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Abstract. In a decentralized supply chain with an upstream supplier and a downstream platform, the
supplier sells a product to a stochastic isoelastic demand market through a platform. The supplier
considers to make R&D investment to reduce its production cost, and hence the supply chain
becomes more cost efficient. We first characterize the equilibrium pricing and production decisions
for the two chain members, under any given R&D investment strategy. We then analyze the impact of
the supplier’s R&D investment on equilibrium decisions and corresponding profits of the two chain
members. We find that the supplier’s R&D investment can lead to a lower retail price and a higher
production quantity, and always benefit the platform’s profit.

1. Introduction

In reality, it is quite common that firms conduct research and development (R&D) activities to
reduce their production costs, or improve their product quality. For example, in pharmaceutical
industry, R&D expenditures have increased from $15.2 billion in 1998 to $20.9 billion in 2001
(Grossmann, 2004). Moreover, recent studies show that in automobile industry, more than $100
billion has been spent in R&D activities each year (Zhang and Hong, 2016).

The existing studies on R&D activities have mainly assume that R&D investment can either lead
to cost reduction or result in quality improvement. For example, assuming that R&D activities can
lead to cost reduction, Ge et al. (2014) and Usta et al. (2014) investigate R&D investment in a
one-to-one supply chain. Banerjee and Lin (2001, 2003) study R&D investment in a one-to-many
supply chain. Bernstein and Kok (2009) and Bernstein et al. (2015) explore R&D investment in a
many-to-one supply chain. Ishii (2004) and Gupta (2008) consider R&D investment in a
many-to-many supply chain. The above studies on R&D investment assume that R&D activities can
lead to cost reduction for the firms. Assuming that R&D activities can result in quality improvement
for the firms, Leng et al. (2016) and Seifbarghy et al. (2015) study R&D investment in a one-to-one
supply chain. Chen et al. (2015) and Zhu and He (2017) consider R&D investment in a one-to-many
supply chain. Yu and Ma (2013) investigate R&D investment in a many-to-one supply chain.

Although the existing studies have investigated R&D investment from different perspectives, they
do not explore R&D investment in a supply chain with isoelastic demand, That is, they ignore that
many products may have constant price elasticities. As a matter of fact, it is estimated that the many
products have constant price elasticities (for example, price elasticity for Chevrolet automobiles is
4.0, see, e.g., Anderson and McLellan 1997). In addition, they mainly assume that suppliers sell their
products to retailers through wholesale price contract, and do not consider the problem that suppliers
may sell products to the market through consignment contract. However, with the rapid development
of platform sale, many suppliers sell their products on the platform using consignment contract.

In this paper, we consider a supply chain with a single upstream supplier and a single downstream
platform. The supplier first makes R&D investment to reduce its production cost and then sells the
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product on the platform to a isoelastic stochastic demand market. Using backward induction, we
derive the optimal pricing and production decisions for the supplier and the platform. The impact of
the investment on the supply chain operations is also analyzed.

In summary, the key contributions of our paper are as follows:

(1) We establish a model to address the problem of the supplier’s R&D investment in a
decentralized supply chain with stochastic isoelastic demand under consignment contract.

(2) We characterize the optimal pricing and production decisions for the supplier and the optimal
revenue share decision for the platform.

(3) We analyze the impact of the supplier’s R&D investment on the optimal decisions and the
corresponding profits of the two chain members.

The rest of this paper is organized as follows. In Section 2, we present our model. In Section 3, we
derive the optimal decisions and strategies for the two chain members. Section 4 concludes our work.

2. The Model

Consider a supply chain, which consists of an upstream supplier and a downstream platform. The
demand for the product is stochastic isoelastic, which is given by

D=y(p)-¢, (1)

Where y(p) is a deterministic and decreasing function of the p, and ¢ is a random factor with
general CDF F(:) and PDF f(-). Assume that f(-) has a support on [A,B] with 0< A< B, and
F () satisfies the increasing generalized failure rate (IGFR) condition (see, e.g., Jiang and Wang
2010), i.e., xf (x)/[1—F(x)] is increasing in x. We further assume that

y(p)=ap™’, (2)

Where a>0 andb > 2. b Represents the price elasticity index of the (expected) demand (see, e.g.,
Jiang and Wang 2010).

