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Progress and prospects of sustainable reverse logistics network design
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Abstract: With the deepening practice of the concept of sustainable development and the increasingly significant impact
of the environment and society of reverse logistics activities, the design of sustainable reverse logistics network is
becoming a research hotspot. Firstly, this paper systematically summarizes the general situation of sustainable reverse
logistics network design research. Then the paper overviews the progress from five aspects, including the indicators
and methods for measuring economic, environmental and social sustainability, the decision variables, objective functions
and constraints of mathematical models, the uncertainties considered and the treatment techniques, the methods and
tools of model solving and research application. It is found that the indicators of economic, environmental and social
impact measurement need to be expanded, especially the decision-making variables of environmental and social impact
are less considered, the overall research of social sustainability is less and the measurement method needs to be broken
through. At the same time, the real reverse logistics operation scenarios such as multi-period, multi product, cross
docking, collecting according to quality level and uncertain environment, are not considered enough, and the integration
and optimization of strategies, tactics and operation levels are not enough. All of above restrict the application of the
model. In the face of complex mathematical models, interval optimization and simulation are seldom used to solve
uncertain problems, theremore, more efficient and reliable meta heuristic algorithms or precise algorithms need to be
designed urgently. Moreover, simulation optimization technology and cross entropy are used for efficiency evaluation
or algorithm to algorithm ratio to improve the efficiency and scientificity of network design. Finally, the prospects of
sustainable reverse logistics network design are presented.
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1.1 CHEUaE # (reverse logistics network)” or “ PH 3R it B B 4 4%

AR LR FR4E (sustainable) "“ fE R 4 5 (circular
economy)” “47% (ecological)” “4£rth (green)” “fHHK
(low carbon)” “fik %2 % (carbon market trading)” “%k
JEF (carbon footprint)” “¥£3% (environmental)” “#t
2= (social)”“ X / % H Ak / #2 (bi / multi-objective
optimization/ model / approach)” “ 1 [r] {1 |3 5 (reverse
supply chain)” “3 [\] 4 Ji X 2% (reverse
network)” “ P It 8 8% (closed-loop supply chain)”
“1E 39 [m] 4t I B ) 4% (forward  reverse supply chain
network)” “ [1] I ;X 2% (recovery network)” ¥ [R5
& % (reverse logistics system) ™ 3 [1] #) it I21E (reverse
logistics channel)” “#&Jii %4k (facility location)” {E N
A, IR DL N AR AR R A

1) (“WJFF4E (sustainable)” ) and { “3¥ [A] fit N 5%
(reverse supply chain)” or “i¥ [ ) it W 4% (reverse
logistics network)” or “ I3 I W 4 (closed-loop supply
chain)” or “ [AIUA ¥ 4% (recovery network)” or “ ¥ il 1%
it (facility location)” or “ IF38 ] £t W 4% % 2% (forward
reverse supply chain network)” or “i¥i [a] ¥ yiit A< &
(reverse logistics system)” or “ ¥ [7] ¥ it J& i& (reverse

logistics

logistics channel)” };

2) (“f&KH% (low carbon)” or “Hk & ZF (carbon
footprint)” or “H& A ) (carbon market trading)” ) and {
3 ) 4 B X 4% (reverse supply chain network)” or
“IH R PRI 2% (reverse logistics network)” or “ 413
B BE X 4% (closed-loop supply chain network)” or
“1a] St 9 2% (recovery network)” or “ 15 Jiti 1% i (facility
location)” or “ IF ¥ 7] £ I % WX 2% (forward reverse
supply chain network)” or “I¥ [a] ¥ i & 2 (reverse
logistics system)” or “ ¥ [a] ¥ il Y2 3E (reverse logistics
channel)” };

3)  (“¥ 15 (environmental)” or “{F ¥ & ¥F
(circular economy)” or “4 %5 (ecological)” or “Z¢th
(green)” )and { “3¥ [r] fit B 4 Y 2% (reverse  supply
chain network)” or “I¥ [ #) it WX 4% (reverse logistics
network) ” or “ [ JF it B 4% X 2% (closed-Loop supply
chain network)” or “ [A| U [ 2% (recovery network)” or
“PEitE e bk (facility location)” or “ IF 38 [] fit 7 B (X 2%
(forward reverse supply chain network)” or “ ¥ [A]47)
K 2 (reverse logistics system)” or “ 38 ] ¥ it 42 18
(reverse logistics channel)” };

