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Abstract: This paper develops four models based on game theory, and analyzes the effects of free-riding factor,
product substitutability, and the difference of the initial production costs on investment equilibria to explore
whether two competing OEMs should make process investments in a common CM when they free ride on each
other’s investment. The results show that if the difference of the initial production costs is high, the OEM
with a cost advantage (disadvantage) will be the unique investor (free-rider). When the difference of the initial
production costs is low, if the free-riding factor is low, both OEMs invest; if the free-riding factor is medium,
they jointly invest or exit; and neither party invests otherwise. In equilibrium, joint investments may cause a
party win and the other lose, or lead to a Pareto improvement or a prisoners’ dilemma outcome. Moreover,
there are several thresholds such that the OEMs should adjust the investment strategies by comparing them

with the difference of the initial production costs and product substitutability.
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Table 2 The two OEMs’ profits

OEM 2
1 (0)) AHHEN)
()] 7r111,71'12I 7'('11N,7I'12N

OEM 1
AFEN) NN N, 7N




138 R 4 TR ¥ #H 37 %

T R A A R BB, NOEM#E 10 27 750 42 RBUE T 88K -F, —F AL RAE 15t
FEME BA A0, B AR TR, B AR B A 4 R BOR, WA 5. SR IR T

PINOEMIF 7™ S M AA A 77 A 2 ZEAR K, TR — 7 A 3 — 7 A B K ORI H. 0A BA
35 (JOEM 7 LT CMBEAT I RE 45 B8 7 K A 22 B L 358 AR 35 Adb T Rl A 95 34 1 — T R SR LA AR
Pt s, o I A 25 PR S A P RO, BT VE L [ A 5 A R SR A, SRR H U AR i —
WG TR E AN, FECE SR T A ROAR 22 B R B R TR, N OEMIR P i AR P AN K S B
e E R R A AL FOEMIE B 5% 58, A H4 ok 8 (B 25 5 AT AR 95 H4 T OEMAX It F 454 18 42,

PIANOEMIV P it WG A 77 AR 2 ZEASRARK, W — 7 A B B A S, R EE RSV, &
ANOEMAR TEE MO T [ FURE $5 BF IR 22 B Ak, AR ART AN SR B3 % SR 1) — 7 K b T AR 5 A 7, IF
T2 77 i 75 SR AN & 451 2% R, PR NOEMES 2> 4% Bt . 45 #8845 R UK, OEMIRAE I R AEFEL B 2 ™
AR PR AR IR, AR DR 2GR T T 07 AR PR AR, BT TR A T AR AR ZE AN K, B IS TR AR T R
AR KRBAH Y. 5 2, BORHEE 22 RBOH B 1 AR — J7 38 e R $5 5% 3R S 5 e AR 35 (1 T . X7 1)
JRAS T AT b T 3535 D HCIRAS, IR AR BE6F 7 il 75 SR PRS2 0 A 2 R i) B i, SN OEMIG V2 A5 5% v 345 5
2 a, DI A B, A1 25 R B AE, OEM HUTRAEF B AN 23 1 22 1 AR T 1R 7 o A 7 A, — D7 T,
FEAIRAE 7 AR 22 BEAN K, OEM BT IR R HE 0% /5 B KR i AR # B B Ak |t TR B IR A ILE B,
25— NOEMIUGE B (E 42 i 3145 6 2 U A0 I, AT AR R B DA IR B AL T AR 585, B8 5 1
PR AT AR AR BT AR T 2 IS, R FEHR A A T AR, 57 T, AR KPR A R
BHOEM AJ DL MUK = ()RR 55 R 15— et Ab. RN, 34350 J3 0 7= St W 46 A6 72 BUAS B W AT A7 — 1NOEM
A BA LR B AR F . R AAAE S 8 2R, 28 5 17 i A 77 AR 2 ZE K TAAR N, ARART—T7 I 4 52
GrAR A SRR . 2%, 7 TR SR G IR W AR AR AR R A i DATR ML BT AR S5 IR AR T, SR EUAR
TR TR AR, 25 b, AE PS8R E A R BT, P OEMAAN B S TIRAR IR 5T

752 S LA b, 3 — B PR W ) A BN OEMAR R UL FE #% B8 SR mS B, — 72 L e A TR A B i 3R
13U i 2 15 ? L i R R A TR IR 1 TENN R OEM IV S il &, 1501 F 51 2.
SIF 1 ¢ > G, il > ol B, 7l < Al < G, it > wN, B, 2l < 7N, Ho

B(R\Rs — M?N?)\/F1(¢1 RiB2(0R, + 2MN )2 — B(Ry Ry — M2N?)?) + 61 R, (A MN(2 + 1))?

