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ec2 e-companion to Roy, Gilbert, and Lai: Strategic Inventory in Non-Exclusive Reselling

E-Companion: The Implications of Strategic Inventory for
Short-term vs. Long-Term Supply Contracts in Non-Exclusive
Reselling Environments

EC.1. Proof of Proposition 1
We prove this result using backward induction. In stage 2b of the sub-game for SS contracts, the
reseller holds inventories /4 and /5 and must respond to the offered wholesale prices by choosing

procurement quantities, g42 > 0 and ¢p2 > 0, to maximize her second-period profits:

WQSS (Gizs qj2) = Z (a— (g2 +1;) — d(qj2+ L)) (g2 + 1) — win gz, (EC.1)
ie{A,B},j#i
where, as before, we use lower-case 7 to indicate the reseller’s profit. This yields the following:

LEMMA EC.1. The reseller’s optimal purchase quantities in stage 2b is given by:
a(lfd)72(17d2)li7wi2+dw]~2
2(1—d2)
qiSzS (L‘,Jj; Wiz, ij) = a—wip—2(Li+dl;)
2
0 otherwise,

w”lere m’i? (I“'LUJQ) = a(l —d) — 2(1 —d2)I,L + d'LUjQ, ﬂnd U/}ZQ (IZ,IJ) = a — 2(Il+dlj), fOi’ all ’L,] S
[A,BY}, j#i.

Wio <Wio (I;,wj0) , wijo <Wjo (I, wi0),

A _ EC.2
Wip < Wio (1, 1), wio >Wjs (L, wia), ( )

Proof of Lemma EC.1. By applying first-order conditions (FOC) on (EC.1) with respect to

a(l—d)— —d? i —Ww; w s .. - - 1 1
(1-d) 2(12(;1_2;3 2+dwjs Vi,j € {A,B}, j # i, which is

decreasing in w;,. Since we need ¢;, > 0, we solve ¢3¢ = 0 to obtain Wy, (I;, w;2) such that ¢f;° =

(W.r.t.) gaz and gpa, we obtain ¢}%oc =

qESQ‘S;T‘OC > 0 Only when Wi < W9 (I“ ij) and W2 < wjg (Ij, wiQ)- We now focus Wj2 > wj'g (Ij, wig),

such that ¢§;% ¢ < 0. Substituting ¢;, = 0 in (EC.1) and applying FOC w.r.t. ¢;», we obtain ¢33 ;, =
afwi272(li+d1j)
2

mine ’l/U\iQ (Iza-[]) such that when Wj2 > Ejg (Ij,wig), qgs = qz%?\ij >0 Only when Wio < 1/1)\7;2 (IZ,IJ)

,Vi,j € {A, B}, j #1, which is decreasing in w;,. Solving ¢33 ;, = 0 for w;,, we deter-

Therefore, when wjs > W;s (I, wi2), if wiz > W;s (I;,1;), the reseller purchases nothing from either
supplier. O

If the wholesale prices (inventories) are not too high, then the reseller orders positive quantities
from both suppliers, and the reseller’s response is characterized by the upper branch of (EC.2).
We show that in equilibrium, the wholesale prices (inventories) are low enough to ensure that the
reseller orders from both suppliers in period 2. In stage 2a, both suppliers anticipate the reseller’s

quantity response, and set w;, to maximize:
T35 (win, wya, iy 1) = win - q° (I, Iy, win, w)a), Vi, j € {A, B}, 5 # 1. (EC.3)
Substituting ¢3;” from (EC.2) in (EC.3), and simultaneously solving the FOC and boundary condi-

tions for suppliers A and B, we obtain the following result.
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LEMMA EC.2. When both suppliers offer short-term contracts, if the reseller holds I; > 57%— for both
products i € {A, B}, then neither supplier can induce the reseller to purchase additional units at a non-
negative wholesale price. Otherwise, if the reseller holds I; < 55% for at least one product, then the

suppliers’ wholesale prices satisfy the following:
(1-d)(a(2+d)—2(1+d)(21;+d1;))

( 47d2) L<I; (L), I; <I; (1)
(1—d)(2(1+d)I;—a _ a ~ >
Sl S /A ) IL<T,(L), L e |TI,(I),T, (I
'UJ%S(I“IJ): 2(1_+ddl_) 1<7'L( J)’ ]E /\]( ’L)?fvj( 1) (EC4)
e Li<I; (1), I; € j(L:)Jj(Ii)>
0 otherwise,

Vi,j € {A,BY, j # i, where: T,(I;) = 1 (M—mui), I () = @CD=2ah 1y = o2 gpg

R K 4\ 1+d 2(2-a2) 7 2d /
Ii (L) =1; (1) = I;(1;) = 2(1+d) for I; = 2(1+d)

Proof of Lemma EC.2. We prove the above result in the following steps. First, from (EC.2) we
know that in order for ¢;° > 0, we need either (a) w;s < W;s (I;, w;o) when wjs <wjs (I;,w;s), or (b)
Wia < Wiz (I;, I;) when wjs > W) (I;,w;2). It can be seen that when I; > Vi € {A, B}, neither
of the above two conditions hold for w;» >0, i € { A, B}.
2(1+d) for some i € {A, B}. When both I, and I are

sufficiently low, ¢;° is given by the top branch of (EC.2). Anticipating this, suppliers A and B

2(1+d)

Next, we consider the case where I; <

simultaneously choose wa, > 0 and wg, > 0, respectively, to maximize 115 (wia, wjo, I;, I;), given
by substituting the top branch of (EC.2) in (EC.3). Applying FOC, we obtain wi.oc (I;, I;) =
(1-d)(a(2+d)—2(1+d)(2L; +dI;)) /(4 —d?), Vi,j € {A, B}, j # i Substituting in the top branch
of (EC.2), we obtain ¢33/ (I;, I;). Both w00 (1;, 1) and ¢557 o (I;, I;) are decreasing in I;. Set-
ting either to zero and solving for I;, we obtain I;(I;), which implies that supplier i sets w3® =
wiroc (Lis I;) >0 only when I; < I; (I;) and I; < I, (I,).

Now let us consider that I; < I; (I;), but I; > I, (I,). If supplier i anticipates that I, to be so
high that ¢5 =0, j # i, for any w;, > 0, then ¢33° is given by the middle branch of (EC.2). Sub-
stituting this ¢3° in (EC.3) and applying FOC w.r.t w;,, we obtain: w3 N2 (1;,1;) = L;erlj),
Vi,j € {A, B}, j # i, which is positive as long as I; < I;(I;). Note that I;(I;) > I, (I;) when I, <

34y For Wik 2 (1, I;) to be offered in equilibrium, supplier i’s anticipation has to be correct,
implying that the reseller’s purchase quantity from supplier j at supplier j’s best response to
this price wsp (I, w3k g2 (1 1)) = (a(2 —d) —2(2 — d?)1; — 2d1;) /4 cannot be a positive quan-
tity. Thus, supplier i sets w3’ = w35 (Ii; ;) >0 only when I; < T and I; € [ (I;) ,E(I)) such
that ¢%5y,,» (1;, I;) as obtained by substituting w3, .., (I;, I;) and w5y}, (I;, I;) in the top branch of
(EC.2) equals zero.

