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Therefore, this research aimed to develop an imperfect production
dual-channel supply chain model consisting of a supplier, a
Keywords manufacturer, and a retailer. The manufacturer also has a
Three-echelon refurbishment unit adjacent to its production hub, where it
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I;S;:C;S(mment reworks all the defectives. The main objective is to maximize the
Learning effect supply chain profit by considering factors, such as inspection
Return error, return policy, and learning-effect of the employees. Finally,

this model is analyzed with the Leader-follower relationship
strategy and an integrated approach. The research found that the
integrated approach is profitable for the entire supply chain,
while commodity prices can be minimized. Sensitivity analysis is
also presented in this study.

This is an open-access article under the CC—BY-SA license.

1. Introduction

Companies and business organizations are striving to develop marketing strategies
to sustain their existence [1]. Supply chain management (SCM) is one such effective
strategy that presents an integrated way to resolve business-related issues to ensure
better customer service and optimize business profit [2-7]. In practice, defective products
are caused by machinery fault, defective raw materials, and the lethargy of laborers for
continuous work. A recent study by Lai, et al. [8] proposed a vendor-buyer supply chain
(SC) model by considering an imperfect production system that regards the quality
improvement investment as a function of the defect rate of the products. Sarkar and Moon
[9] and Manna, et al. [4] offered a model in an out-of-control situation due to a higher
production rate and a long production time. Furthermore, a recent study by Dey [10]
proposed a model to compensate for the production of faulty items by setting a larger
production lot size. Other studies on imperfect production include Gautam and Khanna
[11] and Manna, et al. [12].
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Defective products do not function the way good products do and may fail to
function during their lifetime. This problem harms the company’s reputation. Therefore,
to avoid supplying defective goods, companies must screen all production outputs before
selling them. Unfortunately, while performing this activity, SC companies often make
common mistakes in product inspection. This issue has been highlighted in the studies by
Singh and Gupta [13], Jauhari, et al. [14], Saha [15], Saha and Chakrabarti [16], Saha
and Chakrabarti [17], and Pal and Mahapatra [18]. Moreover, the learning-effect of
employees who perform tasks repeatedly is an essential factor in the production system.
Continuous learning of the personnel may reduce the setup cost of the production system
[19]. Tsao, et al. [20] also stated that a reduction in the production time might occur due
to the lack of personnel learning-induced adeptness. Another study by Yadav, et al. [21]
investigated this factor on the loss and benefit in the system.

Recently, the increasing trend in shopping through e-channel encourages
researchers to develop supply chain models that consider e-channel. Zhou, et al. [22]
developed a pricing strategy in the dual-channel SC model that considers asymmetric
information. Zu, et al. [23] studied the optimal pricing strategies in a manufacturer-
retailer SC model. They analyzed the impact of green products on the chain’s profit using
the Nash equilibrium and the Stackelberg game approach. Heydari, et al. [24] developed
an environmentally friendly dual-channel SC model. The distributor sells the products to
the customers through the e-channel and retailer. Zhou and Ye [25] offered a differential
game model involving a single manufacturer and a single retailer under a low carbon
environment. Their model considered the dependence of the demand rate on carbon
emission reduction, goodwill, and retail price. In this model, they found the dual-channel
more effective in reducing carbon emission and profitable for the manufacturer. In reality,
the vendors encourage the buyers to buy more products from them by offering some
coordination policy, such as the return policy, to increase their sales. Under this policy,
the buyers enjoy the liberty to return the defective products to the vendors, making it
economically more sense to buy more products from this seller [26]. Research by Batarfi,
et al. [27] in a reverse logistics dual-channel supply chain model showed that return policy
benefits the system. Moreover, a study from Blanco-Montenegro, et al. [28] found that the
SC expenses can be reduced by lowering the remanufacturing costs. In A dual-channel SC
model, Li, et al. [29] found that the product returns via direct and indirect channels are
effective only when the return rate is low. Likewise, a study by Mawandiya, et al. [30]
showed that the SC cost could be reduced when the returned items are limited.

