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Abstract: In this paper, the authors proposed a multi-objective Mixed Integer Linear Programming (MILP) model
for supplier selection problems. The main aim of the system under the investigation is to plan the companies to
supply goods to achieve financial benefit by minimizing the total costs and satisfying the customers with on-time
delivery and minimizing rejected items. In this case, some restrictions such as multi-product and multi-period
conditions, shortage inventory constraints, and discount circumstances simultaneously are considered. Despite
these efforts, due to the uncertainty nature of the problem, some parameters are considering as uncertainty data.
For this aim, applying robust counterparts for uncertain parameters plays an essential role in real-world
applications of this case. It is concluded that the feasibility and optimality properties of the usual solutions of real-
world LPs can be severely affected by small changes of the data and that the robust optimization (RO) methodology
can be successfully used to overcome this phenomenon.

Keywords: Supply selection; Supplier selection problem; Robust optimization; Robust counterpart (RO);
Uncertain data.

1. Introduction

The reduction of production cost is one of the most essential critical for survival in the real world's competitive
environment. Selecting the best suppliers as a particular part of a supply chain can effectively reduce the cost of
purchasing and increase the competitiveness of the organizations and companies because, in most industries, the
cost of raw materials of the product will contain most of the price of the product. Nowadays, supply chain
management is an essential issue in the strategy of industrial companies and one of the most effective ways to
create value for customers. The supply chain structure consists of potential suppliers, manufacturers, distributors,
retailers, customers. Suppliers, as an essential member of the supply chain, have a vital role in achieving the
objectives of a supply chain. The performance of the system can be improved by reducing costs by eliminating
waste, continuous quality improvement to make zero defects rate, improving flexibility to satisfy the needs of final
customers, reducing delays at various stages of the supply chain. The supplier selection problem is one of the most
critical matters which affects the success of the supply chain, and many researchers pay attention to it in recent
years; meanwhile, using the mathematic models is much accepted. One of the most significant business decisions
faced by purchasing managers in a supply chain is the selection of appropriate suppliers while trying to satisfy
multi-criteria based on price, quality, customer service, and delivery. Hence supplier selection is a multi-criteria
decision-making problem that includes both qualitative and quantitative factors, some of which may conflict. In
this problem, many criteria may conflict with each other, so the selection process becomes complicated and it
contains two significant issues:

1) Which supplier(s) should be chosen?

2) How much should be purchased from each selected supplier?[1]

Sometimes suppliers offer quantity discounts to encourage companies and organizations towards larger orders.
In this case, the buyer must decide what order quantities to assign to each supplier. In a real situation, for a supplier
selection problem, most of the input information is not known precisely, since the decision-making deal with
human judgment and comprehension and this might cause ambiguity in these problems. Deterministic models
cannot easily take this vagueness into account. In these cases, the theory of robust optimization is one of the best
tools to handle uncertainty. In this paper, the authors present a MILP model for a supplier selection problem and
they are going to use robust optimization in order to counter with the vagueness of the data of the problem.

Researchers have traditionally addressed the problem of optimally controlling stochastic systems by taking a
probabilistic view of randomness, where the uncertain variables are assumed to follow known probability
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distributions and the goal is to minimize the expected cost or time. However, accurate probabilities are difficult to
obtain in practice, in particular for distributions varying over time, and even small specification errors might
change the optimality of the problem. Consequently, the optimal stochastic behavior might be numerically
intractable, and even when available, it might be of limited practical communication if it was calculated with the
wrong distribution.

The focus of robust optimization is to preserve the system against the worst-case value of the uncertainty in a
predefined set. The term “‘robust optimization" consists of several approaches for protecting the decision maker
(DM) against parameter vagueness and stochastic uncertainty. At a high level, the manager must determine why
he uses a robust solution: Is it a solution whose feasibility must be guaranteed for any realization of the uncertain
parameters? Or whose distance to optimality must be guaranteed? The main paradigm relies on worst-case analysis:
A solution is evaluated by using the realization of the uncertainty which is most unfavorable [2].

