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Abstract. Bipolar fuzzy numbers plays a vital role in any Decision-making prob-
lem modelled under a bipolar fuzzy environment. In 2018, Akram and Arshad [1]
introduced a new ranking function on the class of Trapezoidal Bipolar fuzzy num-
bers based on the area of the left and right membership function of a TrBFN, and
they have discriminated any two TrBFNs by using it. The ranking principle intro-
duced by Akram and Arshad [1] works better only when two bipolar fuzzy numbers
have different rankings. We describe that the ranking function does not work with
counterexamples when two or more bipolar fuzzy numbers have the same rankings.
In this paper, we improve the ranking principle introduced in [1] by introducing
a new Improved Score function. Firstly, we discuss the drawbacks and limitations
of the ranking function introduced by Akram and Arshad [1]. Secondly, we intro-
duce a new ranking function and study its properties. Thirdly, we introduce a new
ranking principle by combining Akram and Arshad’s [1] ranking function and the
proposed ranking function. Finally, we show the efficiency of the proposed ranking
principle in comparing arbitrary TrBFNs.

Keywords. Trapezoidal Bipolar fuzzy number, Ranking, Triangular Bipolar fuzzy
number, Improved score function

1. Introduction

Fuzzy numbers play a major in solving problems involving imprecise numerical quantity.
Further, it has been generalized to various forms such as intuitionistic fuzzy numbers,
Pythagorean fuzzy numbers, Fermatean fuzzy numbers, Bipolar fuzzy numbers, etc. Var-
ious ranking procedures are available on the different classes of fuzzy and intuitionistic
fuzzy numbers [1,2,3,5,6,7,8,9,10,11]. Bipolar fuzzy numbers are very much valuable
for modelling problems with imprecise and incomplete information. Especially, Trape-
zoidal (Triangular) Bipolar Fuzzy numbers (TrBFN) are widely used in the literature
[1,4,12,13] for uncertainty modelling, and sometimes it performs better than the trape-
zoidal fuzzy numbers and trapezoidal intuitionistic fuzzy numbers. Ranking of Trape-
zoidal Bipolar fuzzy numbers plays a vital role in any Decision-making problem mod-
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elled under a bipolar fuzzy environment. Reza et al. [11] discussed the idea of dual-
ity in Linear programming problems. Rayappan and Mohana discuss the applications of
spherical fuzzy sets in solving the MCDM problem. Akram and Arshad [1] has derived
a new ranking principle for ordering any two Trapezoidal (Triangular) Bipolar Fuzzy
Numbers (TrBFN), and they have compared any two Trapezoidal (Triangular) Bipolar
Fuzzy Numbers by using the same ranking principle. They have also developed a group
decision-making method based on trapezoidal bipolar fuzzy TOPSIS. Using the formula
(3.3) and formula (3.4) on page number 574 (of Akram and Arshad [1]), they have shown
that they can compare any two Trapezoidal (Triangular) Bipolar Fuzzy Numbers utilizing
proposed ranking function Ryi,Rr,. However, their method does not compare any two
arbitrary TrBFNs effectively. Highly motivated by the work of Akram and Arshad [1],
firstly, we introduce a new improved score function on the class of TrBFNs and study its
properties. Then, we present a new ranking principle by combining Akram and Arshad’s
[1] ranking function and the proposed ranking function. Finally, we show the efficiency
of the proposed ranking principle in comparing arbitrary TrBFNs.

2. Preliminaries

Here we give some of the basic definitions defined on the class of TrBFNs.

Definition 2.1. Akram and Arshad [1].

A Bipolar Fuzzy Number (BFN) A = (I,K) = ([t1,12,t3,14], [k1, k2, k3, k4]) is a Trapezoidal
Bipolar Fuzzy Number (TrBFN), denoted by ((t1,t2,13,14), (k1, ko, k3,k4)), if its satisfac-
tion degree A; and dissatisfaction degree Ak are given as:

;‘;?1 ifx € [t1,12] k’;‘:;fl ifx € ki, ko]
1 ifx € [t2,13] -1 ifx € [t2,13]

2,[ = ta—x X 4 and A,K = x—ky . x kd
e ifx € [t3,14] ks ifx € [k, k4]
0 Otherwise 0 Otherwise

Note: Here, t1 <tr) <tz <tgand ki <ky, <ks <ky.

