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Abstract: Under the conditional value-at-risk(CVaR) criterion, an optimal decision-making model of the supply chain with
the risk-averse retailer is built under random yield and random demand. The coordination conditions of the supply chain with
revenue sharing contract are analyzed, and a numerical example is analyzed to verify the theory. The results show that the
risk-aversion of the retailer and the uncertainty of yield can reduce the optimal order and the benefit of the supply chain. The
revenue sharing contract can improve the benefit of the supply chain with random yield and random demand, and coordinate
the supply chain under some conditions.

Keywords: random yield; random demand; risk-aversion; CVaR; revenue-sharing contract

0 51 =

PRS2 Bl o Bt N A PR ST 7T B A
AL SN2 AR AN 2 0T (4 2 B 0 A A B 52, it
S 7 H PR E AL A 3 Bt AN E PR — A E
BRIER. 040 IR JRRE L P AR R D S
T R AN TE o A 2 S ) P 7 i R o B A 7
FEAEIAL TAT Y, W0 R AR SE A TR R
SR R 287 s RO R B AR 2 52 B AR AR AR
BOREERIZR MM, BEAL™ 8N AR5 o SR 5 1 E
PE7= 8N R HA B IR, Bk, 2R REAL ™ &=
X3t N B B2 L B R BAT o BB L

W FURE B K 1) BRI SCHR 22 A R 2, anED
SEUZEBEAL T SR ARAE T, B0 WS IE (it B o ) — 7
vt 7E AN [ SR T F R AR, S 1 W A XL R T A

ks HEA: 2015-07-01; f&[E HER: 2015-10-14.
HemH:
(2015J12177).
EZ BT WFIFI(1969-), T, #4%, 18128 S0, A T4 B 5 3 S50 45

ERLIBETT.

(RIS 20 3k S B R {2, BF 78 BE ML= 8 il 3L S
BRFF A K Z. B 4n: Shihl T B ML LL A 7= H AR A, 43
r 7T BEVL & T RER RIS, ot TR
fif 77 5. KerenPVr#r 1 € ME 7 SR~ AR BEHL ™ &
FEE R )k B PR AE 1), Jfeh T LS. S
LWEIE T A TG AR AN e AN BE AL FR SR A R
B AR PR RTINS ) AL SCHR [5-6) W AT T AR SR AN
BT AT ST RN, IS T AT
ORI AR 7 PSR AL SCHR [7-91 B 5T T 7 HEBE AL R 1Y
AL R B0 10) R, A AT 1 BE AL R 2 S A
e R SR AL S B 1R SR () 52 0. Gulera S5OV 5T
T BT SRAN Iy AL AL A L, R AR R R [
ey 0] i) L = B 2 6kt B AT B . XuM YRS T
BEATL ™ B AN AL 7 SR T A B 1 A 4 B R T

H Ktk 2R 22 2 &0 H (14BGL196);  [H K H SR R 2% 2 4 100 H(71372061); Wik 4 HAFR ZHE LI H

ZEYAN(1989—), 2L, B, L, ML N B



1436

* R % 31 %

B 2] LS B S 4E B . Hu S50205% 7 B R 75 R
ANHf R T ) 3 T R4 R R (1 R R SR AT T
It IR — AN EEA AR R LR R, L E SOk AT
B VLA I Al 57 IR F e, T S B 1L SR A T
2 FAT AN A ) R A -

A, O 85 58 8 X R 2 50N A
SE IR B SRR RE 7T rf . He 2503190 B 1 (6 I 7 BE ML
A5 T DA 1 2 It 7 7 R 5 7 (1 e A e 5, (BT
A3 2 18 ARG 25 P8 56 Ak I B e 5 110 S i 2= g 5141
177 B0 MR T, B I it (BT e 8, 4 31 3
ST ANHE T SRS E PR R e AR, DLERA
TEAN )RR A FE T, A 7 % 6 52 A W SR A2 PiE— ). He
SEUST M T Ta SR AN PR R E T 2 SN BE R4
B 1) R, DRI T A I R UG A P T L o 5 1)
SRR 1 SR # 3 BIT IR i e Xt g A 1T 5 s 11
SR, (R B BT BE AL & BT SR A XU A
FE ] e [ 5 e 4k o e 32 445

