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Abstract. Chen [24] introduced the extension of TOPSIS in the fuzzy
structure, while this article stretches the modern approach of TOPSIS to
the intuitionistic fuzzy framework. Linguistic terms are used in this study
to evaluate the weight of each criterion and the rating of alternatives in
the context of a triangular intuitionistic fuzzy number. A new intuition-
istic fuzzy positive ideal solution (IFPIS) and intuitionistic fuzzy nega-
tive ideal solution (IFNIS) are proposed in this model of extended TOP-
SIS. Euclidean distance is introduced between two triangular intuitionis-
tic fuzzy numbers to calculate separation between each alternative to both
(IFPIS) and (IFNIS). The proposed model’'s mechanism is presented with
the help of an algorithm, and then it is applied to the personal selection
problem. Finally, a comparative study is given between this model and
other TOPSIS techniques.

Key Words: Extension of TOPSIS, Triangular Intuitionistic Fuzzy Number (TIFN), Lin-
guistic Variable, Distance Measure.

1. INTRODUCTION

Several complicated models have been developed in recent years in the fields of tech-
nology, climate, research, society, and humerous other areas. To investigate problems like
uncertainties and several other theories that are well established. These theories include a
fuzzy set, intuitionistic fuzzy set, interval-valued intuitionistic fuzzy set ([35]-[2]), three of
the most common theories. Usually, we naturally have a flippant type of difficulty in every-
day life. When describing something, we use verbal or numerical terms, an event summary,
order, and fugacity seen in many other cases. Men would not use terms to demonstrate
confidence when negotiating a situation, only settle on a condition. It is called in the West,
young, very old, very recent, depending on the person’s age, teenage. The car is based on
the road’s slopes and ramps the action with the gas brake lever or pressure brake lever is
steadily slower or progressively faster. The idea of fuzzy sets was presented by Zadeh [35].
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From that point forward, the fuzzy sets and fuzzy rationale are utilized generally in numer-
ous applications, including unpredictability. In any case, it is seen that there still stay a few
circumstances that can't be secured by fuzzy sets; thus, the idea of interim esteemed fuzzy
sets came into power to catch those circumstances. Although the Fuzzy set hypothesis ef-
fectively takes care of unpredictability emerging from obscurity or fractional acceptance
of a component in a set, it can’t demonstrate a wide range of unpredictability winning in
diverse genuine physical issues. For example, issues including fragmented data. These are
also examples of how man'’s consciousness acts under situations that are markedly uncertain
and how events are interpreted, identified, and controlled. Zadeh developed and published
the Fuzzy Set Theory (FS), which uses Fuzzy Logic principles, under which the study of
complex structures added a new dimension in an initial 1965 paper [35]. Further, specula-
tion of the fuzzy set was developed by Atanassov [1], and it is known as intuitionistic fuzzy
sets (IFS). In IFS, rather than one participation grade, there is likewise a non-enroliment
grade joined with every component. Further, there is a limitation that the entirety of these
two evaluations is less or equivalent to solidarity. The origination of IFS can be seen as
a fitting/elective methodology on the off chance that where accessible data isn't adequate
to characterize the inaccuracy by the customary fuzzy sets. Atanassov later expanded in-
tuitionistic fuzzy sets, and Gargov [2] to interim quality interval-value intuitionistic fuzzy
sets. The membership functions are known as FS. These membership functions are, in fact,
just fluctuating numbers. Dubois identified fuzzy numbers (FNs) and Prade [8] as a fuzzy
subset of the genuine line. Fuzzy numbers allow one to transform linguistic variables in
a fuzzy behavior into a numerical model. An FN is an amount whose worth is loose, as
opposed to correct as for the situation with “normal” numbers. Any FN may be the convic-
tion of as a capacity whereby space is a described set. Garge et al. [11] work explore many
of the series of triangular numbers, abbreviated as T-numbers are amazingly rich in prod-
ucts. [31] He was the Yong-jie who describes certain simple operations, including addition,
fuzzy multiplication of numbers, and Fuzzy Number Force of an intuitive fuzzy triangular
number. Also, they explained certain suggestions about the rules and properties of these
operations. A triangular intuitionistic fuzzy number (TIFN) was further described by Seikh

