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With technology innovation and market complexity,
this paper examines a dual-channel supply chain with
one manufacturer and one retailer. A manufacturer per-
forms the encroachment by selling products through
offline retail and direct online channels. It also provides
an extended warranty service with the product sold in
both channels. This study identifies the best pricing and
extended warranty strategies as decision variables to
maximize profits for the dual-channel supply chain under
the demand substitution effect. Despite the centralized
scenario, a decision-making model in the decentralized
scenario is also developed using Stackelberg’s game to
determine optimal decision variables. The results demon-
strate that the centralized scenario consistently outper-
forms the decentralized scenario. Thus, coordination
contracts are proposed considering the profit structure,
revenue-sharing and cost-sharing contracts to coordi-
nate and promote a win-win situation for supply chain
members. Furthermore, demand substitution effects are
investigated for channel parameters represented in the
initial market size, price sensitivity coefficient, and war-
ranty length sensitivity coefficient on optimal decision
variables. From the sensitivity analysis, these parame-
ters have a different substitution effect on the optimal
decision in each channel. The price and extended war-
ranty length offered in a dual channel positively correlate
with the market size and warranty length sensitivity
coefficient of the corresponding channel. Howeuver, they
negatively correlate with the price sensitivity coefficient.
Accordingly, a similar situation occurs for the profit of
each channel. Last, the discussion supports the theoreti-
cal results and generates managerial insights for practi-
cal decision-making
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1. Introduction

Rapid technological advancement and innovation have
resulted in a substantial transformation of market and business
interactions in current operations and management. Moreover,
the Covid-19 pandemic has altered the business environment,
where the focus has shifted from «physical first> to «digital
first> and from «selling» to <«serving» customers [1]. The
manufacturer captures this as an opportunity to enlarge the
encroachment practice, which is omnipresent with various in-
novations, such as a dual-channel supply chain. In a dual chan-
nel, a manufacturer typically separates its marketing efforts
from retail offline channels and engages customers directly
through an online channel [2]. The online channel presence is
significant because it entices numerous customers from offline
toward online channels and presents sales channels to serve
more markets. In addition, this condition also affects the opera-
tional decisions of the manufacturer, particularly in the pricing
strategy [3, 4]. Thus, manufacturers attempt to redesign their
traditional channel systems by constructing a dual channel.

Despite the above situation, the responsibility of business
players in the online transaction process and product quality
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and reliability has provoked concern in online shopping. New
products introduced at a high level of technology also become
more complex and personalized, so customers increasingly con-
sider product warranties and after-sales services [5]. Generally
speaking, there are two kinds of warranties, base and extended
warranties [6]. Although a base warranty is typically bundled
with the product sold, more customers are considering pur-
chasing extended warranty services recently [7]. Nevertheless,
it mostly becomes the manufacturer’s responsibility to repair or
maintain when product failure occurs. With manufacturing en-
croachment through online channels, the manufacturer might
offer extended warranties directly to customers, and custo-
mers also can reach the manufacturer to solve their issues [8].
As an illustration, Apple Inc. offers an extended program,
«Apple Care+», allowing customers to repair their products
beyond the base warranty. Performing the proposed trend
of a warranty system by introducing an extended warranty
service will encourage the manufacturer’s online channel to
become successful, highly rated, and trusted by customers.

While the dual-channel innovation and direct warranty
provision empower the manufacturer, they create fierce new
competition in supply chain sales channels. Furthermore,




demand substitution might occur when customers shift from
one channel to another due to price, quality, or other factors [4].
As aresult, it significantly affects the emergence of channel con-
flicts, changes in demand, and pricing strategies in a dual-chan-
nel system. In order to overcome these potentials and remain
competitive in the market, all channel members should strate-
gically coordinate their pricing and management decisions [9].

Based on these observations, the emergence of a dual
channel is noteworthy since customers can eventually select
between traditional retail and online direct channels. Some
customers will efficiently switch to other channels when one
of the channels runs out of stock. However, several gaps still
need further analysis in coordinating the dual-channel supply
chain with pricing and extended warranty strategies under
the demand substitution effect. Therefore, a study on deve-
loping an appropriate design for pricing and extended war-
ranty strategies is relevant to present technological advances
for business resilience and competitive success in the market.

2. Literature review and problem statement

As market conditions and technology transform rapidly,
a dual-channel supply chain has become a concern in operations
and industrial management today. In such a situation, despite
selling through a retailer, several manufacturers have initiated
selling their products through direct sales channels. Thus,
pricing strategy as one of the operational decisions is a major re-
search issue still being developed. Paper [3] constructed a dual-
channel supply chain model where the manufacturer sells the
product thru a direct channel and multiple retail channels. They
identified that the market share strongly impacts the optimal
pricing strategy and effort level. Furthermore, the article [10]
analyzed two platform innovation strategies adopted by the
manufacturer and e-retailer. They designed scenarios where the
manufacturer can utilize a platform to market products directly
by paying fees. The results summarized that the manufacturer
has a higher profit for platform innovation than the e-retailer.

Developing a dual-channel system has generated further
competition in the current supply chain. Regarding channel
management, scholars have conducted several analyses from
the perspective of the manufacturer and retailer on channel
decision-making and coordination to minimize the compe-
tition effect. They typically adopt mathematical models and
game theory to propose a feasible coordination contract,
achieve a win-win situation, such as wholesale price, buyback
contract, and revenue, and cost sharing contracts [11-14].
Work [12] studied the decision-making and coordination
under customer preferences for a dual-channel supply chain
consisting of a manufacturer and an e-commerce platform.
By using a game theory approach, models were presented in
the decentralized and centralized decision scenarios to de-
termine maximum profits. In a more complicated setting, the
study [15] developed the pricing strategy in the decentralized
and centralized models by considering customer value and
value-added service in a dual-channel supply chain with a ma-
nufacturer and an online retail platform. The analysis demon-
strated that profits and customer value under the centralized
scenario are higher than in the decentralized scenario.

