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With the development of market competition, company faces more and more pressures. Meanwhile, procurement has a vital effect
on achieving competitive advantages in a supply chain. Selecting the appropriate suppliers is one of the most important sections in
purchase management. However, in real situation, supplier selection is a multiple objective problem about different items with
vagueness and randomness of the data. It is very complex. Hence, research about supplier selection is relatively scarce under
considering multiple items, discount price, and fuzzy and stochastic information. In our paper, we develop a fuzzy multiobjective
supplier selection model for overcoming uncertainty and multiple items. Stochastic demand, fuzzy objectives, and weights are
simultaneously applied to help the managers to select the suitable suppliers about different items. For illustration purpose, a

numerical example is presented to verify the effectiveness of the proposed model.

1. Introduction

In today’s globally competitive environment, companies are
facing more and more pressures and challenges. In most
industries the cost of raw materials and component parts con-
stitutes the main cost of a product; particularly in some cases
it can account for up to 70% [1]. In some high technology
firms, purchased materials and services represent up to 80%
of total product cost [2]. In this situation, supplier selection
plays a key role in reducing purchasing costs, improving
competition ability, and so on.

For supplier selection problem, information is usually
uncertainty and imprecision [3]. At the time of making
decisions, the value of many objectives and constraints is
expressed in vague terms such as “very high in quality” or
“low in cost,” while some variables are stochastic. Hence,
manager must consider the vague data and stochastic infor-
mation for selecting suitable suppliers from many potential
candidates. In this situation, the theory of fuzzy sets and
stochastic approach are two of the best methods for handling
supplier selection problem.

Hence, this creates a great challenge for the scholars
to find an efficient solution to dealing with fuzzy data

and stochastic information [4, 5]. The general strategy is
to defuzzify and/or derandomize fuzzy random variables
to convert the problem into a deterministic problem. The
first direction is to perform the conversions (defuzzity,
derandomize) in a sequential manner [6, 7]. The second way
is to perform both actions at the same time by calculating
the expected value of fuzzy random variables [8-11]. The
obtained LP/NLP from Luhandjula approaches [6] can be
solved directly by the traditional optimization packages such
as LINGO, CPLEX.

Meanwhile, the supplier selection is a multiobjective
decision problem about different items, which is affected by
several conflicting factors including cost, service, and quality.
Moreover, multiple objectives usually are unequally impor-
tant. Consequently a purchasing manager must analyze the
trade-off among the several objectives under different items.
According to uncertain information and different items,
some scholars have published many papers. Kumar et al.
[12] proposed fuzzy goal programming for supplier selection
problem with multiple sourcing that includes three primary
goals: minimizing the net cost, minimizing the net rejections,
and minimizing the net late deliveries subject to realistic
constraints regarding buyer’s demand, vendors’ capacity. In



their model, Zimmermann’s weightless technique is used in
which there is no difference between objective functions.
Amid et al. [13] presented fuzzy multiobjective linear model.
In their model, objectives are vague but constraints are deter-
ministic and weight is known. Amid et al. [14] constructed
a fuzzy multiobjective supplier model under price break. In
this model, constraints and weight also are deterministic.
Wu et al. [15] proposed a fuzzy multiobjective programming
model to decide on supplier selection taking risk factors
into consideration. Ozkok and Tiryaki [16] established a
compensatory fuzzy approach to solve multiobjective linear
supplier selection problem with multiple items by using cost,
service, and quality as objectives. Lin [17] study proposes to
adopt the fuzzy analytic network process approach first to
identify top suppliers by considering the effects of interde-
pendence among selection criteria and to handle inconsistent
and uncertain judgments. Nazari-Shirkouhi et al. [18] solve
a supplier selection problem under multiprice level and
multiproduct using interactive two-phase fuzzy multiobjec-
tive linear programming model. Kilic [19] developed an
integrated approach including fuzzy technique for selecting
the best supplier in a multi-item/multisupplier environment.
Choudhary and Shankar [20] address a problem in which a
storage space constrained buyer procures a single product
in multiple periods from multiple suppliers. Pan et al
[21] constructed a fuzzy multiobjective model for provider
selection. They used linear/nonlinear matrix inequality for
solving this problem.

However, in real situation, objectives, constraints, and
weights usually are uncertain. The manager cannot pre-
cisely give relative information in supplier selection. But
these previous researches do not simultaneously consider
these conditions. Thus, for constructing more practical and
meaningful solution to the supplier selection problem, we
present a new fuzzy multiobjective supplier selection model
under considering fuzzy objectives, constraints, weights, and
stochastic demand in a supply chain.

