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Abstract

The concept of interval valued neutrosophic matrices is a generalized structure of fuzzy matrices,
intuitionistic fuzzy matrices, interval fuzzy matrices and single valued neutrosophic matrices. Recently many
studies have focused on interval valued neutrosophic matrices, In this paper, a variety of operations on
interval valued neutrosophic matrices are presented using a new Matlab’ package. This package contains
some essential functions which could help the researchers to do computations on interval valued
neutrosophic matrices quickly.
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I. INTRODUCTION

Smarandache (1998) first defined the concept of neutrosophic set (NS) considering the triplet
neutrosophic components (T, I, F), which are independent and their values belong to real standard
or nonstandard unit interval ]—0, 1+[. To apply the concept of neutrosophic sets (NS) in science and
engineering applications, Smarandache (1998) introduced for the first time, the single valued
neutrosophic set (SVNS). Later on, Wang et all.(2010) studied some properties related to single
valued neutrosophic sets. The neutrosophic set model is an important tool for dealing with real
scientific and engineering applications because it can handle not only incomplete information but
also the inconsistent information and indeterminate information. Single valued neutrosophic sets
were extended to interval valued neutrosophic sets by Zhang et al. (2014) to represent the degree of
membership, indeterminacy-membership and falsity membership of an element by interval rather
than crisp real number For other works on neutrosophic set and their extensions, see (Garg H. 2017;
Tian, et all 2016; Venkatesan and Sriram, 2017).

The interval valued neutrosophic sets has enriched its potentiality since its introduction by
Zhang et all. (2014). In some real-life situations, the INS, as a particular case of an NS, can be more
flexible in assessing objections than an SVNS. Recently, more studies relating to INSs have been
increased rapidly.

Reddy et al. (2016) proposed a new hybrid method which combines AHP and TOPSIS to find
best supplier suited for present practical scenario. In Bausys and Zavadskas (2015) proposed a
novel extension of VIKOR method for the solution of the multicriteria decision making problems,
namely  VIKOR-IVNS. In  Huang et all (2017) extended the VIKOR
method to multiple attribute group decision-making with INNs. Sahin (2017) defined the concept of
interval neutrosophic cross-entropy based on two extension, one based on fuzzy cross-entropy and
the other based on single-valued neutrosophic cross-entropy.The same author proposed two
methods converting an interval neutrosophic set into a fuzzy set and a single-valued neutrosophic
set. Sun et al. (2015) combined the Choquet integral and the interval neutrosophic set theory and
then gave an application to multi-criteria decision making problem. In Ye J. (2016a, 2014a, 2014b,
2015, 2016b), proposed a series of papers related to application of interval valued neutrosophic set
in multicriteria decision making problems. Ma et al.(2017) developed an interval neutrosophic
linguistic multi-criteria group decision-making method and applied it toa practical treatment
selection method. Garg (2016) developed a new ranking approach by modifying an existing ranking
approach for comparing single valued neutrosophic numbers and interval valued neutrosophic
numbers, and applied them to handle MCDM problems. The same author (2017) proposed the non-
linear programming method for multi-criteria decision making problems under interval
neutrosophic set environment. Tian et al. (2016) presented the cross-entropy of interval
neutrosophic sets and then applied it to interval valued neutrosophic multi-criteria decision-making
problems. In Sahin M. et all (2017) the authors proposed some new operations of (a,f3,y) interval cut
set of interval valued neutrosophic sets. Deli (2017) combined interval valued neutrosophicsets
with soft set and studied some of their related properties with application in decision making
problem. Broumi et al. (2016, 2016, 2016, 2017) applied the concept of interval valued
neutrosophic sets on graph theory and studied some interesting results.

Matrices play an important role in the broad area of science and engineering. However, the
classical matrix theory sometimes fails to solve the problems involving uncertainties. So for this
reason, many works on fuzzy matrices and their extension including triangular fuzzy matrices,type-
2 triangular fuzzy matrices, interval valued fuzzy matrices, intuitionistic fuzzy matrices, interval
valued intuitionistic fuzzy matrices are carried out by a number of several researchers (Anand and
Anand, 2015; Jaisankar and Mani, 2017; Jaisankar et all,2016;Dinagar and Latha,2013; Pal et
all,2002; Venkatesan and Sriram,2017; Pal and Pal,2010; Pushpalatha, 2017). In Zahariev (2009),
developed a software package and APl in MATLAB for working with fuzzy algebras. Peeva and
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Kyosev (2004) developed a fuzzy relational calculus toolbox for solving problems in intuitionistic
fuzzy relational calculus. Later on, in Karunambigai and Kalaivani (2016) proposed some
computing procedures in Matlab for intuitionistic fuzzy operational matrices with suitable
examples. The fuzzy and intuitionistic fuzzy toolbox Matlab described above cannot deal with
matrices in neutrosophic environment. So, for this reason, Broumi et al. (submitted) developed a
Matlab toolbox for computing operational matrices in single valued neutrosophic environments.

