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Abstract. In this research we concentrate on developing a bifuzzy model for a Single-period inventory prob-
lem. The conventional studies have focused on the cases that the demands are probabilistic and follow certain
distribution function; or the demands are considered as fuzzy variables; or the demands is expressed by ran-
dom fuzzy variable. Recently, fuzzy random variables have been applied to some decision-making problems
in such situations. However, there is no research about decision-making including a bifuzzy variable and such
problems do exist in real-lift. In this paper, we analyze the single-period inventory problem in the presence
of uncertainties and the demands are considered as bifuzzy variables. A method for the ordering of fuzzy
numbers with respect to their total integral values is adopted to find the optimal quantity of maximizing the
expected profit function. If the profit gained from selling one unit is less than the loss incurred for each item
left unsold, then the inventory policy should be conservative to reduce the leftover. On the contrary, if the
profit gained is greater than the loss incurred, then the inventory policy should be aggressive to satisfy the
possible demand. When the profit gained is equal to the loss incurred, the order quantity should be equal
to the most likely demand and correspond to the quantity with membership grade 1. The proposed model
and algorithm, which can solve perfectly the uncertain Single-period inventory problem, provide significant
solutions to construct other inventory models with bifuzzy variables in real-life.
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1 Introduction

Since the development of EOQ model, a lot of research works have been made in the inventory control
system. Often uncertainties may be associated with demand, supply or various relevant costs. So the real-world
inventory control problems are imprecisely defined and human interventions are often required to solve these
decision-making problems. The single-period inventory control problem is one of these and the single-period
inventory models have wide applications in the real world in assisting the decision maker to determine the
optimal quantity to order.

Uncertainties are treated as randomness and are handled by appealing to probability theory in conven-
tional inventory models. However, in certain situations uncertainties are due to fuzziness and in these cases
the fuzzy set theory is applicable. Some research papers have already been published in the direction by Kao
et al[9] or L.Li et al[15], etc. Besides, in [8] the newsboy problem has been redefined considering shortage
cost as fuzzy number and demand as random variable, Recently, P.Dutta et al[16] consider demand as a fuzzy
random variable which is a two-fold uncertainty variable. In real life situations, we all know the demand is
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normally vague, imprecise and flexible in nature, especially for new product, the probabilities are not known
due to lack of historical date. In the case, the demands are more suitably described by linguistic terms such
as high and low, or are approximately estimated to be equal to a certain amount subjectively determined by
the experts. In these cases the demands are defined as fuzzy variables or bifuzzy variables. Many papers have
already researched the demands as fuzzy variable. However, there is no research about the demands as bifuzzy
variable and such cases do exist in real-life. Therefore, there is strong motivation for further research in the
area of single-period inventory modeling. In this paper, we develop an inventory model in which the demand
as a bifuzzy variable.

Fuzzy set theory has been well developed and applied in a wide variety of real problems since its intro-
duction in 1965 by Zadeh[18]. The term fuzzy variable was first introduced by Kaufmann[1], then it appeared
in Zadeh[11, 12] and Nahmias[17]. Possibility theory was proposed by Zadeh [12] and developed by many re-
searchers such as Dubois and Prade[3, 4]. Some extensions of fuzzy set have been made in the literature, for
example, Type 2 fuzzy set was introduced by Zadeh[11] as a fuzzy set whose membership grades are also fuzzy
sets; The intuitionistic fuzzy set was proposed by Atanassov[10] as a pair of membership functions whose sum
takes values between 0 and 1; Twofold fuzzy set was derived by Dubois and Prade[2]; Bifuzzy variable was
initialized by Liu[14] as a function from a possibility space to the set of fuzzy variables. In this paper, we dis-
cuss a type of two-fold uncertainty: bifuzzy variable, Roughly speaking, a bifuzzy variable is a fuzzy variable
defined on the universal set of fuzzy variables or a fuzzy variable taking “ fuzzy variable ” values, viz., a
bifuzzy variable is a function from a possibility space to a collection of fuzzy variables. Here, fuzzy means the
degree of uncertainty[5]. Based on the concept of bifuzzy variables, we develop a bifuzzy model applicable to
the single-period inventory problem. Our objective is to provide workable formulations and exact algorithms
for a class of single-period inventory problem with the optimal order quantity, which are common problems
in practice.

