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Abstract: To tackle the real life problems we come across, in various fields like computer sciences,
medical sciences, social sciences and engineering works where we are facing many ambiguities and
imprecisions. Here we bring an idea of neutrosophic bipolar fuzzy decision making where hybridized
multi-attributes are involved, which is a very helpful tool to tackle the ambiguities and imprecisions.
We present the neutrosophic bipolar fuzzy transformation techniques. The different types of
attributes are transformed into unified neutrosophic bipolar fuzzy values. It includes the group
decision making mode based on hybrid decision making problems with exact values, interval values
and linguistic variables. Calculations of weights by decision makers, composition of aggregated
weighted neutrosophic bipolar fuzzy decision matrices, determination of entropy weights, finding
positive ideal solution(PIS),and negative ideal solution(NIS), calculation of grey relational coefficient
,calculation of degree of weighted grey relational coefficient of each alternative, determination of
relative relational degree of each alternative from the positive ideal solution (PIS) and negative ideal
solution (NIS) and ranking of the alternatives are the concepts which are introduced in the case of
neutrosophic bipolar fuzzy hybrid multi-attribute group decision making. Eventually, we apply
these concepts and techniques upon hybrid multi-attributes decision making problem of selecting the
best medicine to cure some particular diseases and develop an algorithm for neutrosophic bipolar

fuzzy hybrid multi-attribute group decision making.

Keywords: Neutrosophic bipolar fuzzy sets; multi-attribute group decision making; neutrosophic
bipolar fuzzy transformation techniques; interval values and linguistic variables.

1. Introduction

The concept of fuzzy set theory was basically given by Zadeh [1]. The idea of fuzzy set theory
has been extended to vague fuzzy set [2-5], interval-valued fuzzy set, intuitionistic fuzzy set [6], L-
fuzzy set, Q-fuzzy set [7-11], probabilistic fuzzy set and so on, [12-19]. All these versions had

limitations in different situations. Smarandache [20], gave the idea of neutrosophic set which is the
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generalization of all previous versions of fuzzy sets. Unfortunately, these, models were handling the
problems involving only positive preferences and opinions, whereas human mind tends to work in
both directions, positive and negative, in order to come up with a decision. Therefore, to bridge up
this deficiency Zhang [21], introduced the notion of bipolar fuzzy sets. The features of bipolar fuzzy
sets were considered and discussed in detail by Naveed at al. [22-24], Dubois et al. [25] and Silva et
al. [26]. The applications of neutrosophic set theory are found in various fields of life, like computer
sciences, physical sciences, medical sciences, social sciences, engineering and multi-criteria group
decision making problems. The uses of neutrosophic theory for sets in decision making problems
(DMP) have been considered by Basset et al. [27-31]. Qun et al. [32] and many others in many [33-36],
they gave the idea of linguistic multiple attribute group decision making (LMAGDM). Chen [37] and
Hung [38], introduced the idea of manipulation of multiple attribute decision making problems
depends upon fuzzy sets. Later on Zhan et al. [39] applied the neutrosophic cubic sets in multi-criteria
decision-making issues. Gulistan et al. [40] discussed the notion of neutrosophic cubic graphs and
gave the real-life applications in industrial areas. Applications of neutrosophic sets in different
directions can be seen in [41-44] and [45-52].

Neutrosophic sets are more general versions to handle the uncertain data problems when
compared to the different versions of fuzzy sets. When handling uncertain issues where both positive
and negative characteristics are involved, the bipolar fuzzy sets are found to be helpful. In propensity
to take decisions considering both positive and negative preferences, we [45], recently defined the
concept of neutrosophic bipolar fuzzy sets. We also defined neutrosophic bipolar fuzzy weighted
averaging and neutrosophic bipolar fuzzy ordered weighted averaging operators.

In this paper, we will extend the neutrosophic bipolar fuzzy set by introducing the idea of
neutrosophic bipolar fuzzy hybrid multi-attribute group decision making where we use the different
neutrosophic bipolar fuzzy transformation techniques. We give the new conversion techniques
between the exact values and neutrosophic bipolar fuzzy numbers. The conversion techniques
between interval values and neutrosophic bipolar fuzzy numbers have also been considered and
likewise we also discuss the transformations techniques between linguistic variables and
neutrosophic bipolar fuzzy numbers. Graphical representations of the notions in this paper have been
considered as well. Finally, numerical example related to a medicine company which intends to

prepare three different types of medicines for a certain type of disease.

