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Abstract
In the modern scenario, the manufacturer prefers not only traditional method of
selling through an independent retailer but also through an internet channel. The
retailer sells alternative product supplied by various other manufacturers. In these two
channel, the manufacturer and retailer construct a favourable pricing strategy for the
multi choice product considering the available and expected demand from the
consumers. Generally, there is always a conflict between the manufacturer and retailer in
preferring items with demand variability and in adapting the costs incurred in selling
through their respective channel. The manufacturer may prefer high demand variability
while the retailer prefers low demand variability. The variants in the products are
disclosed in internet channel comprehensibly than in other. By using Nested Logit Model,
this model works out a appropriate channel deriving optimum sales to the manufacturer
by analysing the variants of prices for the product accessible in two channel.

Keywords:
Pricing and Product Decision--Retailing -- Supply Chain Management
Planning-- Dual Channel.

-- Assortment

----------------------------------------------------------------------------------------------------------

International Journal of Research in Engineering & Applied Sciences
Email:- editorijrim@gmail.com, http://www.euroasiapub.org

39

IJREAS
VOLUME 5, ISSUE 9 (September, 2015)
(ISSN 2249-3905)
International Journal of Research in Engineering and Applied Sciences (IMPACT FACTOR – 5.981)

Introduction :
The growth of internet technology has facilitated and rendered practical
establishment of an internet channel. Keenan and Ante (2002) and Tsay and Agrawal
(2004) stated that the internet selling reduces the costs and increase the profit margin.
The assortment of products and determining the appropriate pricing is really a critical
problems in deciding the supply chain for dual channel of the manufacturer. In this day
and age, the online retailing selling directly by the manufacturer to the consumers has
been popularising in the retail business world. Some well-known examples are Compaq,
Hewlett-Packard, IBM, Eastman Kodak, Nike, Mattek and Apple, among
others(Mukhopadhyay et al., 2008; Wildery, 1999) At the same time, the manufacturer
supplies the product through the retailer.
Managing the supply chain with dual channel under the capacity constraint and to
maximisation of profit is the foremost function to determine the sales level for achieving
the goal. To cater for a broader mix of consumer groups, supply chains are increasingly
providing a higher product variety to attract customers (Deskimpe et al., 2011). While
assorting the product, we study first the consumer buying behaviour and the investigate
substitution pattern of prices among similar products.
In this approach, the customers’ preference of channel is designed. On the basis of
the preference of the customers, the assortment and prices offered by both channel are the
base for the assortment. We use the nested-logit model to confine the preference of the
consumer. Between the manufacturer’s direct channel and retailer’s channel, the customer
selects the channel first then they decide the product available from already chosen
channel. This demand stimulates to consider for effect of both channels’ assortments and
prices on the demand realised from each channel.
There are some assumptions on carrying the inventory in this dual channel
structure. Because of the retailer be familiar with the average demand of the customer for
the particular product, the manufacturer faces the risk of handling the inventory at the
right level on the demandable situation. The consumers are aware and have keen interest
to buy certain product directly from the manufacturer than through the retailers. It is due
to the rapid development of e-commerce and internet technologies. We consider a
manufacturer who sells a place-to-order product through the direct channel while meeting
the orders from the retailer. For the retailers’ side, it is assumed that the retailer keeps
inventory of the assembled (final) products and faces the observed demand with this
inventory. The retailer can maximise the total expected profit subject to a capacity
constraint Ruxian Wang (2012).
As the stock level decision is taken by the retailer, before estimating the
demand of the customer, the mismatch between the demand and inventory is raised.
Therefore, this model takes into account the inventory based costs related with the
demand and inventory mismatch at the retailer. We also assume that when the demand is
over than the inventory level kept by the retailer, he procures additional products from
the manufacturer. For compensating the extra additional demand, the retailer incurs such
marginal cost.
In this model, the effectiveness of inventory oriented costs for the pricing
decisions is analysed. We find that the selling prices charged by the manufacturer’s direct
channel and the retailer follow an equal effective margin property similar to that
described in Rodriguez and Aydin (2011). In addition to that, we describe the optimal
wholesale prices the manufacturer charges to the retailer. The manufacturer charges
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lower wholesale prices for variants with variability of larger demand. We design this
model to analyse the benefits of the manufacturer from selling through two separate
channels. But in practice, dual channel selling may be good and bad for the manufacturer.
For example, Dell has been recording good sales till the year 2005 and it was declined in
the next year. But in the year 2007, it was again successful in both channels. Inspired by
these examples, in this work we examined the benefits of keeping in dual-sales channels.
Determining what assortment to offer through the retailer is an essential one to
the manufacturer to estimate the demand. Here, the retailer’s offer is the subset of
manufacturer’s direct channel. Depending on the influence structure in the supply chain,
the retailer’s assortment can be fixed by the retailer itself or stated by the manufacturer.
However, we study various series of decision making that provide different circumstances
regarding the timing of assortment and pricing decisions.
We study this problem where there are possibilities for number of variants to
carry. In such case, we discover that if the manufacturer’s product assortment is the base
for the retailer’s decision, both of them will be set best model of supply chain.
In the next section, we review the concerned literature, section 3 describes this
model. The variety of product with price variant problem is analysed in section4, the
profit of direct and indirect channel are illustrated in section 5. In section 6, we
summarises the results and contributions.

