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Proof of Lemma 1. From our requirements on Wa(-,-), —5p2p%>

ovhoqy,
OWa (vE,qF _
PHFE) < g Noto that By o o 8) = T SUE(0) 10— 00 = T S (1) -

vh g, ( D) — Wa(sh, ar) + Wa(vh, ¢7" (vh)) — W3(S(q}")). In the case that ¢ = g is a constant value

< 1 and Wa(-,0) = 0, we have

(independent of v4), the result holds, since dEt?ﬁk’“dfg 9:%5) _ —qr + M <0.
2
Then, we consider the case that ¢} < ;. Note that dEtZW’“"ﬁg e ’U2) =
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Proof of Lemma 2. Note that s}~ t— = s} for p=2,4,6,8. From (6), we have
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where T'= Y70 | A'Y}[Ty. sS(q)7) — Wa(vh, ¢;*) +W3(S(g;))] independent of s7. Also, Y7 A*(1—

Y!) < 1 is a constant value, g is determined at time ¢, and from (4), q,i is independent of s for

.  OMp. . OWA (S, _ _
i=p—1,p. Since 8}; < 158511 o) < qi, we have By, 7y (g, Yo, YZ L s1) decreases in sf. O

Proof of Lemma 3. Rewrite (4) into By, T o(q} ", Q,v5) = Tra S(qh ) —vh ¢ —Wi(s], Q)+ Wa(vh, ¢")—

W3(S(¢F")). From (3) and our requirements PWalvs a) <0, W3(+) < Ti,q and Wy (-) > 0, we have

o(a;,)?
Tia S(q) — v5 ¢ — w}, gy is quasi-concave in ¢, and the maximal value is achieved at g, which solves
the first order condition 7 ,5'(q) — vh + %};”q) W5(S(q))S"(¢) = 0. Then, for Q < g, we have
@' = Q. Note that Zamg@O0) — 7, 51(Q) —of — WL 4 ML _ w3 (5(Q))S'(Q) so that
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since S(Q) and Wa(-, Q) are concave functions of Q, W5(-) < Tq, Wi(-, Q) is convex in @, and W3(+)
are convex functions. Therefore, Ey, 7y o(qh . Q,v5) is concave in Q.

On the other hand, if @ > gf, then ¢ = ¢} < Q and By, Tq(¢}", Q. v}) is concave in @ since
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Wi(s? is partially convex in (). Furthermore 19Tk (47, Q:5) is continuous in () since
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Finally, note that Hy, s is concave in @ and —Hy, , is concave in Q. O



Proof of Proposition 1. We first consider the assembler’s decisions at time to. In order that our
coordination result is not influenced by the realizations of raw material prices, we focus on the case
that Q) = oo, where @) is the assembler’s production quantity at time ty. For the centralized system,

for p=1,2,---,8, since the production cost s/Q at time ¢; is sunk, the first order condition is

8]Et2ﬁ(qp*, 00, vg)

s =S o =0 1)

It is straightforward to show that E;,IT(gP*, 0o, vh) decreases in vh. Then, there exists a threshold,

denoted by vb, for the production at time ts is
E¢, II(¢"", 00, 05) = S(¢"" (15)) — 05 ¢ (v5) = 0. (2)

The centralized system will produce only when v < 5.
We next consider the decentralized system. From the facts that S'(-) >0, S”(-) <0, Wa(-,q}) is

concave in ¢y, and Ws(+) is increasing and convex with Wj(-) < T4, we have ¢} can be solved from

Oty raldy, 20, v3) 1 OWa(ohaf)

oal” = [Tk — W3(S(gg)IS" (q) —v5 |1 - g o = 0. (3)

To make (3) equivalent to (1), let 1 — %%ﬁ%‘li*) = Tra — WE(S(4)), ie.,
%W ~W3(S(qp") =1 Tra = Ths- (4)
For notational convenience, let H(q) = %%;}S,q) — W4(S(q)). Note that H'(q) = %621/13(1(;1541) —

W4 (S(q))S"(q) < 0. If H'(q) < 0, then (4) holds for some specific value ¢ but not for arbitrary
values. Then, we require H'(q) = 0 for any ¢ > 0. As a result, W3(S(q)) = C15(q) (since we require
W5(0) = 0) as in (9¢) and Wa(vh, ¢) = (C1+ Tr.s)g(vh)g with ¢'(vh) < 1, since we assume W(-,0) = 0.
Consequently, H(q) = (C1 + ﬁ,s)ggjvpg) — C. Further notice that if we want (4) to hold for any value
of v, we need to let g(vh) = o8 so that Wa(vh, q) = (C1 + Ti,s)vhq, which is (9b).