et al. [27] to be approximated to a nearly approximate interval value. The implementation
of this result and interval arithmetic solves a boundless optimization problem whose coeffi-
cients are TIFN set. Burillo [5] introduced the ranking methodology of Intuitionistic fuzzy
numbers (IFNs) and contemplated annoyances of (IFN) and the first effect of the interrela-
tion of these numbers. Number-crunching activities of the proposed IFN are assessed. Li
et al. [17] describe the ranking system of triangular intuitionistic fuzzy numbers (TIFNs)
as an integral challenge. And develop a method for solving the meaning and uncertainty-
based ranking by TIFN. Further, evaluate arithmetic operations and split sets over TIFN.
The index-value and index-ambiguity functions as well. The additional classification was
introduced to solve multi-attributes’ decision-making problems in which alternate attribute
scores are represented using TIFNs. Nehi [21] introduced a new ranking method to rank
intuitionistic fuzzy numbers. [36] Linguistic variables are central to manipulations of fuzzy
logic, but are often overlooked in discussions about the validity of fuzzy logic. Santiago
et al. [26] suggests a paradigm for linguistic variables and mechanism of fuzzyfication for
fuzzy structures that discusses various degrees of ambiguity within the same linguistic vari-
ables. Also systems of Type-n with homogeneous linguistic variables. Later on, numerous
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techniques for MADM were presented, including the augmenting deviation technique [30],
the TOPSIS strategy ([37],[32]), and the Elected technique [10]. Qin et al. [22] describes
the multi-attribute collective decision-making (MAGDM) two essential tasks are to define
the values of the attributes and produce a ranking of all alternatives. Linguistic variable
based interval-valued intuitionistic fuzzy number is a superior method for the first task and
aggregation operator is an efficient tool for the second task. The abbreviation TOPSIS rep-
resents a procedure for inclination by comparability to the perfect arrangement. TOPSIS
was at first introduced by Hwang et al. [34] and then Lai et al. [16] likewise depicted the
TOPSIS idea, alluding to positive and negative arrangements as the perfect and hostile to
perfect arrangements, respectively. TOPSIS is alluring in that constrained emotional info
is required from chiefs. Chen et al. [14] studied the analysis of weights of criteria for the
multi-attributive decision making problems. TOPSIS has been applied to various applica-
tions ([15],[38]) even though it isn’t so broadly applied as other multi-attribute techniques.
The TOPSIS technique thinking about both positive-perfect and negative-perfect arrange-
ment is only the mainstream strategies in various-property dynamic issue. In this way,
TOPSIS technique joined with intuitionistic fuzzy numbers has a tremendous possibility
of progress for the provider determination process. Chen [6] introduced the extension of
TOPSIS to solve multiple criteria decision-making problems (MCDM) in triangular fuzzy
number on the basis of linguistic variables. Chu et al. [7] has overcome with improvement
in Chen’s model. Atalik et al. ([4],[3]) proposed some rankings among triangular intuition-
istic fuzzy numbrers based on gerogonne point and incircle of triangluar intuitionistic fuzzy
number. Ghaemi et al. [12] applied TOPSIS technique on type-2 fuzzy set. Mahdavi et al.
[18] proposed new extension of fuzzy TOPSIS and have the same results with Chen and
Chu, while Gautam et al. [13] introduced the extension of TOPSIS in intuitionistic fuzzy
structure. As per the chance hypothesis by Fuller and Majlender [9], it characterizes the
weighted plausibility attitudinal expected estimations of TIFNs and subsequently presents
another hazard attitudinal positioning strategy for TIFNs. This positioning strategy can
adequately think about DMs’ hazard demeanor and make the results progressively reliable
with genuine circumstances. The affect-ability investigations on attitudinal character pa-
rameters are likewise given [33]. Saeed et al. ([23]-[28]) applied the generalized TOPSIS
technique on soft and hypersoft structures, and also predicted the winner of FIFA World
Cup 2018. Saglain et al. [29] applied TOPSIS to predict the winner of Cricket World Cup
2019. Riaz et al. [19, 20] applied TOPSIS technique on the novel structure of Pythagorean
m-polar fuzzy set for the selection of advertisement mode.

