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Abstract

A fuzzy set is a mathematical construct that assigns a membership grade to each element within a universe of discourse,
representing the degree to which the element belongs to the set. This approach extends classical binary logic by allowing
continuous values between 0 and 1, making it a natural framework for handling uncertainties and vague concepts often
expressed in natural language. Fuzzy sets are particularly powerful in modeling real- world scenarios where ambiguity
and imprecision are inherent, such as in human decision-making, linguistic expressions, and complex systems. In order
to analyze the ranking using the problems of transgender people, we developed a Fuzzy Multiple Criteria Decision
Making (FMCDM) problem in this paper. We used the Technique for Order Performance by Similarity to the Ideal
Solution (TOPSIS) and the new concept of positive and Negative Ideal Solutions (NIS), along with the weights of
criteria in linguistic terms. The suggested approach gives us a practical means of addressing the fuzzy multiple attribute
group decision-making problem. Therefore, an extension of the TOPSIS method is proposed using a Trapezoidal
Fuzzy Number (TpFN), where the cortelation information among factors provided by experts is in the form of
uncertain linguistic terms and is transformed into a TpFN. At the conclusion of this paper, an example is provided to
illustrate the steps involved in the suggested method.

Keywords: Positive ideal solutions and negative ideal solutions, Trapezoidal fuzzy numbers, Transgender and fuzzy
TOPSIS decision making, Optimization problems.

1| Introduction

The nature has given the third gender to the world. In Hinduism, these people are treated equal to God. The

changes in these people are due to hormone disorders. Every child by birth will be male or y to female. As

they grow up hormonal changes take place and make them transgender. Transgender people are called Hijras

in India and are often discriminated against in jobs forcing them to resort to begging and prostitution
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in Koovagam, a month of (April/May) for an annual festival that takes place for fifteen days. Tamil Nadu has
an estimated population of 30,000 transgender people. It has made great strides in trying to integrate
transgender people into society. This includes welfare schemes initiated by the Government and the
acceptance of transgender people into the mainstream media and film industry. Parents should realize and
accept their feelings. However, the parents who accept physically challenged kids are not ready to accept these
kids wholeheartedly. Parents feel ashamed of those persons and they push them out of their families. As they
are pushed out of their families, they come across a lot of problems in the society. They are ignorant of the
causes of their status.Their family members as well as the community around are also ignorant of the real
cause for their status as Transgender. The parents and family members feel ashamed of having given birth to
such a child. They feel it is a curse from God. As a result at one point in time, they are pushed out of the
family. As a result, they remain as illiterate, ignorant, homeless, jobless, and as a result, pushed to beg or be
involved in sex work to earn their living.

The policemen their daily requirements who are given the authority to safeguard such vulnerable section of
the society themselves, misuse these people to satisfy their animal pleasure. Due to a lack of knowledge on
protected sex, they fall prey to deadly diseases such as HIV/AIDS, etc. Even the government has not given
any identity proof. That is required to get admission in school, to get employed, to get adult franchiser, to get
rehabilitation measures of government, etc. As a result, they live a degraded life of depression and trauma
depending on begging and prostitution to meet. Transgenderism is another highly sensitive topic that sparks
strong reactions from people. In fact, the issue is controversial enough to make essays on transgender
common writing assignments in universities. Like essays on same-sex marriages, persuasive essays about gays
in the military, and essays on gay adoption, essays on transgender discuss society’s treatment towards people
whose sexuality is different from the norm. Because it serves as a guideline to distinguish between appropriate
and inappropriate sexual activity, the morality of sex has received a lot of attention. Even while sexual activity
is a very personal and private subject, it is linked to human reproduction and childbirth. Individuals are often
born as either male or female. Some people undertake gender reassignment therapy to become real women
because they are unhappy with their own sex, which most likely occurs in men. The problem of sex exchange
is still uncommon and unusual in the 20th century.Sexual orientation, gender identity, and sexual identity vary
among individuals. The way transgenderists express their human sexuality differs from what society considers
to be normal expressions of sexuality. The operations and surgeries that transgender people choose to
undergo and how they receive appropriate health care are additional facts known to use. Because of the
lifestyle they choose, transgender people often suffer from discrimination, homelessness, rejection,
depression, and suicidal tendencies. Thus, a desctiption of the problems that transgender people face forms
the basis for our study.

1.1| TOPSIS

Hwang and Yoon [1] introduced Technique for Order Performance by Similarity to the Ideal Solution
(TOPSIS), a method for order choice by the resemblance to an ideal solution. TOPSIS selects the alternative
that is the closest to the ideal solution and farthest from the negative ideal alternative. TOPSIS is a popular
approach to Multiple-Criteria Decision Making (MCDM) problems. The Negative Ideal Solution (NIS), also
known as the anti-ideal solution, maximizes the cost criteria and minimizes the benefit criteria and attributes.
The ideal solution, also known as the Positive Ideal Solution (PIS), is one that maximizes the benefit criteria
and attributes and minimizes the cost criteria and attributes. In order to create a framework for resolving
multi-person, MCDM problems in fuzzy environments, we expanded the TOPSIS concept further in this
study. The weights of all criteria and the ratings of each alternative about each criterion are determined using
linguistic variables, taking into account the fuzzy nature of the choice data and the group decision-making
process. Once the fuzzy ratings of the decision makers have been combined, we may transform the decision
matrix into a fuzzy decision matrix and create a weighted normalized fuzzy decision matrix. We define the
Fuzzy Positive Ideal Solution (FPIS) and the Fuzzy Negative Ideal Solution (FNIS) under the TOPSIS notion.
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Cost criteria and qualities are for minimization, whereas benefit criteria and attributes are for maximization.
The option that is farthest distant from the negative perfect solution and closest to the ideal solution is the
best one. Finding the best option is an established process in decision-making, and TOPSIS is one such way.
Therefore, screening, prioritizing, ranking, or choosing a group of alternatives under generally separate criteria
is referred to as MCDM. The process of selecting the best choice among all the viable options is known as
decision-making. Many criteria are used to evaluate the alternatives in almost all of these challenges. Lastly,
the ranking order of all the options is established by defining a closeness coefficient for each alternative. An

alternative that has a larger proximity coefficient value is simultaneously distant from FNIS and closer to
FPIS.