To do best of our knowledge there is no study on developing library in Matlab environment
for computing the operations on interval valued neutrosophic matrices. So there is a need to this.

The rest of the paper is organized as follows. Section 2 discuss some definitions regarding
neutrosophic sets, single valued neutrosophic sets, interval valued neutrosophic sets, the set-
theoretic operators on the interval neutrosophic set and interval valued neutrosophic matrix. Section
3 presents some matlab programs for computing operations on interval valued neutrosophic
matrices. Section 4 provides some numerical examples in workspace Matlab. Section 5, illustrates
the application of interval valued neutrosophic Toolbox Matlab, lastly, section 6 conclude the paper.

I1. BACKGROUND AND INTERVAL VALUED NEUTROSOPHIC SETS

In this section, we will discuss some definitions regarding neutrosophic sets, single valued
neutrosophic sets, interval valued neutrosophic sets, the set-theoretic operators on the interval
neutrosophic set and interval valued neutrosophic matrix, which will be used in the rest of the
paper. However, for details on the interval valued neutrosophic sets, one can see (Zhang et all.,
2014).

Definition 2.1 [1] Le ¢ be an universal set. The neutrosophic set A on the universal set &
categorized in to three membership functions called the true T,(x), indeterminate I,(x) and false
F,(x) contained in real standard or non-standard subset of 170, 1°[ respectively.

0< sup Ty (X) +suply (X) +supFa (X)< 37 (1)

Definition 2.2 [2] Let & be a universal set. The single valued neutrosophic sets (SVNs) A on
the universal ¢ is denoted as following

A ={<x:Ta(X).15 (X), Fa (X) >x € &} )

The functions To(x) € [0. 1], [4(x) € [0. 1] and Fp(x) € [0. 1] are named “degree of truth,
indeterminacy and falsity membership of x in A”, satisfy the following condition:

0 <Ty (X)+4 (X) +F4 (X)< 3 3)

Definition 2.3 [3] Let¢ be a space of points (objects)with a generic element in & denoted by x.
An interval valued neutrosophic set (IVNS) A in & is characterized by truth-membership function
Ta, indeterminacy-membershipfunction I, and falsity-membership function Fa. For each point

X € &, Ty(x), I4(x), F4(x) < [0,1].
Awns = UL T4 (), T (O, [ 15 (o), 1F (O, [ Fi (), F{ (0)]) : x € €}
with 0 < TY (x)+IJ (x)+FY (x) <3 (4)

Definition 2.4: [3] Given two interval valued neutrosophic sets
Awns = U T4 (), T4 (0], [ £ (o), 14 ()], [ F4 (), Fi (0)]) = x € &}
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and
Biyns = ([ Tx (), T4 (L [ 15 (), I (1, [ Fx (%), Ff (0)]) : x € &}
the set-theoretic operators on the interval neutrosophic set are defined as follow.

1. An interval valued neutrosophic set A is contained in another interval valued
neutrosophic set B, Ajyns € Bivns, if and only if

Ti(x) < Tz (x), Ty (x) < Tg (%),
G () 2 150, 1{ (%) = I§ (%),
Fi(x) = F(x),FY (x) = F§ (x), forall x € £.

2. Two interval valued neutrosophic sets A and B are equal, written as Ajyns =
Biyns,ifand only if A € BandB C A, i.e.

Ty (x) = T§(x), T (x) = T§ (x),
Ii(x) = I5(0), If (x) = I§ (x),
Fi(x) = F(x), F{ (x) = F§ (x),

forall x € €.
3. An interval neutrosophic set A is empty if and only if
Ti(x) =T/ (x) =0,
E(x) =1Y(x) = 1and
Fi(x) = F{(x) =0,
forall x € ¢.
4. The complement of an interval neutrosophic set A is denoted by A€ and is defined by
x, [Fx (x), F{ (0)],
Aynse =31 — I (x), 1 - I(0)], : x € Xy,
[T4 Co), Fi ()]
forall x in €.
5. The intersection of two interval valued neutrosophic sets A and B is an interval

valued neutrosophic set A N B, whose truth-membership, indeterminacy-membership and falsity-
membership functions are related to those of A and B by

x, [Tp () ATE (), T () ATE ()],
Ans N Byns =3¢ [z VIF), L/ () VIF ()], Y:x €&y,
[Fx(x) v Fg (x), F{ (x) V Fg (x)
forall x in &.

6. The union of two interval neutrosophic sets A and B is an interval neutrosophic set
Ayns U Bryns, Whose truth-membership, indeterminacy-membership and false-membership are
related to those of A and B by
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x, [TE(x) v Th(x), TV (x) v TY ()],
Ans UByns = (¢ [z AT, I () AIE(0)], Y:x €&,
[Fx () A F(x), Ef (x) A Fg ()]

forall x in &.

