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A Grey Linear Bilevel Programming Problem with
Multiple Independent Followers and Its Algorithm
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Abstract: Based on the linear bilevel programming problem with multiple independent followers and the
characteristic of grey system, a grey linear bilevel programming problem with multiple independent followers
(GLBMIF) was put forward, and its model was given. We showed that the drifting grey linear bilevel
programming problem with multiple independent followers ( GLBMIF (6)) is equivalent to the drifting grey
linear bilevel programming problem. An algorithm based on simplex method was developed to solve the
GLBMIF (6). A numerical example shows that the proposed algorithm is feasible and effective.
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min cx + Zdlyi,
15T YE =

K (1)
s.t. Ax + ZB,;y,; < b,
o

Hri, y. (i=1,2,- K) KAt

min v;x + w;y,;,
Yi

s.t. Qx + Dy, <b,,
ZH x e ROJE FJRRAREAS R y, e R (i=1,2, - ,K) & N2 i DB REZRRE, c,0, e R,
d.,w,eR", byeR™, b,eR", Ac R"™"™ B e R"™" ( eR"™™ D eR"™, i=1,2,-,K HNITH,
a2 BE N 2 LRI R R T 0 o LBMIF [R]85,
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EX1 %%S = {<x,y1,""yk> ‘Ax"‘ ZBiyi = bo’ Qix +Diyi = bi9 i = 1’2,""K} %y‘jLBMIF
=1

(A1 2 .
ASC B S Al B
B2 XMTHEN v, Bh Si(v) =y | Dy <b, - Q| BN i MHEAAPTATER.
BX3 A SX) = (x| (), Av+ Y By, < by, Qa + Dy < by i = 1,2, KR

RYTRAEE S T8 RS A B 3.
EX4 XFreSX), EBEP,(x) = arg myi.n{v,,x +wy; |y, e S.(x) | FRAE i DB G B

i

ASBREX T L2 MITA ISR, A T2EA A =, B P (x) (i=1,2,--,K)dE
z5. k20 i TARIE LBMIF [RIRBERRAE KA, BIX P, (x) (i =1,2, -+, K) A5 S i dpt.

XS5 A IR={(x,y,5) | (x,5,,7) €S, y,eP(x), i=1,2, K| A LJRR Y
AT

g TARAIE LBMIF [RIER (IAFAE , BB IR, JEZS. SR LBMIF [ f— i S0 22 B — 2 Ze M )
[ RILG A hy AT BT DA A — i — 2 2R LRI ) A8, B3¢ B n] LIGIE B #E AR RIS O PSS R BSR4, AR
Je XS REAR I 0 — M — 2 SRR ) A TR g, B RT3 LBMIF 7] 251 i

2 REBEZHEMN_ZEZ&MENKX 63
2.1 HBE5EX
EX 6 HQ@QNIKSELE, WK ZHE N JZ LR R ( GLBMIF) BUBUA AR n] 2R K

Hﬂnln‘[sc<®)x + Zl,d,;(@)y,:,
e - )
s.t. A(®)x + Z;R-(@)yi < by (®),
/E\:EFII yi(izlszs“.’[{)sj‘z%
m&nvl(®)x +w,(®)y;,

s.t. Q(®)x +D(®)y, < b,(®),
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XH xe ROE PR y. e R (i=1,2, - K) = F2%E i MRBEHRESE,; «(®) =
(e (®),6(®), ¢, (®)), d(®) = (d) (®),d, (®),,d, (®)), A(®) = (a, (®)) >
B.(®) = (b;(®)) s by (®) = (B (®),b5(®), by (®)), 1,(®) = (1, (®), 1 (®), -,
,, (®)), w,(®) = (0, (®) ,w,(®),,w, (®)), Q,(®) =(¢,(®)) > Di(®) =(d;(®)),,,
b,(®) = (b1 (®),b5(®), b, (®)), (®) ele,,c], d(®) eld,d], a,(®)ela,,a,l,
bp(®) € [by,by], b)(®) e [b7,6], v,(®) € [v),5,], w(®) e lwjw], ¢,(®) elqy.qg,],
di(®) eld;,d;], b.(®)elb,,b];i=1,2, K, p=1,2,,ny, j=1,2,,n, [=1,2, mg,
s=1,2,-,m,.

