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Efficiency-Based Housing Allocation: Leveraging DEA with CCR
Model for Enhanced Decision-Making in Real Estate

Ishika Gupta, Himanshi
ABSTRACT

This study introduces an innovative approach to optimizing house searches using
Data Envelopment Analysis (DEA) with the Charnes, Kooper, and Rhodes (CCR)
model. Utilizing live housing data from a diverse selection of properties, the research
clusters houses based on price ranges and constructs efficiency frontier graphs to
identify optimal housing allocations within each cluster. By quantifying the
efficiency of houses, the DEA methodology provides a robust framework for
nuanced comparisons and enhances decision-making in the real estate market.

The project investigates operational efficiency through the implementation of DEA, a
powerful tool for comparing the efficiency of multiple units under varying
conditions. DEA uses an efficiency frontier to signify peak performance achievable
with specific inputs and outputs, offering insights into inefficiencies and
opportunities for process optimization. Our methodology requires a comprehensive
matrix of inputs, outputs, and relevant components for sampled decision-making
units (DMUs), configured with specific metrics and orientation to provide relative
efficiency scores and operational benchmarks.

Central to our analysis is the CCR model, which evaluates the efficiency of DMUs
under the assumption of constant returns to scale, facilitating uniform comparisons
and highlighting avenues for improvement. This approach aims to empower
organizations by minimizing costs and maximizing benefits in various scenarios,
such as goods transportation, service management, and process optimization. By
considering a wide range of variables and potential conflicting goals, our study
strives to enhance overall efficiency and inform decision-making, optimizing
resource use and achieving high relative efficiency across diverse real-world
contexts.

Keywords: Data Envelopment Analysis (DEA), Charnes Cooper and Rhodes
(CCR), Efficiency Frontier Graph



TABLE OF CONTENTS
Title

Acknowledgement

Candidate’s Declaration

Certificate by the Supervisor(s)

Abstract

1 INTRODUCTION
1.1 Origin of Data Envelopment Analysis
1.2 Motivation
1.3 Dissertation Structure

2 LITERATURE REVIEW

3 PRELIMINARIES
3.1 Data Envelopment Analysis (DEA)
3.2 CCR MODEL

4 PROPOSED PAPER

4.1 Exploratory Data Analysis (EDA) with Python

4.2 Clustering Housing Data by Market Price for
Budget-Based Segmentation

4.3 DEA-Based Efficiency Analysis for Housing
Clustersin R
4.3.1 CLUSTER -1: (1,00,000 — 1,50,000)

4.3.2 CLUSTER -2: (1,50,000 — 2,00,000)
4.3.3 CLUSTER -3: (2,00,000 — 3,00,000)
4.3.4 CLUSTER -4: (3,00,000 — 6,00,000)
4.3.5 CLUSTER -5: (6,00,000 and 10,00,000)
4.3.6 CLUSTER -6: (10,00,000 and above)

5 CONCLUSION
REFERENCES

APPENDIX

Page No.

10-33
11

18

22
22

24
26
27
29
31

34
35-36

37 -38

Vi



vii

LIST OF FIGURES

Figure 3.1 - Heat Map Depicting Null Values

Figure 3.2 — Scatter Plot - Number of rooms versus Market values
Figure 3.3 — Scatter Plot - Garage spaces versus Market value

Figure 3.4- Line Plot - Sales price versus Market values

Figure 3.5 — Scatter Plot - Market price versus Number of Houses
Figure 3.6 — Scatter Plot - Market price Range versus Number of houses

Figure 1.1 - Overview of Dataset



viii

LIST OF SYMBOLS AND ABBREVIATIONS

DEA = Data Envelopment Analysis
CCR = Charnes Cooper Rhodes
DMU = Decision Making Units
EDA = Exploratory Data Analysis
Xij= DMU Outputs

yij= DMU Inputs

Ur, Vi = variable weights

m = number of inputs

n = number of outputs

(i,)) = DMU arc



Chapter 1 : INTRODUCTION

Our project embarks on the investigation of operational efficiency and focuses on the
implementation of Data Envelopment Analysis (DEA), a powerful methodology
tailored for comparing the efficiency of multiple DMUs operating under various
conditions. At its core, DEA presents conceptual units operating on the basis of an
efficiency frontier, a dynamic scale that signifies the peak performance achievable
with specific inputs and outputs. By examining units in relation to this boundary,
DEA becomes a challenging tool that can identify inefficiencies and provide
invaluable insights for improving processes and optimizing resource allocation.

1.1 Origin of Data Envelopment Analysis

Data Envelopment Analysis (DEA) is a mathematical technique used to evaluate the
relative efficiency of Decision-Making Units (DMUSs) in various contexts, such as
universities, banks, automobile manufacturers, educational institutions, hospitals,
municipal corporations, and many more. It was initially introduced by Charnes,
Cooper, and Rhodes in 1978, DEA has its roots in earlier work by Farrell and
Fieldhouse in 1962. However, the linear programming model developed by Charnes,
Cooper, and Rhodes (CCR) proved to be more flexible and effective compared to
Farrell's method. The CCR model could be computed using standard linear
programming software, offering computational efficiency[18]. This model created a
vital link between a productivity index and efficiency measure, marking a significant
advancement[18]. Notably, earlier contributions by agricultural economists in
programming approaches for piecewise linear frontier production functions have
largely been developed to model the efficient frontier in production. These methods
focus on defining segments of linear functions that together form the frontier,
representing the maximum possible output for a given set of inputs. overlooked until
the CCR paper brought renewed attention and development to this area. Following
this publication, more economists began utilizing this programming method,
particularly for empirical studies, culminating in a comprehensive survey by Simar
and Wilson in 2000.

The accuracy of DEA is influenced by the number of inputs, number of outputs and
dimensions of the production set. To maintain a consistent level of estimation error,
the sample size must increase exponentially with dimensionality. Due to this
complexity, the only feasible approach to making inferences with DEA estimators
involves using computationally intensive bootstrap methods, which require
modifications with smoothing procedures to yield accurate results[18].



Conducting a DEA analysis requires a matrix containing inputs, outputs, and other
pertinent data from the sample DMUSs, after constructing the DEA model with
specific metrics and orientation, this matrix is employed to solve the model[18]. The
analysis results include relative efficiency scores and operational benchmarks for
each DMU. Each DMU is assigned an efficiency score, denoted as 'e’, and
benchmarks or target values are computed to transform inefficient DMUs (e < 1) into
efficient ones[18]. DEA aids in identifying potential enhancements for improving
operational performance and differentiates between efficient and inefficient entities,
the method involves establishing the efficiency frontier for the set of DMUs based on
the observed data matrix and the DEA model[18]. This efficiency frontier defines the
production possibility set, with DMUs on this frontier forming the reference set,
DEA projects each DMU onto the efficiency frontier and identifies the maximum
potential improvements for their inputs and/or outputs[18].

1.2 Motivation

The impetus for this project arises from the growing complexity and competitiveness
across various sectors, which necessitates enhanced efficiency in resource allocation
and performance optimization. Traditional efficiency assessment methods often fail
to adequately capture the multifaceted nature of operations in diverse entities. Data
Envelopment Analysis (DEA) provides a sophisticated and comprehensive method
for estimating the efficiency of decision-making units (DMUs), considering multiple
inputs and outputs without presuming a predefined functional relationship.

The primary objective of this project is to equip organizations and individuals with
data-driven insights that enable informed decision-making and promote a culture of
continuous improvement. The aim is to achieve optimal efficiency, balance costs and
benefits, and maximize the utilization of available resources, thereby contributing to
more effective and sustainable operations across various industries.

1.3 Dissertation Structure

To delve into the DEA analysis, our methodology requires a matrix including inputs,
outputs and other components relevant to the sampled decision making units
(DMUs), a DEA model, complexly configured with specific metrics and orientation,
using relative efficiency scores and operational benchmarks. tailored to each DMU
and offering a nuanced understanding of their performance.

Central to our endeavor is the Constant Returns to Scale (CCR) model within DEA,
which primarily aims to evaluate the efficiency of DMUs, including entities such as
firms, organizations, or any entity involved in the transformation of inputs into
outputs. The CCR model, which operates under the assumption of a constant scale of
operations, assumes that a doubling of inputs would lead to an equivalent doubling of
outputs while maintaining a standardized scale. This basic assumption provides a
uniform basis for evaluating effectiveness across entities, facilitating meaningful



comparisons and illuminating avenues for operational improvement. Rooted in these
methodologies, our project seeks to empower organizations in their quest to increase
operational efficiency and make informed decisions regarding the use of resources.

The primary goal is to minimize costs and maximize benefits in a variety of real-
world scenarios where resources must be allocated efficiently. Whether it is
transporting goods, managing services or optimizing processes, the goal remains
consistent — to strike a balance between minimizing costs and meeting specific
requirements while ensuring maximum use of available capacities.