When I; € Fj (I,),I; (I )) the inventory from j is too high for supplier i to offer the FOC
price wiioc (L1 I;), yet too low to offer the price wiy, o (I, I;). Therefore, supplier i sets w;,
low enough such that the reseller purchases nothing from supplier j even when supplier j

offers his best response to w;,, given by wish;, (I;,wiz) = (1 —d) (a — 2(1 + d)I;) + dwyp) /2, Vj,i €
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{A, B}, j #i. This is achieved when supplier i offers wiyyp (IiyI;) = (1 —d) (2(1+d)I; —a) /d,
Vi,j € {A,BY}, j#i. As I; = I, (L), winp (Il,I ) = wikg2 (i I;). Thus, supplier i sets wy” =
wihnp (Iis I;) >0 only when I; < T and [, € (I),E(L))

When I; > I, (1) = “231 , Wikgiz (Li-I;) = 0 even when I; < I; (I;). Finally, substituting I; =

in I, (L), I( 1), and I;(I;), we find that T, (I;) = fj(Ii):l:;(I,»)— for I, = O

2(1+d 2(1+d 1+d)

By substituting the results of Lemmas EC.2 and EC.1 back into (EC. 1) and (EC.3) respectively,

we have the sub-game-perfect equilibrium (SPE) profit of the reseller, 75°*(1 4, I5), and the suppli-
ers, [13°(1,,I;) Vi € { A, B}, j#i, respectively. In stage 1b, the reseller determines her first-period
selling quantities and inventories to maximize her total profit:

7% (sa1, 881,14, I5) = Z (pinsa —wi (sin+ 1) — hI;) + 75 (1, Ip), (EC.5)

i,jE{A,BY j#i
where p;; is given by (1). Because each supplier earns nothing in period 1, if he cannot induce the

reseller to procure a positive quantity from him, in the following lemma, we restrict our attention
to wholesale price pairs in which neither supplier sets a price high enough relative to his rival

that the reseller would order nothing from him in period 1.

LEMMA EC.3. There exist thresholds on the first-period wholesale prices, wsS (wj1) < (wj1 ), where
WS (wj1) == (3+d) (a(3—d)(1 —d) — (2 —d)?h) +d(8 — d*)wj,) (12 — d?) and w;,(w;) := a(l —
d) + dwj, such that:

(i) For any (wa1,wp) satisfying wa; <way(wpr) and wpy < Wpi(way), the reseller’s best response to

the offered wholesale prices in period 1 is to sell:

a(l—d) —w; + dwj
wzlijl): 2(1_d2) ’
and to hold inventory that depends as follows on the two wholesale prices.

Si1

59 ( Vi€ {A,B},j#1, (EC.6)

(ii) If wa, <55 (wpy) and wp, < Wy, (way), then the reseller holds a positive inventory of both prod-
ucts. If either of these inequalities is reversed, then the reseller holds no inventory of the product with
the higher wholesale price, and holds inventory of the other one only if its wholesale price is sufficiently

small.

Proof of Lemma EC.3. We first focus on the case where I, < I(I;) and I; < I;(I;). We
later show that, in equilibrium, the suppliers do not offer wholesale prlces low enough
that either of these two constraints is violated. Therefore, w3® (I;,I;) = witoc (I;,1;) and
a3’ (I, I;) = ¢3¢ (I;, I;) from Lemmas EC.2 and EC.1. Substituting these into (EC.1), we obtain
mspoc (I, I). Further substituting these into (EC.5), we obtain the reseller’s first-period profit
%0 (541,881, 14, Ip) as a function of her first-period selling quantities and inventories, which is
jointly concave in sa1, g1, L4, and Ip.

Applying FOC on 723 (541, 8p1, 14, Ip) simultaneously w.rt. sai, sp1, I4, and I5, we obtain
the first-period selling quantities and inventories held by the reseller from each supplier:

a(l—d)—w;; +dw a(B3=d)(1—d)—(2—d)2h  (12—d?)w;; —d(8—d?)w;
Si%oc(wmwgl) W and IiSFSOC(wil:wjl): ( 2(?3(,d)()1,(d2)) - Q(Q,d;)(l—dQ) -
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Applying the boundary conditions s;; > 0 and I; > 0 for all i € {A, B}, we obtain Wf‘ls (wjr) <
Wi (w;1) such that s2° (wi,w;1) = $55%00 (Wi, w;) > 0 when w;; < Wi (w;,), and 175 (w;y, wjy) =
Ioc (win,wji) > 0 when w;; < w5 (win) Vi € {A, B}, j # i. Therefore, only if w;; < w3” (wj)
Vi € {A, B}, j #iboth s5° (w1, wj1) = siiboc (wir,w;1) > 0 and 7 (wir, wj1) = I550 (Wi, wip) >0
Vie {A,B}, j #i.

When w;; > @fls (w;,) for some j € {A, B} while w;; <5 (w;,),i € {A, B},i # j, then from the
above analysis, we know that I fs (w1, w;1) =0. W.L.O.G., suppose Iz = 0. Substituting Iz =0 in
20 (841,881, 14, I5) and applying FOC simultaneously w.r.t. s a1, sp1, and I 4, we obtain the first-
period selling quantities, s}y ;; (wi1, wj1) = s3poc (Wi, w;1) Vi € {A, B}, j # 1, and the inventory

held by the reseller from supplier ¢ when there is no inventory of product j, Iﬁ\%j (wir,w;) =

(2+d)? (a(3—d)(1—d)—(2—d)? (h+w;1) )
2(12—-13d2+d4)

W;q < @;5'13 (wjl), 1€ {A,B}, /) ?é j, we have S?ls (w“,wjl) = Sislg\flj (wil,wjl) > 0Vie {A,B}, j ;é i,

Ifs (wﬂ,wﬂ) = O, and I{S’S (wﬂ,wjl) = IS\}S}j (wﬂ,wjl) > 0. L]

. We observe that when w;; > w5} (w;1) for some j € {4, B} while

In stage 1a, the suppliers simultaneously choose their wholesale prices for period 1 to maximize

their respective total profits over the two periods:

I17% (wir, win) =wa (77 (win, win) + 17° (win, wi)) + 1057 (17 (wi, win ), 17° (w1, i), (EC.7)
Vi,j € {A, B}, j # i, where s3° is given in (EC.6) and I°° (w;1,w;;) solves the reseller’s FOC for
(EC.5), with a boundary condition at zero. Now we prove the two parts of Proposition 1. Recall

that (S.ST*) represents the equilibrium in which the reseller has a positive inventory, and (SSNI*)

represents the equilibrium in which no inventory is held.

EC.1.1. Proposition 1, part (i)
We begin with a scenario SST where the reseller holds inventory from both suppliers offering
() contracts, under the conditions 0 < I; < I, (I;), and 0 < I; < I (I;). Substituting ¢33° (I, I;) =
Onioc (Ii,I;) in (EC.3), we obtain I3 (I;,I;). Substituting II5° (I, 1;), s3° from (EC.6), and
IS (i, wj1) = I (win, wji), we obtain 1757 (w;;,w;;), which is jointly concave in w;;,w;;.
Applying FOC on 757 (w;y, w;1) w.r.t. w;; and w;,, we arrive at supplier i’s best response to sup-
plier j’s wholesale price, w33 (w;1) Vi, j € {A, B}, j # i, which, when solved simultaneously for
i,j € {A, B}, j #1, yield the FOC wholesale prices for supplier i € { A, B}, given by

ssi_ 2a(3—d)*’(3+d)(1—d)—(2—d)(6—9d+d°)h

nroc 102 —d (81 —d(9+2(4 —d)d))

Substituting w3, in II7° (w;;, w;; ), we obtain 1175, . Furthermore, substituting wi3 into

,Vie{A,B). (EC.8)

