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Abstract: Supplier selection is a multi-criteria decision making problem which includes both qualitative and
quantitative factors. Supplier selection includes three main decisions: ordering one or several product? Which
suppliers and how much of each supplier? Which time? In this research an integrated approach of Fuzzy analytic
hierarchy process and Fuzzy multi-objective mixed integer linear programming for multi-product Multi-period lot
sizing with supplier selection in quantity discount environments is proposed. In the first step, the suppliers were
evaluated by qualitative and quantitative criteria and using fuzzy analytic hierarchy process technique. In the nest
stage, the suppliers were selected and order quantity from each one was determined; fuzzy multi-objective mixed
integer linear programming was applied for this purpose.
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1- Introduction to avoid reliance on a single source to prevent from
In production industries, cost of raw materials material deficiency and maintain competition among
exceeds 70% of product manufacturing expenses, and the suppliers. Two problems are encountered in this
at least 50% of qualitative pitfalls of the products case: selection of suppliers and determination of
originate from the purchased raw materials (Burton, order quantity from each supplier (Ghodsypour &
1988). Organizations must pursue strategies to O’Brien, 1998).
achieve higher quality, reduced costs and shorter lead The models introduced for selection of suppliers
times to maintain a competitive position in the global are divided into two general categories: mathematical
market. Based on new strategies for purchasing and programming models and ranking models. Ranking
manufacturing, suppliers play a key role in achieving models can be used in situations when the decision to
corporate competition. Hence, selecting the right select the supplier is not complicated. Yet with
suppliers is a vital component of these strategies further complexity of decision-making conditions,
(Amid et al., 2009). ranking models will not yield favorable responses
There are essentially two types of supplier due to addition of problem constraints and especially
selection problems: single-source and multi-source for the case of multi-source selection in which the
(Ustun & Demirtas, 2008a, 2008b). In single-source decision needs to be made on simultaneous selection
case, all suppliers are able to supply all demands of of suppliers and determination of their optimal order
customers. This ability of suppliers in commodity quantity. Mathematical programming models must be
provision is not solely limited to their capability in used to solve such problems. For the same reason,
supplying the amount of material for the customer but most of papers presented during the recent years in
incorporates all criteria which convince the customer the field of supplier selection have used a
to purchase from a certain supplier. In this state, the mathematical programming model. (Chen, 2009;
only important decision is identification of the best Hammami et al., 2009; Choi & Chang, 2006;
supplier. Suppliers’ evaluation models can be Cakravastia et al., 2002; Amid et al., 2006, 2009; Wu
deployed for this purpose. Multi-attribute decision- et al., 2010; Liao & Rittscher, 2007; Basnet & Leung,
making models account for majority of options 2005).
proposed in such cases. Several suppliers shall be Failure to incorporate the qualitative criteria is
used for providing the materials in the case that none among the major problems of mathematical models
of suppliers is capable of providing all general which impair their efficiency while through
demands of the customer due to limitations in reviewing the models proposed for selection of
capacity, quality, price, and other significant reasons suppliers this fact is revealed that most criteria used
or when the strategy of company’s provision sector is in selection are qualitative. To overcome this
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drawback, Ghodsypour & O’Brien (1998) proposed a
two-stage integrated model. Initially, suppliers were
evaluated and ranked by means of a multi-criteria
model; for this purpose, they applied Analytic
Hierarchy Process (AHP) technique to evaluate the
tangible and intangible criteria. In the second stage,
the obtained ranks were input in a mathematical
programming model as coefficient of objective
function where total value of purchasing (TVP)
function is maximized. They utilized a linear
programming model in the second stage for choosing
suppliers and determining their order quantity. As
such, AHP alleviates the defect mentioned in
mathematical programming which pertains to its
inability to consider the qualitative criteria affecting
the selection. Accordingly, the results of
mathematical modeling will be more reliable. Since
then, use of integrated models increased due to
enhancement of decision-making quality and their
high level of reliability. The following research
works can be implied as examples: Kokangul &
Susuz, 2009; Lee et al., 2009; Wu et al., 2009; Ustun
& Demirtas, 2008a, 2008b; Lin, 2009

Contained in the various evaluation methods
proposed in the available literature, price, delivery
performance, and quality are the most common
criteria (Wang & Yang, 2009). Hence, most of
programming models were based on these criteria;
these criteria are generally taken as objectives of
model otherwise are regarded as constraints.
Purchase costs are among the most important criteria
considered as objective function in most researches.
For this reason, many researchers take into account
the discount conditions in their studies. Chaudhry et
al. (1993) were the pioneers of considering discount
conditions in their mathematical programming model.
Many researchers were conducted afterwards in this
scope; some instances include: Sadrian &
Yoon,1994; Rosenthal et al., 1995; Xu et al.,2000;
Tempelmeier, 2002; Xia & wu, 2007; Crama et al.,
2004; Choi & Chang, 2006; Ganeshan et al., 1999;
Chang, 2006; Amid et al., 2009; Wang & Yang,
2009.