2. Preliminaries

In this section we provide some of the precursors in developing our new concept.
Definition 2.1. [1] A fuzzy set maps the elements of a universe X to the unit interval [0,1] .
Definition 2.2. [13] Let X be a universe of discourse. An intuitionistic fuzzy set, A in X is an object
having the following form A = {(x, u(x),v(x)): x € X}
where p(x) is known as a degree of membership and va(x) is known as a degree of non-

membership of the element X to the IFS A with the condition,0 < u(x) < 1,

0<v(x) <1 0<pux +v(x) <1 For each IFS A in X. The hesitancy indeterminacy degree
measure as follows, ma(x) =1 — p(x) —v(x). Then m,(x) is known as degree of indeterminacy

membership of x to theset A and V x € X.

R.M. Hashim, M. Gulistan, I. Rehman, N. Hassan and A.M. Nasruddin, Neutrosophic bipolar fuzzy set and its application
in medicines preparations



Neutrosophic Sets and Systems, Vol. 31, 2020 88

Definition 2.3. [21] Let X be a non-empty set. Then a bipolar fuzzy set, is an object of the form B =
('), p): x€X), where p*(x): X—=[0,1]and p~(x): X - [-1,0], p*(x) is a positive
material and p~(x) is a negative material of x € X . For simplicity, we write the bipolar fuzzy set as
B = (u*, u7) instead of B = (x, (u*(x), p~ (X)) : x € X).

Definition 2.4. [32, 34, 41] A single valued neutrosophic set, is defined as;
A={{xTa(x),1a(x),Fax)) : x€X},

where X be the universe of discourse and A is characterized by a t-membership function Tp: X —

[0,1] , an i-membership function I,: X — [0,1] and a f-membership function F, : X —[0,1],

where 0 < Tp(x) + [4(x) + FA(x) < 3.

Definition 2.5. [6] A neutrosophic set, is defined as:

A= {{xTa(), Ia(x), FA(®)) : x€X}
and X is a universe of discourse and A is characterized by a t-membership function T, : X -
107, 1*[, an i-membership function I, :X =]07,1*[ and a f-membership function F, : X =]07,1*[.
There is no condition on the sum of Ty (X),[5(X), Fa(x), so 0 < To(x) +[4(X) + FA(x) < 3.
Definition 2.6. [45] Let X be a non-vacuous set. Then a neutrosophic bipolar fuzzy set, is an object of
the form NB = (NB*, NB™)where
NB* = (y, (Tyg+ Ing+, Fng+): X € X) , ,NB™ = (y, (Tyg- Ing-> Fng-) : X €X) such that
Tyg+ Ing+ Fygt @ X = [0,1] and  Tyg-, Ing-, Fag- : X = [=1,0] .

Definition 2.7. [45] Let NB; = (NB;",NB;") be the collection of neutrosophic bipolar fuzzy values.
Then a mapping NBFWA, : Q" — Q defined by

NBFWA,, (NB;,NB,,...,NB,) = 0;NB; @ w,NB, ®,...,® 0,NB,
is called a neutrosophic bipolar fuzzy weighted averaging (NBFWA) operator of dimension n,
where w = (w;,w,,...,w,)T is the weight vector of NB;(j=12,...,n) , with w;€[0,1] and
Ejnzlw]- =1.
l 1

T
=, 1) , then the NBFWA operator is reduced to a neutrosophic bipolar fuzzy
n

n n

Especially, if w = (
averaging (NBFA) operator of dimension n, which is defined as follows:
NBFA(NB;,NB,,...,NB,) = %(NBl @ NB, ®,...,® NB,).

Definition 2.8. [45] Let NB; = (NB;, NB;") be a collection of neutrosophic bipolar fuzzy values. A
neutrosophic bipolar fuzzy ordered weighted averaging (NBFOWA)operator of n dimension is a
mapping NBFOWA : Q" — Q, that has an associated vector:
w = (wy, wy,...,wy)7T such that w; € [0,1] and ZL;w; = 1. Furthermore
NBFOWA,,(NB;,NBj,...,NB}) = w;NBg ;) @ w,NBJ ) @,....H w,NB;
NBFOWA,, (NBT,NB3,...,NB;) = w;NBy;) © w,NBye) @,...,0 w,NBy,
where (0(1),0(2),...,0(n)) is a permutation of (1,2,...,n) such that NBgj_1) = NBg() for all j .