The simplest method in Multi-Attribute Decision Making (MADM) is TOPSIS, the idea of distance measures
put out by Hwang and Yoon [1], which offers alternatives to the PIS and the NIS. An essential component
of decision-making has been TOPSIS. A practical and helpful method for selecting and ranking a variety of
externally determined alternatives using distance measurement is TOPSIS. The tasks that need to be
completed are arranged by decision-makers, who also analyze, compare, and prioritize the options. A practical
and helpful method for selecting and ranking a variety of externally determined alternatives using distance
measurement is TOPSIS. As a result, one or more appropriate alternatives will be chosen. Nonetheless, a lot
of organizational decision-making challenges will require teamwork. In order to better align with real work,
this project will expand TOPSIS to a group decision environment. Thereafter, a comprehensive and effective
decision-making process will be offered.

The TOPSIS concept states that by simultaneously computing the distances to the FPIS and FNIS, a closeness
coefficient is defined to ascertain the ranking order of all alternatives. Because decision data often represents
ambiguous notions, the crisp values are insufficient to accurately simulate real-world scenarios. Then, to find
the separation between two triangular fuzzy numbers, a vertex approach is suggested [16]. The fields of
product design |2], manufacturing [3], water management [4], quality control [5], location analysis [6],
transportation [7], and human resources management [8] have all seen effective applications of TOPSIS.
Furthermore, collaborative decision-making and multi-objective decision-making [9], [10] have been linked
to the TOPSIS notion. A CIPM system was proposed by Kim et al. [11] to assist managers in identifying
investment opportunities in an ABC environment. To achieve this, we use TOPSIS, a MADM technique that
enables the integration of several performance measurement units into a single dimensionless unit. Managers
can do a sensitivity analysis based on data derived from the MADM technique to determine how much
improvement is necessary for each performance indicator to be considered aleader. An approach for selecting
suppliers in the supply chain cycle of the automotive sector was established by Singh et al. [12]. Several
significant criteria are taken into consideration while choosing a provider. Various experts have assigned
varying weights to these characteristics. Utilizing TOPSIS, assign a rank to each provider based on these
weights.

An interval-valued fuzzy TOPSIS approach was introduced by Ashtiani et al. [13] to solve MCDM situations
where the criterion weights are not identical. Additionally, they applied the TOPSIS method to a Fuzzy
Multiple Criteria Decision Making (FMCDM) problem based on the recently developed notion of positive
and NISs. A novel fuzzy positive and NIS for fuzzy TOPSIS was put forth by Aref et al. [14].

Except for max and mini procedures in determining the ideal solution and NIS, Wang [12] generalized to a
fuzzy environment. To satisfy the partial relations of fuzzy numbers to the generalization of a fuzzy
environment, they also employed the operators Up and Lo. The MADM based methodology for the
assessment and selection of a mechatronic system was examined by Kiran et al. [15]. Instead of using
instruments that price water regardless of current usage, Ayala et al. [16] suggested a multi-methodological
approach for selecting pricing instruments that take irrigation water consumption into account. This allows
for a better compromise solution. In order to address MCDM situations where the weights of criterion and
performance rating values are linguistic phrases that can be described in terms of triangular fuzzy numbers,
Saraswathi et al. [17] created the fuzzy TOPSIS approach. Using the TOPSIS Method, Anand and Devadoss.
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[18] looked into the reasons behind suicidal thoughts in victims of domestic abuse. Except for max and min
operations in determining the ideal solution and NIS, Chen et al. [19] expanded the TOPSIS to Fuzzy
Multiple-Criteria Generalized Group Decision-Making (FMCGDM) in a fuzzy environment at large. A fuzzy
TOPSIS method was introduced by Lo et al. [20] to model a better service selection.

To create an integrated fuzzy technique to enhance the quality of decision-making for ranking alternatives,
Ding et al. [21] looked into fuzzy TOPSIS. The TOPSIS approach is extended in this study to decision-
making issues using fuzzy data, as suggested by Jahanshahloo et al. [22]. Additionally, they employed a
triangular fuzzy number system to indicate the weight of each criterion and the rating of each choice. Aly et
al. [23] analyzed an integrated decision-making approach based on fuzzy linguistic variables and a geometric
mean method integrated with TOPSIS to help designers and engineers reach a consensus on design and
materials selection for a specific application. Fuzzy cognitive maps have been studied by Kosko [24]. Wu et
al. [25] proposed an optimal marketing strategy in a real industry to determine the appropriate marketing
strategy using ANP and TOPSIS. To provide a more dependable and user-friendly method that ensures that
the chosen choice is closer to the PIS and further away from the ultimate NIS, we have defined new FPIS
and FNIS. The finding of a compromise satisfactory solution allows for the consideration of each alternative's
closeness coefficient value for both the positive and NISs, all the while preserving the transgender problem
ranking based on the criteria of the ups and downs of alternatives. As a result, we may rank all of the options
following the proximity coefficient values and choose the best option among the viable alternatives that satisfy
a set of subcriteria. Recently many researchers [26-32] have studied various decision-making problems by
using different kinds of algorithms. Saraswathi [33] proposed a triangular fuzzy clustering model under the

uncertainty environment.