The rest of the paper is organized as follows. In section 2, we defined a bifuzzy variable and discussed
a method of ranking fuzzy numbers. In the section 3, we describe the single-period inventory problem and
develop a total profit model of the single-period inventory problem. Next, in the section 4, we discuss how to
transformed a bifuzzy variable into a fuzzy variable and how to derive the optimal order quantity. In section
5, we deals with a numerical example and finally the conclusions have been made in section 6.

2 Preliminary concepts

We assume the basic knowledge of fuzzy sets theory and refer the reader to[6, 13]. The following will be
used extensively.

2.1 Bifuzzy variable

Definition 1. [13] Let U denote a universal set. Then a fuzzy subset Ã of U is defined by its membership
function

µ eA : U → [0, 1],

which assigns to each element x ∈ U a real number µ eA(x) in the interval [0, 1], where the value of µ eA(x)
at x represents the grade of membership of x in Ã. For example, if F is a fuzzy number(set) with degree of
membership µF (u) of an element u in F , then µF (u) represents the degree of possibility that a parameter x
has a value u. Thus, the nearer the value of µ eA(x) is unity, the higher the grade of membership of x in Ã .

Definition 2. [13] The set of elements that belong to the fuzzy set Ã at least to the degree of membership α is
called the α-level set, denoted by

Ãα = {x ∈ U |µ eA(x) ≥ α}. (1)

Fuzzy variable has been defined in many ways. In this paper we use the following definition of fuzzy
variable.
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Definition 3. [13] A fuzzy variable is a function from a possibility space (Θ, P(Θ), Pos) to the real line < .

Definition 4. [14] A bifuzzy variable is a function from a possibility space (Θ, P(Θ), Pos) to a collection of
fuzzy variable.

Definition 5. [13] Let f : <n → < be a function, and ξi bifuzzy(or fuzzy) variables defined on
(Θ, P(Θ), Pos), i = 1, 2, · · · , n, respectively. Then ξ = f(ξ1, ξ2, · · · , ξn) is a bifuzzy ( or fuzzy ) variable
defined on the product possibility space (Θ, P(Θ), Pos) as

ξ(θ1, θ2, · · · , θn) = f(ξ1(θ1), ξ2(θ2), · · · , ξn(θn)) (2)

for any (θ1, θ2, · · · , θn) ∈ Θ.

2.2 The ordering of fuzzy numbers

In many literatures, the problem of comparing fuzzy numbers has been researched well and a lot of
ranking methods have been proposed and discussed.

Definition 6. [7] A fuzzy number Ã is a fuzzy set of the real line R whose membership function µ eA(u) has the
following characteristics with −∞ ≤ aL ≤ a ≤ a ≤ aR ≤ +∞ :

µ eA(u) =





µL(u), aL ≤ u ≤ a
1, a ≤ u ≤ a
µR(u), a ≤ u ≤ aR

0, oterwise

, (3)

where µL : [aL, a] → [0, 1] is continuous and strictly increasing; µR : [a, aR] → [0, 1] is continuous and
strictly decreasing.

Definition 7. [15] Let Ã be a fuzzy number whose membership function is given via (3) and λ ∈ [0, 1] a
predetermined parameter. The total λ-integral value of Ã is defined as

Iλ(Ã) = λIR(Ã) + (1− λ)IL(Ã),

where IL(Ã) and IR(Ã) are the left and right integral values of Ã defined as the following, respectively:

IL(Ã) =
∫ 1

0
µ−1

L (α) dα, IR(Ã) =
∫ 1

0
µ−1

R (α) dα, (4)

where µ−1
L (α) and µ−1

R (α) are the inverse function of IL(Ã) and IR(Ã), respectively. The total λ-integral
value of fuzzy number can be used to rank fuzzy numbers.