Definition 2.2. Akram and Arshad [1].

A BFN, A = (I,K) = ([t1,t2,t3,1), [k1, k2, k3,k4]) is a Triangular Bipolar Fuzzy Number
(TBFN), denoted by ((t1,t2,t3), (k1,ko,k3)), if its satisfaction degree A; and dissatisfac-
tion degree Ak are given as:

,);_ftll ifx € [t1,17] kk;:,fl ifx € ki, k2]
M= B ifxeln,3] anddx = § £ ifx € [k k3]
0 Otherwise 0 Otherwise

Note: Here, t) <ty <ty and k; < ky < ks.

Definition 2.3. Akram and Arshad [1].

Ranking Function Ry for TrBFN

Let A = (I,K) = ((t1,t2,13,14), (k1,k2,k3,ks)) be the TrBFN. Then by using Def-
inition 2.1, they have derived the ranking function Ry of TrBFN as Ry (A) =
(m(I)+o(I)— (m(K)+o(K))), where the means (m(I),m(K)) are defined as m(I) =
LHLELHL  p(K) = % and the areas (o(I),0(K)) are defined as o(I) =
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—t —tr+t3+1y and G(K) _ —ki—kot+kz+ky
2 - 2 .

—t1 —tp+3t34314) — (—k1 —kp +3k3 + 3k, —t—1+3 —3k3—
Therefore Rfl(A):( 1—h+35+ 4)4( 1 —ky+3k3+3ky) _ —ti—tr+ f3+3f41-k1+k2 3k3—3ks

Ifo(I),0(K) > 1, then the ranking function Ry, for TrBFNs can also be defined as,
Rp2(A) =m(I)o(I) —m(K)o(K) = (11+t2+t3+t4)(8*t1*t2+t3+l4) _ (k|+k2+k3+k4)(8*k1*k2+k3+k4)

Definition 2.4. Akram and Arshad [1].

Ranking Function Ry, for TBFN

Let A= (I,K) = {(t1,t2,13), (k1,ka,k3)) be the TBFN. Then by using Definition 2.2, they

have derived the ranking function Ry of TBFN as R¢(A)=(m(I)+o(I)—(m(K)+0(K))),
where the means (m(I),m(K)) are defined as m(I) = "2 m(K) = M and the

areas (6(I),0(K)) are defined as o(I) = "5 6(K) = k32k‘

42, =k 42 _ 2k —
Therefore, Rfl(A) _ (—t1+2tp+5t3) 6( ki+2ky+5k3) t1+2[2+5t3—6‘rk1 2k 5k3.

Ifo(I),0(K) > 1, then the ranking function Ry, for TBFNs can also be defined as,
Rp2(A) =m(I)o(I) —m(K)o(K) = (11+t2+tg)(t3*f1) _ (k1+k2+k63)(k3*k1)

Definition 2.5. Ranking of Bipolar Fuzzy Numbers. Akram and Arshad [1].
Let H = {hi,h,h3,...,h,} be the set of BFNs then for any distinct h;,h;j € H, the ranking
function Ry from H to real line R is mapping satisfying the following characteristics,

] 1fRf1(h,)<Rf1( ) then h; </’l],
(] IfRfl( ) Rfl( ) then h; —h],
° IfRfl( )>Rf1(h) then h; > hj,

The ranking function for a BEN h; = (I;, K;) = {(t;1, 112,153, tia), (ki1 , ki, ki3, kia)) as,
Ryi(hi) = [m(I;) 4+ o (I;)] — [m(K;) + 0(K;)],k = 1,2,3,4. Where m(I;) and m(K;) denote
the mean of I; and the mean of K; respectively, ( ) represents the area of I; and o (K;)
represents the area of K;.

If o(I;),0(K;) > 1 for each i, then the ranking function Ry, for TrBFNs can also be
defined as,

Rpa(hi) = m(L;)o(l;) —m(K;)o (K;)

3. Limitations of the Ranking Functions R, Ry, in ranking Trapezoidal Bipolar
Fuzzy Numbers

In this section, we discuss some limitations of Akram and Arshad’s [1] ranking function
in comparing different Trapezoidal Bipolar Fuzzy Numbers using numerical examples.