In light of the aforementioned research, channel ma-
nagement and decision-making methods could significantly
improve the profit and business processes of the whole supply
chain. Nevertheless, the intense competition and increasingly
complex consumer demands have directed the elaboration of

other supply chain studies related to after-sale services to be
studied further. Paper [5] considered manufacturer warranty
services in a dual-channel supply chain for demand-enhanc-
ing services. The warranty service distributed by the retailer
supports a win-win situation for the manufacturer and retai-
ler with large initial market size.

In a highlight development related to warranty, the extended
warranty program has achieved economic system recognition
and has significantly progressed. Hence, several scholars work-
ing on operations and management research have broadened
the study of extended warranties under the dual-channel model.
Work [7] designed extended warranty strategies in a dual
supply channel with a single manufacturer and a retailer under
customer preferences. The findings indicated that the price
reduces as the warranty is extended and no matter who offers
the extended warranty, the supply chain will make significant
profits. Afterwards, the article [8] determined the optimal stra-
tegy of the extended warranty services provider and the impact
on customers in the dual-channel supply chain. They suggested
that if the probability of product failure and extended warranty
coverage are high, the manufacturer should offer the extended
warranty service to gain more profit. In another interesting
work, the study [9] examined the coordination decision-making
model of e-commerce supply chains where the e-commerce plat-
form offers an extended warranty. The results revealed that the
centralized model offers the best pricing and low selling price.

In fact, most scholars have already discussed operating an
online channel as a direct operations strategy by a manufac-
turer in the supply chain for marketing and sales. However,
only a few scholars have considered utilizing the manufactu-
rer’s direct channel using an online platform as an after-sales
service channel. Paper [16] presented the manufacturer’s
strategy by offering extended warranties for the online shop-
ping supply chain. They stated that the manufacturer’s pric-
ing decision is critical in determining whether it is profitable
to offer an extended warranty.

To the best of our knowledge, current studies in this area
focus either on pricing strategies or extended warranty mar-
keting in a dual-channel supply chain without concerning the
potential demand substitution effect, particularly on the per-
formance of each channel. Moreover, the coordination issue
and the joint effect of pricing and extended warranty strate-
gies on dual-channel performance have never been explored.
Therefore, exploring the pricing and extended warranty stra-
tegies under the demand substitution effect is necessary to
fill this gap. All this allows to argue that a study on designing
a dual-channel supply chain coordination contract is appro-
priate and relevant. Considering the price and warranty
length as decision variables, this study enriches and contribu-
tes to the study of operations management and dual channels.

3. The aim and objectives of the study

The aim of the study is to develop a game theory model
of a dual-channel supply chain for determining optimal price
and extended warranty length. These mechanisms allow each
supply chain member in the whole system to maximize total
profit and achieve a win-win situation.

To accomplish the aim, the following objectives have
been set:

—to develop decision-making scenarios, centralized ¢ and
decentralized d, for determining the optimal pricing and exten-
ded warranty decisions under the demand substitution effect;



— to derive analytical propositions of decision variables
for investigating the joint impact of pricing and extended
warranty decisions on the profit of the supply chain system
and each channel;

—to propose coordination contracts in revenue and
cost-sharing contracts for coordinating supply chain mem-
bers in each channel under the demand substitution effect
and achieving a win-win situation;

— to perform numerical and sensitivity analyses in ex-
ploring the effect of demand substitution parameters on per-
formance, pricing, and extended warranty decisions for each
channel in a dual-channel supply chain.

4. Material and methods

This paper examines a dual-channel supply chain that
includes a manufacturer’s retail and direct channels, which
will be referred to as offline and online channels, respectively.
In offline channel r, manufacturer M markets products to re-
tailer R, then retailer R sells to end customers. Meanwhile, in
online channel m, manufacturer M directly sells products to
end customers via its online platform. Following the Stackel-
berg game, manufacturer M becomes the game’s leader,
whereas retailer R becomes the follower [11, 17]. The manu-
facturer M provides a wholesale price w, to retailer R and an
extended warranty length ¢, to customers in offline channel r.
Afterward, retailer R offers a retail price p, to customers.
By adopting technology innovation in an online platform,
manufacturer M provides customers a selling price p,, and an
extended warranty length ¢, in online channel m. Assuming
that manufacturer M produces a product at a unit cost and
sells via retailer ¢, and its online channel ¢, the manufac-
turer’s wholesale price w, is specified [18]. Therefore, the
retailer’s price p, in offline channel 7 is its profit margin [16].

When customers purchase an extended warranty, period ¢
is the aggregate of base and extended warranty periods [6]. As
this study focuses on extended warranty length effects, the base
warranty provided is constant and normalized to zero, which
was also applied by papers [7] and [19]. Manufacturer M pro-
vides an extended warranty bundle for products sold on both
channels, where the manufacturer incurs warranty cost ¢,
for defective products. Accordingly, the extended warran-
ty sold is supposed to be equivalent to the product sold.
The number of product failures through warranty length ¢
is defined as N() [20]. It is supposed to be distributed with
a cumulative distribution function N(#)=Az8, where A is the
failure rate, ¢ is the extended warranty length, and B is the
shape parameter in Weibull distribution. Then the extended
warranty cost increases exponentially over time and can be
formulated as c,[N(¢)]=co(A2%) [8]. To show channel diffe-
rences, online channel m, as a newly developed market, has
a lower initial market size than offline channel 7, o,<0.
All notations for this study are summarized as follows:

i=r, m — index of channels, offline 7 and online m;

j=M, R — index of supply chain members, manufacturer
M and retailer R;

k=c, d — index of decision-making scenarios, centralized
¢ and decentralized d;

q; — customer demand for i channel,

¢; — production cost for i channel;

¢ — warranty cost per defective unit, ¢;>cy;

\; — failure rate for i channel;

B — product life cycle (shape parameter);

o — the initial market size;

o — the initial market size for the other channel;

v — price sensitivity coefficient;

vy’ — price sensitivity coefficient for the other channel,

0 — warranty length sensitivity coefficient;

0" — warranty length sensitivity coefficient for the other
channel;

w, — wholesale price, p;>w,>c;

p;i — selling price for i channel;

t; — warranty length for i channel,

7, — retailer profit in offline channel 7;

7,3 — manufacturer profit in offline channel r;

Ty — manufacturer profit in online channel m.