This paper's remaining portion is structured as follows. The notion of fuzzy numbers, arithmetic operations,
and related outcomes are introduced in Section 2. In Section 3, the fuzzy TOPSIS approach is presented, and
computations are made using the transgender population's data. In the Section 4, a numerical example
demonstrating the effectiveness of the suggested approach is shown. Section 5: based on our discussion,

several conclusions are highlighted at the end of this work.

2 | Preliminaries
2.1| Fuzzy Set

A is a fuzzy set which is defined by A = {(x, 0 A(x)): x€A, pA(x) € [0,1] }, wherein the pair (x, i A(x)), the
element x belong to the set A and the element pA(x) belong to the closed interval [0, 1], called Membership

function.

2.2 | Fuzzy Number

For a fuzzy set A on R to be considered a fuzzy number, it must have at least three of the following
characteristics.

I. A must be a normal fuzzy set.
II. A must be a closed interval for every o [0,1].

2.3 | Trapezoidal Fuzzy Number

Definition 1. A fuzzy set 2 is a subset of a universe of discourse X, which is characterized by a membership

function &:X —[0,1]. The function value a(x) is called the membership value, which represents the degree
of truth that x is an element of a fuzzy set a. It is assumed thata(x) €[0,1] where a(x)=0 reveals that x

belongs completely to a , while indicates that x does not belong to a fuzzy set a .
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Fig. 1. Trapezoidal fuzzy number.

Definition 2. A TpFN is denoted as d =(a,,a,,a,,a,) and is defined by the membership function.

X-a
1
, a,<x<a,,
a,-a,
1 a,<x<a,,
M (X) = 4 -x
4
, a3£x£a4,
a,-a,
0, otherwise.

Definition 3. A zero TpFN is defined as a TpIN & =(a,,a,,a,,a,) thatexistsif a, =0, a, =0, a, =0, a, =0.
Definition 4. A TpFN a =(a,,a,,a,,a,) is said to be non - negative TpFN if a, > 0.

Definition 5. d=(a,.a,.a;,a,)and b=(b,,b,,b;,b,) be two TpFN s are said to be equal if

a,=b,a,=b,,a,=b,,a,=b,.
2.4 | Arithmetic Operation of Trapezoidal Fuzzy Number

For atbitrary TpFNs 4 =(a,,a,,a;,a,)andb = (b,,b,,b,,b,) and *= {+,—,x,+}, the arithmetic operations on
the TpFNs are defined by

d*b=1{a *b/a €d, b eb}.

In particular, for any two TpFNs a =(a,,a,,a;,a,) and b =(b,,b,,b,,b,), we define
I. Addition (+): a+b=(a, +b,,a, +b,,a, +b,,a, +b,).
II. Subtraction (-): a—b=(a, —b,,a, —b,,a, —b;,a, —b,).

III. Multiplication (®) :k®a =(ka,,ka, ka; ,ka,), keR, k>0

a®b=(ab, a,b,a,b,a,b),a, 20,b>0
o . L1111 N
IV. Division (&): & '=(a,,a,,a,,a,) E(—,—,—,—],Oé a.

Theorem 1. Letd =(a,,a,,a,,a,)and b=(b,,b,,b;,b,) be two TpFNs. The multiplication of & and b
denoted by 4®b need not be a TpFN. However, the following property provides an approximation formula
to regard A®b as a TpEN.

Theorem 2. Letd =(a,,a,,a;,3,)and b = (b,,b,,b,,b,) be two TpFNs. The
a®b=(a,xb,,a,xb,,a,xb,,a,xb,), a,,b, >0 is also a TpFN approximately.
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3| The TOPSIS Method

People whose gender identity, gender expression, or behavior deviates from what is commonly associated
with the sex to which they were assigned at birth are collectively referred to as transgender. A person's internal
perception of being male, female, or something different is referred to as their gender identity. The way
someone displays their gender identity to others through behavior, attire, hairstyles, voice, physical attributes,
etc. is referred to as gender expression. A transgender is one who is in between categories of gender. They
are these people by the combination of both male and female. They are called such as transgender, multi-
transgender, third gender. But this third gender is not accepted in society anywhere in the world. It is due to
different activities such as the way of behavior, the way of talking, hairstyle, dressing, etc. Parents, colleagues,
friends, and society should give equal rights in all activities. An internal sense of being male or female in terms
of gender expression is called gender identity. People whose gender expression or gender identity (how they
see themselves as male or female) differs from what is often associated with their natal sex are referred to as
transgender. Many transgender people live as members of the other gender either full-time or part-time.
Transgender refers, in general, to any individual whose identity, appearance, or conduct deviates from
accepted gender norms. However, not everyone who exhibits gender-atypical behavior or appearance will
identify as transgender.

Being biologically male or female is referred to as "sex." The term "gender" is frequently used to describe the
behaviors, interactions, and self-perceptions that are associated with boys and gitls. Certain features of gender
may not be culturally universal, despite aspects of biological sex being universal. People who identify as
transgender and who live or aspire to live as members of the gender opposite to their birth sex are known as
transsexuals. Transsexual guys, also known as Female-to-Male (FTM) transsexuals, are biological females who
want to live and be accepted as men. Male-to-Female (MTF) transsexuals, often known as transsexual women,
are biological guys who want to live and be accepted as women. Transsexuals typically seek out medical
procedures, such as hormone therapy and surgery, to achieve the greatest degree of physical conformity to
their desired gender. Sex reassignment or gender reassignment is the term used to describe the process of
changing one's gender identity.