Definition 8. [15] Let λ ∈ [0, 1] be predetermined. For any two fuzzy numbers Ã and B̃, we define Ã <,=
or > B̃ if and only if Iλ(Ã) <,= or > Iλ(B̃).

3 Problem statement and modelling

Some inventory problems are characterized by a single order for the entire demand period. Demand is
uncertain but occurs only once. Generally, the single-period inventory model of profit maximization with time
independent costs can be represented as the classical newsboy problem where the newsboy must purchase an
approximate number of newspapers for his corner newsstand such that he earns the maximum profit at the end
of the day.

Consider an item that can be procured at the beginning of a period and after the end of the period, it is
either of no use or it is to be sold at a lower price than the cost at which it was procured.

Suppose:
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b—unit price of an item at which it is purchased (or produced);
a—unit selling price of the item (a > b);
h—holding cost per each item remaining at the end of the period, or it can be considered as unit selling

price of the item after the end of the period; Note that h is negative (h < a);
s—unit shortage cost per item if there is a shortage, or lost revenue due to the inability to supply the

demand (s > b).
And it is assumed that there is no initial inventory on hand; Denote by D0 the order quantity at the begin-

ning of the period and the actual demand Di as a bifuzzy variable with the given set of date {x̃1, x̃2, · · · , x̃n}.
If the demand Di is smaller than the order quantity D0 , then an amount of (D0 −Di) will be left at the end
of the period, and the total cost is bD0 + h(D0 −Di).On the contrary, if the demand Di is greater than D0,
then the inventory is insufficient by an amount of (Di −D0), and the total cost becomes bD0 + s(Di −D0).
To summarize, for a prespecified order quantity D0.

Hence, the revenue R(Di|D0) received and the total cost C(Di|D0) incurred are given as follows:

R(Di|D0) =
{

aDi, Di ≤ D0

aD0, Di > D0
, C(Di|D0) =

{
bD0 + h(D0 −Di), Di ≤ D0

bD0 + s(Di −D0), Di > D0
,

and the total profit P (Di|D0) = R(Di|D0)− C(Di|D0) achieved is given by

P (Di|D0) =
{

(a + h)Di − (b + h)D0, Di ≤ D0

(a− b + s)D0 − sDi, Di ≥ D0
. (5)

Let P(α) denote the α-cut set of P̃ . There are three cases to be considered for the value of D0 in discussing
the membership function of P̃ (D): aL ≤ D0 ≤ a, a ≤ D0 ≤ a and a ≤ D0 ≤ aR, See Fig. 1.

Fig. 1. The membership function of ã

Case 1. aL ≤ D0 ≤ a. For D0 lying in the range of aL and a. µ eP is the same as L(·), viz., the left-
shape function of µ eDi

. It is clear from Fig. 1 that for α ≤ L(D), the lower bound of the α-cut P (α) is
(a + h)L−1(α)− (b + h)D0 because the supply is greater than the demand by an amount of (D0 −L−1(α)),
and the upper bound of P (α) is (a− b + s)D0 − sR−1(α) because the supply is insufficient by an amount of
(R−1(α) − D0). When α ≥ L(D), the supply is always insufficient for any value of the demand defined in
the α-cut. Thus, we have

P (α) =
{

[(a + h)L−1(α)− (b + h)D0, (a− b + s)D0 − sR−1(α)] 0 ≤ α ≤ L(D0)[
(a− b + s)D0 − sL−1(α) , (a− b + s)D0 − sR−1(α)

]
L(D0) ≤ α ≤ 1

. (6)

Case 2. a ≤ D0 ≤ a. For D0 lying in the range of a and a, the lower bound and upper bound of the
α-cut of P̃ are (a + h)L−1(α)− (b + h)D0 and (a− b + s)D0 − sR−1(α), respectively, for any value of α.
Therefore, the α-cut of P̃ is
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P (α) = [(a + h)L−1(α)− (b + h)D0,(a− b + s)D0 − sR−1(α)] 0 ≤ α ≤ 1. (7)

Case 3. a ≤ D0 ≤ aR. For D0 lying in the range of a and aR, µ eP is the same as R(·), viz., the right-shape
function of µ eDi

. Similar to the discussion in Case 1, the α-cut of P̃ is

P (α) =
{

[(a + h)L−1(α)− (b + h)D0, (a− b + s)D0 − sR−1(α)] 0 ≤ α ≤ R(D0)[
(a + h)L−1(α)− (b + h)D0 , (a + h)R−1(α)− (b + h)D0

]
R(D0) ≤ α ≤ 1

. (8)

In the next section, we shall discuss how to derive the optimal order quantity from the α-cut of P̃ .