In the current research, a two-stage integrated
model is proposed for selecting the suppliers and
determining their optimal order quantity. This model
applies to general state of decision-making about
selection of suppliers i.e. multi-products, multi-
suppliers, and multi-periods. In the first stage, the
suppliers are evaluated by means of some qualitative
and quantitative criteria. In this stage, suppliers are
evaluated for different products separately and the
calculated weights of these evaluations enter as the
overall priorities for suppliers into the second stage
where order quantity are selected and allocated.
FAHP technique is used in the present study to
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evaluate the suppliers. In the second stage, the
superior suppliers are selected by a mathematical
programming model and optimal order quantity of
each one is determined. A FMOMILP model is used
in this stage for decision optimization; this model
consists of six objective functions including: cost
reduction, increase of total value of purchasing,
reduction of products’ defect, improvement of on-
time delivery, reduction of lead-time, and
enhancement of guarantee level. These objective
functions are the most important quantitative criteria
affecting selection of suppliers, which can be
converted into objective functions because of having
quantitative values.

2. Fuzzy Analytic Hierarchy Process
2.1. Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP) is a
theory of measurement through pairwise comparisons
and relies on the judgments of experts to derive
priority scales (Saaty, 2008). AHP is a multi-attribute
decision-making technique which is based on human
brain’s analysis for intricate and fuzzy problems. This
method was primarily introduced by Thomas. L.
Saaty in 1971(saaty, 1980).

The procedures of AHP to solve a complex
problem involve six essential steps (lee 2009):
1. Define the unstructured problem and state clearly
the objectives and outcomes;
2. Decompose the problem into a hierarchical
structure with decision elements;
3. Employ pairwise comparisons among decision
elements and form comparison matrices;
4. Use the value method to estimate the relative
weights of the decision elements;
5. Check the consistency property of matrices to
ensure that the judgments of decision makers are
consistent;
6. Aggregate the relative weights of decision
elements to obtain an overall rating for the
alternatives.

2.2. Fuzzy set theory and triangular fuzzy number

Fuzzy set theory (FST) was introduced by Zadeh
(1965) and is a class of objects with a continuum of
grades of membership (Zadeh, 1965). A fuzzy set A
in X is characterized by membership function fa(x)
which associates with each point in X a real number
in the interval [0,1], with the value of fa(x) at x
representing the “grade of membership” of x in A
(Zadeh, 1965).

A triangular fuzzy number (TFN) A is defined by
three real numbers 1 < m < u, and characterized by a
linear piecewise continuous membership function
e (x)of the type (Mikhailov & Tsvetinov, 2004):
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The fuzzy number A can be expressed as a triple (,
m, u), where m is the most possible value of the
fuzzy number; and 1 and u are the lower and the
upper bounds, respectively (Mikhailov, 2003).

2.3. Fuzzy preference programming method

In many cases the preference model of the human
decision-maker is uncertain and fuzzy and it is
relatively difficult crisp numerical values of the
comparison ratios to be provided. The decision-
maker may be uncertain about his level of preference
due to incomplete information or knowledge,
inherent complexity and uncertainty within the
decision environment, lack of an appropriate measure
or scale. A natural way to cope with uncertain
judgments is to express the comparison ratios as
fuzzy sets or fuzzy numbers, which incorporate the
vagueness of the human thinking (Mikhailov, 2003).

Van Laarhoven and Pedrycz (1983) were the first
persons who wused fuzzy concept in pairwise
comparisons in their research works. Evaluation of
fuzzy priorities in pairwise comparison matrix is most
important stage in solving FAHP models. They
benefited from fuzzy logarithmic least squares
method for this purpose. Many other FAHP methods
were subsequently proposed by researchers,
including: Geometric mean method (Buckley, 1985),
interval arithmetic (Cheng & Mon, 1994), extend
analysis method (Chang 1996), Fuzzy least squares
method (Xu et al, 2000), Fuzzy preference
programming (Mikhailov, 2003).

Fuzzy preference programming method is used in
the current paper due to its numerous merits
compared to alternative techniques. The most
important of these advantages is the measurement of
consistency indexes for the fuzzy pairwise
comparison matrixes. It is not possible to determine
the consistency ratios of fuzzy pairwise comparison
matrixes in other AHP methods without conducting
an additional study (Dagdeviren & Yiiksel, 2010) and
as opposed to other approaches it does not require
constructing fuzzy comparison matrices and derives
the priority vector from the incomplete judgment set
(Cakir & Canbolat, 2008)

Suppose the pairwise comparisons matrix
F= {El./_} for elements which contained

m<n(n—1)/2 judgments about fuzzy pairwise

n

where
and

comparison

i=1,2,.., n—-1,j=2,3,., n,j>i
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a; =(l,,m;,u;) are triangular fuzzy numbers. In

this state, the non-linear program proposed by
Mikhailov & Tsvetinov (2004) is written in the form
of equation (2) for obtaining the relative weights of
pairwise comparison matrix.

Maximize A

Subject to

(ml.j.—ll.j.)le—wi+li,wj£0,
(,

Z w,=Lw, >0,k=12,.,n.

k=1

(2)

—ml.j.)le+wi—ul.j.wj£0,

i=12,..n-1,j=23,..,n,j>i.

The optimal value A* can be used for measuring the
consistency of the initial set of fuzzy judgments. The
optimal value A%, if it is positive, indicates that all
solution ratios completely satisfy the fuzzy
judgments, i.e. 1jj§(Wj*/Wj*)§ u;;, which means that the
initial set of fuzzy judgements is rather consistent. A
negative value of A* shows that the solutions ratios
approximately satisfy all double-side inequalities
li<wi/wi<ujj, i.e. the fuzzy judgements are strongly
inconsistent (Mikhailov & Tsvetinov, 2004).