When solving a complex problem, traditional approaches can only consider the direct
costs or benefits associated with specific tasks or operations. However, in a wider
range of real-world scenarios, a multitude of variables can come into play for any
decision-making process. In addition, decision makers may face conflicting goals
where optimizing one aspect may compromise another. The ultimate goal is to
increase overall efficiency, make informed decisions that take into account multiple
objectives and variables, thereby optimizing the use of resources and achieving the
highest possible relative efficiency in a variety of real-world contexts.



Chapter 2 : LITERATURE REVIEW

Year

Literature Review

An Analysis of
Production as an
Efficient
Combination of
Activities" Tjalling
C. Koopmans.

According to Koopmans, an input-output vector is deemed
efficiency is achieved when it is impossible to increase any
output or decrease any input without simultaneously
increasing other inputs or reducing other outputs.
Koopmans described a feasible input-output vector as
efficient based on this criterion. He demonstrated that a
vector is considered efficient if only if it has a positive
normal relative to the set of production possibilities[1].

(Debreu, 1951)

Koopmans provided a definition and description of
efficiency, while Debreu's "coefficient of resource
utilization" offered a way to measure it. Debreu quantified
inefficiency by calculating a coefficient, that is derived by
subtraction from one the maximum proportional reduction
in all inputs needed to sustain the current level of
output[2].

Farrell, 1957

Farrell acknowledged the influence of Koopmans and
Debreu in his work. He laid the groundwork for new
approaches to micro-level productivity and efficiency
studies, offering fresh insights into the significance of
productivity, efficiency, the calculation of standard
technology and efficiency measurements[18]. Michael
James Farrell's study, "The Measurement of Productive
Efficiency,” was a major inspiration for the CCR model
and the preceding working papers.

C. Dennis Aigner

Clairice D. Chu,
1968

C.Dennis Aigner and Clairice D. Chu's 1968 paper, "On
Estimating the Industry Production Function,” introduced a
novel method for determining the production of industries.
They proposed a deterministic and parametric framework
using econometric techniques to estimate a production
function, diverging from the previously sole average
function method[18]. While recognizing Farrell's non-
parametric approach, they chose the more traditional
parametric method preferred by economists. They
contended that Farrell's method was inadequate as it failed
to accommodate various forms of production, including
those adhering to the Law of Variable Proportions[18].




Fare, R., This book presents a thorough examination of the
Grosskopf, S., & | measurement of production efficiency. It discusses various
Lovell, C. A. K. | efficiency measurement models, including parametric and

(1985) non-parametric approaches, with a focus on DEA. The
authors provide theoretical insights, mathematical
formulations, and practical applications, making it an
essential reference for understanding and implementing
efficiency analysis in production.

Hsu, S. H., & This paper explores the application of DEA in

Hwang, H. (2013)

environments with fuzzy production data, addressing non-
efficiency scenarios. It introduces models that incorporate
fuzzy logic to handle imprecise inputs and outputs,
enhancing the robustness of efficiency measurements. The
study includes case studies demonstrating the practical
utility of these models in real-world production settings.

Kao, C., & Liu, S. | This study applies DEA to assess the efficiency of
T. (2000) university libraries in Taiwan, dealing with missing data
challenges. The authors propose methods to handle
incomplete data without compromising the integrity of
efficiency scores. Their approach ensures accurate and
reliable performance evaluations, providing valuable
insights into resource utilization and operational efficiency
in educational institutions.
Cooper, W. This detailed text provides an extensive overview of DEA,
William, Seiford, L. | including models, applications, and software tools. It
M., & Tone, K. covers the evolution of DEA methodologies, theoretical
(2007) underpinnings, and practical applications in multiple

sectors. The book includes case studies, illustrative
examples, and a DEA-solver software, serving as a
valuable resource for advanced research and practical
implementation.

Zhu, J. (2003)

This book offers a detailed introduction to performance
evaluation and benchmarking using DEA, accompanied by
spreadsheet-based tools. It covers theoretical foundations,
model formulations, and practical examples across various
industries. The integration of DEA with spreadsheets
facilitates accessible and efficient performance analysis,
making it a practical guide for both researchers and
practitioners.




Cook, W.D., &
Seiford, L. M.
(2009)

This article reviews the advancements in DEA over thirty
years, highlighting significant theoretical and
methodological developments. It discusses the evolution of
DEA models, their applications, and emerging trends in
efficiency analysis. The paper provides a comprehensive
summary of DEA's impact on operations research and
management science, offering insights into future research
directions.

Hollingsworth, B.
(1999)

This paper discusses the application of DEA in evaluating
public sector performance. It reviews methodologies,
challenges, and case studies, illustrating how DEA can
improve resource allocation and service delivery in public
organizations. The study emphasizes the importance of
efficiency measurement in public sector reform and policy-
making, providing practical insights and recommendations.

Seiford, L. M., &
Thrall, R. M.
(1990)

This paper examines recent advancements in Data
Envelopment Analysis (DEA), particularly in
mathematical programming approaches to frontier
analysis. It covers the latest developments in DEA models,
methods for measuring efficiency, and their applications
across different fields. The review emphasizes
methodological innovations and the practical significance
of DEA, offering a thorough overview of the current state-
of-the-art in efficiency analysis.




Chapter 3 : PRELIMINARIES

3.1 Data Envelopment Analysis (DEA)

Data envelopment analysis (DEA) is a quantitative analysis technique which
evaluates the efficiency of decision making units (DMUSs) in transforming inputs into
outputs [16]. Unlike traditional parametric methods, DEA do not require a
predetermined functional relationships between the inputs and outputs, which makes
it easy to analyze complex systems and evaluate performance without making
specific assumptions about the production process[16].

The DEA was born in the late 1970s based on the research of Abraham Charnes,
William W. Cooper, and Edward Rhodes. Their goal was to develop a method to
measure the relative performance of organizations in situations where traditional
approaches may not be applicable.

This method allows you to compare multiple units operating under different
conditions by establishing a performance boundary that represents the efficient
performance for the given inputs and outputs. By evaluating units in relation to this
boundary, DEA identifies inefficient units and provides a framework for improving
processes and resource allocation.

It is used in fields such as economics, operations research and management science.
DEA is valuable precisely because it doesn't demand preconceived notions about the
functional form of the production process. This attribute renders it particularly useful
in scenarios where traditional econometric methods face limitations.

The primary aim of DEA is to gauge the relative efficiency of various Decision-
Making Units (DMUs) in transforming multiple inputs into multiple outputs. These
can be companies, organizations, departments or any entity that converts inputs into
outputs. By comparing these units, DEA helps determine which units have the
highest level of output relative to their input and serves as a benchmark for
improving the performance of inefficient units.

To conduct a DEA analysis, one needs a matrix containing input, output, and
complementary components of the DMU sample. Once the DEA model is constructed
using specific criteria and orientation, matrices are utilized to solve the model, yielding
relative efficiency scores and operational metrics for each DMU. Each DMU receives
an efficiency score 'e', and target values, or benchmarks, are computed to transform
inefficient DMUs (e<1) into efficient ones[18].

3.2 CCR Model

The CCR model in DEA stands for Charness, Cooper and Rhodes model, named
after the three researchers who introduced it. DEA is a non-parametric mathematical
method employed to assess the relative efficiencies of decision-making units across
diverse domains like economics, operations research, and management.



The CCR model is one of the foundational models in DEA and was initially given by
Charnes, Koper and Rhodes in 1978. The abbreviation CCR represents the initials of
the researcher’s last name.

The primary goal of the CCR model is to assess the efficiency of DMUs, which can
be firms, organizations or any entity that transforms inputs into outputs. A DEA
model requires inputs and output data for each DMU under consideration. Inputs
represent the resources or the material used for production whereas outputs denote
the products generated by the DMU[17].

The CCR model assumes that the volume of operations remains constant. This means
that if a DMU doubles its inputs, it will also double its outputs while maintaining a

Max hy YZ?L
Subiject
Xi=1
=1 _
Zi: vix; 1 i=1, ...,
Uy Ui 2 0 r = 1, l = 1, .

constant scale ratio. The CCR model provides an efficiency score for each DMU. An
efficiency score of 1 indicates that the DMU is operating at maximum efficiency,
making the best use of its inputs to produce output. A score below 1 indicates
inefficiency and a score closer to 0, the DMU is considered less efficient.

When assessing the efficiency of a Decision-Making Unit (DMU), the outputs xij and
inputs yyj of the DMU are utilized, and optimization process is used to determine the
variable weights ur and vi[18]. The reference set encompasses data on all production
units, and their efficiency is evaluated relative to others. Efficiency ratings are
incorporated in the optimization function and constraint, with the chosen production
unit identified by the subscript '0" in the function while retaining its original
subscripts in the constraint[18]. The optimization process aims to maximize the
performance of the selected DMU by alloting it the most favorable weights permitted

Max hg = X=1WYro

Subject to:

m

2 vixipp=1

i=1

s m .
Zrzl Wy — Zi:l ViXj <0 =1,2,... n




by the constraints[18].

