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The paper formulates a dual channel model for a two-echelon supply chain comprising of one manufac-
turer and one retailer for trading a single product. The manufacturer uses direct online (e-tail) channel
and traditional (Brick and Mortar) retail channel to boost sell the products. A single-period news vendor
type demand in the cases of integrated and Stackelbarg game approach is analyzed to obtain optimal
stock level, sales prices, promotional effort and service level for both the e-tail and retail channel, and
hence retailer competes with the manufacturer’s direct channel. Finally, computational results show that
dual channels influence significantly the pricing strategies and effort levels of the supply chain entities,

and it is always beneficial in integrated system for the members of the chain.

© 2016 Published by Elsevier Ltd.

1. Introduction

In today’s rapid changing marketing environment, the end cus-
tomers have broken all barriers of the stereotype traditional pur-
chasing habits. Long research and market surveys on the
customers’ purchasing habit suggest that today’s tech savvy young
generation loves to linger on a rigorous research of the product on
the internet in which they desire to buy just sitting in their office
cubicle and without putting any extra physical effort for that mat-
ter. As there are numerous option of buying a product online rather
than going physically to the store burning fuel as well as lots off
energy, the buyers prefer e-tail option for valid and self explana-
tory reason. This tendency has increased a lot of late. They prefer
to buy the product via the Internet and sit back relax at home to
wait for the product to arrive at their door step rather than going
to a traditional retail shop escaping all the hazards. This rapid
change has come into picture as now the customer can acquire
his/her desired product through several ways other than the tradi-
tional retail channel, such as direct channel or a dual channel (a
combination of traditional and direct selling channels). In a tradi-
tional retail channel, retailers buy products from the manufacturer
at a wholesale price and sell them to the end customers. Whereas,

* Corresponding author.
E-mail addresses: arpita.roy26@gmail.com (A. Roy), shib_sankar@yahoo.com
(S.S. Sana), chaudhuriks@gmail.com (K. Chaudhuri).

http://dx.doi.org/10.1016/j.cie.2016.05.002
0360-8352/© 2016 Published by Elsevier Ltd.

in a direct channel, customers can purchase their desired products
directly from manufacturers. This sometimes saves their money
too as the price offered by the manufacturer directly is obviously
bit less than the price offered by the retailer. On the other hand,
in a dual channel, the consumer has the option of buying via a
retail channel or a direct channel at the same time.

Under the above mentioned scenario sticking only to the tradi-
tional retail channel might not remain any more a good option for
manufacturers. Its high time for a manufacturer to decide whether
to stick to the traditional channel only or think for dual channel for
selling their products. Manufacturers might have to face conse-
quences of losing a great amount of market share in the given cir-
cumstances that few other manufacturers of product have already
opened e-tail channel for selling their product and attracted poten-
tial customers. Consequently, the manufacturer who cannot cope
with the changing nature of the market have to loss a great amount
of profit. On the other hand, dual channel might increase manufac-
turer’s profit as implementation of a dual channel gives more
power to the manufacturer who can gain from selling via both
channels. Hence, a dual channel can be proved to be very fruitful
to increase the profit of the manufacturer. So, its important for
the manufacturer to look for other options to sustain themselves
in the market such as dual channel operation.

Now, how the dual channel operates? In a dual-channel situa-
tion, a manufacturer, apart from retail channels, sells directly to
end customers by using either an online shop or through some
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third party vendor of online shopping such as “flipkart”,
“snapdeal”, “amazon”, etc. Generally, a fear plays in the mind of
the traditional and old-fashioned customer during buying the pro-
duct from online channel. The fear is of loosing the quality, since
they cannot see or feel the product quality physically by touching
which is quite logical. So, to break this barrier of fear of buying
products online, manufacturer has to act cleverly. They must
entrust the customers by giving assurance of money back policy
if quality of the product delivered to the customer does not satisfy
their expectation. Also, to attract the customers, manufacturer
offers after sales service level assurance/agreement (SLA) at the
time of selling the product. From the end customers perspective,
this enables them with the trust that they are buying the product
directly from the manufacturer. SLA is an agreement between a
service provider and a customer that specifies what services the
service provider will furnish. There are some key parameters of
SLA such as quality assurance, return material authorization, deliv-
ery authorization, voice of the customer feedback, among others.
Many manufacturers act as service providers who provide their
customers with a specific SLA. Quite often, departments in major
companies have adopted the idea of service level agreement so
that services for their customers can be measured, justified, and
perhaps compared with outsourcing network providers. The price
will also appear to be bit less than what they have to pay if they
opt to buy the same product from any other retail shop. Obviously,
this can really be a potential threat to the retailer as it can shrink
the retailers market and threatens putting them out of business.
So, traditional retailers have to employ some potential efforts as
well as attractive gifts by lottery, extended warranty, advertising,
etc., to regain the ground lost. Using proper promotional efforts,
traditional retailers can bring back potential thriving customers
who might otherwise be drawn towards the direct channel of the
manufacturer. This promotional and sales efforts give retailer a
tool to compete with the manufacturer’s direct channel and place
them in a better trading position. In general, sales and promotional
efforts made by retailer is supposed to boost individual demand as
well as the demand of manufacturer’s direct-channel.

Several studies have been conducted by researchers considering
dual-channel competition.In this direction, the work of Hotelling
(1929) and Salop (1979) consider a circular spatial market model.
Essentially, Salop (1979) has pioneered and introduced a variant of
the traditional model which is the very early work of Hotelling
(1929), known as the circular spatial market model, where the con-
sumers are modeled to be uniformly distributed on a circle and all
the firms are located evenly on the circle. Balasubramanian (1998)
considers the competition between a direct marketer and conven-
tional retailers in price. Dewan, Jing, and Seidmann (2003) develop
a duopoly model where each firm first chooses a customization
scope and then optimally determines the conventional market
price.

Many firms have engaged in online channels to reach customers
who cannot be reached by the traditional retail channel. It is
reported that about 42 percent of the top suppliers such as IBM,
Nike, Pioneer Electronics, Estee Lauder, and Dell are selling to cus-
tomers through an online channel (Chiang, Chhajed, & Hess, 2003;
Tsay & Agrawal, 2004). An important area related to the dual chan-
nel supply chain system is channel competition among the mem-
bers. Paralar and Wang (1993) also analyze the case where
independent firm demands are aggregated to form industry
demand. Many researches focus on the effect of introducing direct
Internet channels to supply chains as well as the existing retail
channel and price-related issues under that circumstances. Choi
(1996) considers a channel structure in which there are duopoly
manufacturers and duopoly common retailers. Lippmand and
Macardle (1997) study a competitive version of the classical
newsboy problem in which a firm must choose an inventory or