3. Benefits, opportunities, costs and risks

In decision-making, there are often criteria that
are opposite in direction to other criteria as in
benefits (B)versus costs (C), and in opportunities
(O) versus risks (R), and sometimes need to be
distinguished by using negative numbers (Saaty
2003b). For the same reason, Saaty (2004) proposed a
model with criteria B, O, C, and R criteria for
determining the priorities of variables. An advantage
of BOCR is the merging ability in different decision-
making problems including AHP. B, O, C, and R are
involved in a hierarchy as major priorities after
objective and each of them consists of criteria and
sub-criteria.

The important point in hierarchical structures with
BOCR merits is the fact that if significance degrees
of B, O, C and R are not equal, they cannot be
mutually compared with the objective in order to
achieve the weights. To obtain weight of each
priority, a series of control criteria are defined with
respect to the objective. So, the relative weights of
these priorities can be derived through pairwise
comparisons between control criteria compared to
objective and BCOR merits compared to control
criteria (Lee, 2009).

In order to calculate weights of alternatives, the
weights obtained for each alternative with respect to
priorities are merged with the weights obtained for
each of criteria with respect to objective. Saaty
(2003a) proposed five techniques for combining these
values. If W; is final weight of each alternative. B;,
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0;, C;, and R; respectively represent combined results
of jth alternative with merits B, O, C, and R; b, o, c,
and r also respectively represent normalized weights
of B, O, C, and R merits with respect to the objective.
These five methods will be in the form of equation
(3) (Lee, 2009):

1. Additive

W! =bB it 00/ + c[(l/ C! )Normaltzed ]Jr r [(1 / R/ )Norma[!zed ]
2. Probabilis tic additive
W,=bB,+00,+cl-C,)+r(1-R,)

3. Subtractiv e
W,=bB,-00,+cC,—iR

(3)

J
4. Multiplica tive priority powers

W! = B!hO; [(1 / C! )Nornmltzed } [(1 / RJ )Nornmltzed ]"
5. Multiplica tive

W,=B,0,/C,R,

4. max-min method

A general multi-objective model for the supplier
selection problem can be stated as follows (Weber
and Current, 1993; Amid et al., 2011):

Min Z,,Z,,..Z,

Max 7.\, Zio 2, (4)
Subject to

xeX,, X,= {x/gx(x)S b, s= 1,2,...,m}

in which theZ, Z,,...,Z, are the negative objectives or

criteria for minimization like cost, late delivery, etc.

and Zk+l,zk+2,,,,,zp are the positive objectives or

criteria for maximization such as quality, on-time
delivery, after sale service and so on. X is the set of
feasible solutions that satisfy the set of system and
policy constraints.

Zimmermann (1978) first used the max—min operator
of Bellman and Zadeh (1970) to solve fuzzy multi-
objective linear programming problems.

Values of objective function 7, j=1,2,...,¢ change

linearly in the interval Z™" to Z™. Therefore, he
held the opinion that these functions can be presumed
as fuzzy numbers of linear membership functions

(Fig.1).
A

My (x)

M (x )

1
1
1
1
!
+
!

Zy Z,

+
»
»

(a) (b)

Fig. 1: Membership function: (a) minimum & (b) maximum objective

Linear membership function of each minimization
function (Z,) and maximization function (Z;) are
obtained as expressed in equations (5) and (6) using
their minimal and maximal values.
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1 forZ <7,
wW)=11. =z -2z -2) forz <z,()<7 (k=12...0) ©)
0 forZ >Z;
1 forZ>Z;
wlo)=11, =20)-2 )17 ~7) forz <z,(x)<Z' (1=p+Lp+2..q) ©
0 forZ<Z;

Where: Z;" and Z, are respectively maximum and
minimum values of minimization function Z,, and
also Z," and Z; respectively represent maximum and
minimum values of maximization function Z;,. These
values are obtained by solving each of objective
functions separately and in two maximization and
minimization states.

Max-min model was proposed by Zimmerman (1978,
1993) for solving MOLP problems as shown by
equation (7):

MaxA

Subject ta

A Sf/z, (x), J=1,...¢9 (for all objectivefunctiong ™
gr(x)ﬁbr ,r=L...m

X, 20,i=1,...,n, A€[0]]

5. Integrated FAHP-FMOMILP model for

supplier selection and order lot-sizing

The proposed algorithm is illustrated in Fig. 2. This
algorithm consists of two major stages: evaluation
stage and order allocation stage.

5.1. Evaluation Stage

In the evaluation stage, the suppliers are evaluated
and weighted through FAHP technique and the
obtained weights enter the allocation stage as
coefficients of TVP objective function. In the
following section, this stage is analyzed in four main
steps:

Determination of decision-making criteria, control
criteria, and construction of AHP model:
Determination of criteria is one of the most important
parts of decision-making process. The criteria
indicate level of attaining the objectives and
strategies of organization. Taking into account the
kind of respective product in this stage, evaluation
criteria are primarily determined according to BOCR
merits.

