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e study a supply chain with two suppliers competing over a contract to supply components to a manufacturer. One of

the suppliers is a big company for whom the manufacturer’s business constitutes a small part of his business. The other
supplier is a small company for whom the manufacturer’s business constitutes a large portion of his business. We analyze the
problem from the perspective of the big supplier and address the following questions: What is the optimal contracting
strategy that the big supplier should follow? How does the information about the small supplier’s production cost affect the
profits and contracting decision? How does the existence of the small supplier affect profits? By studying various information
scenarios regarding the small supplier’s and the manufacturer’s production cost, we show, for example, that the big supplier
benefits when the small supplier keeps its production cost private. We quantify the value of information for the big supplier
and the manufacturer. We also quantify the cost (value) of the alternative-sourcing option for the big supplier (the man-
ufacturer). We determine when an alternative-sourcing option has more impact on profits than information. We conclude
with extensions and numerical examples to shed light on how system parameters affect this supply chain.
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. big supplier, such as Intel, can provide expertise and
1. Introduction production scale which enables production at a
In many supply chains, a manufacturer often faces the  cheaper cost. The big supplier often works with many
dilemma of sourcing from an established supplier  other customers and the manufacturer’s business con-
(the big supplier) or a relatively less-known supplier  stitutes a relatively small part of his business. These
(the small supplier). From a supplier’s perspective this =~ dynamics enable the big supplier to dictate the con-
means that, when negotiating with the manufacturer, tract terms (see, e.g., Holloway 2002 for further

the supplier needs to take into account the manufac-  discussions). Another example is from the hearing
turer’s other sourcing option. In late 2004, before  implants industry. In 2004, Cochlear Inc., the world
introducing the new flash memory-based iPods, Ap-  leader in hearing implants, had to decide whether to

ple Computers had the choice of sourcing the flash  stay with its current supplier of the electronic assem-
memory from suppliers such as SigmaTel or Intel'  bly, Megaline, a company belonging to a large North
(see, e.g., Freid 2004). This was a critical decision for American electronics corporation, or to start working

Apple because the flash memory chip was an impor- ~ with a new small supplier, Tinytronics® (Raz and
tant part of the iPod’s cost regardless of the supplier =~ Stonecash 2004). Although, in this case, the product
choice. From Intel’s perspective, this possible compe-  was not new and the manufacturer (Cochlear) was

tition from SigmaTel meant that it had to take Apple’s  already working with one of the suppliers, the power
contract option with SigmaTel into account when  dynamics between the manufacturer and the two
offering a contract to Apple. The dynamics of the  suppliers would be similar to the Intel/Apple/Sig-
possible sourcing contract would be different for each ~ maTel case.

of the two suppliers. A relatively small supplier, such In this paper, we study the contracting problem
as SigmaTel, perceives the opportunity to work witha  faced by a well-known big supplier (he) who sells
well-known manufacturer, such as Apple, as a way to custom components to a manufacturer (she). To win
establish reputation. The manufacturer’s business  the manufacturer’s business, the big supplier must
constitutes a large proportion (if not all) of the small ~ consider the manufacturer’s alternative sourcing op-
supplier’s business. These dynamics enable the manu-  tion, a small supplier (it). We consider two types of
facturer to dictate contract terms. However, a relatively =~ bargaining power between the manufacturer and the
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suppliers. When working with the big supplier, the
manufacturer can either accept or reject the big sup-
plier’s offer. When working with the small supplier,
the manufacturer makes a take-it-or-leave-it offer and
the small supplier can only accept or reject the man-
ufacturer’s offer. We analyze the problem from the
perspective of the big supplier whose objective is to
win the contract with the manufacturer over his small
supplier rival.

The information structure regarding production
and processing costs plays an important role in sourc-
ing and contracting decisions. For example, in
technologically mature environments, such as in the
memory chip industry, the production cost for a com-
ponent is often well known (Billington and Kuper
2003). However, when the technology is new or when
a new manufacturer or supplier enters the market
(such as in the case of the small supplier), assessing its
production cost is often difficult. In addition, even if
companies work together for a while, they might not
share their costs. For example, in the case of Cochlear
and Megaline, the companies do not have an open
book policy and thus Megaline does not know Coch-
lear’s processing cost. In this paper, we consider
various scenarios regarding the cost information
available to the parties. For each scenario, we exam-
ine the optimal contracting strategy that the big
supplier should follow given the manufacturer’s strat-
egy to maximize her profits. We also investigate the
effect of information about the small supplier’s pro-
duction cost and the manufacturer’s processing cost,
as well as the effect of competition on the contracting
strategy and profits.

The present paper is related to three streams of lit-
erature. The first stream focuses on the value of
information and information sharing. The second
stream focuses on (and also examines the effect of)
incentive conflicts and information asymmetries. The
last stream examines supply chain competition and
sourcing strategies.

The first stream of literature focuses on the value of
information and information sharing in supply
chains. Lee et al. (1997) study the value of informa-
tion in countering the bullwhip effect, while Lee et al.
(2000) quantify the value of information sharing in a
two-level supply chain. Cachon and Fisher (2000)
and Moinzadeh (2002), for example, examine the
benefits of sharing information in a multi-period
setting. This research stream has attracted several
researchers from the production and operations man-
agement field (see, e.g.,, Mishra et al. 2009, Thomas
et al. 2009 and references therein). In general these
papers focus on the effect of information sharing
on supply chain performance. This stream of research
is related to ours; however, in addition we consider
the effect of incentives within the supply chain that

may cause parties not to share or even misrepresent
information.

The second stream of research examines the effect
of incentives and information on supply chain coor-
dination. Tsay et al. (1999) and Cachon (2003) provide
an extensive review of supply chain contracts and co-
ordination. Chen (2003) provides a comprehensive
review of the asymmetric information models in sup-
ply chain management literature. The papers in this
stream can be divided into two groups. The first
group, to which our paper belongs, analyzes the effect
of private information with respect to the cost param-
eters such as the papers by Corbett (2001), Ha (2001),
Corbett et al. (2004), Lutze and Ozer (2008), and Kaya
and Ozer (2009). The second group focuses on de-
mand information and its influence on the supply
chain decision-making such as Gal-Or (1991), Porteus
and Whang (1999), Cachon and Lariviere (2001), and
Ozer and Wei (2006). Corbett (2001) studies a stochas-
tic one-supplier one-buyer model with asymmetric
information about the setup cost and backordering
cost. The author shows how traditional allocations of
decision rights to supplier and buyer can lead to in-
efficient outcomes when information asymmetries
exist. Ha (2001) studies supplier-buyer contracting
for a stochastic additive price dependent demand,
when the buyer possesses private information with
respect to his cost. He shows that, in the case of full
information, coordination can be achieved; however,
when the buyer possesses private information, it is no
longer possible to achieve the single firm solution and
the supplier’s profit is lowered while the buyer’s
profit is improved.

The third stream of literature analyzes the effect of
supply chain competition and sourcing strategies on
supply chain performance. Within this stream there
are two types of papers: some papers (such as ours)
focus on sourcing and thus on the competition be-
tween suppliers over a manufacturer’s business,
while other papers examine the competition between
retailers sourcing from a manufacturer (such as Bern-
stein and Federgruen 2005, Chayet and Hopp 2002,
Ha, Li and Ng 2003, Li 2002, Narayanan et al. 2005,
Savaskan and Van Wassenhove 2006). Elmaghraby
(2000) provides an excellent review of the earlier work
on supplier competition and sourcing policies. This
literature focuses on the manufacturer’s (the buyer’s)
problem of how to select suppliers, award contracts,
and allocate procurement among them. Elmaghraby
divides the literature along two dimensions: single/
multiple selection periods and single/multiple sourc-
ing. Our paper also considers a single sourcing and
single selection problem. However, we focus on the
problem from one of the suppliers’ perspective, i.e.,
we solve for the big supplier’s problem in which she
is the stronger party and does not participate in an
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auction. Both suppliers are equal in all dimensions
(such as quality, delivery time, and performance) ex-
cept in production cost and bargaining power. In such
a setting, as Elmaghraby points out, there are several
compelling reasons for the manufacturer to follow a
sole sourcing strategy. Given this environment, we
determine the big supplier’s contracting strategy.

We note that the second stream of literature focuses
on models with one supplier and one manufacturer
that have conflicting incentives and information
asymmetries. However, the supply chain competition
and sourcing literature (that is related to our paper)
considers a one-manufacturer, multiple-suppliers
problem in which the manufacturer conducts an auc-
tion among suppliers and then chooses the one with
lowest bid. Thus, this literature looks at the problem
from the perspective of the manufacturer. To the best
of our knowledge, the present paper is the first to
combine these two streams of literature by studying a
two-supplier, one-manufacturer sourcing problem.
However, unlike the sourcing literature, we study
the problem from the perspective of one of the sup-
pliers, specifically the big supplier. Hence, the
question we investigate is the contracting strategy
that the big supplier should follow to maximize his
profit. We investigate how the information the big
supplier has about the manufacturer and the small
supplier’s production costs affects the big supplier’s
contracting decision. We also investigate how much
the big supplier loses when the manufacturer has the
small supplier as an alternative sourcing option.

The rest of the paper is organized as follows. In
section 2, we describe the model. In section 3, we
study the interaction between the big supplier and the
manufacturer in the absence of the small supplier. In
sections 4-6, we study various information scenarios
with respect to the manufacturer’s processing cost
and the small supplier’s production cost, when the
small supplier is present. In section 7, we compare
different information scenarios and sourcing alterna-
tives to examine the value of information and value of
competition. In section 8, we use a numerical example
to gain additional insights into the drivers of the sys-
tem. In section 9, we present some extensions to our
model. In section 10, we conclude.

2. The Model

Consider a manufacturer who purchases custom com-
ponents before observing demand for her product. She
has two possible sourcing options: a small supplier
who sells components at a wholesale price of w; per
unit and a fixed payment of t,; or a big supplier who
charges a wholesale price of wg per unit and a fixed
payment of Tg. The production costs for the small and
big suppliers are ¢; and cp per unit, respectively. The

big supplier has a cost advantage over the small sup-
plier due to, for example, his scale and expertise,” and
thus cp <c,. The value of ¢, is equal to either ¢, (if the
small supplier is a low-cost supplier) or cy (if it is a
high-cost one), where c; <cy. This value can be either
private information known only to the small supplier,
or public information, depending on the information
scenario we analyze. After purchasing the component
from either of the suppliers, the manufacturer incurs a
processing cost of k before she can sell the product to
end customers. The value of k is equal to either k;, (if
the manufacturer is a low-cost manufacturer) or kg (if
she is a high-cost one), where k; <kp. This value can
be either private information known only to the man-
ufacturer, or public information. The retail price for
the product, 7, is fixed and the salvage value is zero.

Demand for the product has a continuous distri-
bution F with density function f, where F has a
finite mean and an inverse F ~'. Also we define F(¢) =
1 — F(¢). The unmet demand is lost with no additional
penalty cost. Figure 1 summarizes the model.

The sequence of events is as follows: (1) The big
supplier offers the manufacturer a two-part pricing
contract with a wholesale price of wg per unit and a
fixed payment Tg. (2) The manufacturer accepts or
rejects the contract considering her possible contract
option with the small supplier. If she accepts, she
works with the big supplier only. If she rejects without
having the small supplier option, the sequence of
events terminates with both parties making zero
profits. Otherwise, the manufacturer offers the two-
part pricing contract (w;, t;) that the small supplier
would accept. (3) The manufacturer orders from the
supplier of her choice, the supplier delivers, the man-
ufacturer produces. (4) The market uncertainty is
realized, the manufacturer satisfies as much as pos-
sible, and the profits are realized.

Our main focus in this paper is on the first two
stages of the game. To solve these two stages, we start
with the third stage. The manufacturer’s problem in
the third stage is to decide how much to order from
the supplier of her choice. Given a wholesale price
we{wg, ws} per unit and a fixed payment Te{Tg, t},

Figure1 Model Summary
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the manufacturer’s expected profit for a stock level
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The profit function is concave, and the optimal order
quantity is the critical fractile solution

(w+k)>.
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The manufacturer’s optimal expected profit is thus:
H;/I(wv k) - T, (3)

where

y*(wk)
IHAWJ%:HM@kaD:rA SFOdE. (4)

The following lemma shows that the manufacturer’s
optimal expected profit is decreasing with the whole-
sale price and her processing cost. Specifically, the
derivative of the manufacturer’s profit with respect to
her processing cost or the wholesale price is equal to
the negative of her optimal order quantity. For every
dollar increase in her cost, the manufacturer’s profit
decreases by the total amounts of units she orders.
This lemma is useful in proving other results later in
the paper. All proofs are deferred to Appendix A.

