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Three Essays on Strategic Aspects in Oligopoly with Vertical Structure

General Introduction

Thus, what is of supreme importance in war is to attack the enemy's strategy.
(Sun Tzu, The Art of War (490 B.C.))

Capitalism, regardless of its advantages and disadvantages, relies on a significant
pillar that is competitive markets. This economic system provides equal opportunities
for all the potential players to enter the market, supply their products and services to
the customers who passionate to maximize their utility. There, they may not be alone
and should compete with some other rivals that have also found this market
attractive. Nowadays it has transformed to a serious war, war of price, quality,
guantity, innovation, wage and etc. Hence, firms must equip themselves with
effective weapons, and one of the most significant tools is strategic thinking. Doing
all the ordinary courses of business considering the analogous action and reaction of
the competitors, and try to set its strategy based on this thinking model. Thus, firms’
strategy must be strategic. According to Michael Porter, strategy is making choices
and trade-offs such as quantity choice, technology choice, capacity investment
choice, R&D intensity choice and several other choices. The point is to consider that
in the presence of competitors that are also strategic thinkers like us, rules of the
competitive market determine the optimal amount of these choices and consequent
profits.

This dissertation contains of three independent papers which are approached to
capture some strategic aspects in oligopoly with vertical structure. We focus on
oligopolistic market structure in which few firms dominate. Firms are completely or
partially aware of the actions of their rivals. Decisions of firms in this context affect,

and are affected by decisions of other players. Offering homogeneous final products
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to the customers is the main assumption in our models. Cell phone, Film, Gas, Steel
and several other examples can be mentioned as actual oligopolistic industries. To
model our oligopolistic markets we choose Cournot, the model which assumes that
there are two equally positioned firms; the firms compete on the basis of quantity
rather than price and each firm makes an output decision assuming that the other
firm’s behavior is fixed. (Kreps, 1990)

To model demand, we employ linear inverse demand function. This demand model
represents a consumer choice in which he maximizes a quadratic, strictly concave
utility function. In chapter 2 and 3 our market characterized by demand uncertainty,
that is occurs in the intercepts of the inverse demand function. In chapter 1, we face
with deterministic demand. Game theoretic (static or dynamic — with complete or
incomplete information) models are applied to formally plot the sequence of events in
each essay. Incentives of players in each model are tried to capture interesting
topics of industrial organization, from R&D, knowledge spillover and firm location in
chapter 1 to capacity investment decision and technology choice of firms in chapter 2
and finally, information sharing and quantity ordering choice of corporations in
chapter 3. All the players are assumed to be risk-neutral and try to maximize their

own profit.

The paper “The Effect of Vertical Knowledge Spillovers via the Supply Chain on
Location Decision of Firms” which will be discussed in chapter 1 was published in the
special issue of Journal of Business and Policy Research, April 2012 (JBPR, Vol. 7,
No. 1). In this research a three-stage game of complete information is employed to
model the incentives of two producers and two suppliers of two vertically-structured
supply chains considering two different geographical regions, to investigate how the
location decision of a producer is influenced by the location patterns of suppliers in
the presence of vertical and horizontal knowledge spillovers. Strategic location
choice of a producer between geographical concentration and isolation in equilibrium
is the main interest of this essay. Numerical analysis expresses that both scenario
(concentration and isolation) is possible depending on the range of model's
parameters. Moreover, the impact of different technological level of players on

strategic location decisions will be explained.
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In chapter 2 the paper “The Effect of Salvage Market on Strategic Technology
Choice and Capacity Investment Decision of Firm under Demand Uncertainty” is
forthcoming in the Journal of Business Economics and Management in 2012. In this
essay a multi-stage game with complete information is applied to model three
strategic decisions of two competing producers in the presence of a secondary
market (we call it salvage market). Technology choice (flexible and inflexible),
capacity investment choice (general, specific and unified components) and quantity
choice (Cournot competition) are three games which will be sequentially played by
producers. Primary market of the model is characterized with demand uncertainty.
Indeed this chapter deals with the choice of the flexibility of the production process of
an oligopolistic producer facing uncertain demand. The trade-off studied is one
between a flexible production process involving the production of generally usable
components which are assembled after the size of the demand is known, and a less
flexible but less costly production process, where specific products are produced and
put on stock. The new feature of the paper compared to the literature is that the
strategic effects on competitors in the market of these two choices are taken into

account in the analysis.

The paper “Supply Chain Configuration under Information Sharing” in chapter 3 is
submitted to the Journal of Business Economics and Management. A dynamic multi-
stage game with incomplete information (a signaling game) is employed to
analytically model the incentives of firm’s to acquire, share and leak demand
information, and their impact on order quantities and the configuration of supply
chain(s). Private information about market demand is the source of asymmetry
between two producers (the incumbent and the entrant), which could be leaked via a
common supplier. Trade-off between operation management and information
management defines the potential interaction of the players which could result in

different supply chain scheme.
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Chapter 1

Firm Location and

Knowledge Spillovers

n this essay a game theoretic model is employed to analyze the
I relationship between strategic location decision of firms in the supply
chain considering the role of horizontal and vertical knowledge
spillovers, and numerical approach is applied to characterize the
equilibria of the considered multi-stage game. Geographical
concentration or isolation as equilibrium outcome is determined based
on our different parameterizations and two scenarios each consists of
two separated cases, which we establish according to the location of
our agents. In the first scenario both suppliers are supposed to be
located in different regions while in the second one they act in a same
region. In addition, first case of each scenario considers geographical
isolation of two producers whereas second case investigates the
geographical concentration. Furthermore, the effect of different
technological level of our agents on their final location decision is

investigated.
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1. Introduction

“Everything is related to everything else, but near things are more related than
distant things.” (Waldo Tobler) The importance of location decision of firms and its
consequent effect on knowledge spillovers and innovation intensity of even whole
industry has been emphasized in recent studies. “Innovation has become the
defining challenge of global competitiveness; to manage it well, companies must
harness the power of location in creating and commercializing new ideas”. (Porter
and Stern, 2001, pp. 28) Clusters as geographical concentration of interconnected
companies and institutions in a particular filed (See Porter 1998), is an interesting
concept appears in economic geography and innovation literature. “What happens
inside companies is important, but clusters reveal that the immediate business
environment outside companies plays a vital role as well. This role of location has
been long overlooked, despite striking evidence that innovation and competitive
success in so many fields are geographically concentrated — whether it's
entertainment in Hollywood, finance on Wall Street or consumer electronics in
Japan”. (Porter, 1998, pp. 78)

Furthermore recent empirical evidence shows that cost considerations have obtained
significant attention relative to market entry and are concerned recently in many
cases the main factor affecting firms’ location decisions. (See Kinkel and Lay, 2004)
Beside factor costs and entry into new markets, some other relevant arguments
including availability of skilled labor, the local institutional environment, the size or
economic importance of a region in relation to the expected intensity of competition
or the possibility to improve production due to technological spillovers from other
firms or research institute in the local proximity can affect the location decision of

firms.

In this chapter a different viewpoint to location decision of firms in the presence of
knowledge spillovers is applied. Actually strategic location decision of producers with
respect to technological activities of their respected suppliers in a framework of
supply chain is examined, which has been studied rarely in literatures. (See Ishii,

2004) Indeed the role of vertical knowledge spillovers between producer and supplier
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via supply chain is highlighted and distinguished from horizontal knowledge
spillovers which occur between two firms from same stream of a market. Here we
are eager to respond the question that under which circumstances vertical
knowledge spillovers via supply chain lead to geographical concentration.

In this research we try to bind economic geography concepts like isolation or
concentration of firms with knowledge spillover context which has origin in R&D
literatures which has not done independently and numerically in previous literature.
For this purpose a three-stage game theoretic model is established as in the first
stage, our economic agents including two suppliers and their respected producers
locate in two geographically different regions based on the framework of our model,
then in the second stage they invest on R&D activities in the form of marginal cost
reduction and finally in the third stage they compete on the amount of output they will

produce strategically via Cournot market structure.

2. Literature Review

Several studies have been done so far in the appreciation of geographical
concentration e.g. Krugman (1991) has mentioned three reasons for localization:
first, the concentration of several firms in a single location offers a pooled market for
workers with industry-specific skills, ensuring both a lower probability of
unemployment and a lower probability of labor shortage; Second, localized industries
can support the production of no tradable specialized inputs and third informational
spillovers can give clustered firms a better production function than isolated
producers.

Almazan, De Motta and Titman (2007) introduced a model which exhibits that the
choice of locating within rather than away from industry clusters is influenced by the
extent to which training costs are borne by firm versus employees. Moreover, the
uncertainty about future productivity shocks and the ability of firms to modify the

scale of their operations also influence location choice.
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Moreover, several economists have investigated different aspects of investment on
R&D activities e.g. Poyago-Theotoky (1991) established her static game theoretic
model based on empirical evidence that the number of cooperative agreements in
R&D has increased since 1980s. In her viewpoint R&D cooperation not only leads
firm to engage in more R&D and thus produce more R&D output (in the form of cost
reduction) but, in addition, has also the beneficial effect of making firms fully disclose
their information. This kind of R&D cooperation is seen to improve own firm
profitability and social welfare as it involves lower prices and higher total output
relative to non-cooperation. She considered knowledge spillovers endogenously in

her model.

Gersbach and Schmutzler (2003) endogenized technological spillovers with a new
approach via static game theoretic model in which firms compete for knowledge by
making wage offers to each other's R&D employees. They showed that incentives to
acquire spillovers and incentives to prevent spillovers are stronger under quantity

competition than under price competition.

D’Aspremont and Jacquemin (1988) investigated the effect of cooperation level of
firms on social welfare considering duopoly market in the presence of knowledge
spillovers. They considered two types of agreements in which in the first one
companies share basic information and efforts in the R&D stage but remain rival in
the marketplace while in the second case, extended collusion between partners,

creating common policies at the product level.

Dawid and Wersching (2007) showed that because of competition effects,
technological spillovers as a technological coordination device negatively affect the
profits of cluster firms. Moreover Dawid, Greiner and Zou (2010) established a
dynamic model of a firm which is deciding whether to outsource parts of its
production to a less developed economy where wages and the level of technology
are lower. Outsourcing reduces production costs but is associated with spillovers to
foreign potential competitors which increase productivity of those firms over time and
make them stronger competitor on the common market.

Considering all above mentioned outstanding studies in this filed, this paper focuses

on the effects of vertical knowledge spillover between a supplier and its respected
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producer -which may appear in the form of some R&D cooperation agreements in
order to eliminate duplication of R&D efforts- plus horizontal knowledge spillover
between two firms of the same stream of the market -which compete with each other
in the same marketplace- on the location decision of these agents which may result
geographical concentration or isolation. It is often pointed out in the literature that the
close relationships between final-good producer and its respected supplier are
important for successful innovation efforts. (See von Hippel 1988; Riggs and von
Hippel, 1994)

The rest of the chapter is organized as follows. In section 2, theoretical model and
methodology is presented which will be analyzed in section 3 utilizing numerical
approach. The last section concludes and points out possible extensions of the

model as well as research limitations.

3. Model and Methodology

Consider an economy including two separated geographical regionsr,,i =1,2 but

treated as one market. Four firms consisting of two suppliers and two producers from

the same industry collaborate via their supply chain in the form that s, is a supplier
of justp withi =1,2. Without loss of generality we assume that upstream suppliers
s, (i =1,2) produce homogeneous intermediate goods and downstream producers
P (i=1,2) produce homogeneous final goods respectively which one unit of

intermediate good is required to produce exactly one unit of final good. We
investigate two scenarios which in the first one both suppliers are located in the

same region, say r,, and in the other one suppliers act in different regions.

We utilize a three-stage static game with perfect information: In the first stage, firms

locate in two regions R, (i=1,2) based on our abovementioned scenarios about

suppliers; in the second stage, firms choose their cost-reducing R&D expenditure

(Innovation level) x, for producers and Y, for suppliers (i =1,2); in the third stage

vertical and horizontal knowledge spillovers exogenously take place given the

formation of firms in two regions as well as their innovation efforts and firms compete
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on standard Cournot market structure to choose the amount of output they will

produce strategically.

Figure 1: Sequence of Events

t=1 t=2 t=3
Firms Locate Firms choose Firms Play
Their Innovation Level Standard Cournot Game

We define here vertical knowledge spillovers as knowledge spillovers between two
firms of different stream (Supplier and Producer) via supply chain and can occur

between two firms located in the same region g or between two firms of different
regions g, , but we assume that regional vertical knowledge spillovers are stronger
than the trans-regional vertical one, so g > g . These exogenous parameters show

the proportion of innovation efforts of a firm which might be absorbed by
counterparty. Horizontal knowledge spillovers imply spillovers between two firms of a
same stream (Two producers or two suppliers) and can happen only when both are
located in the same region. We denote it with exogenous parameters jrfor

producers and z=for suppliers (7° =7° =5 if exist). Moreover we assume that
horizontal knowledge spillovers if exist are stronger than vertical one of both types
since both producers act as same level firms in the same market,
0SB <B. <y’ =7"=y<1l (fp», 7 or both exists). In this setting zero implies
occurrence of no spillover and one implies perfect spillovers. Indeed the external

effect of firmi’s innovation effort is to decrease firm j’s unit production cost.

Linear inverse demand function is utilized given by P=a-bQ (Q=q,+q,) and
a/b>0shows the size of the market. Q<a/b,b>0. The inverse demand function
is useful in deriving the total and marginal revenue functions. Total revenue equals
price P times quantity Q orTR = P*Q = (a—bQ)*Q. The marginal revenue function is

the first derivative of the total revenue function with respect toQ, that is
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MR =a—2bQ. The importance of being able to simply calculate MR is that the profit-

maximizing condition for firms regardless of market structure is to produce where

marginal revenue equals marginal cost MC , that isMR=MC.

Our producers as well as our suppliers are supposed to have similar constant unit

cost of transforming intermediate goods EP,C_:S respectively. By innovation efforts in
second stage, their unit cost of production is reduced by x. for producers and v, for

suppliers. (i=1,2)

We assume that intermediate goods are sold by suppliers to producers with constant

price P , e.g. based on some long-term contractual commitments. 0<Cp+P<a

Therefore, unit cost of production is of the formC, = Cr— Xi=BY —y°X, + P such that

Br if S;and P, areinsameregion p_ 7P if Band P, are insame region

B, z{ﬂt if S;and P,areindifferent regions '’ 7" =0 if R, and P, are indifferent regions and

s |7 if Sand S,are insame region
—10 if S;and S,are indifferent regions -

(i,j=12 ; X, +BY,+7"X,~P<Cs)
Following Qiu (1997), we assume that innovation costs are of the quadratic form
K(Xi)zvpi()(i)z,vpi >0 for producers and K(Y;) =V (Y.)?, Vs >0for suppliers
respectively (i =1, 2) which implies diminishing returns in R&D.

Profit function of the producing firms i=12 will have the form of
r’ :(a_bQ)Qi _(63 =X =BY —y"X;+ 5)% _VPi(xi)z and for suppliers we have

7 =P —(Cs =Y =Y = BX; ) — v (V)

Methodology: Whereas solving final equation systems involves sophisticated
parametric calculations which make the comparison of final payoff functions almost
impossible, numerical approach is applied afterwards. Mathematica will be employed
to depict us the role of each parameter of our model as well as the sensitivity of

these results upon parametrical changes.
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We categorize our parameters into three groups including 1. Market parameters:

a,b,ﬁ,é 2. Knowledge spillovers parameter:ﬂr,ﬂt,ﬂf and 3. Innovation cost

parameter:,

For the purpose of simplicity we establish three assumptions which we release some

of them completely or partially afterwards:

Assumption 1: At the first stage of the game -which firms locate- our first producer
(P1), first supplier (S1) and second supplier (S2) has chosen their location
exogenously based on the framework of our model in section 3; So we are supposed
to investigate the location decision of our second producer (P2) in order to answer

our research question upon geographical concentration.

Assumption 2: All parameters are considered to be correspondingly homogeneous.

Later we release this assumption with respect to innovation’s cost parameter,, .

Assumptions 3: Innovation’s cost of our producers is assumed to be infinity so they

will not invest on any innovation effort: XF',:( = Ofori, j,k=12. We will relax this

assumption completely afterwards.

4. Analysis and Findings

In this chapter we analyze our model based on two scenarios which we have
established on our model regarding the location decision of suppliers. Throughout
we are going to find out the location decision of our producers and the postulated
equilibrium. In fact we want to answer this question that under which circumstances
knowledge spillovers via supply chain lead us to geographical concentration.
Backward induction will be applied to find the SPE of our three-stage static game
with perfect information. In each scenario, payoff function of both producers in two
different cases will be analyzed parametrically; in the first case of each scenario we
assume that both producers are located in different regions while in the second case

geographical concentration of producers will be compared.
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4.1. First Scenario: Two Suppliers are Located in Different Regions

In this scenario we assume that our suppliers have decided to locate in different
regions, say R1 and R2. Consequently based on our model horizontal knowledge

spillover between them will not appear in our calculations.

4.1.1. Case 1: Two Producers are Located in Different Regions

R1 R2
S1 S2
ﬂ’ ﬂr
P1 P2

At t=3 producers play a standard Cournot duopoly game with the following payoff

functions:

— — 2
7oy = (@=bop; b3, )ap; — (Cp = X1 = A Y51 + )y — v (X51)

— — 2
7k, = (@=bag; —bats)ai, — (Co = X5y = B,Ye; + Py —vis (X35

In this notation ﬂéll is the payoff function of the first producer in the first scenario as

well as the first case respectively, for example 7[;22 shows the payoff of the second

producer in the second case of the first scenario.

