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

Lecture - 56
Hands on with R : More Prediction of Bangalore House Price

Hello all. In this video, we are going to continue on the Bangalore House Price Data Analysis
using R. So, in this particular video, we will whatever we have done in along with that, we
will do few more models, and trying to understand some of the way we split the dataset is

actually called a static random stratified sampling strategy and we will try to understand what

is it doing.
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152 RNSEZ_out = sqrt(mean((df _testiprice_hatz-df_testSprice)’z,na.rm

153 RMSE3_out = sqrt(mean((df_testiprice_hat3-df_testSprice)'2,na.rm=T)) m 9324
154 ml 1
£ n 13320,
156 ## out sample approximate R-square n L
3 " n A -
1:; cor(df _testprice_hat1,df_testiprice,use="na.or.complete" )2 RMSEL_out 1190294696225
159 cor(df_testiprice_hat2,df _testiprice,use="na.or.complete")\2 RNSEZ_out. 104.708332441317
160
161 cor(df _testiprice_hat3,df_testiprice,use="na ur.ccmplete“)r’\z‘ 1
162

163

; -
[1] 75.28542
> cor(df_test$price_hat1,df_test$price,use="na.or.complete")A2
[1] 0.2634244

>
> cor(df _testdprice_hat2,df _testiprice,use="na.or.complete")n2
[1] 0.4202121

>

> cor(df_test$price_hat3,df_test$price,use="na.or.complete")A2
[1] 0.6247242

>
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141 mod3 = In(log(price) ~ log(total_sqft) + area_type + log(bath) + log(BHt Ml 1
142 +location n 133201
143 ,data-df_train) nl 1L
144 summary(nod3) RMSE1 out 119.029469662255
145 RMSE2_out 104.708332441317
146 df_testSprice_hatl = predict(modl,newdata = df_test) RMSE3_out 75.2854155097291
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148 df _testSprice_hat2 = predict(mod2,newdata = df_test)

149 df _testSprice_hat3 = exp(predict(mod3,newdata = df_test))
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[1] 75.28542

> cor(df_test$price_hatl,df_test$price,use="na.or.complete")A2
[1] 0.2634244

> I

> cor(df _testdprice_hat2,df _testyprice,use="na,or.complete" )2
[1] 0.4202121

>

> cor(df_test$price_hat3,df_test$price,use="na.or.complete")A2
[1] 0.6247242

>
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113 location_nms=unique(df$location)

114 df_train=df[1,]

115 df_test - df[1,]

116 set.seed(7526)
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118- for(i in 1:length(location_nms)){

119 df_sub-df[df$location==location_nrs[i],]
120 nl=nrow(df_sub)

1" umied +

Conole Teminal Bakgrund jobs

R R422 - DowatTexhin/Reressio,wd Classhain T
E RIS

[1] 75.28542

> cor(df_test$price_hatl,df_test$price,use="na.or.complete")A2
[1] 0.2634244

>

> cor(df _testdprice_hat2,df _testyprice,use="na,or.complete" )2
[1] 0.4202121

>

> cor(df_test$price_hat3,df_test$price,use="na.or.complete")A2
[1] 0.6247242

>
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110- ## = oo
111 m 9324
112 ml 1
113 Tocation_nms=unique(dfilocation) ] n 133201
114 df_train=df[1,] nl 1L
115 df_test = df[1,] RMSE1_out 119.029469662255
116 set.seed(7526) RMSE2_out 104.708332441317
17 RMSE3_out 75.2854155097291
118~ for(i in 1:length(location_nms)){ Fles s pakages Wip Views: mesemaion -

119 df_sub-df[df$location==location_nns[i],]
120 nl=nrow(df_sub)

121 ml=ceiling(n1*0.7)

122 idx=sort(sample(1:n1,ml,replace = F))
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123 df_train-rbind.data.frane(df_train Descripion

124 ,df_sub[idx,]) Procetonof st caa usng rncom st

125 Usage

126  df_test=rbind.data. frame(df_test

127 df _sub[ -idx, ) oo, el i, sl ss, e
128 auott, ...

129-} Arguments

130 ovfoct anobpctolcas randeaPorast, s thtcestad by h ncton

131 df_crain-df_train[-1,] ks smterow g s ok
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So, here you remember that we put the we call the locations, unique locations and put them in
location names. Then, we just created a space holder for train and test, I set the seed and then

for each location, we created a sub dataset here.
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115 df_test = df[1,]

116 set.seed(7526)
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118~ for(i in 1:length(location_nms)){

119 df_sub-df[df$location==location_nns[i],]
120 pl=nrow(df_sub)

121 ml=ceiling(n1*0.7)

122 idx=sort(sample(1:n1,m1,replace = F))
123 df_train-rbind.data. frame(df_train
124 Jdf_sub[idx,])
125
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> cor(df_test$price_hatl,df_testyprice,use="na.or.complete")A2
[1] 0.2634244

>

> cor(df_test$price_hat2,df_testIprice,use="na.or.complete")AZ
[1] 0.4202121

>

> cor(df_testdprice_hat3,df_testdprice,use="na.or.complete")n2

Re ) Clotal Emironment +
Data

df 13320 obs. of 10 variab..
df_sub 1 obs. of 10 variables
df_test 3400 obs. of 13 variabl..
df_train 9920 obs. of 10 variabl..
modl Large 1m (14 elements, ..
mod2 Large 1m (14 elements, ..
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predict mathod for random ferest objects

Description

Prdicionof st cat veng andom o

Usage

typer
nom. predict 411-FALSE, proxialty-FALSE, nodes-Fil

auiof

Arguments

s, a5t coated by s urction

[1] 0.6247242 it
> Vien(df_sub)

>

contaiingnew data. ot ol ghen, e

And then we took the nl and we put it in the ceiling, and then we draw the sample and in that
sample, we just put it in the idx and then test and then we just append that in the test. So,
therefore, each location we created a sub dataset and then for each location, whatever the

sample we have, we just split it into 2 and into 30, 70 way into train and test dataset.
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119 df_sub=df[df$location==location_ns[i],]
120 nl=nrow(df_sub)

121 ml=ceiling(nl*0.7)

122 idx=sort(sample(1:n1,ml,replace = F))
123 df_train-rbind.dota.frame(df train

124 ,df_sub[idx,])
125

126 df_test=rbind.data. frame(df_test

127 ,df _sub[-idx, 1)
128

129-} N
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> cor(df_test$price_hat1,df_testyprice,use="na.or.complete")A2

[1] 0.2634244
>

> cor(df _test$price_hat2,df_testIprice,use="na.or.complete")AZ
[1] 0.4202121

>

> cor(df_testdprice_hat3,df_testiprice,use="na.or.complete")n2
[1] 0.6247242

> View(df_sub)

>
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odf 13320 obs. of 10 variab..

odf_sub 1 obs. of 10 variables
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107 summary(mod3) Data
108 exp(predict(mod3,nendata = test_data)) df 13320 obs. of 10 variab..
109 df_sub 1 obs. of 10 variables
110-# df _test 3400 obs. of 13 variabl.
111 ## Rgncon stratified sanpling strategy df train 3920 obs. of 10 varicbl
ﬁz N . 5L g modl Large 1m (14 elements, ..
3 location_nms=unique(df$location) 1od? Large In (14 elements, ..