In summary , the CCR Model in DEA provides a systematic approach to assess and
compare the efficiency of decision making units, offering valuable insights for

managerial decision making and resource allocation.
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Chapter 4 : PROPOSED PAPER

We have a real time data of houses with various attributes. The dataset comprises
96,267 entries with various property-related attributes. The first column,
"House_code", contains the code allotted to each house and the last column,
"category_code_description," contains categorical information about the properties,
presumably describing their types or classifications. The dataset includes numerical
features such as "'exterior_condition," "'frontage," "'garage_spaces,"
"house_extension,™ "interior_condition," ""market_value,"

"number_of bathrooms,” "number_of bedrooms," ""number_of rooms,"
"number_stories," "'sale_price," ""taxable_building,” *'taxable_land,"
"total_area,” ""total_liveable_area,” and "'year_built.”

These features provide comprehensive details about each property, encompassing ph
ysical characteristics like exterior and interior conditions, frontage, garage spaces, ho
use extension, and the number of rooms and stories. Additionally, the dataset include
s financial aspects such as market value, sale price, taxable building and land values.
The "total_area™ and "total_liveable_area" features offer insights into the overall and
liveable spaces of the properties. Notably, the "year_built" column indicates the cons
truction year of each property.

The objective is to assist buyers in maximizing features within a fixed budget. By pri
oritizing criteria such as total liveable area, the number of rooms, bathrooms, frontag
e, and other relevant factors, we aim to provide tailored recommendations. Our appro
ach involves aligning the buyer's budget with the properties that offer the most exten
sive set of desired features, ensuring a strategic match between financial constraints a
nd aspirational housing attributes. Through this data-driven strategy, we seek to strea
mline the decision-making process for buyers and enhance their overall satisfaction
with their housing investment.

We start by initiating the data cleansing process, meticulously eliminating null values
, removing outliers and filtering out extraneous information. Subsequently, we proce
ed to partition the dataset into discrete clusters, driven by the market values of houses



4.1 Exploratory Data Analysis (EDA) with Python

Step 1: Understanding the data

In [14]: print(df.head())

category code description exterior conditicn

BN e @ BPwN R @ B e @

2w e e

Vacant Land 0.0
Vacant Land Nal
Vacant Land Nal
Vacant Land Nal
Single Family 1.0

frontage garage spaces \

house_extension interior condition market value

30 9.0 4]
(4 Nan 88800
(4 Nan 83600
4 Nan 91680
4] 1.8 537580

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
3.0 9.0

4] 4] 0.0
4] 88800 0.0
4] 88600 0.0
4] 91000 0.0
%] 134400 0.0

Step 2 : Checking for null values in the data set

In [7]:

out[7]:

df.isnull{).sum()

category code description
exterior_ condition
frontage
garage_spaces

house extension
interior_condition
market walue
number_ot bathrooms
number_ot bedrooms
number_ot_ rooms
number_stories

sale price

taxable building
taxable land
total_area

total liwvable area
yvear_built

dtype: intea

w o oo
D e e @

Graphical visualization of null values for every attribute.

number_of bedrooms number_of rooms number_stories
9.

2}

6.0 0.0
6.0 0.0
0.0 0.0
0.0 0.0
0.0 2.0

number_of bathrooms
a.

w o e @
090 o0

sale price \

N

taxable building taxable land total area total livable area year built

9.0 9.0
9.0 9.0
9.0 9.0
0.0 9.0
2134.9 2019.0

25265

21

26181

11
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False,char=False)

sns.heatmap(df.isnull(),yticklabels

In [12]:

>

<AXes:

Out[12]:
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Null Values

3.1 - Heat Map Depicting

Figure



Step 3 : Treating all the null values

In [16]:

In [17]:

Out[17]:

df = df.dropna()

df.isnull().sum()

category code description
exterior condition

frontage

garage spaces
house extension
interior_condition
market wvalue
number _of bathrooms
number _of bedrooms
number_of rooms
number stories

sale price

taxable building
taxable land

total area

total livable area

year built
dtype: inte4

[sn B v R o R v R v T v TR v T v T v v o o R v L o R o o Y v

Step 4 : Code for removing outliers :

I

=}

In

In

Ny

T

In

In

T

In

[12]:

[2@]:

[21]:

[25]:

[27]:

[21]:

[25]:

[27]:

[292]:

df

df

df

df

df

df

df

df

df

df[df["’

df[df["

df[df["

df[df[

df[df["

df[df["

df[df[

df[df[

df[df[

total area'] = @]

sale price']l=8]

market wvalue']!=8]

"frontage']1=0]

number_ of rooms']1=0]

number_ of bathrooms®']!=8]

"total livable area'] != @]

‘vear built'] != @]

"taxable land'] 1= @]

13



Step 5 : Summarizing the data :

In [49]:

In [64]:

max_sale = df[ 'sale price'].max()
min sale = df['sale price'].min()
print(max _sale)
print(min_sale)

30000000
16600

¢ .info()

<class 'pandas.core.frame.DataFrame’>
Inte4Index: 96267 entries, 34942 to 581323
Data columns (total 17 columns):

#  Column Non-Null Count
@ category code description 96267 non-null
1 exterior_condition 96267 non-null
2 frontage 96267 non-null
3 garage spaces 96267 non-null
4 house extension 96267 non-null
5 interior_condition 96267 non-null
6 market value 96267 non-null
7 number of bathrooms 96267 non-null
& number of bedrooms 96267 non-null
9 number_of rooms 96267 non-null
16 number stories 96267 non-null
11 sale price 96267 non-null
12 taxable building 96267 non-null
13 taxable land 96267 non-null
14 total area 96267 non-null
15 total livable area 96267 non-null
16 year built 96267 non-null

dtypes: floate4(1e), int64(5), object(2)

mamnry neaoa* 12 24 MR

floatea
floated
inted
floatea
inted
floatea
floate4
floated
floatea
inte4
inte4
inted
floate4
floated
object

14
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The graphs visually depict the dataset and illustrate the relationships between various
attributes.

The first scatter plot demonstrates how market value correlates with the number of
rooms available within different categories identified by the
‘Category_Code_Description’.

We observe that single-family households tended to prefer houses with lower market
values and fewer rooms, whereas multi-family households showed a preference for
houses with slightly higher market values and a greater number of rooms.

In [33]:

out[33]:

sns.scatterplot(data = df,x ="market value',y = "number of rooms’,hue = 'category code description®)

<Axes: xlabel="market_value', ylabel="number_of rooms'>
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Figure 3.2 — Scatter Plot - Number of rooms versus Market values



Similarly, this scatter plot depicts the relation between market value and garage
space. As garage space is one of the most important factor to be considered while
buying the house.

In [37]: sns.scatterplot(data = df,x ='market_value',y = 'garage_spaces’,hue='category_code_description’ )

Out[37]: <Axes: xlabel="market_value', ylabel='garage_ spaces'>
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Figure 3.3 — Scatter Plot - Garage spaces versus Market values
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This line plot depicts the interplay between market value and sales price. It highlights
that as market value increases, sales prices become more variable, whereas lower
market values correspond to lower sales prices, indicating a fluctuating trend.

In [36]: sns.lineplot(data = df,x ="market value',y = 'sale price')

Out[36]: <Axes: xlabel='market value', ylabel='sale price'>

1e6

sale_price
w
1

T T T T T T T T
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market_value le6

Figure 3.4- Line Plot - Sales price versus Market values

The following table describes the data through mean standard deviations, minimum
values , maximum values and many more.

In [31]: df.describe()

out[31]:

exterior_condition frontage garage_spaces house_extension interior_condition market_value number_of_bathrooms number_of_bedrooms n

count 96267.000000 96267.000000  96267.000000 96267.000000 96267.000000 9.626700e+04 96267.000000 96267.000000
mean 3.541255 22.906792 0.517031 0.226235 3.523679 2.383480e+05 1.332024 3.177486
std 0.853845 67.481269 0.593936 3.097478 0880763 1.741180e+05 0679122 0.807324
min 0.000000 1.000000 0.000000 0.000000 0.000000 1.000000e+05 1.000000 0.000000
25% 3.000000 15.500000 0.000000 0.000000 3.000000 1.387000e+05 1.000000 3.000000
50% 4.000000 16.330000 0.000000 0.000000 4.000000 1.895000e+05 1.000000 3.000000
75% 4.000000 21.845000 1.000000 0.000000 4.000000 2.636000e+05 2.000000 3.000000

max 7.000000 15917.000000 16.000000 99.000000 7.000000 3.832800e+06 21.000000 44000000
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df.describe()

+ number_of_bathrooms number_of_bedrooms number_of_rooms number_stories sale_price taxable_building taxable_land total_area total_livable_area
b 96267.000000 96267.000000 96267.000000 96267.000000 9.626700e+04 9.626700e+04 9.626700e+04 9.626700e+04 9.626700e+04
1.332024 3.177486 6.352582 1.871M171  2.222050e+05 1.404044e+05 5.296696e+04 2.279874e+03 1.486896e+03

0.679122 0.807324 1.319405 0.853525 2.631117e+05 1.105101e+05 5.166949e+04 6.969233e+03 7.900591e+03

1.000000 0.000000 1.000000 0.000000 8.000000e+04 0.000000e+00 6.900000e+01 1.000000e+00 2.590000e+02

1.000000 3.000000 6.000000 2.000000 1.200000e+05 8.654450e+04 2.399700e+04 9.920000e+02 1.136000e+03

1.000000 3.000000 6.000000 2.000000 1.650000e+05 1.150380e+05 3.651000e+04 1.504000e+03 1.320000e+03

2.000000 3.000000 7000000 2.000000 2.470000e+05 1.654080e+05 6.213000e+04 2.207620e+03 1.600000e+03

21.000000 44.000000 87.000000 40.000000 3.000000e+07 2.682960e+06 1.149840e+068 1.591700e+086 2.445358e+06

4.2 Clustering Housing Data by Market Price for Budget-Based
Segmentation

When searching for a new house, each person decides on a specific budget range for
the house price. To accommaodate this, we are dividing the data into different clusters
based on market price ranges. This allows buyers to focus on houses within their
budget. Within each price range, we can then suggest the best options for houses
based on the efficiency calculated using Data Envelopment Analysis (DEA).