535 (w1, wj ) and IP9 (wyp,wj1), we obtain
$5S1 :3a(16—d(3—|—d))—h(2—d)(6—9d+d3)
HEOC T 9(14-d) (102 —d (81 —d (9+2(4 — d)d)))’
sst_ a(l1—d)(30—d(9+d)) —h(2—d)* (30— d (94 (3 —d)d))
iroc 2(1—d)(1+d) (102 —d (81 —d (9+2(4 —d)d)))
We similarly obtain the other equilibrium values, as shown in Table 2.

and (EC.9)

,Vie{A,B). (EC.10)
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We now describe how to derive h7° (d), and show that these values constitute the equilib-

rium, that is, wi3,o,i € {A, B} satisfies wa; < Wa(wp1) and wpy < Wp(wa;) for h < h7%(d),

and neither of the two suppliers nor the reseller deviate from these equilibrium values. It

can be seen that the reseller does not deviate from I;53. > 0 if both suppliers offer w33,
—SS a(1—d)(30—d(9+d . . .
as long as h < h = (d) := (2_(5 2(3())(_d(9jd(3_>31))), which is the solution to IS (wi¥oc, wiiioc) =

0. However, for some h < h (d), a supplier may deviate and induce the reseller to hold
zero inventory of his product. Without loss of generality, suppose supplier A deviates from

the FOC price and offers w4, > W53 (wiihoo) > wiikoo to induce I, = 0 while supplier B

offers w3 L, .. The reseller chooses sa, sg, Ia = 0, and Ip to optimize her profit, yielding

SSI _ a(-d)—wa+dwiitoo  SSI _ a=d)—wiifoct+dwar SST _
SAldevNI, (war) = 2(1—d?) 7 SBldevNTI4 (war) = 2(1—d?) ,and IBdevNIA (war) =
@+d)?(a3=d)(1-d)—(2-d)? (h+wiitoc)) . . . . . , . TTSSI

2(12-) (1= , using which we obtain supplier A’s total profit II157] (wa1),
SSI SSI

while supplier B offers w} ;.. Applying FOC on II%7! (wa1) with respect to wa;, we obtain

ss _ a(1=d)(102=d(27+d(9—2d)))—(2—d)d(6—9d+d>)h p s ; ss
WRTheoNT, = (2=d)( 20;_2d(§1_d(3332(i_d)31)§ )b Substituting Witheont, iNto M550 (wa1), we
: SSI1 _ a(1=d)(102—d(27+d(9—2d)))—(2—d)d(6—9d+d> ) h
obtain HAdevNIA - 204—2d(81—d(9+2(4—d)d)) :

For supplier A to successfully deviate, we need wiii., n;, > Wai (Wiifoc) and TS50 4, >
II75oc- Observe that (a) 536 — T155., v, is convex in h; (b) h = h{® (d) solves 1536, —
155, ~r, = 0, and is the only solution to the above equation that satisfies h < 7 (d), and
(©) z (M3Foc —M35hnr,) < 0 at h = hi¥(d). Furthermore, w3, n, > Wi (Wiitoc) When
h > h3% (d). Thus, when h < h?% (d), neither supplier deviates from w33/, to induce the reseller
to hold zero inventory of his own product, and w®* = wi*"* = w33, is an equilibrium. We
similarly verify that other deviations, such as inducing the reseller to hold too much inventory
of his product that results in zero inventory of the competitor’s product, or zero purchase in the
second period, are never beneficial to the supplier when h < h7% (d), and we omit the details for

the sake of brevity.

EC.1.2. Proposition 1, part (ii)
Now we focus on the scenario SSNI where no inventory is held from either supplier. When
both suppliers anticipate the reseller not to hold inventory from either of them, the S\S contracts
converge to the LL contracts, and they set the wholesale price for the first period w3355 = wh* =
a (é%j) Vi € {A, B}. In response, the reseller holds I3 = 0 as long as h > h35(d) == ?2(:52),
where h35(d) solves 75 (wll* wll*) = 0. It can be seen that h35(d) < h7°(d), Vd € [0,1).

We now show that neither the reseller nor either supplier has an incentive to deviate and induce

I; >0 forany i € { A, B} when h > h35(d), which implies that for h > h7° (d), there exists a unique

equilibrium in which each supplier i € { A, B} sets his wholesale price to: w55* = w{SN* .= «U=4),

and no inventory is held.
First, from Lemma EC.3, the reseller’s best response is to hold inventory from a supplier ¢

only if his wholesale price is sufficiently low, i.e., w; < w3 (w;;). When h > h79(d) (therefore,
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h > h35(d)) and both suppliers offer w33, this condition is not met, and the reseller’s best

response is to not hold inventory. Secondly, it can be seen that when supplier j offers w57,

supplier ¢ cannot earn a higher profit by deviating and offering either (a) w; < w}}® (w§%5¢),
such that I; > 0, or (b) w;; >} - (wiiFe), such that I; > 0, thus neither supplier deviates.
Finally, because h3(d) < h7%(d), there is an alternative equilibrium immediately below h7* (d)

for a very small range of h € (1 (d) x h7° (d) ,h7® (d)), for n(d) > 0.95.

EC.2. Proof of Proposition 2
We obtain the results in this proposition by substituting d = 0 in the results in Table 2, and then

comparing the results under LL with those under SS.

EC.3. Proof of Proposition 3

We prove Proposition 3 in three parts.

EC.3.1. Proposition 3, part (i)
First, we focus on the SST scenario, where the reseller holds inventory in equilibrium as long as
h < hi%(d). Supplier i’s equilibrium profit under S5 contracts HSS* 1551 = 1155 -, and that

under LL contracts, IT“L*, are given by Table 2. Observe that 2 ~>0forallde [0,1), implying

8h2
that IT175* is convex in h for all i € { 4, B}, while IT*2* is independent of h. Therefore, I17* —IT1F2* is

also convex in h for all i € { 4, B}. Solving I1¥5* — IT1*2* = ( for h, we obtain the solution ﬁ(d) such

that hi(d) < h§(d) Vd € [0,1), and the inequality is strict for d > 0. Further, 205 -0 | - < g,

Therefore, II55* > TIX2* when h < h(d). Next, it can be seen that dh(d) li—o < 0, while 2(0) =
h$5(0) > 0. Solving h(d) = 0 for d with the condition d € [0,1), we obtam the solution d € (0,1),
such that i(d) < 0 when d > d. Therefore, when d > d, IIS$* < TIXL* for any 0 < h < h$S (d).

EC.3.2. Proposition 3, part (ii)

Secondly, focusing on h < h7%(d) again, the reseller’s equilibrium profit under SS contracts, ¢

LLx SSx*

and that under LL contracts, 7°**, are also given by Table 2. Again, observe that 7°~* is convex

in h, while 7%* is independent of h, thus 75 — 72&* is convex in h. Recall from Section EC.1
-85 a(led) (30—

that IS5 =0ath>h"" (d) := (276(1)12(%(5’2(9%3@‘2))), where i (d) > h?% (d) Vd € ]0,1). It can be

confirmed that lim,_,, (a% (795 — qrllx) S ) = — &, that is, as d becomes sufficiently high,

the reseller prefers SS contracts for all holding costs low enough to induce inventory to be held.
Furthermore, by solving 795 — 7ZL* = for h, one can derive the boundary given by the two

S LL

roots of the quadratic equation 7°%* — 7L* = (), which encloses the region where 755 < 2=,

EC.3.3. Proposition 3, part 3(7ii)
Since in the SSNT scenario (i.e., h > h3° (d)), the reseller does not hold inventory from either sup-

plier under SS contracts in equilibrium, the equilibrium is identical to that under LL contracts.
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EC.4. Proof of Proposition 4
We prove this result using backward induction. First, let us derive the reseller’s different pur-

chasing quantities and inventories as the best responses to the suppliers” wholesale price offers.