4) (“#t4> (social)” ) and { “3¥f [m] 4 B 9 2%
(reverse supply chain network)” or “ ¥ [7] ) Jiit I

(closed-loop supply chain network)” or “/[a] Ui % 4%
(recovery network)” or “ ¥ i fit: (facility location)”
or “ 1E U ] {1t )37 4 % 4% (forward reverse supply chain
network) ” or “ 18 [A] )i 4 & (reverse logistics system)”
or “ 1 [ Wi B2 1E (reverse logistics Channel)” };

5) (“X/Z% HFrAEAk /15 RS (bi/ multi-objective
optimization/ model / approach)” ) and { ¥ [ {t 3V 4%
WX 2% (reverse supply chain network)” or “ ¥ [a] 4 i
M 4% (reverse logistics network)” or “ [ 34 A1 I 4% %]
#% (closed-loop supply chain network)” or “[H] g fX| %
(recovery network)” or “ ¥ i fi: (facility location)”
or “ IFE 1% [v] ft |87 B WX 4% (forward reverse supply chain
network) ” or “ 1 [1] ¥ 7 R (reverse logistics system)”
or “ 1 W] ¥ IR 1E (reverse logistics channel)” }.
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b S R 32 e /D FNAE e HE TS R A R B H AR,
LA B4 5 HETBOR 1) M 240 9 SRR [47] DARELFH 24 %
Be/D NEREE H bR; SCHR [62] DA HE L 4 B f /N R AR
LIRS B E.
23 #HEEmEKR

FHEC & RN BRI w] Fr B0t 5T, #h 2 il RF4k
T FUARRE AN 2 178284861 {45 25 Jf SCHR 0T A 1 43
BT, B k2 TR B2 NI R P X 4 B R AR s T
U M PP AR 396 R G st 53 Ty 2% P Bk X 2 AH 5%
Z 5 R, LB E S e BRI g —. Bl
KT 2 AT R BT T v A s SCUO-801 e FL ) A
I AR O HE B AIBRAE T DA, a7 i A i e BT
2P TERS) (UNEP-SETAC 2009). (AJ #r4: Kk
JER A HET) (GRI,2011). ISO 26000 (#4357 /F1E

FE) (At 2> BT bR SAB000: 2014) (AxERIZZ))
(UNGC,2007) fit (it e fiadr) (HEFH4RAT, 2016).
XUESRFIEAR bR IR ) A TSR TR, T A
WAL E R T4 iR . 5735 AR
ML S AT KRR SR 7 AH < 10 B B BIF e 5 2
i

1) 53 L7 M.

WML B 2% 2 f B R ko AT R SR AT B AR b, 3
A 15 J SCHR T 6 21 1, {5 B AR A7 A2 40 3 22 5. STk
[15,37-38, 82, 86] ¥4 1% Jiti JT 1838 & €13 1 sl AL 2
YEJuFAR. STHR [14] %5 2% |H o7 L3872 2 oo i
PEIE R L L2 dabs. BE— D1, SOk (11,31,
46,70-71, 87-88] H4 5l M. WL 2 43 4 W I e Mk AL 25
(variable job opportunities) Fl4 H 7 Ml AL 2= (fixed job
opportunities), H A Il B 5V AL 23 3 AT 7= 5E 1)
Pk, W SCER 241K A= )L [\ R E
O MIAL F HhO g 78 77 B BT G 0 B L2 AR D FE Fs.
BBk, SCHR [25) 3 5 25 RE Bt T 805 O M B st
MV B 25 88 AR AR AR B AL 22 AT 4 8 H bp. A T2 4
77 T, A 12 5% SCHRZ) 3 3 4, BARELEE SOk (10, 14,
38, 86] EL#%E LA 51 A% FAE M diabr, U R IH 7™ b [ml e
AbPEI, TN 5k T e s, S 80 R 2 0. &
2 SCHR UK FH 45 2K TAF H (lost days) 45 #5, 145 b5
Fon TN 3240 3 Kk Be 1 AR I Ia). SCRik (11, 31,37,
46,70, 881K 15t 15 Akiz B i R gk TAE H
VE VAR FE bR, e AR, 3820 BIF F0IE 5 BB 2451 2k TAE
H = A B SR L, SCHR (2316 T [l LR R 3R
HhC TR TP SO A S B R AR B AR PR 45
s STHR [241 K 53 AR 99 5 Sl 30 40 2k AR B AR
VG FRER. BEAN, ST R Y mIHL &K AR
Y81 63 RGN ST A gt 2e ml S FR

