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Abstract. A growing trend towards computerization and competition in supply chains
results in uncertainty and quick variability that make the decisions di�cult for both levels
of retailers and manufacturers. In this paper, two Bi-Level Stackelberg Models (BLSMs)
are developed under non- and agile conditions in the presence of strategic customers. Our
main novelty approach in this paper is to consider both levels competing with each other
in a sequential game to determine the optimal production and order quantities and prices
with and without agile abilities. In addition, both proposed models are simpli�ed single-
level using the Karush-Kuhn-Tucker (KKT) approach. Then, they are remodeled by a
Robust Optimization (RO) technique due to existing uncertain parameters. To have a
better assessment of the models' e�ciency and applicability, they have been implemented
in a real case and �nally, the results are compared and analyzed.

© 2022 Sharif University of Technology. All rights reserved.

1. Introduction

Todays, recent advances in technologies, internet ac-
cess, and online shopping have led to lower demand
and a wide variety of requirements [1]. Also, the
importance of the consumers in supply chains has
been recently recognized and all the members of a
supply chain try to satisfy and keep their customers
[2]. Thus, Quick Response (QR) is identi�ed as a key
factor in a company's success to meet the customer's
requirements [3,4]. In addition, agility is known as
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a useful tool for achieving competitive advantages
under constant and unexpected circumstances when
the abilities make it possible for Agile Manufacturers
(AMs) to react quickly to unforeseen circumstances,
e.g., the consumers' demand and expectations [5].

Two main features of the agility are exibility
and quick production [6]. In this fast-changing world
and unstable market, retailers would be faced with
various problems in their orders [7]. These situations
will result in either commodity shortage or clearance
sales at the end of the sales season [3,4]. Hence, QR
in retailing is a feature used to reduce the delivery
time, improve the supply exibility, and accelerate the
logistics operations with technologies such as advanced
information system [8{10]. QR has also been employed
in di�erent industries such as toys, bags and shoes,
fashion, and other inconstant changing markets [8].

Consumers are generally divided into three groups
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in the literature; myopic, bargain-hunting, and strate-
gic as they react to di�erent circumstances [11,12]. In
general, strategic consumers constitute the majority of
the market; therefore, customers in this scienti�c work
are considered as strategic ones. Strategic customers
�rst assess the market situation and, then, decide
whether to purchase the product at full price or not
[3,4]. International marketing, increasing competition-
based performance, and rapid technological and eco-
nomic changes have led to increase in uncertainty
[13]. Uncertainty and keen competition have greatly
inuenced decision-making at di�erent levels of the
supply chain in general. Therefore, considering the
competition, uncertainty, and clearance sale would
make the model more realistic.

Uncertainty has been modeled and solved using
various approaches in the literature [14,15]. In this
regard, Robust Optimization (RO) is identi�ed as
an e�cient method in which the unknown values of
parameters are considered and the model is solved
and tested in various scenarios [16]. Furthermore,
the market is highly variable in ordering quantity and
demand types. Therefore, a considerable number of
goods will go through clearance sales if the uncertainty
is not taken into account.

According to the literature, very little attention
has been drawn to the bi-level models in which both
levels employ QR and agile systems. In contrast to
favorable theoretical models and evaluation, there is
a limited scope of research on such a mathematical
model in reality with an appropriate case study. Con-
trary to previous works, in this paper, two bi-level
models of the competitive supply chain with strategic
consumers are proposed �rst. In the �rst model,
the manufacturer and the retailer compete with each
other conventionally (ordering and producing goods
just before starting the sale's season). However, in
the second one, the model is modi�ed by adding QR
and agility abilities. The problems were developed
and formulated using Stackelberg Game (SG). Then,
Bi-Level Stackelberg Models (BLSMs) would be the
simpli�ed single level with the Karush-Kuhn-Tucker
(KKT) approaches. Due to the quick change and
variability, the RO method is applied to address the
uncertainty. Next, the models are implemented in the
real case to illustrate the applicability and e�ciency of
the proposed models. Finally, the results and analysis
of di�erent models are presented.

The rest of this paper is organized as follows. The
second section is devoted to the literature review and
the gap discussion. In the third section, the problem
and its modeling are explained. In the fourth section,
the solution approaches are presented and discussed.
Also, the results are given and analyzed in this section.
Finally, conclusion and suggestions for further research
are proposed in the last section.

2. Literature review

This work contains three major parts related to com-
petitive supply chain, QR in supply chain, and agile
production discussed as follows.

While demand, replacement Lead Time (LT),
and product's life are widely uctuated, long, and
short, respectively, QR is highly useful [8,10,17]. Many
papers were published in the areas of utilizing QR in
supply chains [3,4,8,10,17] most of which were related
to the reduction of delivery time and improvement
of performance in uncertain situations and a few of
them are close to our work. For instance, Yang et
al. [4] studied the e�ect of QR on pricing and making
a decision on the stock in decentralized and centralized
supply chains with strategic consumers using revenue
sharing. Cachon and Swinney [3] discussed separately
the e�ects of QR on production: high changeability of
capacity and product design for markets with unstable
changes.

They also developed a model of the fashion
market under uncertainty in demand with strategic
consumers in order to decide what quantity and price
to select for maximizing the pro�t. The application of
QR in retail business considering a single product and
non-deterministic demand was conducted by Cachon
and Swinney [11]. In this work, a simultaneous game
(Nash game) between the retailer and the consumer
was proposed for optimizing the ordering quantity
and price. Similarly, Li et al. [18] examined how a
manufacturer could reduce LT for short lifetime prod-
ucts in a Bi-Level Supply Chain (BLSC) involving the
retailer and manufacturer. They developed a theory
for determining the ordering quantity, time, and price
while the risk of members' behavior as well as extra
costs for reducing LT were considered. The proposed
model was evaluated using a numerical example. Also,
Choi [19] investigated the value of QR considering the
rational behavior of customers in the retail business of
fashion products; accordingly, an inventory decision-
making was mathematically formulated.

In a similar work, Dong and Wu [12] studied how
strategic customers might a�ect the price and inventory
in a QR system as well as increase in the yield obtained
from some scenarios. Likewise, a simple Stackelberg
model for two-period pricing with a price reduction in
a BLSC involving a retailer and a manufacturer was
presented by Zhang et al. [20]. In this study, three
pricing scenarios were examined including QR, no QR,
and limited QR. Regarding retailing problems, a news-
paper supply chain inventory management model was
proposed by Darwish et al. [21]. The retailers had two
opportunities for ordering goods at the beginning and
during the season after updating demand information
using the Bayesian approach. The demand distribution
and quantities were optimally determined. Recently,
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Khouja et al. [22] also optimized the order quantity
for retailers to enhance pro�ts using a retail o�-
price in non-deterministic situations. In this study, a
newspaper model was developed for achieving optimal
order quantity under di�erent conditions (before and
after solving demand uncertainty).

The intensity of global competition and the grow-
ing importance of customers have made manufacturers
change their strategy from the e�cient system to the
responding one, thus giving priority to their consumers
[23]. In this respect, agility plays a major role in
competitive marketing and supply chain, and it also
helps manufacturers supply suitable products at the
right time [24]. Quick production response, as one of
the most important features of agility, aims to reduce
the LT and respond to the consumer's requirements
[1,23]. To date, many papers that have investigated
agility at di�erent levels of supply chains have been
published.

A conceptual framework was provided by Sind-
hwani and Malhotra [23] in which the interactions
between di�erent enablers of the agile manufacturing
system were analyzed. The research sought to �nd a
structural model for meeting customer's requirements.
In the operations research, a scheduling problem in an
order-based-production environment in various condi-
tions was investigated by Lalmazloumian et al. [25].
They developed a multi-product, multi-period, and
multi-level mixed-integer linear programming model
and solved the proposed model by CPLEX. Also, Lago
et al. [26] focused on the two major variables: the
commodity design duration and LT. Thus, a continuous
inventory-based sales model was developed; conse-
quently, LT, time-to-market, design time, and sales'
speed were assessed in unique circumstances. Recently,
Mahmoodi [27] designed an agile supply chain network
in which both production and supply quantities were
optimized considering uncertain demand. The agility
was taken into account to mitigate the demand uncer-
tainty and improve network exibility.

An increase in competition can make the supply
chain more complicated because supply chains have
di�erent members and levels. In this case, game theory
is a highly helpful method that analyzes a wide variety
of possibilities where a player's decision can a�ect the
others' payo� [28]. Therefore, many papers have been
published in competitive situations in a BLSC. A bi-
level rice supply chain was given by Cheraghalipour
et al. [29] for minimizing the agricultural costs. The
model was solved using two meta-heuristics and hybrid
algorithms and a numerical example inspired by a
real case was employed to demonstrate the model's
applicability. Also, Giri et al. [30] developed a BLSC
with a manufacturer and a retailer in centralized and
decentralized situations. The model was optimized
in terms of pricing and advertising strategies. In a

decentralized situation, a supply chain with a retailer
and some manufacturers were studied to investigate
pricing coordination and cooperative advertising [31].
To address the problem, a multi-follower bi-level model
was developed and, then, the model was solved by
simulated annealing algorithm. The e�ects of positive
relationship between the factors are clari�ed.