4 Algorithms

4.1 Bifuzzy transform operation

Let ξ = (aL, ρ̃, aR), where ρ̃ = (ρL, ρ0, ρR) is a triangular fuzzy variable with membership function
µeρ(x); Then ξ is a bifuzzy variable. Here, ρ̃ = (ρL, ρ0, ρR) is a fuzzy variable with membership function
µeρ(x). See Fig. 2. By the concept of α-cuts, denote the α1-cuts (or α1-level sets) of ρ̃ as follows

ρ̃α1 = [ρL
α1

, ρR
α1

] = {x ∈ U |µeρ(x) ≥ α1}.

Here, ρL
α1

= ρL + α1(ρ0 − ρL) and ρR
α1

= ρR − α1(ρR − ρ0). The parameter α1 ∈ [0, 1] here reflects
decision-maker’s degree of optimism. These intervals indicate where the group arrival rate and service rate lie
at possibility level α1. Note that ρ̃α1 are crisp sets than fuzzy sets.

Fig. 2. The membership function of ρ̃

Let X = {xi ∈ X|µ(xi) ≥ α1, i = 1, 2, · · · , n}, so the bifuzzy variable ξ = (aL, ρ̃α1 , aR) can be
denoted as ξ = (aL, X, aR) or denoted as follows:

ξ =





ξ̃1(aL, x1, aR),
ξ̃2(aL, x2, aR),
...

ξ̃n(aL, xn, aR),

where x1 ≤ x2 ≤ · · · ≤ xn, X = [x1, xn] = [ρL
α1

, ρR
α1

], i = 1, 2, · · · , n and ξ̃i is fuzzy variable. It is easy
to reach that x1 = ρL

α1
, xn = ρR

α1
. In other words, ρL

α1
is the minimum value that ρ̃ achieves with possibility

α1; ρR
α1

is the maximum value that ρ̃ achieves with possibility α1. The variable ξ can be expressed in another
form as ξ = ξ̃1 ∪ ξ̃2 ∪ · · · ∪ ξ̃n. Here ξ̃i is fuzzy variable, so the bifuzzy variable ξ is transformed into a fuzzy
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variable with membership function µeξ(D). On the basis of the concept of α-cuts (or α level sets), denote the

α2-cuts (or α2-level sets) of ξ̃ as follows:

ξ̃α2(D) = [ξL
α2

, ξR
α2

] = {D ∈ U |µeξ(D) ≥ α2},

or

ξ̃α2(D) =





ξ̃1(aL, ρL
α1

, aR) ≥ α2,

ξ̃2(aL, x2, aR) ≥ α2,
...

ξ̃n−1(aL, xn−1, aR) ≥ α2,

ξ̃n(aL, ρR
α1

, aR) ≥ α2.

By the convexity of a fuzzy number, the bounds of these intervals are function of α2 ( 0 ≤ α2 ≤
aR−aL

aR−aL+ρR
α1
−ρL

α1

) and can be obtained as ξ̃α2 = [ξL
α2

, ξR
α2

]. ξL
α2

= max ξL
iα2

, ξR
α2

= min ξR
iα2

; and ξL
iα2

= min

µ−1
eξi

(α2), ξR
iα2

= max µ−1
eξi

(α2), i = 1, 2, · · · , n, respectively. Obviously,

ξL
α2

= max min µ−1
eξi

(α2) = min µ−1
eξn

(α2), (9)

ξR
α2

= min max µ−1
eξi

(α2) = max µ−1
eξ1

(α2). (10)

Consequently, we can use its α2-cuts to construct the corresponding membership function. Let ξL
α2

=
a, ξR

α2
= a, viz. ξ̃ = (aL, a, a, aR) is a similar trapezoidal fuzzy number with the membership function

µeξ(D). The value of µeξ(D) at D ∈ [a, a] is considered subjectively to be 1 approximately.

