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(0! - D +,Bp2)_(p1 _C")_ H—l(a ! +ﬁp2) =0
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JEEERIR AR FE SIS (N, ND IHE T REL
G (= 1,2) A B s RE 5 58
pece _ 2(8ky = H)la =" (1= PVI8K = H, + f(dk, )T
! [(8k, — H,)8k, — H,)— B (4, — H,)(4k, — H,)T (2-48)
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feer 2o —c" (1= P)Y tH k(8 — H, + f(4k — H,)Y + H, k,[8k — H, + f(4k — H)T}
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MR 1 RIS R 2 fsR AL B 2330
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7 =(1=10)(p, —c"Na~p, + fp) +0,(p, — @, )@~ p, + Bp) —k,(1,1,) (2-56)
[RIUCR 3 PRI BR B0k
m" = ot (a—p +Bp,) —(+r)ict(a—p +Bp,) +k[(1-y)5 T}
+o,1,(a—p,+ pp)~(1+r){etr, (@~ p, + Bp) + K[(1-p,)7,T'} (2-57)
BRHAL HRRFIE R 0N
v(p!", p) WD) =0 (2-58)

B { L RFE R By (e 0D
v(p/",p; () =max min {7}

=max{(p,—c)a=pi+ fp)}
=(p,—c"Na—-p+ Bp,) (2-59)
IR 2RI B ECy (b 0D
V(P{Tapzﬁ)(z)zlg}a}x min {7}

=r2=5§{(p2 =" a-p,+ Bp)}
= (pz - cn)(a_ Dt ﬁp]) (2-60)
BB IE R E Y (P 0 50 10 SHLOD

v(p/", p,")(3)=max min {z;"}
T1,Ty B,05,)1,)2

=max{—(1+r)r, (@ -p +Bp,)- (1""’)](37?
—(+r)r,(@-p,+Bp)- (l+r)k3122 }=0
R {12 R R By (e (A0 0D

vip!,pi)(1,2)= max min{r” + 7"}
@05,V 15Ty

(2-61)

= max {(p,—c"Na=p +pp,)+(p,=c"Na—-p,+Bp)}

@, 0,15V

= (pl _Cn)(a - D +ﬂpz)+(p2 _cn)(a - D, +ﬂp1) (2_62)
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PRR{LRFIE RN (FLrp AT L 0D

v(p!,p)(1,3) = max min{m” + 7"}

=max{[p, —c"+ Az, —(1+r)er](a - p, + Bp,)

- ,ylzrlz—(1+r)k3(1—y1)21',2—(l+r)cz'2(a—p2+ﬂpl)—(1+r)k3122}
:r}}%x{[pl—c”+AITI—(1+r)crl](a—pl+ﬂp2)—[k1ylz+(1+r)k3(1—y1)2]112}
S, (4 34+ ) sm DIRT R M FHIFLHETE, RAE | =
Gt JFH-[ 1 3+ (4 ) (= DPBRET M FH-2 -2+ ) 5<0,

BEZATE OISR AR, ¥ i NI {1 BYRAAE B A5 5

n 1+r kk
V(P pY(L3) = max{[p, — " + Az, — (14 er @ - p, + Bps) —l(#rf}
7 A+ 1)k, +k
La=[1— + 11—@A+ ) 40 — 1+ 2)—& 2, Xt g Xk TF R—K
A+ ) 3+ 1
SIHAHETE, g =0l D e o e TR,

20+ ) 31
FEO<[—(Q+ )IA+ ) s+ (J( — 1+ <21+ ) 3 MFMT, BKE{L3}
(FIRFAE bR B L KBRS 5 KA
(4~ @00k +hla-p 4 BpY 6
41+ r)k,k,
[FRE, AT RARAFIEC {2 SYR A E R By (Fhd (A 1 HC0)

v(p",py )2,3)= max min{z, +7, }
Oy, 12,7137y @)