2. Literature review:
The dual supply system has received remarkable attention in the current
marketing literature and operations. Betzabe Rodriguez, Goker Aydin (2011) present the
dual supply channel deals with variants with effective profit margin. Cattani, Gilland, and
Swaminathan(2004) present on the coordination of multiple channels.
The interest in dual channel systems (which have also been labelled as “ hybrid
distribution”) in early 1965( Preston & Schramm, 1965). The dual channel system has been
revived in recent years due to evolution in e-commerce. Swaminathan and Tayur (2003),
Tsay and Agrawal (2004) and Agatz, Fleischmann, and Van Nunen(2008) dealing with
multiple-channels that arise in the e-business setting. S. Panda, N.M. Modak, S.S. Sana, M.
Basu( 2015) present a optimal pricing and replenishment policies in dual channel under
continuous unit cost .
There are two streams of work on the dual channel distribution systems. The first
stream of work deals with questions relating to how much to stock and where to keep that
stock, Moinzadeh(2002),Boyaci(2005), Alptekinoglu and Tang (2005), Chiang and
Monahan(2005), Seifert, Thonnemann, and Seike(2006)and Schneider and Klabjan(2013).
The optimal pricing decisions are affected by customers’ preference for the direct channel
and the market scale change, in both centralized and decentralized dual-channel supply
chains Song Huang, Chao Yang, Xi Zhang(2012).
An increase in retailer’s service quality may increase the manufacturer’s profit in
dual channel and a larger range of consumer service sensitivity may benefit both parties in
the dual channel. Aussadavut Dumrongsiri, Ming Fan, Apurva Jain, Kamran Moinzadeh
(2008). Assortment planning has impacts on a retailer’s bottom line. Higging, 1981. Bin Liu,
Rong Zhang, Meidan Xiao(2010) When uncertainty is lower, the manufacturer prefers a
single contract. Furthermore, the higher the uncertainty in the traditional channel, the
more the information welfare of the traditional retailer will gain.
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Another example is Zhao(2008), which adds the pricing problem to the inventory
decision. Several empirical studies have shown that the factors of service value,
preference of brand and sales channel are also determinants of consumer purchasing
decision (Bucklin and Lattin, 1991 ; Rohm and Swaminathan, 2004; Yao and liu, 2005, Yao et
al., 2008). Kumar and Ruan (2006) showed that the degree of brand loyalty and channel
loyalty influences wholesale price, retail price, service value and manufacturer’s decision
to complement the traditional channel with an internet channel. Kurata et al(2007)
identified an optimal pricing decision for brand and channel competition. The second
stream of work in dual-channel systems deals with how the prices should be set or
coordinated in this distribution system.
Our paper is related to this second stream of research in that we study, among
other things, the pricing decisions in a dual-channel system. Earlier work that is
particularly related to the type of pricing problems that arise in our paper are Chiang,
Chhajed, and Hess (2003) and Tsay and Agrawal(2004) who treat the manufacturer’s
channel
structure as a decision variable, i.e., manufacturer decides whether or not to use a dualsales channel. They study the effects of the channel structure on the pricing strategies and
profits. In particular, we incorporate demand uncertainty and we model in the inventory
costs associated with demand-inventory mismatches at the retailer.
This work also addresses the question which channel is advantages to the
manufacturer and how the profit margin is vary while compare with the another channel.
Our important distinction between our work and the existing literature is that in our
model the manufacturer provides product and pricing assortment before the retailer. But
the retailer on the basis of the demand again assorts the price margin and we analyse the
assortment decisions.

3. Model Description:
Consider a product that can be purchased directly from the manufacturer and
through the traditional channel. The manufacturer may have more variety of products
with different price levels while the retailer has few varieties in both product and price.
Keeping this situation, the model a place to order manufacturer, who offers product with
all possible variant assortment. We denote this set of variants with S M while the retailer’s
of variants is SR , the subset of SM . In this model, the variety of product with price in the
M
direct channel is 𝑃𝑀
𝑖𝑗 for variant 𝑖, 𝑗 ∈ S (i.e., prices charged to the customers who
purchased from the manufacturer), and the wholesale price charged to the retailer 𝑊𝑖𝑗 for
variant 𝑖, 𝑗 ∈ SR . Let 𝑃𝑅𝑖𝑗 denote the retailer’s selling price for variant 𝑖, 𝑗 ∈ SR .
3.1. Customer Demand Model:
The nested-logit model is framed in this study to set the choice of an individual
customer. The customer’s choice is designed as a sequential process, where the customer
prefers one of the many ‘nests’ first and on the basis of the choice of the nest, the customer
prefers particular product among number of varieties with desired price of purchase
from the nest. The choices in each stage follow a Multinomial Logit choice model (MNL).
This model is leads to a closed form expression for the probability that the customer
purchases product from this nest. In our model, the nests are the manufacturer’s
assortment with varieties of product and price. If the customers offer to purchase from
the manufacture direct channel or through the retailer’s traditional channel, then they
decides the particular specified product at the desired price level to purchase.
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3.1.1. Decision on variant to purchase:
In this stage, the customer chooses here the variant to purchase from the
assortment offered by already preferred channel in the first stage. Consider an individual
customer who decided to purchase from channel 𝑛 ∈ 𝑀, 𝑅 , where 𝑛 = M refers to the
manufacturer’s direct channel and 𝑛 = R refers to retailer. Let 𝑃𝑛𝑖𝑗 denote the vector of
prices for the variants offered by channel𝑛. In following with the nested logit choice
model, we model the customer’s choice of variant using the multinomial logit(M NL)
choice model. Let 𝑈𝑛𝑖𝑗 denote the customer’s utility from variant 𝑖, 𝑗 ∈ Sn . Following the
MNL model, 𝑈𝑛𝑖𝑗 is given by
𝑈𝑛𝑖𝑗 = 𝛼𝑖𝑗 - 𝑃𝑛𝑖𝑗 + 𝜉𝑛𝑖𝑗 for 𝑖, 𝑗 ∈ Sn , 𝑛 ∈ 𝑀, 𝑅 ,
where 𝛼𝑖𝑗 is the customer’s expected utility from variant 𝑖, 𝑗 ∈ Sn, 𝑃𝑛𝑖𝑗 is the price of variant
𝑖, 𝑗 in channel 𝑛 and 𝜉𝑛𝑖𝑗 is a random error term with a Gumbel distribution with mean zero
and scale parameter 𝜇2 > 0. The scale parameter 𝜇2 can be interpreted as the degree of
heterogeneity across the variants offered by a given channel; when 𝜇2 is close to zero the
variants become perfect substitutes. In this setting, the customer chooses the variant that
maximises his utility and probability that the customer will choose variant 𝑖, 𝑗 is
𝑞𝑛𝑖𝑗 (𝑆𝑛 , 𝑃𝑛 ) =

