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Abstract

In this study, a single valued neutrosophic number has been presented in a new
direction so that a decision maker has a scope of flexibility to choose different
numbers in their study. Its structural characteristics are also studied here. Then
this kind of number has been converted into a numeric value by means of a
parameter (whose value is pre-assigned) to practice in real fields and using this,
a ranking function is defined to compare two or more single valued neutrosophic
numbers. In continuation, an assignment problem and its solution methodology
have been developed in neutrosophic environment. Two real problems are solved
to demonstrate the proposed method.

Keywords: Single Valued Neutrosophic Number, Ranking Function, Assignment
Problem.

1. Introduction

Decision makers will have to go through an uncertain atmosphere in some cases
whenever taking a decision in real world problems with incomplete and imprecise
information since our daily life activities are being complicated from day to day.
Classical set theory is not suitable to handle that situation as it only indicates whether
an element either belongs or not to a set. Although the probability theory was an age old
tool but the theory of fuzzy sets [15], the theory of intuitionistic fuzzy sets [2] brought a
nice opportunity in that concern. Fuzzy set theory provides the degree of belongingness
of an element whereas intuitionistic fuzzy set theory gives the degree of belongingness
as well as the degree of not belongingness of an element. Both the theories are widely
practiced in vague and uncertain atmosphere from their initiation.

To deal with uncertainty more precisely, Smarandache [11, 12] generalised the
intuitionistic fuzzy set to neutrosophic set (NS). In neutrosophic logic, each object
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is characterized by a triplet pT, I, Fq where T, I, F respectively refer the truth-
membership value, the indeterminacy-membership value and the falsity-membership
value. Intuitionistic fuzzy set theory can not provide the indeterminate information of
an object. In NS theory T, I, F Ps�0, 1�r and they are independent each. Accordingly,
the limitation ‘0 ¤ membership value + non-membership value ¤ 1’ in intuitionistic
fuzzy set theory was replaced by ‘�0 ¤ sup T � sup I � sup F ¤ 3�’ in NS theory.
In order to practice the NS theory in real field, Wang et al. [13] brought the concept of
single valued neutrosophic set where T, I, F P r0, 1s only.

The notion of ranking of fuzzy numbers and intuitionistic fuzzy numbers is being
widely practiced in decision making and optimization theory over a last few decades.
Chen [4] proposed a fuzzy assignment model and proved some related theorems. Lin
and Wen [7] solved an assignment problem with fuzzy interval number costs. Deli and
Subas [5] have presented a ranking method of neutrosophic number and applied it to
multi-attributive decision making problems. Some different kinds of ranking technique
[6, 8, 10, 14] in decision making are reported here.

In the present paper the concept of single valued neutrosophic number (SVN-
number) has been introduced in a different mode along with the study of its structural
characteristics. Then a model of assignment problem with its solution methodology
have been developed in neutrosophic environment. The proposed work are also
demonstrated by two real problems. Organisation of this paper is as follows.

Some preliminary useful definitions are placed in Section 2. The concept of SVN-
number has been introduced in a different way in Section 3. In Section 4, a model
of assignment problem in neutrosophic environment has been presented with proper
demonstration by two real problems. Finally, the conclusion of the present work has
been drawn in Section 5.

2. Preliminaries

We recall some necessary definitions and results to make out the main thought.

Definition 2.1 (11). An NS B over the universe U is characterized by a triplet
pTB, IB, FBq respectively called truth-membership function, indeterminacy-membership
function and falsity-membership function where TB, IB, FB are real standard or
nonstandard subsets of s�0, 1�r i.e., TB, IB, FB : U Ñs�0, 1�r. Here 1� � 1 � ϵ,

where 1 is its standard part and ϵ is its non-standard part. Similarly �0 � 0� ϵ, where
0 is its standard part and ϵ is its non-standard part. Thus the NS B is defined as : B �
txu, TBpuq, IBpuq, FBpuqy : u P Uu with �0 ¤ sup TBpuq� sup IBpuq� sup FBpuq ¤ 3�.