LemwMma 1.

ol k)  oTT., (wk) .
Uty _ 2Ll g, ),

We analyze six cases to determine how the infor-
mation structure and the existence of the small
supplier in the market affect the big supplier’s and
the manufacturer’s profits. Table 1 summarizes these
six cases. The first two cases, SF and SA, represent the
market scenarios in which the manufacturer does not
have the option to work with the small supplier. The
remaining four cases represent the scenario for which
the manufacturer has the option to work with the
small supplier. These four cases correspond to differ-
ent information scenarios. In case F all cost
information is public. In particular, the big supplier
knows the manufacturer’s processing cost and both of

Table1 The Six Information Cases
k k
known unknown

Without small supplier Full info case (SF) Asymmetric info case (SA)

Section 3.1 Section 3.2
With small Cs Full info case (F) Asymmetric info case (A2)
supplier known Section 4 Section 6.1
Cs Asymmetric info Two stage asymmetric info
unknown case (A1) case (A3)
Section 5 Section 6.2

them know the small supplier’s production cost. In
case Al, the small supplier’s production cost is pri-
vate information while the manufacturer’s processing
cost is known to the big supplier. In case A2, the small
supplier’s production cost is known to both the man-
ufacturer and the big supplier while the
manufacturer’s processing cost is her private infor-
mation. In case A3 both costs are private information.
We investigate two important questions: First, how
valuable is the information about the small supplier’s
production cost and the manufacturer’s processing
cost for the big supplier (Value of Information), and
second, when and how much does the big supplier
lose when the manufacturer has the small supplier as
an alternative sourcing option (Value of Competition)?
We note that when these values are negative they are
interpreted as costs.

All six information and sourcing scenarios are plau-
sible for a supply chain. Consider a supply chain that
builds a commodity type product such as personal
computers and the memory chips. The production
cost of a memory chip is well known as well as the
processing cost of putting this chip into a computer
(Billington and Kuper 2003). The other extreme infor-
mation scenario is when none of the supply chain
partners have much information about others’ pro-
duction costs. Consider, for example, a new
technology such as iPOD. Apple Computers is well
known for keeping their new product introduction
processes and costs private (Markoff and Lohr 2005).
Often a new product requires custom made compo-
nents or components that use recent technologies such
as the flash memory. Hence, it is often difficult for
others to know the cost of building such a technology.
In sections 3-6, we study each of these scenarios sep-
arately. In section 7, we compare them to examine the
value of information and value of competition.

Throughout the paper we use the following nota-
tion: We define w}, T; and II3(-) to be the big
supplier’s optimal wholesale price, transfer payment,
and the resulting optimal expected profit for case z
where ze{SF, SA, F, A1, A2, A3}. Similarly we define
IT;,(-) to be the manufacturer’s optimal expected
profit for case z.

3. The Effect of Not Having Small
Supplier Option

To determine the impact of the small supplier on the
firms’ profits, we first study the scenarios in which the
manufacturer does not have the option to work with
the small supplier. Two information scenarios are
possible: Either the big supplier knows the manufac-
turer’s processing cost (case SF) or the manufacturer’s
cost is her private information (Case SA).
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3.1. The Single Supplier Full Information Case
(Case SF)
The big supplier’s objective is to maximize his profit by
offering a wholesale price wg, and a transfer payment
Tg, while considering the manufacturer’s possible out-
side option. Since the manufacturer does not have any
other option (in this case), we assume without loss of
generality that his outside profit is zero. Hence, the big
supplier’s problem is

Max TT5(ws, k, Ts) = (wp—ca)y" (ws, k) + Ts ()

such that
[Ty (ws, k) — Tp >0, (6)

where []},(, ) is defined in (4). The following theorem
characterizes the solution.

o (k) =

THEOREM 1. The big supplier’s optimal wholesale price and
transfer payments (w3t , T3F) are:

wlsi-'F = CB, TlgF = H;/I(Cka)7 (7)
while the manufacturer and big supplier’s optimal profits are
() =0, Ty (k) = [T(es, k). (®)

3.2. The Single Supplier Asymmetric Information
Case (Case SA)

In some supply chains, the manufacturer’s processing
cost k is unknown to the big supplier, for example, when
the manufacturer’s product is a recent or a custom de-
sign product. The prior belief is such that the
manufacturer has a low processing cost k;, with prob-
ability of g, or a high processing cost ky>k; with
probability gy =1 —g;. The big supplier can maximize
his profit through a contract mechanism that screens the
manufacturer’s type. He also needs to ensure that this
contract mechanism is at least as profitable for the man-
ufacturer as her outside option, which is zero. To do so,
the big supplier offers the manufacturer a menu of two-
part pricing contracts, ie., (wpL, Tsr), (wpy, Tpy) (for
more on this type of analysis, see Kreps 1990). Given
this menu of contracts, the sequence of events is similar
to that in section 2. The big supplier’s objective is to set
the contract terms to maximize his expected profit

[1p((wst, Tpr), (wpH, Ten)) = qul{(wse — cg)y” (wsL, ki)

+ Tp) + qul(wpe — )y (wpw, ku) + Trr). 9)
Subject to

[T (wsL, kL) — T >0, (10)

[T (wsn, ki) — Ten > 0, (11)

[T (wse, k) — Ter > [Ty (wea, ki) — T, (12)

[Ty (wse, k) — Teer > [Ty (wse, ki) — T (13)

The first two inequalities are the participation con-
straints and the last two are the incentive
compatibility constraints for the low- and high-cost
manufacturers.

THEOREM 2. The optimal solution to the big supplier’s
problem is
(a) wif = cp and w3 = Wpy, where wey is the solution
to the equation

WeH = Cp + Z—;V[y* (waw, k) — y* (waH, k)] (14)

x f(y" (wpm, k).
Tt = [Ty(cs. ki) — TTyy(@sm, ko) + [Ty (@pn, kit and
T5h = TTy(@sn, ker), where [Ty, (-, ) is defined in (4).
(b) IS\;/IIA(kL) = H;A(wBH,kL) — H;/{(wBH,kH) and
S4 (1) = 0
wm (ker) = 0.

() I13" = T3 + auTin

+ gr(wpH — cB)y" (WpH, kn ).

(15)

(16)

The theorem follows directly from properties of ad-
verse selection in principal agent theory and the
tradeoff between rent extraction and efficiency (see,
e.g., Laffont and Mortimer 2001, Salanie 2005).

4. The Effect of Having Small Supplier
Option under Full Information (Case F)

Starting with this section, we consider the scenario in
which the manufacturer has the option of working
with the small supplier. We study first the case in
which both the small supplier’s production cost, c;,
and the manufacturer’s processing cost, k, are public
information. Note that the small supplier’s objective
function is (ws — ¢s)y*(ws, k) + t5, while the manufac-
turer’s objective function is [[j,(ws, k) —t;, where
[Ty (ws, k) is given in (4). Without loss of generality,
the small supplier’s reservation profit is assumed
zero. The manufacturer optimally offers the small
supplier the two-part pricing contract with ws = c,
and t; = 0, because the manufacturer’s profit is mono-
tone in wy; (Lemma 1) and in f,. Hence, the manu-
facturer’s expected profit is []},(cs, k).

The big supplier’s problem is to maximize his profit
by offering a wholesale price wg and a transfer pay-
ment Tg. He must also consider the manufacturer’s
other sourcing option, i.e., the small supplier. Hence,
the big supplier’s problem is similar to the one in (5)
where (6) is replaced by

[Ty(ws, k) = T > TTa(cs, ). (17)
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This constraint ensures that the manufacturer’s
profit is at least as much as her profit when working
with the small supplier.

THEOREM 3. The big supplier’s optimal wholesale price and
transfer payments (wh, TL) are

wy = cp, Tp = [T(cs. k) — [T (cs, k), (18)
while the manufacturer and big supplier’s optimal profits are

H]li/l(csvk) = HXA(Csvk)a
[T5(cs; k) = TTa(es k) — [Ty(cs, k) >0,

where [Ty (-, ) is defined in (4).

(19)

Theorem 3 shows that the big supplier optimally
sets the wholesale price equal to his cost and receives
his payoff through the transfer payment, which is
positive. The manufacturer’s profit is equal to her
profit under the contract with the small supplier. In
other words, the big supplier sets the wholesale price
in a way to leave the manufacturer indifferent be-
tween using him as the sole source or the small
supplier. We assume that, when indifferent, the man-
ufacturer chooses the big supplier as her supplier.
Note that having the small supplier option helps the
manufacturer to receive a better offer; i.e., wh < wyf
and TE < T3F. The big supplier, however, loses []},
(s, k) due to the small supplier’s existence. This anal-
ysis suggests that Apple Computers benefits from
having SigmaTel as a potential source for the flash
memory when dealing with Intel. The model helps
quantify this benefit. As the above result shows, the
size of this benefit closely depends on the production
cost of Intel and SigmaTel as well as the iPod potential
sales, i.e., the demand distribution.

5. The Effect of Asymmetric
Information: When the Small
Supplier’s Production Cost is Private

Information (Case A1)

Here we consider the case in which the manufac-
turer’s processing cost k is public information while
the small supplier’s production cost c; is its private
information. Suppose the prior belief is such that the
small supplier has a low production cost c; with
probability p; or a high production cost cy>c; with
probability pr =1 — pr. The manufacturer may design
a contract mechanism to detect (or screen) the small
supplier’s type while maximizing her expected profit.
Hence, the big supplier should offer the manufacturer
a contract that is at least as profitable for the manu-
facturer as her possible screening contract with the
small supplier.

5.1. The Manufacturer’s Problem

The manufacturer offers the small supplier a menu of
two-part pricing contracts that includes a wholesale
price per unit plus a fixed payment, (ws, fsr.), (Wsk, tse)-
Given this menu of contracts, the small supplier
chooses the contract that maximizes its profit. The
manufacturer then decides on the order quantity that
maximizes her expected profit. The small supplier
delivers the ordered quantity and the manufacturer
produces the final product. Demand realizes and the
manufacturer satisfies demand as much as possible at
a unit price r. The manufacturer’s objective is to set
the contract terms and maximize her expected profit

[T (st tse), (wsns tsm)) = prll Ty (wse, k) — £
+ pull Ty (wsw, k) — tsul,
(20)

where [[,(:,-) is defined in (4), subject to participa-
tion and incentive compatibility constraints:

(wsL - CL)}/* (wSLu k) + tsL Z 07 (21)
(wstr — cu)y* (Wspr, k) + tep > 0, (22)

(wsr, — cL)y* (wst, k) + tsr. > (W — c)y " (wstr, k)
+ tSH7 (23)

(wst — cu)Y (Wsk, k) + tsg > (wsr — cu)y™ (wsr, k)
+ tor. (24)

These constraints ensure that the small supplier par-
ticipates and self selects the contract designed for
its type.

THEOREM 4.
(a) The solution to the manufacturer’s problem is

Wy = ¢ and tg = (CH — CL)y*(wSH,k)
wsy = ¢ + (cg —cr)/prand tey = —(pr/pe)tse.

(b) The manufacturer’s optimal expected profit is equal
to [Ty (ws, k), where ws € (cp,cy) is the solution to
the equation

[Ty (@s. k) = pLITi(cr, k) + pul Ty (ws k). (25)
and [y (-, ) is defined in (4).

Theorem 4 shows that the manufacturer can design
a mechanism to induce truth-telling such that the low-
cost small supplier chooses the contract (wsr, tsr) and
the high-cost small supplier chooses the contract
(wsh, tsi). The manufacturer’s optimal expected profit
is given in (25). From Theorem 4(a) we observe that
the wholesale price offered to the high-cost small
supplier is decreasing in the probability of the supplier
having a high production cost. In other words, the
manufacturer offers a lower wholesale price if she
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believes that the likelihood of facing an expensive
supplier is high. This observation suggests that a
small supplier benefits from keeping its manufactur-
ing cost private. In the context of Apple Computers,
SigmaTel has every incentive not to share its produc-
tion cost of new flash memory technology. Being a
relatively small supplier, SigmaTel benefits by keeping
its production cost private.

