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Abstract: By using the methods of equilibrium theory and variational inequality, a multi-tiers competitive closed-loop supply
chain network equilibrium model with random demands is proposed. Based on this model, a mathematical program with
equilibrium constraints for the location model of facility competition is developed. The equilibrium model is used to capture
the change of equilibrium state for the network resulting from the entering facilities, and incorporate the effect of changes
directly into the location decision model. According to the characteristic of the model, a solution method of integrating the
genetic algorithm and the modified projection method is built to solve the problem. Finally, numerical examples are solved
and analyzed by using the proposed model and algorithm, the station of competitive developing trends for the network, and
the location decision for the entering facilites and the manufacturing and operation decision are obtained.
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her(U)ien2(V)
S AN @)+ Q)+ Y [edai)+

hel(U) i€e(V)

i +b > ak = >0 { Y )+
)

i€R(V) i€0(V) he d(U
R+ D el (al) + (g + N @Y+
JEV
fz-R(QQ)} - Y wTR, - Y ViIT
her(U) i€o(Vv)
(32)
H+G
sty Un=K, (33)
h=H+1
I+S
Y Vvi=Ww, (34)
i=I+1
X (22), he (U), i € 2(V), (35)
Up, Vi =08 1. (36)

o 58 (32) R kA S A, X (33) i/ o

A R W [ AL B T RS 2 A SRR AR T
PSR ), IR AR 1A 1] S A e it A
BRI L R, ASSCOA T SR A 1l £ o
Yl 1) J, N FH Korpelevich 32 H (116 11 $52 Syk0k
SR A 34 1 1) 7L (35), RUSKRARAE L € ®(U),i € 2(V) %
N R (22), FRAE L IEA b, N 15t AL SV A R v
i DAL RIS

1B IE R LRI B A (22), HEsEan

Step 1: #lUHth. WEIERIRE M = 1, LK 5
0 < & < 1/L(L M Lipschitz % %0, ¢ > 0, ¥I4H 14
XV ¢ A°.

Step2: JILL T HIAE 43 A4 3 bl e X
(XM +sp(xXM-1) - xM-1T x XMy >0,
VX e A°.

Step 3: I FHIAE 43 Ak il B i XM
(XM 4+ sp(XMy - xM-HT x _ xM) >,

VX e A°.

Step4: #7 max | XM — XM=1 ¢, ME 11535,
0], A M = M + 1, iR [A] Step 2.

ISR b, R IE B LS AL FE AR 45
A PR A R SR AR B 56 Fr i MY HAAP SR
~:

Step 1: ¥l4afb. EACH S gen = 1, WHEH K
BAEARE Maxgen. 1 ST S, AL M EN G
+ SAL, B G AR s RS A E A E ), )5S
P TR AT N B/ I b0, i I REALAE {0, 1}
kI, H %185 (33) il (34) BB, ) B 41 5 Pop._
size MY AR WILAFIEE.

Step 2: X TR B AR, FIE EH R EHE
PR A TR R S AL ) s AT A b, AR B SR 1S 1
iR E A G AR H bR ek BUE, ARG H AR E
K R 72 49 2 WIHEY J7 b 525 Gt R 113 Y

Step 3: X YLt R BEAT AL AE. PE: 5L
W S PR RIARE. A2 o SR g A8 SRS, g e
Hh L E AR BENLEC XS, SR 5 BEALIE R —SE AL AE K
A8 S, M8 AT O L 480 A8 A 1 508 4 1 G
A, (R I ASIG RE A S AR T AT 1, B 20 A B2 21 1) PR
. A B ATAT I, 0D e AR L ALAR A5 TR B e rp
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M B FAVE KT ) IR R 4% W

Y4iR 3657 Fr ik AEAR R AR R 1559

AT, FORTREATAS AR, H B BN A 0TI S
ARERAG IR i 52 RHCA 1. AR R SR AR S,
(78 S BRI P — A G R AR R SAR, BATLIE PR PN
SERTEATAR SR AE, TR 2 HE G AR [ a] 47 PR .