LEMMA EC.4. Under LS contracts, for any (w1, wp1) satisfying w;; <w;1(w;1) :=a(l —d) + dwj;
forall i€ {A, B}, j #1, the reseller’s best response to the offered wholesale prices in period 1 is to sell:
a(l—d) —w;; +dwj;

2(1—-d)(1+d)
The reseller’s optimal choices of the second-period order from supplier A offering the long-term contract,

31L15 (Wi, wj) =

, for i€ {A,B},j#1i. (EC.11)

and the amount of inventory to hold from supplier B offering a short-term contract, depend upon the

period 2 wholesale price offered by A and period 1 wholesale price offered by B:
a(l—d)+dh—way+dwp;
2(1—-d?) ’
3a(l1—d)—h(4—d*) —wp; (4—d?) + 3dwa
6(1—d?) ’

and I5% (wag, wpy) =0 for wg, > Wk, (was), where Wi (wa9) := W —h<Wp(way).

(EC.12)

Qﬁg (Wa2, wp1) =

(EC.13)

Iés (wA27wBl) =

Proof of Lemma EC.4. Since in equilibrium, supplier A offers wa, < wa; + h, the reseller does

not hold inventory from A. Substituting /4 = 0 and (12) back into (10), we obtain:

a—2(Ip+dqas) a—2dqao
LSx* 4 lf IB S 5

455" (qa2, 1) = qp5 (07[B7qA27wBQ ) Vo ’ (EC.14)

otherwise.

The reseller’s revenue-maximizing selling quantity of product B in the second period is

%“ZHA). Since there is no value of leftover inventory at the end of period 2, and since

I, = 0, the reseller never holds inventory exceeding “=22%42, and we focus on the upper branch
of (EC.14). Substituting (12) and (EC.14) in (9), we obtain the reseller’s second-period profit

755 (qa2, Ig). Substituting (1) and 727

7.(.LSI (

(ga2,Ip) in (13), we obtain the reseller’s total profit

Sa1,qa2,Sp1, 1), which is jointly concave in s41,qa2, Sp1, [5. Applying FOC simultaneously

: fme oLST LSI _ JLSI
with respect to sa1,qa2, Sp1, 15, we obtain: s;7°! (w1, w;1), ¢45" (Waz, wp1) = s45" (Waz2,wp1), and

IE5T (was, wpy) as given by Lemma EC.4. Observe that s5°7 (w;1,w;;) is decreasing in w;;, and

sH3T (wi,w;1) > 0 as long as w;; < Wy (wj;). This proves the first part of Lemma EC.4.

Similarly, ¢457 (waz,wp1) and I55! (waz,wp,) are decreasing in w4, and wp,, respectively.

Setting ¢557 (wa2,wp1) = 0 and I557 (waq, wp,) = 0, we obtain upper bounds on wa, and wg,

WS (wp) =a(1—d) +d(h+wg), and WE; (wa,) = 220 DE20a) _ p guch that ¢3! (waz, wp) >

0 as long as was < Wh; (wpy), and I5%7 (was,wpy) > 0 as long as wp < W) (waz), OF way >

whs (wp). Recall that was < way + h. Using the above thresholds,

_ 3(a(1—d)+(d

T (wa0) =4 (1) = (0 (1 =) gy — (LLOZDE 0]y )
>a(1—d)2(1+d)+(4—d2)d(wA2_h)—de2+h(4—d2)
= 1
Ca(l—d)’ (1+d)+ (3 —d®) dwas +h (1 —d) (4 —d?)

= > i > >0.
PR >0, sinced€[0,1),a>0,h>0

, since WA < Wyt +h




e-companion to Roy, Gilbert, and Lai: Strategic Inventory in Non-Exclusive Reselling ec9

This proves the second part of Lemma EC 4. O
Substituting (EC.11), (EC.12), and (EC.13) into (13), we obtain the reseller’s conditionally opti-
mal profit as a function of the wholesale prices offered by the long-term (A) and short-term (B)

LS*(

contract suppliers, denoted by = Wa1, Wa2, Wp ). Finally, in stage 1a, supplier A chooses w4,

and w4, while supplier chooses wp;, to maximize their respective profit-to-go over two periods:
T4 (war, Waz, wp1) = warsT (War, wp1) + Wa2qhs (War, was, wp1), and (EC.15a)
5% (war, Was, wp1) = wpy (sE] (Wp1,war) + I5° (Was, wp1))
+ 55" (455 (waz, wp1) , I5% (Waz, wp)) - (EC.15b)
Note that, if the suppliers’ contract types are reversed, so that it is supplier A (B) who offers
the short-term (long-term) contract, then we denote their total profits-to-go over two periods

by 5% (war, wpa, wps) and 2 (way, wps, wps) respectively. We now prove the three parts of

Proposition 4, beginning with part (i), followed by part (iii), and finally part (ii).

EC.4.1. Proposition 4, part (i)

First, we consider the scenario where the reseller holds 74, = 0 and Iz > 0 under LS contracts.
We denote this scenario with the superscript LSI. By substituting I, = 0 and (12) in (11), we
obtain supplier B’s second-period profit as a function of the second-period quantity committed
to supplier A, and the inventory carried from supplier B:

La—2(Ip+dqas))” if Ip < 2-20042

EC.16
0 otherwise. ( )

55" (qa2, Ip) = 1055 (0, Ip, qas, wis ™) = {

Since the reseller never holds inventory from supplier B exceeding “=22942 we focus only on

the upper branch of (EC.16). Therefore, IT53% o = 11557 (¢55roc (Waz, wB1) , [5p0c (Waz, wp1)) =

2 (wp1 + h)?. Substituting I155% - along with s557 (w1, w;1), ¢457 (waz, wp1), and T557 (wag, wp:)
from Lemma EC4 in (EC.15b), we obtain IT5% (way, waz,wp;). Similarly, substituting

sET (win,win), @557 (Waz,wpr), and T5%7 (w42, wp;) from Lemma EC.4 in (EC.15a) and (13), we

obtain TT557 (way, waz, wpi) and w97 (

WA, Wa2, Wp1). As long as the inventory holding cost is
low, both suppliers will anticipate the reseller to hold Iz > 0. In stage 1a, supplier A chooses w4
and w4, while supplier chooses wp;, to maximize 1557 (w1, w9, wp1) and 5% (w1, was, wp1)
respectively. We apply FOC with respect to wa; and was on IT5% (way, wa2, wp ), and with respect

to wpy on LT (w41, wa, wp; ), and solve simultaneously, which yields:
LS 4a(1—d)(17+d(9+d)) — dh (8+d?)