2) HX 5% I

A 3 3L 10 5% SCHR 20 8 7 A, b SCiR (14-
15,38, 861K 4t A Ayt o vl $5 S H . %
JJ7 T, SCHR [33,41) LA IR ST KV A )RS AT I
WAt 2 ] R H b SCHR (2718 X R VA4 4 =
ISR Bt e A ME R vt o H AR 20 ; SCHR (23]
PR KA A2 25 7 7 SR O9 AL H s STHR [10] BA i
Joi B PRI B P (AN 22 4y kt s E AR, BBAR, 77 i e
T (R4 381 (R i O RO, Ak 2 SCRFARPIRL A
7T AL 2 T R DA K B AR A O A gt ]
RS L 4R R

[FI, 4L P RFEE W K k2, Bl Zabn A 5
B, N2 A2 52 5 PR R WA N AEAE A 4 (n R
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WA TG QWi R AL R A 2567

Toagdr RS TAEMEE % UM OC & P g 5 7
788 BRI PR EIN S e rS N NS U K /N
25T A ORI N R R A 2R . A B FOAR A
FEE TR PR 48R 2 0 T R 2= B4 i, R 2 8
PRV TTIEVEAN, HoA 2 IR (AHP) =& )2 177
15z —10.14.38.861 1 oy fe] = g RN 6 B0 A B4R bR 5
A URIN I [P P 0 255 5 AR AR Hh | SRR 9T R L
R I ME A
3 HEEA

AT FRE SR ) P X 2 e T B R Y EORTR S
BRI, [R] B it B 4B VR A B R £ 1 R K
AR A3, 33,4447, 741 YR A5 MO — ORISR0 YA %
H B bR FI A5 Y 180.821 DL Ry SRR R A0 g Ak,
A T RN E R R, W R BT LVR & B R A
FAR0.33.67.73.59) Sk IR £ MO RO 2 FL Ak
TR AT R H bR RS 29 R 5% R S Rl
REARWE.
31 RETE

SR [18, 92] 15398, AR Wit 185 &
B 3N 5 PR BRI AL S R AR R A 4N M,
P33 AT RS0 ) 438 R 248 TR TR TR e S AR o DL AR 2.

%2 AHEEEYRRNERT R AR TS

T Py ok
B B (FHIR)
B A B (FEO 37 S Btz v
IR ' it -
sy RGO RE PR m
L %ﬁ%ﬁ?ﬁ“ 1,24,36,45, 66]7 i E‘J}ﬁyﬁi
Wik ERE g sk &
%[] 1,22,27,29,67]
WS RBEASE BRI
SpESMALIS SEkaks R
ﬁj@%[ﬁ,ﬂ,ﬂ]’ $Z‘FWIFI|E %[72—73]7
TR T A AL [ T
BT TR Y A AR F% X

Wi B2 63 67.69J7 E=i %ZWJ’ )35 33
FEVRVLED, 4TSI A &Rk
LA‘Z»HE%([LSJA,26.46,62]7 W EX by

ﬁ%lﬂl %[761
BRI, BRI

O, R
DJZ%IE[M’ 80,82, 86] , Mﬁﬁ

{00, 75 wmaR

R H e

KT 2 )29 kil

T BEW R

e B gy : ;