Definition 3.1. Let A = <11,K1> = <(l11,112,t13,t14), (kll,klz,k13,k14)>

and B = <12,K2> = <(l21 ,l‘22,t23,l‘24), (k21 ,kzz,k23,k24)> be any two TrBFN. Using Deﬁ-
nition 2.3, we can rewrite the Akram and Arshad’s [1] ranking principle (Definition 2.5)
that utilizes Ryy and Ry, in the following way,
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1. If —t11—112+3f13+3t141-k11+k12—3k13—3k14 < —121—t22+3123+31241-k21+k22—3k23—3k24’ then

A < B.
e — 3 — — by — — —
2. If t—tipt+ f13+3f141-k11+k12 3ki3—3kis _ —t t22+3t23+3fz41-k21+k22 3kp3 3/<24, then

A=B.

3. If —f11—t12+3f13+3f141-k11+k12—3k13—3k14 > —t21—122+3l23+3t24zk21+k22—3k23—3k24’ then
A > B.

4. If o(I;),0(K;) > 1, for each i, then the ranking function Ry> for TrBFNs can also

be defined as,
(1 +tp+Ht3+t1a) (=t —tia+t3+1g) — (ki Hep ks Heg) (ki —kia ez +Heg)
8

The limitations of Akram and Arshad’s [1] Ranking function can be seen from the
following Examples.

Example 3.1. LetA = ({I},K;) = ((10,20,30,40),(10,20,30,40)),

= (h,K>) = ((90,120, 150, 180), (90, 120, 150, 180)),

= (h,K3) ={((0,0,1,1),(0,0,1,1)),

= (I4,K4) = ((20,30,40,50), (20, 30,40,50)),

E (I5,Ks) = ((30,50,70,90), (30,50,70,90)) be five different TrBFNs and their picto-
rial representation is given in Figure 1.

If we apply Akram and Arshad’s [1] ranking function Ry to the above five differ-

moow»
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Figure 1. Pictorial representation of Example 3.1

ent TrBFNs, then we get Rfl(A) = Rfl (B) = Rﬂ (C) = Rf] (D) = Rf1 (E) =0 and
R (A) =R (B) = Rp2(C) = Ry (D) = Ry2(E) = 0 which implies that (from Definition
3.1) A=B=C =D = E. But from Figure 1, it is very clear that all the given TrBFNs
are different in nature and which does not favor the human intuition.

Example 3.2. Let A = (I;,K;) = ((0.10,0.20,0.30,0.40), (0.50,0.60,0.70,0.80)),
B = (I,K>) = ((0.3,0.4,0.5,0.6),(0.7,0.8,0.9,1)), be two different TrBFNs and their
pictorial representation is given in Figure 2.

If we apply Akram and Arshad’s [1] ranking function Ry to the above two different
TrBFNs, then we get Ry (A) = Ryi(B) = —0.4 which implies that (from Definition 3.1)
A = B. This is an anti-intuitive case of Akram and Arshad’s [1] ranking function.
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Figure 2. Pictorial representation of Example 3.2

Example 3.3. Let A = (I}, K;) = {(2,4,6,8),(4,5,6,7)),

B={(h,K;) =((4,6,8,10),(6,7,8,9)),
C=(I,K;)=1((82,84,86,88),(84,85,86,87)), be three different TrBFNs and their pic-
torial representation is given in Figure 3.

If we apply Akram and Arshad’s [1] ranking function Ry to the above three differ-

‘
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Figure 3. Pictorial representation of Example 3.3

ent TrBFNs, then we get Ry 1(A) = Ry1(B) = Ry1(C) = 1.5 = A = B = C. Suppose if
we consider the fourth formula (in Definition 3.1) then we get Rp(A) = 9,Rp2(B) =
13,Ry2(C) = 169 (Since o(l1),0(l),0(l3),0(K1),0(K2),0(K3) > 1) which implies
that A < B < C. i.e., If we consider the second score function Ry, (once after the first
score function Ry fails), then we can rank the arbitrary TrBFNs effectively.

Example 34. Let A= (I,K;) ={((5,20,30,40), (25,35,45,60)),
= (h,K>) =((10,15,25,45),(30,30,40,65)),

= (I3, K3) = ((0,25,25,45),(30,30,35,70)),

= (I4,K4) = ((12,13,13,57),(15,45,50,55)),

E (Is,Ks) = ((2,23,27,43),(27,33,43,62)) be five different TrBFNs and their picto-
rial representation is given in Figure 4.