Definition 2.2 (13). In an NS B over U, if the components TBpuq, Ipuq and Fpuq
are all real standard elements of r0, 1s for u P U, then it is called a single valued



S.Balakrishnan, N. Suresh Kumar and R. Silashree 61

neutrosophic set. Thus it is defined as : B � txu,TBpuq, IBpuq, FBpuqy : u P Uu with
TBpuq, IBpuq, FBpuq P r0, 1s and 0 ¤ sup TBpuq � sup IBpuq � sup FBpuq ¤ 3.

Definition 2.3 (3). Let B be an NS over the universal set U. The pα, β, γq-cut of U
is denoted by Bpα,β,γq and is defined as : Bpα,β,γq � tu P U : TBpuq ¥ α, IBpuq ¤
β, FBpuq ¤ γu where α, β, γ P r0, 1s with 0 ¤ α�β�γ ¤ 3. Clearly, it is a crisp subset
U.

Definition 2.4 (1). A fuzzy number A consists of a pair pAL, ARq and satisfies the
followings:

(i) AL is left continuous function and bounded monotone increasing.

(ii) AR is right continuous function and bounded monotone decreasing.

(iii) ALprq ¤ ARprq, r P r0, 1s.

A trapezoidal fuzzy number B is expressed as pa, b, α, βq where ra, bs is interval
defuzzifier and αp¡ 0q, βp¡ 0q are respectively called the left fuzziness, right fuzziness.
The support of B is pa� α, b� βq and its membership function is:

Bpxq �

$'''''&'''''%

1
α
px� a� αq, x P ra� α, as,

1, x P ra, bs,
1
β
pb� x� βq, x P rb, b� βs,

0, otherwise.

In parametric form BLprq � a� α� αr, BRprq � b� β� βr.
For arbitrary trapezoidal fuzzy numbers A � pAL, ARq, B � pBL, BRq and scalar

k ¡ 0, the addition and scalar multiplication are defined by:

pA� BqLprq � ALprq � BLprq,
pA� BqRprq � ARprq � BRprq

and

pkAqLprq � kALprq,
pkAqRprq � kARprq.
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3. Single Valued Neutrosophic Number

In this section, the concept of SVN-number is presented in a new direction along with
the study of its characteristics. Then a ranking function has been constructed in order to
compare the SVN-numbers.

Definition 3.1. An SVN-number ã � tra1, b1, σ1, η1s, ra2, b2, σ2, η2s,
ra3, b3, σ3, η3su is one kind of NS defined over the set of real numbers R where σip¡ 0q,
ηip¡ 0q are respectively the left spreads, the right spreads and rai, bis are the modal
intervals of truth-membership, indeterminacy-membership and the falsity-membership
functions for i � 1, 2, 3, respectively in a. The truth-membership, indeterminacy-
membership and the falsity- membership functions are defined as follows:

Tãpxq �

$''''''&''''''%

1
σ1
px� a1 � σ1q, a1 � σ1 ¤ x ¤ a1,

1, x P ra1, b1s,
1
η1
pb1 � x� η1q, b1 ¤ x ¤ b1 � η1,

0, otherwise.

Iãpxq �

$''''''&''''''%

1
σ2
pa2 � xq, a2 � σ2 ¤ x ¤ a2,

0, x P ra2, b2s,
1
η2
px� b2q, b2 ¤ x ¤ b2 � η2,

1, otherwise.

Fãpxq �

$''''''&''''''%

1
σ3
pa3 � xq, a3 � σ3 ¤ x ¤ a3,

0, x P ra3, b3s,
1
η3
px� b3q, b3 ¤ x ¤ b3 � η3,

1, otherwise.

In parametric form, an SVN-number ã consists of three
pairs pT l

ã, T u
ã q, pIl

ã, Iu
ãq, pF l

ã, Fu
ãq of functions T l

ãprq, T u
ã prq, Il

ãprq, Iu
ãprq, F l

ãprq, Fu
ãprq,

r P r0, 1s and satisfies the following requirements.

(i) T l
ã, Iu

ã , Fu
ã are continuous function and bounded monotone increasing.

(ii) T u
ã , I

l
ã, F

l
ã are continuous function and bounded monotone decreasing.

(iii) T l
ãprq ¤ T u

ã prq, Il
ãprq ¥ Iu

ãprq, F l
ãprq ¥ Fu

ãprq
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with T l
ãprq � a1 � σ1 � σ1r, T u

ã prq � b1 � η1 � η1r; Il
ãprq � a2 � σ2r, Iu

ãprq � b2 � η2r
and F l

ãprq � a3 � σ3r, Fu
ãprq � b3 � η3r.