5.2. The Big Supplier’s Problem

The big supplier’s problem is to maximize his profit,
considering the manufacturer’s other sourcing option
with the small supplier. In this case, the manufac-
turer’s reservation profit is given in (25). Hence, the
big supplier’s problem is similar to the one in (5) but
(6) is replaced by

H;/I(wl%k) —Tg > sz(wsvk)v (26)

where []y,(-, ) is defined in (4) and [],,(ws, k) is given

by (25).

THEOREM 5. The big supplier’s optimal wholesale price and
transfer payments (w4, T4l) are

gll = CB; Tgl = HX/I(Cka) - H;\d(ﬁ)S»k)a

while the manufacturer and big supplier’s profits are
given by

(27)

where [Ty, (-,
(25).

) is defined in (4) and [y, (ws, k) is given by

6. The Effect of Asymmetric Information:
When the Manufacturer’s Processing
Cost is Private Information (Cases A2
and A3)

Consider the case in which the manufacturer’s pro-
cessing cost k is unknown to the big supplier. Recall
that the belief is such that the manufacturer has a low
processing cost ki with probability g, or she has a high
processing cost kg > k; with probability g7 =1 —qr. As
before, the big supplier maximizes his profit through a
contract mechanism that screens the manufacturer’s
type. The big supplier offers the manufacturer a menu
of two-part pricing contracts, (wpr,Tsr), (WpH, TeH)-
However, he also needs to ensure that the contract
mechanism is at least as profitable for the manufac-
turer as her possible contract with the small supplier.
Hence, his objective is to set the contract terms to
maximize his expected profit given in (9). His opti-
mization problem is similar to that in (9)—(13) but (10)
and (11) are replaced by the following participation

O 2010 Production and Operations Management Society

constraints:
TTv(wer ki) — T > [Ty (ke), (28)
T (wser, kir) — Tor > Ty (kn), (29)

where Hﬁ(k) is the manufacturer’s reservation profit
from contracting with the small supplier. Note that,
unlike the classical adverse selection problems (as in
section 3.2), here the minimum reservation profits de-
pend on the manufacturer’s processing cost, i.e., her
type. Next we consider the two information cases that
affect the manufacturer’s reservation profits.

6.1. The Small Supplier’s Production Cost is Public
Information (Case A2)
Recall that by (3) and Lemma 1, the manufacturer’s
optimal expected profit is decreasing in w and t.
Hence, when the small supplier’s production cost c; is
known, the manufacturer offers the small supplier a
contract where w; = ¢, and t; = 0. Thus, her profit is
equal to []y,(cs, k), which is defined in (4). In this case,
the big supplier sets (wsgr, Ts1.), (wpw, Ter) to maxi-
mize his objective function in (9) subject to the
constraints (12), (13), (28) and (29) where the manu-
facturer’s reservation profit is HII\{,I( ) = [T(cs, k). The
supplier’s and the manufacturer’s resultin Zg opt1mal
exgected profits are denoted by HB ¢;) and
M (cs, k), respectively.

THEOREM 6. The optimal solution to the big supplier’s

problem is

(a) wi? = cp and wiy = min(wWpy, ¢s),

where Wy is defined in (14)

Tﬁf _HM(wBL’ L) — HM(WBH7 L)
+ T (Wi k) — T (cs, ker), and

T = (g, ki) — [T (co, ki),

where [Ty (-,-) is defined in (4).
®) T (cs k) = TT(wify k) =TT (wi, ker)
+ [Ty (cs, kn), and
 (es Jar) = TTh(es )
© TI5*(cs) = qu T4} + qanThi
+qn(wgh — cp)y" (wgh, kn)-

Theorem 6 shows that the big supplier optimally
offers the low-cost manufacturer a wholesale price
that is equal to the big supplier’s production cost. Yet,
the manufacturer with a high processing cost receives
a higher wholesale price offer.
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6.2. The Small Supplier’s Production Cost is Private
Information (Case A3)

Next we analyze the case in which the small sup-
plier’s production cost ¢s is private information. To
maximize her expected profit, the manufacturer offers
contracts to screen the small supplier. The resulting
optimal expected profit would be the manufacturer’s
minimum reservation profit when contracting with
the big supplier. The manufacturer’s contract with the
small supplier is exactly similar to that of section 5
and is characterized in Theorem 4. Thus, similar to the
previous subsection, the big supplier sets (wgi, Ts1),
(wgy, Tpy) to maximize his objective function in (9)
subject to the constraints (12), (13), (28) and (29),

where the manufacturer’s reservation profit is
T8 (k) = TTis (s, k), which is defined in (25).
THEOREM 7. The optimal solution to the big supplier’s
problem is

(@) wi =cp and w‘g‘f{—mm(wBH,wq) where Wpy

and ws are given in (14) and (25), respectively
Th = T (Wit ko) =TT (wiiy, ko) + T (i, ken)

— [Ty (s, ker) and
Tair = [T (wgd, k) — [Ty (s, kr), where TTi(.,.)

is deﬁned in (4).

(b) TTne (ki) = Ty k) — T (wigsy, ki)
+[ Ly (@s, kpy) and
Wi Uer) = T (@s, Ki)- (30)

() TI§® = quTa + auThy + qu(whyy — ca)y’ (whyy ki)
(31)

7. The Value of Information (VOI) and
the Value of Competition (VOC)

We compare the six cases analyzed in sections 3—-6 and
examine the impact of information and competition
on the big supplier and the manufacturer’s profits as
well as the supply chain as a whole.

7.1. The Value of Information about the Small
Supplier’s Cost

We determine the value of information on the small
supplier’s production cost by comparing case F with
case Al and case A2 with case A3. Recall that, for
cases Al and A3, the parties’ profits depend on the
costs of the two types of small suppliers. Hence, when
comparing the four different cases for the manufac-
turer and the big supplier, we use the expected value of
information on the small supplier’s cost. Recall that
the belief is such that the small supplier is a low-cost
supplier (c;) with probability p; and a high-cost sup-
plier (cyp) with probability py=1—p.. Thus the big
supplier and the manufacturer’s ex ante expected

profit in the full information case are

[T (k) = pIT; (cr, k) forj € {B,M}. (32)

+ PHHjF(CH7 k)

Using (19), the big supplier’s profit can be ex-
pressed as a function of the manufacturer’s profit

[15() = TTu(ce, k) — TTu(k)- (33)

Similarly, the manufacturer’s ex ante expected
profit in case A2 is

i) = pulTag (e, k) + pul Tt (e k), (34)

while the big supplier’s expected profit in the A2 case is
[15° = peIls"(cc) + pul 5" (cr), (35)

where H]’éf(cs, k) and []5°

in Theorem 6.

When the manufacturer’s processing cost is public
information, we define the big supplier and the man-
ufacturer’s expected value of information on the small
supplier’s production cost as

=1 (0 - I1"

(cs) for s = {L,H} are given

VOI; (k) (k), forj € {B,M}.  (36)

Similarly, when the manufacturer’s cost is private,
her value of information is

VOR,(k) = [Ty (k) = ITir (k) (37)
while the big supplier’s expected value of informa-
tion is

VOIZ = 142 — 12, (38)

where []3,(k) and [[;(k) for ze(F, A1, A2, A3} are
defined in (27), and (30)-(35).

THEOREM 8. When the manufacturer’s processing cost is
public, the value of information on the small supplier’s cost

is as follows.
(a) VOILy (k) = pull T (eu, k) —

(b) VOIL(k) = —VOIL,(k) <0

[Ty(wst, k)] > 0, and

THEOREM 9. When the manufacturer’s processing cost is
private:

(a) For the manufacturer, the value of information on the

small supplier’s cost is as follows.

(i) If qH>‘7H/ then VOI}%/I(kz) =
ie{L, H}, where

VOIL,(ky)>0 for

1

QH:@G (0,1), (39)
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and _
o = T’W* (wBH, kL>

— Y (Wsm, ke)If (v (wen, k) (40)
and wgy is given in (14).
(ii) If qu<qy, then VOI}(kj) = VOI},(ki)>0 for
ie{L, H}, where

- 1

(iii) If Gy <qu <qu, then VOI3(k)>0, and

(b) For the big supplier, the value of information is
VOIZ = —VOIL,(ky) <0 if gu>qn, and inconclu-
sive otherwise.

Theorems 8 and 9 show that the manufacturer ben-
efits if both the big supplier and she knew the small
supplier’s cost. In contrast, the big supplier might be
better off when the small supplier’s cost is its private
information. With respect to the manufacturer, it is in-
teresting to note that, while she is always better off
with more information, as Theorem 9(a) shows, the
value of this information depends on her processing
cost as well as the belief about her processing cost.
Note that the high-cost manufacturer’s value of infor-
mation depends only on her own cost (ky) regardless
of the belief about her cost. For the low-cost manufac-
turer the situation is more complex. When the belief is
such that the manufacturer is more likely to have a low
processing cost (as in Theorem 9(a)(ii)), her value of
information depends on her own cost only. However,
when the manufacturer is less likely to have a low
processing cost (as in Theorem 9(a)(i)), her value of
information depends also on the high processing cost
kg Intuitively, it is more difficult for the big supplier to
detect that a low-cost manufacturer pretends to have a
high processing cost. This would allow a low-cost
manufacturer to extract more information rent from
the big supplier. This value also depends on the differ-
ence between the high and low processing costs. In
other words, the big supplier has to pay more infor-
mation rent to the low-cost manufacturer to induce her
not to pretend to have high processing cost and choose
the contract designed for her. For the supplier the sit-
uation is a bit more delicate. Although he benefits from
the lack of information when the manufacturer is
likely to have high processing cost, when the opposite
is true, the big supplier might actually benefit from
having the information about the small supplier. Thus
in these cases, both the manufacturer and the big sup-
plier benefit from knowing that information. We
remark that we were unable to show either analyti-
cally or numerically whether VOI3 is positive when gy
is high. Hence, we state this result to be inconclusive at
this point.

Theorem 8 shows that when the manufacturer’s
cost is public the manufacturer benefits on average
VOI, (k) from knowing the small supplier’s pro-
duction cost. Theorem 9 shows that when the man-
ufacturer’s cost information is private, and she is
more likely to have a high processing cost, the man-
ufacturer benefits on average VOI},(ky). In both cases,
the big supplier loses exactly the same amount on
average. This leads us to the following corollary.

CoroLLARY 10.
(@) TT(k) + TT5(k) = TTat (k) + 15" (k) = T (cs. k)

() If qu>qu then TTiy (k) + 115" = [T (k) + TT3°
for ie{L, H}, where gy is given by (39).

By Corollary 10, when the manufacturer’s process-
ing cost is public, the total supply chain profits are the
same regardless of whether the small supplier’s cost
information is public or private and it is equal to the
coordinated/integrated supply chain profits. Thus, by
Theorem 6 and Corollary 10, the total supply chain
profits are independent of the information about the
small supplier’s cost; however, the share of profit that
each party receives depends on the information re-
garding the small supplier’s cost. When this
information is known, the manufacturer receives a
larger share of the total supply chain profit than when
the information is private. By part (b) of Corollary 10,
we observe that the total supply chain profits does not
depend on the small supplier’s cost information only
when the manufacturer is likely to have a high cost.

7.2. The Value of Competition

The existence of the small supplier affects the big
supplier and the manufacturer’s profits. We refer to
the difference in profits due to the small supplier as
the value of competition. From the big supplier’s per-
spective, this difference is the cost (since competition
has a negative value for the big supplier) of having to
compete with the small supplier on the manufac-
turer’s business. We define the value of competition
similar to the value of information as an expected
value, which enables us to compare value of compe-
tition to value of information. In particular, when the
manufacturer’s cost is public information, we define
the value of competition as

vOoC] (k) = [T; (k) — [I}" (k) forj € {B,M}.  (42)

Similarly, when the manufacturer’s cost is private,
the manufacturer’s value of competition is

VOC, (k) = [T (k) — TTar (k) (43)
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while the big supplier’s value of competition is

VOC: =112 - 1%, (44)

where [],(k) and [];(k) for ze{SF, SA, F, A2} are
defined in (8), (15)—(16) and (32)—(35).

