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In its 96th plenary meeting in 1987, the Brundtland Commission, established by
the United Nations (UN), expressed concern about the deteriorating natural
ecosystem and its influence on economic and social development. Following this,
the UN adopted sustainability as its guiding principle to ensure that the needs of
the present generation are fulfilled by giving due consideration to the future
generation. The report highlighted the need for economic development and social
growth in the countries while duly addressing environmental concerns. Thereafter,
developed nations have directed significant attention to the environmental aspect
of sustainability because of their upfront progress in the social and economic
dimensions. On the contrary, ensuring sustainability becomes a challenge for
developing nations due to the aggravating problems of rapid urbanization, growing
inequality, and plight to meet the basic needs and amenities demanded by their
ever-growing population.
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RELEVANCE OF
SUSTAINABILITY
What gets measured gets managed-
Peter Drucker ASSESSMENT

For these emerging economies, the buildings and infrastructure sector significantly
influence national growth and prosperity in the form of its contribution to the
Gross Domestic Product (GDP), creation of employment opportunities, and
improvement of the overall quality of living. However, meeting these building and
infrastructural demands would mean a significant impact on the environment as
their construction would lead to massive greenhouse gas (GHG) emissions,
extraction of several natural resources, and consumption of a major share of the
primary energy. Hence, developing nations that need to construct more
infrastructure and buildings to sustain economic growth and social well-being are
further compelled to be more cautious about the associated environmental impacts.
In this background, the need to measure sustainability garnered significant
attention owing to the understanding that “what gets measured gets managed”
(Drucker 1954). Hence, it is essential to measure sustainability to ensure it is
achieved effectively. Therefore the building sector, with its growing relevance in
the coming vyears, especially in emerging economies, requires to engage in
‘sustainability assessment,” which includes tools/frameworks that help quantify a
product's or a process's environmental, social, and economic impacts



SUSTAINABLE AND AFFORDABLE
HOUSING-A KEY SDG
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DEVELOPMENT
GOALS

» Making human settlements and cities safer, affordable and resilient in a
sustainable manner.
« Focus on constructing sustainable, safe and resilient cities by ensuring adequate
and affordable housing, facilitating slum upgradation, aiding improved transport,
safeguarding heritage, and promoting sustainable urbanisation

» Goal 11 highlights an important fact that, a predominant role in sustainable
development has to be spearheaded by the construction industry. ww, z016)

» Building Sector is faced with a huge challenge especially the developing
countries like India where 70% of the buildings are yet to be constructed
(about a million square meters of commercial and residential space)
(Sankhe et al., 2010).

If this industry is able to embrace practices which promote sustainaility and amend its
policies, regulations, and management practices accordingly, the pace for sustainable
development for these countries will be faster-

With enhanced attention on the need for affordability and sustainability to be achieved
simultaneously in the building sector in a socially inclusive manner; economies need to
adopt necessary strategies to achieve the committed targets.



SUSTAINABLE AND
AFFORDABLE HOUSING -NEED
20 million houses by 2022

It is essential to evaluate the synergies
between affordability and sustainability in
this building segment. How?

Housing for all by 2022

In 2015, the government of India announced a highly ambitious program . It
aims at providing affordable housing to the urban poor by building about.

The committee engaged in promoting affordable housing of the Ministry of
Housing and Urban Poverty Alleviation (MHUPA) has defined affordable housing
as - “any housing that meets some form of affordability criterion, which could be
income level of the family, size of the dwelling unit or affordability in terms of
EMI size or ratio of house price to annual income

Grant of Infrastructure status helps access cheaper and easier financing
mechanisms.

Public Private Partnership Model in affordable housing. Facilitating the large scale
demand of affordable housing would provide social well-being and the desirable
economic growth to the country.

Such large scale construction would also lead to: a large amount of resource
consumption, depletion of natural resources, soil erosion, climate change and other
adverse environmental impacts.



SUSTAINABILITY ASSESSMENT A systems-thinking perspective —is vital for
IN BUILDING SECTOR understanding and tackling sustainability
problems (sterman 2012 ).