The supplier considers to makes R&D investment to reduce its production cost. The value of R&D

resources invested by the supplier is denoted by k. The production cost of the supplier is denoted by
c(k), which is a decreasing function of k, to reflect that R&D resources invested can result in a

reduction in its production cost. We suppose that the supplier sells its product on the platform using
consignment contract. Under such a contract, the supplier first chooses its production quantity g and

then sets its retail price p . For each unit sold, the platform keeps r share of the sales revenue p and
the supplier obtain 1—r share of the sales revenue p .

The decisions to be made by the two players fall in the following three stages: In the first stage, the
platform chooses the revenue share r; In the second stage, the supplier sets its production quantity q;
In the last stage, the supplier sets its retail price p. All these decisions should be made before the
selling season.

Based upon the above descriptions, the expected profits of the upstream supplier and the
downstream platform can be written as follows, respectively:

7,(p,q) = (1—r) pE[min(q, D)]-c(k)q -k, 3
and
74 (r) = rpE[min(q, D)], 4)

In Eq. (3), (L—r)pE[min(q, D)] represents the expected revenue of the supplier by selling the
product, c(k)q corresponds to the production cost of the supplier, and k is the R&D investment cost
of the supplier.

3. Optimal Decisions of the Two Chain Members

In this section, we investigate the optimal decisions of the entire supply chain. We derive the
decisions in a backward manner. That is, we first consider the decision problem in the last stage, we
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then study the decision problem in second stage, we finally consider the decision problem in the first
stage.
3.1 Optimal Decisions in the Last Two Stages

Following Jiang and Wang (2010), we define z=q/y(p) as the stocking factor. Then the

problem of decision making in the last and second stages is equivalent to choosing a retail price p

and a stocking factor z . Such a transformation can enable us to write the optimality condition more
conveniently. Substituting z=q/y(p) into Eqg. (3), the expected profit of the supplier can be

rewritten as
7,(p,2) = y(p){(@-r) pE[min(z, )] -c(k)z} —k
=y(p)[-r) ph(z) —c(k)z] -k,
Where h(z) = E[min(z, &)] = 2 - jA F (x)dX .

From Eq. (5), we can get the following result.

Proposition 1. For any revenue share decision chosen by the platform in the first stage, the
optimal price in the last stage is given by

p"(r) = —otk)z (6)
(b—-1)(1-r)h(z)"
And the optimal production decision in the second stage is given by
_ab-1)°1-r)°h*(z")

()

“(r ) | ,

O T ™

Where z” is determined by (b—1)h(z") =b[1-F(z)]z".

Proof. (i) Taking the first derivative of z,(p,z) with respectto p, we have

d ,Z b

SRR ap (k) - (- o~ Dph(2) ®

2

From Eqg. (8), we can see that w is decreasing in p, i.e., W<O. That is,

P p

7, (p,z) is concave in p, and thus the optimal retail price satisfies the first-order condition, i.e.,

%ﬁ"z) —0, which yields Eq. (6).

- o fon bec(k)z
(ii) Substituting p*(r) = (b-DA-n)h(2)
_ab-)"@-r"h’(2) K

bbcbfl(k)zbfl

of Eq. (6) into Eq. (5), we can show that

7,(2) (9)

h°(2)

bel

From Jiang and Wang (2010), we know that achieves its maximum at z”, which is uniquely

determined by (b—1)h(z") =b[1-F(z")]z". We thus complete the proof of Proposition 1.