(—AO(¢1R132(32 — MN)(bRs + 2MN) — b(Ry Ry — M2N?)?) >

%= ¢ R, B2(bRy + 2MN)2 — b2(R, Ry — M2N2)?2 ’
(11)
Ao(¢2RoB2(Ry — MN)(2R, +bMN) — 2(R, Ry — M2N?)?)
; —B(R\Ry — M2N?)\/f2(¢2Ro B2(2R, + bMN)? — 4(R1 Ry — M2N?)2) + ¢y Ry (AgMN (2 + b))2
6 =

$2R2B2(2R, + bMN)2 — 4(R Ry — M2N2)?
(12)

IR, 5T S TEAH L, F50EM 1 145 535 17 SWl a6 A2 7= AL 55, B8 ML [R)#%¢
T RS 2 E, B, B 2 k. OEM 2 75 W FHE T T 1 S IR 36 2 722 AT RALRRAE, HO T R
1B s HHIETT UL, PIOEMERXS L R CMBEAT IR B, B AT e R i 25 A — e L AR s e . R
L TG A P2 AR 2 ZME T A K (G < ¢ < (o), PN 7 A R MR RE I FR 3R AR
2, SEHS 45 H T OEME BN CMIFAT T AR HE 8 (1 26 A, 1X R A 5 B0 1w B R IR AR B R i 5 464 5 )
PRI A AT L, A R4S IS RIS TENN R OEM AU 35 AR AR . Fh T C B 1 82 28 Mk B s, A7)
K FHBUE T B T7E M. B ARTME R FEAAE, 45 R WnE6 iR, ML n /541~ 4518,

EI6 THENNAHLE, HIEIE, P~ OEM B s i st A AR ot i 1



51 B WA T E CME B AE A 24T N OEM F RS 5 7E SR 139

! G

OEM 1 Y23 i
OEM 2 Y 2 i /b

Cst
G
0 >
&
Col ¢2

M R B X5

OEM 2 Yy & 34 i
OEM 1 Wiz jf /b

BEl6 1ERISHEMNNTOEMAGRIERELE
Fig. 6 Comparison of the OEMs’ optimal profits in Case II and Case NN

i) max{Cs, min{Zs, G3}} < ¢ < min{(s, max{=y, (3} }HO < 1 < 7, Fmax{(;, min{=,,G}} < ¢ <
min{(s, max{Zy, (,} }HO < <7, fAm)' > o™ (i = 1,2), Herba, fILE B,

i) ¢ > max{(s, min{Z,, (3} } Hmin{{s, max{=,, (3}} < { < max{Z,, (3}, 8¢ > max{(s, min{=,, {4 }}
Hmin{¢s, max{Z;,{4}} < ¢ < max{Z;, (s}, Al > o N, 7l < 7N

iii) ¢ < min{{s, max{=Z,, (3}} Hmin{Z,, (3} < ¢ < max{(s, min{=s, (3}}, 3¢ < min{(s, max{=,,{4}}
Hmin{Z:, {4} < ¢ < max{(, min{Z, {4}, Anl <o, w)b > ol

iv) E, Al < Nl < N

& Hezy th 1 IBTEITT > OEM I S L U # ARG T-1E TENNTR B A AR L. AR 9 12 5E P IF 455 6 W] A,
BIERRAT, 2HOEM ¢ XS T0F A S35 1077 A6 A2 77 AR 35, BI85 R (/NI L[R5 fig JWOEM
it R E 2GR ()t > )N, W TR 2 AR () < ). P SR A AR 2 AR, A
TEREBUN, I BEBE T s b, A, AT TR e g, R R A