In the traditional linear optimization methodology, a small data uncertainty (even 1% or less) is not acceptable;
the problem is solved as if the given ("nominal®) data were accurate. In this case, small data uncertainties will not
affect the feasibility and optimality properties of this solution significantly, or those small adjustments of the
nominal solution will not affect the feasibility of the problem. But in real-world problems, these hopes are not
necessarily justified, and sometimes even small data uncertainty has a considerable impact [3].

The structure of this paper is organized as follows: After introducing the problem and explaining some literature
reviews, a multi-objective mixed-integer linear programming model for the supplier selection problem considering
multi-product and multi-period conditions, shortage and inventory conditions, and considering discount
circumstances is represented. Objectives in this problem are minimizing costs, minimizing rejected items, and
maximizing on-time delivery. After that, the authors explain the RC of the problem and the ambiguous form of it.
An interactive method is represented in order to solve the multi-objective problem. A numerical example is
presented to illustrate the efficiency of the approach. Finally, a summary and conclusions are discussed.

2. Literature review

Supplier selection as one of the most critical issues in industry and management is a multi-criteria decision-
making problem which contains both qualitative and quantitative objectives in conflict with each other. This issue
is one of the most widely researched areas and has attracted the attention of many researchers. Multi-criteria
supplier selection has been extensively studied in the literature since 1966, where Dickson [4] presented 23 criteria
that have been considered by purchasing managers in various supplier selection problems. He had used 273
purchasing customers and representatives. Due to Dickson classified the significance placed on the mentioned 23
criteria, a nicely documented multi-objective nature of vendor selection had been obtained.

In 1991 Weber et al. [5] had made a comprehensive study on supplier selection decisions and its related
technical concepts using the variety of different researches. The main aim of the mentioned study was to focus on
criteria and analytical methods involved in the vendor selection process, and analyzing the influence of Just In
Time (JIT) manufacturing strategies in this area. In order to categorize the related articles, 23 vendor selection
criteria were considered and analyzed, which were based on a survey of purchasing customers and administrators.
These twenty-three criteria were taken into consideration by Dickson.

Degraeve et al. [6] employed the Total Cost of Ownership (TCO) implication as an essential tool for analyzing
different supplier selection models. In the mentioned study, TCO and all its related parameters overlook were
discussed, which was used to represent the related assessments whenever the Cockerill Sambre ball is available.
TCO determined all associated costs in the purchasing process throughout the whole fetter, the investigated
company. In the mentioned study, different supplier selection methods are analyzed with the used data set by
exploiting an advocated methodology. Then TCO analysis from supplier selection and inventory management
models were considered by whom and when. Achieved results were compared with the solution that minimizes
TCO. According to the mentioned study, it could be concluded employing multiple item mathematical
programming models always yield better performance than single-item rating ones.

Stadtler [7] suggested a general quantity discount and supplier selection model. His proposed model considered
not only the all-units discount but also the incremental discount case. Furthermore, the objective function chosen
resolves (former) conflicts among proponents of a purely cost-oriented and cash flow oriented modeling approach.
By considering the model formulation results in tight LP relaxations, near-optimal, and often optimal solutions
had been generated with little computational efforts and less CPU time.

Moreover, just like in most real-world decision-making problems, uncertainty is another important property of
supplier selection problems. Informational vagueness because of the tangible and intangible criteria of supplier
selection problems must be taken into account to reach effective configuration and coordination of supply chains.
A detailed classification and review of qualitative techniques for supply chain planning under uncertainty can be
found in Peidro et al. [8] review paper.
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Several methods have appeared in literature for supplier selection problem. Selim & Ozkarahan [9] modeled
the SC distribution network. The goal of their model was to select the optimum numbers, locations, and capacity
levels of plants and warehouses to deliver products to retailers at the least cost while satisfying the desired service
level to retailers. The model distinguished itself from other models in this field in the modeling approach used.
Because of the somewhat imprecise nature of retailers’ demands and decision-makers’ aspiration levels for the
goals, a fuzzy modeling approach is used. Additionally, a novel and generic Interactive Fuzzy Goal Programming
(IFGP)-based solution approach was proposed to determine the preferred compromise solution.