4.2 The solution method

We consider the above single-period inventory problem where the demand is considered as a bifuzzy vari-
able. Di = (aL, ρ̃, aR) is a bifuzzy variable, so its P (Di|D0) is also a bifuzzy variable. Here ρ̃ = (ρL, ρ0, ρR)
is fuzzy variable with membership function µeρ(x) and ρ̃α1 denote the α1-level set of ρ̃. It follows from (9)
and (10) that D̃i = (aL, a, a, aR) where a = PL

α2
, a = PR

α2
is a fuzzy variable. For each α1 and α2 is given

by decision-maker. Depending on the demand Di. Obviously, the demand Di and the profit P (Di|D0) have
the same membership grade. In the other words, the demand Di and P (Di|D0) have the same shape of the
membership function. In the rest of this section, we will exploit the exact expression of the total integral value
of the fuzzy profit P̃ (D) for each given order quantity D0 when the imprecise demand Di is characterized by
a trapezoidal fuzzy number Di = (aL, a, a, aR).

From the Definition 8, we can know that the parameter λ ∈ [0, 1] reflects decision-maker’s degree of
optimism. A large λ indicates a higher degree of optimism. More specifically, I0(Ã) = IL(Ã)(λ = 0) and
I1(Ã) = IR(Ã)(λ = 1) represent pessimistic and optimistic decision viewpoints, respectively, while I 1

2
(Ã) =

1
2(IL(Ã) + IR(Ã))(λ = 1

2) provides the moderately optimistic decision-maker a comparison criterion for
fuzzy numbers. Moreover, when λ = 1

2 , I 1
2
(Ã) = 1

2(IL(Ã) + IR(Ã))(λ = 1
2) is well qualified for a “

crisp representative ”(defuzzification) of the fuzzy number Ã. For achieving computational efficiency and the
moderately optimistic decision, we denote λ = 1

2 . Though we do this for the case when the parameter λ = 1
2 ,

it can be done for all λ ∈ [0, 1] if so desired.
The Yager’s ranking method is based on an area measurement index defined as the following:

I(P̃ ) =
IL(P̃ ) + IR(P̃ )

2
, (11)

where IL(P̃ ) represents the area bounded by the left-shape function of P̃ (D), the x-axis, the y-axis, and the
horizontal line µ eP = 1. IR(P̃ ) represents the area bounded by the right-shape function of P̃ (D), the x-axis,
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the y-axis, and the horizontal line µ eP = 1. The optimal order quantity D∗ can be discussed from the three
cases categorized in the preceding section.

Case 1. aL ≤ D0 ≤ a. For D0 lying in the range of aL and a, the corresponding area measurement index
can be calculated as follows based on equations (6) and (11):

I(P̃ ) =(a− b + s)D0 − 0.5(a + h + s)D0L(D0) + 0.5
∫ L(D0)

0
(a + h)L−1(α) dα

− 0.5
∫ 1

L(D0)
sL−1(α) dα−0.5

∫ 1

0
sR−1(α) dα,

the first and second derivatives of I(P̃ ) with respect to D0 are

∂I(P̃ )
∂D0

= (a− b + s)− 0.5(a + h + s)L(D0),
∂2I(P̃ )
∂D2

0

= −0.5(a + h + s)L
′
(D0).