Ao T 28 %, KRB (VaR) Al 4k A4 R
Y8 (CVaR) A& I L3z (i Fh T AL {242, VaR
ANEE I R — B A B, B xR R I, B
AT InE, HLAE SR A B A7 75 AR K TR HELS) i C'VaR 52
JIR T VaR AR Ix Ee R, SRR LT, R T
I 7 A5 R e RS, FE BRSO sE ¥, B R R
(1 52 B LY, RGP Hh 15 31 T R TR
ARSCHE R CVaR AE Al B A4 S % Bl 53 XIS AR 47 1) 43 B
TH.

BEAL 7 SR AT BE AL H 7 SE R AL 77 2 AT AE, B
15 58 B 50 S AT AT 5 e 4 N e R B B I
LR NEHCERE, L T R R
VR, T RIS H Bl AL 1) 7 % e 5, 40 SR [13],
DRSS R 2 RIS R A S B Hh B g L. i
AR BRIE T IR A0 38 5 KR TSR BB N 75 SR A=
B B LRk 7 % Ve S5 ) ) R 56 SC R DR, AR SR
T i Fe IR LY, 2 RS T T XK RS, A
WU SRFDBEAL = 5 R AR S D SRR, o R 8 R
SR 77 B P B AL A B 2 i 114 R R 2 £ 52
PR BERI L) 28, DA R 2% 2 52 20 1k o 4 i £

1 LSRR

TE B — AN 8L R — AN 265 8 4R ) R A
Berp: W R X SR BENL AR &, H A0 kAL
R FE R Ay B F ()R FC) BENR A2 Re Y A
B AR LR B, AT ok BN B RE oR 5y i)
G(-) A g(-); A N7 B AR 72 AR A ¢ HE R ARG A
w; PP T A A p, Wp R AMEAR & ¢ NEEN
B s AWK AL AR, Bk s < w

< p, WA R BTG
W h(q, ) NS R, BASAKF B € [0,1), VaR
LRSS & BASAKFF P fe /N vl e a8, R
VaRg(z) = min{a € R: P.{h(q,X) < a} >1-§}.
(1)
Rockafeller Z51817F VaR ()3 i 42 H T 2644 K
AN (CVaR) £ 8L, CVaR & FEAE T VaR 43 1) #
BEAH, FHOREEAR T A AL 2 ) A E 1 3 4E,
FEHR T VaR Bk o SCh
CVaRg(q) =
E[h(g, X)|h(q; X) < VaRg(q)] =

=07, v M@ D@z @)
Rockafellar 55 N fi# 1t CVaR & X 2~ L & VaR
{ELFTIE BRI SR A R A, $2 th T a0 s A
CVaRg(q) =
max|o + (1 — 8) " E[min(h(g, X) — o, 0)]].
TRV AR, e Al B R 2
Ts(q, ) =
at@-p7t [ [h(g.2) o] f()dr,
H 2= = min(0,2) NEE 2 R EL Ts(q, o) 2
ZERI RO R, 2 T (g, o) BURCORAE I, o fH B K, B
VaR fH &K, A

CVaRs(q) = maxTp(q, ).
TEF= i HE R 78 BB LR, T U B ECh
mo=(p—w)g — (w—s)(g—X)". (5)
Z:HESCHR [19], 2465 7 19 XS R 7K 7l B 1),
HEARITREN
e e ((1=8)(p—w)
= (S0
RS R TG BE AL B, SR R U RO

m(q)
{ (p —w)min(Y, X) — (w — s)(min(q,Y) — X)*,

3)

“)

X <q

TG T I R WA BRI ;
E(m,(q)) =

L+oo foq [(s — w)q+ (p — s)z]dF(x)dG(y)+
L*‘X’ L*‘X’ (p — w)qd F(2)dG (y)+

fo“ joy [(p — )z + (s — w)y]dF(z)dG (y)+

N EOO (p — w)ydF(2)dG(y). Q)