4da(1—d)(174+d(9+d)) + 15dh (4 — d?)
LSI _
Wasroc = 1(34—7d2) , and (EC.17b)
18a(2+d)(1—d)—h(8+d?
WE hoc = ( 2)<(34_7)d2) ( ), (EC.17¢)
Substituting (EC.17a) through (EC.17¢) in  s5% (wi,w;i), @457 (waz,wpi), and

I55T (wag,wpy) from Lemma EC.4, and since was < wa; + h, we obtain siif,. =
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LSI _ 4a(1-d)(1T+d(9+d))—dh(8+d?)  ;o; _ (8+d*)(4a2+d)(1-d)+h(2—d?)) [ o;

q _ s _ q _ gLSI
Al1FOC 8(1—d)(1+d)(34—7d2) 4 B1FOC 8(1—d)(1+d)(34—7d2) 4 A2FOC A2FOC
4a(1-d)(17+d(9+d))+15dh(4—-d®) ;o7 i +d)(4a(1-d)(5+4d?)~5h(2—d)(8—-5d7)) L

8(1—d)(1+d)(34-7d?) +Liroc =0, and Igroc = 8(1—d)(1+d)(34-7d2) - Substituting
these in (12) and (EC.14), respectively, we obtain whshoo = CHPOUDIMCED) - L8T
(2+d)(6a(1—d)+5(2—d)h)

3 — — : LSI LSI 3
(317D . Since ¢;1 = si1 + 1; and s;5 = g2 + I;, we obtain g5 roc and sg3poc. Substi-

s LSI LSI LSI . s LSI LSI
tuting wii roc, Wisroc, and wiipoe in functions I15°" (wa1, was, wpr), 5> (war, waz, wpr), and

75 (w41, w a2, wp1), We obtain the total profits of supplier 4, supplier B, and the reseller, given

by 5350, TIE5, o, and wkgk, respectively, when inventory is held under LS. These profits are
given in Table 3, under column LS.
We now describe how to derive h%* (d), and show that when h < h+° (d), there is an equilibrium

in pure strategies where neither the reseller, nor either supplier deviates from above wholesale

prices and quantities, which are all positive, I, = 0, and I > 0. First, by solving 1535, =

. —LS a(l— 2 . .
for h, we obtain the threshold h (d) = %, such that if supplier A offers w;% - and
ILSI

whSt o while supplier B offers whit ., the reseller’s best response is to hold I535, ., > 0 as long
as h < ELS(d), since in this region, the condition wp; > whY (was) from Lemma EC.4 is satisfied.
Therefore, when h < ELS(d), the reseller does not unilaterally deviate from the above quantities
and inventory.

Suppose supplier B deviates when h < h¥%(d), and offers wg, > W5] (wh5toc) such that

Ip = 0, while supplier A offers wiit, . and wi5k,o. Substituting wiil,. and wisl,. we

obtain supplier B’s profit 1155/ (wg,) as a function of wg;. Applying FOC with respect to wp,
. 4a(1—d)(d+2)(174d?) —hd?(8+d>

on HgiévNIB (wp1), we obtain wéféeleB = 8((347d2)) (£+)

wi; (whshoe). Solving wifl, v, — WE; (whstoe) = 0, we determine the condition to be h >

LIS () — 4a(1—-d)(24d?) (17+d?)

hipi(d) = (2—d)(272-154d2 —d*

profit TT55, x;, from inducing I = 0. We confirm that TI55, v/, 57 0c, and TT55, 0 — TIE5., v,

, which needs to exceed

. Substituting w1, in TI5°" (wp), we find supplier B’s optimal

are convex in h for d € [0,1).

Solving 1534, — 155!,y = 0 for h, we obtain the solution i = h}® (d), such that (a) hz; (d) <
LSIT

LS LS 8(H%%IOC_HBdeuNI ) L - . s .
hi®(d) <h (d), and (b) o B2 <0 at h=h%5(d). This implies that it is feasible and

beneficial for supplier B to induce the reseller to hold Iz = 0 when supplier A offers w4?%, - and

whst oo if and only if A > h%5 (d). We similarly establish that no other deviations are feasible or

beneficial to either supplier when h < ht* (d), and we omit the details for the sake of brevity.

EC.4.2. Proposition 4, part (7ii)

We now consider the scenario where the reseller holds I4,/5 = 0 under LS contracts, denoted

LSNI (

with superscript LSNI. The reseller’s profit-to-go Sa1,qa2, Sp1) is obtained by substituting

LSNI (

I =0 in (13). By applying FOC on 7 Sa1,qaz2,Sp1) With respect to sa1,q42, and spi, we

. a(l—d)—w;1+dw; . . .
obtain: Sl»LlSNI (wil,wﬂ) = W Vi e {A7B}/ J 7& 2, and QﬁgNI (wA27wBl) - SﬁgNI ('U}AQ) =
mﬁ. Substituting these in (EC.15a) and 7™ (541,49, 551), we obtain the total profits
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of supplier A and the reseller, denoted by II55N (way, waz,wp1) and 7N (way, w0, wp1),

respectively. Substituting Ip = 0 and ¢45™! (waz, wp,) in (EC.16), we obtain IT53M (wa,) =

2
%(a— %) . We substitute TI53N (was) and s55NT (wjy,w;1) in (EC.15b) to obtain

supplier B’s total profit, 15N (w41, waz, wgy ).

By simultaneously applying FOC with respect to wa;, was, and wg; on 5N (wy, w42, wp:)

and 55N (w41, was, wp; ), we obtain the wholesale price offers under LSNI: wii N, . = whiNL . =

a (é%j), and wisil. = &(4 — d). Substituting these in s55 (w;1,w;1) and ¢55™N" (waz, we1),

3 — — LI LSNI _ ,LSNI _ _LSNI _ ,LSNI —
and since I, = 0, Ip = 0, we obtain: s37rHc = Qatroc = SHiroc = (Giroc =

a

2(1+d)(2—d)’

g5l = shENL . = %, and I53NL = T538L = 0. Substituting the above in (12) and
. . a(8—d(4+d a(8—d(4+d

(EC.14), respectively, we obtain whiN,. = m, and ¢53ND . = sESNE . = m. Sub-

: : LSNI __ LSNI LSNI : LSNI LSNI
stituting wiipoc = WEiroe and wispoe in IIPPN (war, waz, wpr), PN (War, waz, wpr), and

TESNT (w41, w a9, w1 ), We obtain the total profits of supplier A, supplier B, and the reseller, given
by IA90L, TIESEL, and 7wk, respectively, when inventory is not held under LS. These profits
are given in Table 3, under the column LSNI.

We now describe how to derive h% (d), and show that when i > h%5 (d), there is an equilibrium
in pure strategies where neither the reseller, nor either supplier deviates from the above wholesale
prices and quantities, which are all positive, and I, = Iz = 0. First, note that the reseller’s best
response, when both suppliers offer the no-inventory wholesale price, is I5° (wh5hSc, whirde) =
0 when h > ELSNI(d) = %ﬁig)' As we will soon see, ELSNI(d) < h%5 (d), therefore the reseller
does not unilaterally deviate to hold Iz > 0 when h > h%7 (d).

Suppose supplier B deviates from the LSNI equilibrium wholesale prices given by
(EC.17a) through (EC.17c), and offers wp, such that wg, < wh; (w5585-) (see Lemma EC.4),
resulting in Iz > 0. His profit from deviating is given by 55N (wp), substituting (EC.17a)
and (EC.17b) in (EC.15b). Applying FOC on I%5)! (wp,) with respect to wp,, we obtain

9a(4—d)(8—d(6+d))—8(2—d) (4+5d*)h . _ . .
LSNI _ LS LSNI LSNI
WE vposiy = o) (17 ) - We find that W] (W35760) — WETdevposty; 1S decreasing

in h for all d € [0,1), and wiin! ., < Wg; (whshie) (e, Ip > 0 can be induced) as long as

7 LSNI __ a(80—d(40—d(66—5d(4+d)))) L LSNI . LSNI . ,

h < hBaiuposiy (d) = Se-der)(10-2) Substituting w5t ity pesr, N e, (ws1), supplier B’s
maximum profit from deviation is TTz507 ...