production level for perishable goods with random demand. Lal
and Sarvary (1999) introduce an internet channel so as to reduce
the price competition as well as consumer’s extra cost. It is
observed that in hybrid channel system, the consumers are catego-
rized into two groups: price sensitive and service sensitive. It has
also been established that the manufacturer will not introduce
an Internet channel to avoid price competition if there are consid-
erate amount of service sensitive consumers. Swaminathan and
Tayur (2003) discuss the opportunities and changes induced by
Internet usage in supply chain management (SCM). Park and Keh
(2003) use game theory to examine the equilibrium under hybrid
channel system, particularly in terms of price and profit distribu-
tion. Yao, Yue, Wang, and Liu (2005) investigate an optimal order
quantity of the retailer and buy-back price of the manufacturer
when the direct channel is introduced. Mukhopadhyay, Zhu, and
Yue (2008) show how, by means of an online channel, firms can
deal with customers’ orders, and control the distribution and pric-
ing of goods. Cai, Zhang, and Zhang (2009) evaluate the impact of
price discount contracts and pricing schemes on the dual-
channel supply chain competition. Meanwhile, from supplier-
Stackelberg, retailer-Stackelberg, and Nash game theoretic per-
spectives, they show that the scenarios with price discount con-
tracts can outperform the non-contract scenarios. Cai (2010)
investigates the influence of channel structures and channel coor-
dination on the supplier, the retailer, and the entire supply chain in
the context of two single channel and two dual-channel supply
chains. Lu, Tsao, and Charoensiriwath (2011) highlight the impor-
tance of service from manufacturers in the interactions between
two competing manufacturers and their common retailer, facing
end consumers who are sensitive to both retail price and manufac-
turer service, and a game-theoretic framework is applied to obtain
the equilibrium solutions for each entity.

In dual channels business model, the manufacturer has two rev-
enue sources, which would increase the manufacturer’s profit.
However, the reservation of price of the direct channel over the
indirect channel has some disadvantages. It is also potential reason
of channel conflict between the two channels. Due to this reason,
manufacturer’s profit may be reduced. Specially, when the retailer
in the traditional retail channel is a Stackelberg leader of the sup-
ply chain, the counter-force for the development of the direct
channel and channel conflict can be large. As a consequence, it
becomes vague whether the manufacturer in a retailer-
Stackelberg (RS) supply chain should use the dual channel strat-
egy.In the literature, in view of the above mentioned scenarios, a
number of studies have examined the RS supply models namely
Gerchak and Wang (2004), Wang and Liu (2007), Pan, Lai, Leung,
and Xiao (2010), Edirisinghe, Bichescu, and Shi (2011) and Choi
and Fredj (2013). Few researchers have worked in this area to
examine the effect of channel leadership structure. For example,
Pan et al. (2010) discuss different contract strategies under both
manufacturer-Stackelberg (MS) and retailer-Stackelberg (RS) sup-
ply chains and identify the conditions under which the leader is
better off using a revenue-sharing contract. The channel leadership
structure (sequence of decisions) affects the equilibrium outcome
(Choi & Fredj, 2013) which further influences the channel structure
strategy of the manufacturer. Edirisinghe et al. (2011) study the
implications of channel power on supply chain stability for a
two-supplier and one-retailer supply chain. Choi, Li, and Xu
(2013) examine the closed loop supply chain with different chan-
nel leadership. In manufacturer-retailer supply chain systems,
the research works of Panda (2013, 2014), Shah, Gor, and Jhaveri
(2012), Shah and Shukla (2010), Cardenas-Barron, Taleizadeh,
and Trevino-Garza (2012), Chung, Cardenas-Barron, and Ting
(2014), Garcia-Laguna, San-José, Cardenas-Barron, and Sicilia
(2010), Sarkar (2015) and Sarkar and Sarkar (2013) are worth men-
tioning, among others.
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Over the past decade, the dual-channel supply chain has gained
much attention of the supply chain management research commu-
nity. Chiang et al. (2003) examine a price-setting game between a
manufacturer and a retailer in a dual channel based on the con-
sumer choice model. This study shows that the manufacturer is
more profitable even if no sales occur in the direct channel. Tsay
and Agrawal (2004) provide a comprehensive review of quantita-
tive approaches in multi-channel distribution systems that may
coordinate the actions of channel partners. Cattani, Gilland, and
Swaminathan (2004) do research on coordination opportunities
that arise for firms having the dual channel. Cattani et al. (2006)
and Huang and Swaminathan (2009) investigate the pricing deci-
sions of the manufacturer and its retailers. Chen, Kaya, and Ozer
(2008) discuss on service competition in the dual-channel supply
chain. They find out that the manufacturer’s optimal channel strat-
egy depends on the channel environment. Zhang et al. (2012) pro-
pose the effect of product substitutability and relative channel
status on pricing decisions under different power structures.
Huang, Yang, and Liu (2013) observe the effect of production cost
disruption in a dual-channel supply chain model. Ren, He, and
Song (2014) study price and service competition in a dual-
channel supply chain with consumer returns. Cao (2014) coordi-
nates a dual-channel supply chain under demand disruption.
Vinhas and Heide (2015) analyze the forms of competition and
outcomes in a dual distribution channel.

In the present article, a two layer supply chain between manu-
facturer and retailer is studied in dual channels (e-tail and retail)
systems. Under uncertainty of demand of the products, the manu-
facturer implements direct online (e-tail) channel along with retail
channel and compares the best strategies adopted by the channel
members in the dual systems. To attract the customers more, pro-
motional effort and service level assurance are offered by the chan-
nel members. Consequently, uncertain demand is a function of e-
tail price, retail price, promotional effort and service level assur-
ance which is quite new formula compared to the existing litera-
ture in dual channel system. Finally, the expected profit
functions in different scenarios are formulated and analyzed math-
ematically, Fortunately, the optimal values of the decision vari-
ables are explicitly obtained in this paper. As far as the
knowledge of the authors goes, such type of dual channel model
for uncertain demand involving six decision variables (lotsize of
retail channel, lotsize of e-tail channel, e-tail price, retail price, pro-
motional effort and service level assurance) has not yet been dis-
cussed in inventory literature.

The rest of the paper is organized as follows: Section 2 explains
the fundamental notations and assumptions, Section 3 provides
mathematical formulations and analysis of the model, In Section 4,
numerical example is provided. Section 5 draws conclusion on the
findings of the paper.

2. Fundamental assumptions and notation
The following assumptions are made to develop the model:
2.1. Assumptions

(i) The manufacturer produces a single product and sells
through a direct channel and a retail channel.

(ii) The wholesale price of the product at the manufacturer’s end
must be less than the price of the product in the direct chan-
nel; otherwise, the retailer might tend to buy the product
directly from the direct channel and sell it to the customers.

(iii) Manufacturers use after sales service level agreement to
increase market demand for the direct e-tail channel.

(iv) Retailer uses promotional effort to boost the market demand
of retail-channel. Manufacturer also share some portion of
the promotional effort, as retailer’s promotional efforts boost
their individual demands as well as the manufacturer’s
direct-channel demand.

(v) The Demand rate of the members of the chain is assumed to
be uncertain and price, service level and promotional effort
sensitive.

(vi) The chain is with buyback policy.

(vii) The lead time is negligible.

(viii) Shortage at the retailer is permitted due to uncertain
demand.

(ix) Replenishment rate is instantaneously infinite but it’s size is
finite.

(x) All members of the chain are risk-neutral and seek to maxi-
mize their own expected profit.

(xi) The cost of manufacturer’s service level assurance is %
which is strictly convex in the sales service level parameter
S.