58 1

HFRAF: FERERMMNTAT RS EFTZA0E N xR 1437

PN I BE T PR, ™ EAN K TR AE R IT 58
BN, (N PR O g T 4R T B e S SE B
B R AT EERMITEN, SN RteF
BRI S OO AT W, (B SEFR B 1A

72 RAS g e i 5 B AR P AR Z R I RA, B R
PR 2 BRI
Y, Y <g
ma(q) = { e em Vs ®)
wqg—cY,Y >q.
Ak N7 P £ 91 B AL i R HCH
E(ms(q)) =

foq (w — e)ydG(y) + LJFOO (wq — cy)dG(y). 9)

1.1 RERRFEFITIRREK
2 AR T R B EHKA

CVaR X E s HEN R, BER T
WIAEE ¢ LA RAGEL B AR R 2L, EIJ

CVaRg(m,(q)) =

max|o + (1 — 8) " E[min(r,(¢) — o, 0)]].  (10)

T 1 N EREAL 228 XS R
O, R B A VT & 2

Flgi) = (p—w)(1-3~-G(qr))
(p—s)1—Glgr)
EHIng.

SEFE 1R, EEE M RMLATIWEZEENL K.
BE AL 77 B R A 7 XL 0 3B R FEE ) 5 i

it 1 EFRATE=RENLE, ﬂ@%ﬂi@iﬂ%
BRI AT S EBEE B I KR/,

B B A PIAFEE R 8RS, @4 Fm S

G (q7)
(p—w) o B >8q,

s)(1 - G(qp))*/ 9B
(w1 -Ga))
C(p—s)(1-G(@)*

R F(q3) G (qr) 2 4% 46 % 5, BT A 5’F(CI?)
8G(q1)

ﬁm??ﬁj B, 1E
o e AL

an

(3F (qr)
9qi  (p—

(12)

et R (12) FHiBAT 0, 5EE 2L %

i 95 =

0, ﬁﬁu qr B B R K. O

EHAFE T 1 T 2R, XSS R0 7Y 248 2 AR XU
B I 2 el FL T T e DURILRE IR, 48 R 7 1 16
THE LI 322 DL 2 B 7 20T .
1.2 HEEREEZZAH0TES

b P 5 R A A DU R R, BE
P AR VR B IO — 52 BB (1 — ) IR IR S5 L 87 7,
DA A5 . 7 R R A 4L A s >R PR AC 2 4 2K AR 1

w < % w < gp, s < Pp.

FEAR SRR, 2 HESCHR [21-22], #4918 Z 65 R X
o R 7Y N 1) AR R T () 9

o [ - par

(p — s)x]dF(z)dG(y)+

S - wx

(y — @)|dF (z)dG(y)+

YA

(s —w)y -
Iy w = epyacy)+

Lm(wq —cy)dG(y) + (p — w)g. (13)

LI B R B ROH g SR — (R S HOR —

SR A SEW R S RN TR, A — 5
BOI T, TR P T B R B AR 3T 1 Ny

r_ g (2= w)(1- 8- G(@) +wB(l - G(a)y
1 ( (1—-G@)(p—s) )

(14)

TERL) R X AR

F(x)dG(y)+

(p —w)qld

FETTRUR SR R G, Wead 3t
ES e R

7 (q) = ppmin{z,q,y} — wmin{q, y}+
s[min{g, y} — 2™ (15)
TR T B 3L (T (q)) o
L7 [T 1épe — wa+ s(a — 0)dF(@)AG(y)+

0
fm fm [6pg — wqldF(2)dG(y)+

q

S}

)
Q

Y

[ [ topr = wy + sly — @)dF

0 Jo

(2)dG(y)+
L0 vy - wyldP@)ac) (16)
R TR S R B E (e (g))

f:w foq [wg —cy+ (1 - ¢)pz+

(1= ¢)s(g — 2)|dF (z)dG(y)+
+oo p+too
L L [wg — cy+

(1 = @)pg]dF (z)dG (y)+
foq foy [wy —cy + (1 = d)pr+

(1 =9)s(y — 2)dF(2)dG(y)+

L ey - e+ (- 0plaF@)aG).  (7)
B2 HFHEH RIS, (S5 R
BEHLRY, AECRS 8020 . B BB ORAT SR



1438 = # 5 * * %31 %
4 A B, (IR L (0 B L SR U
oy _ (op—w)(1 = B — Glgf)) g _ psA(l — ¢) )
o =g —ga-aqy =~ "® R TG ey TG e e T SR
R, Heft A= 1- B — Glao).