: LSNIx LSNIx LSNI : : LSNI LSNI __

We verify that [15;., 5., and g2~ o — 15560 are convexin h. Solving Tlg5. 0 . — UEroe =

0 for h, we find that h = h%5(d) is the solution that satisfies h > ELSNI(d). Furthermore, (a)
O (TESNE: = TIEIYE) < 0 at h = h&5(d), (b) hESNL - (d) — hkS(d) > 0 Vd € [0,1), and (c)

Bdevposlp Bdevposlp
g5, — ME5oe < 0 at h = hgihl o (d), Vd € [0,1). This implies that it is feasible and

beneficial for supplier B to induce the reseller to hold Iz > 0 when supplier A offers wiiN .

and wh5NS . if and only if h < h%5 (d). We similarly show that no other deviations are feasible or

beneficial for either supplier when h > h¥% (d), and we omit the details for the sake of brevity.
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EC.4.3. Proposition 4, part (ii)
Now we compare the two thresholds on h, denoted by h2%(d) and h%5(d), given by the proofs of
parts (i) and (iii) of Proposition 4 above, respectively. It can be verified that h%j(d) = hf°(d) = %
only at d = 0, and that there exist no a > 0 and no d € [0,1) for which h%5(d) < h%(d). Thus,
forall d € [0,1), h%5(d) > h5(d), and the inequality is strict for all d > 0. Since the pure strategy
equilibria described in parts (i) and (ii) of Proposition 4 only hold for h < h%% (d) and h > h%5 (d),
respectively, when h € (h%® (d),h%5 (d)), there exists an equilibrium to the wholesale pricing
game under LS contracts only in mixed strategies for supplier 5.

If there exists an equilibrium in which supplier B randomizes between two wholesale prices,

denoted why! < wki? with probabilities A and (1 — A-¥) respectively, we need the following

to be true: (i) The long-term contract prices offered by supplier A, denoted w4;™ and w%5™,
must maximize his profits given the randomized strategy of supplier B; (ii) Supplier B’s lower
price, wgi!, must maximize his profits among all prices low enough to induce the reseller to hold
inventory conditional upon supplier A’s long-term contract prices, while supplier B’s higher
price, wky?, must maximize his profits among all price high enough to discourage inventory from
being held conditional upon supplier A’s long-term contract prices; and (iii) Supplier B must be
indifferent between offering wk;! and offering wk3?. If some set of wi;™, whs™, wkil, wh3?, and
A5 €10, 1], satisfies these three conditions, then neither firm would have an incentive to deviate,
and this would be an equilibrium.

Let TT5%7 (w41, wa2,wp,) be the profit earned by supplier A when wp, < W5 (wa2) so that the
reseller holds inventory, and let IT55™ (wa;, wa9,wp;) be the profit earned by supplier A when
wp1 > Wh; (was) and the reseller does not hold inventory. Similarly, define 15! (w1, w 42, wp1)
and IT55M (w1, was, wp ) as the profits earned by supplier B depending on whether wg; is low
enough to induce the reseller to hold inventory. We have previously established the concavity of
these profit functions. For a given value of A“%, let wh;™ (A\F9) , whs™ (ALS) ,whit (AES)  why? (ALF)

be the solution to the following set of equations:
d

OIS (i w ) + (1 A Y (g, wn b)) =0, (EC8)

1

I (i w ) + (1 A Y (i, wwh?) =0, (EC8D)

TS (s wao, wh) =0, and G TN (way a0, ) =0 (EC.180
Wi dwg

It follows that, for any A\*S € [0,1], the first and second-period prices, w4™ (AX¥) and

whS™ (ML) are supplier A’s best response to supplier B’s randomization. Similarly, wh3! (%)

is supplier B’s best response to w4i™ (A\*®) and wi3™ (A\“¥) among all prices low enough

to induce inventory to be held, while wki! (A\F®) is supplier B’s best response among all
prices high enough to discourage the reseller from holding inventory. As long as there exists

a value of \*** € (0,1) for which supplier B is indifferent between the two prices, ie.,
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EAST (™ (AES*) ™ (VES*) wl§h (AES*)) = TIESNT (whS (AS*) afig (ES) w52 (A954))
neither supplier will have an incentive to deviate, and we will have an equilibrium in mixed
strategies. Although finding the expression for A“** is challenging, it is possible to numerically
confirm that for all h € (h%% (d), h%5(d)), there exists AL%* € (0,1) that solves the above equation.

EC.5. Proof of Proposition 5
For this analysis, we consider the scenario in which both suppliers decide their respective
wholesale prices after learning the type of contract of the competitor. Supplier i € {A, B} chooses
to offer the L contract with probability «; € [0,1], and the S contract with probability 1 — «;. For
any probability, oz, with which supplier B offers a long-term contract, supplier A’s expected
profits from offering the L and the S contracts are given by: I15! (ap) = apll{™ + (1 — ap) 55"
and 115! (ap) = apll§¥™ + (1 — ap) 15°7*, respectively. By substituting IT5%*, T1557*, I1557%, and
557 = T1557 from Table 2, we obtain 157 (ap) and I15 (ap). By symmetry, we can also define
T4 (as) and TIE! (a4) to be supplier B’s expected profits from offering the L and S contracts
given that supplier A offers a long-term contract with probability a.4. Of course, II5%/* = 155",
and IT45"* = [13/*. There are three possibilities for supplier A: First, if [T/ (ap) > 15/ (ap), then
supplier A’s best response to ag is to set auy = 1. Second, if 115/ (ag) < 15 (ap), then supplier A’s
best response to ap is to set a4 = 0. Finally, if [T{! (ap) = 115 (ap), then any a4 € [0,1] is the best
response to ap. Supplier B has a symmetric set of three possibilities.

In order to have a pure strategy equilibrium in which both suppliers offer short-term contracts,
we must have 15/ (ap) — 4" (ag) > 0 for ap = 0. We illustrate the analysis with the special
case of h = 0, such that the reseller will hold a positive inventory in any equilibrium in which

a short-term contract is offered by at least one supplier. Substituting ap = 0 into IT4! (ap) and
a?(1—d)T
(1+d)(34-7d2 ) (102-81d+9d2 +8d3 —2d

I' = 176868 — 530604d — 65025d? + 327828d* — 90070d* — 45594d° + 34374d° — 3100d" — 4003d® +
896d° + 186d'° — 40d'" — 4d'. The denominator is positive for d € (0,1), and the numerator
equals 176868a? > 0 when d = 0. By continuity, it follows that for sufficiently small values of d,

15" (), and simplifying, we have: II§! (0) — II4! (0) =

7 where

there exists a pure strategy equilibrium in which both suppliers offer short-term contracts, i.e.,
as = ap = 0. We establish that the analysis and the result hold for 4 < ¢, and omit the details
for brevity. Of course, as h — %, the highest value of d for which there exists a pure strategy
equilibrium in which both suppliers offer short-term contracts also approaches zero.

