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ABSTRACT 

 
We consider a vertically related market in which manufacturers (e. g., Apple, HP, Dell, and Lenovo, 

and so on) produce a homogenous product by assembling a key input (e. g., a CPU) from a common 

supplier (e.g., Intel) and the other inputs (e. g., monitors, memory chips, and keyboards, and so on) 

from their dedicated suppliers. We study the effects of in-house procurement of the key input on input 

and output markets. We show that every supplier and manufacturer, except the common supplier, can 

earn greater profits through in-house procurement of the key input compared to using a common 

supplier, provided that the marginal production cost of the key input is not excessively high under in-

house procurement. We also show that when a manufacturer chooses in-house procurement, every 

dedicated supplier will increase its input prices. This is why Apple began transitioning its entire Mac 

product line to in-house processors rather the Intel’s CPUs. 
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The Effect of In-house Procurement on Input and Output Markets 
 

1.  Introduction 
   In 2020, Apple announced that it would begin transitioning its entire Mac product line to in-house 

ARM-based processors from the Intel X86 CPUs that it has been using for the past 15 years. In 

November of that year, Apple released the first Macs with an ARM-based M1 chip, including the 13-

inch MacBook Pro, MacBook Air, and Mac mini models. In early 2021, Apple also released the 

M1 iMac and the M1 iPad Pro. The M1 chip, which is the culmination of more than a decade of work 

by Apple on chips for the iPhone and the iPad, has received rave reviews for its incredible performance 

and efficiency. This was the first Apple-designed system on a chip to be developed for use in Macs, 

and marked Apple's first step toward transitioning away from the Intel chips that the company had 

been using since 2006. 

In this study, we bridge the gap between theory and reality by examining the effect of in-house 

procurement on input and output markets. Our motivation is to explain why manufacturing firms are 

increasingly seeking independent suppliers instead of relying on strong suppliers with whom they have 

long-standing strategic alliances. Another aim is to theoretically to examine the effect of in-house 

procurement on input and output markets.  

We develop a game theoretic model in which two manufacturers produce a homogenous product, 

each assembling two components from their own independent supplier and from a common supplier. 

Our study examines the effects of the key input’s in-house procurement on both input and output 

markets. Our main results are as follows. First, every manufacturer and supplier, except a common 

supplier, can earn greater profits through in-house procurement of the key input compared to using a 

common supplier, provided that the marginal production cost of the key input is not excessively high 

under in-house procurement.4 Second, when a manufacturer chooses in-house procurement, every 

dedicated supplier will increase its input prices. From the standpoint of consumer surplus, the in-house 

procurement case is more efficient than the common supplier case if the marginal production cost of 

the in-house manufacturer is not too high. 

The rest of this paper is organized as follows. In Section 2, we review the related studies. In Section 

3, we introduce the model. Section 4 discusses the correspond analyses. Section 5 presents the main 

results. Finally, we conclude this paper and discuss extension and future research in Section 6.  

 

2.  Literature Review 
   Previous studies on profit-enhancing market entry can be summarized as follows. When a 

monopolistic input supplier exists, and there is quantity competition in the downstream market, Tyagi 

(1999) demonstrates that entry into the final goods market is likely to raise profits if the demand 

 
4 Note that the marginal production cost for common supplier is zero. 
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function is sufficiently convex. Similarly to our paper, Tyagi (1999) noted that market entry has two 

main effects: a competition effect and an input-price effect. However, the input-price effect in his study 

differed sharply to that in our study. Due to the competition effect, entry reduces the outputs of the 

incumbents, but increases total outputs for a given price, thereby lowering the profits of the 

incumbents. Meanwhile, entry increases input demand. Thus, a monopolistic input supplier will 

increase the input price if the derived input demand comes from a sufficiently convex final goods 

demand. Considering free entry into the input market and assuming homogenous final goods, 