T R 2 1 GLBMIF 1) LAY AH G X

EXT %4

Se = { (e ) [A(@)+ R BA®)y, <

b(®), Q(@)x + D(®)y, < b(®), i =12, K|

PR GLBMIF [ {5 fity £ ok 4.

A B S, FAEss B

EX 8 WAEM 2, S (x) =1y, [D(®)y,<b(®) - 0,(@)x} B i IMHENF AT,

EX9 HEH
Se(X) = {x| 3y, y0)» AR + Z&(@M < by, Qx +D(®)y, < b,(®), i = 1,2, ,K}
PR HAE S, 18 LR Yeses 1] v 4 .

EX10 KT xeSq(X), Hh Py (x) =arg min|v,(®@)x +w,(@)y, |y, € S5 (x) WA i DRI
fy £ T I o .

ARV T2 E A PR, B TR A C MYk 2sil, B Py (x) (i=1,2, K) 3k
5. b, N TRIE GLBMIF [ASSBRAE R A, IR Py (x) (i =1,2, -, K) Jo S5 A B,

EX 11 %/ﬁ\ IRG = % (x’yl ""JK) ‘ (x’yl""YK) ES(;’ Y EP(;{(x) , i:1,2,"',K€ﬁ<ﬂﬂi}%l‘ﬂEﬂi
LIEsE %

T ARIE GLBMIF [alfSii (A7 7E , % IR, AEZS. T, [I(2) n] IZEMr kN

K
min (@) + > d(®)y.,

sit. (x,y,,,y¢) € IR,.
EX12 Wo,,8,a,,B,,8,7,,m,A, m,,& € [0,1 ] BRI AL REL, LIRS HI AR E 5y
2k
G (®) =¢,+0,(¢c,—¢,), d(®) =d;+¢&(d-d}), a,(®) =a, +a,(a,-a,),
B(®) = by + BBy~ b)), (@) = bY 4 8B~ b)), H(®) = v}, - ),
w(®) =w; +m(w; —w)),  ¢,(®) =q,, +21,(q, -q¢,),
dy(®) = dy +pu,(dy—dy),  B(®) = b, +£(b -b)),
Hp, =12, Ky p=1,2,,ng57=1,2,+,n,3 [=1,2, my; s=1,2,-,m,.
DA 2 A i)

min &(@)x + 3 d(®)y.,
e (3)
s L A(®)x + ;Bx@)m < b(®),
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min 5, (®)x +i0,(®)7,,

st 0(®)x +D(®)y, < b(®),
()3 (3) FR>M GLBMIF A4 5E {57 B K.
EX13 WWVi=1,2,,K;p=1,2,ng;j=1,2,,n;31=12 - my Ms=1,2,m, H
o,=0, &=¢, o =a, B, =B, 6,=06, v, =7,
mo=m, A, =A, p;=p, & =¢,
DA B E DL RLRIFR A (o, e 08,8,y 1, Ay, &) ENERRI R, AR 57 kg — i At Sr Z2 Bl A — 2 4R PR A0
R, 12 LBMIF (o, &, a,B8,8,y,m,A,;, &), HAREILH S, (a,B,8,A,u,&), AIFTHIC N
IR, (a,B,8,7,m,A,1,8).
2.2 EBBKESHENZZEEMEMR EE
2.2.1 EA#A
EX14 HBo=c=a=B=8=y=n=A=uw=£=0, WIXN R EN LRI GLBMIF B9 0 B9 E 1
KT, 128 LBMIF(0) , FROMIERS B (0,22 i N — )22 MR TR) . HASE A AT R0y

min (@) + 3 (@),
1) K,,=1 (4)
st A(®)x + Y Bu(@)y: < bu(®),

Hy, (i=1,2,,K) R
min v,y (@)« + 1w, (@),

s. t. Q:’,H(@)x + Dm(®)yrﬁ = biﬂ(®) , 0sfs<L
A H LY FAE R AT C 0 S, (0) A IR () , Se,(X) FRWLITHAE S, (0) 76 L J2Pesk 2 [l s i #3 5%.
RAUE LBMIF (0) A i, % S, (0) MAEZ B, YaeS,(X); FNIEFMBHAE PN Py, (x)
(i=1,2,,K)Ezs, HOmxtsmesd. T=&, [FE4) i Ras i ek A ) .