) C.on?plex . “Sustainability can be achieved by a
: Multl-Dlme.n5|on systematically linked ‘socio-economic-
* Dynamic environmental system’ and not by a single

* Comprehensive component” (Wang and Lin 2007)

SYSTEM DYNAMICS MODELING AND SIMULATION

* Easytouse
System dynamics is a computer-aided dynamic = . Minimal amount of data with
simulation modeling approach to enhance the faster outputs
overall understanding of complex systems’ - Easy interoperability with other
behavior over time (Forrester 1970). tools

The existing sustainability assessment frameworks/tools in the building sector
exhibit limitations in evaluating interdependencies and trade-offs among the
sustainability pillars and accounting for dynamic (time-induced) changes in
buildings. Such sustainability evaluation is complex, multi-faceted, and data-
intensive. However, the literature review suggested that systems thinking could
help solve several sustainability problems due to its ability to understand the
interaction between systemic components and analyze complex system behavior
(Sterman 2012). Therefore, system dynamics modeling and simulation that
provides a computational platform to implement systems thinking is an ideal
methodological approach. It would help evaluate building sustainability by
accounting for the interconnections and time-induced changes that occur during
the building lifespan. Hence, it forms the core methodology of this research.



PRACTICAL APPLICATION OF THE
SYSTEM DYNAMICS BASED
SUSTAINABILITY EVALUATION

AND BENCHMARKING
FRAMEWORK
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The SAB framework proposed for the building sector through this research could be
applied across a wide range of projects of different kinds. However, given the massive
scale and need to direct serious efforts into enhancing the sustainability of the affordable
housing segment, it was an ideal case of an application for sustainability benchmarking.
Therefore, 40 PMAY -urban projects (based on the availability of detailed project reports
on the environmental clearance website were chosen to create the building database to
develop the benchmarking scale. These projects have a per unit area varying between 30-
120 square meters, mainly catering to the LIG and MIG category. About 50 % of these
projects chosen are from the western state of Maharashtra, owing to the highest number
of houses sanctioned under the proposed scheme and data availability in a public
database. However, PMAY projects from geographically diverse locations are chosen
from across the country to account for the influence of location on sustainability
performance. The SAB framework takes inputs of location, built-up area, project phase
duration, materials, electricity grid emission factors for each state, and the garden or
green area proposed. It computes the sustainability of each of these projects based on the
parameters and variables defined for the various sub-models depending on the type of the
project. The details of location, built-up area, green cover, the number of people
(households, occupants, and workers), and the five primary materials (cement, fine
aggregate, coarse aggregate, steel, bricks) of each building are considered as inputs to the



framework. Therefore, the sub-model variables and parameters specified before were
plugged into the system dynamics interface using the data available on PMAY projects.
Additionally, the input data for these 40 PMAY is simulated throughout all life cycle
phases. This covers the production of phase of the material (2 years), which is part of the
typical construction phase (4 years), the building use period (50 years), and the end-of-life
phase (1 year). Several simulation runs are initiated for the base case of the projects while
keeping in mind the stochastic character of the system dynamics models due to the nature
of various governing variables such as water consumption, costs, transport distances, and
energy consumption. Following the base case analysis, testing and validation are
conducted to compare the results with information on past research of a similar nature.
Once the models are built with the help of these parameters and variables and
incorporated with several interventions for sustainability, the buildings are subject to a
series (2500) of policy scenarios for sustainability improvement



BENCHMARKING SCALE DEVELOPED
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The benchmarking scale developed for different weighting criteria.



APPLICATION ON A PROJECT FOR DECISION MAKING

A PMAY project from Maharashtra was chosen for which the data on actual
sustainability parameters were obtained to be compared with the simulation results
generated from the SAB framework. Further, the different clusters in the project
were tested in the benchmarking scale, and relevant sustainability improvement
strategies were recommended. The project on which the framework was
implemented is the Sanjaynagar slum rehabilitation project, an in-situ slum
redevelopment project located in Ahmednagar, a Tier-3 district in Maharashtra
state
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From the embodied energy and carbon details, it is clear that the share of the five
primary materials (cement, sand, steel, bricks/blocks, and aggregate) in this project
is about 92% and 88%, respectively. Hence, the SAB framework, designed based
on these five materials, is directly applied to this project by focusing on these five
primary materials alone. Therefore, for initial validation, the initial embodied
energy and carbon per unit area obtained from the data from the site were
compared with the results from the simulation interface. The values were found to
be reasonably close,

11
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The results show that cluster 6, completed using a
vernacular plank and joist construction technology, has a
superior sustainability performance compared to the
other clusters that propose confined masonry.

