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Optimization of Elastic Supply Chain Network Based on Hierarchical
Decomposition Multi—-Objective Evolutionary Algorithm
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(1. School of Software , Liaoning Technical University , Huludao 125105, China;
2. School of Science/School of Big-data Science , Zhejiang University of Science and Technology, Hangzhou 310023, China)

Abstract: To address the issue of weak resilience and reduced customer satisfaction in the manufacturing supply chain due to risks such as
emergencies and market fluctuations, a multi-level, multi manufacturer, and multi product elastic supply chain network model is established
with economic benefits, environmental protection, and social responsibility as evaluation indicators. A multi-objective evolutionary algorithm
based on hierarchical decomposition is proposed for solution. This algorithm constructs a solution environment based on elite competition strate-
gy to improve the quality of offspring generated using elite solutions ; Introducing a penalty function to handle nodes that do not meet elastic de-
sign requirements, allowing elite individuals to gain an advantage in competition; Integrating the relaxation characteristics of storage design
objectives, a hybrid elite solution selection strategy and an adaptive offspring generation strategy are adopted for population updating to im-
prove the search efficiency of the algorithm and prevent excessive optimization of the objective function. In addition, the introduction of ware-
housing evaluation indicators for multi criteria decision—making provides a new optimization direction for supply chain warehousing design.
The simulation experiment results based on real enterprise data show that compared with the control algorithm, the proposed algorithm im-
proves the quality of the optimal average solution by 18% and reduces the average solution time by 25%, providing a new and effective solution
for solving the optimization problem of elastic supply chain networks.
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WE 4 = pzn zT zp URWE}: BN dc,, (54)
SE s = pED 2} ZPURSEQ BN{dc, (55)
SR = :)5 E%ESAQT” + W/ ET(;Q,“ (56)

120 (38) .2 (46) (2 (49) AR F B2 P 30m ig 245
53 (14) AT RIS 3 (57) , Qe (5 4 3 v (1 7 i 19 245 15
T FAR sRECHE A0 45 B BT (IR Y H b e 2, 44 10 5% 1)
ZBCTT IR A BA BB A R G k. RoRh

minf = fos + fos + frs (57)
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() WAL RIS . AR AT SC 2.3 5 7 [l i H AR BRI
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(3) 95 fURET o A A AR, AR R Y AR
T 2 B B0 AR A 5 252 3.2 19 PRAT 19 AU A ) SR M AN Tl 2
FAFRY T A B AR R ECHEATAE T, BRI PR 3
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b
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Wi = WioLg)szdevF’ (59)

1

2
stdev, = (z(WA% - (wg)/WQ) (60)

teW
angWLQzWA% (61)
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Fig.3 Cross strategy for binocular labeling subproblem
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Table 8 Parameter settings

x8 BSHILE

2 T 2 T
SCMEg MCME,, SGMEg MGME,,
’ U[6-9] ’ U[3-6]
TCME,, TGME,,
SWME MWME,, . SSME g MSME, .
’ U[18-54] ’ U[5-15]
TWME, TSME,
RMC,, .SMCy MMC,, UPCE{ \UPCE}; |
) ul1-2] L Ul1-8]
TMPy; URCEY:
URGEY: UPWE( .UPWE}; |
, » U[0.1-0.6] o U[0.8-4.5]
UPGES \UPGEY; | URWE:
UPSEY: UPSEY; . UDCEy; .
o U[0.3-0.8] . Ul[1-3]
URSE}: UDCE(,, UDCE,,
UDTCr
ESAQ, \ESAQ,, . o
' ulo-10] |UpTCE), UDTC, . U[5-40]
ESAQ; ' '
RUDCE,
URMPY; U[0.6-0.8] URCP7; U[0.4-0.76]
UCRMj; \UPRC U[1.2-25] | USPP.UMPP;  U[0.3-0.7]
WsPy, U[120-310] | 6Qs.6Qy, GO, U[0-10]
DNy WAy, U[20-700] RRY, U[0.05-0.16]
DH,»/ N Ds,»m N D‘uk D, \D‘w‘ W, \Dnl,(:, N
U[25-3 618] / /
D W.C, \Dnl,r‘,
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300 9K, A8 SRR 0.1, SCHR[31 150HE T R S
AIRELE HARRECE WE R IE R C R . T A SCRI ISR
G IaRE A4, 3 FH T MR 1 & R RS ESEL,
AT G AT EA, T E D ATVE PR, DL — il i 7
S A AT L N B IO 2% 15 T LA R [ 4 S B
Pt Hh TINAF A Al i A PR A, 3 XY R XS Y HE L
oA R -5 S5 OB A5 A DA (FE 33t 3 R 2 R A
FAHAT F R ], X A 22 JFORE R L 2 R0 R L 22 3 R
LR A | 22 [l B b AR A N 4 i AR 4
G /N 2 G 1P T S I/ 5 VAN G E S ' K s N
() = J7 T PEAN P8 AR AR S8 N B b pR BB 280, B AR
SO R e A TR P 5 B X L AR L AR B R R G
ECVL AU B A ST AR L 0.39:0.28:0.32; fik
HE R SHE R A HE R A P HE A B LR 0.27
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Table 9 Example scale
F9 HEHIHIE
S JERER PRNIRY HIER rEIR GfE ESRE MUkE L