GBI, A [24]7 RN ’ @E%—ﬁ[&],{ﬁ TA#

}:%Ei o ;T‘F;_‘EE %[26-27, 30,81, 88] %[82]

2 AT e

%[]3,34,4].42515(;:9,62,83.93] %%E}]ﬁj‘:‘/)ﬁ

s sy

e R L 8 i

%[24,?{?34. 40,48,73,75,83,93] Yz u,(J tt{ﬁﬂ 164]

2 B b T,

SN

R FIT S5 3R Y BBl 1) 5 e DA B A B A 3L 43R
(R R ARFE B 2 SR 1) R R OY, 3 2 i e SR AR
R RIS IS PR AR B Ah, I LS A AR s T Sk
FeA B, B R R 2 N 0-1 25 i, R B /R 2 5
2 NIE S A R [FI, B PRI R AL 2 5 M ) R
K230 Ik 22 5 e SR B SR 1, G DAY i liE iy
FEAb SIS S R IR R AR SR AL B A Sl
THE SR AL 1 5 A7 B0 % BAT B B ARRAE B IR S R
PR R D,
3.2 BFfrEH

AL RE SR [A) I 0 2 T T E AR E b bR By
9 H bR R BN 2 H bR e EO 2K, Bl 2508 SOk R
H b5 bR 503575 & 4 50 A1 IR 558 B A, SEILR i B KAk
A e /Mb). BARALFE R A% D — 2 B AR s o
N2 R 2205 H A, PR35 5 M0 38 5 240 B 4% 4 s . Sk
(67,951 LA 55 KAk > H b, ik i 4 PR 1) 2 249 7R 5%
P 2 3 55 50, ST (73, 96) 43 531 PA A e /NE AR
FE B KA H bR, B HE SR H A 200 — 2 B AR
b &5 H b S5 H bR R 25 08, 24500 F S H
Pk Ak, 5 25 B bR SR 15 21 S iR Bl AS 5% 6
(1) 5 H b 26 5, STk [52, 55, 97-99] K4 3 i b B HE i
AT T SAE IS B AR, SCHR (42,45, 61,72]
PURK 22 5 AR fe /ME R 5% H b, STk [83] BA %
AT % 2 A R F B T WA 2 18 A SR BR 8 E B, SCk
[100-101] LABURF X &35 G 2 55 1 51 /E R 855 H
7N

Z HAr R 2 1540 H AR 0 B2 il Bi@ it m A
WS a2 HAny 153 2, & A F) H Ax 535 sk %
ik AR E 3 ET . WIS B RS AR
IR F B, AN ST R (88, 102] [7] B 2% p& 42 5 Akt 45 B
. oo SCR [88] LAY &R Gt A AR B /N R4 H
b, Bl AL 2 e R AR AR 2R B /M vt & B
b, BLAb, B4y SCRRAE R 5F . IR a2 B bR i S itk
b B2 R A B AR, W SR (5104 £ R R 4 R oK
AN H bR —; SCHR (23, 82) %5 & KAk 2 % 7 75
SRAEN H b5 2 —; STk [80] 44 4%k B i &= AE 4 B Ax
Z—; SCHR [82] 5 1& T RIS E & H A%, TR [94] 44T
kS EL . PG SR 0 LR AR B S 1 R
LA =2 B B E B M E N B bR —.
33 AREH

AL RE SR () I R 28 P T AR (R 4 R 4
FEAFERERAR., EHAHRLHR. EHiHKY
W22 @ 8 O R AORIAR I AT FE 42 H bR 1)k
HO I . 44 HARSUR LR DL — kil 20 s A
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5 & K

%35 %

LR, BRI 3 s,

R3 AIREUEERRNER T R F R EARE Y
I LR A%AT
e it AT LI, IR SR A A RSP 2 A,

IE] q&ig@;ﬁ[ﬂ 47,81,98] , )“,:i%z?%Z/\JEEBOJOQSI

iﬁﬁﬁfﬁié’\]%[”js’shm'm’103], lﬁﬁfﬁ@,l&(ﬂ:

ﬁﬁl) B g 111 29.34.71.72.76.103] , R R ES

B A 11022631031 Sy i e o R T — AN E KT
24 RO 14354061 480 i A I — Y24 TR

Ak R B RSN L TR B Ak HE i 77 B SRR
6T, A BRI BRH RF R R

it s Ja 5% FR A SR, B A i R 240 R,
BEHAF ik RE A7 2R

VT%;}—‘ZE?"]H{[Z&ZQ 36,46,47,52] , ﬁ%%ﬁz@;ﬁmﬂ ,
FPRRUCBARY, BB ELR, B
B A R LA BB BRI R
B i ), AT BB AR,
5 B A T8 10

TR LA, AL, 8

B 25 L ) 2R, 5 e i
%[34-35.72 103] , %:)ﬁ M%&%%g/‘jﬁi[SOASJO,%] ,

S RO B2+

G B M (A8 ELS RO TR 7
ﬂﬁ@iﬁ?ﬁzﬂ l](] ?’(Jﬁim’ 30,59,70,71,73,81, 88,90,99, 106-108] ,
MG 85356 B J A R I R s,
AL SR TP 2 [ R AU (1 0
R AEAT IR E 107 R T 15 A 2
M), BB B 2R
P s BRI, P B R R 029
PR 00100 R BRI AT 124

%[31,50,65,67,71.75,8]. 109]

B LR

SR EAD N

g5 1R

BHR ALK

THER AV RN L IR, B (i C A
LB, TELLY IO 1247088 BR 2
*[24, 30-31,36-37,48,70,71,88] j;)_‘l, :H] é/\];EMSJ

IR BRU e P 2 k 2 BSCR T
FEEARL ALY, {5 B A H 2 S0

A, TE 22 Ji A A5 vh S0 AL 35 AN (8] S B 1
it TP 3 252 &) B 10:23.34.36.410 1 37 G FE) M) P A 1
AR AN A7 24 I8 1090 35 it S 114 ) A T K AR A
Jel B 22 /D — A it 0 240 TR0 R K] B P [ i
RO [T WA Bl B 24 58T DL R AE ) BTt AN
AR AT R, H e A TR A B 2 PR
34 H fth

MRS i =5 R R By BRAN[R], T 45 82000 [ 97 DX 24 12
THE AT A 43 Sy L AN 22 8] A S8, o R B AR Y
X R G RTIY B FE R F O AH S B R 2 AT X 28 AR,
B 2508 SRR K2 = 0 2 O R AR Y. %
TR 2 FE ST KRN B, B4 LA TS 2 L4
N, — MR 5 2 ~ 20 A JE BT 2 SR Y B 2 R g
I) )30 DX 2% 224 T i B3 PR3 AT IR IO, (] B 50 oA fe 75 3K
HEAT TN, G SCHR (417 BL 12 45 Dy ) iR PR A AT
SR PRI L R I 25, 25 18ORT P i AR SR R
PABEAE 5 9o B FE 3G, SCHR [82] LA 12> H N A A4

H A2y

HE AT RS LT R SR I I N 4%, B H B R [T
R TE N BRI S Y. 22 JE W AT FR 8300 11 P W 2%
BT ZTENILAMT B e fn 2 ok BB R e, A 5
AR, 5 2 AH R R A 2 P SR AE S5 468 W RT R AL T
U BeAh, DA BT R A 34 BSOS R 2 R S
TV ek 37 AT R SR 30 [ M3 0 % TR AR bl T AN [
at LA AN [ J& PR AR AN i b B v, BT 2 7
IEESSSSUNCIEY Mt aan: Btk =R/ 3 i DNy ) I 1 B'S
BR (7316 % 1H B 7 L3S 77 i 7 N AL By C =2, R 45
B 2 B AN A= b B A% B ISCB = AAS [ 2 R Ak
Qb R LA S5 1Y) 22 e 1, A NI E PR R 2 A
7% 2t PR A F10 T R SR 35 1) D X % P, SR (98155
JEPRARAS [ R R T H H 88 7= S L L 18
fi B A DA% IR 37 A B A A S5 7 T AR TR, Vi 22 JE A0
CIEsesudmLy/ATESS