This is synonymous with the embodied energy and
embodied carbon data available from the site. However,
this cluster is observed to have a higher REE than others
because of the need for replacement and repainting of the
joists and planks or stone in about 15-20 years. The other
clusters need only minimal maintenance.

The initial plan was to build all the buildings using
similar region-specific vernacular technologies.

As the construction of cluster 6 progressed, it was clear
that the skill sets required to execute a project using such
technologies were not sufficiently available.

Although the test results in the original plan indicated
that the vernacular technology in its current form is
superior in terms of sustainability across these indicators.
However, considering the practical difficulties and the
repair and maintenance efforts involved, the project's
decision-makers plan to adopt confined masonry for the
remaining clusters.

However, the benchmarking framework proposed serves
as a guide to introduce a few additional strategies to
improve the performance of the remaining clusters.

12



The revised plan shows the updated
benchmarking scheme of the clusters (except
cluster 6, which is already constructed)
incorporated  with a few  minimal
improvement measures suggested.

Hence, if the new clusters are constructed
with 100% pozzolanic or blended cement
within the permissible limits, along with 20%
rainwater harvesting and 30% renewable
energy facilitation for common area lighting
and water heating purposes, these projects
could exhibit better performance on the
benchmarking scales.

These measures involve only minimal
additional funding but are very easily
implementable.

It would further justify the replacement of
sustainable vernacular technology with
modern technology in these clusters yet to be
constructed.

This  shows that sustainability-based
decision-making could be improved with the
help of such a benchmarking scheme, and
therefore, decisions could be improved in the
early planning stages of projects itself.
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DETAILED

METHODOLOGICAL
APPROACH
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1SO 21929-1:2011(E)
Sustainability in building construction — Sustainability indicators — Part 1:
Framework for the development of indicators and a core set of indicators
for buildings

SOCIAL

ENVIRONMENT e Accessibility (index)
Carbon Footprint (kgCO2e) [® Jobs Generated (Number)
Water Footprint (KL) Human Health (DALY)
Ecological Footprint (gha)
Life Cycle Energy (GJ)
Ecosystem quality
(species.yr)

ECONOMY
Life Cycle Costs (INR)
Social Cost of Carbon (USD)
Resources Depletion (USD)

The first step in developing the framework is to select quantitative, standardized,
and widely used indicators that affect building sustainability. They were chosen in
a way that shows clear interdependencies and allows for an acceptable quantitative
representation of the sustainability performance of buildings. As a result, the
indicators were chosen based on their association with buildings and their ability
to capture dynamic effects on the sustainability of a project at the early stages of
project design .

16
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The second step in the methodology is to create a Causal Loop Diagram (CLD) to
comprehend the various components of a building's sustainability system and how they
interact and behave as a whole. CLD depicts the qualitative connections between
different system components. The CLD illustrates the interconnections among the
building components (materials, people, and equipment) and the sustainability indicators
(grey lines), as well as the linkages between the three sustainability pillars (dark blue
lines). A building project uses materials, energy, and water and involves transportation,
and waste generation, all of which have an impact on various sustainability indicators in
varying degrees. Building construction typically has increased economic, social, and
environmental repercussions; therefore, it is known that the building elements influence
almost all the indicators through a reinforcing link. The ecological footprint is directly
influenced by the carbon and water footprint. Water footprint and carbon footprint are
indirectly related. For instance, energy use during wastewater treatment impacts carbon
footprint. Additionally, as water use increases, so does energy use (more energy is
required to pump or provide water), and as energy use increases, so does the water
footprint (due to increased usage of cooling water in thermal energy production).
Additionally, since energy use implies emissions from energy production, LCE affects
the carbon footprint. Hence, these above linkages show how the water footprint, CFP, and
LCE interact. Similarly, carbon emissions directly impact the social cost of carbon).

17



contrast, energy consumption, material use, and water use influence the LCC.
Additionally, accessibility to essential facilities influences job-generating potential,
transport emissions, and carbon footprint. Accessibility has a direct impact on the
environment in terms of carbon emissions and has an impact on jobs, which indirectly has
an impact on economic growth.

