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Abstract

This paper studies a supply chain consisting of one supplier and n retailers.
The market demand for each retailer is assumed to be dependent on the difference
between the retail price and the average retail price. The supplier considers two
wholesale price strategies. In the first strategy, Strategy I, the wholesale prices to
all n retailers are the same. In the second strategy, Strategy II, different wholesale
prices are given to the retailers on the basis of the effort levels they required on
products. The retailers who face retail price-dependent demand have different unit
sales costs and determine their effort levels according to their different unit return
service costs. We first model the retail price competition behavior of n retailers
under the two wholesale price strategies. Then the retailers’ optimal retail prices
and the supplier’s optimal wholesale price in each model are derived using a game
theoretic approach. The effects of some key parameters on supply chain decisions
and profit are investigated. The properties of retailers’ (supplier’s) optimal profits

under the two wholesale price strategies are studied.
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1 Introduction

In modern supply chain systems, suppliers and retailers would try to optimize their
own profit functions by improving their services and/or product quality with a view to
establishing brand loyalty and compete with each other in the market. These compe-
titions in supply chains have gradually received much attention. For example, Chen et
al. [6] modeled the competition process between two retailers whose demands depend on
warranty periods. Retailers’ optimal warranty periods under different wholesale pricing
strategies were derived using game theory. Wu et al. [20] investigated the equilibrium be-
havior of two competing supply chains with uncertain demand. They found that applying
vertical integration in both chains is the unique Nash Equilibrium over one period deci-
sion. Narayanan et al. [14] modeled a manufacturer that contracts with two competing
retailers. They showed that if the manufacturer can subsidize the retailers’ leftover inven-
tory, first-best retail prices and fill rates can be achieved. For details, interested readers
may refer to [2, 15, 18, 22] and the relevant references therein. Also, a number of strate-
gies, such as buy-back contracts, credit payment options and wholesale price discounts,
have been proposed to enhance the coordination between suppliers (or manufacturers)
and retailers, see for example [1, 7, 11].

A production process is not deemed to be perfect and a product may be defective or
non-conforming. A number of inventory models have been proposed for this important
problem involving an imperfect production process, see for example [12, 17, 19, 21, 23]
amongst others. After retailers receive the items from the suppliers, they may only con-
duct some sample check, and some defective items may be identified. The rest of the
defective items will then be sold together with the normal items to the customers. The
returns of defective products will affect the retailers’ credibility and reputation, and this
may affect the profitability of the retailers. To maintain both credibility and reputation,
the retailers have to adopt some feasible strategies to avoid customers from getting the
defective product and/or provide after-sales service to protect consumers’ interest.

Improving the product qualification ratio is one of the efficient ways to reduce the
likelihood of the returns of defective products. In fact, the issue about production quality
has been studied quite widely in the literature. For example, Banker et al. [3] investigated

how quality is influenced by competitive intensity in a given industry and Reyniers et



al. [16] recognized that quality supply and quality inspection would result in opposing
interests between the supplier and the retailer. In [8], Ferguson et al. showed that false
failure returns can be reduced if the retailer put more effort on sales service. Then they
designed a target rebate contract to encourage the retailer to put more effort on sales
services. It is found that their contract contributes to the profit improvement of both
parties. Furthermore, Huang et al. [10] proposed a quantity discount contract to motivate
the retailer to put more effort on sales services since the payment from the supplier to the
retailer in the contract is exponentially decreasing with the number of false failure returns.
Thus, based on [8] and [10], we would consider the case that retailers can purchase better
quality products by making an extra effort on products, which aims to reduce the number
of returns of defective products.

In general, it would be beneficial for the retailers to improve quality control by making
an extra effort on products. On one hand, retailers who value the quality of their products
typically provide a full credit to consumers. A high level of product quality may give
consumers confidence in purchasing the product and may stimulate sales. This may then
lead to an increase in profit. On the other hand, if the cost spent on improving quality of
products (hence reducing the number of returns) is less than the cost that can be saved,
then investment in the production quality may be able to reduce the total cost.

In practice, retailers usually provide return service as one of the after-sales services.
This allows consumers to return the defective products and to request for a new one.
The return service cost is usually undertaken by both the retailer and the supplier. In
this paper, since possible costs, such as the goodwill cost and the transportation cost,
depending on the situations of retailers, could be different, the return service costs incurred
by retailers are assumed to be different from each other.

This paper studies a supply chain with one supplier and n retailers. The main focus
is the price competition behavior of the n retailers. We assume that the retailers have
different unit sales costs and different unit return service costs since they may have differ-
ent sales and management efficiencies. The product quality can be improved by making
an extra effort. The demand rate of each retailer is assumed to be dependent on her
retail price and also affected by the difference between her retail price and the average

retail price among all retailers. For the supplier, there are two wholesale price strategies.



Strategy I is that the supplier gives a single wholesale price to all the n retailers. Strategy
IT is that the supplier sets different wholesale prices according the retailers’ effort levels
on products. It seems that most of supply chain models consider only one retailer or two
competing retailers. Bernstein et al. [2] analysed the situation that a supplier distributes
a product to multiple competing retailers, while they did not give a closed form solution
of the optimal retail price for each retailer. Our study contributes to the literature by
giving a simple closed-form solution for each retailer’s optimal retail price under each of
the two wholesale pricing strategies. The optimal wholesale price decided by the supplier
is also given for each strategy. The Law of Large Numbers adopted in [11, 13| is then
applied to simplify the calculations and which then gives rise to an approximate solution.

The rest of this paper is organized as follows. Section 2 presents the model description
and assumptions. Section 3 presents the model of one supplier and n retailers under the
wholesale pricing Strategy I. Furthermore, Section 4 presents a model of one supplier and
n retailers under the wholesale pricing Strategy I1. The effect of different pricing strategies
on decision making of retailers and the supplier are presented in Section 5. Finally, the

last section concludes the paper.