114 df_train=df[1,]
115 df_test = df[1,]
116 set.seed(7526)

17

> cor(df_test$price_hat1,df_testyprice,use="na.or.complete")A2
[1] 0.2634244
>

> cor(df_test$price_hat2,df_testIprice,use="na.or.complete")A2
[1] 0.4202121

>

> cor(df_testdprice_hat3,df_testiprice,use="na.or.complete")r2
[1] 0.6247242

> Vien(df_sub)

>

Now, this strategy is known as random stratified sampling strategy. The idea is imagine you
want to draw sample all over the India. You can either draw simple random sample with
replacement. In that case, what might happen that you made quite a few samples from big
states like Maharashtra, Tamil Nadu, or you know Uttar Pradesh, but there are some small

state like Sikkim, Goa, ok. In those states, you may not find even a single sample.

In this, this is not a very good strategy because you want you want representative of from each
sample. Similarly, here each location, for each location, I want a representation. So, that is
exactly what we are doing. This strategy is called random stratified sampling strategy and
because of that, we avoid the issue of inconsistent modeling. Now, our model is consistent

across all locations.



So, you can apply this strategy when you will handle state level data or any location or any

data where which will have a some kind of categorical variable or too many categorical or

categorical variable with quite a few locations. It is good to stratify the samples using or

random draw the samples using stratified sampling strategy.
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141 mod3 = In(log(price) ~ log(total_sqft) + area_type + log(bath)

142 +location

143 ,data=df _train)
144 summary(mod3)

145

146 df_téstiprice_hatl = predict(modl,newdata = df_test)

147

148 df_testiprice_hat2 = predict(mod2,newdata = df_test)

149 df_testSprice_hat3 = exp(predict(mod3,newdata = df_test))

150

151 RMSEL_cut = sqrt(mean((df_testiprice_hatl-df_testSprice)’2,na.rm=T))

s -
+ Log(BHi *- e

152 RNSE2 out = sart(mean((df testiprice hat2-df testSprice)'2.ra.rm=T)
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> cor(df_testdprice_|
[1] 0.2634244

>

> cor(df_test$price_hat2,df_testIprice,use="na.or.complete")A2
[1] 0.4202121

>

> cor(df_testdprice_hat3,df_testiprice,use="na.or.complete" A2
[1] 0.6247242

> Vien(df_sub)

>

e
1,df_testdprice,use="na.or.complete")A2

Data

df 13320 obs. of 10 variab..
df_sub 1 obs. of 10 variables
df_test 3400 obs. of 13 variabl..
df_train 9920 obs. of 10 variabl..
modl Large Im (14 elements, ..
mod2 Large 1n (14 elements, ..
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Usage
predictiobject, newdata, type:
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auott, 1.
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158 df_test 3400 obs. of 13 variabl..
159 cor(df_testiprice_hat2,df _testiprice,use="na.or.complete")\2 df_train 9920 obs. of 10 variabl..
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> cor(df_testdprice_hat1,df_testiprice,use="na.or.complete' A2 Prdicion of-estdata usng ndomforest.
\! P! ) price, P 9

[1] 0.2634244 Usage

>

> cor(df _testSprice_hat2,df_test$price,use="na.or.complete")A2 s o igcton - AR

[1] 0.4202121 cuiott, o0

> Arguments

> cor(df_test$price_hat3,df_testiprice,use="na.or.complete")r2 osfest oot of cass randoaForese, a5t ceated b h urctan
oy

[1] 0.62¢7242 novdata e ameor b contariog v . Mot ot e, the

> Vien(df_sub) o003 prcicionin b3ect e,

tpe ol xespens,prob.orvoter, o e o oupit

> pedicedvabes, ma of s xobabites, o maricl vl

countsclass 8 akons, b domitely conred 0
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So, that is why we avoided all those problems and we able to move on to new models. So, let

us try to fit a new model. So, new model.
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138 mod2 - update(modl, .~ +location) bata
139 summary(nod2) df 13320 obs. of 10 variab..
140 df_sub 1 obs. of 10 variables
141 mod3 = Ln(log(price) ~ log(total_sqft) + area_type + log(bath) + log(BHi odf_test 3400 obs. of 13 variabl..
4 +location df_train 9920 obs. of 10 variabl..
143 ,data=df _train) mod1 Large Im (14 elements, ..
144 summary(nod3) mod2 Large ln (14 elements, ..
15 i | s | Vo | i | ]
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L) 19.c0re Description
> cor(df_testdprice_hatl,df _testiprice,use="na.or.complete' A2 Prdictonof st cat vsng ancom fores.
[1] 0.2634244 Usage
>
> cor(df_testSprice_hat2,df_testIprice,use="na.or.complete"}A2 o oy i
[1] 0.4202121 autt, ..
> Arguments
> cor(df_test$price_hat3,df_testiprice,use="na.or.complete")r2 osfest oot of ass randeaForese, a5t cuatd b h urctan

Tingmporet
[1] 0.62¢7242 nevdata e ame o b cotariog v dda. Mot ot e, the
> Vien(df_sub) . wsegcoispwind -2 SO
> oedcodvaies max abitr, ool
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So, this was our best model. So, for the third model was the best model. And can we add few

more thing in the best model?
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158

159 cor(df _testiprice_hat2,df_testiprice,use="na.or.complete" )2
160

161 cor(df_testdprice_hat3,df_testiprice,use="na.or.comlete")"2
162

163 ## New nodel

164

165 mod§| = In(log(price) ~ log(total_sqft) + area_type + log(bath) + log(BH
166 +location

167 ,data=df _train)

168
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> cor(df_test$price_hat1,df_testiprice,use="na.or.complete")A2
[1] 0.2634244

>

> cor(df_test$price_hat2,df_testIprice,use="na.or.complete")AZ
[1] 0.4202121

>

> cor(df_testdprice_hat3,df_testiprice,use="na.or.complete")n2
[1] 0.6247242

> View(df_sub)

>

want to again run the model 3.

sorronson /- ot |
7 cor(dt_testSprice_hatl,df_testSprice,use="na.or.complete" )"z

R
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[ T NPTEL
Data

df 13320 obs. of 10 variab..

df_sub 1 obs. of 10 variables

df_test 3400 obs. of 13 variabl..

df_train 9920 obs. of 10 variabl..

modl Large Im (14 elements, ..

mod2 Large ln (14 elements, ..

i | s | i Vo | i | )
@

Pt randomFres (andomFore) ROecumenton

predict mathod for random forest objects

Description
Prdicionof s cat veng andom o

Usage

predict object, newdata, type:
. TRUE, predice.11FAISE, proxiaity-FAISE, nodes-Fl

auott, 1.