Definition 3.2. An SVN-number ã is called an SVTN-number if three modal intervals
in a are equal. Thus C̃ � xra0, b0, σ1, η1s, ra0, b0, σ2, η2s, ra0, b0, σ3, η3sy is an
SVTN-number.

Let ã � xra, a1, σ1, η1s, ra, a1, σ2, η2s, ra, a1, σ3, η3sy and b̃ �
xrb, b1, ξ1, δ1s, rb, b1, ξ2, δ2s, rb, b1, ξ3, δ3sy be two SVTN-numbers. Then for any
real number x,

(i) Image of ã :

�ã � xr�a1, �a, η1, σ1s, r�a1, �a, η2, σ2s, r�a1, �a, η3, σ3sy.

(ii) Addition :

ã� b̃ � xra� b, a1 � b1, σ1 � ξ1, η1 � δ1s, ra� b, a1 � b1, σ2 � ξ2, η2 � δ2s,
ra� b, a1 � b1, σ3 � ξ3, η3 � δ3sy.

(iii) Scalar multiplication:

xã �

$'''&'''%
xprxa, xa1, xσ1, xη1s, rxa, xa1, xσ2, xη2s, rxa, xa1, xσ3, xη3sy,

for x ¡ 0
xrxa1, xa, �xη1, �xσ1s, rxa1, xa, �xη2, �xσ2s, rxa1, xa, �xη3, �xσ3sy,

for x   0.

Definition 3.3. An SVTN-number ã is called an SVTrN-number if the modal interval in
ã is reduced to a modal point i.e., if the end points of the modal interval are equal. Thus
ã � xra0, σ1, η1sra0, σ2, η2s, ra0, σ3, η3sy is an SVTrN-number.

Definition 3.4. 1. The zero SVTN-number is denoted by 0̃ and is defined as :

0̃ � xr0, 0, 0, 0s, r0, 0, 0, 0s, r0, 0, 0, 0sy.

2. The zero SVTrN-number is denoted by 0̃ and is defined as :

0̃ � xr0, 0, 0s, r0, 0, 0s, r0, 0, 0sy.

Definition 3.5. The values of each component corresponding an SVN-number ã �
xra1, b1, σ1, η1s, ra2, b2, σ2, η2s, ra3, b3, σ3, η3sy is calculated here using cut set.
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1. Any α�cut set of the SVN-number ã for truth membership function is denoted by
ãα and is given by a closed interval as:

ãα � ra1 � σ1 � σ1α, b1 � η1 � η1αs for α P r0, 1s.

The value of ã for α-cut set is denoted by vT pãq and is calculated as:

vT pãq �
» 1

0
rpa1 � σ1 � σ1αq � pb1 � η1 � η1αqs f pαqdα

� 1
6
p3a1 � 3b1 � σ1 � η1q,

taking f pαq � α, where f pαq P r0, 1s, f p0q � 0 and f pαq is monotone increasing
for α P r0, 1s.

2. Any β-cut set of the SVN-number ã for indeterminacy membership function is
denoted by ãβ and is given by a closed interval as :

ãβ � ra2 � σ2β, b2 � η2βs for β P r0, 1s.

The value of ã for β-cut set is denoted by VIpãq and is calculated as :

VIpãq �
» 1

0
rpa2 � σ2βq � pb2 � η2βqsgpβqdβ

� 1
6
p3a2 � 3b2 � σ2 � η2q,

taking gpβq � 1 � β, where gpβq P r0, 1s, gp1q � 0 and gpβq is monotone
decreasing for β P r0, 1s.

3. Any γ�cut set of the SVN-number ã for falsity membership function is denoted by
γã and is given by a closed interval as :

γã � ra3 � σ3γ, b3 � η3γs for γ P r0, 1s.