This study develops centralized and decentralized deci-
sion-making scenarios using game theory to maximize supply
chain profit. In the centralized scenario, these decisions are
determined to maximize the supply chain profit [4, 20]. Mean-
while, decisions are severed to maximize profit for each member
under a decentralized scenario. Given the setting parameters,
the demand in each channel is estimated. Afterwards, the op-
timal price and extended warranty length to maximize each
channel’s profit are determined under different decision-mak-
ing scenarios. Coordination contracts are also proposed regard-
ing the profit structure in revenue-sharing and cost-sharing
contracts. In supply chain coordination, revenue-sharing and
cost-sharing contracts are two common mechanisms that align
the interests or incentives of different supply chain members
and improve overall performance [14]. Following the study
in [12], the supply chain members accept a contract where one
member will compensate for incentivizing other members to
join the coordination mechanism. At last, the demand substitu-
tion effects represented in initial market size, price, and exten-
ded warranty length sensitivity coefficients are investigated
for different channels. In the following sections, the results of
each approach are discussed in more detail.

5. Results of decision-making model development and
coordination analysis

5. 1. Developing demand and profit function for a dual-
channel supply chain

In offline channel 7, customer demand ¢, decreases in pro-
portion to its price p, and other channel’s warranty length ¢,
while increasing in proportion to its extended warranty
length ¢, and other channel’s price p,,, and vice versa. Similar
to previous studies [6-9], this demand function is supposed
to be linear, focusing on the key parameters investigated in
this study. Hence, the demand functions for offline ¢, and
online ¢,, channels are defined as follows:

Qr = a‘r _Y1'pr + Y:pm + ertr _e:tm’
G =0y =YDt V0D, 10,0, 01,

Let’s note that o denotes the initial market size, y is
the customer sensitivity to warranty length that describes
the highest price that the customer’s willingness to pay for
a product, and 0 denotes the longest warranty duration
provided by manufacturer M. At the same time, the pricing
and extended warranty decisions influence the demand
substitution effect. Thus, y'and 6 are the substitution degree
between channels, where y, >y, and 6, > 6/. Twvo channels are
presumed to have positive demands, so o>0, y>0, and 6>0
make the customer demand feasible and practical. Hence, the



manufacturer’s profit 7,); and retailer profit 7,z in the offline
channel and the manufacturer’s profit m,,, in the online
channel are defined as follows:

T ()=4, (w0 -c)-c, (7»,_tr)B ) )]
nrR(pr):qr(pr_wr)’ (2)
T, (pm,tm):qm(pm—cm)—cw(thm)B. 3)

In offline channel 7, the manufacturer’s profit 1,, encloses
the revenue from selling the product to the retailer and the
extended warranty cost. Meanwhile, the retailer’s profit m,z
denotes the retailer’s revenue from selling the product to the
customers. For online channel m, the manufacturer’s profit 7,
is estimated as the manufacturer’s revenue from selling the
product directly to customers and extended warranty cost.

3. 2. Developing decision-making scenarios for a dual-
channel supply chain

5. 2. 1. Centralized decision-making scenario

The supply chain members’ pricing and extended warran-
ty decisions across all channels are examined in this scenario.
Accordingly, the optimal prices ( P, pm) and extended war-
ranty lengths (t, ,t;) are determined to maximize the profit
for the supply chain system. From (1)—(3), the profit of the
centralized scenario . is defined as follows:

T (Dol Porty) = Ty + T + Ty (4)

The optimal decision should satisfy a concave profit function.
Hence, the concavity of the model is verified in Theorem 1.
Afterward, the optimal prices and warranty lengths are deter-
mined from the necessary conditions in Theorem 2.

Theorem 1. The profit function ©t.(p;, t,, P, tw) is jointly
concave in p,, t,, pm, and t,,.

Proof of Theorem 1. The eigenvalues are determined to
support the Hessian matrix by calculating the following
principle minors:

H(pr’tr’pm’tm):

[ o'n,  9'm,  o'm, o'm, |
o,  9pdt,  Ipdp, IpoL,
o’n, Im,  Im, o’m,

_|otop, o’ atdp, oo,
| o, om,  o'm, o’r,
op,dp, Op,ot, Ip, Ip,ot,
o’r, o’m,  o’'m, o’m,
| ot,0p, ot,ot, dtdp, o’ |
Thus, there are:
|H,|=-2y, <0,
B
|H2|= 2610BY7‘(ﬁ 21)(t7>\‘r) >O,
t,
4e.Br,v, (B-1)(11,)
|H3|=_ (tz )( ) <0,
4e, B, (B=1)° (62, ) (6,1, )
e

Since more than one determinant is negative, at least one
eigenvalue is negative. It could be a maximum or a saddle
function. As a result, necessary conditions prove in Theo-
rem 1 that the profit function w.(p;, t;, Pm, L) is jointly con-
cave in p,, ty, pm, and t,.