11

T
Especially, if w = (H’H’ .. ,i) , then the NBFOWA operator is reduced to a bipolar fuzzy averaging
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(NBFA) operator of dimension n .
Definition 2.9. [17] A linguistic variable, is a variable whose values are words or sentences in natural

or artificial language.

3. Neutrosophic Bipolar Fuzzy Transformations Techniques

In this section we develop the neutrosophic bipolar fuzzy hybrid (MADM) with different types
of data values. The neutrosophic bipolar fuzzy hybrid (MADM) problem based on four different data
types, exact values, intervals, NBFNs and linguistic terms. Let NB = {NB; NB,,...,NB, } be a finite
set of alternatives, and let C={cj,c,,...c,} be a set of attributes with weight vector w =

(wy,Wy,...,wWp) , where w>0(j=1,2,...,m) and

Let R¥ = (a(k) Inxm be a neutrosophic bipolar fuzzy hybrid decision matrix, where (a ) will be the

exact values, intervals, NBFNs, and linguistic terms. We need to transform three other types of
attributed values in R¥ into unified NBFNs. In the following discussion, we will explore the

transformation techniques for each of the data types.

3.1. Conwversion between exact values and NBFNs

The values of different attributes have different dimensions. Thus, the real numbers in the
hybrid decision making need to be standardized in order to eliminate interference in the results.
Generally, there are two kinds of attributes, the benefit type and the cost. The higher the benefit type
value is, the better it is. While in the cost type, it is the opposite. For the benefit type, formula is

. (1)

The cost type formula is;

#)
bl = _<” : )

Standardized precise number can be transformed into neutrosophic bipolar fuzzy numbers as

(k) — (( +() [+ F+(k)) ( - I:(k) F_(k)))
ij [ |

;1] 7 Hj

N 400
F0) _ (0 n(0 _ 11 w_Mi o _ ®
W = by; By = > — L = =M 1+b1] ,
-k -(k)
—a0 _ My -0 _ My
By ==l =5 ©)

For intervals and NBFNSs, for the benefit type formula is,
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L iy v _
— 2 - ij
by = 5 r by i=1 ) @)
3 @U0y2 R
For the cost type formula is;
1
L(k) aj U T
— 1 — 1]
b = — =, by = — =. )
1 o 1
: ((a?;(k)>> : ((ﬂ?‘“))
Standardized interval numbers can be transformed into neutrosophic bipolar fuzzy numbers as
follows;
u(k) H(k)
a® = +(k) [ gt —K) - -k & _ L) g _ Ty ) _ T
] ( p’l] 1] 'F1] ) ( I F )) IJ’ij - bi' ’Fl] 3 Iij 2
® U9 =00 _ Wi =G0 _ My
-0 _ - _ M -0 _ K
Wy = oLy = T = ©)

Note: The indeterminacy [ # 1 — u — F. We have defined functions F and I as in [3,6] to be used in
this paper.

3.2. Conwversion between linguistic variables and NBFNs

Linguistic variables are used usually when situations are complex or not well defined. The
words or sentences given by the decision makers for rating or ranking like very good, good, fine,
poor, very poor etc., can be converted into, and expressed as a quantities (NBFNs). The linguistic
variables for the position of the decision makers can be expressed in NBFNss in Table 1 and shown as

in Figure 1.

Table 1. Linguistic variable for the important of decision makers

Linguistic variable NBFNs
Very important ((0.85, 0.42, 0.28), (-0.10, -0.05, -0.03))
Important ((0.70, 0.35, 0.23), (-0.2, -0.10, -0.06))
Medium ((0.55, 0.27,0.18), (-0.30, -0.15, -0.10))
Unimportant ((0.30, 0.15, 0.10), (-0.60, -0.30, -0.20))
Very unimportant ((0.10, 0.05, 0.03), (-0.90, -0.45, -0.30))
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Figure 1. Graphical representation of importance of linguistic variables

Table 2. Conversion of linguistic variable into NBFNs

Linguistic variable

NBFNs

Extremely high (EH)
Very very high (VVH)
Very high (VH)
High (H)
Medium high (MH)
Medium (M)
Medium low (ML)
Low (L)

Very low (VL)
Very very low (VVL)

((0.95,0.47,0.31), (-0.03,-0.015,-0.01))