In order to have a mixed strategy equilibrium, we must have some «a;,; € (0,1) such that
each supplier is indifferent between offering a long-term and a short-term contract. For supplier
i, this means that we need: II{/ (a;) — [T (a;) = 0. Denote by o/ (d) the solution to the equation
5 (o) — 1P (o) = 0. It can be confirmed that of (d) < 1 and increases in d for all d € [0,1). By
substituting d = 1, we can also confirm that o] (d) = 1 for d = 1. It follows that for sufficiently
large values of d within the interval [0, 1), there exists an equilibrium in which a4 = ap = ok (d),

and each supplier is indifferent between offering a short-term or a long-term contract.
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EC.6. Probability of Offering L-Contract without Strategic Inventory
Consider a scenario where in neither of the SS or LS contracts, the reseller holds inventory in
equilibrium (e.g., when h > max{h7%(d), h%5(d)}). When supplier B offers the L contract with
probability a g, supplier A’s expected profits from offering the L and the S contract are given by
5N (ap) = aplli™ + (1 — ap) TSV and TSN (ap) = agIM Y™ + (1 — ap) TI5°N*) (EC.19)
respectively. Note that due to the symmetric nature of the suppliers, II5-V7* = [1E5NT* Substitut-
ing T4 and II5°V!* from Table 2, and IT55V!* and IT55V/* = [I55V!* from Table 3, and setting
h =0, we obtain II5M! (ag) and II5Y (ap). To have a pure strategy equilibrium in which both
suppliers offer long-term contracts, we must have II'/ (o) — II7Y (a;) > 0 for a; = 1, where
i,j € {A, B} and j # i. Substituting «; = 1 into (EC.19) and simplifying, we have the following:
) - £
Although the numerator is equal to zero at d = 0, because the second term in the numerator

. The denominator of the above is positive for all d € [0, 1].

decreases in d and is strictly positive at d = 0, it follows that ITF"! (1) — 15" (1) > 0 for sufficiently
small values of d € [0,1]. This implies that there must exist a pure strategy equilibrium in which
both suppliers offer long-term contracts, i.e., ay = ap = 1.

As before, to have a mixed strategy equilibrium, there must exist o;,; € (0,1) such that
each supplier is indifferent between offering a long-term and a short-term contract. Let us

denote by a™! (d) the value of ap that solves IV (ap) — IISM (ap) = 0, given by: oV (d) =

32+4d+12d°+7d5 —d*
32—12d+36d2+16d3

positive, which implies ™! (d) > 0, for all d € [0, 1). It can also be confirmed that o' (d) increases

. It is easy to see that both the numerator and the denominator of o™’ (d) are

and then decreases in the interval d € [0,1], and that &7 (0) = 1, while ™’ (1) = 2. By continuity,
it follows that for sufficiently large d € [0, 1], there must be a mixed strategy equilibrium in which

each supplier chooses a long-term contract with probability a4 = ap = o™V (d).

EC.7. Proof of Proposition 6

For this analysis, we consider that a supplier’s choice of contract type is hidden from the com-
petitor. Supplier i offers a long-term contract with probability 3;, and cannot learn about the type
of contract of supplier j before making the wholesale price(s) corresponding to his own contract
type. Note that since suppliers A and B are symmetric, for k € {I, NI}, II5* (wpi, wpa, war) =
L (wpy,wpe, way), and TIEE* (wry, wpe, war) = M5 (wpy, wee, wa; ) where TTET, TILST, TIESNT
and 15N are obtained from Section EC.4. Because h7%(d) > 0 and h¥®(d) > 0 for all d < 1, we are
assured that for h = 0, the reseller will maintain a positive inventory in any equilibrium in which
a short-term contract is offered by at least one supplier. Substituting I1757 (w;;5,w;15), i € {A, B}
from (EC.7), I35 (wpip, wpar, wars) and TT5%7 (way 1, wasr, wp1s) from Section EC.4 in (14a) and
(14b), and setting h = 0, we obtain the profit of the supplier ¢ under hidden contract types (H),

by offering an S-type (short-term) contract, in a low-h scenario such that inventory could be
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held (I), denoted 1757, Similarly, substituting %% (w;, 1, wiar, wjiL, wjar), @ € {A, B} from (4),
T3 (wpir, wparn, wars) and 55T (wayp, wasr, wps) from Section EC.4, in (15a) and (15b), and
setting h = 0, we obtain supplier i’s profit under hidden contract types (H), by offering an L-type
(long-term) contract, in a low-h scenario such that inventory could be held (I), denoted IT%/.

By twice differentiating 1177 with respect to w;1s, we can confirm that II757 is concave in

J2rHLI 2rHLI 2L
=0, so that IT#!

. . . b 1 J— K3 P ——e
w;15. Similarly, we can confirm that v el dQ, while TordoaL
is jointly concave in w;;;, and w;»r. We simultaneously apply the FOC on 157 and 1%, j.e.,
HHS dHHL dHH

solve i —, 4L _ — ¢ =0, i=1,2, and obtain, when h =0, w5 (8;, 8;) = wii (8:,8;),

dwzlS odw 7 dw;o

and wi; (8, 8;) = wii (6“@) vt € {1,2}, Vi,j € {A, B}, j # i. Here wl} denotes supplier i’s

first-period wholesale price offer if he chooses a short-term contract, and w; is his ¢-th period

wholesale price offer if he chooses a long-term contract, where the probability of him choosing

a long-term contract is f3;, and ; is his belief about the probability of his rival choosing a

*

long-term contract. Substituting w4} and wf; into II%!

and II/'!, we obtain supplier i’s
profit from offering the wholesale prlces glven by wit and wll;, where Vi,j € {A,B}, j # i
HfISI* (ﬁwﬂj) = HHS ( Wiis (/82753) ng (ﬁjw&) ]IL (5]:61) ]2L (/83?51) /Bj)/ and Hf{LI* (6“6J) =

H{IL ( Wi, (Bmﬁj) 12L (/Bb?ﬁJ) ng (/81751)7 ]lL (/Bwﬁt)a g2L (ijgl) /BJ)
Substituting the FOC wholesale prices, for 8; = 3; = 0, we have: ITI757% (0,0) — IT#** (0,0) =

612—2448d+2295d° —105d> —463d*+97d° +16d° —4d”
4(14-d)(102+d(—81+d(9+2(4—d)d)))>

and it is easy to see that the numerator is positive at d = 0. By continuity, it follows that for

sufficiently small d, we have II5* (0,0) — IT#*'* (0,0) > 0, which ensures that there is a pure

. The denominator of this expression is clearly positive,

strategy equilibrium in which both suppliers offer short-term contracts, i.e., 5’ (d) = 0. In order
to have a mixed strategy equilibrium, there must exist ;, 5; € (0,1) such that each supplier is
indifferent between offering a long-term and a short-term contract. For supplier i, this means that
we need: II757* (3;, 8;) —IHE1* (B, B;) = 0. It can be confirmed that IT57* (3, §) — [T711* (3, ) =

for 8= B’ (d), such that 8! (d) increases in d € [0,1] and };LI% B! (d) = 1.1t follows that when d is suf-
ficiently large, there exists a mixed strategy equilibrium in which each supplier offers a long-term

contract with probability 5’ (d) € (0,1) and a short-term contract with probability 1 — 5 (d).

EC.8. Prisoner’s Dilemma in One-way Commitment Contracts

In the one-way wholesale-price-only commitment contracts described in Anand et al. (2008),
Desai et al. (2010), and Li et al. (2022), the suppliers announce their wholesale prices for both
periods at the beginning of the first period (stage 1a of our model in Table 1), while there is no
commitment of future purchase quantity from the reseller, unlike the L contract. Let us refer to
such a commitment contract as a C-contract. Note that when both suppliers offer C' contracts, the
reseller holds inventory from neither supplier, and the wholesale prices, purchase quantities, and
selling prices are indistinguishable from those in the LL contracts (see, e.g., Desai et al. 2010).

The other type of contract in the strategic inventory literature is the dynamic (D) contract, which
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is identical to the short-term (S) contract in our model. We show that the trade-offs that arise
when suppliers choose between long-term and short-term contracts are different from when they
choose between commitment and dynamic contracts. Now we focus on when one supplier (e.g.,
A) offers the C' contract, while the other supplier (B) offers the D contract.