The reasons behind certain people's gender identity are not universally understood. Any straightforward or
comprehensive explanation is refuted by the multiplicity of transgender expression. It is challenging to
determine with precision how often transgender individuals are in Western nations. Up to 2-3% of biological
males at least occasionally participate in cross-dressing. Approximately 1 in 10,000 biological males and 1 in
30,000 biological females are estimated to be transsexuals at this time. The same mental health issues that
affect non-transgender people also affect transgender people. However, transgender people may be more
susceptible to some mental health issues because of the stigma, prejudice, and internal conflict they face.
Transgender individuals may experience mental health difficulties that are made worse by discrimination, a
lack of social support system, and insufficient access to care; on the other hand, peer, family, and professional
support may setrve as buffering factors.

Sex generally refers to anatomy and biology such as male or female, whereas gender refers to the qualities and
behaviors society expects from a boy or girl, a man or woman. The gonads, genitalia, reproductive organs,
and sex chromosomes are all parts of a person's physical and biological sex. Gender, on the other hand, refers
to more sociological facets of an individual's identity, such as how they interact with others and feel about
themselves. It is a phrase used to characterize both men and women who identify as belonging to one sex but
who believe their true gender is the other. Although the existence of transgender people remains uncertain,
the term "Transgender" gained widespread usage in the 1970s. Initially limited to anyone desiring to live as
someone of a different gender without undergoing reassignment surgery. People who identify as transgender
might be of any age or gender, but they are defined by their looks, traits, or actions that defy conventional
notions of what men and women are "Supposed" to be. Though not restricted to transsexuals, India is home
to a variety of sociocultural transgender identities, including jogtas, jogappas, shiv shaktis, Aradhis, Sakhi, and
others. These sociocultural groups may not include all transgender people, though; some may identify as
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transgender on their own and not be a part of any group. Transgender people in India face a variety of issues.
So far, these communities perceive that they have been excluded from effectively participating in social and
cultural life; economy; politics, and decision-making processes.

They are deprived of many of the rights and privileges which other persons enjoy as citizens of India. The
rights of transgender people are severely limited. These include the inability to patticipate in social and cultural
activities, rejection from family and society, restricted access to public spaces, health care, education, and
employment opportunities, and a host of other human rights like the ability to vote, apply for a passport,
drive a license, vote, and contest elections. Jobs for transgender people are quite scarce. Transgender people
are not allowed in public restrooms or restroom facilities. Lack of access to restrooms and public areas serves
as an example of the discrimination transgender people experience when trying to use all facilities and

amenities. In hospitals, schools, and prisons, they deal with comparable issues.

In this section, we have used a fuzzy TOPSIS method to rank the problems faced by Transgenders. Based on
the rank of the preference order, the gathered data are described in terms of TpFNs to determine the positive
and NISs. The suggested approach gives us a practical means of addressing the fuzzy multiple attribute group
decision-making problem. Therefore, an extension of the TOPSIS method is proposed using a TpEFN, where
the correlation information among factors provided by experts is in the form of uncertain linguistic terms
and is transformed into a TpFN. At the conclusion of this paper, an example is provided to illustrate the steps
involved in the suggested method.

To create a process for resolving multi-person, MCDM issues in a fuzzy environment, we expanded the
TOPSIS concept. Taking into account the fuzziness of the decision-making process and group decision-
making data.

The survey was based on the following questionnaire:
1. What is your perspective on Transgender.
II. When did you realize that you aren’t the person with the sex that people claimed you were.
III. Are you happy about what you are right now.
IV. Is the society accepting you are right now.
V. Have you ever been humiliated (explain if any).
VI. If you ever have a chance to change your gender will you(If yes its miserable).
VII. What is your sex preference.
VIII. Are you financially supported.
IX. If you can will you give birth to a baby.
X. How would you react if your baby grew up as a Tran’s man or a Tran’s woman.
XI. What would you say to the transgender out there.
XII. Why do you feel that you are a victim.
XIII. Why do you give up and beg, why do you accept crimination.
XIV. Why don’t you try to make people understand your nature.
XV. Why do you take humiliation personally and not other personal immaturity.

XVI. Have you tried to adopt children and do you think talent requires gender qualification.
3.1| Causes for the Problems of Transgender in Chennai-India

C1 — Parents.

C2 — Employers.
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C3 — Public.

C4 - NGOss.

In this study, we consider the following problems faced by transgender based on our interview and survey.
PC1 - Lack of education.

PC2 — Poverty.

PC3 - Identity and gender.

PC4 -Harassment.

PC5 — Unemployment.

PC6 - Hormones defects.

PC7 - Pressurized to engage in sex work.
PC8 - Affected by HIV/AIDS.

PC9 — Depression.

PC10 - Human rights.

3.2| Proposed Method to Analyze the Problems of Cause and Effect of
Transgenders

One of the well-known traditional MCDM techniques, the TOPSIS, is based on the premise that the option
of choice should be the one that is closest to the PIS and the furthest from the NIS. The weights of the

criteria and performance ratings in the TOPSIS procedure are provided as clear values, with additional
developments by Yoon [6] and Lai et al. [9].

A group of alternatives is compared using this compensatory aggregation approach, which determines weights
for each criterion, normalizes scores for each criterion, and computes the geometric distance between each
alternative and the ideal alternative—the option with the highest score for each critetion.