Matsushima (2006) demonstrated that entry into the final goods market increases industry profits but 

reduces the profits of the incumbent final goods producers. His result is attributed to the assumption 

of homogenous goods. Nariu et al. (2021) examined a vertical oligopoly model in which each 

manufacturer produces a differentiated final product by assembling 𝑛 components provided by its 

dedicated suppliers. They found that when the initial number of manufacturers is sufficiently smaller 

than the number of input suppliers, entry into the final product market increases the profits of every 

firm. Our model is similar to that of Nariu et al. (2021), except that we assume a homogenous final 

product and consider only two types of input suppliers. Matsushima and Mizuno (2012) demonstrated 

that increased competition in the upstream market motivates downstream firms to invest in R&D. Thus, 

when the upstream market becomes more competitive, upstream firms can earn greater profits. 

Mukherjee (2019) also extended Matsushima (2006) by assuming differentiated goods. He showed 

that entry into the downstream market increases the profits of the incumbent producers if there is free 

entry in the input market and the goods are sufficiently differentiated. Mukherjee et al. (2009) also 

found profit-enhancing entry in situations involving asymmetric final goods producers. Profit-

enhancing entry can occur due to other factors as well, such as Stackelberg leader-follower situation 

(Pal and Sakar, 2001; Mukherjee and Zhao, 2017), vertical product differentiation and heterogenous 

consumer groups (Ishibashi and Matsushima, 2009), and R&D innovation by cost-asymmetric firms 

(Ishida et al., 2011). 

   In short, our results are similar to those of previous studies focusing on profit-raising entry (Tyagi 

(1999), Matsushima (2006), Mukherjee and Zhao (2017), Ishida et al. (2011), Matsushima and Mizuno 

(2012)), even though the motivations of those studies are quite different from ours. While those studies 

examined the effect of profit-enhancing competitive pressure, they did not examine how or why 

manufacturers cope with the monopolistic power of the common supplier, which is the focus of our 

study.    

 

3.  The Model 
We consider a vertical supply chain in which each manufacturer (𝑖 = 1, 2) has the same Leontief 

technology, in which producing one unit of final product requires two different kinds of input. Each 

manufacturer purchases one input from its dedicated supplier and purchases the other input, referred 
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to as the “key input,” from a common supplier who initially sells it to both manufacturers. 5 

Additionally, one manufacturer may produce the key input in-house, perhaps by establishing its own 

input department or by integrating an input supplier. For example, Apple acquired the modem business 

from Intel, a common supplier, and in November 2020, it released the first Mac notebook with an M1 

chip instead of Intel’s CPU. For the sake of expositional and analytic simplicity, our model assumes 

that the common supplier is more efficient than the new entrant.6  

Without loss of generality, we assume that 𝑐 ∈ (0, 𝑎) represents the marginal cost of production 

for the entrant who produces the key input. The marginal cost of production for each type of supplier 

is as follows: we denote 𝑐! and 𝑐" as the marginal cost of production for the dedicated supplier and 

common supplier, respectively. For simplicity, we assume that 𝑐!  and 𝑐" are normalized to zero. 

Furthermore, no additional costs are required for transforming the inputs into the final product. We 

also denote 𝑤! and 𝑤" as the input prices set by dedicated supplier 𝑖 and the common supplier, 

respectively. Therefore, in the case of common supplier, the marginal cost for manufacturer 𝑖 is 𝑤! +

𝑤", and in the case of in-house procurement, it is 𝑤! + 𝑐. 

The inverse demand function is given by7 

 

𝑝 = 𝑎 − 𝑄,                                       (1) 

 
where 𝑝 is the final price and 𝑄 = 𝑞! + 𝑞# is the total output. We posit a two-stage game. In stage 

one, each dedicated supplier and the common supplier choose their input prices 3𝑤! , 𝑤# , 𝑤"4. Finally, 

in stage two, each manufacturer chooses its output 3𝑞! , 𝑞#4. We derive the subgame perfect Nash 

equilibrium through backward induction. 