Arguments.
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156 ## out samole approximate R-square
157 cor(df_test$price_hat1,df_testiprice,use="na.or.comlete")"2
158
159 cor(df_testiprice_hat2,df _testiprice,use="na.or.complete")\2
160
161 cor(df_test$price_hat3,df_testiprice,use="na.or.comlete")"2
162
163 # New nodel

165 mod4 = update(

166 update {stats}
3?7“‘ . update.default {stats}
e vemen w UPdate.formula  {stats}

@ Re22.ounes * Update,packages {utils}
Byl

> cor(df_test$price_hat1,df_testyprice,use="na.or.complete")A2
[1] 0.2634244
>

> cor(df_test$price_hat2,df_testiprice,use="na.or.complete")A2
[1] 0.4202121

>

> cor(df_testdprice_hat3,df_testiprice,use="na.or.complete" )2
[1] 0.6247242

> View(df_sub)

>
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157 cor(df_test$price_hat1,df_testiprice,use="na.or.comlete")"2 Data
158 odf 13320 obs. of 10 variab..
159 cor(df_testiprice_hat2,df _testiprice,use="na.or.complete")\2 odf_sub 1 obs. of 10 variables
160 odf_test 3400 obs. of 13 variabl..
161 cor(df _testSprice_hat3,df _testiprice,use="na.or.complete")A2 odf_train 9920 obs. of 10 variabl..
162 omodl Large Im (14 elements, ..
163 # New nodel otmod2 Large 1m (14 elements, ..
164 5 DT
165 mod# - update( dde] ,4.“.:‘ Priages Wi Vs meumton =
+166 ,dal mode {base} ;i!l(;:mwm“m” | rper——
167 mode<- {base} |G orsethe'motea ki ofpe, rthstoagemose of ans A rndenFors (donFores) A Dccumentation
6519 @ (Unotied ¢ N shect
eE—— LU {stats} |mnwsaminy . dict mathod for random ferest objects
R 1422 poasranmneret - MOdeL, Frame {stats}
Lid 1 2.e00%e 1. fre defalié  fsbokel Description
> cur(df_testSprice_l%w,dr_fé"st‘f’prlce,use;"naAorAcumplete“)AZ Prcicion o ustcat veng andom o
[1] 0.2634244 Usage
> cor(df_testdprice_hat2, df_testdprice,use="na.or.complete" "2 e s e et oz
[1] 0.4202121 LR
> Mguments
> cor(df_testdprice_hat3,df_testiprice,use="na.or.complete")r2 osfest oot of ass randosForese, a5t ceatd b h urctan
oy
[1] 0.6247242 T p———
> Vien(df_sub) . sl SN
> e x bt crmatix ol o
cuntsclass 8 akonsc, b domitely conred 0
= = o . 4

So, we will just mod 3.
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157 cor(df_testSprice_hatl,df_testiprice,use="na.or.complete")A2 Xe ) cota e +

158 Data

159 cor(df_testiprice_hat2,df testiprice,use="na.or.complete")"2 df 13320 obs. of 10 variab..
160 df_sub 1 obs. of 10 variables

161 cor(df_testSprice_hat3,df_testiprice,use="na.or.complete')"2 df_test 3400 obs. of 13 variabl..
162 df_train 9920 obs. of 10 variabl..
163 # New nodel modl Large 1m (14 elements, ..
164 mod2 Large 1n (14 elements, ..
165 fiod4 = update(mod3,.~.+I(log(total_sqft)"2) - -

166 Fes P pakages ip Viewer | prsion -0
167 e

168 ,data=df _train) prditrandomFres (andomFore) RDecumenmton
comole “'..m..y sakgon ,‘7 predict mathod for random ferest objects
bt £y TS Lt e use= tuLun v el e Desription

[1] 0.4202121 Prcietonof st g oot

> Usage

> cor(df_test§price_hat3,df_testiprice,use="na.or.complete")r2

1] 0.6247242
> View(df_sub) auott, ..

> mod4 = update(mod3, .~.+I(log(total_sqft)A2) Arguments

+ +I(log(bath)A2) osject oot of ass randosForest, as hl ceaed by urctian
+ +1(log(BHK)A2) bt alme s o e o
‘ ato-df_trair) | et

odictodvales, matix ofcass orobabites, o mati o e
Gouns. class i alloned, b auomticly onverted to

We will just tick that and whatever we have along with this, maybe we put a squared term of
this, a square term of that plus I log of bath square plus I log of BHK square. So, I just want
this. It takes a little time. Yeah, it is done. So, I just put a summary of mod4, model 4th

model, ok. It is similar to 83 percent.
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Lecationytn ¥rase Jr Nagar 0. 0483949 0.LIBLB30 .10 0511004 e
LlecationA Narcyanapura 0.1352889 0.3284220 0.412 0.630397 L3
lecationAavalchalli -0.325¢615 0.4150103 -0.784 0.432930 o
LocationAbbaich Reddy Layout -0.3024106 0.3214787 -0.941 0.3468%2 lar
LocationAbbigere -0.3414418  0.3019939 -1.131 0.258245 Bl
locationAbshot Layout 1,3032355 0.4157368  3.135 0.001726 ** = Lar
locationAchins Road 0.4378347 0.£152844  1.160 0.245979
lecationAdarsh Nagar -0.2078241 0.4150113 -0.501 0.616548 -]
LocationAddischetan Layout 03901753 0.4149920 -0.94D 0.347142 E
Lecationadigordanhal1i -0.6857503 0.4158681 -1.649 0.099193 . Rorect «
LlocationAdityonagar -0.4110608 0.3392362 -1.212 0.225643 e
LecationAdugoci 0.0988288 0.4150104  0.238 0.811782

LecationAECS Layout -0.0132940 ©0.3093340 -0.043 0.965721 predict
lecationAECS LAYOUT A-BLOCK Singasandra 0.5078045 0.4151609 1.223 0.2213¢6 metho
LlocationAgara Village 0.1736657 0.4149959  0.418 0.675610 for
LocationAGB Loyout -0.8257431 0.4153181 -1,983 0.046820 * ;z::;’
locationAgrahora Dasarahalli 0.4111950 0.3392733 1,212 0.225551 obioct
locationAGS Loyout -0.0942048 0.3214832 -0.293 0.7695¢5 g
LlocationAir View Colony 0.0618626 0.4150107  0.149 0.881508 Deseripti
LocationAishwarya Crystal Layout -0.0405052 0.3594293 -0.113 0.910276 oo
LecationAkash Nagar -0.0554273  0.4151142 -0.134 0.893783 oie
LocationAkshaya Nagar -0.0090763 0.2967768 -0.031 0.975603 e
Llecationakshaya nagar t ¢ palya -0.0255533 0.4151388 -0.062 0.950920 Usage
LlccatiunAkshayu Vana -0.1376145 0.3169807 -0.434 0.664197

Not much. Let me just little bit increase the place. If we can just emit more space. Yeah. And
see a shot layout Ambedkar Colony, AGB Layout, ok. These are like a shot layout, ok. 8th
Block Jayanagar as in. Anyway, we will see what we have here. (Refer Time: 07:31). So, then

these third stage. So, what we are seeing here, ok.



