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Abstract: To enhance the predictive performance of bidirectional long short-term memory (BiLSTM) neural networks.
and address the issues of low prediction accuracy and unstable results in BiLSTM, a novel multi-objective coati optimization
algorithm (COA) is proposed. Based on the COA, an elite coati retention strategy is established by improving the exploration
and exploitation operators and combining with fast non-dominated sorting and crowding distance calculation method, which a-
chieves from single-objective to multi-objective optimization. The proposed algorithm is used to optimize the hyperparameters
of BILSTM with the predictions of mean square error and error variance as the objective functions, and build the MOCOA-
BiLSTM prediction model, ultimately achieving accurate and stable predictions. Through simulation and experiment on a
substation engineering cost dataset, the proposed MOCOA-BILSTM prediction model is made a comparison with three other
mainstream algorithm-optimized models. Experimental results show that the MOCOA-BILLSTM reduces the average percent-
age error by 69.59%, 58.43%, and 56.67% than the MOSSA-BILSTM, NSGAIII-BiLSTM. and MOMVO-BIiLSTM, re-
spectively.
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etk Ty H a] ES w2 etk T r ] S w2
NSGATII | 0.0126 | 0.0236 | 0.0260 | 0.0102 | 0.037 0 | NSGAIII | 0.0232 | 0.0489 | 0.0579 | 0.0227 |0.077 3
MOSSA | 0.0183 | 0.0235 | 0.0219 | 0.0053 | 0.0317 | MOSSA | 0.0124 | 0.0177 | 0.0189 | 0.0047 |0.024 1
MOMVO | 0.017 8 | 0.0246 | 0.0243 | 0.0046 | 0.0297 | MOMVO | 0.0097 | 0.0121 | 0.0124 | 0.0014 |0.0135
MOCOA | 0.0051 | 0.0056 | 0.0057 | 0.0003 | 0.0060 | MOCOA | 0.0034 | 0.0035 | 0.0035 | 0.0001 |0.0037
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42 AL A 5 4 5 933 %
3 FrRE RS A RS ZDT1-ZDT4 a8 1/ IGD {4
¥k ZDT1 Bk MOP2 % 1%
Bk
etk T2 H ] i % 2% ZDT2 B fE Yy i) Ty 2% 2%
NSGAIII | 0. 0173 | 0. 0334 | 0. 0316 | 0. 0149 | 0. 0585 | NSGAIIl | 0. 0149 | 0. 0451 | 0. 0336 | 0. 0362 |0. 1080
MOSSA 0. 0220 | 0. 0387 | 0. 0399 [ 0. 0110 | 0. 0515 MOSSA 0. 0328 | 0. 0603 | 0. 0552 | 0. 0210 |0. 0870
MOMVO | 0. 0177 | 0. 0229 | 0. 0231 0. 0036 | 0. 0271 | MOMVO | 0. 0252 | 0. 0526 | 0. 0348 | 0. 040 4 |0. 1231
MOCOA | 0. 0038 | 0. 0039 | 0. 0041 | 0. 0001 | 0. 0045 | MOCOA | 0. 0041 | 0. 0041 | 0. 0039 | 0. 0001 [0. 004 8
$ ¥ ZDT3 R MOP4 $1 1%
(=87 N
54 Iy r (] Tr 2= w2z ZDT2 et T3 rf (] E= 2z
NSGAIIT | 0. 0833 | 0. 1658 | 0. 1691 | 0. 0523 | 0. 226 NSGAIIT | 0. 0835 | 0. 0685 | 0. 1693 | 0. 0331 |0. 227 1
MOSSA | 0. 046 3 | 0. 0742 [ 0. 0732 | 0. 0193 | 0. 0996 MOSSA | 0. 1432 | 0. 3956 | 0. 4824 | 0. 2017 |0. 578 2
MOMVO | 0. 0210 | 0. 0263 | 0. 0243 | 0. 0055 | 0. 0362 | MOMVO | 2. 0163 | 3. 384 3 | 3. 6277 | 0. 8196 (4. 079 8
MOCOA | 0. 0047 | 0. 0051 | 0. 0044 | 0. 0002 | 0. 0053 | MOCOA | 0. 0042 | 0. 0037 | 0. 0043 | 0. 0001 [0. 0046
NSGAIII MOSSA
1. — 1.0 —
ST SR
0.8 o A HT A 0.8 © L ATV
0.6 0.6
o “
0.4 0.4
0.2 0.2
0 . . . . 0 . . . .
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1.0
fl fl
Lo MOMVO L0 MOCOA
' e T
0.8 o WRLHTH] ) g o LRI
0.6 0.6
o
0.4 0.4
0.2 0.2
0 : : : : 0 : : : :
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
f f