= Plf"f {lp,—c"+ Az, —(1+7)er, (@ —p, + Bp)

wp"p 13 =(p,—c"Na—p + Bp,) +

_kzyzzz'zz _(l+r)k3(l_y2)2722 —(+r)er(a-p, +ﬂp2)—(1+r)k3112}
=1}?§§{[1’z ="+ Ay, —(1+r)e, )@ = p, + Bp) ~Thy; + 1+ 1)k (1-,)° 15}
(A+7)k;k,

zmr?x{[pz_c”+A212—(l+r)crz](a—p2+ﬂpl)—k3(l+r)+k2 122}
2 2
~(p, —C")(a—pz+ﬁpl)+[A2_c(1+r)] [k, (1+7)+ k(- p, + Bp)
4(1 + r)k3kz (2—64)
Hrp 2 —_A*+) s .= [A2—(1+ ) J[(1+ ) 3+ 2]( — o+ 1), WE 0< [Ay — (1+ Nc][(1+

1+ ) g+, 2 2(1+ ) 3 2
Nks + kp](o — pp + Bpy) < 2(1 + r)kgk, K% AF-
KRB BR{1,2, 3 e B BN

v 23 = max  {x/"+x )

@0, )1,Y25715,T

= max {[pl—c”+A12'1—(1+r)crl](a—p]+ﬂp2)—[k]y]2+(1+r)k3(1—y])2]712

+[p, ="+ Ay, —(1+7)er, (- p, + Bp) _[kzyzz +(1+r)k( _.Vz)z]Tzz}
(A+7r)kk, 2

k(+r)+k '
(+r)kk, 2

k(+r)+k, *

[A, =1+ )Pk (+r) +k)(a - p + Bp,)

404+ r)kk,
[A, =+ )T+ +k (@ —p, + Bp)’
41+ r)kk,

=11rlz}x{[p1 —c"+Ar,—(+r)cr(a—p,+ Bp,) -

+[p, —c" + Az, —(+r)er, (e — p, + Bp) -

=(p—c"Na-p,+pBp,)+

+(p,—c"Na—p,+Bp)+
(2-65)

y
|

-10 -
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(4K C 1+
A+1k+k 72 1+ )k +k,

1

o= [A =@+ 7)1+ 1)k + k(e = p + Bp,)

1

2(1+r)k,k, (2-66)
= [A, —(A+r)c][+ )k + k(e — p, + Bp) (2-67)
: 2(1+ r)kik,

W2 O<[A—(@Q+ )IA+ )3+ (0( — 1+ 2)<2(0+ )3, MO<[A—
@A+ ) A+ ) 3+ 20 — 2+ )<2(1+ ) 3 MM
R 1. g 2 AR 3 2 Be A3 2 3o

S P )= 0 et — pot oy s =AUk +hy Ve = py 45 py)

8(1+r)k;k, (2-68)
T TTN _ o _ [A2—(1+r)c]2[(l+r)k3+k2](a — P +ﬂp1)2
Spr s py )=, — ") —p,+Bp)+ 8(1+ )k k, (2-69)
ooy A (1 + r)c]2[(1 + 1k +kl(a—p + ﬂpz)z
fi(pyspy )= S0+ Pk
i [A, -1+ V)C]Z[(l +nk+kJ(a-p,+ ﬂpl)z
8(1+ r)kyk, (2-70)

BRI 1(1 0 ) 2( 1, o YRRT (H SR—MRSHAHETE, o)
_Hl(a_pl+ﬂp2)

(06 - P +ﬂp2)_(p1 _Cn)

4, (2-71)
w_ Hy(a—p,+Bp)
oa—p,+ - —Cc)— =0
(@=p,+pBp)—(p,—¢") 4, (2-72)
HEF‘ — 31:(1+)31 — 32:(1+)32 mﬁ‘4 > >O4 > >0
L 4 A a+ ) ot 1, 5 . a+) o+ 27 4 1 ’ 5 2 o

WROLSK i, PIAFMHIIE R 1 ARG R 2 A B 20 iy
T _ 4c"[H4(8H5 _H2)+ﬂH5(4H4 _Hl)]+a(4H4 _Hl)[8H5 _Hz +ﬁ(4H5 _Hz)]