The enhanced TOPSIS method:
Here we follow the 10 steps for calculations.
Step 1. Construct a multi-criteria decision matrix, using the collected data.

According to TOPSIS, we have n qualities or criteria, m choices (options), and the score of each option about

each criterion. Let z,;; represent the judgment on the intensity of the correlation between factors F and F,
provided by an expert E,,k=1,2,..,m, i,j=12,..,n. If there are k members in the decision group, the

significance of the criteria and the ranking of the alternatives in relation to each criterion can be computed as

importance weight of the k th decision maker.
An MCDM problem can be concisely expressed in matrix format.
k=12,..n is:

An uncertain direct—relation matrix Z = (2]

nxn ?

Matrix 1: direct—relation matrix.
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0 z, .. Zg,

5 Zy 0

4
7= [zkij]nxﬂ = k:2n ,k=12,...,m.

Zo., Zy, --- 0

W =[W},W;,.....W} ], where Z; and W, are linguistic variables. These linguistic variables can be described

by TpENs as Z, = (I, iy, &, ii} ) and W =[W%,,%,,, %, W,,].

In this step prepare an (nXn) Fuzzymatrix Z each corresponding to experts and its elements are obtained.

The fuzzy matrix Z is called the assessment data matrix whose linguistic terms are “Very Low” (VL), “Low”
L), “Medium” (M), “High” (H), and “Very High” (VH) respectively.

Step 2. Generating the fuzzy linguistic scale table.

The pair-wise comparison scale may be designated five levels, where the scores 0.125, 0.250, 0.4375, 0.625,
and 0.8125 represent “Very low influence”, “Low influence”, “Medium influence”, “High influence” and
“Very high influence” respectively.

Table 1. The fuzzy linguistic scale values.

Linguistic Terms Influence Scores Trapezoidal Fuzzy Numbers
Very low 0.125 (0,0, 0.25,0.25)

Low 0.250 (0, 0.25,0.25,0.50)

Medium 0.4375 (0.25,0.25, 0.5, 0.75)

High 0.625 (0.25,0.5, 0.75,1)

Very high 0.8125 (0.5,0.75,1, 1)

These linguistic variables can be expressed in positive triangular fuzzy numbers as Tuable 1.
Step 3. Construct the initial direct-relation matrix Y.

The expert prepares sets of pair-wise comparisons in terms of effects and direction between criteria. Then
the initial data can be obtained as the direct-relation matrix which is an n X n matrix Y where each element
of xij is denoted as the degree in which the criterion I affects the criterion j. In this step, we will see the
linguistic variables are “Very low influence”, “Low influence”, “Medium influence”, “High influence” and

ij2j 0

“Very high influence” respectively, and show the positive trapezoidal numbers \?ij = (T ;g T, ) .
Matrix 2: initial direct-relation matrix.

Yu Yo o Y

S o Yu Yn o Y

Y= (Yij)
le ym2 Ymn

TOPSIS assumes that we have m alternatives (options) and n attributes/ctiteria and we have the score of

each option concerning each criterion. Let yij score of option I with respect to criterion j. We have a

matrix Y = (i) men MOALLIX.

mxn

For this step, we will realize that to frame the initial direct relation matrix by using the linguistic scale table.
The initial direct-relation matrix is n x n matrix obtained by pair-wise comparisons in terms of influences and

directions between criteria, in which yij is denoted as the degree to which the criterion I affects the criterion

j) i'e" ? = (S]g )mxn N
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By using TpFNs (0, 0, 0.25, 0.25) (0, 0.25, 0.25, 0.50), (0.25, 0.25, 0.5, 0.75), (0.25, 0.5, 0.75,1), (0.5, 0.75, 1, 1)
respectively prepare the table.

Step 4. Prepare the generalized direct-relation matrix.

By using TpEFNs prepare the generalized direct-relation matrix among the various shapes of fuzzy numbers,
TpEN is the most popular one. A TpFN is a fuzzy number represented with four points.

If we note that X, i = (X,.X;,%5,%}) then i, %;,%; and X; are calculated by

X :—ZZ X; ——z X ——Z z,, X = ZZ;, where 1,j=1,2,..n.
m - m o m m

Step 5. Normalizing the matrix 1.

The normalized decision matrix, In order to make the different criteria comparable, the decision matrix X

needs to be normalized, resulting in the Normalize the decision matrix X = (X, using the equation below:

i )mxn
ij

el

ij

Eal
Il

,i=1,2,..m, j=1,2,..n, where t; is the normalized criteria/attribute value /rating.

M=

<2
Xy

,
o

Step 6. Calculate the weighted normalized decision matrix.

The value v;; can also be demonstrated as v;; = W T, where I =1, 2,..., m; j =1,2,..n. Here the use of W;is the

relative weight of the jth criterion or attribute and Z\X/ i=1 gives an expert to define the matrix’s elements
j=1

and weights of criteria. Thus, in a group decision environment with experts, the importance of the criteria
and the rating of alternatives with respect to each criterion can be calculated as the weighted normalized

decision matrix V = (Vi) 18 established.

Steps 6a and 6b. Determine the Positive-ideal and Negative-ideal solutions:
In this method, two artificial alternatives are hypothesized.

Positive ideal alternative: the one which has the best level for all attributes considered.
A" z{v,*,v;...,v;} ={(m}axvij |jeQb)(mjinvij |jeQC)}.

Negative Ideal alternative: the one which has the worst attribute values.

