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An Evolutionary Multi-Objective Simulation Optimization Algorithm for Supply
Chain with Uncertain Demands

Abstract

Abstract: During the COVID-19 pandemic, supply chain of manufacturing companies is facing more
severe product demand uncertainty, which is manifested in the sharp increase in demand for certain
types of products and the increased fluctuations in supply for raw materials. For this supply chain
optimization problem with demand uncertainty, a multi-objective stochastic programming model is
developed in order to maximize the total profit and product order fulfillment rate simultaneously in this
paper. For solving the investigated problem, a new evolutionary multi-objective simulation optimization
algorithm is proposed by combining the mechanism of NSGA-II and simulation computing budget
allocation adaptively. Experimental results show the validity of the presented model and algorithm.
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Abstract: During the COVID-19 pandemic, supply chain of manufacturing companies is facing more
severe product demand uncertainty, which is manifested in the sharp increase in demand for certain types
of products and the increased fluctuations in supply for raw materials. For this supply chain optimization
problem with demand uncertainty, a multi-objective stochastic programming model is developed in order
to maximize the total profit and product order fulfillment rate simultaneously in this paper. For solving the
investigated problem, a new evolutionary multi-objective simulation optimization algorithm is proposed
by combining the mechanism of NSGA-II and simulation computing budget allocation adaptively.
Experimental results show the validity of the presented model and algorithm.
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Fig. 1 Supply chain network based on core manufacturer

FEIEF AP 26T, AR AR R 35 52 LR
feftt, BRI PR Fh AR RN 5T
JERP RSB R, A [R5 A7 B 5 B0 B AR el
RAUAE, (BT DA AR, A AR RRL &7
HHAMSA . % COVID-19 FEth 5, AL HEAFE
AP B R SRANEA 52 KX, T 37050 15 b
77 b VT LG SR AT RESG N o RE T 3 7 SR 0 HLA
e K077 b R SRR SR i et i g SO — B
77 it BEIBE R 2% B T K BE AL SR Ak, i 4
ARSI 5K, B F AP REIINAR T, M
b e B A R, 58 e T SR LT L, A
PRI AT HOHT G, A A SRR A A

http: // www.china-simulation.com
*2762 ¢

https://dc-china-simulation.researchcommons.org/journal/vol33/iss12/1
DOI: 10.16182/j.issn1004731x.joss.21-0837



Wang et al.: An Evolutionary Multi-Objective Simulation Optimization Algorithm

3355 12
2021 4F 12 H

i SR RE, AR AR A P s /5K s [
INF 2 B A b S B Rt 2 DA, B — R 1T R
JE R HRTY DL AR A — R s 2 R O8 H bR
PR AR, IR AR SR .
1.2 FF5E X

R B RR AR, KT IR ] IR, e X
TZHELE.,

ZHE X AT S Fh R SO N AR i LR A
JEMBHE N R 5 (=1,2,--J): s NBER S
(5=1,2,-+,8)s M; 7= i j WA S5 A BEGE LA B 7
LN E 75 f; AR RS j R RE ) I3 R AL
T AR AL BT RR R R N A
B s WRLITHLR A G R Pm N K
HETRRES s NP TSI s 0, R
JIr @ I E A s G o7 il j o B B e LR AR
B d R O AR R A A
REA s PC AT A7 =i j R B ) A s
py N R RETH RR: ¢ N j ANBE
AT AT RS AR E(D,) NBSEET s Xtk
(R A1 75 oK B 1 EE AR

e E L X A7 O RS AR SR
WEE; v A AR Z o j XA
BN s MEE: wy A E R O
(e A AT R HEAT B ARAE P LR D, RS EE T
s XF R SR AU SR = (FELAS ) .