(Refer Slide Time: 07:47)

0 NPTEL - doc_update - RStudio
0.0 e Bl e e -

=0 . o NPTEL

Cone Temna - tukgound b r
R K422 - Doms Texhoy Reresion 1 s T
> summary(mod4) - ¢
. 34
Call: .. 9%
In(formula = log(price) ~ log(total_sqft) + area_type + log(bath) + . Lar
1og(BHK) + location + I(log(total_sqft)A2) + I(log(bath)A2) + . Lar
I(1og(BHK)A2), data = df_train) . bar
.. Lar
Residuals: T
Min 10 Median 30 Max @
-3.0855 -0.1477 0.0000 €.1491 2.7015 mm
fandonvr
Ceefficients: predict
Estimote Std. Error t value Pr(sItl) nethor
(Intercept) 3.2816089 0.3635563 9.026 < 2e-16 *** for
Log(total_saft) -0.6171090 0.0585505 -10.540 < 2e-16 *** randor
uren_type(arué‘t Area 0.0936854 0.0431050 2.173 0.029776 * forast
area_typePlot Area 0.4661862 0.0129696 35.945 < 2e-16 *** objects
area_typeSuper built-up Area -0.0128572 0.0088478 -1.453 0.146220 -
Log(bath) 0.1355926 0.0459248  2.952 0.0031€1 ** L
Lag(BHK) 0.1177966 0.0485917  2.424 0.015362 * g
lecation Anekcl -0.2937619 0.4154382 -0.707 0.479515 i
lecation Banaswadi 0.2645501 0.4152870  0.637 0.524123 Yo
lecation Basavangudi 0.4656745 0.4152831 1.121 0.262174
1 nrakinn Dhansnhal 14 M 1660022 A A1EAA2 A ARD M ER771N

There is some issue. It has square terms, but we are not seeing the square terms, ok. Maybe

they have added the square terms at the end. So, but they are not ending it here.
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160 ' Ao NPTEL
161 cor(df_testiprice_hat3,df _testiprice,use="na.or.complete" )2 T
o . 346
igi ## New nodel Lo
165 mod4 = update(mod3, .. +I(log(total_sqft)"2) t::
166 +I(log(bath)"2) ot
167 +1(10g(BHK)A2) et
168 ,data=df_train)
169 e
170 sunmary(fiod4) A
171 o
e TR sy (andomor
Comoe T kg b = predil
R K422 Dot T eesin s Clsosn T
Lecationbanastankari 0.1270590 0.2962667 0.629 0.66803L et
locationBanashankari 2 nd Stage 0.3554984  0.4150652  0.856 0.391752 randor
LecationBanashankari 2nd Stage 0.3078436  0.4156628  0.741 0.458351 forast
LecationBanasrankari 3rd stage, Vivekanandanagar 0.1508229 0.4149914  0.363 0.716288 object:
LlecationBanashankari 6th Stage 0.2251151  0.4150126  @.542 0.587537
lecationBanashankari 6th stage , 2nd block 0.3110507 0.£153055  0.749 0.453897 N
LlecationBanashankari 6th Stage ,Subramanyapura 0.1043332 0.4149918  0.251 0.8015¢3 E?:r;:
locationBanashankari stage 2 0.3900758 0.4150121  ©.940 0.347288 e
LocationBanashankari Stage I -0.0295868 0.4152009 -0.071 0.943193 .
lecationBanashankari Stage IT 0.6654531 0.3055156 2,178 0.029424 *
_1ncatianRannchankani Stane TTT D O21RERT @ AM1211 @ 077 A O47R37

So, what we will do instead of that, we will just say coefficients mod 4, ok; it is just, ok. It is
just coeff with this and this (Refer Time: 08:29), ok. And maybe I will just say tail of this tail

or yeah. So, you can see at the end, the it is added these parameters.
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160 ' Al NPTEL
161 cor(df_testprice_hat3,df _testiprice,use="na.or.complete" )2 T
2 T
163 ## New nodel . 00;
164 . bar
165 mod4 = update(mod3,.~.+I(log(total_sqft)"2) bt
166 +1(log(bath)"2) . Lar
167 +1(l0g(BHK)"2) o
168 ,data=df_train)
169

170 summary(riod4)
171 tail(coefficients(sunmary(mod4)))

Comole

= predict
B T i Juorirus methor
[ reached getOption("max.print") -- omitted 1058 rows ] for
> tail(coefficients(sunmary(modd))) randor
Estimate Std. Error  t value Pr(>1tl) forast
LocationYeshwonthpur 0.19793001 0.295906386 0.6690630 5.034734e-01 objects
LlocationYeshwonthpur Industrial Suburb 0.59517407 0.338872586 1.7563358 7.9G6701e-02 .
LecationZuzuvedi 0.09777665 0.415001681 0.2356054 8.137445e-01
I(log(total_scft)s2) 0.09902774 0.004052522 24.4360789 1.6105302-127
I(log(bath)A2) 0.07605452 0.022424492 3.3915829 6.980615e-04
I(log(BHK)AZ) -0.01814885 0.023744987 -0.7643235 4.446957e-01

>

So, you can see that the t value for log total square feet square is very high. Log bath square is
also very high. And log BHK square does not have much effect. t value is very small. So,
square quadratic effect for bath in log scale and total square feet in log scale does have a quite

significant effect. Looks like.