Finding out the optimal value of these payoff functions lead us to solving the

following maximization problem:

max 7 for the first producer and max 7p, for the second one.
11 11

Up1 dp2

By F.O.C. we have:
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aﬂ,ll aﬂ_ll
—H=0 and F-=

ot 00,

Nash-Cournot quantities produced by both producers will be reached after some

simple calculations,

a-Co + (251 ~Ys3) + 2Xp — X5, =P
3b

1n
Onet =

g ACot AUV r2xt - X5 -
NC2 3b

Consequently optimal payoffs of our producers are:

7[*11_[a_cp"‘ﬂr(ZYsl;_Yslf)"'zxélz_Xéll_ls]z _V11(X11)2
PL ™ 9 P\ NP1

s [a_C_P +ﬂr(2Ysl1l_Yslzl)+2Xél1_ Xélz -PJ’ gt (Xll )2
P2 9 P2 P2

At t=2 firms decide on their innovation level Xéf and Ysljlas well. (i, j=1,2) Payoff

functions of suppliers are as follow:

_ _ 2
75 = Pte = (Cs —Yei = B Xty —vai (Yar )

2

73 = Pliic, = (Cs = Yez = B, X5 e —ves (Ye2)

Optimal innovation level of each firm arises from solving four maximization problems

strategically as one system; indeed each one is going to maximize its payoff function

max 7r:

11
Xp1

max 7es

11
Xp2

11
as follow: mgx 751
Y51

Mmax 7ss

11
YS 2
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Subject to four following constraints respectively:

0<C,—-Xpm-BYL+P<a
0<C, - XL -pYZ+P<a
0<C,—YS-B X <P
0<Cs-Yo - B X, <P

P2 —

4.1.2. Case 2: Two Producers are Located in Same Region

R1 R2
S1 S2
A,
A,
P1 P2

Geographical concentration of producers will be investigated by this case. Similarly,
at t=3 producers play a standard Cournot duopoly game with the following payoff

functions:

2

8 = (a-bs ~ba2)aE - (C, — X~ AYE ~XE + PYali i (X5)
— — 2
8, = (@b ~ba)a — (G~ XE ~ AV — X+ Pt —vi5 (XE)

Maximization of these two payoff functions with respect to relevant quantities as we
did in previous case give us Nash-Cournot quantities as follow:

a_c_:P +2ﬁrY8112 _ﬁtYSlg +2Xé21_(1_7)x|£22 -P
3b

2 _
One1 =

o A= Cot2AYE - AV X ()X P
NC2 3b
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Thus optimal values of our producers’ payoff functions are as below:

a2 _[a=Cp +2B,Y5! — BYs; +2X5 —(1—7) Xp5 — PT’ _ 2y
PL ~ VP1( Pl)

9

~ 12 pyl2 2 .\ D
7[*12:[a Co+28 Y5, — BYsi +2X5, — (A7) Xy —P] _Vézz(xézz)z

P2 9b

Similarly proceeding backward, at t=2 firms decide on their optimal innovation level

X,f and Yslj2 as well. (i, j =1,2) Payoff functions of suppliers are as follow:

2
7r5: = P, = (Cs = Yer = B, X51) Uy — v (Yslf)

2
75, = P.Oye, = (Cs —Ya3 = B X5 )Qch_Vsz(Yslg)

Optimal innovation level of each firm arises from solving four maximization problems

strategically as one system; indeed each one is going to maximize its payoff function

as follow:

0<Co-XE-AYE-7X5+P<a
0<C, - X5 - BYZ -~ 7x;§+P<a
0<
0<

4.2. Second Scenario: Two Suppliers are Located in Same Region
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Contrary to the first scenario, in the second one whereas our suppliers are located in
the same region, say R1, horizontal knowledge spillover between them emerges in

both respective cases depicted with parametery.
4.2.1. Case 1: Two Producers are Located in Different Regions

R1 R2

S1 S2

g .

P1 P2

Applying backward induction, at t=3 producers play a standard Cournot duopoly
game with the following payoff functions:

— — 2
75 = (a—bag; —ba;)az; — (Co — X5 =AY + P)agy —vir (X3)

— — 2
78y = (a—bag; —bagy)ag; —(Cp — X2 — BYS +P)al, —vi; (X))

Nash-Cournot quantities are the result of maximization process over these payoff

. . 2 2 .
functions with respect to qpi&qplz respectively:

a-Cp+2fY5y — BYsy +2X51 — X, =P
3b

a1
Onet =

q21 _ a_C_P + 2ﬂtYszz1 _ﬂrYszll +2X§; B Xsi B F_)
NC2
3b

After plugging these optimal quantities into payoff functions of producers, following
optimal values of them arise:

e} y) Y21_ Y21 2x2l_x2l_§2
ﬂ_;ilz[a Co +2B.Ys, — BYs; +2X5 — X5, —P] _V§i<x§1)2

9
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o [@-Co+28Y2 - BYZ+2X2 X2 _P]
7721:[ p 1285, = BYs1 +2X5; — X5y ]_V§12(X§12)2

P2 gb

Proceeding backward, at t=2 firms decide upon their innovation level Xé,l and Ys?l as

well. (i, j=1,2) Profit functions of our suppliers are as follow:

— _ 2
7 = P = (Cs —YS = B XE = Y5 —vaa (V)

_ _ 2
75 = Pllie, = (Cs = Y3 = BXE =Yk, —viz (a3 )

Optimal innovation level of each firm will deduce from maximization of their

respective payoff functions strategically as a four-equations-four-unknowns system:

%21
max 7e1

21
Xp1

*21

max 7e2
X5

21

max 7s1
vét

Mmax %sz

21
YS 2

With respect to the following four constraints respectively:

<Cp,-Xh-BYZl+P<a
Co— X2 -BYZD+P<a
C_:s _Yszll_ﬂrxéi_?/Yszzl <P
Co Yo -BXE Y2 <P

IA

IA

0
0
0
0

IN

4.2.2. Case 2: Two Producers are Located in Same Region

R1 R2
y
s1 S2
yes B,
P1 P2
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Geographical concentration of producers in the second scenario will be investigated
via this case. Incidentally horizontal knowledge spillovers between two producers as

well as two suppliers exist in this case which induce flow of knowledge through our
four firms depicted by parameters ,Br Y

By using backward induction, at t=3 producers play a standard Cournot duopoly
game with the below mention payoff functions:

2

25 = (205 ~ba2)a% ~ (€, ~ X5 ~ AYE ~ X5+ Pyagi vl (X3

— — 2
7e; = (a=baz; —baz;)az; — (Cp = X5 = BYST —yXi + P)ag; —vi (X77)

By solving First-Order-Condition equations of both producers as a one system,

maximum Nash-Cournot value of our quantities have the following form:

2 _a=Co+2BNF — fYG +2X51 —(1-7) X5, - P

qNCl 3b
g2, = 2=Ce +28Y5 = BYer +2X5 —(A-y) X -P
NC2 3b

Consequently optimal payoff functions of our producers are as follow:

& 2 py22 2 2 By
ﬂ*gg_[a CP +2ﬂrY81 ﬂrYSZ +2XP1 (1 ]/)XP2 P] —ng(xsi)z

P1 gb
v [@=Co+2B8YZ —BYZ +2X2 —(1-y)XZ -P] 2
ﬂ_Pzzz _ P 2 519b P2 P1 _ngz(xszz)

Proceeding backward, at t=2 firms decide on their innovation level Xs,z and YSJ?2 as

well. (i, j =1,2) Payoff functions of suppliers are as follow:
— — 2
75 =P — (C —YE = B X2 — YDk —va (YT )
— — 2
78y = P, —(Cs =Y = B.XZ — YD, —vE (Yeh )
Similar to our previous cases, optimal level of innovation of our firms will be resulted

by strategically solving a four-equations-four-unknowns system of equations as

follow:
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max 7es

22
Xp1

72_*22

max ““p2
X22
P2

22

max s
Y&

max 7sz

2
Ys$3

Providing the satisfaction of the four below mention constraints respectively:
0 +P<a
0 +P<a
0< 65 _Yszl2 _:Brxéi _7Y3222 <P
0< 65 _Yszz2 _ﬂrxszz _7Y5212 <P

4.3. Findings

4.3.1. Producers Do NOT Invest on any Innovation Effort

In the first phase of our analysis for the purpose of simplicity and based on
assumption 3, we ignore any innovation effort of our both producers. Obviously with
this assumption in hand horizontal knowledge spillovers between producers will not

occur. We will relax this assumption for broader analysis later.

Observation 1: In the first scenario and in the absence of innovation efforts of both

producers, the first case which shows the geographical isolation is the equilibrium.

As we have established in the first scenario both suppliers are located in different
regions and consequently there is no horizontal knowledge spillover between them.

As a result the only channel of innovation’s disclosure is through vertical knowledge

spillovers characterized by parameters ,Br &ﬂlwhicho < ﬂt < ,Br <1. Comparison

between two cases of this scenario shows us that the second producer will find it
more profitable locating itself in the different region in order to obtain innovation effort

of its respective supplier via regional -rather than trans regional- vertical knowledge
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spillover which will decline its costs more. Obviously the fist producer will prefer the

second case over the first one. Because he will compete with a producer who could

reduce his costs with the factorﬂt<ﬂr, but it is not equilibrium while second

producer will tend to deviate to the first case and locate in different region.

More precisely speaking, we can consider following graphs showed in figure 4.3.1.1
which help us to compare the payoffs of producers in these cases. As depicted in
this set of graphs, the first producer clearly prefers the occurrence of second case in
which he will obtain more profit from the market while the second producers
dominantly prefers the first case getting more payoffs. Suppliers have the same

behavior symmetrically.

Observation 2: In the second scenario and in the absence of innovation efforts of
both producers, the second case which shows the geographical concentration is the

equilibrium.

In this scenario horizontal knowledge spillovers between two suppliers which is

characterized byy, exist. Similar to the interpretation of the previous observation, in

this scenario our second producer dominantly prefers geographical concentration

which depicted in the second case. Consequently he is able to reduce his costs

based on the knowledge spillovers factor S, > f which will not be in the favor of first

producer who prefers to be alone in the first region as depicted in the first case. But
based on assumption 1 second case of this scenario would be the equilibrium.
Although locating of both suppliers is exogenous, their behavior can be interpreted
similarly. On the other hand first producer prefers first case in which his competitor is
able to share his knowledge with second supplier via trans-regional vertical

knowledge spillover that is smaller than regional one.

Figure 4.3.1.2 exhibits the comparison of payoffs of our economic agents in two

different cases of this scenario which support above mentioned reasoning.

When R&D efforts of both producers were ignored as we did in this subsection, our
observations show strong robustness upon parametrical changes. Broad ranges of
parameters have been checked numerically in this part in order to guarantee the final

results.
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Figure 2
First Scenario: Two Suppliers are located in Different Regions (Yellow: Casel & Red: Case2)
(@=100,b=2, 4 =0.05,y =0.2,v, =v, =v; =0.7)
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Figure 3
Second Scenario: Two Suppliers are located in Same Region (Green: Casel & Blue: Case2)
(@=100,b=2, 4 =0.05,y =0.2,v, =v, =v; =0.7)
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4.3.2. Producers Enter Innovation Efforts

In this section we relax assumption 3 and consider the innovation efforts of both
producers in our analysis. Obviously in this situation horizontal knowledge spillovers

between two producers which characterized by 7 will play an important role affecting

final outcomes. Furthermore based on assumption 2, horizontal knowledge spillovers

between two suppliers as well as two producers are assumed to be homogeneous,

that is 7suppliers = yproducers =7.

In the previous section 4.3.1 the results were completely robust with respect to
postulated parameters which categorized in section 3 and no deviation from our
mentioned equilibrium occurred during numerical analysis and parametric changes,
but in this section we examine the robustness and sustainability of our observations

according to categorization of our parameters.

Observation 3: In the first scenario and in the presence of innovation efforts of both
producers, the second case which shows the geographical concentration is the

equilibrium.

Observation 4: In the second scenario and in the presence of innovation efforts of
both producers, the second case which shows the geographical concentration is the

equilibrium.

4.3.2.1. Comparative Static

In order to realize the effect of each parameter on our outcomes, and supporting the
robustness of observations 3 and 4, we investigate comparative static in this
subsection. For this purpose two sets of parameters —based on our categorization in
section 3- are being fixed and the parametrical effects of the third set are being
analyzed. Broad ranges of parameters have been checked in order to ensure us
about robustness of our observation upon parametrical changes, but some limited

examples could be mentioned here.
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4.3.2.1.1. Market Parameters

Providing other parameters are supposed to be fixed, we investigate the effect of our

market parameters which characterized by a,b,ﬁ,éon equilibria and location

decision of our agents. Utilizing numerical approach we consider the impact of

altering the market parameters on equilibrium expressed in observations 3 and 4.

In the first scenario as depicted in figures 4 and 5 second producer prefers second
case over the first one implying geographical concentration. Altering the size of the
market as well as the unit cost of production and price does not affect the location

decision of our producers.

Altering the size of the market indeed just affect the profit value of agents
proportionally and has not any effect on location decision of them. Actually paying
attention to ‘Markup’ index of agents in this model clarifies this matter more. In fact
any reduction in the size of the market will decline the quantity produced by our
agents which cause them to decrease innovation efforts in order to reach marginal
profits in the market. Contrary is valid when market size goes up, but whereas our

agents doing business in the same market, these changes affect all proportionally.

Similar interpretations could be applied for the second scenario in which all agents
dominantly prefer clustering structure over the first case. Figures 6 and 7 confirm our

claim.

Comprehensive parametric analysis has been done in this subsection to ensure us
upon robustness of observations including broad range of reservation price, market

size, unit cost of transforming intermediate goods C and different value of

intermediate good’s price P .

4.3.2.1.2. Knowledge Spillover Parameters

For the sake of more accurate analysis we arrange a relation between knowledge

spillover parameters based on the framework of our model, in which we have
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assumed that0< S, < <7 <1l. Hence we suppose that B, =af =0y such that

a>land0<o<1.

In the first scenario second producer would be able to decline its costs from two
source of knowledge, its relevant supplier in the different region as well as the first

producer in the same region with knowledge spillover factorsﬂtand}/respectively.

Numerical analysis shows that the effect of these two factors is more than the effect

of regional vertical knowledge spillover factor ﬂr alone. Figures 8, 9 and 10 exhibit

the different selection of knowledge spillover parameters subject to holding the other
parameters fixed. Moreover as depicted in these figures the first producer also
prefers second case over the first one which demonstrate his tendency to

geographical concentration in which he is able to obtain knowledge from two sources

with the factors ,Brand}/WhiIe his competitor will lose some customers of the

common market because of higher costs of production. Thus although the second
producer will obtain lower payoff than his competitor he will locate himself near him
in order to exploit his innovation efforts which would create better outcome for both

of them.

The behavior of our suppliers is a little bit more interesting. The first supplier
dominantly prefers the second case over the first one in which he will always have
competitive advantage over his rival. He obtains cost-reducing knowledge with two

factors,Br andywhile his competitor just can do it via,Bt andy. Our respected figures
depict that clearly, but in figure 10 where we have no explicit difference between
knowledge spillover parameters ﬂr,ﬁt,J/the second producer will also reach more

profit in the second case. Consequently our second supplier prefers the symmetric
structure of first case when the amount of our knowledge spillover factors is
meaningfully different.

In the second scenario all of our agents do agree to compete and collaborate with
each other in a cluster, so geographical concentration would be dominantly preferred

by them. If second producer chooses the isolated region, directly he could be able

just to obtain the knowledge via his relevant supplier with the parameterﬂt.
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Moreover he will lose the chance to exchange his knowledge with his competitor in
the market. When second producer were a stronger innovative firm in the market
with higher technology level, this kind of isolation decision might mean more, but in
this section based on assumption 2 we have assumed that innovation costs is similar
between all agents. We will relax this assumption later. This equilibrium shows

strong robustness upon changing the parameters.

4.3.2.1.3. Innovation Cost Parameter

The last group of parameter which we are going to analyze is innovation cost
characterized by , and assumed to be homogenous. We will investigate the
heterogeneity of this parameter which means different technological level between

our agents in the next section.

Following Qiu (1997) we have assumed that innovation cost are of the form
K(XX)=v(Xk)?, v>0and i,j k=12 for producers as well asK(Y")=v(YJ)?,

v >0andi, j,k =1, 2for suppliers which implies diminishing returns in R&D.

Figure 14 depicts that in the first scenario if innovation cost is altered homogenously
second producer prefers geographical concentration over isolation which is also a
preferred situation for the first producer and supplier and our second supplier is

somewhat indifferent between two cases.

Providing innovation cost assumed to be homogenous, any increase in this cost
enforces our agents to decline R&D efforts which decline their final profit
proportionally, but does not affect location decision of them. Inversely high
technological firms with lower level of innovation cost will do more R&D activities

which decline their total costs and consequently increase the final payoff.

Similarly as depicted in figure 15 in the second scenario all agents prefer to compete
and collaborate with each other in the same geographical region.
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Figure 4

First Scenario: Two Suppliers are located in Different Regions with a=100, b=2 (Green: Casel & Red: Case2)
(B, =014 =0.05y=0.2, Vp =Vg = 0.7)

145

140 -

17

Supplierl
2401

160

140}

17

Producer2
155 -

150+

140 -

Supplier2
2401

160

140

17

17

Figure 5

First Scenario: Two Suppliers are located in Different Regions with a=40, b=2 (Black: Casel & Blue: Case?2)
(. =014 =0.05y= O.2,vpl =V = 0.7)
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Figure 6
Second Scenario: Two Suppliers are located in Same Region with a=100, b=2 (Green: Casel & Red: Case?2)

(B, =0.1,=0.05,y=0.2,v, =v, =0.7)
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Second Scenario: Two Suppliers are located in Same Region with a=40, b=2 (Black: Casel & Blue: Case2)
(. =014 =0.05y= O.2,vpl =Vs = 0.7)
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First Scenario: Two Suppliers are located in Different Regions with @ = 2,5 = 0.5 (Green: Casel & Red: Case2)
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Figure 10
First Scenario: Two Suppliers are located in Different Regions with & =5, = 0.33 (Orange: Casel & Black: Case2)

(a=100,b=2,P =30,C =20,v, =v, =0.7)
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Second Scenario: Two Suppliers are located in Same Region with & = 2,5 = 0.5 (Green: Casel & Red: Case2)
(a=100,b=2,P =30,C =20,v, =v, =0.7)
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Figure 12
Second Scenario: Two Suppliers are located in Same Region with ¢ =1.1,6 = 0.9 (Black: Casel & Blue: Case2)

(a=100,b=2,P =30,C =20,v, =v, =0.7)
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Second Scenario: Two Suppliers are located in Same Region with ¢ =5, 6 = 0.33 (Orange: Casel & Black: Case2)
(a=100,b=2,P =30,C =20,v, =v, =0.7)
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Figure 14

First Scenario: Two Suppliers are located in Different Regions (Green: Casel & Red: Case2)
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Second Scenario: Two Suppliers are located in Same Region (Green: Casel & Red: Case?2)
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4.3.3. Heterogeneity of Innovation Cost

So far we assumed that technological level of our four agents is similar and
characterized by homogeneous innovation cost, but in this section we relax
assumption 2 partially and investigate the effect of heterogeneous innovation cost on
location decision of firms. In fact we move one step toward real world businesses in
which companies actually act with different technological level and there are some
evidences that these differences can affect the location decision of firms as well. A
prominent example in this regard is Microsoft, which became the industry leader
after locating in Seattle, which at the time was not a centre for software development
(Almazan 2007). For this purpose we consider two different scenarios which may

exist and analyze the model accordingly.

4.3.3.1. Innovation Cost is Heterogeneous just among Different

Producer-Supplier Pair

In this subsection we suppose that homogenous innovation cost imposes to first
supplier and his respected producer in supply chain as well as the second supplier-
producer set while we have heterogeneity of innovation cost among these both pairs.

So we normalize the innovation cost of second producer and his respected supplier
to one while vary the innovation cost of first pair over an interval{0.5, 5} . The reason

of choosing this interval is that innovation costs which are less than half will not
satisfy our constraints in optimization problem and amounts more than 5 will decline
R&D efforts of firms dramatically such that the impact of knowledge spillovers goes

down.