Based on the above literature review, this study designed a dual-channel SC model
to maximize the SC profit. The proposed model employed a three-echelon dual-channel SC
model with inspection error, return policy, and learning-effect. Due to the development of
e-commerce, many customers are choosing the online channel to buy products. Being
accustomed to the working environment, the workers work efficiently than ever, while at
the same time lowering wastage of raw materials and the other necessary resources.
Consequently, the production cost decreases gradually with time. As far as this research
is concerned, no study examined the production and the pricing decisions in a three-
echelon supply chain model under return-contract conditions while considering the role of
the refurbishment unit of the manufacturer that reworks all the defective items.

Therefore, to address this research gap, this paper presents a three-echelon dual-
channel supply chain model that considers a single supplier, a manufacturer, and a
retailer. The manufacturer composes products in its core production unit using the raw
materials supplied by the supplier and sells the perfect outputs to the retailer after
inspection. The manufacturer offers a return contract to the retailer to send back defective
products (due to inspection errors) supplied by the manufacturer. The manufacturer
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reworks all the defective items, including those received from the retailer in the
refurbishment unit adjacent to the main production block, and sells these products directly
to the customers in the market at a reduced price. The retailer sells the commodities from
the retail shop and through an online channel. Moreover, the profit functions of each of
the supply chain players, as well as the whole supply chain system, have been derived.
Finally, the learning effect induced from the efficiency of the employees results in a
decrease in the production cost. This proposed model will be analyzed using a leader-
follower relationship strategy and integrated approach. The main principle of SC is to
provide commodities to the customers at a lower price while at the same time optimizing
total profit. This study will investigate the production and pricing policies that may aid in
achieving these goals. The findings of this study may provide some insights to the
practitioners and future researchers.

The structure of this paper is presented as follows: notations and assumptions,
mathematical models, solution methods, and numerical examples are presented in section
2. Section 3 presents results and discussion. The last section of this paper is the conclusion.

2. Methods

2.1 Notations and assumptions
2.1.1 Notations

This study uses notations to facilitate mathematical modeling. The following
notations are used to develop the model.
Iim(t) :the inventory level at time t of the manufacturer (in the main production unit).
L, (t) :the inventory level at time t of the manufacturer (in the refurbishment unit).
I.(t) :theinventory level at time t of the retailer.

D,  :the demand rate of the manufacturer to the supplier.

D, : the total demand rate of the customer to the retailer, where D, = D, + D,, where
D, is the retail shop’s demand and D, is the e-channel’s demand.

D/ : the demand rate of the customers for the refurbished products to the
manufacturer.

D, : the demand rate of the retailer to the manufacturer.

A : the ordering cost of the supplier.

Ap,  :the setup cost of the manufacturer for the main production unit.

Ay, :the setup cost of the manufacturer for the refurbishment unit.

A, : the ordering cost of the retailer.

hy : the holding cost per unit item per unit time of the supplier.

h,,  :the holding cost per unit perfect item per unit time of the manufacturer (in the

main production unit).

hoy, : the holding cost per unit imperfect item per unit time of the manufacturer (in
the refurbishment unit).

h, : the holding cost per unit item per unit time of the retailer.

P : the purchasing cost per unit of the raw materials of the supplier.

P/ : the salvage value per unit of the defective raw materials of the supplier.

C : inspection cost per unit raw material of the supplier.

Cm : inspection cost per unit item of the manufacturer.

C, : inspection cost per unit item of the retailer.

Se : selling price per unit item of the retailer in the e-channel.
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y : the percentage of non-conforming raw materials received by the supplier.
z : the percentage of defective products produced by the manufacturer in the main
production unit.
x : the percentage of defective products received by the retailer.
Cyp : production cost per unit item of the manufacturer.
fe : refurbishment cost per unit defective items of the manufacturer.
S : selling price per unit raw material of the supplier.
Sm : selling price per unit perfect item of the manufacturer, i1.e. purchasing cost per

unit item of the retailer.

s : total profit of the supplier.

: total profit of the manufacturer.

r : total profit of the retailer.

L : total profit of the supply chain while using the Leader-follower relationship
strategy.

I1; : total profit of the supply chain while using an integrated approach.

= a4
3

Decision variables

Q : the lot size of the supplier.
B, : the production rate of the manufacturer
S, : retail price per unit item of the retailer.

