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Abstract

Achieving an efficient supply chain is impossible without integrating supply chain
processes and extending long-term relationships between its members. Evaluating
the process, selecting a set of suppliers, and allocating orders are effective param-
eters in the coordination among supply chain members. In this study, to achieve an
organized process, a two-stage hybrid model is presented to choose efficient suppli-
ers, allocate order, and determine price in a supply chain with regard to coordination
among members. First, an integrated Multi-Objective Mixed-Integer Nonlinear Pro-
gramming (MOMINLP) model is provided to minimize costs and evaluate suppliers
simultaneously. The proposed model includes a single-buyer multi-vendor coordina-
tion model and Data Envelopment Analysis (DEA). Then, the model is simplified
and converted into a quadratic programming model. In the second stage, a model is
presented to determine the price agreed upon by the buyer and the selected efficient
suppliers using the bargaining game and the Nash equilibrium concept. The pur-
pose of this model is to maximize the parties’ utilities considering the order quantity
specified in the first stage. At the end of this paper, the data taken and adapted from
the previous researches are applied to show the abilities of the proposed models.
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1 Introduction

One of the well-known problems in the field of operations research is the Supply
Chain Management (SCM). In SCM, there are various methods to integrate sup-
pliers, manufacturers, distributors, and retailers. In today’s competition in global
markets, short life-cycle products and high-expectation customers have persuaded
the organizations to focus more on the supply chain. However, an efficient supply
chain management entails appropriate planning and coordination among different
members of a supply chain. Furthermore, in today’s business environment which
is constantly changing due to the variation in customers’ needs, managers have
realized that the materials and services received from efficient suppliers have a
significant impact on improving the organization capability to satisfy custom-
ers requirements and ensure the long-term survival of the company. Since most
organizations seek to increase the supply of resources from outside of the organi-
zation instead of producing products by themselves, the coordination between the
buyer and suppliers is one of the essential relationships among the supply chain
members (Yousefi et al. 2017).

On the other hand, production companies are regularly looking for ways to
reduce the price, maintain the product quality, increase their market share, and
finally, upgrade their competitive position (Demirtas and Ustiin 2008). Accord-
ingly, purchasing decisions associated with supplier selection and pricing have
become important because they affect organizations’ efficiency through cost,
profitability, and flexibility parameters. Therefore, manufacturing companies
are seeking to select a set of efficient suppliers to increase their competitiveness
throughout the supply chain and determine an agreeable purchasing price (Chen
2011). Applying this strategy is possible only through coordination in the supply
chain since the buyer and supplier may decide to maximize profits or minimize
costs for their own sake. There might be some contradictions between the sup-
ply chain members’ goals, which act as a barrier to meet the overall supply chain
goals. For this reason, buyer-vendor inventory models in SCM are considered a
special case of bi-level production inventory models.

Choosing an appropriate set of suppliers and setting an agreed-upon purchase
price are among the basic strategies followed by each organization. Applying this
strategy is possible only by establishing coordination in the supply chain to make
the right decision and provide optimal benefits for members. Undoubtedly, deci-
sions are influenced by the cooperative and non-cooperative behaviors among the
members of the supply chain. Typically, the contradictions between the goals of
the members reduce competitiveness and increase the cost of the supply chain
activities. The interaction between two members of the bi-level supply chain,
namely buyer and supplier, in determining the price and the amount of the order
is required to optimize the supply chain inventory costs.

In this regard, the aim of this study is to provide a two-stage hybrid model
to deal with problems including efficient supplier selection, order allocation,
and pricing regarding the coordination among supply chain members. In the first

@ Springer



Supplier selection and order allocation using two-stage hybrid... 555

stage, a hybrid mathematical model based on the single-buyer multi-vendor coor-
dination model and Data Envelopment Analysis (DEA) model is presented. This
model is a bi-objective multi-period order allocation model including cost and
efficiency as objective functions. The aim of using the multi-period inventory
model is to select the optimal suppliers and allocate orders according to the opti-
mization of supply chain costs. Applying DEA, minimizing supply chain costs,
and maximizing the efficiency have been simultaneously considered. Therefore,
the output of the model leads to the selection of the efficient suppliers and alloca-
tion of the orders according to the cost minimization and efficiency maximiza-
tion. However, in most previous studies, single-buyer multi-vendor coordination
models failed to consider the efficiency of suppliers; thus, the efficiency evalua-
tion has not been performed simultaneously with the allocation of order. Also, to
take into account the viewpoint of the Decision Maker (DM), a global criterion
method has been used for the allocation of weights to each objective function. For
the sake of simplicity, the multi-period coordination model is converted into a
quadratic programming model.

In the second stage, the price of the products ordered from the efficient sup-
pliers and the goals of parties are determined using the Nash bargaining game.
In fact, the aim of this stage is to determine the price agreed upon in the negotia-
tions between the buyer and the vendor in a competitive environment in which the
final price is determined by considering the benefits of the parties. In this state,
the benefits of the buyer and selected vendors are maximized, and the concept of
cooperation in a competitive environment between suppliers is displayed. Also,
this state shows the importance of minimizing the supply chain costs, i.e., mini-
mizing the total costs of the buyer and suppliers. Optimizing these costs is met
by reducing the buyer’s costs, matching prices with the buyer available budget,
and allocating the part of the unconventional profit of the selected vendors to the
buyer. In the pricing stage, in general, and during the bargaining path, in particu-
lar, each supplier intends to achieve a larger market share relative to its competi-
tors by offering a discount to the buyer.

The rest of the paper is organized as follows: In Sect. 2, the literature review
provides a review of the previous studies on inventory coordination models in the
supply chain, supplier selection, and application of the Nash bargaining model in
the pricing problem. In Sect. 3, the problem statement and the proposed models
are investigated. In the first phase of this section, a Multi-Objective, Mixed-Inte-
ger, Non-Linear Programming (MOMINLP) based on single-buyer, multi-ven-
dor, inventory coordination, and DEA models is presented. In the second phase
of Sect. 3, the Nash bargaining model is provided for the pricing process based
on the outcomes of the first phase and with regard to the interaction between
the buyer and selected efficient suppliers. In Sect. 4, to validate the proposed
approach, the results of implementing the proposed models in a numerical exam-
ple are provided and analyzed. Finally, in Sect. 5, the conclusion and suggestions
for future research are presented.
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2 Literature review

Due to the importance of supply chain management and the coordination among its
members in the industrial areas, the supplier selection and pricing problems have
become important issues in recent years. Regarding the subject of this study, there
are generally two main problems including efficient supplier selection and pricing.
Removing the former may lead to efficiency and cost optimization, and solving the
latter may create more interaction among supply chain members in the competitive
environment. Subsequently, a literature review is presented in three subsections enti-
tled supplier selection problem, buyer-vendor inventory coordination model, and
bargaining game.

2.1 Supplier selection problem

The first studies about the supplier selection refer to the 1960 s. In recent years also
various types of this problem have been addressed (Yousefi et al. 2017). The exist-
ing studies in this filed can be divided into two main categories:

1. Studies that focus on choosing the suppliers’ evaluation criteria and identifying
the importance of each criterion.

2. Studies that focus on providing a framework for comparing suppliers based on
the selected criteria via quantitative methods.

