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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
rankingmethod and the rankingmethods 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 (1–4). In recent
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days, linguistic intuitionistic fuzzy data has gained the attention of researchers to a large extent (5–11). There are various
aggregation operators proposed by researchers where a few can be mentioned (12–17). Fuzzy metric and distance measures
are extremely important in Fuzzy Decision-Making situations (18–20). 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 distancemeasures
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: (6) Let L = {l1, l2, . . . , lh} be a finite totally ordered set. When h=5: L = {l1, l2, . . . , l5}== {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 li ≺ l j, if and only if i < j;
2) The inverting operator exists and is given as: inv(li) = lh−i;
3) The utmost operator is defined as follows: mos(li, l j) = li, i f i ≥ j;
4) The lowest operator is as follows: low(li, l j) = li, i f i ≤ j;
5) If the linguistic information has to be preserved, then the set L = {l1, l2, . . . , lh} should be stretched to a continuous

linguistic set L = {lα |α ∈ R} which is observed to satisfy the above four conditions.
The preceding are some of the arithmetic operations:
i. β li = lβ×i ii. li ⊕ l j = li+ j iii. li/l j = li/ j
iv. (li)n = lin v. λ (li ⊕ l j) = λ li ⊕λ l j vi. (λ1 +λ2)li = λ1li ⊕λ2li

2.2 The Linguistic Intuitionistic Fuzzy Set (LIFS)

Definition 2.2.1: (7) The Linguistic Intuitionistic Fuzzy Set (LIFS) is defined as follows:
Let A = {< ν [lθ(ν),(αA(ν),γA(ν))] >: ν ∈ X}, where Iθ(v) ∈ S̄,αA(v) : X → [0,1]γA(ν) : X → [0,1], αA(ν) and γA(ν)

satisfying 0 ≤ αA(ν)+ γA(ν)≤ 1,∀ν ∈ X .
Thenumbers αA(ν) is the grade of membership and γA(ν) is the grade of non-membership of the element ν to the linguistic

index lθ(ν).
In X, for every LIFS A, indeterminacy of ν to the linguistic index lθ(v), is given as η(ν) = 1−αA(ν)− γA(ν),∀ν ∈ X ,0 ≤

η(ν)≤ 1,∀ν ∈ X .
Definition 2.2. 3: (7) LetA = {< ν[lθ(ν),(αA(ν),γA(ν))]>: ν ∈ X} be a LIFS. The ternary group< lθ(ν),(αA(ν),γA(ν))>

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: (7)Let σ̃1 =< lθ(σ1),(α(σ1),γ(σ1))> andσ̃2 =< lθ(σ2),(α(σ2),γ(σ2))> be two LIFNs andλ ≥ 0.
Then the operations of LIFNs are defined as:
σ̃1 + σ̃2 =< lθ(σ1)+θ(σ2),(α(σ1)+α(σ2)−α(σ1)α(σ2),γ(σ1)γ(σ2))>,
σ̃1 ⊗ σ̃2 =< lθ(σ1)×θ(σ2),(α(σ1)α(σ2),γ(σ1)+ γ(σ2)− γ(σ1)γ(σ2))>,
λσ̃1 =< lλ×θ(σ1),(1− (1−α(σ1))

λ ,(γ(σ1))
λ )>, and σ̃λ

1 =< lθ(σ1)λ ,(α(σ1))
λ ,1− (1− (γ(σ1))

λ )>.
Theorem 2.2.1: (4)For any twoLIFNs σ̃1 =< lθ(σ1),(α(σ1),γ(σ1))> andσ̃2 =< lθ(σ2),(α(σ2),γ(σ2))>, the computational

rules are given as follows:
i)σ̃1 + σ̃2 = σ̃2 + σ̃1, ii)σ̃1 ⊗ σ̃2 = σ̃2 ⊗ σ̃1,
iii)λ (σ̃1 + σ̃2) = λσ̃2 +λσ̃1,λ ≥ 0,
iv)λ1σ̃1 +λ2σ̃1 = (λ1 +λ2)σ̃1,λ1,λ2 ≥ 0,
v)σ̃λ1

1 ⊗ σ̃λ2
1 = (σ̃1)

