Predictive Analytics - Regression and Classification
Prof. Sourish Das
Department of Mathematics
Chennai Mathematical Institute

Lecture - 54
Hands on with Python: Analysis of Bangalore House Price Data

Hello all. In this video, we are going to do some hands-on. We are going to analyze Bangalore
House Price Data using Python. I have shared the Bangalore house price data in the NPTEL
platform. You can also get this Bangalore house price data in Kaggle or in internet

somewhere. In some GitHub repository also it is available.
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Problem Statement :

Analyze the Bangalore house data - we want to predict the approximate price for the houses.

+ pandas
inport vimpy as np

inport. matplotlib.pyplet. as plt

inport seaborn as sns

tnatplotlib inline

inport matplotlib

matplotlib. reParams( ' figure. figsize'] = (20,10)

fron IPython.display iport Inage

£ron sklearn.model selection import GridsearchcV
fron sklearn. linear no 550

eefiegressor
train_test_split

£ron sklearn.tree impol

fron sklearn.mode]_selecti
£ron skl nocel
£
E

sklearn.model_selecti shufflesplit
score

mport. cross_val

In [ )¢ # loading the dataset:

data = pd.read_csv("Bergaluru_House_Data.csv")

In [ ]: data.head(s)

Data Description:

Avea type - Description of the localiy.

So, in this notebook I prepared the problem statement is we will use this Bangalore house
price data and we will try to approximate or estimate a possible price of any house that are

kind of part of the Bangalore you know in the vicinity of approximately we will try to



estimate a possible price of a possible house. So, first we are going to load this bunch of

Python packages.
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In [2]: ## lo: e dataset:

data = pd.read csv("Bergaluru House Data.csv')

In (3): data.head(6)

L3l aeatype  availabilty location  size  societ ty total scft bath belocny  price
© Super built-up Area 19.Dec Eeckonic CityPhasell ~ 2BHK Coomee 1056 20 10 3907
1 PlotArea Ready To Move Chikea Tirupathi 4 Bedioom Theanmp 2600 50 30 12000
2 BultupAvea Ready To Move Utehali  3BHK  NaN 140 20 30 6200
8 Supr buit-up Area Ready To Move Lingadheeranahali 3BHK  Solewre 1821 &0 10 9500
4 Super buit-up Area Ready To Move Kothanur 2BHK NaN 100 20 10 5100
& Super buitup Area  Ready To Move Whitefield 2BHK  DuemaTa m 20 10 3800
Data Description:

Avea.type - Description of the ocaliy.

Avallablity - When it can be possessed or when t s rsady
Locetion - Where tislocated n Bengaluru

Size - BHK of Bedrooms.

Sociaty- To which societ : belongs

Totalsqft - Size ofthe property in sq

Bath- No,of Bathrooms

Balcony - No. of the Balcony

Price - Valse ofthe property n akhs

In [ |: data.shape

And, then we are going to call the Bangalore house price data. So, the first I will print this
dataset. It has 9 columns; area type, availability, location, size, society, total square feet, bath,
a balcony and price. I have also provided the description of each column, area type refers to

description of the locality.
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In (2]t # loading the dataset:

data = pd.read_csv("Bergaluru_House Deta.csv")

o [3): data.head(6)

out[3):
acatype  availbilty location size society total st bath balceny  price

0 Superbultup Ana 90sc BecroncClyPhasoll  2BHC Coomeo 105 20 10 3907
1 PolAva ReayToMove  ChikaTrupati 4fedoom Theanmp 2600 50 30 12000
1 Built-up Area Ready To Move Utarshali  3BHK NaN 140 20 30 820
3 SupsrbuitupAea ReadyToMove  Ungadheoarshali  3BHK  Svews 1521 30 10 8500
4 Superbultoup Area. Ready Toove Fottans  2BHC KN 1200 20 10 5100
5 Suporbultup Anea Ready ToMove Whisfod  2BHK DiemTa 1170 Z0 10 3800
## Data Description:
+4Area_type*# - Description of che locality.
+*Availability**| - Wher it can be possessed or when it is ready
Location - Where it is located in Bencaluru
Size - BHK or Bedroons
Society = To waich society it belongs
Total_sqft - Size of the property in sq.ft
Bath - Ko. of Bathrooms
Balcony - No. of the Balcony
Price - Value of the property in lakhs

n [ |: data.shape

Information about variables type:

In fact, I can try this also. So, yeah, you can just put.
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In (4]

out[4):

i # o

[

I

Data Description:

Area_type - Description of the localty.

Availabilty - When it can be possessed or when itis ready
Location - Whers ts located in Bengaiuru

Size - EHK or Bedrooms

Socisty - To which society it belongs

Total saft - Size of the property in sq.ft

Bath - No. of Bathroms

Balcony - No. of the Balcony

Price - Val.e of the property n lakhs

data.shape

(13320, 9)

Informatiug about variables type:

d-t;. colum;j
data.info()
description about the dataset

data.describe().T

Python 3 (pyksmal) O

So, I will do that beautification later and location stands for where it is located in the
Bangalore, size stands for BHK or bedrooms like whether it is a 3 BHK or 2 BHK back pay.
Society stands for which society looks like there are some in a values. Bath stands for number
of bathrooms, the apartment of the house has, balcony is the number of balcony and price

stands for the value of the price in rupees lakhs. Data dot shape will give you the shape of the

data. It is it has 13,320 rows and 9 columns.
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In [S):

out(5):

In (6]

Information about variables type:

#¢ nunber of columis in dataset
data,columns

Index([ 'area_type', 'availability', 'location', 'size’, 'society’,
‘total_sqft', 'bath', 'balcony', 'price'],
dtypes'object |

data. info()
<class 'pandas.core. frame.DataFrane'>

Rangelncex: 13320 entries, 0 to 13319
Data columns (total 9 colums):

#  Ccolum Non-Null Count Dtype \
0 areatype 13320 non-null obect
L aveilability 13320 non-null object
2 location 13319 non-null oblect.
3 size 13304 nen-null oblect
i society 7816 ron-null  oblect
5 total sgft 13320 non-null obect
& bath 13247 non-null  float6d
7 balcony 12711 non-null  float6d
8 price 13320 non-null floatéd

deypes: float6d(3), object(s)
memory vsage: 935.7+ KB

description about the dataset

)
data.describe().T

Data columns, data dot columns will give you the all the columns that are there and data in
dot info will give you basic information about each column. Area type, availability location,
size, society, square feet, these are objects. Type data, bath, balcony price, these are float.
Now, total square feet cannot be object. If you look into the data, total square feets are

numeric.
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description about the dataset

In [7): data.describe().T

ut(7):
court  mean od mn 26% 0% 76% max

bath 13470 Z6R610 13148 10 20 20 30 40
balcony 127110 1584376 0817288 00 10 20 20 30
price 13200 112565627 143971674 BO 500 720 120.0 36000

Az
Checking if there is some null values or not

In (813 data.dsnull()

out[8):
ana type availabilty location size society total sqft bsth balcony price

0 s fas Fabe Fdse Fase  Fae Fake Fase False
1 i s Fase Fdso Fase  Fase Fase Fase Faise
2 fas  Fasm Fase Fdse Tue  Fabe Fase Fase Fase
3 i fae  Fabe Fdso Fase  Fale Fase False False
4 s s Fabe Fdso Twe  Fae Fake Fdse False
1835 Faiss  False Fabe Fdse Fase  Fale Fakse Fse False

1836 Fas  False  Fabe Fase Twe  Fase Fase  Tue False
18317 s Fale  Fabe Fdse Fase  Fake Fase False False

1898 fas s Fase Fase Fase  Fase Fase Fase Faise

There must be some character that was required that came in the data and that resulted the
made it object. We will see how to solve that problem. If we say data dot describes, it will
give you basic summary of the float variables which is bath, balcony and price. So, like there
are 13,247 instances where the bathroom, bath variable is available average 2.69, minimum 1

bathroom.