1.1. Motivation. Many articles have been published on MCDM using the TOPSIS method,
as different authors applied this method on fuzzy set, intuitionistic fuzzy set, neurotrophic
set, soft set, and their hybrid structures. The concept of extension of TOPSIS based on
linguistic variable in triangular intuitionistic fuzzy number is a modification of other TOP-
SIS extensions. This proposed technique evaluates the data in TIFN based on linguistic
variables, making the decision-making process more appropriate and easy for the decision-
makers committee. Whereas the data can be evaluated in more depth in intuitionistic fuzzy
structure than the fuzzy structure due to membership and non-membership degree. Here,
a set of questions arises about how a TOPSIS can be applied on TIFN? What should be
the normalization procedure for such an extension? How IFPIS and IFNIS can be defined?
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The distance measure formula for each alternative to IFPIS and IFNIS while considering
the data in triangular intuitionistic fuzzy numbers. From this point of view, this extension
of TOPSIS is more generalized and can be a good choice for a decision-maker in MCDM
problems.

1.2. The Paper Presentation.In this article, the TOPSIS model is extended to the trian-
gular intuitionistic fuzzy environment.

Formulation of distance between two TIFNs
Linguistic terms based TOPSIS technique
Novel approach of IFPIS and IFNIS

A case study with an algorithm

1.3. Structure of Paper. In section 2, Basic mathematical definitions related to proposed
study are revised. The proposed model of extended TOPSIS is analyzed in section 3, while
section 4 deals with a case study problem correspond to desired idea. Further the results are
related with five different articles in comparative approach as section 5. In the last section,
a conclusion of the article is depicted.

2. PRELIMINARIES

In this section, we review some basic notions associated with the proposed atrticle.

Definition 2.1. [1] Consider a universal séf. Anlntuitionistic fuzzy set4 in universeY’
can be defined as follows

A={(y,pa(y),valy)) :y €Y},
where these functiops : ¥ — [0,1] andv, : Y — [0, 1] define the degree value of
membership and non-membership of the elementy’, respectively. Foraly € Y : 0 <
pa(y)+rvaly) <landifra(y) =1—pa(y) —rva(y), thenr4(y) is the hesitancy degree
of the elemeny € Y to the setd andw4(y) € [0,1],forally € Y

Definition 2.2. [21] An Intuitionistic Fuzzy Set is callezbnvex Intuitionistic fuzzy seif
and only if

pa(yyr + (1 —)y2) > min{pa(yi), pa(yz)} and
valyyr + (1 = 7)y2) < max{va(yi1),va(yz)}
wherey € [0,1]; forall y1,y2 € Y

Definition 2.3. [21] An Intuitionistic Fuzzy Set is callegormal Intuitionistic fuzzy set
if there does have at the minimum two poigisy. € Y such thatus(y:) = 1 and
valy2) =0.

Definition 2.4. [21] AnIntuitionistic fuzzy number (IFN is a subset of IFS over univer-
sal setY that is defined as

(1) Ais convex IFS,

(2) Ais normal IFS,

(3) 14 is upper semi-continuous and, is lower semi-continuous,

(4)Sup A={y €Y :va(y) <1} is bounded.



An extension of TOPIS based on linguistic terms in triangular intuitionistic fuzzy structure 413

Definition 2.5. [13] A Triagnular intuitionistic fuzzy number (TIFNY = ((¢1, ¢o, d3;wa), (Y1, 12,33 14))
is an IFS on the real number set R, where the membership function and non-membership

function ofA are given as

07 Yy < ¢1
N LZoA gy <y < oy;
NA(y) = wa, y:¢21
%7 b2 <y < b3
07 Yy > ¢3
and
17 Yy < 'll)l
| e gy
valy) = { ua, y = o,
ymvadualbev) gy <y <y
17 Yy > w?)

respectively, where the valugg andz 4 represent the maximum value of membership and
the minimum value of non-membership respectively, such that they satisfy the condition that
is0 < ua + 4 < 1. The graphical representation of TIFN is shown in Figure 1.

“‘\f»‘;(y) o)

by ) O3 g
Uy "-2

FIGURE 1. Triangular Intuitionistic Fuzzy Number

Proposition 2.6. [13] Leta; = ((¢11, ¢12, ¢13), (11, Y12, ¥13)) @ndag = ((¢a1, P22, d23), (a1, P22, ¥23))
be two triangular intuitionistic fuzzy number, df = as theng,1 = ¢21; d12 = @ao;

13 = P23, Y11 = Ya1; Y12 = a2; and iz = 1os3.