If we apply Akram and Arshad’s [1] ranking function Ry to the above five different
TrBFNs, then we get Ry (A) =Ry (B)= Rp (€) =Ry (D) =Ry (E) = —17.5 which im-
plies that (from Definition 3.1) A = B = C. Suppose if we consider the fourth formula (in
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Figure 4. Pictorial representation of Example 3.4

Deﬁnition 3.1), then we get sz(A) = sz(B) = sz(C) = sz(D) = sz(E) = —393.75
(Since o(I;),0(K;) > 1, fori=1to 5) which implies thatA=B=C=D=E. ie, In
both the cases, ranking is same and it is anti-intuitive.

Example 3.5. Let A = (I,K;) = ((5,70,90,110), (70,80,110, 140)),
B={(h,K;) ={(10,65,70,130), (60,90,120, 130)),
C=(I3,K3) =((20,55,75,125), (40,110, 115,135)), be three different TrBFNs and their
pictorial representation is given in Figure 5.
If we apply Akram and Arshad’s [1] ranking function Ry to the above five different
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Figure 5. Pictorial representation of Example 3.5

TrBFNs, then we get Rpi(A) = Ry1(B) = Ry1(C) = —18.75 which implies that (from
Definition 3.1) A = B = C. Suppose if we consider the fourth formula (in Definition 3.1),
then we get Ry>(A) = Rp2(B) = Ry2(C) = —703.125 (Since o(1;),0(K;) > 1, fori=
1 to 3) which implies that A = B = C. i.e., In both the cases, ranking is same and it is
anti-intuitive.

3.1. Limitations of Ranking functions Ry1,R > of Triangular Bipolar Fuzzy Numbers
In this subsection, we discuss the various drawbacks of Akram and Arshad’s [1] rank-

ing function in comparing different Triangular Bipolar Fuzzy Numbers using numerical
examples.
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Definition 3.2. Let A = <11,K1> = <(l‘11,l‘12,l‘13)7 (kll,klz,k13)> and

B = (L,K>) = ((t21,122,123), (ka1,k22,k23)) be any two TrBFN. Using Definition 2.4, we
can rewrite the Akram and Arshad’s [ 1] ranking principle (Definition 2.5) in the follow-
ing way,

If*tl1+2112+5f13+k11*2k12*5k13 < *121+2122+5f23+k21*2k22*5k23’ then A < B.

6 6
If *11|+2t12+5tngrk1|*2k12*5kn — *12|+2t22+5t23grk2|*2/(22*5/623 then A = B.
If—tll+21‘12+5t13+k11 2k1p—5k13 > —tp1 +2tp0 +5tr3+kp1 —2kpo —5ko3 then A > B.

Ifo(l;),0(K;) > 1, for each i, then the ranking function Rﬂ for TBFNs can also

be defined as,
(t+tip+t13) (13 —t11) — (ki +kip+kiz) (ki3 —ki1)
6

Eall o e

Akram and Arshad [1] have introduced the ranking method without investigating its
Mathematical Properties. Ranking principle of TBEN defined in [1] is not true for any
two TBFNs which can be seen by using the following examples,

Example 3.6. Ler A = (I}, K1) = ((3,4.2,4.8),(4.2,5.1,6)),

B=(h,K;) =((3.6,4.8,4.92),(4.8,5.7,6.12)),

C=(h,K3) =((4.8,5.1,5.16),(6,6,6.36)), be three different TBFNs and their pictorial
representation is given in Figure 6.

If we apply Akram and Arshad’s [1] ranking function Ry to the above 3 different
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Figure 6. Pictorial representation of Example 3.6

TBFNs, then we get Rfl (A) = Rfl (B) = Rf] (C) =—1.1, sz(A) = —0.997Rf2(B) =
—0.726,R > (C) = —0.198 which implies that (from Definition 3.2) A < B < C. i.e., If we
consider the second score function Ry (once after the first score function Ry fails), then
we can rank the arbitrary TBFNs effectively.