4 AHEIE I

AN R VA ) W ) B R iR 2, IR BN
SR 22 T 5 S8 0 [ P D 0t R T B R R Y R
RN TR SR BT AN E AT R
AN E PR 2R 1R S AR R T ik ) PR R R

IR 230 ) ) Y % R TE T S i E R R
SRR 7 s IS 5 BEYRAL ™ il R R R A
A5 R R MR S HERD R R IH 7 (el
Yoo 55 B IR AL TR R 2 B 8 iR 2 BRI,
%ﬁ@4&%[65,74,81,87,106]\ Eq&$[30,37,91]\ }“Zéﬁlfr@ﬁﬁz
ARIOTT.83951 G RAL 7 i 7 SRR (A0 R A
ﬁ‘{)[ll, 13,23, 30, 37,45,68-69,74-75,95,110-111] % }ﬁig,ﬁl\*‘g%
DR 2B A 3 i AR 145 09 12 R TH 7 i A7 i B P
[ ST A7 i 022 73 950 L B0 i B A4 05 67730 g [l
AT RER AN A 10> 71 L i S e J AR 370 BT 7™ ity
HURADT | AR B Rk 25 R SRR R
BLAE R 7 i o7 B 145 65 101 | 3 F O L SEIR IS 5
it A B (RE U537 A0V S5 e A, 23 SCHRIE 5 RS T
T B XS B8 A 22 S0 2T ANl S

XFF AN W E )RR ok T B T R
gy Frtih 73101 i AL AN )0 73 881 155 2
i//t\‘[16’23’37’68’79’87]\ %%,ﬁt,{/tHSﬂS,llZ] %7‘5\22 :/H\:EPISE
B Kl 25 18 2 H i1 Wt 5 73 A1 52 O H R I O ik
Z ORI L 2 24 SR KU 8183 R R B e L
U 30-65, 881 15 S i AL AN ) 1) B LSRRG iZ R
F. B 73 2 3 4l 5 i Bk U5 2k, 3 e AR BE AL )
AR BB PR AR e A TR 5 A R AN Wl ) AL SRR
(691 )52 FH & e MO R 73 73 M T AR JlA 5 7 SR &
PRI ANiA R X 7 b P A {3 7 o 246 8 T A TR ) 5
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HaAE 5 TR S a4 W &350 1 5k RAS 2569

Wil ; STRR [109] 5 BCR FBEH HOMT BEATL R R 5K AN
SE T T B ES FL L PR A S DX 26 T IR T 2R
SCHR[110] % FE T 3 75 SR & AN RS &= DA & Bl Wi ™=
i JoT B PR AN P, A 22 H AR ATL R RIS Y, s H
18 503 ML SR SCHR 1951 @57 73 A AN E LAY
T 38 S B AR AR D g e P PR A1 80 o I 4 A 7
TRt 32 1 T I P 22 AN 7 12
5 RWTEMITIE

ARSI V) N 48 T IR AT . BREE R
2 Hbr, FNBEEZ E W, 2550, AetE. 354
P S5 IR 2% 38T N, B R AR I 30 S s 1 ok A oS SR
fifR D7 VAR T SE R ) SR AT RE SR R I ) 4% 15
THE T 2 B s e 3, H AR B bR ECh
BHAREZ B 0T 2 B ROk EZ2mid 4
— Hbr R EE . e 21372 (e-constraint method). Y
RE D04 B35 56 1% 28 ) REIK) SR T HL A8 45 CPLEX,
LINGO/LINDO. AMPL % 8 fF.
51 SBERRBKIESE

W g 2.3 45 FT R, 5 0 W 90K B B R e A
29 AR B TR Ak S A 2 g B bR ek B 1% 3K )
A E 2 ] LINGOM+55:67.72:73.98:991 - 1 INDOP?,|
CPLEX10-42,45.61.76,96,100, 113] ' TBM LogicNet Plus
7.171 Llama Soft Supply Chain Guru 8.0 Fico Xpress
Optimization solver!®!, CV X3 S {445 ZI K ff i, 55
K8 4% 592 (genetic algorithm,GA )% 501 iR B 43
fif 32 (2-PDAH)PO 55 5 R EVE AT M 4% et
52 ZBERKREKESE