There are most of the median is 2, most of the values are here. Most of the apartment or
house has 2 bathroom and maximum 40. There could be very big house or mansions which
has a very. And, the price is average price is 112 lakhs and median is 72 lakhs whereas,

maxima is 3600 lakhs so, near about 36 crore.
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13317 False. False  False Fase Faise False False  False False
138 Faw  Fase Fabe Fdse Fase  fakse Fase Falso False
13319, False. false  False Fase Tue False False False False
13320 ows » 9 columns
In (9] data.ismull().sun()
ut[9]: area_type 0
a ity 0
1
size 16
society 5502
total_scft 0
bath 3
balcony 609
price 0
duype: int64
In [10]: data.ilcc[409:411]
Qut(10]:
areatype  mallsbilty  location size soclety total sqft bath bslccny price
408 PotArea ReadyToMove SutanPalaya 2Bedoom  NaN 80 10 10 €20
410 Super buitup Area Ready To Move Kengei  1BHK  NaN 346 Metr 10 00 185

o

Performing Group by operation on Area Type

data.grougby("area_type")[ "arsa_type"].agg("comt" |

So, there data dot null, if there are many null values are there and if you do some, then if you

see that society has maximum number of null values and balcony also has quite a few null

values. So, probably it is better to drop society. And we did some basic searching and we

found that in this particular row, total square feet was recorded as 34.46 cube times meter. So,

it is a weird way of recorded.
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In (11):

out(1

I

I

[
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data.grouphy(“area_type")[ "arsa_type”].agg( "comt" )

: area_type
Built-up Area 2418
Carpet Area 0
Plot Area 2025

super built-up Area 8790
Name: area_type, dtype: int6d

Trsted

Checking how many different types of "Area Types" are present in the

Dataset

data[ ‘area_type' | .unique()

Data Visualization

## Count of each area_type:
dm.ares,type.value,w\mtsL[b -plot (kird="bar")

# Count of bathroon:
data.bath.valuz_counts() .plot(kind='bar')

Python 3 (pyksmal) O

"linewidth's €

data["area_tyse'].valte_counts()  .plot

Bit.show()

"3.1688",

PO

plt. figure(figsize = (20,8))
ax=sns.countplot(x = 'balcony’, data = data)
plt.sticks(rotation = 50)

for p in ax.patches:

ax. annotate(int (p.get height(}), (p.get x()+0.25, p.get height(}+1), va = 'botton’, color = 'black')

So, we may have to drop this recording and performing group by operation. So, if this will be

like area types, these are the count of the area types. There are four kind of area types,

Built-up Area, Carpet Area, Plot Area and Super built Area. So, now, Super built Area 8790

instances belongs to Super built Area. Majority of the instances belong to Super built Area.

2000 cases and 2004 and cases belongs to Plot Area or Built-up Area and there are only 87

cases where it is given as a Carpet Area.
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n(12)

oue(12]:

In (13)s

out[13):

data[ 'area_typa'|.unique()

array|(('Super built-up Area', 'Plot Area', 'Built-up Area’,
‘Carpet Area'], dtype=opject)

Data Visualization

# Count of each area_type:
data.area_type. value_counts().plot (kirds'bar')

<AxesSubplot:>

Tsted Python 3 (pyksmal) O {*ﬁ)

NPTEL

o0

o0

So, if you run this. So, there are four cases of area types.
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In [13]: ## Count of each area_type:
data. erea_type.value_counts().plot (kird='bar')

0ut[13]: <AxesSubplot:>

on
on
X
-
o
. . .
i i i g
H . H 3
g : t i
. H H 3

Let us do some visualization. So, there is a bar plot for the area type.
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In (141t | # Count of bathroom:
data.bath.value_counts() .plot(kind='bar')

Out[14]1 <AxesSubplot:>

™

o0

200

o0

00

w0

If you do, we can run this. This is the bathroom has a bar plot.
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In [15]: (data["area type'].value counts()).plot "g.1f88", " yprops={'Linewidth': €
)
¢
%
%
%

(il

This is the bar plot for the bathroom and you can see there are about to almost 7000 instances

had 2 bathroom. So, maximum cases there are 2 bathroom.



(Refer Slide Time: 07:12)

* Bookmaks @ @ @ @ DonviChanceins.. B3 CONA [ Sourish's BookMark @ Finance Rescarch.. M Gmail @ Maps (B News [y Transite
Fle  Edt  Vew et Cel Kemel Vidgels Heb Tustd | Python 3 (pykemsl) O %

B+ @B 4% PR B CH com v B W NPTEL

Carpet rea.

(il



(Refer Slide Time: 07:15)

* Bookmaks @ @ @ @ DonwtChanceins.. B3 CONA B3 Sourish's Bookidalk @ Finance Resaarch..

™ Gmail @ Maps (B News [ Transhate
Fle Edt  View et Cel Kemel Vidgels Heb Tustsd | Pythond (pykemnal) O %_)

B+ @B 4% PR B CH yidn v B U NPTEL

ey dnung

In [16]: plt.figure(figsize = (20,8))
ax=sns.countplot (x = 'balcony', data = data)
plt xticks(rotation = 50)
for p in ax.patches:

ax.annotate(int (p.ged heighz(]), (p.get_x()+0.15, p.get height(]+1), va = 'botton', color = 'black')

s

And, again this is a pie chart for area type.
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Dropping those predictors who has too many null values:

In (17):

it
area_type 0
availability 0
total saft 0
price 0
locatior 1
size 16
bath 3
balcony 609
sssss ty 5502

deype: int64

In (18] data.availability.value_counts(

Out[18]: Ready To Move 10581

18-Dec 307
18-Hay 205
13-apr 2
18-aug 200
15-hug 1
17-Jan 1
15-ov 1
1§-Jan 1

14=Jul 1
Name: availability, Length: 81, dtype: int6

Tn [ ]: data = data.drop(['ares_type","society”,"balcony’,‘availability'], axis = "colums'
| data. shape

And, balcony there are 0, 1, 2, 3. Majority are either have 1 balcony or 2 balcony. There are
few cases there are 3 balcony and quite a few cases there are no balcony. Now, if you count,
you can count how many null values are there for each predictor. The society as we found,

society as the maximum number of null values, then balcony followed by bath and size.

Price, total square feet, availability, area type does not have any balcony, any null values. We
are dropping here area types, society, balcony and availability. Because, if you run the area

types, if you actually run this, copy this and.
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In [19]: data = ata.drop|[ area_type", "society","balcony’, ‘availability'], axis = "colums')
data. shape

out(l

+ (13320, 5)

In [20]: data = data.dropna() ## drop NA values
data.shape

I+ (13246, 5)

+ data. dsnull().sun(}

out(21]: locatior 0
size 0
total scft 0
bath 0
price 0

deype: int6d

Data Engineering
In [ |: data['size").unique()

‘Bedroom' is renrssenlwﬂlm‘lh 2 different methods , BHK and Bedroor. So we are making a new column called BHK.

: data['BEK'] = daca|"size’].apply(lambéa x: int(x.split(" "){0]))

In [ ]: data.head(40)

+ plt.figure(figsize = (20,8))
ax=sns.countplot(x = 'BHK', data = data)
nlt veickelrntatinn = 00\

So, if you do availability so, you will see that there are 81 different type of availability. Most
of the availability goes to ready to move and they stop them at just given a number date
without any particular mention. So, it isit is not going to create any help in the model final

analysis. And, area type is also not going to available and society has too many null values.

So, that is why we are going to drop these cases. And after we drop, we have now 13,320
cases still there and after dropping these columns. Now, we have 5 columns and now if we
drop the NAs, we have still 13,246 now cases. Now, there is no null value in the data set. So,

that is a good start to have.
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Data Engineering & Data Cleaning

In [22]: data['size"].unique()

Out[22]: array(('2 BHK', 'd Bedrocm', '3 BEK', 'd BHK', '§ Bedroor', '3 Sedroon’,
"1 BHK', '1 RE', '] Bedroon', '8 Bedroon', 2 Bedroom',
'7 Bedroon', 'S BEK', '7 BEK', '6 BHK', 'S Bedrcon', 'l1 BEK',
'9 BEK', '9 Bedrocm', 27 BHK', '10 Bedcoom , '11 Bedroon',
'10 BHK', '19 BEK', '16 3HK', '43 Bedroom', '14 BHK', '8 BHK',
'12 Bedroom', '13 BEK', '18 Bedrcon'], dtype=object)

“Beckoonis repeserted with 2 difent methads., BHK and Bedroor. So we are making a new columi caled BHK
In [23]5 data['BEK') = data("size" [.apply(lanbéa x: int(x.split(* *)[0])}

In [25]: data.head(6)

out (25
focation  size tolal st bat pice BHK
O BecromcCiyPrasell  ZBHK 105 20 07 2
1 ChikaTinpahl 4Becoom 2600 50 1200 4
2 Utaahali  3BHK 4 20 00 3
Unjachewrarahali ~ GBHK 1521 30 9500 3
‘ Koharur  2BHK 200 20 500 2
5 Whiefdd  ZBHK 1170 20 300 2
In [ |3 plt.figure(figsize = (20,8))

ax=sns.countplot(x = 'Bik', data = data)
plt.xticks(rotation = 90)
for p in ax.patches:

So, now, it is a full data, there is no missing data. Now, let us do, we have to may have to do
some engineering or data cleaning, not only data engineering, we have to do some and data
cleaning ok. Now, first if you run data size, there are you will see that there are 2 BHK, 3
BHK, 4 BHK cases and if you run this, ok. So, there are 2 BHK and then ok, maybe there are
6 alright.
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6 Whiefidd  ZBHK 1170 20 3800 2