λ1+λ2 ,λ1,λ2 ≥ 0, and
vi) σ̃λ1

1 ⊗ σ̃λ1
2 = (σ̃1 ⊗ σ̃2)

λ1 ,λ1 ≥ 0.
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2.3 The Distance between two Intuitionistic Linguistic Fuzzy numbers

Definition 2.3.1: (4) Let σ̃1 =< lθ(σ1),(α(σ1),γ(σ1))> and σ̃2 =< lθ(σ2),(α(σ2),γ(σ2))> be Linguistic Intuitionistic Fuzzy
numbers. Thend(σ̃1, σ̃2) is called the distance between σ̃1andσ̃2:

d(σ̃1, σ̃2) = |θ(σ1)α(σ1)−θ(σ2)α(σ2)|+ |θ(σ1)γ(σ1)−θ(σ2)γ(σ2)|+ |θ(σ1)η(σ1)−θ(σ2)η(σ2)| (1)

Theorem 2.3.1: (4) For any Linguistic Intuitionistic Fuzzy numbers:σ̃1, σ̃2and σ̃3:
d(σ̃1, σ̃1)≥ 0;d(σ̃1, σ̃1) = 0;
d(σ̃1, σ̃2) = d(σ̃2, σ̃1);
d(σ̃1, σ̃2)+d(σ̃2, σ̃3)≥ d(σ̃1, σ̃3).

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 dθ (M,N) is:

dθ (M,N) = ∑n
i=1 [|θM (vi)−θN (vi)|+ |αM (vi)−αN (vi)|+ |γM (vi)− γN (vi)|] (2)

Definition 2.4.2 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Hamming distance d′
θ (M,N)

is:

d′
θ (M,N) =

1
2

n

∑
i=1

[|θM (vi)−θN (vi)|+ |αM (vi)−αN (vi)|+ |γM (vi)− γN (vi)|] (3)

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

l′θ (M,N) =
1
2n

n

∑
i=1

[|θM (vi)−θN (vi)|+ |αM (vi)−αN (vi)|+

|γM (vi)− γN (vi)|] .
(4)

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

is:

e′θ (M,N) =

√√√√ 1
2

n

∑
i=1

[
(θM (vi)−θN (vi))

2 +(αi)− γN (vi)
)2

]
(5)

Definition 2.4.5 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Normalized Euclidean distance
qθ

′(M,N) is:

q′θ (M,N) =

√√√√ 1
2n

n

∑
i=1

[
(θM (vi)−θN (vi))

2 +(αi)− γN (vi)
)2

]
. (6)

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 : IfM, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the distance with intuition degree
dθ π(M,N) is:

dθπ (M,N) = ∑n
i=1 [|θM (vi)−θN (vi)|+ |αM (vi)−αN (vi)|+ |γM (vi)− γN (vi)| + |ηM (vi)−ηN (vi)|] (7)

Definition 2.4.7 : IfM,N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, theHamming distancewith intuition
degree d′′

θ (M,N) is:

dθ
′′(M,N) =

1
2

n

∑
i=1

[|θM (vi)−θN (vi)|+ |αM (vi)−αN (vi)|+ |γM (vi)− γN (vi)| + |ηM (vi)−ηN (vi)|] . (8)
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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 lθ ′′(M,N) is:

1′′θ (M,N) =
1
2n

n

∑
i=1

[|θM (vi)−θN (vi)|+ |αM (vi)−αN (vi)|+ |γM (vi)− γN (vi)| + |ηM (vi)−ηN (vi)|] (9)

Definition 2.4.8. : IfM,N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Euclidean distancewith intuition
degree eθ

′′(M,N) is:

eθ
′′(M,N) =

√
1
2

n

∑
i=1

[
(θM (vi)−θM (vi))

2 +
(
(αN (vi)−αN (vi))

2 +(γM (vi)− γN (vi))
2 +(ηM (vi)−ηN (vi))

2
]

(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 qθ

′′(M,N) is:

qθ
′′(M,N) =

√√√√√√
1
2n

n

∑
i=1

[
(θM (vi)−θM (vi))

2 +
(
(αN (vi)−αN (vi))