1) 4i— H s 302

ZJ7TERK R B bR R B &S H RS R
Hod it — o TR G — B b R IR AE
N % B bR AR A IR RV ek G R R E bR
BRI Ak T v SR R B Ak 7 R B AL R
PEI3,16,42,57,65,71,74,77-78,103,107) e o ylo4 | 4
SR HEN VAR Lp-BE &AWL 2 HARBIOM L1k
1£16.24.5L.79.87. 1051 1 115 — k7 25 29 3R 7% (normalized
normal constraint method, NNCM)P?1 45, FH.ob nA fl
VR B 28 AR 2 P SR ) i 52 e K, (RN 5
PSR S 56 R IR A JE A DAAR 21396 2 1) Pareto e A0 fi#
BRI AU A, 1207 V%) R ™ 2 ) S sk 141, e i
EiEH T B AR R ECh B SR K A R M2 H
FRAAX TR R, AR S 1207 VR AR 2 8 B AR s8R
SOk AN T SRR RS A SR o R P 7 A AL
TE S % B AR AT e iE T H AR R 8, (H R H AR
AL R ECH A 5 E0 B € . Lp-F 8k Re g 4

B AR 22 PR B/ AR & E AR EE 1 E
PR, BRI LA E BE s & ek HE B B LS5
KB SE A R, RISE SR, BB SR, &
7 5, R AR TSR PO 1 2 R 5, % V2 aE
TR AR AR S B & BT, H— IR R L4 R
FiEE EA SR 2 B AR RS TATIE, 5 TR
E)or AT A RECRT A, LR Uy vk B R R SCik
(57143 B BRI ALY T2 A3 ) AL
IS e300 2 T RO B HE U X H bR 408
H ¥, 712 Fl CPLEX 12.4 3R fif; SCHik [104] LA REAS
B /NI b 1) g 3T A Pk B 8 A K B AR, 5 RS B
K H bR AR S, i A H ARRR DARE RS HARds 2 H
FREAL R B H B, 8 F LINGOS.0 SR fif; SCHR [25] K
B S BRHETBOM A 248 1) 34 B R 4 J5) i )
k9 8. H Fx, 3580 CPLEX %44 5K fife; SCiik (48132 H
Lp-F V20 S0 A | B HE TSR B &3 2 B 3 H
Ak Sy # B bR, 358 F CPLEX 12.6 3K fifé; SCHik [16] LA
FRAFNIREG 15 Y de /MR 2 B bR L& H
B BRI, IACRE RO 22 H bR A5 K g SCHR
[591 5K FH UE — 1 v 28 240 SRV 60, 5 AR RN 38 358 52 1)
(12 B briAC N B B AR, 9K F AMPL 8K fig

2) € ZJ 915 (e-constraint method).

EHENZA B g — N EAafE v EZEH
P, HoAth H b 45 8 BB AH 5 A S 20 R 462, R ad i
L2 A 1 ARAE Fe At H AR A 2 oK 22, 3 i 4 R
%2 B AR R B A 5 H bR R S % VR RS N
PRAE S — B AR 052 B, [ SOE 2 BT HoAth B A7,
{A15 2 B AR AR N R 2 B AR AL 7] & 1) Pareto 55 H
R, HAE GG 2 H AR EEE A 5 45 2, 5L H brla]
TR G AR WS AL A 1% 7 VE TV R v, R 1%
HEFEEAT 2NN EEREREAR. H
PR IR 5 T3 20016 2. BRI SCHER [116] BAF
TR N E B AR, LG gk, 77 i S 6 5 R HE
i 22 B8 H bR oL R 4644, il i CPLEX12.7.1.0 3R fi#; ¢
Wk [69, 112] DL BAS /A H AR, ¥ BB br
VBN LIS I e Ho/ T8 T PR e 1 RE, i2
CPLEX #5044 3R g, SCHiR [65] XsF Eb A FH i AR 72 A 4
ke LY RE R R 2 B AR BREL 45 R R Ik e 297
TRAE AR BRI SCRC AR 7 THT 58 A R0 T IR 5 i B
I 7] B