Another work surveyed the e�ects of manufac-
turer's social responsibility investment [32]. The pro-
posed model contains two retailers and a manufac-
turer for a competitive supply chain and solved using
backward induction method. The results proved that
selling price was sensitive to the social cooperation
e�ort. A bi-level mixed integer linear model for closed-
loop supply chain was employed to collect more used
products [33]. In this research, the government and
private centers were taken as a leader and followers,
respectively. Based on the assumptions, a network
to increase their pro�ts is designed considering the
governmental policies. To solve the model, metaheuris-
tic algorithms and min-max regret scenario-based RO
approach were employed; consequently, an optimized
network was proposed according to the results.

In other situations where consumers are sensitive
to the prices, Seifbarghy et al. [34] obtained the optimal
price and quality considering revenue sharing and Ren
et al. [35] presented a Stackelberg model with a man-
ufacturer and a retailer concerning make-to-order and
deterministic demand. The �ndings of this work re-
vealed that personalized products could boost pro�ts in
this speci�c matter. In addition, the e�ect of uncertain
competition and demand on the Nash structure and
supply chain pro�t was examined by Mahmoodi and
Eshghi [36] using a numerical example. Taken risk into
consideration, the green supply chain concept for the
design of a lean and agile company under uncertainty
and risk was developed by Golpira et al. [37] and a
bi-level model was proposed in that sense. Then, the
KKT approach is applied to convert the bi-level model
to a single-level one. To validate the model application,
the model was solved by a numerical example using a
RO approach. Similarly, Yue and You [38] presented a
BLSM in the decentralized supply chain for designing
an optimized supply chain. The bi-level model was
simpli�ed at a single level using the KKT approach and
evaluated through a case study. Another study was
devoted to modeling supply chain competition under
uncertainty [39]. The model was proposed �rst to
determine the locations and number of distribution
facilities, retailers' allocation, and selling price. Then,
the model was modi�ed by real assumptions of risk
and failure probabilities. To address the uncertainty,
they used a two-stage stochastic model and handled
the models using a hybrid genetic algorithm.

Also, Shen et al. [40] presented a BLSC of
supplier/manufacturer and retailer considering fashion
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goods with a short life cycle and uncertain demand
in which the manufacturer and the retailer decided
on the price and quantity of the order. Likewise,
Ghasemy Yaghin et al. [41] proposed a model con-
sidering pricing integration, markdown pricing, and
production programming in a BLSC involving a retailer
and a manufacturer for several periods and products
in a fuzzy situation. The model was solved by a
fuzzy approach and its results were achieved using a
numerical example. Under uncertain conditions, a new
hybrid multi-criterion decision-making model in which
AHP and G-TOPSSIS fuzzy were taken into consid-
eration was developed by Tian et al. [42] for deriving
weights of inuence criteria and assessing automated
components remanufacturing production patterns. To
demonstrate its robustness, a sensitivity analysis was
employed.

Another bi-level model is presented to reduce the
demand satisfaction costs in the interdictor's attacking
condition. In this regard, a new heuristic is designed

and the model is optimized using the algorithm and
CPLEX software [43]. In addition, a bi-level model
for competitive supply chain for obtaining optimal
inventory and pricing was presented by Mahmoodi [44].
A modi�ed threshold-accepting algorithm was applied
to solve the problem in which the e�ciency of the
modi�ed algorithm against a di�erential evolution ap-
proach was proved in this matter. In another research
area, Fatollahi-Fard et al. [45] proposed a two-stage
stochastic programming approach and a Lagrangian
relaxation-based algorithm to solve the model. Also,
both upper and lower bounds of the problem were con-
sidered for improving a better performance. Kaviyani-
Charati et al. [46] employed a RO method to cope
with uncertainty and investigated the outputs through
Mont-Carlo simulation. The e�ciency of the RO
approach was con�rmed in this respect.

Despite the information provided above, Table 1
shows a summary of the literature review of other
previous studies.

Table 1. Literature review on the subject areas.
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Time and quantity

p p
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Price and quantity
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distribution
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This paper 2
p

Sequential
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Quantity and price
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2.1. Research gap and discussion
Most of the papers published in the �eld of QR and
agility focus only on the retailer level. In other words,
various features of QR in retailing were conceptually
investigated with little attention to competitive and
integrated situations. Thus, the optimal ordering
quantity and price will be obtained under competitive
circumstances. It is worth mentioning that a retailer
with QR needs a manufacturer who can respond to the
retailer at the right time. Besides, the e�ects of QR and
agility on pro�ts and clearance sales are investigated
in comparison with the traditional supply chain using
a real case study. The main aim of this study is to
investigate the di�erences between conventional and
modi�ed models. In addition to the discussions, there
is little attention to the features of responsiveness and
agility in mathematical models in those papers working
on a BLSC despite emphasizing the importance of
the consumers' needs and personalized products in a
conceptual way. With regard to the features of the
fashion market and its uncertainty, a search through
the literature illustrates that the studies that have
employed the RO method are still limited and need
to receive a greater focus. Thus, novel bi-level math-
ematical models for both supply chains are considered
in which ordering and production quantities and prices
are optimized.

Apart from that, customers play a crucial role in
today's competitive world so that suppliers and retail-
ers strive to attract customer's attention by providing
better services and product quality and reasonable
prices. Although the consumers' demand and behavior
have been considered separately in the previous papers,
we consider the mentioned items simultaneously in
this work. In addition to a determination of the
manufacturer's and retailer's strategy, QR and agility
would be employed to achieve the strategic customer's
satisfaction and elevate the supply chain members'
pro�t. These characteristics are applied in this study
using some assumptions to increase the satisfaction and
pro�t of the supply chain members.

Also, customers usually seek products that ensure
pro�t and satisfaction. For instance, in the smart-
phone industry, two competitors, namely Samsung and
Apple, are struggling to gain a higher market share
by presenting more advanced models. Taking two
Samsung smartphone models 7 and 8 as an example;
the customers reasonably decide whether to buy the
new model after the introduction immediately or wait
until buying it with a price reduction. In the meantime,
the producer tries to introduce a new product to the
market due to a decline in the demand and meeting
customers' requirements and expectations. This can
lead to attraction of more customers and satisfaction
of customers' needs, consequently maximizing the pro-
ducer's pro�t in this situation. The former example is

an actual one that perfectly elaborates the application
of our research �nding in which an attempt is made
to obtain the optimal price, production, and ordering
quantity at two levels of the supply chain. Thus, a
decoration industry is employed in this research work
as a case study to prove its applicability and e�ciency
in reality.

The main contributions of this work are listed as
follows:

1. Two BLSMs for two-echelon supply chain with
strategic customers are developed;

2. Two di�erent conditions with and without agile
abilities are considered for developing the mathe-
matical models;

3. To cope with the uncertain circumstance, a
scenario-based RO approach is applied;

4. A real case study of Chandeliers industry is em-
ployed to demonstrate the applicability and e�-
ciency of models.

In summary, two bi-level models are developed.
The �rst model involves a manufacturer and a retailer
without any agility; however, the second one comprises
a manufacturer with the agility and a retailer with a
QR feature which can produce and satisfy customers'
demand in a timely manner. Additionally, the con-
sumers' behavior is taken into account in both models
and their requirements are considered in the second
one. To tackle the uncertainty, the RO approach is
employed to enhance the e�ciency of the results under
real conditions. Also, the manufacturer and the retailer
compete with each other in a sequential SG.

3. The problem

Producers prefer e�cient and expense-based ap-
proaches in which the wholesale with less manufactur-
ing costs are preferred. In the ordering of traditional
production systems, the retailer can only order once
before the sale season due to the long LT [3,4,11].
Customization in the fashion market is high [52] and
uncertainty in such markets is of great importance.
Thus, it may result in the loss of the e�ciency of
the mathematical model in reality if the uncertainty
is ignored. In such markets, quick changes in the cus-
tomer's behavior and requirements are also observed.
The detailed problems are discussed in the following
two sub-sections.

3.1. The �rst problem
A bi-level problem is suggested containing a manu-
facturer and a retailer who o�er strategic consumers
only a product in the selling season with full and
discount prices. Strategic consumers are the consumers
who behave quite rationally with respect to purchasing
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commodities and select the time of their purchase upon
assessing the situation [3,4,11].