The first derivative vanishes when L(D0) = 2(a− b+ s)/(a+h+ s). since a+h+ s > 0 and L(·) is an

increasing function with L
′
(D0) > 0, therefore ∂2I( eP )

∂D2
0

is negative, implying that P̃ (D) attains the maximum

at D∗ = L−1[2(a− b+ s)/(a+h+ s)]. However, 2(a− b+ s)/(a+h+ s) must lie in the range of 0 and 1 so
that D∗ will lie between aL and a. Since a > b, 2(a− b + s)/(a + h + s) is always positive. The requirement
of 2(a− b + s)/(a + h + s) ≤ 1 implies a + s ≤ 2b + h. Hence, we have derived that

D∗ = L−1

[
2(a− b + s)
(a + h + s)

]
, for a + s ≤ 2b + h. (12)

Case 2. a ≤ D0 ≤ a. For D0 lying in the range of a and a, the corresponding area measurement index,
based on equation (7) and (11), is

I(P̃ ) =0.5(a + s− 2b− h)D0 + 0.5(a + h)
∫ 1

0
L−1(α) dα−0.5s

∫ 1

0
R−1(α) dα,

which is a linear function in D0. If 0.5(a + s− 2b− h) is positive, then P̃ (D) attains its maximum when D0

is set to its upper bound a. On the contrary, if 0.5(a + s − 2b − h) is negative, then P̃ (D) is maximized by
setting D0 to its lower bound a. When 0.5(a + s− 2b− h) = 0, any D0 ∈ [a, a] has the same maximum cost
P̃ (D0). Now, 0.5(a+s−2b−h) > 0 implies a+s > 2b+h, 0.5(a+s−2b−h) < 0 implies a+s < 2b+h
and 0.5(a + s− 2b− h) = 0 implies a + s = 2b + h, and we have concluded that

D∗ =





a, a + s ≥ 2b + h
[a, a], a + s = 2b + h
a, a + s ≤ 2b + h

. (13)

Case 3. a ≤ D0 ≤ aR. When D0 lies in the range of a and aR, the area measurement index can be
calculated from equations (8) and (11) as follows:

I(P̃ ) =0.5(a + s + h)D0R(D0)− (b + h)D0 − 0.5
∫ R(D0)

0
(a + s + h)R−1(α) dα

+ 0.5
∫ 1

0
(a + h)L−1(α) dα +0.5

∫ 1

0
(a + s + h)R−1(α) dα,

the first and second derivatives of I(P̃ ) are

∂I(P̃ )
∂D0

= 0.5(a + h + s)R(D0)− (b + h),
∂2I(P̃ )
∂D2

0

= 0.5(a + h + s)R
′
(D0).
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By setting ∂I( eP )
∂D0

to 0, one derives R(D0) = 2(b+h)/(a+s+h). Since a+s+h and R(·) is decreasing

function with R
′
(D0) < 0, therefore ∂2I( eP )

∂D2
0

is negative, which implying that P̃ (D) is maximized for D∗ =

R−1[2(b + h)/(a + h + s)], provided 2(b + h)/(a + h + s) ≤ 1. It is obvious that 2(b + h)/(a + h + s) > 0.
The upper bound constraint of 2(b + h)/(a + h + s) ≤ 1 implies a + s ≥ 2b + h. Thus, we have derived that

D∗ = R−1

[
2(b + h)

(a + h + s)

]
, for a + s ≥ 2b + h. (14)

Combining the three cases, i.e., equations (12), (13) and (14), the optimal order quantity is calculated as

D∗ =





L−1
[

2(a−b+s)
(a+h+s)

]
, a + s ≤ 2b + h

[a, a], a + s = 2b + h

R−1
[

2(b+h)
(a+h+s)

]
, a + s ≥ 2b + h

. (15)

4.3 The results

In an imprecise and uncertain environment, we sometimes do not know the explicit form of the member-
ship function, so following (15) we can’t derive the optimal order quantity. We know that the α-cut of this
fuzzy number is Ã(α) = [L−1(α), R−1(α)] = [aL+α(a−aL), aR−α(aR−a)], and ρL

α1
= ρL+α1(ρ0−ρL),

ρR
α1

= ρR − α1(ρR − ρ0). When 0 ≤ α2 ≤ aR−aL

(aR−aL)+(ρR
α1
−ρL

α1
)

based on equation (9) and (10) we reach that

a = aL + α2[ρR − α1(ρR − ρ0)− aL] and a = aR − α2[aR − ρL − α1(ρ0 − ρL)] respectively. Then, based
on equation (15), the optimal quantity D∗ to order is

D∗ =





aL + α2[ρR − α1(ρR − ρ0)− aL]
[

2(a−b+s)
(a+h+s)