(xii) the cost of retailer’s promotional effort is kp? which is also
strictly convex in the promotional effort parameter p. As
the retailer’s promotional efforts provides benefit to both
the retailer and the manufacturer, the manufacturer bears
a portion t of the effort cost and the retailer shares the rest.

2.2. Notation

Q- Retailer’s Order Quantity (unit) for the traditional
retail channel.

Q. Manufacturer’s inventory (unit) for the direct e-tail
channel.

Q Manufacturer’s total inventory (unit), Q = Q, + Q,,
for both the channel.

X A part of demand quantity (units/month) during a

period, which is a random variable following
probability distribution.

fx) Probability density function of x.

F(x) Cumulative distribution function of x.

F1(x) Inverse function of F.

De Unit e-tail price ($/unit) for manufacturer to sell in
direct e-tail channel.

Py Unit retail price ($/unit) for retailer to sell through

traditional retail channel.

D(p.) Demand (units/month) in direct e-tail channel
which is a function of the e-tail price p,.

D(p,) Demand (units/month) in traditional retail channel
which is a function of the retail price p,.

D(p.,p;) Resulting demand (units/month) in dual channel

environment under competition which is a function
of the both e-tail price p, and retail price p,.

w Wholesale price ($/unit) per unit of the
manufacturer to the retailer (unit purchasing cost of
products at the retailer) in the traditional retail

channel.

Ce Purchasing cost/procurement cost ($/unit) of the
manufacturer in the direct e-tail channel.

cr Purchasing cost/procurement cost ($/unit) of the
manufacturer in the traditional retail channel.

v Unit salvage value/return price ($/unit) under buy

back contract of unsold goods of the retailer
provided by the manufacturer under the traditional
retail channel.

r Shortage cost ($/unit) of the retailer.

(continued on next page)
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Te Shortage cost ($/unit) of the manufacturer in the three choices (Fig. 1) are considered to formulate the model: (a)
direct e-tail channel. the traditional retail (bricks and mortar) channel or RC indexed

s Manufacturers service level bore towards the as r; or (b) the direct online channel or EC indexed as e; and (c)
customer for the direct e-tail channel. both the RC and EC or a DC (dual channel) and indexed as dc.

o Denotes the promotional/advertising effect bore by The RC represents the established configuration where the manu-
the retailer towards the customer for the retail facturer sold its product to a retailer and then retailer displays
channel. its products in a traditional retail store and customers are required

o Denotes the demand sensitivity of the end customer to travel to the store location to purchase the product. These types

towards the promotional/advertising effect for the
retail channel.

Be Denotes the demand sensitivity of manufacturer on
its own e-tail price p,.

B Denotes the demand sensitivity of retailer on its
own retail price p,.

Ve Denotes the demand sensitivity of the retailer on
manufacturer’s price under dual channel.

Yr Denotes the demand sensitivity of the manufacturer
on retailer’s price under dual channel.

) Denotes the demand sensitivity of end customers

towards the after sale service assurance provided by
the manufacture for the e-tail channel.

t Denotes the fraction of expenditure incurred for
promotional effort shared by the manufacturer.

u Denotes the mean demand of the retailer.

Emr Expected profit ($/month) function of the
manufacturer under the traditional retail channel.

Eq Expected profit ($/month) function of the retailer
under the traditional retail channel.

Eec Expected profit ($/month) function of the

manufacturer under the direct e-tail channel.

EIPy. Expected integrated profit ($/month) function of the
channel under the dual channel.
Xt Max[x, 0], the positive part of x.

3. Mathematical formulation and analysis of the model

A single manufacturer’s channel choice decision for a single
product is examined in this model. In this context, the following

Manufacturer

M M

Retailer
R

End Customer

Traditional Brick-and-Mortar
retail channel

Manufacturer

End Customer

Direct Online channel
or e-tail channel

of structures are well established in practice and the cost per unit
to process a product through this channel is assumed to be c,. An
‘online’ channel (EC) could be introduced as a replacement for
the current channel or as an additional channel for serving the
market demand and, in this setting, the manufacturer incurs a
per unit cost ¢, for processing the product through this channel.
The retailer and the manufacturer are two risk-neutral firms. The
retailer incurs some promotional effort cost to increase brand con-
sciousness on the local market. The manufacturer negotiates with
the retailer and fixes a sharing policy for the promotional effort
cost assuming that total demand of the manufacturer would be
increased indirectly. Consequently, market demand is influenced
by the advertising expenditure incurred by the retailer that results
in promoting the product. Further, this promotional effort affects
basic demand in such a way that demand rate becomes an increas-
ing function of the cost of promotional effort. Here, p is a decision
variable associated with the effort for promotional activities. On
the other hand, e-tail channel customers are acquainted with the
product through the electronic media, which already has a promo-
tional background due to the retail channels’ investment of the
brand endorsement. So, an EC would no more require any further
expenditure in the promotional activity, rather what would be
beneficial for the EC is the sales service assurance (service level
agreement) to the users. As a result, service level assurance for this
e-tail channel is considered as s. Therefore, the demand of the
products is assumed to be the function of e-tail price p,, p,, promo-
tional effort pand service assurance s. The functional form of
demands D, in RC and D, in EC are as follows:

D =X~ B,p, +p (1)

Manufacturer
M

Retailer

R DC

End End

Customer Customer

Dual-Channel combination of hoth RC
(retail channel) and EC (e-tail channel)

Fig. 1. Schematic diagram of the dual channel system.
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and
De =x— ﬁepe + ds. (2)

In dual channel (DC) system, we can have two different demands
considering the fact that there is a competition between two chan-
nels while performing together. Demand for the manufacturer’s tra-
ditional RC is D, and demand for the retailer’s direct online EC is D,
which are defined as follows:

Dy, :X*ﬁrpr+yepe+ap (3)
and
Dee =X- ﬁepe + ViPr + 6s. (4)

Here, in the dual channel environment, the demand function is
decreasing in its own channel’s retail price and increasing in the
competing channel’s retail price. The parameters g, 7 measure the
responsiveness of market demand to its own channel’s retail price
and competing channel’s retail price, respectively. The random vari-
able x describes the base-case potential market size for the product
that follows p.d.f f(x), i.e,, [, f(x)dx = 1. As the demand is uncer-
tain, there is a buyback policy between the manufacturer and the
retailers in the traditional retail channel (RC). Suppose the retailer
purchase Q, quantity of lot size with wholesale price w from the
manufacturer and failed to sell all of them by the end of the season
then the unsold items at retailers are buyback to the manufacturer
at a salvage value ». On the other hand, shortages at the manufac-
turer may occur due to direct online e-tail channel (EC) as there
the products are directly sold to the end customers. Thats why, a
shortage cost r. in the e-tail channel (EC) is incorporated. In this sit-
uation, the expected profits under the different channel environ-
ments are given as follows:

EnrlQr,p] = (W - c)Q, — vE(A—x)" — tp?, (5)
Ex[p;, p] = p.E(D;) — wQ, + vE(A — X)* —rE(x — A)" — (1 — t)kp?
= D,(pt— B,p + 0tp) — WQ, + VE(A — x)* — rE(x — A)"

—(1-0kp?, (6)
Therefore, the expected profit of the retail channel is
Erc[Qr.py, p] = Emr + Err

= —QCr +p (U= Bipr +2p) —TE(x = A)" —kp?,  (7)

where
A= (Q: + Bip; — ap),

A
EA-x" = [ @4-xf(d.