 

4. Analysis 
In this section, we examine two cases. One is the common supplier case in which both 

manufacturers procure the key input from a common supplier. The other is the in-house procurement 

case in which one manufacturer chooses in-house production of the key input instead of procuring 

from the common supplier. 

 

4-1. Common Supplier Case 
As a benchmark, we first consider the common supplier case in which both manufacturers 

purchase the key input from a common supplier. 

 
5 In Section 3, we examine two cases: a common supplier case and an in-house procurement case. In the former, both 
manufacturers procure the key input from the common supplier, while the latter, one manufacturer produces the key 
input in-house, while the other procures the key input from the common supplier. 
6 See Arya et al. (2007). 
7 We assume that both products are homogenous. One is wondering that high-end PCs are differentiated from low-end 
PCs by Intel's advertisements. But, the degree of differentiation is relatively low among high-end PCs. 
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[Figure 1 about here] 

 

In stage 2, manufacturer 𝑖 chooses its output 𝑞! to maximize its profit, given the input prices 
(𝑤! , 𝑤") and its rivals’ output 𝑞#. Its maximization problem is 

 

max 𝜋! = (𝑝 − 𝑤! −𝑤")𝑞! = 3𝑎 − 𝑞! − 𝑞# −𝑤! −𝑤"4𝑞!,  w. r. t. 𝑞!.       (2) 

 

From the first-order condition, we obtain the reaction function as follows: 

 

𝑞! =
$%&!%'"%'#

(
,       	𝑖, 𝑗 = 1, 2, 𝑖 ≠ 𝑗.                    (3) 

 

Solving Eq. (3), we obtain the equilibrium output as follows: 

 

𝑞! =
$%('")'!%'#

*
,       	𝑖, 𝑗 = 1, 2, 𝑖 ≠ 𝑗.                 (4-1) 

 

Substituting Eq. (4-1) into Eq. (1) and Eq. (2), we obtain the equilibrium price and profit as follows: 

 

𝑝 = $)'")'!)('#
*

,                                     (4-2) 

𝜋! = 9$%('")'!%'#
*

:
(
.                                  (4-3) 

 

In the first stage, each dedicated supplier and the common supplier choose their own input prices 

3𝑤! , 𝑤# , 𝑤"4 to maximize their profits 3𝛱! , 𝛱# , 𝛱"4, given their rivals’ input prices. Dedicated supplier 

𝑖’s maximization problem is given by 

 

max 𝛱! = 𝑤!𝑞! = 𝑤! 9
$%('")'!%'#

*
:,  w. r. t. 𝑤!.                (5) 

 

From the first-order condition, we obtain the reaction function of dedicated supplier 𝑖 as follows: 

 

𝑤! =
$)'!%'#

+
.                                             (6) 

 
Note that 𝑤! is a strategic complement to 𝑤#, but is a strategic substitute for 𝑤". 
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Conversely, the maximization problem for the common supplier is as follows: 

 

max 𝛱" = 𝑤"𝑄 = 𝑤" 9
($%'"%'!%('#

*
:,  w. r. t. 𝑤".               (7) 

 

From the first-order condition, we obtain the reaction function as follows: 

 

𝑤" =
($%'"%'!

+
.                                             (8) 

 
Note that 𝑤" is a strategic substitute for 𝑤! and 𝑤#. By solving Eq. (6) and Eq. (8), we can obtain 

the equilibrium input prices as follows: 

 

𝑤!, = 𝑤#, =
$
-
 and 𝑤", =

($
-

,                                (9) 

 

where the superscript “𝐶” denotes the common supplier case. From Eq. (9), we know that the marginal 

costs for each manufacturer are 3𝑎 5⁄ . Suppose that a monopolistic supplier provides both inputs to 

manufacturers. The marginal costs for manufacturers are 𝑎 2⁄ . Therefore, the marginal costs are 

higher under common supplier case than under monopolistic supplier case. 

We solved the game for the common supplier case through backward induction. The equilibrium 

outcomes in the common supplier case are summarized in Table 1.  