PHANOEM#R K UM AR 15 5% SER IS, 4R 2 25 (0 77 i WD 46 A8 77 ORI 35 1) — U7, RERE 38 B 3 I IR AR
BEANA]RE O HE (0 22 FRAIS ) SR S A 77 BOAS, AR B 4ERF AR T AT P RS BE 2 as. SIERIRAE T, ]
BT F= AR 7= AR 25 5 ROEM AL 25 Jak /D>, H B 340 A2 2 R B AR 5 08 S mes, 713 T, 3 52 B8 2 [0 25
TR, 7= WIAR A P A 2 22 SIS, PN OEMIR 72 St BT A6 A2 72 BOCAS AR 22 AN K, AR AT — 5 8 AN 2= Eeoxd 77 4
A5 B B R F. BRi, 25 R R R AR/, BIASOEMIY TEIE MO 7 BFIRAR 4% 58 v R A5 B8 2 4 Ak, o
A 5 B b AR T A A 22 T8 J LI FAT A T3 e 7K, 3 2 T8 U v FR AL R A A RN 225 A, S5 46T 2 38 S
(AR . B AR R = i 75 SR AR T OEMUS 28 (138G . [R1B, S AR 4% 08 AR it — DRk 1 e T el as, &
AL TTARA LD, T R AR 45 Bt <IN AE PR B3, 48 (8 22 R BB, PN 58 J7 #f e MOt 7 B3
TR BT h AR 2 4 A, 7 B R AR 4% BF A0 1) #4882 RS R RS20 T, 7 il A2 77 BROAS A5 LUK e
K, BT P2 T SRR, RPN TE 5 75 24T H AR 0 AR, (ERLR 4 O s AN o 19D 72 i 75 2K
XA TR K S s T 3R, BB WS R R, SR T A BRSO

N TH A AR L IR A, 20 A B IR AR 4R B 1 2R R (R SE . I, BRIEL G, ™ it B AR B 1 BRI L
Horbk =1,2,3,4. AEEMEERECT 4R B3R ESR.

EET 77 E AR (0) NS 42 Z 88 () SRR 5 B8 2R K5 48 1 S M 2 4n I 2% A

i) ¢ < ¢ <min{Z,, (3}, 0 < b < 1, VARG IRA7AE ME—2ESRIR G TN, D).

i) min{=,, (3} < ¢ < max{Z,, 3} HO0 < b < b, HFmMIn{Z1, ¢} < ¢ < max{Z;,¢} HO < b < b, i
T TR AEAE e — UM AN AT S5 (1, 1), 2 rhb, DA G (D) = G ()M (D) = (D).



140 R 4 TR ¥ #H 37 %

iii) min{=,, (3} < ¢ < max{(s, Z}Hb < b < 1, B#Fmin{Z,, ¢} < ¢ <max{Z,, G Hb < b < 1, i
FEIE VTG AEME— 2l SRR 3T (N, N).

iv) max{Zs, (3} < ¢ <min{Z,, {4}, b < b < b, FIFEF B ZEAEAE W A 40 S0 g H 85 (N, N)FI(L, 1),
Ferhb, DAY AN (B) = Ca(D)RICs(B) = Ca(D).

v) max{=;, (4} < ¢ <0< b < 1, MARBTH IR ME— 205 mE 9218 (T, N).

SE BR7R B, PANOEMI = ity B KR FE AN 7 S ) 46 A8 77 BUAR 2 ZEAE AT I S LT AR 5 0 SR g e 3 b AL
A AT, 7 AT A AR L ZE ORI, A AR 35 (R OEMER UL £ % Sk b, Foof AUk 45
&, I BN TRk A S i B AR EE IR, 77 S U6 A 77 BSOS Z ZEAS AR KN, 25 7 i B AR B2 2 811,
BT B N 3L RICMIF AT IR AR R BT 2 77 i B AR FE R 6 15, U7 # A 2 R U R 4% B8 SR v 45 7K1 (1)
P BAREEE R, BNOEM [ i R IR B8 S mof 230 H [FP M. 1Zoe BRI MR R