A z{vl‘,vg,...,v;} ={(mjinvij |je§2b)(m?xvij |jeQ, )}

TOPSIS selects the alternative that is the closest to the ideal solution and farthest from the negative ideal
alternative where Q, and Q_ are the sets of benefit criteria/attributes and cost criteria/attributes, respectively.

It is easy to see that applying the Range method to standardize the data can help to determine the numerical
values of the positive ideal and NIS quickly.

Step 7. The separation of each alternative from the PIS d;.

The separation of each alternative from the PIS d is given as d = ’Z:(vij —-vi)i=
j=1

Step 8. The separation of each alternative from the NIS d;.
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Similatly, the separation of each alternative from the ideal solutiond; is given as

al’ = Z(VU —V;)Z,i =12,.m.
\ljzl

Step 9. Calculate the relative closeness to the Ideal solution.

The relative closeness of the ith alternative with respect to the ideal solution C, is defined as

D, = ﬁ, i=12,..,m. The relative closeness of the d] 20 and d; 20 then clearlyD, €[0,1] .
i + i

Step 10. Find the rank preference order.

Choose an alternative with the maximum D, or rank alternatives according to D, in descending order. The

rank of the preference order is the alternatives according to the relative closeness to the ideal solution. The
best alternative is the one with the greatest relative closeness to the ideal solution.

4| Numerical Example

Step 1. Prepare the assessment data matrix.

In this step prepare an (n x n) fuzzy matrix Z, where each entry represents the experts’ opinion
corresponding to and with TpFNs and its elements are obtained. The fuzzy matrix Z is called the assessment

data matrix by using linguistic variables VL, L, M, VH, and H respectively.

Matrix 3: assessment data matrix Z.

¢, C, C C,
PC[H VH H M|
PC, H H MH VH
PC,/M VL L H
PC,/lVH L VH H
PC,|H VH H VL
PC,/VL H L VL|
PC,JVH L M VH
PC,|H L VH H
PC,/M VL H H
PC,|VH H VH VL|

For the above table C1, C2, C3, C4 denote the criteria of the problems facing the transgender through Parents,
Employers, Transgender, and NGO leaders.

Step 2. Generating the linguistic scale table.
For this step, we frame the linguistic scale from the following table.

Table 2. Linguistic table.

Linguistic Terms  Influence Scores Trapezoidal Fuzzy Numbers
Very low 0.125 (0, 0, 0.25,0.25)

Low 0.250 (0, 0.25,0.25,0.50)

Medium 0.4375 (0.25,0.25, 0.5, 0.75)

High 0.625 (0.25, 0.5, 0.75,1)

Very high 0.8125 (0.5,0.75,1, 1)

Step 3. Prepare the initial direct-relation matrix Y.
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By using TpFNs (0,0,0.25,0.25) (0,0.25,0.25,0.50), (0.25,0.25, 0.5, 0.75), (0.25, 0.5, 0.75,1), (0.5, 0.75, 1, 1)
respectively prepare the following table. The importance weights of various criteria and the ratings of

qualitative criteria are considered linguistic variables.

Matrix 4: the initial direct relation matrix Y.

o G, G, C,

PC, [ (025, 0.5, 0.75,1) (0.5,0.75,1, 1) (0.25, 0.5, 0.75,1)  (0.25,0.25, 0.5, 0.75)]
PC,| (025,05, 0.751) (0.25, 0.5, 0.75,1) (0.25,0.25, 0.5, 0.75) (0.5, 0.75, 1, 1)
PC,|(0.25,0.25, 0.5, 0.75) (0, 0, 0.25,0.25) (0, 0.25,0.25,0.50) (0.25, 0.5, 0.75,1)
PC,| (05,075 1, 1) (0, 0.25,0.25,0.50) (0.5, 0.75, 1, 1) (0.25, 0.5, 0.75,1)
PC;| (025, 0.5, 0.75,1) (05,075, 1, 1) (0.25, 0.5, 0.75,1) (0, 0, 0.25,0.25)
PC,| (0, 0, 0.25,0.25) (0.25, 0.5, 0.75,1) (0, 0.25,0.25,0.50) (0, 0, 0.25,0.25)
PC, (0.5, 0.75, 1, 1) (0, 0.25,0.25,0.50) (0.25,0.25, 0.5, 0.75) (0.5, 0.75, 1, 1)

PC, | (0.25, 0.5, 0.751) (0, 0.25,0.25,0.50) (0.5, 0.75, 1, 1) (0.25, 0.5, 0.75,1)
PC, [ (0.25,025, 0.5, 0.75) (0, 0, 0.25,025)  (0.25, 0.5, 0.75,1)  (0.25, 0.5, 0.75,1)
PC,| (05075 11) (02505 0751) (0.5, 0751 1) (0, 0, 0.25,0.25)

Step 4. Prepare the generalized direct-relation matrix X.

By using triangular fuzzy numbers prepare the generalized direct-relation matrix among the various shapes of

fuzzy numbers.

Matrix 5: the generalized direct-relation matrix X.

C, C, C, C,
PC, [ 0.2565 0.33346 0.1026 0.17955]
PC,| 0.2565 02565 0.17955 0.33346
PC,[0.17955 0.0513 0.1026  0.2565
PC,|0.33346 0.1026 0.33346 0.2565
PC,| 02565 0.33346 0.2565 0.0513
PC,| 0.0513 02565 0.1026 0.0513
PC,|0.33346 0.1026 0.17955 0.2565
PC, | 0.2565 0.1026 033346 0.2565
PC, [0.17955 0.0513 0.2565  0.1026
PC, 033346 02565 033346 0.0513

Step 5. Prepare the Normalization matrix ;.