The value of ã for γ-cut set is denoted by vFpaq and is calculated as:

VFpãq �
» 1

0
rpa3 � σ3γq � pb3 � η3γqshpγqdγ

� 1
6
p3a3 � 3b3 � σ3 � η3q,

taking hpγq � 1 � γ, where hpγq P r0, 1s, hp1q � 0 and hpγq is monotone
decreasing for γ P r0, 1s.
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Definition 3.6. For θ P r0, 1s, the θ-weighted value of an SVN-number b̃ is denoted by
Vθpb̃q and is defined as :

Vθpb̃q � θnVT pb̃q � p1� θnqVIpb̃q � p1� θnqVFpb̃q,
n being any natural number.

Thus, the θ-weighted value for the SVN-number a stated in Definition 3.5 is:

Vθpãq � 1
6
rp3a1�3b1�σ1�η1qθn�p3a2�3b2�σ2�η2qp1�θnq�p3a3�3b3�σ3�η3qp1�θnq.

Proposition 3.1. The θ-weighted value obeys the following disciplines for two S VN-
numbers ã, b̃.

(i) Vθpã� b̃q � Vθpãq � Vθpb̃q.

(ii) Vθpµãq � µVθpãq, µ being any real number.

(iii) Vθpã� ãq � Vθp0̃q.

(iv) Vθpãq is monotone increasing or decreasing or constant according as VT pãq ¡
VIpãq � VFpãq or VT pãq   VIpãq � VFpãq or VT pãq � VIpãq � VFpãq respectively.

Proof. We shall prove (iv) only. Remaining can be easily verified by taking two
arbitrary SVN-numbers. Here,

Vθpãq � θnVT pãq � p1� θnqVIpãq � p1� θnqVFpãq
dVθpãq

dθ
� nθn�1rVT pãq � pVIpãq � VFpãqqs

Since θ P r0, 1s, so
dVθpãq

dθ
¡,  0 when rVT pãq� pvIpãq�VFpãqqs ¡,  0 respectively.

For θ P p0, 1s, we have
dVθpãq

dθ
� 0 when rVT pãq � pVIpãq � VFpãqqs � 0. This clears

the fact. □

Definition 3.7. Let SVN(R) be the set of all SVN-numbers defined over R. For θ P r0, 1s,
a mapping ℜθ : S VNpRq Ñ R is called a ranking function and it is defined as:
ℜθpãq � Vθpaq for a P S VNpRq.

An useful method for comparing of SVN-numbers is by practice of ranking function.
For ã, b̃ P S VNpRq, their order is defined as follows :

Vθpãq ¡ Vθ ô ã ¡ ℜθ

Vθpãq   Vθ ô ã   ℜθ

Vθpãq � Vθ ô ã � ℜθ b̃.
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Proposition 3.2. Consider two SVTN-numbers
c̃ � xrx, y, σ1, η1s, rx, y, σ2, η2s, rx, y, σ3, η3su and d̃ �
xrp, q, ω1, ξ1s, rp, q, ω2, ξ2s, rp, q, ω3, ξ3su with rx, ys � rp, qs. Then c̃ ¡ ℜθd̃ iff
the followings hold.

(i) pη1 � ω1q ¡ pσ1 � ξ1q for θ � 1.

(ii) pη2 � η3q � pω2 � ω3q ¡ pσ2 � σ3q � pξ2 � ξ3q for θ � 0.

Proof. (i)

η1 � ω1 ¡ σ1 � ξ1

ôpη1 � σ1q ¡ pξ1 � ω1q
ôpη1 � σ1qθn ¡ pξ1 � ω1qθn pas θ � 1q
ôpη1 � σ1qθn � xpη2 � σ2q � pη3 � σ3qup1� θnq
¡ pξ1 � ω1qθn � tpξ2 � ω2q � pξ3 � ω3qup1� θnq pas θ � 1q

ô1
6
rp3x� 3y� η1 � σ1qθn � tp3x� 3y� η2 � σ2q � p3x� 3y� η3 � σ3qup1� θnqs

¡ 1
6
rp3p� 3q� ξ1 � ω1qθn � tp3p� 3q� ξ2 � ω2q � p3p� 3q� ξ3 � ω3qup1� θnqs

pas rx, ys � rp, qsq
ôVθpc̃q ¡ Vθpd̃q ô c̃ ¡ ℜθd̃ with rx, ys � rp, qs.

