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ABSTRACT. The article develops an integrated supply chain coordination for multi-
channel and multi-echelon supply, in which a single manufacturer, multiple non-competitive
distributors, and non-competitive retailers are work together as members of the supply
chain. The formulation of this model is based on deterministic exponential decreasing and
price-dependent demand on the retailer’s end. We formulated the model in two different
scenarios, first, one is decentralized,d and the second one is centralized. The integrated
profit function has been derived for each supply chain member, incorporating sharing
holding costs among the distributors and retailers. We optimized selling price, economical
order quantity, wholesale price, and profits for every echelon supply chain member in the
finite and certain time horizon for decentralized and centralized scenarios respectively.
Finally, we have done sensitivity analysis for some key parameters to examine their influ-
ence on the model’s outputs. On the basis of numerical studies, we have also proposed
managerial insights.

KEYWORDS:Inventory, holding cost, net profit, multi-channel multi-echelon supply
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1. INTRODUCTION

Due to globalization of market, growing of business competition, growth of pop-
ulation, awareness of consumer and legislative pressure have encouraged business
industrialist and organizations to work together with their up stream, down stream
members and customers. Furthermore better coordination among all upstream and
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downstream members, make the performance of entire supply chain is effective and
efficient. Consequently collaboration and coordination among all echelon supply
chain members are very important for an efficient supply chain. Otherwise due to
the lack of coordination among each members they would optimizes its own local
objectives ignoring impact on whole supply chain, may causes of lower profit.

In the previous decades, a several number of articles have been developed on sup-
ply chain management. Some relevant articles are mentioned here. Parlar and weng
[ 7]applied the quantity discount policy in a supplier relationship with considering
linear demand of buyer. They analyzed that quantity discount scheme can be very
useful for obtaining more profit. Weng [30] presented a model in which they de-
termine optimal lot size, optimal quantity discount policies. Also they analyze the
effects of quantity discount on increasing demand of consumer. For development of
models, generally price demand relationship are used by authors but Lau and Lau|[2]
developed a inventory model by considering different demand curve functions and
investigate the effects on the single echelon supply chain system along with multi
echelon system.

Most of the previously published literatures had adopted trade credit policy
among suppliers and retailers only but Huang [29] adopted trade credit policy
among not only suppliers and retailers but also retailers and customers in their
supply chain model. Change et al.[8] developed an inventory model for deterio-
rating items assuming that a suppliers offers to purchaser a permission of delay in
payment when the purchased order quantity is large. Chunge and Liao[13] devel-
oped a supply chain model based on trade credit period for exponential deteriorating
items in which they assumed the condition that the supplier offers permission of
delay in payment which is depends on order quantity.

Karim And Suzuki [18] provided a literature review on warranty claim data anal-
ysis in following topics:

(1): Age based claims analysis,

(2): Aggregated warranty claim analysis,
(3): Two dimensional warranty cost analysis,
(4): Warranty cost analysis etc.

Li and Liu, [12] developed optimal supply chain coordination using optimal quan-
tity discount scheme considering probabilistic demand of single product in multiple
time interval. Ding and Chen [9] developed a three layer supply chain model for
short life cycle product. They highlighted, the coordination issues of three layer
supply chain and suggested that three layer supply chain can be fully coordinated
with certain contract of revenue sharing among manufacturer and supplier as long
as supplier and retailers. Cachon and Lariviere [10] provided a two layer supply
chain model with revenue sharing contracts. In this study it has been assumed that
retailer’s have to pay not only a wholesale price per unit of product to supplier but
also pay a fixed percentage of revenue.

Crook Russel and Combs [26] suggested in their inventory model that collabo-
rative environment in supply chain management create much better platform for
each supply chain members to grow. They analyzed in this study that, how a weak
member is benefited from strong a member in collaborative supply chain manage-
ment.

Jain et al.[11] developed literature review on supply chain management and fo-
cused some issues on supply chain management. They gave a classification of more
than 5889 published articles and try to find the status of literature on supply chain
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management. Kadadevaramath et al.[24] developed three layer supply chain coordi-
nation model by using four particle swarm optimization algorithm. They optimize
their objectives by using the following various limitations:

(1): Ordering capacity of vendor
(2): Production capacity of plant
(3): Demand depends on various parameters etc.

Barron et al. [14] modified the model of Kadadevaramath et al.[24]. In this study
optimality can be optimized by using integer linear programing solver technique in
place of particle swarm optimization algorithm Kadadevaramathet al.[24]. Further
they removed the following limitations of Kadadevaramath et al.[24] model:

(1): single product model is converted into multiple products model,
(2): single time interval is converted into multiple interval.

Barronet al.[15] proposed a vendor managed EOQ inventory model for multi prod-
ucts in which they considered multiple restrictions for optimizing total cost. It is
more advance in the following three aspects than previously published works:

(1): The total cost is less than recently research work,

(2): The number of evaluations of the total cost function is less than recently
research work,

(3): Computational time is less than recently research work.