K
min ¢, (®)x + D dy(®)y,,
X157 YK i=1

s.t. (x,y,,,yx) € IR.(6), 0<60<]1.
2.2.2 LBMIF(O) 8245 A 5 KA A % 8T —JZ R )t

. Jlrl-iflmcg(®)x + zd,g(®)yr’
o (5)

st A, (®)x + ZBi(,(@))yi < by (®),
E*‘(?’laﬁs"'a%ﬁsﬁ%
min Z(Wa(@)x +wm(®)yrﬁ)s

st Q(®)x+D,(R)y, <b,(®R), i=1,2,-- K, 0<6=<1.
ICIZAEUN LBP(0) , HAREIC N S, (0), W S.(0) =S.(0). X THEMN «x, £45
Se(x) = 1 (51,5 Dy (®)y, < b, (®) - 0y(®)x, i = 1,2, K|
RN R IR AT AT, B Py, (x) 3R T 2R & B 0 4 B

Pale) = d)lrlg@}\n{ Z (05 (@) x +w,y (D) y,) | (y,,,54) € S(;,,(x) }

B IR, (0) e/ LBP(0) iy 4788, B
]Rc<0> = %('x’yl’”"yl() ‘ (x,y. ,""yk) € S(;(e) s <9’1"",y1<> € Pca(x> f.
D[RR (5) AT LASEH H 2o S T AR A) & (12 ok BRI .
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K
‘min¢,(@)x + Y, dy(®)y,,
X1 YK i=1

st (x,y,,,7¢) € IR.(6), 0<6<1

EIE1 LBMIF(0) RSN T LBP(6) A8, BRI A 254 Tl B.

WERA . WIEZ LBMIF(0) [a]#15 LBP(9) [n)dl, tBEpA @ A 58 B, i TH( LZ2) BHArREHF,
FIr A TFIEA IR, (0) = IR, (0) BIAT. " >R F S e e 1.

B2y, y) €IR(0), WA (x,y,,,y) €S.(0), Hy ePy(x)(i=1,2,- K). FZE L2
R = x, X LBP(0) B FJE R, AR (yy, oo, y) AN JZ RS S A0, ) b £ 7
(yy ooy ) €Sg(x), fH75

Z(w(@)ic +w,(@)y") < Z(w(@)ic + 1w, (®)y,). (6)

B—Jri, BTy e ) €8e(x), WAy € S (x) (i=1,2,-+,K) , M4

Ui,,(®)5c +wi€<®)5/i = Uw(@)gc +wi8(®)yi* s i=1,2,-,K,
X 5R(6) FIE, FiA(x,y,,,7¢) €IR.(0).

[FIEEBE (x5, 5o 500) € IRG(0) , AT (2,71, +,5,) €5,(8) =8.(0), (yy,+,4) €Sg(x), H

¥, €Sg(x) (i=1,2,+ K). WHRAAAESR R je (i=1,2, K}, {13y, & Py, (x), WA
(@) +1w,(®)y < ,(@)x +w,(®)y,, (7)
R (7)hy” Y E v =x B LBMIF(6) F55 j A )2 o) R A S e

3=, BT (o) k) €8 (x) , H(yy o, y) BRE « = x B LBP(0) T2 A1 it

e, WA

;(W;(@);@ +w,(®)y;) < Z(”w(@)i) +w, () y, + - +w_,'9(®)y_,'* + o wg (®) vy,

NI ANEES
(@) +10,(®)y; S v, (@) x +w, (®)y,,
X 5(T)FE. FTUA
(%,%,,,7¢) € IR.(8).