Following determination of criteria, hierarchical
structure is constructed. The important point in
hierarchical structures with BOCR merits is the fact
that if significance degrees of B, O, C and R are not
equal, they cannot be mutually compared with the
objective in order to achieve the weights. To obtain
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Determination decision criteria under the BOCR merits <

v
Construction of hierarchy of FAHP model

v

Determination of control criteria for calculate the relative
importance of the BOCR merits

v

Performance pairwise comparisons for ith product

v

Calculation of relative weights of Pairwise comparisons
matrices by FPP techniques

v

Calculation of relative weights of BOCR merits with respect
to goal

v

Calculation of relative weights of suppliers with respect to
B.O.CandR

v

Calculation of overall weights of suppliers for ith product

Were relative Is next selected

weights of product similar
products, to previous
calculated? product?

|<_

Formation of weights matrix of suppliers for all products

Evaluation Stage of suppliers

Formation of multi-product multi-period FMOMILP model

A 4

Define the model constraints

A 4

Calculation of Min and Max of each function separately

|

Calculation of membership degree for each goal function

A\ 4

Creation new constraints by membership degrees

;

Converting MOMILP model to MILP model and solving

Optimal solution
(suppliers selection and
determining the optimal order
quantity)

Order allocation Stage

Fig 2: The algorithms of the Evaluation and allocation Stages

weight of each priority, a series of control criteria are
defined with respect to the objective. So, the relative
weights of these priorities can be derived through
pairwise comparisons between control criteria
compared to objective and BCOR merits compared to
control criteria (Lee, 2009).

Performing Pairwise Comparisons and
Calculation of Relative Weights:

In this step, elements of each hierarchy level are
compared with the corresponding element in the
upper level in pairs.

For benefits (B) and opportunities (O), the question is
to ask what gives the most benefit or presents the
greatest opportunity to influence fulfillment of the
sub-criterion (detailed criterion). For costs (C) and
risks (R), the question is to ask what incurs the most
cost or faces the greatest risk (Lee, 2009).

In the respective calculations, the corresponding
values of linguistic variables are introduced by
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triangular fuzzy numbers in the pairwise comparison
matrices as demonstrated in table 1 (Lee, 2009; Cakir
& Canbolat, 2008). FPP method is used in this step to
calculate relative weights of pairwise comparison
matrices.

Table 1. Membership function of the Linguistic variable

Linguistic variable Membership function

Equally important (1.1.2)
Moderately important (2.3.4)

More important (4.5.6)
Strongly important (6,7.8)
Extremely important (8,9.9)
Preferences between the above (%-1.x.x+1)
intervals forx=246.28

Calculation of Relative Weights B, O, C, and R
with respect to objective, and suppliers with
respect to B, O, C, and R:

Relative weight of each alternative with respect to
each of B, O, C, and R merits are obtained via sum of
multiplication of relative weights of sub-criteria of
the same priority by relative weight of that alternative
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with respect to these sub-criteria; these values are
respectively designated B;, O;, Cj, and R;. Relative
weights of B, O, C and R with respect to objective
are also determined through sum of multiplication of
relative weight of each merits by relative weight of
each control criteria. These values are respectively
represented by b, o, ¢, and r.

Calculation of final weights of suppliers and
creation of weight matrix:

In this step, the relative weights obtained for B, O, C,
and R merits with respect to objective are combined
with the relative weights of suppliers with respect to
B, O, C, and R merits using a method proposed by
Saaty in section 3 so as to derive the total weight of
suppliers. Saaty (2003b) has investigated advantages
of each of these methods in his research.

Now, it is necessary to realize that whether weights
of suppliers have been obtained for all products or
not. If the answer is “yes” the procedure is directed to
the second stage of algorithm otherwise weights of
suppliers shall be calculated for all products. There is
another fundamental question here: is the selected
product similar to the former one in terms of
performance features and selection criteria? If not,
the first stage of the proposed algorithm should be
executed for evaluating the suppliers. The main
reason lies in the fact that control criteria and sub-
criteria affecting the selection will vary if the features
of a product change. Therefore, a new hierarchy with
decision-related criteria shall be defined to precise
acquire the preferences of suppliers. Conversely, if
the answer to the question is “yes”, there will be no
need to define a new hierarchy and algorithm
procedures will be repeated after its fourth stage.
These comparisons are only performed for suppliers
and control criteria. The reason is the fact that sub-
criteria and control criteria have not changed in the
previous stage.

Algorithm of evaluation stage is iterated as many
times as the number of products until weights of all
suppliers are achieved for all products. In the last
stage, the weights obtained in a I.J matrix are
categorized and denoted by Wj. Accordingly, result
of evaluation stage of Wj weight matrix will be
indicative of score of “j” supplier for the “i” product.
It must be vitally noted that if the jth supplier cannot
supply the ith product, then Wj will equal zero. The
calculated weight matrices are introduced as input to
the allocation stage to enter the decision-making
space as coefficients of objective function of TVP.