Given its nature and considering the existing
limitations, the manufacturer initially decides on the
price and production quantity as the leader and then,
the retailer o�ers his best strategies after observing the
decisions of the leader. Some hypotheses are considered
in this paper and listed as follows:

� The retailer has a limited capacity and his ordering
quantity cannot exceed a certain limit;

� The manufacturer and the retailer are chosen as the
leader and follower in the SG, respectively;

� The behavior of the strategic consumers inuences
the decisions of the players;

� The full and discount prices are considered for the
retailer;

� Throughout the selling season, the price reduction
occurs only once and the rest of the products are
sold at the end of the selling season at a reduced
price;

� The retailer has also budget limitations;
� The consumers are homogeneous and shortage is not

allowed.

The notations used to describe the problem are:

Index
s Uncertainty scenarios for all s 2 S
Parameters
C The production costs of each product

for the manufacturer
S The reduced price for each product for

the manufacturer
Cap The manufacturer's production

capacity
� The selling commission for the retailer
� The commodity value for the consumer
� The discount factor of the price of each

product for the retailer
Ds The consumer's demand for the retailer

under scenario s
 The percentage of the reduction of

commodity value for the consumer
during the time

B Budget limitation for the retailer
ws Ordering capacity for the retailer

under scenario s

Variables
Pl The manufacturer's price

Qls The production quantity for the
manufacturer under scenario s

Pf The retailer's price
Qfs The ordering quantity for the retailer

under scenario s
3.1.1. Mathematical model
After giving some explanation and notations, the tra-
ditional model is proposed in the following.

Max �ls(Qls; Pl) =
X
s

�
(Pl � C) :Qfs + (S � C)

: (Qls �Qfs)+
�
; (1)

s.t.:

Qls � cap 8s 2 S; (2)

Qls � Qfs 8s 2 S; (3)

Max �fs(Qfs; Pf ) =
X
s

�
(Pf � Pl) :DS

+ (�:Pf � Pl) : (Qfs �Ds)
�
; (4)

s.t.:

(1 + �) :Pl � Pf ; (5)

Pf � v: (1� )
1� � ; (6)

Qfs � ws 8s 2 S; (7)

Pl:Qfs � � 8s 2 S; (8)

Qls; Pl; Qfs; Pf � 0 8s 2 S: (9)

Constraint (1) shows the objective function of the
leader. Constraint (2) guarantees that the production
quantity will not exceed the manufacturer capacity.
Constraint (3) guarantees that the manufacturer sat-
is�es the consumer's order. Constraint (4) is the
objective function of the follower. The price announced
by the leader cannot exceed the follower's price shown
in Constraint (5). Constraint (6) guarantees that the
follower's price cannot exceed a certain limit. The
retailer's capacity for sales is given in Constraint (7).
Constraint (8) ensures that the total costs paid for the
quantity of ordering the commodity will not exceed
a certain limit. Finally, Constraint (9) shows the
positivity of the variables.

As explained in the literature and based on
the real assumptions and issues, the �rst problem is
modi�ed by adding the QR and agile ability to the
retailer and the manufacturer, respectively. The second
problem is fully described in the following sub-section.
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3.2. The second problem
Instant changes in customer's demands and needs as
well as the remaining commodities at the end of the
selling season make decision-making really di�cult for
the retailers and the manufacturers in this highly
competitive market. QR, as a strategy, uses new
systems for reducing the inventory level and applies
a quick reaction to the consumer's requirements and
demand. The concept of QR with regard to [3,4,8,11]
tries to reduce the inventory level and correctly antic-
ipate the consumer's demand by reducing the LT. To
order the goods required by the customers, the retailer
needs a manufacturer who can respond properly to
the ordering quantity in a reasonable time according
to the consumer's requirements. The AM can quickly
meet the retailers' demand and needs in an unstable
market using useful information sharing [1,24]. In
this problem, a bi-level model is developed in which
the retailer and the manufacturer try to determine
the price, ordering quantity, and production quantity
considering strategic consumers to optimize the ob-
jective functions with agile abilities. Regarding the
previous works [3,4,8,11], the retailer can order twice
throughout the selling season once before the starting
of the season and once after updating the demand
during the season. The retailer and manufacturer
should pay extra costs in order to use QR and agility
per product unit.

In addition to the assumptions of the �rst prob-
lem, the following assumptions are added to this
problem:

� There are two times throughout the selling season
in that the retailer and the manufacturer can be
supplied and the demand type cannot be the same
(in terms of feature and quantity);

� Throughout the season, the requirements of the
market and the customers change once;

� The innovations and changes in the product are
applied in accordance with the consumers' demand
and requirements under uncertainty;

� The cost added to a product production depends on
the rate of innovation and change in the product;

� The value added to the product o�ered based on the
changes in the market and the customers' require-
ments depends on the rate of innovation and changes
in the product.

With regard to its real assumptions and agile
abilities, this model is developed in the following.

3.2.1. Mathematical modeling
The general model for I (i = 1; :::; I) products is shown
as follows:

Max �l(Qli; Pli) =
X
i

�
(Pli � (C + ni)) :Qfi

+ (Si � (C + ni)) : (Qli �Qfi)+
�
; (10)

s.t.:

Qli � capi 8i 2 I; (11)

Qli � Qfi 8i 2 I; (12)

Max �f (Qfi; Pfi) =
X
i

�
(Pfi � Pli) :Di

+ (�i:Pfi � Pli) : (Qfi �Di)� CQ:Qfi
�
; (13)

s.t.:

(1 + �) :Pli � Pfi 8i 2 I; (14)

Pfi � (v +mi) : (1� i)
1� �i 8i 2 I; (15)

Qfi � !i 8i 2 I; (16)

Pli:Qfi � �i 8i 2 I; (17)

Qli; Pli; Qfi; Pfi � 0 8i 2 I: (18)

It is assumed that the cost C for the �rst product
and mi, ni, and CQ would be zero in this sense.
Considering two types of products, i = 1; 2 the
description and mathematical model are given below:

Parameters
C The cost of producing per product unit
S1; S2 The clearance price for product types

1 and 2 for the manufacturer
Cap1; Cap2 Production capacity for product types

1 and 2
� The selling commission for the retailer
� The value of the product for the

customers
�1; �2 The reduced rates of products'

prices, types 1 and 2, for the retailer
throughout time

D1s; D2s Demand for products, types 1 and 2,
under scenario s

1; 2 The reduced rates of products'
values, types 1 and 2, for the retailer
throughout time

CQ The cost of QR adoption for the
retailer
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ms The additional value added to the
product for the customers under
scenario s

ns The extra cost added to the purchasing
cost for the consumers under scenario s

w1s; w2s The ordering capacity of the product
types 1 and 2 for the retailer under
scenario s

b1; b2 The budget of the retailer for the
product types 1 and 2

Variables
Ql1s; Ql2s The production quantity of the product

types 1 and 2 for the manufacturer
under scenario s

Pl1 The �rst product price for the
manufacturer

Pl2s The second product price for the
manufacturer under scenario s

Qf1s; Qf1s The ordering product quantity types 1
and 2 for the retailer under scenario s

Pf1 The �rst product price for the retailer
Pf2s The second product price for the

retailer under scenario s
3.2.2. Mathematical model
The relations between the quantities and capacities are
as follows:

Eq. (19) is shown in Box I, s.t.:

Ql1s � cap1 8s 2 S; (20)

Ql2s � cap2 8s 2 S; (21)

Ql1s � Qf1s 8s 2 S; (22)

Ql2s � Qf2s 8s 2 S; (23)

Eq. (24) is shown in Box II, s.t.:

(1 + �) :Pl1 � Pf1; (25)

(1 + �) :Pl2s � Pf2s 8s 2 S; (26)

Pf1 � v: (1� 1)
1� �1 ; (27)

Pf2s � (v +ms) : (1� 2)
1� �2 8s 2 S; (28)

Qf1s � !1s 8s 2 S; (29)

Pl1:Qf1s � �1 8s 2 S; (30)

Qf2s � !2s 8s 2 S; (31)

Pl2s:Qf2s � �2 8s 2 S; (32)

Ql1s; Pl1; Ql2s; Pl2s; Qf1s; Pf1; Qf2s; Pf2s � 0

8s 2 S: (33)

Constraint (19) shows the leader's objective func-
tion including costs, clearance sales, and sales. The
production quantity of the products types 1 and 2
would not exceed its capacity, which is ensured by
Constraints (20) and (21). Constraints (22) and (23)
guarantee that the manufacturer satis�es the ordering
quantity of the retailer. The follower's objective
function is shown in Constraint (24). Constraints (25)
and (26) demonstrate that the leader cannot announce
a price higher than that of the follower. Constraints
(27) and (28) ensure that the retail price cannot exceed
a certain limit since customers are not disposed to incur
extra expenses. The ordering capacity and available
budget for the follower are limited by Constraints
(29){(32). Finally, Constraint (33) shows the positive
variables.