i b, ER 1AL

FRAEEBE 1, A AT SR AR SRS A I o 2 Bl A — 2 B0 (] 85 ( LBMIF () ) IR, SR BT .
X457 6 HIY LBMIF(0) [, H =A% 4k LBP(6) a1, fE i 1 A4 LBMIF(6) 5 LBP(6) 54T,
WK fE LBP(0) AT IR HY LBMIF (0) RO A ff. 110 LBP (@) n) A5 A 2 50 PA. il A —J2 2R PR R0 Rl [ 3t
R Z, N nHMEREE ik | b W T fEE T KKT S0 71655, ARSCR 2T KKT 2441

EH2 WTHE 0 A LBP(0) MM, 24 ERAEREA x e S (0) I, (y,y,, . yc) H FIERKI
) e R TS T s FETE A, 0, =0(i=1,2, - K), 15y, ,y,, v ) AR T 290 4548
W,y (@) +Dy(®)'A, —p =0,
Qy(®)x + D,y (®)y, - b,(®) <O,
piy, =0, (8)
A,‘,(Qiﬂ(@)x + Diﬁ(@)yi - biﬂ(@)) =0,
Ao, =0, i=12 K,
Horp A = (Mo A A s i = (M oo o) -

UFEBA S ] 45 AR SCHR[ 4 ] A B e 2L 3.

HEIR 1 XHT LBP(0) [, FFZMRIA KKT 2544 (8) A8 FIZ A% I, W LBP( ) [n] i n] 4%
v p IO NS IR T
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K
‘min ¢,(@)x + Y, dy,(®)y,,
RENAERRENE S i=1

AACDW+EBM®Mq$%A®%

wm(@)T +Di8<®)T/\i -m =0, (9)
s. t. Qw(@)x +Dw(®)yi - bw(@) <0,
/‘L:Ty: = Os

Ai(Qi/’(@)x + Di"<®)yi - bie(@)) =0,
/\,;,,LL,;BO, i =1,2,---,K

[ LBP(0) T 2RI X IR B T A7 v AT S, B

Vo= {w,(®) +Dy(®)'A = =0, A,u, =0, i =12, K|

AR, EZAAWABUL. LA = (Ao) ((=1,2,0,K), FHEH = (b b, s he) , FIHEHERLT
KT V IFFATTE, GV = I o 17 CRRLT )30, TR ALRIRC9) 840
— ZA AT BRA MR T8 LP (H) (1=1,2,-+,5). BT S, FIR, AE25 45 5, kel SCilik[8 ] i
AR RIAL, LP(H') (1=1,2, - ,5) BCEAFER MR, A AT, A L3RR LP(H') FEE AR A 1) 35
BRAE, AT LC (1,2, 5] A0 (o, oy ) F65 LP (H') B AR . SR (2" oy euy)) =

arg min{cg(®)xl n Zdi8(®)y”l c ]}, A .

EIE3 (x',y,,ys )& LBMIF(0) [R5 (4) B F AL,
HHSCHR[ 4 ] R 1 0, IR LBP () [RIEEAEAE v A g, W BAR sRBUE — A 7, Bl 0 {EfE.
0 BUEM XTI IXEI[0,1 ] B, A &IEpass, Fris 20 e B s R B B br sk 3y 2 R s U,

iLF, =c¢,(®)ax+ X dy(®)y,, X min F=min{F, ,F, - ,F, |8, =% (i=0,1,2,-+,n). n BYBUH
i=1

P AR 45 RS SR .

Zi b, KA GLBMIF [al8 S D B IR A0 R

1) Z5% GLBMIF [n), #4356 T 0 (R RIAHY LBMIF(0) 3444k 4 LBP(0) a8, F-lf LBP(9)
B AL Ry R Z RN ), BE 3B n, 2 i=0, min F = + .

2) & 0=i/n, MEMWMRIITERE VIFETSE V= {H 1, B}, FFARA S ZZ R R 7] 8
LP(H'), =12, s.

3) SR HSRLE R g LP(H') (1=1,2,-+,s) , WERTEW AT, WHiEAMRME R min Fy = + o ;
A, SCIRAARA (2], vy, yi) o IRAE(E min F .

4) A min F, =min{min Fy [1=1,2,- s}, MRMERMRHEICH (x5, -, y5), WR min F, <
min F, 4 min F =min Fo\ (x,y,,000,94) = (x) 0,y ) s i=i+1.