Example 3.7. Let A = (I}, K;) = {(30,50,60), (30,50,60)), B= (I, K>) = {(40,60,70),
(40,60,70)), C = (I3,K3) = ((10,20,30),(10,20,30)), D = {13, Ks) = ((1,2,3),(1,2,3)),
E = (I5,Ks) = ((50,70,90),(50,70,90)), F = (I, Ks) = ((20,50,70),(20,50,70))

be six different TBFNs and their pictorial representation is given in Figure 7.

If we apply Akram and Arshad’s [1] ranking function Ry to the above five different
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Figure 7. Pictorial representation of Example 3.7

TBFNs, then we get Rf](A) = Rfl (B) = Rf](C) = Rfl (D) = Rfl (E) = Rf](F) =0
which implies that (from Definition 3.2) A= B =C =D = E = F. Suppose if we con-
sider the fourth formula (in Definition 3.2), then we get Ry>(A) = Rp2(B) = Rp2(C) =
Ry>(D) =Rp2(E) = Rp2(F) =0 (Since o(I;),0(K;) > 1, for i =1 to 6) which implies
that A=B=C=D=E =F. ie., In both the cases, ranking is same and it does not
favor the human intuition.

3.2. Limitations of Ry

In this subsection, we discuss some limitations of the score functions Ryy and Ry in a
Mathematical way.

1.

Let Ay = (I1,K1) = ((t11, 12,113, 114), (111, 112,113, 114)), A2 = (B, K2) = ((t21,122,

l23,t12)7(lgl,t227t237l24)> any two TrBFNs. Then Rfl(Al) = Rfl (Az) =0 and
Ry>(A1) = Ry2(Az) = 0. (Example 3.1 represents the numerical illustration of
this Theoretical (Mathematical) drawback 1)

Let A) = (I1,K1) = ((t11, 112,113, 114), (k11, k12, k13, k14) ), A2 = (B, Kp) = ((t11 +
efinte s+ tia+e), (ki+&kin+€kiz+e€kia+€)) any two TrBFNs and
€ <t1,ki1. Then Ry (A1) = Ry (A2). (Example 3.2, Example 3.3 represent the
numerical illustration of this Theoretical (Mathematical) drawback)

. Let Ay = (11, K1) = (11,112,113, 114), (k11, k12, k13, k14) ), Az = (B, K2) = ((t11 —

€1,t + &,113 — 1,114 + &), (ki1 + €1,k — &,ki3 + €1,kiy — &)) any two
TrBFNs and &1 <1y1,& < k2 and & < &. Then Ry (A1) =Rp (A2).

. Let Ay = (I1,K1) = ((t11,112,113,114), (k11, k12, ki3, kia)), Ar = (b, Ka) = ((t11 —

g,tip+¢€,t13 — €, 114+ €), (ki1 +€,ki2 — €,k13 + €, k14 — €)) any two TrBFNs and
€ <ti1,k11. Then Rf] (Al) ZRfl(Az) and sz(Al) :sz(Az).

. Let Ay = (11, K1) = ((t11, 112, 113, 114), (ki1 kio, ks, kia)), As = (B, Ko) = ((t —

e,tin+eh3+e,ns—e), (ki —&,kip+€,ki3+ €,kia — €)) any two TrBFNs and
€ <ti1,k11. Then Rfl(Al) = Rf] (Az) and sz(Al) = sz(Az).

Note: Here, all the values of & have been chosen without violating the conditions
of TrBFNs (TBFNs). Numerical illustration of these theoretical drawbacks 3, 4,
and 5 are given in the example 3.4, example 3.5, example 3.6 and example 3.7.
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From the limitations of Akram and Arshad’s [1] score functions, we can conclude that
the score functions Ry and Ry, are not sufficient for ranking any two TRBFNs (TBFNs).
In order to improve the ranking principle, we define a new score function in the following
section.

4. New Score function R 3

In this section, first, we define a new score function on the class of TrBFNs (TBFNs) that
can overcome the drawbacks of Akram and Arshad’s ranking functions. Then we study
some properties of the proposed score function, and finally, we discuss the efficiency of
a score function in ranking TrBFNs that are not ranked by using R and R,. From the
previous limitations, we can conclude that if the mean and area of both the membership
and non-membership functions of any two TrBFNs are equal, then they are ranked equal.
In order to distinguish any two TrBFNs with same mean and area, here we made a small
change in the score function Ry and defined a new score function Ry3 on the class of
Trapezoidal Bipolar Fuzzy Numbers as follows.