2.1.2. Assumptions

In the proposed model, the assumptions used include:

e The manufacturer's demand rate for raw material to the supplier is
higher than the production rate of the items to get rid of the shortage of
raw materials in the production period, i.e., D,, = B,,.

e Due to the learning effect of the employees, the production cost of the
manufacturer decreases gradually with time. Here the research assumed
the production cost as Cp = (a + e‘ﬁt), where a, B > 0 are constant, and 8
is the learning parameter.

o The retailer’s every channel’s demand rate is reversely affected by its
own selling price and directly relates to the other channel’s price.
Therefore, this research assumed D; =a — b;S, + biS. and D, =a —
b,S. + b;S,, a,b1, by, ¢, d are positive constants, where b; > b; and b, > by,
i.e., the individual channel prices impact more on respective demand
than the cross channel prices.

2.2 Mathematical model

Mathematical formulation for the models for supplier, manufacturer, and retailer
is presented in this section. The illustration of the problem in this supply chain system is
depicted in Fig. 1.

The supplier purchases raw materials in a lot size Q. The supplier inspects the
entire raw materials immediately after receiving them and supplies the good quality raw
materials to the manufacturer. The fraction of defective items observed by the supplier is
y. Therefore, the amount of perfect quality raw materials = (1 — y)Q, which the retailer
sells to the manufacturer at a rate D,, during (0, t;). The manufacturer starts production
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at a rate p,, at time t = 0 and continues up to time t = t;. Its inventory level reduces due
to retailer’s demand and reaches the zero level at time t = t;. The manufacturer collects
all the defective products from the main production unit and retailer and then sends them
to the refurbishment unit. The refurbishment unit reworks these defective products and
sells these directly to the customers at a rate D; during (0, t;). The retailer purchases the
commodity from the manufacturer during (0, t3) at a rate D.. Its inventory level depletes
due to the customers’ demand at a rate D. and reaches the zero level at time t = T.

&

0 Supplier’s inventory

(1-y)a

G

» Time

Inventory level

Manufacturer’s inventory
for perfect and imperfect
products

Time

Retailer’s inventory

0
s

Time

Fig. 1, Pictorial representation of this model.

2.2.1 Supplier’s model

Here, the supplier sells (1 —y)Q units of raw materials to the manufacturer at a
rate D, during (0, t;) in equation (1). Therefore,

1_
ty = a-e D:l)Q (1)

The mathematical model of holding the cost of the raw materials at retailers is
presented as follows:

1 hs{(1- 2
ho {5 (1= )t | = =202

Therefore, the total profit of the supplier can be seen in equation (2).
Vi hS - 202
ns={Ss(1_y)+Psy}Q_{As+(Ps+Cs)Q+—(1 )Q } (2)

2D,
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2.2.2 Manufacturer’s model

In this section, a mathematical model is proposed at the manufacturer level. For
the mathematical model in the main production unit, the differential equations in
equation (3) represent the rate of change of inventory level for the perfect quality items of
the manufacturer.

at

dlim() _ {(1 —Z2)pm—D,, 0<t<t,
_Dr: tq <t< t3 (3)

With I,,,(0) = 0 and I,,(t3) = 0. Solving differential equations in equation (3), we
get I,,(t) which is presented in equation (4).

{1 = 2)pp — D }t, 0<t<t 4)
—D,(t — t3), t) <t <t

hn(® =

From the continuity condition of I,,,(t) at t =t,, we have {(1 — 2)p,, — D, }t; =
—D,.(t; — t3). Therefore, t5 is formulated in equation (5).

_ A-2pmty _ 1-y)A-2)pmQ (5)

ts D DD
T m*=r

Subsequently, set up cost of the manufacturer is A4,,. The production cost of the
manufacturer is formulated as fotl PmCp dt. Therefore, the detailed Production cost of the

a(1-y)Q

manufacturer is modeled as p, fotl(a + e Pt)dt = pp, {atl - % (e=htr — 1)} = pm{ —

1 { -Ba-»e
E(e om ‘1)}-

The inspection cost is formulated by Cmm";;m. Moreover, holding cost for perfect
quality items is modeled by h,, [fotl Lin(D)dt +ftt13 Ilm(t)dt] = h,, [fotl{(l — Z)Pm —
t hm hmn
DYedt — [7 D (¢ — t3)dt] = "2 {{(1 = 2)pp — D,}ts? + Dp(ty — £5)2} = 7{{(1 —Z)Pm —

{(1-2)pm—Dr}?t,? hm {(1-2)Pm—Dr}(1-2) (1-¥)*pmQ?
DyJty? o L=t 1}=7’" e

Therefore, the manufacturer's total cost in the main production unit is presented
in equation (6).