Wang and Yang [10] were investigated a novel fuzzy model in quantity discount environments to select the
intended suppliers. The mentioned method reduced the complexity of the problem in comparison with traditional
methods by avoiding to consider numerous heterogeneous criteria. Scaling and weighting problems had not been
ignored in the mentioned study by exploiting Analytical Hierarchy Process (AHP) and fuzzy compromise
programming. Due to the existence of conflicting criteria when different suppliers want to configure the best
possible combination of purchasing quantities, the fundamental target function is considered as a multi-objective
function. In order to define the related restrictions, supplier’s capacity and customer demands are taken into
consideration. One of the main achievements in the mentioned study was simplifying the generation of a more
objective compromise solution with the aid of fuzzy compromise programming and the generalized Multi-
Obijective Linear Programming (MOLP) model complexity of decision in purchasing situation was dramatically
reduced.

Lee [11] suggested a fuzzy supplier selection model with the consideration of benefits, opportunities, costs, and
risks. He considered a systematic approach to choose the best suppliers under a fuzzy environment. He also applied
a fuzzy analytic hierarchy process (FAHP) model, which considered the benefits, opportunities, costs, and risks
(BOCR) concepts to evaluate various features of suppliers. Multiple items which affected the performance of the
relationship were analyzed by taking into account experts’ opinion on their efficiency, and a performance ranking
of the suppliers was mentioned. To illustrate the effectiveness and practicality of his model, he applied a real-
world case study of a TFT-LCD manufacturer in selecting the most appropriate BLU manufacturers. The proposed
model was used to facilitate the decision process.

A comprehensive study on the issues of decision-making approaches for supplier selection was accomplished
by William Ho et al. [12]. This research conducted extensive research and analyzed various decision-making
models in order to make a satisfying analysis and conclusion. Studied models in this research included multi-
criteria decision-making models and their effectiveness. In order to measure the effectiveness of multi-criteria
decision-making models, the study considered three essential concepts in the format of three questions. These
questions were: 1- which models have been considered more useful and practical than the others? 2- Which kind
of assessment has been investigated more to analyze decision-making approaches for supplier assessments? 3-does
the researches in this area suffer from a lack of procedures? Trying to find an acceptable solution for these
fundamental questions and comprehensive classification of the previous studies were presented in the mentioned
study.

Chang et al. [13] suggested a fuzzy multi-choice goal programming for the supplier selection problem. They
used Multi-Choice Goal Programming (MCGP) and fuzzy approaches by considering multiple aspiration levels
and vague goal relations to find the best answer. They defined the membership function for each linguistic
quantifier to describe their ambiguous selection preference in supplier selection. They applied a real-world case of
a Liquid Crystal Display (LCD) monitor and acrylic sheet manufacturer to indicate the efficiency of their proposed
method.

Kilincci & Onal [14] investigated a supplier selection problem for a famous washing machine company in
Turkey. They used a fuzzy AHP based methodology to choose the best supplier with the most customer satisfaction.
After defining the main three attributes and fourteen sub-attributes, which were determined based on the literature
survey and the experience of the expert for supplier selection in order to design the hierarchy structure, the weights
of attributes and sub-attributes and alternatives were calculated by using the fuzzy analytic hierarchy process
approach.

Demirtas & Ustun [15] introduced new integrated models and their constraints, variables, and objectives. Then
the solution methods of these integrated models were given. Finally, different integrated models were compared
by considering their advantages and disadvantages.

Tahmasbi et al. [16] proposed a model based on the fact that the demand was uncertain and shortages were
considered as lost sales. The buyer’s order lead time was a nonlinear function of the buyer’s order size and the
number of shipments from the supplier. Quantity discount offers were used as a tool to achieve coordination
between both parties.