5.2. Order allocation Stage
In this stage, the suppliers are selected via six
objective functions ad optimal order quantity for each

1489

of suppliers will be determined. Steps of allocation
stage are as below:

Creation of multi-product multi-period
FMOMILP model in quantity discount
environments:

The notations used in MOMILP model are as
follows:

- Notations
Indices:
“i”: Index of products
“: Index of suppliers
“t”: index of time periods

“k”: index of price level

Parameters:

I: number of products

J: Number of suppliers

T: Number of time periods

ni: Number of price levels of jth supplier for ith
product and ¢th period

D;:: Demand of ith product in the #th period

Cii: Capacity of jth supplier for ith product in tth
period

Pj: Purchase price of the ith product from the jth
supplier in kth price level and for ¢th period

Sijie: The kth price level of jth supplier for ith product
in tth period (O:Sij0t<sijlt<. . ~<Sijn(ijt)t:Cijt)

Oy ordering cost for the jth supplier in #th period

H;:: Holding cost of ith product in #th period

Wi: Overall weight of jth supplier for ith product

qii: Defect rate of ith product by jth supplier in tth
period

ti: On-time delivery rate of ith product by the jth
supplier in ¢th period

Lt;i: Lead time for a unit of ith product by jth supplier
in tth period

gii: Guarantee provided for a unit of ith product by
Jjth supplier in #th period

Decision variables:

Xije: Value of ith product ordered to jth supplier in
kth price level for t#th period

Yije: It value is 1, if ith product is ordered to jth
supplier in kth price level for tth period, and equals 0
otherwise.

Intermediate Variable:

Ii: Inventory of ith product at the end of tth period
(Inventory of ith product transferred from ¢th to (t+1)
th period) is assumed: I;, = 0 and [;;=0.

- Objective Functions
Total Cost: The expenses related to supply of
product includes three items: purchase cost, ordering
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cost, and holding cost. Sum of these three costs
equals total cost which shall be minimized.
1 J T T 1 J T T I T
min fXN=D 3 > > B XD DD 0 ) 2 bl @
GEENERSES! GENERSEE! = =
TVP: The weights measured in suppliers’ evaluation
stage are transferred to this stage as input data so that
Sum of multiplication of order quantities to suppliers
and their weights will yield the total purchase amount
defined via equation (9):

max fz(X):Z Z Z Z Wy X

)
izl j=l k=1 =1

Total defect rate: Sum of multiplication of defect
rate of purchase unit and total purchase amount
signifies total defect rate of purchase as defined
through equation (10):

1 J Mije

min fi(x) =Y > > Y q, X,

(10)
i=1 J=1 k=1 t=1

Total on-time delivery rate: Sum of multiplication
of on-time delivery rate of purchase unit and total
purchase amount gives the total on-time delivery rate

of purchase as expressed by equation (11):
;w7

max f4(x)=z Z Z Z i X i

i=1 J=1 k=1 t=1

(1)

Total lead time: Sum of multiplication of lead times
of unit ordered product and total purchase amount
yields the total lead time of purchase as defined by
equation (12):

1 J Miji

min fs(x)=z z z

i=1 J=1 k=1

(12)

Total guarantee: Sum of multiplication of guarantee
of unit purchased products and total purchase amount
gives the total guarantee as expressed by equation

(13).
max fy(x)=3 >

i J=1

T
z Ltiﬂ X!‘/kf

t=1

Ny,

2

k=1

T
Z i X

t=1

13)

- Model constraints

The constraints of the problem are formulated as
follows:

Capacity constraints:

> X, <C, Y, i=12.0 j=12..J
k=1

Demand constraint:

t=12..T (19

J M
Liy+2. 0 Xy 2D, i=12..1 =12, (15

Jj=1 k=1
Material balance equations:
J i
l,.,=§ E KXp—D,+Lyy =120 t=12...T (16
Jj=l k=l

Discount intervals constraints:
S LS XSS =L L j=L.J t=L..T k=L..g, ()

Mijy

)

k=1

Y.

ijkt Sl

k=12,..m, (18)
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Inventory constraints:

1,=0 i=12..1 19
Non negativity and binary constraints:

Xy 20

1,20 (20)

Y,.jk, =0 or 1 Integer

Set of (14) constraints guarantees sum of orders from
a supplier shall be less than its capacity. In one period
of time, demand is supplied from two quantity; its
order quantity and the inventory remaining from the
previous period, which according to (15), sum of two
values shall be always greater than or equal to the
required demand value. Sum of order quantity of ith
product in th period and the quantity of inventory
remaining from previous period is always equal to
demand quantity of that product and the quantity
transferred to the next period. This constraint is
considered in (16). It is noteworthy that due to
comprehensiveness of constraint of material balance
equations (16) compared to demand constraints (15),
there is no need to demand constraints for performing
the model and their presence is mainly for more
profound comprehension of model constraints. Set of
constraints of (17) will guarantee that order quantity
in each price level is in its discount domain.
Constraint (18) is taken into account to select the
supplier only in one discount level. Constraint (19) is
imposed to have zero for inventory of each product at
the end of programming period.

Using max-min technique for solving FMOMILP
model

The last general stage of the proposed model
comprises model solution and determination of
superior suppliers. Max-min technique in the current
paper for solving the model so that suitable suppliers
are selected and their optimal order quantity were
determined.

6- Case Study

To have a better insight of the model, a numerical
example is presented in this part. The information
used in this example has been prepared from
purchase sector of a steel industry company which
has three suppliers and two required products of steel
bar kind. Purchase programming is done for all three
periods.

6-1- Evaluation Stage

Determination of decision-making criteria, control
criteria, and construction of AHP model

This proposed model consists of 11 criteria and five
control criteria used in Lee’s research (2009). Their
hierarchical structures are shown in figures 3 and 4.
Performing the pairwise comparisons and
calculation of relative weights

In this stage, elements of each hierarchy level are
compared in pairs with respect to the element in the
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upper level and pairwise comparison matrices are
formed. By applying FPP technique for each of
matrices and with the aid of LINGO 80 software,
weight values of each hierarchy element are
summarized in table 2 and 3.

