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Abstract

An increasingly pressing concern for city planners, housing affordability (HA) is fundamentally a political problem
involving the redistribution of city resources. While attention to social policy was and is very important, this is often
spatially absent. So, this paper proposed a framework to evaluate sustainable housing affordability (SHA). In this
research, we present a method for multi-criteria decision-making (MCDM) issues by adapting the method for ordering
preferences according to the degree to which a given solution is like the ideal one (TOPSIS). Experts' assessments of
every choice in terms of each criterion are reflected in a single-valued neutrosophic set (SVNS). More gaps in
knowledge may be filled in with the help of neutrosophic sets, which are differentiated by their truth, indeterminacy,
and falsity values. The SHA is evaluated using the SVNS TOPSIS method. Lastly, an instance illustration is given to
showcase the strategy's usefulness and efficacy.
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1. Introduction

In order to build sustainable communities and homes, it is crucial to address concerns of affordability at the same time.
Households require reasonable quality cheap housing that is well placed inside high-quality settings that are neat,
secure, and have excellent accessibility to employment, important services, and transit options in order to accomplish
social and family welfare. Making ensuring that affordable accommodation is both sustainable for the ecosystem and
fair for its residents is a matter of effectiveness and fairness[1], [1], [2].

Consequently, it may be necessary to enhance the availability of amenities, services, and the energy effectiveness of
residential as a way to establish effective and sustainable living surroundings, in addition to addressing the price of
residential in order to increase HA. However, conventional affordability indicators are unidimensional in that they
continue to use monetary factors alone as a yardstick[3]-[5].

The issue of HA has been a hot topic of discussion throughout the world for a while now. The definition and
quantification of HA, however, continue to be problematic and controversial. The monetary cost of housing
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expenditures is the primary focus of affordability assessments like the home price-to-income proportion method, the
residual assessment (revenue left over after housing prices), and, since the effect of the most recent downturn, buy
and payback affordability assessments. The proportional approach, which measures the percentage of income going
towards housing expenditures, is the most often cited and globally known way of determining affordability. This
makes sense, given that its simplicity and reliance on a small set of readily available parameters make it a
computational dream[6]-[8].

However, its usefulness is constrained by its very simplicity, since it fails to account for a variety of variables that
influence housing costs and family circumstances. The shortcomings of this conventional method are becoming more
well-documented in the scientific literature. For example, the ratio metric does not take into account the fact that home
prices might vary as a direct consequence of the perceived excellence of a community[9]-[11]. The SHA has various
criteria like economic, social, environment, safety. So, this problem is a MCDM problem.

Operations studies, business administration, urban planning, the natural sciences, military history, etc. all benefit from
tackling MCDM issues using quantitative or qualitative features values. Due to the complicated and unclear nature of
attributes, the significance of MCDM issues' attributes is not usually stated with clear numbers. The importance of
every characteristic and evaluation for various options are displayed in the form of crisp numbers in traditional MCDM
approaches like the methodology for order preference by similarity to the ideal solution (TOPSIS) established by
Hwang and Yoon[12], [13].

Zadeh's introduction of the fuzzy set is an example of a tool that makes use of mathematical imprecision. To represent
the MCDM issue using fuzzy data, the fuzzy set theory may be used in the decision-making process. While useful,
fuzzy sets are limited in their ability to capture nuanced relationships between variables and events[14], [15]. Non-
member degrees and indeterminate degrees of uncertainty are not handled. Intuitionistic fuzzy sets (IFS) were first
presented by Atanassov in 1986, and they combine levels of membership and non-membership[16], [17].

Neutrosophic sets (NS) were initially presented by philosopher Mihail Smarandache as a way to deal with the
ambiguity and inconsistency of real-world data. Independently of one another, the truth, the indeterminacy, and the
falsity characterize an NS. The fact that everything in the cosmos possesses not just a level of truth (T), but also of
falsehood (F), and indeterminacy (1), is a crucial aspect of NS. The concepts of crisp set, FS, IVFS, IFS, IVIFS, etc.
are all included in this more extended collection. However, the practical implementation of NS in engineering and
science is challenging[18]-[20].