To determine the optimal number of clusters for our dataset based on market price
and the number of houses within each price range, we are plotting a scatter graph
between market price and the number of houses that fall within that price range. This
graph provides valuable insights, such as highlighting that most houses fall under the
price of $1,000,000, as well as other useful visual information.

In [21]: sorted df = df.sort values(by='market value', ascending=True)
import pandas as pd
import matplotlib.pyplot as plt
from sklearn.cluster import KMeans
X = sorted df[['market value']]
market price counts = sorted df['market value'].value counts().sort index()

# Plot the scatter graph

plt.figure(figsize=(10, 6))

plt.scatter(market price counts.index, market price counts.values, c='blue', marker="0")
plt.xlabel('Market Price")

plt.ylabel('Number of Houses')

plt.title('scatter Plot: Market Price vs. Number of Houses')

plt.grid(True)

plt.show()
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Scatter Plot: Market Price vs. Number of Houses
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Figure 3.5 — Scatter Plot - Market price versus Number of Houses

Based on the scatter graph, we have determined that the optimal number of clusters
for our dataset is six. Therefore, we are using K-Means clustering to create six
clusters based on market price. The following code demonstrates this process by first
fitting the K-Means algorithm to the data and then plotting a scatter graph to
visualize the relationship between market price range and the number of houses in
each cluster:

In [24]: optimal clusters = 6
kmeans = KMeans(n_clusters=optimal clusters, random state=42)
sorted df['cluster'] = kmeans.fit predict(X)

# Now we can plot the scatter graph of market value and the number of houses
plt.figure(figsize=(10, 6))

# For the scatter plot, we will count the number of houses in each market price range (cluster)
cluster_counts = sorted df[ 'cluster’].value _counts().sort_index()
market_ranges = sorted_df.groupby('cluster')[ 'market value'].mean()

plt.scatter(market ranges, cluster counts, c='blue', marker='0")

plt.xlabel('Market Price Range (Average per Cluster)')
plt.ylabel('Number of Houses')

plt.title('Scatter Plot: Market Price Range vs. Number of Houses')
plt.grid(True)

plt.show()
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Scatter Plot: Market Price Range vs. Number of Houses
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Figure 3.6 — Scatter Plot - Market price Range versus Number of houses

In this code, we first define the number of optimal clusters as six. We then apply the
K-Means clustering algorithm to the dataset, creating six clusters based on market
price. Each house is assigned a cluster label, which is added to the dataset as a new
column. Following this, we prepare the data for the scatter plot by computing the
count of houses in each cluster and the average market value for each cluster.

Finally, we plot a scatter graph showing the average market price range against the
number of houses in each cluster, providing a visual representation of the distribution
of houses across different market price ranges.

The subsequent step involves segmenting the data into six distinct clusters based on
the market value of houses. This segmentation facilitates the identification of budget-
friendly market value clusters, simplifying the process for potential buyers without
requiring extensive analysis of the entire dataset.

In [1@5]: groupe = (100000,150000 )

groupl = (150000,200000 )
group2 = (200000,300000 )
group3 = (300000, 600000)
groupd = (600000,1000000)
groups = (1000000, 3832300)

# Separate data based on groups
groupe_data = df[(df[ market_value'] »= groupe[e]) & (df[ market_value'] <= groupe[
groupl data = df[(df[ market_value'] »= groupi[e]) & (df[ 'market_value'] <= groupi|
group2_data = df[(df[ 'market_value'] »= group2[e]) & (df[ 'market_value'] <= group2|
group3_data = df[(df[ 'market_value'] >= group3[e]) & (df[ 'market_value'] <= group3[
groupd_data = df[(df[ 'market_value'] >= group4[e]) & (df[ 'market_value'] <= group4[
group5_data = df[(df[ 'market_value'] »= group5[e]) & (df[ market_value'] <= group5[

1D]
1D]
1D]
D]
1]
1D]



In

In

In

In

In

[145]:

[146]:

[147]:

[148]:

[149]:

output file path = 'Desktop\dtu msc seml\ (150000, 200000).x1sx’

# Export the DataFrame to an Excel file
groupl_data.to_excel(output_file path, index=False)

output_file path = 'Desktop\dtu msc seml\ (28000, 300000).x1sx’

# Export the DatafFrame to an Excel file
group2_data.to_excel(output file path, index=False)

output_file path = 'Desktop‘\dtu msc seml\(3@@80, g3).xlsx’

# Export the DataFrame to an Excel file
group3 data.to_excel(output file path, index=False)

output file path = 'Desktop\dtu msc seml\ (150000, g40).xlsx'

# Export the DataFrame to an Excel file
groupd_data.to_excel (output_file_path, index=False)

output_file path = 'Desktop\dtu msc semll\ (156800, g5).xlsx’

# Export the DataFrame to an Excel file
group5_data.to_excel(output file path, index=False)

21
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4.3 DEA-Based Efficiency Analysis for Housing Clusters in R

Each cluster is addressed using the CCR model in R by employing the built-in library
deaR. In this analysis, the decision-making units (DMUSs) are denoted by their
respective "House_code’. The attributes ‘'market_value™ and “sales_price™ are
designated as inputs, while the remaining attributes serve as outputs.

4.3.1 CLUSTER -1:(1,00,000 —1,50,000)
Code -

File Edit Code View Plots Session Build Debug Profile Tools Help

O - Oyl | B Go to file/function ~ Addins ~
04} clusterd.r ‘lﬂ clusterS.r C)J cluster6.r* result_ccr ccr_model OJ cluster3.r ol
| [|SourceonSave | O /- =Run | *% ™ Source ~

1 install.packages("deaR")

2 Tibrary(readx1)

3 data<-read_excel("C:\\Users\\HP\\Downloads\\ (100000, gl).x1sx")

4 require(deaR)

5 ccr_model<-read_data(data, ni=2, dmu=1, inputs = 16:17, outputs = 2:15)

6 View(ccr_model)

7 result_ccr<-model_basic(ccr_model,orientation = "io',rts = 'crs',

8 dmu_eval = 1:29751,dmu_ref = 1:29751)

9 efficiencies(result_ccr)
10
11

Output-

Console  Terminal Background Jobs P |
R R432 .-~/

> install.packages ("deaR")
WARNING: Rtools is required to build R packages but is not currently installed. Please download and
install the appropriate version of Rtools before proceeding:

https://cran.rstudio.com/bin/windows/Rtools/

Installing package into ‘C:/Users/HP/AppData/Local/R/win-library/4.3’

(as ‘1ib’ is unspecified)

trying URL 'https://cran.rstudio.com/bin/windows/contrib/4.3/deaR_1.4.1.zip"
Content type 'application/zip' length 704537 bytes (688 KB)

downloaded 688 KB

package ‘deaR’ successfully unpacked and MD5 sums checked

The downloaded binary packages are in
C:\Users\HP\AppData\Local\Temp\RtmpmOMgVs\downloaded_packages

> library(readx1)
> data<-read_excel("C:\\Users\\HP\\Downloads\\ (100000, g1).xIsx")
> require(deaR)
Loading required package: deaR
> ccr_model<-read_data(data, ni=2, dmu=1l, inputs = 16:17, outputs = 2:15)
warning messages:
1: 'read_data' is deprecated.
Use 'make_deadata' instead.
See help("Deprecated")
2: In make_deadata(datadea = datadea, ni = ni, no = no, dmus = dmus,

There are negative or zero data. Try to translate the base point of the inputs/outputs with negati
ve data in order to get only positive values.