Proposition 1 characterizes the optimal response decisions in the last two stages. From Proposition
1, we can see that if a higher revenue share is chosen by the platform, then a higher retail price and a
lower production quantity will set by the supplier. Next, we consider the decision problem in the first
stage.
3.2 Optimal Decisions in the First Stage

Knowing that the supplier chooses its retail price and production quantity according to Eq. (6) and
Eq. (7), the platform chooses a revenue to maximize its expected profit.
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- . be(k)z . a(b-1)°(1-r)°h°(z")
Now, substitutin r = of Eq. (6), r = - of Eq. (7
9P (=G & B © 00 =55 S gy a. (7)
and z=q/y(p) into Eq. (4), we can rewritten the expected profit of the platform as
_1\b-1lpb ot
(=20 D 0@) s (10)

bbflcbfl(k)(z*)bfl

This allows us to have the following result.

Proposition 2. Knowing the supplier’s optimal response pricing and production decisions, the
optimal revenue share of the platform in the first stage is given by

r :B. (11)

Proof. Taking the first derivative of z,(r) with respect to r, we have
dzy(r) a(b-1)""h°(Z")
dr b* e (k)(z)"

(1-r)"2(1-rb). (12)

Because 0 <r <1, we know from Eq. (12) that: If O<r <%, then dz, (r) >0; If %< r <1, then
r
d%(r) <0. That is, z,(r) is unimodal in r, and thus the optimal revenue share satisfies the
.
: oo dmy(r) o
first-order condition, i.e., p =0, which yields Eq. (11).
r

Proposition 2 shows the optimal revenue share for the platform is independent of the supplier’s
production cost. This may partly explain the phenomenon that the platform usually sets the same

revenue share for different substitutable suppliers. In addition, substituting and z=z" and r :% of

Eq. (11) into Eq. (6) and Eq. (7), respectively, we can show that the optimal retail price and the
production quantity are as follows:
. b))z
o) (49
And
.~ _a(b-1)*h"(2")
- bzbcb(k)(z*)b—l :

(14)

Moreover, substituting and z=z" and r =% of Eg. (11) into Eq. (5) and Eq. (10), respectively,

we can show that for any R&D investment strategy chosen by the supplier, the corresponding
expected profits for the supplier and the platform are as follows:

a(b—1)?h"(2)
Ty = = 1
beCb 1(k)(z )b 1
And

Kk, (15)

T a(b-1)*2h°(z")
d b2bflcbfl(k)(z*)bfl :
From Eq. (13), Eg. (14), Eq. (15) and Eq. (16), we can get the following result.
Proposition 3. (i) When the supplier makes R&D investment to reduce its production cost, the
retail price decreases and the production quantity increases. (ii) The platform can always benefit from
the supplier’s R&D investment, while the supplier may not benefit from the investment.
Proof. Proposition 3 follows directly from the fact that c(k) is a decreasing function of k. We

thus complete the proof of Proposition 3.

(16)
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Proposition 3(i) indicates that the supplier’s R&D investment can lead to a lower retail price and a
higher production quantity. This is not surprising, since the supply chain becomes more cost efficient.
Additionally, Proposition 3(ii) implies that the platform hopes that the supplier conducts R&D
investment, while the supplier may not conduct R&D investment. This is because the supplier should
weigh up the benefit caused by the R&D investment and the corresponding investment cost, and then
determines whether to invest. Specifically: if and only if

~ _ab-»**h (@), 1 1 o
(72-5) (7[5|k:0)_ b2b(z*)b—l [Cb—l(k) Cb—l(o)] k>o’ (17)

a(b—l)z“h”(z*)[ 1
be (Z*)bfl bel(k) bel (O)

Then the supplier should invest, where represents the benefit

from R&D investment for the supplier.

4. Concluding Remarks

This paper is motivated by the increasing popularity of platform sale, where the suppliers usually
sell their products on the platform using consignment contract; and also motivated by the fact that
many products have constant price elasticities (for example, price elasticity for Chevrolet
automobiles is 4.0, see, e.g., Anderson and McLellan 1997).

This paper considers the problem of the supplier’s R&D investment in the context of the above
environment. By establishing a three stage Stackelberg game, the paper derives the optimal pricing
and production decisions for the supplier and the platform. Then, the paper analyzes the impact of the
supplier’s R&D investment on supply chain operations.

In this paper, we assume that each chain member is risk neutral. In future research, it is interesting
to extend our risk neutral model into risk-averse model.
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