THEOREM 11. When the manufacturer’s processing cost is
public,

(a) VOCL,(k) =TTk, (k) > 0.
(b) VOCL(k) = —VOCL,(k) < 0.

THEOREM 12. When the manufacturer’s processing cost is
private,
(a) The value of competition for the manufacturer is
as follows.

(1) If qu>qu, then VOC}VI(ki) = VOC}VI(kH) >0 for
ie{L, H}, where qy is given by (39).

G)If  qu<qy then  VOC% (k) = [Ths(ke)—
(T (@sr, ki) — T @, kir)]> 0, and VOC3y (ki)
= VOCi, (ki) >0, where Gy, is given by (41) and
wpy is defined in (14).

(lll) Ifl?HS qa S E_]H, then VOC%A(ICL) =pL H;VI(CL,kL)
+pu [T (ens ki) = pull T (@nr ko) — T T (@,
kL)} >0, and VOC%A(kH) = VOC}VI(kH) >0.

(b) The value of competition for the big supplier is
VOC% = —VOC}\A(kH) <0 lf qu>qH, and
inconclusive otherwise.

Next we compare the value of information to the
value of competition.

THEOREM 13.

(a) VOCL,(k) > VOIL, (k) > 0 and
VOC}(k) < VOI} (k) < 0.

(b) VOC2,(k;) > VOIZ,(kj) >0 for i (L, H).

(c) VOC% < VOI% <0 if gu>qu, and inconclusive
otherwise.

Theorem 13 shows that, from the manufacturer’s
perspective, having the small supplier as an alterna-
tive source (Value of Competition) always has higher
impact on profits than having more information on
the small supplier’s production cost (Value of Infor-
mation). From the big supplier’s perspective, the
competition effect dominates the information effect
when the manufacturer’s cost is public. However,
when the manufacturer’s cost is private, the compe-
tition effect dominates only when the manufacturer is
likely to have a high processing cost.

7.3. The Value of Information about the
Manufacturer’s Cost

Next we examine the value of information on the
manufacturer’s processing cost by comparing case SF
with case SA, Case F with case A2, and case Al with
case A3 (comparing columns instead of rows in Table
1). Similar to section 7.1, when comparing the different
information cases for the big supplier, we define the
expected value of information on the manufacturer’s
cost. Recall that the belief is such that the manufac-
turer is a low-cost manufacturer (k;) with probability
gr. and a high-cost manufacturer (k) with probability
gu=1—gr. Thus the big supplier’s ex ante expected
profit in case SF (single supplier, full information) is

T3 = aully (k) +qul Ty (kn), (45)

his ex ante expected profit in case F (two-supplier, full
information) is

[T5(cs) = qulTa(cs ko) +qullp(cs, ki), (46)

and his ex ante expected profit in case Al (two-sup-
plier manufacturer’s cost is private)

[T5" = aulTs" (ko) +aulTs (keo). (47)

We start with the case where the manufacturer does
not have an alternative sourcing option and examine
the value of knowing the manufacturer’s processing
cost in this case.

THEOREM 14. Without a small supplier, the value of infor-
mation on the manufacturer’s processing cost is as follows.

(@) TTh (ko) < TTps' (k) and TTi (k) = TTo (ki) = 0
for all qp.

®) I3 =TI for all g

The theorem states that, in the absence of a small
supplier, the manufacturer has an incentive to keep
her information private, while the big supplier will
benefit from knowing the manufacturer’s cost. As the
next theorem shows, when there is another sourcing
alternative the situation is a bit more intricate.

TueOREM 15. With a small supplier, the value of informa-
tion on the manufacturer’s processing cost is as follows.

(a)

(i) If qu>qu, then TTh;(cs, k) < TTat(cs,ku) and [Th
(cs,ky) = Hf/f(cs, ky) for  se{L,H}, while
w k) <Thr(k)  and  TTy (ki) = [T (k).
where gy is given by (39).
(i) If qu <Gy, then TIhi(cs,ki) = TTas (cs, ki) and T4}
(ki) = f,f(k,-) for i, se{L, H}, where q,; is given
by (41).
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(i) If Gy < qu < qu, then T(cr, k) = TTaf(cr ko),
[Tw(er ki) < g (em ko), and  TTy(cs ki) =
22(cs,ku),  while T (k) <TI8(k)  and
A (kr) = T3 (ker), where Gy is given by (39)

and g,y is given by (41).

(0) TTx(es) > 157 (cs) for se L, H), and [T5" > T3 for
every quel0,1].

Theorem 15 shows that when the manufacturer is
likely to have high processing cost (i.e., gy >gy) the
manufacturer benefits from keeping her information
private, while the big supplier benefits from knowing
the manufacturer’s cost. Thus, it is unclear whether the
supply chain as a whole will benefit from having in-
formation regarding the manufacturer’s processing
cost. However, when the manufacturer is likely to
have low processing cost (i.e., gy <g;), the manufac-
turer is indifferent between sharing her information
with the big supplier or keeping it private, while the
big supplier benefits from knowing the manufacturer’s
cost. Thus, in this case, from a supply chain perspective
it is always beneficial to share information on the
manufacturer’s processing cost. When the probability
of having a low processing cost is in the intermediate
level (g > qu > L:]H), the value of sharing information
about the manufacturer’s cost depends on the type of
small supplier. When the manufacturer is facing a low-
cost small supplier, she is indifferent between sharing
her information with the big supplier or keeping it
private, however, if she faces a high-cost small supplier,
she benefits from keeping her information private.

8. A Numerical Example

In this section, we quantify the big supplier’s and the
manufacturer’s profits as well as the wholesale price
and order quantity using a numerical example. We
show how changes in the parameters of the problem
affect the value of information on the small supplier’s
production cost and the manufacturer’s processing
cost. We also quantify the value of competition on the
big supplier’s and manufacturer’s profits and com-
pare it with the value of information. Consider a
supply chain in which the production cost for the big
supplier is cg = $1. The production cost for the small
supplier is either c;, = $2, or cy = $4. The probability of
the small supplier having low-cost is p; =0.5. The
manufacturer’s processing cost is either k; =$1 or
kiy=$2. The probability of the manufacturer having
low-cost is g, =0.5. The retail price r=%10 and
demand is distributed uniformly on the interval
[0,1]. These parameters are used throughout this
section to illustrate our results. Appendix B presents
the solution to our problem using uniform demand
distribution that enables us to obtain closed form so-

lutions to the problem, which is used to solve the
numerical example in this section.

Table 2 presents the results. For example, when both
the manufacturer’s processing cost and the small
supplier’s production cost are private (Case A3), the
big supplier offers the manufacturer a menu of
contracts ($1.00,$1.55) and ($2.00,%$0.80) such that
the low-cost manufacturer would prefer to pay a
wholesale price of $1.00 per unit and a transfer price
of $1.55, while the high-cost manufacturer would pay
a wholesale price of $2.00 per unit and a transfer price
of $0.80. The resulting profits of the low- and high-
cost manufacturers are $1.65 and $1.00, respectively,
and the big supplier’s profit is equal to $1.475.

The table illustrates that the manufacturer is worse off
while the big supplier is better off when the small
supplier’s cost is private (as also shown by Theorem 8).
For example, in case F, when the manufacturer has low
processing cost, her expected profit is $1.85=0.5x
2.45+0.5x1.25, compared with $1.45 for case Al. In
other words, the manufacturer loses $0.40 (22%) from
her expected profit when the small supplier’s cost
information is private. However, this lack of information
benefits the big supplier. The big supplier’s expected
profit is $1.35=0.5x1.95+0.5x0.75 in case F whereas
his expected profit is $1.75 in case Al. Hence, the big
supplier benefits by $0.40. Thus, when the manufacturer
has low processing cost, the value of information on the
small supplier’s production cost is VOI,(k;.) = $0.40 for
the manufacturer and VOI} (k) = $ — 0.40<0 for the
big supplier. This result also illustrates that the total
expected supply chain profit (equal to $3.20) does not
change when the small supplier’s cost is private
information (as shown by Corollary 10) and is equal
to the coordinated supply chain profits.

Table 2 also shows that in case SF, when the
manufacturer has a low processing cost, her profit is
0, while her expected profit in case F is $1.85. Thus,
the value of having an alternative sourcing option
(VOCQ) for the low-cost manufacturer in this case is
VOC},(kr) = $1.85. Similarly, from the big supplier’s
perspective, if the manufacturer has low processing
cost, his profit in case SF is $3.20, while his expected
profit in case F is $1.35. Thus, the competition
with the small supplier costs the big supplier
VOC} (k) = $ — 1.85. Figure 2 compares the value of
competition and the value of information for the
manufacturer and the big supplier, when the manu-
facturer’s cost is private, as a function of g;. For this
particular example both for the big supplier and the
manufacturer, the competition effect dominates the
information effect. This result is shown in Theorem 13
for the manufacturer and for supplier when g;, is low.
Figure 2 illustrates that it holds for the big supplier
for all g; values. The difference between value of
competition and information gets larger with higher g;.
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Table2 Numerical Results

Case Wholesale price, wg and transfer price, T Order quantity, y Mfg’s profit Big supplier’s profit
Case SF wgF (k) = $1.00 for i=L, H y(wsF, k) = 0.80
y(wsT, ky) = 0.70
TS (k) = $3.20 (k) = $0 5 (k) = $3.20
TS (ky) = $2.45 5 (ky) = $0 11 (k) = $2.45
Case SA wih (k) = $1.00 YW, k) = 0.80 (k) = $0.65 — $2.475
TSA(ky) = $2.55
Wil (ky) = $2.00 y(wgh, ky) = 0.60 3 (ky) = S0
TSA(ky) = $1.80
Case F wh (cs, ki) = $1.00 for s=1L, H, i=L, H y(wh, k) = 0.80
y(w§, ky) = 0.70
TF (o, k) = $0.75 15 (e k) = $2.45 F(cL, k) = $0.75
TF (cu, ki) = $1.95 15 (cn k) = $1.25 F(cn, k) = $1.95
TF (1, ky) = $0.65 T15 (e, k) = $1.80 £ (cL, kn) = $0.65
T4 (G, k) = $1.65 [Th(cH, ki) = $0.80 [Ta(cH, ki) = $1.65
Case At wa' (ki) = $1.00 for i=L, H y(wi', k) = 0.80
y(wi', ky) = 0.70
T4 (k) = $1.75 Mik) = $1.45 k) = $1.75
T3 (ki) = $1.45 W (ky) = $1.00 5 (ky) = $1.45
Case A2 wi2 (k) = $1.00 y(wf2 k) = 0.80 2 (c1 ki) = $2.45 22(c1) = $0.675
T82(c,, k) = $0.75 2 (cy, ki) = $1.45 22 (cy) = $1.675
T4 (Cy, ki) = $1.75
Wa2 (ky) = $2.00 y(wi2, ky) = 0.60 2 (cr, ky) = $1.80
T22(c,, ky) = $0 %2 (cu, k) = $0.80
T2 (cy, ky) = $1.00
Case A3 wi3 (k) = $1.00 y(wh3 k) =0.80 W (k) = $1.65 15 = $1.475
T4(k) = $1.55
w3 (ky) = $2.00 y(wh3, ky) = 0.60 W (ky) = $1.00