Max �ls (Ql1s; Pl1; Ql2s; Pl2s) =P
s

0@ (Pl1 � C) :Qf1s + (Pl2s � (C + ns)) :Qf2s + (S1 � C) : (Ql1s �Qf1s)
+

+ (S2 � (C + ns)) : (Ql2s �Qf2s)
+

1A : (19)

Box I

Max �fs (Qf1s; Pf1; Qf2s; Pf2s) =P
s

0@ (Pf1 � Pl1) :D1s + (Pf2s � Pl2s) :D2s + (�1:Pf1 � Pl1) : (Qf1s �D1s)

+ (�2:Pf2s � Pl2s) : (Qf2s �D2s)� CQ:Qf2s

1A (24)

Box II
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4. Solution procedure

Several theories have been o�ered for solving linear bi-
level programming problems [37,38,43,44,53{55]. Thus,
this paper applies the KKT approach to convert the
proposed bi-level models into single-level ones. In
the following sub-section, the KKT method is briey
discussed and then, the models are linearized as the
KKT's precondition. After that, they are simpli�ed
single levels; �nally, the models are solved by scenario-
based RO and its results are analyzed under some
various conditions.

4.1. The KKT approach
The KKT approach is initially written for the lower
level and, then, added to the upper one. The bi-
level model is simpli�ed into a single-level one. It is
fully addressed in the literature of the KKT [37,38,54{
57]. However, if the model contains any non-linear
formula, they should be converted into linear one �rst.
Then, the linear mathematical model can be turned to
a single-level by the KKT approach. Therefore, the
proposed models need to be linearized �rst.

4.2. Linearization
Pf :Qfs and Pl:Qfs formulas in the �rst model and
Qf1:Pl1, Qf2s:Pl2s, Qf1s:Pf1, Qf2s:Pf2s formulas in
the second one are non-linear. Therefore, they should
be changed into linear using the method suggested in
[58].

Let's take the non-linear formula, Pl:Qfs, in the
�rst model. On the one side, the price per product for
the manufacturer cannot be lower than its production
costs. On the other side, the maximum price that
the manufacturer can o�er may not be higher than
a certain limit owing to the nature of the problem.
Thus, the high and low levels of the unit price in the
�rst model are v:(1�)

(1+�):(1��) and C, respectively. The
limitation related to the two non-linear variables is
shown as follows:

C � Pl � v: (1� )
(1 + �) : (1� �) : (34)

Similarly, for the second variable in this formula,
we have:

0 � Qfs � cap 8s 2 S: (35)

Now, the non-linear formula is replaced with a
new variable called y1s and its associated constraints
are:
y1s = Pl:Qfs 8s 2 S;

C � Pl � v: (1� )
(1 + �) : (1� �)

�Qfs���!C:Qfs � Pl:Qfs

� v: (1�)
(1+�) : (1��) :Qfs

y1s=PlQfs��������!C:Qfs � y1s

� v: (1� )
(1 + �) : (1� �) :Qfs 8s 2 S: (36)

Moreover, the rest of non-linear formulas are simi-
larly changed into linear, the details of which are shown
in Appendix A. Regarding the previous explanations,
the linearized models are simpli�ed single-level ones
using the KKT approach given in Subsection [53{57].

4.3. Single-level models
The bi-level models are transformed into single ones
using KKT approach and presented into the following
models.

4.3.1. First model
The objectives and constraints of this model are as
follows:

Max �ls (Qls; Pl) =
X
s

�
y1s � C:Qfs + (S � C) :

(Qls �Qfs)+
�
; (37)

s.t.:

Qls � cap 8s 2 S; (38)

Qls � Qfs 8s 2 S; (39)

C:Qfs � y1s� v: (1� )
(1+�) : (1��) :Qfs 8s2S; (40)

(1 + �) :Pl � Pf ; (41)

Pf � v: (1� )
1� � ; (42)

Qfs � ws 8s 2 S; (43)

Pl:Qfs � � 8s 2 S; (44)

C: (1 + �) :Qfs � y2s 8s 2 S; (45)

y2s � v: (1� )
(1� �) :Qfs 8s 2 S; (46)

� + U4 � U5 + U8 = 0; (47)

(1� �) :Ds + U1 � U2 + U7 = 0 8s 2 S; (48)

�U3 � C: (1 + �) :U4 +
v: (1� )
(1� �) :U5 + U6 = 0; (49)

U4: (C: (1 + �) :Qfs � y2s)

+U5:
�
y2s � v: (1� )

(1� �) :Qfs
�

+ U8:y2s = 0

8s 2 S; (50)
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U1: ((1 + �) :Pl � Pf ) + U2:
�
Pf � v: (1� )

1� �
�

+U7:Pf = 0; (51)

U3: (Qfs � ws) + U4: (C: (1 + �) :Qfs � y2s)

+U5:
�
y2s � v: (1� )

(1� �) :Qfs
�

+ U6:Qfs = 0

8s 2 S; (52)

y1s; y2s; U1; : : : ; U8; Qls; Pl; Qfs; Pf � 0 8s 2 S:
(53)

4.3.2. Second model
The second model can also be reformulated as follows:

Eq. (54) is shown in Box III, s.t.:

Ql1s � cap1 8s 2 S; (55)

Ql2s � cap2 8s 2 S; (56)

Ql1s � Qf1s 8s 2 S; (57)

Ql2s � Qf2s 8s 2 S; (58)

C:Qf1s � y1s � v: (1� 1)
(1 + �) :(1� �1)

:Qf1s 8s 2 S;
(59)

(C + ns) :Qf2s � y2s � (v +ms) : (1� 2)
(1 + �) : (1� �2)

:Qf2s

8s 2 S; (60)

(1 + �) :Pl1 � Pf1; (61)

(1 + �) :Pl2s � Pf2s 8s 2 S; (62)

Pf1 � v: (1� 1)
1� �1 ; (63)

Pf2s � (v +ms) : (1� 2)
1� �2 8s 2 S; (64)

Qf1s � !1s 8s 2 S; (65)

Pl1:Qf1s � �1 8s 2 S; (66)

Qf2s � !2s 8s 2 S; (67)

Pl2s:Qf2s � �2 8s 2 S; (68)

(1 + �) :C:Qf1s � y3s 8s 2 S; (69)

y3s � v: (1� 1)
1� �1 :Qf1s 8s 2 S; (70)

(C + ns) : (1 + �) :Qf2s � y4s 8s 2 S; (71)

y4s � (v +ms) : (1� 2)
(1� �2)

:Qf2s 8s 2 S; (72)

(1� �1) :D1s + U1 � U3 + U11 = 0 8s 2 S; (73)

(1� �2) :D2s + U2 � U4 + U12 = 0 8s 2 S; (74)

�1 + U7 � U8 + U13 = 0; (75)

�2 + U9 � U10 + U14 = 0; (76)

�U5�(1+�) :C:U7+
v: (1�1)

1��1 :U8+U15 =0; (77)

�CQ � U6 � (1 + �) : (C + ns) :U9

+
(v +ms) : (1� 2)

1� �2 :U10 + U16 = 0

8s 2 S; (78)

U1: ((1 + �) :Pl1 � Pf1) + U3:
�
Pf1 � v: (1� 1)

1� �1
�

+U11:Pf1 = 0; (79)

U2: ((1+�) :Pl2s�Pf2s)

+U4:
�
Pf2s� (v+ms) : (1�2)

1��2
�

+U12:Pf2s=0

8s 2 S; (80)

U7: ((1 + �) :C:Qf1s � y3s)

+U8:
�
y3s � v: (1� 1)

1� �1 :Qf1s

�
+ U13:y3s = 0

8s 2 S; (81)

Max �ls (Ql1s; Pl1; Ql2s; Pl2s) =P
s

0@ y1s � C:Qf1s + y2s � (C + ns) :Qf2s + (S1 � C) : (Ql1s �Qf1s)
+

+ (S2 � (C + ns)) : (Ql2s �Qf2s)
+

1A : (54)

Box III
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U9: ((C + ns) : (1 + �) :Qf2s � y4s)

+U10

�
y4s � (v +ms) : (1� 2)

(1� �2)
:Qf2s

�
+U14:y4s = 0 8s 2 S; (82)

U5: (Qf1s � w1s) + U7: ((1 + �) :C:Qf1s � y3s)

+U8:
�
y3s� v: (1�1)

1��1 :Qf1s

�
+U15:Qf1s=0

8s 2 S; (83)

