2.1004129 0.01602
Mean —8.099543 —7.88544 —5.47779 —6.9271 —6.21004 —2.945935 —10.5277

5. ZE[EHE= ALK

N T it B RAIE ODBO SRS bR TR MY b I AT EE 4, 308 BCRE A3 Ao lb 22 18] 28 7 R R B e it il
AT IR . 27 [A) TR ) R B ML R AP B AL L, B IR R
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R SRR, A RA IR BT AR F S IR L Se bR B A I R R
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52. TEENX
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5.5. B4

AR UL RV B 1 T (0 S bR PR, R TR R S SR AR, S b R 22 AN, 3F
MK APS R G577 s HE R 70 AN 40 A R HERR T8

HA T 14 AR Y, F 8 AR, X RS ARIEN N R AR R g, BAR R
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Table 3. Configuration information of molding furnace

=3 BENRERR

J AL f (A Pl % Tams
mp 6 34 CcW
mp 6 28 GW
g 6 21 DW

XU 5 35 CW

RZ I 5 30 GW

RIaIXEM TSN TR, ZERBORED TRBE ROy R ILEOR, B RIgn T4 4.

Table 4. Actual work order data
4. LRI HAHIE

TGS A Hl %k T2k faf5 AL G
1 2 28 GW 1 DLI
2 1 34 CcwW 2 DL2
3 3 25 GW 1 DL3
4 5 28 GW 2 DL3
5 6 34 CW 3 DL2
6 1 15 CW 4 DLI
7 2 30 CwW 5 DLI
8 1 2 CW 6 DLI
9 1 5 CW 6 DLI
10 1 25 GW 10 DL4

WIR A 4 72 AL APS RGFRELE R EE, RS2k, REH AR L PUR. &% A
FH SR R HE P A A L, E R SEBR 5 7 EE ) S BRI L AR AR 22 HL A% G R B A K
oL, X B RS A 204,
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Figure 4. Raw data diagram of unplanned production in an enterprise’s internal system
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Figure 5. Comparison chart before and after the production scheduling optimizer
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