2+

(γM (vi)− γN (vi))
2 +(ηM (vi)−ηN (vi))

2
] (11)

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 metricdh′θ
(M,N) is

dhθ ′
(M,N) = ∑n

i=1 max{|θM (vi)−θN (vi)| , |αM (vi)−αN (vi)| |γM (vi)− γN (vi)| , |ηM (vi)−ηN (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 lh′θ (M,N) is

lhθ ′
(M,N) =

1
n

n

∑
i=1

max{|θM (vi)−θN (vi)| , |αM (vi)−αN (vi)| , |γM (vi)− γN (vi)| , |ηM (vi)−ηN (vi)|} . (13)

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

is:

ehθ ′
(M,N) =

√
∑n

i=1 max
{
(θM (vi)−θN (vi))

2 ,(αM (vi)−αN (vi))
2 (γM (vi)− γN (vi))

2 ,(ηM (vi)−ηN (vi))
2
}
. (14)

Definition 2.4.13 : If M, N are two Linguistic Intuitionistic Fuzzy Sets of the universal set X, the Normalized Euclidean distance
qh′θ

(M,N) is:

qh′(M,N) =

√
1
n

n

∑
i=1

max
{
(θM (vi)−θN (vi))

2 ,(αM (vi)−αN (vi))
2 (γM (vi)− γN (vi))

2 ,(ηM (vi)−ηN (vi))
2
}
. (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
d′

θ (M,N),lθ ′(M,N),eθ
′(M,N),qθ

′(M,N),d′′
θ (M,N),lθ ′′(M,N),eθ

′′(M,N),qθ
′′(M,N),dh′θ

(M,N),lh′θ (M,N),eh′θ
(M,N),qh′θ

(M,N):
LIFS(X)→ R+∪{0}, are metrices.
Proof.
(i)d′

θ (M,N)≥ 0.

d′
θ (M,N) =

1
2∑n

i=1[ (θM (νi)−θN (νi)|+(αM (νi)−αN (νi)|+(γM (νi)− γN (νi)|].
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Clearly, d′
θ (M,N)≥ 0.

(ii)dθ
′(M,N) = 0 ⇔ M = N.

d′
θ (M,N) =

1
2∑n

i=1 [(θM (νi)−θN (νi)|+(αM (νi)−αN (νi)|+(γM (νi)− γN (νi)|] = 0.

⇔ |θM (vi)−θN (vi)| , |αM (vi)−αN (vi)|and |γM (vi)− γN (vi)|= 0∀i

⇔ θM (vi) = θN (vi) ,αM (vi) = αN (vi) and γM (vi) = γN (vi)∀i ⇔ M =

N.

(iii) dθ
′(M,N) = dθ

′(N,M)

d′
θ (M,N) =

1
2∑n

i=1 [(θM (νi)−θN (νi)|+(αM (νi)−αN (νi)|+(γM (νi)− γN (νi)|].

≤ 1
2∑n

i=1 [|θM(νi)−θW (νi)|+ |θW (νi)−θN(νi)|+ |αM(νi)−αW (νi)|

+ |−(γN (vi)− γM (vi))|]

d′
θ (M,N) = d′

θ (N,M)

(iv) d′
θ (M,N)≤ d′

θ (M,W )+d′
θ (W,N)

d′
θ (M,N) =

1
2

n

∑
i=1

[|θM (vi)−θN (vi)|+ |αM (vi)−αN (vi)|+ | γM (vi)

−γN (vi) |] .

≤ 1
2

n

∑
i=1

[|θM (vi)−θW (vi)|+ |θW (vi)−θN (vi)|+ |αM (vi)−αW (vi)|

+ |αW (vi)−αN (vi)|+ |γM (vi)− γW (vi)|+ |γW (vi)− γN (vi)|]
d′

θ (M,N)≤ d′
θ (M,W )+d′

θ (W,N)

Hence d′
θ (M,N) is a metric. Similarly, we can prove that all other distances mentioned above are metrices.

