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Abstract

Objective: In this paper we propose various Linguistic Intuitionistic Fuzzy
Distance Measures (LIFDMs) for Linguistic Intuitionistic Fuzzy Sets (LIFSs) which
are then utilized in the Linguistic Intuitionistic Fuzzy-Technique of Order
Preference by Similarity to Ideal Solution (LIF-TOPSIS) method of Decision
Support Systems (DSS). Methods: Some novel distance measures including
membership, non-membership degrees and the linguistic index and distance
measures based on Hausdorff metric are proposed in this work and related
theorems are proved. Findings: The proposed distance measures are used
to find the weights involved in the TOPSIS method. Numerical illustration is
presented for the LIF-TOPSIS method and comparisons are made with existing
ranking method and the ranking methods obtained from the different distance
measures. The comparison study reveals the consistency of the ranking of the
best alternative from the final ranking of the alternatives through the proposed
distance measures. Novelty: Most of the researchers have done decision
making with Linguistic Intuitionistic Fuzzy Sets, where the best alternatives
are chosen using traditional distance measures involving only the intuitionistic
fuzzy number or using some other calculations. In this paper we have proposed
varieties of distance measures involving intuitionistic characterization and
the linguistic characterization and proved that those distance measures are
metrices. Using these different metrices we have derived different weight
vectors for LIF-TOPSIS and the results give consistent decision for the discussed
numerical illustration.

Keywords: Linguistic Intuitionistic Fuzzy Sets (LIFSs); LIF-TOPSIS; Decision
Support System (DSS); MAGDM,; Linguistic Distance Measures

1 Introduction

The TOPSIS method is one of the DSS which operates with the idea of ranking the
best alternative out of the available ones in any decision system whenever attributes
with difference of opinion are involved. The TOPSIS method is where the decision
making problem will concentrate its methodology based on the ranking methods done
by measuring the closeness to the positive or negative ideal solution !~%. In recent
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days, linguistic intuitionistic fuzzy data has gained the attention of researchers to a large extent®~'). There are various
aggregation operators proposed by researchers where a few can be mentioned !>-!7), Fuzzy metric and distance measures
are extremely important in Fuzzy Decision-Making situations 18-2?), In this work we have proposed some distance measures
for Linguistic Intuitionistic Fuzzy Sets (LIFSs) and utilized them in attribute weight determination and also ranking of the
alternatives in the Linguistic Intuitionistic Fuzzy TOPSIS algorithm. Different computations are performed with the proposed
distance measures and comparisons are made with an existing decision algorithm. The study reveals that our new distance
measures are less sensitive to the changes allowed in the weight vectors derived from the varieties of proposed distance measures
for LIFNs.

2 Methodology

2.1 Linguistic Intuitionistic Fuzzy Numbers (LIFNs)

The basic idea of LIFNs is discussed in this section, and several new arithmetic operations for LIFNs are proposed and used in
decision making situations.

Definition 2.1.1:© Let L = {l;,1,...,1;} bea finite totally ordered set. When h=5: L = {1, 15,...,I5} == {poor, fair, good,
very good, excellent}. Any linguistic set L must include the following other qualities:

1) The set S is an ordered set: That is [; < [}, if and only if i < j;

2) The inverting operator exists and is given as: inv(l;) = [_;;

3) The utmost operator is defined as follows: mos(l;,1;) = 1;, if i > j;

4) The lowest operator is as follows: low(l;,1;) = I;, if i < J;

5) If the linguistic information has to be preserved, then the set L = {l1,l,...,I;} should be stretched to a continuous
linguistic set L = {/o|a € R} which is observed to satisfy the above four conditions.

The preceding are some of the arithmetic operations:

i Bl = lﬁxi i LDl = 1y iii. l,'/lj = l,-/j

iv. ()" =1n v. A(1; @lj) = Al EBA[J' vi. (M + ) =ML A

2.2 The Linguistic Intuitionistic Fuzzy Set (LIFS)

Definition 2.2.1: ) The Linguistic Intuitionistic Fuzzy Set (LIFS) is defined as follows:

Let A = {< V[l@(v),(OZA(V),’}/A(V))] >V E X}, where Ie(v) S S,(XA(V) X — [O, 1}’}/A(V) X — [0,1], (XA(V) and ')/A(V)
satisfying 0 < au (V) +7a(v) < 1,Vv e X.