In the first category, the most significant criteria for the evaluation of suppliers
include harmonization with organizational goals, alignment with organizational
strategies, reliability over time, and the possibility of rapid and accurate feedback.
Several comprehensive studies have been conducted on designing and defining sup-
pliers’ evaluation criteria (Dickson 1966; Chen 2011). The second category includes
techniques for solving the supplier selection problem. In recent years, various ana-
lytical methods have been proposed to solve the supplier selection problem. Single
and combined models are two most widely used models to this end (Chen 2011).
Further examination of the previous studies reveals that researchers have shifted
from the single models to the integrated or hybrid ones. According to Chen (2011),
single models are divided into three subcategories including mathematical models,
analytical models (such as cluster analysis, multiple regression, discriminant analy-
sis, conjoint analysis, and principal component analysis), and artificial intelligence
(such as neural networks, software agent, case-based reasoning, expert system, and
fuzzy inference). Most widely used methods for the supplier selection include ana-
lytic hierarchy process (Deng et al. 2014), analytic network process (Zhang et al.
2015), mixed integer linear programming (Bohner and Minner 2017), mixed inte-
ger nonlinear programming (Mendoza and Ventura 2013), multi-objective program-
ming (Rezaei et al. 2016; Yousefi et al. 2017), goal programming (Choudhary and
Shankar 2014), fuzzy sets (Ordoobadi 2009), and data envelopment analysis (Azadi
et al. 2015). Due to the weaknesses of these methods, researchers were focused on
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integrated or hybrid approaches. Some of the hybrid models based on the combina-
tion of mathematical programming models include fuzzy multi-objective program-
ming (Wu et al. 2010; Aghai et al. 2014), intuitionistic fuzzy multi-attribute linear
programming (Wan and Li 2013), multi-objective multi-choice goal programming
(Jadidi et al. 2015), multi-objective data envelopment analysis (Rezaee et al. 2017),
multi-objective mixed integer nonlinear programming (Moheb-Alizadeh and Hand-
field 2017), and hybrid goal programming and dynamic data envelopment analy-
sis framework (Tavana et al. 2017).

Among the combined models based on multi-criteria decision-making tech-
niques, the following models can be mentioned: mixed integer linear programming
with fuzzy TOPSIS (Kilic 2013), fuzzy goal programming with fuzzy analytic
hierarchy process (Kar 2014), multi-objective programming with fuzzy analytic
hierarchy process (Azadnia et al. 2015), multi-objective linear programming with
MULTIMOORA (Cebi and Otay 2016), fuzzy multi-objective linear programming
with fuzzy analytic hierarchy process (Kumar et al. 2017), analytic network pro-
cess with grey relational analysis (Hashemi et al. 2015), analytical hierarchy pro-
cess with TOPSIS (Jain et al. 2016) and integrated fuzzy VIKOR and fuzzy TOPSIS
(Banaeian et al. 2018).

2.2 Buyer-vendor inventory coordination models

One of the main issues in the supplier selection problem is inventory management
which can be studied via mathematical programming. Inventory is usually consid-
ered one of the current assets of an organization, and its levels directly affect income
and operating costs. Therefore, the interaction between the buyer and the vendor
is important. Buyer-vendor inventory coordination models can be provided as two-
stage inventory models that can fairly assign the net income to the parties based on
the discount policies (Goyal and Gupta 1989).

Goyal (1977) was one of the first researchers who provided the buyer-vendor
coordination models. He considered a system of a single-buyer single-vendor under
the assumption of infinite production rate for the vendor to minimize the buyer’s and
vendor’s costs. In the latest studies, researchers such as Chan et al. (2010), Kamali
et al. (2011), Hammami et al. (2014), Giri and Bardhan (2015), Hariga et al. (2016),
and Yousefi et al. (2017) analyzed the types of vender-buyer coordination problems
in the supply chain with different assumptions and objective functions. In recent
decades, a high percentage of studies have mostly focused on supplier selection and
order allocation problems based on the inventory coordination models. Xiang et al.
(2014) studied the order allocation problem by considering multiple manufacturers
versus multiple suppliers. To this end, they considered two order allocation strat-
egies, namely production capacity-based strategy and the production load equilib-
rium-based strategy. Hosseininasab and Ahamdi (2015) proposed a two-phase sup-
plier selection procedure based on the supplier eligibility. The first phase included
supplier evaluation, and the second one included multi-objective portfolio optimiza-
tion. They studied the long-term trend of value, stability, and relationship of can-
didate suppliers. Adeinat and Ventura (2015) proposed a mathematical model with
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the single retailer and multiple potential suppliers to find the optimal pricing and
replenishment policy. After solving the model and providing optimal solutions, they
applied the Karush—Kuhn-Tucker conditions to investigate the impact of supplier’s
capacity on the optimal solutions.

Cebi and Otay (2016) developed a two-stage fuzzy approach for supplier selec-
tion and order allocation problems by considering the satisfying quantity discounts,
lead-time, and capacity and demand constraints. They used the fuzzy MULTI-
MOORA to evaluate and select suppliers with regard to subjective measures. Then,
they used the fuzzy goal programming to determine the amount of order allocated to
the selected suppliers. PrasannaVenkatesan and Goh (2016) used a multi-objective
mixed-integer linear programming to find the optimal suppliers selection and order
quantity allocation under disruption risk. In their study, supplier evaluation and
order allocation were conducted using the hybrid fuzzy analytic hierarchy process,
fuzzy PROMETHEE, and multi-objective particle swarm optimization. Mokhtari
and Rezvan (2017) evaluated the production-inventory problem in green supply
chain and provided a single-supplier multi-buyer multi-product model. They used a
non-linear programming model to formulate the problem and an analytical approach
to optimally solve the respective problem. Venegas and Ventura (2018) studied sup-
ply chain coordination mechanism and proposed the single-buyer single-vendor sup-
ply chain for order allocation by considering price-sensitive demand and quantity
discounts in the cooperative and non-cooperative game environments.

2.3 Negotiation and bargaining

The application of cooperative games in supply chain management has turned into a
natural choice. In fact, as the partnership improves the efficiency of the supply chain,
the cooperative game has found an essential role in the supply chain. The ability to
combine game theory with other approaches has led to a plethora of studies in the
field of supply chain design and coordination. One of these studies proposed coordina-
tion of cooperative advertising models in a one-manufacturer two-retailer supply chain
system (Wang et al. 2011). Another research includes the simultaneous cooperative
and non-cooperative advertising along with pricing decisions in a supply chain con-
sisting of one manufacturer and one retailer (Aust and Buscher 2012). During recent
years, the increased bargaining and negotiation between supply chain members have
been extensively drawn the attention. Likewise, Nagarajan and SoSic (2008) studied
the cooperative game theory in the bargaining problem in supply chain management.
They emphasized two aspects of cooperative games including profit allocation and sta-
bility. On the other hand, due to the highly competitive environment, bargaining has
turned into one of the crucial elements in the transactions. Perhaps, the first known
instance of using bargaining in the supply chain has been presented by Kohli and Park
(1989). In another study, Sucky (2005) focused on supply chain management from the
inventory management point of view. Then, Sucky (2006) proposed the bargaining
model with the consideration of discount policies for a single supplier-single buyer
problem. Ye and Xu (2010) discussed coordination in a decentralized supply chain
consisting of a vendor and a buyer. They presented two inventory models including the
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decentralized supply chain based on the Stackelberg game and the concentrated supply
chain based on the Nash bargaining. He and Zhao (2012) used the Nash bargaining
problem for coordination in multi-echelon supply chain under uncertainty conditions.
Chern et al. (2014) examined the relationship between the buyers and the suppliers
using the non-cooperative Nash equilibrium. They considered an allowable delay, pos-
itive impact on the demand, negative impact on the cost, and risk in the supply chain.

In this study, a two-stage model is presented to select efficient suppliers, allo-
cate orders, and determine price considering coordination between supply chain
members. In the first stage, a hybrid model based on the buyer-vendor coordination
model and DEA is provided. It may consider the qualitative and quantitative meas-
ures for selecting efficient suppliers as well as allocating orders according to the cost
optimization. Also, in the second stage, a mathematical model is presented based on
the Nash bargaining game to finalize order price.

3 Problem statement and proposed models

In this study, a bi-level supply chain consisting of the single manufacturer (buyer) and
multiple vendors (suppliers) is considered with the aim of selecting an appropriate set of
efficient suppliers and determining the price agreed upon by the parties. First, a strategic
plan is made by the buyer to determine the objective of the annual demand considering
the market studies and market conditions in the future. Then, the buyer seeks to identify
available suppliers in the market, especially those having previous cooperative experi-
ence with the buyer. Subsequently, the identified suppliers are analyzed using the pro-
posed hybrid model to ensure maximized efficiency and minimized costs. This model
seeks to select suppliers which optimize the cost of the supply chain. The selected sup-
pliers must be able to supply products based on the relevant evaluation criteria. After
selecting the needed suppliers to meet the buyer’s demand based on the objectives and
constraints, the price negotiation and bargaining are done (the price that maximizes the
profits for the vendor and the losses for the buyer) to simultaneously maximize the utili-
ties of the vendors and buyer and ultimately to reduce the cost of buyer’s purchase. In
fact, at this stage, the bargaining model is implemented simultaneously for the buyer and
vendors. Hence, the suppliers attempt to balance their prices and conclude a contract
by observing each other’s suggested price. By implementing this model subject to the
buyer’s budget constraints and the parties’ utilities, the buyer will be able to obtain the
appropriate price and the vendor will be able to obtain profit. Figure 1 shows the manner
of buyer-vendor interaction in the problem under scrutiny. Figure 1 illustrates the process
of evaluating and selecting the suppliers as well as allocating the orders in the first stage
and the process of pricing via bargaining game in the second stage.