1

1

Bl 6 4 FROTREAE MOPA [0 - 0 )i 45 3

WM IS RATE A, S TR R # R E . B2
HWEZ —EHARZ0. SRR BKEME T 26 E
PR W TR IR, NI E LR B BREN . &
SCLLT B A RN B ESE T 20 TR o TR B s A e
REAS, IR Ho 9 BEE B AE i MOCOA-BILSTM
TS R () A A o A R D7 S O R B A k. AR
BT AR A R AT T . B ARRAE R R PG, Ekm
B ARWIEE. e, mRm L mE. KNS
o N 5 N R N AR ) S R S G (A
A MECR . 2 . 04078 TR B R A A
FAPR. MEIEEIITR . Hoh 802 Ml LR,
20 % AR AL . I X B R AT I KR/ — B Ab HE

5 B3k b MOCOA B Fh BE LA N % & 4 100,
Fe KB AR BB B ol 100, 25 2] M B A O A E R
0.01 5 0.001, YIZRzEAXE EHH 550K 20, 100,
BILSTM & 2 37 s 8 L A & 30, T HREN

5. AR SO XA R A4 1R 100,
T AT b A A T £ B9k 6 BILSTM i i o i
B3R T, 433 o 6 B ik NSGAIIL, MOSSA. MO-
MVO %t BILSTM #1788 S 8k, IF 38 o 3 07 iR 15 22
(RMSE), #J)7i% 2 (MSE). V3 4% B 4> Lt i% 2%
(MAPE) X} 3 45 5 #F 47 WA . 3 Bl bF 4 45 45 o X

mr.
MSE:%;@—M)? (19)
RMSE m (20)
MAPE — 100% 30 | 3= | 21)
n i1 Vi

o WREARERE . v, ELIIE. Y, .
W 7 fias . MOCOA 4k 5 A8 40 A6 A8l —
S gk, VEHOCHE P AU O O, I A4S

¥R MU www. jsjclykz. com



%1 W BL. SR 3T 2 b b AR A B b 0 X (KT A b 2 I 4 T 43
0 A TR A R
wass | EEE | peu [ wagn | BEM [ REM [ @RS | GEME [ CELE [ S
i B! MIEA | MEME | BEEH | BBAN | BER | R0
1 108 2 50 2 16 10 28 4 15
2 305 2 40 2 6 10 18 4 29
3 414 1 32 2 4 10 7 0 3
4 292 1 50 2 7 58 11 0 8
5 617 2 50 3 16 64 16 4 4
6 2882 2 50 2 12 57 21 4 8
7 300 1 40 2 7 90 11 2 5
8 2456 2 63 2 24 66 34 4 27
9 2535 2 63 2 24 62 34 4 42
10 257 2 40 4 8 70 20 4 40
66 515 1 50 3 7 0 10 1 5
67 1246 1 40 2 11 54 11 4 7
68 253 1 40 1 5 60 11 2 11
69 1470 2 50 2 20 60 20 4 87
70 2546 2 63 2 24 44 34 4 323
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