(Refer Time: 09:16); what we can do is you can keep adding more and more samples, more

and more things, so maybe you can try one more. Total square feet cube. I just, ok.
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0
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162
163 ## New nodel
164
165 mod4 = update(mod3,.~.+I(log(total_sqft)"2)
166 +I(log(total_sqft)"3)
167 +I(log(bath)"2)
168 +I(1og(BHK)2)
169 ,data=df _train)
170
171 summary(mod4) [
172 tail(coefficients(summary(modd’))
173
Comole e akgund o
BUCUCUUTTESTINUITU Pl LIIUUS T (4L JUVUI U Ue J99L1900 V02 000 £J0V Lo JUIIJ0 | IXUI VLSV
LecationZuzuvedi 0.09777665 0.415001681 0.2356054 8.137445e-01
I(log(total_saft)r2) 0.09902774 0.004052522 24.4360789 1.6105302-127
I(log(bath)r2) 0.07605452 0.022424492 3.3915829 6.980615e-04
I(log(BHK)A2) -0.01814885 0.023744987 -0.7643235 4.446957e-01
> mod4 = update(mod3, .~.+I(log(total_sqft)A2)
+ +I(log(total_sqft)A3)
+ +I(log(bath)A2)
b +1(log(BHK)A2)
+ ,ata=df_train)

4 and then we just see this. Yeah, both square and cube does have effect looks like. Bath

Fie
&

Rorwict «

prdetrnc

L fandonior

= predict

methor
for
randor
forast
objects

Desarpti
Fredeton
dtot
g
andem
ot

Usage

square does have a effect. So, What about bath cube, and BHK cube?
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163 New riodel

164 |0 ¢
165 mod4 = update(mod3, .~.+I(log(tatal_sqft)"2) . 34
166 +1(log(total_sqft)"3) . 9%
167 +I(log(bath)"2) . bar
168 +I(log(bath)"3) . Lar
169 +I(1og(BHK)#2) Lar
) (log(BHK)3) by
171 ,data=df_train)
172 ST

173 hummary(naﬂ)

174 tail(coefficients(summary(mod4)))

= predict
® e st ey
> od4 = update(iod3, .~.+I(log(total_sqft)A2) gf‘m‘
+ +1(log(total _sqft)A3) randor
+ +I(log(bath)A2) forast
+ +I(log(bath)A3) objects
! +1Clog(BHOA) '
¥ +1(Log(BHK)A3)
+ ,cata=df_train)

Let us run this, ok. So, if I just add the end. So, BHK square and BHK cube both are now
effective. Bath square and bath cube is also effective. And square fit square and square fit
cube are also effective. So, we can keep doing it. But let us see if we by doing this, by adding

this predictors, engineer predictors if we really adding any value or not.
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166 +I(log(tatal_sqtt)"3) = Ao NPTEL
167 +I(log(bath)"2) L1
168 +I(log(bath)*3) T
169 +1(1og(BHK)A2) Lo
170 +I1(log(BHK)"3) . Lar
71 ,data=df_train) “bal
72 el
173 summary(nod4) Lar
174 tail(coefficients(sunmary(modd)))
175 1T
176 df_testSprice_hat3 = exp(predict(mod3,nendata = df_test)) st «
177 predetrinc
619 B —
Come Tl kg b =0 predil
S BT T O S W oo ury prvuue. S oy methor
for
> tail(coefficients(summary(mod4))) randor
Estimate Std. Error  t value Pris1tl) forast
I(log(total_scft)A2) 0.41505024 0.022698700 18.285199 2.710477e-73 objects
I(log(total_seft)"3) -0.01875778 0.001293734 -14,498947 4.462603e-47 Dossritic
I(log(bath)A2) 0.55290397 0.077069265  7.174195 7.382636e-13 Fdin
I(log(bath)A3) -0.15566992 0.025005681 -6.225402 5.030374e-10 i
I(log(BHK)A2) 0.39312418 0.083370564  4.715383 2.450908e-06 v

I(log(BHK)A3) -0.12365503 0.026790597 -4.615613 3.976729¢-06 Usage

>

So, let us try model this test, ok, alright.
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S bt p A 18 roneCryPsel G w2 Voo 2 sow pese odf 13320 obs. of 10 vari..
M wmwAn M GokCyPu Bt e 2 \omx 2 swm wiws odf sub 1 obs. of 10 varidbles
e A 0K GosCyAmel W MG 2N 4 0 B 4 UsuM Wi > 5
0 Nt A Ready ToMine Dectronc Cly Phasell i Becroom Daosts 24000 3 100 2y waws 2omm "dr—tESt 3400 obs. of 14 varia.
007 W A IS DewoChPusel B i WX 2 1w 5 sem ssen odf_train 9920 obs. of 10 varia.
18 Sphug At Red ol Dewose sl (B ASNA TEX 2 @ omo 2 wew amm
omodl Large n (14 elements..
VNG Mg DeosyMuel B e RN 3 Loma 3 nam saus
100 bl Aes 1My B ChyPasell B w2 ) w3 nem seow  omod2 Large 1n (14 elements..
B Sehie At b GeoschyMuel (B Wy BAN 2 :oaw 3 o s - ERNETO
A Wil N 1Ay DetoncCey el DB Shalin e 2 Lo 3 euw amer ™ T b | R W e =0
S it Mo 1806 DeooecChscl (B W Wm0 R@ 2 sum nmme d
529 Superbult-wp Aca ReadyToMove Elecronc Chy Plascll BHE  frodi W 0800 H 1850 2 sy s el izt B
S462 Super bult-p At 18-May Electronic Cey Phasell {BHE  frvaan 00 H 2 am 3 ndsm seanSn? Frodet andemForest (rndomForedt) R Decumentation
[y ————
Conole | Teminal + Backgrundjobs: _~ Ppredict method for random forest objects
R R422 . ownes TeathngRegesion g lsasen Ty
2 LWLV T LCLRIUS S Uil Y Ui ) ) Dessripion
Estimate Std. Error  t value Pr(>1tl) Fraccton oot da singrandom o

18.285199 2.710477e-73
-14.498947 4.462603e-47

I(log(total_scft)A2) 0.41505024 0022698720
I(log(total _scft)"3) -0.01875778 0.001293734

Usage

prodict okjoct, nevdaca, 4

I(log(bath)"2) 0.55290997 0.077069265  7.174195 7.882636e-13 e ! v
I(log(bath)A3) -0.15566992 0.025005501 -6.225402 5.030374-10 cutott, ...

I(log(BHK)A2) 0.39312418 0.083370564  4.715383 2.450908e-06 Arguments

I(Log(BHK)A3) -0.12365503 0.026790597 -4.615613 3.976729e-06 e motl s s, v ey ve

> df_testSprice_hat4 = exp(predict(nocd,nendata = df_test)) e o i M e T
> Vien(df_sest) i il oo

>

And then this is df test, this is price hat. And looks like it is doing fine, yeah. So, we will see

and then let us write.

marixf cass prosaies, o matx
s 5 aove, bt adomalically sonvted o
i
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RMSE 4 out, this is 4, hat 4 and 69 whereas, RMSE 3 output 75. So, adding these adding
these numbers adding these features actually helped a bit. So, you can see feature engineering

is helping. So, these are out of sample remember that. These are out of the sample RMSE,

L] NPTEL - doc_update - RStudio
0. @ 3o
somaonsne 4 /- o = et
167 +I(log(bath)A2)
168 +1(log(bath)*3)
169 +I1(1og(BHK)"2)
170 +I(1og(BHK)"3)
171 ,data-df_train)
172

173 summary(riod4)

174 tail(coefficients(summary(mod4)))

175

176 df_testSprice_hatd = exp(predict(mod4,newdata = df_test))

177 RMSE4_out = sqrt(mean((df_testiprice_hat3-df_testSprice)’2,ra.rm=T))
178

Conule Teminal - Bakgound jos

@ R422 - Dont Ty Regresion v s i TEL
2 WLV 1 L LSILS S Uil Y (o) )

Estimate Std. Error  t value Pr(s1tl)
I(log(total_saft)A2) 0.41505024 0.022698700 18.285199 2.710477e-73
I(log(total_scft)A3) -0.01875778 0.001293734 -14.498947 4.462603e-47

I(Log(bath)A2) 0.55290997 0.077069265  7.174135 7.882636e-13
I(log(bath)A3) -0.15566992 0.025005681 -6.225402 5.030374e-10
I(Log(BHK)*2) 0.39312418 0.083370564  4.715383 2.450908¢-06
I(log(BHK)A3) -0.12365503 0.026790597 -4.615613 3.976729¢-06

> df_test$price_hat4 = exp(predict(mod4, nendata = df_test))
> View(df_test)

>

root mean square error.