Definition 2.7. [36] Linguistic terms that represent certain variables, which further can be
evaluated in numeric values are calldguistic variables (LV)



414 M. Saeed, A. Mehmood and A. Anwar

Definition 2.8. [13] Leta; = ((¢11, ¢12, P13), (Y11, Y12, %13)) andas = ((d21, P2, P23), (Y21, Y22, 1023))
be two triangular intuitionistic fuzzy numbers then vertex method (based on Euclidean dis-
tance)is defined fodistancebetween TIFNs as

d(@,as) = (%{(%1 — ¢21)% + (12 — P22)? + (P13 — P23)* +

1

(11 — ¥21)? + (P12 — V22)® + (Y13 — ¥23)?})2 2.1)

Theorem 2.9. The distance function from triangular intuitionistic fuzzy numbers (TIFNS)
— RT U {0} is a metric.
Proof:
Leta;, as andas be three TIFNs, then
(1) d(ay,az) >0
(2) Supposé(aq,az) =0

A (é{@n — ¢21)% + (12 — P22)? + (P13 — P23)?
+(P11 — Y1) + (P12 — ¥22) + (Y13 — 1/)23)2})% =0

& (d11 — ¢21)2 + (p12 — ¢22)2 + (¢13 — ¢23)2
+ (111 — Y1) + (P12 — 22)? + (Y13 — 1h23)* = 0

(¢11 - ¢21)2 = 0; (1/111 - 1/121)2 =0
& (¢12 — ¢22)2 =05 (12 — 1/122)2 =0
(¢13 — d23)* = 0; (13 — 13)? =0

11 = Po1; P11 = Ya1;
& P12 = Pag; P12 = Pa22;
13 = ¢23; P13 = P23

<~ ((d)lla ¢12, ¢13)a (7/1117 le, 1/}13)) = (((erla ¢22; ¢23)7 (1/}217 ¢22; 111)23))

S a1 = as

(3)d(ay,ds) = d(dsg, 1)
(4) For any threei,, a; andas TIFN

(611 — #21)% + (P12 — $22)% + (P13 — P23)? + (Y11 — ¥21)? + (Y12 — ¥22)% + (Y13 — 1!)23)2)%
= ((¢11 — @31 + P31 — ¢721)2 + (P12 — P32 + P32 — ¢22)2 + (13 — P33 + d3z — ¢23)2

+ (11 — P31 + P31 — ¢21)2 + (12 — 32 + P32 — ¢22)2 + (Y13 — 33 + 3z — 1#23)2)%
< (P11 — #31)% + (d12 — ¢32)% + (d13 — P33)2 + (Y11 — ¥31)% + (Y12 — P32)% + (Y13 — ¥33)?)
+((¢31 — #21)2 + (P32 — $22)% + (d33 — P23)% + (Y31 — ¥21)? + (V32 — ¥22) + (Y33 — P23)?)

Nl= N

=d(a; + ag) + d(as + aa)
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Thus,
= d(ay,az) < d(a + as) + d(as + az)

This implies, defined distance function is a metric distance.

3. PROPOSEDMODEL

The procedure of our proposed model of the extension of TOPSIS is studied in this
section. This methodology is very applicable in group decision-making problems estab-
lished on triangular intuitionistic fuzzy numbers (TIFNs). This methodology of TOPSIS
on TIFN is the generalization of triangular fuzzy number (TFN), where we can deal the
data in more depth with the membership function degree and non-membership function
degree. The depth evaluation of the data gave more appropriate and better decision after
the computation of TOPSIS.

In this article, linguistic variables (LV) are utilized for the weights of each criterion
and the ratings of all alternatives correspond to each criterion. Further, Table 1 and Table
2 shows the linguistic variables (LV) in the expression of triangular intuitionistic fuzzy
numbers (TIFNS).