(ii)

pη2 � η3q � pω2 � ω3q ¡ pσ2 � σ3q � pξ2 � ξ3q
ôtpη2 � σ2q � pη3 � σ3qup1� θnq ¡ tpξ2 � ω2q � pξ3 � ω3qup1� θnq pas θ � 0q
ôpη1 � σ1qθn � tpη2 � σ2q � pη3 � σ3qup1� θnq

¡ pξ1 � ω1qθn � tpξ2 � ω2q � pξ3 � ω3qup1� θnq pas θ � 0q
ô1

6
rp3x� 3y� η1 � σ1qθn � tp3x� 3y� η2 � σ2q � p3x� 3y� η3 � σ3qup1� θnqs

¡ 1
6
rp3p� 3q� ξ1 � ω1qθn � tp3p� 3q� ξ2 � ω2q � p3p� 3q� ξ3 � ω3qup1� θnqs

pas rx, ys � rp, qsq
ôVθpc̃q ¡ Vθpd̃q ô c̃ ¡ ℜθd̃ with rx, ys � rp, qs.

Similar conclusion can be drawn in case of SVTrN-numbers. □
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4. Assignment Problem with Neutrosophic Costs

An assignment problem in crisp sense can be defined by an n � n cost matrix of real
numbers as given in Table 1 which assigns men to jobs, jobs to machines etc. It is
also assumed that one person can perform one job at a time and thus all the jobs will
be assigned to all available persons and so on in other cases. The problem is optimal
if it minimizes the total cost or minimizes the total time or maximizes the profit of
performing all the jobs. where ci j is the cost of assigning the jth job to the ith person.
Mathematically, the problem can be put as :

Table 1: Tabular Form of Assignment Problem.

JOBS

PERSONS

J1 J2 J3 � � � � � � Jn

P1 c11 c12 c13 � � � � � � c1n

P2 c21 c22 c23 � � � � � � c2n

� � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � �
Pn cn1 cn2 cn3 � � � � � � cnn

Determine xi j ¥ 0, i, j � 1, 2, � � � , n which

optimize z �
ņ

i�1

ņ

j�1

ci jxi j

such that
ņ

j�1

xi j � 1, 1 ¤ i ¤ n

and
ņ

i�1

xi j � 1, 1 ¤ j ¤ n

with

xi j �
"

1, if the jth job is assigned to the ith person
0, otherwise.

Now if we consider the costs ci j as SVN-numbers (we write ãi j), then the total cost

z̃ � ℜθ

ņ

i�1

ņ

j�1

ãi jxi j becomes an SVN-number. Then, we can not apply the crisp concept

directly to optimize it. We shall adopt the following technique for that.
(Solution approach of assignment problem with neutrosophic costs)
We now develop a method to find a solution of this class of problem. In the present

study, the costs in assignment problem are taken as S VN-numbers. We shall first find
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the θ-weighted value function of each neutrosophic cost and thus we shall get a crisp
cost matrix from a neutrosophic cost matrix for a pre-assigned θ. Now applying the
computational procedure in crisp sense, we get optimal solutions of the assignment
problem. Consequently the optimal value of the original problem can be calculated as:

z̃ � ℜθ

ņ

i�1

ņ

j�1

ãi jxi j

which gives a numeric value using θ-weighted value function for that θ.

Definition 4.1. An SVN-number is said to be constant if it is θ independent after
transforming it into a θ-weighted value function.

For if b̃ � xr5, 8, 3, 43s, r5, 8, 2, 2s, r5, 8, 1, 2sy is a constant SVTN-number as
Vθpb̃q � 13.17 (approx) whatever the value of θ is.

Theorem 4.1. If a constant S VN-number be added to any row and / or any column of the
cost matrix of an assignment problem in neutrosophic environment, then the resulting
assignment problem has the same optimal solution as the original problem.

