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Abstract: As a key foundation of the entire production process of copper products, ingredient plan is directly related to
the continuous stability of the subsequent process and the economic benefits of the enterprise. Considering the unsatisfied
resource utilization of ingredient plans provided by existing methods, an ingredient optimization model with the objective
of maximizing resource utilization and ingredient consistency is established. Then, an improved multifactorial differential
evolution algorithm is proposed. To solve premature convergence and infeasible solutions caused by complex constraints in
the traditional multifactorial differential evolution algorithm, the improved algorithm first designs a mutation strategy based
on the sine cosine algorithm to balance cross task knowledge transfer, global search, and local development capabilities
of the algorithm. Secondly, the Levy optimal perturbation strategy is introduced to improve the diversity of solutions,
and prevent the algorithm from getting stuck in local optima. In addition, a repair strategy for infeasible solutions with
lower computational cost is proposed to ensure search efficiency. Finally, simulation experiments based on real data from
a domestic copper industry and multitask benchmark problems demonstrate that compared with other methods, the model
and method proposed in this paper can significantly improve the resource utilization rate and consistency of ingredient plan,
providing good support for stable production in the copper industry. And the proposed algorithm exhibits good stability in
complex multitask benchmark problems.
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Fig. 1 The optimization process of copper ingredient plan
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Table 4 Performance comparison of the three algorithms for ingredient plan
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Table 5 Performance comparison of the seven algorithms for ingredient plan
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Fig. 7 Iteration curves of the seven algorithms on f5 1, f2 2

2) Nik— SR AMSMFDELE A [H37 5 A E
P, ASCHE B H bR AT 55 B v i /12 B oF e T s,
Z MRS 74~ 28 ML R bR E80 0T 26T, 2H A%
9ZH AT S5 NA ), 6k 75 3 AR AT A (52 A A AL (co-
mplete intersection, CI). #5415 (partial intersection,
PI)LL M JoAH3E (no intersection, NT) A3 AT 55 AHALL
(FiHEALLEE (high similarty, HS) 254U (middle si-
milarty, MS) 11 AH {4 FZ (low similarty, LS). 67
QUG | TMEEIEAEA AU S5 BRI ERE GOME bR
ez A Sith 2. AT LA

a) NEIBE th, 5 HAM VLA LY, MSMFDERAAE
DRI 53 ey AL FEE A0 v 8 AEABA R 114 i 8t o B A B S A
B, FEARARARLRE [ R rh A b €. 35X 72 B T A ABLREE
T AFABLRE 1) AT 5545 2 2 (A A7 AE 38 v B 28 X J
BRI AR VR, 1X {1525 T SCA ) 22 7378 57 SR WS A
PEAES5 AR A I REFR B InAH S A IS &,

T ERSOR R B E AR TR B, sl R e
HROE R T SR RN R AR, B T AR
KAL), I, XRS5 4, PR IEm L P i
E415 B MM AERITR SRR RN R R, RIH
BRI BE. T RARABURE AT 55 )48 2 25 (R A DGk
B, T AT 55 TR S E B AR 1E B2 Sk 7 1),
SO T ARE L REE, IR G R R R PR AR T TR
1B M EI8(e)(H)(K)(i)(q)F F, MSMFDE i #15 4& At
BECE Bl AR, X U SELE R WS-l T 8
fE4515 B MAIRER 5TF R Z RHIR R, TR A Bk
f4 AL RE

b) W67, MSMFDEH 14 ) 14 GE7E 18/ kv
W AR 15 E BB TR L BOE. B SO
HEAZ Mk N4, 3.7,4.8,4.9,4.3,4.0, 1.6, FFMS-
MFDEREHEA 551, iX 78 70 30E T MSMFDETE K £
AR ) B SR AR AL R



12 M

FRETEREE: [ HTRORMIC A et 2 R 7 22 A 2565

£ 6 TAYE R BARFES R P A LAY AL

Table 6 The average performance of seven algorithms on single-objective 2-task benchmark problems

