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Multi-objective robust fuzzy optimization problem for closed-loop supply
chain network design under low-carbon environment
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Abstract: To cope with the strategic location and configuration problem of multi-stage closed-loop supply chain network
design under low-carbon environment, a multi-objective robust fuzzy optimization model is developed by considering the
fuzzy parameters and multiple product flows. This model aims to minimize the total costs and total carbon emissions of
the supply chain network. It also regards the lowest conservatism level of the chance constraints as decision variables, and
achieves an effective balance among the expected value of the objective function, optimality robustness and feasibility
robustness. Finally, an interactive e —constraint fuzzy solution approach based on the necessity measure is proposed, and

a numerical example is given to illustrate the effectiveness, and feasibility of the proposed model and algorithm.
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dt: ARBRIRIL T W IR Bk R 263800t 5 B AR S AR AL 19 AL 299

171 x 108 76, H AR R A Q) I ARE R 1.49 x 103
Wi, SR )5, B 90 A AN 2 2 500 S A A A R,
F34H TR E R e L FORMR T IEE BRI 10Kk
BRI RS R.

#*3 EEREMRACERNITESER

e/10°  BFREE17) /(108 70) HIFEE(18) / (103 i)

1.75163 15578.10 1.7516
1.760 69 1092.84 1.7607
1.768 39 8.19 1.7684
1.77703 6.88 1.7770
1.785 66 4.95 1.7857
1.79270 4.01 1.7927
1.801 16 2.62 1.8012
1.808 79 2.05 1.8058
1.81793 2.05 1.8058
1.825 64 2.05 1.8058
1.83407 2.04 1.8269
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F 4 NERH o HIBREM DT (W, = 1000)

CPU/s  E[Zi] E[Z2]  dkp ®ip Mip Ojp

2.00x10% 1.83x10> 1 1 1 1
2.04x10% 1.83x105 1 1 1 1
2.06x10% 1.83x10% 1 1 1 1

c=03 22
oc=06 23
oc=09 21

x5 EINRBwW OHRMES (0 = 0.6)

CPU/S E[Zl] E[ZQ] 5kp Soip nip ij
w = 100 22 2.04x10%1.83x10° 1 1 1 1
w = 10000 24 2.04x10%1.83x10° 1 1 1 1

w=1000000 32 2.04x10%1.83x10% 1 1 1 1
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min Z = fY* +cX* +y V + V',

st AX*+V >d,

BX*=0,UX* <WY*+V'V, V' > 0.
o fONIE E BOAR ) B ¢ R ] AR AR W) & d A R SR
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518 M, BRI A R VPN B R AT v 55, IR
I AREZ NP FR bR, SR 45 2R W3R 6.

F6 BN, 5B M, FRBLERIELE 10° T

IR TR M,y

1]
it a=07 a=08 a=0.0 PR
1 112.67 112.68 112.69 11265
2 113.48 113.49 113.49 113.50
3 602.95 594.20 590.55 586.73
4 113.06 113.06 113.06 113.07
5 1364.10 136035 1356.70 1352.85
6 11037 110.38 11037 110.37
7 342,57 338.83 335.08 331.34
8 111.91 111.91 111.92 111.92
9 853.35 849.61 845.85 842.11
10 238570 238187 237821 237435
Ave 611.02 608.64 606.79 604.89
Std 752.12 750.72 74938 747.97

M 61T LAE H, 78 10 ML A ]~ 888 M, R
fig 7= 5 BRI M BE /N H AR e BT E AR v 22,
DL, R I AR VT DIE TSN R B R vy, Ak
AN E SR BAT A (KB PR AT SE



300 = % 5 & K %33%
4 & » FFSE 0] A5 BN 222441, 2011, 14(5): 29-42.