Normalization is performed using the following, fij = ,1=12,.m, j=1,2,..n.

The group uncertain direct-relation matrix 5(=[>~<kij] is changed into the normalized uncertain direct-

nxn

relation matrix X = [Xy]

nxn *
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T ol 2 23 o4 1,2 U3 4
If we note that X; = (X, X5, X, X)) then x, Xj, X;; and X;; are  expressed by
=1 S2 3 S4 n
X.. X X:. X..
Sl _ ij 2 _ ij 3 _ ij 4 _ ij N 4
X;; = —, X = —, X;= —, X = ——, 1,j=1,2,..n, where max E x; #0 and
=4 ~4 =4 ~4 A
max E % max E % max E % max E %! !
1sisn <= y 1sisn 4 y 1sisn 4 y 1sisn 4= y
= = J= 1=

. . . . 1.2 U3 4
0<x; <x;<x; <x;<1. We decompose the matrix Sinto four crisp value matrices x',x*,x" and x"as

follows.
=1 =1 =2 2 3 =3 =4 4
0 X, .. X, X, X, X, ... X, X, ... X,
=1 =1 =2 =2 =3 =3 4 <4
X 0 X X 0 X X 0 X X 0 X
- s -3 4
g = | *u m | g2 S M| g4 | T o
= =1 2 =2 ~3 =3 ~4 ~4
an XnZ O an Xn2 0 an Xn2 0 an XnZ O

where 1, is the normalized criteria/attribute value/rating.

Matrix 6: normalization matrix ;.

C,(0.1) C,(04) C,02) C,(0.3)
PC,[0.03101 0.37032 0.27774 0.18516]
PC,|0.27774 0.09258 0.27774 0.37032
PC,|0.18516 0.03101 0.18516 0.27774
PC,|0.37032 027774 0.18516 0.27774
PC,|0.27774 0.18516 0.27774 0.03101 |
PC,|0.37032 027774 027774 037032
PC,| 0.03101 0.09258 0.18516 0.37032
PC,|0.18516 0.09258 0.03101 0.27774

Step 6. Calculate the weighted normalized decision matrix.

The value vjis calculated as V;; = W ;.

Matrix 7: weighted normalized decision matrix v;.

C,(0.1) C,(04) Cy02) C,(0.3)

PC, [ 0.02565 0.133384 0.02052 0.053865 |
PC,| 0.02565  0.1026  0.03591 0.100038
PC,|0.017955 0.02052  0.02052  0.07695
PC,10.033346 0.04104 0.066692 0.07695
PC,| 0.02565 0.133384 0.0513  0.01539
PC,| 0.00513  0.1026  0.02052 0.01539 |
PC,|0.033346 0.04104 0.03591  0.07695
PC, | 0.02565 0.04104 0.066692 0.07695
PC, | 0.017955 0.02052  0.0513  0.03078
PC,,10.033346  0.1026  0.066692 0.01539

For the above table the important weight w; of each criterion can be considered as (0.1), (0.4), (0.2), and
(0.3).
Step 6a. Prepare a PIS to the above table.
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Given A" = {9, ) = {(mjaxvij ljeQ, )(mjinvij lje Q)} = {0.03335, 0.13338, 0.06669, 0100041
Step 6b. Prepare the NIS of the above table.

Given A = {§7, 95V | = {(mjinvij lje Qb)(mjaxvij ljeQ, )} = {0.00513, 0.02052, 0.02052, 0.01539}.
Step 7. The separation of each alternative from the PIS.

I = /Z(vij—v;)z,izl,z,...,m.
j=1

Table 3. Positive ideal solution.

Attributes  C, (0.3) C2(0.4) Cs (0.1) C4(0.2)
Vi—Vi o (V= vD vV (v v va—v (v v vy (v = v

PC, 0.02052  0.000421 0.11286  0.012737 -0.09234  0.008527 0.2052 0.042107
PC, 0.02052  0.000421 0.08208  0.006737 -0.06156  0.00379 0.14364  0.020632
PC, 0.01283  0.000165 0 0 0.01283  0.000165 -0.01283  0.000165
PC, 0.02822  0.000796 0.02052  0.000421 0.0077 5.93E-05 0.01282  0.000164
PC, 0.02052  0.000421 0.11286  0.012737 -0.09234  0.008527 0.2052 0.042107
PC, 0 0 0.08208  0.006737 -0.08208  0.006737 0.16416  0.026949
PC, 0.02822  0.000796 0.02052  0.000421 0.0077 5.93E-05 0.01282  0.000164
PC, 0.02052  0.000421 0.02052  0.000421 0 0 0.02052  0.000421
PC, 0.01283  0.000165 0 0 0.01283  0.000165 -0.01283  0.000165
PC 0.02822  0.000796 0.08208  0.006737 -0.05386  0.002901 0.13594  0.01848

10

Step 8. The separation of each alternative from the NIS.

n
di’ = Z(i}ij — {7;)2 A=12,...m
j=1
Table 4. Negative ideal solution.
Attributes  C, (0.3) C, (0.4) C; (0.1) C4(0.2)

- -\2 - -\2 - —\2 - -\2
VimVi o (o)t vy (V)T vy (vt vy ()