S o Moy Comedons Gt Tutor

2 1 7 mpowas -V 1ace -

R Gl -

Data

df 13320 obs. of 1@ vari.
di_sub 1 obs. of 10 variables
df_test 3400 obs. of 14 varia.

df_train 9920 obs. of 19 varia.

mod1 Large n (14 elements..

mod2 Large 1n (14 elements..

i s i | e Vo | i =B
@

[N —

podetandamfores [andomFre) RDecumenton

predict methed for random forest objects

Dessrigtion
Frodictonoftestdaa usng random ot

Usage

prodict(okjact, nowdaca, ty.
hCrm.VOtes THUE, predize A11ITALSE, provimity FALSE. nades
awott, ...

Arguments

Gbject  mnobjpctofclas rancenTeres, s tral cuatdty e

foncion cantoreorest.

rewdata adat fmeor natxcontaning new it Nol:Hrol i,

100043 pReion n sbsct s ke,

na of sesponse, o, or votas, ndeatg o tpa of

ulpet: odioc vabes mlrx f cass proxabits, ormatx

o volo cous.class s aowe, bt atomaical sonvted o

ype
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167 +I(log(bath)A2)

168 +1(log(bath)*3)

169 +1(10g(BHK)"2)

170 +I(1og(BHK)"3)

171 ,data-df_train)

172

173 summary(riod4)

174 tail(coefficients(summary(mod4)))

175

176 df_testSprice_hatd = exp(predict(mod4,newdata = df_test))

177 RMSE4_out = sqri(mean((df _testiprice_hat4-df_testSprice)’2,ra.rm=T))
178 | I

i1 ot

Comoe T kg b

RA22 .. Dot Teshng
ALV )

o 04 st TR
UL LJIVUTIE UL ULIUVIUUL UL LLITUL D U (ST Y

I(log(BHK)A2) 0.39312418 0.083370564  4.715383 2.450908¢-06
I(log(BHK)A3) -0.12365503 0.026790597 -4.615613 3.97672%e-06
> df_test$price_hat4 = exp(predict(mod4, newdata = df_test))

> View(df _test)

> RMSE4_out = sqrt(mean((df _testyprice_hatd-df_test$price)s2,na, rm=T))
> RMSE4_out

[1] 69.80643

> RMSE3_out

[1] 75.28542

>

= Evrom Hpoy Comedons Gt Tutor s

2 1 7 o - Nomue - -

Re Gl e +

ml 1

n 133201

nl 1L

RUSE1_out 119.029469662255
RUSEZ_out 104.708332441317
RMSE3_out 75.2854155097291
RUSE4_out 69.8064271612385

Fles b mcages i Vews Pressuton n
[
[T —

podetandamfores [ancomFre) RDecumenmton

- predict methed for random forest objects

Dessrigtion
Frodictionoftestdaa usng random ot

Usage

prodictokjact, nowdaca, tye:
hCIm.VOtes TRUE, predise A11ITALSE, provimity FALSE. nades
awott, ...
Arguments
Gject  mobjpctofclass rancenTerest, s tral cuatdty e
foncion cantoreorest.
rewdata adat meor natxcotaning new il Nol: Hrol i,
190043 pREon n sbsct s ke,
Cna of sesponss, o, o votas, ndeatg o tpa of
ulpet: odioc vabes, mlrx f cass proxbifs, o matx
o volo cous.class s aowe, bt atomaicaly sonvrted o

ype

So, probably this is a good thing to have and 4 (Refer Time: 13:26). So, let me take my 4 and

0.679 whereas, my this is 62; this is even pushed further 70 percent. So, model 4 is so far

best, right. So, I can just put it there R, to R square 1.
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152 RMSE2_cut = sqrt(mean((df_testSprice_hat2-df_testSprice)'2,na.rm=T))

153 RMSE3_out = sqrt(mean((df_testiprice_hat3-df_testSprice)’2,ra.rm=T)) ml 1
154 n 133201
155 nl 1L
156 ## out sample approximate R-square RMSE1_out 119.029469662255
157 Rsqr_l=cor(df testiprice_hatl,df_testSprice,use="na.or.complete") 2 RUSEZ_out 104.708332441317
158 RUSE3_out 75. 2854155097291
159 ]qur_Fcur(df_testSprlce_hatZ,df_testSprice,usef”na .or.complete")A2 RUSE4_out 69. 8064271612385
160 [T ——— -n
161 cor(df_testiprice_hat3,df _testiprice,use="na.or.complete")\2 ]
[T ————
}gz # Now  madal fradet andemForest (randomForedt) R Decumentation
140 B ¢ Wi
Conole | Teminal « | Backgrumdjobs: _~ Ppredict method for random forest objects
R 22 ottt e .
> RMSE4_out = sqrt(mean((df_testIprice_hat4-df_test$price)r2,na.rn<T)) Frocictionoftet dat uingrandom forst.
> RMSE4_out Usage
[1] 69.80643 )
> RHSE3_out v oo, i Aipass RIS,
[1] 75.28542 anatt,
> cor(df_testSprice_hat4,df _testIprice,use="na.or.complete")A2 Arguments
[1] 0.6797292 e mapst s, o oy 1o
. i focion sansoornst
> cor(df _testdprice_hat3,df_test$price,use="na.or.complete" A2 s oo st e o
g pudetionin bt s
(1] e.6247242 w oo e
> aipt i o cass prosbis, o i
vl s, clasa 5 lows, bt ety o o

These are obviously out sample R square 2, 3 and this is 4, right. And so, we can see (Refer

