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Abstract: Because of uncertainty in the real-world problems, achieving to the optimal
solution is always time consuming and even sometimes impossible.In order to overcome this
drawback the neutrosophic sets theory which is a generalization of the fuzzy sets theory is
presented that can handle not only incomplete information but also indeterminate and
inconsistent information which is common in real-world situations. By considering these
conditions in this paper for the first time an interval neutrosophic linear programming
model will be presented, where the parameters of the proposed model are represented by
triangular interval-valued neutrosophic numbers and call it Interval Neutrosophic Linear
Programming (INLP) problems. Furthermore by using a ranking function present a
technique to convert every INLP problem into a crisp model and solve it by standard
methods.

Keywords: Triangular Interval neutrosophic programming; neutrosophic; neutrosophic
linear programming; neutrosophic set; interval- valued neutrosophic number.

1 Introduction

Linear programming is one of the most important usages of operation research
methods in our real life [9] [11] [14] [18] that is inclusive of one objective function
and one or several constraints which can be in the form of equality and inequality
[2] [5] [8] [10]. Most of the problems in the real world are include of inconsistent
and astute uncertainty, because of this reason it’s not always possible to obtain the
optimal solution easily. Uncertainty is an information deficit which is usually one
of the inseparable components of real-world problems. The fuzzy sets theory
proposed by Zadeh [22] is a practical approach to overcoming uncertainty so as
such it assigns membership function to any non-deterministic event. In fuzzy sets,
the membership degree of an element in [0,1] expresses the degree of
belongingness of that element to a fuzzy set. Sometimes because of uncertainty
determining the degree of membership isn't possible. For this reason, in1975 Zadeh
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[23] proposed interval fuzzy sets to express the uncertainty in the membership
function. An interval value fuzzy set is a fuzzy set where the membership degree is
assumed to belong to an interval. In this respect, Attanasov in [3] by adding the
degree of non-membership introduced another extension of fuzzy sets namely
intuitionistic fuzzy sets. The degree of elements belonging to an intuitionistic fuzzy
set are represented by the membership and the non-membership degrees in [0,1],
respectively. In 1989 Atanasov and Gragov[4] proposed a generalization of the
intuitionistic fuzzy sets called interval-valued intuitionistic fuzzy set where the
membership value and the non-membership value of any of its elements are
represented by an interval value of [0,1]. For dealing with the indeterminacy
Smarandach in [15] [16] introduced the Neutrosophic Sets (NSs) as a new
generalization of Intuitionistic Fuzzy Sets. This approach added the indeterminacy
membership as an independent factor to the basis of intuitionistic fuzzy sets. A
neutrosophic set N in X can be characterized by three membership functions such

as truthT, (x), indeterminacy I, (x) and falsity F (X), membership functions that

are completely independent of each other. Recently, NSs have become an
interesting research topic and attracted wide attention, since the NS is difficult to
be directly used in our real-life applications. In [20] Wang et al proposed a
neutrosophic set which is single-valued from a scientific and engineering point of
view, as an instance of the neutrosophic set. In this respect, Wang et al. in [19] by
considering the degrees of truth, indeterminacy, and falsity membership functions
as a subinterval of [0,1] introduced Interval Neutrosophic Sets. By using interval

neutrosophic sets in addition to incomplete information we can handle inconsistent
and indeterminate information which exist in our real life. This research, as the first
time, presents a linear programming problem in a neutrosophic environment with
triangular interval-valued neutrosophic numbers and call it Interval Neutrosophic
Linear Programming(INLP) problem. As a fact, an INLP problem is a problem
with one or more coefficients that are represented by interval neutrosophic
numbers. In the same way by introducing a ranking function we will convert INLP
problems to crisp problems and will solve it by standard methods. Because by
using INLP problems there is no necessity to make a sentient formulation so INLP
problems are more useful than crisp linear programming problems. The rest of this
paper is marshaled as follows: Section 2 briefly outlines some definitions of single
and interval value neutrosophic sets, operational rules between them and will
formulate the neutrosophic and interval neutrosophic linear programming models,
respectively. In section 3 we present our method for solving INLP problems. In
section 4 two examples are presented to illustrate the proposed method. In section
5 we discuss about the efficiency and superiority of our method with respect to
other existing methods and the conclusion are discussed in section 6.