2. Preliminaries

The term "neutrosophic set" comes from the emerging field of neutrosophy, which examines the history of neutrality,
its range of application, and the ways in which it interacts with other conceptual frameworks[21].

Definition 1
The complement of NS X can be defined as:

T (y) = 17 © Tx(y),

Q) =10 L), ()
Fgt(y) = 11 © Fx(y),
Definition 2

The total of 3 values of NS can be defined as:
0<TO+I)+FQy) <3 (2)
Definition 3

Consider two number of single valued neutrosophic as a € and D, then
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Tc) +Tp ) —Tc() - Tr(¥),
CO®D= Ic(y) - I (),
Fe) - Fpr(y)

Tc(y) - Tp(y),
CRD = I+ ») — 1) - (),
Fcy) + Fp(y) — Fc(y) - Fp(¥)

max(T¢ (), Tp ()
cuD =, min(l;(y), I, (),
min(F;(y), Fp (¥))

min (T (), Tp ()
CND =\, max(I:(), 1)),
max(F¢(y), Fp ()

3. Neutrosophic TOPSIS Method

®)

(4)

®)

(6)

The TOPSIS approach is employed to choose the optimal option from among the feasible compromises. If you want
to find a good middle ground, look for a solution that minimizes the Euclidean distance between the ideal solution and
the worst-case scenario and maximizes that distance. The group of options defined as: SHAA; =
{SHAA,,SHAA,, ....SHAA,,} and SHAC, = {SHAC,,SHAC,, ..SHAC,},i = 1,2,3,...m;j = 1,2,3,...n  [21].

Figure 1 shows the steps of the TOPSIS method.

r- Build the decision

matrix
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Step 4
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Figure 1: The stages of N-TOPSIS method.
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Stage 1. Build the decision matrix

The decision matrix is built by the decision makers and experts. The experts used the single valued neutrosophic scale
to build the decision matrix. Then we replaced these terms by the single valued neutrosophic numbers[21].

Stage 2. Compute the importance of features
This step is used to compute the importance of criteria by the average TOPSIS method.
Stage 3. Normalize the decision matrix

This stage is used to normalize the decision matrix by identifying the positive and cost criteria.

xl-]-—P]-

Py = 75— Positive criteria )
J ]
Pi —xij .
P} = P’f,_;f cost criteria (8)
J J
P* = maxp;;
__t ©))
Pj = ml_mpij

Stage 4. Obtain the matrix of weighted normalized

Stage 5. The beneficial and non-beneficial ideal solution are computed

BI = (11)
(i)
(mjn TL-]-) ,
NI={"" (12)
()
Stage 6. Determine the measures of separation from Bl and NI
St = [Ty =77 (13)
ST = (Zpa(ry —17)° (14)
Stage 7. The closeness value is computed
2 (15)

S
Stage 8. Rank the options
4. Application

This section presented the application of single valued neutrosophic set TOPSIS method. We collated the criteria and
alternative from the literature. Figure 2 shows the list of criteria. There are nine criteria are collated and ten options.
First, let experts to evaluate the criteria and alternative to build the decision matrix as shown in Table 1.
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Table 1: The decision matrix