According to the proposed model, in the first stage, the MOMINLP model is pro-
vided. It considers the single-buyer multi-vendor coordination model to select efficient
suppliers, calculate the optimal order quantity, minimize the total supply chain cost,
and maximize efficiency. This hybrid model simultaneously performs the supplier
selection and order allocation. In the second stage, the bargaining model between the
buyer’s price and the selected suppliers’ price is presented. The steps related to this
two-stage approach are specified in Fig. 2. The assumptions, indices, parameters, and
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Supplier n

Evaluation of suppliers’
performance and determining their
efficiency

Efficient suppliers’ selection and
allocating order to potential
suppliers according to optimization
of supply chain costs

Fig. 1 The proposed approach used in this study

The first step:

Strategy identification

The first stage:

allocation

Supplier election and order

The second step:

Objective:
Maximizing the
profit of the parties
to negotiate

prreining

Achieving the final

price between buyer
and selected supplier

Evaluation and

The second stage:

Negotiation and final agreement

s N
Declaration required by buyer (manufacturer) for vendors
| (suppliers)
1) J
:< 4 N\
| Identifying suppliers for access to diverse sources
1
- N\ J
(
Simultaneously evaluation efficiency of the suppliers and
optimization supply chain costs (by integration Data
: Envelopment Analysis and
buyer-vendors coordination models)
| J
- Solving model and efficient supplier selection required
for supply buyer demand
N\ J
-
Modeling concept of bargaining included
identification buyer and vendor utility function,
budget constraints and profits from the sale
& J
( N\
Solving the bargaining model
and achieve an agreement on the price between buyer and
vendors
& J

Fig.2 The two-stage hybrid model for supplier selection and pricing

decision variables of the proposed models are listed in Table 1. Also, the objective
functions and constraints of the relevant sub-sections are expressed.

3.1 Hybrid model for efficient supplier selection and order allocation

This section presents a model based on the buyer-vendor coordination and DEA
models. This model considers the efficiency of vendors or suppliers (as decision-
making units). Therefore, this model intends to select the maximum N efficient sup-
pliers among N candidate suppliers and to specify the amount of order allocation
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Table 1 Model assumptions, indexes, parameters and variables

Assumptions

Considering the two-level supply chain consisting of a single buyer and multiple suppliers

. Inventory shortage for buyer and suppliers is not allowed

. The model is considered as a single product

. Annual demand is known and constant over time

. A multi-period model is considered

. Limited annual budget for the buyer in the bargaining stage

. Limited annual production capacity for the supplier

1.
2
3
4
5. The buyer can purchase the required quantity from multiple suppliers
6
7
8
9

. At the beginning of the modeling, no suppliers have been selected

10. The holding cost is proportional to the average inventory

The first model

The second model

Indexes
The set of selected suppliers, k = {1,...,N}

The input set of each candidate supplier (DMUs),
i={1..mj}

The output set of each candidate supplier (DMU),
j={1...s

Parameters

D: Buyer’s annual demand

P,: Annual production rate of the kth supplier
(X, P> D)

¢, Unit price offered by the kth supplier

Ay Ordering cost for the kth supplier

z;: Variable cost for each product of the kth sup-
plier (includes manpower cost, material cost, and
overhead)

S, Setup cost of production for the kth supplier

h,,: Buyer’s inventory holding cost per unit per
unit time

hy: Inventory holding cost of the kth supplier per
unit per unit time

& An extremely small number

I, : The ith input of the kth supplier

0. : The jth output of the kth supplier

N: The upper bound of the number of the suppliers
needed from the viewpoint of the buyer

Variables

q,: Purchased quantity per period from the kth
supplier

The set of suppliers, k = {1,...,n}

D: Buyer’s annual demand

Py AArllnual production rate of the kth supplier
e Pr2D)

¢;: Unit price offered by the kth supplier

Ay: Ordering cost for the kth supplier

Z;: Variable cost for each product of the kth sup-
plier (includes manpower cost, material cost, and
overhead)

S, Setup cost of production for the kth supplier

h,: Buyer’s inventory holding cost per unit per unit
time

hy: Inventory holding cost of the kth supplier per
unit per unit time

q;: Purchased quantity per period from the kth
selected supplier (obtained from the first model)

¢, Purchased quantity per period from the kth
selected supplier based on a percentage of buyer’s
annual demand rate (obtained from the first
model)

B: The budget available for the buyer

G,: The minimum expected profit for the kth
selected supplier

¢;: Unit price obtained from the bargaining with the
kth selected supplier (price agreement)
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Table 1 (continued)

The first model The second model

¢, Purchased quantity per period from the kth Uy: The buyer’s cost if the buyer contracts with
supplier based on a percentage of buyer’s annual selected suppliers
demand rate

Y- binary variable; if for ordering the product, U,: The profit of the kth selected supplier
it is decided to select the kth supplier (y, = 1,
otherwise y, = 0)

Q: The total order quantity per period from all
suppliers,

e;: The inefficiency value of the kth supplier
V,i : The weight of the ith input of the kth supplier

U,; : The weight of the jth output of the kth sup-
plier

for the selected suppliers. This process tries to cover the buyer demand by these
suppliers by taking into account the efficiency and costs of the inventory system. In
this section, the DEA model (Klimberg and Ratick 2008) is used for the supplier(s)
evaluation and selection. By combining the buyer-vendor coordination and the DEA
models, a hybrid model for supplier selection and order allocation is yielded.

It should be mentioned that for calculating the efficiency of potential suppli-
ers, the criteria (inputs and outputs) of Decision Making Units (DMUs) should
be considered. These criteria are divided into two classes including desirable and
undesirable. Undesirable criteria include costs, defect rate, and delays in delivery
that are intended to be decreased by the management. Therefore, these parameters
are considered inputs in the DEA model. Desirable criteria are profitability, qual-
ity, and reliability of delivery that are intended to be increased by the management.
These are considered outputs in the DEA model. Indeed, the proposed hybrid model
includes two objective functions: Z; for minimizing the annual costs of the supply
chain, and Z, for maximizing the efficiency of the selected suppliers.

A. The Total Cost of the Supply Chain (Z,)

The first objective function is the Supply Chain Annual Cost (SCAC), which
is equal to the sum of the Buyer’s Annual Cost (BAC) and the Suppliers’ Annual
Cost (SSACQ). In this section, each of these costs is calculated separately.

3.1.1 Buyer’s annual costs

The buyer’s annual costs in the bi-level supply chain include the Annual Purchasing
Cost (APC), the Annual Ordering Cost (AOC), and the Annual Inventory Holding
Cost (AIHC) for the buyer. The APC depends on the price per unit. Since the number
of periods in the time horizon is equal to D/Q, the APC is formulated as in relation (1).

n

APC=2Y cq, M)
o0&

@ Springer



Supplier selection and order allocation using two-stage hybrid... 563

Inventory level 4
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' @ Time

Supplier 2 P,

Supplier 3
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U Time
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— > p

Buyer

T T, T T, T

< >
>

Fig. 3 Inventory levels for the single-buyer and five suppliers

In Eq. (1), APC is equal to the sum of purchasing costs for the selected suppliers
based on the purchased quantity in different periods. Also, Eq. (2) represents the
annual ordering costs in the supply chain.