2 Preliminaries

This section, presents new concepts and definitions of Interval-Valued
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Neutrosophic set N on the real numbers line which is presented in this study and
it will be used in throughout of the paper.

Definition1. [12] [16] A Single-Valued Neutrosophic(SVN) set N through X
taking the form N ={x, T, (x),F,(x),1,(X);x e X}, where X be a space
of discourse, Ty, (x) : X —[0,1], F,(x): X —=[0,1] and I (x): X —[0,1] with
O<T (X)+F, (x)+1,(x)<3 for all xeX.Ty(x),F,(x) and
I, (X), respectively represent truth membership, falsity membership and
indeterminacy membership degree of Xto N .

Definition2. A neutrosophic number N is an extended version of the fuzzy set on
R with the following truth, falsity and indeterminacy membership functions:

x—a' | o
- T a <x<a’,
a™—a
u
—X
T () =2 =% am <x<a', 1)
a' —a
0, o.w,
am_X | m m
g oa +(l-0)a" <x<a",
X_am m m u 2
Iy (X) =4 ——, a" <x<(l-o)a" +sa", )
a'—a
S, o.w,
am—x“ a'<x<a",
a™—a
F,(X) = )i_—am, am" <x<a', ©)
a' —a
1, o.W,

where & is the maximum degree of indeterminacy, also a' <a™ <a" and
0¢e(0,1).
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The truth, indeterminacy and falsity membership functions of the above triangular
neutrosophic number are presented in figure 1.

(), Iy(x), Fy(x) 2
1

Figure 1
Truth, falsity, and indeterminacy membership functions of triangular neutrosophic number

Definition 3. [17] LetN =[(a',a",a"); 1, vy, 7] and M =[(0',b",b"); 14, vy, 7] be

two triangular neutrosophic numbers, the mathematical operations between N and
M are as follows:

N+M =[@ +b',a™ +b™,a" +b"); 1y A Ly, Vi V' Vs 7y v Vi 1 ()
N-M =[@ -b',a" —b™,a" —=b"); 1y A Ly, Vi V' Vays 7n Y Y 1 (5)
N = [(ka',ka™ ka"); 21y, Vi 7n 1o k>0,

[(ka", ka™, ka'); z4y, Vi 7n 1, k <0, (6)

n n 11} 1] - - . -
where "A" and Vv are respectively mean that minimum and maximum
operators.

Remark1.We show the set of all triangular neutrosophic numbers by N (R).

In the next definition, we present one of the most important concepts which have a
key role to preparing the solving methods of mathematical programming where the
parameters of the models are considered based on a kind of uncertainty such as
fuzziness, intuitionistic, and neutrosophic.

Definition 4. [13] A ranking function R on N(R) is a map from N(R)to the

real numbers line, where the natural ordering there exists. Consider two triangular
neutrosophic numbers as:
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N =[(a',a”‘,a“);yN WV, VyJand M =[(b',bm,b“);,u,\,I Vs ¥wl. Then,
the ranking method is defined as follows:

i. IfR(N)>R(M) then N > M.

i. IfR(N)<R(M)thenN <M. @)

ii. IfR(N)=R(M) then N =M.
Definition 5. [19] let X be a space of discourse, an Interval Neutrosophic Set
(INS) N through X taking the form N ={x,T,(x), F,(X),1,(X); xe X}
where T (x), Fy (), I, (x) =[0,1]and 0 < SupT,, (X) + SupF, (x) + Supl, (x) <3
for all xe X. Ty (X), Fy(x)and I (X) represent truth membership, falsity
membership and indeterminacy membership of X to N, respectively.

Definition 6. An interval neutrosophic number N is an extended version of the

fuzzy set on R with the following truth, falsity and indeterminacy membership
function:

| |
x—-a fnh'\‘(? _X), a'<x<am™,
a™"—a
u_ U (8)
Tr) =42 Xth'“(;( a). a" <x<a',
a'—a
0, o.w,
| m
X—a +th(a| —x)’ al <x<am
a"—a
TV () =12 _XthN(r);_a ), a"<x<a', ®©)
a'—a
hy, oW,