P ANOEM 7= AT UG A 72 AR 2 Z2 ORI, — J7 b oy — 7 3 a0 AL 35, FERER AR A it o e
P 3 KA BT K. SRR BT A B, 77 i 75 5K I 3 I 34 B AP 34 OEM R UAL &5 1 5 Wil B i, A5
HRAG 7T E 2R, RE AT A FOEMIlE I #5458 4= FEAIK 1 B & 197 il A2 77 BUAS, B i T8 LA 95
S H, AR T AT AR B S IR B R 28 32 40 B R T 77 I AR AR 7R AR 2 ZEAN AR RIS () 7
an BACKE AR, T35 AN BIE, 51> OEM AR B d ik I AR 43 BE 08/ D & B 10072 i A 72 OS2 o ) A
SRAFLASE 0. I HL, A0S o A RR AR S e 5 T IR AR T A RV AR R e, DRI R S OEMT B 4% B2 (i) 7

7P AL BRAE . 2% R& AR BB A SR, PN OEMR BUURE £ B SR R A5 A2 2% (i) 7 i B AURE JEE v 45
3758 S A2 AR B, OEMIP I BRANE A 25240 IR 2. SRR BB BEAR 17 7 b A 7= AR, sk 1 7= il 75 SR R 2
Th. BR ERFE, SRHCGRRE £ 58 HEE Y PN OEMAT R 1B IE IS as. 55— 5T, AR & /KT IR il 2 AORE
JEF, OEM 2 FRARZAE i, A8 R RE $5 B3 SR K — 7 Bt A A AR A, (E I W BE AT /N T 5
T I BEARIRRE, B 9377 O aE 32 4. 43 Tk, P9 OEM A Tl REAR AR 7.

ERER I, B3~ ESIERY, B8 4 R AR, XK, DI XN, N/, DATX (N, N) A
ToRA IFIZHAZ K. IX U, SOEMFIFURE I B X 7 K A S AR B 22 I, B AT TR AN R AU RE $5 52 S
AT RE PR R BR . JCH R B 7 e B AR B R K, oA BB AT Re Pt — b e v, JRLRIE T, AR
BES, 77 S AR AR 2 Z2 AN KIS, 58 22 2 800, B> OEMIFIIRAE S B 45 08 T i SR (K A bl 22, SR
FESCHE MG I OEMIJC IR AR 1T X 7 B I 25 (K AN L 3. AR K7 ey B ARRE T, SR ) T 37 3 4 d {i
WA~ OEM AR B (ks 21, 3 2 1™ it BRI I e D Wi 2, BRI e AT T ARAS 2 R BRI R 45 58 R

4 GRIE

A 7= A0 AL SR OEMSE I [ AR 38 20 1) A3 2 28 4. H —ANCM 2 5 2 /> 55 FOEMAT 11 & 1E X &R, OEMXY 3£
[EJCMBEAT R T FRAK B B 7 A 72 RSN, SRR 150 8 1T i 2 7E CMUAL A7 1E $48 ZE 300 5 1T FAAE 6 2 1 7
AR A, A SCHERE T P 35 4rOEMAE i E S [RICMAL 35 5 5 AR P8 A0 221, S AT T Ay e 0 45 8 S s
W) . 2 2R 7 VM g T DU R TR R RIS, 2 A5 B S5 25 SR, R ARG P W46 A 7 AR AR 3
[FIOEM i K IR R 4% 9% SRS 4 P N OEMIT ™= S W 46 A2 7= O AH ZE AN K, BEATT ) e A 4% % e g B ke T
AR EREEMoRES. IF H, 7= B AR B TE 55 G OBM ) s e I R 5 08 SRS e % vh B A 22 G EE L IR 5o ). 34 4l
RET, LRI T A AT R — 77 3R F — 77 5248, A T BE S BN SR AT e, TR e R 4k TR 355,

FRAAAFI T 7 A HE: — 225 FEOEMAPE AR 1% BT SR IR B, 2 5 A S WLk T SRR, RN
AAEE, HFIOEME 5 RO 3L [FCM BEATHE B 1 0]/, — SR R0 518 22 R 50 AR I () AR 4% B 1R a5y 1



13 2 s W3R CMI BLAEAE 4247 OEM [t A% £ B S 141

E Pt

(1]

(2]

(3]
(4]

(5]
(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]
(18]

[19]

[20]

[21]

(22]

(23]

Wu X, Zhang F. Home or overseas: An analysis of sourcing strategies under competition. Management Science, 2014, 60(5): 1223—
1240.

Elmaghraby W J. Supply contract competition and sourcing policies. Manufacturing & Service Operations Management, 2000, 2(4):
350-371.