o R ?jl@ MFDE MFDE-OBT MFDE/best/1+p MFDE-HKT MDE-DVSM SAKT_MFDE MSMFDE
BhR
Mean 1.34E+00 1.25E+00 1.24E+00 3.58E+00 5.12E+00 2.00E+00  3.24E—02
Tl Std —149E+00 —1.69E+00 —1.59E+00 —148E+00 —3.29E+00 —1.75E4+00 —9.24E—01
Rank 4 3 2 6 7 6 1
CIHHS  Mean 9.06E+02 4.66E+02  590E+02  3.64E+02  274E+02  4.12E+02  341E+01
T2 Std —1.58E+03 —2.32E+03 —2.98E+03 —2.21E4+03 —1.90E4+03 —1.56E+03 (1.05E+03
Rank 7 5 6 3 2 4 1
Mean 1.42E+00 1.30E+00 1.44E+01 1.25E+01 1.08E+00 1.16E+01  1.07E+00
Tl Std —4.29E+00 —3.99E+00 —5.06E+00 —147E+00 —3.89E+00 —1.37E+00 —1.01E+00
Rank 4 3 7 6 2 5 1
CI+MS Mean 1.01E+03  4.56E+02 3.59E+02 2.42E+03 2.57E+03 4.42E+02  3.19E+02
T2 Std —1.63E4+03 —247E+03 —2.12E+03  —2.07E+03 —3.70E4+03 —2.49E+03 —1.59E+03
Rank 5 4 2 6 7 3 1
Mean 2.06E+01 2.11E+01 2.16E+01 2.18E+01 2.08E+01 2.12E+01  2.05E+01
Tl Std —1.72E-01 —6.82E—-02 —1.62E-01 —2.12E—01 —-2.01E-01 —-2.29E-01 —-1.39E-01
Rank 2 4 6 7 3 5 1
C+LS Mean 1.21E+04 1.07E+04 1.16E+04 1.15E+04 1.09E+04 1.09E+04  1.02E-+04
T2 Std —1.68E4+03 —1.75E+03  —1.30E+03 —145E+03 —1.62E4+03 —1.52E+03 —1.24E+03
Rank 7 2 6 5 4 3 1
Mean 8.62E+02 4.02E+02 6.30E+02 421E+02 3.26E+02 6.45E+02  2.14E+02
Tl Std —1.90E4+01 —9.50E+01 —3.51E+01 —8.70E4+01 —6.50E+01 —2.70E+01 —1.60E+01
Rank 7 3 5 4 2 6 1
PL+HS Mean 1.39E+01 2.66E+01 9.70E—04 1.30E—04 8.40E—04 1.09E-04  5.38E—05
T2 Std —8.30E+00 —5.70E+01 —1.30E—-04 —6.90E—04 —1.52E—04 —4.04E—-03 —1.28E—04
Rank 6 7 5 3 4 2 1
Mean 1.68E+00 2.80E—01 1.18E+00 1.15E+01 1.69E+01 1.50E+01  1.63E—01
Tl Std —4.68E4+00 —1.90E+00 —3.97E+00 —6.30E4+00 —3.20E4+00 —5.12E+00 —1.40E+00
Rank 4 2 3 5 7 6 1
PL+MS Mean 1.91E+02 5.23E+00 2.32E+02 7.53E+02 1.65E+02 1.33E4+01  3.53E-+00
T2 Std —1.70E+01 —1.04E+01 —1.92E+01 —2.61E+01 —294E+01 —3.23E400 —1.01E+400
Rank 5 2 6 7 4 3 1
Mean 8.29E—01 8.85E—02 6.92E+00 6.21E+00 1.60E+01 7.60E+00  8.93E+00
Tl Std —3.28E4+00 —9.74E—01 —2.81E+00 —2.32E4+00 —4.78E4+00 —6.92E+00 —6.91E+00
Rank 2 1 4 3 7 5 6
PI+LS Mean 2.36E+00 1.77E+400 2.03E4+00 4.69E+00 8.90E+00 1.91E+00  1.48E+00
T2 Std 2.94E4+00 1.18E+01 5.35E+00 7.29E+00 8.97E+400 5.61E+00  2.38E+00
Rank 5 2 4 6 7 3 1
Mean 1.11E4+02 2.08E+01 3.85E+01 3.01E+01 5.41E+01 2.23E+01 4.19E-01
Tl Std —4.16E4+02 —1.96E+01 —2.16E+00 —2.43E+00 —2.63E4+01 —1.91E+00 —1.17E+00
Rank 7 2 5 4 6 3 1
NI+HS Mean 2.01E4+03 3.26E+402 1.03E+03 4.40E+02 1.19E+03 2.96E+02  4.65E-+01
T2 Std —4.39E+01 —1.84E+01 —2.63E+01  —2.32E+02 —3.05E+02 —1.87E+01 —9.78E+00
Rank 7 3 5 4 6 2 1

(#HTHR)
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(FELE)
Mean 1.94E+00 3.13B400 4.91E+00 251E400 1.17E+00 8.76E+00  1.03E-+00
TI  Std  —3.67E+00 —4.02E+00 —7.11E400 —442E+00 —1.52E+00 —8.16E—01 —9.89E—01
Rank 3 5 6 4 2 7 1
NI+MS Mean 1.11E+01  2.84E+01 273E401  334E+01  5.73E+00 8.64E+00  6.84E+00
T2 Std  —1.67E+01 —1.75E+01 —2.12E4+01 —247E+01 —9.56E+00 —1.71E+01 —1.33E+01
Rank 4 7 5 6 1 3 2
Mean 4.67E+03  7.07E4+03  5.06E+03 282403  5.02E+03 244403  2.31E-+03
TI  Std —455E4+03 —7.67E+02 —4.07E+03 —4.02E4+03 —4.93E+03 —3.88E+03 —3.64E-+03
Rank 4 7 6 3 5 2 1
NI+LS Mean 7.53E+03  120E+04 1.10E4+04 145B404 1.09E+04 1.13E+04  1.16E+04
T2 Std —278E+03 —5.16E4+02 —1.68E+03 —6.72E+02 —1.54E+03 —1.30E+03 —1.77E+03
Rank 1 6 3 7 2 4 5
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Fig. 8 Convergence curves of seven algorithms on single-objective 2-task benchmark problems
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