𝑉𝑖𝑗 (𝑃𝑛𝑖𝑗 )
∑𝑖,𝑗 𝜖𝑆𝑛 𝑉𝑖𝑗 (𝑃𝑛𝑖𝑗 )

for all where 𝑖, 𝑗 ∈ Sn ------(1)

𝑉𝑖𝑗 (𝑃𝑛𝑖𝑗 ) = exp ( 𝛼𝑖𝑗 − 𝑃𝑛𝑖𝑗 / 𝜇2 ) for 𝑖, 𝑗 ∈ Sn ---- (2)
3.1.2: Channel Choice:
Let 𝑈𝑀 𝑎𝑛𝑑 𝑈𝑅 denote the customer’s random utility of purchasing from the
manufacturer and from the retailer, respectively. This model imagines that the utility of
purchasing from a nest is the expected utility of the utility-maximising choice in that nest
plus a Gumbel error term. Hence, the following the nested logit model, 𝑈𝑛 = E { 𝑚𝑎𝑥𝑖𝑗
𝑃𝑛𝑖𝑗 } + 𝜉𝑛 for 𝑛 ∈ 𝑀, 𝑅 where 𝜉𝑛 is a Gumbel random variable with mean zero and scale
parameter 𝜇1 , where 𝜇1 > 0. The parameter 𝜇1, in contrast to 𝜇2 , represents the
heterogeneity of assortments across the two channels. Hence, we expect that 𝜇1> 𝜇2 .
Given that 𝑈𝑛𝑖𝑗 are Gumbel random variables and the Gumbel distribution is closed under
maximization, 𝑚𝑎𝑥𝑖𝑗 𝑈𝑛𝑖𝑗 is again Gumbel, and its expected value is given by
E[ 𝑈𝑛 ] = E { 𝑚𝑎𝑥𝑖𝑗 𝑈𝑛𝑖𝑗 } = 𝜇2 𝐼𝑛 [ ∑𝑖,𝑗 𝜖𝑆𝑛 𝑉𝑖𝑗 (𝑃𝑛𝑖𝑗 )] ---3
Similarly, let 𝑈𝑂 denote the random utility of an external alternative. Here, 𝑈𝑂
can be thought of as the aggregate utility from a number of choices exogenous to our
model, such as the utility from purchasing the product from an alternate firm or the utility
from purchasing a different product altogether. This utility of the external alternative, 𝑈𝑂 ,
is itself Gumbel with a mean of 𝛼0 𝜇1, .
The nested logit model then yields the following expression for the probability that
the customer purchase from channel 𝑛, denoted by 𝜏𝑅 ( 𝑆𝑅 , 𝑆𝑀 , 𝑃𝑀 , 𝑃𝑅 ):
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𝑛(

𝜏

𝑅

𝑀

𝑀

𝑅

𝑆 ,𝑆 ,𝑃 ,𝑃 ) =

𝑈𝑛
𝜇1
𝐸 𝑈𝑂
𝐸 𝑈𝑅
)+exp(
exp(
𝜇1
𝜇1

exp(

𝐸

)
)+exp
(

𝐸

𝑈𝑀
𝜇1

)

For 𝑛 ∈ 𝑀, 𝑅 , Using (3)to substitute for E[ 𝑈𝑛 ] in the above equation, we obtain;
𝜇2

[ ∑𝑖,𝑗 𝜖𝑆𝑛 𝑉𝑖𝑗 (𝑃𝑛𝑖𝑗 )]𝜇1

𝜏𝑛 ( 𝑆𝑅 , 𝑆𝑀 , 𝑃𝑀 , 𝑃𝑅 ) =

𝜇2

exp( 𝛼0 )+ [ ∑

𝜇2

--------(4)