1

(8H, — H,)8H, — H,)— f*(AH, — H,\4H, — H,) (2-73)
e 4c”[H5(8H4 —H])+/3H4(4H5 —HZ)]+05(4H5 -H,)[8H,—-H, +/3(4H4 -H))]
P = (8H, — H,)(SH, — H,)— B (4H, — H,)(4H, — H,) (2-74)

JE SRR AR R 5 g (N, ND 1B R
HER m( = 1,2) Al i) de SR ALIE 2055
_2H,(8H,— H))la — ¢ (1= BT [8H, — H, + f(4H; — H,)}

f] [(8H4_H1)(8H5_H2)_ﬂ2 (4'1_14_1—11)(4'1'15_Hz)]z (2'75)
fm 2H (8H, - H,)la ="' (1-B)F [8H, — H, + f(4H, — H,)}
* [8H,-H,)8H,— H,)-p’ (4H,— H,\4H, - H,)T (2-76)
fTT* _ 2[a—c"(]—ﬂ)]2{H1H4[8H5 _Hz +ﬂ(4H5 _Hz)]2 +H2H5[8H4 _H] +ﬂ(4H4 _Hl)]z}
P [(8H4_H1)(8H5_Hz)_ﬁ2(4H4_H1)(4H5_Hz)]2 (2'77)

ESFERHREER (= 1,2)75% fh s BIUSCER  7 N
e 2JH[a~c"(1- PISH, — H, + B(4H, ~ H,)]

(8H,-H\)8H, - H,)~ f*(4H, - H,)4H, - H,) (2-78)
e 2JH,Ja—c"(1-p)I8H, — H, + B4H, — H)]
> (8H,—H)8H,—H,) - f4H, - H)4H,—H,) (2-79)

G R 1 ARG R 2 BRI i 2350

-11 -
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. H ,(2H, +k,
o —a Y 1(4k4 )

| (2-80)
e JH,QH, +k)
TS (2-81)
(4) KBE (C, N)
JEEENFME T I SR S HTT AL, 1B H R B i i
MG 1 A& R 2 s E NS N
ove  4c"[ky(8H, — H,) + BH,(4k, — H)] + a(4k, — H))[8H, — H, + f(4H, - H,)]
pe= 8k, — H,)(8H, — H,)— > (4k, — H,)(4H, — H,) (2-82)
CN* _ 4c"[H3(8k3 _Hl) +,3k3(4H3 _Hz)] + 0{(4H3 _Hz)[8k3 _Hl +ﬁ(4k3 _Hl)]
Pz (8, — H,)8H, — H,) - B* (4, — H,)(4H, — H,) (2-83)
HIER 1. WlIER 2 AENCE 3 BEAICRE 55N
o 2bky(8k, — H)a — " (1—- B)F[8H, — H, + B(4H, — H,)T
' [(8k,— H)(8H, - H,) - B*(4k, — H)(4H, - H,)] (2-84)
o _ 2H,(8H, — H,)[a —c"(1- B)I[8k, — H, + B(4k, — H,)]’
? - [(8k3_Hl)(8H3_Hz)_ﬂ2(4k3_Hl)(4H3_H2)]2 (2'85)
fCN* _ a-c (l_ﬂ)]z {H Kk, [8H, — H, + B(4H, _Hz)]z + H,H,[8k; — H, + B(4H, _Hl)]z
o [(8k, — H,)(8H, — H,)—f (4k, — H,)(4H, — H,)} (2-86)
ISR 3 Xl p 1 FNIIE RS 2 7= i BB ISR 2 50
o WH[a—c"(- PISH, — H, + f(4H, ~ H,)]
o= 8k, — H)8H, — H,) - B (4k, — H)(4H, - H,) (2-87)
eve _ W[Hla=c"(0- Pk, - H, + p4k, — H))]
' (8k,—H\)8H,—H,)— p*(4k,~ H)(4H, — H,) (2-88)
WG 1 AHE R 2 s IR A 43 N
o =A -3\H, /4 (2-89)
o =, - \[H, /4 (2-90)
(5) FHE (N, C)
HIERT 1 A& R 2 197 d s U B A S 2 AN
oo 4c"[Hy(8k,— H))+ Bk, (4H, — H,)]+a (4H, — H,)[8k,— H, + 8 (4k,— H,)
4 - (8H3_H1)(8k3_H2)_ﬂ2 (4H3_H1)(4k3_H2) (2'91)
NC* 4Cn[k3(8H3 - H1)+ﬁH3(4k3 - Hz)]"’a (4k3 - Hz)[8H3 - Hl +ﬂ(4H3 - H1)
: (8H, — H,)(8k, — H,)— > (4H, — H,)(4k, — H,) (2-92)
HIER 1. WlIER 2 AENCE 3 B EICRE 55N
fNC* _ 2H3(8H3 _Hl)[a —c"(l—ﬁ)]2[8k3 _Hz +ﬂ(4k3 _Hz)]2
' [(8H,—H,)8k,— H,) - B>(4H, — H,)(4k, — H,)T (2-93)
e 2ky(8k, — H,)[ax —c"(1- B)P[8H, — H, + B(4H, — H))T’
’ [(8H3_H1)(8k3 _Hz)_ﬁ2(4H3_Hl)(4k3_H2)]2 (2-94)
fw_ﬂwwm—mﬂﬂﬂwk—%+ﬂ@&4ﬂﬁ+%&w%—&+ﬂM%—ﬂﬁi
o [(8H, — H,)(8k, — H,)— > (4H, — H,)(4k, — H,)} (2-95)