((0.83,0.41,0.27), (-0.10,-0.05,-0.03))
((0.77,0.38,0.25), (-0.12,-0.06,-0.04))
((0.65,0.32,0.21), (-0.21,-0.10,-0.07))
((0.55,0.27,0.18), (-0.32,-0.16,-0.10))
((0.50,0.25,0.16), (-0.38,-0.19,-0.12))
((0.35,0.17,0.11), (-0.45,-0.22,-0.15))
((0.22,0.11,0.07), (-0.3,-0.15,-0.1))
((0.12,0.06,0.04), (-0.87,-0.43,-0.29))
((0.06,0.03,0.02), (-0.93,-0.46,-0.31))

.y
mF

| Ty
mF

Figure 2. The rating of alternatives

The ratings of alternatives with respect to qualitative criteria can be converted into NBFNs as shown

in Table 2 and shown as in Figure 2.
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4. Neutrosophic Bipolar Fuzzy Hybrid Multi-Attribute Decision-Making

Neutrosophic bipolar fuzzy hybrid multi-attribute decision making problems are defined on a
set of alternatives, from which the decision makers must select the best alternative according to some
criteria. Suppose that there exists an alternative set NB = {NB; NB,,...,NB,,} which consists of n
alternatives, the decision makers will choose the best one from NB according to an attribute set C =
{ci, ¢y ..., cp} in which m  attributes are there. For convenience, we denote the weight vector of

attribute by w = {wy, w,,. ..,wm}T, where w; =0 G=12,...,m) and
=1

We develop an algorithm for neutrosophic bipolar fuzzy hybrid MADM as follows:

Step 1. Consider the neutrosophic bipolar fuzzy hybrid decision matrix of each decision maker. The
neutrosophic bipolar fuzzy hybrid decision matrix involves four different data types: exact values,
intervals, NBFNs, and linguistic terms.

Step 2. In this step we use the transformation techniques to transform exact values, interval values,
and linguistic variables, into neutrosophic bipolar fuzzy information. Assume that the rating of

alternative A;(j = 1,2,...,n) with respect to attribute c; given by the kth experts e, can be
expressed in a = ((hy; 9, +(k) F+(k)) (; ~00 )L (k),Fi; (k))). Hence a hybrid multiattribute group

decision-making problem can be concisely expressed in a matrix format as:

(k) (k) (k) ]

0‘11 @ e O
k k k
a a) .. afy)
k k . . .
RY = (af ) = )
k k k
_ar(ﬂ) “r(lz) o aly) ]

where a(k) _ ((u+(k) +(k) F+(k)) ( _(k) I -k F]](k)))

Step 3. In this step we calculate the weight of each decision maker. Calculate the weight with respect

to the Kth decision maker e, . Determine the weights of decision makers, let Dy =

((n +(k), +(k) F+(k)) (u () e ~() ,Fy (k))) be a neutrosophic bipolar fuzzy number for rating of the Kth

decision maker. Then the weight of the Kth decision maker can be obtained as follows:

A = (uk+1k(uk/(uk+Fk)))+|(uk+lk(uk/(uk+Fk)))l where Zf{ =1 (8)

2 (uk+If§(uf§/(uI+Ff§)))+|(u§+l§(u§/(u£+FE)))l

Step 4. Compose the aggregated weighted neutrosophic bipolar fuzzy decision matrix. In this step,

aggregated weighted neutrosophic bipolar fuzzy decision matrix R is formed by considering the
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aggregated neutrosophic bipolar fuzzy decision matrix and weights vector of decision maker. The
aggregated neutrosophic bipolar fuzzy decision matrix (ANBFDM) was formed by applying the
neutrosophic bipolar fuzzy weighted averaging operator (NBFWAO). By considering weights A, (k =

.,t) of decision makers, elements B; of (ANBFDM) can be calculated by using (NBFWA) as

follows:
: NN
1- Ht_ (1 TRERG T
! k 4 k=1
By = [(j =1- H(l — O = ~ ij ’
k=1
o 1= T, (1 — () , t —(K
F;]-' = 3 ij )}Lk)’(ui—i = _1_[(1 _ uij( ))xk,
k=1
A e N | T
lj =———F =———5 ")l )
where