With W(-,-) and Ws(-) specified as in (9b) and (9¢c), ¢¥" = ¢P*. If the thresholds v} of the
centralized system are also the thresholds of the assembler in the decentralized system, from (2),

—Th,s05 qy, (05) — Wi (sh, qr) + Wa (05, ¢ (05)) — Wa (05 ¢ (05)) + Hia = Hia — Wi(s], qx) = 0. Then,

Hk,a = Wl (Sll)a Qk)' (5)

We next consider the time t¢; decision of the supplier, for p = 2,4,6,8. Note that the thresh-

old of s} for the centralized system not to produce at time t; is Etlﬁ(q,Yp,Yp_l,s’f) = 0, where

Ey, (g, YP,YP~L sP) = f:p_l Al ly? (S(q’*) —vhq™)] — sl q and Y = 1 if the centralized supply
chain produces on path i at time ¢ and Y* = 0 otherwise. For the decentralized system, (9b), (9c),

and (9d) guarantee Y,! = Y for i = p — 1 and p. Substituting (9b), (9¢), and (9d) into (6) yields

p
Er, fs(a, Y2, Y27 80) = 37 AV [Wa(h, ) + (Co + To)(S(ai) — v8i)] + (1= Y Hia} — % a

i=p—1



P
= (Cr+Ths) Y AYJS(ar) — v5ai] — 8T ar} + Wi(st,a) = (Thoa — C1)sT ar. (6)
1=p—1
The supplier’s stopping threshold solves E¢, Ty s(qx, Yo , Y& 71,511’) + Hps = 0. The decentralized
system has the same threshold Si(g) as long as Wi (s}, qx) — (Tr.a — C1)s) qx + His = 0, . Then,

Wi(st, k) = (Thya — C1)sTar — His, (7)

and Hy o = (Tr.a — C1) s qe — His from (5). We need Hy, s > 0, since otherwise, the supplier gets paid

for not producing, which will create moral hazard issues. Substituting (7) into (6) yields

p
Bty ks (r, Y2, YETH 80 = (Cr+ Th) D>, AYYI[S(6E) — vBay] — o7 ar} — Has

1=p—1
= (O1+ Trs)Ee, gy, Y2, YP71 88) — Hy. .

We now consider the time tg decision of the optimal production quantity @ of the assembler. Substi-
tuting (7), (9b), (9¢), and (5) into the objective of program (8), we obtain

Toaltr) = YP[YE (ToaS(ay") = v ay —wiar) — (1= Y Hpa] + (1Y) His
= (ﬁ,a - C)Y? [Yf (S(q’,Z*) - vé’ qi*) - 811?%] + Hi s

If YY = 0, then Wﬁva(qk) = Hps. If His > 0, then Wi)’a(qk) > 0. Again, the moral hazard issue will
appear, since the assembler can decides very large qi so that the supplier cannot produce in any path
p and and thus is in a pure loss situation. Then, we need Hy, s = 0 for a general coordination contract.

Finally, if the centralized system produces g; as the decentralized system, (9b), (9¢), and (9d) guar-
antee that ¢} is the optimal solution of the centralized system. Also, (9a) - (9¢) ensure that the cen-
tralized and decentralized systems have the same thresholds Sy (qx) and Vi (qx), i.e., the Y and Y7 are
the same for the centralized and decentralized systems. Consequently, Y [V (S(q}") — v5 ¢i") — sV qi]
is the profit of the centralized system by producing ¢ at time ¢; and qi* at time to. Then, C1 + T s

and T s — C are the supplier’s and assembler’s shares of the total sales revenue, respectively. ]

Proof of Proposition 2. Since we focus on the cases that the channel working capital is not enough
so that the centralized supply chain may face bankruptcy risk on some paths, we consider the case
that the assembler has the bankruptcy risk at time to, i.e., LP > 0 for some p. Recall that as long as

a party can borrow, G(ICZC, qi) > 0, for ¢ = a, s, due to the competitiveness of the financing sector.