Definition 4.1. Ranking Function R3y for TrBFN
Let A= (I,K) = ((t1,t2,13,14), (k1,k2,k3,k4)) be any TrBFN. Then the new score function

j (D) + TR (k) TR TR Ry
Rys of TFBEN is defined as Ry (A) = e R :
where m(I) = "2 gpg (K ) = bithathaths

_ (=11 —tp 4313431414 +(—k) —kp+3k3+3kg )k
Therefore’ Rf3 (A) - : j—Hlj—tz+‘;3—it4+k1£|-kzi-k3—§—3k4 e
Definition 4.2. Ranking Principle on the class of TrBFN (TBFN):
Let A ={Ay,A,...,A,} be the set of TrBFNs (TBFNs) then for any distinct A;,Aj € A,
the ranking functions Ry;,i = 1,2,3 from A to real line R is a mapping satisfying the
following characteristics,

° ]fRf] (A,') <Rf1( ), then A; <Aj
® IfRri1(Ai) > Ryi1(Aj), then A; > A or
(] IfRfl (A,') =Rf1( ), then

* Ifsz( )<Rf2(Aj), then A; <Aj
* Ifsz( )>Rf2(Aj), then A; >A or
* If Rp1(Ai) = Rpi(Aj), Rpa(Ai) = sz( j)» then
* IfRp3(Ai) <Rp3(Aj), then Aj < Aj
* IfRp3(Ai) > Ry3(Aj), then A; >A or
* IfRp1(Ai) = Rp1(A)), Rya(Ai) = sz( j) and Ry3(Ai) = Ry3(A), then A ~
Aj.

4.1. Properties of Ry1, Ry, Ry3 and their comparison

In this subsection, we see the properties of different ranking functions Ry1, Ry, Ry3.
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. The function R maps the set of TrBFNs (which are Symmetric about X-axis)

to 0
Let A = {A ‘A = <I,,K> <(t,1,l‘,2,t,3,t,4) (tll,tlz,tl3,t,4)>} the set of TrBFNs.
Then Ry1(A;) = 0 and Ry (A;) = 0. This property is true for any TBFN. But R3
is not mapping the set of TrBFNs (TBFNs) (that are symmetric about X-axis) to
Zero.

. LetA; = {I,,K;) = {(t1,12,13), (k1,k2,k3)) be any Triangular Bipolar fuzzy num-

_ (n(D+ 35 (m(K)+ 551 ks
ber (TBFN). Then Ry3(A) = 2 S (K Z
(tl+t2+f3+t3 1 )i +(k1+k2+k’;+k3 kq Y B (—tl+26t2+5t3 )[3+(—k1+2g2+5k3 Y3

1+ +t ky+ky+k
]+l 2 3+I 2 3

7( ll+212+5f3)tg+( k1+2k2+5k})k
- 2(3+11+1y+13+k +hy+k3)

(3+11 +1p +13+ky +kp+h3)
3

. Ranking function R is Translation Invariant:

Let Ay = (I, K1) = ((f11, 112,113, 114), (K11, ki, ks, kig)), Az = (B, Ko) = ((tn +
et +&ti3+€,ta+€), (ki1 + €,ki2 + €,ki3 + €,kis + €)) any two TrBFNs.
Then Rfl(Al) :Rfl(Az).

ie., Rf(A+¢€)=Ry(A),Ye > 0. This property holds for the set of TBFNs too.
Ry and Ry3 are not Translation Invariant.

. Let Ay = (I, K}) = ([t1,12], [k1,k2])) be any interval-valued Bipolar fuzzy num-

ber (IVBEN). Then Ryi(A) =t — ky, Ra(A) = 22072 and R (A) =
2(* k%)

241+ k ks |

Observation: For the interval-valued BFNs,

e The score function Ry represents the length between the supremum of mem-
bership function and supremum of the non-membership function. Ry; does not
consider the other two legs f1,k; in the score function which is a limitation for
the score function Ry;. But the score function Ry, overcomes this limitation.

e The score function Ry, has the drawback that, if 1; = ki, 1o =k, then Rp»(A) =
0. However, this drawback has been overcome by R 3. In this way, a sequential
ordering in the Definition 4.2 performs better.