EHL2 R, 5RRAM, Wi =884, =
A TR R B R U T T B3 S A A 3L = R B RS .
IR 2 AR SRAE R A E I, I I
LT EER ST & ¢ KT B FL ISR
EB X (18) % B RF, &AL F 17
(¢p — w)%ﬂ
(¢p—s)(1 - G(qi‘y))2>

(¢p — s)(1 — Glazr))

Flqty) T Glas) R 42 1 i K, 7 UL 0@;%7”
86;2? /. HT op > w, op > s, N (19) 4L T
0, B2 R e, N %77 < 0, 7B g3y B B IR K
i, O

PE T R BT 2 M T, BRI 2 St 2
LSRR B T AR T 5 %, B B R T
N, 55 U 2% SR A AT 4 e S 1 AR DL, {2
MR (18) TT BATE th, 1T 2 36 3 B8 o 2 1 B 5 7
VL7 7 A B, 305 24 L o 00 A /T DA A 2
T R 17 0 S5 ER T W 5k A R B

W3 mRAPRBEALN, KR T
O S R AT B0 ¢ 5 T o M0 MLV 1 0 4

WER K (18) BIL A XT ¢ SRS, bl 5

9qy;

op

(5F (a71)
aqy;

il

- 1 9G(qr)
(aF(q}}) (Op—w)op =975 >8qu -
Odir— (dp—)"(1 - Glap))* / 09
p(1 =B - Glap))(w —s) (20)
(ép—5)°(1 — G(q))
K2R F(qy) 1 G(qly) /&40 A R AL, BT LA 31;((}217)
7
- agﬁzﬁﬂgﬁ, i3 (17) 1] 1, T %Rk R
7
S, ABAFAEL = B — Glajy) > 0, A w > s, 88(15 g

0. FITBL g KT o Ay S i 6 1 R 4. O

AR KT ARER, THERARE LRSS,
AR, D T I 2 T W B 2 e, R
W2 e A L 5 AR B, B g B o BO8G KT 4
K. ZWOCHR (210, v 7 AEGERHE VR0, AL ¢f =
qr, B as = RL) R 7 B T R AL SR
ARSI AT BURASE, WA RN 4.

EIE 3 HTER MR, Oy 7 SEBL N

H130 1) P, SRRt A 5 245 7 10 U
7K W L5 R B 7R A e B R R 5
M, A4 7 o) bt R AN I 75 S R LB TR 3R

fESEFR, SN M EEFE BN E SR AR
K, 45 B O TE BRI A 2 it — 2D 25 iR A N
PRI RS Fr A, e A B 24 W A2 LA 2 A

E(m (47r)) = E(m(a7),
E(n(q1r)) = E(ms(ar)),

&l
$E(rr) > E(my(q})),
(1 — ¢)E(rr) > B(r(g?)).
Gl T
B(m, (q7)) E(ma(q5)
By 0SS TE@ny 0 P

WL 2 3 AL AL IR AR A XU SRS R AN /N
T a2 B I ATARAF IR, AR IR
FH o W R AT (22) I, Wi I =R L BT
2 HES

T AR SRR, RT3 7 SR X LEIXE] [0, 200]
ERRMIEZR A X ~ N(100,202). 5 i 1) 24 77 fig
71Y £ X [8] [80, 120] - B IEI 51 50 AT . FLALAE P2 A
c=12, FEMp = 38, 1§kl s = 9.