In (26]: plt.figure(figsize = (20,8))
ax=sns.countplot(x = 'EHK', data = data)
plt.xticks(rotation = 90)
for p in ax.patches:
ax.annotate(int (p.get_height()), (p.get_x()+0.25, p.get_height(]+1), va = 'botton', color = 'bleck')

To [ |: data.BHR.unique() # no. of unigue BHK in data

- In 01 # sornioe ma

So, these are the this is the data set that we have. Ok. And, if we drop plot the BHK cases.
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In (27): data.BAK.unique()f # no. of unigue BIK in data

out(27]: array(( 2, 4, 3, 6 1, 8, 7, 5,11, 9,27, 10, 19, 16, 43, 14, 12,

13, 18))

In [28): | # Bosplot 'BEK’ vs 'price’
sns boxplot (x = 'BEK', y = 'price’, deta = data)
plt.show()

£

m

So, these are the different type of 1, 2, 3, 4 different kinds of BHKs and they are plot. So,
most of the instances are either 2 BHK house or 3 BHK or 4 BHK houses. There are some 1

BHK and 5 BHK and then other cases are very rare. So, the unique values that we have here.
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To [ |: fedata. total s
len(£) ## no.

Exploring total_sqft feature

In i 1 def js floatixi:

g"f
= e Gk

NPTEL

And, the BHK versus price box plot, these are like side by side box plot, these are like single

value cases.
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n [30]:

In (31)¢

o

~
Tt | Pythond pykem) O i\%}
NPTEL

7

f=data. total_sgfRunique()

len(f) ## no.of unigue value of total sqft

2067

Exploring total_sqft feature

def is_float(x):
try:
float (x)
except:
return False
return True

data[-data[ “total_sqit'].apply(is_float)).head(10)

nan_valvel = data[data.isna().any|axis=1)]

prist(nen_valusl)

Enpty DetaFrane

Columns: [location, size, total sgft, bath, price, BHK]

Index: (]

df] = data[-data|"total_sqft’).apply(is_float))

nan_velue = dfl[dfl.isra().any(axis=1)]
print(nan_value)

From the above we can see that total_sqft can be a range (say, 3090-5002). For such cases we can just take
average of the minimum and maximum value in the range. There are other cases such as 34.468q. Meter which ane
can convert to square ft using unit conversion. So, we are going to just drop such comer cases to keep things

simple.

So, they just put up a dash kind of thing. Now, if we just look into number of unique value in
the total square fit, it has 2067 and there are just too many unique values. So, that we have to,

there are some character values. So, we have to first check which are the float and which are

the not float. So, we can create definition.
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In (3213 df1 = data[-data[ "total_sqft"].apply(is_£loat)]
nan_value = df1[df..isra().any(axis=1)]
print(nan_valus)

Enpty DetoFrane
Columna: [location, size, total_sqft, bath, price, BHK]
Index: []

From the above we can see that total_sqft can be a range (say, 3090-5002). For such cases we can just take
average of the minimum and maximum value in the range. There are other cases such as 34.468q. Meter which one
can convert to square ft using unit conversion. So, we are going to just drop such comer cases to keep things
simple.

In [33]: data.ilcc[409:415] |

out(33):
location size tolal st bath price BHK

413 Vahalakshni Layout 6Bedocm 1200 70 2500 6

4 KanakpuraRoad K 155 30 85 3

a5 AmoCoony  GBHK 176 30 880 3
a6 Blleiahli  ZBHK 1125 20 620 2
w Negabhai 3Becocm  135) 80 1500 3
“8 Anndspua 23scocm 1000 20 550 2

Converting Sq.Ft to Number

In [ ]+ def convert_sqft_to_number(x):
tokens = x.8plit|"-")
if len(tokens) == 1:
¢ return (float(tokens[1)+¢lont(tokens(111)/2

And, then where we have float and a. So, empty data frame and then ok. Let us run this.

Hopefully, this is fine.
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In (34):

I

o[

I

ar Negaibhavi 3Bedocm  135) 30 1500 3
a8 Aundspua 28ecoem 1000 20 550 2

Converting Sq.Ft to Number 1|

def convert_sqft_to_nunber (x):
tokens = X.split("-")
if len(tokens) == 7:
return (float(tokens[0])+¢1oat (tokens(1]))/2

1y
return float(x]

data = data.copy()
data["total sqft'] = data[ "total_sqft'].apply(convert_sqft_to number)

nan_values = data[data.isna().any(axis=1)]
priat (nan_values)

data = data.copy()
data["price per sqit'] = data["price”]+100000/data|"total_sgft" |
data.head(10)

## graph total sqft Vs price:
# plotting the points

#¢= np. log(data[ 'total_sgft'])
#7= np. log(data( 'price'])

x= data['total sqft'|
y= data['price’)

™ Gmail @ Maps (B News B Transite O
Tusted | Pythond (pykome) O g\%f}

NPTEL
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if len(tokens) == 2:

retuen (float (tokens(0])+¢1oat (tokens(1])) /2
try:
return float(x)
except:

return None

In (35): data = data.copy()
data["tctal sqft'] = data[ "total_sqft'].apply(convert_sqft_to_number)

nan_values = data[data.isna().any(axis=1)]
priat (nan_values)

location size total sgft \
ato Kenger: Y
618 Arekere 9 Bedroon KaN
75 Easavanagara 1 BHK Nan
812 singapura Village 2 BEK Xan
1019 Marathi Layout 1 Bedroon Nan
1086 Narasapura 2 Bedroon KN
1400 Chanrajpet 9 BHK Kan
Ut singena Agrahara 3 Bedroon Nan
1743 Hosa Road 3 BHK Nan
1821 Sarjapur 3 Bedroon Na
210 Whitefield 4 BHK Han
2081 Volagerekallanalli 2 BHK Yan
3228 Dodda Banasvad: 5 Bedroon Kan
3285 whitefield 4 Bedroon Nan
a1 BN Layout 3 BEK Yan
429 Bannerghatta Road 4 BHK YaN
5153 Kanur 6 Bedroon Nan
5537 Frazer Tow 3 BEK aN
5831 ‘Thanisandra 3 BHK Nan
s568 Judicial Layout 5 Bedroon Nan
5708 Jigan 4 Bedroon KaN [
5976 1st Phase JP Nagar 1 BEK Xan
¢ 6268 Chickpet 2 BHK Nan

So, there are quite a few.
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20 50 200 4
5453 6.0 75.00
5537 3.0 180.00
5631 4.0 185.00

5668 6.0 400.00
5708 3.0 160.00
5976 1.0 63.00
6268 2.0 48.00
6303 3.0 69.34
6333 2.0 200.00
6552 6.0 550.00

6592 4.0 2100
6953 3.0 109.00
701 6.0 290.00
7248 2.0 46.00
733 1.0 125.00
7520 2.0 48.00
7607 3.0 217.00
726 1.0 125.00
8273 2.0 150.00
921 1.0 48.00
9519 3.0 232,00
973 2.0 18.00
10488 2.0 200.00
10491 2.0 40.00
U320 1.0 170,00
1615 2.0 80.00
12186 2.0 51.00
12252 5.0 75.00
12560 3.0 110.00
12652 2.0 150.00

F T TRV SR S

In | |: data = cata.copy(
data["price_per_sqft'] = data["price’ ]¥100000/data| " total_syft"
data.head(10)

These are the cases where the total square feet you have NAs.
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In (36]: data = data.copy()
data["price per sqft'] = data["price"]*100000/data|"total sqft|
data.head(10)

Oout(36]¢
focation  size tolalsqRt bath pice BHK price_per saft
O BecronicCityPrasell  2BHK 10660 20 3007 2 33981066
1 ChikaTinpahl 4Becrocm 26000 50 12000 4 4515384615
2 Utaahali  IBHK 1400 20 B200 3 430568556
4§ LUnjacheeranghall  IBHK 18210 30 9500 3 6245800861
‘ Kobaw  ZBHK 12000 20 5.00 2 45000000
s Whiefidd  2BHK 11700 20 300 2 3247863248
6 OdAmotRod  BHK 220 40 20400 4 TaGROSTICH
7 RapjNagar  4BHK 3000 40 60000 4 1BIBLBIBNE2
] Maathahali  GBHK 13100 30 6125 3 43R82M215
] Gandhi3azar 6Becrocm 10200 60 37000 6 Q627AS03BC4
1
o [ |+ # graph total sqft Vs price:
# plotting the points
#= np. log(data[ 'total_sqft'])
#y= np. log(data] 'price'])
x= data['total_sqft'|
y= data'price’]
#ole.plot(x, y)
plt.scatter(x, y)
plt.xlakel('total_saft')
e # naming the y axis