Time: 14:44) 1, 1, 2, 2.
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176 df_testSprice_hatd = exp(predict(mod4,newdata = dt_test)) t- Do -
177 RMSE4_out = sqrt(mean((df_testiprice_hat4-df_testSprice)’2,na.rm=T)) RMSEZ_out 104.708332441317
178 , o ) RUSE3_out 75, 2854155097291
179 Rsqr_4=cor(df _testiprice_hat4,df_testSprice,use="na.or.complete") 2 RUSEA_out 69. 8064271612385
i:? RMSE _cut-c(RNSEL_out-RYSE1_out ot B2t
UtCCISEL ittt a Regr2  0.42021209351197
182 ,RMSE2_out-RNSE2_out
Rsqr.3  0.624724206343231
ke S SRl SR Rsqr4  0.679729198250637
0.6797
18 RSE4_ou:-RNSE4_out)| ; LS
185 1 e - -0
186 [T ————
187 frdetrndomorest(ancamrest) ROecumenmton
w2s @R ¢ Wi
Comole Taminal  Backgound jobs _~ Ppredict method for random forest objects
TR ———r———
2 U1 LU LSS LT LT Ul LT3 LT LT, USE= 11Ul L AVILELE e Dessrigton
[1] 0.6797292 T Te———
> cor(df_testSprice_hat3,df_testIprice,use="na.or.complete")A2 Usage
[1] 0.62¢7242
> Rsgr_1=cor(cf _testSprice_hat1,df_test$price,use="na.or.complete" A2 R s i L
> auott, ..
> Rsqr_2=cor(cf_test$price_hat2,df_test$price,use="na.or.complete")A2 Arguments
> T ———
fecton canoreorest.
> Rsqr_3=cor(cf_testdprice_hat3,df_test$price,use="na.or.compleze")A2 P ,ﬂ,ﬂv,,,,n,:,,":wmm_mmm Nol: Hnclgiwn
> Rsqr_4=cor(cf_test$price_hatd,df_test$price,use="na.or, complete")A2 SOAS g i 0145 s TR
e ot zespons,pron or votss, g atpeof
> it rdto s, o clss proibiti, ki 4

o volo cous.class s aowe, bt ol sonvrted o

So, clearly RMSE has dropped over on, 4th model is much better. And out of the sample 4th
model is this, and then R square 4 equal to R square 4, R square 3 equal to R square 3, R

square 2 equal to R square 2, R square 1 equal to R square, right.
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onswe 4 /o
183 ,RMSE3_out=RMSE3_out
184 ,RMSE4_out=RMSE4_out )
185
186 Out_Rsor = c(Rsqr_1=Rsqr_1
187 ,Rsqr_2-Rsqr_2
188 JRsqr_3-Rsqr_3
189 ,Rsqr_4-Rsqr_4)
190

191 ## Tree Refression

Sakgrund obs

F LG =
RMSE1_out RMSE2_out RMSE3_out RMSE4_out
119,02947 104.70833 75.28542 69.30643
> OQut_Rsqr = c(Rsqr_1=Rsqr_1
+ JRsqr_2=Rsqr_2
+ JRsqr_3=Rsqr_3
+ ,Rsqr_4=Rsqr_4)
> Qut_Rsqr

Rsqr_1  Rsqr_2  Rsgqr_3  Rsqr_4
0.2634244 0.4202121 0.6247242 9.6797292

>

*e Ao .
Out_Rsqr Named num [1:4] 0.263 0..
RUSE_out Named num [1:4] 119 104..
RUSE1_out 119.029469662255
RUSEZ_out 104.708332441317
RMSE3_out 75. 2854155097291
RUSE4_out 69. 8064271612385

0.263424375656382

Fles b mcges ip Vews Pressnuton =

Rsqr_1

podetangamfores [ancomFre) RDecumenmton

predict methed for random forest objects

Frodiction oftestdaa usng random ot

Usage

y
TR, predise A11CTALSE, provimityFALSE nades

55t caadty

fa. Nole: ol gven
s,

e
o volo cous.class s aowe, bt atoraicaly sonvted o

And sample R square, R square is this. So, it has gone up to 70 percent 67, 68 percent 67.9 is
the maximum out of the sample R square that we can found. So, what we now we can try?
We can also try implement tree regression, tree regression, ok. So, tree regression is way we

can do that library R part, ok, R part, ok.
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0 NPTEL - doc_update - RStudio P
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Out_Rsqr Named num [1:4] 0.263 0..

176 df_testSprice_hatd = exp(predict(mod4,newdata = df_test))

177 RNSE4_out = sqrt(mean((df_testiprice_hat4-df _testSprice)’2,ra.rm=T)) RUSE_out Named run [1:4] 119 104

RMSE1_out 119.029469662255

178

179 Rsqr_d=cor(df_testiprice_hat4,df_testsprice,use="na.or.complete")\2 RISEZ ot 104.708332¢41317

180 RUSE3_out 75. 2854155097291

181 RMSE_out-c(RMSEL_out-RMSE1_out RUSE4_out 69. 8064271612385

182  RMSE2_out=RMSE2_out Rsqr_1  0.263424375656382

183 ,RMSELout:RMSEg,out Fies Pos Pkages telp Viwer  resenuion -
184 RUSEZ_out-RNSE4_out) a

nos
151 e ¢

-~ predict method for random forest objects

Comoe T kg b =

R K422 - /Domest Texhnggesn s Clsshan T

WL WL NILEVUL MILI_VUL LT _UUL Deszription

119.02947 104.70833 75.28542 69.30643 T Te———

> Qut_Rsqr = c(Rsqr_1=Rsqr_1 Usage

+ ,Rsqr_2=Rsqr_2

+ Rsqr_3-Rsqr_3 = e

+ Rsar_4=Rsqr_4) aatott, .1,

> Out_Rsqr Arguments

Rsqgr_1  Rsqr2  Rsgr.3  Rsqr4 e motl s s, v ey ve

focionsansoornst.

0.2634244 0.4202121 0.6247242 8.6797292 reviata s amear nlix cataring o . Mok ot v,

> Library(rpart) w ot

> it rdto s, o clss proibiti, ki
vl . clasa s lows, bt ety o o

And then, then model4 dot mod4. So, what we can do is essentially I can just fit R part and

then I just run it. So, this is the formula, right, ok. So, y naught data equal to df train.
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JRsqr_2-Rsqr_2

187

188 ,Rsqr_3-Rsqr_3
189 JRsqr_4=Rsqr_4)
190

191 ## Tree Refression
192

193 library(rpart)

194

NPTEL - doc_update - RStudio

otn v

195 rpart( log(price) ~ log(total_sqft) + area_type + log(bazh) +

19

197 [

198 data-df_t)
s e

Comoe T kg o s
® k422 pomass g Af_train
> Library(rpart) dfbeta

> sumnary(nodd) + geperac ¢

dffits

Coll:

Ir(formula = log(price) ~ log(total_sqft) + area_type + log(bath) +
log(BHK) + location + I(log(total_sqft)A2) + I(log(total_sqft)"3) +

I(log(batk)*2) + I{log(bath)/3)
data = df_train)

Residuals:

Min 1Q Median 3Q

L

Well, this is mod3, no mod5. I hope this will be ok. This has given me something.