(This 1is a warning, not an error.)
> View(ccr_model) v



Console

R R432 .~/

gl e dre jeyacive u

Terminal

Background Jobs

ZE1 U udaid.

ve data in order to get only positive values.
(This is a warning, not an error.)
View(ccr_model)
result_ccr<-model_basic(ccr_model,orientation =
dmu_eval = 1:740,dmu_ref = 1:740)
efficiencies(result_ccr)
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© Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help
Q- Cpl&r- = # Go to file/function —o| ¥ Addins ~
9 | clusterd.r O | cluster5.r O | cluster6.r result_ccr ccr_model O | cluster3.r =
Show Attributes
Name Type Value
© ccr_model list [9] (S3: deadata) List of length 9
input double [2 x 29751] 144400 230000 135100 3500000 137000 3500000 137000 3500000 138200 3500000 ...
output double [14 x 29751] 4.00 16.29 0.00 0.00 4.00 1.00 4.00 12.00 0.00 0.00 ...
dmunames character [29751] ‘H1' 'H2' 'H3' 'H4' '"H5' 'H6" ...
nc_inputs NULL Pairlist of length 0
nc_outputs NULL Pairlist of length 0
nd_inputs NULL Pairlist of length 0
nd_outputs NULL Pairlist of length 0
ud_inputs NULL Pairlist of length 0
ud_outputs NULL Pairlist of length 0
4.3.2 CLUSTER -2: (1,50,000 — 2,00,000)
€ Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help
O - &E- HEH O # Go to file/function v Addins ~
Eﬂ clusterd.r QJ cluster5.r QJ clustert.r* result_ccr ccr_model QJ cluster3.r o |
] k- [)SourceonSave | Q /5~ i = Run | = + Source ~
1 data<-read_excel("C:\\Users\\HP\\Downloads\\ (150000, g2).xlsx")
2 require(dear)
3 ccr_model<-read_data(data, ni=2, dmu=1, inputs = 16:17, outputs = 2:15)
4 Vview(ccr_model)
5 result_ccr<-model_basic(ccr_model,orientation = 'io',rts = 'crs',
6 dmu_eval = 1:22825,dmu_ref = 1:22825)
7 efficiencies(result_ccr)
8
9

Output-



Console  Terminal Background Jobs =

> require(deaR)
> ccr_model<-read_data(data, ni=2, dmu=l, inputs = 16:17, outputs = 2:15)
warning messages:
1: 'read_data' is deprecated.
Use 'make_deadata' instead.
See help("Deprecated")
2: In make_deadata(datadea = datadea, ni = ni, no = no, dmus = dmus,
There are negative or zero data. Try to translate the base point of the inputs/outputs with negati
ve data in order to get only positive values.
(This is a warning, not an error.)

> View(ccr_model)

> result_ccr<-model_basic(ccr_model,orientation = 'io',rts = 'crs',

+ dmu_eval = 1:600,dmu_ref = 1:600)

> efficiencies(result_ccr)
H1 H2 H3 H4 H5 H6 H7 H8 H9

1.0000000 1.0000000 0.8712388 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000
H10 H11 H12 H13 H14 H15 H16 H17 H18

1.0000000 0.9205307 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000
H19 H20 H21 H22 H23 H24 H25 H26 H27

1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000
H28 H29 H30 H31 H32 H33 H34 H35 H36

1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.9112306 1.0000000
H37 H38 H39 H40 H41 H42 H43 H44 H45

1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000
H46 H47 H48 H49 H50 H51 H52 H53 H54

0.9216712 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000
H55 H56 H57 H58 H59 H60 H61 H62 H63

1.0000000 1.0000000 0.9283546 0.8681756 0.8359475 1.0000000 0.9110998 1.0000000 1.0000000

H22700 H22701 H22702 H22703 H22704 H22705 H22706 H22707 H22708
1.0000000 1.0000000 1.0000000 0.8884959 0.9781761 1.0000000 1.0000000 1.0000000 0.9738515
H22709 H22710 H22711 H22712 H22713 H22714 H22715 H22716 H22717
1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.9915170 1.0000000 0.7834608
H22718 H22719 H22720 H22721 H22722 H22723 H22724 H22725 H22726
0.8670859 0.7894682 0.9094585 1.0000000 1.0000000 0.8218638 0.9347650 0.9743453 1.0000000
H22727 H22728 H22729 H22730 H22731 H22732 H22733 H22734 H22735
1.0000000 0.9238971 1.0000000 1.0000000 1.0000000 0.9372171 1.0000000 0.8471395 1.0000000
H22736 H22737 H22738 H22739 H22740 H22741 H22742 H22743 H22744
1.0000000 1.0000000 1.0000000 0.9526645 0.9521159 1.0000000 1.0000000 1.0000000 1.0000000
H22745 H22746 H22747 H22748 H22749 H22750 H22751 H22752 H22753
1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.9762793 1.0000000 1.0000000 1.0000000
H22754 H22755 H22756 H22757 H22758 H22759 H22760 H22761 H22762
.8446825 0.8458319 0.8676953 1.0000000 0.8202051 1.0000000 1.0000000 1.0000000 0.9097295
H22763 H22764 H22765 H22766 H22767 H22768 H22769 H22770 H22771
1.0000000 1.0000000 0.9397899 0.9948754 1.0000000 1.0000000 0.9255926 1.0000000 0.9055166
H22772 H22773 H22774 H22775 H22776 H22777 H22778 H22779 H22780
.8209417 1.0000000 0.8082995 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.9581779
H22781 H22782 H22783 H22784 H22785 H22786 H22787 H22788 H22789
0.9909234 0.7780756 0.8580980 1.0000000 0.7903621 0.9628365 1.0000000 1.0000000 1.0000000
H22790 H22791 H22792 H22793 H22794 H22795 H22796 H22797 H22798
1.0000000 1.0000000 1.0000000 0.9664412 0.9098084 1.0000000 1.0000000 0.9196503 1.0000000
H22799 H22800 H22801 H22802 H22803 H22804 H22805 H22806 H22807
0.9469679 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000
H22808 H22809 H22810 H22811 H22812 H22813 H22814 H22815 H22816
0.9849465 0.9182783 1.0000000 0.9275563 0.7985113 0.9969737 1.0000000 0.8433550 1.0000000
H22817 H22818 H22819 H22820 H22821 H22822 H22823 H22824 H22825
1.0000000 0.8453933 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.8477372 1.0000000

o

(=]
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View Model-

© Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help
-l B3| 0 || A Gotofile/function | - Addins ~
g’ clusterd.r ‘1’ clusterS.r OJ clustert.r* 4 result_cer 4 ccr_model GLI cluster3.r o
Show Attributes
Name Type Value
@ ccr_model list [9] (S3: deadata) List of length 9
input double [2 x 22825] 152000 3500000 172900 98000 191300 222000 182100 375000 159700 ...
output double [14 x 22825] 4.00 14.83 0.00 0.00 4.00 1.00 4.00 13.04 0.00 ...
dmunames character [22825] ‘H1' 'H2' 'H3' 'H4' 'H5' 'H6' ...
nc_inputs NULL Pairlist of length 0
nc_outputs NULL Pairlist of length O
nd_inputs NULL Pairlist of length 0
nd_outputs NULL Pairlist of length 0
ud_inputs NULL Pairlist of length 0
ud_outputs NULL Pairlist of length 0 &

4.3.3 CLUSTER -3: (2,00,000 — 3,00,000)
Code -

© Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help
O -G~ I | || A Gotofieffunction -l ~ Addins ~
0_| clusterd.r ‘3_/ clusterS.r QJ cluster2.r* . result_ccr . ccr_model Q_/clusterS.r =
- [)Sourceonsave | Q /- i =Run | = + Source ~
1 data<-read_excel("C:\\Users\\HP\\DownTloads\\ (200000, g3).x1Isx")
2 require(deaR)
3 ccr_model<-read_data(data, ni=2, dmu=l, inputs = 16:17, outputs = 2:15)
4 View(ccr_model)
5 result_ccr<-model_basic(ccr_model,orientation = "io',rts = 'crs',
6 dmu_eval = 1:24713,dmu_ref = 1:24713)
7 efficiencies(result_ccr)
8
9

Output-

Console  Terminal Background Jobs P |
R R432 -~/
1.UUUUUUU U.04JD0YD) 1.UUUUUUU 1.UUUUUUU 1.UUUUUUUVU 1.UUUUUUU 1.UUUUUUU U.04// D/ £ L.Uuuuuuuu
> data<-read_excel("C:\\Users\\HP\\Downloads\\ (200000, g3).x1sx")
> require(deaR)
> ccr_model<-read_data(data, ni=2, dmu=l, inputs = 16:17, outputs = 2:15)
warning messages:
1: 'read_data' is deprecated.
Use 'make_deadata' instead.
See help("Deprecated")
2: In make_deadata(datadea = datadea, ni = ni, no = no, dmus = dmus, :
There are negative or zero data. Try to translate the base point of the inputs/outputs with negati
ve data in order to get only positive values.
(This is a warning, not an error.)
> View(ccr_model)
> result_ccr<-model_basic(ccr_model,orientation = "io',rts = 'crs',
+ dmu_eval = 1:600,dmu_ref = 1:600)
> efficiencies(result_ccr)

H1 H2 H3 H4 H5 H6 H7 H8 H9
0.9090909 1.0000000 1.0000000 0.9520202 0.9089701 0.9797903 1.0000000 1.0000000 1.0000000
H10 H11l H12 H13 H14 H15 H16 H17 H18

0.9090909 0.9212863 1.0000000 1.0000000 0.9090909 1.0000000 1.0000000 1.0000000 0.9090909 v



Console

‘R R432 -~/
HLY

1.0000000 1.
H28
0.9754678 1.
H37
0.9121654 0.
H46
1.0000000 0.
H55
1.0000000 0.
H64
0.9090909 1.
H73
0.9326391 1.
H82
0.9089879 1.
HI1
0.9084372 1.
H100
0.9104962 1.