U6: (Qf2s�w2s)+U9: ((C+ns) : (1+�) :Qf2s�y4s)

+U10:
�
y4s � (v +ms) : (1� 2)

(1� �2)
:Qf2s

�
+U16:Qf2s = 0 8s 2 S; (84)

y1s; y2s; y3s; y4s; U1; : : : ; U16; Ql1s; Pl1; Ql2s; Pl2s;

Qf1s; Pf1; Qf2s; Pf2s � 0 8s 2 S: (85)

4.4. Reduction the single-level model
In this paper, the single-level models can be equal-
ized in the simplest form due to the nature of the
problems and the KKT approach [56]. Based on the
problem, the value of variables would not be zero.
For this purpose, it is proved that the limitations of
stationarity and complementary slackness are always
correct. Therefore, they can be removed from the
single-level models, and the simpli�ed models can be
analyzed. For instance, the variable Pf1 is not equal
to zero; therefore, the dual variable associated with
it is zero. Similarly, U11; :::; U16 should be zero for
the second model. Considering Constraints (69) and
(70) related to the equation, y3s = Pf1:Qf1s. In these
constraints, if Pf1 is equal to its upper limit, the upper
limit of Constraint (70) is satis�ed as well. With regard
to the explanation provided before, the problems are
mathematically modeled to maximize the pro�t. Thus,
the manufacturer and the retailer seek the maximum
price in this competition. In that regard, the price is
equal to the upper limit and Constraints (69) and (70)
will be as follows:

(1 + �) :C:Qf1s � y3s 6= 0 and

y3s � v: (1� 1)
(1� �1)

:Qf1s = 0:

Hence, the value of U7 should be zero, while the value
of U8 cannot be zero. In the following, given the
constraint, �1 +U7 +U8 +U13 = 0, and the value of U13
being zero, the value of U8 is �1. Then, all constraints

of stationarity and complementary slackness are calcu-
lated and found in the same way (Appendix B).

After going through some mathematical pro-
cesses, a brief description of the RO method is provided
for solving the models in the next sub-section.

4.5. Robust Optimization (RO)
Despite developing various RO methods, the scenario-
base RO is utilized in this paper. The scenario-
based RO �ts the problem considered in this research.
Mulvey believes that if a model is infeasible in reality
under some scenarios, the model loses its e�ciency.
Consequently, Mulvey et al. [59] introduced a new
model for the RO in which uncertainties were regarded
as various scenarios with certain probabilities. This
model shows the answers which would be the result of
a tradeo� between the robustness of the model and the
answer. An answer can be robust if it is close to the
optimum under all scenarios. Similarly, a model can
be robust when it remains feasible under all considered
scenarios with high probability. For more information,
readers are referred to these studies [59,60].

Robust models for the �rst and second mathemat-
ical models are presented below.

The �rst model:

Eq. (86) is shown in Box IV, s.t.:

&ls = y1s � C:Qfs + (S � C) : (Qls �Qfs)+

8s 2 S; (87)

&ls �
SX

s0=1

�s0 :&ls0 + �s � 0 8s 2 S; (88)

Qls � Z1s � cap 8s 2 S; (89)

Qls � Qfs � Z2s 8s 2 S; (90)

C:Qfs � Z3s � y1s 8s 2 S; (91)

y1s � v: (1� )
(1 + �) : (1� �) :Qfs + Z4s 8s 2 S; (92)

Qfs = ws + Z+
5s � Z�5s 8s 2 S; (93)

y1s � � + Z6s 8s 2 S; (94)

C: (1 + �) :Qfs � Z7s � y2s 8s 2 S; (95)

y2s =
v: (1� )
(1� �) :Qfs + Z+

8s � Z�8s 8s 2 S; (96)

(1 + �) :Pl = Pf ; (97)
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Max w =
SX
s=1

�s:&ls � �

:

"
SX
s

�s:

" 
&ls �

SX
s0
�s0 :&ls0

!
+ 2:�s

##
�

SX
s=1

�s

:
�
W1:Z1s +W2:Z2s +W3:Z3s +W4:Z4s +W5:

�
Z+

5s + Z�5s
�

+W6:Z6s
+W7:Z7s +W8:

�
Z+

8s + Z�8s
� �

: (86)

Box IV

Pf =
v: (1� )

1� � ; (98)

Z1s; Z2s; Z3s; Z4s; Z+
5s; Z

�
5s; Z6s; Z7s; Z+

8s; Z
�
8s; y1s; y2s;

Qls; Pl; Qfs; P � 0 8s 2 S: (99)

The second model:

Eq. (100) is shown in Box V, s.t.:

y1s + y2s � C:Qf1s � (C + ns) :Qf2s + (S1 � C) :

(Ql1s�Qf1s)
+ +(S2�C�ns) : (Ql2s�Qf2s)

+

= &ls 8s 2 S; (101)

&ls �
SX

s0=1

�s0 :&ls0 + �s � 0 8s 2 S; (102)

Ql1s � Z1s � cap1 8s 2 S; (103)

Ql2s � Z2s � cap2 8s 2 S; (104)

Ql1s + Z3s � Qf1s 8s 2 S; (105)

Ql2s + Z4s � Qf2s 8s 2 S; (106)

C:Qf1s � Z5s � y1s 8s 2 S; (107)

y1s � v: (1� 1)
(1 + �) :(1� �1)

:Qf1s + Z6s 8s 2 S; (108)

(C + ns) :Qf2s � Z7s � y2s 8s 2 S; (109)

y2s � (v +ms) : (1� 2)
(1 + �) : (1� �2)

:Qf2s + Z8s 8s 2 S;
(110)

(1 + �) :Pl2s = Pf2s + Z+
18s � Z�18s 8s 2 S; (111)

Pf2s =
(v +ms) : (1� 2)

1� �2 + Z+
9s � Z�9s 8s 2 S;

(112)

Qf1s = !1s + Z+
10s � Z�10s 8s 2 S; (113)

Qf2s = !2s + Z+
11s � Z�11s 8s 2 S; (114)

y1s � �1 + Z12s 8s 2 S; (115)

y2s � �2 + Z13s 8s 2 S; (116)

(1 + �) :C:Qf1s � Z14s � y3s 8s 2 S; (117)

y3s =
v: (1� 1)

1� �1 :Qf1s + Z+
15s � Z�15s 8s 2 S;

(118)

Max �ls (Ql1s; Pl1; Ql2s; Pl2) =
SP
s=1

�s:&ls � �:
�
SP
s
�s:
��
&ls � SP

s0
�s0 :&ls0

�
+ 2:�s

��

� SP
s=1

�s:

0BBBBBBBB@
W1:Z1s +W2:Z2s +W3:Z3s +W4:Z4s +W5:Z5s +W6:Z6s +W7:Z7s+

W8:Z8s +W9:
�
Z+

9s + Z�9s
�

+W10:
�
Z+

10s + Z�10s
�

+W11:
�
Z+

11s + Z�11s
�

+W12:Z12s +W13:Z13s +W14:Z14s +W15:
�
Z+

15s + Z�15s
�

+W16:Z+
16s

W17:
�
Z+

17s + Z�17s
�

+W18:
�
Z+

18s + Z�18s
�

1CCCCCCCCA
(100)

Box V
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(C + ns) : (1 + �) :Qf2s � Z16s � y4s 8s 2 S;
(119)

y4s =
(v +ms) : (1� 2)

(1� �2)
:Qf2s + Z+

17s � Z17s

8s 2 S; (120)

(1 + �) :Pl1 = Pf1; (121)

Pf1 =
v: (1� 1)

1� �1 ; (122)

Z1s; : : : ; Z8s; Z+
9s; Z

�
9s; Z

+
10s; Z

�
10s; Z

+
11s; Z

�
11s; Z12s;

Z13s; Z14s; Z+
15s; Z

�
15s; Z16s; Z+

17s; Z
�
17s; Z

+
18s;

Z�18s; Ql1s; Pl1; Ql2s; Pl2s; Qf1s; Pf1; Qf2s; Pf2s;

y1s; y2s; y3s; y4s � 0: (123)

As seen in the two models, the �rst part of
the objective function in both models consists of the
solution robustness part that seeks to optimize the
mean pro�t for each scenario. The second part is to
minimize the variance of the objective function related
to the solution robustness, and the last part is also asso-
ciated with the penalty function and model robustness.
Constraints (88) and (102) are for linearization of the
robust objective function.

A real case of a chandelier industry is investigated
for evaluating the QR and agility performance in
reality. In this case, the applicability and e�ciency
of the models are proved and a comparison between
models is made.