This paper differs from past studies in that it includes five
features as follows:

(1) according to uncertain information, weight is vague
besides fuzzy objectives and constraints;

(2) based on real situation, stochastic demand is
assumed;

(3) for extending application scope, we establish a general
model that includes line and nonline form;

(4) under considering practical condition, we construct a
supplier selection model about multiple items;

(5) unit price is affected by quantity.

The main motivation of this study is, under considering
uncertain information and multiple items, how to optimize
supplier selection in supply chain for the company. Further-
more, in this research, a numerical example is presented to
illustrate the validation of the proposed model because this
problem is complex and difficult. Through a number example
case, we prove that this supplier selection model is feasible.

The rest of this paper is organized as follows. In Section 2,
a brief description of fuzzy set theory (FST) is first presented.

Mathematical Problems in Engineering

Ha

fmin(x) f* (x) fmax(x) f(x)

FIGURE 1: The different membership functions.

In Section 3, a fuzzy multiobjective model is constructed
under considering different items, discount price, stochastic
demand, fuzzy objectives, constrains, and weights. For solv-
ing this problem, an algorithm is presented. In Section 4,
we present a numerical example and explain the outcomes.
Finally, the results are drawn in Section 5.

2. Fuzzy Set Theory

Fuzzy set theory (FST), first proposed by Zadeh [22], is one of
the best tools to handle the imprecision or vagueness. Under
many conditions, crisp data are inadequate to model real
world situations, since human judgments are often vague and
cannot be estimated by an exact numerical value. To deal with
vagueness of human thought, Zadeh [22] first introduced
the fuzzy logic theory, which was oriented to the rationality
of uncertainty due to imprecision or vagueness. Therefore a
major contribution of FST (fuzzy set theory) is its capability
for representing vagueness.

In this section, some basic definitions of fuzzy sets,
fuzzy numbers, and linguistic variables are reviewed from
Buckley [23], Kaufmann and Gupta [24], Negi [25], and
Zadeh [26]. The basic definitions and notations below will be
used throughout this paper until otherwise stated.

Definition 1. Let X be a universe of discourse; A is a fuzzy
subset of X if, for all x € X, there is a number y, € [0,1]
assigned to represent the membership of x to A, and it is
called the membership function of A as in Figure 1.

Definition 2. When the (crisp) set of elements belong to the
fuzzy set A, the degree of its membership function exceeds
thelevel a: A, = [x € X | yy > o] as in Figure L.

Definition 3. f(x) = (f,..., f,) are the objective functions
and G(x) are the system constraints. f;"(x), i = 1,...,m, is
the optimal goal value to the objective as in Figure 1.

Definition 4 (fuzzy decision). A fuzzy decision is defined
in an analogy to nonfuzzy environments “as the selection
of activities which simultaneously satisfy objective functions
and constraints” In fuzzy set theory the intersection of sets
normally corresponds to the logical “and” The “decision” in a
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fuzzy environment can therefore be viewed as the intersection
of fuzzy constraints and fuzzy objective functions [27]. In the
multiobjective fuzzy decision, the objectives and constraints
are usually not equally important and have different weights
[27-29]. In many cases, the decision-maker can not precisely
set his relative weights. Thus, the weights are assumed
to be fuzzy numbers with either trapezoidal or triangular
membership functions. The «-cut approach is utilized within
the fuzzy weighted model.

3. A Multiobjective Fuzzy Supplier Selection
Model under Considering Different Items
and Uncertain Information

3.1. A Multiobjective Stochastic Supplier Selection Model about
Different Item. A general multiobjective supplier selection
model can be stated as follows:

min f (1),..., f (k)

)
max f (k+1),..., f(q)
and constraints:
n
x € gij(x), g;(x)= {Pr ( Zaitjxtj > bij) > ﬁij,
t=1
2)
i=1,...,mj= 1,...,p},
where f(1),..., f(k) are the negative objectives or criteria-

like cost, lead time, and so forth. f(k + 1),..., f(q) are the
positive objectives or criteria such as quality and service, X,
are nonnegative decision variables, and b;; are independent
continuous random variables with given distributions in the
ith constraint about the jth item, while a;; represents the
coefficient of the tth decision variable and f;; is the ith
preassigned probability level for the jth item, 0 < f3; < 1.