IR 3 X & 1 A& R 2 7 il R AL B R 205

-12-
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v JH [a—c"(1- B8k, — H, + f(4k, - H,)]

1

" (8H, - H,)(8k, — H,)— B*(4H, — H,)(4k, — H,) (2-96)
oo W[H,[a=c"(1- B)8H, - H, + B(4H, — H,)]
" T 8H, - H )8k, — H,)~ f*(4H, — H, )4k, — H) (2-97)
HIE R 1 FHIE R 2 AR BN 2 5N
o =A - JH, /4 (2-98)
0" =A,~3\H, 14 (2-99)

(6) Mg (T, N)
HIER 1 ANHIERT 2 s BN AE N
pTN* _ 4c"[H4(8H3—H2)+ﬂH3(4H4—Hl)]+a(4H4—HI)[8H3—H2+ﬂ(4H3—HZ)]

1

(8H4_H1)(8H3_Hz)_ﬂ2(4H4_H1)(4H3_Hz) (2'100)
TN* _ 4c"[H3(8H4 _H1)+ﬂH4(4H3 _Hz)]+a(4H3 _Hz)[8H4 _Hl +ﬁ(4H4 _Hl):
P = (8H, — H))(8H, — H,)— 3> (4H, — H,)(4H, — H,) (2-101)

HIERT 1. WG 2 AR 3 B RE 2 5 e
fTN* _ 2H4(8H4 _Hl)[a _cn(l_ﬂ)]z[SHs _Hz +ﬂ(4H3 _Hz)]z

[(BH,-H, )(8H3 —Hz) —/32(4H4 —Hl)(4H3 —Hz)]2 (2—102)
v 2H,(8H,— H)[a — " (- B[ [8H, — H, + B(4H, — H,)T
* [8H,-H,)8H,-H,)- " (4H, - H,\4H, - H,)T (2-103)
v Aa-c"(1- PV {H,H,[8H, - H, + B(4H, - H,)| + H,H,[8H, - H, + f(4H, - H)]*}
T [(8H4—Hl)(8H3—Hz)—/3’2(4H4—1’—1])(4H3—H2)]2 (2-104)

ISR 3 X R 1 ARG R 2 7 i I A A RIS 43 0l A
e _ 2JH[a~c"(1- PI8H, —H, + B(4H, —H,)]

1

 (8H,—H,)8H,—H,)— 4H, — H,)(4H, — H,) (2-105)
we 2JH,[a—c"(1- P)ISH, — H, + f(4H, — H))]
" T 8H,-H)8H, - H,) - f(4H, - H)4H, - H,) (2-106)

MR 1 AR 2 WA AR IR A 43
e _ o JH,QH, +k)

enEhTTT (2-107)
o =N, —H, /4 (2-108)