And so, these are the, we just created price per total square feet. So, price per square feet.
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8 Maathahall  SBHK 13100 30 6125 3 4328244205
¢ Candhi3azar 6Becrocm 10200 60 G7000 6 BG7ASORCS

In [37]: | # graph total sgfc Vs price:
# plotting the points

#xc= np.og(datal 'total_saft'])
#7= np.Jog(data( price ]}

x= data['total_sqft']
y* data[ '‘price’]
e.plot(x, ¥)
plt.scatter(x, y)

plt.xlabel('total_sqft')
# naming the y axis
plt.ylabel(‘price’)

# giving a title to ny graph
#ple.title( My first grapht’) L

# function to show the plot

plt.show()
=0
»
"
=
.
. 20 LIS 2 2

How much you are paying for each square feet?
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In [ |: ## check the number of catagorical and rumerical columrs:

cols = data.colums
num_cols = data._get_numeric_dasal).columns
priat("\n Nunerica! colums \n",nun cols) # numerical columns

cata_col = list(set(cols) - sat(num_cols))
print("\n Catagorical colums \n",cata_col)

Here, we are going to use Dimentionality Reduction for the data which are categorical variable. We need to apply
imensionality Reduction here to reduce number of locations.

And now, if you just plot, you can see this on the x axis we are plotting total square per feet
Versus price.
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Nunerical colums
Index(['total_sqft', 'bath', 'price’, 'BEK', 'price per_sqft'], dtype='object’)

catagorical columns

['locaticn’, ‘size’

Here, we are going to use Dimentionality Reduction for the data which are categorical variable. We need to apply
Dimensionality Reduction here to reduce number of locations.

In [39): # on

out[39]:

I

I

I

## frequency or number of counts of a lecation:

dataJocation = data.lecation.apply(lenbda x: X.strip())
location_stats = data[ 'location' ].valve_counts(ascending=False)
location_stats

## Identifying those locations whose frequency is equal cr less than 20

location_stats_less_then 20 = locatior_stats[location_stats<s20|
location_stats_less_then 20

## biscerding location stats less than 20:

data.location = data.lecation.apply(lembda x: ‘other’ if X in locatior_stats_less_then_20 elss x)
len(data. location.unique())

Ploting the Scatter Chart for 2 BHK and 3 BHK properties

P
Tusted | Python 3 pykeme) O i\%}

NPTEL

And we are here, we are going to, we are checking the categorical variable versus numerical

variables, how many categorical, how many numerical, those are which are the. So, these are

the numerical variables and these two are categorical, location and size. So, how many new

unique locations we have? So, there are 1300 unique locations that we have.
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(ascending=False)

Out[40]: Whitefie!
sarjapur Roa 392
Electroric 304
Kanakpura Roa 266
Thanisardra 236
Vasantapura main road 1
Bapuji Layout 1
Ist Stace Radha Zrishne Layout 1
BEML Layout 5th stage 1
Abshot Layout 1

Name: location, length: 1293, deype: int64

In [41): | # Identifying those locations whose frequency is eq

location_stats_less_than 20 = locatior_stats(location_stats<
location_stats_less_than 20

Out[41]: Yelacherahalli 20

sanjay ragar 20
HBR Layout 2
Poorna Pragna Layout )
Binny Pete 2

Vasantapura main road
Bapuji Layout

1st Stace Radha Krishna Layout

BEML Layout 5th stage

Abshot Layout 1

Name: location, length: 1150, dtype: int64

And in the 1300 unique location, we count that and these is the situation, there are quite a few
location where you have only single instances. So, if we do that, then there will be little bit of
a problem because you see, there are 1300, about 1300 locations, unique location and if we
create a dummy variable, if we do a one-hot one encoding and if we do create a dummy

variable, for each location, it will create a dummy variable.

And there are instances we have one one-hot encoding and that will make the solution
unreliable. In fact, probably you will not have a solution, you can have a solution, but you
will not be able to calculate the standard error. So, you need at least 20 locations, a 20
instances for each for a locations, a solution to estimate. So, what we are doing here, we are
saying that, ok, let us try to figure out which are the locations you have unique are less than

20 instances ok.
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In (42): | # Discarding location_stats_less_than_i0:

data.location = data,location.apply(lambda x: 'other’ if x in location_stats less_then 20 else x)
Len data. location.unique () )

out[42]: 144

In (43): data.shape

Out[43]: (13246, 7)

Ploting the Scatter Chart for 2 BHK and 3 BHK properties

In [ |: def plot_scatter chart(data,location):
bhk2 = data[ {data. location==location) & (data.BHK==2)]
bhk3 = data[ (data.location=slocation) & (data.BHE==3)]
matplotlib. reParams( 'figure. figsize'] = (8,6)
plt.scatter (bhk2. total_sqft,bhk2.price,color='blue’, label='2 BiK', §=50)
plt.scatter (bhk3.total sqft,bhk].price,marker='+', colors'green',labels'3 BHK', s=50)
plt.xlabel(*Total Square Feet Arec’)
plt.ylabel("Price (Lakh Indian Rupees)")
plt.title(location)
plt.legend()

plot_scatter_chart(date, "Rajaji Nagar")

Ploting the Scatter Chart for log-Total Square Feet Area Vs log-price

Tn [ ]: def plot_scatter_chart(data, location):
bhk2 = data[ (data. location==location) & (data.BHE==2)]
bhk3 = data[ (data.location==location) & (data.BHK==3)]

These are the locations where you have less than 20 instances, ok. And, let us drop those and
we are discarding those locations. So, there are now 144 unique locations. After dropping 20
location, where we have now have 44 unique locations. And if you just say data dot shape,

still you have 13,240, 7, 246 instances you have. So, this is a good thing.
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In [44]: def plot_scattsr_chart (data, location):
bhk2 = data[ (data. location==location) & (data.BiK==2)]
bhk3 = data( data.location=slocation) & (data.BHK==)]
matplotlib. reParams( 'figure. figsize'] = (8,6)
plt.scatter (bhk2.total_sqft,bhki.price,colors'blue’, labels'2 BHE', 8%50)
plt.scatter(bhk3 total_sqft,bhk.price,macker='+', color='gzeen’,label='3 BHK', &=50)
plt.xlabel("Total square Feet Arez")
plt.ylabel("?rice (Lakh Indian Rupees)’)
plt.title(location)
plt.legend()

plot_scatter_chart(date, "Rajaji Nagar')

Ploting the Scatter Chart for log-Total Square Feet Area Vs log-price

And now we are going to do some plotting, scattered chart for 2BHK and 3BHK properties.
So, say for example, here in the Rajaji Nagar area, you can give a area name and for that area,

you will get a 2BHK and 3BHK's price or say Whitefield, if you take Whitefield.
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In [45]:
plot_scatter_chart data, "Whitafield')
Whitefiel
™ ! e
o
FE]
i
i
in .
] +
&
» L
5 4 &
w0 ﬁé-‘w
i st
& 1000 1500 000 2500 3000 S00 400 4500 5000
" ot sque et s
H Ploting the Scatter Chart for log-Total Square Feet Area Vs log-price
In [ |: def plot_scatter chart(data,location):

bhk2 = data((data.location==location) & (data.BHE==2)]
bhk3 = datal (dat i & (data, BHE==1)1

,,,«.,”
(e
LT

PTEL

=

And you give another place, just a minute. So, let me just copy this here and instead of. So,

now, let me just run this. So, in the Whitefield, these are the 2BHK prices and these are the

3BHK. The x axis we plot the total square feet and on the y axis, we have right plotting the

price for each of each cases.
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Ploting the Scatter Chart for log-Total Square Feet Area Vs log-price

In [46]: def plot_scatter chart(data, location):
bhk2 = data[(data.location==location) & (data.BHE==2)]
bhk3 = data( (data. location==location) & (data.BHE==3)]
matplotlib. reParams( 'figure.figsize'] = (8,6)
tter (np. log(bhk2. total_sqft),np. log(bhk2.price) ,coloz= blue' label='2 BK', s=50)
plt.scatter(np. log(bhk3. total_sqft) ,np.log(bhk3.price) marker="+, color='green',label='3 BHK', s=50)
plt.xlabel("Total Square Feet Arez")
plt.ylabel("Price (Lakh Indian Rupees)’)
plt.title(location)
plt.legend()

plot_scatter_chartdata, "Whitsfield")
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Now, we are plotting the chart for a log total, log scale in the total square feet versus log

price.
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? kh Indian Rupees)")
plt.title(location)
pit.legend()

plot_scatter_chart (date, "Whitefield")
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In [ )+ # 'price per sqft' varies in very vide range.