Lemma 2.5.2: For any two Linguistic Intuitionistic Fuzzy subsets A = {< ν[lθ(ν),(αA(ν),γA(ν),ηA(ν))] > |ν ∈ X}and
B = {< ν[lθ(ν),(αB(ν),γB(ν),ηB(ν))] > |ν ∈ X}of the universe of discourseX = {ν1,ν2, ...,νn}, the following inequalities
hold:

dhθ ′
(M,N)≤ n,m; lhθ ′

(M,N)≤ m;ehθ ′
(M,N)≤ m

√
n;qhθ ′

(M,N)≤ m
Where m is the largest index in the linguistic label.
Proof. Given max{θA,θB}= m,

i)
dhθ ′

(M,N)≤
n

∑
i=1

max{|θM (vi)−θN (vi) , |αM (vi)−αN (vi) |, |γM (vi)− γN (vi) |

|ηM (vi)−ηN (vi)|}

clearly, dhθ ′
(M,N)≤

n

∑
i=1

m [ Since |θM (vi)−θN (vi)| ≤ m, |αM (vi)−αN (vi)| ≤ 1,

|γM (vi)− γN (vi)| ≤ 1, |ηM (vi)−ηN (vi)| ≤ 1]
dhθ ′

(M,N)≤ nm.

https://www.indjst.org/ 2657

https://www.indjst.org/


Leonishiya & Robinson / Indian Journal of Science and Technology 2023;16(33):2653–2662

(ii) lhθ ′
(M,N)≤ m

lhθ ′
(M,N) =

1
n

n

∑
i=1

max{|θM (vi)−θN (vi)| , |αM (vi)−αN (vi)| ,

|γM (vi)− γN (vi)| , |ηM (vi)−ηN (vi)|} ≤
1
n

n

∑
i=1

m,

lhθ ′
(M,N)≤ m.

(iii)ehθ (M,N)≤m
√

n

ehθ ′
(M,N) =

√√√√√ ∑n
i=1 max

{
(θM (vi)−θN (vi))

2 ,(αM (vi)−αN (vi))
2

(γM (vi)− γN (vi))
2 ,(ηM (vi)−ηN (vi))

2
}

≤

√
n

∑
i=1

m2

eh′θ
(M,N)≤ m

√
n.

(iv)qhθ (M,N)≤ m

qhθ ′
(M,N) =

√√√√√ 1
n ∑n

i=1 max
{
(θM (vi)−θN (vi))

2 ,(αM (vi)−αN (vi))
2

(γM (vi)− γN (vi))
2 ,(ηM (vi)−ηN (vi))

2
} ≤

√
1
n

n

∑
i=1

m2

qh′θ
(M,N)≤ m.

Lemma 2.5. 3: For any two Linguistic Intuitionistic Fuzzy Subsets A = {< ν [lθ(ν),(αA(ν),γA(ν),ηA(ν))] > |ν ∈ X}andB =
{< ν [lθ(ν),(αB(ν),γB(ν),ηB(ν))]> |ν ∈ X}of the universe of discourse X = {ν1,ν2, ...,νn}, the following inequalities hold:

d′
θ (M,N)≤ d′′

θ (M,N);d′
θ (M,N)≤ dh′θ

(M,N); l′θ (M,N)≤ l′′θ (M,N);

l′θ (M,N)≤ lh′θ (M,N);eθ
′(M,N)≤ eθ

′′(M,N);eθ
′(M,N)≤ eh′θ

(M,N);

qθ
′(M,N)≤ qθ

′′(M,N);qθ
′(M,N)≤ qh′θ

(M,N);

Proof. Nowwe present the proof only for d′
θ and dh′θ

,for any two numbers m and n we have 1
2 (m+n+ p)≤ max{m,n,p},since

n, p ≤ 1.
Hence d′

θ (M,N)≤ dh′θ
(M,N);

And 1
2 (m+n+ p)≤ 1

2 (m+n+ p+ s), since n, p,s ≤ 1.
Hence d′

θ (M,N)≤ d′′
θ (M,N);

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

2.6 The Linguistic Intuitionistic Fuzzy TOPSIS method

Let E={ε1,ε2, ...εp} be a set of experts,L = (L1,L2,...Lm) be a discrete set of alternatives,
C = (C1,C2,...Cn)be the set of attributes, andW = (ω1,ω2, ...ωn)

Tbe the weighting vector of the attributes,
∑n

j=1 ω j = 1,ω j ≥ 0.