7. The difference of two interval neutrosophic sets A and B is an interval neutrosophic
set Ajyns © Biyns, Whose truth-membership, indeterminacy-membership and falsity-membership
functions are related to those of A and B by

ABSB=<[Txap Tacsl: Iics Iiosl [Fiop Faosl™ (5)

where
Txop=min(Ty (x), F5(x) ), Tho,s=min(Ty (x), F§ (x))
Iio,8= Max(If (x), 1 — I (x)), I§g,p=max(Ig (x),1 — I5(x))

Fio,p=max(F; (), T§(x)) , Fxg,p=max(Fy (x),Tg (x))

In another paper, Karasan and Kahraman (2017) developed another new difference
operation for the interval-valued neutrosophic sets as follow:

ABS,B=<[Txg,p Tho,sl ko, Ino,sl [Fie,s Fao,s]> (6)

Where
Tf(ezB:TAL(x) —Fg(x) , T/I\JGZB:TAU(X) — F5(x)

Iio,8=max(l (x), I5(x)), Iag,s=max(lf (x), 15 (x))

FKGZB:F}(X) —T§ (x) , FAUGZB:FAU(x) — T5(X)
forall x in ¢.
8. The scalar multiplication of interval neutrosophic set A is Ayns. @, Whose truth-

membership, indeterminacy-membership and falsity-membership functions are related to those of A
by
x, [min(Tf (x).a,1), min(TY (x).a ,1)],
Ayns-a =3( [min(lk(x).a,1),min(1Y(x).a,1)], ):x €&
[min(Ff(x).a,1), min(FY (x).a,1)]
forallx € £, aeR".

9. The scalar division of interval neutrosophic set A is Ayyns/@, whose truth-
membership, indeterminacy-membership and falsity-membership functions are related to those of A

by
x, [min(Tf(x)/ a,1), min(T¢ (x)/ a,1)],

Ans/a == {( [min(If(x)/ a,1), min(If (x)/ a,1)], ):x €&
[min(Ff(x)/a,1), min(FY (x)/ a,1)]

forallx € é,a € R*
The score function of an interval valued neutrosophic number is calculated as below:

5
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Definition 2.5 [8, 37,16] Let A be an interval neutrosophic number
Ans=([ TF(x),TZ (1, [ 15 (x).1Y (O], [ EF(x),Ef (x)]), the score function of

~ _Th)+TY () +4-1500-1Y 00)-F; ) -F{ (%)
SRidvan(x)_A 4 4 6 4 A 4 (7)
~ Ti+TY +(1-F5)+ (1-FY

Starasan ()= OT) o (3 fh 11y (g)

- _ a+(Th+1{ -215-21Y -Fk-F)y(a-Th+T] -Fs-F)) 9
SNancy(x)_ 8 ( )

Definition 2.6 [21]: An interval valued neutrosophic matrix(IVNM) of order mxX n is
defined as

_ U u U
Awnv=[< aij, [af,. aff, ] [al;,, aly 1 [ad,. af),] >]mx _ where

aj;.. is the lower membership value of element a;; in A.
aiLjT is the upper membership value of element a;; in A.

aiLjT is the lower indeterminate-membership value of element a;; in A.
aiLjT is the upper indeterminate-membership value of element a;; in A.
af;.. is the lower non- membership value of element a;; in A.

aj;. is the upper non-membership value of element a;; in A.

For simplicity, we write A as
_ L U L U L U
Aynm= [< [aij aij ) [ad, i, [ad, aijp] >]mxn (10)
I11. COMPUTING THE INTERVAL-VALUED NEUTROSOPHIC MATRIX

To generate the MATLAB program for inputting the interval valued neutrosophic matrices.
The procedure is described as follows

Function ivnm_out=ivnm(varargin);

% intervalvalued neutrosophic matrix class constructor.

% mi =ivnm (Aml,Amu,Ail,Aiu,AnlAnu) creates an interval valued valued neutrosophic matrix
% with interval membership degrees from matrix Am

% interval indeterminate membership degrees from matrix Ai

% and interval non-membership degreesfrom Matrix An.