D n
AOC =23 Ay, )
Q=

It is clear from Eq. (2) that if the buyer decides to order from supplier k, a fixed
ordering cost corresponding to this supplier occurs in each period. It should be noted
that for calculating the inventory holding cost, it is required to calculate the average
inventory per unit time. The average inventory per unit time is obtained by taking the
average inventory per period and dividing it by the length of the period (7). According
to Fig. 3, during the order cycle period, the inventory of buyer from supplier k£ will go
steadily from ¢, to zero, and the length of the order period is O/D. The average buyer

1 T, 1 k. 2

inventory (I,) received from supplier k& is calculated as [, = %q—;xk = % = 2%‘
D

According to the buyer’s inventory holding cost per unit time, the AIHC, for the

orders received from the supplier k is equal to AIHC, = h,, I, = Zh—gqi As a result, the

AIHC for the orders that the buyer receives from all suppliers can be written as in rela-
tion (3).

n n hb n 5
AIHC = ];Alﬂck = k; Il = 35 Zf q; 3)
Equation (4) calculates the buyer’s annual cost as follows:
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D hy noo2
BAC:APC+AOC+AIHC=—[ (€ +Ay)] p
0 Zk 1 kTR TRk QZ )

3.1.2 Suppliers’ annual cost

The Suppliers’ Annual Cost (SSAC) includes the Annual Cost of Production (ACP),
the Setup Annual Cost (SAC), and the Annual Cost of Inventory Holding (ACIH). The
ACP and SAC are given by Egs. (5) and (6), respectively.

n

ACP =) 7,4, 5)
k=1
n
; (6)

In Eq. (5), the ACP is equal to the sum of costs required for each product in different
periods. Also, it is clear from Eq. (6) that if the selected suppliers provide the same
product, a fixed setup cost of production corresponding to these suppliers occurs. The
calculation of suppliers’ annual cost of inventory holding is similar to that of the buy-
er’s annual inventory holding cost (see qu 7). Therefore, the average inventory of the

T 3XGX I 2
supplier k is calculated as I, = Xq;x f = g = ;—qu.
D k
n n D " h}ﬂi
ACIH = Y ACIH = Y Iyl = >~ 3" —* @
k=1 k=1 20 &=t Py

The suppliers’ annual cost is calculated by Eq. (8).

B
=

SSAC = ACP + SAC + ACIH = 2 D ma+ S| + D = ®)
0 k=1 20 k=1 Py

The total supply chain annual cost is SCAC=BAC+SSAC. Hence, the first
objective function of the hybrid model (includes the buyer’s annual cost and suppli-
ers’ annual cost) is formulated as in relation (9).

n

hy, h
MinZI:SCAC=g<Z [(zk+ck)qk (Ag + Sp)yi + 2<D”+P’;> D

k=1
©)
B. The Total Efficiency of Suppliers (Z,)

In this section, the DEA model is applied to measure the suppliers’ efficiency.
In this regard, it is combined with the buyer-vendor coordination model. Also, the
efficiency of each supplier is calculated for each product. Considering the related
constraints, the mentioned objective function (see Eq. 10) seeks to select the suppli-
ers that maximize the overall suppliers’ efficiency.
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MaxZ, = ) (1-¢,) (10)
k=1

C. The Final Objective Function (Z)

As it is obvious, the objective functions Z; and Z, act against one another. In
other words, the optimization of each function leads to a deviation from the optimal
point of the other function. Therefore, a method that can simultaneously optimize
each of the mentioned objective function is required (Miettinen 1999). In this case,
the Global Criterion Method (GCM) was used to find a point in which the sum of
the relative deviations of all objective functions from their optimal values (ZlTk ) can
be minimized. Therefore, the final objective function by using the GCM is expressed
as in relation (11).

Minz VAR z -7,
inZ =w; X — t Wy X —— >
Z Z
9(2" [(z +c)ai + (Ag + 50y +1(h—”+h—k)q2]>—z*
. 0 k=1 k k) 9k K k)7k T H\p P’ 1k 1
MinZ = w; X 7 +w,
1
y Zy =Y (1—e¢)
Z: (11

In this method, different weights can be assigned to the objective functions to
consider the decision makers’ (DMs) opinion. In this Equation, w; is the objec-
tive function’s weight defined by DM, and the sum of all weights is equal to 1
S wi=1D.

By using this method, if the DM allocates a higher weight to a function, the final
solution will be closer to the optimal value of that function. In Eq. (11), the optimal val-
ues of all functions (Z,i* ) are calculated independently. In this step, the objective functions
which must be maximized are normalized according to Z; Also, the objective func-

. . C . . ' Z,-Z .
tions which must be minimized are normalized according to # The constraints of the

hybrid model (Z) include Egs. (12-26). Equation (12) shows tﬁat the annual production
quantity of suppliers (g ZZ:] q,) must be equal to the buyer’s annual demand rate.

0=>Ygq, (12)
k
VP
G < =S50, Yk (13)

According to (13), the annual order quantity of the supplier i (DX g,)/Q should be
equal to or less than the supplier’s annual production rate. This constraint prevents the
disproportionate allocation of orders to the suppliers.
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Equation (14) shows that whenever a supplier is selected, the amount of commod-
ity which has been allocated is not zero. Also, whenever there is no commodity to be
assigned, extra suppliers would not be selected.

qx = ey, Yk (14)
Equation (15) indicates that the weighted sum of the inputs for each supplier is equal
to a binary number. This equation should be considered for all suppliers.

Z Vi =i Vk (15)

i=1

Equation (16) shows the amount of inefficiency of each supplier considering the
weighted sum of the outputs. This equation should be considered for all suppliers.

j=1

Equation (17) states that the weighted sum of the outputs should be less than that of
the corresponding inputs.

Z U0y, — Z Vil £0,  VkVz(k # 2) (17)
=1 i=1
Equation (18) guarantees the maximum number of suppliers that could be selected, is N.

Yy <N (18)
k=1

This constraint is effective when the optimization of the objective functions is possible
with fewer suppliers. In another situation and based on the management’s policy which
considers order allocation to all of the candidate suppliers, this equation can only be used
with an equal sign. This situation shows that N different suppliers are selected by the buyer.
In this case, the optimization may not be applied. The reason is that if it is possible to
provide the demand with N—1 suppliers, this constraint (with an equal sign) may cause an
extra supplier selection with a very small amount of allocated order. Consequently, it may
impose additional costs on the buyer because of the high purchase cost. Also, Egs. (19) and
(20) indicate that the weights of inputs and outputs are non-negative values.

Uyj = ey Yk (19)
Vii Z &y Vik (20)
Equation (21) assures that weighted outputs are less than or equal to 1.

UOu < yp» Vjik 1)
Equations (22)—(26) are utilized to define the type of variable. y, is the binary vari-
able and gy, e;, Uy, Vy;, Q are the positive real variables.
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v =01, Vk (22)
q, >0, Vk (23)

e, >0, Vk (24)
Q>¢ (25)

U Vii 2 0, Vijk (26)

Finally, the hybrid mathematical model for the supplier selection and order alloca-
tion is expressed as follows:

D n 1(h h "
‘ 5<Zk=1 [(Zk+ck)qk+(AK+Sk)yk+5<B”+17i>qi]> -Z
MinZ = w, X 7 +w,
1
Z; - ZZ;] (l - ek)
4
St
0= ZCIk
k
YiPx
<—0, Vk
dx = D 0
qr = €y, Yk

m
Z Vil = Yoo Vk
i=1

s

=1

Z UyO). = z Vidi; £0, VkVz(k # 2)
J=1 i=1

n
Zyk <N
k=1
Uy 2 ey, Yk

Vi 2 €y Vi k
UiOu < yio  Vijk

v, =0,1, Vk
g >0, Vk
e, >0, Vk
0>e¢

Uy Vie 20, Vijk
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The first objective function (Z,) is a fractional nonlinear model. Fractional state
of this model is the reason for its complexity of solving. Accordingly, the model has
to be firstly simplified. To this end, Eq. (12) should be replaced in Z, as follows:

_onn(s H(p+2)e
Z, = min Q(,; [(Zk+ck)qk+ (AK+Sk)yk+ 2<D + Pk>qk]>

1( h h
szzqk . DZZ:] I:(Zk+ck)qk+ (AK+Sk)yk+E<Bb+ Fi)qz]
min m
Zk=1 dk

Suppose (X;_, qk)_l =tand tq, = q,{. Then, Eq. (12) is converted into Eq. (27):

1) g=1=)Yq =1 @27)
k=1 k=1

With changing variable (ty, = b,), the objective function Z; is rewritten as follows:

n
. 1/h h
Z, =minD ) [(Zk + )] + (Ag + Sty + §<5h + 17k>61/{%]
k=1 k
by c h, h
>'2 = minD ) [(Zk ) + (Ag +5,) b, + %(5}} + 17]()61/{%]
k=1 k

(28)

Equations (29-31) as the constraints created due to the change of variables are
also added to the model:

by < My, Vk (29)
b, <t Vk (30)
t—by+My, <M, Vk 31

Also, Y, q,i = I replaces Q = Y/ ¢; and Eqs. (32) and (33) replace Eqs. (13)
and (14). Therefore, we have:

n / n n /
Vil Vil A Vil Lo 41 Vil
q<—Q=>qk<Tqu=“q/<72q,f = q,fS—, vk
k=1

K < < L <
D = D
(32)
i
=4, q
q; > €V, = - > ey, => q,{ > ey, Vk (33)

k
important matter in minimizing Z, by the fractional programming is that the value of vari-

able r must be greater than zero. But, if variable ¢ is equal to zero, the solutions obtained from
Model (34) are similar to those obtained for the former problem (Dantzig 1998):

/
It should be noted that, for suitable &, equation qu > gy, is converted into q/ > £y;. One
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Max =t
S.t:
AX <B
n b h (34)
/ b k / _ 7P

This model includes all the constraints explained earlier (shown by AX<B). Also, the
new constraint Z, =2} is added to this model. The upper bound of # is used as the input
parameter to prevent the repetition. Finally, the final hybrid model is expressed as follows:

n h) hy *
DI, [(sc+a)a + (Ac+S)b+ 1% + B)glq] - 7

MinZ =w; X "
Z

+w,

» VAR ZZ=1‘(1 —e)

Z,

Z Vilu = Y Vk
i=1

Y Uy0u+e =y Vk

=

D U0 = X Vil <0, VkiVz(k # 2)
j=1 i=1

Z)’k <N
k=1

Uz ey, Vjk

Vi =€y, Vik
UyOp <y Vj.k

b, < My,, Vk

b, <t Vk
t—b,+My, <M, Vk
»w=0,1, Vk
qk,qlf,bk >0, Vk

e, >0, Vk

Uy Ve 20, Vi jk
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In the above model, the objective function in the final state (quadratic programming)
intends to select the appropriate suppliers (regarding cost and efficiency) and allo-
cate orders to these efficient suppliers. It should be noted that the sum of the weights
assigned to Z; and Z, is equal to 1. As can be seen, Eqs. (15-26) which were introduced
in the initial state of the hybrid model are used in the final model. Also, Egs. (12), (13),
and (14) have been replaced by Eqgs. (27), (32), and (33). In addition, Egs. (29-31)
have been added to the proposed model’s constraints considering the linearization of
1 = by

Equation (28) or Z, is a nonlinear function. Therefore, there is no guarantee that algo-
rithms used for solving nonlinear programming lead to an optimal solution. The speci-
fied solution for the multi-objective problem has to satisfy four Karush—-Kuhn—Tucker
conditions. Indeed, in the optimization of the convex problems, if one solution satisfies
Karush—Kuhn-Tucker conditions, the local optimal solution will be the global opti-
mum. On the other hand, the objective function is a quadratic function (with the goal of
minimization), and the related feasible region is convex. Hence, the obtained solution
is the global optimal solution. At the end of the first stage, the corresponding flowchart
for providing the overall structure of the proposed approach has been shown in Fig. 4.

3.2 Bargaining model for pricing

In this section, the second model is presented using the Nash bargaining game. In the
second stage, the buyer is confronted with a list of different suppliers. Logically, the
buyer wants to obtain an appropriate purchase price from each supplier. In fact, the
buyer wants to obtain a suitable purchase price that does not exceed its annual budget.
The matters of crucial importance to vendor or supplier include current cost, subjective
utility, competitive environment, other vendors’ prices, tendency to conclude a con-
tract, and selling. The purpose of the Nash bargaining is to maximize the utilities of the
players to achieve an equilibrium point and optimize the related decisions. Therefore,
the supplier reduces its pre-defined price, and the buyer tries to compensate the exist-
ing weaknesses and maximize other benefits. Naturally, the players that engage in a
bargaining (buyer and suppliers) want to reach an agreement, but when the price is too
high, it is a sheer profit for the supplier, and when the price is too low, it is a sheer profit
for the buyer. Buyer and suppliers have opposite interests in determining the price, but
they are motivated to make a transaction. Therefore, considering the indices, param-
eters, and variables (see Table 1), the objective function and constraints of the Nash
bargaining model between the buyer and multiple vendors are expressed as follows:

N
MaxZ; = (B - Ug) [ [V, - G (35)
k=1
N L /h
Uz =D Z [ckq/’j +Ab; + 3 <Bb>q;c*qz] (36)
k=1
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Candidate suppliers

v

Suppliers’ evaluating
criteria (inputs and
outputs of DEA model)

v

Independently optimize
the objective functions

1=Minimizing the total cost

\4

Z,=Maximizing the total
efficiency

Determining the objective

Implementing the hybrid
7'y P model on all constraints

Is there any
other constraint?

Some constraints such as the ones
related to the efficiency model, the
budget constraint, maximum
number of supplier selection and the
production capacity of the supplier

No

Supplier selection and
order allocation

functions’ weights for the
global criterion method

No
Has buyer's

demand been
provided?

Provide a list of selected suppliers
and determine order of them

Fig. 4 Flowchart of evaluating and selecting suppliers and allocating the suppliers’ orders

Ug=D qu;j -

&3 * 1 hk s
quk +Skbk+§ }T qqu 5 k=1,...,N
k

Uy, <B

U, >G, k=1,....N

(37

(38)
(39)

(40)

(41)
(42)

(43)
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The objective function Z; intends to maximize the utilities of the players. This
objective function tries to make more benefit for the buyer. On the other hand, it
wants to increase the profit of the kth selected supplier from the lower bound of its
expected profit. The supplier tends to lower the price at the beginning of the evalua-
tion phase and lose its profit because there is an intensely competitive environment
hence all the suppliers tend to have a contract with the buyer. Price reduction contin-
ues to such an extent that the suppliers do not lose their minimum profit. In the case
of an agreement, Eq. (36) determines the amount of the buyer cost.

The variable U, in Eq. (37) is the profit that the kth selected supplier earns from
selling a specified amount of product in the first stage and the mutual understand-
ing to coordinate on price in the second stage. Equation (38) shows that the mutual
understanding making the coordination on price is subject to this prerequisite that
the buyer’s cost fails to exceed its annual budget. Equation (39) guarantees reducing
the price by the kth selected supplier continues to such an extent that it does not go
beyond the lowest expected price of the supplier. Also, Eq. (40) specifies that the
utility of a buyer should be at least equal to the total utility of the suppliers. Equa-
tion (41) states that U, is always a positive value because buying a product has some
costs unless the price is zero. Equation (42) shows that the minimum profit of a sup-
plier is more than zero; therefore, the variable U, is naturally positive. Equation (43)
expresses that the price is always more than zero as otherwise there was no need
for the bargaining process. In the following, the bargaining power of the suppliers
and buyer is provided. This power can be determined according to many parameters
such as work experience or previous cooperation with buyers, market share, finan-
cial status, production capacity, and order volume. Hence, when two players hold a
negotiation, the player with high bargaining power earns more utility relative to the
player with low bargaining power. As a general result, the high bargaining power
leads to more profit, and the low bargaining power results in low profit. Therefore,
the objective function in Eq. (35) can change to Eq. (44) to consider the bargaining
power of different players. Considering the bargaining power of the players, the pro-
posed model can be rewritten as follows:

N
MaxZ, = Max(B - UB)WI’ H(Uk -G )™ (44)
k=1
N

k=1

In Eq. (44), w, and w, refers represent the bargaining power of buyer and kth
selected supplier, respectively. Equation (45) guarantees that the total power of the
players is equal to a constant value (C=1 is used as a standard value). Since the
proposed model holds true under the Nash bargaining game conditions, there is
an allocation utility with a unique solution, called the Nash equilibrium. The Nash
conditions (Nash Jr 1950) in the bargaining model should be checked to recognize
the correctness of this matter. Careful consideration of the model sheds light on the
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symmetry condition because a change in the arrangement of the players and coop-
erative level fails to lead to a change in the solution. The following two lemmas are
used for the proof of two conditions (compact and convex feasible regions):

Lemma 1 The feasible region of the proposed bargaining model is compact.