4.6. Case study
The decoration and chandelier manufacturing company
of Shomal began in Northern Iran in 1991. The
second level of the supply chain is the decoration-
and chandelier-shop Milad which has served as the
pioneering retailer in this �eld for many years, selling
luxury chandeliers and decorations in the North of
Iran. In this case, the traditional model is primarily
applied and then, the second model is implemented.
The market for these types of products is highly
unstable; consequently, quick changes are observed
in this market. Notice that the manufacturer only
produces conventional and almost predictable products
with low variations in demand. In addition, the
retailer does not have much interest in considering the
variations of costumers' demands. The retailer's and
manufacturer's strategies allow for the retailer order
only once during the sales season. In this model, the
optimal ordering and production quantities and prices
for two levels of the supply chain will be obtained. For
solving the model, the interview method and analysis

Table 2. Value of deterministic variables.

Parameter (P ) Value (V )

C 170,000
� 70%
 70%
S 150,000

Cap 2,400
V 300,000
� 0.213
B 800,000,000

Table 3. The values of scenario (s)-dependent
parameters.

s=p 1 2 3 4 5 6 7

Ds 1670 1780 1930 1520 2010 1745 1890
ws 1900 1980 2040 1600 2100 1800 1950
�s 0.09 0.15 0.23 0.08 0.22 0.10 0.13

of historical data are employed and then, certain values
of parameters are shown in Table 2. Furthermore,
the marketing and sales managers do not have ac-
curate information about some parameters because
of uncertain circumstances. Therefore, the values of
non-deterministic parameters, di�erent scenarios, and
occurrence probability of each scenario are given in
Table 3.

Seven scenarios are considered for uncertain pa-
rameters whose values are reported along with the
occurrence probability for each scenario. Concerning
the information received by the experts in this area,
di�erent scenarios have pertained to each other.

After solving the model in the GAMS 24.0.1, the
optimal production and order quantity are given in Ta-
ble 4; the price and objective function regarding various
scenarios for each level are given in the following.

The leader has chosen the best possible strategy
with regard to the model constraints and the follower
should accept that as its constraints are not violated in
the leader's decision. Thus, the manufacturer should
o�er a strategy in that all follower constraints are
fully satis�ed. Regarding the nature of the problem
and the supply chain, Table 4 presents the values
of clearance sales for the manufacturer, the leader of
the SG. Moreover, it is important to note that the
leader could not propose any desired price due to the
limitations and also, the follower would not accept the
proposed price. If this is the case, the retailer would
not order anything; therefore, the manufacturer should
make a decision rationally.

Moreover, optimal prices are provided in Table 5.
For the model nature, the manufacturer aims at a
price that obtains maximum pro�t. The leader of the
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Table 4. Optimal Solution (OS) of production and ordering quantity.

S/(OS) 1 2 3 4 5 6 7

Qls 1900 1980 2040 1600 2100 1800 1950
Qfs 1900 1980 2040 1600 2100 1800 1950

Table 5. Optimal Price (OP) in the �rst model.

OP V

Retailer 300,000
Manufacturer 247,320.692

Figure 1. Objective function of the retailer and
manufacturer for the �rst model.

SG cannot o�er his favorite price since otherwise, the
follower may not order at all. Thus, this strategy
is not preferred by the manufacturer. Similarly, the
retailer's price cannot exceed a certain limit either
because the customers already have a certain value on
their mind for the goods. Thus, if the price is higher
than their expectation, they will refuse to do any full-
price purchase. This situation is also not favorable
for the retailer. The mean values of the objective
function for the retailer and the manufacturer when
all scenarios are taken into consideration are presented
in the following.

The values of the objective function for the
manufacturer and retailer while two members of the
supply chain take traditional approaches are shown in
Figure 1. The objective function for the manufacturer
is almost $2,000,000 more than that for the retailer
since the manufacturer as the leader of the game has
no clearance sale in the system. However, the retailer
mostly encounters clearance sales which reduce his
pro�ts due to the nature of the market.

After implementing the �rst model in the real
case, the second one is solved and its results are
analyzed. For applying the model, the retailer and
manufacturer can respond quickly and properly to
their market upon accepting some additional costs
so that they can meet customers' expectations and
demands at the right time. The retailer can issue an
order less than before considering the market demand

Table 6. The values of certain parameters of the model.

Parameter (P ) Value (V )

C 170,000
�1 70%
�2 75%
1 70%
2 72%
s1 60,000
s2 170,000
V 300,000
� 0.213
�1 400,000,000
�2 400,000,000
Cap1 1,600
Cap2 1,300
CQ 5,000

using QR ability. He can also identify the market
requirements and demands and update his information
after starting the sale season and give the manufacturer
his new order depending on the customers' demands
and requirements [3,4,8,11]. The AM can recognize
unpredictable changes in the market and satisfy them
based on both information sharing among retailers and
manufacturers and cutting-edge technology [1,24]. This
study considered these matters and anticipated the
related extra costs.

Having such capabilities necessitates paying some
costs that can make them able to re�ll or produce an
order based on consumer preferences and requirements.
To gather the preferred data, an interview with the
retailer and the manufacturer was conducted. The
values of the parameters are shown in Table 6.

Subsequently, the parameters associated with the
scenarios with their occurrence probabilities are pre-
sented in Table 7.

Given the values in Tables 6 and 7, the output of
the second model is reported in the following tables.

Table 8 also shows production and order quanti-
ties for the retailer and manufacturer under di�erent
scenarios. The retailers can order twice during the
sale season by incurring extra costs in which he could
satisfy customer's demands and needs. Furthermore,
they can boost pro�ts by minimizing the clearance
sales at the end of the sale season. Besides, the
manufacturer has the ability to identify variation in
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Table 7. Values of uncertain parameters depended to the scenario.

S/P 1 2 3 4 5 6 7

D1s 1080 1180 1240 1040 950 1050 1180
D2s 895 970 1076 869 835 998 963
ns 30000 26000 20000 33000 38000 23000 27000
ms 61000 51000 39000 65000 72000 48000 53000
w1s 1200 1260 1310 1100 980 1120 1240
w2s 950 1005 1100 900 870 1040 980
�s 0.14 0.15 0.09 0.13 0.23 0.15 0.11

Table 8. The optimum quantity of production and order under di�erent scenarios.

S=V 1 2 3 4 5 6 7

Qf1 1200 1260 1310 1100 980 1120 1240

Qf2 950 1005 1100 900 870 1040 980

Ql1 1200 1260 1310 1100 980 1120 1240

Ql2 950 1005 1100 900 870 1040 980

Table 9. The price of the �rst product.

Retailer 247,320.692

Manufacturer 300,000

the market by accepting extra costs and look for an
appropriate response to the market requirements in a
short time. In Table 8, the manufacturer can respond
to the conventional and unconventional demands at the
delivery time based on the market demands under each
scenario.

Moreover, Table 9 shows the price of the �rst
product which can receive before starting the season.
In other words, the retailer orders a certain quantity of
products and provides them with a price independent
of the scenario.

The selling price of the second type pertains to the
scenarios if the parameters associated with the demand
for the product are considered uncertain. According
to Table 10, the prices of the second type of product
under di�erent scenarios are not the same. This price
is calculated using the product value for the customers
and other important parameters in the pricing.

The average of the objective function for the sec-
ond model concerning di�erent scenarios is presented
in Figure 2.

The average pro�t of the retailer is about

Figure 2. Average pro�t of the objective function for the
second model.

$5.14e+6 higher than that of the manufacturer given
in Figure 2. Although the costs for the retailer
and manufacturer increase by using agility, they can
present a better planning for the unstable market
and o�er products in proportion to the demands and
instantaneous changes in the market, which would lead
to the improvement of customer satisfaction and also,
enhancement of the product value. The increase in the
aforementioned value for the customers has persuaded
them to pay greater costs for their desired product and
this has led to increasing the pro�t of supply chain
members. Thus, they have reduced the quantity of the
products subjected to clearance sales. Now, the �rst

Table 10. The price (Pr) of the second type product (�102).

S=Pr 1 2 3 4 5 6 7

Pl2 3333 3241 3130 3370 3435 3213 3259

Pf2 4043 3931 3797 4088 4166 3898 3954
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Figure 3. The retailer's pro�t function in the �rst model,
real situation of the market, and the second model.

Figure 4. The manufacturer's pro�t function in the �rst
model, real situation of the market, and the second model.

and second models and the real situation of the market
in a similar situation are compared as follows.

With regard to Figures 3 and 4, the objective
functions for the second model have been improved by
the suggested tools. The retailer should look for two
important actions in the world of fashion and luxury
products: 1) to prevent the clearance sales of goods at
the end of the sales season; and 2) to respond quickly
and appropriately to the instant changes at the market
level. Furthermore, the AM with the features such
as quick production response and exibility has the
capacity to consider the newest demands in a timely
fashion at the market level in the production and
respond to the needs. Thus, the manufacturer could
acquire such a capability by covering the cost so that
customers' satisfaction could increase and pro�t be
secured.