H24636
0.8424370 1.
H24645
1.0000000 0.
H24654
0.9974671 1.
H24663
1.0000000 1.
H24672
0.8657480 1.
H24681
0.8496492 1.
H24690
1.0000000 0.
H24699
1.0000000 1.
H24708
. 8886467 1.

o

Terminal

HZU
0000000
H29
0000000
H38
9090909
H47
9073098
H56
9088617
H65
0000000
H74
0000000
H83
0000000
H92
0000000
H101
0000000

H24637
0000000
H24646
8475093
H24655
0000000
H24664
0000000
H24673
0000000
H24682
0000000
H24691
9491751
H24700
0000000
H24709
0000000

View Model-

© Rstudio

File Edit Code View Plots

Q -y 2

@ | clusterdr

Name
© ccr_model

input
output
dmunames
nc_inputs
nc_outputs
nd_inputs
nd_outputs
ud_inputs

ud_outputs

=

QJ clusterS.r

Show Attributes

1

0.

0.

Iz

0.

I:

0.

I:

0.

0.

0.

0

¥k

T

0.

e

E:

; 25

0.

Session

Background Jobs

HZL

.0000000

H30
9873831
H39
9087543
H48
0000000
H57
9878915
H66
0000000
H75
9176332
H84
0000000
H93
9424699
H102
9280153

H24638
8914128
H24647

.8693218

H24656
0000000
H24665
0000000
H24674
9137700
H24683
0000000
H24692
0000000
H24701
0000000
H24710
9244625

1

1

1

0.

I

0.

1

1

1

0.

0.

¥z

0.

B X

i E¥

0.

B

£

HZZ
0000000
H31
0000000
H40
0000000
H49
9090909
H58
0000000
H67
9421801
H76
0000000
H85
0000000
H94
0000000
H103

- 0000000

H24639
8382459
H24648
9918078
H24657
0000000
H24666
9692023
H24675
0000000
H24684
0000000
H24693
8479422
H24702
0000000
H24711
0000000

# Go to file/function

eﬂ cluster2.r*

Type

0.
T
i
i
S
i
i
0.

T3

I
0.
I
T
I
T
1
T

1

Build Debug Profile Tools

HZ5
8631150
H32
0000000
H41
0000000
H50
0000000
H59
0000000
H68
0000000
H77
0000000
H86
9081123
H95
0000000
H104

-0000000

H24640
0000000
H24649
8574322
H24658
0000000
H24667
0000000
H24676
0000000
H24685
0000000
H24694
0000000
H24703
0000000
H24712
0000000

0.

0.

1

i I

0.

0.

1

i I

1

-

1
L
0.
1
1
1
0.
1

1

Help

Hz4
9090909
H33
9428325
H42
0000000
H51
0000000
H60
8759271
H69
9283336
H78
0000000
H87
0000000
H96
0000000
H105

- 0000000

H24641
0000000
H24650
0000000
H24659
8458376
H24668
0000000
H24677
0000000
H24686
0000000
H24695
9603001
H24704
0000000
H24713
0000000

~ Addins ~

result_ccr

list [9] (S3: deadata)
double [2 x 24713]
double [14 x 24713]
character [24713]

NULL
NULL
NULL
NULL
NULL
NULL

Value

ccr_model

List of length 9

255100 189900 207200 100000 220000 350000 222200 185000 250800 ...

0.

0.

I

I

0.

Iz

I

0.

I

0.

0.

0.

1.

1.

1.

T

1.

0.

HZD
9237324
H34
9444375
H43
0000000
H52
0000000
H61
9895886
H70
0000000
H79
0000000
H88
7868433
H97
0000000
H106
9089631

H24642
9693466
H24651
9817119
H24660
0000000
H24669
0000000
H24678
0000000
H24687
0000000
H24696
0000000
H24705
9125141

‘y cluster3.r

0.

0.

0.

0.

L

0.

0.

i

L

0.

5

4 5

0.

0.

L.

0.

3 2

4 5

HZD
9531478
H35
9366817
H44
9090909
H53
9400530
H62
0000000
H71
9490698
H80
9087008
H89
0000000
H98
0000000
H107
Q9259752

H24643
0000000
H24652
0000000
H24661
8613494
H24670
8678155
H24679
0000000
H24688
8583936
H24697
0000000
H24706
0000000

3.00 11.750.00 0.00 3.00 1.00 4.00 11.75 0.00 0.00 ...
‘H1" 'H2' 'H3' 'H4' 'H5' 'H6" ...

Pairlist of length 0

Pairlist of length 0

Pairlist of length 0

Pairlist of length 0

Pairlist of length 0

Pairlist of length 0

4.3.4 CLUSTER -4: (3,00,000 —6,00,000)

Code -

1.

1

0.

0.

0.

1

0.

1

0.

0.

1

1:

1:

0.

0.

0.

1

1:

HZ/
0000000
H36
0000000
H45
9086453
H54
9090909
H63
9090909
H72
0000000
H81
8373102
H90
0000000
H99
9226936
H108
9090909

H24644
0000000
H24653
0000000
H24662
0000000
H24671
9438552
H24680
8324646
H24689
8725257
H24698
0000000
H24707
0000000

27

=0

=C

]



© Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help
O -~ HEAH # Go to file/function ~o ¥ Addins ~
Q_l clusterd.r OJ clusterS.r QJ clusterd.r* result_ccr . ccr_model Q_/cluster3.r

k- [Sourceonsave | Q 5+l |
data<-read_excel("C:\\Users\\HP\\DownTloads\\ (300000, g4).x1sx")

1
2 require(dear)
3 ccr_model<-read_data(data, ni=2, dmu=l, inputs = 16:17, outputs =
4 Vview(ccr_model)
5 result_ccr<-model_basic(ccr_model,orientation = 'io',rts = 'crs',
6 dmu_eval = 1:15557,dmu_ref = 1:15557)
7 efficiencies(result_ccr)
8
9
Output-

> data<-read_excel("C:\\Users\\HP\\Downloads\\ (300000, g4).x1sx")
> require(deaR)

®Run | *%

2:15)

> ccr_model<-read_data(data, ni=2, dmu=1l, inputs = 16:17, outputs = 2:15)

warning messages:

1: 'read_data' is deprecated.

Use 'make_deadata' instead.

See help("Deprecated")

2: In make_deadata(datadea = datadea, ni = ni, no = no, dmus = dmus,

28

=0

+ Source ~

There are negative or zero data. Try to translate the base point of the inputs/outputs with negati

ve data in order to get only positive values.
(This is a warning, not an error.)

> View(ccr_model)

> result_ccr<-model_basic(ccr_model,orientation = 'io',rts = 'crs',

+ dmu_eval = 1:600,dmu_ref = 1:600)

> efficiencies(result_ccr)

H1 H2 H3 H4 H5 H6 H7

1.0000000 1.0000000 1.0000000 0.9256840 1.0000000 1.0000000 0.9951674
H10 H11 H12 H13 H14 H15 H16

1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.9107118 1.0000000
H19 H20 H21 H22 H23 H24 H25