Feng Q, Lu L X. The strategic perils of low cost outsourcing. Management Science, 2012, 58(6): 1196-1210.

Agrawal A, Kim Y, Kwon D, et al. Investment in shared suppliers: Effect of learning, spillover, and competition. Production and
Operations Management, 2016, 25(4): 736-750.

Bondt R D, Veugelers R. Strategic investment with spillovers. European Journal of Political Economy, 1991, 7: 345-366.

Wang Y M, Xiao Y X, Yang N. Improving reliability of a shared supplier with competition and spillovers. European Journal of
Operational Research, 2014, 236: 499-510.

Ge Z, Hu Q, Xia Y. Firms’ R&D cooperation behavior in a supply chain. Production and Operations Management, 2014, 23(4):
599-609.

HERAR, B R SR T TR QT K R, BB T RE AR, 2018, 32(3): 73-81.

Feng L D, Gu M D. Effect of process innovation on product innovation with vertical differentiation. Jonrnal of Industrial Engineer-
ing/Engineering Management, 2018, 32(3): 73-81. (in Chinese)

VW, PIVEEZR. 25 S OGS L 2 AT DA ) 1 3 o A LR 2 R A SR . R 48 TRE 741, 2019, 34(2): 238-251.

Xu M H, Sun K T. Optimal cost reduction and pricing strategy for a manufacturer with strategic customers behavior. Journal of
Systems Engineering, 2019, 34(2): 238-251. (in Chinese)

Hinloopen J, Vandekerckhove J. Dynamic efficiency of Cournot and Bertrand competition: Input versus output spillovers. Journal of
Economics, 2009, 98(2): 119-136.

Petrakis E, Roy S. Cost-reducing investment, competition, and industry dynamics. International Economic Review, 1999, 40(2):
381-401.

Bernstein F, Kok A G. Dynamic cost reduction through process improvement in assembly networks. Management Science, 2009,
55(4): 552-567.

Gupta S, Loulou R. Process innovation, product differentiation, and channel structure: Strategic incentives in a duopoly. Marketing
Science, 1998, 17(4): 301-316.

Gilbert S M, Xia Y S, Yu G. Strategic outsourcing for competing OEMs that face cost reduction opportunities. IIE Transactions,
2006, 38: 903-915.

Samuelson P A, Nordhaus W D. Microeconomics. 19th Edition. New York: McGraw-Hill, 2009.

Wu D, Ray G, Geng X, et al. Implications of reduced search cost and free riding in e-commerce. Marketing Science, 2004, 23(2):
255-262.

Shin J. How does free riding on customer service affect competition. Marketing Science, 2007, 26(4): 488-503.

D’ Aspremont C, Jacquemin A. Cooperative and noncooperative R&D in duopoly with spillovers. American Economic Review, 1988,
78(5): 1133-1137.

Levin R C, Reiss P C. Cost-reducing and demand-creating R&D with spillovers. RAND Journal of Economics, 1988, 19(4): 538-
556.

Harhoff D. Strategic spillovers and incentives for research and development. Management Science, 1996, 42(6): 907-925.

ZElei, SO, JH/NR. BT NHE S IO BOR BRI 5 3 AN, RS TR 4R, 2017, 32(6): 808-817.

Li X J, Ai X Z, Tang X W. Technological innovation value and spillover effect based on supply chain competition. Journal of Systems
Engineering, 2017, 32(6): 808-817. (in Chinese)

B, SR TR A SRR I R&D & AF . 8 HE AR 2441, 2006, 20(4): 94-97.

Hou G M, Ai F Y. Horizontal R&D cooperation of a duopoly based on mixed spillovers. Journal of Industrial Engineering and
Engineering Management, 2006, 20(4): 94-97. (in Chinese)

FRGE, B He He T AT R SR &R QBT IR T B, REERHESHE, 2016, 36(10): 1688-1696.

Wang F L, Zhao H. Study on the cooperative innovation mode of cluster enterprises. Journal of Systems Science and Mathematical
Sciences, 2016, 36(10): 1688—1696. (in Chinese)



142 R 4 TR ¥ #H 37 %

[24] Suzumura K. Cooperative and noncooperative R&D in an oligopoly with spillovers. American Economic Review, 1992, 82(5):
1307-1320.