Arikan [17] represented a fuzzy solution approach for multi-objective supplier selection. In his study, a multiple
sourcing supplier selection problem was considered as a multi-objective LP problem. The objective functions of
this research were minimization of costs, maximization of quality, and maximization of on-time delivery. He
proposed a fuzzy mathematical model and a novel approach to satisfying the decision maker's aspirations for fuzzy
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goals. His proposed method can practically use for non-dominated solutions. In order to indicate the efficiency of
the proposed approach, a numerical example was considered. Demands for this problem was taken into
consideration as fuzzy parameters and appropriate member function was applied for fuzzy data. His proposed
model was ultimately the same as the known augmented max-min model except the additional constraints related
to the decision-makers' preferred achievement levels. An ordinary and famous multi-objective supplier selection
model was converted into convex fuzzy programming models with a single objective function. This conversion
reduced the complexity of the problem resulting in less computational operations.

Beauchamp et al. [18] increased the performance of the Digital Manufacturing Market (DMM) by developing
a column generation method for solving the supplier selection problem. The objective function of their proposed
method was maximizing the technological competencies of the selected suppliers by considering the capacity
constraints. Using the column generation procedure can also desirable to solve the problem of limited scalability
of LP formulation and can be unified into the Digital Manufacturing Market. In this paper, the authors considered
a supply chain problem considering multiple services that can be provided by multiple suppliers. This problem
relates to a Multiple Sourcing Supplier Selection Problem (MSSSP). In this paper, three mathematical optimization
models were suggested, which evaluated both operational and technological aspects such as suppliers’ technical
competency, capacity, and geographic location, and manufacturers’ expected lead time for work orders.

Turk et al. [19] addressed an optimization problem by considering both supplier selection and inventory
planning. The authors applied a two-stage approach to solve these problems. In the first stage, the rank of each
supplier was calculated with different criteria such as cost, delivery, service, and product quality by using Interval
Type-2 Fuzzy Sets (IT2FS)s. The inventory model was created in the following step. Then, by using a Multi-
objective Evolutionary Algorithm (MOEA), conflicting objective functions of the problem were solved and
optimal Pareto solutions were found. The authors evaluated the performance of three MOEAs with tuned parameter
settings, namely NSGA-I1, SPEA2, and IBEA, on a total of 24 synthetic and real-world instances. The numerical
results indicated better performance of NSGA-II.

The supplier selection problem in the cardboard production process was taken into consideration by Niroomand
et al. [20]. The Cardboard Company produced cardboard boxes in different sizes according to customer desire.
The mentioned study focused on minimizing three essential subjects, including loss of raw material, cost of raw
material, and excess production, which is useless. By considering an unpredictable cost and demand, a semi-real
environment was considered in order to implement the proposed method. The mentioned model was formulated
as multi-objective mixed-integer linear programming with uncertain demand and raw material price values, then
the optimum solution was determined based on developing a weighted criterion approach and finding an optimal
solution, namely Pareto. In order to consider different levels of uncertainty, Pareto optimal solution was employed
using a variety of parameters and different weights.

3. Problem description

The system under investigation is composed of M suppliers, N items, k price levels, and T time periods. The
basic aim of such a system is to select the optimal suppliers of the products in order to achieve some financial
benefits and satisfying the customers with on-time delivery and less damage. Today, on-time delivery or on-time
services are important for customers and companies. Delay in these issues not only affects the client but also
reduces the credibility of companies or governments. In general, proper and accurate planning can greatly reduce
associated costs, as well as reduce late-damages and minimize rejected items and thereby satisfy the customers
with on-time delivery. In this case, some restrictions such as multi-product and multi-period conditions, shortage
inventory constraints and discount circumstances simultaneously, etc. are considered.

3.1 Problem assumption
The following assumptions define the supplier selection problem of the above-explained system.
1) Multi-item can be purchased from each supplier.
2) Each supplier can supply multi-items.
3) The purchasing process considers as multi-period time, which can be monthly, yearly periods, etc.
4) The capacity of each supplier for any of the items is limited.
5) Shortage and inventory are allowed in every period except for the last one.
6) Quantity discounts in all periods and for all items are taken into consideration.
7) The demand for the items is constant and known with certainty.

3.2 Notations

Under the above conditions, it is necessary to introduce the notations, including parameters, indices, and
variables used in the proposed model. These notations are defined in Table 1-2.