𝑉 (𝑃𝑅 )]𝜇1 + [ ∑
𝑉 (𝑃𝑀 )]𝜇1
𝑖,𝑗 𝜖𝑆𝑅 𝑖𝑗 𝑖𝑗
𝑖,𝑗 𝜖𝑆𝑀 𝑖𝑗 𝑖𝑗

4. Illustrations:
Example:1
In table 1, we provide a numerical example that we will carry through the above
sections (also below). In this example, the manufacturer and the retailer both are carrying
4 price variant and 3 varieties of products. Suppose that the degrees of heterogeneity
across variants 𝜇2 and across channels 𝜇1 are 2 and 1 respectively. Suppose also that the
expected utility of the external alternative for the channel choice 𝛼0 𝜇1 equals 3. For now,
we take the prices with product of variants to be exogenously fixed. For each variant i =
1,2,3 and 4 and j = 1,2,3, the following table shows the customer’s expected utility from
the variant ∝𝑖𝑗 , the price and the product of the variant at the retailer 𝑃𝑅𝑖𝑗 and the price
and the product of the variant at the manufacturer’s direct channel 𝑃𝑀
𝑖𝑗 .
Table 1:
∝𝑖𝑗
i
1
2
3
4

j

𝑃𝑅𝑖𝑗
i
1
2
3
4
𝑃𝑀
𝑖𝑗
i
1
2
3
4

j

j

1

2

3

10
11.5
13.8
15

16
17.5
20
21.5

24
25.5
28.8
30

1

2

3

9.5
11
12.3
13.8

14.5
15.3
17.8
19

21
22.3
25.5
27

1

2

3

9
10.35
11.5
13

13
14
16
18

19
20.5
22
24
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Solution:
Table 2:
Expected utility and exogenously fixed prices of 4 variants with 3 product
varieties.
4 price variants with first product.
Price
Variant
𝑖 ,𝑗 = 1
1
2
3
4

∝𝑖1

𝑃𝑅𝑖1

𝑃𝑀
𝑖1

10
11.5
13.8
15

9.5
11
12.3
13.8

9
10.5
11.5
13

Table : 3: Choice probabilities at the retailer and the manufacturer’s direct channel for
the 1st product and exogenously fixed prices of 4 variants.
Variant
𝑖 ,𝑗 = 1
1
2
3
4

𝑞𝑅𝑖1
(𝑆𝑅 , 𝑃𝑅 )
0.2395
0.2395
0.2644
0.2567

𝑞𝑀
𝑖1
(𝑆𝑀 , 𝑃𝑀 )
0.2331
0.2331
0.2716
0.2322

The probabilities that customer chooses the retailer (𝜏𝑅 ) versus the probability
that she chooses the manufacturer’s direct channel (𝜏𝑀 ) likewise after subs for the
parameter values, equation (1) yields the probability that the customer chooses variant
𝑖 𝑎𝑛𝑑 𝑗(= 1) that she chooses the retailer (𝑞𝑅𝑖1 ) and the probability that the customer
chooses variant 𝑖 𝑎𝑛𝑑 𝑗(= 1) and the probability that the customer chooses variant
𝑖 𝑎𝑛𝑑 𝑗(= 1) given that she chose the manufacturer direct channel(𝑞𝑀
).
𝑖1
𝜏𝑅 = 0.3998 ;

𝜏𝑀 = 0.4091.

Similarly, From Eq.(1), after substituting for the parameter values, the
probabilities are derived that the customer chooses variant 𝑖 𝑎𝑛𝑑 𝑗(= 1) given that he
chose the retailer (denoted by 𝑞𝑅𝑖1 ) and that the customer chooses variant 𝑖 𝑎𝑛𝑑 𝑗(= 1)
given that he chose the manufacturer’s direct channel (denoted by 𝑞𝑀
). The choice
𝑖1
probabilities are listed in Table 2 : Equipped with all the choice probabilities, the expected
demand for variant 𝑖 𝑎𝑛𝑑 𝑗(= 1) at the retailer is the product of 𝜏𝑅 ( 𝑆𝑅 , 𝑆𝑀 , 𝑃𝑀 , 𝑃𝑅 ) and 𝑞𝑅𝑖1 .
Likewise, the expected demand for variant 𝑖 𝑎𝑛𝑑 𝑗(= 1) and the manufacturer’s direct
channel is the product of 𝜏𝑀 ( 𝑆𝑅 , 𝑆𝑀 , 𝑃𝑀 , 𝑃𝑅 ) and 𝑞𝑀
.
𝑖1
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Table : 4 :
4 price variants with second product.
Price
Variant
𝑖 ,𝑗 = 2
1
2
3
4

∝𝑖2

𝑃𝑅𝑖2

𝑃𝑀
𝑖2

16
17.5
20
21.5

14.5
15.3
17.8
19

13
14
16
18

Table : 5
2nd

Choice probabilities at the retailer and the manufacturer’s direct channel for the
product and exogenously fixed prices of 4 variants.
Variant
𝑖 𝑎𝑛𝑑 𝑗 = 2
1
2
3
4

