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Research on Location Model of Remanufacturing Reverse Logistics Network under Uncertain
Environment with EVM

MAO Hai-jun, JI Xing-zhao

(College of Transportation, Southeast University, Nanjing 210096)
Abstract: In the remanufacturing reverse logistics network, the quantity and quality of recycled products, and requirement of
the “new” remanufactured products, are uncertain. According to theory of uncertain program, and base on the analysis of the
construction of remanufacturing reverse logistics network, EVM (Expected value Programming) for the remanufacturing
reverse logistics network was presented by treating the quantity and quality of recycled products and requirement of the “new”
remanufactured products as stochastic parameters. And the solution scheme was pursued by the hybrid intelligence algorithm
(genetic algorithm combined with stochastic simulation technique) as well. In the end, the effectiveness and adaptation were
demonstrated by a case.
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Fig.1 Chart of network frame

I e e oo A RIS T 3 LK TH 7 B T W)
WATHBRATE VR R RS, REHPEXK
BR H™ s B PR on s g b ORIz R
BRI ST IR, NS A ERAE AT R A
WA, FIWT R AT AR, AR HMES
FERR O HEATTC I Y AL BE, TR R i
IAF PRSI R ARG T
IX L8 [ BRy A B W K HA 38 2 S0 A AT 28 P P
PRAS, A 5 R e, SRR A A
X RYIRLIA R T -

12 #&ERKR

(1) X AR i 2 IR DL P
T YL B A, A B B L) RIWE
HA T FHRERFRBEFE N, &
B A o

(2) i3 BE WY 4 2 B ALE S B ok
RKoafe, gumty (Bt e

£, HEICER RS TR AR, Horh 7
SRR TPl iy 2 7 5

(3) F%Ls R EI - R FERE B
IR EIR, A RERE L FEE ; R
B Ly S FRIE L) Ea s
DR, HHEE. MEAHE, HRESATE
% VS B N T b s mlcbG SRR
O FFRIE TS B0 s 9 4 45 S IR I
B R BRI AL, HR AR JE1E L
FEISL, A5 B E B A 2 P25 5 LT FEAR 5
A RAE J S b i i 1k 1) i 5

(4) e Prfebons FRIEL S HoH
H O B F S A ARl BB T AR KA AT IR, I
SR TR — B B 5 8 ok A S0 0 A 2 A7 S B A 490 1l
Bk

(5) AHIEPEAFIRME JBH SR By, R SE
A 2 T e k- A0 R L. R R A A B
A% 8 % R LI TR, 28 A R) — M B ) 4 25
KNSR -

(6) EZEZIBEHEMRA 85 R AEY LA
BRI BAGE, (8 M 458 BUEE A S o

1.3 HFRE
(1) EEZH
W Term ={1,2,3,..t,....,T}
[\l /8N . Market ={1,2,3,..m,...,M}
WY 2% 4h m
Point ={1,2,3,..n,...,N} 1,J,K,L c Point
| :{al,az,...,ai,...,a(,N)}, J :{bl,bz,...,bj,...,b(JN)}
K ={c,,Cpyce0sCyc sy c(KN)}, L :{dl,dz,...,d,,...,d(LN)}
FopEeho . eI FHE K,
T 2> 44 L LI Tk 4
FNN,, %75 A I 46 45 55 n, B4 5 n, 1032 4 g %
FMN,, R AT 3 m 8045 05 n (138 5 9 R
AP %: Cl;. CJy. CKy. CL,
A : BRI, BRI, BRK,. BRL,
KM LA BWI BWI BWK,. BWL,
R PEA7 B MAXT ;e MAXJ o MAXK o
fENLBE J): Ely EJyw EKye EL

2) BIHLE B
e & ORIt Pl /25 m
F AL T B L7 o it
PL,PJ,, PR, 3 PO B FDi, 7R
L. TR T K R BB Sk
() Ak

MAXL,+



132 S E =T I 2006 4¢

X oA P9 N TET 0 1T d m B R R i 2
RO I I N T QU A VN T SR 1 I
VAL RN T (L RV E LA SN R S e (5
S Wt N B DT KB AT R0 I 8
W Bt A B A R R0 LD 2R T b mit A

JEAF A Rt =0 I kW)W E T

Gl Gl GKyv GL, & 7% JA Mt K i [\ i oo
e oL g BB IE D) ke F AR R I E A R
Mok AR R B PR XSS N AL wW A0

Rly RIyw RK v RLE R Bty [l

£/ e A IO 15 S A SN A o RO [ 7 = iy

(4) BAreR%

Min[ E[cQ+ fO+b0. &y, & PL. PIy, PR, |]