By solving dn./dp,=0, dn./dt,=0, In./dp,=0, and
om,./dt,, =0, the optimal prices and extended warranty lengths
are given in the following theorem.

Theorem 2. The optimal price p,, p, and extended war-
ranty lengths ¢, ¢, are unique optimal decisions in offline r
and online m channels under the centralized scenario that are
presented as follows:

O, Y, =G, 0L =00, +p, (Vi +Y))

b, 2y : 5)
1
0,(p,—c,)+ . (co —p, )0 Y
t::[( (p,—c,)+0,(c,—p, )\ )} ’ )
Bcw
* a‘m+ mcm_ :‘Cr+6mtm_e:ntr+ 7 :‘+ :n
T P : r ) g
Ym
1
6, (P —c,)+6(c, — )1 |
t;:[( m(pm C,,,); V(Cr pr) m)} ) (8)
C,

where B>1 and vy,>0,, ¥,,>0,,. Substituting (5)—(8) into (4),
the optimal profit for the supply chain system under a cen-
tralized scenario is given by: n;(p:,t:,p;,t;).

Proof of Theorem 2. To verify that the prices and extended
warranty length given in (5)—(8) are unique optimal deci-
sions under the centralized scenario, the first partial deriva-
tive of (4) is calculated for p,, t,, p,y, and ¢, then put the result
equal to 0, there are:

c

=0, +7,6, = Y,,C, = 2Y,D, +

p,

+p, (Y, +7,)+6,t, -6]t, =0,

aTEC _ ’ Bcw (tr}\‘r)B —
at' _er(pr Cr)+em(cm pm) t, _0’

3;“ =a,+7,(c,—2p,) -V, +

+0, (¥, +7,,)+0,t, -0t =0,

m

Co (LM P
=0, (p,-c.)rer(c,—p)-Beletsf g

m m

on
ot

By solving them individually, the results are presented
as (5)—(8).

In subsequence, the impact of key parameters on the
decision variables is explored under the centralized scenario
as presented in Proposition 1. These parameters are initial
market size o, price sensitivity coefficient vy, and warranty
length sensitivity coefficient 6.

Proposition 1. Under the centralized decision-making
scenario, there are:

op. op, ot t
1) Py >0, P, >0, —=>0, —=>0,

oo oo a0, Jo

r m r m

om, _om, on. _om,
C=—=>0,—=—=>0;
Jdo, do., oo, do

m



op. op, )
2) pn. <0, pm(. , A <O, m, <0,
ay ay 0 aY,,
on. om, ot om,
C — c , C — c <0,
a, 9y, 9, I,
op. op, ot '
3) —->0, —"= >0, —= >0, —= >0,
)%, 7", %30, " 30,
on, om, om, om,
C=—=>0, = >0.
9 08, 98, 6,

In the centralized scenario, Proposition 1 indicates an
increase in the initial market size oo and extended warranty
length sensitivity coefficient 8 for each channel, increas-
ing the optimal price p” and extended warranty length ¢”
for the corresponding channel. Conversely, increasing
the price sensitivity coefficient y decreases both decision
variables. In addition, it also presents the effect of param-
eter changes on optimal profit 7., which tends to have the
same effect as p” and ¢". Under the centralized scenario,
all parameters impact the whole profit of the dual chan-
nel. Furthermore, the profit for each channel is impacted
by changes in each corresponding parameter. This situa-
tion indicates that there is a substitution effect between
both channels.

3. 2. 2. Decentralized decision-making scenario

In a competitive market, a decentralized system is more
prevalent and applicable in practice than a centralized.
Despite locally maximizing the profit of supply chain mem-
bers, each channel is separated in making decisions [20, 21].
By implementing backward induction for the Stackelberg
game, offline channel 7 is discussed first and then online
channel m.

In offline channel 7, the retailer determines the opti-
mal retail price p, to maximize profit. Accordingly, given
wholesale price w,, the manufacturer determines the optimal
warranty length ¢, to maximize profit. The process converges,
thereby following theorem is given by solving dm,/dp,=0
and 91,y,/0t,=0.

Theorem 3. The optimal price p, and extended warranty
length ¢, are unique optimal decisions in offline channel »
under the decentralized scenario presented as follows:

.o, +y,w +7.p,+0,t -0t
' 2y, ’

t* _ 977\’7_‘[3 (wr _Cr) %71
- ch '

)

(10)

Meanwhile, in online channel m, the manufacturer speci-
fies the optimal price p, and warranty length ¢, to maximize
the profit. Considering the concave nature of the profit
function, the following theorem is generated by solving
O/ Opm="0 and 0m,,3;/0t,,=0.

Theorem 4. The optimal price p,, and extended warranty
length ¢, are unique optimal decisions in online channel m
under the decentralized scenario presented as follows:

o o, +Ymcm +Y:npr +emtm _e:ntr
! 2v,,

) (11)

t

: z(em%m“(pm—cm))%1, (12)

" B C'w

Proof of Theorems 3 and 4. To confirm that the prices
and extended warranty length given in (9)—(12) are unique
optimal decisions under the decentralized scenario, the first
partial derivative of (1) and (2) are calculated for p, and ¢,
then put the result equal to 0. In addition, the first partial de-
rivative of (3) is calculated for p,,, and ¢, then put the result
equal to 0, there are:

n’R = (xr +err +Y:pm _2err +ert7 _e:tm = O’
ap,
B
om,,, Be, (¢,1,)
M _Q (@ —¢ )= =0,
atr ’( r l) tr
on

?'"M:%JFYM(%—QP,")JF

+Y;npr + emtm _e:ntr = 0’

m

c (e Y
0, (p, )PPl g

m m

oMy _

ot

Solving them one by one, respectively, the results are
formulated as (9)—(12).