The numbers a4 (V) is the grade of membership and 4 (V) is the grade of non-membership of the element v to the linguistic
index lg(y).

In X, for every LIFS A, indeterminacy of v to the linguistic index /g ,), is given as (v) = 1 — a4 (v) — 74(v),Vv € X,0 <
nv)<LVveX.

Definition 2.2. 3:7) LetA = {< Vo), (@a(v),7a(v))] >: v € X} be a LIFS. The ternary group < lg(yy, (0ta(Vv),ya(v)) >
is then referred to as a linguistic intuitionistic Fuzzy Number (LIFN), and A can be thought of as a collection of LIFNs.

Definition 2.2.4: W Let G| =< lg(,), (0(61),7(01)) > andGy =< lg(s,), (®(02),¥(02)) > be two LIFNs andA > 0.

Then the operations of LIFNs are defined as:

01 + Gy =< lp(q))+6(cy): (2(01) + @(02) — (01)x(02), Y(01)1(02)) >,

01 ® 02 =<lg(0))x6(cy): (#(01)(02),¥(01) + 7(02) — ¥(61)¥(02)) >,

AGI =< lixo(o)): (1= (1= a(0)*, (¥(01)*) >, and 6] =< g2, (@(01)*, 1= (1= (¥(01)}) >.

Theorem 2.2.1: Y For any two LIFNs 61 =< lo(ay), (@(01),7(01)) >and6r =< lg(q,), (¢(02), ¥(02)) >, the computational
rules are given as follows:

i)o| + 0, = 0, + G1,11)0] ® 62 = G2 ® O,

iii)A (o) +0,) = Aoy + A61,4 >0,

ivyAd101 + 401 = ()4 -‘r)q)a'l,?tl,lz >0,

V)&lll ®61;L2 = (61)11+12,7Ll,},2 >0, and

vi) 61/11 ® 6'21] = (6’1 ® 6’2)11 A1 >0.
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2.3 The Distance between two Intuitionistic Linguistic Fuzzy numbers

Definition 2.3.1: @ Let 6 =< lo(a,), (@(01),7(01)) > and 62 =< lg(s,), ((02),¥(02)) > be Linguistic Intuitionistic Fuzzy
numbers. Thend (G, G, ) is called the distance between Gjando:

d(61,6,) = |6(01)a(01) — 8(02)ax(02)| + [6(01)7(01) — 6(02)7(02)| + |6 (01)1(01) — 6(02)n (02))| 1)
Theorem 2.3.1: @ For any Linguistic Intuitionistic Fuzzy numbers:G1, Gand G3:
d(o1,61) > 0;d(61,01) =0;

d(01,00) =d(02,01);
d(01,02)+d(0,,03) > d(01,03).

2.4 New Distance Measures for Linguistic Intuitionistic Fuzzy Number

In the following, we propose varieties of new distance measures for Linguistic Intuitionistic Fuzzy Numbers (LIFNs).
Definition 2.4.1 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the distance dg(M,N) is

do(M,N) = XL [|6m (vi) = O (vi)| + |0t (vi) — oty (vi) | + s (vi) — v (vi) ] )
Definition 2.4.2 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Hamming distance dj (M, N)
is:
1 n
dg(M,N) *5 Y 160 (vi) — O (vi)l + Joas (vi) — o (vi) |+ |1 (vi) — v (vi) ] 3)
i=1

Definition 2.4.3 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Normalized Hamming distance
I’ (M,N) is:

l n
19 (M,N) = ZZ [0 (vi) — Oy (vi)| + |ans (vi) — ooy (vi)| +

i=1 (4)
e (vi) = (i)l

Definition 2.4.4 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Euclidean distance ey’ (M, N)
is:

1
3. (5)

/ 2 2
eh(M.N) = | 5 1 |(Bur () = B (v0))” + (@) = (v))

[ e

Definition 2.4.5 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Normalized Euclidean distance
/ .
o' (M,N) is:

™=

qy(M,N) =

5 2 [ (B (v) = b ()7 + (o) (w)ﬂ- ©)

Il
—

I

Now we propose to define the following distance measures by considering the four parameters that categorizes linguistic
intuitionistic fuzzy sets as: the degree of membership, non-membership, indeterminacy, and the linguistic index.

Definition 2.4.6 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the distance with intuition degree
doz(M,N) is:

do,(M,N) =Y |6 (vi) — On (vi) | + o (vi) — o (vi) [+ [y (vi) — v (vi)| =+ e (vi) — v (i) [] (7)

Definition 2.4.7 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Hamming distance with intuition
degree dy(M,N) is:

1
2!

™=

do"(M,N) = [16m (vi) = Oy (vi)| + o (vi) — aw (vi) [+ [var (vi) — W (Vi) =+ [ (vi) — v (vi) ] - (8)

i=1
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Definition 2.4.7 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Normalized Hamming distance
with intuition degree ly"' (M, N) is:
1 n

To(M.N) = =3 [16n (vi) = On (vi) |+ e (vi) — e (vi) |+ e (vi) = v (Vi) =+ [ (vi) = e (i) ©)
i=1

Definition 2.4.8. : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Euclidean distance with intuition
degree eg’' (M, N) is:

W%MA0=¢;idem—wumf+wa»—wwmﬂumow—mwmz+mMmrmmmf} (10)

Definition 2.4.9 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Normalized Euclidean distance
with intuition degree gg'' (M, N) is:

Na)
m\
=
=
S—
Il
[\
S
T

(11)
(e () = 0 ()2 + (M () =y ()]
Now we propose the distance measures based on the Hausdorff metric:

Definition 2.4.10 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Hamming distance based
on Hausdorff metricdy, (M, N) is

dpg (M, N) = YiLy max {|6y (vi) — O (vi)l, |onr (vi) — ow (vi)l v (vi) = (vi)l, [a (vi) — 1w (vi) [} (12)

Definition 2.4.11 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the normalized Hamming distance
based on Hausdorff metric [, (M,N) is

lhy (M,N) = ZmaX{\eM (vi) = On (vi)l, lor (vi) — oov (vi) [, [ (vi) = (vi)l, [1ma (vi) — 1w (i) [} (13)

Definition 2.4.12 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Euclidean distance ex, (M,N)
is:

ey (M,N) = \/ Y max{(GM (vi) = Oy (v)* (o (vi) — iy (vi)* (1 (vi) — v (v0)), (ag (vi) — Ty (Vi))z} - (14)

Definition 2.4.13 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Normalized Euclidean distance
i, (M.N) is

qw(M,N) = \/ Zmax{ O (vi) — O (vi))*, (o (vi) — ey (vi))? (3 (vi) — v (02)), (M (vi) — v (W))Z}- (15)

2.5 Properties of proposed Distance Measures:

In this section we have proved the properties of proposed distance measures.
Lemma 2.5. 1: Let X denote a finite universe of discourse.
Then the functions
dy(M,N).lg'(M,N).eq'(M,N).qe'(M,N)dg(M,N)lg" (M,N).eq" (M,N).qe" (M,N).dy, (M,N),ly, (M,N ).y, (M,N).qy, (M,N):
LIFS(X) — Rt U{0}, are metrices.
Proof.
(i)dg(M,N) > 0.
dy(M,N) =

ST (8h () — 6 ()] + (o (i) — e (V) + (o () — 7 ().
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Clearly, dj(M,N) > 0.
(if)dg' (M,N) = 0 < M = N.

%Z, L [(Om (Vi) = 6 (Vi) | + (o (Vi) — aw (Vi) |+ (v (Vi) — v (Vi) [] = 0.