% If the new matrix is not interval valued neutrosophic i.e. Amu(i,j)+Aiu(i,j)+Anu(i,j)>3
% appears warning message, but the new object will be constructed.

if length(varargin)==6

Aml = varargin{1}; % Cell array indexing

Amu = varargin{2};

Ail = varargin{3};

Aiu = varargin{4};

Anl = varargin{5};

Anu = varargin{6} ;
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end

ivnm_.ml=Aml;

ivnm_.mu=Amu;

ivnm_.il=Ail;

ivnm_.iu=Aiu;

ivnm_.nl=Anl;

ivnm_.nu=Anu;

ivnm_out=class(ivnm_,'ivnm");

if ~checknm(ivnm_out)

disp("Warning! The created new object is NOT an interval valued neutrosophic matrix’)

end

3.2. Determining complement of an interval-valued neutrosophic matrix
The complement of an interval-valued neutrosophic is defined as follow:

A=< [ak,af 1 [1—af,1—ak ] [ak,al; ] >]mxn (11)

L “ijF ijr i i Mijr
To generate the MATLAB program for finding complement of an interval-valued
neutrosophic matrix, simple call of the function named “complement.m” is defined as follow:

Function At=complement(A);

% complement of an interval valued neutrosophic matrix A

% "A" have to be interval valued neutrosophic matrix - "ivnm" object:
a.ml=A.nl;

a.mu=A.nu;

a.il=1-A.iu;

a.iu=1-A.il;

a.nl=A.ml;

a.nu=A.mu;

At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu);

3.3. Determining the score matrix of an interval-valued neutrosophic matrix

To generate the MATLAB program for obtaining the score matrix of an interval-valued
neutrosophic matrix, simple call of the function named “scorefunction.m” is defined as follow:

function z=scorefunction(A);

% Score function of an interval valued neutrosophic matrix A in the sense of [8]
% "A" have to be interval valued neutrosophic matrix - "ivnm" object:
a.ml=A.ml;

a.mu=A.mu;

a.il=A.il;

a.ilu=A.iu;

a.nl=Anl;

a.nu=A.nu;

z=((2+a.ml-a.il-a.nl)+(2+a.mu-a.iu-a.nu))./6

3.4. Computing union of two interval-valued neutrosophic matrices
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neutrosophic matrices, simple call of the following function named “union.m”

follow:

The union of two interval valued neutrosophic matrices A and is defined as follow:

AUB =C = [<[cfi.cli.) (el chl (el el >]m><n (12)

i’ “ir g i i’
where
CiLjT = aiLjT v biLjT’ CgT = a?jT v bgT
Cij, = aij, Abij,, cij, = aij, Abij,
Cljp = i ADijps Cijie = aij Abij,

To generate the MATLAB program for finding the union of two

interval valued
is defined as

Function At=union(A,B);

% union of two interval valued neutrosophic matrix A and B

% "A" have to be interval valued neutrosophic matrix - "ivnm" object:
%"B" have to be interval valued neutrosophic matrix - "ivnm" object:
a.ml=max(A.ml,B.ml);

a.mu=max(A.mu,B.mu);

a.il=min(A.il,B.il);

a.iu=min(A.iu,B.iu);

a.nl=min(A.nl,B.nl);

a.nu=min(A.nu,B.nu);

At=ivhm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu);

3.5. Computing intersection of two interval-valued neutrosophic matrices

The union of two interval valued neutrosophic matrices A and B is defined as follow:

AnB =D = [<[df,df,) [dh, df) [dh,, df0>] (19)

Ljr’ “ijr Ljp i g’
where
dijy = aij, V bijp, dijy = aij, V bij,
dile = al'LJ'I A biLfI’ dlyjl = alujl A bgz
diLfF = aiLjF A biLjF’ dinF = alU]'F A bil}p

To generate the MATLAB program forfinding the intersection of two interval-valued
neutrosophic matrices, simple call of the function named “intersection.m” is defined as follow:

Function At=intersection(A,B);

% intersection of two interval valued neutrosophic matrix A and B

% "A" have to be interval valued neutrosophic matrix - "ivnm" object:
%"B" have to be interval valued neutrosophic matrix - "ivnm" object:
a.ml=min(A.ml,B.ml);

a.mu=min(A.mu,B.mu);

a.il=max(A.il,B.il);

a.iu=max(A.iu,B.iu);

a.nl=max(A.nl,B.nl);

a.nu=max(A.nu,B.nu);
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At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu);

3.6 Computing power of an interval-valued neutrosophic matrix

To generate the MATLAB program for finding the power of interval-valued neutrosophic
matrix, simple call of the function named “power.m” is defined as follow:

Function At=power(AK);

%power of an interval valued neutrosophic matrix A
% "A" have to be an interval valued neutrosophic matrix - "ivnm" object:
fori=2k

a.ml=(A.ml).”k;

a.mu=(A.mu)."k;

a.il=(A.il). k;

a.iu=(A.iu)."k;

a.nl=(A.nl)."k;

a.nu=(A.nu)."k;
At=ivhm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu);

end

3.7. Computing addition operation of two interval-valued neutrosophic matrices.
The addition of two interval valued neutrosophic matrices A and B is defined as follow:

A @ B=S= [< [SiLJ'T’SgT]’ [SiLJ'I’Sil}I]’ [Sl'LJ'F’ UF ] (14)
where
SiL]'T = UT + blL]T - lJT blLJT’ ijr = lJT + blle - lle blLJIT
SiLJ'I = UI blL]I’ lJI lJI bgl
SiL]'F = lJF blL]F’ lJF 31«" bgF