3.2. A Fuzzy Multiobjective Supplier Selection Model under
Considering Many Items and Uncertain Information. Gener-
ally, managers do not have exact and complete information
related to objective, constraints, and weights. A fuzzy multi-
objective model is developed to deal with supplier selection
problem in this condition. In a fuzzy multiobjective supplier
selection model, the sign ~indicates the fuzzy environment.
The symbol > in the objectives and constraints indicates
fuzziness of >, that is, approximately greater than or equal to;
in contrast < has linguistic interpretation “essentially smaller
than or equal to”

A general multiobjective fuzzy supplier selection model
can be expressed as follows:

fdsf, d=1,....k

fle=f, e=k+1,...,q 3)

n
Pr(Za,-tjxtjzbij> 2B, i=L...,m j=1...,p.
i=1

Thus, by incorporating c;,; and o;;, where ¢;; > 0 .and 0 <
0;; < B;j> as predetermined values set by the decision-maker,
then the satisfaction constraints of the decision-maker can be
stated as follows.

The decision-maker is fully satisfied if

Pr ( Za,-tjxtj > bij> > . (4)
=1

The decision-maker is almost satisfied if

n
0, < Pr ( Zaitjxtj > bij> < ﬁij,
t=1

) )
Pr ( Z (aitj + citjxtj) > b,»j> > ﬁij.
=1
The decision-maker is not satisfied if
n
Pr ( Zaitjxtj > b,-j> <oy or
f=1
(6)

n
Pr ( Z (aitj + C,»tjxtj) > bij> < ﬁij-
t=1

Then, the equivalent deterministic constraints for (4)-(6),
respectively, are

n
-1
zaitjxtj > F; (ﬁij) >
i=1
n
-1 -1
E;' (o) < X aujxy; < Fy' (By).
i=1

F! (ﬁij) < Z (aitj + Citj) Xjs (7)
t=1

n
—1
> (@ + ) xy < B (By).
t=1

where Fl.;l(') is the inverse of the cumulative distribution
function of the random variable b;.

Using the Bellman-Zadeh approach, the fuzzy set objec-
tive functions f, and constraints g; are defined by

f={xu; 0},

x €L,

g = 1% tg, (%) >

oty @)
r=1...,q, i=1,...,m,
where ps (%), pg (x) | x — [0,1] are the membership
function of objectives and constraints and y fr(x), Uy, (x) are
the degree of membership at which x belongs to objectives
and constraints. The fuzzy set objectives and constraints
are thus uniquely determined by its membership function
ty,(x), pg,(x) and the range of membership function is a
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FIGURE 2: The different membership functions.

subset of the nonnegative real numbers whose value is finite
and usually finds a place in the interval [0, 1].

Using (8), it is possible to obtain the solution proving the
maximum degree

,,,,,,,,,

€)

.....

To obtain (9), it is necessary to build membership func-
tions pif (x) and py (x), r = 1,...,9,i = 1,...,m, by the
corresponding f,(x), gi(x),x € L,r =1,...,q,i=1,...,m
This is satisfied by the use of the membership functions

. 1,
fr (x) 2 max f, (x),
fr(x) - minxeL fr(x)
max,.y, fr(x) - mianL fr(x)

pr(x) =14 (10)
min fr(x) < f, (%) < lgcleagcf, (%),

A

r

>

0,
[Jr (0 < mpip /- ()

for maximized objective functions or by the use of the
membership functions

I,
fr () <min £, (x),
maX,.y, fr(x) B fr(x) A
maX,y fr(x) - minxeL fr (X)

pr () =9 (1)
min f, (x) < f, (x) < max f, (x),

>

0,
| fr () 2 max £, (x)

for minimized objective functions as in Figure 2.

The construction of (10) or (11) demands solving the
following problems:

fr () — minf, (x),
fr(x) — I;leaicfr (%);

min,; f,(x), max,.; f,(x) are obtained through solving the
multiobjective problem as a single objective using, each time,
only one objective and x € L means that solutions must
satisfy constraints. Since, for every objective function f,(x),
its value changes from min,_ ; f,(x) to max,; f,(x), it may be
considered as a fuzzy number with the membership function
Uy, (x) as shown in (10) or (11):

(12)

1,
J x = l] (/31])
min {k,] (%), hy; (0}
F;' (o) < Z%xq E;' (By)

t=1

n
< Z (a’tJ + Cztf) Xtjp

=1

‘ugij (x) =

-

0:
n

b +dyj Zaitjxtj <F; ( ,J) or
t=1

Z (aitj + citJ)xtJ =5y (ﬁtj)

gij (x) >

(13)
where kij (x) and hij (x) are defined by

(Z?—l QjtjXyj —
ki (x) =
{ (F5" (By) - F

[(zt (%

(E:f))>)] ,

;' (By)) ] BTy

rtj) Xtj ~

Vit GitjXtj

>

hij (x) =

ixtj #0.
t=1
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On the other hand, if

Pr ( iaitjxtj S bij) 2 Bijs (15)
i=1
-1 n A;j
(F;' (1-0y) - X1, aycy) (16)
(7 (1=0) ;' (1))
(B (1= B) - B (a0~ ) )

n
D1 GitjXtj

ixtqbo
t=1

kij (x) =

!
s

hij (x) =

>

17)

(13) are membership functions of fuzzy values of linguistic
variables which reflect constraints of qualitative character
about the jth item. In (10), (11), (14), (16), and (17), A,, /\;j are
important factors for the objectives and constraints about the
jth item.