1.3 A

I Z MR EN, R EE I
Hoks 52 B BEALIR 2R 52, 9T S AR A I
BEATSE BT, W T AT I R A D R AR

(1) BYERX= MR ERENEE, BE
MR IEZS 2045, B

D, ~N(u,,062) s=12,--,S

(2) BFAR = b R X I 0 (A L P 4 A SR AR S
ZJFEARME F 12577 S 1 B LI #%

() HSHHEFRMEL, H—Fhr= o7 R

ke, S5 R 1) SR AN E PERE R BE A 2 H AR O AR TV

Vol. 33 No. 12
Dec. 2021

it i B AR SRR D AR B e B A AT
R, Sl R A,

(4) T T R AN E 1 U R AR R
(YRR ], 7 (L B I 7T B H 30 AL S A i 2 S B 75 R
TGO, X 27 A SR BUR A e

(5) A5 FE ML BB 2% 24 1T 18 i A [ 3B
Birt.

MR R SHORAR BE S0 7 i U R -

R:iizﬁr_/ M

j=1s=1
Co NP AT A, A0 45 BB A ) 3
PN
J
C,=>.(6,+PC))Y, ()

=1
Ce NIEIRERSAS , A4 A8 R S D0 A 8 ) e As
A A S AR AR A AR <

J J
C,=D.CX,+> wYd, ©)
Jj=1 Jj=2
Ce A= 1977 it BB 5 T3 75 SRAN— B 19
i R AR AR

S
Q:qxzmm+Q—AQ+

s=1

J S
226Ny =Z)) 4)
Jj=2s=1
il 345 A b At 7 B R RS BR BT FE R I
C=C,+C +C %)

(PSSR NEE (@ S PR B il b ot AR I
A JBE7 il i A

F=R-C (©)
J S
22.7Z
F2 _ _/:2 S;l (7)
22N
j=2s=1
Htk, AT LS R 1) 2 H AR BEH LA R B
Max F| ®)
Max F> )
s.t.
nYw =X, (10)
TlYle+erj=Xj,j=2,3,-~,J (11)

http: // www.china-simulation.com

* 2763 ¢

Published by Journal of System Simulation, 2021



Journal of System Simulation, Vol. 33 [2021], Iss. 12, Art. 1

5533 %5 12 1 ER i Vol. 33 No. 12
2021 4E 12 A Journal of System Simulation Dec. 2021
Xy s+ M) j=12,J (A2) (0, K07 G5 IR 4 DA 58 P T VR0 1 i
Ziy SNy +Dg,s=12,--8 (13) AR o S ARTEIX P & G SR FR AR A28 A0 28 2
Z SNy, j=23,J; s=12,---S (14) MATIEAT, AL 50 ) B e e 300, 4
S R AU S 7 B A5 B A S VR L\ 48
S oy jetae sy PHEUCHER SE05 A S SR A L
=1 SRS ERE S T7 ZE O R TR B A A BE VR SR
S p ¥, < Pm (16) TR EE AL TR
/= SEBr AR A T B YR o e AR AT
J
Dow; =1 (17) PLIA N 2R B ) AR RS, BRI A SO R HY
A — Tl [ 3 SR 2 ) SR, SRR I A B TR R AR
wje[O,l],j=l,2,'~,J (18)

X, Y,,Z,20,j=12J;5=12,S (19)

Forr,  HAR () N(9) 7 e KA AR LA
TR AL — M= AT B 2 3R, Z9R(10)RI(11)
A PR IR i S T AR JEUM R R A ST AT, 290K
(12) R 7 R S5 R B A B KRR B, 4
WA3)~AS) R T 7= i A 7= B2 A i % K
&, AR 16)AliE AP RE LR, LIH(17)
BRI T A = e 7 SR i (8 B A R AR B AR R A
BB Z AR 1, Z99A8)FI(19)BR ] T w548 & i
BUE G
2 REEHEERE