SHAC, SHAC, SHAC;3 SHAC, SHACs SHACs SHAC, SHACs SHACy
SHA | (0.1,0.8, | (0.2,0.7, | (0.2,0.7, | (0.7,0.3, | (0.7,0.3, | (0.8,0.2, | (0.9,0.1, | (0.6,0.4, | (0.6,0.4,
A1 0.9) 0.8) 0.8) 0.4) 0.4) 0.3) 0.2) 0.5) 0.5)
SHA | (0.2,0.7, | (0.7,0.3, | (0.2,0.7, | (0.2,0.7, | (0.1,0.8, | (0.4,0.5, | (0.8,0.2, | (0.8,0.2, | (0.7,0.3,
Ao 0.8) 0.4) 0.8) 0.8) 0.9) 0.6) 0.3) 0.3) 0.4)
SHA | (0.7,0.3, | (0.9,0.1, | (0.9,0.1, | (0.7,0.3, | (0.7,0.3, | (0.4,0.5, | (0.1,0.8, | (0.9,0.1, | (0.3,0.6,
As 0.4) 0.2) 0.2) 0.4) 0.4) 0.6) 0.9) 0.2) 0.7)
SHA | (0.6,0.4, | (0.4,0.5, | (0.4,05, | (0.4,05, | (0.9,0.1, | (0.1,0.8, | (0.6,0.4, | (0.4,0.5, | (0.9,0.1,
A4 0.5) 0.6) 0.6) 0.6) 0.2) 0.9) 0.5) 0.6) 0.2)
SHA | (0.6,0.4, | (0.9,0.1, | (0.1,0.8, | (0.2,0.7, | (0.3,0.6, | (0.6,0.4, | (0.6,0.4, | (0.7,0.3, | (0.8,0.2,
As 0.5) 0.2) 0.9) 0.8) 0.7) 0.5) 0.5) 0.4) 0.3)
SHA | (0.2,0.7, | (0.7,0.3, | (0.7,0.3, | (0.7,0.3, | (0.6,0.4, | (0.9,0.1, | (0.9,0.1, | (0.9,0.1, | (0.7,0.3,
As 0.8) 0.4) 0.4) 0.4) 0.5) 0.2) 0.2) 0.2) 0.4)
SHA | (0.7,0.3, | (0.7,0.3, | (0.8,0.2, | (0.7,0.3, | (0.9,0.1, | (0.4,05, | (0.1,0.8, | (0.2,0.7, | (0.2,0.7,
A7 0.4) 0.4) 0.3) 0.4) 0.2) 0.6) 0.9) 0.8) 0.8)
SHA | (0.1,0.8, | (0.4,05, | (0.7,0.3, | (0.7,0.3, | (0.6,0.4, | (0.7,0.3, | (0.7,0.3, | (0.7,0.3, | (0.7,0.3,
As 0.9) 0.6) 0.4) 0.4) 0.5) 0.4) 0.4) 0.4) 0.4)
SHA | (0.2,0.7, | (0.4,05, | (0.7,0.3, | (0.9,0.1, | (0.6,0.4, | (0.6,0.4, | (0.8,0.2, | (0.6,0.4, | (0.9,0.1,
Ag 0.8) 0.6) 0.4) 0.2) 0.5) 0.5) 0.3) 0.5) 0.2)
SHA | (0.2,0.7, | (0.7,0.3, | (0.7,0.3, | (0.6,0.4, | (0.8,0.2, | (0.7,0.3, | (0.7,0.3, | (0.8,0.2, | (0.9,0.1,
A 0.8) 0.4) 0.4) 0.5) 0.3) 0.4) 0.4) 0.3) 0.2)

Quality

Security

Location in Relation to jobs

Transport

Waste management in area

The energy efficiency of housing in the
area

~— =

Presence of environmental problems

[ Housing Affordability Criteria WI < Facilities

House prices in relation to income

Figure 2: List of nine attributes.
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Then convert the opinions of experts by the single valued neutrosophic numbers[21]. Then compute the importance
of attributes. The importance of attributes are shown in Figure 3.

12%

3% 5%
5

Figure 3: The importance of house affordability.

mSHAC1
m SHAC2
W SHAC3

SHAC4
m SHACS
m SHAC6
W SHAC7
W SHAC8
m SHAC9

Then build the normalization matrix by using Egs. (7,8,and 9). Then multiply the weights of criteria by the
normalization matrix to obtain the weighted normalization matrix by using Eq. (10) as shown in Table 2.