Calculation of B, O, C, and R relative weights with
respect to objective and suppliers with respect to
B,0O, C,and R

To calculate relative weight of each of B, O, C, and R
merits with respect to objective, sum of
multiplication of relative weight of each priority and
relative weight of each control criteria, which yield
the values of b, 0, ¢, and r as shown in table 2.

To calculate relative weight of each supplier with
respect to each of B, O, C, and R merits, sum of
multiplication of relative weight of sub-criteria of the
same priority and relative weight of that supplier with
respect to this sub-criterion. The respective values of
B;, O,, C;, and R; are included in table 3

Calculation of final weight of suppliers and
creation of weights matrices:

To obtain the final weight of suppliers, b, o, c, and r
values obtained for merits B, O, C, and R are

combined with values of %/ €/ -9,> B, obtained
for three suppliers by probabilistic additive method
and the results are normalized. As such, final weights
of suppliers are obtained for a product. The same

procedures are repeated to have the weights of
suppliers for all other products. Accordingly, total
weights matrices of suppliers are obtained for two
ordered products in the form of following matrices:
0.307 0.301 0.392
_[0.217 0.287 0.496}

6-2- Order allocation Stage

Creation of multi-product multi-period
FMOMILP in quantity discount environments:
The needed values for formulating the model are
expressed in tables (4) to (7). Values of purchasing
cost of product unit from three suppliers are shown in
table (4) for different price levels, which are assumed
constant for all periods. Purchasing cost unit is
expressed in dollars for one ton of product. Values of
hi; and Oy are expressed dollar for each ton and Dy
values are expressed in tons as included in table (5).
The values of Cj, qi, Lti, gicin table (6) are taken
constant for all periods. Units of Ci, qy, Lt i
values are respectively expressed in tons, quantity in
product unit, days, and months. tj values are shown
for three periods in table (7) expressed in percents.
Having applied parameter values in functions (8)
through (13) and constraints (14) through (20),
FMOMILP model is formulated.

i

Supplier Selection (SS)

-

Benefits (B) Opportunities (O) Costs (C) Risks (R)
Quality || Flexibility || Delivery Supplier Joint Relationship Cost of Cost of Supply Buyer-supplier Supplier
technalaov orowth hnildine nraduct valatinnchin ~anctraint Annctraint nrafila

Sunnlier 1 (S:) | | Sunnlier 2 (S~ | | Sunnlier 3 (S2)

Fio.3. ROCR hierarchv

Supplier Selection (SS)

7

Lower unit cost Quality

Sufficient delivery

Flexibility in service

Benefits (B) Opportunities (O)

Risks (R)

Fig.4. control hierarchy
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Table 2. Priorities of merits

Merits Sufficient Lower unit Quality Flexibility in Product/Process Normalized Weights
delivery (0.128) cost (0.217) (0.276) service (0.218) technology (0.161) (b,0.c, 1)
B 0.335 0.385 0.531 0.641 0.047 0.420
(0] 0.106 0.301 0.348 0.079 0.508 0.274
@ 0.473 0.057 0.094 0.226 0.106 0.174
R 0.086 0.217 0.027 0.054 0.339 0.132
Table 3. Priorities of alternatives under four merits
Merits
Benefits Opportunities
Quality Flexibility Delivery Normalized Supplier Joint growth Relationship Normalized
(0.379) (0.208) (0.413)  Weights(B;) technology (0.463)  (0.128) building (0.409)  Weights (O))
S1 0.508 0.313 0.114 0.305 51  0.508 0.313 0.114 0322
52  0.137 0.068 0.294 0.187 S2  0.137 0.068 0.294 0.192
S3  0.355 0.619 0.592 0.508 S3  0.355 0.619 0.592 0.486
Merits
Costs Risks
Costof product  Cost of relationship Normalized Supply constraint Buyer-supplier Supplier profile Normalized
(0.694) (0.306) Weights (C)) (0.561) constraint (0.083)  (0.356) Weights (R;)
S1 0.508 0313 0.448 S1  0.438 0.313 0.114 0.312
S2  0.137 0.068 0.116 S2  0.152 0.068 0.294 0.196
S3 0.355 0.619 0.436 S3 041 0.619 0.592 0.492
Table 4. Suppliers quantity discount
Product 1 Product 2
Plllt Slwll Plﬂl Slﬂt P]ﬁt P:rlt 8211t P2|2t SEQI P2131
Sq 330 80 315 230 305 440 120 410 260 390
S 375 110 340 - - 390 85 370 240 340
Ss 315 90 305 250 295 435 120 415 - -
Table 5. Supplier’s quantitative information (Dy, hy, O;)
Dn hi| Oil
t=1 =2 t=3 t=1 t=2 t=3 t=1 t=2 =3
Product 1 540 570 480 25 30 55 S1 3600 3500 3400
Product 2 630 740 450 40 43 45 S2 4000 3100 3900
S3 3400 3400 3200
Table 6. Supplier’s quantitative information (Cj,. q;.. Lt;. ;)
Ciwt Qiit Ltnt gut
Sl SQ 83 S] 82 83 S] 82 83 Sl 82 S3
Product 1 360 370 420 0.0035 0.0040 0.0020 6 7 4 18 20 24
Product 2 440 420 360 0.0035 0.0020 0.0040 8 5 15 20 18
Table 7. Supplier’s quantitative information (tj;,)
Period 1 Period 2 Period 3
Product 1 0.97 0.95 0.99 0.95 0.96 0.98 0.96 0.94 0.99
Product 2 0.96 0.99 0.93 0.96 0.98 0.94 0.95 0.99 0.95
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Table 8. Supplier selected, optimal order quantity and Inventory of product