where T, (X) = [Ty (X), Ty (X)].
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a _X+th()|(_a ), a' <x<am,
a —a
Fy(x)= X—a J:hN(f _X), a" <x<a', (10)
a' —a
1_hN’ OW’
m |
a —X':]hN(IX_a), a'<x<a",
a —a
Fy (X) = X-a j:hN(ma _X), a"<x<a', a
a' —a
1, o.w,
where Fy (x) =[Fy (x), Fy ()]
a _x+th(>|<—a ), da +(1-0)a" <x<a",
a"-a
_am m_
1509 = @0, a" <x<(1-0)a" +da’, o
a'-a
5, oW,
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m_ _al
w sa' +(1-8)a" <x<a",
a —a
1V = X2 (@ 0 a" <x<(1-5)a" + 52", (13)
a —a
1-9, ow,

where I, (x) =[15(x), 17 (x)] and hy, =T (x)=Ty (x) such that & e (0,1) and

hy £5<1.
2

The membership functions of the above symmetric triangular interval neutrosophic
number are presented in Figure 2.

Ty, Iy, Fy(x) 4

/ / M \

/ NS

\\/ ™

al am™

Figure 2
Truth, falsity, and indeterminacy membership functions of triangular interval neutrosophic number

Remark 2. An INS N =[(@',a",a");[a, 125 1, Vi, v 1. a7 11 will be

reduced to the NS if 1y, = 425, vy, = Vi and ¥y, = 7y

Definition 7. Let and

N=[@",a",a"); [y, sy 1. vy v LI a1

M =[(b',b™,0");[eey, sy 1 J[Vay Vi 1070 714 11 be two triangular interval
neutrosophic numbers. The mathematical operation between N and M can be
represented as :
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N+M =[(@'+b',a" +b",a" +b");[uy + iy — i g 12y + 1y — o i 1. v Vv LD vz 11,

N-M =[(a' -b',a" —b™,a" —=b"); [y + 12y — gty 105 + g = iy oy LIV v LD o 11

3. Proposed interval neutrosophic linear programming
method
In this section, by using a new ranking function for interval neutrosophic numbers

we suggest a new method for solving INLP problems. The basis of our work will
be presented as follows:

Step (1). Let decision makers insert their INLP problem with triangular interval
neutrosophic numbers. Because we always want to maximize truth degree,
minimize indeterminacy and falsity degree of information, and then inform
decision makers to apply this concept when entering triangular neutrosophic
numbers of INLP model.

Step (2). Convert interval-valued neutrosophic programming problem to its crisp
model by using the following method:

In order to compare any two interval-valued triangular neutrosophic numbers,
which are based on the ranking function, let

N =[(@',a",a");[u,, ty 1. v v 1. [7a . 74 1] be a symmetric interval-valued
neutrosophic number, where [z, 2 1,[vy, Vi 1and[yy, 7] are truth, falsity,
and indeterminacy membership degrees of N, respectively. Also
a',am anda"are lower, median and upper bounds for N, respectively. The
ranking function for interval-valued neutrosophic number N will be defined as
follow:

| u m
R(N) = w + confirmation degree

Mathematically, this function can be written as follows:

R(N) =%[a' +a+2a"+ (, ~ 7y - 7)) (14)

| u | u | u
Where 2y =M, v :% and 7y, —n ;7/“‘. where satisfy the

2 N
situation of definition 4. Moreover, we have :
| u m
N>0 if % >0.
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Step (3). By applying the previous ranking function, convert each triangular
interval-valued neutrosophic number to its equivalent crisp value. This lead to
convert INLP problem to its crisp model.

Step (4). Solve the crisp model using the standard method and obtain the optimal
solution of problem.

4 Numerical example

In this section, we present two examples to illustrate the effectiveness of our
proposed model of INLP problems. It should be noted that we also can consider the
interval neutrosophic programming problems with interval neutrosophic variables,
but because in real calculations we always prefer to obtain the crisp value as an

optimal solution, so in this research, we always consider the values of X; as areal

numbers. The order of each element for triangular interval neutrosophic numbers in
all examples are considered as follows: lower bound, median bound and upper
bound.

Example 1.

In this example, we consider the fully INLP problem where all parameters expect
X; are considered as interval neutrosophic numbers.

Max Z ~ 7x, +6x, +14x,
st.