& |6 (vi) —

dg(M,N) =
On (vi)], |owr (vi) — ot (vi) | and [y (vi) — yv (vi)| = OVi

= 9M (V,‘) = 9N (Vl‘) , Oy (Vl') = ON (V,‘) and Ym (V,‘) =W (V,‘)Vi S M=

N.

(iii) de/(M,N) = dg/(N,M)
dé(M,N):%Z, L [(8m (Vi) — O (Vi) |+ (awr (Vi) — aw (Vi) |+ (v (Vi) — 7w (Vi) ]

< ST 103 () — O (v0)| 10 () — O () + e () — oty (v)
+ 1= (v (vi) = 730 (vi) ]
dy(M,N) =dy(N,M)
(iv) djy (M,N) < djy(M,W) +d}y(W,N)

do(M,N) :% i [16m (vi) — O (vi)| + |oar (vi) — o (vi) |+ | Y (vi)

< li[|9M(Vz) Ow (vi)| + 6w (vi) — O (vi)| + |aar (vi) — 0w (vi)|

+Jow (vi) — o (vi) |+ [y (vi) = v (vi) |+ [ (vi) — v (vi) ]
do(M,N) < do(M,W)+dy(W,N)

Hence djy(M,N) is a metric. Similarly, we can prove that all other distances mentioned above are metrices
(v),74(v),ma(v))] > |v € X}and

Lemma 2.5.2: For any two Linguistic Intuitionistic Fuzzy subsets A = {< V[l(y), (e
B = {< V[lgwv),(as(V),78(V),n8(v))] > |v € X }of the universe of discourseX = {Vvi, V2, ..., v, }, the following inequalities

hold:
d/’lel (MvN) < nam;lhgf(MaN) < m;ehgl (MaN) < m\/ﬁ;qhel (MvN) <m

Where m is the largest index in the linguistic label.
Proof. Given max{64,05} =m,

iy (M) < iaWWw = 6y (1) e (v3) — oy (1) | [ (v) = 0 ()|

M (vi) = 1w (vi) [}

clearly, dy,, (M,N) < Z [ Since |0y (vi) — On (vi)] < m,|ogs (vi) —aw (vi)| < 1,

7 (vi) — YN(V:)|<1| w (vi) = v (vi)| < 1]

dp, (M,N) < nm.
2657
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(i) lyyy (M,N) < m
1 n
lng (M,N) = - Y max {|6y (vi) — 6y (vi)|, lowr (vi) — ot (i),
i=1

) = 0L I ) < )y < £ Yo
lhe,(M,N) <m.

(iii)ehg(M,N)gm\/ﬁ

1y max{ (8 (v1) — O (41))° (o (v1) — @y (v))”
(3 () = () s (mar (v) = (92))° }

m2
1
eh’e (MvN) < m\/ﬁ

ehe/ (M7N) =

(iV)th (MaN) <m

Ly max { (6 (v1) — Oy (v)” (o () — o (v))”
<

(M,N) =
By M) (1 (vi) — v (vi))* . (ag (vi) — v (Vi))z} i

S |-
ngE
SN

I
-

C]h’e(M7N) <m.

Lemma 2.5. 3: For any two Linguistic Intuitionistic Fuzzy Subsets A = {< V[lg(y), (@a(V),¥a(V),Ma(V))] > |v € X }andB =
{< Vg, (ap(v),18(v),n8(v))] > |V € X }of the universe of discourse X = {v1, V2, ..., ;. }, the following inequalities hold:

dy(M.N) < d§(M,N):dg(M,N) < dyy (M,N): 15 (M,N) < I§(M,N);
Z/B(MvN) S lhg (M7N);69/(M7N) S 69//(M7N);69/(M7N) S eh'e (MaN)’

!/
q6'(M.N) < qo" (M.N):q¢'(M.N) < gy, (M,N);

Proof. Now we present the proof only for dpand dy, Jfor any two numbers m and n we have %(m +n+p) <max{m,n,p},since
n,p<1.