Very Low (VL) (0,0,0.1),(0,0,0.2)
Tow (L) (0,0.1,0.3), (0,0.1,0.4)
Medium Low (ML) | (0.1,0.3,0.5), (0.05,0.3,0.55)
Medinm (M) (0.3,0.5,0.7),(0.2,0.5,0.8)

)

Medium High (MH) | (0.5,0.7,0.9), (0.45,0.7.0.95)
High (H) (0.7,0.9,1), (0.6,0.9. 1)
Very High (VH) (0.9,1,1),(0.8,1,1)

Table 1 : LV for weights of criteria

Very Poor (VP) (0,0,1),(0,0,2)
Poor (P) (0,1,3),(0.1,4)
Medium Poor (MP) | (1,3,5),(0.5,3,5.5)
Fair (1) (3,5,7).(2,5,8)
Medium Good (MG) | (5,7,9)(4.5,7,9.5)
Good (G) (7,9,10),(6,9,10)
Very Good (VG) (9,10, 10),(8,10,10)

Table 2 : LV for rating of alternatives

The evaluation of weight for every criteria can be found by either pairwise comparisons
or either directly assigning of weights [14]. In this paper, multiple decision makers give
weights for each criterié@'ri; (j = 1,2, -+, ¢) and the evaluate the ratings of all alterna-
tives Alt; (i = 1,2,--- ,p) corresponds to criteria defined in linguistic terms as shown in
Table 1 and Table 2

Consider if there ard decision makers, then ratings of alternatives and weights of each
criteria can be calculated as
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i = Slob(H)ah(+) - (H)gd] (3.2)
iy = Sl (P () - (H)us] (3.3)

wheregfj andwf are the ratings of each alternative and weights of each criteria associated
by kth decision maker.

After the calculation of group ratings of alternative and weights of criteria, then IF
decision-making matrix can be expressed as follows

gii Gz - §71q
o g21 Go2 - §2q
G= ) .
!?pl 51?2 e !?pq
W:{’lj)l,'lr)Q,"',?I)q}
whereg;; (for all ¢, j) andw;, (j = 1,2, -- ,g) are in the form of linguistic variables and

it is represented as
v 1 2 3 1 2 3
Gis = (057,617, 0), (07 47 ),
and
o 1 2 3 1 2 3
iy = (65, 65 65, () 0, 4™))
in triangular intuitionistic fuzzy numbers.
To transform the various criteria scales into a comparable scales, the linear scale trans-

formation is used. By this process, we get the normalized IF decision matrix and that is
denoted as.

R = mj]qu

where,
(1) (2) (3) H- @)= (-
ﬁj:<< L ]> (wj v >> -
R S Oy AT I I
wheres”” = max ¢\? andy{")” = min{}); for j € B
H- 1)= (1)— (1) (2) (3)
m((qu o5 ) (wij vy Y )) 3.5
I R B TSI

wheres(!)” = min ¢}’ andy{¥* = max > for j € C

The above method of hormalization conserves the property of IFNs that is membership
and non-membership of elements is lies between [0, 1].

A weighted normalized IF decision matrix denotedibyan be constructed as

v

V= [77i47‘]pxq7
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wherev can be calculated by considering the importance of weight of criteria as,
U5 = 75 ()5 (3. 6)

The elements);; (for all 4, j) in weighted normalized IF decision matrix are normal-
ized TIFNs and their membership and nhon-membership functions are in the interval [0,1].
Now, we can define intuitionistic fuzzy positive ideal solution (IFPIS), denoted\ iy
and intuitionistic fuzzy negative ideal solution (IFNIS), denoted4dy— as

Alt* = (vF, 05, ,z“;;),
Alt™ = (07,0 ,- -+ ,6;),
where,
gt — (1,1,1),(0,0,0) j € B;
771 (0,0,0),(1,1,1) jeC.
forallj =1,2,--- ,q
and

5 — (0,0,0),(1,1,1) j e B;
71 (1,1,1),(0,0,0) jeC.
forallj =1,2,--- ,¢q
Then after, the Separation of each alternative from IERIS and IFNIS Alt~ can be
computed as

S; =2 d(vi;, ) (3.7)
j=1
5 q
S0 =2 d(m;,7;) (3. 8)
j=1

foralli=1,2,--- ,p

whered(-, -) is the distance measure between two TIFNs as stated above in (2.1).
Once the Separation of all alternativég,, (i = 1,2, - - - , p) are calculated, then close-
ness coefficient can be defined to rank the alternatives as

9

C.Coef; = 57 (3.9)
S; +5;

After the computation of the closeness coefficieht oef;, all the alternatives can be
ranked in descending order. In accordance with closeness coefficient, we can select the best
alternative that has value nearest to 1 is nearer to IFRPSand farther from IFNISAlt .