74



F. Khalili Goudarzi et al.

Journal of Modeling and Optimization 2020;12(2):71-83

Table 1. Variables of the proposed model

Notation Description
Xijkt Number of units purchased of item i from supplier j at price level k in period t
mi; Inventory of item i at the end of period t
it Shortage of item i at the end of period t
Zijt Binary variable
Vijkt Binary variable
Table 2. Parameters and indices of the proposed model

Notation Description
ie{l..,N} Index of items
ke{l,..,K} Index of price levels
je{l,.., M} Index of suppliers
te{l,..T} Index of time periods
Dijkt Unit price of item i obtained by supplier j at price level k in period t
a;; Holding cost of the product i in period t
bj; Shortage cost of the product i in period t
Sijt ordering cost of the product i for supplier j in period t
Tij percentage of rejected units of the product i for supplier j
0;j percentage of on time delivery of the product i for supplier j
Cij Capacity of supplier j for product i
d;; The buyer’s demand of product i in period t
ma; Maximum percentage of acceptable inventory for product i
re; Maximum percentage of acceptable rejected item of buyer for product i
oe; Minimum percentage of acceptable on time delivery for product i
Vijkt Maximum purchased volume of item i obtained by supplier j at price level k in period t
Viike Slightly less than V.,

3.3 Mathematical model

After introducing the notations and the assumption of the problem, in this subsection, the mathematical model
is formulated as follows:

min Z, =

pl]ktxtjkt + Z Z(altmlt + bltllt) (1)
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In the above formulation, the objective function (1) minimizes all operational costs involving the costs of
material, maintenance costs, the costs of the shortage of items, and the ordering costs. The objective function (2)
minimizes the amount of waste (rejected items). The third goal of the problem is to maximize the number of items
that are delivered on time. This aim is stated in (3). The set of constraints (4) state that the capacity of each supplier
for any of items are limited and indicate that the amount of purchase of any product by any supplier cannot exceed
the capacity of that supplier for the same product. Demand conditions are investigated in the constraints set (5)-
(7). These constraints have been incorporated into this model due to their multi-periodicity and simultaneous
consideration of shortage and inventory conditions. The maximum acceptable level of inventory for each item is
defined in the constraints set (8). The constraints set (9) indicate the buyer's maximum acceptable level for the
amount of rejected items purchased from each supplier. The constraints set (10) describes the minimum acceptable
level of the buyer for on-time delivery. Clearly, suppliers with less on-time delivery levels than these ranges will
not be selected. The model's discount conditions are described in (11) and (12). The constraints set (13) states that
each supplier may be purchased at maximum one price level. The binary variable z;;, is applied in order to combine
the cost of ordering multiple products in a single order for each supplier. This value is equal to one, if the buyer
purchases i's item from the supplier j in the period ¢, otherwise it is equal to zero. These integer variables are
considered in the constraints set (14). The constraints set (15) describe nonnegative integer variables and binary
variables of the problem, which illustrates the binary nature of the supplier selection problem.

4. Robust approach

Data uncertainty is a prominent aspect of many real-world problems. Sometimes ignoring uncertain data may
lead to unacceptable solutions. In some cases, a small change will affect the feasibility or even optimality properties
of the solution. In this study, the proposed Robust Counterpart (RC) of the uncertain problem is explained and
implemented in our problem. The strategy will be as follows. First step is to restrict to uncertain problem with a
certain objective. Then, the only required thing is a computationally tractable representation of the RC of a single
uncertain linear constraint, that is, an equivalent representation of the RC by an exact system of efficiently
verifiable convex inequalities. The RC of the problem is reformulated as the problem of minimizing the original
objective under a small and finite system of explicit convex constraints [3]. Focusing one single uncertainty-
affected linear inequality- a family

{aTx < b}[a;b]eu (16)
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With data changing in the uncertainty set: u = {[a; b] = [a% b°] + X}, {,[a}; b']: { € Z}, where, Z is a unit
box and it is defined as follow:

Z = Box; = {{ € R: ||| < 1} (7)
In this case,

L

L
[@T7x+ ) Glallx < b2+ D Gbt V@l < 1)
=1

=1

L
N Z Olla )% — b < b =[x V(IGl<Ll=1,..,L1) (18)
=1
L

= —15?129{[2 ¢lla'1"x = b'] < b° = [a®]"x

=1

It is concluded that the tractable robust counterpart of this box as a system of linear inequalities convert as
follow:

—u < [a"x-bt<u,l=1,..,L

L (19)
[a®]"x + z u, < b°
=1

There are some uncertainty-affected “blocks” in the data, namely, the coefficients of constraints sets (4)-(9)-
(10). The constraint (4), represents the limit of production capacity. The constraint (9) shows the maximum
acceptable rate of buyer for rejected items. Constraint (10), describes the minimum acceptable rate of buyers for
on-time delivery. The perturbation of the parameters for these constraints are unit box, as represented above in
section 3.1. The uncertain parameters are c;j,7;j,7e;, d;, 0;j, 0e;. A candidate solution is thus robust feasible if
and only if it satisfies the “worst” realization of all these constrains. The worst realization of these constrains is
the one where the uncertain coefficients 7;;, oe; are the set of their maximal value in the uncertain set and the
uncertain coefficients c;j, re;, d;;, 0;; are the set of their minimal value in the uncertainty set.

5. Applying interactive fuzzy programming approach

In this paper, some previous interactive fuzzy approaches are investigated [21-26]. The structures of these
interactive solution procedures are summarized in the following steps:

Step 1: Determine appropriate (computational tractable) robust counterpart for the imprecise parameters, as
mention, above and formulate the original model for the problem.

Step 2: To obtain a satisfactory feasible solution, the positive ideal solution (PIS) and the negative ideal solution
(NIS) are calculated for each objective function of the problem. The PIS value for each objective is obtained as
follows:

ZFIS = Min z; (20)
s.t.

v € F(v) i=12

ZP1S = Max Z4 (21)
s.t.

v € F(v)

Where, F is the set of all constraints. To reduce the computational time, NIS can be estimate as follows. Let v;,
and Z, (vy,) denote the decision vector associated with the PIS of h-th objective function and the corresponding
value of h-th objective function, respectively. The NIS value for each objective is obtained as follows:
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Z" = Maxi—1 5{ Zn (v} (22)
s.t.

v € F(v) h=12

7y = Maxi=53{ Z3(v{)} (23)
s.t.

v € F(v)

Step 3: Determine linear membership function for all objective functions according to the achieved values.
These membership functions are as follows:

1 Z, < Zf'S
ZNis — 7z, h=12 (24)
un(Zy) = 1 W PS8 < 7, < ZNIS
h h
0 Zy = ZNS
1 Zy =758
Zy—Zp" (25)

us(Z3) = ley?fs < Zz< Zgls

Z§IS _ ZéVIS
0 Z, < ZV1s

Step 4: Convert the auxiliary MILP model into an equivalent single objective one by using the following
methods:
1) LH method, as described before, is presented by Lai and Hwang [21]:

3
max A(x) = Ay + 52 0, (Z) (26)

i=1
s.t.
Constraints (1)-(15).
lo<w(Z) i=1,.3
0<2 <1

Where A, and u;(Z;) denote the minimum satisfaction degree of all objectives and the satisfaction degree of

each objective, respectively. 8; denotes the weight for the importance of ith objective, where ¥3_, 8; = 1. These

values are determined by decision-makers and & is a small value as it is set to 0.01.
2) TH method, which is introduced by Torabi and Hassini [22]. In this paper, y is set to 0.2.

3
max () =yl + (1=1) ) 0u(2) @7

i=1
s.t.
Constraints (1)-(15).
Ao <w(Z) i=1,..3
01 <1

3) MW method [23] is an extended version of Werners method [24]:

3

max A(x) =yl + (1 —7v) z 0;1; (28)
i=1

s.t.
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Constraints (1) and (15).
AO +AIS,LLI(ZI) l=1,,3
0<1, <1

In this case, the coefficient of compensation (y) set 0.4 based on previous tests. This value controls the
minimum satisfaction level of objectives as well as the compromise degree among the objective functions.
4) DY method, which is introduced by Demirli and Yimer [25]:

max A (29)
s.t.