Proof. Let rãi js be the cost matrix and suppose two constant SVN-numbers α̃i, β̃ j be
added to the i-th row and j-th column respectively for 1 ¤ i, j ¤ m. Let rã1i js be
the new cost matrix where ã1i j � ãi j � α̃i � β̃ j and the two objective functions be

z̃ � ℜθ

m̧

i�1

m̧

j�1

ai jxi j, z̃1 � ℜθ

m̧

i�1

m̧

j�1

ã1i jxi j. Now,

z̃1 � ℜθ

m̧

i�1

m̧

j�1

ã1i jxi j ñ Vθpz̃1q � Vθ

�
m̧

i�1

m̧

j�1

ã1i jxi j

�

ñVθpz̃1q �
m̧

i�1

m̧

j�1

Vθpã1i jxi jq

ñVθpz̃1q �
m̧

i�1

m̧

j�1

Vθrpãi j � α̃i � β̃ jqxi js

ñVθpz̃1q �
m̧

i�1

m̧

j�1

Vθpãi jxi jq �
m̧

i�1

m̧

j�1

Vθpα̃i xi jq �
m̧

i�1

m̧

j�1

Vθpβ̃ jxi jq

ñVθpz̃1q � Vθ

�
m̧

i�1

m̧

j�1

ãi jxi j

�
� Vθ

�
m̧

i�1

m̧

j�1

α̃ixi j

�
� Vθ

�
m̧

i�1

m̧

j�1

β̃ jxi j

�
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ñVθpz̃1q � Vθpz̃q � Vθ

�
m̧

i�1

α̃i

m̧

j�1

xi j

�
� Vθ

�
m̧

i�1

β̃ j

m̧

j�1

xi j

�

ñVθpz̃1q � Vθpz̃q � Vθ

�
m̧

i�1

α̃i

�
� Vθ

�
m̧

j�1

β̃ j

�
as

�
m̧

i�1

xi j �
m̧

j�1

xi j � 1

�

ñVθpz̃1 � z̃q �
m̧

i�1

Vθ pα̃iq �
m̧

j�1

Vθ

�
β̃ j
�

ñVθpz̃1 � z̃q � κ � ζ

�
for

m̧

i�1

Vθ pα̃iq � κ,
m̧

j�1

Vθ

�
β̃ j
� � ζ

�
.

Thus the two objective functions z̃1 and z̃ differ by a constant not involving any decision
variable xi j and so the original problem as well as the new problem both attain same
optimal solution. □

5. Numerical Example

Here, assignment problems with the costs as both SVTN-numbers and SVTrN-numbers
have been solved by use of proposed method. For simplicity, we define the θ�weighted
value function for n � 1 in rest of this chapter.

Example 5.1. A car owner wishes to run his three buses pB1, B2, B3q in three different
routes pR1, R2, R3q. The maintenance cost of each bus per kilometer in three different
routes is given by the following cost matrix rãi js whose elements are SVTN-numbers.
Allot the route for each bus so that the maintenance cost in aggregate becomes minimum.

rãi js �

���
R1 R2 R3

B1 ã11 ã12 ã13

B2 ã21 ã22 ã23

B3 ã31 ã32 ã33

��

where

ã11 � xr10, 13, 3, 6s, r10, 13, 8, 5s, r10, 13, 2, 9sy,
ã12 � xr8, 11, 4, 6s, r8, 11, 6, 9s, r8, 11, 5, 10sy,
ã13 � xr5, 9, 3, 5s, r5, 9, 2, 9s, r5, 9, 1, 12sy,
ã21 � xr4, 7, 3, 9s, r4, 7, 1, 6s, r4, 7, 2, 8sy,
ã22 � xr7, 12, 5, 12s, r7, 12, 4, 8s, r7, 12, 3, 10sy,
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ã23 � xr9, 10, 2, 7s, r9, 10, 6, 12s, r9, 10, 4, 5sy,
ã31 � xr3, 8, 1, 4s, r3, 8, 2, 7s, r3, 8, 2, 2sy,
ã32 � xr6, 7, 4, 9s, r6, 7, 5, 5s, r6, 7, 2, 10sy,
ã33 � xr12, 18, 10, 2s, r12, 18, 8, 7s, r12, 18, 5, 9sy.

