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Abstract

Recently, industries are more concerned about more than one supply channel as dependency on only
one channel may not be profitable in modern business environment. In this paper, a dual channel
supply chain management is considered with single-manufacturer and single-retailer. The industry
manager incorporates two different strategies as traditional retail channel and online channel. In
traditional channel, manufacturer uses single-setup multiple-delivery policy to transport items to the
retailer whereas, in online channel, only customized product is sold directly to the customers. The
online channel follows make-to-order policy which considers shortages. The mathematical model is
constructed to maximize the profit of the centralized chain. The model is analysed with numerical

experiments and graphical analysis.
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1. Introduction

This paper is focused on channel coordination. If in business, manufacturer and
retailer collaborate or work jointly for making economic policies then profit can be
done in supply chain management as it is logistic functioning in the network involved
in supply chain model. The advent of the e-commerce has significantly influenced the
purchasing custom of the people which emanates in increasing the number of
manufacturer’s redesigning, their selling, and supply distribution. With the pace of IT
and advancement in manufacturing system, manufacturer is now able to provide
made-to-order product to the customer directly, because of which the competition
between the traditional and online channels has been increased. Service levels of both

channels that is delivery lead time in case of online channel and availability of the
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product in the retailer’s channel do affect the customers. Introduction of made-to-
order products by online and improvement in retail services in case of centralized

system increased the profit of the system.

Kevin Chiang and Monahan [1] and Andy Tsayand Agrawal [2] developed a supply
chain model with direct channel where the efficiency of direct channel was measured
compared to indirect channel and gives us ways to adjust relationship between the
manufacturer and reseller like paying reseller’s commission for diverting the
customers to direct channel. Another part of research was related with competition
between the two channels of the manufacturer. Battling between the two, clearly
depends upon the service levels of both channels, customer’s choice, and shopping
experience of the customer as indicated by Chen et al. [3]. Further, Yan and Pei [4]
proposed that the ameliorated retail service effectively alleviates the channel’s
efficiency which automatically ameliorates the supply chain performance. By the
same aspect, Dan et al. [5] suggested that overall profit of the system and channel’s
efficiency in dual supply can be improved effectively by planning the pricing
strategies of the manufacturer and the traditional channel. To increase the customer’s,
introduction of online channel was needed [6]. The work of this paper is also related
with the concept of Xia and Rajagopalan [7] which states that product variety and lead
time plays a judicious role in the competition, after studying the standardization and

customization of the two firms.

Shao [8] found that in case of the centralized decision-making situations, make-to-
order dominates the dual channel’s strategy in comparison with single channel and
increases the profit of the system. In the study of manufacturer—retailer supply chain
model, Li et al.[9] analyzed that the manufacturer’s decision on offering the
customized product through online channel depends on the acceptance level of the
customer’s and their shopping experience. Moreover, there is no decrease in the price
of the standard product with the introduction of online channel price. Supply chain
management basically manages a network which relates the customer with all other
parties involved in the network as given by Sadraoui et al. [10] and for all this an
integrated system is demanded. Supply chain management gives us a way that how

traditional purchasing and advanced technology can be merged in modern era [11].
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Further he quoted that supply chain management is basically the synonym of
purchasing and supply activities of the manufacturer to satisfy the demand of the
customer. Initially, the mathematical model of this concept was coined by Goyal [12]
whereas later different assumptions like-number of lot size and manufacturer produces
as much as integer multiple of retailer’s demand were added in the model by Banerjee
[13] and Goyal [14]. According to Schiraldi et al. [15], Economic production quantity
(EPQ) is optimal quantity produced by the manufacturer so that demand of the
customer and cost of the manufacturer is managed. Chu[16] and Habib et al. [17]
mentioned that shortage of customized product generally results into two situations,
either the customer will wait for the product that should be backordered or impatient
customer shifts to other shop and manufacturer will lose the sale. A significant number
of papers focusing on the supply chain with multi-delivery policy and multi-retailer

under shortage appeared in the literature in recent days [18, 19, 20].

2. Mathematical model
The model is developed based on the following assumptions and notation.
Assumption

1. Dual channel supply chain is considered containing a traditional retail channel and
an online channel. Through online channel,vendor directly contacts to the buyer.

2. In retail channel, vendor uses multiple delivery policy (SSMD) [18] to transport
product to the buyer and in online channel vendor uses make-to-order policy for
manufacturing and delivering items.