[25] Xing M. The optimal risk choice of cooperative and noncooperative R&D in duopoly with spillovers. Bulletin of Economic Research,
2017, 69(4): 173-185.

[26] Strandholm J C, Espinola-Arredondo A, Munoz-Garcia F. Regulation, free-riding incentives, and investment in R&D with spillovers.
Resource and Energy Economics, 2018, 53: 133-146.

[27] Gupta S. Channel structure with knowledge spillovers. Marketing Science, 2008, 27(2): 247-261.

[28] Chen Y J, Chen Y. Strategic outsourcing under technology spillovers. Naval Research Logistics, 2014, 61: 501-514.

[29] Veldman J, Gaalman G J C. Competitive investments in cost reducing process improvement: The role of managerial incentives and
spillover learning. International Journal of Production Economics, 2015, 170: 701-709.

[30] Lépez A L, Vives X. Overlapping ownership, R&D spillovers, and antitrust policy. Journal of Political Economy, 2019, 127(5):
2394-2437.

[31] Capuano C, Grassi L. Spillovers, product innovation and R&D cooperation: A theoretical model. Economics of Innovation and New
Technology, 2019, 28(2): 197-216.

[32] ZEEL, JKS, BEUA, 5. DTSRRI AR E PERT 70, RGE LS4, 2019, 34(6): 783-789.
LiCW, ZhouY W, LiJ C, et al. Research on stability of R&D cooperation alliance. Journal of Systems Engineering, 2019, 34(6):
783-789. (in Chinese)

[33] Li Y, Bosworth D. R&D spillovers in a supply chain and productivity performance in British firms. The Journal of Technology
Transfer, 2020, 45: 177-204.

[34] Moorthy S. A general theory of pass-through in channels with category management and retail competition. Marketing Science,
2005, 24(1): 110-122.

[35] Tirole J. The Theory of Industrial Organization. Cambridge: The MIT Press, 1988.

EE RN

B (1990—), L, Wbz ki N, A, $FF U7 M) 128, Email: xiaj@outlook.com;

43026 (1987—), 53, WIEG PR N, 1L, BB, W90 )5 1H): 188 545 R 5% 3, Email: niuwenju@gmail.com;

EA (1964—), 55, VLI RIE N, 84, 2%, BR300, AT 5077 M) 18 5, B4 H4%, Email: heshen@nju.edu.cn.
(i

Al | Y IERR

B, HIEIEIVIL 51> OEMKIBGE 5 1™ b £ A NG = ¢; — o — nay, IOEM) HARZ 1 E ¢ | KA (2)H
(S o bR K (i, ). E*H?:a;q? = —2 < 0, i —B 26, KA FIOEM 6 T5 MILT M Hq, 1 fme b S b 4

A SR AR VAL, FFOEM s AR T W i q; (w), W@ FTR. g (w) A K(Q), BANOEMII &5 T i S 7 (g5, ;) =
G (w) — (fi + pix?). HZEHE3FEL, CMILEI AR T 55, N ANOEM B2 LR i w i KAk 1 RGeS . 42504) el

IR ARA I3 B 28 B AL 70 (w, 22), CM B S 5 KA )

Muz;xxﬂm(w) = Z(wz — ¢;)gi(w)

a(2 —b) — 2wy + bwa a(2 —b) — 2wz + bwy
1-52 )+(w2*62+x2+77$1)( yp— - (A2)

= (w1 — c1 + 21 + nx2) (

KRS B AR M Ww;(2) = (a + ¢; — x; — nay)/2. TEIREE2H B, OEMIf & M F2 % KPR R A O

W as. Hw, () RN g (w) T 15 q; (2), 85 KB RN (g5, 25), BHOEMTE i FE 5 55 B B 11 i a8 5 KAk 1) 78 40 =X (5) BT .
TEpi > oMMV N, ARG — I 564, SRARAF FIOEM 4 55T BN AR BE /K~ 5 10 S DAL S 7 R

o (2=bn)(a(2 —b) —2¢; + be; —xj(b—2n))
rile) = 20ild— ) — 2~ b)? |
AR MR X, £FOEM 1RIOEM21) &% At i 2 #5 % /K P2 iUzl 38 9N OEME) Bt # % K AR 6 Fa!! =
(231, a5 BRI R AN« 722 i T RIS 25 bR K rh SR B6T, AT AT R (R A 45 1, R 1 5525 .