Substituting (9)—(12) into (4), the optimal profit under
the decentralized scenario is represented as: T, ( ot p;,t;).
Furthermore, the impacts of other parameters on the decision
variables and profit are characterized in Proposition 2.

Proposition 2. Under the decentralized decision-making
scenario, there are:

o, 9, o _ad,
1) =40, =4 > 0, > 0, = >0,
o0, oo, ao Jou

r m r m

©om © o om
a& — a > Oy and — my > 0,
Jdo, do, Jdo, Jdao

m

. . ot ot
Py, <0, Py <0, L <(, 2
ot 9, d, I,

r

2)

<0,

Iny :—an"’ < ony :—an’”” <0,

d, 9, I, K,

op,, o, o,
>0, >0, —+>0,—=>0,
20, a0 20, 20

r m r m

3)

and B aTC,.

d

0, 06,

om, _9m,,

X >0.
200, 09

m

As in the centralized scenario, Proposition 2 demon-
strates that increasing the initial market size o and ex-
tended warranty length coefficient 6 increases the optimal
price p”, extended warranty length ¢, and profit m;. Mean-
while, an increase in the price sensitivity coefficient y yields
a decrease for all three. Furthermore, differences in the
decision and profit variables for each channel are signifi-
cantly affected by each change of key parameters in the
corresponding channel.



5. 2. 3. Comparative analysis for the development of
decision-making scenarios

In the following proposition, the analysis begins by
comparing optimal decision variables, p* and ¢", for a supply
chain system under different channels and decision-making
strategies.

Proposmon 3 Comparing the optimal price, there are
P> P, > D, > D,

Proposition 3 explains the differences in the optimal
prices for each channel under different decision-making sce-
narios. Similar to previous studies [18, 20], prices in the cen-
tI"dllZCd scenario are higher than in the decentralized, p, > p,
and pm > pm Moreover, offline channels » have higher prices
than onllne channels m in both decision-making scenarios,
p,(’ > pm‘ and p,_d > pmd.

Proposition 4. Comparing the optimal extended warranty
length, there are ¢, >t, >t, >t,

In Proposition 4, offline channel r has a longer extended
warranty length than online channel m under the centralized
scenario, t >t . Conversely, in the decentralized scenario,
the extended warranty length on online channel m is lon-
ger than offline channel 7, ¢, >t . It is easy to understand
because the manufacturer, as the excluswe provider of the
extended warranty, can offer lower prices to induce demand
in a decentralized scenario. Meanwhile, in the centralized
scenario, the manufacturer coordinates with the retailer so
that they do not significantly differ in the extended war-
ranty offered. In such circumstances, the article [22] also
discovered a similar result in another development work of
manufacturer encroachment.

Proposition 5. Comparing the profit in different deci—
sion- makmg coordination scenarios, there are T, >, m. >,
and ©, >m, . Similarly, the member’s profit in offline and
onlme channels are TRe>Trd>Tad> e and Tpaze> Tmd-

Proposition 5 shows that the centralized scenario always
yields better profits than the decentralized scenario. Howev-
er, in the manufacturer’s problem, the decentralized scenario
provides higher profits than the centralized scenario under
offline channel 7 since the manufacturer wants to maximize
its profit, T,nu>7ne. Thus, dual channel development can
increase the supply chain profitability.

Proposition 6 Cornparing the profit in different channels,
there are n, =x, and m, >, . Similarly, the member’s pro-
fit in each channel are anc>TC,MC and 0> Tard

Proposition 6 demonstrates that the online channel m
has the exact profit as the offline channel 7 in a centralized
scenario, T, Meanwhile, the profit of online chan-
nel m is hlgher than offline channel » in a decentralized
scenario, , >m. . Furthermore, the profit comparison of
supply chain mernbers in Proposition 6 only involves the
manufacturer with two channels, offline and online. Thus,
the manufacturer earns more profits online than offline chan-
nels, Tune>mne and Tupe>Tnge. In summary, Propositions
5 and 6 reveal that the centralized scenario consistently
outperforms the decentralized scenario. Therefore, a coordi-
nation contract is proposed to obtain a win-win situation for
all members on each channel.

5. 3. Developing coordination contracts for a dual-chan-
nel supply chain

5. 3. 1. Revenue sharing contract

This contract is an agreement between supply chain
members in which they share a portion of the revenue ge-
nerated by the sale of a product or service [12, 13]. Under

this type of contract, the profit is split between the parties
according to a predetermined percentage, which encourages
them to work together to maximize sales and revenue.

In this proposed contract, the proportion of channels’
revenue for offline channel 7 is defined as X, whereas online
channel m is 1-X (0<X<1). In offline channel 7, the retailer
determines price p,x to maximize profit. Accordingly, the
manufacturer has optimal warranty length #,x to maximize
profit. Meanwhile, in online channel m, the manufacturer
defines price p,x and warranty length ¢,x to maximize
profits. However, the profit in the coordination contract
should coincide with the centralized model. Thus, these
necessary conditions should be satisfied p,.=p,x, t,:=t:x,
Pme=Pmx, and ty.=t,x. By substituting (1)—(3), there are
nrc:(/h(prcfcr)761[}(7\'7@03) and nmc:qm(pmcfcm)7Cu’(7bmtmcﬁ)~
As a result, profits of offline and online channels for this co-
ordination contract are defined as follows:

¢)-c.(he.),

nmxzqm(l—X)(pmc—cm) (thmr) .

an:er(prc_ (13)

(14)

Note that 7,y +m,x=m. To ensure the feasibility of this
contract, the profit inequations, m,x>m,y and T,x>Tue
should be satisfied. After simplifying (13) and (14), the up-
per and lower bounds of revenue sharing proportions X are
formulated as follows:

Xsin"j;(;’ (i%i) -X, (15)
le—W -X. (16)

From the analysis above, Corollary 1 is formulated as
follows.