The problem can be put in the following form:

Min z̃ � ℜθ ã11x11� ã12x12� ã13x13� ã21x21� ã22x22� ã23x23� ã31x31� ã32x32� ã33x33

such that

x11 � x12 � x13 � 1,
x11 � x21 � x31 � 1,
x21 � x22 � x23 � 1,
x12 � x22 � x32 � 1,
x31 � x32 � x33 � 1,
x13 � x23 � x33 � 1

with xi j P t0, 1u.
The θ�weighted value for the SVTN-numbers are calculated as:

Vθpã11q � 1
6
p142� 70θq, Vθpã12q � 1

6
p122� 63θq, Vθpã13q � 1

6
p102� 58θq,

vθpã21q � 1
6
p77� 38θq, vθpã22q � 1

6
p125� 61θq, Vθpã23q � 1

6
p121� 59θq,

Vθpã31q � 1
6
p71� 35θq, Vθpã32q � 1

6
p86� 42θq, Vθpã33q � 1

6
p183� 101θq.

Assuming θ � 0.8, we get the initial assignment Table 2 as follows (each entry taking
two decimal places):

Table 2: Initial Assignment Table

14.33 11.93 9.27
7.77 12.70 12.30
7.17 8.73 17.03

Now applying the computational procedure as in crisp environment, we find the
allocation of busses in different route with the optimal costs attained as follows :

B1 Ñ R3, B2 Ñ R1, B3 Ñ R2.
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The optimal solutions are:

x13 � x21 � x32 � 1, x11 � x12 � x22 � x23 � x31 � x33 � 0.

and Min z̃ � ℜθã13 � ã21 � ã32 which becomes Rs. 25.77 using θ-weighted value
function for θ � 0.8.

Remark 5.1. Depending on θ chosen, the number of iteration in computational
procedure to reach at optimality stage may vary only but the optimal solution will remain
unchange. However, θ plays an important role to produce the aggregate optimal value
of an assignment problem in neutrosophic environment. Since the total maintenance
cost of a bus depends on so many factors, we assume θ as the degree of smoothness of
road condition in the present problem. Following Table 3 shows the variation of optimal

value with respect to different θ in the Example 4.1. Here Vθpz̃q � 1
6
p265� 138θq.

Table 3: Table for Variation of Optimal Value

θ 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Vθpz̃q 44.17 41.87 39.57 37.27 34.97 32.67 30.37 28.07 25.77 23.47 21.17

Example 5.2. Four machines pM1, M2, M3, M4q are available to perform four jobs
pJ1, J2, J3, J4q in a company. The machines M1 and M3 can not perform the jobs J3 and
J1 respectively. The adjacent matrix provides the approx required time (in minutes) to
perform the jobs by different machines (given in SVTN-numbers and SVTrN-numbers).
How would the jobs be allotted to minimize the total time. Provided that one machine
will perform one job only.

rãi js �

�����
J1 J2 J3 J4

M1 ã11 ã12 �� ã14

M2 ã21 ã22 ã23 ã24

M3 �� ã32 ã33 ã34

M4 ã41 ã42 ã43 ã44

����

where

ã11 � xr5, 8, 4, 3s, r5, 8, 1, 9s, r5, 8, 2, 6sy,
ã12 � xr10, 8, 2s, r10, 2, 8s, r10, 5, 13sy,
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ã14 � xr7, 11, 2, 5s, r7, 11, 5, 9s, r7, 11, 1, 7sy,
ã21 � xr15, 8, 9s, r15, 4, 11s, r15, 6, 10sy,
ã22 � xr3, 7, 2, 4s, r3, 7, 2, 6s, r3, 7, 1, 10sy,
ã23 � xr5, 8, 4, 10s, r5, 8, 3, 12s, r5, 8, 2, 9sy,
ã24 � xr6, 5, 8s, r6, 2, 9s, r6, 3, 5sy,
ã32 � xr10, 14, 8, 7s, r10, 14, 6, 10s, r10, 14, 3, 4sy,
ã33 � xr9, 2, 3s, r9, 1, 5s, r9, 3, 8sy,
ã34 � xr8, 12, 6, 5s, r8, 12, 4, 10s, r8, 12, 5, 11sy,
ã41 � xr8, 4, 8s, r8, 2, 3s, r8, 5, 10sy,
ã42 � xr9, 13, 2, 5s, r9, 13, 7, 8s, r9, 13, 5, 9sy,
ã43 � xr7, 11, 6, 5s, r7, 11, 4, 3s, r7, 11, 2, 8sy,
ã44 � xr12, 10, 4s, r12, 7, 6s, r12, 3, 3sy.