max (data( 'price_per_sqft'])
min(datal ‘price_per_saft'])

So, if you plot that, they are somewhat in the much more linear in terms.
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In [47): |plot_scatter_chart(data, 'Rajaji Nagar")

Rejaj Nagar
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In [ |: ## 'price per_sqft' varies in very wide range.

nax(data[ 'price_per_sqft'])
min(data[ 'price_per_sqft'])

Ploting the histogram for Price Per Square Feet vs Count

In [ ]: plt.hist(np.log(data.price per_sqft],zwidth=0.3)
plt.xlabel("Price Per Square Feet')

And if you just do the, do it for the Whitefield also. So, this is already for the Whitefield. Let
me do it for Rajaji Nagar than. So, this was for the Whitefield. Let me do it for the Rajaji

Nagar. Alright. Ok. So, this is less number of instances that you have.

iy,
SE
Ve

E
i,
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In (49): | # ‘price per sqft’ varies in very vide range.
max(data[ 'price_per_sqft'])

Out(49]: 1200000¢.0

In (50]: min{data( ‘price per sqft'])

OuE[50]: 257.82981328435875

Ploting the histogram for Price Per Square Feet vs Count

In [51]: plt.hist(np.lo(data.price_per_sqft], rwidth=0.3)
plt.xlabel("Price Per Square Feet’)
#plt.hist (data[ 'price_per_sqft'],bins=300)
plt.ylakel("Coun:"|#

Out[51]¢ Text(0, 0.5, 'Comnt'|

00

So, price per square feet, if you see the price per square feet, ok this was, this is the minimum
actually. Let me just first plot. This is the really high price per square feet. And, if you create
the minimum of it, then the price per square feet is 267. So, the range is very big. That is bit

of a weird, I find.
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#plt.hist (data[ ‘price per sqft'],bins=300)

plt.ylabel("Counz” | #

NPTEL

Out[51]: Text(0, 0.5, 'Count']
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In [ |: # interpretation of the log graph

Ploting the histogram for Number of bathrooms vs Count

Tn [ ]: plt.hist(data.bath, rvicth=0.8)
plt.xlabel("Nunber of bathroons')
1t ylabal(“crune®
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Tn [ ]3| # interpretation of the log graph

Ploting the histogram for Number of bathrooms vs Count {|

In [52]: plt.hist(data.bach, rvicth=0.8)
plt.xlabel("Nuber of bathroons')
plt.ylabel("Coant"|

Out(52]: Text(t, 0.5, ‘Count’|

100
w0
o0 I

H

§ om
oo

00

0 1]

)
Number of batvcoms

It is unusual to have 2 more bathrooms than number of bedrooms in a home. So
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Itis unusual to have 2 more bathrooms than number of bedrooms in a home. So we are discarding that also.

In (53: data[data.bath>10].head(10)

out (53

ocation size fotal sgft bath prica BHK prico par saft
938 ShPhiseJPNagar 9Badvom 2600 110 200 9 2H01587016
o ober 9Banan OO, 140 000 9 TISISEIR2
e oher  27BHK 80000 270 200 27 875000000
1768 otter 1iBxdoon 2000 110 170D 11 14164686667
108 KRPuam BBsdnom 2000 120 10D B 16466667
wor oher GBacoom 900 120 1200 8 frf2iaf2izt
0% ofer  10BHK 120000 120 250 10 437500000
an oher  19BHK 20000 160 400 19 24500000000
50 oher  16BHK 100000 160 500 16 £500.000000
1 Munnskolal 43Bectoom 24000 400 600 & 27500000000

In [ |: data[data.bathdata.BHk+2]

Using One Hot Encoding for Location

pd.get_dumies (data. locatior)

Concatinating both the dataframes together

And, the histogram that you are plotting here for price per square feet and then bathroom for
histogram. So, there are number of bedrooms. These are the number of bedrooms and, sorry,
number of bathrooms. So, these are the cases where you have number of bedroom is 9 and

number of bathroom and number of bedroom is number of bathroom is more than the number

of bedroom.

So, these are like really, really big houses with, you know, lot of. So, this could be mansion or

something. These are like really big places. So, a really big outlier with all these things so, we

can drop this probably.

Ay,
2
Ve

NPTEL
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%09 ofher  16BHK 100000 160 5500 16 £500.000000
84 Mumskolal 43Bscroom 2400 400 6500 43 27500000000

In (54 data[data.bath>data.BHK+?]

out(54]
location sze total sqft bath price BHK price per sqft

1078 otter 9Bedom 33000 140 000 9 15I51SIS1R
1980 KRPuam 8Bedroom 12000 120 1100 8 9165666667
1019 other 8Bedroom 9000 120 1200 8 12121212121
220 otter  BBHK 113380 90 10000 6 8813847669

6 Raitign 5B TOD 80 00D 5 2686t

6837 ofher 9Bedroom 23000 120 €750 9 25961508462
™8 ofter dBeom 20600 70 800 4 325208250
8106 ofter BBedroom 18500 120 000 B 16213216216
(2 ofter 3Bedroom 29000 60 7750 8 2291666667
9000 otter 6Bedom 12000 90 1220 6 10163666667

10685 EictoncCly OBedroom 12000 150 1500 9 12502.000000
11366 otner 4Beom 700 80 4500 4  6428S7I4
11845 ofer 6Bedoom 15000 90 7300 6 1533333
12103 Thansanda  3BHK 13060 60 1160 3 642308430
12443 ofter dBedoom 43500 B0 26000 4 7714943
13067 ofter 10Bedroom 71500 130 3600

g

10 50343850350

Using One Hot Encoding for Location

These are not really regular cases for sure.
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Using One Hot Encoding for Location

In (55]: dumnies = pd.get_dumies (data. locatior)
dumnies . head()
#dunmies. isnull() .values.any()

ue[55):
st 5t 6th Tth 8t ath
"":; Nfﬂ”"i‘m ”‘: ”"'J’; ""':; ""':; "":; Abbigere m Ambalipura .. Utarshall Varthr Vidyaranyapura Vjayanagar Vitasandra \
Nagar Nagar Nagar Nagar Nager Nagar
0 0 0 0 [] 0 0 0 0 0 1] 0 0 [ 0 0
1 0 0 0 L] 0 0 0 0 0 0 0 [ 0 0
2 0 0 0 (] 0 0 0 0 0 0 1 0 0 0 0
X
3 0 0 0 L4 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 rows x 144 columns
Concatinating both the dataframes together
In [ |: data = pd.concat([data,dummies.drop 'other' ,axis='columns')],axis='colums')

data.head()

Final dataset to trained model:
In [ |t data = data.drop('location',axis='columns')

. In 01 dae 2 i \

So, now we are going to do some one-hot encoding for the location. This is very important.

So, this gives us one-hot encoding for all the locations.
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In [55):

oue(55]¢

o

o

View

Insert Cel Kemel Viidgets Help
=3
Using One Hot Encoding for Location

dumnies = pd.gat_dumnies (data. location)

P Yelahanka
" Aobigore m Ambalpura .. Utarahall Varthur Vidyeranyapura Vijayanagar Vittasandra Whiefield Yolaharka  New Yeshwanthpur other

oo Town
) o o o o o D o 0 o o o o
) [ [ [ ) 0 0 0 o 0 [
) [ 0 1 ) 0 0 0 0 0 [

&

) [ 0 [ ) 0 0 0 0 0 0o 0
) [ 0 o 0 0 0 0 0 0 0 [

Concatinating both the dataframes together

data = pd.concat([data,dunmies. drop| 'other’ ,axis="columns' )], axis='columns' )
data.head()

Final dataset to trained model:

data = cata.drop('location’, axis='columns ') 4

- dar £ deannal)

5 rows for 144 columns.