Table 2: The weighted normalized decision matrix

SHAC, SHAC, SHAC; SHAC. SHACs SHACs SHAC, SHACs SHACy
SHAA; | 0.00283 | 0.00586 | 0.00625 | 0.04990 | 0.04686 | 0.06731 0.03238 | 0.03164
2 7 4 1 7 9| 0.07757 3 6
SHAA; | 0.00495 | 0.01676 | 0.00625 | 0.01746 | 0.00937 0.04381
5 4 4 5 3| 0.03805 | 0.06862 3| 0.03723
SHAA; | 0.01415 | 0.02179 | 0.02322 | 0.04990 | 0.04686 0.01193 | 0.04952 | 0.01861
8 3 8 1 7 | 0.03805 4 8 5
SHAA, | 0.01203 | 0.01089 | 0.01161 | 0.03243 | 0.06092 | 0.01170 | 0.05071 | 0.02476 | 0.04839
4 6 4 5 7 8 9 4 9
SHAAs | 0.01203 | 0.02179 | 0.00357 | 0.01746 | 0.02343 | 0.04975 | 0.05071 | 0.03809 | 0.04281
4 3 4 5 3 8 9 8 5
SHAAs | 0.00495 | 0.01676 | 0.01786 | 0.04990 | 0.03983 0.04952
5 4 8 1 7 0.0761 | 0.07757 8| 0.03723
SHAA; | 0.01415 | 0.01676 | 0.02054 | 0.04990 | 0.06092 0.01193 | 0.01333
8 4 8 1 7 | 0.03805 4 4| 0.01303
SHAAg | 0.00283 | 0.00920 | 0.01415 | 0.01415 | 0.01203 | 0.01415 | 0.01415 | 0.01415 | 0.01415
2 3 8 8 4 8 8 8 8
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SHAAy | 0.00495 | 0.00920 | 0.01415 | 0.01840 | 0.01203 | 0.01203 | 0.01628 | 0.01203 | 0.01840

5 3 8 5 4 4 2 4 5
SHAA; | 0.00495 | 0.01415 | 0.01415| 0.01203 | 0.01628 | 0.01415| 0.01415 | 0.01628 | 0.01840
0 5 8 8 4 2 8 8 2 5

Then compute the positive and negative ideal solution by using Egs. (11 and 12). Then compute the separation
measures by using Egs. (13 and 14). Then compute the closeness values by using Eq. (15). Then rank the alternatives
by the largest value in closeness value. Figure 4 shows the closeness value and rank of alternatives.

SHAATO AR AR AR AR+ ©.39481295

SHAAS R RN ©.399597121

SHAAS [ o.381266779

SHAATZ R R RN ©.47 2134069

SHAAG - AR AR ARAR AR AR AR ARARA AR ANANAD -+ ©.57 6405801

SHAAS AR AR AR AR AR AR AR AR+ ©.477 63247

SHAAZ AR RO - ©.69981471
SHAA3 - RN 0508065926

SHAAZ - AR RARARARARARARARANAN - ©.530165429

SHAAT - RN - ©.570367442

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Figure 4: The closeness value of SHA.
5. Conclusion

To explain and quantify home affordability, rules regarding what is and is inappropriate must be established. Position
in connection with careers, transportation, resources, and amenities has become a growing significance in the 2000s,
especially in big cities, and must be taken into account when setting up standards for affordable, honest, and sufficient
housing. The HA has multiple conflicting criteria like safety, location, social, resources, and others. So, this problem
is an MCDM issue. But in the evaluation of these criteria, there are vague data, so the neutrosophic set is used to
overcome this problem. The NS is integrated with the MCDM method to evaluate the HA criteria, then give important
criteria for decision-makers and people. This paper used the TOPSIS method to rank the alternatives and give rank to
the criteria. This study can aid the person in the HA.

In the future study, many criteria can be extended to this problem. Also, the fuzzy set can be applied to this problem
and create a comparative analysis between the fuzzy set and neutrosophic set and give recommendations about two
ranks. There are many MCDM methods like AHP, ANP, VIKOR, and MABAC methods that can be applied to this
kind of problem.
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