Proof 1t is clear that the feasible region of the presented model is bounded and
closed. Consequently, the feasible region is compact. O

Lemma 2 The feasible region of the proposed bargaining model is convex.

Proof All the constraints of the model are linear and convex. Therefore, the feasible
region is convex. O

4 A numerical example and results analysis

In this section, the performance of the proposed models is investigated based on
the data collected from other related studies. This study is done by analyzing the
data obtained from different scenarios from the view of management. The weights
assigned to the cost and efficiency functions determine the difference between these
two concepts. It should be noted that the proposed models are implemented using
Lingo 14.0. It is supposed that there are 10 candidate suppliers, and the buyer wants
to select at least 5 suppliers based on the annual demand (200,000 per year). In
the supplier(s) selection process, not only the supply of the demand, but also the
efficiency of the supplier(s) to optimize the cost of the supply chain is taken into
account. After selecting the required number of suppliers, the buyer negotiates with
the selected suppliers to determine the final purchase price through bargaining. To
this end, Nash bargaining game is performed to achieve the price that maximizes the
utility of the parties.

For evaluating and selecting the suppliers based on DEA model as well as having
a reliable model, the number of the potential suppliers (n), the number of inputs (m),
and the number of outputs (s) should follow n > 3 (m + s) (Friedman and Sinuany-
Stern 1998). Therefore, one input and two outputs are considered for measuring the
efficiency of the suppliers. The total cost of the shipments (TC) is used as input,
while service-quality experience (EXP) and service-quality credence (CRE) are
defined as intangible outputs. The data associated with the buyer and suppliers have
been presented in Tables 2 and 3. Data were taken from Kamali et al. (2011). Also,
following Talluri and Baker (2002), the values of the input and outputs for each can-
didate supplier are shown in Table 4.

The results of the implementation of the first model are shown in Tables 5 and 6.
Table 5 shows the absolute optimal values of the total cost of the supply chain and
the total efficiency of the selected suppliers, which optimize each objective function
independently.
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Table 2 Data related to the

buyer Parameter Quantity
hy, 2.6
N 6
D 200,000
B 1,750,000

As seen in Table 5, according to the independent optimization of Z; (cost) and its
optimal value (2,800,966), suppliers 1, 6, 7, and 9 have been selected. On the other,
according to the independent optimization of Z, (efficiency) and its optimal value
(9.683425), suppliers 1, 3, 4, and 6 have been selected. It implies that the behav-
ior of the objective functions is not similar, and each of them leads to the selection
of different suppliers. According to the most previous studies, if management only
seeks the suppliers that minimize the inventory cost of the supply chain, it uses the
results of Z;. However, it is not possible to formulate the supplier selection problem
by considering all the evaluation criteria. It is better to use the concept of efficiency
to overcome this limitation. By using the DEA (Z,) and defining appropriate criteria,
the efficiency score can be defined for each supplier. Therefore, to create an opti-
mal and efficient supply chain, selecting low cost and efficient suppliers is needed.
As discussed in Sect. 3.1, for the simultaneous consideration of cost and efficiency
functions, the weighted global criterion method in which different weights are
assigned to each objective function by the decision maker has been used. In the fol-
lowing, the solution of the hybrid model under different scenarios for the selection
of weights (w;, w,) is global optimum (see Tables 6 and 7). Tables 6 and 7 present
the values of periodical and annual orders from the selected suppliers, respectively.

According to Tables 6 and 7, the selected suppliers are the same in the first and
second scenarios, which is consistent with the result of the independent optimiza-
tion of Z,;. But due to the weight reduction of Z; in the second scenario (from 1
to 0.75) compared to the first one, the model tends to supply the buyer from the
selected suppliers with more order quantity rather than those with higher efficiency.
Also, the selected suppliers in the third to fifth scenarios are the same as those in the
independent optimization of Z,. By increasing the weight of Z,, the results of these
scenarios are moving toward the allocation of orders to efficient suppliers. In the
scenario (w;, w,)=(0, 1), the importance of minimizing supply chain cost is equal
to zero. Hence, the problem is caused by the fact that only the efficient suppliers are
selected. Also, the fewer periodical orders and the optimal number of periods are
maximized. This may cause an increment in ordering and cost setting. It is because
of the mere importance of efficiency and inventory management. By taking into
account the management opinion about the weights of efficiency and cost, a suita-
ble balance should be made. Overall, using the proposed hybrid model, the decision
maker can consider different opinions about the objective functions. If the manage-
ment focuses on cost, the results obtained from integrating the objective functions
will be closer to the results obtained from the optimization of the cost function. On
the other hand, if more attention is dedicated to efficiency and high-quality products,
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Table 5 The results of

. . Objective functions Z, Z,
optimizing each objective
function independently The optimal value of the objective 2,800,966 9.683425
function (Z;*)
Number of the selected suppliers 1-6-7-9 1-3-4-6

the obtained results will be closer to the results obtained from the optimization of
the efficiency function. In fact, it can be said that the integrated model intends to
make a balance between efficiency and cost functions. Briefly, suppliers’ selection is
done according to the following conditions:

The annual demand of the buyer has to be supplied.

The cost of the inventory system has to be minimized.

The efficiency of the selected suppliers has to be maximized as much as possible.
The production capacity of each supplier has not to be exceeded.

The selection of additional suppliers and imposition of extra costs on the buyer
have to be avoided.

e The management’s viewpoints on assigning weights to the objective functions
have to be met.

Considering the first condition and according to (46) and (47), it can be said that
¢ is a percentage of buyer’s demand which is covered by supplier k to provide the
total demand.

= D<) wP (46)

The results depict that the suppliers’ selection and products allocation based on
the production capacity of suppliers continue until the demand is supplied. There-
fore, periodical allocation of the product to the selected supplier is done based on
the maximum production capacity as a percentage of the annual demand. Then, the
periodical product allocation is done for the next supplier. As a result, the overall
level of the product allocation to the selected suppliers will be equal to the annual
demand, and finally, the total demand will be supplied.

qk=q£D=>qu=DZq,f=>Q=D (47)
k=1 k=1

For example, according to Table 7 and (w;, w,)=(0.5, 0.5), it can be said that the
proposed model will supply the annual demand of the buyer based on the supplier pro-
duction capacity and optimize the objective function by selecting suppliers 1, 3, 4, and
6. Supplier 4 is selected to supply the rest of the buyer’s demand. It covers 57,500 units
of the demand, and its production capacity is 63,000 units. However, if the production
capacity is ignored in the selection, the final selection is made between suppliers 9 and
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10 with the production capacity of 66,500 and 61,000, respectively. Indeed, simultane-
ous consideration of the supplier’s cost and efficiency sheds light on the undesirability
of these suppliers. The difference in costs and the reason for selection are shown by
primary analysis of the differences in holding costs (see Table 3). Also, the difference
in efficiency shows the difference between the input of the DEA model and the cost of
supplier transportation (see Table 4).