1 20 50 3 30 6 30 20
2 20 50 3 60 12 60 20
3 20 50 3 100 20 100 20
4 30 90 6 30 6 30 30
5 30 90 6 60 12 60 30
6 30 90 6 100 20 100 30
7 50 140 9 30 6 30 40
8 50 140 9 60 12 60 40
9 50 140 9 100 20 100 40

43 RIBERSW

BRI ] 1) A1 7 4 D 45 3 11 22 B bR AL Bk 2017 1
AT A SRR A R o AR SO NSCGA-TT 33 (1)
i SR W R AT 7 M R EE L MOEA/D B3k Ry By, 5
A FBAACFRIE B 51T R BT, 2795 MOSA HVET i 45232 22 1Y)
SRR SR HEAT G 5 A 0B 5 0 PRI BE B NSGA-
1120 MOEA/D"*) MOSAP* A gy %f BB vk o 2R ] NSGA-
II.MOEA/D .MOSA .SMOEA/D 5435 X} It A 5451 43 531 4% $0A 7
20 UK, B 0 - 2412 A7 ) (] AP 22 5K i o i L 3% 10, 7T
DL, % T /N5 1-3, SMOEA/D By - 23R fife i) ]
43 53] [t NSGA-I1, MOEA/D . MOSA B# 1% 18.35% . 16.31% .
17.16% , ~F- 35 3K fift 01 5 53 | B2 Ft 8.67% . 8.15% . 24.66% ; %f
T v 25 R BE 5] 4—6, SMOEA/D 11 - 14 3K it isf 1) 43 5] 1o
NSGA .MOEA/D .MOSA [#1% 26.02% .27.71% .26.49% , V-]
SRR R A AR T 14.61% . 13.19% . 29.35% ; %F T K HL AR
A5 7-9, SMOEA/D ()7 ¥4 3K fif B 18] 43 31 e NSGA \MOEA/
D . MOSA [ 31.33% .32.65% .32.86% , V- 141 3K fift Joi 2 43 5]
7119.65% .18.31% .31.58% .,

Table 10 Comparison of solution time and solution quality among
various algorithms
F10 BEEKMFAE KRR LB
NSGA-II MOEA/D MOSA SMOEA/D

WhiE)/s  f@BEE WFIRls TR AFE)s f@RTEE BFREls fRBTAE
1 77913 03885 7.5072 03845 7.7163 04710 5.6278 0.353 1
2 13.0233 0.3857 12.716 7 0.383 1 13.3427 0.4676 11.1792 0.3532
3 20.8242 0.3863 20.5107 0.3863 19.707 5 0.468 3 18.0924 0.353 6
4 173056 0.3832 17.6530 0.3761 16.901 8 0.4602 10.966 3 0.3255
5 28.3887 0.3816 289991 0.3754 28.3887 0.461 0 21.2404 0.3258
6
7
8
9

42.8549 0.3795 44.0439 0.374 1 44.3992 0.4619 35.8925 0.3258
31.0783 0.3855 31.2809 0.3777 31.4622 0.4518 17.258 8 0.309 6
46.0409 0.3855 47.9574 0.3807 47.7595 0.4528 32.983 1 0.309 7
69.720 6 0.3853 70.368 8 0.3790 70.9149 0.453 3 54.9604 0.309 8