 

Table 1: Equilibrium outcomes in common supplier case 

 Manufacturers Suppliers 

 𝑖 𝑗 𝑖 𝑗 common 

𝑞,  2𝑎
15 

2𝑎
15 

2𝑎
15 

2𝑎
15 

4𝑎
15 

𝑝,  11𝑎
15  

   

𝑤,    𝑎
5 

𝑎
5 2𝑎

5  

𝜋,  or 𝛱,  4𝑎(

225 
4𝑎(

225 
2𝑎(

75  
2𝑎(

75  
8𝑎(

75  

 

4-2. In-house Procurement Case 
In this subsection, we consider the in-house procurement case in which one manufacturer produces 
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the key input in-house, while the other manufacturer procures it from the common supplier. Without 

loss of generality, we assume that manufacturer 𝑖 produces the key input in-house while manufacturer 

𝑗 purchases it from the common supplier.8 

 

 [Figure 2 about here] 

 

In this case, note that 𝑐 ∈ (0, 𝑎) denotes the marginal cost of production for manufacturer 𝑖 to 

produce one unit of the key input. This means that the common supplier has a production advantage, 

which could be attributed to its superior technology in the production process. In stage 2, manufacturer 
𝑖 chooses its output 𝑞! to maximize its profits, given the input price 𝑤! and its rivals’ output 𝑞#. Its 

maximization problem is given by 

 

max 𝜋! = (𝑝 − 𝑤! − 𝑐)𝑞! = 3𝑎 − 𝑞! − 𝑞# −𝑤! − 𝑐4𝑞!,  w. r. t. 𝑞!.         (10) 

 

From the first-order condition, we obtain the reaction function for manufacturer 𝑖 as follows: 

 

𝑞! =
$%.%'"%&!

(
,                                         (11) 

 

Note that the maximization problem for manufacturer 𝑗 is the same as that in the common supplier 

case. Therefore, we obtain the same result in stage two as in the common supplier case (refer to Eq. 

(3)). We can obtain the equilibrium output by solving Eq. (3) and Eq. (11), as follows: 

 

𝑞! =
$%(.%('")'!)'#

*
,                                  (12-1) 

𝑞# =
$).)'"%('!%('#

*
.                                  (12-2) 

 

Comparing Eq. (4-1) with Eq. (12-1), we see that in Eq. (4-1), 𝑞! decreases with 𝑤", whereas in Eq. 

(12-1), 𝑞! increases with 𝑤". Furthermore, if 𝑐 ≥ 𝑤", then Eq. (4-1)≥Eq. (12-1). We also obtain the 

equilibrium price and manufacturers’ profits as follows: 

 

𝑝 = $).)'")'!)'#
*

,                                  (12-3) 

 
8 One may wonder if when manufacturer 𝑖 produces the key input in-house, the common supplier could become a 
dedicated supplier for manufacturer 𝑗. If we incorporate a channel organized between a manufacturer and a dedicated 
supplier into our model, the common supplier remains unchanged. Furthermore, our findings remain unchanged in a 
three-channel model. 
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𝜋! = 9$%(.%('")'!)'#
*

:
(
,                             (12-4) 

𝜋# = 9$).)'"%('!%('#
*

:
(
.                             (12-5) 

 

In the first stage, each dedicated supplier and the common supplier choose their own input prices 

3𝑤! , 𝑤# , 𝑤"4 to maximize their profits 3𝛱! , 𝛱# , 𝛱"4, given their rivals’ input prices. The maximization 

problem for dedicated supplier 𝑖 is given by 

 

max 𝛱! = 𝑤!𝑞! = 𝑤! 9
$%(.%('")'!)'#

*
:,  w. r. t. 𝑤!.             (13) 

 

From the first-order condition, we can obtain the reaction function as follows: 

 

𝑤! =
$%(.)'!)'#

+
.                                          (14) 

 

Conversely, the maximization problem for dedicated supplier 𝑗 is given by 

 

max 𝛱# = 𝑤#𝑞# = 𝑤# 9
$).)'"%('!%('#

*
:,  w. r. t. 𝑤#.             (15) 

 

From the first-order condition, we can obtain the reaction function as follows: 

 

𝑤# =
$).)'"%('#

+
.                                          (16) 

 

Finally, the maximization problem for common supplier is as follows: 

 

max 𝛱" = 𝑤"𝑞# = 𝑤" 9
$).)'"%('!%('#

*
:,  w. r. t. 𝑤".             (17) 

 

From the first-order condition, we can obtain the reaction function as follows: 

 

𝑤" =
$).)'"%('!