15x, +1x, <10

OX, +4X, +8X, <2

19x, +11x, <4
X, %o, X3 20

where
7=((1,7,13),[0.7,0.9],[0.1,0.4],[0.2,0.4])
6=((2,6,10),[0.2,0.6],[0.2,0.5],[0.1,0.8])
14 =((7,14,21),[0.5,0.7],[0.4,0.6],[0.3,0.4])
15=((14,15,16),[0.6,0.8],[0.1,0.4],[0.4,0.9])
1=((0,1,2),[0.2,0.7],[0.1,0.6],[0.8,0.9])
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10=((5,10,15),[0.1,0.5],[0.1,0.4],[0.6,0.9])

9=((4,9,14),[0.4,0.5],[0.5,0.8],[0.4,0.8])
4={(1,4,7),[0.1,0.9],[0.4,0.5],[0.3,0.4])
8=

2=((1,2,3),[0.3,0.6],[0.1,0.9],[0.4,0.6])
19=((5,19,33),[0.5,0.9],[0.3,0.5],[0.7,0.8])

<
((6.8,10),[0.7,0.8],[0.5,0.6],[0.1,0.6])
<

11=((8,11,14),[0.6,0.8],[0.4,0.9],[0.6,0.9])
4=((0,4,8),[0.3,0.71,[0.1,0.2],[0.1,0.3])

By using the ranking function proposed in Eq.(14), the previous problem will be
converted to the crisp model as follows:

Max Z=6.75x, +5.6X, +13.75x,
st.
14.8x, +0.25%, <9.3
8.2x, +3.7X, +7.85%, <1.45
18.55x, +10.3x, < 4.15
X, X,y X 20
The standard form of the above INLP problem will be constructed as follows,
where S, S, and S, are the slack variables
Max Z=6.75x, +5.6x, +13.75x,
st
14.8x, +0.25x, +s, =9.3
8.2X, +3.7X, +7.85X, +s, =1.45
18.55x, +10.3x, +s, =4.15
X;y Xp0 X3, 81, S,,8, =0

By using the simplex method we have:

~10-
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Table 1
Initial Table
Basis Xy Xq 5y 5, 53 R.H.S
S, 148 0.25 0 1 0 0 9.3
S, 8.2 3.7 7.85 0 1 0 1.45
S, 0 18.55 10.3 0 0 1 4.15
z -6.75 -5.6 -13.75 0 0 0 0

where in the previous table X, is a coming variable and S, is a leaving variable.
The second simplex tableau presented in Table 2 as follows:

Table 2
Optimal Table
Basis x; X X3 s S5 83 R.H.S
S, 14.8 0.25 0 1 0 0 9.3
X;  1.04 0.47 1 0 0.13 0 0.18
S, -10.76 137 0 0 -1.31 1 2.25
Z 761 0.88 0 0 1.75 0 2.54

where Z* =254 and Table 2 is the optimal simplex form for our example.

Example 2 (Case Study)

In a computer manufacturing plant, we need to produce four basic units, such as
RAMs, graphics cards, hard drives, and CPUs, to produce each computer. All
productions have to get through four parts. These four parts include” Design,
Fabrication, Probe, and Assembly”. The favorable time for each unit manufactured
and its profit is presented in table 3. The minimum production amount for

1=
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supplementing monthly products is presented in table 4. The purpose of the
company is producing products in this limit for maximizing the general profits.

Table 3
Products Design Fabrication Probe Assembly Unit profit
P, 0.2 05 0.1 0.1 14$
P, 0.5 3 2 0.6 7$
P, 0.4 4 4 0.8 B3
P, 1 2 0.2 0.2 83
Table 4
Sector Capacity Products Minimum production level
Design 1300 P 100
Fabrication 3340 P, 280
Probe 1800 P, 194
Assembly 2100 P, 400

The values and the degrees of truth, indeterminacy and falsity membership

functions for each interval neutrosophic number in the previous tables are
represented as follows:

14 = ((12,14,16),[0.3,0.7],[0.2,0.8], [0.2,0.9])

7 =((2,7,12),[0.1,0.6], [0.4,0.7], [0.6,0.8])
5 = ((4,5,6), [0.2,0.6], [0.4,0.9], [0.3,0.4])
g —

{(3,8,13),[0.2,0.5], [0.3,0.8], [0.6,0.9])