2 Model Assumptions

A single-period two-echelon supply chain with one supplier and n competing retailers
is discussed here. The supplier’s unit ordering cost of a product is m and two wholesale
price strategies are adopted by the supplier. Strategy I is that the supplier gives the
same wholesale price w to the n retailers. Strategy II is that the supplier sets different
wholesale price w; for each retailer according to the effort level they required on products.
The retailers purchase products from the supplier and then sell them to the consumers at
the retail prices p; (i = 1,...,n), where p; is the retail price of the i'th retailer. Similar
to the model in [2], we assume that the supplier replenishes her inventory from some
sources/manufacturers with an ample supply, and all demands and all retailers’ orders
are satisfied.

Retailer i’s unit sales cost of a product is w;. Because of the differences in sales

efficiencies and strategies, it may not be unreasonable to assume that the retailers have



different unit sales costs. The consumers are allowed to return the products to the retailer
and receive a new one if the item is defective. The returns incur a cost, such as the
goodwill cost, the transportation cost, and the re-processing cost, etc. The unit cost due
to the return incurred by the supplier is denoted as s and the unit cost due to the return
incurred by the ith retailer is denoted as k; (k; # k; if i@ # j). The situation that a
consumer receives a defective item and chooses to walk away or makes a repurchase from
other retailers is not considered here.

We assume that to reduce the return service cost caused by defective items, the retailers
can purchase products with better quality from the supplier. The additional cost on one
product paid by a retailer is I(g), which depends on the effort level ¢. It is assumed
that ¢ > 1, i.e., a minimal level of effort to be exerted is one. The effort level ¢ may be
thought of the inspection time on each product which is required by the retailer. Similar
assumptions can refer to Ferguson et al. [8] and Huang et al. [10].

Given an effort level ¢, the retailer’s unit effort cost of the product is defined by

b

In this definition, b can be explained as the retailer’s marginal cost of effort under the

)

minimum effort level ¢ = 1. In the “toy” modeling set up considered here, the supplier
is given the flexibility to order products from different manufacturers. The qualities of
the products from different manufacturers may vary. To meet the quality requirements
of the retailers, the supplier may order products with better quality from different man-
ufacturers. Alternatively, the supplier may require a particular manufacturer to supply
products with improved quality. In either one of the two cases, the supplier may have to
pay an additional cost for products with better quality. To capture this additional cost,
we assume that the additional cost for each product, denoted by h(q), has the following
form:
_ ¢

h(Q) - 2q27 c> 07

where ¢ can be explained as the supplier’s marginal cost of effort under the minimum
effort level ¢ = 1. Here the quadratic functions of [(q) and h(q) are convex in q. These

expressions indicate that as ¢ increases, to further enhance the effort level by a specific



amount would become more expensive.
The probability that a consumer gets a defective item is Z(q), which decreases as the
effort level ¢ increases. Let B be the probability of getting a defective item when the

minimal level of effort is exerted, which means 5 = Z(1) € (0,1) and we suppose that

8,

Z(q) .

(0,1).

This parametrization for the probability is for algebraic convenience and it makes intuitive
sense.

Furthermore, we assume that the demand of the i’th retailer is given by

a — YDpi ifn=1

1< _
G—W%—QG%—EE:M> if n>1,
j=1

D; = (2.1)

where @ > 0, v > 0 and g > 0. Similar demand functions can be found in Bernstein et
al. [2] and Wu et al. [20]. However, in this supply chain, the demand rate of each retailer
depends on her retail price and the average retail price of all retailers. This is different
from other supply chain models. For example, in [7], the demand rate of the retailer
just depends on her own retail price. In [2], Bernstein et al. assumed that the demand
function of each retailer is a linear combination of all retailers’ retail prices. In [4, 5],
each retailer was assumed to experience stochastic and independent demand. Here a is
the primary demand of each retailer, v is the consumers’ sensitivity to the retail price of
the product, and g is the competitive factor generated by the difference between Retailer
1’s retail price and the average retail price. The linear and symmetric demand model
represents a situation in which retailers have equal competing power in the market.

To facilitate our discussion with the one-supplier and n-retailer model, a summary of

notations is given in Table 1.



Table 1: List of Notations

the primary demand of each retailer;

the competitive factor;
the unit ordering cost of the product;
the unit return service cost of the supplier.

the rate of change of demand with respect to price;
the demand of Retailer i;

the unit return service cost of Retailer ¢;

p;  the retail price of Retailer i;

q;  the effort level required by Retailer i;

u;  the unit sales cost of Retailer 7;

w; the wholesale price to Retailer 7.

U= @ ® 3@ 0 =9

7

&

the retailer’s marginal cost of effort under the minimum effort level;
the supplier’s marginal cost of effort under the minimum effort level;

the probability of getting a defective when minimum effort is exerted

3 One-supplier and n-retailer Model with Wholesale

Pricing Strategy I

In this section, the general situation of one supplier and n retailers is considered.

The sequence of events is as follows. Retailer ¢ first decides the optimal effort level g,;

according to her unit return service cost k,;. Next the supplier sets the optimal wholesale

price w, for all of the retailers. Finally Retailer ¢ determines the optimal retail price p,;

as a function of w, and ¢,;, j = 1,2,...,n, following the Nash’s equilibrium.
In order to simplify the notations in this section, we let
c—b B

b

When n is sufficiently large, by the Law of Large Numbers, denote

n—oo N < n—oo 7, “

1 n B 1 n _
lim —» G =E(Gy) =G and lim =Y F,;=E(F,)=F
i=1 =1

(3.3)



3.1 The Retailer Problem

Retailer ¢ (i = 1,2,...,n) has to define the optimal effort level and retail price so as

to maximize her profit. Again, Retailer i’s profit is a function of two variables, denoted

as H:‘“ (pni7 qni>7

b

where the demand function D,; is given by

1 n
Dy =a—pui — g (pni_‘;ijg:jzlpnj>.

Therefore, Retailer i’s (i = 1,...,n) decision problem is

max I (Pnis Gni)-

Pnisqni

The following proposition gives the optimal solution and the proof can be found in

Appendix.