B(1-y)Q
_ a@-ye _1( ——p — _ CmPm(1-y)Q
TCim = Am + Pm {—Dm 3 (e b 1)} + T + 6)
hn {(1-2)Pm—=Dr}(1-2) (1-¥)*Pm Q>

2 D%Dy

The mathematical model for the refurbishment unit is expressed with differential
equations in equation (7), describing the rate of change of the inventory level.
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(zpm +xD,)—D, 0<t<t
‘“Zd—";(t)= xD, — D, t, <t <ts (7)
—D/ t;<t<tp

With boundary conditions, I,,,(0) =0, I,,,(t;) = (zpm + XD, — D)ty Im(ty) = 0.
Solving differential equations in equation (7), we have I,,,(t) that formulated in equation

(8).

(zpy + xD, — D)t 0<t<ty
I () = { (xDy — D¢ )t + zpmty ti1<t=<t;3 (8)
—D; (t —ty) tz3t<tp

From the continuity condition of I,,,(t) at t = t; we have,(xD,, — D.)t; + zp,t; =

—D/ (t3 — t,). Therefore, t,, = W. detail formula t,, is described in equation (9).

¢ = BA=2+20=)opn 9)
DnD;

Set up cost is formulated as Aj,, and the cost of refurbishment is f.D./t; =

JLQVEDPm? Holding cost is formulated hiy [ f;* Lo (D)t + [ Lo ()t + [ Lo (6)dt| =
DmDr 0 tl t3

1A t ! t ! tm ! h‘;n
hin [y (z0m + XDy = D)t + [P{(xDy — D)t + zpti}de — [ Dl (t = ty)dt] =2 [(zpy +
xDy — D)ty? + (xDr — D) (3% — t4%) + 22pmta (t3 — t1) + D¢ (t5 — tm)?].

Putting the values of t;,t; and t,, from the equations (1), (5), and (9) respectively
and simplifying them, we have the holding cost of the manufacturer in the refurbishment

) Rin 2(1-2)pm _ 4] @=»)2Q? | (xDr=Dg)(1-y)*(1-2)*pm*Q> P ((1-2)
unit as 2 [me{ D, 1} D2 + 5.2, + D/ {_Dr
x(l—z)+z}2 (1-)*pm?Q?

D¢ Dp® ’

Therefore, the manufacturer's total cost in the refurbishment unit can be seen in
equation (10).

_ oty feDEA=-9)(A-2)pmQ | hm 2(1-2)Pm (1-y)?Q?

TCom = Al + - + 7{zpm( o 1) 2+

(xDr—De)A-)*(A-2)"Pm*Q* | 1), ((1—z) _ x(l—z)+z)2 =»*rm*Q? (10)
D 2Dy? ‘\ D, D} D2

The total revenue of the manufacturer obtained from selling the products is
modeled by S,,(1 —x)D,t; + S}, Dity, = {Sm(l_x)(1_2)+S{";x(1_z)+z)}(1_y)pm(‘? . Therefore, the
total profit of the manufacturer is formulated by II,, z total revenue - ( TCyp + TCop).-

_ {Sm(l—x)(l—z)+Sr'ng;(11—z)+z)}(1—J/)PmQ _ [Am + AL 4+ {a(lD—y)Q _

Detail 1I,, is as I,

m
_BGa-ye _ 11 —v)(1— _ _ — ) (1—v)2 2
1 (e ol 1)} 4 SmPm(1=9)Q | feDe1=0)(1=2)Pm@ | hm {(1=2)Pm Dr}(l2 2)(1=y)*Pm@®
B Dm Dy Dy 2 DDy
i 20-2)pm .\ A=y)?2Q? | (xDr=Dg)(1-y)*(1-2)*pm>Q* (A=2)  x(1-2)+z\? (1-)*pm?Q?
2 {me( Dy 1) D2 + Dm?%Dy? +DC( Dy D ) Dp?
r—
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2.2.3 retailer’s model