(7) KBE (N, T)
G 1 AHE R 2 s EN S 5N
pNT* _ 4c”[H3(8H5 — H2)+/3H5 (4H, - H)]+a(4H,— H)[8H, - H, +[3(4HS -H,)

1

(8H3_H1)(8H5_H2)_ﬂ2 (4H3_H1)(4H5_H2) (2'109)
NT* _ 40"[H5(8H3 _H1)+ﬁH3(4H5 - Hz)]+a(4H5 _Hz)[8H3 - Hl +ﬁ(4H3 - Hl).
P = (8H, — H,)(8H, — H,)—f3* (4H, — H,)(4H, — H,) (2-110)

WG RS 1. HIERT 2 AElCRs 3 MIsARE 2 5008
. 2H,(8H, — H))[oo—c" (1= HVBH; — H, + f(4H; — H,)T’

[(8H, —Hl)(8H5 -H,) —/32(4H3 -H)(4H, —Hz)]2 (2—1 1 1)
P 2H,(8H,— H,)[a — " (1- BT [8H, — H, + B(4H, — H))f
* " [(8H,-H)8H - H,)-f* (4H, - H,\4H, - H,)} (2-112)

-13-
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fNT* _ 2[05 _cn(l _ﬂ)]Z{H1H3[8H5 _Hz +IB(4H5 _Hz)]z +H2H5[8H3 _Hl +:8(4H3 _Hl)]z}
o ((8H, — H,)(8H, ~ H,)~ f*(4H, ~ H,)(4H, — H,)’ (2-113)

(ISR 3 XA s 1 AN i 2 7= i S A [l ISR 43 i) Ry
ve WHla—-c"(1- HISH, —H, + f4H, - H,)]

' (8H,-H,)8H,—H,)— f(4H,—H ) (4H, - H,) (2-114)
wre _ WHyla—c"(1= B)IIBH, — H, + B(4H, — H))]
*  (8H,-H,)8H,—H,)— f*(4H, - H,)4H, - H,) (2-115)
HIE R 1 ANHE R 2 s B A 0
o =A-\H, /4 (2-116)
ey NHQH, +k)
@ =4 4k, 2-117)

(8) K& (C, T

HIER 1 ANHERT 2 s A BN AE o
pCT* _ 40"[1‘73(8H5 _H2)+ :BHs(4k3 _H1)]+ 0((4]{3 _Hl)[8H5 _Hz + ﬂ(4H5 _Hz)]

: 8k, — H)8H, — H,)— p*(4k, — H)(4H, — H,) (2-118)
CT* _ 4CH[H5(8k3 _H1)+ﬂk3(4H5 _Hz)]+a(4H5 _Hz)[8k3 _Hl +ﬁ(4k3 _Hl)]
po= (8k, — H,)8H, — H,)— f*(4, — H,)4H, — H,) (2-119)

HER 1, HE R 2 A1 3 58S 25
_ 2k,8k,— H)[a—c"(1- BV [8H, — H, + B(4H, — H,)

/ [(8k, — H,)(8H, — H,)— > (4k, — H,)(4H, — H,)]’ (2-120)
fer 2H,(8H, — H,)[a —c"(1- B)I'[8k, — H, + B(4k, — H)T
> [(8k,—H,)8H, — H,)— > (4k, — H)(4H, — H,)T (2-121)
per 2 Aa —c"(1- PV {H k[8H, — H, + B(4H, — H,)) + H,H [8k, — H, + f(4k, — H)]’}
T [(8k, — H,)8H — H,)— B (4k, — H,)(4H, — H,)I (2-122)

(ISR 3 X s 1 AN 2 7= i S A [l ISR 43 i) Ry
e 2H[a-c"(1- PI8H, ~ H, + f(4H, — H,)]

' (8k,—H,)8H,—H,)— B4k, — H)4H,—H,) (2-123)
o _ 2JH,[a —c"(1- P18k, — H, + f(4k, — H,)]
> (8k,—H,)8H,—H,)~ B4k, — H)(4H, - H,) (2-124)
HlE 1 A& R 2 B E A B 435 A
o = A ~3,[H, / 4 (2-125)
@ =0 ﬁ(ilki = (2-126)