𝑞𝑅𝑖2
(𝑆𝑅 , 𝑃𝑅 )
0.2389
0.2518
0.2518
0.2575

𝑞𝑀
𝑖2
(𝑆𝑀 , 𝑃𝑀 )
0.2416
0.2499
0.2585
0.2499

The probability that a customer chooses the
𝜏𝑅 versus 𝜏𝑀 . Likewise , the
customer chooses variant 𝑖 𝑎𝑛𝑑 𝑗(= 2) given that choose the retailer
and the
manufacturer’s direct channel.
𝜏𝑅 = 0.3970 ; 𝜏𝑀 = 0.4193 .
Similarly, From Eq.(1), after substituting for the parameter values, the
probabilities are derived that the customer chooses variant 𝑖 𝑎𝑛𝑑 𝑗(= 2) given that he
chose the retailer(denoted by 𝑞𝑅𝑖2 ) and that the customer chooses variant 𝑖 𝑎𝑛𝑑 𝑗 given
that he chose the manufacturer’s direct channel (denoted by 𝑞𝑀
). The choice probabilities
𝑖2
are listed in Table 5 : Equipped with all the choice probabilities, the expected demand for
variant 𝑖 𝑎𝑛𝑑 𝑗(= 2) at the retailer is the product of 𝜏𝑅 ( 𝑆𝑅 , 𝑆𝑀 , 𝑃𝑀 , 𝑃𝑅 ) and 𝑞𝑅𝑖2 . Likewise,
the expected demand for variant 𝑖 𝑎𝑛𝑑 𝑗(= 2) and the manufacturer’s direct channel is the
product of 𝜏𝑀 ( 𝑆𝑅 , 𝑆𝑀 , 𝑃𝑀 , 𝑃𝑅 ) and 𝑞𝑀
.
𝑖2
Table : 6
4 price variants with third product.
Price
Variant
𝑖 ,𝑗 = 3
1
2
3
4

∝𝑖3

𝑃𝑅𝑖3

𝑃𝑀
𝑖3

24
25.5
28.8
30

21
22.3
25.5
27

19
20.5
22
24
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Table :7 : Choice probabilities at the retailer and the manufacturer’s direct channel for
the 3rd product and exogenously fixed prices of 4 variants.
Variant
𝑖 𝑎𝑛𝑑 𝑗 = 3

𝑞𝑅𝑖3 (𝑆𝑅 , 𝑃𝑅 )

1
2
3
4

0.2487
0.2508
0.2519
0.2487

𝑞𝑀
𝑖3
(𝑆𝑀 , 𝑃𝑀 )
0.2372
0.2372
0.2705
0.2550

When substituting the parameter values in equation (1), yields the probability that
the customer chooses variant 𝑖 𝑎𝑛𝑑 𝑗(= 3) given that she choose the retailer(𝑞𝑅𝑖3 ) and the
probability that the customer chooses variant 𝑖 𝑎𝑛𝑑 𝑗(= 3) given that she chooses the
manufacturer’s direct channel(𝜏𝑀 ).
𝜏𝑅 = 0.3970 ; 𝜏𝑀 = 0.4147.
Similarly, From Eq.(1), after substituting for the parameter values, the
probabilities are derived that the customer chooses variant 𝑖 𝑎𝑛𝑑 𝑗(= 3) given that he
chose the retailer(denoted by 𝑞𝑅𝑖3 ) and that the customer chooses variant 𝑖 𝑎𝑛𝑑 𝑗(= 3)
given that he chose the manufacturer’s direct channel (denoted by 𝑞𝑀
). The choice
𝑖3
probabilities are listed in Table 7 : Equipped with all the choice probabilities, the expected
demand for variant 𝑖 𝑎𝑛𝑑 𝑗(= 3) at the retailer is the product of 𝜏𝑅 ( 𝑆𝑅 , 𝑆𝑀 , 𝑃𝑀 , 𝑃𝑅 ) and 𝑞𝑅𝑖3 .
Likewise, the expected demand for variant 𝑖 𝑎𝑛𝑑 𝑗(= 3) and the manufacturer’s
direct channel is the product of 𝜏𝑀 ( 𝑆𝑅 , 𝑆𝑀 , 𝑃𝑀 , 𝑃𝑅 ) and 𝑞𝑀
.
𝑖3

5. Analysis of profit in dual channel:
5.1.Retailers Expected Profit:
Let 𝑦𝑖𝑗 denote the retailer’s stock level of variant i,j∈ 𝑆𝑅 . We simplify the inventory
decision problem by assuming that the retailer will stock 𝑦𝑖𝑗 units at the beginning of the
period to satisfy a service level objective, which is uniquely determined by management
fixed parameter 𝑍𝑖𝑗 where,
𝑍𝑖𝑗 =

𝑅 𝑀 𝑅
𝑦𝑖𝑗 − 𝜇𝑅
𝑖𝑗 ( 𝑆 ,𝑃 ,𝑃 )
𝑅 𝑀 𝑅
𝜎𝑅
𝑖𝑗 ( 𝑆 ,𝑃 ,𝑃 )

------------ (5)