P& 4 Ry 25 R i B P AT AR EL B . T LA Y %
TN 1-3, NSGA-I1 5 MOEA/D 1 3R fif Jii & Jc B
22 5, SMOEA/D 119 3K fiff Jot 2 fre 4, MOSA (19 3K i i 2
7 3% R SRR 44 4-6 , SMOEA/D (1) 3K fife Joi 1 fc i, A
BT /N 1-3 SR A B B R 2, LR J& MOEA/
DT L, NSGA-TT . MOSA A9 R fift i e 42 FHAS B & s X 1
KIAEE A 7-9, SMOEA/D ()R i Jii 1 i — 2 42 55, MOSA
R S i o2 A Y 42 85, NSGA -1 F1 MOEA/D () 3K fiff Joi 2 1%
FEE/T=

0.50

BN NSGA-TT

E=== MOEA/D

B MOSA B SMOEA/D

1 2 3 4 6 7 8 9

%5%
Fig. 4 Visual comparison of solution quality of various algorithms
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GA=TUXF B8 451] 4 B4 SR b IRF ) ARS8 491) 13850 1.22 %, % 334510
7 F) SR A INF T AR B 55451 4 150 0.79 4% . MOEA/D X 5541 4
F18) SR figg Bof ) R A 40 1 386 0 1.35 4%, X B30 481) 7 1) SR g B 1]
FHEEFLA 4 181 0.77 F5 . MOSA X 55451 4 1) 3R fife s ] A
S 1 KGN 119 A%, XS] 7 A SR Ak B[] AR A 451 4 15
0.86 1% , SMOEA/D 3 55451 4 1) 3R fife Hef [ AH ¢ 55 49) 1 484 i
0.94 48 , X5 330451 7 9 3K gk 1 18] AR A2 380051 4 B8 i 0.57 4% . A&
PRSRUE , B 13t I S AR P 38 T, 5 28 SRR g s 1] g 446 <
JEANTR] , SMOEA/D Xif 25 MU . 451 SRR fife i 1) 28y 154 i 2 /)N
T NSGA-II .MOEA/D .MOSA .

53] 38 NSGA-11. MOEA/D .MOSA Fl SMOEA/D %3
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Fig. 5 Visual comparison of solution times for various algorithms
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I s W5 80 H AR 1~ [a) 8 E B bR 802 18] A 1] OC 2%, 45
RANF 1278 . BARYL, H 701 1.2.3 2 (8], 54
4.5.6 [0, 541 7.8.9 Z M BEAT LA, AT LI Y, R &%
FRERCEE BRI, 10— B B i, B AR T TR E
PREEBCEA RSFARE . HORAER B 1. 4.7 Z 18], 5] 2.5
8 ZIH), 51 3.6.9 Z A HEAT LA, il LA i, XWUH s - 1)
S E b R 0% A5 A L {EJE: NSGA-TT . MOEA/D \MOSA ff .
FI b 7 TR0 e R 50 6 5 ) ML F) 1 s B 4, 152 B
S RUE FR R Z A PS (RS B H bR TG TR K
RIFALF . SMOEA/D 9 5. H b1 [ H A7 & K kit 3 55 51
PR 14 185 N R AR B, FRR UE B SMOEA/D BE A2 137 X6 KA1
RETRIR, [R]I BUE 1 Sk A Rk . AT T A1
[Fa) R 19 s PRI BRGS0 R T 0 R SR 0 3, B A1
AR P SR v A Y s R R SR ) RN T R e R TR R
[ R )5 ), E T4 T 1 B b 1) e ) DL AR ROCR, , Rt e
T SRR AL )R A 1 B o

Xt 12 Ry S B 2.3 PEAT 3T, AT LA, MOEA/D

Table 11 Analysis of the proportion of objective functions

F11 BiR@BALE S

NSGA-II MOEA/D MOSA SMOEA/D

x| _ _ _ _ _ _ _ _
WHAR EFE WA RERF SEF B WHE e

1 00689 03101 0.0695 0.3072 0.0715 0.3846 0.0685 0.2842
2 0.0708 03093 0.0677 03131 0.0700 03841 0.0684 0.2843
3 0.0705 03078 0.0687 03111 0.0713 03806 0.0688 0.284 4
4 0.0454 0.3333 0.0452 0.3222 0.0457 0.4048 0.0434 0.2815
5 00451 03275 0.0448 0.3247 0.0446 0.4044 0.0433 0.2817
6 00452 03307 0.0443 03238 0.0454 0.4001 0.0437 0.28138
7 00304 03490 0.0302 0.3345 0.0306 0.4053 0.0287 0.2806
8 0.0301 03484 0.0294 03397 0.0301 0.4122 0.0287 0.2807
9 0.0295 03521 0.0300 0.3431 0.0300 0.4162 0.0288 0.2806