(9) mg (T, C)

HE 1 AHE R 2 R U8 B A% 20 o
e 2 ACTUH 8k = Hy) o+ B (4 = )|+ a(4H, = H)[3k = H, + B4k, — 1))

: (8H4_H1)(8k3_Hz)_ﬂz(4H4_H1)(4k3_H2) (2'127)
TC* _ 40"[1{3(8[_14 _Hl) +ﬁH4(4k3 _Hz)]+a(4k3 _Hz)[8H4 _Hl + ,B(4H4 _Hl)]
P = (8H, — H,)8k, — H,)— f*(4H, — H,)(4k, — H) (2-128)

& A 1 AN R 2 AN IR 3 s A 23l
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FAFT AL &P FZA™ http://www.sinoss.net

fTC* _
=

e 2 2H,(8H, — H))[a — " (1= B)V[8k, — H, + p(4k, — H,)]’

[(8H4 _Hl)(8k3 _Hz)_ﬁ2(4H4 _Hl)(4k3 _Hz)]2 (2'129)
e~ 2k, (8ky, — H,)[a —c"(1- )F[8H, — H, + f(4H, - H)T
Y [8H, - H,\)(8k — H,)— *(4H, — H,)(4k, - H,) (2-130)
Aa—c"(1- BV {H H,[8k, — H, + B(4k, — H))|" + H,k,[8H, — H, + B(4H, — H )]’}
(8H, - H,)(8k, — H,) - B*(4H, - H,)(4k, — H,)]’ (2-131)

SRS 3 0 E R 1 FIRE R 2 77 b R s PR RIS 43 il Ay
ree 2JHla—c"(1- P8k, — H, + B4k, — H )]

: 7(8H4_H1)(8k3_Hz)_ﬂz(4H4_H1)(4k3_H2) (2'132)
e 2JH,[a—c"(1- PISH, — H, + f(4H, — H)]
P (8H, - H)8k,~ H,) - B*(4H, - H,)(4k, — H,) (2-133)

G R 1 ARG R 2 B AR IR i 2350

. JH,QH, +k)
A 1 4T
@ =5 ak (2-134)

|
a)ZTC*=A2—31/H2/4 (2-135)

Y1 3

1. My b

AT ECAL T BT AN [F) SR I T N i i s R

GIBE T 25 5 o T3 P A SR B A, & SR PR TH 7 i [RISCR OC R I R

DMy <Z g, ;<3 <4 . <, <, My o< <
%1>1L353L’1<1<1‘1<1<17F”1<1<1°
DM ,<T G, , <, <, 0, <, <, M, <, <,
i"l2>1L35€r72<2<2\2<2<25F”2<2<2°
GIBE 2 25 5 0 T P A RN B R, & SR ) AR B ORI R
1)%1<iaﬁ¢’ 1 <1 <11 < < My o< <
Hy>T g, ;< < g < < Mg <y <
DM ,<T G, , <, <, 8, <, <, M, <, <,
%2>1L s, 5 <5 < v <, <, M, <, <,
G135 FHIE SRS IE R, BRI BN SR TT

DY <o, < < .y < < Mg o< <
Yy > aftf, 1 <1 <1 v <1 < My < <,

2D M ,<T gl , <, <5 0, <, <, M, <, <,
Y, > g, 2 < 2 <2 v o2 <5 < g My <, <,

SIEL 1. 5IRE 2 FN5IE 3 2R U] R B i 9 RS R REAT 0 4H, U= RE SR s [l W xR TH

7 A RO 2 R T i 7 SR AR R AT 5 A% ) BRI TR 3 4 0 P VR T B %,

il B S I SORRAS 2R N S AR 55 70 4H N AR T RS 7 PE (1 [ ST 3 A7 o 75 5K B g
PR AR 1702 B B SO LR A RIS AR 70 45K (9 [ WA R A= i 7 SR B g A AR