T4 (ky) = $0.80

Next we illustrate the effect of the belief structure
regarding the small supplier’s production cost. Figure
3 presents the expected profit of the manufacturer and
the supplier as well as the total supply chain profits as
a function of the probability of facing a low-cost small
supplier for the parameters of the numerical example
above. For example, when p; = 0.5, the manufacturer’s
expected profit for the full information case is equal
to 1.575 = 0.5x0.5[2.45+1.25]+0.5x0.5[1.80+0.80]. The
figure illustrates that when the probability of facing a
low-cost small supplier increases, the manufacturer’s
share of the total supply chain profit increases, while
the big supplier’s share decreases. Note also that the
total supply chain profits remain constant. These
observations hold for both case F and case Al;
however, in the case of full information the big
supplier and the manufacturer split the profits equally
when the probability of small supplier having low cost

pr = 0.35, while in case A1, their profits are equal when
pr = 0.67. It is also interesting to note that the value of
1nformat10n (which i is the difference between []}, and
HM or HB and H ) is first increasing and then
decreasing in p; with the maximum achieved when
pr = 0.55. Thus, when the probability of low-cost small
supplier is very high or very low, the manufacturer
does not lose much by not knowing what type of small
supplier she is facing. When the probability of the low-
cost supplier is close to 0.5, however, it becomes
difficult to guess whether the small supplier has high
or low production cost. Thus, the manufacturer needs
to pay the low-cost small supplier high information
rent, which reduces the manufacturer’s expected profit
from her contracting option with the small supplier.
We have similar observations for cases A2 and A3.
Finally, we investigate the effect of the belief about
the manufacturer’s processing cost. Figure 4 presents
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Figure2 Comparison of the Value of Information and Value of Competition
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the expected profits as a function of the probability of
the manufacturer having low processing cost when the
small supplier’s cost is public. The figure illustrates
the results of Theorem 15 for the parameters of the
numerical example above. Note that, when the
manufacturer is likely to have low processing cost
(qr > 0.75, equivalently gz < 0.25), then by Theorem
15(a)(ii) she is indifferent between sharing her
information with the big supplier or keeping it private,
however, when the manufacturer is less likely to have
low cost (g, <0.75), then by parts (a)(i) and (a)(iii) of
the theorem, the manufacturer benefits from keeping
its information private (although when the manufac-
turer has high cost, she is still indifferent about the
sharing of information and for part of these values of
g, even the low-cost manufacturer will be indifferent
if she is facing a low-cost small supplier). As expected,
the big supplier benefits from knowing the manufac-
turer’s cost for all values of g;. In this case, from a
supply chain perspective, sharing manufacturer’s
processing cost information is always beneficial
because the total supply chain profit in case F
dominates that for the case A2.

Figure3 The Supply Chain Profits as a Function of p, for Cases F and A1
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9. Some Extensions

Here we discuss some extensions related to the
manufacturer’s processing cost, the small supplier’s
production cost, and the possible information asym-
metry between the manufacturer and the big supplier
regarding the small supplier’s cost.

9.1. The Manufacturer’s Processing Cost

So far we assumed that the manufacturer’s processing
cost, k, is independent of the production cost of the
component she purchases from the supplier. It is
possible, however, that a low-cost supplier will enable
the manufacturer to reduce her own costs. Hence, we
examine how the results change when the processing
cost, k, is increasing in the production cost, c. We
define k; to be the processing cost when the
manufacturer works with the small supplier and kg
when she contracts with the big supplier. Since cg <c,,
the fact that k is increasing in ¢ implies that kg <ks.

THEOREM 16. When the manufacturer’s processing cost k is
increasing in the supplier’s production cost c, then the big
supplier (resp., manufacturer) is better (resp., worse) off
than in the case where k is constant.

The theorem shows that, due to its cost advantage
over the small supplier, the big supplier is better off
when the manufacturer has a lower processing cost
when working with him. In this case, the big supplier
needs to offer less to induce the manufacturer to work
with him instead of the small supplier.

9.2. The Small Supplier’s Cost Efficiency

So far we assumed that the big supplier has cost
advantage over the small supplier due to his scale and
expertise. Here we relax this assumption and study
the case in which the small supplier might be more
cost efficient than the big supplier. This could happen,
for example, if the small supplier is in a low-cost

Figure4 The Supply Chain Profits as a Function of g, for Cases F and A2
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country and thus its cost of material and/or labor are
lower than the big supplier. There are two possible
cases: (a) ¢ <cy<cg and (b) ¢ <cg<cy. Under case
(a), and using our analysis in sections 4-6, we observe
that the big supplier will choose not to offer any
contract to the manufacturer because by doing so he
will have a negative expected profit. In this case the
manufacturer will work with the small supplier.
Under case (b), the big supplier has a cost advantage
when the small supplier is of high cost but is less
efficient when the small supplier is of low cost. We
have the following results.

THEOREM 17. When c¢; <cp<cy, then

(a) In cases F and A2, the big supplier will offer the
manufacturer a contract if ¢, = cy, and will not offer
a contract otherwise.

(b) In cases Al and A3, the big supplier will offer the
manufacturer a contract if ws>cp, where Ws is de-
fined in (25) and will not offer a contract otherwise.

9.3. The Information Asymmetry Between the
Manufacturer and the Big Supplier (Case A4)
When examining the different information scenarios,
we assumed that the big supplier and the manufac-
turer had the same knowledge of the small supplier’s
cost (either know it for certain or have the same belief
on its distribution). It is possible that the manufacturer
may have better information about the small supplier’s
cost. Here, we examine the case in which the manu-
facturer knows the small supplier cost with certainty
while the big supplier does not. Other cases with
different belief structures can be formulated similarly.
All belief structures are assumed public information.

Similar to the full information case (Case F), the
manufacturer optimally offers the small supplier a
two-part pricing contract where w, = ¢, and t; =0 and
the manufacturer’s expected profit is []},(cs, k), which
is defined in (4). The big supplier is, therefore, facing
four different possible types of manufacturers: (i) A
low-cost manufacturer that has the option to contract
with a low-cost small supplier and thus earn
[Th(cr, ke). (i) Low- cost manufacturer with high-cost
small supplier with expected profit [],(cy, kr). (iii)
High-cost manufacturer with low-cost small supplier
with expected profit [[y(cr,kn). (iv) High-cost man-
ufacturer with high-cost small supplier with expected
profit []y,(cu, ki). From the big supplier’s perspec-
tive, the probability of facing the first type
manufacturer (Low-Low) is prgq;, while the second,
third, and fourth types have a probability of puqr, prgu
and ppqp, respectively. The big supplier’s objective is
to set the contract terms to maximize his expected
profit. He offers four contracts designed for four types
of manufacturer to maximize his expected profit

[15((wser, Tair), (WeLa, Teia), (Wea, Tear), (Weww, Terw))
= prqr[(werr — ¢a)y (warr, k1) + Trrr)

+ prqu((wern — cB)y* (WeLH, ki) + Thin]

+ puqi{(wenr — c)y" (weHL, ki) + TrHL]

+ puqul(wsun — cB)y" (wenn, ku) + TruH],

where y*(.,.) is defined in (2) subject to four participa-
tion constraints and 12 incentive compatibility
constraints, which are deferred to Appendix C. We do
not have a closed form solution for the resulting opti-
mization problem; however, it can be solved numerically.
We provide a procedure for solving this problem in Ap-
pendix C. The next table presents the solution for this
problem with the parameter values given in section 8.
Comparing the results of Case A4 in Table 3 to those
in Table 2, we observe that the big supplier is worse
off with the current case as compared with other in-
formation scenarios. Note that, in this case, the
supplier has limited information on the small sup-
plier’s production cost and the manufacturer’s
processing cost, while the manufacturer knows the
small supplier’s production cost. The expected profit
for the big supplier is less than half of his profit under
case A3 ($0.72 versus $1.475) where both he and the
manufacturer don’t know the small supplier produc-
tion cost. With respect to the manufacturer, we
observe that she is better off than both cases A3 and
F because essentially the manufacturer in case A4 has
information advantage over the big supplier.

10. Conclusion

In this paper, we study a supply chain in which a
manufacturer decides to procure components from
two sourcing options: a well-known big supplier or a
starting small supplier. Different from the literature,
we analyze the problem from the perspective of the
big supplier whose objective is to win the contract
with the manufacturer over his small supplier rival.
We show that the information structure regarding the
small supplier’s production cost and the manufac-
turer’s processing cost play a critical role in
contracting decisions (information effect). In particu-
lar, we consider four cost information scenarios and
examine their impact on the big supplier and the
manufacturer. We also quantify the cost (value) of
having an alternative sourcing option (competition
effect) on the big supplier’s (manufacturer’s) profits.
To further examine the impact of the small supplier on
expected profits, we compare the competition effect to
the information effect. We show that for the manu-
facturer the competition effect always dominates the
information effect. For the big supplier, however, the
results depend on the probability of facing a high-cost
manufacturer. Table 4 summarizes our results with
respect to the information effect.
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Table3 Numerical Results for Case A4

Case Wholesale price, wg and transfer price, T

Order quantity, y

Mfg’s profit Big supplier’s profit

Case A4 wht (e, ki) = $0.50
WgﬁL(CH, kL) = $1.00

y(wht k) =0.85
y WBHL,kL) =0.80

(
whl (cL, ky) = $2.00 y(whiy. ky) = 0.60
(

Wl (cu, k) = $0.50
T4 (1, ki) = $1.16
T44 (cy, ki) = $0.75
T44 (c1, kn) = $O
T4 (cy, ki) = $1.16

y WBHH7 ky) =0.75

I [15' = $0.72

I
np
T

Wit k) = $2.45
wht k) = $2.45
Wit ky) = $1.80
Wi, ky) = $1.65

PSS,

This paper also shows that the big supplier always
offers a sole-sourcing contract that the manufacturer
would find optimal when the big supplier has cost
advantage over the small supplier. We note that, even
in a relationship with multiple periods of interactions,
the big supplier will offer a sole-sourcing contract by
considering the manufacturer’s outside option. Intu-
itively, the big supplier can foresee (by backward
induction) the manufacturer’s potential benefit for
having the small supplier. Hence, the big supplier
would design a sole-sourcing contract that leaves
the manufacturer with a profit larger than her profit
under any contract with the small supplier. Hence, in
a supply chain with a strong big supplier, the small
supplier will be left without a contract. This analysis
suggests that sole-sourcing is an optimal outcome for
supply chains with a big supplier. For the manufac-
turer to consider multiple sourcing strategies—at
the very least—she needs to be in a position to
dictate contract terms. Incidentally, in 2006 SigmaTel
lost its contract with Apple Computers and also lost
about $100 million from its market value. Shortly
after, in 2008, Freescale Semiconductor acquired
SigmaTel.

The area of supply sourcing strategies offers a fer-
tile avenue for future research. For example, both
suppliers may have capacity limitation. Such con-
straints may enforce the use of both suppliers when
the capacity constraint for the big supplier is binding.
The empirical evidence supports the use of simple
linear contracts (Arrow 1985) such as the two-part
pricing contract we use in this paper. Nevertheless,
studying the impact of other contracts on the rela-
tionships considered here would be interesting. In this
paper, we studied a supply chain relationship with a
big supplier who is stronger than a manufacturer who
in turn is stronger than a small supplier. Other dy-
namics regarding negotiation power are also possible.
For example, the manufacturer could be the stronger
party who dictates contract terms. Such supply chain
dynamics have been extensively studied in the liter-
ature, and possible research directions are also
discussed in Elmaghraby (2000).
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Appendix A: Proofs

Proor oF LEmma 1. Taking first derivative of []y,(w,k)
with respect to k we get,

oTT; w,k « % oy w7k
AL _ oo bty (k) 20 )
By (2), F(y*(w,k)) = — (w”{ . Taking the derivative of

both sides with respect to k we get

i w by 2B 1

- (42)

Using (A1) and (A2) the result follows with respect to k.
The proof with respect to w follows the same steps. [

Proor oF THEOREM 1. First, note that at optimality the
constraint in (6) must be binding. Otherwise, one can
increase Tp by £€>0 and increase the objective function
while keeping (6) satisfied. Thus, we can substitute T
= [1y(ws, k) into the supplier’s objective function in
(5), which implies that the supplier needs to maximize
Ig(ws, k) = (wp — c)y* (wp, k) + [[(wg, k) over the

wholesale price wp. We define v = F~! (if*k)) Then
—k and the

by (2) and (4) we have wp =r(1 — F(v))
supplier’s profit in (5) can equivalently be written as

Ts(o) = (1~ F0) ~ca — Ko+ 7 ey

hence

L) _ 1 p))

dv — (8 +k) = rf(v)o + rf(v)o

r(1 —F(v)) — (cg + k) =0,
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Table4 Summary of the Information Structure Results