Daya et al.[16] developed a three stage supply chain model, which formed by single
supplier single manufacturer and multiple retailers. In this study they proposed
a derivative free solution procedure to derive a optimal solution considering all
inputs are constant. They optimized setup cost, holding cost, raw material cost and
ordering cost along with the profits of each echelon member. Sarkar and Majumdar
[7] developed integrated supply chain coordination for vendor and buyer, based on
the following two different approaches:

(1): demand is a function of lead time which depends on probability distri-
bution,
(2): demand is free from lead time.

They optimizes lead time and ordering cost for buyer and reorder point and setup
cost for vendor. They also suggested that discrete investment gives better results
instead of continuous investment and it may be reduce the setup cost. Modak et
al.[20] presented two layer dual-channel supply chain, incorporating social responsi-
bility in two different scenario first one is centralize and another one is decentralize.
The development of this study is based on the following two different approaches:

(1): price dependent retail demand function,
(2): price dependent e-tail demand function.

After investigation they suggested in the centralized scenario model outputs are
better than decentralized.

Pal et al.[5] proposed three layer production inventory model considering with
three stage credit policy in which supplier provides the certain credit period to
manufacturer, manufacturer a provide certain credit period to retailer and retailer
also offers credit period to customers. They optimized replenishment lot size, and
production rate for manufacturer. Sana [25] presented a three stage supply chain
production inventory model which contains, a supplier, a manufacturer and a re-
tailer. During the production he assume that perfect and imperfect both items are
produced. They optimized production rate and replenishment rate per unit time for
maximization of average profit. Pal et al.[6] developed perfect and imperfect three



42 J. NONLINEAR ANAL. OPTIM. VOL. 13(1) (2022)

layer production inventory model consisting supplier, manufacturer and retailer.
They assumed that the imperfect products are reworkable and rework process is
started after end of regular production. They optimized order size of raw material,
production rate per unit, production cost per unit and lead time.

Zhao and Chen[23] focused on the pricing strategies of a two-echelon supply chain
for single manufacturer and two retailers. They developed price decision model
considering the sensitivity of the retail quantity to the wholesale price of manufac-
turer and sales prices of the retailers. Khedlekar et al.[27] developed a production
inventory model for deteriorating items. For this they designed two cases, first
one is production without disruption and another one is production with disruption
system allowing with shortage. Khedlekar et al.[28] developed continuous two layer
supply chain inventory model by considering price and stock dependent demand for
deteriorating items. Revenue sharing on preservation technology are also considered
by authors.

Modak et al.[21] proposed a two layer supply chain formed by single manufac-
turer and single retailer for single product. They consider demand function as a
function of quality, warranty, and sales price of the product. They optimized profit
functions of the manufacturer and retailer under two the scenarios, centralized
and decentralized. Nigwal et al.[4] developed a three layer multi channel reverse
supply chain inventory model for used product in which a single remanufacturer
multi-collector and multi-retailer work together as supply chain members. Gupta
et al.[19] developed an imperfect production inventory model in which they consider
imperfect production with and without disruption allowing with and without short-
age. Modak et al.[22] developed a multi-channel, multi-echelon inventory model
for single product incorporating single manufacturer more than one retailers and
distributors as the members of the chain. The profit functions of each members
have been formulated and optimized. The formulation of profit functions are based
on demand of retailer’s end.

In this model we considered a three layer multi-channel and multi-echelon sup-
ply chain model consisting a single manufacturer, more than one distributors and
retailers. It is shown in the Figure (1). At starting the manufacturer provides the
fixed lot size of the products to k" (k=1 2...n) distributors and k** (k=1 2...n) dis-
tributors supplies the products to j&** (j=1 2 3....n}), (k=1 2....n) retailers, where
each retailer is associated to a certain distributor according to the geographical
conditions. Since requisition of products is to be made at retailer’s end therefor the
total demand of all retailers is fulfilled by all distributors and the total demand of all
distributors are fulfilled by the single manufacturer. Manufacturer and distributors
assimilates EOQ delivery policy. In this paper we considered random order cycle
time for manufacturer which is equally applicable for all distributors as well as all
retailers.

The objective of this research is to find optimal retail price, initial order size for
retailers in decentralized and centralized situation considering retailer’s price sensi-
tive and time dependent demand with sharing holding cost. We will also determine
which coordination policy can be adopted that maximize model outputs.