1.0000000 0.9115155 0.9529113 0.9147472 0.8510604 0.8510604 0.8396037
H28 H29 H30 H31 H32 H33 H34

0.8510604 0.8510604 0.8510604 0.8510604 0.8510604 0.8595833 0.8595833
H37 H38 H39 H40 H41 H42 H43

0.8595833 0.8595833 0.8595833 0.8595833 0.8595833 0.8595833 1.0000000
H46 H47 H48 H49 H50 H51 H52

0.8684668 1.0000000 1.0000000 0.8918218 0.9353663 1.0000000 0.9617778
H55 H56 H57 H58 H59 H60 H61

1.0000000 1.0000000 0.9219177 0.9835577 0.9800234 0.9053477 1.0000000
H64 H65 H66 H67 H68 H69 H70

1 AnNNNNN. N ORT10RTS 1 NANNNNNN N QOAINTT N 0121024 (alalalalalala e BENaTalalalalalal

-

J_:_U\JUU\._I\;U U.. YULLIO41 1.UUUUUUU U. 9490001 U.YJUIOYOUL 1.UUUUUUU 1.UvUvULUUYU
H15472 H15473 H15474 H15475 H15476 H15477 H15478
1.0000000 0.9080319 0.9175371 1.0000000 1.0000000 0.8902707 1.0000000
H15481 H15482 H15483 H15484 H15485 H15486 H15487
0.9249875 0.9977578 0.9700726 1.0000000 0.9174616 1.0000000 0.9638213
H15490 H15491 H15492 H15493 H15494 H15495 H15496
1.0000000 0.9683181 1.0000000 0.8828125 1.0000000 0.9462343 1.0000000
H15499 H15500 H15501 H15502 H15503 H15504 H15505
1.0000000 1.0000000 1.0000000 0.9716294 0.9066390 0.9167592 1.0000000
H15508 H15509 H15510 H15511 H15512 H15513 H15514
1.0000000 1.0000000 0.9011206 1.0000000 0.9136773 0.9433320 1.0000000
H15517 H15518 H15519 H15520 H15521 H15522 H15523
0.9244966 1.0000000 1.0000000 1.0000000 1.0000000 0.9470944 1.0000000
H15526 H15527 H15528 H15529 H15530 H15531 H15532
1.0000000 0.9296145 0.9099425 1.0000000 1.0000000 1.0000000 0.9548379
H15535 H15536 H15537 H15538 H15539 H15540 H15541
0.9481809 0.8932638 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000
H15544 H15545 H15546 H15547 H15548 H15549 H15550
1.0000000 1.0000000 0.9777504 1.0000000 1.0000000 1.0000000 1.0000000
H15553 H15554 H15555 H15556 H15557
1.0000000 1.0000000 1.0000000 1.0000000 1.0000000
>

View Model-

L

0.

0.

0.

0.

o

0.

n

L.

1

0.

0.

B

1.

0.

e 2

L

H8
0000000
H17
9683072
H26
8510604
H35
8595833
H44
9904117
H53
0000000
H62
9661194
H71

070AN78

vuuvuuuuy
H15479
0000000
H15488
9102838
H15497
9202976
H15506
0000000
H15515
0000000
H15524

.0000000

H15533
8812352
H15542
0000000
H15551
0000000

1

i IS

0.

0.

0.

0.

0.

1.

g 58

X

g

A 8

0.

0.

a5

¥,

8

H9
0000000
H18
0000000
H27
8510604
H36
8595833
H45
9548502
H54
8760952
H63
9194801
H72

nnnnnnn

vuuvuvuuu
H15480
0000000
H15489
0000000
H15498
0000000
H15507
0000000
H15516
9146110
H15525
9773487
H15534
0000000
H15543
0000000
H15552
0000000
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@ Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help
O -1Cpl&ar- B || A Gotofile/function | ~ Addins ~
% clusterd.r GL/ cluster5.r QJ cluster2.r* result_ccr . ccr_model % cluster3.r o |
Show Attributes
Name Type Value
@ ccr_model list [9] (S3: deadata) List of length @
input double [2 x 15557] 332700 376688 583300 800000 300200 161000 549700 685000 364000 340000 ...
output double [14 x 15557] 1.00 1.00 1.00 0.00 1.00 2.00 1.00 34.78 1.00 0.00 ...
dmunames character [15557] ‘H1' 'H2' 'H3' 'H4' 'H5' 'H6" ...
nc_inputs NULL Pairlist of length 0
nc_outputs NULL Pairlist of length 0
nd_inputs NULL Pairlist of length O
nd_outputs NULL Pairlist of length 0
ud_inputs NULL Pairlist of length 0
ud_outputs NULL Pairlist of length 0

4.3.5 CLUSTER -5: (6,00,000 — 10,00,000)
Code -

© Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help
O - HE ) # Go to file/function —o| ¥ Addins ~
Q| clusterd.r 0 | clusterS..* . result_ccr ccr_model | cluster3.r @ | clusteré.r )
= Source on Save Q 5=l | = Run | %= # Source ¥ =
1 install.packages("deaR")
2 Tibrary(readx1)
3 data<-read_excel ("C:\\Users\\HP\\Downloads\\ (600000, g5).x1Isx")
4  require(deaR)
5 ccr_model<-read_data(data, ni=2, dmu=1, inputs = 16:17, outputs = 2:15)
6 View(ccr_model)
7 result_ccr<-model_basic(ccr_model,orientation = 'io',rts = 'crs',
8 dmu_eval = 1:2835,dmu_ref = 1:2835))
9 efficiencies(result_ccr)
10
351:

Output-



Console  Terminal Background Jobs =

(R R432 - ~/Ishika/

> data<-read_excel("C:\\Users\\HP\\Downloads\\ (600000, g5).xIsx")

> require(deaR)

Loading required package: deaR

> ccr_model<-read_data(data, ni=2, dmu=l, inputs = 16:17, outputs = 2:15)

warning messages:

1: 'read_data' is deprecated.

Use 'make_deadata' instead.

See help("Deprecated")

2: In make_deadata(datadea = datadea, ni = ni, no = no, dmus = dmus, :

There are negative or zero data. Try to translate the base point of the inputs/outputs with negati
ve data in order to get only positive values.
(This is a warning, not an error.)

> View(ccr_model)

> result_ccr<-model_basic(ccr_model,orientation = "io',rts = 'crs',

+ dmu_eval = 1:600,dmu_ref = 1:600)

> efficiencies(result_ccr)
H1 H2 H3 H4 H5 H6 H7 H8 H9

.9918379 1.0000000 0.8071518 0.9708514 0.9708514 0.9708514 0.9708514 1.0000000 0.9912489
H10 H11 H12 H13 H14 H15 H16 H17 H18

.9303082 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000
H19 H20 H21 H22 H23 H24 H25 H26 H27

.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.9991897 0.9875260 1.0000000
H28 H29 H30 H31 H32 H33 H34 H35 H36

.0000000 0.9875260 1.0000000 0.9346552 0.9285260 0.9614560 0.9341660 0.9527388 0.9631922
H37 H38 H39 H40 H41 H42 H43 H44 H45

.0000000 0.7170154 0.9340079 1.0000000 1.0000000 1.0000000 0.9448192 0.9378492 0.9257426
H46 H47 H48 H49 H50 H51 H52 H53 H54

.9356223 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.9848323 1.0000000

(=]

(=]

=

=

=

[=]

H2753 H2754 H2755 H2756 H2757 H2758 H2759 H2760 H2761
1.0000000 1.0000000 0.9578022 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000
H2762 H2763 H2764 H2765 H2766 H2767 H2768 H2769 H2770
1.0000000 1.0000000 0.9891393 0.9455513 1.0000000 1.0000000 0.9736964 1.0000000 1.0000000
H2771 H2772 H2773 H2774 H2775 H2776 H2777 H2778 H2779
0.9423742 1.0000000 1.0000000 1.0000000 1.0000000 0.9609042 1.0000000 1.0000000 1.0000000
H2780 H2781 H2782 H2783 H2784 H2785 H2786 H2787 H2788
0.9493756 0.9925884 1.0000000 1.0000000 0.9501606 1.0000000 1.0000000 0.9517219 1.0000000
H2789 H2790 H2791 H2792 H2793 H2794 H2795 H2796 H2797
1.0000000 0.9716636 0.9514668 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.9514668
H2798 H2799 H2800 H2801 H2802 H2803 H2804 H2805 H2806
0.9725253 0.9791440 1.0000000 0.9663618 0.9548283 1.0000000 1.0000000 1.0000000 1.0000000
H2807 H2808 H2809 H2810 H2811 H2812 H2813 H2814 H2815
1.0000000 1.0000000 1.0000000 0.9496982 0.9770269 1.0000000 1.0000000 0.9464030 1.0000000
H2816 H2817 H2818 H2819 H2820 H2821 H2822 H2823 H2824
1.0000000 1.0000000 0.9751363 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000
H2825 H2826 H2827 H2828 H2829 H2830 H2831 H2832 H2833
1.0000000 1.0000000 1.0000000 0.8209134 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000
H2834 H2835
.0000000 1.0000000

[y

View Model-
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€ Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help
O -~ =] A Go to file/function | - Addins ~
QJ clusterd.r QJ clusterS.r OJ cluster3.r* result_ccr 4 ccr_model % cluster3.r =
Show Attributes
Name Type Value
@ ccr_model list [9] (S3: deadata) List of length 9
input double [2 x 2835] 627000 440000 611100 401500 810700 865000 650000 625000 650000 640000 ...
output double [14 x 2835] 3.00 21.83 1.00 0.00 3.00 2.00 4.00 18.20 0.00 0.00 ...
dmunames character [2835] ‘H1' "H2' 'H3' 'H4' 'H5' 'H6" ...
nc_inputs NULL Pairlist of length 0
nc_outputs NULL Pairlist of length 0
nd_inputs NULL Pairlist of length 0
nd_outputs NULL Pairlist of length 0
ud_inputs NULL Pairlist of length 0
ud_outputs NULL Pairlist of length 0

4.3.6 CLUSTER -6: (10,00,000 and above)
Code -

© Rstudio

File Edit Code View Plots Session Build Debug Profile Tools Help

O -lCplar- B | 0 || A Gotofile/function ~| - Addins ~

usterd.r ‘:Llclusters.r result_ccr ccr_model %clusterS.r %clusterﬁr %dessenation.R‘ %clusteﬂ.r* » =

SourceonSave = &

data<-read_excel ("C:\\Users\\HP\\DownToads\\ (1000000, g6).x1Isx")

;
= Run | % + Source ~

require(deaR)

ccr_model<-read_data(data, ni=2, dmu=1, inputs = 16:17, outputs = 2:15)
View(ccr_model)

result_ccr<-model_basic(ccr_model,orientation = "io',rts = 'crs'

’

dmu_eval = 1:740,dmu_ref = 1:740)
efficiencies(result_ccr)

WO~V A WN -

1:63 (Top Level) = R Script &
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OUTPUT-

91 (Top Level) & R Script 3
Console  Terminal Background Jobs |
R R432- ~/
> library(readx1) -
> data<jread_ex;e1(”C:\Usgrs\HP\Desktop\RStudio.x1sxf) -

> require(deaR)
> ccr_model<-read_data(data, ni=2, dmu=l, inputs = 16:17, outputs = 2:15)
warning messages:
1: 'read_data' is deprecated.