3.3. Decision Making Processes. First, the max-min operator
is discussed, which was used by Zimmermann [28, 30] for
fuzzy multiobjective problems. Then, the convex (weighted
additive) operator is stated that enables the DMs to assign
different weights to various criteria.

In fuzzy programming modeling, using Zimmermann’s
approach, a fuzzy solution is given by the intersection of all
the fuzzy sets representing either fuzzy objective or fuzzy
constraints. The fuzzy solution for all fuzzy objectives and
fuzzy constraints may be given as

q m
uD(x)={{ﬂuﬂ(m}ﬂ{ﬂugﬁ(m}}, xeL (18)
r=1 i=1

The optimal solution (x*) is given by
i (x") = max i (3), (19)

where pp(x), py (x), and ‘ngij(x) represent the membership

functions of solution, objective functions, and constraints
about the jth item.

In practical situation, different objectives and constraints
have unequal importance to managers; weights should be
considered. The fuzzy weighted additive model can handle
this problem, which is described as follows.

The weighted additive model is widely used in vector-
objective optimization problems; the basic concept is to use
a single utility function to express the overall preference of
DM to draw out the relative importance of criteria. In this
case, multiplying each membership function of fuzzy goals
by their corresponding weights and then adding the results
together obtain a weighted utility function.

The fuzzy model proposed by Bellman and Zadeh [31],
Sakawa [29] and the weighted additive model proposed by
Tiwari et al. [32] are

q q+m
yp (x) = ijn + Z wiK,
j=1 j=q+1

(20)
q m
lefr + Ewgij =1 wfr’wgij 20,
r= i=

where w; and w g, are the weighting coeflicients that present

the relative importance among the fuzzy goals and fuzzy
constraints about the jth item:

max wen + wgin,
n<uyp (x),

(21)
K<y, (%),

x,j € L.

If w, denotes the fuzzy weight of the jth objective or

constraint, let W, = {w,wy, Wy, W}, s = 1,...,p + m, be
a trapezoidal fuzzy number or let W, = {w,wy, W}, s =
1,..., p +mbe a triangular fuzzy number. Then, by utilizing

the a-cut approach for w;, as trapezoidal fuzzy number,
the suggested model can be represented in the form of
weighted max-min deterministic-crisp nonlinear program-
ming model, as follows:

q+m

q
max ijnj + Z WiK; (22)
j=1 j=q+1
s.t.:

< ‘I/lfr (.X) 5 (23)
K < g, (), (24)
w (1 -a)+w, <w, <w(l-a)+wy,, (25)

m+q q m
Yu=Suy s Su, o1 wwz0 e

s=1 r=1 i=1
x, > 0. (27)

It should be noticed that w,, s = 1,2,...,m + p, become
decision variables, in addition to 7, «;, and x,. The crisp
constraint set (25) is derived by applying the a-cut approach
to the trapezoidal membership functions of the fuzzy weights,
where « is &« € (0,1] predetermined value &« € (0,1].
Constraint (26) insures that the relative weights should add
up to one. The decision-maker has to set the value of «,
carefully, to avoid infeasible solutions. Also, the fuzzy weights
reflect the uncertain relative importance of the objectives,
where the sum of the values of all fuzzy weights should be
one, that is, erlq w, = 1, and the sum of the least values of all

fuzzy weights should be less than one, that is, Y 7 w, < 1.



On the other hand, if W, for any sth objective or constraints,
is considered as triangular fuzzy number, then w,, and w,,
should be replaced by wy,, for the sth objective or constraint.

3.3.1. The Algorithm. For supplier selection problem, a mul-
tiobjective fuzzy model about different items is presented as
follows.

Step 1. According to multiple items, the objectives and
constraints, we construct a supplier selection model in (1)-

().

Step 2. Under considering uncertain information, we provide
the corresponding fuzzy multiple objectives model by (3).

Step 3. By ¢;; and oj;, where ¢;; > 0 and 0 < o0;; <
Bij» as predetermined values set by the decision-maker,
the satisfaction constraints of the decision-maker can be
expressed as (4)-(7).