&𝜇𝑅𝑖𝑗 𝑎𝑛𝑑 𝜎𝑅𝑖𝑗 denote the mean and S.D of the demand for variant 𝑖, 𝑗 observed by the
retailer.
𝑍𝑖𝑗 -- Service level for variant 𝑖, 𝑗 measured in S.D above the mean.
All the beginning of the period, the retailer places the orders 𝑦𝑖𝑗 with
manufacturer. Next the demand at the retailers 𝐷𝑅𝑖𝑗 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 ) for 𝑖, 𝑗 ∈ 𝑆𝑅 is realised
𝐶𝑂𝑖𝑗 -- the retailer incurs a cost for unit of leftover inventory.
𝐶𝑈𝑖𝑗 -- the retailer incurs a unit back ordering cost.
𝑊𝑖𝑗 - Wholesale price.
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𝐿𝑅𝑖𝑗 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 , 𝑊) = ∑𝑖,𝑗∈𝑆𝑅 (𝑃𝑅𝑖𝑗 − 𝑊𝑅𝑖𝑗 ) - 𝐿𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 ) ----(6)
Where, 𝐿𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 ) = 𝐶𝑈𝑖𝑗 E 𝐷𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 ) –
𝑌𝑖𝑗 + 𝐶𝑂𝑖𝑗 E 𝑌𝑖𝑗 − 𝐷𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 ) ------(7)
Given that the demand for each variant is normally distributed.
𝜋𝑅 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 , 𝑊) = 𝜏𝑅 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 )
∑𝑖,𝑗𝜖𝑆𝑅 (𝑃𝑅𝑖𝑗 − 𝑊𝑖𝑗 )𝑞𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑅 ) − 𝜎𝑖𝑗 (𝐶𝑂𝑖𝑗 𝑍𝑖𝑗 + (𝐶𝑂𝑖𝑗 + 𝐶𝑈𝑖𝑗 )𝐼𝑁 (𝑍𝑖𝑗 )) 𝑞𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑅 )
Where 𝐼𝑁 is the unit normal loss function defined as 𝐼𝑁 (𝑧) = 𝜙𝑁 (Z) – Z(1-𝜙𝑁 (Z))
𝛾𝑖𝑗 = 𝜎𝑖𝑗 (𝐶𝑂𝑖𝑗 𝑍𝑖𝑗 + (𝐶𝑂𝑖𝑗 + 𝐶𝑈𝑖𝑗 )𝐼𝑁 (𝑍𝑖𝑗 ))
Notice that 𝛾𝑖𝑗 works as a unit cost incurred by the retailer and it depends only on the unit
overage cost 𝐶𝑂𝑖𝑗 , the unit underage cost 𝐶𝑈𝑖𝑗 . The demand co-efficient of variation 𝜎𝑖𝑗 and
the service level 𝑍𝑖𝑗 . Retailer’s expected profit function is as follows;
𝜋𝑅 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 , 𝑊) = 𝜏𝑅 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 ) ∑𝑖,𝑗𝜖𝑆𝑅 (𝑃𝑅𝑖𝑗 − 𝑊𝑖𝑗 − 𝛾𝑖𝑗 ) 𝑞𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑅 ) ----(8)
Table : 8
Variant
𝑖, 𝑗=1
1
2
3
4

𝐶𝑈𝑖1
0.8
1.0
1.2
1.3

𝐶𝑂𝑖1
0.8
0.9
0.9
1.0

𝜎𝑖1
0.2
0.4
0.4
0.2

𝑍𝑖1
1.96
1.96
1.96
1.96

𝑞𝑅𝑖1 (𝑆𝑅 , 𝑃𝑅 )

𝑊𝑖1
5
5.5
6
6.5

0.2395
0.2395
0.2644
0.2567

∑𝑖,𝑗𝜖𝑆𝑅 (𝑃𝑅𝑖𝑗 − 𝑊𝑖𝑗 − 𝛾𝑖𝑗 ) 𝑞𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑅 ) = 5.4523
𝜋𝑅 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 , 𝑊) = 𝜏𝑅 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 ) ∑𝑖,𝑗𝜖𝑆𝑅 (𝑃𝑅𝑖𝑗 − 𝑊𝑖𝑗 − 𝛾𝑖𝑗 ) 𝑞𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑅 ) = 2.1798
Therefore, the retailer’s expected profit in 1 st product with fixed prices of 4
variants is 2.1798.
Table : 9
Variant
𝑖, 𝑗=2
1
2
3
4

𝐶𝑈𝑖2
0.9
1.1
1.2
1.3

𝐶𝑂𝑖2
0.9
1.2
1.3
1.4

𝜎𝑖2
0.2
0.4
0.4
0.5

𝑍𝑖2
1.96
1.96
1.96
1.96

𝑞𝑅𝑖2 (𝑆𝑅 , 𝑃𝑅 )

𝑊𝑖2
6.5
7
7.5
8

0.2389
0.2518
0.2518
0.2575

∑𝑖,𝑗𝜖𝑆𝑅 (𝑃𝑅𝑖𝑗 − 𝑊𝑖𝑗 − 𝛾𝑖𝑗 ) 𝑞𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑅 ) = 8.5674
𝜋𝑅 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 , 𝑊) = 𝜏𝑅 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 ) ∑𝑖,𝑗𝜖𝑆𝑅 (𝑃𝑅𝑖𝑗 − 𝑊𝑖𝑗 − 𝛾𝑖𝑗 ) 𝑞𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑅 ) = 3.4013
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Therefore, the retailer’s expected profit in 2nd product with fixed prices of 4
variants is 3.4013.
Table :10
Variant
𝑖, 𝑗=3
1
2
3
4

𝐶𝑈𝑖3
1.1
1.3
1.4
1.6

𝐶𝑂𝑖3

𝜎𝑖3

1.2
1.4
1.5
1.6

0.2
0.3
0.4
0.5

∑𝑖,𝑗𝜖𝑆𝑅 (𝑃𝑅𝑖𝑗 − 𝑊𝑖𝑗 − 𝛾𝑖𝑗 ) 𝑞𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑅 )

𝑍𝑖3

𝑊𝑖3

1.96
1.96
1.96
1.96

7
7.5
8
9

𝑞𝑅𝑖3 (𝑆𝑅 , 𝑃𝑅 )
0.2487
0.2508
0.2519
0.2487

= 15.1253

𝜋𝑅 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 , 𝑊) = 𝜏𝑅 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 ) ∑𝑖,𝑗𝜖𝑆𝑅 (𝑃𝑅𝑖𝑗 − 𝑊𝑖𝑗 − 𝛾𝑖𝑗 ) 𝑞𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑅 ) = 5.8656
Therefore, the retailer’s expected profit in 3rd product with fixed prices of 4
variants is 5.8656.
5.2. Manufacturer’s Expected Profit :
The manufacturer places to order and handles two sources of demand from the
direct channel and the other from the retailer. At the beginning, the manufacturer
receives an order from the retailer. In the later period, the order placed by the retailer
may be overage or underage. Hence, the retailer observes the various demand in different
periods. But the manufacturer charges the same wholesale price constant thorough the
period.
The quantity that the manufacturer sells to the retailer is the maximum of the
retailer’s initial order quantity, 𝑦𝑖𝑗 , and the demand observed by the retailer,
𝐷𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 ). The quantity sold by the manufacturer through the direct channel is
𝑅 𝑀 𝑅
simply denoted as, 𝐷𝑀
𝑖𝑗 (𝑆 , 𝑃 , 𝑃 ). 𝐶𝑖𝑗 denotes the unit production cost of variant 𝑖𝑎𝑛𝑑 𝑗.
The manufacturer’s expected profit is
𝑀 𝑅 𝑀 𝑅
𝜋𝑀 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 , 𝑊) = ∑𝑖,𝑗𝜖𝑆𝑀 (𝑃𝑀
𝑖𝑗 − 𝐶𝑖𝑗 ) E 𝐷𝑖𝑗 (𝑆 , 𝑃 , 𝑃 ) +

∑𝑖,𝑗𝜖𝑆𝑀 (𝑊𝑖𝑗 − 𝐶𝑖𝑗 ) (𝑦𝑖𝑗 +E max 𝐷𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 ) − 𝑦𝑖𝑗 , 0 )---(9)
𝑅 𝑀 𝑅
𝑅 𝑀 𝑅
𝑀
𝑀 𝑀
E 𝐷𝑀
𝑖𝑗 (𝑆 , 𝑃 , 𝑃 ) = 𝜏 ( 𝑆 , 𝑃 , 𝑃 ) 𝑞𝑖𝑗 (𝑃 )

The manufacturer’s expected profit
𝜋𝑀 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 , 𝑊)

𝜏𝑀 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 )

=
𝑅

𝑅

𝑀

𝑅

𝜏 ( 𝑆 ,𝑃 ,𝑃 )

𝑀 𝑀
∑𝑖,𝑗𝜖𝑆𝑀 (𝑃𝑀
𝑖𝑗 − 𝐶𝑖𝑗 )𝑞𝑖𝑗 (𝑃 )

∑𝑖,𝑗𝜖𝑆𝑅 (𝑊𝑖𝑗 − 𝐶𝑖𝑗 ) 𝜃𝑖𝑗 𝑞𝑅 (𝑆𝑅 , 𝑃𝑅 )
𝑖𝑗

+

--- (10)

Where 𝜃𝑖𝑗 = 𝜎𝑖𝑗 (𝑍𝑖𝑗 + 𝐼𝑁 (𝑍𝑖𝑗 )) + 1
Example continued: Return to the same example as before. In addition to the data
introduced earlier, suppose that we have the following data about the manufacturer’s unit
production cost, 𝐶𝑖𝑗 for variant 𝑖 𝑎𝑛𝑑 𝑗.
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Table : 11
Variant
𝑖, 𝑗=1
1
2
3
4

𝑃𝑀
𝑖1

𝐶𝑖1
2
2.05
2.1
2.15

𝜋𝑀 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 , 𝑊)

𝜎𝑖1

9
10.35
11.5
13

0.2
0.4
0.4
0.2

𝑍𝑖1
1.96
1.96
1.96
1.96

𝑊𝑖1
5
5.5
6
6.5

𝜏𝑀 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 )

=
𝑅

𝑀

𝑅

𝜏𝑅 ( 𝑆 , 𝑃 , 𝑃 )

𝑞𝑅𝑖1 (𝑆𝑅 , 𝑃𝑅 )

(𝑆𝑀 , 𝑃𝑀 )
𝑞𝑀
𝑖1

0.2395
0.2395
0.2644
0.2567

0.2331
0.2331
0.2716
0.2322

𝑀 𝑀
∑𝑖,𝑗𝜖𝑆𝑀 (𝑃𝑀
𝑖𝑗 − 𝐶𝑖𝑗 )𝑞𝑖𝑗 (𝑃 )

+

∑𝑖,𝑗𝜖𝑆𝑅 (𝑊𝑖𝑗 − 𝐶𝑖𝑗 ) 𝜃𝑖𝑗 𝑞𝑅 (𝑆𝑅 , 𝑃𝑅 )
𝑖𝑗

𝜃𝑖𝑗 = 𝜎𝑖𝑗 (𝑍𝑖𝑗 + 𝐼𝑁 (𝑍𝑖𝑗 )) + 1 = 6.4192
𝜋𝑀 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 , 𝑊)

= 3.6816 + 2.3710 = 6.0526

The manufacturer’s expected profit in the 1st product with 4 price variants is
6.0526. ( 3.6816 from the direct channel and 2.3710 through retailers ).
Table : 12
Variant
𝑖, 𝑗=2
1
2
3
4

𝐶𝑖2
2.5
3.0
3.1
3.2

𝜋𝑀 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 , 𝑊)