Hence dy(M,N) < dy, (M,N);

And §(m+n+p) < $(m+n+p+s),sincen,p,s < 1.

Hence dy(M,N) < dy(M,N);

In the same manner we can prove all the other relations.

2.6 The Linguistic Intuitionistic Fuzzy TOPSIS method

Let E={¢y,&,...€,} be a set of experts,L = (Li,L»,...Ly,) be a discrete set of alternatives,
C = (Cy,C3,...C,)be the set of attributes, andW = (@y, @y, ..., )" be the weighting vector of the attributes,
Z?:l ;= 17(1)1‘ >0.

Let A = (A1, 45,...4,) be the expert’s weighting vector,} ¥_; 4 = 1. Suppose that RF = [ﬂ‘]} .
maAn
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where 7; = <af~‘j (Oci i Y jk)> takes the form of the Linguistic Intuitionistic number, given by the decision maker &, for

alternative L; with respect to attribute C;.
Rank the alternatives by using the steps below:
Step 1: Make the integrated matrix

7k

Integrate the matrix RF = [t ] given by decision maker & into the integrated matrix

i mXn

pk _ |7 g Tk 7o

R = {tij} anIij = ZZ:] /lktl.j where, lij = <a,-j (ocij,yij)>.

Step 2: Evaluate the attribute weights

For the attributeC; the deviation values of alternative L; to all the other alternatives can be defined as D;;(w;) =
YL d (1) o), N

whereD;(0;) = Y7 Dij(0;) = ¥ Y- d(tij,1;;) wjindicates the total deviation values of all alternatives to the other
alternatives for the attributeC;.

D(w;) =Y Dj(w;) =Y X XL, d (tj,11;) w;represents the deviation of all attributes to all alternatives. The optimum
model is built as follows:
max D (w)) = Yj_ T XLy d (7, 1) @ (16)
sty 0F = 1 L, 0;>0,j=1,2,...n
m m d e
We can get: @ = Y EPVRLIGT)
\/Z]: :n m d (”] fl/

Y X d)
):'}:1 D N d(t;jv?lj) '
Step 3: To rank the alternatives, use the TOPSIS method.
The fundamental principle of TOPSIS is that the chosen alternative ought to be closest to the positive ideal solution and most
far away from the negative optimal solution.
1) Construct the weighted matrix

Furthermore, the normalized attribute weights are:; =

oifin iy ... Wl
. Wil Wy ... Whh,
P=idwn=1| = T

()] fml O)EfmZ a)nfmn

wherep;j = (bij, (04, %j)) -
2) Decide the positive and negative ideal solution:
st
pri= (. (1,0) .,
{ pmj=(0.1) T
3) Compute the distance between the alternative and the positive/ negative optimal solution as follows:
d =i d (piy, 5} ) andd; =Xy d (pijsBy ) i= 1,2,

4) Compute the relative closeness coeflicient as follows: O; = d+ e (i=1,2,....m)

5) To rank the alternatives, apply the relative closeness coefficient. The smallerOi, the better is the alternative.

3 Results and Discussion

Assume there are four industries (alternatives) {L;, Ly, L3, L4} to be weighed against certain criteria. Evaluate industries in terms
of their technological innovation capability, evaluating ’factors’ such as resource ability for digitalization(C}), organizational
innovation(Cy), Innovation Centers(C3), and Innovative products(Cy). Consider a group of experts whose weights are given
asA = (0.4,0.32,0.28). The Experts assessment of the four industries are listed in Tables 1, 2, and 3.
Make the integrated matrix as mentioned in the algorithm.
R=
(l4.68,(0.169,0.670))  (l6,(0.313,0.658)) (l4.08,(0.388,0.581))  (l424,(0.270,0.591))
(14.32,(0.374,0.591))  (la36,(0.342,0.558)) (I3.04,(0.133,0.730))  (I3.4,(0.388,0.586))
(Is6,(0.200,0.666))  (Is28,(0.229,0.670)) (.52, (0.285,0.692))  (I4.0s, (0.233,0.700))
((ls.84,(0.365,0.533))  (lr.92,(0.246,0.663)) (.96, (0.262,0.600)) (/33s,(0.300,0.570))
Calculate the attribute weights using the distance measures proposed in the paper and the model mentioned in the algorithm.
Hence ® = (0.245925,0.308033,0.279993,0.166049) .
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To rank the alternatives, use the TOPSIS method: Compute the distance (The Hamming distance) between the Alternative
and the positive/negative ideal solution as follows:
1. Make the weighted matrix:

P=
(Iy.151,(0.045,0.906))  (lo500,(0.109,0.879))  (I1.142,(0.129,0.859))  (lo.704,(0.051,0.916))
(I.062,(0.109,0.879))  (I1343,(0.121,0.835))  (Ip.g51,(0.039,0.916)) (I 565, (0.078,0.915))
(Ip.s85, (0.053,0.905)) (11318, (0.077,0.884))  (lp706,(0.090,0.902))  (ly677,(0.043,0.942))
(1190, (0.106,0.857))  {Io.599, (0.083,0.881))  (lo.g2s, (0.081,0.8867)  (ly644,(0.058,0.911))

Compute the distance (The Hamming distance) between the alternative and the positive/negative ideal solution:

dit =15.715;d," = 15.688;d3" = 15.892;d,* = 15.813;

di” =0.781;d,” =0.896;d; = 0.840;d,~ = 0.815.
The relative closeness coefficient is calculated as follows:
01 =0.9527;0, = 0.9460; 03 = 0.9498; 04 = 0.9510.

Hence we conclude that the ranking of the best alternative is O1 > O4 > O3 > O,. Based on the order of ranking, L,is observed
to be the best alternative. Then calculating the attribute weights from using the proposed distance measures and the ranking of
the alternatives are recorded in Table 4.

For solving the MAGDM problem where the values are LIFN, we have proposed various distance measures, and have proved
that all the proposed distance measures are metrices. The new LIF- TOPSIS method is proposed based on the different distance
measures and the best alternative for the decision making problem is identified in an effective way. Using the different distance
measures, we have derived different weight vectors which is utilized in the LIF-TOPSIS algorithm. The positive and negative
ideal solution in the LIF-TOPSIS algorithm is also derived using the distance measures proposed, and the best alternative is
chosen based on the relative closeness coefficient. The decision making based on the distance measure proposed in ), which is
not a metric is compared with the decision making based on the varieties of distance measures newly proposed in this paper,
which are metrices. The methods proposed in this paper are effective and novel since all the distance measures are metrices.

Table 1. Decision Matrix I

Industries DigitalizationC; Organizational innovationC,  Innovation CentersC; Innovative productsCy
Ly (15,(0.2,0.7)) (1,(0.4,0.6)) (I5,(0.5,0.5)) (13,(0.2,0.6)
L, (l4,(0.4,0.6)) (I5,(0.4,0.5)) (13,(0.1,0.8)) (l4,(0.5,0.5)
Lj (13,(0.2,0.7)) (14,(0.2,0.7)) (14,(0.3,0.7)) (l5,(0.2,0.7)
Ly (l6,(0.5,0.4)) (l,(0.2,0.8)) (13,(0.2,0.6)) (13,(0.3,0.6)

Table 2. Decision Matrix II

Industries DigitalizationC, Organizational innovationC, Innovation CentersC; Innovative productsCy
Ly (l4,(0.1,0.7)) (13,(0.2,0.7)) (13,(0.2,0.8)) (l6,(0.4,0.5)
L (I5,(0.4,0.5)) (13,(0.3,0.6)) (14,(0.2,0.6)) (13,(0.2,0.7)
L3 (13,(0.2,0.7)) (14,(0.2,0.7)) (1,(0.4,0.6)) (13,(0.3,0.7)
Ly (I5,(0.3,0.6)) (14,(0.4,0.5)) (12,(0.3,0.6)) (14,(0.2,0.6)
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Table 3. Decision Matrix III