&
Tustd | Pythan (pykoma) O i\ i

NPTEL
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5rows x 144 columns

Concatinating both the dataframes together

In [56]: data = pd.concat([data,dummies .drop| 'cther’ ,axis='columns' )] ,axis='colums')
data. head()

Que[36]:
st Bth
Phase  2nd Stage Phase
location  sze totalsqft bah price BHK price persat ") Nagarthad | JP Ulsoor Uttarahall Varthur Vidyaranyapura Vjayan
Nagar Nogar
Electronic City 3
[] Bhasell 2BHK 10560 20 307 2 3699.810606 0 0 0 1] 0 0 0
1 othir 4 26000 50 120.00 4 4615384615 0 0 0 0 0 0 0
Bedroom
H Uttarahali 3 BHK 14400 20 6200 3 4305585556 [] 0 [} 0 1 0 0
3 Lngadheeanshali  3BHK 15210 30 9500 3  €245.800861 0 0 ] ] 0 0 0
4 Kothanur ~ 2BHK 12000 20 5100 2 4250000000 0 0 0 0 0 0 0
5rows x 150 columns X
Final dataset to trained model:
In [ |: data = data.drop(’location’,axis= columns’)
Tn [ |: data = data.dropna()
In [ ]: X = data.drop([ 'price’],axis= colums')

For each columns, we get the first five rows or all the 144 columns. Ok. And at the end, we
get the others. Ok, alright. And, then concatenating with the data frames together, we have to

add them, concatenate them. So, we just concatenate with the data frames.
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Final dataset to trained model:
In [57): data = data.drop('location',axis='columns')
In [58]: data = data.dropna()
In[39): X= dnr_a.drwp(['pxice'l,axiv columns ')
In [50]: X = X.drop(['size'],axis='colams )

In (81): X = X.drop(['price_per sqft'],axis='columns')
X.head()

out(51]:
st shoeh T e o
otasqtt bath BHK "0 "f"“:;'m Prase Phase Phase Prase PHOSC . Uisoor Utarahall arthr Vidyaranyapura Vigyanagar Vitasandra W
Nagar Nagar Nogar Nagar Nagar Nagar
o w0 20 2 0 o o o o0 o0 0. ¢ ¢ 3 0 »
1w 50 4 0 o0 0 ¢ 0 ¢ o 0 0 )
: w0 20 3 0 o 0 0 0 0 0. ¢ 1o 0 0 »
9 ot 80 3 0 o 0 o 0o 0 C. ¢ 0 0 0 )
4 om0 20 2 0 0 0 0 0 0 ¢ 0 « 0 0 0 )
Srows x 148 colums
4
In [ )5 X.shape

And, then we have to drop the location because now we have for each location, we have done
the one-hot encoding, correct? And, we can drop the NAs. Now, we take the, from the, we
can drop the price and rest of the, we will become the X matrix. We can drop the size and

drop the price per square feet.
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5rows x 146 columns

In (52]: X.shape

Out[52]: (13200, 146)

In (53): X.isna().sum()

Out[53]: total_scft
bath
BHK
15t Phase JP Nagar
2nd stace Nagarbhavi

Whitefield
Yelahanka

Yelahanka New Tovn
Yeshwanthpur

Length: 146, dtype: int6d

[]
0
0
0
[
Vittasardra ]
]
0
0
]

Tn [54]: X.shape

Out(54]: (13200, 146)

In [ |: y = data.price
y.head()
Train-test split:
In [ |: X_train, X _test, y train, y_test = train_test_split(),y,test size=0.3,random s:ate=4l)

So, this will be our final X. So, total square feet, bathroom, BHK and the locations. This will
be the our thing. So, X shape will be 13200 and 146 columns. So, we have so many columns

and yeah. And, there is no NA. Ok. So, now we are going to split the data into train and test.
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ouEsd]E 0 35.07

1 120,00

2 600

3 9500

4 5.0

Name: price, dtype: float6d

Train-test split:
In [56]: X_train, X_test, y train, y_test = train_test_split(X,y,test_size=0.3,random szatesil)

In (§7): fron sklearn import datasets, linear model, metrics

# creste lLinear regressln object
reg = Linear_model LinearRegression )

# train the model using the training sets
reg.£it(X train, y_train)

OuE(57]: LinearRegression()

In [ ]+ print('Variance score: (}'.format(reg.score(X_test, y_test)))

# plotting residual errcrs in training data
plt. scatter (reg.predict (X_train), reg.predict(X_train) - y train,

So, we are going to call train test split. Now, if let me just go on the top. Ok. In the, from the
sklearn package, scikit-learn package, model selection module, we imported the train and test
split here. Ok. So, let us run that. And from there, we are importing the linear model, we
linear regression from the linear model of sklearn, we call it regression and then we are called

fitting the regression dot fit. Ok.
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In [58]: print('Variance score: {}'.format|reg.score(X test, y_test)))

Variance score: 0.4543536851575002

In [9]: # plot for residual error
## setting plot style
pLt.style.use(' fivethirtyeight')
# plotting residual errcrs in training data
pLt.scatter (reg.predict(X_train), reg.predict(X_train) - y_train,
olor = ‘green’, s = 10, lakel = 'frain data’)
# plotting residual errcrs In test data
1t (X test), dict(X_test) - y_test,
color = 'blue”, & = 10, label = 'Test data')
# plotting line for zero residial error
plt.hlines(y = 0, min = 0, xnax = 50, linewidth = 2)
## plotting legend
plt.legend(loc = ‘upper right’)
# plot title
plt.title("Residual errors’)
## nethad call for showing the plot
pLt. show()
Residual errors
+ Traindata
2000 + Testdata
1000 e
8 .

Now so, the variance score is 0.45.
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inport statsnodels.api as sn
model = sn.0LS(y_train, X train).fit()
predictions = nodel.predict(X_test)

print_medel = model, sumnary()
print (print_model)

In [ ]: def predict price(location,sqft,bath, bhk):
Loc_index = np.where(X.columns==lccation) [](0]

x = np.zeros(Len(X.columns )|

x(0] = sqft

x(1] = bata

x(2] = bhk

if loc_index >= 01
x[loc_index] = 1

Wi

And, then if we just plot the residual errors for train data versus test data. So, they are

somewhat overlap each other. So, which is a good news, which is a good news.
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In [70]: inport statsmodels.api as su
model = sm.0LS(y_train, X train).fit()
predictions = model.predict(X_test)
print_mcdel = model.sumnary()
print (print_nodel)
- |
Dep. Variable: price  Resquared [uncentered): 0.617
Hodel: OLS  Adj. R-squared (uncentered): .61
Hethod: Least Squares P-statiscic: 003y
Date: Thu, 16 Mar 2023 Prob (P-statistic): 0.00
Time: 18:20:22  Log-Likelihood: -57134.
No. Observations: 9240 ATC: 1.146e405
DE Resicuals: 9034 BIC: 1.156e405
DE Nodel: 146
Covariarce Type: nonrobust.
coef  std ar t Bt 19025 0.975)
total_sqft 0.0455 0001 45.749 0.000 0.087
bath 38,3288 2199 17430 0.000 42,639
BHK -11.5661 203 -5.429 -7.390
1st Phase JP Nagar 206467 32.348 0.629 85.036
21d Stage Nagarbhavi 2.0 28.302 1.483 Bt 99.150
| 5th Phase JP Nagar -49.8480 23704 -2.103 0035 -95.313 -3.383 J
In [ |: def precict price(location,sqft,bath,bhk):

loc_index = np.where (X.colunns==location) [7]{0]

And then if we just plot this, the model, if we just fit the model, OLS model. So, adjusted R
square is 61. So, 61 percent gets, can be explained by the data.
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In [70]: import statsmodels.api as sm
model = sm.OLS(y_train, X_train).fit()
predictions = model.predict(X_test)
print_mcdel = model. sunmary()
print(print_nodel)
5th Phase JP Nagar ~19.8480 23.704 -2.103 0.035 -95.313 -3.383
6th Phase JP Nagar -20.5223 28.719 -0.715 0.475 -75.817 35.773
7:h Phase JP Nagar . -2.942 0.003 -57.079 -11.434
8:h Phase JP Nagar =2.389 0.017 =87.212 =8.592
9:h Phase JP Nagar -2.309 0.021 =90.995 -7.434
Abbigere -2.453 0.014 =125.730 -14.149
Akshaya Nagar -2.926 0,003 -87.42¢8 -17.280
Anbalipura -0.869 0,365 -74.914 28.830
Anbedkar Nagar =0.312 0.755 =55.082 39.956
Anruthakalli =1.200 0.230 =90.713 21.823
Anandapura -2.404 0.016 -121.808 -12.335
Ananth Nagar -53.6625 21.985 -2.896 0.004 -105.759 -20.566
Anekal =50.9713 23.880 -2.153 0.031 -97.389 -4.553
Ardendale =55.124% 35.686 ~1.545 0.122 =125.077 14.827
Actibele =2.091 0.037 -87.568 -2.837
BTM 2nd Stage 1.300 0.1%4 -15.670 82.348
Babusapzlaya -1.834 0.067 -115.957 3.855
Balagere =1.500 0.134 =74.770 9.936
Banasharkari -1.877 0.0€61 =63.817 1.3%0
In [ |: def predict price(location,sqEt,bath,bhk):

loc_index = np.where(X.columns==location) 1] (0]