In this section, the model at the retail level is proposed. The following differential
equations in equation (11) describe the rate of change of the inventory level of the retailer

Al () { (1-x)D, — D, 0<t<tg
ac  |-D,, ty <t<T’ (11)

With I,,.(0) = 0 and I,,(T) = 0. Solving equation differential equations in equation
(11), we have I,,.(t) that is formulated in equation (12).

_({A=x)D,—DJt, 0<t<ts (12)
ILiy(@®)=4_ _ .
D.(t—T), t, <t<T

From the continuity condition of I;,(t) at t =t; we have {(1 —x)D, — D;}t; =
—D.(t; — T). Therefore, T can be solved using equation (13).

_ (1—x)Drt _ (1=-x)0-y»)(1-2)pmQ (13)
= 3 = .
D¢ D D¢

T

The ordering cost of the retailer is A,, Purchasing cost is S,,(1 —x)D,t; =
SmA-0A-Y)A-2)PmQ g inspection cost is modeled by C,D,t; = Cr(l_y);ﬂ. Holding cost

Dm m

is formulated by h, [f0t3 L, (t)dt + ftTS Ilr(t)dt] =h, [fot3{(1 — x)D, — D }tdt — ft: D.(t —

— —AN2(1—_>)2 _ _ 202
Tydt] = {1 = 0D, = DJts? + Do(t; = T)?] = h, S LACDP D g
m r~c

Therefore, the total revenue of the retailer obtained from selling the products is
S.D.T = SrA-0QA-YADm? g total profit of the retailer can be seen in equation (14).

D

I, = Sr(l—x)(l;y)(l—Z)me . {Ar + Cr(l—y)lgl—Z)me + Sm(l—x)(lgy)(l—Z)me + (14)
(1-x)(1-3)?(1—2)*{(1-%)Dr—Dc} P * Q>

hy 2Dm 2D, D, }

2.3 Solution method

In this section, two strategies are used to analyze the model: (1) Leader-follower
relationship strategy emphasizes that the supply chain members make their decisions
sequentially to optimize their profit; i.e., first, a player (leader) fixes the decision variable,
then the other members (followers) take their decision following the decision taken by the
leader. (2) Integrated approach signifies that all the members make their decisions in an
integrated way to optimize the total profit of the supply chain. In this model, the decision
variables are the lot size of the supplier, the production rate of the manufacturer, and the
selling price of the retailer. The purpose is to find the strategy that will be more profitable
for the SC.
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2.3.1 leader-follower relationship strategy

In this model, the supplier first optimizes the decision variable. Then, following the
decision, the manufacturer makes the next decision. Finally, the retailer optimizes the
decision variable following both the supplier and the manufacturer. Since the total profit
of the supply chain is the summation of the total profits of the supplier, manufacturer, and
retailer, the concavity of their profit functions should be proven to optimize the chain’s
total profit.

Theorem 1. The supplier’s profit function is concave.
Proof: The total profit of the supplier per unit time I Ilg; = %(HS)
1

Therefore, I1g;can be seen in equation (15).

Hsl

_ {Ss(0-»)+P{y}Dm { AsDy | (Ps+Cs)Dy

hs(1-»)Q (15)
1-y) + }

(1-»e (1-y) 2

The next step is differentiating equation (15) with respect to Q. it is modeled in
equation (16).

0(Tsp) — DmAs _ hs(1-y) (16)
a2Q Q2(1-y) 2
62(1'151) — _ 2DmAs
And, =5 = ~ a0

It proves that the supplier’s profit function is concave. Therefore, the optimum
value of Q by equating the right-hand side of equation (16) to zero is obtained.

Theorem 2. The manufacturer’s profit function is concave.
Proof: The manufacturer’s total profit per unit time is modeled in equation (17).