1 RIRTE JCBEAL ™ 5 29 SORTAT BlAL > & 24 0)
PR S T B E R R0 HIE 1T BUE 1, 4
TR T DRSS L T 2 X U a5 (1) 1
I, AT R R, AT RS D, T AN
e Mo it — DR IR R B R AT T &

o™~ - WL
~~~~~~~~~~~~ — EREHYE
_osop ™
N
70|
0002 04 06 08 1.0
B

E1 EEEN~E ¢ 508X FRl%

B2 97 PRI e JE = BN ¢ 55 5 9% AR 2.
H & 2 T A Y, BRI R ¢ KT B i
Ik, XS HELR 1S 1R AR T o 4k R Y
I, Wias 3 = 32 )y DA e 2 o 1 B L 1T B
DR i a3 = 32 44) i B AR (3L 2 4 v B A A2 1, il
TG VT WA B 2 7 i, 50 P B YA



38 HRA F: FERERMMTATRELFZANME S IR 1439
120 B, Wi 2t e 2 32 B o5 5 A RS R Y 2 g )
110} Ay G =S R  IVA T s s A I s N e 7 e

_100f I (4 RS 43 R, AT I et 1R A 2 e S IR o gt
= 90} I )3 7 40 .
80F 23F
70 - L L L L L L Ng 19 i \
04 05 06 0.7 0.8 09 Pl I
_ e
/ = = flrg
2 EERSHZRAR ¢ 5 4R R B .- JD SRR
K3 Na Sekpifx Rl de mE3a lE | [T

H, FEGEN (8, ¢) BUEFAFT, Wi 3L 2R A7 AL 7T
TR Wi as 36 R AW T M E R R T R ¢
B B BB K, BEAE ¢ B3 K3 oK, X 5 4
W2 FIHER 3 4E I — B

B3 g5 5¢ R AHIKXFRILZ
4B = 0.4, ¢ N 0.41 HLE] 0.46, AR S H
AN, 15 B a3 =2 52203000~ ANt 2 5 38 HER IR
25 o ARG, W 4 FR. HE 47 LUE H, B8
5 A = TR - K, 2 T Y T B A R R K,
TP V7 T 4D 30 R A 2 DU Sk /), (L 7 s 1) B ER i
fil— FL T R T TR AR

24
2207 - ARG A
2 VAR g
Sl6f — PN BRI
Y
g\z 12 —-:‘:-
N

041 042 0.43 044 0.45 0.46
o)

4 HAEEWES ¢ X RN
4 ¢ = 0.44, B N04HLE] 0.9, LAHKSHARN,
Al LA B e H A N BRI A S5 B IR R, W
5Hras. HIE S W] LU th, Bl AR 10 3k B 1 R, T4
T~ A IV 7 D R A i B A ) SR B AT 2 T ik SR B N,
AR RS B U S — B T 2R B aS . X
R EAT LA A mT R, i s AL R
E(m(¢", w")) E(ms(¢", w"))
€ ( E(mr) 1= E(7r) )

7704 05 06 07 08 09
B

Els5 HEWEmS 6 RIXRELZ

3 4 @
AR ST HF B AN IR F P 4 2 7 A — A IR

0 7R A e 2L RSP T 2 (R S B, 2 RS T SR BE LA B
BEHL, F i T 2 TR 3 R A I SR, i
B TR R AL N R P R SRAT . BIE TS SRR R
Fiffy 5 P A6 DX A T 2R 2 e ) i I VT T 2D ek
/0Ny BT B O T KU R eE A K B R R, %
TIERE o PG, IR E R TR iR
PAT B AT P, A — s 26 AF T, W 3 2 R fE
g iy R 5 SRR B AN . L 2B e DXL S A (1 Ak
B RK A VFZ W BUER B0, W wh e A
T AN R R R 2 RS A I e XU 25 FE A
T 518 0 2 3220 RS A0 B XU <3 KOxT 7 SR AT
7 B [F) IS AN 5 I {3 IS 1 30 1) R i <5

2 E ik (References)

(1] E, 5 oMk BEAL 7 KR XS A N P F Ui 2 36
ERLI]. ZG LR, 2013, 28(4): 514-521.

(Dan B, Xu G Y. Revenue sharing contract for dual-channel
supply chain coordination with stochastic demand[J]. J of
Systems Engineering, 2013, 28(4): 514-521.)

[2] Shih W. Optimal inventories policies when stockouts result
from defective products[J]. Int J of Production Research,
1980, 18(6): 677-686.

[3] Kerena B. The single-period inventory problem: Extension
to random yield from the perspective of the supply chain[J].
Omega, 2009, 37(4): 801-810.

[4]  BLL%, FME. UL 5 &SR E i BB E AR
TR, RS TAEER, 2010, 25(5): 622-628.
(Peng H J, Zhou M H. Production and ordering decision
in supply chain with uncertainty in two-echelon yields and
demand[J]. J of Systems Engineering, 2010, 25(5): 622-
628.)

[5S] Kazaz B. Production planning under yield and demand

uncertainty with yield-dependent cost and price[J].



1440 1= ] 5 * R %31 %