% EEAR

-15-



FAFT AL &P FZA™ http://www.sinoss.net

2. il 38 R 20 4H TR I 35 Al

AS/INTT D P AW AR AR T4 S A T A AR I 1T SRS o G 20 31 0 W PR A T 32 7 T SR S Al
Ifo

AR 1 HIERE 2 RIS N C B T i, H& R 1 1SS iy

1)%1<iaﬁ¢’ 1 < 1 <1 :%1>1Lsﬁ¢’ 1 <1 <1

2)%1<1;3N’ 1 < 1 < 1:%1>i35¢’ 1 <1 < 1 o

DY <TG, < < g5 M > g, L < < g

R 2 AHIERE 1 EPERNS N CEl TR, HIIERS 2 (SR msm i

1)%2<1L353L’ 2 < 2 < :3—'12>1L353L’ 2 < 2 < 3

2)%2<1L35H’ 2 < 2 < 2?3—’12>1L353L’ 2 < 2 < 2 o

3)%2<£3Eﬁ’ 2 < 5 < 2?3—’12>1L353L’ 2 < 2 < 2 -

1 AR 2 RAK T HREERT S, 16— AR A Rl (B 3) » HER
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Research on Cooperation Recovery Strategies in Closed-loop Supply
Chain Considering Manufacturers' Competition——Based on
Noncooperative-cooperative Biform Game

Huang hui

School of Business, Hunan Normal University,Changsha 410081,China

Abstract: With the increasingly serious problems of resource waste and environmental pollution,
promoting sustainable development has become a common goal of governments, enterprises and social
organizations. In this context, Closed-Loop Supply Chain (CLSC), as one of the key strategies to achieve
this goal, has been paid attention to by all circles, and the research on CLSC in the academic world has
been developed considerably. The academic research on CLSC has also made great development.
However, there are still some problems in the development of CLSC, such as the double marginalization
effect due to the fact that the chain members only consider maximizing their own interests, the low
motivation of recycling due to the financial constraints faced by the recycling body, and the lack of
in-depth research on the complex closed-loop supply chain where competition exists, etc. Therefore, it is
necessary to actively explore the management model. Therefore, it is necessary to actively explore the
optimization of the management mode, strengthen the synergy of all stakeholders, improve the efficiency
of resource recycling and reuse, promote the closed-loop supply chain to better adapt to the
contemporary economic environment, and give full play to its role in sustainable development.

In this paper, for the closed-loop supply chain composed of two price-competitive manufacturers and
one capital-constrained recycler, consider that the manufacturer can carry out Cooperation Recovery
with the recycler in the form of cost sharing and responsibility sharing, and use the
Noncooperative-cooperative Biform Game method to study the optimal cooperative recovery strategy
selection problem of the closed-loop supply chain with the coexistence of competition and cooperation.
First, in the non-cooperative part, the two manufacturers independently set sharing strategies and
product selling prices to form a competitive situation. Secondly, in the cooperative part, the manufacturer
and the recycler choose different sharing ratios and recovery rates, establish a cooperative game for the
closed-loop supply chain to portray the competition between manufacturers and the cooperation between
manufacturers and recyclers, and allocate the profits using the Shapley value to obtain the payment
function. Then, the participating subjects use the allocated profits as the payment function of the
non-cooperative part, and solve to get the optimal product sales price, optimal recovery rate and optimal
profits. Then, the Nash equilibrium of the bimatrix game is solved to obtain the manufacturer sharing
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strategy equilibrium. Finally, numerical simulation is used to analyze the impact of different cooperation
recovery strategies of manufacturers on the profit level of recyclers and the preference of recyclers.

Keywords: Manufacturers’ Competition; Closed-loop Supply Chain; Cooperation Recovery;
Noncooperative-cooperative Biform Game

-20-



	引  言
	非合作-合作两型博弈模型
	1、问题描述与假设
	2、模型构建与求解
	（1）策略（N，N）
	（2）策略（C，C）
	（3）策略（T，T）
	（4）策略（C，N）
	（5）策略（N，C）
	（6）策略（T，N）
	（7）策略（N，T）
	（8）策略（C，T）
	（9）策略（T，C）


	均衡分析
	1、均衡比较
	2、制造商分担策略均衡
	3、制造商的分担策略对回收商利润的影响

	总结与展望
	1、研究结论
	2、研究展望


