
Iraqi Journal for Computer Science and Mathematics
Journal Homepage: http://journal.esj.edu.iq/index.php/IJCM

ISSN: 2788-7421

Economic Order Quantity in a Fuzzy Environment for a Periodic
Inventory Model with Variable Demand

K. Kalaiarasi1, H. Mary Henrietta2,∗, M. Sumathi3, A. Stanley Raj4

1PG and Research Department of Mathematics, Cauvery College for Women (Affiliated to Bharathidasan University), Trichy, Tamil Nadu
620 018, India
2Department of Mathematics, Saveetha Engineering College (Autonomous), Chennai, Tamil Nadu 602 105, India
3PG and Research Department of Mathematics, Khadir Mohideen College (Affiliated to Bharathidasan University) Adirampattinam, Tamil
Nadu 614701, India
4Department of Physics, Loyola College, Chennai, Tamil Nadu 600034, India.

*Corresponding Author: H. Mary Henrietta

DOI: https://doi.org/10.52866/ijcsm.2022.01.01.011
Received October 2021; Accepted December 2021; Available online January 2022

ABSTRACT: The technique of limiting expenditure plays a critical part in an organization’s ability to govern
the smooth operation of its management system. The economic order quantity is calculated by solving a nonlinear
problem, and the best solution is investigated in a fuzzy and intuitionistic fuzzy environment. The overall cost is
made up of several factors, such as demand, holding, and ordering costs. The demand and stock-out characteristics
are fuzzified using fuzzy and intuitionistic fuzzy numbers. Numerical analysis results show the relation between the
two fuzzy numbers on the basis of sensitivity analysis.

Keywords: Economic order quantity (EOQ); triangular intuitionistic fuzzy number (TIFN); triangular fuzzy

1. INTRODUCTION
Fuzzy sets were first introduced by Zadeh [1] in 1965. In 1913, Harris [2] derived the economic order quantity (EOQ)

for an inventory model. In 1987, Park [3] applied fuzzy concepts to EOQ models. Zimmerman [4] studied fuzzy sets in
the field of operations research. In 1918, Taft [5] investigated the economic production quantity model. Roy [6] examined
an EOQ model with limited storage capacity under a fuzzy environment. Chang [7] studied the impact of defective items
in inventory management. Hsieh [8] examined an inventory model under fuzzy parameters. In 2010, Zimmermann [9]
studied the varying prospectus of fuzzy set theory and its applications to the major fields of science and engineering.
Wang [10] evaluated an EOQ model with imperfect quality. Salameh [11] examined an economic production quantity
model with imperfect quality. Vujosevi [12] derived an EOQ formula for an inventory model in which the cost is fuzzy. In
2000, Jing [13] varied the demand and order quantity by using fuzzy parameters for a backorder inventory model.

Intuitionistic fuzzy sets were first introduced by Atanassov [14] in 1986. Triangular intuitionistic fuzzy numbers are
used to compute imprecise failures. Mijanur [15] demonstrated the various aspects of triangular intuitionistic fuzzy
numbers. In 2012, Mahapatra [16] worked on a multiobjective inventory model by using intuitionistic fuzzy numbers.
In 2012, Nagoorgani [17] solved a linear programming problem by using intuitionistic fuzzy numbers. Banerjee [18] also
solved a multiobjective inventory model by using intuitionistic optimization techniques.

In the current work, EOQ is derived for nonlinear programming, and the components are fuzzified using triangular
fuzzy numbers and triangular intuitionistic fuzzy numbers. The signed distance method is used in defuzzification. Sen-
sitivity analysis is conducted to compare the values between the crisp and fuzzy parameters. The rest of the paper is
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organized as follows: Section 2 describes the preliminaries required for the study. Section 3 provides the optimal order
quantity from the aspect of crisp and fuzzy numbers. Finally, Section 4 summarizes the conclusion.

2. PRELIMINARIES
Definition 2.1. Triangular fuzzy number (TFN)

A triangular fuzzy number A(a1,a2a3) is said to have the following membership function:

µA(x) =


0 x < a1

x−a1
a2−a1

, a1 ≤ x≤ a2
a3−x

a3−a2
, a2 ≤ x≤ a3

0 x > a3

Definition 2.2. Intuitionistic fuzzy sets (IFN) [15]
Let U = (y1,y2,y3, . . . . . , yn} be a finite universal set. An intuitionistic fuzzy set (IFS) B̃ in a given universal set U is

expressed in the form
B̃ = {〈yi; µẼ (yi) ,ωẼ (yi)〉 : yi ∈U}, where the functions
µb̃ : U → [0,1] i.e., yi ∈U → µẼ (yi) ∈ [0,1] and
ωb̃ : U → [0,1] ; i.e., yi ∈U → ωb̃(yi) ∈ [ 0, 1]
respectively describe the degree of membership and the degree of nonmembership of an element yi ∈U satisfying the

condition 0 ≤ µb̃ (y)+ ωb̃ (y) ≤ 1 , ∀ yi ∈U is known as the intuitionistic condition. The degrees of acceptance µb̃ (y)
and nonacceptance ωb̃ (y) can be arbitrary.