+
.                                           (18) 
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By solving Eq. (14), Eq. (16), and Eq. (18), we can obtain the equilibrium input prices as follows: 

 

𝑤!/ =
+$%-.
00

, 𝑤#/ =
-$)(.
((

 and 𝑤"/ =
-$)(.
((

,                     (19) 

 

where the superscript “𝐼” denotes the in-house procurement case, where manufacturer 𝑖 produces the 

key input in-house, while manufacturer 𝑗 procures the key input from the common supplier.  

   We solved the game for the in-house procurement case through backward induction. The 

equilibrium outcomes for the in-house procurement case are summarized in Table 2.  

 

Table 2: Equilibrium outcomes in in-house procurement case 

 Manufacturers Suppliers 

 𝑖 𝑗 𝑖 𝑗 common 

𝑞/ 2(4𝑎 − 5𝑐)
33  

(5𝑎 + 2𝑐)
33  

2(4𝑎 − 5𝑐)
33  

(5𝑎 + 2𝑐)
33  

(5𝑎 + 2𝑐)
33  

𝑝/ 4(5𝑎 + 2𝑐)
33  

   

𝑤/   4𝑎 − 5𝑐
11  

5𝑎 + 2𝑐
22  

5𝑎 + 2𝑐
22  

𝜋/ or 𝛱/ 4(4𝑎 − 5𝑐)(

1089  
(5𝑎 + 2𝑐)(

1089  
2(4𝑎 − 5𝑐)(

363  
(5𝑎 + 2𝑐)(

726  
(5𝑎 + 2𝑐)(

726  

 

5. Results 
In the previous section, we analyzed both the common supplier case and the in-house procurement 

case. In this section, we will present our results by comparing the two equilibria. To guarantee that all 

possible variables are positive in equilibrium, we make the following assumption. Specifically, this 

assumption takes the following form:9 

 

𝑐 ∈ 90, +
-
𝑎:.                                                (A) 

 

First, we examine whether manufacturer 𝑖  will produce the key input in-house or not. By 

comparing Table 1 and 2, we can obtain the following results: 

 

 
9 When manufacturer 𝑖’s cost inefficiency is sufficiently large, its output will be zero in the in-house procurement case. 
We can easily check it from Table 2. 
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𝜋!/ − 𝜋!, =
+(2$%(-.)(*0$%(-.)

(4((-
≥ 0 if 𝑐 ∈ 90, 2

(-
𝑎:, 𝜋#/ − 𝜋#, =

(*$)0".)(+4$)0".)
(4((-

≥ 0. 

 

Proposition 1 summarizes the results obtained thus far. 

 

Proposition 1  When 𝑐 ∈ (0, 9𝑎 25⁄ ), manufacturer 𝑖 chooses to procure the key input in-house. 

Moreover, the profit of manufacturer 𝑗 is also greater under the in-house procurement case than under 

the common supplier case. 