2. NOTATIONS AND ASSUMPTIONS

Following notations are used in this model.
p™ : Maximum retail price determined by manufacturer,
Dy g kthretailer’s demand (per unit time) depends on retailer’s price and time
t in decentralized policy,
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FIGURE 1. Supply Chain Distribution Network

Dg : k" distributors’s demand (per unit time) in decentralized policy,
D™ : Manufacture’s demand (per unit time) in decentralized policy,
Dy - Retailing price per unit product of jk!” retailer in decentralized policy,
P, - Retailing price per unit product of jk*" retailer in centralized policy,
wy k" Distributor’s wholesale price per unit product in decentralized policy,
: Manufacturer’s wholesale price per unit product in decentralized policy,
¢ : Production cost per unit product,
NPJ, : Net profit of jkt* retailer in decentralized policy,
N P,f : Net profit of k" distributor in decentralized policy,
NP™ : Net profit of manufacturer in decentralized policy,
n : Total number of distributors,
: Total number of retailers,
NP¢ : Net profit of whole channel in centralized policy,
B : Difference coefficient of (p;,~C — p™) which may be positive or negative,
71 : Price sensitive factor of demand function,
T : Total time horizon,
"x + Initial demand of jk* retailer,
4" Initial demand of k" distributor,
Q™ : Initial demand of manufacturer,
A @ Sharing coefficient of holding cost,
h : Holding cost per unit per unit time.

Assumptions: The following assumptions are made in this model

e Demand of product in the market is D;‘k at the rate per unit time ¢; where
D;k:ajkefo‘t —npi + B(P™ —pj;), is nonnegative exponential function of
t and Pk where a;j, is demand scale parameter, 3 is difference coefficient
of p™ and py, a >0, aj, >0, 3>0,7>0,and 0 <t < T,

e Holding cost is constant and it is shared by retailers and distributors,

e The lead time is zero, and replenishment rate is infinite, however the plan-
ning horizon is finite,
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® ap = 2311 ajk and a = 2?21 Z?:l @jk;

e There is no competitive environment between retailers and distributors
because each retailer’s and distributors are associated according different
geographical areas.

e We used the forward and backward substitution method to find the optimal
decision variables.

3.
The study has been developed under the following two situations:

3.1. Decentralized Policy. In this scenario the all supply chain members are in-
dependent to take their decisions to optimize their objectives and manufacturer is a
leader of supply chain. Therefore, firstly manufacturer announce the wholesale price
of product, and letter distributors and retailers optimize their decision variables.
Formulation of model is based on deterministic demand of retailer’s end. Therefore
firstly proposed model of retailer could be formulated as

3.1.1. Mathematical Model for Retailers. Since manufacturer manufactures the prod-
uct, he absolutely knows all those cost which are related to the production. There-
fore manufacturer can lead the supply chain of the product and also determine the
maximum retail price at which the product is expected to be sold. This retail price
of the product is called manufacturer’s determined retail price (MDRP). The MDRP
generally printed on the packet or tag of the product. It can be easily searched by
the customer. In generally according to the market conditions consumers are satis-
fied or dissatisfied with MDRP.Initially we assume that the certain lot of product
is distributed by manufacturer to n distributors dy, do, ds,...d,. Distributors dy, do,
ds,...d, supply certain lot of the products to ny ng ns...nj retailers respectively. As
per assumptions jk‘"t retailer receives the stock, at time ¢, 0 < ¢t < T. The rate of
changes in the jk'" retailer’s inventory level is balanced by demand. At any time ¢
the following nonlinear equation may represent the inventory status of jk*" retailer

I}, (t)
dt

= D" <t<T.
Djk, where 0<t<T (3.1)

= — (ajre™" —npl + BE™ —Dj1)) ,
where j =1,2,3,...,n, and k = 1,2, 3, ..., n, with boundary condition ijk(t) =0, at
t =T solution of equation (3.1) gives

aj; —Q — ‘A m
Tt = (e =)k (04 Bt = T) + BT — 1) (3.2)
The initial inventory level I7; (0) for jk retailer at time t = 0, where ¢ € [0, 7] is
T T a jk —x T m
5(0)=Qf), = i(l —e Ty —(n+ B)pj T + Bp™T (3.3)

The sales revenue SR, in replenishment time period [0,T] can be formulated as
T
r s Ak —a r m
SR =i (L1 = ™) = (n+ BpjT + BP™T) (3.4)
Purchase cost PCY, of jkthretailer can be formulated as

T
P ;k:/o wi Dy d
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PCj, = wf (21— eT) = (n+ B)pj T + Bp™ T (3.5)

The inventory holding cost IHCT, per unit of per unit time of j kthretailer is

T

T .
THC;), = h/o %(6_“ — e )+ (n+ B)pji(t —T) + Bp™(T — t)dt  (3.6)

IHkaZh(Off(l—e "= Tac™™") = (n+ B)pji— +5p ) (3.7)

The net profit of jk* retailer must be after subtraction of purchasing cost and
sharing holding costs from sales revenue. Hence the net profit function NPJ, of
Gk retailer is

NP} = (p, — wi) {%(1 —e Ty = (n+ B)pjT + Bme}

2 (3.8)
iA1= e Tae ) — (4 B+ 5 ]

According to the Taylor’s theorem for small value of « the exponential function

e~ can be approximated by 1 — a1 + "‘22T2 iee T x1—aT+ a22Tz. Substituting
the approximated value into the equation (3.8) we have
T T aT2 T m
NP}, = (pj), — wy) {ajk (T - 2) —(n+ B)pjT + Bp T]
(3.9)

ajk . 12 o T2
— hA | Z22(T? = oT?) — (n + B)pj— + Bp" —-
2 2 2
Proposition 3.1. The optimal selling price piy of jkt" retailer associated with k"
distributor’s wholesale price wg is py. and where
wi  Bp™ AT Gjpa—ee)

r& __ Uk
PiE= % Yo s T T am+ AT

(3.10)

ONPT, o
Proof. At an optimal point, NPJ,, T ——2% must vanish i.e.