_ 1 _ Sm(1-0)A=-2)D¢ | o1 s _ [ (Am+Am)DmDe DmD¢ a(1-y)Q
M = tm (Ihn) = {x(1-2)+z} + SmDe {x(1-2)+2}(1-¥)QpPm {x(1—2)+z}(1—y)Q{ Dm
1 ( R 1)} 4 _ CmDi feDE(1=2) | i DL (A=) ((1-2)pm=D1)Q
B {x(1-2)+z} Dy {x(1-2)+z} 2 DmDyp{x(1-2)+2z} (17)
hmf (2(1—Z)pm _ ) (1-y)D{Q D¢(xDyr—De)(1-¥)(1-2)*pmQ 4 pr? ((1—2) _
2 Dy D{x(1-2)+z} DD 2 {x(1-2)+2z} ¢ Dy

{x(l—z)+z})2 (1-9)PmQ }]
Dé {x(1-2)+z}Dy,

Differentiating equation (17) with respect to p,,, the following is the formula that
is described in equation (18).

dMm) _ _ (Am+Am)DmDé  hm D{1-y)(1-2)2Q _ hp { 2z(1-z)D. . DL(xDy—D})(1-2)?
0Pm - {x(1-2)+z}(1-y)Qpm? 2 DmDy{x(1-2)+z} 2 (Dy{x(1-2z)+z} D2 {x(1-2)+z}
(2 {x(l—z)+z})2 o’ }(l-y)Q (18)
Dy D/ {x(1-2)+z}) Dp
8% (Myy) _ 2(Am+Am)DmDé
wm?  {x(1-2)+z}(1-y)Qpm?
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It proves that the manufacturer’s profit function is concave. Therefore, the
optimum value of the manufacturer’s production rate by equating the right-hand side of
equation (18) to zero is obtained.

Theorem 3. The retailer’s profit function is concave.
Proof: The retailer’s total profit per unit time is I1,; = ?(l’[r) (equation (19))

AyDmDe + CDe
1-01-»)(1-2)pmQ@ = (1-x)

where, D, = D; + D, = 2a — (by — b3)S, — (b, — b1)S,

Hrl — STDC _{ + Sch + hr (1_37)(1_2){(1_x)Dr_Dc}me} (]_9)

2Dy Dy

Differentiating equation (19) with respect to S: the following is the equation
obtained (equation 20):

%_ _ N _ ! ATDm(bl_bé) Cr(bl_bé) _Rny
oo = 2a = 2(by = b3)Sy = (b2 = bDSe + mpiimane T ey T Sm(b1 = b)) ©0)
hyr(1=y) (1=2)pmQ(b1—b3)
2Dy Dy
and,
021 ,
Ffrl =—-2(b; — bz) < 0.

It proves that the retailer’s profit function is concave. The optimum value of the
retailer’s decision variable is obtained by equating the right-hand side of equation (20) to
Zero.

2.3.2 Integrated approach

In this section, this research explained the implementation of the integrated
approach. The supplier, manufacturer, and retailer take their decisions together in an
integrated way to optimize the overall profit of the supply chain. As a result, the total
profit of the supply chain per unit time is formulated in equations (21) and (22).

H=%(H5+Hm+nr) (21)
1 = Bs@oy)+Piy}DmDe { AsDmDe (Ps+Cs)DmDc hs(1-y)DcQ }
(1—x)(1—J/)(,1—Z)pm 1-01-y)1-2)pmQ@  (A-20)1-Y)A-2)pm 2(1-x)(1-2)Pm
{Sm(1—92)(1()—12_);-)5(1:59;1—2)+z)}Dc B (1—x)(1?;n)?§—z>pmo [Am Am +Pm {a(ln_—r:m B
1- ,

%(e—ﬁp—,,fo _ 1)} N cmpn;t—ym N fcnc(l—gigr—z)pmo N o)
hTm {(1—z)pm—Dﬁsz—;:(l—y)zpmez n hTm {me (2(1;zr)pm _ 1) % n

(xDr—Dé)(113—7'312;512—2)2117,12(22 +D, ((1D—rz) _ X(1;Z)+Z)2 (1_y1)32,:2mZQ2}] +5.D, -

M ARG
Now, the first derivative with respect to Q is presented in equation (23).