Type of information Condition Big supplier Manufacturer Total supply chain
Information Mfg’s processing Better off with less Better off with Total SC profits are
on the small cost is public information more information independent of the
supplier’s information being

production cost

Mfg’s processing

cost is private and

the probability of

a high-cost mfg is high

Information The probability of
on the mfg’s a low-cost mfg is high
processing cost

The probability of
a high-cost mfg is high

Better off with less
information

Better off with
more information

Better off with
more information

Better off with
more information

The mfg’s profits
are independent of
the information

being private or public

The low-cost mfg is
better off with less
information, while
the high-cost mfg is

private or public
and equal to the
coordinated supply
chain profits

Total SC profits are
independent of the
information and
less than the
coordinated supply
chain profits

Better off with
more information

Could be either
better off or worse
off with more
information

indifferent

which implies that wg = cp. Taking the second deriv-
ative, we get
d* 1)
do? - —T’f (U),

which is negative for all v and hence ITp(v) is strictly
concave for all v and thus satisfies the condition for
optimality. Since wp = cp, the result with respect to Tp
follows. 0O

Proor oF THeorEM 2. Using (11) and (12) and the
fact that [[},(wgy, k) is decreasing in k, it follows that
(10) is redundant. (11) binds, otherwise increase Ty
and Ty by €>0, which will keep (12) and (13) sat-
isfied, and the supplier is better off. (12) binds,
otherwise increase Ty, by >0, which will keep
(11) and (13) satisfied. With respect to (13), assume
it is not redundant, i.e., a solution to the problem
subject only to (11) and (12) violates (13). This means
that both the low type and the high type manufacturer
prefer (wBL, TBL) to (Z/UBH7 TBH)- If [(ZOBL — cB)y(wBL,kL)
+Tge)> [(wey — cg)y(waw, ki) + Tgr] then the supplier
can offer both the low type and the high type man-
ufacturers (wg, TpL + ¢). Otherwise, he can offer both
(wpy, Ty ). (11) and (12) are satisfied in both cases and
the supplier is better off. Therefore, we have a con-
tradiction and (13) is redundant. By (11), (12),

Ty = [[yi(wsr, ky) and
T = [In(wsr, k) — [Ty (wsr, k) + [T (wse, ki)
(A3)

By (9) and (A3), the big supplier’s objective function
is separable and can be separated to

Max [1p(wsL) = qr(wsL — cB)y" (wpr, ki)

+ [T (wsL, k)],
1\1/5?5 [15(wsn) = qul Ty (wsn, k) — [Ty (wen, ki)

+ qu((wpe — cg)y* (wew, ker)
+ [T (wsm, k).
(A4)

Using Lemma 1 and taking the first derivative of
the first problem with respect to wp;, we have
wpgr, = cg. Since cg<c; we know that this solution is
valid for the constrained problem. Similarly, using
lemma 1 and taking the first derivative of the second
objective function with respect to wgp, we get that

L (y*(mekH) —y*(mekL)) (A5)

wpH = cp +
BH 5 qu Oy*(wpy, kr) /Owpny

By (2), F(y*(w,k)) = %ﬁk) Taking the derivative of
both sides with respect to w and rearranging we have

oy (w, k) 1 (A6

ow  rf(y(w. k)

Using (A5) and (A6), we derive (14) and the result
then follows. O

Proor oF THEOREM 3. The proof is similar to the proof
of Theorem 1 where Tg = [[y(wg, k) — [Iy(cs.k),
and thus IIp(wp, k) = (wp — CB)y* (wp, k) + HXA(wB,k)
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~Tis(eesk) and [[5(0) = [r(1 — F(o) — cs — Ko+ 7 [7
&f(&)de — A, where A = []3,(cs, k) is a constant that is
independent of v. [

ProorF OF THEOREM 4. To prove part (a) note that
Equations (22) and (23) together with cp <cy imply
that (21) is redundant. At optimality, Equation (22)
must bind, otherwise one can decrease f;; and t;y by
£>0 and increase the objective function while keeping
(23) and (24) satisfied. Equation (23) must bind,
otherwise one can decrease t;, by €¢>0 and increase
the objective function while keeping (24) satisfied.
With respect to (24), assume for a contradiction that it
is not redundant, i.e., a solution to the problem subject
only to (22) and (23) violates (24). This means that
both the low type and the high type suppliers prefer
(wsL, ts1) to (wspr, tspr ). If [HZ/I(wvak) — b ] > [H;kvl(wsHvk)
—tsy] then the manufacturer can offer both the low type
and the high type suppliers, (wsr, ts. — ¢). Otherwise, he
can offer both (wsw, ts). Equations (22) and (23) are
satisfied in both cases and the manufacturer is better
off. Therefore, we have a contradiction and (24) must be
redundant. By (22), (23),

te = (cu — cL)y(wse, k) — (wsr — cr)y(wer, k) and
tsy = (cu — wsp)y(Wstr, k).
(A7)

Using (20) and (A7), the manufacturer’s objective
function is separable and can be separated to:

hgézx [T(wse) = prll Ty (wse, k) 4 (wse — cr)y(wsr, k)],
(A8)

Max [Ty (wsu) = prl(cL — cu)y(wse, k)] + pa(l Iy
WsH (A9)

(wsh, k) + (wsh — cu)y(Wsrr, k).

Using lemma 1 and taking the first derivative of
(A8) with respect to wy, it follows that wy, = cy. Sim-
ilarly, using lemma 1 and taking the first derivative of
(A9) with respect to w.y, we get that wsy =c +
(ca —c)/pu. Using (A7) the result follows with re-
spect to ty and tpy.

(20) and part (a) the result follows with respect to
the manufacturer’s optimal profit. The only part left to
show is that ws € (cr, chl.

By Lemma 1, 2 Oufw’k) = —y*(w, k). Taking the sec-
ond derivative of [[),(w,k) with respect to w and
using the fact that y*(w, k) is decreasing in w, we have

% >0 and thus [];,(w, k) is convex in w. Using

the definition of wy in part (a) and rearranging we get

CH = PLCL + PHWsH- (AlO)

By (A10) and the fact that [],,(w, k) is convex in w,
we get

[Ta(en, k) < pr1T(er, k) + pr [Ty (ws, k)
= HX/I(Z’_US’k)

In addition since wyy>cr, [y (cr,k)> [Ty (wsa, k)
and thus,

[Tu(ew. k) = prlTi(er, k) + pulTu(ee, k)
>prlTu(ew, k) + pul T (wst, k)
= [Tu(@s k).
Thus, [Ty (cr, k) > [Ty (ws, k) > [T (cu, k) and using

the fact that [[y(w,k) is decreasing in w, we get
ws € (CL, CH}. O

(A11)

(A12)

ProoF OF THEOREM 5. It is similar to that of Theorem 3
with [Ty (@s, k) replacing []3,(cs, k).

We use the next lemma in the proof of several theo-
rems below. [

LemMA 2. Let ATy, (k) = [Ty (w, k) — [T (cs, k). Then A
[T (k) is increasing in k when w > cs and decreasing in k,
otherwise.

Proor oF LEmMma 2. Using lemma 1 and taking the first
derivative of A[[,,(k) with respect to k,

AT Im(K)

ok

Since by (2) y*(w, k) is a monotone decreasing func-
tion of w, the derivative of A[[,(k) in (A1l3) is
negative when w < ¢; and non-negative otherwise. [

= —y*(w, k) + y*(cs, k). (A13)

Proor oF THEOREM 6. Using lemma 2, we have two
cases to consider:

Cask 1. w<cg: This case is similar to the proof of Theo-
rem 2, where the redundancy of (28) is based on the
fact that AJJ],,(k) is decreasing in k for w < ¢;. Sim-
ilarly, we get that (12) and (29) bind, while (13) is
redundant. Using (12) and (29), we replace (A3) with

Tgn(cs) = [ Du(wsn, kn) — [Tu(cs, k) and
Tai(cs) = [Ty (wse, ki) — [Ty (wsm, ki)
+ [ (wsr, ki) =TT (cs, kn).-

The rest of the proof for this case follows the proof
of Theorem 2. Note that since k; <ky and y*(w, k) is a
monotone decreasing function of w, wgy > cp. Thus the
solution to the constrained problem is the minimum
between ¢, and the value of wgy from (14).

(A14)
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Case 2. w > c,: Using similar steps to the ones of the
first case and the fact that A [],,(k) is non-deceasing in
k for w > ¢,, it can be shown that (12) and (29) are
redundant and (13) and (28) bind. By (13) and (28),

Tpi(cs) = [Tm(wse, kr) — [Tm(es, k) and
Teu(cs) = [Tvi(wsn, ku) — T (wse, ka) (A15)
+ [T (wse, ko) — TT(cs, ke)-

By (9) and (A15), the big supplier’s objective func-
tion is separable and can be separated to

Mw;aLx [1z(wsr) = qrl(wp, — cB)y" (wpy, kr)

+ T T (wpr, k)] + qa (] Ty (wpy, ko)
— [Ty (wg, kel
1\{5;} [p(wen) = qul(wen — c)y* (wpH, ki)

+ T T (wsn, k)]

Using lemma 1 and taking the first derivative of the
first objective function with respect to wg;, we observe
that the objective function is decreasing in wg; on the
interval [c;, < ]. Thus the maximizer is achieved on
the boundary point c,. Similarly the second objective
function is decreasing in wgy on the same interval and
thus the maximizer is achieved also on the boundary
point ¢,. Therefore, the solution that was found in the
first case is dominating this solution for both wg; and
wgy. The result then follows. [

Proor oF THEOREM 7. The proof is similar to the proof of
Theorem 6 where the manufacturer’s possible profit
from her contract with the small supplier []y,(cs, k) is
replaced with [y,(ws, k) and thus ATT,,(k) is changed
to ATy (k) = T[Ty (w, k) — [Ty(ws, k) and ¢ is replaced
by w,. O

Proor oF THEOREM 8. To prove part (a) note that from
(25), (27), and (32), we get VOIy(k) = pull1y(cu, k)
—IIy(wn,k)]. By Theorem 4(a), wsy—cy=
(pr/pu)(cu — c1)>0. Thus wgr>cy. Since []y(w, k)
decreases in w from Lemma 1, we have
[T (e, k) > T (wsm, k), which proves the result with
respect to the manufacturer’s value of information.
Part (b) follows from part (a), (27) and (33). O

Proor oF THEOREM 9.
(@)
(i) From Theorem 6(a) and (14), when
L i s/~ .
cg +—rly" (wpy, k) — y* (wpny, k
B qHW(BH 1) — Y (Wsw, kn)] (A16)
fly* (wpn, kn)) <cr

we get whs = wpy. Since by Theorem 4(b),

ws>cr, Theorem 7(a) and (A16) imply that

wgd = wpy. Using Theorems 6(b) and 7(b) and
the definition of H kz) in (34), it follows that
when (A16) holds, [Ty (ki) — A3( D) = Ty (ker)
(kH) VOIM(kH)>O for ie{L, H}. Rear-
ranging (A16) and using the fact thatq; =1 — g,
it follows that (A16) translates to gy >gy where
gy is defined in (39). Note that by (40) and the
definition of y*(-,-) in (2), a is positive and thus
since ¢y >cp it follows that 0<gmy <1.
(ii) By part (i), (14) and (40), when

CB +q—La>cH, (A17)
qH

we get wi = ¢;. Since by Theorem 4(b), Z_US <cy,
Theorem 7(a) and (A17) imply that w4y = @;.

Usmg Theorems 6(b) and 7(b) and the definition
of H (k) in (34), 1t follows that when (A17)

holds, [T4f (ki) — [Tar (ki) = [T (k) — TTof (ki) =
VOIm(ki)>0 for i= L H. Rearranging (A17)
and using the fact that g, =1 — gy it follows
that (A17) translates to gy<g, where g, is
defined in (41). Note that by (40) and the
definition of y*(,-) in (2), o is positive and thus
since cy > cp it follows that 0<q,; <1.