Use

'make_deadata’

instead.

See help("Deprecated™)

2: In make_deadata(datadea

datadea, ni =

ni, no = no,

dmus = dmus,

There are negative or zero data. Try to translate the base point of the inputs/outputs with negat
ive data in order to get only positive values.
(This is a warning, not an error.)
> View(ccr_model)

> result_ccr<-model_basic(ccr_model,orientation =

40)

> efficiencies(result_ccr)
Single Family Single Family Multi Family

1.0000000 0.9993162 0.9291426
Single Family Single Family Single Family
0.9517688 0.9362806 0.9362806
Single Family Single Family Single Family
1.0000000 0.9613269 1.0000000
Single Family Single Family Single Family
0 9702A7A 0 00045A8 0 RA5720N05
91 (Top Level) 3
Console  Terminal Background Jobs
‘R R432 - ~/
Single Family Single Family Single Family
0.8138021 1.0000000 1.0000000
Single Family Single Family Single Family
0.9749874 1.0000000 1.0000000
Single Family Single Family Single Family
1.0000000 0.6865076 0.6354399
Single Family Single Family Single Family
0.8632066 0.5630221 0.9798820
Single Family Single Family Single Family
0.9785110 0.9751902 1.0000000
Single Family Single Family Single Family
1.0000000 1.0000000 0.9802309
Single Family Single Family Single Family
1.0000000 1.0000000 0.9796601
Single Family Single Family Single Family
0.9722102 1.0000000 1.0000000
Single Family Single Family Single Family
1.0000000 1.0000000 0.9830763
Single Family Single Family Single Family
1.0000000 0.9860836 0.9820000
Single Family Single Family Single Family
1.0000000 0.9787545 1.0000000
Single Family Single Family
1.0000000 1.0000000

>

Single Family
0.7674195
Single Family
0.9636158
Single Family
0.9792676
Single Family
n Q770213

Single Family
1.0000000
Single Family
1.0000000
Single Family
0.8506154
Single Family
1.0000000
Single Family
1.0000000
Single Family
1.0000000
Single Family
0.9700538
Single Family
0.9497262
Single Family
0.8650733
Single Family
1.0000000
Single Family
1.0000000

io',rts =

Single Family
0.9687021
Single Family
1.0000000
Single Family
1.0000000
Single Family
0 90R14A70

Single Family
0.9766173
Single Family
0.9076736
Single Family
0.8155016
Single Family
1.0000000
Single Family
0.9818321
Single Family
0.9957575
Single Family
1.0000000
Single Family
1.0000000
Single Family
1.0000000
Single Family
0.9747701
Single Family
1.0000000

Single Family
0.9993694
Single Family
0.9863832
Single Family
0.9880477
Single Family
0 RA50A0N

Single Family
0.9695658
Single Family
0.8670912
Single Family
0.6856963
Single Family
1.0000000
Single Family
0.9799797
Single Family
1.0000000
Single Family
0.9431100
Single Family
1.0000000
Single Family
0.9776364
Single Family
1.0000000
Single Family
1.0000000

'‘crs', dmu_eval = 1:740, dmu_ref = 1:7

R Script 3

=0
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View Model-

@ Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help
Q- Cnl&- B | A Gotofie/function —-| v Addins ~
© | dessertation.R Q result_ccr Q ccr_model i data =]
" Show Attributes Q
Name Type Value
© ccr_model list [9] (S3: deadata) List of length @
input double [2 x 740] 1050000 467000 1007900 935000 1441500 1450000 1653400 800000 1291700 122...
output double [14 x 740] 1.015.00.0001.0201.019.00.0001.03.01.01..
dmunames character [740] ‘Single Family' 'Single Family' ‘Multi Family' ‘Single Family' 'Single Family' * ...
nc_inputs NULL Pairlist of length 0
nc_outputs NULL Pairlist of length 0
nd_inputs NULL Pairlist of length 0
nd_outputs NULL Pairlist of length 0
ud_inputs NULL Pairlist of length 0

ud_outputs NULL Pairlist of length 0
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Chapter 5 : CONCLUSION

Utilizing the outcomes of the Data Envelopment Analysis (DEA) and the efficiency
calculations mentioned earlier, we can streamline the process of selecting an ideal
house for the buyer. Tailoring the recommendations to the desired location, we can
present a curated list of houses, each ranked for maximum efficiency based on
predefined criteria. This approach empowers buyers to choose a home that aligns
with their preferences from a selection optimized for efficiency.

Efficiency metrics span from 0 to 1, where 1 signifies the highest level of efficiency.
By offering customers a list of houses prioritized by efficiency metrics, we enable
them to make well-informed decisions. A house with an efficiency of 1 is considered
the most efficient compared to others. The list consists of houses with maximum
efficiency, ensuring that buyers can select a residence that not only meets their
specific requirements but also provides maximum features and value within their
budget constraints. Buying a house with an efficiency of 1 signifies the most efficient
deal compared to houses with efficiencies less than one, providing buyers with a
clear benchmark for optimal decision-making in their home purchase.

By offering customers a list of houses prioritized by efficiency metrics, we enable
them to make well-informed decisions. This personalized strategy simplifies the
home selection process, allowing customers to secure a residence that not only meets
their specific requirements but also provides maximum features and value within
their budget constraints. Ultimately, this data-driven approach enhances customer
satisfaction, facilitating the acquisition of a home that perfectly matches their
preferences while ensuring an efficient and valuable investment.
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Appendix
Data features:

* House Code | Objective Feature | house_code | string |
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« Category Code Description | Objective Feature| category _code_description | string |

* Exterior Condition | Objective Feature | exterior condition | int |

* Frontage | Objective Feature | frontage | float (m) |

 Garage Spaces | Objective Feature | garage spaces | int |

* House Extension | Objective Feature | house extension | float (m?) |

* Interior Condition | Objective Feature | interior _condition | int |

* Market Value | Objective Feature | market value | float ($) |

* Number of Bathrooms | Objective Feature | number of bathrooms | int |

* Number of Bedrooms | Objective Feature | number of bedrooms | int |

* Number of Rooms | Objective Feature | number of rooms | int |

* Number of Stories | Objective Feature | number_stories | int |

« Sale Price | Objective Feature | sale price | float ($) |

* Taxable Building Value | Objective Feature | taxable building | float ($) |
* Taxable Land Value | Objective Feature | taxable land | float (§) |

* Total Area | Objective Feature | total_area | float (m?) |

* Total Liveable Area | Objective Feature | total liveable area | float (m?) |

* Year Built | Objective Feature | year built | int (year) |



House_id exterior_condition frontage garage_spaces house_extension interior_condition number_of_bathrooms number_of bedrooms
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0 H1
1 H2
2 H3
3 H4
4 H5
5 H6
6 H7
7 He
8 H9
9 H10

4
4
4

16.29
12.00
12.33
12.33
12.50
12.50
12.58
14.08
1477
14.00

0
0
0

number_of_rooms number_stories taxable_building taxable_land

0
0
0

4
4
4

total_area total_livable_area year_built market_value

1
1
1

2
0
0

sale_price category_code_description

5
5

2
3

108300
11483
116450
116450
17470
17470
17810
125545
127245

43480

36100
20265
20550
20550
20730
20730
20790
22155
22455
65220

86.48
192.00
19728
197.28
200.00
200.00
20128
2528
236.32
322.00

810
576
591
591
600
600
603
675
690
672

1920
1920
1920
1920
1920
1920
1920
1920
1920
1920

144400
135100
137000
137000
136200
138200
138600
147700
149700
108700

Table 1.1 : Overview of the Dataset

230000
3500000
3500000
3500000
3500000
3500000
3500000
3500000
3500000

125000

Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
Single Family
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