L Co—
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[
ol _ (As+Am+Am+Ar)DmDe  hs(1-y)D¢  hy {(1-2)pm—Dr}(1-y)D
0Q  (1-0A-Y)(1-2)pmQ@® 2(1-x)(1-2)pm 2 Dy Dy (1-x)
E z(2(1=2)pm—Dr)(1-y)D, Dc(xDr_Dé)(l_y)(l_Z)pm I (1—z)_x(1—z)+z 2 (1-Y)pm _ 2
2 { DmDyr(1-%)(1-2) + DmDy%(1-x) +DC( Dy D/ ) (1-x)(1-2) Dy, (23)
h (1-y)(1-2){(1=x)Dr—Dc}pm
T
2Dy Dy
and,
M 2(As+Am+Am+Ar)DmDc <0
Q% (1-0)(1-y)(1-2)pmQ3 '

Therefore, the profit function, in this case, is concave with respect to Q. The first
derivative with respect to p,, is presented in equation (24).

o {Ss(1-y)+P{y}DmDc | (As+Am+Am+Ar)DmDc (Ps+Cs)DinDe hs(1-y)DcQ

pm  (A-0)(A-Y)A-2)pZ,  A-0)A-YA-2)phHQe  (1-0)(1-y)A-2)pZ, 21-x)(1-2)pk

hin(1-)(1-2)DcQ _ hin {22(1—3’)DcQ DC(XDr_Dé)gl_Y)(l—Z)Q + D! ((1—2) _ (24)
2Dy Dy (1—x) 2 (DmDyr(1-%) D Dy%(1—x) Dy

X(l—Z)+Z)2 (1-ye —n (1-y)(1-2){(1—x)Dr—D}Q
D} Dm(1-x)(1-2) r 2Dy Dy

and,

az_n _ _i{(AS"'Am"'A;n"'AT)DmDC (Ps+Cs)DmDc hs(1-y)DcQ {Ss(l_Y)"'PSIY}Dch}

ap%, pm U (1-x)(-y)(1-2)Q 1-0)(-y)(1-2)  21-x)(1-2z)  (A-0)1-y)(1-2)

Therefore, the profit function is concave with respect to the production rate of the
manufacturer, provided that,

(As+Am+Am+Ar)Dm D (Ps+Cs)DmD; hs(1=y)DcQ _ {Ss(1-y)+Psy}DmDe
(1-x)(1-y)(1-2)Q (1-9)A-y)(1-z)  20-x)(1-z)  (A-x)(1-y)(1-2)

>0

The first derivative respect to S, is presented in equation (25).

o _ _ {Ss(1-y)+Piy}Dm(b1-b3) + (by — b1) { (As+Am+Am+A;) D (Ps+Cs)Dim,
asy (1-x)(1-y)(1-2)Pm 1 222 (1-0-»)1-2pme | 1-0)(1-»)A-2)pm
hs(1-¥)Q }_{sm(l—x)(1—z)+s;n(x(1—z)+z)}(b1—bé) Din(b1-b3) [ {a(l—y)o _
2(1-x)(1-2)pm (1-x)(1-2) 1-0)(1-y)1-2)pmQ "™ Dm
_Ba-»e _ 11— _ _ _ — (12 2
1 (e _ 1)} 4 CmPm(1=9)Q | feDc1=)(1=2)PmQ | hm (1=2)Pm Dr}(l2 2)(1-)*PmQ
B Dm DDy 2 DDy

hin {me (2azem _ 3) (0@t | (e0r D0y a0t |y (08)

_|_

Dm

(25)

2 D, Dim D %Dy Dy
A.D
r“m +
(1-x)(1-y)(1-2)pmQ

- 2 (1-v)2p. 202
Ay U 4 20— 2(by — b)S, = (by = BSe + (b = by) |

D¢ Din?
Cr . (-9 (A-2)pme
(1-x) hy 2Dy, Dy }

+Sn

And,

GRS ,
6_53 =-2(by —bz) <0

Therefore, the profit function is concave with respect to the retailer’s selling price.
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2.4 Numerical example