] 2
5w+ T+ [~ =) — (g + BT + 6T+ A+ 6) o =0

(3.11)
optimal value of p7; is given by following equation
d m —aT
. w AT aip(l—e
P = 2k 4 o sk ) (3.12)
2 "3+ 4 (AT
O
Proposition 3.2. NP, shows concavity in pj ifn>0and 5> 0.
Proof. Second order partial derivatives of NP}, in p7, is
82NP]’7k
——— = =2(n+ B)T. (3.13)

(910;?,2C
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Hence NP, is a concave function in p}, if n > 0 and 3 > 0.

By using backward substitution method the optimal demand of the product at jkt*
(=123 ..my ,k=1 2 3 ...n) retailer’s fag end is

aT_C(n+B)_(1—6“T)<a a

k 156p™
3 20T + ; + a]k) +

8

;]’: = ajk67 (314)

n" = 2n
O
3.1.2. Mathematical Model for Distributors. There are n** distributors dy, do, ds,...d,

and demand at k" distributor’s end is the sum of all jk retailer’s demand. Hence
the demand of k*" distributors can be written as

Nk Tk
Dif =) Djy = age™ — (n+ ) D pji +n8p™
=1 7=t

Therefor the rate of changes in the k** distributor’s inventory is balanced by de-
mand. At any time ¢ following nonlinear equation represents the inventory status
of k' distributor

d
djflt(t) = ng where 0<t<T,
n 3.15)
dId(t) . o - (
c];t =— | axe t—(n+,3)2pjk+njﬂp where 0<t<T.

Jj=1

with boundary condition I,,(ts) = 0, at ¢t = T. Now we derived the net profit
function for k¥ distributor during a time interval of length [0,7]. The net profit
function for k' distributor must be after subtraction of purchasing cost and sharing
holding costs from sales revenue. The solution of equation (3.15) gives

) = B ) 4 04 8) Y= T) 4 B (T 1) (316)

At the initial time ¢ = 0 the inventory level for k" retailer is, where ¢ € [0, T]]

N
Qg —« T m
10) = Qf = B T) = g+ )Y BT+ AT (347)
j=1
The sales revenue S RZ in the replenishment time period [0, 7] can be formulated as

T
SRY = / wi Dt
0

ny

a —a r m
SRy =wi | T-(1—e™") = (n+ ) DT + pp" T (3.18)

j=1

Purchase cost of k" distributor in the interval [0, 7] is

T
PO = / w™Didt
0

(1= e™T) = (n+B) YT + BT, (3.19)

j=1
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The inventory holding cost 1H C’"k per unit per unit time is

THC! =h / Id(t)dt
0

Qg _ - T2
[HGE = h | 51— e — Tae ") - (4 ) ijk gy ni5 | (3:20)

Hence the net profit function for £** distributor per unit time is

n
m ag —« T m
NP = (wf —w™) | (1= e™T) = (n+5) Y pjT + 5" T
j=1
o T2 T2
—h(1—=)\) aQ(l—e —Tae™ ") — (n+p) ijk + Bp"'n;— 5
(3.21)

where p7; is given by (3.10)

Proposition 3.3. The optimal wholesale price of k" distributor associated with

manufacturer’s wholesale price w™ is w,‘j*, where

m 1—e T ART m Th
wit = W0 aldze ™) AT Bpt | Th (3.22)
2 2a(+p)Tn; 2 2+p) 4
Proof. Partial differentiation of equation (3.21) gives
ON Pd . T . T T
8w,§lk =— (wff —w )W(U*‘ﬁ)g*‘ﬁ(l—e ) - wk”k(n+ﬁ) + Bp™ oy
T? T2
= (0 + B)Mng =+ h(1 = N+ B) -
(3.23)
d
If w* is an optimal value of w¢ then aé\;ik =0i.e.
k
m T a T
— (™ n(n+ ) G+ (1 T~ wffni(n + 6) g + S e
2 2 2
o N (3.24)
=+ B)Mng ==+ h(1 = N1 + B)T =0
solution of equation (3.24) gives
m 1—eT) T ™ Th
wir 2 W0 =) Lo Th (3.25)
2 2a(n+B)Tng 2 2(n+p) 4
for optimality of NPZ at point w{ =w*, we have aaN;d =-—n;(n+B)% for B3>0

and 7 > 0. Hence the optimal values of NP exists at w{* O

3.1.3. Mathematical Model for Manufacturer. Manufacturer provides the initial lot
of product to all distributors according to their demands. Therefore demand of
product at manufacturer end is equal to the sum of all k** distributor’s demand.
Hence the demand of manufacturer can be written as

n ne n
=Y Di=ae™ —(+8)) > wj+n'Bp"
k=1

j=1k=1
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Hence the rate of changes in the manufacturer’s inventory is balanced by demand
of all distributors. At any time T the following nonlinear equation may represent
the inventory status:

d
dlst(t) =-—-D"™ where 0<t<T,
il —(n+ )Zijk—i—n ' | where <t<T.