𝑃𝑀
𝑖2

𝜎𝑖2

13
14
16
18

0.2
0.4
0.4
0.5

1.96
1.96
1.96
1.96

𝑊𝑖2
6.5
7
7.5
8

𝜏𝑀 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 )

=
𝑅

𝑍𝑖2

𝑅

𝑀

𝑅

𝜏 ( 𝑆 ,𝑃 ,𝑃 )

𝑞𝑅𝑖2 (𝑆𝑅 , 𝑃𝑅 )

(𝑆𝑀 , 𝑃𝑀 )
𝑞𝑀
𝑖2

0.2389
0.2518
0.2518
0.2575

0.2416
0.2499
0.2585
0.2499

𝑀 𝑀
∑𝑖,𝑗𝜖𝑆𝑀 (𝑃𝑀
𝑖𝑗 − 𝐶𝑖𝑗 )𝑞𝑖𝑗 (𝑃 )

+

∑𝑖,𝑗𝜖𝑆𝑅 (𝑊𝑖𝑗 − 𝐶𝑖𝑗 ) 𝜃𝑖𝑗 𝑞𝑅 (𝑆𝑅 , 𝑃𝑅 )
𝑖𝑗

𝜃𝑖𝑗 = 𝜎𝑖𝑗 (𝑍𝑖𝑗 + 𝐼𝑁 (𝑍𝑖𝑗 )) + 1 = 7.0441
𝜋𝑀 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 , 𝑊)

= 5.1653 + 3.1327 =8.2980

The manufacturer’s expected profit in the 2nd product with 4 price variants is
8.2980. ( 5.1653 from the direct channel and 3.1327 through retailers ).
Table : 13
Variant
𝑖, 𝑗=3
1
2
3
4

𝐶𝑖3
3
3.25
3.5
3.75

𝑃𝑀
𝑖3
19
20.5
22
24

𝜎𝑖3
0.2
0.3
0.4
0.5

𝑍𝑖3
1.96
1.96
1.96
1.96

𝑊𝑖3
7
7.5
8
9

𝑞𝑅𝑖3 (𝑆𝑅 , 𝑃𝑅 )

(𝑆𝑀 , 𝑃𝑀 )
𝑞𝑀
𝑖3

0.2487
0.2508
0.2519
0.2487

0.2372
0.2372
0.2705
0.2550
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𝜋𝑀 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 , 𝑊)

=

𝜏𝑀 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 )

𝑀 𝑀
∑𝑖,𝑗𝜖𝑆𝑀 (𝑃𝑀
𝑖𝑗 − 𝐶𝑖𝑗 )𝑞𝑖𝑗 (𝑃 )

+

𝜏𝑅 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 ) ∑𝑖,𝑗𝜖𝑆𝑅 (𝑊𝑖𝑗 − 𝐶𝑖𝑗 ) 𝜃𝑖𝑗 𝑞𝑅𝑖𝑗 (𝑆𝑅 , 𝑃𝑅 )
𝜃𝑖𝑗 = 𝜎𝑖𝑗 (𝑍𝑖𝑗 + 𝐼𝑁 (𝑍𝑖𝑗 )) + 1 = 6.8545
𝜋𝑀 ( 𝑆𝑅 , 𝑃𝑀 , 𝑃𝑅 , 𝑊)

= 7.4874 + 3.0306 = 10.5180

The manufacturer’s expected profit in the 3rd product with 4 price variants is
10.5180. ( 7.4874 from the direct channel and 3.0306 through retailers ).

6. Conclusion:
With the rapid development of e-commerce, the manufacturers use the
dual channel opportunity to explore the supply chain. An account of progress of economy
and technology, consumer’s needs are treated as the important dimensions in the present
marketing era. Hence, providing variety of products and prices are the fundamental
strategy of the manufacturer to capture the consumers. In this study Nested Logit Model, is
used to realise the consumers’ preferences among choices called ‘nest’.
We study a model where a place-to– order manufacturer sells through the
traditional channel (through the retailer ) and also through the direct channel. From the
analysis of product variety and pricing assortment, in the direct channel, where the
demand is uncertain, the manufacturer provides number of choices in product and prices
to consumers than the traditional channel i.e., through the retailer. We find that by this
assortment of the manufacturer, the direct channel will observe increase in its market
share. On the other hand, the manufacturer will always benefit from adding a channel,
giving it another venue to capture more customers.
The another main contributions of this work is retailers’ assortment
decision which is subset of variants of manufacturers. The retailer estimates the
customers’ demand for the assortment of prices after the manufacturer assorted the
prices at the wholesale price. On the fluctuation of demand, the retailer may place an
order again with the manufacturer. For this backordering, the retailer may fix a price
which is something higher than the earlier stage and is co-ordinating the increasing
demand. Hence, the expected profit of the retailer is not identical throughout the period.
The problems pertaining to this channel how much order to be placed and how to
determine the customers’ accepted retail price can be solved with this assortment of
products and prices with more variants.
This approach may be extended for further study by considering the retailers
assortment before the manufacturer announces its prices. We showed that the retailer
might choose to exclude some variants from its assortment, while the manufacturer would
like to see the retailer include these variants. This model can be extended by applying the
channel structure strategy for the seasonal goods and for manufacturer’s retail show
room. The demand and pricing assortment may be vary if the structure is designed in
different model. But we should, whatever the type of the channel structure strategy,
consider the consumers’ preferences to dispose the goods.
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