B FEAR B3 P A 3t 152 i o 28 0ot Il /T AN A
20 ELARR RAS B0 47 1] g 48 A3 ok SRS HF A0 7 T4
S AR SRR AN 5 PR BT R AL 1) AT [ AL
Z RS 27 RGP AR L
{10 25 2 PP 2 B 0 286 L T i) L, S ST 1 IR P A
JS2HE 90 28 BT B ML 2> 205 2 H e R R R B Y 1%
B AN FE 1 P LR 90 2% BT o e /M A A AT
o TR BOX AN R R, B ZR 55 8 T B BE M
25 SRR VR AN 22 77 A R R AT A
SERARATY, O T AT TUANEA 2E 2 O B P PA (3t S
LR BLTH AR, B S RO R 5 7 S L& LR
RITEANGS &, 5L 1 AR S PR OB LA 7. &
PRI RE A% Ab B H A bR O L) SR AN E 1, SEELG
L2y B AL, IF BT DL BT H bx
W RIUEBIEMTTAT B . AN, AL B
T 7 A A B3 e 2 SRR 5K A 5 9200 S 57 A A Y
BEAT SR A foea, JERL R A B4, BiE TR
FVRE A RO RO AT AT . 85 B MR 0, % T sk
M 5, XA AP P 17 B ] 2% F) A T 5 P 1 R
BA RVBR HE TS L T 22 5% H bn 5 K 8% H A Z [l 77
FER R 2R, BRARBR AR 2 3 B B A 8 o &
PR DU AR TR 8 4% A b A2 i E sk P 2 3t L ) 2% 1)
SR E .

S E 3k (References)

[1] Lash J, Wellington F. Competitive advantage on a
warming planet[J]. Harvard Business Review, 2007,
85(3): 94.

21 SR, W, R, & 2587w WA R sl 1

ARG BRI 2% i IR )], R G AR R S SR,
2015, 35(8): 2025-2033.
Ma W M, Li B, Xu B, et al. Reliable supply
chain network design under facility disruption and
demand uncertainty[J]. Systems Engineering — Theory
& Practice, 2015, 35(8): 2025-2033.)

D, Minner
configuration in supply chains with product recovery[J].
Omega, 2009, 37(4): 757-769.

[4] Chen Y T, Chan F T S, Chung S H. An integrated
closed-loop supply chain model with location allocation

[3] Francas S. Manufacturing network

problem and product recycling decisions[J]. Int J of
Production Research, 2015, 53(10): 3120-3140.
(5] AWM, TERETE. SM PN A N i R e i 5 0

(6]

(71

(8]

(9]

(10]

(11]

(12]

(13]

[14]

(15]

(Zhao X M, Huang P Q. Modeling and simulation on a
SM closed-loop supply chain system[J]. J of Management
Sciences in China, 2011, 14(5): 29-42.)

Wang F, Lai X F, Shi N. A multi-objective optimization for
green supply chain network design[J]. Decision Support
Systems, 2011, 51(2): 262-269.

Harris I, Mumford C L, Naim M M. A hybrid
multi-objective approach to capacitated facility location
with flexible
modeling[J]. Transportation Research Part E: Logistics
and Transportation Review, 2014, 66: 1-22.

Mart J M C, Tancrez J S, Seifert R W. Carbon footprint
and responsiveness trade-offs in supply chain network
design[J]. Int J of Production Economics, 2015, 166:
129-142.
Ramezani

store allocation for green logistics

M, Bashiri M, Tavakkoli-Moghaddam
R. A new multi-objective stochastic model for
network design with
responsiveness and  quality level[J].  Applied
Mathematical Modelling, 2013, 37(1): 328-344.

Demirel N, Ozceylan E, Paksoy T, et al. A genetic

a forward/reverse logistic

algorithm approach for optimizing a closed-loop supply
chain network with crisp and fuzzy objectives[J]. Int J of
Production Research, 2014, 52(12): 3637-3664.

ek, T A AE PR MR IR A 0 2% it 2 H AR R
BRI 1) (7). &R ge AR BEAR 5 52k, 2015, 35(6):
1482-1492.

(Li J.  Credibility-based
programming problem for

multi-objective  fuzzy

low-carbon  logistics
network design[J]. System Engineering — Theory &
Practice, 2015, 35(6): 1482-1492.)

Mulvey J M, Vanderbei R J, Zenios S A. Robust
optimization of large-scale
Research, 1995, 43(2): 264-281.

Inuiguchi M, Ramik J. Possibilistic linear programming:

systems[J]. Operations

A brief review of fuzzy mathematical programming and
a comparison with stochastic programming in portfolio
selection problem[J]. Fuzzy Sets and Systems, 2000,
111(1): 3-28.

XFHE, 4. AW IR HIE M), Jbat: THHERY
AL, 2005.

(Liu B D, Peng J. A course in uncertainty theory[M].
Beijing: Tsinghua University Press, 2005.)

Fleischmann M, Beullens P, Bloemhof-Ruwaard J M,
et al. The impact of product recovery on logistics network
design[J]. Production and Operations Management, 2001,
10(2): 156-173.

(GriEsmit: F %)