j=1k=1

with boundary condition I, (ts) = 0, at t = T The solution of equation (3.26) gives

m _ a —at — =
() = —(e7 —e™™) + (n+ B) Z_:z_:pjkt— )+ Bp"n (T —t)  (3.27)
The initial inventory level for manufacturer at time ¢ = 0, where ¢ € [0,7] is
ng n
a — T m T
") =Q"=—(1—e M) =(+8)D > pjT+pp"n'T (3.28)
j=1k=1

Now we derived the net profit function of manufacturer during a time interval of
length [0,7]. The net profit function of manufacturer after can be obtain, after
subtraction of production cost per unit from sales revenue. The sales revenue of
manufacturer in the replenishment time period [0, 7] can be formulated as

T
SRm:/ wm D™dt
0

a —Q o $ T m T
SR™ =w™ a(l—e T)—(n—i—B)ZijkT—i—ﬁp Tn (3.29)
j=1k=1

Manufacturing cost of product for manufacturer is

T
PC?=¢ / D™dt
0

PC™ =c| == ") = (n+p) DY pjT + Bp™"Tn" (3.30)

«
j=1k=1

Hence the net profit function N P™ of manufacturer is

NP™ = (w™ —¢) %(1 —e Ty —(n+p) Z Zp;fkT + Bp™Tn" (3.31)
j=1k=1

where p; is given by (3.10)

Proposition 3.4. The optimal wholesales price of manufacturer associated with
production cost of unit product is w™*, where

mx _ C a(l B e—aT) hT ﬁpm

T2 + 20(n+B)Tn” 4 20+ p) (3:32)
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Proof. Partial differentiation of equation (3.31) gives

m —aT
O o+ am T+ =) g T g T

T2

—(n+ 5)hnT§
(3.33)

If w™" is an optimal value of w™ then aé\g: =0i.e.
—aT 2

—(wm—c)<n+ﬁ>n{+“l4fy)—<n+5>wmnff+nrﬁpmf—<n+mhnf8(3 !

where pf; is given by (3.10), equation (3.34) yields

mx _ C a(l —eoT) hT Bp™
W = S et BT 4 2+ B (3:35)

2 d
for optimality of NP™ at point w™ =w™*, we have aaj:;:;kk = —n"(n+ B)%, for
k
8 >0 and n > 0. Hence optimal profit NP™ exists at w™* O

Proposition 3.5. If p™ is an optimum suggested price and w™*

is a wholesale
price given by manufacturer, also w,‘j* is an optimum wholesales price given by

distributors , then optimal selling price is given by

o a(l—eT) [ q ak ‘ 78p™
(Z) pjk_8+2a(’l7+ﬂ)(4nr+2nk+ajk>+8(77+ﬂ)’ (336)

where j=1 2 3...ng, and k=1 2 3....n,

(i) wir —w™ >0,
where k=12 3....n,
(idi) pjr —wi* >0

Proof. (i) Substituting the values of w{* and w™* from equations (3.25) and (3.35)
respectively into the equation (3.12) we get P, in terms of T and other parameters,
which obvious. (ii) It is obvious from equation (3.12) and equation (3.25) and model
stability. (iii) It is also obvious from part (i) and equation (3.25). O

3.2. Centralized Policy. In the centralized scenario all supply chain members
work together as a single unit and cooperate to each other. In this scenario only
manufacturer can take all decisions about supply chain and which are equally ap-
plicable on all supply chain members. The mathematical model can be formulated
as following

3.2.1. Mathematical Model. In this scenario manufacturer is a leader of whole sup-

ply chain and he is a single decision maker, therefore he can take all decisions to
d

optimize profit of whole chain. If Py is a retail price of jk*" retailer, wj is a whole

sale price of k' distributor, w™ is a whole sale price of manufacturer, ¢ is a manu-
facturing cost, IH C’;k is a holding cost of jk*" retailer and TH C,‘j a is holding cost
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of k" distributor, then the profit function is

ZZ pﬂf J _/\(IH Jrk)]

j=1k=1

+Z [(wf, —w™) D — (1 = NIHC{] + (w™ — ¢)

k=1
Nk n
= [(#55. = ) Dji. = AITHCG,)]

j=1 k=1

Nk n )

NP =303 (v~ ) (20— e T) — (n+ AT + BT

T . L 33D

.
-3 Y h (S = Tae )~ (r+ B+
j=1k=1

By using backward substitution method the optimal demand of the products at
jkth (j=123 ..n; k=12 3 ..n) retailer’s fag end is as

re cor _ M+ B) _ap(l—eT)  Bp™  (n+B)Th
ik = ajre 5 5T + 5 + 1 (3.38)