Ex-A' = /Ax(x —A)f(x)dx
and

A
F(A):/0 f(x)dx.

In EC system, the expected profit of the chain is

2
ons

2
2
= Dl = Bupe +05) — Quce — reE(x—B) = -, (8)

Eec[Qc; Pe, ] = PeE(De) — QeCe — TeE(x — B)

where
B= (Qe + ﬁepe - 55)7

Ex-B)" = /Bm(x — B)f(x)dx

and

B
F(B) = /O fx)dx.

In DC environment, using the demand under competition of the
dual chain, the individual expected profits of the chain are as
follows:

En[Q, p] = (W —¢;)Q, — vE(D —X)" — tkp? 9)

and

Eq[py, ] = p.E(Dy) —WQ, + vE(D —X)" —rE(x — D) — (1 — t)kp?,
(10)

where

D= (Qr + ﬁrpr — VePe — OC,D),

D
E(D—x)" = /0 (D~ f (x)d,

E(x—D)" = /D " (x = D)f x)dx

and

D
F(D) = / fx)dx.
0
Therefore, expected profit of the retail channel is

Erc[QnPr,P] = Emr + Err
= _Qrcr +pr(:u - ﬂrpr + VeDe + O‘P)

—1E(x — D)* — kp? 11
P
and expected profit of the e-tail channel is
. ns?
Eec[Qeapms} :peE(DGC) —QcCe— TeE(Xf G) 2
ns?
= _Qece +pe(:u - ﬁepe +VDr + 55) - TeE(X - G)+ - T:
(12)

where

G= (Qe + ﬁepe = ViPr — 65):

E(x—G)' — /Em(x — G)f (x)dx

and

E
F(G) = / fx)dx.
0
As a whole, the expected profit of the integrated channels is
EIPdC[Qr-, Qeaprapevpvs} = Erc + Eec = *Qrcr - Qece
+Pr (U= BiPy + VePe + 4P)
+pe(:u - ﬂepe + ViPr + 65) - TE(X - D)+
+ 2 _ns
—TEx—G)" —kp -5 (13)

Here, the maximization strategies are to consider the following
maximization problems:

e RC: Maximize E,. with respect to decision variables {Q,,p,, p}.
e EC: Maximize Ee. with respect to decision variables {Q., p,, s}.
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e DC: Maximize EIPyg. with

{Qr, Qe Dy, Pe, P, S}-

respect to decision variables

Now, the main objective is to determine the optimal values of
the economic order quantity (EOQ), the sales prices, promotional
effort and service level assurance so that the profit of the channel
is maximized. The above maximization problems would be dis-
cussed in the next sections.

3.1. Traditional Retail Channel environment (RC)

For each single channel environment, the working procedure of
obtaining an optimal solution to the channel member’s profit max-
imization problem is similar. Now, the retail channel under both
the centralized and decentralized systems would be analyzed as
follows.

3.1.1. Case-I: Centralized Supply chain (CS)

In this system, both the manufacturer and the retailer make
decision jointly. Then, the prime objective of the members of the
chain is to maximize the integrated expected profit of the system.
The expected integrated profit of the channel is

Eic[Q:. Py, p] = —QCr + Py (1t = Bypr + 2tp) — TE(X = A)" — kp?.

The partial derivatives of E,. with respect to Q,, p and p, are as
follows:

O
90, (r—cr) —1F(A), (14)
PEr —1f(A) <0 (15)
Q> ’
OE;
apr = (M - zﬁrpr + ﬁrr + OCp) - T[))rF(A), (16)
OEre
7 —2p, — 1Bf(A) <0, (17)
8Erc
o (ap, — 2kp — ar) + roF(A), (18)
OEre
T —2k — ro®f(A) < 0, (19)
PE.  PE.
2q.0p ~ opag, W 20
OEr OE

= = —1B.f(A), (21)

9Q,0p,  9p,0Q;
PEe  OEy
opdp,  Ip,dp

For maximum value of E,, Egs. (14), (16) and (18) are individually
zero. Then, solving these, we have the stationary points as follows

= o+ raf (A). (22)

Q= [F'(55) — s +ap'], (23)
. 0P 4 BCr
p =2 e, 24
o(p: — ¢y

Now, using the optimum value of p;, p* in Eq. (23) and, using the
optimum value of p* in Eq. (24), the simplified expression of
Q;.p;,p" are given by

* 1 (T =G ocz(u+cr _ﬁrcr) _Zkﬂr(ﬂ+ﬁrcr)
Q= [F ( r ) * 4kp, — o? ' (26)
. 2k(u+ picr) — ey
pr = 4kﬂr——0<2 (27)
* O((lu — ﬁrcf)
= m (28)

Proposition 1. The profit function E,. is strictly concave function if
2k(2 + B.(f(A) — 1)) +ro2f(A)(2 + 2rf(A)(1 — B,)) > O holds.

Proof. The associated Hessian matrix of E,. is
O*Eyc 0%Erc O*Eye
aQ?  9Q:dp;  9Qrop
H= | &b B PEe
aQrdp;  op? ap,9p
PEe PEc PEe
aQop  pdp  9p?

Substituting the above second order partial derivatives, the Hessian
matrix is

—1f(A) —Bi1f(A) rof (A)
H=| -Bif(A) =28, - Biif(A)  o+rof(A)
rof (A) o+rof(A) -2k —ro?f(A)

If the principal minors are alternatively negative and positive, i.e.,

the kth order leading principal minor D follows the sign of (—1)¥,
then the profit function E. is concave, i.e., maximum at

(Q;,p5, %) Here Dy =-1f(A) <0 as f(A) >0,
—1f(A) —B1f(A)
Da=|_pira) —2p,— prf(a) ‘ =2604)>0 and D=
—1f(A) —B1f(A) rof (A)
~BIf(A) =28, — Birf(A) o+ rof(A) | = —2kBrf(A)2 + B,
rof (A) o + rof (A) —2k — ro?f(A)

(f(A) =) = 202B.f(A)* (2 + 21f (A)(1 = B,)) < O if 2k(2 + B, (f(A)— 1))
+ro2f(A)(2 + 21f(A)(1 — B,)) > 0 holds. Also, the stationary point
(Q;,p;, p*) provided in Egs. (26)-(28) is unique. Hence, E is strictly
(i.e, unimodal) concave if = 2k(2+ B.(f(A) — 1)) + ro2f(A)
(2+2rf(A)(1 - B,)) > 0 holds. The proof is completed here. [J

3.1.2. Case-II: Decentralized supply chain when manufacturer is the
decision maker (MDCS)

In decentralized decision making, the manufacturer and the
retailer are interested to achieve maximum individual profits.
Interactions between the manufacturer and the retailer are consid-
ered as a Stackelberg game. The manufacturer acts as the Stackel-
berg leader of the channel and the retailer is it's follower. In
Stackelberg game, leader makes first move and follower then
reacts by consistent playing the best move with available informa-
tion. The objective of the leader is to design optimal strategies in
favor of him. In this way, the manufacturer first announces the lot-
size Q, and promotional effort pof the product to the retailer.
Based on the manufacturer’s decision, the retailer determines the
retail price p,.