Proposition 1. In the case of one-supplier and n-retailer, Retailer i’s (i = 1,...,n)

optimal effort level is given by

o\ 1/3
Qeni = max((%) 1>. (3.5)

Then under the supplier’s optimal wholesale price w,, which will be explained in Proposi-

tion 2, Retailer i’s (i =1,...,n) optimal retail price is given by
(y+9-L)g n
Dini = a + n Z]’:l(w*n_"Fnj)
*Nt - g g g

mig—2L (2 ~Doyrg-? n

vrg—— Qg - )2 tg- )
g
(v+g-")

L (W + Fli). (3.6)

2(v+9) - o



When n is sufficiently large, based on Eq. (3.3), by the Law of Large Numbers, it has

a + g
2v+g  2(2y+g)

— 1

This proposition shows that when n is sufficiently large, a/(2v + ¢g) is a basic retail
price for each retailer, which is decided by the market. Then Retailer ¢’s optimal retail
price is affected by the average total unit cost of the retailers (w,, -+ F') and her total unit
cost (Wyy, + Fri), with weighting factors g/(2(2y+¢)) and 1/2, respectively. We note that
1/2 > g/(2(2y + g)). This means that Retailer i’s optimal retail price is more sensitive

to her total unit cost. Furthermore, the mean retail price is given by:

Pn = E(p*m) = lim Zi:l Pani = a4 + 7 + B

= Wiy —}-F.
noeon tg gt

From Eq. (3.4), Retailer i’s optimal profit is

1 n
I, *niy xni = xni — Wixn — Fnz - *ni *ni *Nni . (3.8
ni(Penis Qeni) = (Pami — w ) (a VPni — (p - P ))) (3.8)

=1

When n is sufficiently large, it can be rewritten as

3.2 The Supplier Problem

Given that Retailer i’s optimal effort level ¢.,; has been decided, the supplier has to
determine a wholesale price w, so as to maximize her expected profit. The supplier’s

profit, 11" (w,,), is given by

- —b

2 .
i1 *M

where
1 n
D*ni:a_ *ni *ng *nj | -
P g(p n;p J>

Here the supplier provides a wholesale price w, to all of the retailers. Hence based on



Proposition 1, Retailer i’s optimal retail price in Eq. (3.6) is denoted as

g n
A a .\ (v +9—->)9 S (W + Fry)
*17 - g g g
2v+g9-> QOy+g) ) 2v+g->) "

n n n
g
(v+g—=>)
20v+9) -

The first term in Eq. (3.10) is the sales revenue and the second term is the total ordering

cost, where the unit cost consists of the unit ordering cost m and the unit additional
ordering cost with effort level g,,;. The last term is the expected cost due to returns of
products. Therefore, the supplier’s decision problem is

max 17" (wy,).

Wn,

The following proposition gives the supplier’s optimal wholesale price. The proof is given

in Appendix.

Proposition 2. In the case of one-supplier and n-retailer, the supplier’s optimal wholesale

price satisfies

wo = & iz P 12 G (3.12)
2y 2 n 2 n

When n is sufficiently large, based on Eq. (3.3), by the Law of Large Numbers, we have

a F-G
o= L . 313
v 2y 2 (3.13)

As n is getting large, then by Eq. (3.13), w,, can be rewritten (approximate) as:

w*nzg—(Fqu*n—C_}).
Y

Note that the second item is the difference between retailers’ average total unit cost and
the supplier’s average total unit cost for the retailers, when the optimal effort level and

the optimal wholesale price are adopted. Then, from Eq. (3.10), the supplier’s optimal

10



profit is given by

n

i=1
The following proposition presents some properties of the supplier’s profit function.

The proof can be found in Appendix.

b
Proposition 3. Suppose that k,; > 3 and n is sufficiently large.

1. With supplier’s optimal wholesale price in proposition 2, 117 .(Duni, Quni) @S a decreas-

ing function in s.

2. By the Law of Large Numbers,

n

1 1 1 1
lim — =F =_.
Jim = { ] -

i=1 Gxni Qxni

If Quni < 2Gy, for each i =1,2,...,n then II"(w,,) is also a decreasing function in

S.

Proposition 3 implies that if g.,; is less than twice the harmonic mean of g,,; for any
i (i=1,2,...,n) then by reducing the unit cost s of the supplier’s return service, the net
profits of supplier and retailers will increase. Hence, it is crucial to reduce the unit cost

S.

4 One-supplier and “sufficiently large” n-retailer Model
with Pricing Strategy II

In this section, a hypothetical situation where the supplier provides different wholesale
prices to retailers based on the their effort levels is considered. The sequence of events is
assumed to be as follows. Retailer ¢ first decides the optimal effort level ¢7; according to
her unit return service cost kz;. Next the supplier sets the optimal wholesale price w;; for
Retailer 7. Finally, according to the Nash equilibrium, Retailer 7 determines her optimal
retail price py; as a function of wy; and ¢z, 7 = 1,2,...,n. (Here kz; = ky; and both
of them represent the unit return service cost of Retailer i. uz; = u,; and both of them

represent the unit sales cost of the product of Retailer 7 ).

11



In order to simplify the notations in this section, we let

b
qzm +s and Fy; = —qfﬁi + kmi + Ups- (415)

2 Qi 2 Qi

—b

Since for Retailer i, we have ki; = kp;, and um; = U, then ¢ = Guni, Fri = Fp; and

G7i = Gp;. Thus, we define in Sections 3 and 4 that

1 — _ 1 <
lim =Y Fhy = B(Fy) = F = B(F,;) = lim =Y  F,, 4.1
S 2D P = B(Fw) = F = B(F) = Iy 53 (.10
and
R . R
T}LHQO - Z Grni = E(Gri) = G = E(Gpi) = T}gglo - Z G- (4.17)

i=1 =1
When n is sufficiently large, by the Law of Large Numbers, denote the mean wholesale

price as:

lim = w.ai = Ew.a) = W, (4.18)

i=1

where w,;; is the optimal wholesale price given by the supplier to Retailer <.