This research used the following numerical example to illustrate the applicability
of the proposed model. The values of the variables are expressed as, P, = 10,4, = 100,P; =
8,C; = 1.5 hs = 2,A,, = 250,D,, = 60,D,, = 58,D, = 6,x = 0.2,y =0.02,z=0.2,a = 20,8 =
0.02,Cpp = 1,hyy = 1, k), = 0.5,f. = 8,4, = 150, 4., = 80,S,, = 60,C, = 0.8,h, = 1,a =
25,b, = 0.45,b, = 0.3,b, = 0.3,b, = 0.1,S; = 15, S}, = 40, S, = 100. This study also
performs sensitivity analysis on variables y, B, a, and b1.

3. Results and Discussion

The optimum results are shown in Table 1. It can be seen that the supply chain’s
total profit was more in the integrated approach than the leader-follower relationship
method, or in other words, the supply chain performed better when its players worked in
an integrated way. This table also shows that the retailer’s selling price was significantly
lower in the integrated approach, which is a vital aim of a supply chain. Also, the lot size
of the supplier was larger in the second approach. However, the manufacturer’s production
rate was lower in this method.

Table 1. Optimum results of example
Leader-follower relationship strategy Integrated approach

Q Pm Sr l_[L Q Pm Sr l_[I
192497  87.41 105.54  1271.85 160.05  64.05 86.27 1323.79

This research studied the effect of change in some parameters on the supply chain
profit and the optimum decision variables depicted in Table 2 to Table 4. The effect of
changing y can be seen in Table 2. With the increase in the variable y, the lot size of the
supplier increased. However, the total supply chain profit decreased in both approaches.

The effect of change in S is described in Table 3. It shows that the increase in
value was directly proportional to the increase in II,,. As the value of the learning
parameter increased, the profit of the supply chain increased, which was quite practical.
A change in the variable «a yielded different scenario (Table 4), where the profit decreased
sharply with the increase in this parameter. The profit of the supply chain in both
approaches decreased sharply with the increase in parameter b, (Table 5).

Table 2. Effect of change in y
Changing variable (y) Leader-follower relationship Integrated approach

Q I, Q I,
0.01 123.71 1273.94 159.11 1324.8
0.02 124.97 1271.85 160.05 1323.79
0.03 126.26 1269.71 160.99  1322.77
0.04 127.58 1267.54 161.94 1321.74
_TTS—
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E—
Table 3. Effect of change in S
Changing variable (f) Leader-follower approach Integrated approach
Iy I

0.02 456.29 868.67

0.04 456.62 869.71

0.06 456.94 870.71

0.08 457.25 871.68

Table 4. Effect of change in «
Changing variable (¢) Leader-follower relationship (I1,,) Integrated approach (I1,;)

20 456.29 868.67
25 372.96 669.10
30 289.63 487.96
35 206.29 325.29

Table 5. Effect of change in b,
Changing variable (b;)  Leader-follower relationship (II;)  Integrated approach(Il;)

0.40 1514.98 1672.47
0.45 1263.99 1323.79
0.50 1056.44 1075.88
0.55 859.45 890.94

4. Conclusion

This supplier-manufacturer-retailer supply chain model includes some practical
factors like inspection error, the learning effect of the employees on the production cost,
and the use of dual-channel by the retailer for selling the products. Besides, the
manufacturer offers a return policy to the retailer to entice them to purchase more
products. The manufacturer reworks the defective products, including those returned from
the retailer, and sells these directly to the customers as refurbished products at a reduced
price (as these products may still fail to function, harming the brand reputation). In these
scenarios, the derivation of the profit functions of all SC players and the entire SC system
ensued. The Leader-follower relationship method and integrated approach were employed
to solve this model.

The numerical result shows that when the supply chain players optimize their
decisions together in an integrated way, the supply chain gains more profit. Also, it was
possible to sell the products to the customers at a reasonable price when using the
integrated approach. Therefore, this model found the beneficial impact of the learning
effect on the SC profit.

Researchers can extend this model in various ways. Most importantly, researchers
can extend this model by adding one or more supply chain players. Furthermore,
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researchers can also consider the customers’ demand for the product to the retailer as
fuzzy, stochastic, stock dependent.
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