Observation 5: In the first scenario considering conditions of subsection 4.3.3.1,

whenV, =Vs <p, second case which shows geographical concentration is the
equilibrium, while with p < Ve =Vg , first case which shows geographical isolation is the

equilibrium such that the exact amount of o depends on the value of our

parameters.
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In the first scenario for our first pair of producer-supplier is always of preference to
act within concentration structure because regardless of the technological level of
both pair, they obtain knowledge viaywhich reduce their cost and increase their final
outcome. On the other hand our second pair alters his location decision based on
the level of technological differences, that is our second producer when encounter a
technological level o times higher than his respected rival will find it more profitable
to keep his physical distance from him and act in isolation as depicted in the first
case to avoid any horizontal information disclosure. Figure 16 demonstrates the

schematic results in which p =1.8.

Observation 6: In the Second scenario considering conditions of subsection 4.3.3.1,

second case which shows geographical concentration is the equilibrium.

Here our second producer dominantly prefers geographical concentration which
enables him to receive knowledge from other agents with higher disclosure rate.

Figure 17 depicts the result.

4.3.3.2. Heterogeneous Innovation Cost Imposes just on Second

Producer

Now we investigate whether a very high-tech firm, that is here our second producer,
with low innovation cost choose isolation structure to keep its knowledge capital or
not. Hence, homogeneous innovation cost for first producer and both suppliers has
been set to five and we change the innovation cost of second producer over the

interval {0.5,0-7} parametrically. In fact by setting the innovation cost of other agents

to a big value like five, we treat them as low technological level firms. On the other

hand we change the innovation cost of our second producer over the interval
{0-5,0-7}Which implies higher technological level in comparison with other agents. For

the sake of more accurate results we consider two different levels of horizontal

knowledge spillovery =0.2andy =0.12to be more sensitive on the effect of
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innovation cost. Indeed by choosing y =0.12rather than y =0.2 we try to investigate

the situation of more outward knowledge spillovers’ protection.

Observation 7: In the first scenario considering conditions of subsection 4.3.3.2, first
case is weakly preferred by the second producer which resulted geographical

isolation as equilibrium.

Here our second producer weakly prefers to locate himself far from first producer in
order to avoid leakage of information to his rival. Although the results are not strong
here and when innovation cost of second producer tend to 0.7 we face some kind of
indifference behavior, but dominant preference of second supplier who really makes
profit by being alone with his customer might cause some agreements in the real
world which commit our first producer to stay in isolation. Figures 18 and 20 show

the graphs for »=0.2 andy=0.12, and the result is robust upon parametrical

changes.

Observation 8: In the Second scenario considering conditions of subsection 4.3.3.2,

second case which shows geographical concentration is the equilibrium.

Although our second producer is more high-tech against other agents but he prefers
to stay in concentration structure to benefit from disclosure of knowledge, but our
numerical analysis show a weak preferences in this situation. Clearly other agents
appreciate his presence near them.

Figure 19 and 21 exhibit the results for y=0.2 andy =0.12respectively, and the

result is completely robust upon parametrical changes.
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Figure 16
First Scenario: Two Suppliers are located in Different Regions (Black: Case 1 & Blue: Case 2)

(a=100,b=2,C =20,P =30, 4, =0.1, 4, =0.05,y =0.2,v,, =v, =1)
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Second Scenario: Two Suppliers are located in Same Region (Black: Case 1 & Blue: Case 2)

(a=100,b=2,C =20,P =30, 4, =0.1, 4, =0.05,y =0.2,v,, =v, =1)
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Figure 18
First Scenario: Two Suppliers are located in Different Regions with = 0.2 (Green: Case 1 & Red: Case 2)

(2=100,b=2,C =20,P =30, 4, =0.L 4, =0.05,v, =v, =v, =5)
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Figure 19

Second Scenario: Two Suppliers are located in Same Region with ¥ = 0.2 (Green: Case 1 & Red: Case 2)
(a=100,b=2,C=20,P =30, 8, =0.1 B, =0.05,v,, =v, =v, =5)
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Figure 20
First Scenario: Two Suppliers are located in Different Regions with = 0.12 (Black: Case 1 & Blue: Case 2)

(a=100,b=2,C =20,P =30, 5, =0.1, §, =0.05,v, =v, =v,, =5)
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Figure 21
Second Scenario: Two Suppliers are located in Same Region with ¥ = 0.12 (Black: Case 1 & Blue: Case 2)

(a=100,b=2,C=20,F =30, 5, =0.1, 4, =0.05,v, =v, =v, =5)
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5. Conclusion

Knowledge as a source of competitive advantage plays a vital role in nowadays
business affairs such that in many cases affects the location decision of firms
directly. Particularly, when we consider the location decision of innovative

technology-based companies, the issue becomes more significant.

In this research we tried to answer the question that under which circumstances
vertical knowledge spillover via supply chain lead us to geographical concentration

which Porter (1998) named it cluster.

For this purpose a three-stage game theoretic model based on the inspiration of
existing model in the literature of innovation, knowledge spillovers and economic
geography has been established to empower us analyzing the subject more
accurate. In our model we distinguished vertical knowledge spillover which occurs
between a producer and its respected supplier from horizontal one happening
between two firms of the same stream of the market. Moreover different
technological level of our players was analyzed separately. Numerical approach with

the utilization of Mathematica is applied to solve our strategic optimization problem.

Results show that based on the selected values of parameters, imposed
assumptions, and designed scenarios, different location decision might be made in
which firms act within clusters or isolation. Observations 1-8 express the results
which have been supported by graphs induced from our programming. Because of
having reliability on our observations, broad ranges of parameters have been

examined in order to guarantee the robustness of equilibrium outcomes.

A main limitation of this paper which leads the research to enter numerical analysis
was the mathematically complicated nature of final equations. This made the
comparison between different scenarios completely intractable. Another limitation
was the number of scenarios that we have considered that is more probable

scenarios could enrich the results.

Finally it might be useful to mention that different approaches can be applied to

extend this work. Altering or relaxing each of our established assumptions in section
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3 would open a new door, e.g. specific designed scenarios upon disposal of our
supplier, assuming exogenous knowledge spillovers, can be developed. Moreover
we have assumed that each producer is able just to provide his intermediate goods
from his respected supplier and also each supplier can sell it only to his respected

producer which would be an appropriate aspect of extension.
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Chapter 2

Strategic Technology Choice and
Capacity Investment Decision: The

Role of Salvage Market

his essay examines the effect of salvage market on strategic
Ttechnology choice and capacity investment decision of two firms
that compete on the amount of output they produce under demand
uncertainty. A game theoretic model applies such that in the first stage
firms choose their production technology between two alternatives:
modular production process (flexible technology) or unified production
process (inflexible technology). Then at the second stage they decide
on the amount of capacity investment: flexible firm makes decision
about general and specific components’ capacity and inflexible firm just
about unified component (final product). One stage forward both enter
the primary market in which demand is uncertain and play a duopoly
Cournot game on the amount of quantity they manufacture and finally
at the last stage, flexible firm will be able to sell its unsold general
components in the secondary market (salvage market) with a
deterministic price. Solving optimization problems of the model results
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in intractable equations which lead us to employ numerical studies
considering a specific probability distribution to observe equilibrium
behavior of competing firms. Broad range of parameters with respect to
established relationships among them have been examined in order to
cover all the possible economically reasonable scenarios. Findings are
expressed explicitly in the form of observations where we demonstrate
that with symmetric parameterization there is a unique symmetric Nash
equilibrium in which both firms choose inflexible technology while
applying asymmetric parameters has the potential to form two types of
equilibrium when 1. Both firms choose inflexible technology or 2. Only
one firm chooses flexible technology. Moreover it is shown that there is
a specific unified cost threshold that could shift the equilibrium of the
game. Finally we discuss on the case that there is no equilibrium and

mention some managerial implications of the model.

1. Introduction

Intensive competition in global market and product-differentiation strategies of firms
force the companies to make their investment decisions in more uncertain
environment than before. Uncertainty about the size of the market for potential
product and the purchasing behavior of consumers affect the strategic technology
choice and capacity investment decision of firms. Actually operation managers try to
minimize supply-demand mismatches by considering all available options in the
competitive context before choosing their production line technology and decide on
their capacity investment. On the other hand in some industries of developing
countries there are large demands for unsold components of some industries in
developed countries. In fact developing countries could play the role of salvage
market for some companies that encounter low demand realization in the competitive
market. Supplying residual general components of some products with prices lower
than total cost although implies negative numbers in bottom line of financial
statements of a company, has the potential of covering some greater loss.

Consequently, investment on a modular production line that can further assemble a
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general and specific component of the final product create the opportunity to respond
to the probable demand for unsold components in secondary market. Moreover it
can equip the firm with a production technology to hedge against demand
uncertainty. Obviously firm should pay more for extra desirability.

In this paper we explore how the existence of a secondary non-sale capacity market
(which we call it salvage market) for unsold general components of a producer
affects its strategic technology choice and respected capacity investment decision
considering demand variability in the primary market. Our point of departure is the
Goyal and Netessine (2007) three-stage model of technology, capacity investment
and production games. They show that how a monopolist and duopolist respond to a
given flexibility premium. Moreover in contrast with common belief, they conclude
that flexibility is not always the best response to competition such that flexible and
dedicated technologies may coexist in equilibrium. They consider two firms that
invest in two products and compete with each other in two markets. We introduce
salvage market with specific characteristics to their model in which the flexible firm
who invests in more expensive technology is able to resell its residual general
components with loss. Indeed we focus on the strategic decisions of two producers
upon choosing modular versus unified production line. Modular production line
(flexible technology) is designed to assemble general and specific components with
higher total cost but can be used as strategic weapon in the presence of demand
uncertainty by postponing the production process. On the other hand unified
production line (inflexible or dedicated technology) manufactures the final product
without any assembly phase with lower total cost and can be used as commitment
device for the producer which ensures the customers of receiving certain amount of
goods regardless of the demand realization in the primary market. Furthermore
flexible firm will be able afterwards to enter the salvage market reselling its residual
general components with loss, the advantage that does not exist for inflexible

producer.

In order to solve the model we have been obliged to apply numerical approach
because of intractability of our final equations and integrals. Moreover uniform
distribution function is assumed for handling our demand uncertainty. Under
symmetric parameterization we demonstrate that there is a unique symmetric Nash

equilibrium such that both producers decide on choosing inflexible (or dedicated)
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technology and produce the final product via unified production process. In addition
optimal capacity and profits of firms are strictly increasing in mean and standard
deviation of the demand intercepts. Under asymmetric parameterization we reach
two types of equilibria such that whether both firms choose inflexible technology or
just one firm chooses the flexible technology. There is a threshold unified cost
around which equilibrium can shift. Disequilibrium also can emerge under some
range of parameterization such that we show equilibrium in pure strategies for
capacity investment fails to exist if the degree of demand variability exceeds a
threshold level. The point is that this range of parameters is far from real-world

business considerations.

This paper contributes to the available outstanding literature on manufacturing
flexibility and production technology by studying the effect of the existence of a non-
sale-capacity market which we call it salvage market (or secondary market B) on
the technology choice and capacity investment decision of firms that compete under
demand uncertainty. We think that it is worthwhile to investigate this uncovered area
of the literature via a separated study.

The remainder of this paper is organized as follows. In part 2 we briefly review the
available related literature in OM and 10. Section 3 explains the basic general model,
and 84 deals with the methodology of solving our problem. In section 5 we report
and discuss the findings of our extensive numerical studies plus managerial
implication of this setting, and 86 concludes this paper. Technical appendix at the
end of the paper details the calculation of the model and respected assumptions.

2. Literature Review

Seminal papers in the field of industrial economics and operation management deal
with this subject. Production and pricing postponement strategies of producers with
respect to revelation of uncertain demand are at the heart of these researches, some
investigate just the monopolistic scenario and others consider duopoly competition.
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Chod and Rudi (2005) investigated the effect of resource flexibility and responsive
pricing for a monopolist doing business in two markets. By using normal distribution
in their paper, they show that capacity investment and respected profit are increasing
in demand variability, a result that consistently exists in our competitive setting too.
Considering market competition, Anupindi and Jiang (2008) endogenize capacity
investment, production and pricing decision in their competitive model and evaluate
the interplay between the timing of demand realization and production decision of
firms with different capabilities. They also establish the strategic equivalence of price
and quantity competitions when firms are flexible. Moreover in their model they
characterize equilibria considering two different kinds of demand uncertainty:
additive and multiplicative. In our model we deal with additive shock only. Reynolds
and Wilson (2000) did their research on the context of symmetric Bertrand-
Edgeworth competition and analyzed investment and pricing incentives of firms
under demand variability. In their model firms decide on production level ex ante
demand realization while price decision occurs ex post demand revelation. They
show that if the extent of demand variation exceeds a threshold level then a
symmetric equilibrium in pure strategies does not exist, a result that also observable

in our findings.

Anand and Girotra (2007) investigate the strategic perils of delayed differentiation
and its effect on consumer surplus and welfare. They demonstrate that in the
presence of either entry threat or competition, these strategic effects can diminish
the value of delayed differentiation (versus early differentiation). In their model they
let the producers to decide on the timing of customization freely considering
distribution center (DC). Fine and Pappu (1990) evaluate tactical and strategic usage
of flexible manufacturing system (FMS) under market competition. Tactical as it
helps firm to respond quickly to variation in demand within a market or to decrease
the level of inventory and strategic as it equips the firm with a tool to defend its own
market and to enter the markets of its less flexible rival. Actually in their two-firm
repeated-game model, flexibility serves as a mechanism to prevent market entry by
having the potential power of attacking to the competitor's markets (grim strategy).

Indeed they show how the availability of FMS can make firms worse off.

McCabe (2011) in its empirical study evaluates the reliability factors for salvage

value of photovoltaic (PV). He expressed that as PV system prices become less
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expensive, the salvage value can be increasingly important in life cycle economic
calculations. He concludes that there is a healthy resale market for PV modules that
should be recognized in project level economic evaluation and as systems costs
become lower and lower (because of competition), salvage value has more

significant ramifications.

Cachon and Koek (2007) explain how to estimate a salvage value of an unsold
order. They pointed a quote that describes the economics of selling fashion ski
apparel, as faced by Sport Obermeyer: “units left over at the end of the season were
sold at a loss that averaged 8% of the ... price.” They believe that choosing a fixed
salvage value is questionable and its pricing depends on the amount of left

inventory.

3. The Model

Consider an economy in which two firms indexed by iandj, i, j=12and i j

producing a homogenous final product. Both firms are assumed to be risk neutral
and maximize their expected profits considering the actions of respected rival. Based
on the production process technology a single firm chooses, it will be able to produce

the final product via whether the unified process or the modular process.

Choosing unified production process enables a firm to manufacture the final product
with lower costs and also can be interpreted as a strategic commitment device
whereby a firm commits to bring a certain quantity to market (Anupindi, Jiang 2008).
On the other hand, choosing modular production process implies that a firm invests
on a more expensive technology which empowers it to manufacture the final product
with higher costs by producing a general component — which can be used in other
products- assembled sequentially with a specific component which is specialized for

certain product based on the demand information of the market.

Following the terminology of Anupindi and Jiang (2008), we assume that the firm

invests on unified production process is inflexible (N) and the one chooses the
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modular process is flexible (F) as well. Also we assume that a firm cannot invest in

flexible and inflexible technologies simultaneously.

Flexible firm will be able to postpone its production ex post realization of demand
which implies more effective reaction to the volatility of market; so it needs to tradeoff
the higher costs of flexibility and its ability to hedge against demand uncertainty. On
the other hand, inflexible firm commits to produce a certain amount of final good ex

ante revelation of demand.

We consider two separated markets here: Market A and market B in which our firms
could compete with each other. Market A is the primary market in which demand is
uncertain and regardless of the technology choice of our firms, they compete on the
quantity of final output in it. (Cournot duopoly competition) Market B is the secondary
market with deterministic demand for the general component of the final product
which can be produced only by the firm chooses the flexible technology. In fact
inflexible firm cannot enter this market. Clearly speaking, there is no demand for the
final product or specific component in market B . Price is also set beforehand less

than unit cost of general component procurement.

This paper contributes to the available outstanding literature on manufacturing

flexibility and production technology by studying the effect of the existence of a non-

sale-capacity market which we call it salvage market (or secondary market B) on
the technology choice and capacity investment decision of firms that compete under

demand uncertainty.

A four-stage game theoretic model is applied such that in the first three stages, our

firms play a simultaneous-move non cooperative game with complete information.

Figure 1: Four-Stage Static Game

Demand Revealed

| | ( |

v

| | | |
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Technology Decision Capacity Decision Cournot Competition Salvage Market for GC
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In the first staget=1, each firm can invest either in a flexible technology (F) that

enables it to manufacture both general and specific components - which later can be
assembled and sold in market A or supplies the general component with known

price to market B - or an inflexible technology (N) which allows the firm to produce
and supply the final product with lower production costs and higher commitment to

market A .
Following Goyal and Netessine (2007), three subgames can potentially emerge:

1. Mixed subgame in which one firm invests in flexible and its rival in inflexible
technology denoted by M . ((F,N) or (N,F))

2. Flexible subgame in which both firms invest in flexible technology and have
the opportunity to supply the general component in market B, denoted by f .

(F.F)
3. Inflexible subgame in which both firms choose inflexible technology and the

game lasts until the end of the third stage, denoted byN. (N,N)

The superscript expresses the subgame which our firm plays denoted by m, f orll.
Moreover to differentiate firms from each other, the firm index i, jappears in the

subscript as well.

In the second staget =2, each firm invests either in a production capacity of the
final product via the unified production process when it adopts inflexible technology

or in general and specific components’ capacities when it chooses flexible one
considering the point that general component can be sold separately in market B .

Subscripts g andSrefer to general and specific components respectively. Moreover

subscript Urefers to the final product which is manufactured via unified process.

We denote all capacities by X , e.g. Xg; is the capacity of the general component
which can be produced by firmiwhen its rival chooses inflexible technology. (Mixed
subgame)

Capacity investment is costly and we let these costs to differ by firms. We assume

that the cost of purchasing general and specific resources be Cjand c, per unit



Three Essays on Strategic Aspects in Oligopoly with Vertical Structure

respectively and the cost of the inflexible resources be ¢, per unit for firmi. We let
the total costs of producing a unit of the final product via the modular process to be
Cyi =C4i +Cg while for the unified process to be ¢, =¢,and soc, <c,,. For the sake
of simplicity, we ignore the assembly cost of general and specific component and

assume that it is sunk in Cj;andc, .

The expected optimal payoff of the firm is denoted bylII, so e.g. Hr&i denotes the
expected profit of firm |that compete with firm jin the mixed subgame and invests in

two general and specific components via the modular production process technology

with capacities X and X .

In the third staget =3, firms play a Cournot duopoly game on the quantity of final

product they manufacture denoted by(. This decision is ex post because at the time

of production, the firm is better aware of the market demand information.

The linear inverse demand function for the final product which is supplied to market
Ais P,(A.Q,)=A,—Q, in which Q,=0, +0;, is the total quantity of the final
product supplied to the primary market by our firms combined. (Cournot competition

model with linear demand function) and p, is price of the final product in market A

which is assumed to be nonnegative. Subscript A refers to the primary market A .