4.1 The n-Retailer Problem

Retailer ¢ has to determine the optimal effort level and retail price so as to maximize
her profit. Retailer ¢’s profit is a function of two variables, which is denoted by I1z;(psi, ¢ai)
where

5

b
Hm(pm', (Jm') = DniDii — <wm + 5(]?1@) Dy — kii— Dii — upi Dis. (4-19)
Qi

Here the demand function Dj; is

En:ﬂ?ﬁj
Dy =a—vpri — g (pm'—J— .

n

Therefore, Retailer i’s (i = 1,...,n) optimization problem is

max Iz (me C_Im)
Prisqni

12



The optimal solution is given in the following proposition and the proof can be found in

Appendix.

Proposition 4. In the case of one supplier and n retailers with different wholesale prices,

Retailer i’s (i = 1,...,n) optimal effort level is given by
kﬁi 1/3
Quii = Max (( 196) 1. (4.20)
Then under the supplier’s optimal wholesale prices w.q; (1 = 1,...,n) which will be
explained in Proposition 5, Retaileri’s (i = 1,...,n) optimal retail price is given by
g n
a . gy +g-) S0 (wenj + Frj)
DPxni =
g g g
2 EEANG: — (2 -2 n
vHg—— ROv+g) - )2y+g- )
+qg-— 2
I TR (i + Fr). (4.21)
2(v+9) - "

When n is sufficiently large, based on Eq. (4.16) and Eq. (4.18), by the Law of Large

Numbers, it has

a g - —_ 1
27+g 2@7+m( i ) (22)

Pxni

The optimal retail price in Eq. (4.22) is similar to that in Eq. (3.7). The difference

is that Retailer i’s wholesale price w,z; given by the supplier in Eq. (4.22) is dependent
on the retailer’s effort level and is different from those of other retailers. While in Eq.
(3.7), all of the retailers’ wholesale prices are the same. Furthermore, from Eq. (4.22),

the mean retail price is

_ o1 a Yt+9 .= —
(Pai) Z;p g arr gl )

From Eq. (4.19), Retailer i’s optimal profit is

r ?: Pxrii
I, (Danis Qi) = (Poii — Wani — Fri) (a — VDsii — G (p*ﬁi — Z#))) . (4.23)

13



When n is sufficiently large, it can be rewritten (approximate) as follows:

1%, (Dais Qi) = (Peri — Waii — Fi) (@ — ypsni — 9 (Peri — Pr))) - (4.24)

4.2 The Supplier Problem

Given that Retailer i’s optimal effort level ¢.7; has been decided, the supplier has
to determine the optimal wholesale prices wy; (i = 1,2,...,n) so as to maximize her

expected profit. The supplier’s profit, denoted by Il;(ws; =12, ), is given by

n

—b
7 (Waiie12,..n) = Z {wm’D*m’ — (m+ CTQfm')D*m' — SgD*m’} (4.25)
l:1 *Ne

where

1 n
Disi = a —Ypsii — 9 (p*ﬁz’ - Zp*ﬁj> .
=1

Here the supplier provides a wholesale price w,,; to Retailer 7. Hence based on Proposition

4, Retailer i’s optimal retail price in Eq. (4.21) is denoted as:

g
a g(7+g_ E) Z?Zl(wﬁj +Fﬁj)
Pxni = 5 ] + 5 g 5 q o
vrg— o 209 - )2ty
Ttg—12
+————"5 (wai + Fi) - (4.26)
2(y+g) — I

In Eq. (4.25), the unit wholesale price satisfies wp; # wp; if @ # j, which is different
from that in Eq. (3.10). Therefore, the supplier’s optimization problem is

max Il (wWaiiz12, n)-

Wrg

With regards to the supplier’s optimal wholesale price, we have the following propositions

and their proofs can be found in Appendix.

Proposition 5. Assume that n is sufficiently large. In the case of one supplier and n

14



retailers with different prices, the supplier’s optimal wholesale price w.y; satisfies

1 g - _ 1
27 +g 2@7+m( ) =3 ) (4.27)
2a g

+
dy+g 2(4y+g)

and the mean wholesale price is

_ 2 v F 2 G
W, - 20 BF (49l (4.28)
dvy+g 4dv+yg 4y +g

Different to the case in Section 3, the optimal wholesale price in this model is affected
by the competitive factor g among the retailers. In Eq. (4.27), the sum of the first and
second terms is a basis wholesale price for each retailer. There the first term depends
on the market and the second term depends on retailers’ average total unit cost with
weighting factor g/(2(2v + g)). The last term is the difference between Retailer i’s unit
cost except wholesale cost and the supplier’s total unit cost for Retailer i, with weighting
factor 1/2, when the optimal effort level is adopted. It is found that the retailer with
a larger value of (Fj; — Gj;) will need to pay a lower wholesale price. More precisely,
the retailer with (Fy; — Gr;) > 0 will pay a lower wholesale price than the one with
(Fj — Grj) < 0. This may imply that if Retailer ¢’s unit cost except wholesale cost Fj;
is greater than the supplier’s total unit cost for Retailer ¢ Gj;, then to incentivise the
retailers, the supplier would set a lower wholesale price so that the price of the retailer
falls into her acceptable range. If Fj; is less than Gj;, the supplier would set a higher
wholesale price which may not affect the retailer’s purchasing decision.

Then, from Eq. (4.25), the supplier’s optimal profit is given by

7 (Wapiiz1.2,..0) = Z(w*nz — Ghi) D (4.29)
i=1

The following propositions discuss the effects of the unit return service cost and sales

on retailers and the supplier’s profits.

b
Proposition 6. Assume that kz; > 3 (1 =1,2,...,n) and n is sufficiently large. With

supplier’s optimal wholesale price in Proposition 5, the following statements hold:

15



2b+ ¢ then sb
S 2b+ ¢

1. If0< B < < kpi. Then 1% (psni, Gsii) decreases in kiy;.

2b+ ¢
S

2. If

< B < 1, the following statements hold:

sb

ST then 1%, (Paniy Gsivi) increases in kz;.