The requirements on Wa(-,-) and W3(-). For ICII;G > g, let

P
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For notational convenience, let M(¢}) =1 — TE’%’ and 1 = 1 if the condition 2 holds and 0
2 k

otherwise. From (A.la), (A.1b), (A.4), and (A.6), note that A} _ is constant at time ¢o. Then,

akh, [ M(q) + WaS@))S @)/ Tea + DIKE o )1k >q7 o
dai, 2min{Ky ,, qp }F(2K7 )G (KT ., a3) ’
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From (19a) and noting that A} ,, L} , and Wi(s{, i) are constant at time ¢, the first order condition

dEtQ Tk,a (qk dk Vs ) _

of the assembler is o =
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We next study the centralized system. After a similar analysis as the assembler, we have:

Etgﬁ(qpv q, Ug) = S(qp) - Szl)q - UIQ) qp - Cb(lcpa qp> - AP + Lp') (11)
. . . dIEtQI:I(qP,q,vg) o
where AP and LP are constant at time ¢5. The first order condition is — g = 0, where
dE , p D(KP, ¢?
to (q q U2) _ Sl(qp) o UZ _ ( q ) —i—B(ICp,qp) ]l]cpqu. (12)

dgP G(Kp,q?) | G(KP,qP)
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If K}, < g, to equalize the first order conditions (10) and (11), let M(q}.) = Tr,a — % =C,
3 k,a'1k

where C' > 0 is a constant. From Wj(-) > 0 and G(le;a, QZ) > 0, we have C' < T ,. Then,
W5(S(a1) = (Tr,a — O)G(KY, 45 41)- (13)

If @« = 0, we have G(K% ,¢) = 1 and (13) is reduced to (9c) for financially unconstrained supply

chain. Now, Equation (9) can be simplified into

A (1= C/Tha)l9(q) — v3/GKE o 3] + vz

dj 2K o F (2K )
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From (A.2), # = —a[z(2lC£’a)+2lC£’az’(2Kz a)] k (qllz)_W > 0, then ’% >0

so that G(K}, ,,q;) decreases in g;. However, since W3 (S( ) = W3(S(qk))S’(qk)) >0, Wi(S(qh))

always increases in g; monotonically. To remove the conflict, we have to let C' = T}, 4. From Assump-

tion (2.a), W3(S(q})) = 0. If KY , > ¢f, the situation is more complex, but the above arguments still
hold as long as G(K7, ,, q;,) is not monotonic in g;. Moreover, the last two terms in (10) related to
ICZG > ¢y have the coefficient Ty ,. Again, we require C' = T, and W3(S(g;)) = 0, which is (20c).

For the requirement on W(-, -), since M(g},) = —ﬁ,% =C =Trqand & % Th,s-

2 k
To make it hold for any non-negative values of ¢} and v}, with a similar analy51s as in Proposition
1, we have Wa (v, ¢}) = Tr, sv5q;, which is (20b). Then, the first order condition of the decentralized

system will be the same as the centralized one, except a constant scalar Ty ,.



Now, the expected profits of the assembler, supplier, and centralized system are as follows:

Bty Tha(dr ks v5) = TralS(an) —vhay — Co(KY 45 a1)] — Wilst,qx) — AL o + L} 4 (14)
Bty Tr,s(qhs ar,v5) = Th,s[S(ap) — vhap — Co(KY , ap)] — stae + Walst, ax) — A}, + LY, . (15)
By, (q?, q,vh) = S(¢F) = AP + LP — g s — P v§ — Cyp(KP, ¢P). (16)

The requirement on W1(-,-) and working capital y, and ys. We first study the case Ai = Li .=0
for ¢ = a,s. Let g, and ¢! be fixed. Let H([,z’c,ﬁ,c) = ﬁyCCb(ICZ’C,qz). Equation (A.4) defines ICQ’C
as a function of £ . and T, and K}, (6L}, ., 0Tkc) = K7, (L], o, The) for & > 0. From (A.6),

2KP (5LY 6Tic) ¢

HGLY [ 6The) = 0T f() * bt E p(f)df, ’Ci,c(5ﬁ£7c,577€76) < qz,
k,co ,C c 2q% &2 2’Ck L(éﬁ O0Tk,c) P » » »