Corollary 1. When a revenue sharing contract is used to
coordinate a dual-channel decentralized model, both chan-
nels estimate the proportion as X €( X, X ).

The manufacturer and retailer might use a revenue shar-
ing proportion X within the range in Corollary 1 to coordi-
nate the decentralized model in a dual-channel. Consequent-
ly, each channel resolves the channel conflict and achieves
a win-win situation to supply chain members.

5. 3. 2. Cost sharing contract

A cost-sharing contract is an agreement in which the
costs of producing and delivering a product or service are
shared between supply chain members [14]. This contract
encourages collaboration and efficiency in the supply chain,
as each member is incentivized to minimize costs to maximize
their profits.

In this contract setting, the proportion of channels’ cost for
offline channel ris ¥, whereas online channel m is 1-Y (0<Y<1).
In offline channel 7, the retailer determines retail price p,y to
maximize profit. Afterwards, the manufacturer sets optimal
warranty length ¢,y to maximize profit. Meanwhile, in online
channel m, the manufacturer specifies price p,,y and warranty
length 7,y to maximize the profit. As in a revenue sharing con-
tract, these necessary conditions should be satisfied p,.=p,y,
te=tv, Pme=Pmy, and t,.=t,y. Hence, the profit of the offline
and online channels for this contract is defined as follows:



TcrY :qr(prc_Cr)_czc‘Y(A’rtrc)B’ (17)

Ty =G (Poc =)= (1-Y)(2 1, ) (18)

Despite m,y+m,y=m. the profit inequations, T,y>7,y
and T,,y>7,,4 should be satisfied. In subsequence, the upper
and lower bounds of cost sharing proportions Y are formu-
lated as follows:

qr (prc _Cr)_ﬂ:rd
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From the analysis above, Corollary 2 is formulated as
follows.

Corollary 2. When a cost-sharing contract is used to co-
ordinate a dual-channel decentralized model, both channels
estimate the proportion as Y € (Y,Y).

Here, all members in the dual channel use cost-sharing
proportions Y in the range in Corollary 2 to coordinate the
decentralized model.

As a result, the profit of each channel increases and a win-
win situation is established.

3. 4. Computational analysis for a dual-channel sup-
ply chain

In order to confirm the model developed earlier and
show the impact of key parameters on optimal decisions, this
section presents numerical and sensitivity analysis. A real
case is examined as the motivation for developing the model.
A manufacturer engaged in electronics and home appliances
has been selling its products through offline retailers. With
technology innovation and market competition, a manufac-
turer performs manufacturer encroachment by constructing
its online channel via a website and application platform.
So far, the manufacturer has also offered an extended war-
ranty to differentiate it from competitors. Due to increasing-
ly complex and dynamic demands, a manufacturer has diffi-
culty deciding the optimal strategy for pricing and extended
warranty on its dual channels.

3. 4. 1. Numerical analysis

The numerical example has been employed to illus-
trate this study’s pricing and extended warranty decision
cases. With referring the previous literatures [7, 9], other
relevant parameters were selected to manage results effec-
tively while demonstrating impacts under different scena-
rios: a,=2000, o, = 1500, v,=7,=6, v, =7, =4, 6,=6,,=0.6,
0/ =0, =04, ©0,=300, ¢,=200, ¢,=150, ¢,=100, =2,
and A,=\,,=0.4.

Let’s initially analyze the impact of optimal prices p
and extended warranty lengths ¢ of retailer R and manu-
facturer M on the profit under different decision-making
scenarios. Table 1 shows that the optimal price in a cen-
tralized scenario is higher than in a decentralized scenario.
However, the optimal extended warranty length on the
online channel is less when in the centralized decision.
As a result, the supply chain profit in the centralized sce-
nario is more significant than in a decentralized scenario.
Hence, let’s propose coordination contacts to coordinate
the decentralized scenario.

Table 1

Optimal Results under Different Decision-Making Scenarios

Scenario Pr|Pm |G| tn| TR M T T

Centralized ¢ [ 550 {500 | 2 | 2 |175131]|69945|245077|490153

Decentralized d | 431 |344| 2 | 4 [103381|78702|225311|407394

In addition, every profit function for the retailer and
manufacturer in different channels is jointly concave related
to the pairs (p,, ;) and (py, t,). Fig. 1 describes how price
and extended warranty length simultaneously impact the
corresponding profit under the centralized and decentra-
lized scenarios.

N4
N
S

Fig. 1. Joint effect of price p and extended warranty
length ton profit

Therefore, these results ensure Theorem 1-4.

5. 4. 2. Sensitivity analysis

This section discusses the substitution effects of several
key parameters on optimal decision variables and supply
chain performance for each channel under different models.
These key parameters are initial market size o, price sensi-
tivity coefficient y, and warranty length coefficient 0. Firstly,
the impact of changing the initial market size is examined
for offline market o, and online market o,, which varies
between 0 and 4000. In Fig. 2, increasing the market size of
o on a particular channel will increase the price p, extended
warranty length ¢, and profit on the corresponding channel
but decrease on another channel.

In subsequence, the price sensitivity coefficient y in both
channels is changed to investigate the substitution effect of
this parameter from 4 to 10. Fig. 3 demonstrates that increas-
ing price sensitivity coefficient y in either channel decreases
price p, extended warranty length ¢, and profit in that channel.