(iii) By the proofs for parts (i) and (ii) we have g;; <
gu < gy is equivalent to

c, <cg—+ q—L(X <cy. (A18)
qH

By Theorem 6(a) we get that in this case, wj? =

c. when ¢ =c;, however, w4’ = wpy when
¢s = cy. By Theorem 6(b) this implies that
(e, ki) = [Tiy(er, ki) fori € {L,H},
v (et ki) = TTh(cn, ki), and
HM (e ki) = [Ty(@pp, ki) — H]*VI(@BHka)
+ H;A(CH, kH)
(A19)

and thus using (32) and (A19),

wi (k) = pulTTa(er, ko) + pall Ty (ca. ki)
+ pull Ty (@ggr k) — [Ty (@ggr ki)
and [Tj7 (k) = [Tha (k).
(A20)

Since by Theorem 4(b), ¢ <ws < cy, we have
two cases for w:

Case 1. ws < cg + Lo < cp.
A2

By Theorem 7(a) we get that in this case, wgf; =
ws and thus by Theorem 7(b) this implies that

B(k) =Ty (k) fori € {LH},  (A21)
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Using (A20), (A21), it follows that

R o) =TI (o) = Thhho) — Ty ) )
= VOI,,(ky)>0, and
[Tt k) = T (k) = pellTa(ens k)] + pulTTy (e, kn)]

+ pu ([ T (@g, ki) — Tl (@pg, ki)
— T (k)

= pr[[Tmlcr ko)
+ prll D (ce, ken)] + pa ([ T (@ppr i)
= [T (@gp k)] = prll Ta(cr. ko))
= pull Tn (wepy k)] > pr ([T (@, ko)
= ITu(en. ki)
— (I Tm(@sn, ki) — [Ty (cn, ku))] > 0.

)

(A23

where the second equality is based on the definition
of H ! (k) in (25) and the first inequality is based on
the fact that by Theorem 4(a), wsy>cpy. The last in-
equality is based on lemma 2 and the fact that
WpH < CH.

Case 2. ¢ <cp+ %r[y*(wBH,kL) — y*(wpn, k) f(y*
(wpnh, ku)) < ws. By Theorem 7(a) we get that in this
case, wy% = wpy and thus by Theorem 7(b) this im-
plies that
wt (ki) =TT (ker), and T3 (ki) = T (@ggys ki)
- HX/I(@BH»kH) + Hf/{l (ker)
(A24)

Using (A20), and (A24), it follows that

i (ker) = TTop (ki) = TThe(ke) — TTag Gkrr)
= VOIM(kH)>0 and
82(kt) — e ) = pullTia(ers ko)) + prrlTTis(crrs ki)

+ prll T (@g k)T Ty (@ k)]
— ([T (@ kL) = T (@ Kkra)
+ HM (k) ]
= pe(ITw(er, k)] + prllTv(ca, kn)]
— pLllTv(@pp, ko)
— Tl (@, Ke)) = [TTi ()]
= pLl(ITpm(ee, ko) — T (@sn ki)
= (ITm(ew krr) = [T (@sa, ki)
+pull I (ca, k)T Ty (Wt ke)] = 0
(A25)
where the third equality is based on (27) and the defi-
nition of H ! (kgr) in (25). Note that the first part is

positive by lemma 2 and the fact that ¢;, < wgp, while

the second part is positive using the definition of [T},

(+,-) in (4) and the fact that by Theorem 4(a), wsg > cp.

The result then follows.

(b) Usmg Theorems 6(c) and 7(c) and the definition

of H in (35), it follows that when gqy>qn,
15— T8 (ki) — T (ki) = —VOI (ki) <.

5 —1ls =
Following the other two cases in part (a) it can be
shown that H HB is inconclusive for these cases.

Proor oF CoroLLARY 10. To prove part (a) note that the
first equality follows directly from the fact that by
Theorem 8 VOIL(k) = —VOI, (k) where VOI1 (k) =

[T (k) = IT (k) and VOIg(k ) = [T5(k) - (k) The
second equality then follows using (19) and (32) Part

(b) follows directly from Theorem 9. [
PrOOF OF THEOREM 11.
(a) Using (8),

=[Tp(k) — [Tx (k) =
=[T}(k)>0

VOC}(k) [Th(k) —

(b) Usmg (8), (33) and the first art of the theorem
VOCy(k) = HB( ) — T3 (k) —}17_[ (8. k) — TT(k)

— Tl ) = = TTy(k) = fVOC}A(k)wD.

Proor oF THEOREM 12.
(a)
(i) From Theorems 6(a) and 9(a)@), When qu > qH,
we get w2 = wpy. By (15), [[if (k) =0 and
w Ue) = TTa(@sr, k) =TT (wBH,kH) Using
6(b) and the definition of HM (k) in (34), when
qH >QH/ HM (kr) = M(wBszL) HM(wBH»kH)
+ 11 (k) and TT47 (ki) = [Ths(ker). The result
then follows.

(ii) From Theorems 6(a) and 9(a)(ii), when gy <g;,
we get w4 = cs. Using 6(b) and the deflnltlon
of H (k) in (34) when gy <qy, HM (kp) =

HM(kL) and 32 (kn) = HM(kH) Using this and
(15), the result then follows.

From Theorems 6(a) and 9(a)(iii), when g,
<gqu < gu, we get wBH =cp ifcs = cL, however,
wg% =wpy if ¢s = cy. By (A19), HM (kL) = pr
(e, ko) + pa T (ers k) + prll Ty (@, k) —
[Ty (@Wgyy, ker)]. Using (15) and the fact that
[Ta(er, kL) > [Ty(wgy, ki), the result then fol-
lows with respect to VOC3,(k;.). Similarly, using
(A19) and (15), the result follows with respect to
VOCE,(ky).
(b) From Theorems 6(i) and 9(i), when gy > g, we get
w4% = wgy. Using Theorems 2 and 6 and the defi-

nition of []5>

(iii)

in (35), it follows that when gy > gn,
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2184 = — {5 (k) = —VOC,(ky)<0. Fol-
lowing the other two cases in part (a) it can be

shown that ][5 SA
cases. [J

is inconclusive for these

Proor oF THEOREM 13.

(a) Using Theorems 8 and 11, the result follows.
(b) We have three cases to consider:

(i) When gy > gn, using Theorems 9 and 12 and
part (a) of the theorem, the result follows.

(i) When gy <gqy, using Theorems 9 and 12
and part (a) of the theorem, we have
VOC3,(ky) > VOI%; (ki) > 0. To show the result
with respect to k;, note that by Theorems
9(a)(ii) and 12(a)(ii),

VOC (k) = VOI (k) = Tyt (ki) — [Ty (@, k)

= [Ti(@sr, k)] = [[Tha (s, ki)

— [T (@srt, ko)) + Ty (@i, ki) = 0,
where the first part is positive using the defi-
nition of [],(,-) in (4) and the fact that in this
case ws <wgy. The result then follows.

(iii) When g, < gy < gu, using Theorems 9 and 12
and part (a) of the theorem, we have
VOC3,(ky) > VOI%(ky)>0. To show the re-
sult with respect to k;, we have two subcases
to consider:

Case 1. When w, < wpy < cy, by (A23) and Theo-
rem 12(a)(ii),

VOC(ki)=VOIy (k) = Tyt (ki) — [TT3a(@ssi, )
—[ T (@st, kir)] = ([T (s, ki)
~[Tu(@sa, k)] + [T (@, ki) = 0,

where the first part is positive using the

definition of []j,(-,-) in (4) and the fact that
in this case ws < wgy.

Case2. When wpy < ws < cy, using (A25), and
Theorem 12()(ii), VOC2, (k) — VOI3;(k.) =

(kH) >0.

The result then follows.

(c) When gy >gn, using Theorems 9 and 12 and
part (a) of the theorem, the result follows. Fol-
lowing the other two cases it can be shown that
VOC2% — VOIZ is inconclusive for these cases.

Proor of THEOREM 14.

(a) Using (8) and (15) and the fact that [[),(wgH,
kp) — [Ty (wgH, kir)] > 0 since k. < kg, the result
follows.

(b) Using (8) and (14)-(16), the result follows. [

Proor oF THEOREM 15.
(@)

(i) By Theorems 6 and 9, when gy >g 1 why =
Wi = gy <cp <, < c, and thus o7 (cs, ki) =
[T (@sa, ki) — Ty (@sa, ki) + [T (cs, ku) > Ty
(cs;ke) =TT (es, k) + TTaa(es, k) = TTu(es, ke) =
[T (cs, kr), where the second inequality is based
on the fact that wy;; <c; and thus by lemma 2,

[T (@gp ko) — TT(cs k) > T (@sn, ker)
- HX/I(CSJCH)'
(A26)

By Theorems 3 and 6, we get that H 2(cs, kyy) =
[Ty(cs k) = HM(CS, ki) which completes the
proof with respect to [T5, and []42. The proof
with respect to [[4f and [[57 is identical using
Theorem 7 and replacing c¢; with .

(ii) By Theorems 6 and 9, when gy <qH, wBH = cs, and

w‘é‘% = W, and thus usmg Theorem 6(ii), [Tos (cs,

ki) = TTp(cs ki) = ]_[M(cs, 1) for 1s =L, H. The
proof with respect to []5f and [];; is identical
using Theorem 7 and replacmg ¢s with ws.

(iii) The result with respect to []4 (cs, ki) and ]k, (cs,
ki) for (s,i)=(L,L), (L,H) and (H,H) follows
directly from (A19). To show the result with
respect (s,i) = (H, L), note that by lemma 2 and

the fact that wpy <chy, [Ly(Wgy, ki)—
[Tw(er ki) > TTy(@sn, ki) — Ty (cu, ki) Using
this and (A19) implies that Hf,lz(cH,kL) >

[Tis(ca, k). The result with respect to [[5; and
[12° follows from (A21), (A24) and the fact that
[T (@psr, ki) = [T (@, ki) = 0.

In order to show the result for every gy €[0, 1],

we need to show it for the three cases analyzed
in part (a):

(b)

Case 1. gy > gu: Using (19) and (46), the big supplier’s
expected profit for the full information case is equal to

[T5(cs) = qellT(cs. ko) — (s ko))
+qullTm(es, ki) — Ty (cs, ki)l
By Theorem 6 and the fact that when gqy>gy,

wh% = wpy <cs, the big supplier’s expected profit for
case A2 is equal to

[15°(cs) = qullTra(cn. kr) — [Ty (s, ko))
+ [Tm(@sr, ki) — TTh(cs, kur)
+ qu(wgy — cg)y* (Wsw, kur)-

(A27)
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Using this and the big supplier’s expected profit for
the full information case in (A27) we get that

TT5(cs) — TT57(cs) = qu[TTae(@sr. ki) — TTh(es ke)
— ([T(@sw, ki) — T (es, k)]
+ qul(TTw (e, k) — TTu(@sa, kn))
— (wpn — cB)y* (WpH, ku)] > 0,

where the first part is nonnegative by (A26), and the
second part is nonnegative based on the fact that

. X y*(cg-km)
[is(eakin) = Tn(om k) =7 [ ef(@pae.
y* (Wsk k)
and
~ ~ ~ y*(cpkn)
(@511 — cp)y (@pir.kir) = 1" (g1, ki) / feye
y*(©BH k)
y*(cpokn) -
= r/ Y (Wpn, kn)f (E)dE
y*(wpy k)
and thus,
[Ty (s, ker) — TTni(@se. k) — (@ — cB)y™ (Wsm, ki)

(cp.krr)
:r/ﬂ (& — " (@s, ke) ) (E)AE > 0,
Yy

*(Wph k)

which proves the result with respect to B F and H .
The proof with respect to [[5" and []j° is identical
using Theorem 7 and replacing c; with ;.

Case 2. g <qy;: The big supplier’s expected profit for
the full information case is similar to case 1 and thus
given by (A27). By Theorem 6 and the fact that when
qu <gy, way = cs the big supplier’s expected profit for
case A2 c is equal to

[157(cs) = qullTan(en ko) — TTpa(es, ko)) (A28)
+qu(cs — c)y*(cs, kn).
Note that
y*(cg.km)
’ / ¥ (e ken)f(E)AE = 1y (cor ki)
y(esf) (A29)

v (cgoku)
[ o = (- cuy ek
y*(csikn)
where the second equality is based on the definition of
y(-,-) in ().