(a) [f%<k¢m<

b
(b) If 2b8—1— < kg then 1%, (Duni, Geii) decreases in ki;.
c
b
(c) If ks = 2bs+ then 115, (pasis Gui) attains its mazimum value with respect to
c
ki

Here § < % can be written as 8s < 2b + ¢, where (s is the expected unit return
service cost for the supplier, and it is less than the sum of twice the retailer ¢’s marginal
cost of effort under the minimum effort level and the supplier’s marginal cost of effort under
the minimum effort level. Proposition 6 implies that if § < %, retailers can enhance

their profits by reducing their unit return service cost k. However, if %*C < B < 1, which

means the unit return service cost for the supplier s is large, then retailers can enhance

sb
2b+c”

their profits by making their unit return service cost k tends to

b
Proposition 7. Assume that kj; > 3 (1 =1,2,...,n) and n is sufficiently large. With

supplier’s optimal wholesale price in Proposition 5, 1% (Dsni, Gsni) decreases in ug;.

b
Proposition 8. Assume that kz; > 3 (1=1,2,...,n) and n is sufficiently large. By the

Law of Large Numbers,

1 1 1
=7 Qi Qvni i
Then with supplier’s optimal wholesale price in Proposition 5, the following results hold.
1. (a) If guii < 4—“%(],3 then T1%. (psii, Gsii) decreases in s;
(b) If Guii > @(jﬁ then 11%. (Psii, Gsii) increases in s;
(¢) If Guri = %Qﬁ then T1%.(psii, Gsii) does not change with respect to s;
2. 1If quii < 47%@3 for each 1=1,2,...,n, then 17 (Winiiz12. n) decreases in s.
Similar to Proposition 3, Proposition 8 implies that if g.z; is less than (g + 4)/g times

the harmonic mean of ¢,z; for any i (i = 1,2,...,n), then by reducing the unit cost of

16



the supplier’s return service s, the net profit of supplier will increase. However, it shows

that if g.; is greater than (g + 4v)/g times the harmonic mean of ¢.z;, Retailer ¢’s profit

will increase in s. That is because when q.z; > 47%%, the rate of change of Retailer i’s

optimal retail price with respect to s is greater than that of the corresponding optimal
Ow,

wholesale price, i.e., % — &35t > (), and the demand of Retailer 7 increases in s, i.e.,

—ag;ﬁi > (0, which are shown in the proof of Proposition 8.

5 Discussions

For the supplier, there are two possible pricing strategies. Strategy I is that supplier
gives a single wholesale price to retailers. Strategy II is that supplier provides different
wholesale prices to retailers based on their required effort levels. This section compares
the results obtained in Sections 3 and 4, focusing on the effects of different supplier’s
wholesale price strategies on the retailers’ optimal sale price and their optimal profit,
supplier’s wholesale price and her optimal profit. The following propositions can be

obtained.

b
Proposition 9. Assume that k,; > B (1 =1,2,...,n) and n is sufficiently large. From
Propositions 1, 2, 4 and 5, Wep, > Wea and E(pani) > E(Deii)-

Suppose the supplier is allowed to adopt wholesale pricing Strategy II. The proposition

b
E, both the mean of the optimal

wholesale price and the mean of the optimal retailer price of Strategy I can be reduced

means that when n is sufficiently large and k,; >

by adopting Strategy II.

b
Proposition 10. Assume that k,; > = (i = 1,2,...,n) and n is sufficiently large. We

B
note
1 _ .
YY = —2ga + (87> +8yg + ¢*)F — (87" + 479 + ¢*)G
(27+9)(47+g)( ( =t )
and
1 _ .
77 — 167 + 6g)a + (87* + 1279 + 3¢>) F — (8y* — ¢*)G).
(27+9)(4’y+9)(( Jat( = )

From Propositions 1, 2, 4 and 5, the following relationships hold.
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Case 1: If

F.i—Gu<YY Fi— Gy, >YY
3F+G < ZZ . 3 +Gni > 27
then
10 (Penis Goeni) > 15 (Daiis Qi) -
Case 2: If
F,—G,<YY F—G,>YY
3F,i+ G > 27 . 3F+ G < ZZ
then

Case 3: If Fri = Gni =YY o1 3Fy; + Gy = ZZ then 11, (Puni, Geni) = 15 (Paii Guiva)-

Recall that F;,; is Retailer ¢’s unit cost except wholesale cost and (,,; is the supplier’s
total unit cost for Retailer . This proposition indicates that if the conditions in Case 1
are satisfied then the retailers would prefer the supplier to adopt the wholesale pricing
Strategy I, since the retailers can gain a higher profit under the wholesale pricing Strategy
I than Strategy II. On the other hand, if the conditions in Case 2 are satisfied then the
retailers do not expect the supplier to adopt the pricing Strategy I. If the conditions in
Case 3 are satisfied then Retailer ¢ will get the same profit under the two pricing strategies.

So Retailer ¢ is indifference to the two pricing strategies.

b
Proposition 11. Assume that k,; > 3 (1 =1,2,...,n) and n is sufficiently large. The

following proposition follows from Propositions 1, 2, 4 and 5. If

SE((Fui = Gui)?)

2y+g v+g
where
__a Y+yg g =
" 2y+g 2y+g " 22v+9)
and
. __a g - g =
" 2y4+g  2(2y+g9) " 2(2y+y)



then
E(IIMM(wa)) > E(IIF (Waaiie12..m));

otherwise

E<H:Ln(w*n)> < E(H:}n(w*ﬁi,izlﬂ,...,n))-

Note that all of the expectation operators above are interpreted as the limits of the
corresponding (sample) averages based on the Law of Large Numbers. Here w,, (W.z)
is the (average) wholesale price when the supplier chooses wholesale pricing strategy I
(IT) when n is sufficiently large. Moreover, P, (P;) is the average retail price when the
supplier chooses wholesale pricing strategy I (II), G is the average total unit cost that
the supplier spends on the product for the retailers and F is the retailers’ average unit
cost except wholesale cost. The supplier can decide her pricing strategy according to this
proposition. If Eq. (5.30) is satisfied then the supplier gains higher profit by setting a
single wholesale prices to retailers. Otherwise, the supplier gains higher profit by adopting
pricing Strategy II.