Proposition 3.6. In the centralized scenario the optimal selling price of jk*™ re-
tailer associated with manufacturing cost is Py, where

ren _ C BT + 42 (1 —eoT) 4 Bp™T — (n+ B) 5
Pk = 201+ B)Th

Proof. Partial differentiation of equation (3.37) gives

(3.39)

= [~ W~ )+ AT + (=) (4 T+ 5T

j=1k=1
Nk n 2
- Z(U + 5)7}1
j=1k=1
(3.40)
If p7i* is an optimal value of pff then %}f{ =0
ie.
(P =) 0+ BT = (“25(1 = =) = (1 + BT + 5p™T)
- (3.41)
+ (77 + 6)7h =0
solution of equation (3.41) gives
Ajk —« m T2
res _ S+ BT+ (1 =)+ Bp™T — (n+ B) 5k (3.42)

bk 200+ A)T
for optimality of NP¢ at point pJp=p7;”, we have

—2n"(n+ B)T, forn >0 and 3 > 0,
Hence optimum value of N P¢ exists at p":*. O
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3.3. Numerical example. For numerically illustration of this supply chain model
we have assumed that the supply chain is formed by a manufacturer M, two dis-
tributors (D, D2) and four retailers (Ri1,R12, R21 and Rag). According to the
Figure (1), each retailer is associated with certain distributors. A manufacturer
has to provide certain quantity of product and distributors have to provide certain
quantity of product to respective retailers. We consider the following data set, the
demand scale parameters at each retailer’s end are ay; =75, a12 = 73, as; = 74,
ago = 76 units, manufacturer determined maximum retail price is p"*=275 price
coefficient parameter is n = 0.1, difference coefficient of retail price and suggested
price is § = 1.5, production cost is ¢ =150, shape parameter is « = 0.002 and
random time is 7=1.05. The model outputs are given in the following table:

Table 1: Decentralized Policy

Optimal R11 R12 R21 RQQ D1 D2 M
Price 285.11 284.48 284.80  285.80 265.58  265.89 227.15
Demand 31 30 30 31 61 61 122
EOL 32 31 34 33 - - -
Profit 640.40 600.10 610 650.68  2480.54 2522.15 10002
Total profit 17515.87

Table 2: Centralized Policy

Optlmal R11 R12 R21 R22 D1 DQ M
Price 227.31 226.69 227  227.62 - - -
Demand - - - - - - 493
Profit - - - - - - 40050.14
Total profit 40050.14

3.4. Sensitivity Analysis. Through the analysis of table 1 and 2 shows that, in
the decentralized policy retail price of product is comparatively higher than the
centralized policy but due to less demand of products, total profit of whole supply
chain is more less than the centralized policy.

Proposition 3.7. All profits are as follows with respect to basic demand of product

ONFj; ON By ONP™ AN P°
ik k
Da;e 0, g = >0, 57— >0, and Dae > 0,

Intuitively, all supply chain member’s profit in both policy shows incremental
property with respect to basic demand when retailing price and suggested retail
price are constant. It is shown in the table 3.

Table 3: Sensitive analysis with base demand parameter

changes | NP[, NPj, NP}, NP, NP? NP§ NP™ NP°
“15% | 585.3 546.8 556.3 595.2 2263.8 2303.6 8697.2 36566
a| -5% |621.0 5804 590.2 630.2 2400.6 2441.5 9220.4 38765
5% | 661.1 620.1 6302 621.4 2561.8 2604.0 9837.1 41356
15% | 698.0 655.9 666.3 708.6 2707.2 2750.6 10393.1 43692

Proposition 3.8. Behavior of each profit function with respect to o are as follow
<0, and

ONP,
oo

<0, Oa

ON P}

<0,

oNP™
O

ON P°¢
o

<0,
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Proposition 3.8 states the impact of shape parameter on each supply chain members,
when selling price and suggested retail price are constant, then profit of each supply
chain member decreases, as a increases.

Table 4: Sensitive analysis with base scale parameter
changes | NP}, NP}, NP}, NPy, NPl NP}y NP™ NP°
-15% | 640.4 600.1 610.0 650.7 2480.6 2522.2 9526.6 40051
@ -5% 640.5 600.2 610.0 650.8 2480.8 2522.4 9527.2 40053
5% 640.4 600.1 610.0 650.7 2480.5 2522.0 9526.0 40048
15% 640.3 600.1 610.0 650.7 2480.3 2521.2 9526.4 40046

Proposition 3.9. Partial derivative all profits with respect to n are as follow

ON P} ON Py ONP™ aN P*
ik k
o < 0, o < 0, oy < 0, and o < 0,

Proposition 3.9 states the influence of the parameter 7, which measure the sensitivity
of consumers to the retailing price of product, profit of each supply chain member
is decreases as 7 increases.