]
, a + s ≤ 2b + h

{aL + α2[ρR − α1(ρR − ρ0)− aL], aR − α2[aR − ρL − α1(ρ0 − ρL)]}, a + s = 2b + h

aR − α2[aR − ρL − α1(ρ0 − ρL)]
[

2(b+h)
(a+h+s)

]
, a + s ≥ 2b + h

,

(16)

which is very simple to calculate.
Now, we consider the above single-period inventory problem in two-fold imprecise and uncertain envi-

ronment where the demand is considered as a bifuzzy variable. Following (16), we can derive the optimal
quantity. From the definition of a, b, h and s, a − b represents the profit gained from selling one unit of the
item; b + h represents the loss incurred for each item not sold. If the profit gained from selling one unit is less
than the loss incurred for each item left unsold, then the inventory policy should be conservative to reduce the
leftover. On the contrary, if the profit gained is greater than the loss incurred, then the inventory policy should
be aggressive to satisfy the possible demand. When the profit gained is equal to the loss incurred, the order
quantity should be equal to the most likely demand, i.e., the quantity with membership grade 1.

5 Numerical example

We consider a single-period inventory problem with a bifuzzy demand Di = (10, ρ̃, 20), ρ̃ =
(12, 15, 18). Denote α1 = 0.5, so ρ̃0.5 = [13.5, 16.5]. Thus, we derive a set of triangular fuzzy numbers
D̃i = {(10, x, 20)|x ∈ [13.5, 16.5]}. Based on equations (9) and (10), denoted α2 = 0.615 (α2 ≤ 0.769),
we can derive a similar trapezoidal fuzzy number D̃i = (10, 14, 16, 20). Suppose the unit cost, selling price ,
holding cost and unit shortage cost of the item are, respectively, b = 10, a = 14, h = 8, and s = 12. Because
a + s = 26 is less than 2b + h = 28, the first formula of equation (16) is applied to find the optimal order
quantity D∗ = 13.7647. It is the most superior quantity corresponding discrete value of α1 and α2 when
a + s ≤ 2b + h from Table 1; If the unit cost dropped to b = 9, then the value of a + s = 26 is equal to that
of 2b + h = 26. In the case, any amount defined for the plateau of the membership function, viz., the amount
between 14 and 16, is optimal. If the unit cost is further dropped to b = 8, then the value of a + s = 26 is
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Table 1. Discrete value correspondence most superior quantity

HHHHHα1

α2 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75

0.10 11.81 12.17 12.54 12.90 13.26 13.62 13.99 14.35 14.71 15.07 15.44
0.15 11.78 12.13 12.49 12.84 13.20 13.55 13.91 14.26 14.62 14.97 15.33
0.20 11.74 12.09 12.44 12.79 13.13 13.48 13.83 14.18 14.53 14.88 15.22
0.25 11.71 12.05 12.39 12.73 13.07 13.41 13.75 14.09 14.44 14.78 15.12
0.30 11.67 12.00 12.34 12.67 13.01 13.34 13.68 14.01 14.34 14.68 15.01
0.35 11.64 11.96 12.29 12.62 12.94 13.27 13.60 13.92 14.25 14.58 14.91
0.40 11.60 11.92 12.24 12.56 12.88 13.20 13.52 13.84 14.16 14.48 14.80
0.45 11.56 11.88 12.19 12.50 12.82 13.13 13.44 13.76 14.07 14.38 14.69
0.50 11.53 11.84 12.14 12.45 12.75 13.06 13.36 13.67 13.98 14.28 14.59
0.55 11.49 11.79 12.09 12.39 12.69 12.99 13.29 13.59 13.88 14.18 14.48
0.60 11.46 11.75 12.04 12.33 12.63 12.92 13.21 13.50 13.79 14.08 14.38
0.65 11.42 11.71 11.99 12.28 12.56 12.85 13.13 13.42 13.70 13.99 14.27
0.70 11.39 11.67 11.94 12.22 12.50 12.78 13.05 13.33 13.61 13.89 14.16
0.75 11.35 11.62 11.89 12.16 12.44 12.71 12.98 13.25 13.52 13.79 14.06
0.80 11.32 11.58 11.84 12.11 12.37 12.64 12.90 13.16 13.43 13.69 13.95
0.85 11.28 11.54 11.80 12.05 12.31 12.56 12.82 13.08 13.33 13.59 13.85
0.90 11.25 11.50 11.75 12.00 12.24 12.49 12.74 12.99 13.24 13.49 13.74
0.95 11.21 11.45 11.70 11.94 12.18 12.42 12.67 12.91 13.15 13.39 13.64
1.00 11.18 11.41 11.65 11.88 12.12 12.35 12.59 12.82 13.06 13.29 13.53