R= (Bij)nxm = ((IJ;']- s Lij oy ) (“1_] s Ly 'FIJ ))nxm

Step 5. Determine the entropy weights of the selection criteria. In this step, all criteria may not be
assumed to be of equal importance. w represents a set of grades of importance. Let w; be the

weights of the criteria, the neutrosophic bipolar fuzzy entropy H; is calculated by equations;

P Iy Tyt

_ Lgn minC 5 E . L L [
H]' - T Li=1 PR T AN (10)

n S max iR w1 s

The entropy weights of the jth criteria can be calculated as follows:

1-H;
w; = jrznll (11)
m-— Y Hj

Step 6. Determine the positive ideal solution (PIS) and the negative ideal solution (NIS) based on
neutrosophic bipolar fuzzy numbers. Both solutions are vectors of NBFN elements, and they are
resulting AWNBFDM matrix as follows:
rt = ((uf,lf.FI“),(HI'.11".FI'))+,((uz+',lz+',Fz+’)' (w212 F2 ),
o (R T P, (i T P )™
- (R, G E (" 13 F ) (1 B ),
(R 1 B, (i I P )™ (12)
where

(T A S (T il )

i I i i i i i _r i _r i _r .
= (max(; ), min(I§ ), min(Ff ))min(u;; ), max(l; ), max(F; ))), j = 1,2,...,m
55, 5 F)”

i ’ i ’ i ’ i _r i _r i 1 i
= (min(f ), max(If ), max(Ff )), max(y;; ), min(ly ), min(F;))), j=1,2,...,m. (13)

Step 7. Find the grey relational coefficient of each evaluation value from positive ideal solution
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(PIS) and negative ideal solution (NIS) by using the following equations, respectively. The grey

relational coefficients of each evaluation value from PIS and NIS are defined as:

1<isnlsjsm + 1<iznl<jsm +
min min d(yij,rj )+‘r max max d(yi]-,r]- )

+= 1<isnlsjsm
E1] d(yi]-,r]f")+'r mla)z1 max d(yij,r;')
i=12,..,n j=12,..,m,

1<isnlsjsm _ 1sisnlsjsm _
min min d(yi]-,rj )+T max max d(yij,r]- )

El_] = 1<isnlsjsm ’ (14)

d(yij,rj_)+'r max max d(yij,r]-_)

i=12,...,n, j=12,...,m,
where 1€ [0,1]. Generally, t=0.5 isused.

Step 8. Find out the degree of weighted grey relational coefficient of each alternative as follows:
& =X wigl, & =20, wE;, wherei=12,...,n. (15)

Step 9. Find out the relative relational degree of each alternative from the positive ideal solution

(PIS) and negative ideal solution (NIS) by using the formula as follows:

Eiz +l ,i=1,2,...,rl. (16)

Step 10. Rank of alternatives. We rank the alternatives according to the §;,i=1,2,...,n, in

descending order and choose the alternative with the maximum §;.

5. Numerical Applications

A medicine company intends to prepare three different types of medicines A;,A, and A;
(Alternatives) depending upon different compositions, to cure some ailment. Three attributes are
involved to select the best medicine for the treatment,

(i). Effectiveness (c;), (ii). Economy (c,), (iii). Timings (c3) .
The positive effects of the medicines on the person who needs medical care, are taken as a positive
truth membership functions while negative effects of adverse reactions, are the negative truth
membership functions, less time consumption to cure the ailment is taken as a positive indeterminacy
function whereas more time consumption is taken as negative indeterminacy functions. likewise,
positive and negative economic factors are placed as a positive and negative falsity functions.

This is a hybrid MADM problem involving three different data types: exact values, intervals and
linguistic terms. To resolve this matter, we apply the developed method for the ranking and selection
of the more effective, fast acting and more economic medicine (alternative). Three experts (ey, e,, e3)
are involved in the selection process. Each expert expresses his/her preferences depending upon the
worth of the alternatives and upon his/her own knowledge over them. The hybrid decision matrices

R',R*and R3given by the experts e;,e, and e; are shown in Tables 3, 4 and 5.