Step4: T K Step 2 Al Step 3 4 45 & M IR K 4L,
MR HH I 85 A R ARt I 0 77 i A 77 L R
SR IRIIAAT Sy it B AT S A s A A fy dee pR 1L
4 HEI5H

B G SX E A 3EN I AR 0 4 R R A T B
VLR AR BB R AY (22), J3 1T 117 3% J5 A P 43 1 % Y
2 A ) IR S TR P SRR R G Th
Y W] 7= AT Sy 1t A Dy A IR B IR . Ak A
il b, % R8I AL BE N % T 7, FIRIR A 8TR
fif 126 kALY (32)~(36), F3 BT i 2k A bk N\ JE 6 IR AT
Hé%ﬂ@ﬂi:*m%n DR e 76 55 4 vh e S e AR AT

SR

LB A 3N 117 37 I () A1 A (45 S ) 4% 45 )
5 2 NG/ ), 2 AN AR R L, 10 4N
A /[P B AR R IR 5 SR 113, 4% A R 5

@) = 2(qy V)% + WP

1@ = (02 at) + 5k

chi(ani) = (h+0)"2(ah})?, Vh,i;
ey (a) =2(g)?, Vi, j;
clh(afh) = (h+0)73(gf})?, Vh,i;
Cﬁ(‘]‘i) = 2~5(jS) , Vh,i;

£ —ooz(zqhz) Vi

fj Q3 :3Zqz‘j7vj§
7@ =001( Y dh)" vi
h
") =2Zqﬁf, vj;

HRAZ T WA R % Waﬁ%@%ﬁj T (Q*) = 0.6¢%, b =
L3 =06 a=030 =07 =1V &hHL#HRK
d;(p}) BRI 53435 [0, b5/ p71, by = 500, V5.
A TR 4% AN N I e N T 7 | D R e '8 2

FVEGn S T Matlab (N H R, 26K 6 = 0.01, ¢ =
10%. 7321 (1) X 4 )l &8 Ay

qNEW* =7. 44 qNEW* =7. 06

gV =6.16, iy = 5.53, ¢ = 5.81, ¢by" = 5.42;

qitr = 3.39, ¢&% = 3.70, ¢ftr = 3.40, ¢&% = 3.55;

qry" =1.20, ¢35 = 1.10, Vj;

g =068, g5 =0.73,
pN* =108.58, pi™* = 0.84, Vjj

PN = 46.27, phot = 46.71, Vh;

Pl =6.37, pit* = 6.62, Vh;

pi* =51.53, pitt =2.84, Vi, j.

A — A KRB N Z T3, Bkl Ae S A
A IR R 3 AN AU T T, AE S AN I b ik
FE 3N M S S BN . R B 1) A
BRI AN, 4 2% 1 TR it 1) RRAS 45 4 55 T SCAR ). % 4%
& T M AR HE R b 3~7, BIAR N A s 50 b =

T, B AT AT B O R UHE S 3~7, B
FIN A g $erb i = 3,4, -, 7, HALS B AR, ¥OF
iﬁ{f\\ll/f%ﬁﬂﬁﬁLﬁ%JL/ﬁ%JLIFE@liﬁkﬁi
43510k 20, 30, 35, 20 Fl 15, 1 £ 3% My 3% 5% 8 7 4y
B/ R PR R S AR 730 A 16, 10, 12, 10 T 8. Z
H AT Matlab R G B35 R P, B 24005k & 1
T R A 80, EALARELH 25, &E X F K 0.8, AL
SEHRAO0.1, B K S = 0.01, e = 10%. 755 W 45 34 i 45
RN

NEW

g = 1.40, Vj;

q

q4NEW* = 4.53, qNEW* 4.47;

Q1 :

gt =194, q15" = 1.76, qi5" = 1.55, ¢fy" = 1.43,
g =139, )" = 1.80, ¢hy* = 1.69, ¢35 = 1.54,
g =144, oN* =141, ¢ =1.71, ¢} = 1.64,
g% =153, ¢}y = 1.44, ¢ll* = 141, ¢}* = 1.55,
gl = 1.53, ¢l = 1.47, ¢l = 1.43, ¢} = 1.40,
gV =152, ¢ = 1.50, ¢l = 1.46,