Using (4), (A28) and (A29), we get that

y*(cBknH)
[T - ?@az(/ EF()de
y* (Cs ;kH>
*(cg.kp)
v (co kin)f(E)de

—7r (A30)

y
y*(cs.knr)

(cB.ker)
:r/' (& — " (co, ki) )f(E)dE > 0,
(

y*(cskn)

which proves the result with respect to I f and H
The proof with respect to [[4; and [[;; is identical
using Theorem 7 and replacing c; with ;.

Case 3. q; <qu < gu: The big supplier’s expected
profit for the full information case is similar to case 1
and thus given by (A27). By Theorem 6, when
L:]H <gu < qmu, wg‘f{ =¢ if ¢s=cy, and wﬁé = Wy
when ¢; = cy. Thus, using argument similar to cases
1 and 2, we have HE(CL) > ng(CL) and HE(CH> >

#2(cgr), and thus [T(cs) > ng(cs) for s=L, H. The

same follows with respect to H and H

Proor oF THEOREM 16. First, by examining Theorems 3,
5, 6, and 7, we observe that the wholesale price w is the
same in cases when k is constant and increasing in c,
due to the fact that both cg and wgy are independent of
the small supplier’s cost. The transfer prices, however,
will be different. Thus, we need to compare the two
cases with respect to the transfer prices. In the case
where k is constant (as assumed throughout the paper),
we can define without loss of generality ks = kp; = k1,
and when k is increasing in c, let ky; = ks <kp; = ky; for
ie{L, H}. For cases SF and SA, the transfer prices are
the same due to the inexistence of the small supplier. In
the other four cases the change is as follows:

Case F. TE (k#c) = [Tas(ca, k1i) —TTas(css ki) > TTn(cs,
k1) =TTy (cs, k1i) = TE (k constant) for ie{L, H}

Case AL. T4 (k#c) = [Tis(ca, ki) —TTor (k2i)> TTis(cB,
ki) — [Taf (k1i) = T4Y (k constant) for ie{L,
H}.

Case A2. T4? (kAc) = [ [ (Wi, kip) — HM(wBH,le)
HM(WBHa kir) =T Ty (s, ko) > HM(wBL JkiL)
— [T (wgg, k) + [T (g, k)= TT(cs,
ki) = T4? (k constant)
Tan (k) = [Ty(wii, ki) — [T (cs, kor) >

[T (wid, ki) — [Ty (cs, ki) = Ty (k con-
stant)
Case A3. T4 (kAc) = [ [ (whs kar) — H;A(w‘gfl,ku) +

HM(wBH7 ki) — [T (kor) > HM(wBU kiL)
(@i ki) + Ty (wis, ki) —

[T (ki) = T43 (k constant)

Tgw (ktc) = HM(wBHale) Hﬁl (ko) >
[T (wgy kan) — HM (ki) = Ty (k  con-
stant)

The result follows from the fact that the transfer
prices are higher when k increases in ¢, while the
wholesale prices do not change. [

ProOF OF THEOREM 17.
(€Y
Case F. By Theorem 3, if the small supplier is of low

type, [T5(k) = ITn(cs,k) — [Ty(cr, k) <0, and thus the
big supplier does not offer a contract to the
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manufacturer. However, if the small supplier is of
high type, [T5(k) = [Tw(cs,k) — [Ty(cu, k) >0, and
thus the big supplier does offer a contract to the man-
ufacturer.

Case A2. If the small supplier is of low type, then by
Theorem 6 we get that w4? =cp, and w4 (c1) =
min(fuBH, CL) = CL (since Z_UBH >Cp>CL, by (14)), TgL (CL)
= ij(CB,kL) — H;KVI(CL,kL) <0, and TBH(CL) =0. Using
this in (9), we get that HB() = QLTBL(CL) + QH(CL — CB)
y*(cr,ky) <0, which means that the big supplier does
not offer a contract to the manufacturer. If the small
supplier is of high type, then by Theorem 6, wj? = cp
and wg‘é(cH) = rnin(z_UBH,cH) >CB. If cy <WpH then Tpr.
(CH) = H;M(CB7kL)_ HX/I(CH,kL)>O, and TBH(CH) =0.
Otherwise, both Tpi(cy) and Tpplcy) are positive.
Using this in (9), we get that [[; (-) =grTsi(cnH)
+quTpu(cu) + qu(wgi(ca)  —cg)y*(cL,ku)>0, and
thus the big supplier does offer a contract to the
manufacturer.

(b)

Case Al. By Theorem 5, TT5' (k) = [[1,(cs,k) — [T
(ws, k) which is positive when w;>cp, and negative
otherwise. The result follows. Note that by Theorem 4,
wWs € (cr,cn] and thus both cases (ws>cp and w;s <cp)
are possible.

Case A3. If ws<cp, then by Theorem 7 we get that
wid =cp, and wi = min(wpy,ws) = ws, Tp, =
HX/I(CkaL) — HX/I('ZIJS,I(L) <0, and TBH =0. USiI‘lg this
in 9, we get that [[z(-)=4qTs + qu(w;
—cB)Y* (s, k) <0, which means that the big supplier
does not offer a contract to the manufacturer. If
ws >cp, we have two possible cases: (a) cp <wWs <WgH,
and (b) ws>wpy. Under Case (a), wh? = cp, why =
@s, TBL = HX/I(CB,](L) — H&(Z@s,kL) >0, and TBH = 0,
which by using (9) implies that [[;(-) >0. Under case
(b), wiy = cp,why =wpy and both T, and Ty are
positive. Using this in (9), we get that [[z(-) =
.o + quTpn + qu(wg — cp)y* (wgih,ku)>0,  and
thus the big supplier does offer a contract to the
manufacturer. [

Appendix B: Uniform Distribution

Suppose demand is distributed uniformly over the
interval [a, b]. This demand distribution enables us to
obtain closed form solutions to gain transparent in-
sights on the drivers of the problem. The optimal
ordering quantity y from (2), and the optimal profit of
the manufacturer in (4) simplify to

Y (w,k) = b — (b —a) (“’T“‘> and

r((y (w.k)* —
2(b —a) '

(A31)
[Lu(w k) =

Table Al illustrates the results of our paper based
on the uniform distribution:

Appendix C: Solution to the Four Types’
Problem in Section 9.3

The participation constraints for the four types of
manufacturers are

[T (wste, ke) — Torr > [T(er, ko), (A32)
[T (wprer, ki) — Toen > TI(cr kn).- (A33)
[T (wsnL, ki) — Terr > Ty (caske), (A34)
[Tv(wsrm, ki) — Tear > [Ti(cn ki) (A35)

The incentive compatibility constraints for the four
types of manufacturers are

—Tpir + [Ty (wsLr, k) > —Thar

+ [Ty(wsar ko),  (A36)

=T + [Ty (weir ki) > —Tern
+ H;/I(wBLH7 kL)7 (A37)

—Tgr + [Ty(were, ko) > —Teun
+ [T (wsam, k), (A38)

—Tgur + [y (wshr, ki) > —Thir
+ [Im(wse, k), (A39)

—Tpur + [ [y(wsnr, k1) > —Tein
+ [Ty (waLa, ko), (A40)

—Tour + [y (wsnr, ki) > —Tsun
+ [Im(wsnm, k), (A41)

—Tgea + [Ty (wsLn, ka) > —Thair
+ [ T(weer, k),  (A42)

—Tpa + [Ty (wsLs, ki) > —Teur
+ [Ty (wshL, ki),  (A43)

—Teia + [y(wsLr, ku) > —Tsun
+ [T (weam, ku),  (Ad4)

—Tgun + [Ty (wsanH, ki) > —Tair
+ [Ty(wsie, ku),  (A45)

—Tgun + [y (wsas, ki) > —Taur
+ [m(wsnr, k), (Ad6)

—Tgun + [Ty (wsnn, ku) > —Tain
+ [T (weea k),  (A47)

In order to solve the big supplier’s problem in this
case we can use the following steps:
(i) Using (A36) and (A39) we get
[T (wsrr, kr) = —Tear + [Ty (wsae, ki),

—Tpr1+
which
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Table A1  Uniform Distribution

Case Wholesale price, wg Transfer price, T
Case SF ws = cs TSF =12 _ (cg + k) [b (b—a) (”‘%")]
s r(@a+b) Wi + ky
Ty = (WBH+kH) b—(b-a)| —5—
s 2 2r
Case SA Wy = Cg

Wk = Cs + ¢ (ki — k)

Case F wh = cs
Case A1 wi' = cg
Case A2 Wi = cg

W = min(cs + ¢ (kn — k), Gs)

Case A3 w = cs
Wp = min(Cg + gL (ky — K1), Ws)

+(W§,§—Cg)|:b—(b—a)< o

Wi + cs + 2kL>:|

SA
Tai = (;) (W35 + k) [b (b*3)<WBH+kH

T§ = (s 703)[b (bfa)(w)]

T,;” (Ws — Cg) b—(b—a)gw

7 e -eafp- -0 (%1

T4 = (¢s — ¢a)

_ ( _ a) (cs+wBH+2kH>]

T4 —(cs — cg) b — (Ws + CB)}

T = (4, — 0o i

<b a [(WBH — Cg)ky + (Ws — WBH)kH}
b (b7 )<W5+WBH+2kH

(b 3 ? [(WBH — ¢k + (&5 — WBH)kH}
b

)

means that (A36) is binding and we can ignore
(A39) because it is identical
(i) Using (A44) and (A47) we get Tpyu+
[T (wsnm, kur) = —Tre + [Ty (wsLs, ki),
which means that (A44) is binding and we can
ignore (A47) because it is identical
(iii) (A34) is redundant (using (A32) and (A39) and
the fact that [y, (cr, k) > [T (e, ki)
(iv) (A35) is redundant (using (A33) and (A47) and
the fact that [[y,(c, ki) > [Ty (ch kur))
(v) (A40) and (A41) are redundant (using (i), (A37)
and (A38))
(vi) (A46) and (A47) are redundant (using (ii), (A43)
and (A44))

Based on these steps we need to maximize the objec-
tive function in section 9.3 s.t. (A32), (A33), (A37), (A38),
(A42), (A43), (A45), with (A36) and (A44) binding (in
equality). Using the parameters in section 8, cg=$1,
c.=%2, cy=%4, kp =91, ky=9%2, r=9%10, p. =05, q. =
0.5 and demand is distributed uniformly on the interval
[a, b] = [0, 1]. Using this and the fact that by (A31),

v (w,k) =b— (b —a) (w—“‘) and

" (w,k)* —
2(b—a) '

[T (w, k) =

We get the following problem:

Maximize 0.25 [(wprr, + wppar + 0.9(wsLy + waHmH))

2 2 2 2
— 0.1 (wpyy + Wy + Wy + W)

+ (T + Teer + Teur + Trun)

s.t.

wBLL 18wgrr — 20T > —32
w3y — 16wpy — 20Tpry > —28,

w%LL wBHL 18wgy 1, + 18wy, — 20Ts1y,
4+ 20Tgyr =0,

w%LL — w%LH — 18wpgrr + 18wpry — 20T R
4+ 20Tpry > 0,

Wi, — Whgy — 18wprr + 18wgpy — 20Tpr,
+ 20Ty > 0,

wZBLH - wZBLL — 16wpry + 16wprr, — 20TprH
+ 20T > 0,

w%LH - w%HL — 16wpry + 16wpyr, — 20Ty
+20Tgar > 0,

—34],

(A48)

(A49)

(A50)

(A51)

(A52)

(A53)

(A54)

(A55)
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Wiy — Wapy — 18wpry + 18wepy — 20Tpry

A56
+ 20Ty = 0, ( )

2 2
Wpyy — Wery — 16wy + 16wWp; 1

(A57)
— 20Tguy + 20T > 0.

This is a general nonlinear programming (NLP)
problem and was solved using Matlab. The solution to
this problem is given in Table 3.

Notes

"In 2004, the market capitalization of Intel was approxi-
mately 10 times bigger than that of Apple Computers whose
market capitalization was 100 times bigger than that of Sig-
maTel. As it was reflected in various trade news articles,
Apple Computers was the stronger party in her relationship
with SigmaTel whose existence depended very tightly on a
possible supply contract with Apple. This was not the case
for Intel.

%Actual names for these suppliers are concealed due to con-
fidentiality.

%In section 9, we study the case in which the small supplier’s
cost could be lower than that of the big supplier.
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