In this case, as the manufacturer determines the optimal values
of Q, and p. Now, differentiating E, given in Eq. (5) partially with
respect to Q, and p, the following derivatives are
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OEmr _

70, ~ (W —¢;) — vF(A), (29)
PEw __pea) <0 (30)
Q> ’

OEmr _

5 = avF(A) — 2tkp, (31)
FEnr _ —o?uf (A) -2tk <0 (32
op? ( ’ :
azEmr _ 82Emr _

3990, ~ 90.9p avf(A), (33)
8Err

ap =H- 2B,pr +00p + i1 — Bo(r — V)F(A), (34)
PE, 2

(9132 = 72/31' - ﬁr (T - U)f(A) <0. (35)

Equating Egs. (29) and (30) to zero and solving these, the optimal
values of (Q,, p) are as follows

Q= [F' () — by op] (36)
and
pr =) 37)

where the optimum value of p, is obtained by solving Eq. (34) and
putting above values of (Q;, p*) as follows:

1 (W —cr) B (r —v)(w—¢)
P =gy 1o+ S g, - ==, (38)
Now, substituting the values of p* and p; in Eq. (36), the simplified
expressions of Q,,p, and p are obtained as follows:

e W=cn (pETB)  W—c) [Br—v) o

o (1) U a0 2 g
1 2 - Lr T - - Lr

p;:z_m[uﬁf(‘g’tkf)ﬂ,;r,ﬂ(r ”Z}(W C)] (40)

and

pr= 7a(v;t—kcr) : (41)

Proposition 2. The profit functions E.,, and E,. are strictly concave
functions.

Proof. Here, the Hessian matrix of E,;, is

PEm PEme
H= aQ? 9paQ,
PEmr  PEmr

0poQ, ap?

Substituting the above second order partial derivatives, the Hessian

matrix is
—uf(A

. ( vf(A)
avf(A)

The profit function E,,, would be concave if the value of the deter-
minant of the Hessian matrix H is positive, i.e., |[H| > 0 and the value

ovf (A)
—a?of (A) — 2tk> '

of the second order partial derivatives %ﬁ’;f and % are both
negative.

Now, |H|=2tkvf(A) >0 as f(A) > 0";5'2" =
Moreover, the

—vf(A) <0 and

% = —o?of (A) — 2tk < 0.
(Qr,pr, p) provided in Egs. (39)-(41) is unique. Therefore, E is a
strictly concave function. Similarly, E,. is strictly concave because

*zlfg"‘ =28, — f*(r — v)f(A) <0 as r > v. The proof is completed

here. O

stationary point

3.1.3. Case-III: Decentralized supply chain when retailer is the decision

maker (RDCS)

In this case, manufacturer is the follower of the decisions taken
by the retailer. Then, the retailer optimize the respective lotsizes
and sales price, service level and promotional effort to obtain max-
imum value of E,,. Then, the partial derivatives of E,, are

aErr _
50~ (r—w) — (r — v)F(A), (42)
OEy
Q- —(r—v)f(A) <0, Vr>u, (43)
aErr
o, (1= 2B:p; + op + B;r) — (r — v) B, F(A), (44)
82Err o 2
= 2B, — (r—v)Bf(A) <0, Vr>uv, (45)
aErr
o a(p, = 1) + or — )F(A) = 2(1 = t)kp, (46)
OE,, _ —{xz(i’— vf(A)-2(1-tk<0, Vr>v (47)
op? 7 7
PEr  OEn
30,9p ~ 900, o(r — v)f (A), (48)
82Err _ azErT _
20,0, .00, (v —1)B.f(A) (49)
and
8ZErr azErr

= = o+ o(r — v)Bf(A). (50)

dpdp,  dp,dp

Equating Eqgs. (42), (44) and (46) to zero and solving these, the opti-
mal solutions are as follows:

Q = [F'(E=2) - by + o), (51)
L _Htop W

pr = 25 (52)
. opr—w)

P =20 -k 53)

Now, substituting the values of p* and p; in the Eq. (51), the simpli-
fied expressions of (Q,,p,, p) are obtained as follows:

22 (p -+ or) = 2(1 = KB, (p + fw)

v el
Q=F( 451 — Ok — o2 ’

T'—W)
r—v

(54)
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L 2(u+ pw)(1 - Dk — 2w
Pr=""350 ka2

(55)

and

* OC(,U — ﬁrw)
P =251 —tk—o2 (36)

Proposition 3. The profit function E,, is a strictly concave function if
6k(1 —t) + f(A)[2(r* — o?)
+02(r — ) (B, — 2)f(A) +2(1 — D)k,] > 0.

Proof. Now, the Hessian matrix of E,, is
PPEr PEr 0PEn
aQ? 9Qrdp,  9Qdp
H= | 2B &Ex  PEn
aQrdp,  op? ap;9p
PEn PEy  0%En
9Q.0p  0Op,op ap?

Using the values of the above second order derivatives in H, the
Hessian matrix is

—(r—v)f(A) a(r — v)f(A) (v—1)BSf(A)
H=| a(r—o)f(A) —o?(r—ov)f(A)-2(1-1t)k o+ o(r — v)f (A)
(v—1)B:f(A) o+ o(r — v)f (A) =28, — (r— v)BIf(A)

If the principal minors at the stationary point are alternatively neg-
ative and positive, i.e. the kth order leading principal minor D, takes
the sign of (71)",then the profit function E,. is maximum at that sta-
tionary point. Here, D; = —(r — v)f(A) < 0 if r > v and f(A) > 0 D,

(r—o)f(A a(r — v)f(A
‘ a(r v>)f:<(A>) L A 2 | =200k
fA) > as r>v and t<1 Dy=|-(r—o)fA) or-v)
fA) (v~ r)ﬁrf( Joa(r — v)f (A)— o*(r — v)f (A) — 2(1 — ket +o(r — v)
fA (v =1BfA)a +a(r — v)f(A) — 2B, — (r — v)Ff (A)] = —6k(1 — 1)

(r— 2B (A) - (1 — V?BL AR — 02) +02(r — V)(B, —2) f(AI+
201 -t)kp ] <0 if 6k(1 —t) +f(A)[2(r* — a?) + o*(r — v)(B, — 2)
f(A)+2(1 —t)kpB.] > 0 holds. The stationary point provided in Egs.
(54)-(56) are unique. Therefore, the profit function E,, is strictly
concave if  6k(1—1t)+f(A)2(r* — o) + o2 (r — v)(B. — 2)f (A)+
2(1 —t)kB.] > 0 holds. The proof is completed here. O

3.2. Direct online e-tail channel environment (EC)

When the manufacturer does business through direct online e-
tail channel (EC) only, there is no retailer between the manufac-
turer and the customers. The order of the product is directly placed
through the internet and the product is directly shipped from the
warehouse of the manufacturer to the address specified by the
end customer. The expected profit E..(Q,, p,,s) of the manufacturer
in the e-tail channel is provided in Eq. (8). In this case, the decision
variables of the manufacturer are the lot size Q,, the e-tail price p,
and service level assurance s.