To generate the MATLAB program for obtaining the addition of two interval-valued
neutrosophic matrices, simple call of the function named “addition .m” is defined as follow:

Function At=addition(A,B);

% addition operation of two interval valued neutrosophic matrix A and B
% "A" have to be interval valued neutrosophic matrix - "ivnm" object:
a.ml=A.ml+B.ml-(A.ml).*(B.ml);

a.mu=A.mu+B.mu-(A.mu).*(B.mu);

a.il= (A.il).*(B.il);

a.iu= (A.iu).*(B.iu);

a.nl=(A.nl).*(B.nl);

a.nu=(A.nu).*(B.nu);

At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu);

3.8. Computing product of two interval-valued neutrosophic matrices
The product of two interval valued neutrosophic matrices A and B is defined as follow:




Uluslararasi1 Yonetim Bilisim Sistemleri ve Bilgisayar International Journal of Management Information Systems

Bilimleri Dergisi, 2017, 1(1):1-21 and Computer Science, 2017, 1(1):1-21
AOB =R = [< lJT' llJ]T] [ril}l’riljll]' [riI}F'rilJ!F] ]mxn (15)
where
ril]:T = lJT bleT’ tr = ZT bgT
ril}l = aUI + blLJI lJI blLJI’ by =~ al]l + bgl UI bgl
riI}F = UF + blLJF lJF blLJF’ r = lJF + bgF ZF bgF

To generate the MATLAB program for finding the product operation of two interval-
valued neutrosophic matrices, simple call of the function named “product.m” is defined as follow:

Function At=product(A,B);

% product operation of two interval valued neutrosophic matrix A and B
% "A" have to be an interval valued neutrosophic matrix - "ivnm" object:
a.ml=(A.ml).*(B.ml);

a.mu=(A.mu).*(B.mu);

a.il= Alil+B.il-(A.il).*(B.il);

a.iu=A.iu+B.iu-(A.iu).*(B.iu);

a.nl=A.nl+B.nl-(A.nl).*(B.nl);

a.nu=A.nu+B.nu-(A.nu).*(B.nu);

At=ivhm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu);

3.9. Computing transpose of an interval-valued neutrosophic matrix

To generate the MATLAB program for finding the transpose of interval-valued
neutrosophic matrix, simple call of the function named “transpose.m” is defined as follow:

Function At=transpose(A);

% transpose of an interval valued neutrosophic matrix A

% "A" have to be an interval valued neutrosophic matrix - "ivnm" object:
a.ml=(A.ml);

a.mu=(A.mu)’;

a.il=(A.il);

a.iu=(A.iu);

a.nl=(A.nl);

a.nu=(A.nu)";

At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu);

3.10. Computing difference of two interval-valued neutrosophic matrices
The difference of two interval valued neutrosophic matrices A and B is defined as follow:

A e2 B=K= [< UT’le]’T] [le]I'le]’I] [leJF’ UF ] (16)
where
kiLjT = lJT blLJ’F’ klle = lJT blL]F
lejl = maX(al}l’ UI) kl]l = maX(al}I’bgl)
lejF = UF blL]IT’ ng = lJF blLJT

10
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To generate the MATLAB program for finding the subtraction operation of two interval-
valued neutrosophic matrices, simple call of the function named “diffrence.m” or “diffrence2.m” is
defined as follow:

Function st=difference(A,B);

% difference operation of two interval valued neutrosophic matrix A and B refereed to [37]
% "A" have to be an interval valued neutrosophic matrix - "ivnm" object:

a.ml=A.ml-B.nu;

a.mu=A.mu-B.nl;

a.il=max(A.il,B.il);

a.iu=max(A.iu,B.iu);

a.nl=A.nl-B.mu;

a.nu=A.nu-B.ml;

st=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu);

Function st= difference2(A,B);

% difference operation of two interval valued neutrosophic matrix A and B refereed to [3]
% "A" have to be an interval valued neutrosophic matrix - "ivnm" object:
¢.ml=min(A.ml,B.nl);

c.mu=min(A.mu,B.nu);

c.il=max(A.il,1-B.iu);

c.iu=max(A.iu,1-B.il);

¢.nl=max(A.nl,B.ml);

¢.nu=max(A.nu,B.mu);

At=ivhm(c.ml,c.mu,c.il,c.iu,c.nl,c.nu);

3.11 Computing scalar of an interval-valued neutrosophic matrix

To generate the MATLAB program for obtaining the scalar of interval-valued neutrosophic
matrix, simple call of the function named “scalar.m” is defined as follow:

function At=scalar (A K);

%scalar of interval valued neutrosophic matrix A

% "A" have to be an interval valued neutrosophic matrix - "ivnm" object:
a.ml=(A.ml).*k;

a.mu=(A.mu).*k;

a.il=(A.il).*k;

a.iu=(A.iu).*k;

a.nl=(A.nl).*k;

a.nu=(A.nu).*k;

