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Choice between option contract and combined contract in a supply chain

HUA Sheng—+ya ZHAI Xin
Guanghua School of Management Peking University Beijing 100871 China

Abstract: A supply chain consisting of a supplier and a retailer is studied. The retailer faces stochastic cus—
tomer demand and purchases from the supplier via either an option contract or a combined contract of forward
and option. Under either scenario a Stackelberg game is modeled respectively and the optimal replenishment
policy for the retailer and the optimal pricing strategy for the supplier are studied from the perspective of the
supplier and the retailer respectively. The comparison results show that the supplier is always better off under
the option contract and even under the combined contract and that the supplier will set the price of the for-
ward contract high enough to prevent the retailer from purchasing via the forward contract. Whether the retailer
will be better off under the option contract is affected by the option exercise price and the salvage value of the
product.

Key words: supply chain; option contract; combined contract; Stackelberg game

1

4 o
07, . M,) M ) F(M. - F(m) (2=2
o = (P eSO M+ (p =) FOM) o= = (p = e FOU) (225 () oo =

M = su : L M e M ® 4 M

o{matm) <252} (M, +=) (4 M,
0 M 0M  (p-c) F(M) (=2 - g(m))=0
p=c.
g(M,) >0 (4)
o', — v -
o = (e ) (B0 () )= (p = c) FOM) g(M) <0
a b) 0 + o)

0 a) aM (M +o)

o p-v c-v a y .
M —{MO.F(M (p—c“ g(M))_p_CP} M M

21 (1)

2

(6) Q. M,

E( ., E( 7,
Bk mw- (- Fo ) —ef(0) U <o e - (p-a) R0+ M)

(6) 0. M,



— — T

B(m) = (eF(Qa) =1)Qu +((p=c) (1) +v=0)T+(c.=0) [ F(D)ap

E( 775) Qo

E( 7, - ¢
P = v (02 (1= S0 ) = - vFL0a) - e102) 02 <0
E(m,) T
a%;J:v_c+@-gyin(ff;-%%%}w-c+uwmg7n(ffg_gn)
%=sup{T;g(T) s%} Te(T +w) aE(a;T) <0. FE(w) 0, T

62E( ) c = .

=) (1- “4(0.) )- (02 eQa) <0
32E( ) -c = ,

7 =_(p_vs)f(r)(1_lfj_vzg(n)—(p—cmng(n <0
62E( ) _

aQaT 0

Hessian Te O T E( ) Q. T
oE(7.) oE( )

=0 =0.
Q. aT

— 94 — 2018 10

OE( 7)) _ ‘ ,

S0t (PO M) —efl0) <0

OE( ) _

o = (P l0 M) <0

OE( 7))

o0 = (P el fl0 v M) <0

Hessian 0

2.
1
(a) wspc_“”c (7) F( D) w = pF(Q,)
(11)

E(m) = (w-¢)Qy = (pF(Q,) -¢) Q.

E(’ﬂ's) ch

E(m) - QA0 . _ = _ .

s = R0 (1= S I = pR0) (1 - et 0)
0 =sup{Q,:g(0,) <1} . &(Q,) a b)

0 + o) 0 a) a(N) ((} + )
0" = {0, o) (1 -g00) =<} aQ
p —
0. 0 a w = pF(Q,,)
1(a).

(b)) w>- = (8) (8) F(D)
WAe Q. T

w-e, =c(1-F0Qs) ¢ =(p-c)(1-FT))

(10)



10 — 95 —
o 1 ={rRmn (L= _c-vw
0 {rrn (22l -an)= =0
0
g( D) a b)
o= = -v _c-v
{rFn (2=t -an)= 20
aT M, T a.
0.
w=c, +c,. 1(b)
2
1(a) 1(b) Qo M,
PF(Q.) (1 -g(Q4)) =c pF(M,) (1 -g(M,)) =c-vF(M,) —cfIlMy) M,
h(2) = pF(2) (1 - g(x))
hi(Qu) =c¢ h(My) =c-vF(My) —cfAM) M, <c
hy (%) x
dh,(x - x
W) (1w - pi ) <o
hy (%) . hi(My) < h(04) My >0, 1(b)
1(a)  1(b)
E#x(Q) =(w-¢Q, Eax(M,) =(c,+v—-c)M, +(c, —v) fil“z]?( D) dD
w=pF(Qu) e, = (p-c)F(M,)
E 7.(0Q.) =(p-¢) Q. -pF(Q.) Q.
B (M) = (p ) My~ pF(M) My 4 e F(OM) M — (e, =) [ F(D) ab
© dh,( x
hy(x) =c . F(x)x—-(c, —v) LF(D)dD x=a. d(x) =cflx)x +vF(x) =0. hy( x)
hy(x =a) =0. (%) = (p=c)x—pF(x)x+hy(x) 7(Q4) > E 7 (0Q.) 7, (%)
e (p ) ) (B2 ()
P c+v p—c. X p—Ce_g(x)
awg(x) _ T p-v c-v _
ox 0 K )(p—ce g(x))_p—ce vo=M, m.(%) .
T o9 (12 ) )= () D g <0
g p -
x < .(x) x M, > Q, Q, <x =M,



— 96 — 2018

10

- M
p-v . 2
g( M) gp Y g(My) >0 o
E 7,(M,) v
9E (M, M
a( (e m 2 50

E7(Q) <E 7(M) Phs(Qu) < (p —c.)hs(My(c, v))
chy(My(c, v)
p=
h3(M('2(ce 7})) _h3(Q(-l)
3.
4
S (18) (19) S = E 7T.~( Q\:l) -E 7T.~( M(-z) Smim
(19) . A=Ex(M) -S,.-E x.(0,)
A=(p-o(M,-0.,) —pfo dD+vJ' F( D) dD
M, >Q, z—aQ, a>1
aQel
A=(p-c(aQ, -0Q.) —pf dDMf F(D)dD
A o
B =0, (-0 = (p-0) F(M)
o
M o= F(E=E). 4 M
(=9 W ow
977, .
67]17;“”"':‘"* =-M fAM )(p-¢c) <0
M, g—ﬁll‘wn:m -0 (M) M, <M .
A _ o) (o p=c]_
C= 0 (-0~ FM) > Qu(p-d - (p-0) B2 =0
p-v
a=1 A>0; a>1 A 0 E#x(My -S,..>E #7.(0Q.)