() WI 5 T SMOEA/D , MOEA/D (8 H A5 7 ] B3 H 5% ok %
{5 Ik T SMOEA/D, ¥t B LA 0] {8 B 45 b8 50N A5 1fE
SMOEA/D £ /N3] v X6 W 35 2% 8 H PHAE Y T, 25
A 3210 Y OF 2 A N AT 0, Y s AT OOBOHS i e,
SMOEA/D K TH AT LA JEAT /INRAS AR 537 55 X 45 15 1o 753441
1.4.5.6.7,SMOEA/D i) WI ¥JiX F NSGA-II .MOEA/D .
MOSA, H SMOEA/D ()3 H b5+ 5] & H #r p& £ 48T
NSGA-II,MOEA/D .MOSA , i Bl it if SMOEA/D #£ WI il H
T eR S 5 T P DL AR SR AT, T LA ik 3] T BRARIR
AWML, Sk 7SS H bR eR R W1 AUH 45 - [7] 2
Pl iy B | HL[R] Bt 156 BH T B 8K SMOEA/D 78 /N B
()R | 2 22 BRSO AR R AN A DLt as ] . 7534 8
i, SMOEA/D ) WI & T NSGA-II, MOEA/D, MOSA H.
SMOEA/D i % H 5 - [a] 1 H #r ok £ (E 241X T NSGA-II,
MOEA/D .MOSA , 515 9 ¥ SMOEA/D f W1 & T NSGA-II
MOEA/D {HA T MOSA , H. SMOEA/D £ X H A5 7 18) 5 H 45
BR B I T NSGA-IT . MOEA/D \MOSA , % H] T SS X H
FRAEAL T FAC A R WS X W H bR A otb ) J8U A 7 455, A K
WL Bl 5 bR ek B [A] 58 A ny 4 1 25 e A st . B
MRSk 15, WA H AR oR £ B AN 5 T PEAN SCH A5 7 ]38
BRI EE BT, BT R R RS AS [R]46 Aw 3k i
fiff T LAAH BLAR TS, BV — T8 b5 B A BT, L e Al
PR AT A A Ak AR A A Bk d R BR B M AR B T
HEZ A R B 5, M T T A X B R A S R . Y
FURLHE— 2L 1 KEE, WIS H A sR AU R 40 5 IR &K 3
LRI SO T Sk R A RB0E R AR BT I PERE
Table 12 The horizontal relationship between the objective functions
of the WI and the dual-objective subproblems
#12 WISWBiHRFOBEERERHZ EANERXER
NSGA-II

MOEA/D MOSA SMOEA/D

WHPR WI WHIE  WI WHR  WI WH R

225.122 6 0.068 9 187.9702 0.069 5 211.8329 0.071 5 120.132 2 0.068 5
118.331 8 0.070 8 168.841 8 0.067 7 285.868 6 0.070 0 118.866 4 0.068 4
206.3129 0.070 5 130.663 6 0.068 7 200.398 1 0.071 3 125.860 7 0.068 8
99.3895 0.0454 96.9011 0.0452 85.0371 0.0457 78.4505 0.043 4
112.707 4 0.0451 97.7250 0.044 8 160.588 3 0.044 6 66.1922 0.043 3
120.279 8 0.0452 131.2157 0.044 3 170.2149 0.045 4 91.6754 0.043 7
81.147 6 0.0304 80.1299 0.0302 90.866 6 0.030 6 63.8068 0.028 7
95.7006 0.0301 88.6879 0.0294 579141 0.0301 116.3721 0.028 7
78.8521 0.0295 76.104 1 0.0300 102.107 4 0.0300 919134 0.028 8
4.4 BN

SR, NSGA-IT . MOEA/D .MOSA 1 SMOEA/D £ R #1
P T A5 20 (A A6 07 B X 25 50T o B B AR 4R
A7 A o5 e R AR 7 Bl ml A AL BB T B AR 20% , 43 AT A2 R
WR A B S E L SR LR 6, FTLAE H, fdF SMOEA/
D R A5 0 A 0 B 15 T SR RRAE T T R B R 4, NSGA-TT
5 MOEA/D 7 5 P R 1E J T 3¢ BLAH T , MOSA TE 5P R 1E
F i EMALE, NSGA-II.MOEA/D ,MOSA ¥4 A i ) 25
AR R B T 3 R R BB R A A R

O 0 N N R W N
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