To this end, the effect of extended warranty length sen-
sitivity 0 for different channels is analyzed by taking values
within [0, 1]. Fig. 4 explains that as extended warranty length
sensitivity 6 in a particular channel increases, there will only
be an increase in extended warranty lengths ¢ with the corre-
sponding channel. However, no matter how warranty length
sensitivity 8 changes, price p and profit in the offline channel
consistently outperform the online channel. From this sec-
tion, the results have confirmed Propositions 1 and 2.
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Fig. 3. Substitution effects of price sensitivity coefficient
for offline channel y, and online channel y,,: a — price p;
b — warranty length ¢; ¢ — profitnt

Fig. 2. Substitution effects of market size for offline
channel o, and online channel a.,,: a — price p;

b — warranty length ¢; ¢ — profit ©
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Fig. 4. Substitution effects of extended warranty length sensitivity for offline channel 6, and online channel 6 ,,:
a — price p; b — warranty length ¢; ¢ — profit n

3. 4. 3. Coordination contract analysis

In order to coordinate and improve the performance of
a dual-channel supply chain, two coordination contracts
are proposed under profit structures, revenue-sharing and
cost-sharing contracts. A revenue-sharing contract in-
volves sharing a portion of the revenue generated by selling
a product or service. In contrast, the cost sharing involves
sharing the costs associated with production and distri-
bution [12, 23].

In Table 1, the supply chain is uncoordinated be-
cause T # T . First, the proposed revenue-sharing contract in
Corollary 1 is performed to obtain revenue-sharing propor-
tion X:0.08<X<0.74. As a revenue sharing proportion X
changes in range, decentralized scenario profits shift to
the coordination contracts profits equal to the centralized
scenario. Using a similar procedure, share proportions for
the cost-sharing contract Y in Corollary 2 is generated and
presented in Table 2.

Table 2
Coordination Results under Profit structures

Coordination Model X/Y Tond T/ Tomy Td Tx/ Ty . /Ty

0.08 225311 264842 490153

Revenue sharing 0.24 245077 245077 490153
225311 182083 490153

contract (X) 0.54 282344 207809 490153

0.74 308070 182083 490153

-258 225311 264842 490153

Cost sharing contract 0.24 245077 245077 490153
225311 182083 490153

Y) 540.63 286438 203715 490153

823.26 308070 182083 490153




Within the range of X and Y, each profit for the coordi-
nated model has been achieved the same as the centralized
model, ny=ny=mc=490153. Moreover, the profit of each
channel increases more than the profit in the decentralized
scenario. For example, in the revenue-sharing contract,
Tnx 2 Tng=225311 and 7m,x>7,,=182083 when sharing pro-
portion X shifts within 0.08<X<0.74. Accordingly, the
supply chain system has been coordinated and achieved
a win-win situation.

6. Discussion of decision-making and coordination results
for a dual-channel supply chain with pricing and extended
warranty strategies under demand substitution effects

A dual-channel supply chain allows companies to cap-
ture a larger market share by reaching customers through
multiple channels. However, it requires a careful balance
between the preferences of the manufacturer and the retailer.
A manufacturer should determine prices and attractive war-
ranty strategies for online and offline channels. Meanwhile,
a retailer needs to offer their customers a unique value pro-
position. Using game theory models can help a decision-
maker understand how different pricing and warranty stra-
tegies will impact the performance of a channel and its com-
petitors. This paper determines optimal pricing and extended
warranty strategies to maximize profits in a dual-channel
supply chain by developing centralized and decentralized
decision-making scenarios summarized in Theorems 2 to 4.
Afterwards, numerical and sensitivity analyses are performed
to support them.

As Table 1, although the optimal extended warranty
length is identical ¢,=2, the optimal price on offline channel »
with a centralized decision is higher than a decentralized
decision, p, =550> p, =431. Similarly, on online channel m,
the optimal price is hlgher when the decision is centra-
lized, p, =500> p, =344. However, the optimal extended
warranty length on "the online channel is less when in the
centralized decision, ¢, =2<t, =4. This situation occurs
because the member of the decentralized scenario aims to
maximize its profit individually. Hence, these results confirm
Propositions 3 and 4. In addition, the cooperation of sup-
ply chain members could substantially enhance the supply
chain’s profit, ©,=490153>m,=407394 (Fig. 1). In offline
channel 7, the retailer gains more profits in the centrali-
zed scenario, ,, =175131>m1,, =103381. However, manu-
facturers’ proflts are higher w1th a decentralized scenario,
m,,, =78702>m,, =69945. Thus, the retailer enjoys cooper-
atlng with the Inanufacturer to earn more profit. In contrast,
the manufacturer prefers to perform independently instead
of cooperating with the retailer to maximize profit. This ana-
lysis supports the research question regarding the manufac-
turer’s rationale for developing its sales channels. In online
channel m, which the manufacturer performs and manages its
channel independently, manufacturers’ profits are increased
with a centralized scenario, &, =245077>mn,,, =225311.
As a result, both channels have the same profit in the centrali-
zed scenario, m, =n, =245077. However, in the decentra-
lized scenario, the online channel’s profit is more significant
than that of the offline channel, n, =225311>n, =182083.
These analyzes verify Propositions 5 and 6. Hence, coordina-
tion contacts are proposed to coordinate the decentralized
scenario in achieving a win-win situation for supply chain
members in each channel.