Manufacture & Service Operations Management, 2004, in a remanufacturing system considering random yield
6(3): 209-224. and random demand[J]. Systems Engineering— Theory &

[6] Wang C X. Random yield and uncertain demand in Practice, 2009, 29(8): 19-27.)
decentralised supply chains under the traditional and VMI [15] He Y, Zhao X. Coordination in multi-echelon supply
arrangements(J]. Int J of Production Research, 2009, 47(7): chain under supply and demand uncertainty[J]. Int J of
1955-1968. Production Economics, 2012, 139(1): 106-115.

[71 Gurnani H, Akella R, Lehoczky J. Supply management [16] Artzner P, Delbaen F, Eber J, et al. Coherent measures of
in assembly systems with random yield and random risk[J]. Mathematical Finance, 1999, 9(3): 203-228.

o 25 5 5 & R BF A0, b B BLR 22, 2000, 17(5): HAAE, 2008: 7378
(Pan Z B. Risk measurement of financial market[M].

88-95. Shanghai: Shanghai Academy of Social Sciences Press,
(Zhao X, Wu F W. Coordination of agri-food chain 2008: 73.78.)
with revenue-sharing contract under stochastic output and

. ) [18] Rockafella R, Uryasev S. Optimization of conditional
demand[J]. Chinese J of Management Science, 2009,
17(5): 88-95.) value-at-risk[J]. J of Risk, 2000, 2(3): 21-42.

[9] Kelle P, Transch S, Minner S. Buyer-supplier cooperation [19] Chen X, Sim M, Levi D, et al. Risk aversion in inventory
and negotiation support with random  yield management[J]. Operations Research, 2007, 55(5): 828-
consideration[J]. Int J of Production Economics, 2009, 842.

118(1): 152-159. [20] Giannoccaro I, Pontrandolfo P. Supply chain coordination

[10] Gulera M G, Bilgic T. On coordinating an assembly system by revenue sharing contracts[J]. Int J of Production
under random yield and random demand[J]. European J of Economics, 2004, 89(2): 131-139.

Operational Research, 2009, 196(1): 342-350. (217 GRAER, B/ T 2% DU (R v JUU P 36 I 5 [m] ey 32

[11] Xu H. Managing production and procurement through ZIPp RS, I8 B 58, 2011, 4(20): 10-16.
option contracts in supply chains with random yield[J]. Int (Qiu R Z, Huang X Y. The supply chain buyback
J of Production Economics, 2010, 126(2): 306-313. contract coordination strategy based on conditional value-

[12] Hu F, Lim C, Lu Z. Coordination of supply chains at-risk criterion[J]. Operations Research and Management
with a flexible ordering policy under yield and demand Science, 2011, 4(20): 10-16.)
uncertainty[J]. Int J of Production Economics, 2013, [22] MRum, oK, BRBEEH. BEALBME FE SR &4 T CVaR 5

[13]

[14]

146(2): 686-693.

He Y J, Zhang J. Random yield risk sharing in a two-
level supply chain[J]. Int J of Production Economics, 2008,
112(2): 769-781.

2R, 2 55 fik, /N, BEAL AR A BENL KT
1RSI ESUE M [T, R LRRRIS 5 52k, 2009,
29(8): 19-27.

(Li X, Li Y J, Cai X Q. Colletion pricing decision

Y 2 36 R I SN BE SRR (D], RS TR S
SR, 2011, 31(12): 2296-2307.

(Lin Q, Ye F, Chen X M. Decision modeles for supply
chain based on CVaR and revenue sharing contract under
stochastic elastic demand[J]. Systems Engineering—
Theory & Practice, 2011, 31(12): 2296-2307.)

TR FEH)