AR R L HAr b Bk D& oM £ B Ax
Ak i ) — A0 T, REAR SO R —Fh
W% BErELE S NSGA-I {F Ry ik % AR
AR (SR AR ST AR PR AE 2 SRS
T T, 5L G0 AT V2R A AR R A B
M. BT REZIR, B0 H i fE
T SR R A R R (e T7 E 5
MAL TR EE S L 0 BB, X2 A% S 0 AR
A T5 A BB AL ] R 2 AR

ERERERZ, A MEEES 0 ARy
T 25 TR B A B (CF SO AL
) BE—AFPRE A A (B i B A 4R ) B A B 2
i AR TTVECT IR N AR, 15 B Al R
53 T A0 07 BV E B TR 1 B A AR AT BE AL

AT FIREE B ATHR B i, G G N A
R MR TR A A 2l B R AT D A 32K Ak DA K BT 5 AT
HIBEAL 0T R B 25 15 1A% D7 H AR IR 48 2 /)
EZSREHL A B8 O 5205 2 07 BO07 AR A
[7 1 B e 0 v 5 SR i ) 7 SRR R 7 45 R R
Bl 25 AL as  ZA BN 2 Fror . & 2 U,
AL iR 0 07 1 2 A AR 45 78 1 IE S BE AL AT
bR BN S 2 005 05 3 AR A TR 4 5 T X e
R AR R B T T IR B S A
BATER AN H 2 5L H, KX Rl B & B
R348 TG RERE SCILAE NSGA-IT HESE Pyt 2 H AR
AT EALAL B[R] T

| fift g |
i Y
4l 1 2045
| {7 208 |
(a) {4t £ i
| (it |
sty
4}
, SR
| EuERmm P
iR A7
| DL

(b) AR R4 45 s
2 EIE R B R

Fig. 2 Schematic diagram of self-adaptive coding scheme
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Begin
// Initialization Period
Initialize a population of individuals randomly;
Perform an initial number of simulation replications for
each individual in the initial population;
Construct a non-dominated solution set according to
the mean value of objective functions;
Repeat
/I NSGA-II executing operation
Execute the genetic operations of NSGA-II upon the
current population;
// Self-adaptive simulation operation
Get the simulation computing budget for each
newly-generated child individual;
Perform a given number of simulation replications for
each newly-generated child individuals;
Update the non-dominated solution set according to
the mean and variance value of objective functions;
Until the allowable maximal simulation number is met
Output the achieved non-dominated solution set.
END

K3 pril AR A
Fig. 3 Pseudo-code for the proposed algorithm
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Tab. 1  Supply capacity and price parameters of different

parts
AR R .
YN i?;ﬁt{:)ﬁ FrERS (D)
J1 1300 0.15 4
12 560 0.10 4
13 1200 0.10 3
J4 570 0.15 5
JS 630 0.10 4

R2 AR SE

Tab. 2 Production-related parameters

L BRSO R i Bk

TomfnEe L mA M Bk
mE TH#E . _ _
HEUD (Jizh)  (Jizm)  (Jizn)
J1 2 2.0 3 35 4
12 1 1.2 3 24 3
13 2 2.0 3 28 4
J4 1 1.5 5 25 3
J5 1 1.2 4 21 2
®3OHERITHRSRR
Tab. 3 Retailer order requirements
Bt 77 i i R () A%%’%Xﬁpﬂz
J1 2 13 J4 15 AURE RO
S1 100 90 110 90 100 (90,15)
S2 120 80 100 80 115 (80,10)
S3 100 100 90 90 100 (80,12)
S4 90 90 100 110 85 (100,16)
S5 110 80 90 100 90 (90,12)
S6 115 95 100 90 110 (100,18)
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Tab. 4 Simulation experimental results

PERETRVR Our algorithm NSGA-II+EA NSGA-II+PTV NSGA-II+OCBA
IGD 83.8 85.6 87.8 84.5
MSM 4217 416.5 412.4 405.7
E|Sa o e 50.5 44.8 46.4 48.6
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