Yukt Xnkt hﬂ
=l =2 =3 (=il =2 t=3 i=ll =2 =3
Y1371 X113:1=330 -
Product 1 Yis::=1  Yisss=1 Xi332.=420 X 3335=420 1,,=210 1I;,=60 T113=0
13311 X1331=420
Yo:5:=1 Yoo3= Y035=1 X22317420 X553,=420 X;5533=242.8
Product? e 22 + 3‘ : + L,,=0 L,=0 I23=0
Yorml  Yosooml Yol Kp317=210  X33p07320 X43937207.2

Using max-min technique for solving FMOMILP
model:

To solve model through this model, maximal
and minimal values of each objective function are
initially obtained disregarding other objective
functions and by imposing all constraints. LINDO 6.1
software is used for this purpose.

Subsequently, membership degrees of objective
functions are obtained according to (5) and (6). These
membership degrees are fixed greater than or equal to
A variable and new constraint is imposed equal to
number of objective functions. Through adding these
constraints to the former constraints and conversion
of objective function to Max Z=\A, multi-objective
linear programming model is transformed into a
single-objective linear programming model; optimal
answers are gained as shown in table (8) through
solving this model by means of LINDO 6.1 software.
7. Conclusions

In the current research, an integrated two-stage
model was proposed for selection of suppliers in
general purchase state i.e. multi-products, multi-
suppliers, multi- periods and in quantity discount
envinments. In the first stage, the suppliers were
evaluated and selected in the second stage using a
mathematical programming model. One of problems
of the mathematical models is the fact that qualitative
criteria are not brought under consideration. TO
overcome problem, a two-stage approach was taken
where suppliers were first evaluated in the first stage
by means of qualitative and quantitative criteria
affecting the decision-making. From another aspect,
one of most important features of mathematical
models is presence of variables by obtaining which
optimal answers can be achieved. Set of the variables
in the proposed model consists of three different
groups of variables: variable “Y” which determines
the superior supplier for products and different
periods; variable “X” which is representative of order
quantity of each product to supplier in programming
periods, and variable “I” which denotes the inventory
of each product at the end of each period. Through
solving this model and obtaining these variables,
superior suppliers are identified and optimal order
quantity for each one is also determined.

1493

8- Refferences:

l.

10.

11.

12.

13.

14.

Amid A, Ghodsypour S.H, O’Brien C, " A weighted
max-min model for fuzzy multi-objective supplier
selection in a supply chain", international Journal of
Production Economics, Volume 131, Issue 1, May
2011, Pages139-145

Amid A, Ghodsypour S.H, O’Brien C; “A weighted
additive fuzzy multiobjective model for the supplier
selection problem under price breaks in a supply

Chain”, Int. J. Production Economics 121,323—
332,2009.
Amid A, Ghodsypour S.H, O’Brien C; “Fuzzy

multiobjective linear model for supplier selection in a
supply chain”, Int. J. Production Economics 104 , 394—
407,2006.

Cakravastia A,TOHA LS, Nakamura N; “A two-stage
model for the design of supply chain networks”, Int. J.
Production Economics 80 ,231-248,2002.

Lee A.H.I Kang H.Y, Chang C.T; “Fuzzy multiple
goal programming applied to TFT-LCD supplier
selection by downstream manufacturers”, Expert
Systems with Applications 36 , 6318-6325,2009.
Kokangul A, Susuz Z; “Integrated analytical hierarch
process and mathematical programming to supplier
selection problem with quantity discount”, Applied
Mathematical Modelling 33 ,1417-1429,2009.

Buckley J.J, “ Fuzzy hierarchical analysis”, Fuzzy Sets
and Systems, 17, 233-247, 1985.

Burton TT; "JIT repetitive sourcing strategies: “tying
the knot” with your supplier", Production and Inventory
Management 1988;29:38—41.

Basnet C, Leung J. M.Y; “Inventory lot-sizing with
supplier selection”, Computers & Operations Research
32, 1-14,2005.

Cakir O, Canbolat M.S, A web-based decision support
system for multi-criteria inventory classification using
fuzzy AHP methodology", Expert Systems with
Applications 35 (2008) 1367-1378

Chang, D. Y, “Applications of the extent analysis
method on fuzzy AHP”, European Journal of
Operational Research, 95, 649-655, 1996.

Chang C.T, "An acquisition policy for a single item
multi-supplier system with real-world constraints",
Applied Mathematical Modelling 30 (2006) 1-9
Chaudhry SS, Forst FG, Zydiak JL. Vendor selection
with price breaks. European Journal of Operational
Research 1993;70:52-66.

Choi J.H, Chang Y.S, "A two-phased semantic
optimization modeling approach on supplier selection
in eProcurement" Expert Systems with Applications 31
(20006) 137-144



Life Science Journal 2012;9(3)

http://www.lifesciencesite.com

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26

27.

28.

29.

30.

Cheng C. H., Mon D. L. (1994). Evaluating weapon
system by analytical hierarchy process based on fuzzy
scales. Fuzzy Sets and Systems, 63(1), 1-10.