Constraints (1) and (15).

0A<w(Z) i=1,..3

0<1<1

5) Niroomand method, which is presented by Niroomand et al. [26]:

max A(x) =yAo+ (1 — y)z A (30)

i=1
s.t.
Constraints (1) and (15).
o+ <wZ) i=1,.3
0<2 <1

Ao < i (x)

Several fuzzy interactive programming methods exist in the literature. For more information see [1] and [27]-
[32].

Step 5: Solve the proposed auxiliary crisp model by the MILP solver. If the decision maker is satisfied with
this current efficient compromise solution, stop. Otherwise, provide another efficient solution by changing the
value of some controllable parameters say y and then go back to Step 3.

Step 6: After solving the problem, solutions must be put into the objective functions in order to find the best
answer.

6. Numerical example

In order to evaluate the performance of these methods and analyze the proposed model, a numerical instance is
applied. It is generated with uniform distribution consists of three suppliers, two price-levels, and three periods.
All data are randomly generated. The parameters related to data of the problem, described in Table3. The maximum
percentage of rejected items and the minimum percentage of acceptable on-time delivery are stated in Table 4.
The demands of each product for each customer in each period are presented in Table 5. The ordering cost of the
first and second products in all three periods are described in Table 6. The prices of first and second product units
on the basis of the discount are shown in Tables 7 and 8, respectively. For evaluating the effect of any changes in
the weight value for each objective function on the performance of these interactive methods, 11 different weights
are taken into considerations and this value is selected from [0,1] interval and with 0.1 distance. This test problem
is coded in AIMMS 3.12 software with CPLEX 12.4 solver and run on a computer with Intel® Core™ i7, 2.80
GHz processor.

Table 3. Data of the problem

product = i First supplier second supplier third supplier

supplier = j Product 1 Product 2 Product 1 Product 2 Product 1 Product 2
Ty [0.03,0.05] [0.03,0.05] [0.01,0.05] [0.02,0.05] [0.02,0.05] [0.01,0.04]
0;j [0.97,0.99] [0.95,0.99] [0.95,0.99] [0.88,0.93] [0.85,0.91] [0.93,0.97]
Cij [750,825] [1150,1250] [890,910] [890,910] [1150,1250[1700,1900]
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Table 4. Maximum percentage of rejected units & the minimum percentage of acceptable on-time delivery

Product 1 Product 2
re; [0.01,0.04] [0.02,0.05]
oe; [0.924,0.930] [0.9,0.904]

Table 5. Demands of buyer
supplier/product Product 1 Product 2
First period [595,605] [999,1001]
second period [390,400] [892,908]
third period [498,502] [795,805]

Table 6. Ordering cost of the first and second products.

supplier / period First period Second period Third period
First supplier 550 550 550
Second supplier 480 460 480
Third supplier 600 600 600

Table 7. Price of first products unit on the basis of the discount

Supplier Period value of [0,85] value of [85-180] <180
First supplier First period 15 145 14
second period 15 145 14
third period 16 15 145
value of [0,90] value of [95,190] <190
Second supplier First period 17 16.5 16
second period 17 16.5 16
third period 16 15 145
Value of [0,120] value of [120,200] <1200
Third supplier First period 13 125 12
second period 14 135 13
third period 14 135 13
Table 8. Price of second products unit on the basis of the discount
Supplier Period value of [0,70] value of [70,150] <150
First supplier First period 5 4.5 4
second period 5 4.5 4
third period 6 5 4.5
value of [0,80] value of [80,160] <160
Second supplier First period 3 25 2
second period 3 25 2
third period 4.5 3 2.5
value of [0,125]  value of [125,210] <210
Third Supplier First period 7 6.5 6
second period 7 6.5 6
third period 8 7.5 7

The holding cost and the shortage cost for all periods are the same and equal to 1 and 2, respectively. The
maximum acceptable balance levels for the first and second products are equivalent to 400 and 800, respectively.
The positive ideals answer of three objective functions are calculated. Now, by these positive ideal answers,
negative ideal answers of each objective function are approximated by the use of the equations expressed in (22)-

(23). These results are shown in Table 9.