3. Customers order only customized items through online channel.

4. There is a fixed cost for each individual customized feature added to the core
product.

5. There is a fixed same cost for each individual core product for both retail and
online channel.

6. No lead time is assumed for transporting goods from vendor to buyer or vendor to

customer in traditional and online channel, respectively.
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Notation

P, Production rate per unit time for traditional channel

D, Average demand for traditional channel

S; Set up cost of manufacturer for traditional channel per setup

Q; Quantity ordered by the buyer for traditional channel

r, Holding cost of the vendor per unit per unit time per unit item

C,, Manufacturing cost per unit for traditional channel

C, Purchase cost per unit for retailer

m  Number of lots delivered from vendor to the buyer in one production cycle

A, Ordering cost of buyer for traditional channel

1, Holding cost of the buyer

Sp, Selling prize for traditional channel

p.;Selling price of each customized product

P.Production rate per unit time for online channel

D. Average Demand per unit time for online channel

S, Setup cost of manufacturer for online channel

C, Shortage cost for online channel

Q. Quantity ordered by customer for online channel

Q. Shortage quantity in case of online channel

v,. Production cost of each i th customized feature

¢, Fraction of core product which are utilized to make the customized product i
The supplychain is composed of two channels traditional and online.

Traditional channel

The total profit for the buyer can be expressed as

PR, (Q,)
= Total Revenue — (Ordering Cost + Holding Cost

+ Purchase Cost)
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The revenue can be presented as p, D, and the total cost of buyer in classical EOQ
model without shortages and lead time can be shown as
AD, 1,0,

+
Q¢ 2

Based on this, the profit of the buyer becomes

ADy 10
PR,(Q:) = ptDy ——— — 2t cp Dy (1)

The total profit for the vendor is

PRV, (Q,,m)
= Total Revenue — (Setup Cost + Holding Cost
+ Manufacturing Cost)

The vendor follows SSMD policy. Thus, the average inventory calculation shown in
Figure 1 is obtained by% [m (1 P—) -1+ ZDt] (Sarkar and Majumder, 2013).
t

Therefore, the holding cost of vendor becomes r,,% [m (1 - %) ZDt] and the
t
total cost of the vendor becomes 22t 4 e [m( - —) -1+ ZDt] + C,.D, whereas,
mQ 2 Py t

the revenue is C, D;.

According to the above inference, the total profit of the vendor becomes

S:D 0 D 2D
PRV (Qem) = G, D, — 20t = 22 (1= 2) = 1+ 2] - ¢, D, (2)

mo

o
o]

Figure 1: Inventory position of vendor for retail channel

Page |3185 Copyright © 2019Authors



THINK INDIA .IOURNAL ISSN: 0971-1260

Vol-22-Issue-16-August-2019

Online channel

In this channel, vendor directly communicates to the customers without having any
intermediate party. The delivery policy adopted by the buyer is make-to-order. This
article considers economic production model with shortages which is illustrated in

Figure 2. As, each customization is composed of a production cost v, total
production cost of the vendor will be X7 v, ¢, D.. Now, p,, is the selling price of

each customized item i. therefore, total revenue will be 7' ., D..

The total profit for the vendor is

PRV, (Q., Qs)
= Total Revenue — (Setup Cost + Holding Cost 4+ Shorage cost

+ Production Cost)

The vendor’s profit becomes, after simplification,

PRV.(Q., Q) = Z e~ 35 (o) [rv (5o + QSZCS]
o c c c

Q 20
_2?21 Ve ¢ciDc (3)
Supply chain coordination

The supply chain coordination can be achieved by implementing the centralized
decision for both vendor and buyer. Therefore, the joint profit for traditional and
online channel is

JPR(Q:, Qc, Qs,m) = PR, (Q,) + PRV, (Q,m) + PRV, (Qc, Q)

_ A¢ Dy T Q¢ S¢Dy 7, Q¢ Dy 2Dy
_ptDt ___T_Cth+Cth_m—Qt_T[m(1_P_t)_ 1+P_t]_CUtDt +

e D= 22— L ([ {(B52) 0 - o) + 0] -
2?=1 Uci (pciDc (4)
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Inventary
Level

Production Cycle Time

Figure 2: Inventory position of vendor for online channel

Theproblem becomes

A:D S:D » D
Max JPR(Qz, Qc, Qs m)=p, Dy — "2 = ™55 — €, D, + €, D = 20t =22 m( —p‘ﬁ) -1+

2DtPt—CvtPet+i=1npciDc—ScPDcPc—12P0cPcPc—DcrvPe—DcPcfc
—{s2+0s2Cs —i=1nvcipciDc

Solution methodology

The solution is obtained by taking the partial derivatives of JPR(Q,, Q., Q,, m) with respect
to Q;, Q. and Q. and equating to zero, we obtain the decision variables.