(5) Zisstt

E [ILEZN‘,I(RL” xW, )= &, _} -0

[ ™

Z (Rlnx Xm')*R|”><E|":|SO

m

L m-1
[RI“xGI"—RI‘IXMAXI“]SO

m

r M
RInXPIu Xz Xmu +Rln X P[u XGI([ i~
E m -0
RI, x P1,x 61, — RI, x 3% (RY, x,
j=1

m

B IN
:RJH. XE(R" xY, )= RJ, x EJH.] <0
[RI;xGJ, ~RI;xMAXJ, <0

m

IN
RI x PTyx D (Rl x Y, )+ RI x PT x G,
i=1

E i =0

KN
~RJ, x PJyxGJ, —RJI, x> (RK, xZ,)
k=1

m

r N
RK, x ¥ (RJ; xZ, )-RK, x EK[k}g 0

L j=1

[RK, xGK, —RK, x MAXK, ]<0

m

IN
RK,, x P, x 3" (RI; x Z,, )+ RK, x PR, x GK ),
j=1

LN
~RK, x PK, xGK, —RK, x> (RL, xS,,)

1=1

KN

E [RL“ x> (RK, xS, )-RL, x EL“} <0
k=1

E[RL,xGL,-RL,x MAXL,]<0

KN
RLtI Xz (RKtk X Stkl)+ RLtI ><GL(|-1)| -
E k=1 ) -0
RL,xGL, -RL, x > W,

m=1

X Yo Zyo S W
Gly Gl GK, GL, 20

Rl, RJ, RK, RL, e{0,1}
te{,2,3,T}, ne{l,2,3-,N},
i€{L,2,3,IN}, je{1,2,3,-,IN}
kef{l,2,3-,KN}, 1e{1,2,3--,LN},
me {123, ,M}

[ tim?

@%m$w=i§§uﬁm+i§§my

o tij

t=1i=1 m=1 t=1 j=1i=1
T KN N T LN KN
+¥35CK,Z, + 325 CLS,
t=1k=1 j=1 t=11=1k=1
N TINM T NN
BN 0=X2X Fmn,, X, +2XX% ana.b.Ylij +
t=1i=1m=1 ! t=1 j=li=1 "l
T KN N T LN KN T M LN
z z z anh C, qu +zz z anc d Stkl + z z z anmd Vthm
t=1k=1 j=1 i t=11=1k=1 k-l t=1m=11-1 !

AR v fix() FR 0 a A
b() =
zBmxﬁmmh4mmuya+ismwdmm%-mm+nm)

= =

+3 BRK, x fix((RK, -RK,3, +1)/2) + > BRL, x fix((RL, -RLy +1/2)

i=1

IN JIN
-> " BWI,, x fix((Rl, - Rl ; -1)/2)- " BWI, x fix((RI; -RI,,; -1)/2)
j=1

‘%BWK& x fix((RKy - RK _1)/2)_§BWLN x fix((RL -RLy -1)/2)

2 REEREEZTRES

A 305 1) 9 A 4 R T S e 2 I g k- 3R
W, PR ORAEE AR A : hEHSRE R B
BB FE A IR LSRR o PR R ANIE 2 B
NSRS, TR

[(marrnes | [ amenssn | [ REmnsusH |

[(wwmo wwmari [ wman | [Eecensm |
|

B2 HEPR
Fig.2 Calculation steps
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Table.1 Parameter of transport costs. Random reuse/
requirement expectation

3% Fmn (Fnn) t/50

e (1) & (b

MR WM g N Bl =1 =2 =1 t=2
MR 2000) 90 120 140 200 300 340 260 300
WM 90 13(0) 30 60 115 240 280 200 230
Fg 120 30 13(0) 33 90 240 270 210 240
M 140 60 33 13(0) 65 270 290 240 260
ki 200 115 90 65 30(0) 360 450 340 400
#M 65 65 105 125 205 250 260 210 230
Byr 55 55 75 105 185 220 180 190 210
¥ 1000 38 43 75 140 200 190 180 190
JLRf 150 30 28 55 130 230 260 200 210
JkZk¥ 160 68 35 58 100 210 270 210 220
Rl 165 8 55 28 35 200 280 240 260
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Table 2 Parameter of remanufacturing network of convers bargain

I T T AT R
gk Ak R HEFRE C (TTit)
Mg 1 1 1 1 40 45 55 40
wMOO1 1 1 30 4 30
T8 1 1 30 30
M1 1 1 35 40 35
ki 1 1 1 50 60 70 45
i BRERFE MAX (1) RMEA BW (J578)
WiZx 60 55 75 70 066 40 4000 0.68
%M 50 50 0 60 049 30 05
4 50 0 0 7 05 058
%M 60 55 0 60 055 40 055
k# 50 50 75 60 077 50 7000 0.7
WEFERET) E (1) A BR (J578)
WiZe 1000 2000 3500 1100 2 80 6000 3
M 950 2000 900 15 70 2
FE4 900 950 1.6 25
M 950 2000 900 18 70 2.8
#1100 2000 4000 1200 25 90 9000 4
i Pl (%) PJ (%) PK (%)
o=l t=2 t=1 t=2 t=1  t=2
W 91 88 66 71 108 115 F:I‘PEJ
WH 89 83 67 78 R
BH 92 ol Tt
WM 93 89 74 68 G
k# 8 83 71 66 105 112
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Fig.3 Network model of cycle t=1
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Fig.4 Network model of cycle t=2
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