Through the use of QR, the retailer could reduce
extra chandeliers and produce a smaller number of
products; therefore, in this regard, strategic customers
are more willing to buy chandeliers at the full price
and even, pay higher prices for the ones that have

satis�ed their demands. The results of this model
show that the retailer and manufacturer can enhance
their pro�ts by using useful information and up-to-
date methods for production, ordering, and pricing
systems. These modern methods have consequences;
for instance: 1) By employing agility, the production
level of the supply chain can react to the instantaneous
variation in the needs and demands of the market at a
certain time. Consequently, the value of the goods has
risen for the customers and the manufacturer's pro�t
is enhanced; 2) By taking the customers' requirements
and behavior into consideration, the retailer can attract
more potential customers and raise their willingness to
buy at the full price; 3) Taking advantage of QR to cut
down on both the waste of resources and the o�-sales
can bring about satisfaction for both customers and
retailers because customers' needs would be satis�ed
as perfectly as possible and the retailer, on the other
hand, could achieve a better pro�t in this sense; 4)
These features in the manufacturing and retailing allow
for a strategic planning to act better in response to
uncertainty and sudden changes in the market.

Achievements of the second model have culmi-
nated in reducing delivery time, shortening LT, low-
ering prices, and higher customer satisfaction. To
enhance customer satisfaction, the manufacturer tries
to introduce a new product or a model based on their
needs and demands and meet the quality standards.
Introducing new products based on customers' needs
has driven the supply chain members into providing
concentrated and compatible programming and requir-
ing su�cient processes with an integrated information
system.

The supply chain members incurring additional
costs to provide an integrated system for sharing infor-
mation and having close relationships with customers
could cut the total costs (such as the cost of obsolete
products), reduce LT, enhance customers' satisfaction,
identify immediate variations, and �nally introduce
products depending on the market needs.

Improving exibility and managerial expertise,
employing skilled workers, and providing an integrated
information system in the supply chain would help the
competitors to get the highest market share. Further-
more, the acceleration of responding and identifying
market demands and variations using exact informa-
tion from customers could satisfy their demands and
requirements. Finally, utilizing advanced technology
makes them able to react appropriately and quickly to
various circumstances including both conventional and
non-conventional demands. However, these capabilities
can be acquired by devoting more e�ort, time, and also
costs.

In Figures 5 and 6, the sensitivity analysis for
the model robustness (�) is presented by the mean
objective function derived from the �rst and second
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Figure 5. Trade-o� between model and solution
robustness in the �rst model.

Figure 6. Trade-o� between model and solution
robustness in the second model.

model solutions. As can be seen in these �gures, the
average pro�t decreases; however, the model robustness
primarily increases by increasing the penalty function
�. Then, followed by a reduction and upon achieving
values of 100,000 and 30,000 for the robustness of the
�rst and second models, respectively, it remains steady.

4.6.1. Sensitivity analysis
In this section, the sensitivity of the model parameters
is analyzed by tracking the changes in their values;
consequently, variations in the average pro�t in various
situations are measured and presented.

In Figure 7, the average objective function for the
retailer is analyzed in a situation where the retailer
has the QR ability and chooses the non-AM. In this
way, the average pro�t increases in comparison to
the �rst model in a situation where the cost of QR
for the retailer is equal to, or less than, $1,500.
However, the mean objective function for the retailer
declines by increasing the QR costs and in such a
situation, the application of QR is not economically
reasonable.

Now, the mean objective function in which the
retailer selects the AM is analyzed. The retailer's
pro�ts with di�erent costs are presented in Figure 8.
In this regard, the lower the QR costs, the greater the

Figure 7. Average pro�t function of the retailer versus
cost of quick response regardless of the manufacturer
agility.

Figure 8. Analysis of the retailer's pro�t versus the
changes in quick response costs.

pro�t. By increasing the costs up to $50,000 for the
retailer, pro�t is earned more than that achieved in
the �rst model. In this situation, if the QR costs rise
from $5,000 to $50,000, utilizing this capability will be
economically reasonable.

In Figure 9(a), the average pro�ts are analyzed,
while the costs of agility in the second scenario vary. As
can be observed, by increasing its costs up to $83,000,
the manufacturer earns more pro�t than that achieved
by the �rst model. Afterwards, the pro�t decreases.
Figure 9(b) shows the changes in mean pro�t with
variations in the agility costs for all scenarios. The
average pro�t increases as compared to the pro�t
earned in the �rst model as the cost of agility is up to
$40,000 in each scenario. Thus, these limited costs are
economically reasonable for the manufacturer if other
parameters are constant.

Figure 10 shows the mean pro�t variations as the
second type of product is di�erently valued for the
customers. If this parameter experiences a reduction
of up to $50,000 compared with that of the case study
while assuming that other parameters are constant, the
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Figure 9. The manufacturer's average pro�t versus the
variations of the second scenario (a) and all of the
scenarios (b) for the agility costs.

Figure 10. Variations of the manufacturer's average
pro�t versus variations of the product value for the
customers.

manufacturer's average pro�t will be more than that of
the �rst model. However, the manufacturer can gain a
greater amount of pro�t using agile capabilities.

The average pro�t changes in case of demand
variation are given in Figure 11. This �gure depicts

economic justi�cation in low demand situations. As
illustrated earlier, the retailer's average pro�t moves
further than that in the �rst model by the declining
demand for the second type of product (around 390) in
each scenario.

The average pro�t of the second product with the
initial cost factor (up to 0.717) is greater than that in
the �rst model, as demonstrated in Figure 12.

While the cost factor for the customers is reduced,
changes in the retailer's pro�t are given in Figure 13.
As observed, a decline in the cost up to 0.75 results
in a greater pro�t for the retailer than that in the
�rst model and this seems to be more economically
reasonable.

In Figure 14, the retailer's average pro�t changes
are illustrated as the QR costs are increasing in value in
a situation in which there have been demand changes
in each scenario. In this analysis, �ve di�erent types of
demand with distinctive values are taken into account
and analyzed by various costs of the QR. For instance,
the demands given in the �rst scenario are 573, 608,
445, 479, 686, 580, and 505, respectively. In this
situation, the earnings economically justify the retailer
to accept QR costs up to $10,000. The rest of the
results are shown in Figure 14.

As shown in Figure 15, the retailer's average pro�t
against variations in the QR costs is investigated in a
situation where demands concerning a reduction in the
product value and in price of the second product vary
di�erently. The maximum objective function for the
retailer is obtained through the initial price factor of
0.78 and QR cost of zero. According to this �gure, a
reduction in the demand and the price of the second
product points to their signi�cant role in the increase
of the retailer's pro�t.

This study con�rms that agile abilities are as-
sociated with customer satisfaction and pro�ts. The
previous discussions and results compared to real situ-
ations con�rm the models' applicability and e�ciency.
In contrast to the case, more products would be
sold to customers than to those in the real situation.
Besides, the customers are convinced to pay more
for the products in which their requirements would
be met. Although the �rst model has not enjoyed
any agile ability, the pro�t of the model was greater
than that earned in reality. Since the proposed model
considers market competition and the possibilities of all
scenarios, it can provide decision-makers with better
strategies and results. Regarding the second model,
the clearance sales are noticeably reduced compared
with the �rst model and reality; consequently, the
observed decline in that amount could be attributed to
the manufacturer's and retailer's pro�ts. Di�erences
between the scienti�c �ndings and reality can also
inuence the waste resources. In other words, natural
resources such as wood, oil, and water are wasted as
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Figure 11. Variations in the average pro�t versus variations in the demand.

Figure 12. Variations in the retailer's average pro�t
versus the percentage of price reduction of the second type
product.

Figure 13. Variations of the retailer's average pro�t
versus cost reduction for the customers.

the related products have become obsolete. Thus,
these �ndings help practitioners to understand how to
develop their work optimally and reduce their clearance
sales. Last but not least, the outputs and discussions
have important implications for developing an agile
system.

The manufacturers require cutting-edge software
(e.g., SAP and modular assembly), skilled and exible
workforce, and quick production system to develop
products based on market variability. These measures
can reduce natural resources waste so that manufactur-
ers can recoup an amount of their investment in this
regard. Also, the wholesale price will rise after opti-

Figure 14. Variations of the average pro�t versus
variations of the demand and costs of quick response.

mizing their production quantity based on the market
demand, which in turn translate into greater pro�ts. In
the retail business, retailers should record background
information about customers' requirements, sales, and
complaints. Besides, the integrated information system
makes it possible for retailers to optimally adjust orders
depending on the market demand. Thus, the clearance
sales would be noticeably decreased and the retailers
could enhance their earnings, although they need to
employ a computerized database and system. The
system could provide them with useful information
on customers' demand, complaints, and sales �gures;
consequently, the available data analysis is valuable to
improve service level and quality based on customer
requirements and expectations. As such, the customers
are satis�ed and accordingly, a more market share is
derived.