So, the total square feet has a very positive coefficient as the and you know looks, this p value
are very small for bathroom and BHK. And, then there are locations for which some p values
sometimes are small, small. For example, there is a base line and against the base line. This
Akshaya Nagar has a coefficient which is negative 52 and the p value is small. So, that

means, it is small enough and the price that you pay is statistically significantly smaller than

the base line.
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In [70]: import statsmodels.api as sm
model = sm.OLS(y_train, X_train).fit()
predictions = model.predict(X_test)
print_ncdel = node!. sumary()
print (print_nodel)
Bhoganhelli -18.899¢ 20,349 -2.403 0.016 -9.011
Bisuvanzhalli =51.0290 21.582 =2.353 0.019 -8.527
Bomnanatalli 25.841 -2.825 0.005 =22.354
Bomnasardra 24.585 -2.464 0.014 -12.430
Bonnasardza Industrial Area %470 306 0,002 30,602
Brookefield 20,06 -15% 0.1 8.449
Budigere 19.484 -2.830 0.005 =16.941 l
CV Ramar Nagar 20.525 -1.841 0.0¢6 2.450
Chandapura 13.713 -4.236 0.000 -31.206
Channasandra 24.180 -2.853 0.004 -21.577
Chikkalesandra 25.85% L1 0244 20,589
Choodasendra 2063 135 0169 15.692
Devanahelli 20,289 <1385 0,166 12,244
Dodda Nekkundi 25.834 -0.844 0.399 28.834
Doddathoguru 26,458 -2.228 0.026 -7.072
Domlur 30.565 1.183 0.237 96.074
EPIP jore 30.588 -1.848 0.0€5 3.435
Bleetroric City 8068 -6.023  0.000 32,775
Blectroric City Phase 11 12,406 478 0,000 35,037
Rlaetrarica ciry Bhasa 1 A s nnne e

In [ |: def precict price(location,sqft,bath,bhk):
loc_index = np.uhere (X.colunns==location) [](0]

So, we can look for places where it is bit high or bit low. So, for example, if you see this
place has a positive coefficient, but the p value is really not large and the coefficient
confidence interval also contains the 0. So that means, is its sort of a base line you know

expected according to the expected price, you do not really expect much.
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In [70]: import statsmodels.api as sm
model = sm.OLS(y_train, X_train).fit()
predictions = model.predict(X_test)
print_mcdel = model. sunmary()
print(print_model)
Electroric City 2hase II -59,3553 12.406 -4.784 0.000 -83.674 -35.037
Electrorics City Phase 1 -54,2970 15.316 -3.545 0.000 -84.319 -24.275
Frazer Town 51.422¢ 25.885 231 0.018 10.682 112.153
Gottigere =51.6272 19.496 -3.161 0.002 =93.844 =23.410
Green Glen Layout -44.2091 22,02 =2.007 0.045 -87.384 -1.034
Gubbalala -51,9833 25.855 -2.011 0.044 ~102.664 -1.303
Gunjur 35,3048 28710 1230 0,219 91595 20,956
HSR Layout =15.5052 20.323 -2.239 0.025 -85.342 =5.658
Haralur Rcad =49.7398 12.222 =4.070 0.000 =73.697 =25.733
Harlur -35.1290 16.171 -2.172 0.030 -65.828 -3.430
Hebbal -13.8765 10.749 -1.291 0.197 =397 7.194
Hobbal Kerpapura L1296 22830 0.487  0.636 363 55.890
Hegde Negar -18.613¢ 20.101 -2.418 0.016 -83.017 =9.211
Hennur =51.7328 21.99% -2.352 0.019 -94.849 =8.616
Hennur Road -41,2008 11.441 -3.601 0.000 -63.627 -18.775
Hoodi I -19.4026 13.936 -3.545 0.000 =75.721 -22.084
Horamavu Agara =36.2873 22.797 =2.469 0.014 =100.974 =11.601
Horamavu Banaswadi =53.4467 30.552 =2.07 0.038 =123.336 =3.557
Hornavy 36,4093 17.297  -3.261 0,001  -90.316  -22.503
inas BsA G a1 Sen et a1
In [ |: def predict price(location,sqEt,bath,bhk):

loc_index = np.where (X.colunns==location) [7]{0]

Nl

So, if you interestingly, Frazer Town is a place which has coefficient positive. That means for
Frazer Town, you pay a premium and looks like p value is small and the coefficient
confidence interval for the coefficient is also not including 0. So, I do not live in Bangalore.
So, the people of Bangalore can tell me whether it makes sense that Frazer Town has a house

price which is bit expensives looks like it is expensive place to be.
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In [70]: inport statsnodels.api as sn

model = sm.0LS(y_train, X train).fit()
predictions = model.predict(X_test)
print_mcdel = model.sumnary()

print (print_nodel)

Hornavu 17.297 -22.503
Hosa Road 17117 11179
Hosakerehalli 22,358 32.407
Hoskote 29.515 13,43
Hosur Road 2,003 6.903
Hnlinave 20.344 -5.520
Tblur Village 26.571 27.349
Tndira Nagar 21560 140.330
J? Nagar 1512 -6.558
Jakkur 16984 8402
Jalahalli 20.635 5.002 I
Jigani 19.794 -30.006
KR Puran 14.550 -23.394
Kadugodi 2.032 -19.288
Kaggadasapura 18.754 -21.357
Kalena Agrahara 23.583 0.196
Kanbipura 29.583

annasardra 24165

Kanakapura .27

In [ |+ def precict price(location,sqft,bath,bhk):
loc_index = np.uhere (X.columns==location) []{0]

Let us see how it is. For example, Jigani is a place which has a coefficient value negative 68.
That means, house price is lower than the expected average prices and then coefficient is also

negative, quite low..
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In [70]: inport statsnodels.api as sn
model = sm.0LS(y_train, X train).fit()
predictions = model.predict(X_test)
print_ncdel = model..sumnary()
print (print_nodel)
Kanakapira L7835 2276 2.4 0015 -93.488  -10.078 |
Kanakpura Road 51,912 8551 -6.071 63,675 -35.150
Kasavankalli S3L0SSC 16.473  -1.885 -63.345 1.235
Kathriguppe 3545 -1.186 -93.552 24.515
Kaval Byrasandra 0.54  -1.493 -105.492 14.252
Kengeri 16,940 -2.9% 83,970 -17.555
Kengeri Satellite Town 22.19% -2.158 -93.471 -4.502
Kodichikkanahalli W18 -2.436 4125285 -13.667
Kogilu 26.492  -1.55 -93.096 10.756
Koramang 15,755 2,991 15.234 78.002
Kothannur 2.1 -2.220 123,179 -7.6%6
Kothanur 17.335 -3.481 =94.32¢ -26.354
Kudlu 2.5 -1.724 -10.057 6.402
Kudlu G 2.175 2,08 -97.021 -2.243
Kumarasvani Layout 5341 2.4 -103.995 -4.623
Kundalatalli 2053 -0.257 -45.760 35,102
Lakshnirarayana 2ura 2.5 -0.811 -75.261 317193
Lingadheeranahalli 0.582  -1.619 -109.455 10,442
Hagadi Foad 25847 -1.513 -89.768 11,563
g [P — %241 1 asa RYRS > aax |

In [ |+ def precict price(location,sqft,bath,bhk):
loc_index = np.uhere (X.colunns==location) []{0]

KR Puram, Kadugodi, these are all places where you have prices to be little on the lower side.

Now, here is one place, Koramangala looks like it is a bit expensive place.



(Refer Slide Time: 28:43)

* Bookmaks @ @ @ @ Donwchanceins.. £S5 CONA 5 Sourish's BeokMark @ Finance Research.. M Gmail @ Maps (8 News B Transhate

Flo Edt Viw Inset Cel  Kemel Vidgets Heb

B+ ¥ @B 4% PRin B CH com =]
2000
-3000
0 500 1000 1500
In [70]: import statsmodels.api as sm
model = sm.OLS(y_train, X_train).fit()
predictions = model.predict(X_test)
print mcdel = model.sumnary()
print (print_nodel)
Lingadheeranahalli =19.506% 30.582
Magadi Road =39.1021 25.847
Mahadevpura -16.7969 25.243
Halleshvaran e 188
Marathatalli 1347 10617
Margondenahalli =41.529% 27.156
Munnekollal =32.5448 31.666
Mysore Road -12,3605 19.770
Nagarbhavi -2.4049 17.514
0ld Airport Road 27,3390 24.206
0ld Madras Road -54.2196 17344
Padnanabhanagar 235,002 29.593
Panathur -36.6121 18.972
R.T. Nacar -22,2209 22.437
Rachenatalli =47.596¢ 17.293
Raja Rajeshwari Nagar -51.095¢ 11.075
Rafaji Nagar 1351818 14.095
Ramagoncanahalli 16586 20.958
Ramamurthy Nagar -50.8525 16.815
Ravasancra -55.8053  30.381