Chen C.M ; “A fuzzy-based decision-support model
for rebuy procurement”, Int. J. Production Economics
122,714-724,2009

Crama Y, Pascual R, Torres. A, "Optimal procurement
decisions in the presence of total quantity discounts and
alternative product recipes" ,European Journal of
Operational Research 159 (2004) 364-378

Wu D.D, Zhang Y, WU D, Olson D.L; “Fuzzy multi-
objective programming for supplier selection and risk
modeling:A possibility approach”, European Journal of
Operational Research 200 , 774-787,2010.

Dagdeviren M, Yiiksel I, "A fuzzy analytic network
process (ANP) model for measurement of the sectoral
competititon level (SCL)", Expert Systems with
Applications 37 (2010) 1005-1014.

Ganeshan R, Tyworth J E, Guo Y," Dual sourced
supply chains: the discount supplier option"
Transportation Research Part E35 (1999)11-23
Ghodsypour SH, O’Brien C.A decision support system
for supplier selection using an integrated analytic
hierarchy  process and linear  programming.
International Journal of Production Economics
1998;56-57:199-212.

Lee A. A fuzzy supplier selection model with the
consideration of benefits, opportunities, costs and risks.
Expert Systems with Applications 36 (2009) 2879-
2893.

Mikhailov L, Tsvetinov P, “Evaluation of services
using a fuzzy analytic hierarchy process”, Applied Soft
Computing 5,23-33, 2004.

Mikhailov, L, “Deriving priorities from fuzzy pairwise
comparison judgments”, Fuzzy Sets and Systems, 134,
365-385, 2003

Hammami R, Frein Y, Alouane A.B.H; “A strategic-
tactical model for the supply chain design in the
delocalization context: Mathematical formulation and a
case study”, Int. J. Production Economics 122, 351—
365,2009

.Lin R.H; “An integrated FANP-MOLP for supplier

evaluation and order allocation”, Applied Mathematical
Modelling 33 , 2730-2736,2009

Rosenthal EC, Zydiac JL, Chaudhry SS. Vendor
selection ~ with  bundling.  Decision  Sciences
1995;26:35-48.

Saaty R.W, “Decision making in complex
environment: Theanalytic hierarchy process (AHP) for
decision making and the analyticnetwork process
(ANP) for decision making with dependence
andfeedback” Pittsburgh: Super Decisions.(2003a)
Sadrian A.A., Yoon Y.S.; 1994. A procurement
decision support system in business volume discount
environments. Operations Research 42 (1), 14-23

Saaty T.L “Fundamentals of the analytic network
processmultiplenetworks with benefits opportunities,

07/20/2012

1494

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

costs and risks” Journalof Systems Science and
Systems Engineering, 13(3), 348-379,2004

Saaty T.L, “ Negative priorities in the analytic
hierarchy  process”Mathematical and Computer
Modelling, 37, 1063-1075,(2003b)

Saaty, T.L. ‘Decision making with the analytic
hierarchy process’, Int. J. Services Sciences, Vol. 1,
No. 1, pp.83-98(2008).

Saaty T.L, The Analytic Hierarchy Process, McGraw-
Hill, New York, 1980.

Tempelmeier H. A simple heuristic for dynamic order
sizing and supplier selection with time-varying data.
Production and Operations Management 2002;11:499—
515.

Ustun O, Demirtas E.A . An integrated multi-objective
decision-making process for multi-period lot-sizing
with supplier selection. Omega 36 (2008 a) 509 — 521
Ustun O, Demirtas E.A . Multi-period lot-sizing with
supplier selection using achievement scalarizing
functions. Computers & Industrial Engineering 54
(2008 b) 918-931.

Van Laarhoven P. J. M., Pedrycz W, “A fuzzy
extension of Saaty’s priority theory”, Fuzzy Sets and
Systems, 11, 229-241, 1983.

Wang T.Y, Yang Y.H, "A fuzzy model for supplier
selection in quantity discount environments" Expert
Systems with Applications 36 (2009) 12179—-12187

Wu W.Y, Sukoco BM, Li C.Y, Chen S.H; “An
integrated multi-objective decision-making process for
supplier selection with bundling problem”, Expert
Systems with Applications 36, 2327-2337,2009.
Weber, C.A., Current, J.R., 1993. A multiobjective
approach to vendor selection. European Journal of
Operational Research 68, 173—184.

Xia W, Wu Z, "Supplier selection with multiple criteria
in volume discount environments", Omega 35 (2007)
494 — 504.

Xu J, Lu L.L, Glover F, The deterministic multi-item
dynamic lot size problem with joint business volume
discount, Annals of Operations Research 96 (2000)
317-337.

Liao Z, Rittscher J; “Integration of supplier selection,
procurement lot sizing and carrier selection under
dynamic demand conditions”, Int. J. Production
Economics 107 , 502-510,2007.

Zadeh LA. Fuzzy sets. Information and Control
1965;8:338-53.

Bellman R.G., Zadeh L.A., 1970. Decision making a
fuzzy environment. Management Sciences, 17, B141—
B164.

Zimmermann H.J, 1978. Fuzzy programming and linear
programming with several objective functions. Fuzzy
Sets and Systems 1, 45-55.

Zimmermann H.J, 1993. Fuzzy Set Theory and its
Applications, fourth Edition. Kluwer Academic
Publishers, Boston.