5) HWr i BENT o Mi<n i, 52); Yi=n i, BB RE min F S (x,y, L y0)-

F1 ELPRGmER T, RIRLAR R i =0 B , SR A A H AR R EUE min F 7EHLS
WA —E A m, AT ReR I A R (A,
2.3 HEIHW

il 1

mjnF(x’yl,ﬁ’ys) =, (®)x + 0, (®)y, +;(X)y, + ¢, (®)ys,
Horry oy, SR
Ir}ilnfl(x,yl) = ¢ (®)x +¢(®)y,,

s. L. a,,(@)x + a]2<®)yl = bl<®);
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Y2 SR A
Irgnfl(x,yz) = ;(®)x + c5(®)y,,

s. L. a2|(®)x + azz(@)yz = b2<®);
y; K
n}infu(x,ys) = ¢ (@)x + ¢, (®)ys,

sitoay (@)x +any(®)y; S b(®),  2,51,y,,7; =0.
KHe(®) el -1.5,-0.5], ¢, (®) e[ -1.5,-0.5], (®)e[-3,-1], ¢,(®) €
[-1.5,-0.5], s(®) e[ -1.5,-0.5], ¢,(®) e[ -4, -2], ¢,(®) e[ -1.5,-0.5], ¢,(®) €
[-4,-2],¢(®)el -1.5,-0.5], ¢, (®) e[ -4, -2], ¢,(®) €[2.5,3.5], ¢,,(®) €[2,4],
ay(®) e[1,3], an(®) €[0.5,1.5], a; (®) € [0.5,1.5], ap, (®) €[0.5,1.5], b,(®) €
[28,32], b,(®) €[16,20], b;(®) €[16,18].
fiff . R AL ALK A A5 A

G(®) =-1.5+0, 5,(®) =-1.5+0, &(®) =-3 +20,

G(®) =-1.5+0, (®) =-1.5+0, ¢(®) =-4 +26,

G(®) =-1.5+0, &(®) =-4+20, &(®) =-1.5+80,

Go(®) =-44+20, a,(®) =2.5+0, a,(®) =2 +26,

iy (®) =14+20, a,(®) =0.5+60, ay,(®) =0.5+0, a,(®) =0.5+6,
b (®) =28 +40, b(®) =16 +40, b (®) = 16 +26.

W R AR 1 rh, A6 55 iSRS B K (5 BRI — )2 RS 8 Sy
min F(x,y,%,5;) = (= LS +80)x+ (-1L5+0)y, + (=3 +20)y, + (- 1.5 +60)y,,
/H\:EP(}’] J’m%)jk%
min f(x,y,,y,,y;) = (=4.5+30)x + (=4 +20)(y, +y, +53),

Y1,52,)3

(2.5 +60)x + (2 +20)y, <28 +486,

(1 +20)x + (0.5 +0)y, <16 + 40, (10)
S. L.

(0.5 +60)x + (0.5 +6)y, <16 +20,

X,¥1,Y2,¥; = 0.

E—2, B RE(10) 1h R 5 B BE LR s A

min F(x,y,,%,,y;) = (= 1L.5+0)x+ (-1.5+8)y, + (=3 +20)y, + (- 1.5 +80)y,,
(2.5 +0)x + (2 +20)y, <28 +486,
(1 +20)x + (0.5 +60)y, <16 +40,
(0.5 +0)x + (0.5 +60)y, <16 +20,
X,Y1,Y2,Y; = 03
(2 +20)A, —u, =4 -26,
(0.5 +6)A, —u, =4 -26,
(0.5 +0)A, —u; =4 =26,
A((2.5+0)x+(2+20)y, -28 -46) =0,
A, ((1 +20)x + (0.5 +6)y, —16 -40) =0,
A ((0.5+0)x+ (0.5 +0)y, —16 —-20) =0,

s. t.

myr =0, wy, =0, wpy; =0,

/\1 s)‘z ’/\3 Ay oMy Sy = 0.
A n =200, {F Matlab7. 01 3# 55 h 4R 5 7 31715 5 .
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