At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu);

3.13. Computing scalar multiplication of an interval-valued neutrosophic matrix

The scalar multiplication of an interval neutrosophic matrix A is Ajynm.Z IS defined as
follow:

mXn
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where
J— 1 U _ - U

pleT - mln( a’leT'Z) 1), pl]T —mln( al’jT.Z, 1)
L _ 3 L U _ . U

L

plL]F = mln( a’l]F' Z, 1); PZF = mln( alUjF.Z, 1)
To generate the MATLAB program for finding scalar multiplication of interval-valued

neutrosophic matrix, simple call of the function named “scalarmult.m” is defined as follow:

function At=scalarmult (A k);

%scalar multiplication of interval valued neutrosophic matrix A

% "A" have to be an interval valued neutrosophic matrix - "ivnm" object:
a.ml=min((A.ml).*k,1);

a.mu=min((A.mu).*k,1);

a.il=min((A.il).*k,1);

a.iu=min((A.iu).*k,1);

a.nl=min((A.nl).*k,1);

a.nu=min((A.nu).*k,1);

At=ivhm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu);

3.14. Computing scalar division of an interval-valued neutrosophic matrix
The scalar division of an interval neutrosophic matrix A is Ayynm/Z is defined as follow:
Awnu-z = P = [< [p pij, ] 5, i) PG Pl >] (A7)
where
pi, =min(af; / z,1), pj;,. =min(af;./ z,1)
pf;, =min(af;,/ z,1), pfj, = min(af; / z,1)
pli, = min( af;./z,1), pi;. = min( af;_/ z,1)

To generate the MATLAB program for finding scalar division of interval-valued
neutrosophic matrix, simple call of the function named “scalardiv.m” is defined as follow:

function At=scalardiv (A,k);

%scalar division of interval valued neutrosophic matrix A

% "A" have to be an interval valued neutrosophic matrix - "ivnm" object:
a.ml=min((A.ml).*k,1);

a.mu=min((A.mu).*k,1);

a.il=min((A.il).*k,1);

a.iu=min((A.iu).*k,1);

a.nl=min((A.nl).*k,1);

a.nu=min((A.nu).*k,1);

At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu);

12
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In this section, we evaluate some numerical examples using the proposed Matlab procedures

defined in pervious section

Example 1. Input an interval valued neutrosophic matrix by a given structure in the

toolbox.

%Enter the degree of lower membership of A in the variable a.ml
>>aml=[.1 .3;2.1;.4.5;5.2];

%Enter the degree of upper membership of A in the variable a.mu
>>amu=1[5 .4;3.7,.5.8;.6.5];

%Enter the degree of lower indeterminate-membership of A in the variable a.il
>>ail=[.3 .2;1.3;.2.1; .3 .4];

%Enter the degree of upper indeterminate-membership of A in the variable a.iu
>>aiu=[4 .6;3.4;.3.2;.4.6]

%Enter the degree of lower non-membership of A in the variable a.nl
>>anl=[2 .2;4.5;.1.4;.4.3]

%Enter the degree of upper non-membership of A in the variable a.nu
>>anu=[.5 4,7.6;.3.7;.5.8];

%Enter the degree of lower membership of B in the variable b.ml

>>hml=[.3 4;4.2;.1.2;.3.1];

%Enter the degree of upper membership of B in the variable b.mu
>>bmu=[4 6;7.3;,.3.6;.4.2];

%Enter the degree of lower indeterminate-membership of B in the variable b.il
>>pil=[2 3;2.3;.2.3;.2.1];

%Enter the degree of upper indeterminate-membership of B in the variable b.iu
>>hiu=1[.6 .4;6.4;.4.5 .3 .4];

%Enter the degree of lower non-membership of B in the variable b.nl
>>b.nl=[.1 .3;4.4;,.2.3;,.3.2];

%Enter the degree of upper non-membership of B in the variable b.nu
>>h.nu=[.3 5;5.7;.3.6; .5 .6];

>>A=ivhm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu)

%This command returns a matrix A with interval degree of membership [a.ml, a.mu] ,interval degree of indeterminate-

membership [a.il, a.iu] and interval degree of non-membership [a.nl, anu] %
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ivnm(b.ml,b.mu,b.il,b.iu,b.nl,b.nu)

>>B=

% This command returns a matrix B with interval degree of membership [b.ml, b.mu] ,interval degree of indeterminate-

membership [b.il, b.iu] and interval degree of non-membership [b.nl, b.nu] %
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Example 2. Generate the complement of the interval valued neutrosophic matrix:

% This command returns the complement of interval valued neutrosophic matrix A .