Since the machines M1 and M3 are unable to perform the jobs J3 and J1 respectively,
so we can assume two SVN-numbers (ã13 and ã31) whose θ-weighted value functions
provide very large time in the cells p1, 3q and p3, 1q respectively.

ã13 � xr16, 30, 2, 9s, r16, 30, 8, 15s, r16, 30, 7, 11sy,
ã31 � xr18, 22, 6, 13s, r18, 22, 3, 17s, r18, 22, 9, 28sy.

Then the problem can be put in the following form:

Min z̃ � ℜθã11x11 � ã12x12 � ã13x13 � ã14x14 � ã21x21 � ã22x22 � ã23x23 � ã24x24

ã31x31 � ã32x32 � ã33x33 � ã34x34 � ã41x41 � ã42x42 � ã43x43 � ã44x44

such that x11 � x12 � x13 � x14 � 1,
x11 � x21 � x31 � x41 � 1,
x21 � x22 � x23 � x24 � 1,
x12 � x22 � x32 � x42 � 1,
x31 � x32 � x33 � x34 � 1,
x13 � x23 � x33 � x43 � 1,
x41 � x42 � x43 � x44 � 1,
x14 � x24 � x34 � x44 � 1
with xi j P t0, 1u.

The θ-weighted value for the SVTN-numbers are calculated as:

Vθpã11q � 1
6
p90� 52θq, Vθpã12q � 1

6
p134� 80θq,
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Vθpã13q � 1
6
p287� 142θq, Vθpã14q � 1

6
p118� 61θq,

vθpã21q � 1
6
p191� 100θq, vθpã22q � 1

6
p73� 41θq,

Vθpã23q � 1
6
p94� 49θq, vθpã24q � 1

6
pS1� 42θq,

Vθpã31q � 1
6
p273� 146θq, Vθpã32q � 1

6
p149� 78θq,

Vθpã33q � 1
6
p117� 62θq, Vθpã34q � 1

6
p132� 73θq,

vθpã41q � 1
6
p102� 50θq, vθpã42q � 1

6
p137� 68θq,

Vθpã43q � 1
6
p113� 60θq, vθpã44q � 1

6
p143� 77θq.

Taking θ � 0.4, we get the initial assignment Table 4 as follows (each entry taking two
decimal places):

Table 4: Initial Assignment Table

11.53 17 38.37 15.6
25.17 9.43 12.40 10.70
35.77 19.63 15.37 17.13
13.67 18.30 14.83 18.70

The computational procedure in crisp environment of Table 4 gives the final iteration
as in Table 5.

Table 5: Optimal Assignment Table

0 3.82 25.68 1.15
17.39 0 3.46 0
21.56 3.77 0 0

0 2.98 0 2.11

Thus we get the allotment of jobs to the machines with a total minimum time taken
as follows :

M1 Ñ J1, M2 Ñ J2, M3 Ñ J4, M4 Ñ J3.

The optimal solutions are:
x11 � x22 � x34 � x43 � 1, x12 � x13 � x14 � x21 � x23 � x24 � x31 � x32 � x33 �
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x41 � x42 � x44 � 0. and Min z̃ �ℜθ
a11�a22�a34�a43 which becomes 52.93 minutes

using θ-weighted value function for θ � 0.4.
(Sensitivity analysis in post optimization)
The variation of optimal time (taking two decimal places) with respect to different θ

given in Table 6 for the Example 4.2 Here Vθpz̃q � 1
6
p408� 226θq where θ denotes the

associate infrastructure facility provided by company, we claim.

Table 6: Table for Variation of Optimal Value

θ 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Vθpz̃q 68 64.23 60.47 56.7 52.93 49.17 45.4 41.63 37.87 34.1 30.33

6. Conclusion

In this paper, an SVN-number is presented in a new direction with the study of its
characteristics. A linear ranking function is then defined to compare two or more such
numbers. In continuation, a model of assignment problem is developed in neutrosophic
environment where each entry of cost matrix is an SVN-number. The proposed concept
is illustrated by two practical problems. The problems are stated and solved numerically.
In post optimization period, the sensitivity analysis of these problems also have been
performed with respect to different values of parameter. The fact has a nice significance
in any kind of system solvable by the proposed approach. The notion of ranking function
adopted here will bring a new arena in research and development of linear programming
problem and its associated field, we expect.
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