Step 1. Consider the neutrosophic bipolar fuzzy hybrid decision matrix of each decision maker. The

neutrosophic bipolar fuzzy hybrid decision matrix involves four different data types: exact values,
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intervals, NBFNs, and linguistic terms.
Step 2. Transform the hybrid decision matrix of each decision maker into neutrosophic bipolar fuzzy
decision matrix. The exact values and intervals in the hybrid decision matrices given by the decision
makers shown in Tables 3 — 6 are standardized and then transformed into a neutrosophic bipolar
fuzzy number. The linguistic evaluations shown in Tables 3 — 6 are converted into NBFNs by
using Table 1. Then, the neutrosophic bipolar fuzzy decision matrix R®(k = 1,2,3,4) of each
decision maker shown in Tables 6,7,8 and 9 .
Step 3. Determine the weights of decision makers. The importance of the decision makers in the group
decision making process is shown in Table 9. These linguistic variables used can be converted into
NBFNs by utilizing Table 2. In order to obtain the weights A, (k = 1,2,3,4) of the decision makers,
and formula (11) is used:

Table3. HDM R' by e;  Table4. HDM R? by e,  Table 5. HDM R? by e,

A VH 2 [2030] A VH 5 [1224] A VH 6 [2022]
A, H 3 [525) A, H 3 [1826] A, H 4 [1518]
AL M 4 824 AL M 4 [1622] A M 3 [12,20]

Table 6. Neutrosophic bipolar fuzzy decision matrix R given by the expert e,

G C, Cs
(0.85,0.42,0.28,-0.1,-0.05,-0.03)  (0.78,0.39,0.26,-0.22,-0.11,-0.07)  (0.44,0.22,0.15,-0.03,-0.02,-0.01)
(0.70,0.35,0.23,-0.20,-0.10,-0.06) (0.51,0.26,0.17,-0.49,-0.24,-0.16) (0.33,0.16,0.11,-0.19,-0.10,-0.06)
(0.45,0.22,0.15,-0.30,—0.15,-0.10) (0.39,0.2,0.13,-0.61,—0.30,-0.20)  (0.40,0.2,0.13,-0.12,—0.06,-0.04)

Pie P

Table 7. Neutrosophic bipolar fuzzy decision matrix R? given by the expert e,

C, C, Cs
(0.85,0.42,0.28,-0.1,-0.05,-0.03)  (0.43,0.22,0.14,-0.57,-0.28,—0.19) (0.29,0.14,0.10,-0.11,—0.06,0.04)
(0.70,0.35,0.23,-0.20,~0.10,~0.06) (0.71,0.36,0.24,-0.29,-0.14,~0.10) (0.43,0.22,0.14,-0.03,-0.02,-0.01)
(0.55,0.27,0.18,-0.30,-0.15,-0.10) (0.54,0.27,0.18,—0.46,-0.23,-0.15) (0.38,0.19,0.13,~0.18,~0.09,~0.06)

Rglie e

Table 8. Neutrosophic bipolar fuzzy decision matrix R® given by the expert e

G G, Gy
(0.85,0.42,0.28,-0.1,-0.05,-0.03)  (0.37,0.18,0.12,-0.63,-0,32,-0.21) (0.57,0.28,0.19,-0.21,-0.10,-0.07)
(0.70,0.35,0.23,-0.02,-0.10,-0.06) (0.55,0.28,0.18,-0.45,-0.22,-0.15) (0.43,0.22,0.14,-0.35,-0.18,-0.12)
(0.55,0.27,0.18,-0.30,-0.15,-0.10) (0.73,0.36,0.24,-0.27,-0.14,-0.09) (0.34,0.17,0.11,-0.28,—0.14,-0.10)

Pie P

Table 9. The importance of decision makers

Linguistic variable
d; Veryimportant
d, Important
d, Medium

< X X
Il
w N e
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Using (8) we calculate the A, which are A; = 0.353,2, = 0.334,A; = 0.312 as shown in Figure 3.:

Weights

m)y
)y
"y

Figure 3. The weight vector

Step 4. Construct the aggregated neutrosophic bipolar fuzzy decision matrix based on the ideas of
decision makers. By formula (9), we get the bipolar fuzzy decision matrix R by aggregating all the
neutrosophic bipolar fuzzy decision matrices R®(K =1,2,3). The neutrosophic bipolar fuzzy
decision matrix R is shown in Table 10.
Table 10. Neutrosophic bipolar fuzzy decision matrix R,
G G, G