The partial derivatives of E..(Q., p,,s) with respect to Q,, p, and
s are

8Eec

Q. = (e — Ce) — IeF(B), (56)
OPEec

507 = —T1.f(B) <0, (57)
aEec S

8pe N (,Lt - zﬁepe + 05 + reﬁe) - reﬁeF(B)’ (58)

O*Eec

2

8pg = _Zﬁe - re[;ef(B) < 07 (59)
e _ sp — 1.6+ 125F(B) — ns, (60)
0s
FEec _ r.0*f(B 0 61
952 e ( ) —n<y, ( )
O*Eec OEec

= = B), 62
0Q.0p, ~ opaaQ, TPl B) 62)
OPEec  0*Ee
90.0s — osaq, — < (B) (63)
and
OEec _ OEec _ 5 +1:0B,f (B). (64)
dsdp, ~ 9p,os r

Equating Egs. (56), (58) and (60) to zero and solving these, the opti-
mal values of the decision variables are as follows:

Q=F (%) gy + s, (65)
e
. H+0s + Bece
p. = T (66)
and
. 5(1321; Ce) . (67)

Substituting the values of s* and p; in the Eq. (65), the explicit opti-
mal values of Q,,p, and s are as follows:

1 (Te— O’ —npu—npic
*:F]<re Ce> e efe. 68
< e ) 2np - (68)
. MU+ NP.Ce — dCe
_ 69
pe np, — & (69)
and
5(:“ B ﬁect’)
=" 70
2np, — 62 (70)

Proposition 4. The profit function E,. is a strictly concave function if
{2 +refef(B)}Hn
+1e0*f(B)} > ref (B)(nf, + ) + 6*{(1 + rfef (B))® — ref (B) tholds.

Proof. The Hessian matrix of E..(Qe, p,, p) is
PEc  _PEec PEec
Q2 9Qedp, Q0
H= | PEc PEc &
9Qedp, (’)pg Ope0s

PEec PEec PEec
0Q,0s Ope0s 0s2

At the values of respective second order partial derivatives, the Hes-
sian matrix is

—1of (B) —Tefef(B) redf (B)
H=| —refof(B) —2B, — f2ref(B) & +1:0p.f(B)
r.0f (B) O+ T1:.0Bf(B)  —r.0*f(B) —

If the principal minors at the stationary point (Q,, p,, p) are alterna-
tively negative and positive, i.e. the kth order leading principal
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minor D, takes the sign of (—1)",then the profit function E,. is max-
imum and it is unimodal as the stationary point is unique.

Here, Dy = -1f(B) <0 as f(B) >0,
—ref (B) —TeBef(B)
D2=| ropfB) 26, prof()| =~ 2Pl (B)>0 and
—ref (B) —Tefof (B) redf (B)
D3 = | —Tefof(B) —2B, — Peref(B) O+ 1:Bf(B) = —Tefef(B)
reof(B) 5+ 1:0Bf(B)  —red*f(B) —n

{2 + TePef (B)H{n + 1e0*f (B)} — ref (B)(nfe +0)  —0*{(1 + 1efof (B))?
—1ef(B)}] < 0 if {2+ refef (B)}{n + red’f(B)} > ref (B)(nfe + ) +0
{(1 + 1:B.f(B))? — rof (B)} holds.

Therefore, the profit function E,. is strictly concave function if

{2+ reBef BYHN +1e°f(B)} > ref (B)(nPe +6)  +{(1+11fef (B))?
—1ef(B)} holds. The proof is completed here. (I

3.3. Dual channel environment (DC)

In this section, a centralized dual-channel supply channel is
considered in which the manufacturer and the retailer are verti-
cally integrated with traditional channel as well as direct online
e-tail channel. The integrated expected profit function EIP,. given
in Eq. (13) contains the decision variables Q,, Q,,p,,P., p and s.

The partial derivatives of EIP4.(Q,, Q., p;, D, P,S) With respect to
the decision variables Q,, Q.,p,,p., p and s are

OEIP,,
——==—¢ +r1—T1F(D), 71
2, (D) (71)
&EIP,,
T _1f(D) <0, 72
Q7 f(D) (72)
OEIP,
o, ~ Ct T O (73)
OEIP,,
= —T1.f(G) < 0, 74
207 f(G) (74)
OEIP
op, = (W= 28Dy ePe 2 4 P Ty = Tey)
T
— 1B,F(D) +7,1.F(G), (75)
2
J 5;123‘“ = 2B, — rff(D) — re)7f(G) <0, (76)
2
OEIP, .
Wdc = (= 2BePe + 7,Pr + 05+ YePr = 17 — Tebe)
e
+17F(D) — 1efF(G), (77)
2
T = ~26. ~ (D) - rif(G) <0, (78)
e
8E8H:df = 0P, — T + 1.F(G) — ns, (79)
O*EIP, .
o2 €= —1.0*f(G)—n <0, (80)
8’;’2 9 — ap, — ar + arF(D) — 2kp, (81)

O*EIP,,

o7 ~ro?f(D) — 2k < 0, (82)
OPEIPs.  OPEIP,
.~ og.00, " (83)
0Q,0Q, 0Q.0Q,
OPEIPg.  OPEIPy
oQ,0p, _ op,0q, ~ PPV (84)
OPEIPg  OPEIPy
2Q,0p, ~ op.0Q, ~ e/ (D) (85)
DZEIPdc _ 82E]Pdc _ raf(D) (86)
aQrap B apaQr B ’
O%EIP;.  O°EIP,
- ~=0, (87)
9Q,0s  9s0Q,
O’EIPg.  0PEIPy
9Q,0p,  9p.0Q, re)f (G), (88)
e~ Fr r e
OPEIPy  PEIP;
90.0p, ~ op,0Q, ~ I C) (89)
OPEIP;.  OPEIP,
) = ~=0, (90)
0Q.0p  9pIQ,
O°EIPy.  O%EIP,
50,05 = as0q, ~ " ©) (91)
e e
O°EIPy.  OPEIP,
p 8;C ~op 656 = (Ve +70) +17Bf (D) = 1efe) f (G), (92)
r-re e r
O’EIPgc  9°EIPy
00 = apap = M1 TRF(D)), 03
r r
OPEIP;.  0°EIPy
op,0s - dsdp, = —1e},0f (G), (94)
azEIPdc _ (()ZEIPdC — _on f(D) (95)
apeap - apape - /)e )
O*EIP;.  O*EIP,
ap 3§C = asapdc = (1 +1eff(G)), (96)
e e
PEIPqc  O°EIPgc 0 o)
dpds — dsdp

Equating Eqgs. (71), (73), (75), (77), (79) and (81) to zero and solving
these, the required optimal solutions of the decision variables are as
follows:

r—c
r

) - ,Brp: + ’Vep: + O(p*7 (98)

* ~1,Fe = C * * *
Q= F (=—=5) = BePl +7,P; + 05", (99)
e

where p;, p;, p*,s* are given by
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. 020 (2nf, — 8%) + 2K (0% — NI+ Cefe — CYe)) (Ve + 71)) — (20, — 8°) (e + Cefr — Ce7y)