As it was mentioned, Tables 6 and 7 present the results of allocating periodical
orders and annual orders to the supplier with a suitable efficiency that finally leads to
the optimization of supply chain cost. This is the end of the first stage. It is assumed
that the buyer could decrease the purchase price suggested by the supplier based on
factors such as other suppliers’ price, the amount of order allocated to them, and the
suppliers’ willingness to cooperate. Afterward, the second stage starts. By analyzing
the first stage, the third scenario (w;, w,)=(0.5, 0.5) will be selected randomly for the
second stage, and it can be used for every weighted set. According to the cost of the
first stage of the third scenario, it is clear that the cost imposed on the buyer is equal to
1,875,016 monetary units. As it was mentioned in Sect. 3.2, the buyer may fail to have
enough budget, or as it is suggested, the costs can be reduced by leading the buyer to
the second stage.

It should be noted that the cost may affect the optimization of the objective func-
tions, and it is likely to supply the buyer’s demand only by paying this cost. In this
section, the possibility of price reduction by the suppliers due to the competitive envi-
ronment is investigated as well. Hence, with the budget equal to 1,750,000 monetary
units, the buyer starts bargaining as the second stage. This bargaining is done with the
assumption of equality of power between the buyer and suppliers. The first stage pro-
vides the data required for the second stage. As a result, q: and c/k* are the same with
the optimal values of g, and dkin the previous stage, respectively. Also, index k that is
allocated in the first stage includes values of 1 to N for the selected suppliers. Thus, the
selected suppliers have been numbered as shown in Table 8.

In addition to the data used in the first stage, the minimum profit of the supplier (G,)
is used in the second stage, calculated by Eq. (48). In this equation, ARS, presents the
annual sales revenue of the kth supplier based on the initial price, SAP, refers to the
annual profit of the kth supplier based on the initial price, and SSAC denotes the annual
cost of the kth supplier.

SAP, = ARS, — SSAC, (48)

Table 8 The results of the third scenario of the first stage for use in the second stage

Parameter Supplier 1 Supplier 3 Supplier 4 Supplier 6
Assigned new number 1 2 3 4

ar 1845.54 1603.86 2526.63 2812.25
q; 0.2100 0.1825 0.2875 0.3200

Cr 9.0 8.7 10.5 8.9
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Equation (48) which gives the annual profit of the kth supplier is calculated
according to the difference between the annual sales revenue of the kth supplier and
the costs of production, setup, and holding. Therefore, to calculate the optimal profit
of the kth supplier, it is enough to calculate the profit based on the initial price and
its discount. It is equal to a percentage of the profit of the initial price (X,) that the
supplier or vendor loses to earn other profits (see Eq. 49 for more information).

h
SAP, = ARS, — [ACP, + SAC, + ACIH,] = D<ckq;,* - [qu;* +S.br + % <[Tk)q/’(qZ] )
k

X, =x,XSAP;
G, =SAP,-X, = G,=SAP(1-x)
(49)
Minimum sales price per unit in Table 9 can be calculated by Equation: SLEAS )

SAP,
fact, it is a price that vendor or supplier uses to earn more profit in the competitive

environment. According to Table 9, it can be seen that before the negotiation, Sup-
plier 3 has the highest amount of profit among the selected suppliers. For this rea-
son, the minimum sales price per unit for this supplier is higher than other suppliers.
In this section, according to the data presented in Tables 8 and 9, the price bargain-
ing model between buyer and suppliers (vendors) has been implemented, and the
results obtained are listed in Table 10. The respective table also depicts the final
prices of the bargaining model. The change in initial prices by the supplier can itself
cause a change in the profits and costs. These changes are positive for the buyer
thanks to the bargaining. These changes lead to a decrease in the annual purchas-
ing cost and the total cost of the buyer. Suppliers have to reduce their prices and get
closer to the final price of the product. Therefore, the supplier loses some part of its
profit, whereas the chance of cooperating with buyer and selling product will
increase. The definitions of price indices in Table 10 along with some new parame-
ters are presented as follows:

ARS,: The annual revenue of selling kth supplier based on initial price.

ARS, *: The annual revenue of selling kth supplier based on secondary price.
AARS;: The change in the annual revenue of the kth supplier.

%AARS,: The percent of changes in annual revenue of kth supplier in relation to
revenue of initial price.

Table9 Extra data required

for the selected suppliers in the Parameter Supplier I ~ Supplier2  Supplier 3  Supplier 4

second stage ARS, 378,000 317,550 603,750 569,600
SSAC, 172,771.7  264,858.1  338,830.4 313,113.5
SAP, 205,228.3  52,691.9 264,919.6  256,486.5
X 0.20 0.10 0.17 0.15
Xy 41,045.7 5269.2 45,036.3 38,473.0
Gy 164,182.6  47,422.7 219,883.3  218,013.5
Minimum sales  7.20 7.83 8.72 7.57

price per units
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Table 10 Results of the second

stage, assuming equality of Price index  Supplier 1 Supplier 2 Supplier 3 Supplier 4

bargaining power of the players 4 pg. 378,000 317,550 603,750 569,600
ARS! 3379119 3132584  559.6712  532,084.5
AARS, —40,088.1 —4291.6  —44,078.8 —37,515.5
%AARS,  %—-1060 %—135 %-730  %—6.59
SAP, 2052283 52,6919 2649196  256,486.5
SAP: 1651402 484003  220,840.8  218,971.0
ASAP, —40,088.1 —4291.6  —44,0788 —375155
%ASAP, % —-1953 % —8.14 % —-1663 % —16.62
SPU, 4.887 1.443 4.608 4.008
SPU? 3.931 1.326 3.840 3.421
ASPU, ~0.956 0117  —0.768 ~0.587

%ASPU, % —19.56 % —8.10 % —16.66 % —cl4.64

SAP,: The annual profit of kth supplier based on initial price or U,.

SAP, *: The annual profit of kth supplier based on secondary price or U, *.

ASAP,: The change in the annual profit of the kth supplier.

%ASAP,: The percent of changes in annual profit of kth supplier according to

the initial price.

SPU,: The profit for per unit of kth supplier based on initial price.

SPU,: The profit for per unit of kth supplier based on secondary price.

ASPU;, : The change in profit per unit of kth supplier.

%ASPU,: The percent of change in profit per unit of kth supplier according to

profit per unit of initial price.

e APC,: The annual purchase cost of the buyer for the kth supplier based on initial
price.

e APC,*: The annual purchase cost of the buyer for the kth supplier based on sec-
ondary price.

¢ AAPC,: The change of the annual purchase cost of the buyer for kth supplier.

e %AAPC,: The percent of change in the annual purchase cost of the buyer for kth

supplier according to the annual purchase cost of the buyer based on the initial

price.

By solving the Nash bargaining model with the objective of maximizing the
buyer’s and suppliers’ utility functions, the final price of the orders is calculated.
These prices are based on the agreement between the selected suppliers and buyer,
the budget of the buyer, and the minimum expected profit of the suppliers. In gen-
eral, the suppliers with minimum utility usually lose profit expected to be earned
from the initial price. The decrease is in a way that the profit of the secondary price
(agreed) for the suppliers is higher than or equal to their minimum expected utility
and lower than or equal to their initial price. In other words, G, < SAP; < SAP;.
According to the final price agreed upon by the buyer and Supplier 1, this supplier
has a higher annual profit reduction than other suppliers (see Table 10). Supplier
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1 has defined the minimum sales price per unit of product with more changes in
the initial price (changes equal to — 1.8 monetary unit for each product). Also, it
has created more performance freedom for the buyer compared to the other selected
suppliers. Similarly, the final price agreed upon by the buyer and Supplier 1 (i.e.,
8.045521) has led to the highest reduction in the final revenue and profit of the sup-
plier (—10.60% and —19.53%, respectively) compared to the revenue and profit
expected to be earned from the initial price. Also, due to the volume of the order
allocated to Supplier 1 and the final price (resulting from bargaining), Supplier 1
has lost more profit per unit of product due to the willingness to cooperate with the
buyer. In addition, the selected suppliers have lost an average of 14.74% of each unit
profit for their products in the bargaining as the discount offered to the buyer; how-
ever, they have earned other privileges such as the chance of cooperation with the
buyer and selling of their products. Thus, during the bargaining process, the buyer
can achieve the best possible price.