6 Conclusions

A supply chain consisting of one supplier and n retailers is considered while typical
models usually discuss one or two retailers. In this supply chain, the retailers have different
unit sales costs, and in order to reduce the returns of defective products, the retailers
can request the supplier to supply higher quality products by making an extra effort on
products. The supplier may decide her wholesale price from two strategies. The first one
is setting the same wholesale price for n retailers. The second one is setting different
wholesale prices to the retailers on the basis of their required effort levels on products.
Then we model the retail price competition behavior of the n retailers under different
wholesale price strategies, with retail price-dependent demands. We assume that the
market demand of Retailer ¢ not only decreases in her retail price p; but also depends
on the difference between p; and the average retail price of all retailers. If p; is higher
(lower) than the average retail price, the difference between these two prices will decrease
(increase) the market demand for Retailer i. The retailers’ optimal retail prices and the

supplier’s optimal wholesale price in each model have been derived using game theory.
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In addition, the effects of some key costs such as unit return service cost and sales cost,

on supply chain decisions and profit have been investigated. We compare the retailers’

(supplier’s) optimal profit under the two wholesale price strategies. The main results

under the assumptions that the number of retailers n is sufficiently large and Retailer i’s

. . . b . .
unit return service cost satisfies k; > — (i =1,2,...,n) are summarized as follows.

(1)

B

Retailer ¢’s profit decreases in k; under wholesale pricing Strategy I. Whereas Propo-
sition 6 case 2(a) shows that retailer i’s profit may increase in k; with wholesale
pricing Strategy II. This is because the optimal retail price in Eq. (4.22) under
Strategy II decreases as the unit return service cost k; increases in that region,
which is shown in the proof of Proposition 6. Then the market demand increases
as the optimal retail price decreases. This process may enhance the profit when an

increase in income is greater than an increase in cost.

Propositions 3 and 8 show that an increase in s may decrease the profits of the
supplier and the retailers under each wholesale pricing strategy. Because an increase
in s will lead to an increase in the wholesale price, which would increase the cost of
the retailers. However, if ¢.z; is greater than (g + 47)/g times the harmonic mean

of q.7;, Retailer ¢’s profit may increase in s.

Proposition 9 indicates that both the average wholesale price and the average retail
price with wholesale pricing Strategy I would be higher than the corresponding

prices under wholesale pricing Strategy II.

In case 1 (2) of Proposition 10, Retailer i’s profit is higher (lower) under wholesale
pricing Strategy I than that under wholesale pricing Strategy II. This implies that
retailers would like the supplier to adopt wholesale pricing strategy I (II).

If Eq. (5.30) in Proposition 11 is satisfied then the supplier should choose pricing
Strategy I since he could gain higher profit by adopting pricing Strategy I. Otherwise,
the supplier could gain higher profit by adopting pricing Strategy II.

The number of returns caused by defective items would affect a retailer’s reputation.

For further research, this model may be extended to incorporate the effects of the returns

on the market demand of each retailer.
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7 Appendix

Proof of Proposition 1

Proof. Based on the sequence of events in the one supplier and n retailers model, the

retailer’s decision problem can be written as

max I (pni, gni) = max{max I} .(pni, ¢ni) }-

Pniqni Pni qni

First, we wish to find an optimal effort level so as to maximize the retailer’s profit.

Differentiating Eq. (3.4) gives:

O (Pniy qni) 3
omilnin i) yp ok Ep<0
2, 7 ’

81—[:12' (pm' ) Qni)

optimal effort level in Eq. (3.5), here ¢,; > 1 is always assumed. Second, under the

so II7.(pni, Gni) 1S concave in q,;. Set = 0, solving it gets the retailer’s
supplier’s optimal wholesale price w,, which will be explained in Proposition 2, we wish
to find Retailer ¢’s optimal sales price so as to maximize the retailer’s profit. After taking
differentiation, we get

OQHfu' (pm'a Q*m')
8197211'

g
:—2(7+g—ﬁ)<0.

8H:zi (pni7 Q*m')

=0 foreachi=1,2,--- ,n,

Thus II7.(pni, @sni) 1S concave in pp;. Setting

the linear matrix equation is obtained:

MP = B,
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where

[ g g g g
2v+g9—=) —= - -
n n n
M = s z r : ,
g g g g
I CETRLY
= n n n n
[ g
Dn1 a+(w*n+Fn1)(7+g_E)
P = , and B=
g
| pn,n a—+ (w*n + Fn,n)(’}/ +g - ﬁ)

Furthermore, M can be rewritten as: M = (2(y+g) — %)I — %eeT, where [ is the n x n
identity matrix and e is the n x 1 vector with all ones. According to Sherman-Morrison
formula [9]
(A+buvl) ™t =A"" - Hbvﬁfl_luv%ﬁl_l.
Then
Mt = S g I+ J g ee’
20v+9) - n(2y+g-")

Thus P = M !B, and the result of p.,; in Eq. (3.6) is obtained. This completes the

proof. O

Proof of Proposition 2

Proof. First, recalling Proposition 1, we observe that the value of ¢,,;. Suppose that w,

is the wholesale price given by the supplier to all the retailers. Then set

g
; ’H‘Q—E
2fy—|—g—g7
n
1 ’Y‘i‘g—g SR
Ly = ga+ o Foi + S n]g )
+g9-= 2(v+g9) —= n(2y+g-—=)
n n n

and obtain that p.,; = d,w, + L,; based on Eq. (3.6) in Proposition 1 and Eq. (3.11).