Demand uncertainty appears in the intercepts of the linear inverse demand function,

A, e %, which draws from a continuous distribution function F with density function

f The mean and variance of the marginal distribution is denoted by ,, and Gf\

respectively.

We denote profit in the Cournot game by 7 and E represent the expectation

operator with respect to the random variable A, . Following Goyal and Netessine

(2007), marginal cost of production in this stage is normalized to zero. We consider

this cost in our capacity decision stage.

Finally in the last staget =4, the firm that has chosen the flexible technology can

enter the secondary market B and supplies its unsold general components as a price
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taker with the deterministic price less than the unit procurement cost of general
component which isPj <Cy. Consistent with Roller and Tombak (1990, 1993),

modular production process is a prerequisite for entering the secondary market.
Figure 2 which is inspired by Anand and Girotra (2007) visually summarizes the

explained procedure.

Figure 2: Modular vs. Unified Production Process
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3.1. Problem Formulation

Based on the technology choice of our firms which we categorized as three different

subgames, this stage could contain zero, one or two player as well. We denote

payoff in market B by Vwhich is revenue minus costs there.

Following Fine and Pappu (1990) and Roller and Tombak (1990, 1993), we can
simply show the technology choice of the firms in a strategic-form game by a 2x 2
matrix as depicted in following page. Matrix entries represent profits in the second-
stage capacity game. Backward induction is applied to capture the subgame perfect
Nash equilibrium (SPNE) of this model. Hence we move by analyzing from the last
stage t =4 considering all three possible subgame of the technology choice of our
firm. The optimization problem for a firm i that chooses modular production process

technology (Flexible firm) for any strategic choice of its competitor j is:

Stage 4: Secondary Market for General Component
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v, = max[qg.Py ] Such that 0< g, <(X, —0,)
Uis

Stage 3: Cournot Duopoly Competition

4av :nlsx[(AA_in_qu)'in +Vi} Such that 0<q, smin[xgi,xsi]

Stage 2: Capacity Decision Investment

[y = Q%[E(”Mi)_cgi-xgi _Csi'xsi} Such that Xgi’ Xq20

The optimization problem for a firm 1 that chooses unified production process

technology (Inflexible firm) for any strategic choice of its competitor | is:

Stage 4: Secondary Market for General Component

v, =0

Stage 3: Cournot Duopoly Competition

i = nzﬁx[(AA ~0ia _qu)'inJ Such that 0<q, < X,,

Stage 2: Capacity Decision Investment

1_IUi = nlajx[E(”Ui)_Cui-Xui] Such that x>0

ul

Figure 3: The Strategic-Form of the Technology Game
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4. Methodology

In order to solve the model and find the technology choice as well as optimal
capacity investment decision of each firm, we proceed by considering each subgame
of the model. Backward induction is applied to find the optimal payoff of each
probable subgame which afterwards will be located as entries of our mentioned
matrix to analyze the equilibria of the model. For the sake of simplicity, we make two

assumptions and establish a lemma as follows:

Assumption 1: We assume that both firms enter the game, choose a production

technology and make a positive capacity investment which implies that

P(A,,0) >c,, (0)for any realization of demand.

Assumption 2: We assume that price is nonnegative for any realization of demand.

Lemma 1: The flexible firm avoids the excess supply of specific components which

exists no demand for it in the salvage market B that is Xg < Xgi ormin [XSi, Xgi] =Xy

Based on the model described in previous section, we establish the Lagrangian
function of firms in each of mentioned three subgames. Maximization problems are
solved using first-order Kuhn-Tucker conditions, but whereas demand is uncertain
when firms involve capacity investment decisions, we should consider different

states. Each state could happen according to the different probable realization of

market size shown by A. Hence backward induction approach implies that firms
encounter expected profit functions in capacity investment game. Expectation
operator leads us to integrals with the boundaries which are functions of capacities
and this fact makes our calculation really messy and almost intractable. To simplify
the problem we try to specify the probability distribution function of our random

variable which appears in the intercept of linear inverse demand function and

therefore uniform distribution function F with density f (A) is chosen.

0<A<M

Otherwise

f(A)={“;'
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Also we add a symmetry assumption between both firms on respected costs’ and
also salvage market price’ parameters. (See assumptions TA.3 and TA.4 in

appendix)

Whereas these assumptions did not reach us to some gentle equations, we employ
an extensive numerical study to find out the strategic behavior of our agents. For this
purpose, a wide range of plausible parameters’ values chosen to represent realistic
scenarios from the real-world businesses. These parameters include costs (general

and specific component for flexible firm and unified component for inflexible one
shown respectively byC,,c_andc,), price of the residual general component of

flexible firm in salvage market notated by p, and finally M that is a finite positive

sufficiently large number such that if demand realization were on the upper bound of

probability distribution, all capacities are bounded. HereM has an important
interpretation which is inherently in the nature of uniform distribution. Actually the

. . . . . . M 2 .
mean and variance of uniform distribution simply are » - - and . :“fT respectively

which means that the mean and variance of the random variable A (Reservation
price of the market) is increasing inM . For each parameter combination, we
calculated the equilibrium under assumed subgames and determined capacities and
profits. The numerical study consists of a large amount of instances resulting from
every possible combination of the values listed in Table 1. Detailed calculation of

mathematical stuff is put simply in technical appendix.
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Table 1: Parameter Values Used in Numerical Study

Parameter Values
Demand Distribution Uniform
M (3,120)
M
H 7
5 M 2
. Tz
C, (1,10]
Cg (0.75,10]
Cs (0.75,10]
P (0.5,10)

Parameters* Relations: PB < Cg ,C, < Cg +C,

5. Findings

The main part of our analysis contains the technology game in which both firms
make decision between modular and unified manufacturing process that afterwards
affects the capacity investment decision of them. Seminal papers including Goyal
and Netessine (2007) or Chod and Rudi (2005), despite of some differences in
modeling, tried to avoid numerical analysis in this phase and therefore imposed
some additional assumptions to ease the analytical discussion. For example Goyal
and Netessine (2007) assume that each firm produces to capacity called it
clearance. Numerical approach to solve and analyze of this problem considering a
specific distribution function is a missing part of literature that we are going to cover

here. In order to preclude any uncovered set of parameters and results, we were
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obsessive in examining the parameters. For the purpose of having comprehensive
results, also we investigate some sets of parameters which exist numerically but

could be interpreted hard economically.

For implementing numerical method, first we choose a reference starting point and
then apply incremental approach based on the assumed relationship between
parameters, also try to investigate extreme values of them. Optimal capacities and
respected maximum profits of producers subsequently are put in the matrix of
technology game depicted in figure 3. In this phase probable equilibrium of the game
can be found out by comparing some explicit numbers representing the firms’

optimal profit. For detailed mathematical steps refer to technical appendix.

5.1. Best Reply Functions

In this subsection we are going to characterize the best reply functions of our
producers in the capacity investment game. Lemmas 2-4 characterize the best

response functions of both firms. Proofs are put in the technical appendix.

Lemma 2: In flexible subgame of the capacity investment game where both firms
choose modular production process, optimal capacities are characterized by best

response functions as follows:

0.75P52 PaXe 225X.2 4XgXg  XgP
¢ —c. +025M +15P, —— B _x B sl TTIS V3 0, for firmi
s % TV B TTTM sitTTM M M Moo
PoX.  2%.2 4PiX.  AX.X. o 2X.2
—C. —C, +Py— B sl T + 8 SJ+ S =0, forfirmj
s % "B T M M M M '

Lemma 3: In inflexible subgame of the capacity investment game where both firms
choose unified production process, optimal capacities are characterized by best

response functions as follows:

2 X 2
e LIV ity +Xi—o for firmi
u T2 ui M uj M M T
2 2
M Xyi ZXUiXuj 2XLIj o
’Cuj t - Xui T 72Xuj + W M 0, for firmj

Lemma 4: In mixed subgame of the capacity investment game where one firm

chooses modular production process while the competitor chooses unified one,
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optimal capacities are characterized by best response functions as follows: (without

loss of generality we assume firmi is flexible and firm jis inflexible)

2 2 2
b M, BRXs (-2Pg—2Xg)-Xg  9X4? « XXy Pt -2Pe XX+ Xy® o for firmi
g G t Rt o 2XG V] TV R Sy + M =0, for firmi
M X2 2X Xy 2X,P o
Cyt - X + 2;'/| —quj M A v 0, for firm j

Optimal capacities afterwards should be plugged in respected profit functions to lead

us toward equilibria.

5.2. Symmetric Parameterization

Here we start our analysis by assuming symmetry in parameters such that both firms

face similar cost of capacities in symmetric subgames (F, F)and (N, N). Moreover in

flexible subgame each should sell the rest of their general component in salvage

market with a fixed predetermined price p,. (See assumption TA.4 in technical

appendix) Figure 4 shows the pair of parameters for each producer that is

considered as inputs of numerical solution.

Figure 4. Symmetric Parameterization

Firm |
F N
(Cs cg,PB,M) (s g,PB Mj
F
(CS % PB'M) (Cu M)
Firm 1 (Cu M) (CU’M)
N (cs,cg,PB,M) (cy-M)

Observation 1: Under symmetric parameterization condition, the unique equilibrium

of the technology game is the subgame (N, N)that is both firms choose inflexible

technology and produce the final product via unified production process. Moreover
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this is a symmetric equilibrium such that both choose same amount of capacity

investment that is x,; = x,;; which leads to the same optimal profitsn; =1 .

Observation 2: Optimal capacity and respected profits of firms are strictly increasing
in mean x = % and variance o° - “ffzzof the demand intercept and strictly decreasing in
the cost of unified componentc . (Figures 5 and 6 depict the result for specific

amount of parameters.)

Choosing inflexible technology (or unified production process here) can be
interpreted as a strategic device whereby a firm commits to bring certain quantity to
market. Actually the firm benefits more from the value of this commitment rather than
any flexibility premium it may obtain from the capability to postpone production
(Anupindi, Jiang 2008). Our first observation is also consistent with the result of

Anupindi and Jiang (2008) that is Whenu:%muand distribution F(.) has IGFR

(Increasing Generalized Failure Rate) property, which uniform distribution has, there
exist unique symmetric equilibrium capacity of a firm in a symmetric inflexible

duopoly.

The second observation is different from the finding of Goyal and Netessine (2007)
that capacity decisions do not depend on variance of demand intercepts. In fact this
happens because of the nature of specific probability distribution we choose
(Uniform distribution) and also relaxing a tough assumption of that seminal paper
that was each firm produces to capacity. The main reason is inherent in the
characteristics of uniform distribution such that any change in M causes the

simultaneous changes in mean and also variance of demand intercepts (Figure 7).

Although in uniform distribution mean and variance are both the function of one
variable, here M , but as it is shown in figure 7, for M > 6 variance becomes greater
than mean and for M > 3raises with higher rate than mean. It implies two effects
which are happening with increment of M simultaneously: First, an increase in the

amount of dispersion escalates the probability of both high and low demand

realizations and second, a more attractive mean of market size.
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Figure 5. Optimal Capacity Investment in Inflexible Subgame
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Figure 6: Optimal Profit in Inflexible Subgame
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As it shown in figure 7 the first effect is stronger forM > 6 and vice versa. The first
effect implies more uncertainty which intuitively might support the usage of flexible
technology and the second effect reinforces the investment on inflexible production
line in order to commit to a larger market with lower production cost. Furthermore
higher variance and uncertainty spells that for some specific demand realizations,
the market clearing price will be zero and so the firm faces some non-sale capacities
that in the case of being flexible producer, will be able to enter salvage market and
sell the general components with loss. Consequently both firms confront a complex
trade-off which has a route in demand uncertainty and cost of producing unified
component. Numerical analysis explicitly shows that both firms dominantly prefer to

choose inflexible technology and (N, N)is the unique equilibrium of the technology

game.
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Moreover firms should take into consideration that choosing flexible technology,

within this symmetric parameterization setting, needs two conditions to be more

profitable decision: first, the competitor also should play F and second the firm

should invest more rather than its rival on capacity; otherwise you encounter a big

loss. Thus playing F has an incredible threat for each manufacturer which leads to

the subgame (N, N). Indeed this situation is a kind of prisoner’s dilemma game.

In the next subsection we run numerical method by considering kinds of asymmetry

in some parameters of our established model.

Figure 7: Mean & Variance of Uniform Distribution

Mean vs.Variance

5.3. Asymmetric Parameterization

Here we relax the assumption of having symmetric parameterization and let our firms
obtain their technologies with different investment costs. We can reasonably imagine
a case in which both producers having access to similar inflexible technology but
they can have different technological level of flexible modular production line.
Actually we have implicitly assumed that flexible production strategy is a newer
higher technological option that tries to strategically convince stakeholders to invest
on it in order to reap more profits from the uncertain demand in the market in
comparison with the available inflexible one which is accessible for all firms with
same investment cost. Thus in this section we try to scrutinize the scenario that both

firms encounter symmetric investment costs when choosing inflexible technology
C,; =C, but asymmetric flexible technological levelCg; #C; . Figure 8 summarizes the

respected parameters’ consideration.
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Figure 8: Asymmetric Parameterization
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Observation 3: Depending on the relative cost of technologies and the upper bound
of random variable M , it is possible to have two types of equilibrium which is 1.
Both firms are inflexible (N ,N ) or 2. Only one is flexible {(F,N )or(N ,F)}.

Observation 4: There is a threshold cost of manufacturing the final product via

unified production processCJhresmd , after which the firm with access to higher flexible

technological capability (smallerc,, ) finds it more profitable to alter its strategic

technology choice from inflexible technology to flexible one which results in

asymmetric equilibrium {(F,N)or(N ,F)}.

Observation 5: For sufficiently small amount of M relative to capacity costs, there
is a unique Nash equilibrium for this game that is both firms choose inflexible

technology (N ,N ).

Observation 6: For sufficiently large amount of M relative to capacity costs, there
is whether a unique Nash equilibrium for this game that is both firms chooses

inflexible technology (N ,N ) or there is no pure strategy Nash equilibrium.

In this setting two factors actually have significant effects on strategic decisions of
our players: first, the perception of producers about the parameter M which implies
the maximum possible realization of our random variable A (intercepts of the inverse
demand function). It is basically the art of marketing research activities of a company
to estimate properly this influential parameter which appears in mean and also

variance of the random factor and afterwards affects the strategic decision of firm
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and also plays role in determination of the amount of capacity investment and
respected profits. Second, relative capacity costs of two rival firms which explicitly

can change their strategic technology choice.

Moreover as we are working with uniform distribution in this setting, M at the same
time clarifies two facts about the market: first, higher M spells more attractive mean
of the price reservation. Second, an increase in M increases the likelihood of both
high and low demand realizations that is although higher M motivates the producer
to take the flexible modular production line but simultaneously increases the threat of
higher loss because of very low demand realization and this kind of analysis is
reinforced with usage of uniform distribution as we allocate same probability to each
level of demand realization. Actually this is the main reason that we face
disequilibrium in sufficiently large value of M with respect to capacity costs in some
sets of parameters (Observation 6). On the other hand lower M implies less volatile
market which decreases the motivation of investment in more expensive flexible
technology such that in sufficient small values of M with respect to capacity costs

(N ,N) is the uniqgue Nash equilibrium of the game (Observation 5).

Consistent with Anupindi and Jiang (2008) we encounter a threshold unified cost -

which can be changed with respect to M and modular costs- that whenever

¢, <C."™™ both firms choose inflexible technology and (N ,N )is the unique Nash

equilibrium of the game, but otherwise the firm with access to higher flexible
technological level (lowerc,, ) finds it more profitable to invest on flexible production
line. This results in the formation of asymmetric equilibrium {(F,N)or(N,F)}
(Observations 3 and 4). Also it should be pointed out that when one manufacturer
decides on this strategic move from symmetric inflexible choice to asymmetric
flexible one, in some ranges of M it increases the profits of both firms and make
them better off. This result depends critically on M such that with higher M the
inflexible firm should invest less on capacity and makes less profit in comparison to
its flexible rival. Actually higher M causes more marginal benefit for flexible firm

which we intuitively expect.
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In our setting as we focus on the effect of salvage market on strategic choice of

producers and since the flexible firm is able to sell its unsold general components

with predetermined price less than its cost there P; <C4, so in our parameterization

we have weighted the modular cost with concentration on C,rather than c_and
avoided the investigation of extreme scenarios that the main part of the total modular
cost exist in specific components such thatC; >C, . In fact in this case as the

revenue of flexible firm in salvage market becomes subtle, there will be no motivation
on choosing more expensive modular production line which implicitly bypasses the

attraction of our salvage market.

Also it can be observed from numerical studies that the most amount of investment
on capacities takes place in the symmetric flexible subgame in which both producers
rely on their ability to sell their residual general components in salvage market with

loss. Obviously here the firm that access to higher flexible technology (lowerc,, ) gets

more profit. Although we have assumed that our firms are risk neutral this behavior
shows a level of risk taking that is firms hope to face high demand realization in
order to obtain more profit. As shown in figure 6 profit is convex and increasing with
respect to demand uncertainty which also reinforce the idea of risk seeking behavior
of producers. Moreover in this case and in the presence of uniform distribution, in
higherM , risk of facing loss (negative profit) is also high. These are the main

reasons that banned the existence of symmetric flexible equilibrium (F, F)as with

lowM it is not attractive to invest on more expensive less probable modular

production technology and in sufficiently large range ofM in comparison with
inflexible unified technology, it is risky to take flexible technology while the higher

standard deviation the larger probability of facing very low demand realization.

Example 1: (Observation 3, 4) Consider an economic situation in which both firms
deal with these amount of parameters: maximum possible realization amount of
demand intercept is considered M =24, fixed price of the residual general

component in the salvage market isp, =1, and costs of producing final product via
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modular and unified production process for firmi, jare expressed as following two

scenarios:

Scenario 1: Cgl =1.1, Cg] =l.5, CSi =CSj =1, Cui = Cuj = 2

Scenario 2: cg =11, cg =15, ¢ =cg =1 ¢ =¢; =175

Actually compare to second scenario, in the first scenario we have assumed that our
first producer, here firmi, have access to higher level of flexible technology relative
to inflexible one. Based on lemmas 2-4 and after calculation of optimal capacity
investment decision of producers, optimal profits of them are depicted in figure 9 and
10 as follows.