17



DATA COLLECTION
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Developing the system dynamics interface is the next important step in developing
the dynamic sustainability assessment framework. For framework development,
the AnyLogic (Version 8.5.2) software, which is a multi-method simulation
platform built in Java to facilitate the system dynamics modeling, is used. The first
step in the system dynamics interface development is data collection. Data on
basic building characteristics and details on a building's sustainability are acquired
from a wide range of sources. The building's location, construction materials,
number of households, residents, and workers, as well as how long it took to
acquire the resources and to construct and maintain it, are all part of the data
collected. These data serve as input parameters to the system dynamics
framework. The other category of standard sustainability-related data includes
waste generation per unit area, average transportation needed for material
procurement and equipment movement, average energy consumption per unit area,
and the amount of water used for various uses. This data is primarily used in the
development of the framework. Additionally, depending on the type of building,
general information about energy use, emissions, and transportation is gathered
from government reports by pollution control boards, ministries responsible for
environmental and social management, information published by international

18



organizations such as the International Finance Corporation (IFC), European Union
(EV), and United Nations (UN), as well as from publicly available codes and
standards. Additionally, actual site data could be added whenever it is accessible.
Due to the fact that these data are utilized to model the interactions between the
sustainability variables in the framework, the framework could be applied to a wide
range of building projects.

18



METHODOLOGY STEPS: Modeling and Simulation

SYSTEM DYNAMICS INTERFACE COMPONENTS

WATER SUB-MODEL
TRANSPORT AND
EQUIPMENT ENERGY SUB-MODEL

BUILDING MATERIAL
SUB-MODEL WASTE SUB-MODEL

RAW MATERIAL OPERATION AND
MANUFATURING CONSTRUCHON MAINTENANCE

WFP SUB- CE SUB- CCSUB™
MODEL MODEL MODEL

END OF LIFE

The next step in interface development is to develop stock-flow diagrams (SFD)
using the data collected. Sub-systems and sub-models are different components of
the system dynamics interface that interact with each other. Sub-models are SFDs
that operate independently and collaborate with other sub-models as a component
of a larger framework

19



BUILDING SUB_SYSTEM

WATER SUBMODEL

WATER
SUB_MODEL

pen | 1 ENERGY
SUB_MODEL SUB_MODEL

The building sub-system considers the information gathered on building parameters,
including materials, project built-up area, equipment, and the number of workers,
occupants, and households. This data is then used as input for the various sub-models.
The building sub-system takes into account the direct effects of building construction on
material, water, energy, transportation, and waste generation, which serve as the basic
sub-models. These sub-models communicate with one another based on the linkages
established earlier by the CLD and are characterized by stocks, flows, and dynamic
variables

Building Material Sub-model

The material sub-model processes the influence of construction materials used in a
building on sustainability performance. Therefore, the pressures on the environment
resulting from material manufacturing are computed in the material sub-model to
determine the flow rate of different sustainability indicators.

Water Sub-model

The water sub-model quantifies the water consumption across the different phases of the
project's life cycle to understand the impact on water resources due to a building project.
For this purpose, the water used during the raw material manufacturing phase is
accounted for during the material procurement period. Similarly, all the water
consumption during the construction phase, which mainly includes water for curing,

20



material mixing, and labor uses, is also quantified. Further, the water consumption during
the project use period is accounted for using databases of water consumption for different
types of building projects.

Energy Sub-model

This sub-model is dedicated to calculating the energy requirements at each phase, thereby
enabling better energy evaluation of the building. It facilitates quantifying the energy use
during the material and construction phase as the IEE. Further, the operation energy is
also accounted for in this sub-model. However, here it incorporates the time-induced
variation in electricity consumption as per the projected scenarios published for the
country and available databases. The REE and DE are commonly considered as a
percentage of the IEE and LCE, respectively.

Transport and Equipment Sub-model

This sub-model estimates the influence on sustainability due to the transportation and
equipment during different phases of the building project. It accounts for the
transportation of raw materials from factories to the construction site. Additionally,
transportation within the construction site is computed. The sub-model accounts for the
fuel and electricity consumed by various loading, lifting, and concrete equipment used
during the building construction phase.

Waste Sub-model

Waste reduction is an essential aspect of sustainability, and hence the framework
incorporates the quantification of wastes generated throughout the project's lifecycle.
Therefore, the construction-related wastes are accounted for, followed by the general solid
waste generated during building operation, and then the demolition waste is computed,
thereby accounting for the life-cycle perspective. These wastes are computed on a per unit
area basis based on some factors. Sewage generated is also accounted for as a factor of
water consumption as per standards. The computing of wastes helps in transforming the
same in the form of ecological footprint that represents the pressure on land resources due
to waste generation.