2.1 SIGNED DISTANCE DEFUZZIFICATION METHOD

Let (b1,b2,b3) be triangular fuzzy numbers whose signed distance formula are given by

b1 +2b2 +b3

4

Let (b1,b2,b3) (b̃1,b2, b̃3) be triangular intuitionistic fuzzy numbers whose signed distance formula is given by

b1 +2b2 +b3 + b̃1 +b2 + b̃3

8

3. PROPOSED INVENTORY MODEL
Parameters used
Q→ order quantity
I (α)→ investment required to reduce the lost sales fraction
α → annual fractional cost of capital investment
S→ expected stockout
P→ safety factor
h→ holding cost per unit per year
E→ demand
R→ lead time per week
E (X−W )→ expected shortage quantity at the end of the cycle
C (l− t)→ lead time crashing cost
Inventory model
This model constitutes a periodic review model. The total cost is

TC = αI(α)+
1
Q
[S+C(l− t)]+h

[
P−ER+

EQ
2

+αE(X−W )

]
(1)

Partially differentiating w.r.t ′Q′,

∂TC

∂Q
=− 1

Q2 [S+C(l− t)]+
hE
2

(2)
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Equating ∂TC
∂Q = 0,

=⇒ 1
Q2 (S+C (l− t)] =

hE
2

(3)

We obtain the optimal order quantity as

=⇒ Q =

√
2(S+C(l− t)

hE
(4)

3.1 INVENTORY MODEL IN FUZZY SENSE

The parameters ′S′ and ′E ′ are obtained using triangular fuzzy numbers and the signed distance defuzzification method:
(S1,S2,S3) and (E1,E2,E3)

TC = α I (α)+
1
Q

((S1,S2,S3)+C(l− t)]+h
(

P− (E1,E2,E3)R+
(E1,E2,E3)Q

2
+α E(X−W )

]
(5)

= α I (α)+
1
Q

(S1 +C(l− t)]+h
(

P−E1R+
E1Q

2
+α E(X−W )

]
,α I (α)+

1
Q

(S2 +C(l− t)]+h(
P−E2R+

E2Q
2

+α E(X−W )

]
,α I (α)+

1
Q

(S3 +C(l− t)]+h
(

P−E3R+
E3Q

2
+α E(X−W )

] (6)

=⇒ Q∗ =

√
2(S1 +2S2 +S3)+C (l− t)

h(E1 +2E2 +E3)
(7)

The parameters ′S′ and ′E ′ are fuzzified using triangular intuitionistic fuzzy numbers and then defuzzied using the signed
distance method.

(S1,S2,S3)(S
′
1,S2,S

′
3) and (E1,E2,E3) (E

′
1,E2,E

′
3)

TC = α I (α)+
1
Q

(
(S1,S2,S3)(S

′
1,S2,S

′
3) +C(l− t)

]
+h(

P− (E1,E2,E3)(E
′
1,E2,E

′
3)R+

(E1,E2,E3)(E
′
1,E2,E

′
3)Q

2
+α E(X−W )

]
(8)

= αI(α)+
1
Q
[S1 +C(l− t)]+h

[
P−E1R+

E1Q
2

+αE(X−W )

]
,αI(α)

+
1
Q
[S2 +C(l− t)]+h

[
P−E2R+

E2Q
2

+αE(X−W )

]
,αI(α)

+
1
Q
[S3 +C(l− t)]+h

[
P−E3R+

E3Q
2

+αE(X−W )

]
,

αI(α)+
1
Q

[
S′1 +C(l− t)

]
+h
[

P−E ′1R+
E ′1Q

2
+αE(X−W )

]
,αI(α)

+
1
Q
[S2 +C(l− t)]+h

[
P−E2R+

E2Q
2

+αE(X−W )

]
,αI(α)

+
1
Q

[
S′3 +C(l− t)

]
+h
[

P−E ′3R+
E ′3Q

2
+αE(X−W )

]

(9)

=⇒ Q∗ =

√√√√2
(

S1 +2S2 +S3 +S
′
1 +2S2 +S

′
3

)
+C (l− t)

h
(
E1 +2E2 +E3 +E ′1 +2E2 +E ′3

) (10)
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Table 1. Sensitivity analysis using triangular fuzzy numbers

Table 2. Sensitivity analysis using triangular intuitionistic fuzzy numbers

3.2 NUMERICAL ANALYSIS

The parameter demand, holding cost per unit per year, lead time crashing cost, expected stockout, and lead time crash-
ing cost values are entered in the order quantity model, and the optimal order quantities are compared using sensitivity
analysis. S =70, C = 2.5,h = 5, l =13, E = 10, and t =10. Table 1 shows the optimal values obtained when using
triangular fuzzy numbers, and Table 2 presents the triangular intuitionistic fuzzy numbers. The demand and expected
stockout parameters increase and decrease by 25% and 50%, respectively. The results are tabulated and compared. Tables
1 and 2 show the sensitivity analysis for the triangular fuzzy and triangular intuitionistic fuzzy numbers.

4. CONCLUSION
The optimal order quantity was derived by solving a nonlinear equation to minimize the total cost. Fuzzification was

carried out using triangular fuzzy numbers and triangular intuitionistic fuzzy numbers, and the equations were derived
accordingly. The signed distance method was used in defuzzification. Figure 1 shows the 3D plot of the crisp, TFN,
and TIFN results. The sensitivity analysis showed only a minimal difference between the triangular fuzzy numbers and
triangular intuitionistic fuzzy numbers. As shown in Figure 2, the values coincided to a level under −25% variations.
Figure 3 shows the comparison of the fuzzy numbers obtained under the signed distance method. Slight variations were
noted between the optimal values of the fuzzy numbers.
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FIGURE 1. 3D representation between three values of Crisp, TFN, and TIFN

FIGURE 2. Comparative bar chart between crisp, TFN, and TIFN

FIGURE 3. Comparison of observations between TFN and TIFN
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