, 100
Pr 2n02f, — a26° + 4k’ . — 2kn(4B.p, — (V. + 7,)%) (100)
e — (M DB — 7o) (02 — k) + oPCyy, + 2Ky, +7,)(Cry — 1= e, 1)
¢ 2no2f, — 026® + 4kd? + 2kn((y, + 7,) — 4B.B:) '
B (025%c; — 2n0¢, Be) — 2kat((3€e — Nt + NCePe +1CrY,) (Ve + 75) — NP — ) (U A+ oy — Cey)) (102)
2k(2n02 B, — 028% + 4kS> By) + 2kn((y, +7,)° — 4Bef)

__ _ |-1f(D) 0 |_
and Di=-1f(D)<0 as  fO)>0, D=7 ol=
PO~ e+ Cpy) + AKOB(Cebe — ) + 20 + 1) —cre—p) T P> 0 3 /(D) and 1© >0
* 2n02p, — 0207 + 4k B, + 2kn(4B.. — (7, +7,)%) ' —1f(D) 0  —Thf(D)

‘ ' el et Ds=| 0  —rf(G) r1epf(G) |=-2mpf(DFG) <0 as
(103) —rBfD) 1epf(G)
f(D)>0 and f(G) >0,
700 o) ko) —ra
Proposition 5. The profit function EIP,, is a strictly concave function, — > el —TeB —
p profit f de y fi Da=| _orp) roy f(O) P hz =1, f(D)f(G)
i.e, EIPy attains its maximum value at a unique stationary point 17.f(D)  —Teff(G) h, h3
(Q;Q:’vp;vp; p*vS*) lf 4ﬁeﬁ - (’yr - rﬁryaf(D))z [4ﬁeﬁr - (yr 4 r/"rVJ(D))Z - rg(l + rzﬁ f(D) - 2/5e)’ f(G))Z +2re(r/5rye
+1e(1+18,f(D) — 2B,7,f(G) rﬁ,yJ -7, fD) =p2)X+1Bf(D) =2B.y,f(G))°] =11ef (D)f (G)[ABeBr— (vr —TB;
+re(2ﬁevrf( ) —1-r1Bf(D ))) k(e =1B . f(D))? +re(1+rﬂrf(D)—ZBevrf( ) Byef (D) —v,) +Te(28,
Vef (D)) = Be(o? 4km)—r*( %ﬂ0)7144ﬁJ()D] if Ao, — (v, — TBYf (D)) +  re(1+
+rﬁrf( ) zﬁe))rf( rﬁr'yef - yr rﬁrf(D) *Zﬁeyrf( rﬁr’yef yr rE(zﬂeyrf(G) -1- rﬁrf(D)))
ﬂ+mJ@%ﬂﬂVﬂ)D am (02 — 4kp,)(5* — 2nf)— ‘# 0 —1Bf (D) 17.f(D) raf (D)
2kmy? + 2knr .y f(D) (2. ’ 0 —rf(Q) rpf6) rBfG O
ny; + mh%(ﬂvrrmM' >0mmsm:4Nw)wﬂ® Iy hy  a(1+rBf(D))|=
+4knre(1 + rB.f(D) — 2B.7,.f(G r/ir/?f D)—r) >0 hold 17.f(D)  —Tefef (G h, h3 —aryf(D)
simultaneously. rof (D) 0 9‘(1+Tﬁrf( ) —oryf(D) —rof(D) -2k
217ef (D)f (G)[Be (4K, — 02) + k(p, — 1B yof (D))= 2rek (rByof (D) —7,)( 1+rﬂrf (D)—

) 2 — L) —_— ) —

Proof. The Hessian matrix of EIP is 2607 (G) +kri (1 +T6,(D) ~ 267, (6)*) = 2rrJ Gk r/wJ Be

(0% —4Kp,) —Tek(1+1B,f (D) =27, (G) (2(rB;yef (D) = ;) — (1 +TBf (D Zﬂe Vr

22 a2 a2 2 92
THE ok ok ek ot Gk F@N) <0 if k(y,— 17 (D))’ —m(ﬂ—zlkm)—nk(l+rﬁ,f<D>— 267, f(©)
PEP, PP, PHP,  PEP,  PEPg  PEIPy Q(rBryef (D) =7,) —(1+1B,f(D) —28.7,f(G))) >0 holds and
9Q:0Q; 9Q7  9Qedp; 9Qedpe  0Qedp  9Qeds —1f(D) 0 —15f(D) 17ef(D) rof(D) 0
OPEIPy.  0%EIPy.  0%EIPg.  0%EIPy.  OPEIPg.  OPEIPg 4[8‘ D) r—cl”gjfc(G) reyi—i(a —rg%zf(G) —re"/oéf(G) 1O

H= op;0Q,  0p;0Q, ap? ap;Ope  Op,Ip ap,0s ) D¢ = r}'ejr’(D 7re’/’}£f G) hy hs —ocr"}ef(D) S(1+1ef(G))
PEIP.  0PEIPg.  0PEIPg.  OPEIPy  0°EIPg  OPEIPy rof (D) 0 a(1+rpf(D))  —oryf(D)  —rof(D)—2k 0
pedQr  IpedQe  Ipepy op? pedp DS 0 redf (G)  —1ey,9f (G)  0(1+Teff(G)) 0 —1e8*f(G)—n
PEIP,.  0PEIPy.  9PEIPy.  0PEIPg.  9EIPy.  OPEIPg 11ef (D)f (G)[(o — 4k, ) (6> — 2np,) — 2kny? +2knrf,yf(D)(2), — B, y.f (D)) +4knre  (1+1p,
8050, 2p3Q,  pow,  Bpdp, o % D) — 25,7.f(G))(rB.7.f (D 0 if [(02—4kp)(* -2 2kny2+ 2k D
PEIPy.  PEP,  PEIPg  PEIP.  PEIPy  PEIPg FD)=2B £ (G)(rfyf(D)—=1)] >0 if [(a® —4kB,)(6° —2nf,) —2knyz+ nrp,y.f (D)(
9s0Q 0s0Q, sop; 9s0pe Jsop 0s? 2y, —1B,7.f(D)) +4knre(1+rp.f(D) —2B7,f(G))(rB,y.f (D) —r)] >0 holds. Here, the station-

3 . . . ary point provided in Egs. (98)-(103) is unique. Consequently, the principal minors of the
Putting the values of the second order derivatives into the above,

. e Hessian matrix are alternatively negative and positive when 4 — (7, =B, 7.f(D))?
the Hessian matrix is y neg p BeBr — (v —TB.7.f (D))

+1e(1+1Bf (D) = 287 f (G)2(rBryef (D) = 7;) +7e(2Be7f (G) =1 =1Bf (D)) >0, k(7 = 1Py,

~1f(D) 0 ~1Bf (D) 17f (D) rof (D) 0
0 ~1f(G) 1e7f(G) —Teff(G) 0 1e0f (G)
| —TBSfD) e f(G) hy hy a(1+r18f(D))  —rep.9f(G)
17f (D) —Teff(G) h, hs —aryf(D)  O(1+1eff(G))
rof (D) 0 o(1 +rBf(D)) —aryf(D) —ro?f(D) — 2k 0
0 redf (G) —1e7,0f(G) (1 +Tefef(G)) 0 —1.0°f(G) —

where  hy = 28, — 1B (D) —1y2f(G)  and  hy = (y, +7,)+ SO —B(o? —4kp,) ~rek(1 +1f(D) - 26,7.F(C)(rfyyof (D) ~7)— (1418 (D) ~28,,
7.8 (D) — 1By f(G) and hs = —2B, — ry2f(D) — r.ff(G). Now,  f(G)>0 and (a2 —4kp) (5*~2np,)—~2km? +2knrp7.f(D)(2y, —rhy.f(D) +aknr.
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Table 1
Optimal solution in traditional retail channel environment.