0o 1 §)d€ + f q, (€ — Qk)f(g)d€7 le,C((;Ek@, 6Tr,e) > a,-

= GH(L! . T

Therefore, H(LY ., Tr.c) is positive homogeneous in Ty . and £} _ of degree 1. Then, H(L} , Ti) is
sub-additive in Ty . and £f _, if any only if H(-,-) is jointly convex of the two variables. From (A.4),

8/6276 _ 1 and GICZC _ Sy(KF o a) ST o g )BIC,“ a7)
oLy, 77€casb 8},55’, a,qb) OTk.c E’CaSb(alé;: @) ke k Ly
Then, we have
OH( T o 0OKLd) O, 1 )
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After some algebra, the Hessian matrix of the function H (LY ., Tg.) is

OPH(LY \Tie)  O*H(LY \Thc) O%H (LY o\ Ti.c)
8(£p ) 8[:117 87—];; c ~ W 0
PH(CY Tie) OPHIER Too) | = 0 0|
b AT

where two matrices A = B means that A and B have the same positive/negative semi-definite
O?H (LY ., Tk,c) >
o 2
0, i.e., H(LY o Tk,c) 1s convex in £p for a give Ty ., which can be seen from (19), and H(ﬁz’c, Tk,c) is

continuous in Ei at the boundary ICk = = q,. Consequently, H(LY ., Tx) is sub-additive in £} , and

properties. Consequently, the Hessian matrix of H (-, -) is positive-definite if and only if



Ti,c for L8 >0 for ¢ = a, s, since (A.4) is satisfied for £} . > 0. Then,

(ﬁzaaﬁa)"i‘H(ﬁksvns)>H(E£a+£ksv77€7a+77€»3): (Eia—i_ﬁks’ )’ (20)
. = 77-;:”;1 For Eic > 0 for ¢ = a,s, we have Ei,a =

Wi (5%, @)+ Tr,adg V5 —Yas L£F s = Qi ST~ Wl(517Qk)+77c @y —Ys, and L +L] = g SY+aG 05 —Ya—Ys-

LP
Then, L’é"’ = 77—2: implies W1 (s), qr) = Te.aS) a6 + Tk.sYa — Tr.aYs, which is (20a).

Note that £F + £} . > LP. If the centralized system produces g at time t; and ¢} at to, from
(14)7 (15)5 and (16)5 Etzﬁ-k,a(qgv Qk,vg) + ]EtQﬁ-k,S(an quvg) = S(qZ) - S? qr — ’qui;) - [ ( k a)77€ a)
H(ED, Te] and Bry(efag, ) — S(a) - ax — viaf — H(EP,1). Let g7 < gu be tho optimal

production quantity at time to of the centralized system if it produces g, at time t;. Then,

Ep, Th,a (G Gk V) + Bty Th s (07 @iy ) < Eiy gy, qr, v) < EppT(q™™, gr,y 03). (21)
bo — 777“ ¢, which guarantees the equality in (20) and ¢} = ¢¥*.

That is, the requirements on Wi (-, -) and initial working capital are necessary conditions.

We now finish the case L} . = 0. Next, we study the general case L} . > 0, i.e., supply chain
parties may have time t; bank loans. Again, let g and ¢} be fixed for p = i, 2,--+,8. As we explain
in Appendix A, the bank will arrange Ap and Ap 1 50 that they generate smallest bankruptcy costs.
For p = 1,3,5,7, recall that A? = P{p \ (sl,vl)} and AP = P{p 4+ 1 | (st,v])} from Section 4.3,
where Ap—i—Af"‘H = 1. From (A.8) and (A.10), L ZPH AJ A] . If the loan obligation on path pis
reduced by dAp .» the bank has to reduce the 10an obligation on path p+1 by dAp = AP+1 dAY o
to make Li . unchanged Based on (18), the expected bankruptcy costs on the two paths are

. [Zp+1 AICy(KY ., ql)] _ Apacb(lck o dh) Apﬂacb(/cgc gty dart!
T T e
= AP{ DD\ o N
G o) G, qp)
P 8’Cp+1
Similar as (17), 3 Ap > 0, while 3 Ap < 0. Recall that ¢} and q are fixed. Then, the expected

bankruptcy cost is convex in Ap o Wlth the optimality condition G (ICk o) =G (Kiil, qiﬂ) Denote

corresponding loan obligations as AY* and Aztl*, and the bankruptcy thresholds as K}, and IC’I?;I*.
By making Wi (-, -) and/or y, and ys deviate from (20a), let the time ¢, loan Lj _ increase by dLj
for party ¢, while the other party, denoted by ¢, increase by dL? s = —dLi .- Then,