. ® Forany A; = (I},K;) = ((t11,t12,113,114), (k]l,klz,k13,k14)> TrBFN (where all

tioki €[0,1],k=1,2,3,4.), Ry1 (A) € [-3,3].
e IfA=((0,0,0,0),(0,0,1,1)), theanl(A):—
e IfA=((0,0,1,1),(0,0,0,0)), then Ry (A) = 3.

Definition 4.3. Let § = {Aj|A; = ((ti1,t12, 113, tia), (ki1 , kin, ki3, kia)) } be the subset of the
set of TrBFNs. Then the subset relation C is defined as, A; C Ay, if t11 > ta1,t12 >
1,113 < 13,14 < trg and ki < koy, k1o < koo kiz > koz, kia > koa.

From the above properties and the limitations, we can conclude that Arshad and Akram’s
ranking principle alone cannot discriminate any two TrBFNs (TBFNs). That is, Akram
and Arshad’s [1] ranking principle does not define Total ordering on the entire class of
TrBFNs (TBFNs). However, Akram and Arshad’s [1] ranking function (Ry) can define
Total ordering in the subset { which can be proved using the following theorem.

Theorem 4.1. Ler A1,A; € §. If A1 C Ay, then Rf,'(Al) < Rfi(Az).
PI‘OOf.’ Case 1: IfAl C Ay, then Rfl (Al) < Rfl(Az)

We assume that A1,As € § and Ay C Ay which imply that
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11 > 01,t12 > 12,113 < 13,114 < tog and ki1 < ka1, k1o < koo kiz > koz ks > kos (1)

Therefore from equation 1, we get
11 +to 21+, 03 +hs <13+,
and
ki +kio <kpy + koo ki +kia 2> kos +koa

By using Equation 2 and Equation 3, we get

—t11 =t +3t13+ 3414 < —tr1 — 12+ 33+ 314
and

ki1 +ki2 —3ki3 — 3kia < kot +kop — 3koz — 3koa

By adding Equation 4 and Equation 5, we get

@

3

“

&)

—t11 —t12+ 30134+ 3t1a ki1 +kio —3ki3 —3ki4 < —tp1 —tan+3tp3 + 3124 + ko1 +kop —3koz —3kog

Q)

Dividing both the sides of Equation 6 by 4, we get R (A) < Ry1(B) (See Definition 2.3).

Hence the proof.

Note: Proofs of other cases are similar to case 1 and hence they are omitted.

The ranking principle given in Definition 4.2 is an updated version of the ranking
principle given by Akram and Arshad’s [1] (Definition 2.3, 3.1). Adding a new score
function Ry3 to the ranking principle in Definition 2.3 gives a better ranking scenario

which can be seen from the following Table 1.