The algorithm for the proposed model of TOPSIS is given as follows

4. CASE STUDY

4.1. Algorithm for the extended TOPSIS. The Algorithm of Extended TOPSIS is given
below as well as in Figure 2.

Step 1: Construct a decision-maker group for the solution of particular problems, then
describe the criteria for such a problem.
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Step 2: The decision-makers will select the suitable linguistic variables for the weight
of the described criteria and as well as for the ratings of each alternative corresponds to
described criteria.

Step 3: Calculate ratings of alternatives and weight of all criteria using (3.2) and (3.3)
to get the aggregated ratirig; of alternativeAlt; corresponds to criteri&@’ri; and the
aggregated weight; of criteriaCri;.

Step 4: Construct the IF decision matrix after the evaluation of aggregated ratjnof
alternative, and aggregated weight of criteria.

Step 5: Normalize the IF decision matrix by using (3.4) and (3.5) .

Step 6: Form the weighted normalized IF decision matrix by using (3.6).

Step 7 Determine the IFPISU¢* and IFNISAlt~.

Step 8: Measure the separation of all alternative individually from IFPISagnd IFNIS
asS~ by (3.7) and (3.8), respectively.

Step 9: Compute the closeness coeffici€nCoe f; of all alternativeAlt; by (3.9).

Step 10: Arrange all alternatives in the descending order for the selection of ideal solution
to the particular problem.

Mormalize the IF
decision matrix

Compute the
separation of each Determine the IFPIS weighted normalized

Caloulate the Construct the
doseness coeffdent

of each alternative

Rank the alternatives
in descending order alternative from IFPIS and IFNIS

and IFNIS IF decision matrix

FIGURE 2. Pictorial view of the algorithm of extended TOPSIS

4.2. Numerical Example. To express the procedure of the proposed algorithm, an exam-
ple from [6] is considered. Suppose a software company has a job offer of system analysis
engineer, and they want to select an ideal candidate for the particular job. They made a
group of three decision-makefs;, D, and D5 for the selection process of the best can-
didate. Three applicantdlt,, Alts, and Alt3 came up for the particular job, and a group

of decision-makers interviews them under various criteria. Following are the five benefit
criteria that are taken into consideration for the particular job:

e Emotional steadines€(i1)
e Oral communication skillCris)
Personality C'ris)
o Past experiencefriy)
o Self Confidence@ris)
Methodology of proposed model is applied in following steps to solve such particular
problems of decision making.
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Step 1: The group of decision-makers utilize the linguistic variables (Table 1) for the

evaluation of weights of various criteria as shown in Table 3.

Table 3 : Evaluation of weights of each criteriéri; in LV by decision makers

Step 2: Then decision-makers utilize the linguistic variables (in Table 2) for the evalua-
tion of ratings of each alternative corresponds to each criteria by taking interview of each

D, D, Ds
Criy, H VH MH
Cris VH VH VH
Cris; VH H H
Cris VH VH VH
Cris M MH MH

alternative, and it is shown as in Table 4.

Criteria Alternatives

Decision Makers

D, D, Ds
Alty MG G MG
Criy Alty G G MG
Alts VG G F
Alty G MG F
Crig Alty VG VG VG
Alts MG G VG
Alty F G G
Crig Altoy VG VG G
Alts G MG VG
Alty VG G VG
CT’M Altg VG VG VG
Alts G VG MG
Alty F F F
Cris Alty VG MG G
Alts G G MG

Table 4 : Evaluation of ratings for each alternatit&; correspond to criteri@’ri; in LV

Step 3: Using Table 1 and Table 2 for the transformation of linguistic variables into TIFNs.
The linguistic assessments (as shown in Tables 3 and 4) are converted in TIFNs, and then
aggregated ratings of alternatives and aggregated weights for each criteria can be calculated

by decision-makers

by (3.2) and (3.3), respectively.