In stage 2b, the reseller determines g4 and ¢p, in response to wholesale price offers w4
(announced in stage la) and wp, (announced in stage 2a) from suppliers A and B, respectively.
These quantities are functionally identical to (EC.2), with I, = 0, since supplier A does not set
war + h < wuo while offering a long-term contract. In stage 2a, supplier B determines wp, to
maximize IIz,, which is given by setting I, = 0 in (EC.3). Since supplier B does not set wg; so
low that the reseller would hold very high Iy precluding gp. > 0, supplier B’s second-period

wholesale price offer is given by: wG? (was, Ip) = 3 (a (1 —d) —2(1 —d?) Ip + dwaz). In response,
a(1—d)(2+d)—(2—d?)wa, a(l—d)+dway  Ip

4(1-d?) 4(1-d2) 27
obtained by substituting w2 into (EC.2). It can be Verlfled that, in equilibrium, neither wg, nor

the reseller buys ¢5% (was, ) = — 45 and ¢§2 (was, In) =
I is so high that it results in g4, = 0 or gp, = 0. Substituting ¢5% (was, I5), ¢5% (was, I5), and
w§P (was, Iy) into (EC.1) and (EC.3), we obtain the SPE profits of the reseller and suppliers,
indicated by 7§'P* (waz, Ig), IGP* (wa2, Ig), and IGP* (was, I ), respectively.

In stage 1b, in response to the suppliers” wholesale price offers w;, w42, and wp;, the reseller
determines s41, sp1, [a = 0, and Iy, which maximize her total profit weP, given by substitut-
ing 7P (waq, Ip) in (EC.5). Applying FOC on 7°P, we observe that sGP (wa;, wgi, was) and
s§P (war, wp1,wa2) are functionally identical to s (w1, w;), @ € {A, B}, j # i, from (EC.6);
while I§P (w1, wpi,was) = 3“(1_d)+2c(“1”f§;)4(w31+h). We substitute 75?7 in TIGP* (wa,, Ip) and
52" (waq, I) to obtain the suppliers’ SPE profits as functions of wa;, wp1, and w 4,. Substituting

aqP, UgP=, sGP, and s§P into (EC.7), we obtain the total profits of the two suppliers, given by

ISP (way, wp1, waz) and Hg (wa1, wp1,was). Simultaneously applying FOC on these profit func-

tions with respect to wa;, wp;, and wa,, we obtain the equilibrium wholesale prices w§P*, wgP~,

and wGP*. At these wholesale prices, the reseller holds I57* > 0 as long as h < h§P(d) = 28733.
Note that h{P(d) < h7°(d) Vd € [0,1), where h7®(d) is the highest holding cost at which

inventory is held in SS contracts (see Proposition 1). We limit our attention to h < h¥”(d) under

CD contracts to focus on the effect of strategic inventory. Following the method in Section EC 4,
we establish that neither the two suppliers nor the reseller deviate from the FOC wholesale

CDx CDx

prices, quantities, and inventory, when h < h¢P(d). Substituting wGP*, w§P*, and wqP~

into
5P (war, wp1, waz) and TGP (way, wp1, wa2), we obtain the suppliers’ equilibrium profits under
(C, D) contracts, denoted by II$”* and II5"*, respectively. The equilibrium decisions and profits
are provided in Table EC.1.

Recall from Proposition 3 that II7%* is convex while II'** is constant with respect to h, and
I155% > T2 only if h < h(d), where h(d) < h$5(d) for all d € [0,1). From Table EC.1, it can be
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Table EC.1 Equilibrium Decisions and Profits under CD
h < h§P(d)
a(1—d)(68+3d(12+d))—2dh(4—3d?) a(68—d(44+3d(9—d)))+2dh(20—3d?)

* *
Wayr Wyo

2(68—15d2 4 2(68—15d2)
* * 2(9a(1—d)(2+d)—h(4—3d?)) 2(6a(1—d)(2+d)+h(20—3d?))
Wr1 Wp2 68—15d2 4 68—15d2
. . a(1—d)(68+3d(12+d))—2dh(4—3d?) a(1—d)(68+3d(8—d))+2dh(20—3d%)
da1s Qa2 4(1—d)(1+d)(68—1542) ’ 4(1—d)(1+d) (68—1542)
. . 13a,(1—d)(2+d)—h,(36—11d2) 6a(1—d)(2+d)+h,(20—3d2)
951/ B2 (1—d)(1+d)(68—15d2) ’  (1—d)(1+d)(68—1542)
N . a(1—d)(68+3d(12+d))—2dh(4—3d?) a(1—d)(68+3d(8—d))+2dh(20—3d?)
Sa1r a2 4(1—d)(1+d)(68—15d2 ’ 4(1—d)(1+d)(68—15d2
P a(1—d)(2+d)(32+3d?)+2n(2-d2)(4-3d%) a(1-d)(2+d)(44-3d%)—2n(2-d?)(20-342)
Bl/°B2 4(1—d)(1+d)(68—1542) ’ 4(1—d)(1+d)(68—1542)
I I 0 (2+d)(20-3d%) (a(1—d)—2h(2—d))
A" B ’ 4(1—d)(1+d)(68—1542)
m, I, Uy 8(1—d)(1+d)(68—15d2)2 4(1—d)(1+d)(68—15d2)% " (1—d)(1+d)(68—1542)>
E a?(1 — d)(9584 + 3d(3264 + d(976 + d(68 — 3d(3 + d))))) = 2a(1 — d)(1888 + d(2032 +
3d(144 — d(8 — 9d(2 + d)))))h + 16(608 — 448d% + 102d* — 94°%)n?
F a2 (1 — d)2 (4624 + 3d(1360 + 3d(104 + d(4 + d)))) — 4a(—1 + d)d(544 + 3d(56 + 3d(—4 +
d(2+4 d))))h + 4d> (208 + 9d? (-8 + d*))h
G 306a2(—2+d+d?)2 —68a(—14d)(2+d)(—4 + 3d%)h 4+ 4(272 — 136d> + 21d*)h>

verified similarly that II§”* increases, while ISP~ is convex in & for all d € [0, 1). We compare the
suppliers’ profits under CD (from Table EC.1) with each other and with those under LL and SS
contracts (from Table 2). This comparison allows us to establish the following two thresholds on
the holding cost h: ha(d) and hy(d). These thresholds are ordered with respect to the previously
established h-thresholds as follows: h(d) < ha(d) < hp(d) < h§P(d) for all d € (0,1), and they all
converge to ¢ when d = 0. We make the following observations.

REMARK EC.1. (a) Forall h < h¥P(d), IGP* <TUGP*, IGP* < 55, and ISP < 135

(b) IISP* < T155% when h < ha(d), and TISP* > T155* when ha(d) < h < h$P(d).
(c) TIEP* > IT5L* when h < hp(d), and TISP* < TIEE* when s (d) < h < h$P(d).

Based on the observations above, we can conclude that when wholesale-price-only commit-
ment contracts (C') are used, C'C contracts arise in equilibrium only when h > iAlB(d), and CD
contracts only when h a(d)<h< hp (d). However, when ﬁ(d) <h<h 4(d), there exists a prisoner’s
dilemma. Although both suppliers would have been better off if the reseller could not hold
strategic inventory (i.e., under C'C contracts), supplier B would deviate and offer the D contract
and make supplier A worse-off. Thus, in equilibrium, the suppliers offer the inferior DD contracts
for ﬁ(d) <h<h 4(d), even though they are worse off than if both offered the C' contract, which by

definition is the prisoner’s dilemma.
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