Figure 9: Optimal Profits (Scenario 1) Figure 10: Optimal Profits (Scenario 2)

Firm | Firm |
F N F N
f m f m
I, =076 I,, = 1504 I, =076 I, =1422
f
_ ny, =75 7 = 13.44 My; =75 I = 14.47
Firm|
m n m n
I, =3L77 I, =1357 Oy = 33.71 I, = 14.38
Iy, = 1133 1y = 13.57 Ty = 10.85 I{; = 14.38

As shown in above mentioned figures, in the first scenario we have asymmetric
equilibrium of (F,N)while in the second scenario both firms choose inflexible
technology and (N, N)is equilibrium (Observation 3). Indeed there is a threshold

Threshold

cost of manufacturing the final product via unified production processC, , here a

number between 1.75 and 2.0, after which the firm with access to higher flexible

technological capability (smallerc,, ) chooses modular production process

(Observation 4). o

Example 2: (Observation 5) In this example consider the case in which both firms

estimate a small value for maximum possible realization of our random variable that
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isM =8, price in the secondary market is assumed to be constantp, =1 and costs of

producing final product via modular and unified production process for firmi, jare

expressed as follows:cg =11 ¢y =15, ¢y =cg =1 ¢, =¢,; =21. Optimal profits of producers

are shown in figure 11. As you see in the cost structure of this example, intuitively for
firmiis better to invest on flexible technology because first, there is no cost
advantage in choosing unified production line and second it can react more
accurately to demand uncertainty in the primary market. But on the contrary because
of the important role of M we will see that under competition it prefers to choose

inflexible technology and (N, N)is the unique Nash equilibrium. o

Example 3: (Observation 6) Now consider the case in which both firms estimate a
large value for maximum possible realization amount of demand intercept that is

M =50, price in the salvage market is fixed top, =1 and costs of producing final

product via modular and unified production process for firmi, jare expressed as

follows: cgi =11 ¢y =15 g =cy =1 ¢; =c,; =205, Optimal profits of producers are shown in
figure 12. As it can be induced from the matrix, there exists no pure strategy Nash
equilibrium in this setting of parameters in which firmihas access to a higher
technological level of modular production line. A technology which is approximately

imposes same costs in comparison of employing unified production line. (If we

decrease the unified cost from 2.05 there is a threshold cost under which (N,N)is

the unique Nash equilibrium of the game) o

Figure 11: Optimal profits (Example 2)

Firm |
F N
f m
I, = NA M, =041
F Iy, = NA I = 0.97
Firm | I, =157 m;, = 044
i Ui
n
N 1y, =005 I} = 0.4




Three Essays on Strategic Aspects in Oligopoly with Vertical Structure

Figure 12: Optimal profits (Example 3)
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5.4. Managerial Implication

Intensive competition in free market and product-differentiation strategies of firms
force the companies to make their investment decisions in more uncertain
environment than before. Uncertainty about the size of the market for potential
product and the purchasing behavior of consumers affect the strategic technology
choice and capacity investment decision of firms. Considering minimum supply-
demand mismatches plus investment costs enter the strategic decision making
process of CEOs.

For this purpose managers take into consideration the possibility of using flexible
technology which enables them to customize the final product based on the request
of consumers and also avoid huge inventory costs. They can reduce the production
lead time and wait more to obtain updated near-to-real information about the
consumers demand. This strategy has its own disadvantageous, for instance could
affect the long term contracts of the firm with its suppliers or direct customers such
that the firm could not commit to sell a specific quantity of raw materials or bring a
certain amount of the final product to the market and it may cause the reduction in
long-run profits. Moreover access to this kind of modular production lines has more
investment costs that should be considered beforehand.

As shown in our results choosing flexible technology is not always the best strategic
choice of a company, rather, in the presence of competition and uniform probability

distribution, in more cases firms avoid of taking that. Actually managers should
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characterize carefully a complex set of parameters such as investment costs,
distribution function of the random variable (intercepts of the inverse demand
function) and its respected elements. Here we try to focus on a specific situation that
was not investigated in previous literatures such that the flexible producer is able to
enter a secondary less attractive market to sell its unsold general components.

Indeed these residual general components are the result of low demand realization.

Incidentally managers should be obsessive in determination of influential parameters
since they can shift the equilibrium of the game and affect capacity investment as
well as firm’s profit. For example as it was shown, asymmetry in the flexible costs
could convince a CEO to choose a different production technology from its rival or
high enough estimation of M could adversely influence strategic decision of firms

because of disequilibrium outcome.

Finally it was discussed in this research that the existence of a salvage market which
might be ignored in some strategic-level decisions like technology choice could be
important. Basically it is an opportunity to encourage managers to take more risk

under uncertain market demand structure.

6. Conclusion

In this paper we present a model to focus on the effect of the existence of a non-sale
capacity market (salvage market) on strategic technology choice and capacity
investment decision of two firms that compete under stochastic price-dependant
demand structure. Actually we take a different approach toward the concepts of
flexible production technology and product postponement. Our model is inspired by
seminal previous research in this field like Goyal & Netessine (2007) and Anupindi &
Jiang (2008). In this setting each firm involves in three non-cooperative games:
technology game (flexible vs. inflexible), capacity investment game (general, specific
and unified components) and finally duopoly Cournot game on the amount of
guantity. We assumed that flexible firm has the permission to enter the salvage

market to ameliorate its excess investment in general components that could occur



Three Essays on Strategic Aspects in Oligopoly with Vertical Structure

because of low demand realization. The model is presented in general form, but as it
could be followed in technical appendix some simplifying assumptions were essential
for solving purposes. Assuming uniform distribution function also did not help us
arriving to explicit tractable destination, thus numerical analysis considering broad

range of parameters is applied.

We show that depending on the specific values of the problem parameters, three

equilibria including (N, N), (F,N)and (N, F)could arise. It was discussed that under
symmetric problem parameterization, (N,N)is the unique Nash equilibrium of the

game, but in asymmetric setting it is possible to have asymmetric equilibrium in
which only one firm chooses flexible technology. In fact the flexible firm proves the
effect of salvage market in strategic-level decision of managers who encouraged by
this secondary market to invest on more expensive but better adjusted production
line. Moreover we show in asymmetric case there is a unified cost threshold that can
shift the equilibrium of the game. Also the important role of maximum possible
market price reservation M is discussed extensively and it is demonstrated that
capacity investment and profit of firms are increasing inM . Disequilibrium also
appears as a result of some specific asymmetric parameterization. Contrary to the
common opinion that flexibility is always a competitive advantage against rivals in
uncertain markets, it is shown here that the existence of salvage market could

convince the managers to employ it just under some specific conditions.

Several limitations affect the findings of this paper. Uniform distribution is the
maximum entropy probability distribution for a random variable that has no constraint
except its support interval while in real-world businesses, firms with extensive market
research activities has some knowledge about the demand behavior of consumers.
Moreover sufficiently large amount of M under asymmetric problem parameterization
eventuate disequilibrium that could restrict the prediction power of our model, even
considering the point that large value of M with respect to investment costs implies
very high price reservation that within some range ofM seems not very logical.
Furthermore setting a fixed price for salvage market is a little bit tough assumption
that could be revised in further extension. Development of web-based platforms like
eBay, Amazon, or other second hand online markets besides considering large scale
salvage markets could be a motivation for further study in this field. Revision the
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structure of our salvage market, considering two products in primary market, add
partial flexibility by letting firms to choose simultaneously flexible and inflexible

technologies have the potential of further research.

Technical Appendix

Here, the solutions to the production and the capacity games as well as the effect of
our salvage market for non sale general components of flexible firm are explained
considering assumptions 1, 2 and lemma 1. For these purposes three different
subgames - as perfectly done by Goyal and Netessine (2007) - are considered and
respected optimization problems as well as the solving approach will be established.
Moreover, in this section, the intractable final equations for finding capacities and

firm profits which lead me to apply numerical analysis are shown.

Moreover in last phase of problem solving, we need some specific assumptions in
order to simplify the sophisticated closed expressions which will appear at second
stage of our model. Consequently we will impose two more assumptions first on the
type of distribution function of demand uncertainty and second on symmetric
consideration of our agents. Symmetric assumption will be relaxed partially later on.
Note that primarily we solve the model generally without these assumptions in order
to 1. Justify the usage of recent assumptions and numerical method and 2. Let the
interested scholar to trace the raw equations and do further probable extensions.

Assumption TA.3: We assume that demand uncertainty appears in the intercepts of

the linear inverse demand function which draws from a uniform distribution function

F with density function f as follow:

L o<aem

f(A) =M’
0 , Otherwise

Note thatMis a finite positive sufficiently large number such that if demand

realization were on the upper bound of probability distribution, all capacities would be
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bounded. With this setting in hand, the mean and variance of this specific distribution

are respectively as follows:

M5 M2
=0 =74z

Assumption TA.4: We assume that both producers compete within symmetric
context in which symmetric costs are imposed on them in all different subgames and

states, that is:

Moreover they sell their residual general components in second market B with the

same price as:
Fgj =Pgj = F3..
Section TA.1-TA.3 contains the proof of lemma 2-4 which expressed in part 5.1.

TA.1.The Flexible Subgame

Assume that both firms invest in flexible technology (modular production process)
which enables them to manufacture both general and specific components and

consider the last stage of the game in which both sell their remaining general

components in the secondary market B .

The optimal quantity of general component supplied to the second market and the

respected profit for our firms can be calculated trivially which leads us to:
For firm ITwe have: g = xj -gaand,, =(Xgi—in)-PBi. Similarly for firmj: aj5 = X, -aj4and
i :(Xgrqu]'PBj-

It means that it is optimal for both firms to sell all their remaining general components
in the second market with the specific price which is smaller than the unit

procurement cost of their general component.

Proceeding backward, at the third stage both firms play a standard Cournot duopoly
game on the amount of quantity they produce. The optimization problem can be
formulated using Lagrange multipliers as follows:
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f
x Ly (/Ii ’in) = [(AA_in_q jA)'in+(Xgi‘in)'PBi} 4 (Xsi ‘in)
i

Solving of this equation for both firms considering the Lagrange multipliers and also
the slack variables lead us to three different states: First state represents the set of
demand realizations in which no firm is capacity-constrained (Capacity is NOT
binding); Second state represents the set of demand realization such that both firms
are capacity-constrained (Capacity is binding for both producers) and finally in the
third state one firm is capacity-constrained but the rival is not (Capacity is binding for

firmibut is not binding for firmj). As a matter of notation we use s, for positive

integer i showing our different states.

In each state, the Cournot duopoly game can be solved and the first-order Kuhn-

Tucker conditions are as follows:

Ap ~20jp —Ajp — P —4 =0,

an + i - x » (Where, is the slack variable)
4 =0
Note that we suppose all the quantities are positive and also as the objective
function is concave, Kuhn-Tucker necessary conditions are sufficient as well.

For firm jwe have same formulas with the Lagrange multiplier and the slack variable

indexed as4;,7;.

State 1: Capacity Is NOT Binding

In this state we have interior solutions, our Lagrange multipliers are zero and positive
slack variables exist that is 4 =4; =0 andn.7j >0. Under these conditions the optimal

guantity levels are as follows:

Ap+Pgj —2Pg;

*

Gia=—3 9~ 3 1Fa = 3

Ap+Pg;~2Pg; Ap+Pg; +Pgj

For quantities to be nonnegative we should have two following inequalities:

Ap 2 2Pg; ~ Ry , Ay > 2Py ~ Py .
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Moreover the optimal profit of our firms can be expressed as below:
* f 2

i :(1/9)(AA—2PBi+PBjj + Py X g
* f 2

i :(1/9)(AA—2PBJ-+PBJ + Py X

State 2: Capacity Is Binding for Both Firms

In this state we have binding solutions, our Lagrange multipliers are positive and
slack variables equal to zero such that 4.2; >0and» =#; =0. Solving for quantities of

both producers, we have:
* *
Gip = Xsiy Gja = X5j s Pa = Aa— X — Xy

Based on our first assumption, quantities are positive in this state. For price to be

nonnegative (Assumption 2) we should have the following inequality: A, > X + X

Optimal profit functions of our firms can be formulated as follow:

*f
Tpi = (Ag = X = Xgj) - Xgj + (Xgj = Xgj) - Py

* f
7y = (A = Xgi = X)) Xgj + (Xgj = Xgj) Py
State 3: Capacity Is Binding for Just One Firm

Without loss of generality we assume that the capacity for our first manufacturer
(Firm1) is binding but it is not binding for the second one (Firmj). In this state we
have binding solution for the first firm with positive Lagrange multiplier and zero slack
variable and interior solution for the second one with zero Lagrange multiplier and

positive slack variable as well that is , .o, -ofor firm I and 4 =0.; > ofor firm j. Solving

for quantities, we obtain:

f o AaXgP; Ap—Xgi+Pp;
GiA = Asis Qja = > 1Po = .

According to our assumptions, for quantities to be positive we should have

Ap = X + Pgjand for price non-negativity we have Ay > Xg - P that is Ay > Xg + R .



Three Essays on Strategic Aspects in Oligopoly with Vertical Structure

Optimal profit functions are also determined as follows:

#f [ AaXgtPp
i [2 i | Xgi~Xsi ) Pai

o AaXsi Py | [ Aa=Xsi P . AR -
Mj 2 2 ] 2 Bj

Proceeding backward, at the second stage both firms make capacity investment
decisions. In flexible subgame which we consider now, it means that both should
determine the level of investment on general and specific components based on the
expectation of profit on the market A considering the existence of secondary market
B . According to lemma 1, Profit functions of our firms are as follows:

My = X {E(”K/IE ]—cgi-xgi—csi-xsi}such thato < xg <X

gi-
gi'Xsi

My = Xma; {E[ﬂ:\}; )_ng‘xgj_csj'xsj} Such thato < ij < ng .
(TR
The optimization problem of our firms can be formulated using Lagrange multipliers
as follows:
f *f
max Ly | 4:Xgi Xgj | = E(”Mi)*cgi Xgi ~Csi Xsi A Xgim X

Xgi’Xsi

f ) (xg%)
max Ly (ﬂjvxgjvxsj)*E[”Mj ~Cgi - Xgj ~ S5 X T4 (Kgi X

XQJ’XSJ

In each state, the first-order Kuhn-Tucker conditions are as follows:

Bﬂﬂ,:/lfi 571’:,|fi
E — —Cqi + 4 =0 E —Ci -4 =0
Oxgi gi i ) X si i )
Xsi+77i :Xgi)niﬂ.i =0-

And similarly for firm jwe have:
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Since we have assumed # <, for any firm which enters the second market B , so we
do not have any interior solution and 4.4; =0as well as slack variables equal to zero,

that is xg = X, for both firms in this subgame. It implies that it is optimal for our firms

to invest on equal capacity of both general and specific components.

After some simple calculations for firmiwe have:

Ci ~ 4 = Isl Po; f (A)dA + Jsz Py; f (A)dA + 153 Py; f (A)dA

o *f *f * f
o + 4 = o fs1rpgi T (A)YBA+ gy g0 T (AYdA+[g3yyi T (A)DA

And for the second flexible firm jwe obtain:

¢gj ~4j = Isl Pg; f (A)dA + Isz Pojf (A)dA + 133 Pgj f (A)dA

0 *f *f *f
ch + ﬂ.j = aXSj(ISlEMj f(A)dAJr_[SzﬂMj f(A)dA+f53ﬂMj f(A)dA

In above equations /4 =/1j =1 =Cy— P, because Lagrange multipliers here specify

the difference between the prices of residual general components in salvage market
and its respective costs.

Based on the conditions of each state of each subgame we have different lower

bound and upper bound for our integrals that is:
For state 1: s = max [ZPBi—PBj ,2PBJ-—PBJ , UB = min {3X5i—PBj+2PBi ,3ij—PBi+2PBJ

For state 2:1s - max{XSiJrXSj ,3XSi—PBj+2PBi,2X5j+XSi—PBi+2PBJ ) UB - M

For state 3: L8 = max [><5i+PBj 3Py, +2PBJ , UB = 2Xg + X + Py

Because the boundaries of the integrals are themselves functions of the capacities of
our two firms, differentiating the first-order conditions does not result in tractable
equations. Consequently we need to specify some assumptions about the probability
distribution of random variable and enter numeric analysis. For the sake of simplicity

we have established assumptions 3 and 4 which mentioned above.
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Note 1: Whereas lower and upper bound of integrals —as shown above- need a

starting assumption about the relationship between x_and ij , SO without loss of

generality we assume that X < Xg.

Note 2: Since our optimization problems contain maximizing our desired parameters
including capacities and profits, and whereas we encounter multiple solutions in
solving best reply functions of two firms, second-order condition applies to screen

the proper outcomes.

Note 3: All the above mentioned assumptions and regulations with some notation

modification apply to other subgames as well.

After finding optimal capacities, optimal profit can be easily calculated by plugging-in

these capacities in objective functions of each firm.

According to all above mentioned assumptions, implementing the first-order
condition for both firms leads us to the following equations. Optimal capacities could
be calculated by solving these two-equations-two-unknowns system for two firms

respectively:

S OX i jPB

o | 3Xg+Py (A—PB)2 1, 2Xg+Xg+Pg 1M A-Xg+Pg 1
cs g ~Fg = oy Py Xgi [ Atlgx T o (A‘Xsi‘xsj)'Xsi'ﬁdA+jzxsj+xsi+PB S XA

2
3X+Pg | (A-Pg) 1 2X . +X i +P 1
siT'B B Koo | S|ITSTB A x ox )xl L
o Py ek e (A Xg—Xq )x dA

sj _ X . — X .-
J] +JM A-Xgi+Pg | A-Xi—Pg % jA Xsi—Pg b ~idA
2X5j+xsi+PB 2 2 si 2 B I'm

After some calculations, best reply functions of firms will be as follow:

2 2 X :
0.75P Pg-Xg 228X~ AXgXg Xy

VAT T v Ry Rt V ity v Rl

—Cg —Cg +0.25M +15R -

X 2 4PX. AXLX  2X 2
Lo X 2K TBT Tty Ty
B~ M M M M M

_CS - Cg

Solving these two equations result in intractable messy large outcomes which
convince us moving to numerical analysis. Actually we reach 4 sets of outcomes, but
it includes complex answers as well as some outcomes which are minimum optimal

amounts that should be screened via second-order condition.
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TA.2.The Inflexible Subgame

In this subsection suppose that both firms invest in inflexible technology which

enables them to produce the final product via the unified production process.

Choosing this technology is a barrier to enter the secondary market B which has
sufficient demand for general component of the final product. Consequently there will

be no payoff for our firms in the fourth stage and so we start by analyzing the third

stage in which they compete in market A on the quantity of the final product (Cournot

duopoly competition).

The optimization problem based on our model and by considering the Lagrange

multiplier can be formulated as follow:

n
x Lui (}"i ,in) = (AA_in_qu] “Uip (XUi‘in)
i

Solving of this equation for both firms considering the Lagrange multipliers and also
the slack variables lead us to three different states as before: First state represents
the set of demand realizations in which no firm is capacity-constrained (Capacity is
NOT binding); Second state represents the set of demand realization such that both
firms are capacity-constrained (Capacity is binding for both producers) and finally in
the third state one firm is capacity-constrained but the rival is not (Capacity is binding

for firmi but is not binding for firm j).
The first-order Kuhn-Tucker conditions for these states are as follows:

Ap ~ 20 ~Aja =4 =0,
as i = xui 0 (1S the slack variable)

A mj =0-

We suppose that all the quantities are positive and also as the objective function is

concave, Kuhn-Tucker necessary conditions are sufficient as well.

For firm jwe have same formulas with the Lagrange multiplier and the slack variable

indexed as 4;,7;.