Step 4: The IF decision matrix is formed after the evaluation of aggregated ratings of
alternatives and aggregated weights of criteria as shown in Table 5.
Step 5: By using linear scale transformation (3.4), the normalized IF decision matrix is

obtained as Table 6.
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CT‘il CT‘iQ CT‘ig CT‘i4 CT‘i5
Alt, (5.67,7.67,9.33), (5,7,8.67), (5.67,7.67,9), (8.33,9.67,10), (3,5.7),
(5,7.67,9.67) (4.17,7,9.17) (4.67,7.67,9.33) (7.33,9.67,10) (2,5,8)
Alt, (6.33,8.33,9.67), (9,10,10), (8.33,9.67,10), (9,10,10), (7,8.67,9.67),
(5.5,8.33,9.83) (8,10,10) (7.33,9.67,10) (8,10,10) (6.17.8.67,9.83)
Alts (6.33,8,9), (7,8.67,9.67), (7,8.67,9.67), (7,8.67,9.67), (6.33,8.33,9.67),
(5.33,8,9.33) (6.17.8.67,9.83) (6.17.8.67,9.83) (6.17.8.67,9.83) (5.5,8.33,9.83)
Weight (0.7,0.867,0.967) (0.9,1,1) (0.767,0.933,1) (0.9,1,1) (0.433,0.633,0.833)
(0.617,0.867,0.983) (0.8,1,1) (0.67,0.933,1) (0.8,1,1) (0.367,0.633,0.9)

Table 5 : IF decision matrix

CTil C’r’iz C’r’ig C’ri4 C’r’i5

Alt; (0.59,0.79,0.96), (0.5,0.7,0.86), (0.57,0.77,0.9), (0.83,0.97,1), (0.31,0.52,0.72),
(0.51,0.65,1) (0.45,0.59,1) (0.5,0.6,1) (0.61,0.64,0.84) (0.25,0.4,1)

Alt, (0.65,0.86,1), (0.9,1,1), (0.83,0.97,1), (0.9,1,1), (0.72,0.89,1),
(0.5,0.6,0.9)  (0.41,0.41,0.52) (0.46,0.48,0.63) (0.61,0.61,0.77) (0.2,0.23,0.32)

Alts (0.65,0.83,0.93), (0.7,0.87,0.97), (0.7,0.87,0.97), (0.7,0.87,0.97), (0.65,0.86,1),
(0.53,0.62,0.93) (0.42,0.48,0.67) (0.47,0.54,0.76) (0.62,0.71,1)  (0.2,0.24,0.36)

Table 6 : Normalized IF decision matrix

Criy Cris Cris Crig Cris
Alt; (0.41,0.68,0.92), (0.45,0.7,0.86), (0.43,0.71,0.9), (0.74,0.97,1), (0.13,0.33,0.6),
(0.31,0.56,0.98) (0.36,0.59,1) (0.33,0.56,1) (0.49,0.64,0.84) (0.09,0.25,0.9)
Alt, (0.45,0.74,0.97), (0.81,1,1), (0.63,0.9,1), (0.81,1,2), (0.31,0.56,0.9),
(0.31,0.52,0.88) (0.32,0.41,0.52) (0.30,0.45,0.63) (0.49,0.61,0.77) (0.07,0.14,0.29)
Alts (0.45,0.72,0.9), (0.63,0.87,0.97), (0.53,0.81,0.97), (0.63,0.87,0.97), (0.28,0.54,0.83),
(0.33,0.54,0.91) (0.34,0.48,0.67) (0.31,0.5,0.76) (0.5,0.71,1) (0.07,0.15,0.32)

Table 7 : Weighted normalized IF decision matrix

Step 6: The weighted normalized IF decision matrix can be obtained by (3.6) as shown in
Table 7.
Step 7: The IFPISAIt* and IFNISAIt~ is determined as
Alt* = [((1,1,1),(0,0,0)), ((1,1,1),(0,0,0)), ((1,1,1), (0,0,0)), ((1,1,1), (0,0, 0)), ((1, 1, 1), (0,0,0))]
Alt= = [((0,0,0), (1,1,1)), ((0,0,0), (1,1, 1)), ((0,0,0), (1,1, 1)), ((0,0,0), (1,1, 1)), ((0,0,0), (1,1,1))]
Step 8: Calculating the separation of all alternative from IFRA8* and IFNISAlt~ by
using (3.7) and (3.8), respectively, as shown in Table 8.