 

   Proposition 1 can be explained as follows. Let us begin with two factors that affect the 

manufacturers’ profits. Transitioning from the common supplier case to the in-house procurement case 

will affect the profits of manufacturer 𝑖 through two key elements. The first element is the relative 

cost effect, which can be measured as the difference in total marginal costs between the two 

manufacturers under in-house procurement. Specifically, for manufacturer 𝑖 , the cost advantage 

depends on whether the expression 3𝑐 + 𝑤!/4 − 3𝑤"/ +𝑤#/4 is positive or not. The second element is 

the cost-saving effect, which can be also expressed as the difference in total marginal costs of each 

manufacturer between the common supplier case and the in-house procurement case. Specifically, for 

manufacturer 𝑖, the cost-saving effect depends on whether the expression 3𝑐 + 𝑤!/4 − 3𝑤", +𝑤!,4 is 

positive or not, and for manufacturer 𝑗 , it depends on whether the expression 3𝑤"/ +𝑤#/4 −

3𝑤", +𝑤!,4 is positive or not. What happens when the total marginal costs of the two manufacturers 

are same? Suppose that the two manufacturers have identical marginal costs in the case of in-house 

procurement. When the marginal costs of both parties are the same, there is no relative cost effect 

between them.10 Let’s take a benchmark and compare the profits of manufacturer 𝑖 in both cases, 

when 𝑐 = 𝑎 4⁄  with a relative cost effect of zero. By directly comparing of Eq. (9-4) and Eq. (19-4), 

we can obtain the following result: 

 

𝜋!/G.5$ +⁄
− 𝜋!,G.5$ +⁄

= $$

0""
> 0. 

 

Note that manufacturer 𝑖(𝑗)’s profits decrease (increase) as the marginal production cost of the 

key input,𝑐, increases. Next, let’s compare the profits of manufacturer 𝑖 when 𝑐 = 2$
(-

. By directly 

comparing of Table 1 and 2, we can also obtain the following results: 

 

𝜋!/G.5%&$'
− 𝜋!,G.5%&$'

= 0. 

 
10 In other words, we obtain that when 𝑐 = 𝑎 4⁄ , 𝑐 + 𝑤!" = 𝑤#" +𝑤$"  from Eq. (19-1).  
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Finally, let’s compare the profits manufacturer 𝑗 when 𝑐 = 0. By making a direct comparison of Eq. 

(9-4) and Eq. (19-4), we can obtain the following results: 

 

𝜋#/G.5" − 𝜋#
,G
.5"

= +4$$

2"4-
> 0. 

 

We explained two factors that affect the manufacturers’ profits. The two factors are summarized in 

Table 3. 

 

Table 3: Two factors affecting manufacturers’ profits 

 Manufacturer 𝑖 Manufacturer 𝑗 

Relative Cost 

Effect 

*𝑐 + 𝑤!"+

− *𝑤$" +𝑤#"+ 

Cost-saving 

Effect 

*𝑤$% +𝑤!%+

− *𝑐 + 𝑤!"+ 

Total 

Effect 

Relative Cost 

Effect 
*𝑤$" +𝑤#"+

− *𝑐 + 𝑤!"+ 

Cost-saving 

Effect 

*𝑤$% +𝑤!%+

− *𝑤$" +𝑤#"+ 

Total 

Effect 

𝑐 = 0 𝑎
11 13𝑎

55  18𝑎
55  −

𝑎
11 8𝑎

55 3𝑎
55 

𝑐 ∈ 30,
𝑎
45 

(𝑎 − 4𝑐)
11  (13𝑎 − 30𝑐)

55  2(9𝑎 − 25𝑐)
55  −

(𝑎 − 4𝑐)
11  2(4𝑎 − 5𝑐)

55  (3𝑎 + 10𝑐)
55  

𝑐 =
𝑎
4 

0 𝑎 10⁄  𝑎 10⁄  0 𝑎 10⁄  𝑎 10⁄  

𝑐

∈ :
𝑎
4 ,
9𝑎
25	< 

(𝑎 − 4𝑐)
11  (13𝑎 − 30𝑐)

55  2(9𝑎 − 25𝑐)
55  −

(𝑎 − 4𝑐)
11  2(4𝑎 − 5𝑐)

55  (3𝑎 + 10𝑐)
55  

𝑐 =
9𝑎
25 −

𝑎
25 𝑎

25 
0 𝑎

25 2𝑎
25 3𝑎

25 

 

   Next, we will compare the profits of suppliers. By comparing Table 1 and 2, we can obtain the 

following results: 

 

𝛱!/ −𝛱!, =
((2$%(-.)(*0$%(-.)