We wish to find an optimal price w, so as to maximize the supplier’s profit written in
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Eq. (3.10). The second-order condition shows that

0TI (wy,)
o™ (w,,
so II"(w,,) is concave in w,. Let % = 0. Solving it and we get the optimal
w?’l
wholesale price w,, in Eq. (3.12). This completes the proof. O

Proof of Proposition 3

Proof. With retailers’ optimal retail prices in Proposition 1 and supplier’s optimal whole-

sale price in Proposition 2, we have

a F-G
w 2 5 (7.31)
a g _ 1
wni = + Wip, + F) + = (Wyr, + Fri), 7.32
D . Zn—l Psni a Y+ g —
P, = E(pu;) = lim == = + Wyp + F), 7.33
(o) = Jim =B o L, 4 B, (73)
D*ni = A= YPxni — g(p*m - Pn) (734)
Then based on the above equations, it shows that
0G,; 1 oG 1 1 ow,, 100G
0s Bq*m " Os b <q*m) 6% ’ 0s 2 Os ’
*N% *n Pn *n
dp :7+gaw -0, 0 :7—|—98w -0
s 2v+g Os s 2y+g Os
and ~
= — = — < 0.
ds (v +9) ds T ds 2v+g Os
Then
ni ) - _ D*m’ wni — Wsn — Fm — < 0.
0s 2y+g 0Os i v ) 0s

Therefore, 17, (Dsni, Gsni) decreases in s.
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If Guni <24, (i€, ;= > 50-,) i =1,2,...,n, then

—r = PO D*m *xn ni)- o .
s ; {(52% B D+ (wen = Gi) =5 } <0

Therefore, 11" (w.,) decreases in s. This completes the proof. ]

Proof of Proposition 4

Proof. First, similar to the optimal effort level in Proposition 1, the retailer i’s optimal
effort level is ¢.7; = max ((%)1/3, 1) . Second, under the supplier’s optimal wholesale
prices wyq; (i = 1,...,n) which will be explained in Proposition 5, we wish to find an
optimal sales price so as to maximize the retailer i’s profit. Again similar to the proof of
Proposition 1, the problem can be transformed to a matrix form. The key issue is that the
wholesale price provided by the supplier to each retailer is different. Then P = M !B and
Retailer i’s optimal retail price p.s; is given in Eq. (4.21). This completes the proof. [

Proof of Proposition 5

Proof. First, recall that in Proposition 4, the values of ¢.7;, © = 1,2, ..., n, are observed.
Second, we wish to find optimal prices wg; (i = 1,2, ...,n) so as to maximize the supplier’s
profit which is presented in Eq. (4.25). Here wy; is the wholesale price given by the
supplier to Retailer i. Then based on Eq. (4.21) in Proposition 4, Retaileri’s (i = 1,...,n)
corresponding optimal retail price p,s; is given in Eq. (4.26). By the Law of Large
Numbers, denote

lim M = B(wp;) = Wh.

n—00 n

Then when n is sufficiently large

Pﬁ:hmM:E(mm): - +7+9(W~+‘.
n—oo M 2v+g 2v+yg

Then the first-order and second-order conditions are:

O (Waiiz12...n) _ tg
Owp; 2v+yg

9  Im  1HY 1ty
(a+§Wﬁ+§F)+T ﬁi—(V‘i‘g)wm—TFﬁz‘
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and

SR — _(,y + g) < O’
owz,
2
0 H%n(wﬁi,izlﬂ ..... n) 0. i .
= 0, 1#7.
3wmawﬁj
Then
0PI (Wiii=1,2,...,n) O’ (Wiii=1,2,...,n)
8w%1 Ows10Whn
. o n n
= (=1)"(v+9)"
BZHﬁm(wm,i:Lz »»»»» n) 62Hﬁm(wﬁi,i:1,2 ..... n)
OWsnOws1 w2

Since (—1)"(y + ¢)™ < 0 for m is odd and (—1)"(y + g)™ > 0 for m is even, thus
81_[%”(@0&1;,1:1,2 ..... n)
8wﬁi
optimal wholesale price w,z; in Eq. (4.27). Given that n is sufficiently large, by the Law

7 (wajiz12..n) is concave in wp;, 1 = 1,2,...,n. Set = 0 and get the

of Large Numbers,

Wi = E(w.) = lim 2y Weii

n—o00 n
1 g T s, 15
2y+g  2(2v+yg) 2y+g 2
The results of W,; and w,s; can be obtained. This completes the proof. O

Proof of Proposition 6

b .
Proof. Assume that k;; > —, hence ¢.q; = (%22£2)1/3 then

B b
e Y
and
0Gi; 1 _ 1 OF%;
Mom oL b sk PR = (1= b sk ) o
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From Propositions 4 and

D*'fzi -

Then

8w*ﬁi

Ok

ODurii

Ok

Ok

It shows that

aH%i (P*m', Q*m')

5, when n is sufficiently large,

2a g _
+ F+@Q) -
dy+yg 2@7+g% )

2 2 - 2 _
E(w.i) = - _pLAT94
4y +g 4y +g 4y +g

a g - _ 1
2v+g 2(2’y+g)( ) 2( )

a Y+9 .+ _
E(psni) = Wi + F),
(Psri) 1 g 27+g( )

a— (7 + g9)psii + 9P,

1
=~ (Fs — Gi),

Y

190G 10Fs
2 Okn; 2 Ok
10w  10Fy 193Gy
2 Okni | 20k 4 Ok

ap*m'

10k
4 akm ’

Ok, Ok,
2b b
1. f0o<B< i c? then ——— < kn; and (1 —cb™t + sk3;') < 3. Then
2b+c
0Gy; OF5; ODwrni aH%i (p*fzia q*m’)
Tk Ok Ok M T o,

Therefore, 1% (pisi,

2b+ ¢

b
2. If —— < B <1, then — <
s

(a) IfE < k,’m <

3 20 +

OFy;

¢s7i) decreases in ki;.

sb
B 2b+c

b
° , then (1 — cb™ + sk3') > 3. Then
c

i _ o ooq i (Paivis Qi)

=T Okni* Okg ’ Ok

Therefore, T1% . (pui, ¢ni) Increases in kz;.
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(7.35)
(7.36)
(7.37)

(7.38)
(7.39)



sb

b) If
(b) 2b+ ¢

< kg, then (1 —cb™! + sk;!) < 3. Then

i Fr i L7, (Pariis Qi
0Gii _ OFi — Opii gy Oli(Pusi, Guai)

Tk Ok Ok O

Therefore, I1% . (pasi, Gsii) decreases in k.

b
(c) If ks = 7 then (1—cb™t +skz) = 3.