@ = 1.42, b = 1.40;

Qz :

g = 0.87, it = 0.95, ¢B = 1.05, ¢ = 1.12,
gt =115, gf5 = 0.91, g55 = 0.96, iy = 1.02,
aiy =1.07, ¢f5 =1.08, ¢ff =0.94, ¢35 = 0.96,
gi =1.00, ¢ff =1.02, ¢fy = 1.03, ¢ff = 0.98,
@ =0.96, ¢f =0.95, ¢/t = 0.94, ¢fr =0.94,
gt = 0.98, ¢l =0.96, ¢4t = 0.93,

i =0.92, ¢f¥ =0.91;

Qs :

ary" = 0.85, ¢p" = 0.81, ¢3" = 0.76,

ap" =072, g3 = 0.70, Vj;
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Q4 :

gl =047, ¢ =048, ¢ = 0.50,
gl =051, ¢t = 0.51, Vj;

g™ g =246, Vj;

p1: p)* =65.03, Vj;

p2: pf‘* = 1.48, Vj;

Phi :

PN = 25.86, pt = 26.03, pl*=26.28, p*=26.45,
P =26.52, p* = 25.86, pd'=26.03, p*=26.28,
phyt = 26.45, phl* = 26.52, pi*=25.86, p*=26.03,
pay = 26.28, piF = 26.45, pi*=26.52, pi)*=25.23,
phyt = 25.47, pit* = 26.28, pi=26.45, pil*=26.52,
po* = 25.30, pt = 25.53, plh = 26.28,

phy = 26.45, pil* = 26.52;

pif -

Pl =591, pit* = 5.97, pi* = 6.05,

pi* =6.11, pfi* = 6.13, Vh;

piy ¢ Pyt =29.60, Vi, j;

D PR =348, Vi, j.

X E 3 AR T i ) S8 25 SR 4 A T

1) KB AV 3E N T 5 4 28] PR ASE 28 4 SRk A T 3 P
73 2587 A BN HT S 58 40 =877 AR 7 R T
CESHE 77 it AR ™ ) 2B 7 S B A% (]
WA RIS AR A A B, 25 SR e 1 i,

F1 AN TR FHEXEFFIRIRARME

R
Pji

Wyt o5 BAMEHEART BN
B i T 1 7.44 4.99
e T2 7.06 4.85
oy Tﬁ 1 11.69 8.07
T 2 11.23 7.88
[EIllla=s [Flf g vy 1.41 247
TS FAER Vg 108.58 65.03
(Elgiigs EIl =V A7 0.84 1.48
T/ 239.24 83.61
TJ 2 228.47 80.90
i Sras/EIcrbe 1 43.50 23.44
S3E/RIR L 2 40.08 22.04
FAEF /S 5, V) 60.80 60.24

13 1] %, 55087 Al Bk T LA, B A b i
AN 58 4 BOR BB AL, th T 3a 4152, hidy b
JSUA AN )RR R 7 A Y
A, Bk Bt SR I fhas i, 3 2804
T A 85 SR T 77 i B A A% W 2 BRI, 5 I N5

KT EOL 7= S A A7 B ks i, [RDfic s34 K.

2) b A bk N i 1 0 I B 5 Rk — D]
SRAT I 2 % i R ) AR AR DL, ISR 1 BT,
FUATH, A REN, B Ak 5 5 e
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MEpSRTEAC LN

3) 9 Al 1) A7 T RS S B AR 1O A AR DG 4R 4R
FrA R B b B 3, 6 Al 7 5 & v b ki T 57
TR/ T R 4, 6 F1 7 5 4% 0k ki T 434 /1]
WerF oty 3N TP A I 7 AR R 4 ) A 2.98,
2.85 F12.83; ;= il A2 77 ik 55t 43 il o4 7.73, 7.38 F17.30;
3T RN 43 53 2 78.86, 72.66 F171.76; 344
BRI o R R 4300 R 18.93, 17.96 1 17.58.
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