20



SUSTAINABILITY INDICATORS SUB_SYSTEM
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The sustainability indicator sub-system considers the impacts of the building sub-system
on the environment, society, and economy in the form of various indicators such as
various footprints, LCE, the social cost of carbon (SCC), LCC, and jobs computed in
their respective sub-models. Hence, the details of the sustainability indicator sub-models
are elaborated.

CFP Sub-model

A step function is used in cumulating the rate functions according to the different life
cycle phases. It takes inputs from the material, transport, and energy sub-models and
computes the total carbon footprint.

WFP Sub-model

This sub-model accounts for the water footprint by quantifying the total water
consumption across different building project stages. Hence, the water sub-model feeds
directly into this indicator sub-model.

EFP Sub-model

EFP refers to the environmental pressures from the building construction in terms of
impact on land resources due to emissions, waste generation, water use, and land use.
EFP is computed by taking inputs from the WFP, CFP, and waste sub-models. The
ecological footprint is calculated separately for each phase of the project as well as for
each component, i.e., Ecological footprint of carbon emissions (EFCO2), Ecological
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footprint of water (EFwater), Ecological footprint of waste (EFwaste), Ecological
footprint of built-land (EFbuilt-land).

LCE Sub-model

This sub-model by taking inputs from the energy sub-model to compute the LCE.

LCC Sub-model

LCC accounts for all the costs incurred in building construction, which is very important
from the economic standpoint of decision-making. It takes inputs from the building sub-
system on the quantum of material, water, energy, and workers employed.

SCC Sub-model

In the framework, the inclusion of the social cost of carbon is an attempt to provide new
metrics in economic terms to evaluate sustainability. The SCC sub-model, which
expresses environmental challenges related to climate change that result in floods,
famines, droughts, cyclones, and biodiversity loss in monetary terms, sheds light on the
predicted economic harm.

Jobs Sub-model

The job-generating potential of construction projects is chosen as a social indicator since
construction projects are a significant source of employment. The social indicator of jobs
is computed from national reports on employment created per unit area of building
construction.

21



GIS SUB_SYSTEM

% SCHOOLS
GIS INTERFACE
Q il + HOSPITALS *s Dein resiol
o e ACCESSIBILITY
- ‘9 . BUSSTOPS 1. ber o INDEX
’ [ L )
1 gl zg PARKS
LOCATION T g e ’
7. SUERMARKETS

A distance threshold is defined and the number of potential facilities in that threshold is
defined as accessibility.