Table 2. Discrete value correspondence most superior quantity

HHHHHα1

α2 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75

0.10 18.19 17.83 17.46 17.10 16.74 16.38 16.01 15.65 15.29 14.93 14.56
0.15 18.22 17.87 17.51 17.16 16.80 16.45 16.09 15.74 15.38 15.03 14.67
0.2 18.26 17.91 17.56 17.21 16.87 16.52 16.17 15.82 15.47 15.12 14.78

0.25 18.29 17.95 17.61 17.27 16.93 16.59 16.25 15.91 15.56 15.22 14.88
0.30 18.33 18.00 17.66 17.33 16.99 16.66 16.32 15.99 15.66 15.32 14.99
0.35 18.36 18.04 17.71 17.38 17.06 16.73 16.40 16.08 15.75 15.42 15.09
0.40 18.40 18.08 17.76 17.44 17.12 16.80 16.48 16.16 15.84 15.52 15.20
0.45 18.44 18.12 17.81 17.50 17.18 16.87 16.56 16.24 15.93 15.62 15.31
0.50 18.47 18.16 17.86 17.55 17.25 16.94 16.64 16.33 16.02 15.72 15.41
0.55 18.51 18.21 17.91 17.61 17.31 17.01 16.71 16.41 16.12 15.82 15.52
0.60 18.54 18.25 17.96 17.67 17.37 17.08 16.79 16.50 16.21 15.92 15.62
0.65 18.58 18.29 18.01 17.72 17.44 17.15 16.87 16.58 16.30 16.01 15.73
0.70 18.61 18.33 18.06 17.78 17.50 17.22 16.95 16.67 16.39 16.11 15.84
0.75 18.65 18.38 18.11 17.84 17.56 17.29 17.02 16.75 16.48 16.21 15.94
0.80 18.68 18.42 18.16 17.89 17.63 17.36 17.10 16.84 16.57 16.31 16.05
0.85 18.72 18.46 18.20 17.95 17.69 17.44 17.18 16.92 16.67 16.41 16.15
0.90 18.75 18.50 18.25 18.00 17.76 17.51 17.26 17.01 16.76 16.51 16.26
0.95 18.79 18.55 18.30 18.06 17.82 17.58 17.33 17.09 16.85 16.61 16.36
1.00 18.82 18.59 18.35 18.12 17.88 17.65 17.41 17.18 16.94 16.71 16.47

greater than that of 2b+h = 24. Third formula of equation (16) is applied to find the optimal order quantity as
D∗ = 16.2353, It is the most superior quantity corresponding discrete value of α1 and α2 when a+s ≥ 2b+h
from Table 2.

6 Conclusions

In this paper, we have developed a decision model in bifuzzy environment, in that the demand is described
by a bifuzzy variable. According to the above discussion, we transform a bifuzzy variable into a similar
trapezoidal fuzzy variable and by applying the Yager’s method for ranking fuzzy numbers, a quantity with
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largest profit is calculated. Since most single-period inventory problems do not have historical data to construct
the probability distribution function for calculating the optimal quantity, or one-fold fuzzy variable can not
intactly describe the uncertain environment, the bifuzzy model constructed in this paper has dealt with this
problem well.

Although the bifuzzy model constructed in this paper should be helpful for solving real world problems,
the detailed analysis and more further research are necessary to reveal more properties leading to a good
method of solving other inventory models.
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