Table 9. Positive ideal value (PIS) and the negative ideal answers of functions (NIS).

i ZPIS ZNIS

L L
i=1 34155.5 48362
i=2 101.4175 121
i =3 4020.965 3930
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By applying the membership—functions and using fuzzy interactive methods the problem is changed to the
corresponding single objective crisp model. This problem is solved with the different control parameters. In
summary, for the decision maker’s predefined weights (w; = 0.33,w, = 0.33,w; = 0.33) and y = 0.75, the
results of all five methods are presented in Table 10.

Fiscal consequences of MW method as the best method among all five proposed methods are shown in Table
11.

Table 10. The results of solving the problem with all five method

method A4 A, A3 Z4 Z, Zs

MW 0.64 0.55 0.95 39240 110 4016
TH 0.55 0.58 0.96 41969.5 110.229 4016.95
LH 0.55 0.58 0.96 41969.5 110.229 4016.95
DY 0.33 0.33 0.33 43673.85 117.507 3959.71
Niroomand 0.55 0.55 0.96 41969.5 110 4016.95

Table 11. The results of solving the problem with MW method

Hand A A A, Az Zy Z, Z3

y=0 0.7145 0.64 0.55 0.95 39240 110 4016
vy=0.1 0.6431 0.64 0.55 0.95 39240 110 4016
y=0.2 0.5716 0.64 0.55 0.95 39240 110 4016
vy=203 0.5002 0.64 0.55 0.95 39240 110 4016
vy=04 0.4287 0.64 0.55 0.95 39240 110 4016
vy=0.5 0.3573 0.64 0.55 0.95 39240 110 4016
vy=0.6 0.4036 0.064 0.00073  0.95 39240 110 3992
vy=0.7 0.4692 0.000043 0.00073  0.023 39270 108 3991
vy=10.8 0.5362 0.000043 0.00073 O 38840 108 3991
vy=09 0.6032 0.000043 0.00073 O 38840 108 3991
y=1 0.6702 0 0 0 38840 108 3991

7. Conclusion

In this paper, a multi-objective mixed-integer linear programming (MOMILP) model is presented for supplier
selection problem under the uncertainty conditions. Because several criteria affect the problem of supplier
selection, the authors examined several non-parallel objectives simultaneously. This model consists of multi-
product and multi-period conditions, shortage and inventory constraints, and discount conditions simultaneously.
Due to the uncertainty nature of the problem, some parameters and constraints are considering as uncertainty data
and uncertain constraints. In this case, computationally tractable robust counterparts of uncertain problems are
explicitly obtained. Here we use box-RC in order to overcome uncertainty. This problem can help the DM to obtain
the appropriate order to each supplier, and allows purchasing manager(s) to manage supply chain performance on
service, quality, cost, etc.

The novelties in this program are considering some parameters as uncertain numbers which always govern the
decision making processes, the multi-objective nature of the problem, and using five fuzzy interactive approaches
in order to compare the results. The multi-objective formulation changed to the single objective form using fuzzy
interactive programming approach. In order to find out the efficiency of these five methods, a problem instances
were applied to demonstrate the application of the proposed methodology.

By focusing on the results of the test problem, it is obviously concluded that these fuzzy interactive methods
are sensitive with respect to the change of minimum feasibility degree. Among these methods, the DY method has
lower performance in comparison to other proposed methods. Although LH and TH methods approximately have
the same performance, in some cases of these tables, TH has better performance than the LH method. Results
obtained from the Niroomand method show it has better performance than LH and DY method, almost everywhere.
Still, it is less sensitive to any change in importance degree of objectives than other methods and consequently,
DM is less effective in decision making. Among all these five methods, the solutions obtained by the MW method
have more balance in satisfaction degree of objectives and have less difference to the ideal values. Consequently,
the results at the end show that while all methods perform reasonably well in both two test problems, MW acts
better than others for both problem instances. This method is more appropriate and optimal for solving the supplier
selection problem and it overcomes with uncertainty and prevents the optimality and feasibility with considering
appropriate RC.
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