2"4-
≥ 0 if 𝑐 ∈ 90, 2

(-
𝑎:, 𝛱#/ −𝛱#, =

(*$)0".)(+4$)0".)
070-"

≥ 0, and 

	𝛱"/ −𝛱", = − (02$%0".)(82$)0".)
070-"

< 0. 
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Proposition 2 summarizes the results obtained thus far. 

 

Proposition 2 When 𝑐 ∈ 90, 2
(-
𝑎:, the suppliers’ profits entail that: 

(1) The profits of dedicated supplier 𝑖 are higher under the in-house procurement case than under the 

common supplier case; 

(2) In addition, the profits of dedicated supplier 𝑗 are also higher under the in-house procurement 

case than under the common supplier case; 

(3) However, the profits of common supplier are always lower under the in-house procurement case 

compared to the common supplier case. 

 

Proposition 2 can be explained as follows. It is obvious that in-house procurement leads to a reduction 

in the common supplier’s profit due to the downward shift in the derived demand facing the common 

supplier. Additionally, as the profits of dedicated suppliers are positively correlated with their input 

prices, we can easily understand that dedicated suppliers’ profits are higher under the in-house 

procurement case than under the common supplier case.11 

 

Next, we will compare the input prices of suppliers. By comparing Eq. (9) and Eq. (19), we can 

obtain the following results: 

 

𝑤"/ −𝑤", = − 02$%0".
00"

< 0, 𝑤!/ −𝑤!, =
2$%(-.
--

> 0 for 𝑐 ∈ 90, 2
(-
𝑎:, 𝑤#/ −𝑤#, =

*$)0".
00"

> 0. 

 

Proposition 3 summarizes the results obtained thus far. 

 

Proposition 3  The equilibrium input prices entail that: 

(1) The input price of common supplier, denoted as 𝑤", is lower under the in-house procurement case 

than under the common supplier case;  

(2) If 𝑐 ∈ (0, 9𝑎 25⁄ ), then the input price of supplier 𝑖, denoted as 𝑤!, is higher under the in-house 

procurement case than under the common supplier case;  
(3) Regardless of the value of 𝑐, the input price of supplier 𝑗, denoted as 𝑤#, is higher under the in-

house procurement case than under the common supplier case.  

 

Proposition 3 can be explained as follows. Let us start with the input price set by considering the input 

 
11 For details, see Proposition 3. 
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price set by the common supplier. If manufacturer 𝑖 switches from the common supplier case to the 

in-house procurement case, then the derived demand for the common supplier will shift downwards. 

This means that the key input price will be lower under the in-house procurement case compared to 

the input price offered by the common supplier case. Next, we turn to the input price of dedicated 

supplier 𝑗 in both the common supplier case and the in-house procurement case. Since we already 

know that 𝑤"/ < 𝑤",  and the input price offered by dedicated supplier 𝑗 is a substitute for the input 

price offered by the common supplier, then dedicated supplier 𝑗 will increase its input price in the in-

house procurement case. Finally, we turn to the input price offered by dedicated supplier 𝑖 in both 

the common supplier case and the in-house procurement case. The input price (𝑤!) offered by supplier 

𝑖 is a substitute for the marginal production cost (𝑐) of key input produced by manufacturer 𝑖. In 
contrast, it is complementary to the input prices (𝑤# , 𝑤") offered by dedicated supplier 𝑗 and the 

common supplier.12 Therefore, the input price of dedicated supplier 𝑖 is a trade-off between the 

marginal production cost of manufacturer 𝑖, 𝑐, and its rivals’ input prices, 3𝑤# , 𝑤"4. Therefore, if the 

marginal cost of production for manufacturer 𝑖  is not sufficiently large, dedicated supplier 𝑖 

increases its input price, and vice versa. 