A (0.85,0.42,0.28,-0.1,-0.05,-0.03)  (0.58,0.29,0.19,-0.41,—0.20,-0.14) (0.44,0.22,0.15,-0.08,-0.04,-0.03)
A, (0.70,0.35,0.23,-0.20,-0.10,-0.06) (0.60,0.30,0.20,-0.40,-0.20,-0.13) (0.39,0.02,0.13,-0.12,-0.06,-0.04)
A; (0.45,0.22,0.15,-0.30,-0.15,-0.10) (0.57,0.28,0.19,-0.43,-0.22,-0.14) (0.37,0.18,0.12,-0.18,-0.09,-0.06)

Step 5. Calculate the entropy weights of the criteria. Use formula (10) to calculate the neutrosophic
bipolar fuzzy entropy H; (j = 1,2,3),

H, = 0.72,H, = 0.78,H, = 0.86.
Then, use formula (11) to obtain the entropy weights below which are shown in Figure 4.

wy = 0.44,w, = 0.34, w; = 0.22.

Weights

Figure 4. The entropy weight vector
Step 6. The neutrosophic bipolar fuzzy positive ideal solution (PIS) and neutrosophic bipolar fuzzy

R.M. Hashim, M. Gulistan, I. Rehman, N. Hassan and A.M. Nasruddin, Neutrosophic bipolar fuzzy set and its application
in medicines preparations



Neutrosophic Sets and Systems, Vol. 31, 2020 97

negative ideal solution (NIS) were obtained as;
r* = ((0.85,0.22.0.15,—0.30, —0.05, —0.03)),
((0.60,0.28,0.19, —0.43, —0.20, —0.13)), (0.44,0.18,0.12, —0.18, —0.04, —0.03).

r~ = ((0.45,0.42.0.28,—0.10,—0.15, —0.10)),
((0.57,0.30,0.20, —0.40, —0.22, —0.14)), (0.37,0.22,0.15, —0.08, —0.09, —0.05).

Step 7. Find out the grey relational coefficient of each alternative from PIS and NIS respectively as in
the positive ideal solution &* and the negative ideal solution &~.

[0.47 0.85 0.77]
Positive ideal solution &* = (§{)3x3 =040 1.00 0.71

10.40 1.00 0.77

[0.40 0.89 0.77]
Negative ideal solution §~ = (§j)3x3 =|0.40 1.00 0.77

10.42 1.00 0.77]

Step 8. According to the above step, the attributes weight vector is:
w = (0.44,0.34,0.22)

then the degree of grey relational coefficient of each alternative from positive ideal solution (PIS)
and negative ideal solution (NIS) can be calculated and are;

& = 0.67,& = 0.68,&; = 0.69.
& = 0.65,&; = 0.69,&3 = 0.70.
Step 9. Calculate the relative relational degree of each alternative below and shown in Figure 5.
& = 0.507,§, = 0.496,& = 0.500

comparison

"
LTS
"4

Figure 5. The relative relational degree of alternatives

Step 10. Rank the alternatives. The relative relational degree of alternatives is determined, and then

six alternatives are ranked as; A; > A3 > A,. So the alternative A; is selected as an appropriate
alternative.
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6. Comparison Analysis

There is no doubt about that fuzzy sets and all models of fuzzy sets, are helping us out in variety
of fields. Amidst of other applications, the decision-making problems are rendered to all versions of
fuzzy sets for resolution and can be seen in [27, 29, 30, 34, 45, 47]. Similarity measures have been
studied in [16, 45, 49]. Bipolarity in human reasoning and affective decision making studied in [26].
Hybrid multi-attribute group decision making based on intuitionistic fuzzy information and GRA
method, discussed in [33]. Recently, [45] defined neutrosophic bipolar fuzzy set and neutrosophic
bipolar fuzzy weighted averaging (NBFWA) and neutrosophic bipolar fuzzy ordered weighted
averaging (NBFOWA) operators, similarity measures and gave an algorithm and application of

neutrosophic bipolar fuzzy sets in decision making in case of multi-attributes.

7. Conclusions

Continuing the work on neutrosophic bipolar fuzzy sets we discussed hybrid multi-attributes
group decision making based on neutrosophic bipolar fuzzy sets with different neutrosophic bipolar
fuzzy transformation techniques. We apply these concepts and techniques upon hybrid multi-
attributes decision making problem of selecting the best medicine to cure some diseases and develop
an algorithm for neutrosophic bipolar fuzzy hybrid multi-attribute group decision making. In future
the developed technique and procedure can be used in different decision-making problems, like
numerical analysis for root convergence [53-58], signature theory, signal processing and operations

management [59].
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