3) BRI,

% BRI AT M, Be W — kB AT K
132 /> Pareto 5 fIC fife, HLXT BT 3K 7] @ ) Pareto 4 TH
TR RN B4 42 vk S 5 R0 3% 05 9k AT DA B 4 R
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5 xR

%35 %

£8 I A Wt 5 BT Pareto R Y, AU &, —IRAI A2
A Pareto $5 Mo fif B RT AT A, (H 49 2 B AL M 5, AH %
29 W Sk B R, IS T BRI AR A TR 3R
] 3. L AA L 45 NSGA-ITP7-38.68.861 - % | Frokii 1 Ff
%% (multi-objective particle swarm optimization,
MOPSOQ)137-46:53-54911 - % | b a7 [H 52 4 525 (multi-
objective
MOICA)“6- 700 VR & 1410 IR K B3 (hybrid simulated
annealing, HSA)!'161, W] A5 4[5k $8 2% 51 (variable
neighborhood search algorithm, VNS)70, i #5572k
(ant clony optimization, ACO)**94 | Zx AR FH 45 M 5
17 (forest data structure algorithm, FDSA)®3, fi%+ &
#7% (cuckoo optimization algorithm, COA)“6! . i 25 7
2R 53k (virus colony search, VCS)PY, Keshtel 7%
(Keshtel algorithm, KA)B0 25, BLAG #F 7048 4 4% 2 Fp
SREVFONT B A F BAAIE W P 6 o BV I A0 . SO
[30] LA RRAS . B A AT RS A B AR, 25 & 18
I VCS MUK A SIER g, 71K A VNS Rl GA A AT
g5 R0 B, deJm 29 T VE BEAT /N IR 6 AIE; 3C
Bk [46] LG BAS . P 5T 5 Wi M4 2 RN Dy H Fr A 2
x4 ZERERBKELESTIA
PR it SCHR

LINGO!!365.74.103.107]
CPLEX!!6-42.57.71.75.78]
GLPK"™"

imperialist competitive algorithm,

LGRS

Telrik LINGO!™!
Y EHIIR

Lp-¥ &

CPLEX™!

CPLEX™

LINGO[SI ,79.87,105]
GAMS™
CPLEX!®!

% H AL (L Sk

2! 5 N 9- 2,
CPLEX[ 2,30,41,58,75,82,109-110, 112, 116]

GAMS!"
G A[23, 89]
Vst
GLPK!"

e AIRGE

NSGA_H[37-38, 68,86]
MOPSO[37. 53-54,91]
HAS!!7

IC A[%, 70]

VNS

ACO[AQ. 94]
FDSA!®!

COAM!
VCS+KAPY

EZEL7StiARACAPS

LINGO /LINDO[ZT 80-81]
CPLEX®
GAMS™

H Ak

LHATE LINGO!72
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% Rk

AMPLP

LINGO'*!

MILP #5884 3% F A 45 & SR A, IR i % vk
MOPSO 1 MOICA 5. 75 #H [ JR 858 1 32E 47 % L, &5
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Pareto i fIt fif, SR 280% an, (H Bl g 78 T 75 B o o
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TR I A B (A, (E TR B EESR s Uk 5 55
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(AR, TE V515 3 SE B AR AR A, 3 F A v v 4
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5E 8 FH BRAT A, A /D ORI 738 e A4 5@ T AN R
97 FH 37 S P 308 P A 2 At 308 1) A2 97 D 4% 8 1 ) 3
P I 8L, 3 AT 5 459 DA B S S A8 s AR AR 0
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AT SR E L B o R R S I 4 BT
s SRIF FU I B AE 58 S HUE, LI 2 T R IE
BRI BF 7 32 B T R TH R T L A
7= i (WEEE) $1JRVR 45 JAH 567 il 3 i [ 44 )2 77
PIR 7= VR 25 7 2R 0. TR I S Ak (R =K,
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BAFL . EmE, AEERMHE X (& LHH)
AEE. mEREILEEZK. A . EBE.
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