Let λ = (λ1,λ2, ...λp) be the expert’s weighting vector,∑p
k=1 λk = 1. Suppose that R̃k =

[
t̃k
i j

]
mXn

is the decision matrix,
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where t̃k
i j =

⟨
ak

i j
(
αi jk,γi jk

)⟩
takes the form of the Linguistic Intuitionistic number, given by the decision maker εk, for

alternative Li with respect to attributeC j.
Rank the alternatives by using the steps below:
Step 1: Make the integrated matrix
Integrate the matrix R̃k =

[
t̃k
i j

]
mXn

given by decision maker εk into the integrated matrix

R̃k =
[
t̃k
i j

]
mXn

:̃ti j = ∑p
k=1 λkt̃k

i j where, t̃i j =
⟨
ai j (αi j,γi j)

⟩
.

Step 2: Evaluate the attribute weights
For the attributeC j , the deviation values of alternative Li to all the other alternatives can be defined as Di j(ω j) =

∑m
l=1 d(̃ti j, t̃l j)ω j,
whereD j(ω j) = ∑m

i=1 Di j(ω j) = ∑m
i=1 ∑m

l=1 d(̃ti j, t̃l j)ω jindicates the total deviation values of all alternatives to the other
alternatives for the attributeC j.

D(ω j) =∑n
j=1 D j(ω j) =∑n

j=1 ∑m
i=1 ∑m

l=1 d(̃ti j, t̃l j)ω jrepresents the deviation of all attributes to all alternatives.The optimum
model is built as follows: {

maxD(ω j) = ∑n
j=1 ∑m

i=1 ∑m
l=1 d

(
t̃i j, t̃l j

)
ω j

s.t ∑n
j=1 ω2

j = 1,ω j ≥ 0, j = 1,2, . . .n (16)

We can get: ω j =
∑m

i=1 ∑m
l=1 d(̃ti j ,̃tl j)√

∑n
j=1 ∑m

i=1 ∑m
l=1 d2 (̃ti j ,̃tl j)

.

Furthermore, the normalized attribute weights are:ω j =
∑m

i=1 ∑m
l=1 d(̃ti j ,̃tl j)

∑n
j=1 ∑m

i=1 ∑m
l=1 d(̃ti j ,̃tl j)

.

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 andmost

far away from the negative optimal solution.
1) Construct the weighted matrix

P̃ = (p̃i j)m×n =


ω1t̃11 ω2t̃12 . . . ωnt̃1n
ω1t̃21 ω2t̃22 . . . ωnt̃2n
. . . . . . . . . . . .

ω1t̃m1 ω2t̃m2 . . . ωnt̃mn


wherep̃i j =

⟨
bi j,(αi j,γi j)

⟩
.

2) Decide the positive and negative ideal solution:{
p̃+ j =

⟨
lh, : (1,0)

⟩
p̃− j = ⟨l1,(0,1)⟩

j = 1,2, . . . ,n

3) Compute the distance between the alternative and the positive/negative optimal solution as follows:
d+

i = ∑n
j=1 d

(
p̃i j, p̃+j

)
andd−

i = ∑n
j=1 d

(
p̃i j, p̃−j

)
, i = 1,2, . . . ,m

4) Compute the relative closeness coefficient as follows: Oi =
di
+

di
++di

− (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) {L1,L2,L3,L4} to beweighed against certain criteria. Evaluate industries in terms
of their technological innovation capability, evaluating ’factors’ such as resource ability for digitalization(C1), organizational
innovation(C2), Innovation Centers(C3), and Innovative products(C4). Consider a group of experts whose weights are given
asλ = (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.
R̃ =

⟨l4.68,(0.169,0.670)⟩ ⟨l2.6,(0.313,0.658)⟩⟨l4.08,(0.388,0.581)⟩ ⟨l4.24,(0.270,0.591)⟩
⟨l4.32,(0.374,0.591)⟩ ⟨l4.36,(0.342,0.558)⟩⟨l3.04,(0.133,0.730)⟩ ⟨l3.4,(0.388,0.586)⟩
⟨l3.6,(0.200,0.666)⟩ ⟨l4.28,(0.229,0.670)⟩⟨l2.52,(0.285,0.692)⟩ ⟨l4.08,(0.233,0.700)⟩
⟨⟨l4.84,(0.365,0.533)⟩ ⟨l2.92,(0.246,0.663)⟩⟨l2.96,(0.262,0.600)⟩ ⟨l3.88,(0.300,0.570)⟩


Calculate the attributeweights using the distancemeasures proposed in the paper and themodelmentioned in the algorithm.