Furthermore, the demand substitution effect of several
key parameters is explored on optimal decision variables and
supply chain profit for each channel under different models.
First, increasing in market size for a particular channel o
increases the warranty length in the corresponding channel ¢;
but decreases the warranty length in another channel, as
shown in Fig. 2. Accordingly, demand for these channels
grows, providing incentives to increase selling prices p; and
earn higher profits m;, Meanwhile, another channel shifts
its pricing strategy by lowering prices to sustain its com-
petitiveness. Thus, like studies in [7] and [20], large market
sizes allow supply chain members to increase their sales and
achieve more performance. Second, from Fig. 3, an increase
in price sensitivity coefficient y in a particular channel tends
to lower the price of the corresponding channel dramatically
more than another channel. This situation occurs because the
channel should provide lower prices to maintain customer
demand and reduce profit losses. Thus, channel members
reduce the warranty length ¢ offered to cover costs and re-
main profitable. In turn, if the price sensitivity coefficient y
increases for a particular channel, the profit © decreases ra-
pidly compared to the other. Third, a channel sensitive to
the shift of warranty length parameter will be more sensitive
to demand, so it will increase the warranty length (Fig. 4).
At the same time, since there is a price margin with the retailer
in offline channel 7, price p in the offline channel consistently
outperforms the online channel. As a result, the increased
sensitivity of the extended warranty length on offline 6, and
online 0,, channels imperceptibly increases profit ©. How-
ever, channel members should continue providing extended
warranties to stay competitive and increase profitability.

The coordination contracts proposed in the revenue-
sharing and cost-sharing contracts under Corollaries 1 and 2,
respectively, resulted in a range change for the sharing pro-
portions. From the range of X and Y in Table 2, both coor-
dination contracts establish equilibrium at the centralized
scenario, T,.=m,=245077. Increasing sharing proportions
for X and Y tend to increase online channel profit w,, and
decrease offline channel profit n,, and vice versa. Thus, as
the decision maker, the manufacturer would determine shar-
ing proportions X and Y regarding the market bargaining
power [12, 14]. Despite considering the nature of structured
incentives, revenue-sharing contracts focus on maximiz-
ing revenue and profits, while cost-sharing contracts focus
on minimizing costs. Therefore, revenue-sharing contracts
might be more suitable for situations focusing on driving
sales and revenue growth. On the other hand, cost-sharing
contracts might be more appropriate for reducing costs and
improving efficiency.

In this study, the analysis addresses the gaps in existing
studies. Thus, some managerial insights are generated for
decision-makers or managers to apply these results in real
industrial systems. These aim to align incentives and increase
overall profitability for supply chain members. The optimal
warranty length and price depend on the level of demand
substitution effects between channels. For example, if the
offline channel raises its price too high, customers may sub-
stitute for purchasing products from the online channel, re-
sulting in lost sales for the offline channel. Nevertheless, the
optimal pricing and warranty strategy in a dual-channel sup-
ply chain depends on various factors of the profit structure,
including market size, price, and extended warranty length
that represent the competition level. Accordingly, a manager
should carefully analyze these factors to develop a strategy



that maximizes profits while minimizing the substitution
effect. Moreover, this study emphasizes the importance of
coordination between different supply chain members. By
collaborating to develop pricing and warranty strategies that
optimize profits for both channels, the manufacturer and
retailer can create a win-win situation that improves overall
supply chain performance.

However, there are some limitations of the study. First,
supply chain members are assumed to be rational and have
perfect information. Hence, exploring the effect of the boun-
ded rationality of supply chain members, asymmetric and in-
complete information is worth further research. Second, this
study focuses on developing coordination contracts regarding
the profit structure. Future research could further investigate
other coordination contracts or how bargaining power among
supply chain members can affect pricing decisions and supply
chain performance. Involving those concerns will be an inte-
resting direction to enhance the developed model.

7. Conclusions

1. This study examines a decision-making scenario in
a dual-channel supply chain under the demand substitution ef-
fect, including initial market size, price sensitivity coefficient,
and warranty length sensitivity coefficient. These scenarios
generate optimal pricing and extended warranty strategies
to maximize profits in a dual-channel supply chain. This
study develops centralized and decentralized decision-making
scenarios using game theory and mathematical models. Cen-
tralized scenarios result in optimal decisions to maximize the
profit of the whole supply chain. Meanwhile, the decentralized
scenario results in a decision to maximize profits individually
for each supply chain member. The optimal decision for each
scenario is briefly and precisely presented in Theorem 1-4.

2.Based on the comparative analysis, several analytical
propositions are derived mathematically for investigating the
joint impact of pricing and extended warranty decisions on
the profit of the supply chain system and each channel under
different decision-making scenarios. Propositions 3 to 6 show
that the centralized decision-making scenario consistently out-
performs the decentralized scenario in developing optimal deci-
sions for price and extended warranties across supply chain sys-
tems and retailers. As a result, the total profit of the centralized
scenario is higher than the decentralized scenario. However,
without the manufacturer’s encroachment on dual channels, the
decentralized scenario is more profitable for the manufacturer.

3. Two coordinating contracts under the profit structure,
revenue and cost, are proposed to coordinate supply chain

members in each channel and achieve a win-win situation.
With the share proportions of revenue-sharing and cost-shar-
ing contracts formulated analytically in Corollaries 1 and 2,
the analysis demonstrates that the total profit of the earlier
decentralized scenario has achieved the centralized scenario.
In addition, the supply chain members’ profits increase, thus
resulting in a win-win situation.

4. Numerical and sensitivity analyzes are performed to
explore the effect of demand substitution parameters on per-
formance, pricing, and extended warranty decisions for each
channel in a two-channel supply chain. Based on numerical
analysis, the optimal decision for price and warranty length
in the centralized scenario is 1.5 to 2 times higher than in
the decentralized scenario. As a result, cooperation between
members in a centralized scenario can increase the total pro-
fit by approximately 20 % higher than in a decentralized sce-
nario in a dual-channel supply chain. Moreover, the demand
sensitivity to a particular channel changes the optimal deci-
sion of the potential business and operating situations. Based
on the sensitivity analysis results, an increase in market size
and warranty length sensitivity coefficient increases optimal
decision variables. However, an increase in the price sensiti-
vity coefficient decreases optimal decision variables. Both of
these analyzes confirm the resulting Propositions 1-6. Thus,
some managerial insights are generated to assist managers in
such circumstances.
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