Industries DigitalizationC| Organizational innovationC; Innovation CentersCs Innovative productsCy
Ly (l5,(0.2,0.6)) (13,(0.3,0.7)) (l4,(0.4,0.5)) (14,(0.2,0.7)
Ly (14,(0.3,0.7)) (I5,(0.3,0.6)) (1,(0.1,0.8)) (13,(0.4,0.6)
Ls (14,(0.2,0.7)) (I5,(0.3,0.6)) (14,(0.1,0.8)) (14,(0.2,0.7)
Ly (13,(0.2,0.7)) (13,(0.1,0.7)) (14,(0.3,0.6)) (I5,(0.4,0.5)

Table 4. Weight Vector obtained from different Distance Measures and the ranking of alternatives.

SLNo Distance Measures Weights using Distance measures Ranking of Alternatives
1 Distance measure %) ®; = 0.27857; 0, = 0.26822; w3 = 0.25339; a4 = 0.19982. Ly>Ly =Ly - Ls
2 dy(Y,2) ) =0.24593; w; = 0.30803;m3 = 0.27999; w4 = 0.16605. Ly >L3 > L4y > Ly
3 do (Y,Z) @, = 0.24773; @, = 0.29785;5 = 0.28163; 0y = 0.17279. Ly=Lyi=L; =L
4 dy(Y,Z) o) = 0.24593; w, = 0.30803; 3 = 0.27999; w4 = 0.16605. Ly>-L3>Lsy> L,
5 lg'(Y,Z) @) = 0.24593; w; = 0.30803;3 = 0.27999; w4 = 0.16605. Ly>L3>Ls> Ly
6 eg'(Y,Z) @) =0.23697; w, = 0.33373;m3 = 0.27281; w4 = 0.15649. Ly > L3> Ly > Ly
7 96’ (Y, Z) @, = 0.23697; @, = 0.33373;5 = 0.27281; 0y = 0.15649. Ly=L3=Ly>L,
8 dy(v,2) o, = 0.24773; @, = 0.29785;5 = 0.28163; 0y = 0.17279. Ly=Lyi=L; =L
9 lg" (¥,Z) o) = 0.24773; wp, = 0.29785;3 = 0.28163; w4 = 0.17279. Ly>Ly>Ly > L3
10 e’ (Y,2) @y =0.23732; 0, = 0.33201;3 = 0.27301; w4 = 0.15766. Ly>L3>Ly> Ly
11 q9" (Y, 2) w; =0.23732; w; = 0.33201;3 = 0.27301; w4 = 0.15766. Ly > L3> Ly > Ly
12 dy, (Y,2) o = 0.23333; @, = 0.33976;05 = 0.27269; @y = 0.15422. LysLy =Ly > L
13 Iy, (Y,2) o; = 0.23333;w, = 0.33976;m5 = 0.27269; a4 = 0.15422. Ly =Ly =Ly~ L
14 ey, (Y.Z) @) =0.23333; w; = 0.33976;m3 = 0.27269; w4 = 0.15422. Ly>Ly>Ls> Ly
15 an, (Y, Z) @) =0.23333; 0, = 0.33976;m3 = 0.27269; w4 = 0.15422. Ly>Ly>Ls> Ly

4 Conclusion

Since many real-world problems under Linguistic Intuitionistic Fuzzy sets are complex in nature, the proposed methodology
will definitely relieve the biased role of the decision makers involved. Varieties of distance measures for LIFNs are proposed and
some distance measures based on Hausdorft metric are also proposed and are utilized to calculate attribute weights involved
in the decision problem. All the proposed distance measures are also used to find the closeness coeflicient in the TOPSIS
method of decision making. Some basic theorems and lemmas are proved for the proposed distance measures in order to ensure
the distance measures’ stability. Numerical illustration is provided with LIFN decision data and comparison of the proposed
methods of distance measures is made with an existing method of finding weights through distance measures. Comparison
between the different computational methods proposed are also highlighted at the end of the work revealing their consistency.
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