AL AIC (KT, q)] ”“[ AC( ickz,qkﬂH mi’:} p“{ H »fmi’z}
T = P ATk
T L7 => D> | PYNE o7 > ) |V o,

i=c,C sC i=c,C j=p i=c,C j=p
Z 'il AT Z oLy . /OLY, 1 1
i—ec ;quk — aLp o G( ;”vqk) G(]Ck chk) G(/Ck cvqk)

1
G(KY ..ar) G(K” )

bankruptcy cost is convex in L} o and the minimal costs are achieved at G(K}, a,qk) G(le S,qk)
which further implies that AP Ki*s, and ICp Hx ICp 1% That is, the two parties have the same

Again, it is straightforward to show increases in Lp . Then, the total expected



bankruptcy thresholds on the paths p and p 4+ 1, which is the case of condition (20a).

Finally, let gz, ¢} and qZH be fixed at the optimal quantities of the decentralized system. From
the above analysis, the total expected profits increase when (20a) is satisfied, which is the centralized
system ordering gz, qﬁ and qu. By letting the centralized system optimize, the expected profits

improve further. That is, (21) still holds, and (20a) is necessary to achieve coordination.

The requirements on Hy, , and Hy, s. The centralized system borrows (s]q, —ya —ys)* time ¢; bank
loan. For the decentralized system, if the assembler does not produce at time to, the supplier receives
Hj.,o from her. Then, the supplier’s loan is (s7qr — Hy.o — ys). To make it proportional to the cen-
tralized system, let (s{qr —Hr,a—¥s) T = Trs(SYqk—va—ys)t. Then, Hi o = Tra 7 qk+ Ti,s¥a— Tr,aVs
which is (20d). For Hy, s, after (20a), (20b), (20c), and (20d), the supplier should not be penalized
for not producing, since it happens only if he gets negative expected profits or cannot borrow bank

loans, which is also the case of the centralized system. Then, Hj s = 0, which is (20e). d

Proof of Proposition 3. For Part 1, v = 0 means that the supplier is indifferent to producing or not.
From Assumption 3, the tie-breaking rule, the supplier is forward-looking like the centralized system.
Also, if ys = 0, then y, equals the total channel working capital. Therefore, coordination is achieved.

Similarly, if ys > 0 but y, — ys > ¥, then the assembler still have the enough working capital to
behavior the same as the centralized system, i.e., removing y from it does not reduce its profitability.

Part 2 follows directly from Proposition 2, since (20) are reduced to (18a) if ys = y, = 0. O

Proof of Proposition 4. For concise, let Ey, It (qt, qi, v5) = Et, 7k a(qt, ar, v5) + Bty Tk (4}, qr, vh) be
the total profits of the decentralized system on path p. Let ¢P* and ¢* be optimal quantities of the
centralized system. We first show Part 1. Let qﬁf and gy, (quo and q;t,o) be the optimal quantities to
the assembler in decentralized system (with v = 0), and let E;,IT,; ¢ be the expected profit of the de-
centralized system with v = 0. Note that 22:1 B, Tt (4t 00 Gt 05 V5) < 22:1 Eo, Mt 0(qhy ) @05 V5)

since the former is the expected profit of the decentralized system with a general v but with ordering
218):1 EtQHPf (Q£:7q;t’v§)P{p} —
Zi:l Etzﬁ(qp*vq*vvg)]?{p}

Zi:l Et, _pt(Q£;,k7 Q;t’ Ug)P{P} ) 22:1 Etgﬁpt(QSZoa qg*;t,ov UJQD)P{p} ) Z?}:l Etgﬁpt,o (qg:pv Q;t,oa Ué’)P{p}
ny:l Et, ﬁpt(QﬁZoa q;t,07 Ug)P{P} 22:1 Etzﬁpt,ﬂ (qzzov q;t,o’ Ug)P{P} Zi:l E¢, 7(g%*, ¢*, UQ)P{I?}
B 22:1 Etzﬁpt(q;)):’ q;w Ug)P{p} _ ny:l Etzﬁpt(qum q;t,()v Ué))P{p} ‘
O BTl (d o @ VPIRY e By 0(gh) o, @500 v P{D}