Table 5: Sensitive analysis with 7

changes | NP], NP, NP}, NP, NP? NP§ NP™ NP°
“15% | 658.2 617.1 627.2 668.6 2550.0 2592.4 97925 41168
n| 5% |646.3 6058 6158 656.6 2503.5 25454 9614.3 40420
5% | 634.5 5945 604.4 644.8 2457.7 2499.1 9439.0 39683
15% | 547.6 5114 520.3 5569 2117.5 2155.1 8135.6 34205

Proposition 3.10. Partial derivatives of all profits with respect to B are as follow

ON P}, ONPZ ANP™ ONP°
a5 > 0, =55~ >0, 55— >0, and Z55— >0,

Proposition 3.10 shows the influence of coefficient of difference between manufac-
turer determined retail price and actual selling price 8 of the product. Increment
of B increases the profit of all supply chain members.

Table 6: Sensitive analysis with

changes | NP, NP, NPy, NP;, NP? NP{ NP™ NP°
15% | 586.9 5454 555.6 597.5 2216.5 2259.5 8702.7 36596
Bl -5% |6224 5818 591.8 632.8 2407.9 2449.8 9256.2 38891
5% | 6584 6185 6284 668.7 2553.6 25949 9803.8 41215
15% | 694.9 655.5 665.3 704.9 2700.6 2741.4 10362.7 43562

Proposition 3.11. Behavior of each profit function with respect to p™™ are as follow
ON Pj, oON Py NP™ NP
s > 0, ok >0, HIEZ >0, and G5 >0,

For certain data set proposition shows that profits of all supply chain member
increases as manufacturer determined selling price p™ increases which is shown in
the following table.

Table 7: Sensitive analysis with p™

changes | NP;, NP, NP}, NP, NPY NPd NP™ NP°
275 | 640.4 600.1 610.0 650.6 2480.54 2522.15 10002 40050
p™ | 280 | 679.4 637.9 648.1 690.0 2634.15 2677.00 10619 42519
285 | 719.6 676.8 687.3 730.4 2792.37 2836.47 11254 45061
290 | 760.9 716.9 727.7 7721 295521 3000.56 11908 47678
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4. CONCLUSION

We have developed an integrated multi-channel and multi-echelon supply chain
coordination policy for two different scenarios, in which first one is decentralized
and second one is centralized scenario. The model follows the exponential time de-
clining, price sensitive and manufacturer determined retail price dependent demand,
incorporating sharing holding cost among retailers and distributors. Particularly,
the manufacturer who act as stackelberg leader of whole chain, decides wholesale
and suggested retail price of product, according to their goal and expenditure. On
the basis of manufacturer’s decision we optimized the retail price, wholesale price
of distributors, initial order quantity for retailers, distributors and manufacturer,
optimal profits of each supply members in certain finite time horizon. Model may
be applicable on those products which are well established in the market and have
high holding cost as long as non fluctuated demand with time.

Management should follow the following suggestions for beneficial purposes (i)
Keep balance between retail price and suggested retail price, because profits of all
supply chain members show positive behavior with suggested retail price. But in-
crement of suggested retail price may causes reducing demand. (ii) Keep always
p" > phy, e B > 0, because profits of all supply chain members show positive
behavior with respect to 5. (iii) Proposition 3.8 shows the profit of all supply chain
members are sensitive with retailing price, therefore management should make bet-
ter strategies before making the changes in retail price. (iv) Managerial insights
of study is that firstly management should collect all information about demand
of product with the help of retailers and then announce the whole sale price and
manufacturer determined retail price. Observation of model outputs shows that
management should make a contractual policy for better coordination among all
supply chain members because in the centralized scenario model outputs are better
than the decentralized scenario. One can be extended this model by incorporating
stockout situation at retailers end. One can be extend this model by incorporating
probabilistic demand or discrete demand and also one can extend this model by in-
corporating variable holding cost. One can be extended this model by incorporating
setup cost dependent suggested retail price by manufacturer.

5. ACKNOWLEDGMENTS

We thank the Editor and the anonymous referees for their valuable and construc-
tive comments that led to a significant improvement of the initial paper.

REFERENCES

1. A. Gunasekaran, and B. Kobu, Performance measures and metrics in logistics and supply
chain management: a review of recent literature (1995 -2004) for research and applications,
International Journal of Production Research, 2007, 2819-2840.

2. A. H. L. Lau, and H. S. Lau, Effects of demand curve’s-shape on the optimal solution of
a multi-echelon inventory-pricing model, European Journal of Operational Research, 2003,
530-548.

3. A. Muysinaliyev and S. Aktamov, Supply chain management concepts: literature review, IOSR
Journal of Business and Management (IOSR-JBM), 2014, 66-66.

4. A. R. Nigwal, U. K. Khedlekar, and N. K. Khedlekar, Reverse supply chain coordinations for
multi-collector, multi-retailer and Single remanufacturer with symmetric information, Inter-
national Journal of Operations Research, 2021, 1-16.

5. B. Pal, S. S. Sana, and K. Chaudhuri, Three stage trade credit policy in a three-layer supply
chain-a production inventory model, International Journal of Systems Science, 2014, 1844-
1868.