State 1: Capacity Is NOT Binding
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In this state we have interior solutions, our Lagrange multipliers are zero and positive
slack variables exist that is 4 =2; =0 and#.»; >0. Under these conditions the optimal

guantity levels are as follows:

* Ap * An ~ Ap

State 2: Capacity Is Binding for Both Firms

In this state we have binding solutions, our Lagrange multipliers are positive and
slack variables equal to zero such that 4.2; >0and» =#; =0. Solving for quantities of

both producers, we have:
* *
Gip = Xuis 9ja = Xuj s Pa = Aa—Xui ~ Xy

Based on our first assumption, quantities are positive in this state. For price to be

nonnegative (Assumption 2) we should have the following inequality:

Optimal profit functions of our firms can be formulated as follow:

*Nn
Iy = (AA*Xui*XujJ “Xui

*Nn
myj = (AA_XUi_XUj]' Xyj

State 3: Capacity Is Binding for Just One Firm

Without loss of generality we assume that the capacity for our first manufacturer
(Firmi) is binding but it is not binding for the second one (Firmj). In this state we

have binding solution for the first firm with positive Lagrange multiplier and zero slack

variable and interior solution for the second one with zero Lagrange multiplier and
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positive slack variable as well that is , .o, -ofor firm I and 4 =0.n; > ofor firm j. Solving

for quantities, we obtain:

* * Ay=X i Ay—Xiy:
_ A Ui A U
Gia = Xuis Gja=—51Pa=—75 -

For quantities and price to be positive we should have 4, - x, .

Optimal profit functions are also determined as follows:
* Ap—X s
i :( AZ UIJ'XUi

2
o [AA_XUij
2

Proceeding backward, at the second stage both firms make capacity investment
decisions. In this subsection since our both firms are inflexible, indeed they should
determine the level of investment on producing the final product which has demand
only in market A . Profit functions of our firms are as follows:

My = QST[E(EG?)—CM-XUJ Such thatx -

My = QLaJ).([E(nG?)—CUj-XUJSUCh that x; 2 0
j

The optimality conditions for both firms in this stage are as follows based on the first-

order condition:

6HUi B GHUJ o
K XKy
That is:
*N A~ %N
e aﬂUi o - . omyj C o
Xy i ! Hyj U ’

So for our firms we have:

0 *n *n *n ]
Ci = v— - f(A)dA+ - (A)dA+ - f(A)dA
ui aXU| [jslﬂul ( ) !szﬂUI ( ) J-S3ITUI ( )

@ *| *| *
c [ jsl ﬂu? f (A)dA+ [52 ;TU;.‘ f (A)dA+ js3 ;ru? f(A) dA]

UJ:W
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Based on the conditions of each state of each subgame we have different lower

bound and upper bound in which our integrals have been defined that is:
For statel we have: s o, us - min|ax,; 2y, |

For state 2 we have: ts - m|sx,; 25 Xy 4y o us - m

For state 3 we have: s - sx,,, UB = 2Xy; + Xjj

Similarly, according to all above mentioned assumptions, implementing the first-
order condition for both firms leads us to the following equations. Optimal capacities
could be calculated by solving these two-equations-two-unknowns system for two

firms respectively:

2 X ALY
3X; A 2X i+ X i A= X

_0 1 i i L ga (M 1
Y axui{fo 5w ax 2 ‘Xui'MdA+fzxuj+xui(A—Xui‘xuj)'xurMdAJ

2
Pl 3X A2 1 2Xu-+Xui A-X . 1 1
¢ = AT L g i LgaaM (A—X X .)-x Laa
u 6Xuj [IO 9 M 3Xui 2 M szuj+xui ui i) v

Best reply functions of firms then will be as follow:

2 2
15X XXy Xy

M
—cu+7—2xui+ W —Xuj+ W +T=0
2 2
M « X ox XXy 2%y o
B e i v Rl R V R V R

After finding optimal capacities, optimal profit can be easily calculated by plugging in

these capacities in objective functions of each firm.
TA.3.The Mixed Subgame

Without loss of generality, suppose that firmichooses the flexible technology which
enables it to produce the final product via the modular process with manufacturing
both general and specific components while its rival, firmjchooses the inflexible
technology and unified production process which equips it with commitment device.
So with this setting firmihas the opportunity to supply its remaining general
components in the secondary market B with the given price less than the unit

procurement cost of general component.
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At the last stage the optimal quantity of general component supplied to the second
market and the respected profit for the flexible firm can be calculated as before

which leads us to:
For firm iwe have: qg - X4 -4 andy; - xg-g, - 7 - But for firm jwe havev; -o.

It means that it is optimal for the flexible firms to sell all its remaining general

components in the second market with the specific price.

Proceeding backward, at the third stage both firms play a standard Cournot duopoly

game on the amount of quantity they produce.

The optimization problem for the flexible firmi can be formulated using Lagrange
multipliers as follows:

m
x Ly (4 ,in) = [(AA*in*q jA)'%A*(Xgrin)'PBJ 4 (Xsrin)
i

And for the inflexible firm jwe have:

m
atu (41. 'qu] - (AA*qu*inj A A (XUJ*“J‘A)
J

Solving of these equations for both firms considering the Lagrange multipliers and
also the slack variables lead us to three different states: First state represents the set
of demand realizations in which no firm is capacity-constrained (Capacity is NOT
binding); Second state represents the set of demand realization such that both firms
are capacity-constrained (Capacity is binding for both producers) ; In the third state
the flexible firm is capacity-constrained but its inflexible competitor is not (Capacity is
binding for flexible firmibut is not binding for inflexible firm j). This subgame implies
(F, N) combination which we investigate it here. The reverse case (N, F) in which the
inflexible firm binds sooner will be skipped in order to avoid similar calculations.

In each state, the Cournot duopoly game can be solved and the first-order Kuhn-

Tucker conditions are as follows:
For the flexible firmiwe have:

Ap ~20ip ~djp ~Fgi =4 =0,
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an +m = x 1 (1S the slack variable here.)

2 mj =0+

And for the inflexible firm jwe have:
Ap ~20jp ~Gjp —4j =0,

qja +1j = Xyj, (11s the slack variable)
Aoy =0

We suppose that all the quantities are positive and also as the objective functions

are concave, Kuhn-Tucker necessary conditions are sufficient as well.
State 1: Capacity Is NOT Binding

In this state we have interior solutions, our Lagrange multipliers are zero and positive
slack variables exist that is 4 =4; =0 and».7; >0. Under these conditions the optimal

guantity levels are as follows:

* AA72PBi * AA+PBi AA+PBi
Gip = 3 ’ qu = 3 ’ PA = 3 .

For quantities and price to be nonnegative we should have following inequality:

AA > 2F’Bi
The optimal profit of our firms also can be expressed as below:

*m Ap—2Pg: Ap+Poi
_| A Bi A" Bi
™I = [fj'(T_PBi] + Xgi “Paj

2
*m Ap+Pn:
o = | A Bi
UJ 3

State 2: Capacity Is Binding for Both Firms

In this state we have binding solutions, our Lagrange multipliers are positive and
slack variables equal to zero such that 4.2 >0and» =»; =0. Solving for quantities of
both producers, we have:

*

*
Gip = Xsiy 9ja = Xyj» Pa = Aa — X5 Xy
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For price to be nonnegative we should have: A, > X + X;

The optimal profits of our firms also are also as follows:

*m
™ = [AA_Xsi_XUj]' Xsi +(Xgi_xsij'PBi

*Mm
uj = AaXsiXuj ) Xuj

State 3: Capacity Is Binding for the Flexible Firm and Not Binding for the

Inflexible Firm

We assume that the capacity for our first manufacturer (Firmi) is binding but it is not
binding for the second one (Firm j). In this state we have binding solution for the first
firm with positive Lagrange multiplier and zero slack variable and interior solution for

the second one with zero Lagrange multiplier and positive slack variable as well that

iS 4 - 0., -ofor firm iand 2 =0.n; > ofor firm j. Solving for quantities, we obtain:

* AnXsi _ An—Xsi

*
Gip =Xsi) Ga=—751Pa=—"75

For quantities and price to be nonnegative we should have following inequality:

Ap = X

The optimal profit of our firms also can be expressed as below:

*m Ay —X:
_| A" Tsi
T\ -[ 7 j'xsi +(Xgrxsij‘ Pai

ﬂ'UJ =

“m [AA—Xsi )2
2

Proceeding backward, at the second stage our firms decide on the level of capacity

investment. Flexible firm’s decision involves determining the level of investment on

general and specific components while the inflexible firm makes decision on the level

of producing the final product via the unified process. Profit functions of our flexible

and inflexible firms are respectively as follows:

My = max [E(”KAT)*Cgi'Xngsi'xsi} Such that 0<Xg <X
gi*"si

My = Q?{E(ns?)—cuj.xuj} Such that xy; 20
j
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The optimization problem for the flexible firmi can be formulated using Lagrange

multiplier as follows:

m B *m)
max - Ly (iivxgivxsi] = E(”Mi ~Cgi Xgi ~Csi Xsi A (Xgi_xsi)
Xgi'xsi

oI, ;
But for firm jconsidering first-order condition we have: % =0
)

In each state, the first-order Kuhn-Tucker conditions for first firm are as follows:

o, m ary M
Mi Mi
E axgi cglJr);I =0,E aXsi CSI—il =0

~_%m

And for firm jwe have:e “Y . _o.

{}XUJ. ul

So for the flexible firm we have:

Ci ~ 4 = Isl Po; f (A)dA + Jsz Py; f (A)dA + 153 Pg; f (A)dA

* * *
YA = (jsl;rM”i‘ f(AYIA+[gpmp i £ (A)dA+[ggmyii § (A)dA+)

Csi + 4§ = X
And for the inflexible firm we have:

_ 0 Mt (A)dA+]. 7 T f (A)dA+]. 7 TF (A)dA
Cyj *% IS]_HUJ (A) +ISZ”UJ' (A) +153”Uj (A)

Based on the conditions of each state of each subgame we have different lower
bound and upper bound in which our integrals have been defined that is:

For state 1: s - 2p,,, UB =min [SXsi +2Pg; ,SXUJ-—PBJ
For state2: 18 = 2Xy; + X, us - m
For state 3: b - min|ax,;+2py; 3% -p |, UB = 2K + Xg

Hence according to all above mentioned assumptions, implementing the first-order
condition for both firms leads us to the following equations. Optimal capacities could
be calculated by solving these two-equations-two-unknowns system for two firms
respectively:

1
si A

0 | 3X+2Ps( A-2P;(( A+P, 1 2X i+ X (A=X 1
_p, = siTe'B B B_ P |2 u st i |x ..t M X=X )
¢+ —Pg = g [IZPB [ 3 [( 3 PB]+XS, PBD v dA+§3XSi+2PB S [ Xsi dA+§2Xuj+XSi(A X=Xy )-X
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2
0 3X . +2Po (AP ¥ 1 2X s+ X (A=X 1 1
_ O | BXgi+2Pg(A+Rs ) 1 uj s si] 1M RVEREVER YIRS §
= X, [fzps ( 3 j MdA+j3Xsi+2PB 2 MdA+f2xuj+xsi(A Xsi XUJ)XUJ Vet

Best reply functions of firms then will be as follow:

b M 2x 6Ps Xy (-2Ps—2Xg) X5  9Xy? X 2XgXy  ~Pe® 2Py Xy~ X"+ Xy’ _
I T A T T T v R M T Y A I V R M =
M X2 2X Xy 2X2
0yt X e = 2X F e+ — = 0

u 2 s 2M M M

Finally after finding optimal capacities, maximum profit can be calculated by plugging

in these capacities in objective functions of each firm. o
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Chapter 3

Supply Chain Configuration under

Information Sharing

his essay examines the effect of information sharing on supply
Tchain configuration where the market characterized by demand
uncertainty. A dynamic multi-stage game theoretic model with
incomplete information is employed to capture the sequence of events.
Our supply chain consists of two suppliers with exogenous wholesale
prices and two retailers, the incumbent and the entrant, with
asymmetric demand information. Informed incumbent prefers to
conceal its private information from the entrant in order to reap more
profits in the market. The channel of information flows is only through
the first supplier and the incumbent can supply just from him, but the
entrant is free to choose its proper supplier considering the point that
the second supplier is uninformed. Our analytical model demonstrates
that how the mean demand of the market, wherein our retailers
compete, and its relation with the relative wholesale price of the
suppliers play crucial role in equilibrium determination. Our results

show under which circumstances separation and pooling equilibrium
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could occur in some range of demand variation. It is also shown that
the entrant sometimes prefers to avoid information acquisition by
choosing the second supplier and playing Cournot instead of
Stackelberg which is more profitable for him in some occasions.

1. Introduction

Several industries and businesses follow differentiation strategies in order to attract
the potential customers and overcome their rivals. Moreover proper implementation
of this strategy requires a good knowledge of the market and sophistication of
consumer demand which is costly and time-consuming. Hence access to private
information about the actual demand of a specific market, particularly today, is a
competitive advantage in competition that should be managed by ClOs. Controlling
the channels of information leakage has become an important part of information
management and business intelligence. Furthermore several competitors work with
common players in their supply chain which potentially could share their economic
information with their rivals-intentionally or unintentionally. Zhang and Li (2006)
mentioned that several managers have concerns about the leakage of crucial
information from suppliers to their rivals. This prospect leads to control over all
signals that a competitor might ascribe from our ordinary course of business such as
guantity ordering to common suppliers. Consequently information imperatives should

be considered in our profit function and be treated strategically.

In this chapter we explore the effect of information sharing on supply chain
configuration in the market characterized with demand uncertainty. Indeed we
examine how information considerations could affect the operational activities of
firms. Our dynamic multi-stage supply chain signaling game includes four potential
players, two suppliers (wholesalers) and two manufacturers (retailers), which will be
configured based on informational and operational imperatives. At the beginning of
the game, the first supplier which assumed to be the exclusive supplier of the
incumbent (first retailer) decides whether to accept the entrant (second retailer) or

not. Then the incumbent that have private information about market demand, places
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his quantity order strategically, while is aware of the first supplier's decision.
Acceptance of the entrant implies that the incumbent could lose its competitive edge
(private information). Hence the incumbent has strong incentive to conceal the
updated information from the first supplier while ordering. At the third stage, the
entrant chooses its proper supplier. If he chooses the first supplier (and the first
supplier in stage one accepted him), the incumbent’s order information will reveal to
him. Finally both retailers compete on the quantity they launch to the market
(Cournot duopoly competition). Price and profits are determined consequently.

This research contributes to the available outstanding literature in 10 and strategic
information management by studying the existence of a second supplier (with
different wholesale price) on determination of the game’s equilibria and further
supply chain configuration. In fact it investigates analytically the effects of relative
wholesale prices (of two suppliers) and demand uncertainty’s elements on supply
chain disposition. We have tried to equip all the agents of the game with crucial
incentives to have interesting scenarios. Actually we model the incumbent’s incentive
of information sharing, the first supplier’s incentive of information leakage and also
the entrant’s incentive for information acquisition and their effects on order quantities
of retailers and acceptance decision of first supplier which configure the supply
chain. Four propositions and six Lemmas explicitly depict the results of this research
which come out of the optimization problems of the game. Results show that how the
additional second supplier affects the equilibia of the game and under some
circumstance neutralizes the temptation of information acquisition. The results fill the
gap of literature in this field. We also discuss about the scenario of exclusive supply
contract (ESC) between the first supplier and the incumbent. Moreover the paper
studies the effects of price differences between two suppliers. Several questions
arise to answer in this study as for which constellations of demand uncertainty and
wholesalers’ relative price, the entrant chooses informed supplier and for which
constellations of them, informed wholesaler accepts entrant’s ordering? Is it possible
for the incumbent to preclude information leakage? Does the entrant acquire
information in equilibrium? What is the role of second supplier on the entrant’s

decision?

The remainder of this chapter is organized as follows. In part 2 we briefly review the

available related literature in 10 and information management. Section 3 explains the
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basic general model and 84 deals with analysis and results. Finally, section 5

concludes this essay.

2. Literature Review

Several papers published in recent years have investigated the effect of information
management on operation management. Indeed these studies focus on the trade-off
between C-suits (CIO vs. COO?') of companies, the incentive of “minimum
information leakage” versus the incentive of “maximum operational profits”. The
rationale behind these papers including ours is to model the incentives of all active
agents in supply chain, wherein a company works, and try to optimize this internal

trade-off considering all external strategic determinants.

Early papers on information sharing, studied the motivation of oligopolistic firms for
information sharing. Gal-Or (1985), considering oligopolistic market characterized
with demand uncertainty, concluded that no information sharing is the unique Nash
equilibrium of the game. She modeled demand uncertainty with normal distribution
function. Ziv (1993) designed a mechanism by which the firm will reveal the true
value of its private information and this truthful revelation is its optimal reply. He
showed that under some circumstances, information sharing’s benefit is more than

signaling costs.

Li (2002) pointed to two effects of vertical information sharing in two-level supply
chain: direct and indirect effect. They showed that indirect effect (or leakage effect)
motivates the retailers to conceal the demand information and reveal the cost
information. Lee and Whang (2000) mentioned several examples of firms in supply
chain that make profits by information sharing. They also empirically stated that the
distribution of these benefits among players is asymmetric. Moreover different types
of shared information were explained in their paper, e.g. inventory, sales, demand
forecast, order status and production schedule. Our work deals with demand

information.

! Chief Information Officer (CIO) vs. Chief Operation Officer (COO)
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Anand and Goyal (2009) explicitty model firm’s incentives to acquire, share and
disseminate demand information, and their impact on order quantities and sale. They
consider one common supplier and two horizontally competing retailers. This
seminal paper actually is the pillar of strategic information management. They have
endogenized information acquisition decision of the incumbent retailer (with private
information) in their model. Moreover their supply chain contains an exclusive
supplier which our model tries to extend it to two suppliers with different wholesale
prices.

Several scholars have contributed to this exquisite paper. Kong et al. (2012) study
how the potential of revenue sharing contracts, which can be offered by supplier to
two retailers, can favor information sharing through the supply chain and decline the
destructive effects of information imperatives on operational one. In fact they have
investigated the impacts of changing the wholesale price contract of Anand and
Goyal (2009) to revenue sharing contract. They showed that this alteration motivates
the supplier not always to leak the private demand information of the incumbent in
equilibrium. This could result in higher benefits for all players of the supply chain

even the uninformed entrant.

Ozer et al. (2011) approached information sharing in supply chain considering
cooperation and trust between different parties. They based their analytical model on
laboratory findings that firms in supply chain cooperate even in the absence of
contracts. Partial trust is also permitted in their model contrary to the available
literatures. Ha et al. (2011) considered two competing supply chains each consists of
one supplier and one retailer, with production technologies show diseconomies of
scale. They show that information sharing benefits a supply chain under large
production diseconomies, less intense competition, and less accurate information.
For modeling diseconomies of scale they assume to have quadratic production cost.
Two different types of competition (Bertrand & Cournot) are analyzed in this paper.