I

def predict_price(location,sqft, bath,bhk):

il

loc_index = np.where(X.columns==location) [1]{0]

2000 2500
BG .06 -103.455 10-412
-1.513 0130  -83.768 11563
-1.854 0.064  -95.279 2.635
9.754 0,000  14l.44)  212.605
-3.891 0.000 -62.121 -20.503
-1.529 0126  -94.76) 11703
-2.607 0.009  -143.517  =20.472
-2.143 0,032 -8L.115 -3.606
-0.137 0.851  -35.736 31.926
-1.129 0.289 74789 20.111
-3.579 0.000  -99.394  -20.046
-1.183 0237 -93.010 23.006
-1.930 0,054  -73.801 0.576
-0.990 0322 -65.202 21,750
-2.752 0.006  -BL.A94  -13.699
-5.517 0.000  -82.805  -39.337
11,010 0.000  127.553  182.811
0.079 0937 -3.424 42,781
-3.024 0,003 -83.815 -17.890
21582 0.031 125750 -5.861

Because, the coefficient is positive 47.112, p value is quite small and the confidence interval
for the coefficient is completely right side of the 0. Does not include 0. So, the people from
Bangalore tell me if Koramangala is a place where housing price is more than expected. At

least the model is saying it is bit expensive place ok. There is one place looks really

expensive Rajaji Nagar.

The coefficient is very high, 155.1818. And, then p value is really really small and interesting
and the coefficient is completely off. One confidence interval of the coefficient is somewhere
between 127 and 182. Guys, this place looks like really expensive. Tell me I do not live in

Bangalore, I live in I am from Chennai. I teach at Chennai Math Institute.

P
Tusted | Python 3 pykeme) O i%}

NPTEL
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In [70]: inport statsmodels.api as su
model = sm.0LS(y_train, X train).fit()
predictions = model.predict(X_test)
print_ncdel = model. sumnary()
print (print_nodel)
BN TS9T e 0T 93T 230006 |
Panathur -36.6121 18972 <1930 0,084 73,800 0.576
R.T. Nagar -22.2009 22431 -0.9% 0322 -65.200 21750
Rachenatalli 47506 17293 2782 0.006 -89 -13.699
Raja Rajeshvari Nagar 451,095 11075 -5.517 0.000  -82.805  -39.337
Rajaji Nagar 1550816 14.095 1010 0.000  127.553  182.811
Ramagoncanahalli 16586 20958 0.079 0937 a2 4274
Ramamurthy Nagar -50.8525  16.815  -3.024 0003  -83.815  -17.890
Rayasancra 55,8050 30581 <2182 0031 125750 =5.851
Sahakare Nagar -22.7016  22.807  -0.995 0320 -67.408  22.04
sarjapur 47,0666 15747 -2.989 0003 7793 -16.199
sarjapur Road SL2SIT 75U 4% 0.000  -45.858  -16.645
seegehalli 8,383 2585 LTl 0061 -92.063 2.297
Singasardra 22,9420 27075 -2.684 0.007 125211 -19.673
Somasuncara Palya 58,4145 27060 2151 0.032 111651 5172
Sonnenatalli 48,1091 28.899  -L.676  0.054  -104.366 8.148
Subranaryapura S44.7907 263 2,070 0,038 87199 -2.382
¢ Palaya SSL6E9E 18,549 2786 0,005 83030 -15.309Kk
Talaghattapura -2.3085 2400 1892 0.059  -85.290 1.533
g Thanisardra -52.0949 933 -5.592  0.000  -70.492  -33.838 |
In [ |: def precict price(location,sqft,bath,bhk):

loc_index = np.where (X.colunns==location) [7]{0]

So, people from Bangalore can tell me whether this place is really expensive place in terms of

house price. Ok. So, ok.
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In [70]: import statsmodels.api as sm
model = sm.OLS(y_train, ¥_train).fit()
predictions = model.predict(X_test)
print_mcdel = model.sumnary()
print (print_nodel)
e 7537 |

Thanisardra 933 5592 0.000  -70.491  -33.898
Thigalarapalya 18.860  -2.35 0,019 -BL0S  =7.451
Thubaratalli 32.813 -1.276 0.202 -105.185 22.456
Tumkur Foad 27.161 -1.527 0.127 -91.723 11.761
Ulsoor 28.824 0.035 0.972 =55.482 57.522
Ustarahalli 10550 -4.959 0.000 73006 -31.642
Varthur 16,779 -3.059 0002 -84.212  -18.430
Vidyararyapura 2,758 -2.903 0.004  -115.580 22405
Vijayanagar 200972 L5 0,265 64500 17720
Vittasardra N 20.026 =2.547 0.011 =9).272 =11.760
Whitefield =28.2333 6.398 -4.413 0.000 =4).775 =15.632
Yelahanka -59,4904 9.830 -7.069 0.000 -83.760 -50.220
Yelahenka New Tovn -6.8984 21985 -0.3M4 075 -4.997 36200
Yeshwanthpur 28,315 15855 <1786 0.1 -59.407 2756
Prnibus : 12402.322  Durbin-Watson: 2.034
Prob(omnibus): 0,000 Jarque-Bera (JE): 11717673.906 I
Skev: 7.068  Prob(Ja): i

g Kurtosis: 176,884 Cond. Yo. 5980404 |

In [ |: def predict price(location,sqet,bath,bhk):

loc_index = np.where (X.colunns==location) [7]{0]

So, I think you guys can figure out whether you live in a not so expensive place or not so

really expensive place.
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Vidyararyspura 1
Vijayanigar

Vittasardra

Whitefield

Yelahanka -59.4904

Yelahanka New Tovn -6.898¢ 21385

Yeshvanthpur 28,3259 15.856

Omnibus: 12492.322  Durbin-Hatson: 2.034

Prob(0mritus): 0.000 Jarque-Bera (J5): 11717673.906

skevs 7,068 Prob(ds): 0.00

Kurtosie: 176,88 Cond. Yo. 5.982404

Notes:

[1] B¢ is computed without centsring (urcentersd) since the modsl does not contain a ccnstant.
[2] Stardard Errors agsume that the covariance matrix of the errors is correctly specified.
{3 The condition nunber is large, 5.98e+04. This night indicate that there are

strong multicollinearity or other numerical problens.

In [ )¢ def predict price(iocationsqft,bath,bhk) s
oc_index = np.uhere(X.colunns==location) (7] (0]

% = np.zeros(len(X.columns))

(0] = sqet
x(1) = bath
x(2] = bk

i loc_index >= 01
x(loc_index] = 1

return reg.predict((x])(0]

In [ |+ predict price('lst Phase JP Nagar',1000, 2, 2)

Alright. Now, suppose we want to place predict price for a place where I will go give
location, square feet, bath and BHK and what could be the price. So, this piece of code, this

function will write give you the that price.
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21.161 -2.151 0.032 ~111.657 =5.172
28.599 -1.676 0.054 ~104.366 8.148
2834 2.0 0.038 8119 -2.382

In (71]: def predict price(location,sqft, bath,bhk):
loc_index = np.where(X.colunns==location) [7](0]
X = np.zeros|len(X.columns) )
(0] = sqit
(1] = bata
x[2] = bhk
if loc_index >= 0:
x(loc_index] = 1

return reg.predict([x])[0]

In (72): predict_price('lst Phase JP Nagar',1000, 2, 2)
0ut[72]: 107.20457775473575

In (73): predict price(‘Rajaji Nagar',1000, 2, 2)
Out(73]: 241.76444398851653

In (74]: predict price('Rafa Rajeshvari Nagar' 1000, 2, 2)

QuE[74]: 33.7107000979686

And if I just say predict, it will give you the 107 lakhs. So, if it is first phase of JP Nagar,
1000 square feet apartment with 2 BHK, 2 bathroom and 2 BHK. Then, it will cost you 107
lakh almost 1 point which is 1 crore 7 lakh rupees expected price. So, we can play with
similarly you can take this say if you go to Rajaji Nagar, I think this was the place which was

we found bit expensive.

Let us take Rajaji Nagar ok. For the same apartment for 1000 square feet and 2 bathroom, 2
BHK, it will cost you 2.4 crore or 241 lakh. It is very expensive place to be whereas, if you in
some other place maybe Raja Rajeshwari Nagar. Let us see how it displays. You need only 33

lakh rupees to buy apartment in Raja Rajeshwari Nagar.

So, we can see that you know based on the location, the price same apartment can cost very

different. Guys, I have no clue whether these values what this model is predicting, it does



make sense or not. So, tell me if this makes sense you guys and let me know if it makes sense,
then we will know that ok these models these predictive models do work and that will be

really fun. So, I will stop here.

Thank you very much. See you in the next video.