PC, 0.02052  0.000421 0.11286  0.01274 0 0 0.03848  0.001481

PC, 0.02052  0.000421 0.08208  0.00674 0.01539  0.000237 0.08465  0.007166

PC, 0.01283  0.000165 0 0 0 0 0.06156  0.00379

PC, 0.02822  0.000796 0.02052  0.00042 0.04617  0.002132 0.06156  0.00379

PC, 0.02052  0.000421 0.11286  0.01274 0.03078  0.000947 0 0

PC, 0 0 0.08208  0.00674 0 0 0 0

PC, 0.02822  0.000796 0.02052  0.00042 0.01539  0.000237 0.06156  0.00379

PC, 0.02052  0.000421 0.02052  0.00042 0.04617  0.002132 0.06156  0.00379
0.01283  0.000165 0 0 0.03078  0.000947 0.01539  0.000237

0.02822  0.000796 0.08208  0.00674 0.04617  0.002132 0 0
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. .o ~ S . ~ d;
Step 9. The separation of each alternative D, from the (d;') and (d;) ideal solutions D, = T ! PRt i=12,.,m
i +4;
Table 5. Separation of each alternative.
Attributes Positive Ideal Solution Negative Ideal Solution - d- Ranking
Di = & +d of the
n " n i i Attributes
'ZI(Vij - ijr y di = Z(Vij - v}' ) Z(Vij - Vj_)z d; =
i= =1 i=
PC, 0.063792 0.252571 0.120992 0.34784 0.258072 10
PC, 0.03158 0.177708 0.120668 0.347372 0.257815 9
PC, 0.000494 0.022222 0.062883 0.250764 0.200489 2
PC, 0.001441 0.037962 0.084491 0.290673 0.225211 6
PC, 0.063792 0.252571 0.118768 0.344627 0.2563 8
PC, 0.040423 0.201054 0.08208 0.286496 0.222695 4
PC, 0.001441 0.037962 0.072415 0.2691 0.21204 3
PC, 0.001263 0.035542 0.08224 0.286775 0.222864 5
PC, 0.000494 0.022222 0.036727 0.191643 0.160822 1
PC, 0.028914 0.170041 0.098312 0.313547 0.238702 7

Step 10. Find the rank preference order.

Choose an alternative with the maximum D, or rank alternatives according to D, in descending order. The

best alternative is the one with the greatest relative closeness to the ideal solution.

This TOPSIS method gives the ranking for the attributes are 0.160822> 0.200489> 0.21204> 0.222695>
0.222864> 0.225211> 0.238702> 0.2563> 0.257815> 0.258072. This clearly shows that the attributes are
PC9-depression, PC3- harassment, PC7- pressurized to engage in sex work, PC6-hormone defects, PC8-
affected by HIV/AIDS, PC4-harassment, PC10-human rights, PC5-unemployment, PC2-poverty, PC1-lack
of education are the attributes of the ranking of the fuzzy-TOPSIS methods as shown in the following Fg. 7.

12
10

o N B O

1

1

Ranking of the Problems of Transgender

0.2580720.2578150.2004890.225211 0.2563 0.222695 0.21204 0.2228640.1608220.238702

Fig. 2. Ranking preference order.
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5| Discussion

In light of the above-mentioned discussion through the fuzzy TOPSIS approach, the diagram is constructed
to show the ranking of the relationship of transgender. From these calculations, we conclude that the
evaluation criteria were visual, including the categories C9, C3, C7, C6, C8, C4, C10, C5, C2, C1 ate factors
that are responsible for the problems of the Transgender. We have considered ten different sub-strategies
including lack of education, poverty, identity and gender, harassment, unemployment, hormone defects,
pressute to engage in sex work, affected by HIV/AIDS, depression, and human rights are attributes of the
ranking of the fuzzy-TOPSIS methods and rank them based on fuzzy -TOPSIS technique. It is clear that
transgender is facing a lot of problems from the simplest personal relations to the most general social
ignorance of the society. From these calculations, we conclude that the ranking of the attributes is
PCI>PC3>PC7>PC6>PC8>PC4>PC10>PC5>PC2>PC1 to the relative closeness to the ideal solution.
This paper applies a decision-making method to rank the problems of Transgender. Here we made four
criteria and eight alternatives were used to analyze using the TOPSIS method. This method suggests that
“PC9- depression” is the main cause of our problem. We conclude that the evaluation criteria showed that,
including the categories C9, C3, C7, C6, C8, C4, C10, C5, C2 and C1 are factors that are responsible for
problems of transgender. From this, we understand that the transgender confronts so many problems in day-
to-day life. However, C9-depression is the basic cause of this research calculation. Because depression causes
a person to indulge in criminal activities and even drive them to end their own lives. If this devastating cause
of depression is not addressed propetly, the effects on their community will not progress.

6 | Conclusion

The TOPSIS is a multi-criteria decision analysis method for ranking different alternatives based on various
criteria It is argued that if a fuzzy MCDM problem is defuzzified into a crisp one in initial steps, then the
advantage of collecting fuzzy data becomes unapparent. Based on this fact, we have developed a fuzzy
TOPSIS method for dealing with problems, in which criteria values are TpFNs. The proposed fuzzy TOPSIS
combines the method for crisp MCDM with the fuzzy principles and performs defuzzification. In the final
step of decision analysis, the rank was examined and the results were demonstrated. The n X n fuzzy
assessment data matrix Z is prepared in matrix 1. The linguistic scale values are represented by TpFNs as in
Table 1. The generalized direct-relation matrix Y is shown in matrix 4. To make the comparison among

different criteria, generalized direct-relation matrix X is verified as in matrix 5. The Normalization matrix t;

was provided in matrix 6. From matrix 7, we concluded that the weighted normalized decision matrix v; is

calculated and verified. The PIS and the NIS were verified in Table 3 and Table 4. Finally using each pair of
separations ()id + and ()id —, the separation of each alternative iD was found and finalized in Table 5.
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