3. The Model
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Inspired by Anand and Goyal (2009), consider a supply chain consisting of two
retailers and two suppliers in which two retailers compete on the quantity they
produce in a market characterized by demand uncertainty. One retailer is incumbent
and due to long presence in the market has access to private information about
demand. The other retailer is an uninformed entrant that is eager to realize the
demand information. Based on some long-term contractual imperatives, incumbent
restricted to supply its product from first supplier, but the entrant endogenously
decides between two suppliers. Final product supplied from two different suppliers is

assumed to be perfect substitutable. We index the four players- the incumbent, the

entrant, the first supplier and the second supplier, by i€, S S, respectively. All firms

are risk neutral and aim to maximize their own expected profits.

Game Theoretic Model. According to Gibbons (1992) we study a dynamic (multi-
stage) supply chain game of incomplete information between four players. More
specifically speaking, a signaling game sequentially happens between retailers

through their quantity ordering from suppliers.

Sequence of Events. The sequence of events is as follows: 1. The first supplier
decides whether to accept entrant’s potential order -which implies the leakage of
demand information to it, or not; 2. The incumbent retailer (Stackelberg leader) - due
to its private information about market demand, places an order with the first
supplier, knowing that it will leak this information to the entrant (Stackelberg follower)
if it accepts the entrant. Indeed the incumbent tries to strategically manage its private
information via its ordering process. This might result in ordering distortion and
supply chain inefficiency; 3. Then the entrant decides between two suppliers and

places its order; 4. Here if the entrant chooses the first supplier then the incumbent’s

order information will be shared with it by$, and finally 5. All ordered quantities are

launched to the market, and price and profits are realized due to duopoly

competition. (See figure 1)
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Figure 1. The Sequence of Events

The first supplier Incumbent The entrant Incumbent’s order
decides whether places an decides between revealed to the Duopoly competition;
to accept order with two suppliers entrant if it price and profits
the entrant first supplier and places an order chooses s are determined
t i t i t

Time

Demand Structure. We assume an inverse demand function that is linear and
downward-sloping which implies that it arises from utility-maximizing behavior of
customers with quadratic additively separable utility function (Singh and Vives

(1984)). Uncertainty occurs in the intercepts of inverse demand function

characterized specifically byP(Q):A—Q whereQ=qi+qeis the total quantity

launched to the market by orders of both incumbent ((;) and entrant (J.). We
assume a binary support for random variable Athat can take two values: a high

vaIueAHWith probability pand a low vaIueALWith probability(l— p)such that

0<A <A, . we denote the mean demand by 1 = PA, +(1- p)AL These priors are

common knowledge between all players at the beginning of the game. We assume
that the transactions between suppliers and retailers are governed by wholesale

price contract. Wholesale price is assumed to be fixed exogenously and indexed by

W

1andW2for first and second suppliers respectively. Also we assume that both
suppliers have no capacity constraints to supply the retailers’ orders and also we
avoid partial ordering between suppliers. Consistent with Anand and Goyal (2009)
also we consider9=(AH —Wl)/(AL ‘Wl), as a proxy for demand uncertainty as

showed by the coefficient of variation. Contrary to Anand and Goyal (2009) we do
not normalize wholesale price to zero and therefore this price appears in the

formulation of parameterd.

Extensive Form Representation of the Signaling Game. In this setting the

incumbent is the sender (informed agent), the entrant is the receiver (uninformed
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player), type space isT ={High,Low}andteTis a specific type of the sender,
m=g, e[O,OO)is the message or signal that sender sends form a setM (t), and
a=(; 6[0,00) is the action or response that receiver chooses from a set A(m). (See

figure 2 and 3)

Solution Concept. Whereas we employ a dynamic game of incomplete information,
Perfect Bayesian Nash Equilibria (PBNE) will be derived in terms of information and
material flows. (Gibbons (1992))

Figure 2: Extensive Form of Signaling Game

Incumbent

q; {High} g,
L 4
p
Entrant ¢ Nature
(1-p)
L 4
(g, {Low} q,

Incumbent

O L S |

Contribution. This model is similar to that of Anand and Goyal (2009) with some

alteration and extensions: First, another supplierS, is also available in the supply

chain which could affect the decision making process of entrant and first supplier.
Indeed we have eliminated the monopolistic role of first supplier. Second, following
this extension, the entrant decision of choosing its proper supplier becomes
endogenous variable in the model. Third, this setting assumes that incumbent
receives demand signal, if any, by default, i.e. information acquisition is not a
decision variable (contrary to Anand and Goyal (2009)) and finally, the decision to
leak or not leak information is made ex-ante rather than ex-post by first supplier, i.e.,

before the demand signals is obtained (contrary to Anand and Goyal (2009)).
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Research Questions. This study is going to answer the following questions. For

which constellations of demand uncertainty about A and wholesalers’ relative price

W1/W2, entrant chooses informed supplier and for which constellations of them,

informed wholesaler accepts entrant’s ordering?

Figure 3: Potential Supply Chain Configuration

Info.
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4. Analysis

As depicted in figure 1, the first supplier, the incumbent and the entrant, each, should
choose among two decisions: the first supplier should decide whether to accept the
entrant or not (‘Accept’ or ‘Not Accept’), the incumbent’s decision is its ordering
strategy (‘Separation’ or ‘Pooling’)?, and finally the entrant’s decision is to choose

among two suppliers (‘First Supplier’ or ‘Second Supplier’). Second supplier here will

% pooling strategy implies that both types of the incumbent order the same quantity from the supplier
to conceal the leakage of demand information. By choosing Separation strategy the high-type
incumbent and the low-type incumbent order separate amount of quantity based on different level of
demand realization. Hence the supplier also becomes aware of the updated information.



Three Essays on Strategic Aspects in Oligopoly with Vertical Structure

enter the game just in two cases: when the first supplier does not accept the entrant
and so it must procure from the second supplier, or when the first supplier accepts
the entrant but it is more profitable for it to choose the second supplier. Hence
potentially we could have 8 different scenarios although some of them are infeasible

or inefficient which are listed as follow:

Table 1. Potential Equilibria

Scenario Remark
1 | (Accept, Separation, First Supplier) -
2 | (Accept, Separation, Second Supplier) -
3 | (Accept, Pooling, First Supplier) -
4 | (Accept, Pooling, Second Supplier) Not Optimal for Incumbent
5 | (Not Accept, Separation, First Supplier) Infeasible
6 | (Not Accept, Separation, Second Supplier) -
7 | (Not Accept, Pooling, First Supplier) Infeasible
8 | (Not Accept, Pooling, Second Supplier) Not Optimal for Incumbent

As can be seen in table 1, we have potentially 4 equilibrium candidates which will be
analytically discovered in next sections. Obviously when the first supplier decides not
to accept the entrant it is not feasible to have two scenarios regardless of the
incumbent’s strategy (Scenarios 5 and 7). Moreover when the first supplier does not
accept the entrant, there is no rational incentive for the incumbent to take the pooling
strategy as it causes operational distortion while there is no channel for information

leakage. Thus the 8" scenario is not optimal for the incumbent. Finally when the

entrant chooses S, then separation will not be optimal for the incumbent and so the

4™ scenario is ignored.

Incidentally the relationship between wholesale prices of two suppliers leads to

clearer potential equilibria. Indeed if W1SW2then the first supplier offers lower

wholesale price plus (weakly) higher information to the entrant which make him very
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attractive in the entrant’s viewpoint. On the other hand if W1 >W2 then the second

supplier offers lower price to the entrant but cannot add any updated information to
the prior belief of the entrant while the first supplier is able to do that. In fact in this
case there is a real trade-off between lower price and more information for the
entrant which affects the incumbent’s ordering strategy. The following table

categorizes the remaining 4 scenarios:

Table 2: Potential Equilibria with Wholesale Price Consideration

2.1 if W, <W, Remark
1 | (Accept, Separation, First Supplier) -

2 | (Accept, Separation, Second Supplier) -

3 | (Accept, Pooling, First Supplier) -

4 | (Not Accept, Separation, Second Supplier) -

2.2 if W, >W, Remark

1 | (Accept, Separation, First Supplier) -

2 | (Accept, Separation, Second Supplier) -

3 | (Accept, Pooling, First Supplier) Not Optimal for Entrant
4 | (Not Accept, Separation, Second Supplier) -

As shown in above mentioned tables, ifW1SW2 and the first supplier accepts the

entrant then the only incentive for the entrant to choose S,is the higher cost of

information acquisition. In fact as it will be explained later, there is a threshold that
affects the decision of the entrant between two suppliers. Here we have 4 equilibrium

candidates.

Furthermore as depicted in table 2.2 ifW1 >W2 then the only reason for the entrant to

choose the first supplier is more precise demand information. So in the case of
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choosing pooling strategy by the incumbent there would be no rational incentive for
the entrant to work with the first supplier, hence the 3" scenario goes out. Here we

have 3 equilibrium candidates.
For the sake of simplicity and tractability we impose two assumptions as below:

Assumption 1: If the first supplier accepts the entrant, it will leak the updated

information.

Assumption 2: Wholesale prices are sufficiently high as both retailers (The
incumbent and the entrant) will tend to sell all the received intermediate goods. This

means that assembly costs of the retailers are low enough compared toW1 ,WZ.

In the next section we consider the first supplier’'s decision as given in order to have
a benchmark analysis in hand. For this purpose we assume that based on long term
business relationship between the first supplier and the incumbent, there is
exclusivity in contractual terms such that the first supplier commits not to leak the
updated information to the entrant. Thus the first event in the game is solved

beforehand. Details are as follow.

4.1. Exclusive Supply Contract

As benchmark analysis, we consider the existence of exclusive supply contract
(Anand and Goyal (2009)). In this case the first supplier is precluded from
information leakage to entrant based on some fixed contractual terms. That is the
supplier makes an ex ante credible commitment not to leak the incumbent’s order
guantity to the entrant. Hence the incumbent, aware of this term, takes the
separation strategy and has no concern upon truthful ordering. Moreover the entrant
must procure its order from second supplier. Indeed the game between the
incumbent and the entrant is a static simultaneous-move game with incomplete
information in which the incumbent sends its order to first supplier and the entrant to
the second one (See figure 4). The point is that the incumbent at the ordering time
knows the exact realization of demand while the entrant orders just based on his
prior belief. Solving this game leads us to following results.
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Figure 4: Supply Chain Configuration with Exclusivity

Wholesaler 1 Wholesaler 2

Order Delivery Order Delivery

A 4

Retailer 1

Retailer 2
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Entrant

Proposition 1: Under exclusive supply contract between the first supplier and the
incumbent (Non-Leakage), if3AL-|—2(W2—2W1)Zu, then the order quantities of the

high-type incumbent, the low-type incumbent and the entrant respectively are,

Gy :%AH _%“%(Wz‘zwl) e :% L‘%“%(WZ‘Z\Nl) ’ quSC:%(”_ZWZ ).

Moreover suppliers and retailers earn the following expected profits:

T

0= %(# —2W, +W, ).W,  (First Supplier)

e :%(y—zw2 +W,).W, (Second Supplier)

2
M5° = EAH —%,u +%(W2 —2Wl)} (High type incumbent)
1, 1 1 ?
5% = EAL —E,u+§(W2 —2W1)} (Low type incumbent)

2
M5 = %(,U—ZVVZ +W1)} (Entrant)
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Proof: When due to contractual terms, the first supplier commits ex ante not to leak
the updated demand information from incumbent to entrant, optimal order quantities
results from solving a simultaneous-move game with incomplete information. Profit
functions of high-type incumbent, low-type incumbent and entrant which should be

maximized are as follows:

I, = I’T(:ilx (AH —On — Q. )qu _quiH
Iy, =max (A =0, -, ) g, ~Wid,

I, = max ( p.(A, =ty 0. )d, +(1-Pp)-(A —6 ~a. )a. ) -W,q,

Optimal order quantities are simply the answers of the first order conditions.

Moreover qiELSCZOis the participation constraint which guarantees the entry of
incumbent and entrant to the market which results in3A +2(W,-2W,)>x . This

inequality also covers the price non-negativity condition that is3A +2(W1 +W2) 2 U,
Suppliers’ profits can be calculated easily with equations
. zwl.(pqiisc +(1- p)qiELSC)and 7" =W,.0.° . Retailers’ profits also have been

obtained by plugging optimal quantities into profit functions as shown above. o

Here the sequence of events is such that the first supplier based on exclusive
contract with the incumbent does not accept the entrant’s order which is common
knowledge between all players. Due to that commitment, the incumbent truthfully
reveals its order based on its updated demand information and so there is no
operational distortion. The entrant afterwards has no other choice rather than doing
business with second supplier. Finally after order delivery from suppliers, both
retailers enter the market and compete on the amount of output. According to the
first proposition, incumbent’s order quantity depends on the actual realization of
demand, posterior belief, which is known to it at ordering time while the entrant
should maximize its expected profit and demand mean reveals in its optimal order
guantity. In fact the entrant’s ordering decision is based on his prior belief (demand

mean). Here with the assumption of exclusivity, the incumbent does not encounter
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any informational distortion such that separation strategy and maximizing operational

profit are in its interest.

4.2. Effect of Price Differences

Here we consider two different cases with respect to wholesale prices of the
suppliers, establish the (dis)incentives of the players and seeking the equilibrium of

the whole game.

4.2.1. The First Supplier Offers Lower Price (W1 SWz)

Under this price setting the entrant’s incentives in choosing S; are lower wholesale

price plus (weakly) higher information. Indeed even if the incumbent chooses pooling

strategy, then the entrant can supply its goods with lower cost and its prior beliefs if it

is accepted by S; . Actually there could be potentially two incentives for the entrant to
choose the second supplier: First reason in working with S, could be the non-

acceptance of S; and second one refers to the cost of information acquisition. As we

will show in second proposition, under some circumstances it is more profitable for
the entrant not to choose the first supplier and enter the market with its prior belief. In

this case it can produce Cournot quantity instead of Stackelberg one.

On the other hand the first supplier's incentive is to deliver higher volume of
intermediate goods to the retailers in order to maximize its profit. Hence acceptance
of the entrant is in his interest. Moreover the incumbent’s incentive in both demand

states is to persuade the entrant that the demand is low to reach more profit in the

market. Pooling strategy is an equipment of the incumbent to threat the S; not to

accept the entrant. The question here is that how credible this threat is. Actually if

the incumbent pools (the worst scenario for S in this case), then how the sum of the

orders of both retailers in comparison with the scenario of non-acceptance of the

entrant by S; will be. The other point is that when demand variation is high, pooling
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strategy is too costly for the high-type incumebnt. In fact if S; knows that the

incumbent separates then he will always accept the entrant. As can be seen in
following propositions and lemmas, the relative amount of the suppliers’ wholesale

price (Wl/Wz)and mean demand  play crucial roles here which could convince S; not

to accept the entrant or could affect the entrant’s decision in choosing among two

suppliers and information acquisition.

4.2.1.1. Separating Equilibrium

Here we consider a potential equilibrium where the incumbent’s order quantity
depends on the demand states (High or Low). Thus if the first supplier accepts the
entrant then the entrant will have perfect demand information as well prior to his
ordering decision.® Hence under this scenario a Stackelberg sequential move game
with complete information occurs in which the incumbent is the leader and the

entrant is the follower.

For future references we establish the following lemma that states the optimal
guantities of Stackelberg game for our mentioned inverse demand system. For

brevity, the proof has been skipped.*

Lemma 1: If the first supplier S; accepts the entrant, the incumbent separates and

the entrant chooses the first supplierS;, then the SPNE outcomes (quantities and

profits) of the respected Stackelberg game with complete information are as follows:

qi*Stackererg _ (A_Wl )/2 : q*Stackererg A /4

- Stackelberg (A—Wl)2/8 ; - Stackelberg _ ( 1 /16

% If the first supplier accepts the entrant then the entrant will access to the actual demand information
and also cheaper goods. Since the incumbent orders first, so the entrant plays the role of the follower.

* The idea of putting this Lemma here is inspired by Anand and Goyal (2009). The detailed proof can
be found in the technical appendix of Anand and Goyal (2009) and also several game theoretic
books, i.e. Gibbons (1992).
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Referring to figure 3, the supply chain configuration due to this scenario (Accept,

Separation, First Supplier) can be depicted as the following figure.

Figure 5: Supply Chain Configuration of Lemma 1

Wholesaler 1

Info.
Leakage/
Delivery

Separation Order
Ordering Delivery

Tailored
v Order

Retailer 1 Retailer 2

Incumbent Entrant

As explained earlier in the separating equilibrium, the entrant has perfect demand
information and realizes the demand state correctly. Consequently based on the
figure 2, in the extensive form of the resulted game the entrant infers the realized
demand, updates its prior belief and knows on which node of the signaling game

stands.

In order to find the equilibrium, firstly we investigate the choice of entrant among two
suppliers. Considering incentives, it is obvious that the entrant will choose more

profitable supplier. Next Lemma describes the entrant’s decision.

Lemma 2: Under separation equilibrium and whenW1 SWZ, if,US8W2 —7W1then the

entrant chooses the first supplier S; . Otherwise it chooses the second supplier S, .

S

Proof: The entrant will choose S;if and only if[I >I1?, otherwise it chooses the

second supplier. As a matter of notation, Hzl implies the entrant’s profit by choosing

the first supplier. If the entrant chooses the second supplier, regardless of the reason

(Its own decision or non-acceptance of S, ), then its profit- based on proposition 1- is:
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E(ng):E(,u—ZWZ +W1)T

For calculating the expectedl_lzl, the entrant faces the following maximization

problem based on its prior belief:

E (112 = p.max (A, - =Gy )y ~We Gy, J+(1- p).-max| (A -0 -, Ja, ~W,.q, |

Gen

In order to solve the above optimization problem we need the optimal amount of the
incumbent’s quantity in both demand state. The expected profit of the entrant by

choosing the first supplier is:
1 2
E (113 ) = |:Z(IU_W1)}
Solving inequality T >TT? leads us to the below result:

p<8W, -W, . o

Lemma 3: The first supplier always accepts the entrant, if separation equilibrium

outcome occurs after acceptance.

Proof: Comparing the fist supplier's profit in two cases (acceptance and non-

acceptance) concludes the result. We have:

If the first supplier accepts the entrant, its profit is as follow:
7 = p (W Gy + W 0y )+ (L ). (Wi - g + W, )

But in the case of non-acceptance we have:

e = p (W )+ (1 p)- (W, )

accept ~, ﬂ,not—accept

It is trivial to showthat7rSl 2Ty

According to above mentioned Lemmas, now, we are well equipped to establish the

second proposition which describes the separation equilibrium. Before that, as in
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Anand and Goyal (2009), we should consider the entrant’s belief as a part of PBNE.

The entrant’s belief structure is as follow:

Br (A— )_ 1, if the first Supplier accepts and g, > g
- - 0, if the first Supplier accepts and g, <q

In separation strategy, the major incentive of the incumbent is to signal the entrant
that the demand state is low. This could be beneficial when the difference between

high and low demand states is small enough (this term is quantified via parameter
6=(A, -W,)/(A -W,)). Actually the incumbent tries to manage the entrant's belief.