   From Table 1 and 2, we get 𝑝/ − 𝑝, = − (0$%+".
08-

< 0, if 𝑐 < 21𝑎 40⁄  (and similarly 𝑄, −

𝑄/ = − (0$%+".
08-

< 0, where 𝑄 = 𝑞! + 𝑞#, if 𝑐 < 21𝑎 40⁄ ), which are negative. Quantities (prices) 

are larger (lower) under the in-house procurement case than under the common supplier case, if the 

marginal production cost (𝑐) of key input produced by manufacturer 𝑖 is not sufficiently large. In 

other words, when the marginal production cost of manufacturer 𝑖 is not sufficiently large, the market 

is more monopolistic under the common supplier case than under the in-house procurement.  

   Let us compare consumer surplus in both cases. A straightforward comparison of consumer surplus 

in both the common supplier case and the in-house procurement case yields the following results: 

 

𝐶𝑆/ − 𝐶𝑆, = ((0$%+".)(0"2$%+".)
-++-"

≥ 0 if 𝑐 ∈ 90, (0
+"
𝑎:.13 

 

Proposition 4 summarizes the results obtained thus far. 

 

Proposition 4 Outputs (prices) and Consumer surplus are larger (lower) under the in-house 

procurement case than under the common supplier case, if the marginal production cost for 

manufacturer 𝑖 is not sufficiently high. 

 

 
12 See Eq. (14). Conversely, from Eq. (6) of the common supplier case, note that the input price is substitutable for the 
key input price, but it is complementary to the input price of dedicated supplier 𝑗.  
13 We can easily check the consumer surplus from 𝐶𝑆" − 𝐶𝑆% = ∫ 𝑝	𝑑𝑄 − 𝑝"𝑄"&!

$ − 3∫ 𝑝	𝑑𝑄 − 𝑝%𝑄%&"

$ 5. 
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   Proposition 4 can be explained as follows. Lower prices and larger outputs are always in welfare 

terms. Consumer surplus is decreasing and convex as a function of prices. Therefore, in terms of 

consumer surplus, the in-house procurement case dominates the common supplier case, when 𝑐 ∈
(0, 21𝑎 40⁄ ). 

 
6. Conclusion and Extension 
   The more competitive the market is, the lower the price tends to be while demand remains 

unchanged. In this study, we developed a vertical structure to analyze the interactions between 

manufacturers and their suppliers. The structure involves manufacturers producing a homogenous 

product by assembling two components, one supplied by a common supplier and the other by a 

dedicated supplier. This structure allows us to examine how different procurement strategies, such as 

in-house production versus procurement from a common supplier, affect input prices, quantities, 

profits for manufacturers and suppliers, and consumer surplus. Our study revealed that the entry of a 

manufacturer into a common input market has significant implications for profitability of firms in the 

industry. Specifically, we found that when a manufacturer enters the market, every supplier except the 

common supplier and every manufacturer may earn greater profits. We also showed that when a 

manufacturer enters into the common input market, every input supplier except the common supplier 

increases its input prices.  

One is wondering what will happen if the number of manufacturers increases. The intuition behind 

this paper is as follows. Suppose that a manufacturer procures a key input in-house instead of from a 

common supplier. This will cause the derived demand for the common supplier to shift downwards, 

resulting in a lower key input price. However, each dedicated supplier will then increase its input price 

compared to if the manufacturer had procured the key input from the common supplier. As a result, 

our findings remain unchanged if the former effect dominates the latter effect. We assume that the 

final product is homogenous in this analysis. One is also wondering what will happen if both products 

are differentiated. Suppose that both products are completely differentiated. If so, this paper examines 

a model in which a monopoly manufacturer enters a common input market. We can easily understand 

that our findings will not be changed. We focused on a linear input pricing between each dedicated 

supplier and each manufacturer. One is wondering what will happen if the manufacturer proposes a 

two-part tariff pricing which combines an input price with a fixed fee. An extension of our model in 

these directions is left for future research. 
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