i=1,2,j=3—i. (A3)




1M 2 s W3R CMI BLAEAE 4247 OEM [t A% £ B S 143

T, FEERINFIEENL S{E —NOEMA SL RICMBHTIRFE BRI, Xt Fimm S A E At AHEINT,
OEM 1F1OEM243 il M — [ 3 %8 05 A58 44, S5 BB I 72 S B P2 AR 20 B NéL = e1 — 21,8 = co — ny.
IR 45 B, W SOEMB & 1T W & & KALEATH A iz, tnR@eF R PR, BE K6 (7), 85087
Hqy (w)Flge (w), W@ FT7R. I H, OEM 1 FOEM2(HY 25 b8 A 7] 70 B 5 N7 (g1, 21) = ¢ (w) — (f1 + @r23) Flmy =

2
a3 (w).
IR M By, CMUS BB IT B4 )5, NP ANOEML & it R M ik w i KAk E TS, Bl

Max mm (w) = (w1 = (c1 = 21))g1(w) + (w2 — (2 — n21))g2(w)

a(2—b)—2w1—|—bw2 a(2—b)—2w2—|—bw1) (A4)

=(w1—01+$1)( g >+(w2—02+n$1)< 2

RIFR BB AN w1 (21) = (a + 1 — 21)/2, wa(21) = (a+ c2 — ne1) /2. Fwy (@1) Mwg (1) A g (w) FFALT,
BEMRIT R (x1). a1 (z1) N1 (q1, 1), OEM 1 TEJFRFES FE By B I B 2 B KAk 1) R an 30 (8) BT ARHE — i & 4F,
KR8 IFHOEM 1 I MLIRFE I T A FARN BA_E K Fay IR ARREZ NS « 7 7% SR 28 B BT, 1S TIRINTR K
W EE R, R 3T TR, T ENTT BT A] SR IR AU T v R A, W 2 VRN R, BT S5 iy &8 SR LR 1 ) 24 571,

BJG, ZREEHENN. IE, ¢ = ¢, o = ¢+ ¢ IR B, B 10BM #i 2 1T W & q; e KA 2, Bl Maxg, m; =
(pi — wi)ai. WFRE3 Wy BL, CMA I 28 K AL 1 R 2 Mo . = _il(wi — ciai RARTR BB T I BGNN =
(a(2 = b) — 2¢; + be;) /(2(4 — b)) MR BN = (a+ ¢;)/2. BwNN, NN R 8 7 R 88, PR &
257 B 2 PR BT 3, 15 R TENN T RO s fir 5 5 AR 1R 28 551 i s HEEE.

5|32 1AY9ERR

EERIFHE RS HE NN NN OEM R R G 1E %, 12

Ri(A1Ry — AsMN)? A\
W{I_ﬂ%\IN:(S@l 1(A1Ry — A3 MN) —f1>—( 1)

(R1Ry — (MN)2)2 B

©1R1B%(A1Ry — AsMN)? — A2(R1 Ry — (MN)?)?

- B2(R1Ry — (MN)?)? -h>0 & (>, (A.5)
ST NN (p2Ra(A2R — A1 MN)? _ Az
2T T\ R -2 )T UB
2 _ 2 42 . 2,2
_ p2laB (A2R13224éi\;[%12\7)_ (M/]l\?)(f);Rz (MN)*) C >0 e (< (A.6)
Hrb G5, CoMIFIE R BEINRADFIRA2)FR. EE
EIE1HIIERR
P HATIOUEN]. MR 1, 5ol < wlN. MM 4 ROBM 107 P A I B FEAM R (3) 9
IN
MR (1) = wl — & (oY) = =S MR (1) = N — o = 225
IN
Merl:I()_wéN_CQ( IN):%, MR%N(Q):’LUQNN—CQZQ_;_C.