Hence ω = (0.245925,0.308033,0.279993,0.166049)T .
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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:
P̃ =

⟨l1.151,(0.045,0.906)⟩ ⟨l0.809,(0.109,0.879)⟩ ⟨l1.142,(0.129,0.859)⟩ ⟨l0.704,(0.051,0.916)⟩
⟨l1.062,(0.109,0.879)⟩ ⟨l1.343,(0.121,0.835)⟩ ⟨l0.851,(0.039,0.916)⟩ ⟨l0.565,(0.078,0.915)⟩
⟨l0.885,(0.053,0.905)⟩ ⟨l1.318,(0.077,0.884)⟩ ⟨l0.706,(0.090,0.902)⟩ ⟨l0.677,(0.043,0.942)⟩
⟨l1.190,(0.106,0.857)⟩ ⟨l0.899,(0.083,0.881)⟩ ⟨l0.828,(0.081,0.8867⟩ ⟨l0.644,(0.058,0.911)⟩

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

d1
+ = 15.715;d2

+ = 15.688;d3
+ = 15.892;d4

+ = 15.813;

d1
− = 0.781;d2

− = 0.896;d3
− = 0.840;d4

− = 0.815.

The relative closeness coefficient is calculated as follows:

O1 = 0.9527;O2 = 0.9460;O3 = 0.9498;O4 = 0.9510.

Hence we conclude that the ranking of the best alternative is O1 > O4 > O3 > O2. Based on the order of ranking, L2is 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 theMAGDMproblemwhere the values are LIFN, we have proposed various distancemeasures, 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 (4), 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 DigitalizationC1 Organizational innovationC2 Innovation CentersC3 Innovative productsC4

L1 ⟨l5,(0.2,0.7)⟩ ⟨l2,(0.4,0.6)⟩ ⟨l5,(0.5,0.5)⟩ ⟨l3,(0.2,0.6)
L2 ⟨l4,(0.4,0.6)⟩ ⟨l5,(0.4,0.5)⟩ ⟨l3,(0.1,0.8)⟩ ⟨l4,(0.5,0.5)
L3 ⟨l3,(0.2,0.7)⟩ ⟨l4,(0.2,0.7)⟩ ⟨l4,(0.3,0.7)⟩ ⟨l5,(0.2,0.7)
L4 ⟨l6,(0.5,0.4)⟩ ⟨l2,(0.2,0.8)⟩ ⟨l3,(0.2,0.6)⟩ ⟨l3,(0.3,0.6)

Table 2.Decision Matrix II
Industries DigitalizationC1 Organizational innovationC2 Innovation CentersC3 Innovative productsC4

L1 ⟨l4,(0.1,0.7)⟩ ⟨l3,(0.2,0.7)⟩ ⟨l3,(0.2,0.8)⟩ ⟨l6,(0.4,0.5)
L2 ⟨l5,(0.4,0.5)⟩ ⟨l3,(0.3,0.6)⟩ ⟨l4,(0.2,0.6)⟩ ⟨l3,(0.2,0.7)
L3 ⟨l3,(0.2,0.7)⟩ ⟨l4,(0.2,0.7)⟩ ⟨l2,(0.4,0.6)⟩ ⟨l3,(0.3,0.7)
L4 ⟨l5,(0.3,0.6)⟩ ⟨l4,(0.4,0.5)⟩ ⟨l2,(0.3,0.6)⟩ ⟨l4,(0.2,0.6)
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Table 3.Decision Matrix III
Industries DigitalizationC1 Organizational innovationC2 Innovation CentersC3 Innovative productsC4