(5)

0JPR(Qt,Qc.Qsm) _ AgDy 1 | SeDp T_v[ ( _ &) -1+ &]
t

a0, T Q2 2 mQ: 2 P,

0/PR(Q:, Qc, Qs m)

00Q,
:Sch_r_u( P, >+Q3Cs< P, )+2( P, )2_2@( P, )
QCZ 2 Pc_Dc ZQCZ Pc_Dc Pc_Dc Qc Pc_Dc
P.—D¢\  0s]?
-|(5%) - 2] ©)
9JPR (Q¢,Qc,Qs,m) _ _ 27, Qs Pc _ QsCs Pc
205 =T <PC—DC) Qc (PC—DC) (7)
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The values of Q;, Q. and Q, are obtained by equating Egs. (5)-(7) to zero as

0JPR (Q:,Q¢,Qs,m) H H
————<vee® 2 = Qimplies
20Q: P
1
. _ 2P:Di(mA+S;) ]2
Qr = [(rb—l)Pt+rvm(Pt—Dt)+2Dt (8)

Which is a closed form solution itself.Now,

a WCISy M M M a WWCINsy
W = Owhich is not a closed form. Because, Q, = f(Q,). Again, %QQM =
S c

Oimplies Q. = £(Qs).

Thus, simplifying these two forms, we have the closed form expression of Q, andQ,as

1

. _ Ty P.—D, 2 _ 2 SeD, 2 2
Qs (er+Cs)( 3 ){(pc—Dc)( o )[(zw+cs) CsPc ,1]+( Pe )[TV(PC—DC) 2]} 9)

Pc 2ry+Cs Ty 2(Pc—D¢) Pc—D¢ 2P,

1

Q*:{ —2 2 7 SeDe 3 — } (10)
T ) () [ () e+ (5Es) [

Now, as m, the number of shipments is a discrete decision variable, thus, discrete
optimization technique will be used which depends on the following condition

JPR(m* —1) < JPR(m*) = JPR(m* + 1)

If the above condition is satisfied, then we say, for some m = m*, the maximum total profit
is obtained foroptimal Q;, Qz, and Q;.

3. Numerical experiments

We use the following data values described in Table 1.

Table 1: Data set of parameters

P, 5000 Pc 300
D, 2000 P. 5000
S, 2000 D, 250
Ty 40 S, 2000
Cy, 30 C, 30
Cy 50 Uy 60
A 200 Ve, 120
i 20 Ve, 200
Sp, 75 @, 0.3
Dy 100 ®c, 0.3
Pc, 200 P 0.3
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Table 2: Optimal results

m Q; Q¢

Q; JPR

448.23 170.47

58.89 249049.64

376.28 170.47

58.89 249267.41

336.58 170.47

58.89 247647.81

AIWIN|F

310.99 170.47

58.89 245638.70

25 T T T _/'*__—_*—_-\_L_‘*‘-\_.,_\_H T T T

248} ;
246 /
244} i

242+ /

Joint profit
[u]
=

238t |
AR I

234 |

232

273 -J:- 1 1 1 1
0 0.4 1 1.4 2 25

3.5 4 4.5 ]

Shiprment number ()

Figure 3: Graphical representation of m vs. JPR

JPR

o,

Figure 4: Graphical representation of JPR vs. Q. and Q;
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Discussion

Table 1 presents the data for all parameters for numerical validation of the model.
Table 2 gives the optimal values of all decision variables. It is observed that
maximum profit is 249267.41 which is achieved for m=2. Moreover, the values of
other decision variables like optimal order quantity of traditional, online, and optimal
shortages are obtained as 376.28, 170.47, and 58.89, respectively. Figure 3 presents
the changes in total cost with shipments and Figure 4 shows the changes in total cost
with the changes in lot-size for traditional and online channels through a 3D plot.

4. Conclusions

This article developed a dual chain supply chain model containing a traditional
vendor-buyer channel and an online channel. In traditional system, the supply chain
employs a multi-delivery policy with single-vendor and single-buyer. In online
channel, there is no intermediate party between vendor and customer. Vendor adopted
make-to-order policy to deliver merchandise to the customer. This study analysed the
effect employing of dual channel in the centralised supply chain management. As, in
online channel, only ordersfor customised products are entertained by the vendor, thus
this paper obtained the managerial decisions for every customization incorporated to
the core product. Finally, four individual decisions were achieved as order quantity
(retail channel), number of lots, and order quantity (online channel), shortages (online

channel) in centralized manner.
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