It would have been better if the supply chain
members were trying to develop a more centralized
system in the whole supply chain. In general, the
competitive nature of supply chain may lead to a
reduction in the members' pro�ts due to the speci�c
situations of competition. For a better explanation,
the members have to reach a decision because of some
limitations under competitive circumstances. There-
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Figure 15. Comparison of the average pro�t with the demand variations, reductive factor of the product value, and price
factor of the second type product versus variations of the quick response costs.

fore, good decisions are made if the supply chain
has become more centralized using di�erent contracts
such as revenue sharing. In addition, retailers and
manufacturers should facilitate a good communication
with an integrated system (e.g., SAP). In this regard,
the manufacturers can receive the required information
on demand and expectations and then, will adopt a
new approach in their production line to meet their
inevitable demand.

5. Conclusion

Due to the high variability and inconsistency of the
fashion market, it is clear that a successful retailer
and a manufacturer are the ones who can adopt the
right decisions and policies in line with the market
needs and variations. Considering the customers'
behavior, competitive situations, and the goods value,
the method of ordering, pricing, and production should
be improved.

Therefore, in this study, two Bi-Level Stackelberg
Models (BLSMs) including the manufacturer and re-
tailer were developed under uncertain circumstances to
determine the optimal production and order quantities
and price. Then, the proposed models were applied
to the real case. In the �rst model, the traditional
manufacturer, regardless of the market needs and
variations, produces a certain volume of goods and
the retailer also places an order for once due to the
long Leud Time (LT). In this situation, the results
improved slightly compared to what occurs in reality
in terms of prices and clearance sales. However, in the
second model, an Agile Manufacture (AM) introduced
the products based on the instant variations in the
market needs and demands considering the uncertainty

supplied depending on the changes in the customers'
needs.

The results of the proposed models demonstrate
that the manufacturer and retailer can identify the
market variations within a short time using their agile
abilities. They are able to respond to these changes at
the right time; accordingly, the customers will be more
satis�ed so that they will be persuaded to spend more
money in the market. The additional costs of adopting
the abilities would be incurred by each retailer and
manufacturer considered in the model. However, the
value of the second product is higher than that of
the �rst one. The main reason is that the value of
goods produced concerning the market variations will
increase the customers' motivation toward paying
more for buying a product.

There are many possible directions for future
research. The presented model in this study could
be developed by considering the simultaneous and
sequential competition between the retailers and man-
ufacturers, some of which may be agile. To ensure more
explanation, �rstly, the retailers and the manufacturers
compete with each other at their levels (simulta-
neous game) and two levels (the dominant retailer
and manufacturer) will sequentially compete for more
pro�t Stackelberg Game (SG). Moreover, the proposed
models can be solved by heuristic and metaheuristic
algorithms to compare the obtained results with the
ones found in this study. Therefore, a further study on
the solution approach is suggested and the e�ciency of
the method is examined more.
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Appendix A

Here, the mentioned equations in the main manuscript
are explained:

C: (1 + �) � Pf � v: (1� )
(1� �) ; (A.1)

0 � Qfs � cap 8s 2 S; (A.2)

y2s = Pf :Qfs 8s 2 S;

C: (1 + �) � Pf � v: (1� )
(1� �)

�Qfs���!C: (1 + �) :Qfs

� Pf :Qfs � v: (1� )
(1� �) :Qfs

y2s=Pf :Qfs��������!C:

(1 + �) :Qfs � y2s � v: (1� )
(1� �) :Qfs

8s 2 S; (A.3)

y3s = Pf1:Qf1s 8s 2 S;

(1 + �) :C � Pf1 � v: (1� 1)
1� �1 ; (A.4)

0 � Qf1s � Cap1 8s 2 S; (A.5)

(1 + �) :C � Pf1 � v: (1� 1)
1� �1

�Qf1s����! (1 + �) :C:Qf1s

� Pf1:Qf1s � v: (1� 1)
1� �1 :Qf1s

y3s=Pf1:Qf1s����������!

(1 + �) :C:Qf1s � y3s � v: (1� 1)
1� �1 :Qf1s

8s 2 S; (A.6)

y1s = Pl1:Qf1s 8 2 S;

C � Pl1 � v: (1� 1)
(1 + �) : (1� �1)

; (A.7)

0 � Qf1s � Cap1 8s 2 S; (A.8)

C � Pl1 � v: (1� 1)
(1 + �) : (1� �1)

�Qf1s����!C:Qf1s

� Pl1:Qf1s � v: (1� 1)
(1 + �) : (1� �1)

:Qf1s

y1s=Pl1:Qf1s����������!C:Qf1s � y1s

� v: (1� 1)
(1 + �) :(1� �1)

:Qf1s 8s 2 S; (A.9)

C + ns � Pl2s � (v +ms) : (1� 2)
(1 + �) : (1� �2)

�Qf2s����! (C + ns)

:Qf2s � Pl2s:Qf2s � (v +ms) : (1� 2)
(1 + �) : (1� �2)

:Qf2s
y2s=Pl2s:Qf2s����������! (C + ns) :Qf2s � y2s

� (v +ms) : (1� 2)
(1 + �) : (1� �2)

:Qf2s 8s 2 S; (A.10)

(C + ns) : (1 + �) � Pf2s � (v +ms) : (1� 2)
(1� �2)

�Qf2s����! (C +ms) : (1 + �) :Qf2s � Pf2s:Qf2s

� (v +ms) : (1� 2)
(1� �2)

:Qf2s
y4s=Pf2s:Qf2s�����������!

(C + ns) : (1 + �) :Qf2s � y4s

� (v +ms) : (1� 2)
(1� �2)

:Qf2s 8s 2 S: (A.11)
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Appendix B

Here, the mentioned equations in the main manuscript
for the �rst and second models are explained:

First model

U5: (C: (1 + �) :Qfs � y2s) = 0 8s 2 S; (B.1)

U6:
�
y2s � v: (1� )

(1� �) :Qfs
�

= 0 8s 2 S; (B.2)

U9:y2s = 0 8s 2 S; (B.3)

U1: ((1 + �) :Pl � Pf ) = 0; (B.4)

U2:
�
Pf � v: (1� )

1� �
�

= 0; (B.5)

U8:Pf = 0; (B.6)

U3: (Qfs � ws) = 0 8s 2 S; (B.7)

U5: (C: (1 + �) :Qfs � y2s) = 0 8s 2 S; (B.8)

U6:
�
y2s � v: (1� )

(1� �) :Qfs
�

= 0 8s 2 S; (B.9)

U7:Qfs = 0 8s 2 S; (B.10)

Second model

U1: ((1 + �) :Pl1 � Pf1) = 0; (B.11)

U3:
�
Pf1 � v: (1� 1)

1� �1
�

=0; (B.12)

U11:Pf1 = 0; (B.13)

U2: ((1 + �) :Pl2s � Pf2s) = 0 8s 2 S; (B.14)

U4:
�
Pf2s � (v +ms) : (1� 2)

1� �2
�

= 0 8s 2 S;
(B.15)

U12:Pf2s = 0 8s 2 S; (B.16)

U7: ((1 + �) :C:Qf1s � y3s) = 0 8s 2 S; (B.17)

U8:
�

y3s � v: (1� 1)
1� �1 :Qf1s

�
= 0 8s 2 S; (B.18)

U13:y3s = 0 8s 2 S; (B.19)

U9: ((C + ns) : (1 + �) :Qf2s � y4s) = 0 8s 2 S;
(B.20)

U10:
�
y4s� (v +ms) : (1� 2)

(1� �2)
:Qf2s

�
= 0 8s 2 S;

(B.21)

U14:y4s = 0 8s 2 S; (B.22)

U5: (Qf1s � w1s) = 0 8s 2 S; (B.23)

U7: ((1 + �) :C:Qf1s � y3s) = 0 8s 2 S; (B.24)

U8:
�
y3s � v: (1� 1)

1� �1 :Qf1s

�
=0 8s 2 S; (B.25)

U15:Qf1s = 0 8s 2 S; (B.26)

U6: (Qf2s � w2s) = 0 8s 2 S; (B.27)

U9: ((C + ns) : (1 + �) :Qf2s � y4s) = 0 8s 2 S;
(B.28)

U10:
�
y4s� (v+ms) : (1�2)

(1��2)
:Qf2s

�
=0 8s 2 S;

(B.29)

U16:Qf2s = 0 8s 2 S: (B.30)
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