Table 1. Efficiency of the proposed ranking function

Examples Akram and Arshad Ranking Principle Proposed Ranking Principle
LetA = (I1,K; (10,20,30,40), (10,20, 30,40)),
K = ( ) Rn(4) = Ry1 (B) = R1(C) = Ryy (D) = Ry (E) = 0
B = (h,Ky) = ((90,120,150, 180), (90, 120, 150, 180)),
C = (. Ks) = ((0,0.1,1),(0,0,1,1)), Ry1(A) =Rp1(B) =Rp1(C) =Rp1 (D) =R (E) =0, R2(A) =Rp2(B) = Rp2(C) = Rpa(D) = Rpa(E) = 0
dR(A) =Rp(B) =Rpn(C)=Rp(D)=Rp(E)=0 ,Rp3(A) =17.64, Rp3(B) = 64.76, R¢3(C) = 0.375,
D= (I4,Ks) = (20,30, 40, 50), (20,30,40,50)), and Rp(A) = Rp2(B) = Rp2(C) = Rpa(D) = Rp2(E) 73(4) 73(B) 13(C)
=A=B=C=D=E. Ry3(D) = 19.36, Ry3(E) = 37.19.
E = (I5,Ks) = ((30,50,70,90), (30,50,70,90))
=C<A<D<E<B.
be five different TrBFNs.
LetA = (I},K; {((0.1,0.2,0.3,0.4),(0.5,0.6,0.7,0.8)),
K1) = ) % Rp1(A) =Ry (B)=—04, Rf1(A) =Ryf1(B) = —04,Rp2(A) = Rp2(B) = —0.4,
B=hKy) = <(0'3’0'4’0'5‘0'6)’(0'7’0'8’0'9’ ) and Rj2(A) = Ry2(B) = —0.08 = A = B. and Ry3(A) = 0.113 < Rj3(B) = 0.156 = A < B.
be two different TrBFNS.
LetA = (I,K;) = ((5,20,30,40), (25,35,45,60)),
(h, ki) = (( ) ( ) Ryi(A) = Ry1(B) = R1(C) = Ry (D) = Ry (E) = —17.5,
B=(h,K,) = ((10,15,25,45),(30,30,40,65)),
Iy, K3 = {(0,25,25,45). (30,30,35,70) Rp1(A) =Rs1(B) =Rs1(C) =Ry (D) =Rp1(E) = 175, Rp2(A) =Rp2(B) = Rp2(C) = Rpa(D) = Rpp(E) = —393.75,
ool Rf2(A) =Rp2(B) = Rp2(C) =Rp2(D) = Rpa(E) = —393.75 d Rp3(A) = 21.49, Rp3(B) = 23.57, Ry3(C) = 24.78,
D = (I3, Ks) = ((12,13,13,57), (15,45,50,55)), 12(A) =Rp2(B) = Rp2(C) = Rpa (D) = Rp2(E) and Ry3(A) 13(B) 13(C)
—=A=B=C=D=E. Ry3(D) = 23.26, Ry3(E) = 22.50.
E = (I5,Ks) = ((2,23,27,43),(27,33,43,62)) /
. o RightarrowA < E <D < B <C.
be five different TrBFNs.
LetA = (I;,K;) =((5,70,90,110),(70,80,110,140)),
(K1) = {(5.70,90,110), ( D Rp(4) = Ry (B) = Ryt (€)= —18.75, Rpt(A) =Ry (B) = Ryt (C) = — 1875,
B=(h,K,) = ((10,65,70,130), (60,90, 120,130)),
Rp2(A) = Rp2(B) = Rp2(C) = —703.125, Rp2(A) =Rp2(B) = 2(C) —703.125, and
C = (I3,K3) = ((20,55,75,125), (40,110,115,135)),
o =A=B=C. Ry3(A) =52.19 < Ry3(B) = 53.84 <Rp3(C) =53.98 =A< B<C
be three different TrBFNs.
Let A = (I, K;) = ((30,50,60), (30,50,60)),

B = (I, K>) = ((40,60,70),(40,60,70)), Rp1(A)=Rp1(B) =Ry (C) =Rp1 (D) =Ry (E) = R (F) =0,
C=(h,K: 10,20,30),(10,20,30)), Rp(A)=R R Rp(D)=Rp(E)=Rp(F)=0
(I, K3) = ((10,20,30), ( ) Rpv(A) = Rys(B) = Ryt (C) = Ry (D) = Ry (E) = Ry (F) — 0, 2(A) =Rp2(B) = Rp2(C) = Rp2(D) /2( ) =Rp(F)

D = (I4,Kq) = ((1,2,3),(1,2,3)), and Ry3(A) = 78.44,R3(B) = 87.75,R3(C) = 43.90,
Rp2(A) =Rp2(B) =Rp2(C) =Rp2(D) =Rp2(E) =Ry (F) =0

E = (I5,Ks) = ((50,70,90), (50,70,90)), Ry3(D) = 3.6,Ry3(E) = 114.89,R3(F) = 106.36.

F = (Is, Ks) = {(20,50,70),(20,50,70)) =D<C<A<B<F<E.

be six different TBFNs.
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5. Conclusion

In this paper, the shortcomings of a new ranking function introduced by Akram and
Arshad [1] were discussed using various cases. Further, We proposed a new ranking
function and studied its properties. Finally, we introduced a new ranking principle by
combining Akram and Arshad’s [1] ranking function and the proposed ranking function
and also the efficiency of the proposed ranking principle in comparing arbitrary TrBFNs
discussed. The proposed ranking principle can give better results for the decision-making
problems under Bipolar fuzzy environment, which would be studied in future.
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