L1 ⟨l5,(0.2,0.6)⟩ ⟨l3,(0.3,0.7)⟩ ⟨l4,(0.4,0.5)⟩ ⟨l4,(0.2,0.7)
L2 ⟨l4,(0.3,0.7)⟩ ⟨l5,(0.3,0.6)⟩ ⟨l2,(0.1,0.8)⟩ ⟨l3,(0.4,0.6)
L3 ⟨l4,(0.2,0.7)⟩ ⟨l5,(0.3,0.6)⟩ ⟨l1,(0.1,0.8)⟩ ⟨l4,(0.2,0.7)
L4 ⟨l3,(0.2,0.7)⟩ ⟨l3,(0.1,0.7)⟩ ⟨l4,(0.3,0.6)⟩ ⟨l5,(0.4,0.5)

Table 4.Weight Vector obtained from different Distance Measures and the ranking of alternatives.
Sl.No Distance Measures Weights using Distance measures Ranking of Alternatives
1 Distance measure (4) ω1 = 0.27857;ω2 = 0.26822;ω3 = 0.25339;ω4 = 0.19982. L4 ≻ L1 ≻ L2 ≻ L3

2 dθ (Y,Z) ω1 = 0.24593;ω2 = 0.30803;ω3 = 0.27999;ω4 = 0.16605. L2 ≻ L3 ≻ L4 ≻ L1

3 dθπ (Y,Z) ω1 = 0.24773;ω2 = 0.29785;ω3 = 0.28163;ω4 = 0.17279. L2 ≻ L4 ≻ L1 ≻ L3

4 d′
θ (Y,Z) ω1 = 0.24593;ω2 = 0.30803;ω3 = 0.27999;ω4 = 0.16605. L2 ≻ L3 ≻ L4 ≻ L1

5 lθ ′(Y,Z) ω1 = 0.24593;ω2 = 0.30803;ω3 = 0.27999;ω4 = 0.16605. L2 ≻ L3 ≻ L4 ≻ L1

6 eθ
′(Y,Z) ω1 = 0.23697;ω2 = 0.33373;ω3 = 0.27281;ω4 = 0.15649. L2 ≻ L3 ≻ L4 ≻ L1

7 qθ
′(Y,Z) ω1 = 0.23697;ω2 = 0.33373;ω3 = 0.27281;ω4 = 0.15649. L2 ≻ L3 ≻ L4 ≻ L1

8 d′′
θ (Y,Z) ω1 = 0.24773;ω2 = 0.29785;ω3 = 0.28163;ω4 = 0.17279. L2 ≻ L4 ≻ L1 ≻ L3

9 lθ ′′(Y,Z) ω1 = 0.24773;ω2 = 0.29785;ω3 = 0.28163;ω4 = 0.17279. L2 ≻ L4 ≻ L1 ≻ L3

10 eθ
′′(Y,Z) ω1 = 0.23732;ω2 = 0.33201;ω3 = 0.27301;ω4 = 0.15766. L2 ≻ L3 ≻ L4 ≻ L1

11 qθ
′′(Y,Z) ω1 = 0.23732;ω2 = 0.33201;ω3 = 0.27301;ω4 = 0.15766. L2 ≻ L3 ≻ L4 ≻ L1

12 dh′θ
(Y,Z) ω1 = 0.23333;ω2 = 0.33976;ω3 = 0.27269;ω4 = 0.15422. L3 ≻ L2 ≻ L4 ≻ L1

13 lh′θ (Y,Z) ω1 = 0.23333;ω2 = 0.33976;ω3 = 0.27269;ω4 = 0.15422. L3 ≻ L2 ≻ L4 ≻ L1

14 eh′θ
(Y,Z) ω1 = 0.23333;ω2 = 0.33976;ω3 = 0.27269;ω4 = 0.15422. L3 ≻ L2 ≻ L4 ≻ L1

15 qh′θ
(Y,Z) ω1 = 0.23333;ω2 = 0.33976;ω3 = 0.27269;ω4 = 0.15422. L3 ≻ L2 ≻ L4 ≻ L1

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 decisionmakers involved. Varieties of distancemeasures for LIFNs are proposed and
some distance measures based on Hausdorff 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 coefficient in the TOPSIS
method of decisionmaking. Some basic theorems and lemmas are proved for the proposed distancemeasures 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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