2b+c’
0Gri  OFn  Opa OIIL; (Darii, Qi)
— = =0 d o = 0.
Oz Oka'  Oku Ok
From cases (a) and (b), it shows that I1%, (P, ¢uns) attains its maximum value
ith £ to ks at the point —
with respect to kj; at the poin
P P 2b+c
This completes the proof. n

Proof of Proposition 7

Proof. Based on the equations from Eq. (7.35) to Eq. (7.39),

Opuiii  1O0ws  10F; 1
0D, Opyini (v+9)
Hence
OILE, (Dusiiy Quini) 1 +g
e = ——Diai — (Peri — Wani — Fri)—— < 0.
Therefore, 115, (puai, ¢ni) decreases in ugz;. This completes the proof. ]
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Proof of Proposition 8

b ki B\ V3
Proof. Given that kz; > B, then ¢,z = ( bﬁ> . Based on the equations from Eq.
(7.35) to Eq. (7.39),
ds  2M@y+g)0s 2 9s ' 0s  4y+g0s’
Opani g OW..; n 1 0w, OF;,  y+g W,y
ds  2(2y+g) Os 2 9s ' 0s 2y+g Os
and B _
0D, ODuiii 0P, ~v+g g 0G  10G.k
=—(r+9) tg—5- = -5 :
Js Os Os 2 2(4v+g) 0s 2 Os
Hence
= = (g5 3 =D + ——— (Peri — Waii — Fii) | -
Os (2(47 +g)ds 2 Os ) 2 T (v v )
It has -
0G7; 1 0G 1
g d — =pF .
0s ﬁq*m‘ o 0s P <Q*ﬁz>
If
1 g 1 dy+g
> E Or Qxpi < 7
G 4y +g <q*m)
then

Ny tg) 0s 205

Thus the properties of 1%, (psai, Gsni) With respect to s can be obtained.

ni

ONZ (Waii=1,2,...n) _ i ( g 8_@ B laGm) (D . V_—i_g(w I G~.)>
*N° 2 *N12 n )

Js —~ \2(4v+yg)0s 2 0Os
then if
4
q*ﬁz<7—w6ﬁ7 i:1727"'7n7

g
then

— . 2 <0.

O0s

This means that 117 (Wi =12, ) is decreasing in s. This completes the proof.
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Proof of Proposition 9

Proof. Based on the equations from Eq. (7.31) to Eq. (7.34) and from Eq. (7.35) to Eq.
(7.38),

— g — —
Wen, — Wi = ——————(a—~F —~G),
2y(4y + g)( )
Tty =

For the supplier with Strategy I, both of the optimal wholesale and the net profit per
unit of products that the supplier sells to Retailer ¢ should be positive, i.e., w,, > 0 and
Wen, — Gpi >0 (i =1,2,...,n). Thus w,, — G > 0, which requires % > F + G. Similarly
for the supplier with Strategy II, w.z; > 0 and w,z — G > 0 (i = 1,2,...,n). Thus
W.n — G > 0, which requires 4 > F + G. Thus a — vF — G > 0, w,, > W, and
E(puni) > E(peii). This compleges the proof. O

Proof of Proposition 10

Proof. The means of the optimal retail prices under the two wholesale price strategies are
pn E( ) RRT 21':1 DPxni

Then from Propositions 1, 2, 4 and 5, Retailer ¢’s profit functions under the two wholesale

pricing strategies are

I, (Panis @ii) = (Peri — Wai — Fri) (@ — (v + g)pani + gpﬁ).

Denote
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then based on the equations from Eq. (7.31) to Eq. (7.34) and from Eq. (7.35) to Eq.
(7.39),

= = Wipi
(@ =7+ 9)pni + 9Fu) = (a = (v + g)paii + 9Pa) = (v +9)(A+—7).
Then
, . _(v+9)
I, (Penis Quni) — 105 (Paiiis Qi) = 16 (YY — Fyi + Gui)(ZZ — 3Fs; — Gii),
where
1 _ _
YY = —2ga + (8v* +8vg + ¢*)F — (8y* + 4vg + ¢°)G),
@7+@Mv+w( ( = )
1 _ _
27 = 167 + 69)a + (872 4+ 12vg + 3¢>) F — (87* — ¢*)G).
R Rt o ae)
Then the results can be obtained. This completes the proof. O

Proof of Proposition 11

Proof. Based on the equations from Eq. (7.31) to Eq. (7.34) and from Eq. (7.35) to Eq.
(7.39),

1
Psni = Tn + _Fni7

2
1
Diii = Li+ §(w*m + Fii),
1
Wii = I — (Fai — Gri).
2
where
ro_ 0 9ty g -
" 2+g  2y+g " 22y+g) ]
a g _ _
Tﬁ - W*ﬁ —|— F 5
2y+g 2@v+w< )
2a _ _
- I (F+Q).
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Again based on these equations,

= 1

- 1 1 1 _
E(w*ﬁip*ﬁi) = TﬁW*ﬁ + 5(12 + ZE(G?‘L’L) - ZE(Fi) + ]G)’
N I | 1
E(Giaipsni) = ThG + §(IG + §E(an) + §E<GmFm))7

E((wini — Gii)Dasi) = Wina+ gPaWas — aG — gPiG — (7 + 9) E(Wanipaii) + (v + 9) E(GriDsii)-
Consequently,

E((w*n - Gm)D*m) - E((w*m - Gm)D*m‘)
= ((7 + 9)(%12 + TiWei — (T — T)G) + (e, — Wa)(a — MG) — (Ywn Py + gWest _ﬁ>>

. 27+yg
_g(W + 9)(E{(Gni — Fi)*}-

When n is sufficiently large,

E(Hzl<w*n)) = nE<<w*n_Gni>D*ni)v
E(Hﬁm<w*ﬁi,i:1,2,---,n)) = nE((w*m—Gm)D*m)-

Then the results can be obtained. This completes the proof. O]
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