A=50i

Oi-opportunity that can be reached within that threshold-t

Accessibility is considered as a tool to measure spatial equity. Accessibility to
health and social services serve as an important social sustainability indicator. The
significant advantage of using it as a sustainability indicator is that it enables
consideration of location and equitable access to social facilities. Analyzing
accessibility is essential to realize broader sustainability goals, such as reducing
emissions by reducing long-distance commuting and promoting low-carbon
transport. The cumulative measures method is one of the popular and simplest
measures of accessibility. It takes into account both distance and the purpose of the
trip. GIS can compute the distances and the number of facilities available in the
vicinity of the project under consideration. A distance threshold is defined, and the
number of potential facilities in that threshold is defined as accessibility. The
Anylogic software has a GIS add-on library that facilitates simulation in a GIS
environment. The project's location is input into the framework, which is then
identified in the GIS map in the Anylogic interface. The adjoining facilities are
generated on the map by coding the proper functions. Then using a Java functions,
it is possible to compute the distances and count the facilities within the denoted
thresholds to compute the accessibility index, which serves as a social
sustainability indicator.
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LCA is a critical component of LCSA. However, performing a detailed LCA for
buildings and doing various scenario analyses is tedious. to reduce the time,
money, and complexity involved in completing LCA on buildings, this research
illustrates the potential of multiple regression and ANN tools in developing
surrogate models. These models would then assist in facilitating project planning
and decision-making. The ReCipe sub-system thus presents a surrogate LCA
model, which accounts for the ReCipe indicators, namely ecosystem quality (EQ),
resources depletion (RES), and human health (HH), which are commonly used in
the LCA impact assessment. The methodological framework for creating such
substitute models to carry out LCA of buildings. A training database of thousands
of buildings is required to develop such a surrogate model. This database includes
the necessary building input parameters and corresponding ReCipe end-point
indicators derived using LCA tools such as Simapro (Version 9.3.0.3). Based on
the Ecoinvent database, the Recipe Endpoint Method is selected as the impact
assessment method to perform LCA (Owsianiak et al. 2014). A suitable machine
learning approach in Python is used to analyze the training database. After model
testing and validation, it acts as a substitute/surrogate tool to provide the ReCipe
indicator values for different input parameters. A Python Communicator
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(pyCommunicator) developed by Peyman et al. (2021) is used to link the surrogate
model developed in python to the AnyLogic software. For any building scenario
examined in the AnyLogic interface, the building material sub-model, which
accepts user-inputted material quantities, feeds into the surrogate LCA model via
this communicator and produces the values of the associated ReCipe endpoint
indicators.
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It was observed that such a simulation-based approach is capable of numerous
scenario simulations yielding different sets of results for each indicator. However,
making the best choice among all the criteria is challenging due to many aspects
being evaluated. Hence, it was understood that system dynamics could be
strengthened further to provide better policy analysis and decision-making if
integrated with a suitable decision support system. Thus the framework developed
progressed to incorporate MCDM to enable a decision support system for dynamic
sustainability-based decision-making of building projects
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Even though system dynamics evaluates complex systems and simulates a wide
range of scenarios, the multifaceted nature of sustainability needs an efficient
decision-making mechanism that could be enhanced using MCDM techniques. Out
of several MCDM methods available, TOPSIS was chosen for this study due to its
wide application, proven efficiency, and inherent capability to handle good and
bad criteria effectively. In TOPSIS, normalization is the initial step that helps
compare several indicators with varying measurement units into similar unit
metrics. A crucial step in MCDM is assigning suitable weights for the chosen
sustainability attributes. Further, suitable weights could be assigned to these
indicators based on user preferences. The product of the normalized values and the
weights assigned is computed. In the following phase, the most ideal and least
ideal solutions are selected from the attribute values for each scenario considered.
Determining whether a greater value for an indicator or a lower value is preferable
is crucial for this. The next crucial step is to calculate the Euclidean distance
between each attribute value and its related PIS and NIS (de Farias Aires and
Ferreira 2019). The closeness coefficient (CC) value for each scenario is then
calculated by dividing the Euclidean distance from the NIS by the sum of the
distances from PIS and NIS for each scenario.

25



POWER OF SIMULATION |

SIMULATED DATA
RESULTS
TOPSIS ANALYSIS

BUILDING
SUSTAINABILITY
VALUES

EQUAL WEIGHT SCALE
0.391 0.548

0.000 0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900 1.000

A
e, .
e
e W
- . L4 LV
L] * ",
>

On further investigation, it was realized that TOPSIS, which is used as a means for
the decision-making of projects, could also be used to build a sustainability
benchmarking strategy. This CC value obtained from the TOPSIS analysis of
several building alternatives could be transformed as the Building Sustainability
Value (BSV) for each evaluated alternative/scenario. This BSV dataset of CC
values could then be used to develop a benchmarking scale. Therefore, following
the integration of TOPSIS, a large dataset of buildings of a specific type and
functionality is generated. This dataset is fed into the already developed system
dynamics interface and simulated to obtain their base case sustainability
performance results. The framework is then incorporated with the maximum
possible representative set of scenario interventions, which would ideally improve
some of the sustainability performance indicators. The buildings in the dataset are
thus simulated with these interventions to generate a large set of results across
several scenarios. Further, this large dataset of scenario results is fed into the
TOPSIS interface in the framework. The resulting BSV dataset obtained from the
TOPSIS analysis is then subject to a K-means clustering algorithm which is an
unsupervised machine learning algorithm to develop the benchmarking scale. The
goal of clustering in this study is to produce a scale that distinguishes between
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High (H), Medium (M), and Low (L) sustainability levels using the BSV dataset
produced from the TOPSIS analysis of a sizable dataset of buildings and
improvement scenarios. This BSV dataset is divided into three distinct clusters by
K-means, and the boundary values for each cluster are then determined. This is
done by inputting the CC values obtained through simulation and TOPSIS analysis
into a python program that performs the clustering and generates distinct values,
which divide the whole dataset into three parts.
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