12—




Acta Polytechnica Hungarica

1300 = ((1000,1300,1600), [0.1,0.6], [0.2,0.7], [0.3,0.8])
3340 = ((3215,3340,3465),[0.7,0.9], [0.2,0.7], [0.4,0.9])
1800 = ((1390,1800,2210), [0.4,1], [0.2,0.6], [0.1,0.2])
2700 = {(1818,2100,2510), [0.3,0.7], [0.1,0.6], [0.4,0.8])
100 = {(99,100,101),[0.1,0.7], [0.2,0.6], [0.3,0.4])

280 = ((230,280,330), [0.7,0.9],[0.1,0.2],[0.2,0.5])
194 = ((184,194,204),[0.1,0.6],[0.3,0.7],[0.1,0.7])

400 = ((200,400,600), [0.1,0.4], [0.2,0.6], [0.4,0.8])

Let X;,X,,X; and X, represent the number of produced RAMs, graphics cards,

hard drives and CPUs, respectively.The above problem can be formulated as
follows:

maxZ ~ 14x, + 7x, + 5x3 + 8x,

S.t.
0.2x, + 0.5x, + 0.4x3 + 1x, < 1300
0.5x; + 3x, + 4x5 + 2x, < 3340
0.1x; + 2x, + 4x3 + 0.2x, = 1800
0.1x; + 0.6x, + 0.8x3 + 0.2x, < 2100

X4 = 1_0_’0

13-
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by using the ranking function proposed in Eq. (14) the previous problem will be
converted to a crisp model as follows:

maxZ ~ 13.45x; + 6.1x, + 4.4x5 + 7.05x,

s.t.
0.2x, + 0.5x, + 0.4x5 + 1x, = 1299.35
0.5x; +3x, +4x3+ 2x, = 3339.7
0.1x; + 2x; + 4x3 + 0.2x, = 1800.15
0.1x, + 0.6x, + 0.8x5 + 0.2x, < 2099.55
xy = 99.65
x, = 280.3
X3 = 193.45
xy = 399.25

X1, X7,X3,X4 =0

By using the primal simplex method the optimal solution of the above problem will
be obtained as follows:

x, = 1853

x, = 280.3

x; = 193.45
xy = 399.25
Z* =30298.57.

5. Comparison analysis and discussion

In order to illustrate the efficiency and eventuality of our model, a comparative
study with other existing methods that were outlined in [1] [6] [7] is conducted.

“14-
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By comparing our model with Deli and Subas in [6] we are noted that:

1. Their model is so complex and too time-consuming to do the calculations,
but our model is so simple.

2. Their model is only able to solve the problem with single-valued
neutrosophic numbers but by using the proposed model in addition to
single-valued neutrosophic numbers we can handle interval-valued
neutrosophic numbers.

3. Due to the lack of necessity in determining the truth, falsity, and
indeterminacy-membership degrees as crisp values, the proposed model
can exhibit reality effectively and is more efficient than their model.

By comparing the present method with Akyar et al. in [1] we also noted that:

1. By considering all aspects of the decision-making process in our
calculations such as truthiness, indeterminacy and falsity degrees. The
proposed model can exhibit reality efficiently than their model.

2. While in their model only the fuzzy linear programming problems are
converted to crisp models but their model is more complex than our
model.

Also by comparing our method with Dubei and Mehra in [7] we also founded that:

1. In their model, they only consider truthiness and falsity while in our real-
life circumstances the decision-making process has the form “agree, not
sure and disagree”, where this drawback can be treated by using of
neutrosophic sets.

2. In their model, the degrees of membership and non-membership are
considered as a single-valued number, while by considering these degrees
as an interval number in our model, we can overcome the uncertainty in
determining the membership and non-membership degrees.

3. Their model can only handle incomplete information but by using the
proposed method we can handle not only the incomplete information but
also the indeterminate and inconsistent information.

6. Conclusion

In this research, by considering a linear programming problem under a
neutrosophic environment with triangular interval neutrosophic numbers we
have presented a new linear programming model. In this model in view of

~15-
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considering the truthiness, indeterminacy and falsity degrees will be able to
cover more real daily life circumstances. It should be noticed there is no
necessity the values of these degrees be crisp values. In this respect, we
proposed a ranking function that is capable of converting every triangular
interval neutrosophic number to its equivalent crisp value. And subsequently,
every interval neutrosophic problem will be converted to the crisp model
where can be solved by standard methods easily. The proposed model
indicates more simplicity applicability and more efficiency in comparison with
other existing models.
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