It should be explained that the lower the budget of the buyer in hand, the more
difficult the agreement. It means that even if the secondary price gets closer to the
minimum expected price of the supplier or to its minimum expected profit, the
agreement fails to be done unless the buyer has enough budget. The buyer’s budget
should be determined logically and based on the prices and demands of each period.
As a result, with a low budget of the buyer, the model goes toward minimum prices
and the minimum expected profit for the supplier. Analyzing Table 11 shows that
the agreed price is placed along the interval of minimum sales price per unit and the
initial price.

According to indices AC, (changes in the price of the kth supplier in the com-
petitive environment) and C,% (percent of changes in the price of the kth supplier
in the competitive environment based on initial price), all the suppliers try to mini-
mize their prices to get a higher share in the market and create a long experience of
cooperation with buyer. Such a cost reduction is because the buyer has a budget less
than the cost obtained from the simultaneous optimization of supply chain cost and
efficiency. This pricing is done due to both the buyer’s low budget and the discount
offered by the supplier considering the competitive market. Finally, the buyer and
suppliers both benefit by the transaction, and the Nash objective function reaches
the maximum. According to Table 10, it can be concluded that each supplier initially
aims to make a high percentage of profit according to its initial price (x;), but then it
decides to reduce the initial price to get closer to the buyer’s condition, and finally it
reduces its revenue and profit to cooperate with the buyer. The amount of x;, is deter-
mined by the mindset of the supplier. In other words, each supplier offers a discount
in competition with other suppliers. This mindset can be determined based on the
following criteria: the operating costs, the amount of sale, the production capacity,
the market share, the type of market and its competitiveness, and the breakdown
point. According to Table 11 and the final price obtained by bargaining between
buyer and suppliers, Supplier 1 and Supplier 2 have offered the highest (10.60%)
and the lowest (1.35%) price reductions compared to their initial price, respectively.

As seen in Table 10, the values are shown with a minus sign. The negative sign in
Table 12 depicts a decrease in the cost of the buyer. The respective table also shows
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Table 11 Vendors price analysis

Supplier price index Supplier 1 Supplier 2 Supplier 3 Supplier 4
Minimum sales price per units 7.20 7.83 8.72 7.57

¢, (Secondary or agreement price per units) ~ 8.045521 8.582421 9.733413 8.313821
¢, (Initial or proposed price per units) 9.0 8.7 10.5 8.9

Ay =c¢,—¢; —0.954479  -0.117579  —-0.766587  —0.586179
%Acy, —10.60 —1.35 -17.30 -6.59

the cost of the buyer for supplier k and the lost revenue of supplier k. In other words,
AAPC, = AARS, and %APC, = %ARS,.

According to Table 12, purchasing costs of the buyer have reduced by 125974
compared to the initial state, because the selected suppliers have ignored a percent-
age of their profits. Generally, the final price for the purchase is defined based on the
following conditions:

e Maximizing the total profit of the supply chain.
e Considering the buyer’s total available budget.
e Fulfilling the minimum expected profit of the selected suppliers.

5 Summary and conclusion

Nowadays, due to the rapid changes in the customers’ needs in the competitive
market, coordination among the supply chain members is one of the most impor-
tant matters for the effective management of the modern supply chain network. It
also helps to achieve high-quality products and customers’ satisfaction. As a result,
incorrect decisions about supplier selection and order allocation will lead to negative
consequences for companies, such as losses in revenue and market share. Also, the
proper evaluation and selection of suppliers have potential effects on improving the
performance of organizations as a competitive strategy. Therefore, this study investi-
gated the efficient supplier selection and pricing problems based on the relationship
between the buyer and suppliers to present an overview of the supply chain pro-
cesses. For the first time, a hybrid model has been presented which simultaneously
considers efficiency concept, minimizes the supply chain costs, and seeks to select

Table 12 Results of the second stage, assuming equality of bargaining power of the players

Buyer price index Supplier 1 Supplier 2 Supplier 3 Supplier 4 Total

APC, 378,000 317,550 603,750 569,600 1,868,900
APC; 337,911.9 313,258.4 559,671.2 532,084.5 1,742,926.0
AAPC, = APC; — APC, —40,088.1 —4291.6 —44,078.8 —-37,515.5 —125,974.0
%AAPC, —10.60 -1.35 -17.30 -6.59 -6.74
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the efficient supplier and allocate the orders during a specified planning period in
a multi-period environment and mono-product with certain demand (the proposed
model in the first stage). The aim of this model is to select the suppliers that maxi-
mize the efficiency and minimize the total cost. This model considers the efficiency
concept in the supplier evaluation process and allocates orders to efficient suppliers
simultaneously. In fact, unlike most previous models, the proposed hybrid model
considers the suppliers’ efficiency along with optimizes the supply chain costs and
allows the decision maker to use more criteria for the suppliers’ evaluation depend-
ing on each industry. In other words, the second objective function of the hybrid
model (efficiency optimization) can simultaneously consider various evaluation cri-
teria (e.g., quality, delivery rate, experience, customer satisfaction, service level, and
environmental issues) along with the cost. In fact, it allows the buyer to change the
supplier selection criteria and add or remove them in different conditions.

The results of implementing the proposed hybrid model in the first stage indi-
cate that the selected suppliers are different according to the independent optimi-
zation of each objective function. Such variation occurs due to the nature of each
objective function. However, Tables 6 and 7 (derived from the implementation of
the hybrid model in a numerical example) indicate that simultaneous optimization of
these functions may enable the decision maker to select different suppliers depend-
ing on the condition and allocate order according to the weights of these functions
(in the global criteria method). For example, if a buyer in a specific period has a
lower budget compared to other periods, the model assigns a higher weight to the
cost function. Accordingly, suppliers failing to have the required efficiency are likely
to be selected regarding the function at issue. On the other, if the buyer intends to
provide high-quality products and achieve customer satisfaction, the model assigns
a high weight to the efficiency function. In this state, suppliers with the raw material
that enable the buyer to deliver a final high-quality product to the customer are likely
to be selected, but as cost optimization is not made, the buyer may endure significant
costs. In general, if the decision maker focuses more on reducing the supply chain
cost, the hybrid model results will be close to those obtained from the independ-
ent optimization of the first objective function. On the other, if the decision maker
focuses more on increasing the efficiency of the selected suppliers, the results of the
hybrid model will be close to those obtained from the independent optimization of
the second objective function.

As stated, an efficient supply chain network requires cooperation between sup-
pliers and buyers. One of the important tools for the supply chain coordination and
benefits increasing is pricing. Thus, in the second phase of the proposed approach,
the buyer and selected suppliers (output of the first stage) negotiate to determine a
price agreed upon via Nash bargaining game to optimize supply chain costs in the
competitive environment. The final price of each product unit is obtained by imple-
menting the Nash bargaining model between the buyer and the selected suppliers.
Analyzing Table 11 shows that the agreed price is placed along the interval of the
minimum selling price per unit and initial price. According to the agreed price, the
utility of the negotiation’s sides is increased, and a win-win situation is established
between the players. Despite losing part of the profit, each supplier achieves its
own utility. In fact, the selected suppliers try to ensure their sales and continue their
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cooperation with the buyer. On the other hand, the buyer reduces purchasing costs
because of the suppliers’ discount policy. Such a condition occurs due to the com-
petitive environment between suppliers and their willingness to attract the buyer’s
attention. Hence, the selected suppliers lose an average of 14.74% for unit-profit in
the negotiation process with the buyer. Instead, they earn additional privileges such
as the chance of cooperation with the buyer and the assurance of the selling. Fur-
thermore, the purchase costs of the buyer have been decreased to 125,974 monetary
units compared to the initial state, because the selected suppliers have ignored some
parts of their profits.

Despite its noticeable advantages, the proposed approach has also some limita-
tions, such as ignoring the demand uncertainty for dealing with inadequate data
from the market environment, which can be studied using uncertainty approaches
such as the fuzzy theory. Also, the proposed models are presented based on the
single-buyer multi-vendor coordination model (bi-level supply chain) in the single-
product mode; however, this model can be developed to multi-buyer multi-vendor
multi-product mode for better adaptation with the real-world complex problems. In
addition, it is recommended to convert the proposed two-stage approach into a sin-
gle-stage model in which the supplier selection, order allocation, and order price are
done simultaneously.
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