>>complement(A)

ans

AN NN AN
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Example 3 .Evaluate the intersection , union and division of these matrices:

14



Uluslararas1 Yonetim Bilisim Sistemleri ve Bilgisayar

Bilimleri Dergisi, 2017, 1(1):1-21

International Journal of Management Information Systems

and Computer Science, 2017, 1(1):1-21

B=

2,.6,[.1,.3
2,.6],[.4,.5
2,.4],[.2,.3
2,3,[.3,.5

6],1.3,.4],[.3,.5] >
31,13, 4], [.4,.7] >
6],1.3,.5],[.3,.6] >
21,[.1,.4],[.2,.6] >

>>intersection(A,B)

% This command returns the intersection of two interval valued neutrosophic matrices

ans =

<[.1,4],[.3.6],[.2.5
<[2,31,[.2.6],[.4.7
<[1,3[2.4],[223
<[.3,4],[.3,4],[.4,.5

>>union(A,B)

% This command returns the union of two interval valued neutrosophic matrices

ans =

ANNNA

>>division(A,B)

NNy

,.51,[.2,.4],[.1,.3] >
,.71,[.1,.3],[.4,.5] >
,.51,[.2,.3],[.1,.3] >
,6],[.2,.3],[.3,.5] >

ANNNA

— r———

N UL N A
oo

e —

- - - -

222 %
VV VYV

SRS

P RwWwN

o/t e
WA N

% This command returns the division of interval valued neutrosophic matrices A and B .

ans =

< [.29,.17],[1.5,.67],[1.67,.2] >
<[.33,1.33],[.5,.5],[.4,.7] >
<[.33,.29],[1,.75],[.5,1] >

<[.3,.4],[.2,1.5],[.67,.8] >

<[.1,.71,[.3,.4],[1.25,.86] >
<[.5,8],[1,.2],[133,1.17] >
<[.29,.33],[1.51.33],[1,.1.33] > <[.2,.5],[.4,.6],[1.5,1.33] >

Example 4.Evaluate the addition A @ B and product A®B operations of the matrices in

Example 3

>>addition(A,B)

% This command returns the addition of two interval valued neutrosophic matrices A and B

ans =

37,.70],
52,.79],
46,.65],

<.
<.
<.
< [.65,.76],

—r—,——

.06,.24],[.02,.15] >
.02,.18],[. 16,.35] >
.04,.12],[.02,.09] >
.06,.12],[.12,.25] >

<.
<.
<.
<.

58,.76
28,.79
60,.92
28,.60

1,[.06,.24],[.06,.20] >
1,[.09,.16],[. 20,.42] >
1,[.03,.10],[. 12,.42] >
1,[.04,.24],[.06,.48] >
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>>product(A,B)

% This command returns the product of two interval valued neutrosophic matrices A and B

ans =
< [.03,.20],[. 44,.76],[.28,.65] > < [.12,.24],[.44,.76],[.44,.70] >
< [.08,.21],[.28,.72],[.64,.85] > < [.02,.21],[.51,.64],[.70,.88] >
< [.04,.15],[.36,.58],[.25,.51] > < [.10,.48],[.37,.60],[.58,.88] >
< [.15,.24],[. 44,.58],[.58,.75] > < [.02,.10],[.46,.76],[. 44,.92] >

Example 5.Evaluate the difference operations of the matrices in Example 3

>>difference (A,B)

% This command returns the diffrence of two interval valued neutrosophic matrices A and B

ans =
<[-.2,4][3.6][-2.2]> <[-2.1]][3.6][-4.0]>
<[-3,-1],[.2,.6],[-3,3]> <[-6,3][.3,4][2.4]>
<[.1,3][.2.4][-2.2]> <[-1,5][3,.5][-2.5] >
<[0,.3,[.3,4],[0,.2] > <[-4,3][4.6][1.7] >

>>diffrence2(A,B)

% This command returns the diffrence2 of two interval valued neutrosophic matrices A and B

ans =
<[.1,3],[.4,8],[.3,.5] > <[.3,.4],[.6,7],[.4,.6] >
<[.2,31,[4.8]14.71> <I[1,7][6,.7][.5,.6] >
<[.2.3][.68],[11.31> <I[.3,6][5.7,[.4.7] >
<[.3,5],[.7,8],[.4,.5] > <[.2,.5],[.6,.9],[.3,.8] >
Example 6. Return the power of the matrix below
A=
<[.1,.5],[.3,.4],[.2,.5] > <[.3,4]][.2,.6],[.2.4] >
<[.2,.3][.1.3],[.4.71> <I[.1,.7],l.3,.4],[.5.6] >
<|[.4,.5][.2.3],[.1,.3] > <I.5,.8],[.1,.2],[.4,.7] >
<|[.5,.6],[.3,.4],[.4,.5] > <[.2,.5],[.4,.6],[.3,.8] >
>>power(A,2)
% This command returns the power of matrix A .
ans =
<[.01,.25],[.09,.16],[.04,.25] > < [.09,.16],[.4,.36],[.04,.16] >
<[.04,.09],[.01,.09],[. 16,.49] > < [.01,.49],[.9,.16],[. 25,.36] >
<[.16,.25],.04,.09],[.01,.09] > < [.25,.64],[.1,.04], [.16,.49] >
<[.25,.36],[.09,.16],[.16,.25] > < [.04,.25],.16,.36],[.09,.64] >