S* S~
Alt; 2.7659 3.0305
Alty 2.0025 3.6077
Alts 2.3098 3.3237

Table 8 : Separation of alternatives from IFPIS and IFNIS

Step 9: The closeness coefficieat Coef; of alternatives is calculated by (3.9) as shown
in Table 9.
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C.Coef Rank
Alt;  0.522 3
Alts  0.643 1
Alts 0.589 2

Table 9 : Closeness coefficient of alternatives and ranking of alternatives

Step 10: Rank the alternatives by the evaluation of According to the closeness coefficient
C.Coef; in descending order from highest to lowest as shown in Table 9. We can determine
the best candidate for particular job from Table 9, and according to our proposed model
Alt, is the best selection.

5. COMPARATIVE STUDY

The results are compared with several papers [6, 7, 12, 18, 13], where different exten-
sions of TOPSIS technigues for the decision making were applied in the fuzzy, intuitionistic
fuzzy, and type-2 fuzzy environments. Here the set of alternatives and criteria are kept the
same purposely, and as well as the evaluation of weights of criteria and ratings of alter-
natives by decision-makers are kept the same purposely. Chen [6] applied extension of
TOPSIS on fuzzy structure, while Chu et al. [7] has overcome with improvement in Chen'’s
model. Mahdavi et al. [18] proposed a new extension of fuzzy TOPSIS and found the same
results with Chen and Ta-Chung. Gautam et al. [13] proposed the extension of TOPSIS
in intuitionistic fuzzy structure, and their findings were different from the others, while we
proposed a novel model of extended TOPSIS on intuitionistic fuzzy structure, where the
results are matched with [6, 7, 18]. The proposed model of extended TOPSIS in this arti-
cle is far better than Gautaum’s model since we have the same results with other authors’
models. Ghaemi et al. [12] applied TOPSIS technique on type-2 fuzzy set. Table 10 shows
a comparison of the ordering of alternatives corresponds to different articles. If we com-
pare the result, that showHt, is the best alternative under our proposed model and other
authors’ models, wherea&lt; is the worst alternative.

Different method of TOPSIS Ordering of alternatives

Chen [24] Alty = Altg = Altq
Chu et al. [25] Alty = Altg = Alty
Ghaemi et al. [26] Alty = Alty = Alts
Mahdavi et al. [27] Alty = Altg > Alty
Gautam et al. [28] Alts = Alty = Alto
Proposed Model Alty = Alts = Alty

Table 10 : Comparison of results to other articles

6. CONCLUSION AND FUTURE WORK

In practical life, multi-criteria problems contain uncertain, vague, and complex data. To
deal with such data, fuzzy set theory is an appropriate structure. But this concept is further
extended to intuitionistic fuzzy set theory to study the uncertain data in deep. In this article,
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an extension of TOPSIS is proposed to Chen’s model [24], which deals with the linguistic
evaluation of decision-makers to tackle the multi-criteria decision-making (MCDM) issues
in the light of intuitionistic fuzzy structure. Linguistic variables are used mostly as compare
to numeric values in real-life while taking any decision, so on the evaluation of linguistic
variables, this proposed model selects the best alternative. The representation of linguistic
variables is analyzed by triangular Intuitionistic fuzzy numbers (TIFNs). A new method
for distance measure is introduced between two TIFNs which is simple and more effective.
A new concept is given to determine intuitionist fuzzy positive solution (IFPIS) and intu-
itionistic negative ideal solution (IFNIS). Also, the distance measure is used to quantify
the separation of alternatives from the desired IFPIS and the desired IFNIS for the sake of
the best alternative. Chen’s example [24] of a personal selection concern is discussed. In
the comparative analysis with other articles based on linguistic variables evaluation, it can
be seen that the previously proposed TOPSIS technique for TIFN by Gautaum [13] gave
different results with other models of TOPSIS, while this model has the same result, which
concludes that this technique is far better. Generalization of TFN to TIFN gave the depth
study of the data than fuzzy environment, which gives the appropriate results in decision
making with the membership and non-membership function degree. The use of linguistic
variables as an evaluation method makes calculation and decision easy for the decision-
makers committee. However, this method can also be applicable in medical drug selection
for pandemic disease, selecting players for an upcoming important series of matches, and
more problems regarding strategic decisions. Moreover, this TOPSIS technique can be
further extended to trapezoidal, octagonal, and decagonal fuzzy and intuitionistic fuzzy
numbers to study the data in more depth for the best result.
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