54

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

J. NONLINEAR ANAL. OPTIM. VOL. 13(1) (2022)

B. Pal, S. S. Sana, and K. Chaudhuri, Three-layer supply chain-a production inventory model
for reworkable items, Applied Mathematics and Computation, 2012, 530-543.

. B. Sarkar, and M. Majumdar, Integrated vendor-buyer supply chain model with vendor’s setup

cost reduction, Applied Mathematics and Computation, 2014, 362-371.

. C. T. Chung, L. Y. Ouyang, and J. T. Teng, An EOQ model for deteriorating items under

supplier credits linked to ordering quantity, Applied mathematics and Modeling, 2003, 983-996.

. D. Ding, and J. Chen, Coordinating a three level supply chain with flexible return policies,

Omega, 2008, 865-876.

G.P. Cachon, and M. A. Lariviere, Developed supply chain coordination with revenue sharing
contracts model, Management Science, 2005, 30-44.

J. Jain, G. S. Dangayach, G. Agrawal, and S. Benerjee, Supply chain management: Literature
Review and some issues, Journal of Studies on Manufacturing, 2010, 11-25.

J. Li, and L. Liu, Supply chain coordination with quantity discount policy, International
Journal of Production Economics, 2006, 89-98.

K. J. Chung, and J. J. Liao, Lot-sizing decisions under trade credit depending on the ordering
quantity, Computers & Operations Research, 2004, 909-928.

L. E. Barron, and G. G. Trevino, An optimal solution to a three echelon supply chain network
with multi-period, Applied Mathematical Modeling, 2014, 1911-1918.

L. E. Barron, G. G. Trevino and H. M. Wee, A simple and better algorithm to solve three
vendor managed inventory control system of multi-product multi-constraints economic order
quantity model, Expert Systems with Applications, 2012, 3888-3895.

M. B. Daya, R. As’ad, and S. Mohammed, An integrated production inventory model with
raw material replenishment consideration in three layer supply chain, International Journal of
Production Economics, 2013, 53-61.

M. Parlar, and Q. Wang, Discounting decision in a supply-buyer relationship with a linear
buyer’s demand, ITE Transactions, 1994, 34-41.

M. R. Karim, and K. Suzuki, Analysis of warranty claim data: A literature review, Interna-
tional Journal of Quality & Reliability Management, 2005, 667-686.

N. Gupta, A. R. Nigwal, U. K. Khedlekar, An imperfect production system with rework and
disruption for delaying items considering shortage, Reliability: Theory & Applications, 2021,
16 (1 (61))

N. M. Modak, S. Panda, S. S. Sana, and B. Manjusri, Corporate social responsibility, coor-
dination and profit distribution in a dual-channel supply chain, Pacific Science Review, 2014,
235-249.

N. M. Modak, S. Panda, S. S. Sana, Pricing policy and coordination for a distribution channel
with manufacturer suggested retail price, International Journal of Systems Science: Operations
& Logistics, 2015, 92-101.

N. M. Modak, S. Panda, S. S. Sana, Managing a two-echelon supply chain with price warranty
and quality dependent demand, Congent Business & Management, 2015, 1-13.

N. Zhao, and L. Chen, Price decision models of a manufacturer -retailer supply chain based
on game theory, AASRI International Conference on Industrial Electronics and Applications,
(IEA 2015).

R. S. Kadadevaramath, J. C. H. Chen, B. L. Shankar, and K. Rameshkumar, Application
of particle swarm intelligence algorithms in supply chain network architecture optimization,
Expert System with Application, 2012, 10160-10176.

S. S. Sana, A production-inventory model of imperfect quality products in a three layer in
three layer supply chain, Decision Support Systems, 2011, 539-547.

T. Crook Russel, and J. G. Combs, Sources and consequences of bargaining power in supply
chains, Journal of Operations Management, 2007, 546-555.

U. K. Khedlekar, A. Namdeo, and A. R. Nigwal, Production Inventory Model with Disrup-
tion Considering Shortage and Time Proportional Demand, Yugoslav Journal of Operations
Research, 2018, 123-138.

U. K. Khedlekar, A. R. Nigwal, and R. K. Tiwari, Optimal Pricing Policy for Manufacturer
and Retailer Using Item Preservation Technology for Deteriorating Items, Journal of Nonlinear
Analysis and Optimization, 2017, 33-47.

Y. F. Huang, Optimal retailer’s ordering policies in the EOQ model under trade credit financ-
ing, Journal of Operational Research Society, 2003, 1011-1015.

Z. K. Weng, Modeling quantity discounts under general price sensitive demand functions:
Optimal policies and relationships, European Journal of Operational Research, 1995, 300-314.



	1.  Introduction
	2.  Notations and Assumptions 
	3. 
	3.1. Decentralized Policy
	3.2. Centralized Policy
	3.3. Numerical example
	3.4. Sensitivity Analysis

	4. Conclusion
	5. Acknowledgments
	References