On the other hand, the entrant’s belief is increasing in the order quantity of
incumbent. This issue will appear as an incentive compatibility constraint in our
optimization problem such that the high-type incumbent has an incentive to mimic
the low-type. The inverse one is not reasonable. The following proposition
characterizes the separation equilibrium. Here, capacities have been chosen by

retailers, but quantities still not.

Proposition 2: A separating Perfect Bayesian Nash Equilibrium exists and is as
follow:

i Ifu<8W,-7W,:

» The first supplier S; accepts the entrant.
* The incumbent orders:
G =(A, -W,)/2 , if demand is high

q. =(A -W,)/2 ,if demand is low and >3

q, _ A AW (A -A)BA A ) -2 (A +A) , if demand is low and & <3
iL 2

* The entrant chooses the first supplier S; and orders:
Gl = (A W4 i pr (A= A,) -1

0 =(A-W,)/4 |if Pr,(A=A,)=0and 6>3

. _3A -2A W+ (A -A)BA-A) - (A HA) ¢ o (A=A,)=0&0<3
eL 4 ¢
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Consistent with its belief that:

- 1, if the first Supplier accepts and ¢. > d,
Pre(AzAH)z{ PP pts and g, > g

0, if the first Supplier accepts and ¢, <q

i 1> O, —7W,

= The first supplier S; accepts the entrant.

=  The incumbent orders:
1 1 1

C=ZA - u+=(W,— , if demand is high
Qs =5 A+ (W, ~2W,) g
0 =2A -Zu+i(w,—2w,) ., ifdemand is low

iL 2 6 3 2 1

* The entrant chooses the second supplier S, and orders:

d; = (#—-2W,+W,)/3, consistent with its belief that Pr, (A=A, )=p

Proof: We use Lemmas 1-3 in our calculation. The proof is similar to that of Anand

and Goyal (2009), adjusted to our model with two suppliers.

Part One: Based on Lemma 2 we know that under which circumstances the entrant

will choose among two suppliers. So ifﬂSSWZ—7W1the entrant chooses the first

supplier S; . Also in Lemma 3 we have shown that the first supplier always accepts

the entrant. Hence under separation strategy, the incumbent determines its order

guantity by simultaneously solving the following maximization problem:

The low-type incumbent solves:

IT; = max (AL O~ q:L (qiL )) O —Wi.0y

Gi
Such that (AH ~ G — et (qiL))qiL ~W.q, < (A, _W1)2 /8

And the high-type incumbent solves:
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IT, = ”;ax (AH ~ O = Gen (qu )) Gy =W, Gy (Unconstrained)
Note: The low-type incumbent has not any incentive to mimic the high-type one,
while the high-type tries to convince the entrant that the demand state is low. Thus
the maximization problem of the low-type incumbent has a constrained which
guarantees that off-equilibrium profit is not higher than equilibrium profit. (Incentive

Compatibility Constraint)

Moreover the entrant faces the following maximization problem:

q:L (qiL) =arg max (AL — Qi _qeL)qeL _Wl' Qo = (AL — Qi _Wl)/z

CeL

q:H (qu ) = argqmax (AH ~ Oy — Qe )qu _Wl' O =(AH — 0y _Wl)/z

H

Considering @ =(A; -W,)/(A -W,), the rest of the proof for part one is similar to

Anand and Goyal (2009). In our proof the wholesale price appears in calculation and

change the final order quantity.®

Part Two: Based on Lemma 2 we know that if 4/ > 8VV2 —7W1then the entrant chooses

the second supplier. This choice does not update the prior belief of the entrant. The
proof of this part is similar to the proof of proposition 1. In this scenario although the
first suppler accepts the entrant, information acquisition is not valuable for the
entrant and it prefers to enter the market using its prior belief. o

As can be seen in proposition 2, when demand variation is high enough, heref >3,
it is too costly for the incumbent to manipulate its order quantity. Truthful revelation
of the demand state is in his interest. Thus if the entrant chooses the first supplier,
the real demand state will be transferred thereafter. Indeed when € > 3 the difference

between high and low demand realization is as so high such that the high type

incumbent avoids mimicking the low type. In this case if the entrant procures from S;

> The proof of the first part is very similar Anand and Goyal (2009, Technical Appendix). Here

contrary to them, based on different modeling and the existence of second supplier, we consider
positive wholesale prices which slightly affect the results.
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then the game will be the Stackelberg with complete information as discussed in

Lemma 1.

On the other hand, when demand variation is low enough, hered < 3, it is valuable
for the incumbent to manipulate its ordering to convince the entrant upon low
demand realization. The point is that the entrant is also aware of this thinking and
behaves strategically. So when demand is high, the high type incumbent orders
truthfully as before but the low type incumbent should ensure the entrant that

demand is really low. Hence the incumbent should order a quantity strictly less than

qi*L =(AL—W1)/2 to convince the entrant that the demand is low. Otherwise the

entrant might inferqi*L:(AL—Wl)IZ as an ordering of the high type incumbent

mimicking low type. Thus when demand state is low andé <3, then the low type

incumbent prefers to order

. =| (28~ A W (A~ A) (A, —A) -0 (A, + A )12 | <[(A W) 2],

The other issue is the existence of the threshold which determines the choice of

entrant among two suppliers. As shown in Lemma 2, the entrant will not choose the

first supplier if >8W2 —7W1. This implies that information acquisition for the entrant

is a strategic decision and entering the market with prior belief could be his best

reaction. Indeed when 4 >8W, — W, the entrant produces based on Cournot which is

higher compared to Stackelberg follower. Also it can sell its product with higher price
which concludes higher benefit. But the incumbent (as potential Stackelberg leader)
and the first supplier face the opportunity cost of not having the entrant in their

desirable supply chain configuration as shown in figure 5. By considering the

condition /4 >8W2 —TW,, the first supplier can leverage the choice of entrant by
decreasing its wholesale price Wl (which we take it exogenous in the model). Indeed
by decreasing the wholesale priceW1 the range of choosing S; by the entrant expands

which could be profitable forS; .
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4.2.1.2. Pooling Equilibrium

In this subsection we consider a potential equilibrium where the incumbent chooses
pooling strategy such that the incumbent’s order quantity is independent of demand

state. Hence the entrant cannot update his prior belief. Indeed, here, the only reason

for the entrant in choosing$is the lower wholesale price of it in comparison with S, ,

that iSW]_ SWZ .

As it was discussed in table 2.1, under pooling equilibrium, the first supplier already

has accepted the entrant. In fact ifS does not accept the entrant then there will be no

incentive for the incumbent to pool. So (Not Accept, Pooling, Second Supplier) will
not happen in equilibrium as it is not optimal for the incumbent. Moreover as we have
shown in proposition 2, when the difference between high and low demand
realization is high enough (8 > 3), then it is too costly for the incumbent to pool and
mimic the other type. Hence pooling equilibrium is feasible for smaller range off
which will be determined precisely later. So the question is that under which
circumstances the first supplier accepts the entrant when the threat of pooling is
credible. Following lemma deals with this situation.

Lemma 4: Under the pooling equilibrium, ifﬂSZAL —Wlthen the first supplier$,
accepts the entrant. Otherwise it will reject the entrant.

Proof: Similar to the proof of Lemma 3, comparing the fist supplier’'s profit in two

cases (acceptance and non-acceptance) concludes the result. We have:

If the first supplier accepts the entrant, its profit is as follow:
ﬂ_:lccept =Wl (ql’;) + q:p)

qi;and q;, can be calculated based on the proof of the next proposition. To be

mentioned here, we have:

Gy = A —(u+W,)/2
G =(3—2A -W,)/4
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By plugging these two quantities into the profit function of the first supplier we reach:

re = (W, /4)(u+2A ~3N,) (%)

But in the case of non-acceptance we have:
A = p (W, gy )+ (1 p)- (W, oy )

Separation quantities of the incumbent can be obtained from proposition 2, so here

we get:

ﬂglot—accept _ (Wl / 2)(;“ _Wl) (**)

By comparing (*) and (**) we conclude:

accept not—accept . _
7 2 7 iff u<2A -W,. o

As corollary of above mentioned Lemma it can be stated that the probability of

accepting the entrant by$is decreasing with respect to the probability of high demand
realization P . (The proof is simply achieved by limit the inequality when P tends to

zero)

Now we should find out range of quantity in which the incumbent has incentive to
pool. As we discussed before, the low type incumbent has no incentive to mimic the
high type. Hence the optimal quantity of the low type incumbent in pooling

equilibrium determines the upper bound of (or maximum amount of) the pooling

interval (qi”;a*). On the other hand the high type incumbent has reasonable incentive

to mimic the low type and conceal the real demand state, but the question is that
‘down to which amount?’ Indeed the high type incumbent pools when it would make
more profit than the case of ordering a high enough quantity which can reveal his
type to the entrant. Thus the minimum order quantity that the high type incumbent

prefers to pool determines the lower bound of (or minimum amount of) the pooling

interval (Gp" ). Obviously the lower bound should be smaller or equal to the upper
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bound of the interval. This trivial condition specifies the range offin which pooling

equilibrium exists.

In pooling equilibrium, the belief structure of the entrant which is an essential part of

the PBNE determination, based on Anand and Goyal (2009), is as follow:

1, if the first Supplier accepts and ¢, > q;p™

min max

~ p, if the first Supplier accepts and ;5" <@, <Qp
if the first Supplier does not accept

, OF

min

0, if the first Supplier accepts and ¢, <

Next Lemma formalizes the above mentioned discussion:

Lemma 5: A pooling equilibrium, if exists, should belong to the interval [q{Si“,q{S“]

where:

O = A _(IU+W1)/2
ap" = Ay —(+W,) 12— (1/2) J(Ay — 1) (3A, — 1) —2W, (A, + p2)
Proof: The upper bound of the interval will be determined by the optimal order
guantity of the low type incumbent because the low type never prefers to pool on a

guantity more than qi*pL. In fact if he orders more than this optimal quantity, the

entrant might ascribe it as a high demand realization signal which is not favorable for

the incumbent. For finding qi*pL we have to solve the following maximization problem:
p *
I = nlax (AL ~0Op — e (qu))'qu ~W,.Gip

Since the entrant cannot realize the exact demand state, he should stick to his prior

and solve the following optimization problem:
17 = max (p.(Ay =Gp = Gep ) -G + (1= P)-(A ~Gp —0ep ) Gup ) Wi . Qop

First-Order-Conditions lead us to the optimal quantity of the entrant and also low
type incumbent which specifies the upper bound of the interval in Lemma 5. Both

optimal quantities are shown below:
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QZP (qu): (:u_qu _Wl)/z
Q5" =0p = A —(u+W,)/2

Plugging the optimal quantity of the low type incumbentq:pLinto the entrant’s

equation reach us to: G, =(3u—2A -W,)/4

In order to find out the lower bound of the interval we should consider the incentive
of the high type incumbent who prefers to mimic the low type to affect the entrant’s
order. Indeed the high type incumbent will pool as long as the profit of pooling
dominates the profit of truthful revelation. So the high type incumbent solves the
following inequality:

(AH —Uip _q:P (qu ))'qu _Wl'qu Z max (AH — Oy _q:H (qu ))-qu _Wl'qu

v >Gip

(Aq-W;)2 78

After some manipulation on the inequality and find out the two roots of the resulted

formula will get us to the lower bound of the interval as below:

Q7" = Ay =+ W) 2= (11 2) (A, - ) (3A, — 1) =2W, (A +1) - O

Existence condition of a pooling equilibrium is similar to Anand and Goyal (2009) and
will be got by solving the inequalityqirgin ngax. The alterations are the positive
amount of wholesale price- which changes the formulation offlsuch that
0=(A, -W,)/(A -W,)-and also the threshold (Shown in Lemma 2) after which the

entrant chooses the second supplier. Working with the second supplier leads to

separation equilibrium.

Lemma 6: The pooling equilibrium exists if demand uncertainty proxy parameter{

and mean demand £ obey the following inequalities simultaneously:
0< (3+2p— pz)/(1+4p— pz) where P is the probability of high demand realization;

And
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p<min{(8W,-7W,),(2A -W, )} which causes that first, § accepts the entrant and

second, the entrant chooses the first suppliers,.

Otherwise there is no pooling equilibrium and the incumbent prefers to separate its

ordering.

Proof: By solving q{S‘” < qin;ax (As done in Anand and Goyal (2009)) we reach the first

inequality ofd. The second inequality on £ has been proven in Lemma 2. o

The following proposition characterizes the pooling equilibrium WhenW1 SWZ :

Proposition 3:

o Ifu< min{(8\N2 -TW,),(2A —Wl)}& when95(3+2p— pz)/(1+4p— pz), a

pooling Perfect Bayesian Nash Equilibrium exists and is as follow:

l.  The first supplier$ accepts the entrant.

Il.  The incumbent orders: G = A —(u+W,)/2

lIl.  The entrant chooses the first supplier$,and orders: q;}, :(Sy—ZAL —Wl)/4

Consistent with its belief that:

1, if the first Supplier accepts and g, > g™

min max

~ p, if the first Supplier accepts and q;." <q, <Qp
if the first Supplier does not accept

, OF

min

0, if the first Supplier accepts and @, <q;

where g = A, —(u+W,)/ 2= (11 2) (A, — 1) (3A, — 1)~ 2W, (A, + 1)
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e Otherwise, Ifu< min{(8\N2—7W1),(2AL —Wl)} 0<(3+2p— p?)/(1+4p— p?)or

both does not hold, there is no pooling equilibrium and firms behave as

proposition 2.

Proof: Proofs of Lemmas 2, 4, 5 and 6, actually lead us to the outcomes of this

proposition. O

As shown in proposition 3, when the incumbent chooses pooling equilibrium (and it
exists), the entrant obtains no additional demand information and should stick to its
prior. The point is that this pooling should be beneficial for the incumbent. This issue
is determined by the condition ond. Indeed whendis high it is too costly for the high

type incumbent to mimic the low type and separation will occur.

The other important point is preconditions for existence of pooling equilibrium. In fact

information acquisition should be profitable for the entrant which is captured by

JIRS 8VV2 —7W1. Moreover the first supplier accepts the entrant as long as the profit he

would make from acceptance (besides the threat of pooling strategy) dominates the

choice of non-acceptance. This also causes to impose a restriction on mean demand
that is # <2A -W,. Hence z <min {(8\N2 -TW,),(2A —Wl)} is the necessary condition

for existence of any pooling equilibrium.

4.2.2. The Second Supplier Offers Lower Price (W, <W,)

Under this pricing regime, the only incentive of the entrant for choosing$, is its

potential updated information. It implies that if the incumbent pools on its quantity

ordering, then the entrant will choose the cheaper wholesaler in equilibrium. As we

have shown in table 2.2, ifW1 >W2 we could have potentially three possible equilibria

where in two cases, the first supplier accepts the entrant and the incumbent

separates. Hence the exact equilibrium will be determined by the decision choice of
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the entrant among two wholesalers. Whereas the second supplier offers more

attractive price, we have a real trade-off for the entrant between higher levels of

demand information (which could be obtained by choosing$) and lower price of the
product (which is offered byS,). This decision will configure our supply chain. Also

as we have explained in Lemma 3, under separation, the first supplier$, always

accepts the entrant (in equilibrium). Hence only two equilibrium candidates remain.

As significant calculations have been done so far, we go directly to state the result.
» W, . _ . .
Proposition 4: If 4 <8\, — "W, and 0-875SWS1, then in equilibrium, the first supplier
1

Saccepts the entrant, the incumbent separates and the entrant preferss,. The optimal

quantities of the players and the belief structure of the entrant are as stated in the

first part of proposition 2. Otherwise if one or both of above mentioned conditions
does not hold, then in equilibrium, the first suppliers, accepts the entrant, the

incumbent separates and the entrant chooses the second supplier S, that offers lower

price. The optimal quantities of the players and the belief structure of the entrant are

as stated in the second part of proposition 2.

Proof: The proof is similar to the methods we have followed in Lemmas 1-3 and

proposition 2. The added condition on the relative amount of wholesale prices stems

from the fact thatW1 >W2 which causes the imposition of inequalityOS,USSWZ —7W1.
In previous subsection asW1 SWZ , the mean demand was always positive but here in

order to have non-negative mean demand we should have0§8W2—7W1. This leads

7 W
s to a condition on wholesale prices o = 0.875<—%<1. g

1

As expresses in proposition 4, when the entrant has access to a supplier with lower

price, the range of relative wholesale priceW2 /Wl is more restricted. In fact if the

price of S,is much lower than$ such that the condition 0.875 < (W2 /Wl)would not hold,
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then the entrant will ignore the updated demand information and work with the

second supplier.

5. Conclusion

In this essay we presented a model to investigate the strategic effects of information
sharing on supply chain configuration with vertical structure. We considered a typical
supply chain containing two suppliers (wholesalers) that could potentially supply
intermediate (final) goods to two manufacturers (retailers), an incumbent and an
entrant. The incumbent is assumed to do business only with the first supplier
(potential channel of information leakage from incumbent to entrant) while the
entrant is free to choose its supplier strategically. A dynamic multi-stage game of
incomplete information between these four economic agents was employed: The first
supplier starts the game by his decision upon (none) acceptance of the entrant
followed by the quantity order decision of the incumbent, then the entrant decides
between two suppliers and places his order (considering their wholesale price and
updated information) and finally, both retailers play a Cournot duopoly game on the
amount of quantity they launch to the market characterized by demand uncertainty.
Our model contributed to the literature in 1O and strategic information management
by considering a second supplier which gives a degree of freedom to the entrant in
choosing its supplier. Methodologically, a signaling game was applied to model the
strategic interactions of players. Hence, Perfect Bayesian Nash Equilibrium (PBNE)

has been derived in terms of information and material flows.

We showed that how the difference between wholesale pricesW,, W, , the elements
of mean demandu=p.A,+(1-p).A, and also the range of demand variation

0=(A,-W,)/(A -W,), select an equilibrium from the set of candidates. Moreover it

was demonstrated that information acquisition is not always desirable for an
uninformed entrant and how the entrant prefers to trade off between price and
information, playing Cournot or Stackelberg. Furthermore existence of pooling

equilibrium for sufficiently small demand variation confirms the significant role of



Three Essays on Strategic Aspects in Oligopoly with Vertical Structure

strategic information management whereby the incumbent is able to keep its
competitive advantage and preclude the leakage of information. Add a second
supplier to the seminal model of Anand and Goyal (2009), actually empowers us to
involve the first supplier more actively. This extension gives the entrant an
opportunity to choose its own supplier endogenously. In addition, the existence of
pooling equilibrium besides the separation one implies that more accurate demand
information (in the form of lowerf) enables the incumbent to conceal its private
information while less accuracy leads to truthful ordering and neutralize the

asymmetric dominancy.

Our model dealt with exogenous wholesale prices which restrict the role of
suppliers. Further research can endogenize the pricing of suppliers in the model.
Indeed price competition between two suppliers makes the research more interesting
and realistic. Moreover we imposed a restriction on choice of the incumbent between
suppliers which can be released in oncoming works. Partial supply also can be
investigated. Finally for the sake simplicity we avoided to examine the level of

information quality which is worth examining.
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