Step 4. By solving every objective maximum and minimum
value, we defined the objective membership function in (10)
or (11).

Step 5. About the probabilistic fuzzy goal constraints, the
membership function is defined by (13).

Step 6. From considering practical condition, we establish
random variable b; distribution, fuzzy objectives, constraints,
and weights (a trapezoidal/triangular fuzzy number).

Step 7. According to actual data, we construct relative factor
value.

Step 8. Using Zimmermanns method, a solution is provided
by (18) and (20).

Step 9. By the membership function, we establish a multiob-
jective supplier selection model according to (21).

Step 10. From Step 7, we construct the equivalent crisp model
on (22)-(27).

Step 11. Obtain the optimal solution vector x*.

4. Numerical Example

In this section, a numerical example is presented to illustrate
the above algorithm.

4.1. Assumptions

(i) Two items are purchased from two suppliers;

(ii) demands about different items are normally dis-
tributed variable with mean of 40 and 50 and variance
of 49 and 64;

(iii) supplier capacities about every item are limited;
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TaBLE 1: Collected data for numerical example.

Supplier Kind  Quantity  Price Quality Service Capacity
X<20 8
Iteml 20<X <40 6 0.8 0.7 80
1 40< X 5
X <25 12
Item2 25<X <45 11 0.8 0.8 100
45 < X
X <25
Iteml 25<X <35 6 0.9 0.9 90
) 35<X
X <20 13
Item2 20<X<50 10 0.9 0.7 80
50 < X 9
TABLE 2: Weight values.
w, 0.2 0.3 0.4 0.5
w, 0.1 0.2 0.25 0.4
w, 0.2 0.25 0.3 0.4
w, 0.15 0.3 0.4 0.5

(iv) objectives include cost (f;), quality (f,), and service
(f3); constraint demand is almost satisfied;

(v) unit price is affected by quantity.
This example consists of three objectives and one probabilistic

fuzzy constraint, relative data come from Tables 1 and 2, as
follows.

Item 1:
8 7
rd ~ 0
Si=|6|x+|6]|x<f)s
5 4
fo = 0.8x,, +09x,, > f7, (28)
f5 = 0.7x;, +0.9x,, < f2,
Pr(x;; + x5 2b;) 20.8;
Item 2:
o [12 13
fi=|11 | xp+ |10 | xS ff,
9 9
fo = 0.8x, +0.8x,, > f7, (29)

f5=0.9x, +0.7x,, < 7,
Pr(x;, + x5 2 b)) 2 0.8,

where x is nonnegative integer decision variable and demand
D is a normally distributed random variable with mean of 40
and 50 and variance of 49 and 64. Thus, F~'(0.8) = 46 and
57, F~'(0.5) = 40 and 50.
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TABLE 3: Decision variable values.

Supplier Item X
1 1 0
2 46
) 1 0
2 57

The membership functions for three objectives are pro-
vided by which the total cost is minimized, the quality is
maximized, and service is maximized. The linear (nonlinear)
programming software LINDO/LINGO is used to solve this
problem. We can then get the following objective function
and constraints:

02 <w, <05,

0.1 <w, <04, (30)
0.2 < w; <04,

0.15 < w, < 0.5,

wy +w, +ws +w, =1,

xq; < 80, x1, <100,

Xy <90, X5, < 80.

Our numerical example in Table 3 shows an interesting
implication for supplier selection. It shows that unit cost
does not always affect purchasing decision. This phenomenon
is consistent with manager imagination. This result maybe
means multiple criteria requirements should be met simul-
taneously. Because unit cost is not the sole criteria, decisions
occasionally are not affected.

5. Conclusion

With the aggravation of competition, purchasing manage-
ment is more and more significant. At the same time, supplier
selection is one of the most important parts of procurement
section. In practical conditions, it is a multiple objective
decision problem in which the objectives and constraints
are not equally important. In consideration of this situation,
company must trade off all aspects for improving competi-
tiveness.

However, much information is usually uncertain. For
overcoming this difficulty, fuzzy theory and stochastic theory
are two of the most suitable methods. Moreover, company
often purchases many items from suppliers. Based on these
situations, we develop a fuzzy multiobjective model for
supplier selection under considering stochastic demand,

different items, fuzzy objectives, constrains, and weight. The
proposed model can effectively handle multiple items and
uncertain information in supplier selection problem and
help the manager to find out the appropriate suppliers.
Meanwhile, our model can be transformed into a weighted
max-min deterministic-crisp linear/nonlinear model. This
transformation reduces computational complexity and makes
the application of our method more understandable. Finally,
from an application point of view, it is also worth further
research about disruption risk in supplier selection problem.
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