Table 4
Optimal solution in traditional retail channel environment taking there is no
promotional effort, i.e., p = 0.

Scenarios Optimal values of variables
under RC B . B N . N Scenarios under RC Optimal values of variables
ok P p E(9) E (9  En(© P
Case-I(CS) 87.523  70.60 4.0618 561838 - - & P 9) E® Ex 8 Enr 8)
Case-II 85.7208 71.03 0.03 - 5337.76  252.729 Case-1(CS) 86.5563 69.93 5558.21 - -
(MDCS) Case-1I(MDCS) 70.7185 87.69 - 5590.95 207.74
Case-III 86.2236 71.9908 9.39735 - 5183.29 205.693 Case-III(RDCS) 85.108 71.15 - 5340.39 -
(RDCS)
Table 5
Table 2 Optimal solution in direct online channel environment without service level
Optimal solution in direct online channel environment. assurance, i.e., s = 0.
Scenarios under EC Optimal values of variables Scenarios under EC Optimal values of variables
Q. i ($) s* E; ($) Q. p. ($) E. ($)
Case-1V 113.404 55.56 10.5401 5259.86 Case-1V 111.017 54.46 5189.13
(1+1B,f(D)—2B,y,f(G))(rB.y.f (D) —r) >0 hold simultaneously. Hence, EIPq. is strictly con- Table 6

cave function. The proof is completed here. (]

4. Numerical example

The values of the key parameters in appropriate units are con-

xopy 2
sidered as follows: {f(x) = -1 e 7 V- oo <x< oo}, i =150
units, o=2 units,

«=04,8=09,8 =07y, =03,
V. =02,c,=%6, c.=%8w=89,r=810,1r.=%$12,v=$7,k=4,
t = 0.15,n = 3. Then, the optimal solutions for different cases are
shown in the following Tables 1-8. Table 1 shows the optimal solu-
tion for the retail-channel environment (RC). In Table 1, it is
observed that integrated system is best strategy for the members
of the chain and the required profit sharing and their respective
profits are given in Table 1. In the previous analysis, the profit func-
tions are concave and the required optimal solutions are provided
in this Table. For Case-I(CS), the hessian matrix at the respective
optimal solutions is negative definite as the eigenvalues are
(—2.06104,-0.662143,-0.373959) all negative. In Case-II
(MDCS), the hessian matrix at the respective optimal solutions is
negative definite, as the eigenvalues are (—2.63336,-0.287042)
negative. In Case-III(RDCS), the hessian matrix at the respective
optimal solutions is negative definite, because the eigenvalues
are (—3.74002,-1.56679, —0.648655). In Case-IV(EC), the hessian
matrix at the respective optimal solutions is negative definite
due to negative eigenvalues (—5.34022, —1.72624, —0.643392).
Based on optimal values provided in Tables 1-8, it is observed
that dual channel equipped with promotional effort and service
level assurance generates more profit than the other alternatives.
Moreover, profit through dual channel with promotional effort
and without service level assurance is lower than the profit in dual
channel equipped with both the efforts. Similarly, profit in DC
without promotional effort and with service level assurance is
higher than the expected profit when service level assurance is
not applied. Therefore, DC is more effective if sales service level
assurance is offered to the customers at free of cost. The above
numerical study suggests to the management of the chain to incor-
porate service level assurance in e-tail channel and promotional

Table 3
Optimal solution in dual channel environment.

Optimal solution in dual channel environment without the effect of promotional
effort and service level assurance, i.e., p =0 and s = 0.

Scenarios under DC  Optimal values of variables
Q; Q; p; ($) p: (8)
57.5758 93.3204 411.636 358.618

EIP; ($)
19762.20

Case-V

Table 7
Optimal solution in dual channel environment taking the promotional effort non-zero
but sales service effort zero, i.e., p # 0 and s = 0.

Scenarios Optimal values of variables
under DC N . . . "
Q; Q; pr(8) p(8) p EIPy (8)
Case-V 66.3984 78.4335 129.89 156.67 6.19492 19914.20
Table 8

Optimal solution in dual channel environment taking both the promotional effort
zero but sales service effort non-zero, i.e., p =0 and s # 0.

Scenarios Optimal values of variables
under DC . x " « -

Q Q. pr(8) p($) s EIP. ($)
Case-V 65.0062 80.6833 129.37 159.74 15.1742 20099.70

effort in retail channel to attract the customers to buy more. Using
promotional effort and service level assurance, management of the
chain obtains a better solution to help the company to communi-
cate the value of the serviced they deliver and identify service
options that will help in advance their businesses further.

5. Conclusion

In the present article, a management problem related to supply
chain management consisting of one manufacturer and one retailer
is studied to find out optimal order quantities, sales prices, promo-
tional effort and service level, assuming uncertainty in the market

Scenarios under DC Optimal values of variables

Q; Q. p; ($)

pi ($) p* st EIP;. ($)

Case-V 66.2272 80.769

130.92

160.30 6.24586 15.2306 20253.80
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demand.In addition when there is uncertainty in the demand of the
traditional channel(brick-and-mortar retail store), the manufac-
turer will design a special strategy to cope with different channel
setting and to obtain more expected profit. The traditional retail
channel is owned by the other member of the channel that is the
retailer and the other is an e-channel in which customers place
orders through the Internet. Furthermore, a decentralized system
cannot always outperform a system with a integrated optimistic
and pessimistic market setting well. Finally, for a decentralized
system, the more optimistic market setting causes higher optimal
selling prices otherwise, the more pessimistic the market setting
causes lower optimal selling prices. Consequently, the integrated
system suggests the optimal selling prices for the channel mem-
bers to avoid pessimistic and optimistic situations so that the
members may achieve optimum profits according to their contri-
bution to the coordination of the channel. The solution of service
level agreement can help the organization to better articulate the
value of information technology in business terms and understand
service performance from the top to down of the chain. Manage-
ment often uses promotional effort and service level assurance in
practice to coordinate supply chain, and it is observed that these
mechanisms are directionally effective.

The proposed model has some limitations such as sales prices,
promotional efforts and service level assurance are deterministic
and continuous variables. The deterministic limitations can be
waived considering uncertain pricing, promotional effort and ser-
vice level and the continuous feature can be relaxed by considering
discrete decision variables in future. This model might be extended
immediately taking into account of trade credit financing strategy
and supply disruption, i.e., lead time of delivery of the products.

Uncited reference
Zhanga, Lianga, Yua, and Yu (2007).
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