e(Ya,ys S By Ipe (a5 a0 P{p}
Let ¢ (ya,ys) = éigiﬂ(fyfyz) < 1. Note that ZiilEzﬁpt (qgqu;:t}o’vw{p} >
within a limited scope of 7, denoted by [0,%1]. Furthermore, as « increases, either the time ¢; loan
L P
pt,a
bankruptcy cost is increasing and convex in the loan size, and thus, the expected profit is concave in the
Son 1 BoyTpe (g8 0,05 0-05)P{p}
=1 Bty Tlpt0(aby 05 005 P{P} =
V€ (Ya,ys). Let 5 = min{%1,72}. Then, for v € [0,7], epi(V: Yas Ys) = €' (Ya, Ys)ept(Ya, Ys) = €(Yas Ys)-
For Part 2, let ¢fs and ¢, be the optimal solutions to the assembler in decentralized system.

quantities that are optimal to the system with v = 0. Then, ey (7Y, Ya, Ys) =

Ept (yaa ys) .

€' (Ya,ys) can be satisfied

or time t9 loan L7, . increases. The (19) in the Appendix indicates that the assembler’s expected

p
pt7a‘

loan size. Then, there exists a scope of 7, denoted by [0, 2], such that



Then,
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scope of A around denoted by [A;, A1]. From the proof of Proposition 2, when the quan-

ers()\v Ya, ys) =

e(Ya,ys) can be satisfied within a limited

Ya +y ’
tities are fixed at ¢P* and ¢*, the total expected profit of the decentralized system is concave in

A, with \* = Y , denoted by [Ay, Xo], so that

y +Ys
8 u * KT Y
po Bl WP} m Lot 2 = max{Ay Ay} and & = min{3y, Ao}, For A € 3 1)
e'f‘s()\ayaays) 2 Q(yadys)' D
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Proof of Proposition 5. The total expected profit of the decentralized system is Ey, T (qgt, pts ST, 05)+
Bty Topt,a(Qpe Gpt» 515 v5) = S(qp) — sTape — qpyvh — Cy(Kpy 45 qpy) under the pass-through contract
specified in (21), and Ey, s s(qhs, Grs, s1,05) + Bty Trs.a(dhs, @rs, s, v5) = S(¢Fs) — siqrs — qrs vh —
NaCy(KPs.a, qrs) + AsCh(KPs s, ¢Fs)] under the revenue-sharing contract specified in (18a). Then, if

Cb(lcpt a’ th) <A Cb(lcrs a’ qu) + A Cb(lcrs N QTs) (22)

it is possible that the total supply chain profit is larger under the pass-through contract.

To see such situation can exist for sure, we consider the situation the supplier has the reservation
value mo s, i.e., By, T s (qh, qr, 87, 05) > mo,s > 0, for k = pt,rs. Under the revenue-sharing contract, let
the supplier’s profit be mo s, i.e., B, Trs s (qrss Grs: 51, 05) = As [S(aqFs) — sTars — qrs v5 — Cp(KPs s, qrs)] =
mo,s, where Ay = 1 — X is the supplier’s share of revenue. Then, A, is no smaller than a lower bound
s > 0. Now, if the supplier’s working capital amount is small, i.e., y; < ¥s, then KPs.s > 0 and thus
AsCp(KFs,s,qrs) > 0. Under the pass-through contract, for the supplier to receive exactly 7o s profits,
his profit margin has to be = : (essentially a quantity discount), or equivalently, yg, = 7o .

Consider the case that the assembler’s working capital is large, i.e., y, > ¥4 > s}fqpt +Yqpt —|—v§bq£t =
st + vgqgt + 7p,s. (This is only a sufficient condition. As long as the assembler borrow a ban loan
that is not that big, the conclusion still holds.) Then, C} (K}, ., ;) = 0, since K7, , = 0 (the assembler
does not need to borrow). Therefore, the strict inequality in (22) holds.

Now, let ¢p: = ¢rs and qﬁt = ¢Fs. We can do so since the assembler does not borrow under the pass-
through contract, and thus is not restricted by the bank’s loan decision and can choose all quantities
that the assembler chooses under revenue-sharing contract. Then, the inequality of (22) holds, and
the pass-through contract Pareto dominates the revenue-sharing contract. Finally, the assembler can
further optimize over g, and qﬁt (instead of choosing the values under the revenue-sharing contract)

under the constraint m > 7 s, and obtain even better profits under the pass-through contract. O