KHUAE, FIRABRFNES KT . BCMAE B RINFAE ENN K R fE %, 15

2 2
IN NN _ IN ~ IN IN NN NN
T — T = w —é(xy) g — w o —ci g

i=1 i=

- (;‘ég) <A1+<N+nA2+(M—N)(a_C)+%;W))
AM A1M(M —nN
> (231}@) (A2(1+77)+(M—N)(a_c)+%) -0 e

I HE . B RIN S B ENN R 4N OEM AT IR 2 24

N NN A MP IN NN AIMN [ >0, #H5<n<L
— =2 S0 — = _ A.8
Qo —q BR, >0, ¢ —@¢ BRr | <0 e (A.8)

BEAR, FETEINAIS NN T OEM iU BRFIEAMRY = pf — wf = ¢f (i = 1,2,£ = IN,NN), #1:(A 8) iR, iE .

K2



144 R 4 TR ¥ #H 37 %

EIE2H9ERA
R 1A 40, B EIN S 1B TENN N OEM 1 EAt I 2 2 2253 2
N - N = (“”;%Al fl) (%) >0 o (> BVflR;M MAo, (A.9)

HAr Ag = (a —c)(2 - b).
OEM 2/E RME— 7 I, IETENIFE TENN T & B AU s 2 2239 2

N = (“”JQ%A2 h)—(%) >0 & c<—MAO_2Ain2R2, (A.10)

TEIE3AYIERR
S EB oy E . RIS TEND N CMOGRE S OEM B AE [ e flifit R i 2 2204
m N1 _ M(AiRy — ApMN)(Ry —nMN) n N1 M(A1Ry — AsMN)(nRy — MN)

W mm = 2R (R1R2 — (MN)?) o W2 T2 = 2R2(R1 R — (MN)2)

FAEEMI0 < n < Lowl' <wl. #H(n) = nRy — MN. F 5%, H(n)?'i[o, 1) 7 B, IEHLH(0) = —2b <
0, H( )—s0232>0 YA EFL, FAE— fin* e [0, 1fE5H (n*) = 0. Bk, n* <n < 1H, H(n) > 0= wil < wdl, &
W), wil > wi. hAh, CMM A B 255N OEMI 2 iy 3R 45 B3 BR AT MR (i) 9

afc+x1 +77x2

achrmch.

MRIE (1) = wll — & (&) = MR (1) = wi'l — & (23T) =

2 ’ 2 ’
o 11 11 o NI
MRIL(2) = bl — ep(al) = TEET I AR () ! - () = ST
LR IFRRI IR, 7
MRH( 1) — MRNI( 1) = M(A1Ry — AsMN)(R2 —nMN) >0, ALD)

)

2Ry(R1 Ry — (MN)?)
M(A1Ry — AoMN)(nRy — MN)

2R3(R1 Ry — (MN)?)

HRAE S AL A AN (1 Ee A A R v %, 24 BAY ™ < 77 lHjL fQ(A 12)KRT%.

T E A HIE . RYE 2R 1, OBM A BRI MRS = pf — wf = ¢f, (i = {1,2)};4 € {II,NI}). BARIT R 2N

m_ ~1_ MP(Rz+ N?)(Ai1Ry — A;MN)

B = T R Ry (RiRs — (MN)2)

MR, (2) — MRy (2) =

(A.12)

-0 qII_qNI__SDZBMN(Ale—AzMN) >0, #Hb<n<y
b2 T2 Ro(R1Ry — (MN)2) <0, HE.

.

TEFRARYIERR
KR 1P EZIS T TENT FOEM 1 BRI aifE 72, 153

L N (p1Ri (A1 Ry — AyMN)* £ - A1Ry — AsMN\?
o (RiRy — (MN)2)2 ! BR;

w1 R 1
(R1R2 — (MN)?)2  (BR2)?

1 o1R 1 -1
< C><m> (\/f1<(R1R2l(Al/[N)2)2_(BR2)2) —AO(R2—MN)).

SRS 5 TIN FOEM 2 S U 25 2 23% 2

L IN @2Ro(A2R1 — A1 MN)? ) - AsRy — A MN\?
272 (R1Rz — (MN)2)2 2 BR;

B w2 Ro 1
= (A2fy = ALMN) ((R1R2 — (MN)2)? ~ (BR1)?

1 PR 1\
e o< <2R1 +bMN> (AO(Rl - MN) - \/f2 ((R1R2 —2(A24N)2)2 - (BR1)2) ) '

:(A]_RQ—AQMN)Q( )—f1>0

>—f2>0