16




Uluslararasi1 Yonetim Bilisim Sistemleri ve Bilgisayar International Journal of Management Information Systems
Bilimleri Dergisi, 2017, 1(1):1-21 and Computer Science, 2017, 1(1):1-21

Example 7. Generate the scalar division of the interval valued neutrosophic matrix:

A=
<[.1,.5],[.3,4],[.2,.5] > <[.3,4]][.2,.6],[.2.4] >
<[2.3,[1.3[4.71> <I[1,.7],[.3,.4],[.5,.6] >
<[4.5],[.2.3,[.1,.31> <I[5,.8,[1,.2][.4.7] >
<|[.5,.6],[.3,.4],[.4,.5] > <[.2,.5],[.4,.6],[.3,.8] >
>>scalardivsion(A, 2)
% This command returns the scalar division of interval valued neutrosophic matrix A .
ans =
< [.05,.25],[.10,.15],[. 25,.35] > < [.15,.20],[.10,.30],[. 10,.20] >
< [.10,.15],[.05,.15],[.20,.35] > < [.05,.35],[.15,.20],[.25,.30] >
< [.20,.25],[.10,.15],[.05,.15] > < [.25,.40],[.05,.10],[.20,.35] >
< [.25,.30],[.15,.20],[. 20,.25] > < [.10,.25],[.20,.30],[. 15,.40] >

Example 8. Generate the scalar multiplication of the interval valued neutrosophic matrix:

A=
<[1,.5L[3,4],[.2.5]> <[3,4][.2.6][2.4] >
<[.2.3,[L1.3][4.7> <I[1,.7],[.3, .4][5,.6] >
<[.4,5][2.3][1.3]> <I[5.8][.1.2],[.4.7] >
<[5.6]13.4],[45> <[2.5][4.6][3.8 >

>>scalarmult(A,2)

>>scalarmult(A,2)

% This command returns the scalar multiplicationof interval valued neutrosophic matrix A .

ans =

<[.2,1.01,.6,.8],[.41.0] > <[.6,.8],[.4,1.0],[.4,.8] >
<[.4,.6],[.2,6],[.81.0] > <[.2,1.0]1[.6,.7],[1.0,1.0] >
<[.8,.4],[.4.6],[.2,.6] > <[10,1.0],[.2,.4],[.81.0] >

<[1.0,.1.0],[.6,.8],[.8,1.0] > < [.4,1.0],[.8,1.0],[.6,1.0] >

Example 9. Generate the score matrix of the following the interval valued neutrosophic
matrix:
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A=
<[.1,.5],[.3,4],[.2,.5] > <[.3,4]][.2,.6],[.2.4] >
<[.2,3,[1,.3,[4.71> <I[1,.7],[3, 4],[5,.6] >
<[4.5),[2.3,[131> <I[5.8],[1.2],[.4.7] >
<|[.5,.6],[.3,.4],[.4,.5] > <[.2,.5],[.4,.6],[.3,.8] >

>>score function A

% This command returns the score matrix of interval valued neutrosophic matrx A .

ans =

0.5333 0.5500
0.5000 0.5000
0.6667 0.6500
0.5833 0.4333

V. APPLICATION OF INTERVAL VALUED NEUTROSOPHIC TOOLBOX MATLAB

It is known that interval-valued neutrosophic matrices constitute a generalization of the notion
of fuzzy matrices, single valued neutrosophic matrices, interval valued fuzzy matrices and interval
valued intuitionistic fuzzy matrices. The interval valued neutrosophic matrices models give more
precision, flexibility, and compatibility to the system as compared to the classical and fuzzy models.
In this paper, we have developed the interval valued neutrosophic toolbox Matlab. We plan to apply
this software package in the

following areas:
» Decision making problems.
*Networking

VI. CONCLUSION

This paper proposed some new Matlab program for set-theoretic operations on the interval
valued neutrosophic matrices. The package provides some programs such as complement,
transpose, scalar multiplication of matrix, scalar division of matrix, computing the union,
intersection addition, product, difference and division operations of the proposed neutrosophic
matrices. The interval neutrosophic software package gives the ability for easy calculation of
operations in associated problems and can be used for large order interval valued neutrosophic
matrices. The proposed software package can be used for computing other operations such as:

-Computing Laplacian eigenvalues of interval valued neutrosophic matrix
-Energy of graph

In future works, We plan to extended this software package for computing other kind of
matrices including, bipolar neutrosophic matrices, interval valued bipolar neutrosophic matrices and
interval complex neutrosophic matrices.
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