+ I(1og(BHK)AZ) + I(1og(BHK)A3),

Max

souee -

F4
S vt < N 7@ Me - s -
K= Glowal vvrenment + NPTEL

log(BHK) + Llocation + I(log(total_sqft)"2) + I(log(total_sqft)"3.
I(log(bath)*2) + I(log(bath)*3) + I(log(BHK)AZ) + I(log(BHK)"3)

Out_Rsqr Named num [1:4] 0.263 0..
RUSE_out Named num [1:4] 119 104..
RUSE1_out 119.029469662255
RUSEZ_out 104.708332441317
RMSE3_out 75. 2854155097291
RUSE4_out 69. 8064271612385
Rsqr-1  0.263424375656362
Fis P nckages iy Vews posnuion
&

podetandamores (andamFores) ROeeumenmton

predict methed for random forest objects

Dessrigtion
Frodicton oftestdaa usng random ot

Usage

prodict okject, newdaca, type:
herm.votes TRE, predie A11IFALSE, provimityFALSE. nades
awott, ...
Arguments
Gect  obpctofclas rancenFerest, s tral cuataty e
foncion cantoneoret.
rewdata adat meor natxcontaning new il Nol:Hrolgivn.
10 0to-big citn 1 ob3pct i s
ona of responss, o or votas, ndeatg o tpa af
utpet: odioc vabes mlrx f Cass proxabifts, ormatx
o ol cous.class s aowe, bt atomlicaly sovered o

ype
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1 Oswrceonsave 4 /- ahun e esoucs - @ » mponowaset =\ 7BME - st -
188 ,Rsqr_3-Rsqr_3 Ko o v « NPTEL
189 ,Rsqr_4-Rsqr_4) modS List of 15
19 test_data 1 obs. of 10 variables
191 ## Tree Refression Values
192 dumver  Named int 30
193 library(rpart) i 1306L
194 dx 1

195 modS = rpart( log(price) ~ log(total_sqft) + area_type + log(bath) +

i
location.. chr [1:1306] "Electroni..

19% Tlog(BHK) + location + I(log(total_sqft)"2) + I(log(total_sqft)"3.

197 I(log(bath)'2) + I(log(bath)A3) + I(log(BHK)'2) + T(log(BHK)A3) " ° "em™ ™ M e el
198 ,data-df_train) ok e e

199 presetrngomForest (ngamFrest) ADccumentton

Conole Teminal =

2.2 . DowatTexhin Reresion, wd Casshtn PTEL

;a;;nyapura,v1]ay Nagar ,V1jayanagar ,Vimanapura, Vinayaka Layout,Vishvesnnarya L
ayout, Vishwanctha Nagenahalli,Vishwapriya Nagar,Viswapriyanagar,begur Road.bom
monahalli.,Vittasandra,Vivek Nagar,Wajid layout thanisandraWhitefield,Yelache
nohalli,Yelahonka, Yelahanka, MVIT college,Yeshwanthpur 1418 352,42550 5.158731

dgroundjobs

12) log(total,sqft)i 7.968838 941 145,82340 4.970439 *
13) log(total_sqft)>=7.968833 477 107.42586 5.530181 *

7) location= Sector 1 HSR Layout, south,1 Giri Nagar,1A Block Koramangal
a,1Hanuman Nagar,1Hoysalaragar,1st Block HBR Layout,1st Block Jayanagar,1st Bl
ock Koramangala,1st Stage Indira Nagar,2nd Block Hrbr Layout,2nd Block Jayanag
ar,2nd Block Koramangala,2nd Phase JP Nagar,2nd Stage Nagarbhavi,3rd Block Banl

¢

And then alright, quite complicated.

predict methed for random forest objects

Dessrigtion
Frodiction oftestdaa ueng random ot

Usage

prodict objoct, nevdaca, 4 P
hCrm.VOtes THUE, predist A11CTALSE, provimityFALSE. mades
awott, ...

Arguments

Giect  nobpctofclass rancenTeres, s thal cuatdty e
foncion cantoneoret.

‘adot amear natixcontaning new it Nol: ot i,

10 0t-big cieton 1 ob3sct i .

Cna of sesponss, o, o votas, ndeatg atpa of

et marixf cass prosaies, o mabx

o ol cous. class s aowe, bt atomatical soveded o

rewdata

ype
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‘e NPTEL - doc_update - RStudio g
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als TR m 13- ]| i o]
195 modS = rpart( log(price) ~ log(total_sqft) + area_type + log(bath) + RMSE4_out 69. 8064271612385
196 Tog(BHK) + location + I{log(total_sqft)"2) + I(log(total_sqft)"3 RMSES‘out 38.225807146313
197 I(log(bath)~2) + I(log(bath)"3) + I(log(BHK)2) + I(log(BHK)"3) qurj 0.263424375656382
gg »data-df_trcin) Rsar-2  0.42021209351197
5 N . N 1 B Rsqr_3  0.624724206343231
ig? df_testéprice_hat5 = exp(predict(modS,nendata = df_test)) Rsard  0.670729198250637

202 RMSES_out = sqrt(mean((df_testiprice_hatS-df_testSprice)2,ra.rm=T))
203

204 Rsqr_S=cor(df_testdprice_hat5,df_testSprice,use="na.or.complete" )2
205

Rsqr_5  0.480604247629781
s

s Wiy Viewer  pesnution -

)

-
3
&
=3
3
z
3
8
g
E]
2
2
g
E]
g
3
4
b

=
5
3
@

® o st ey
> df_test$price_hat5 = exp(pradict(modS,nendata = d_test))

> View(df_test)

> RMSES_out = sqrt(mean((df_testIprice_hatS-df_test$price)s2,na.rm=T))
> RMSES_out

[1] 88.2259

> Rsqr_S=cor(¢f_test$price_hat5,df_test$price,use="na.cr. complete")A2
> Rsqr_S

[1] 0.4806042

>

Let us now try to; let us use it as a black box. First is, we have to predict the model 5 as a
black box let us see how it is doing, ok, looks like it is doing ok. And then RMSE 5 and
RMSE square, RMSE 5 out this and this 88; RMSE 5 as this, alright. So, this is some what
not doing so, when the regression tree or what you can do you know what, you just drop this,
if you just drop this engineered feature and let us see what it does in the. So, RMSE (Refer

Time: 20:50) similar not much.

So, whether you put the engineer feature or not tree regression, tree is doing slightly worse
than I would say the RMSE out is, RMSE out in out comma is equal to out, RMSE out. So,
now, so we can see that it is some doing somewhere between third model and the second

model.



(Refer Slide Time: 21:24)

‘000 NPTEL - coc_updte - RStudio

F o
0. & H » [RERT L - L)
) smrceonsme & /- atun e Ssoues 2 mponowast + | N aspue - o une e
195 mods = rpart( log(price) ~ log(total_sqrt) + area_type + log(bath) + [ T NPTEL
1% Tog(BHK) + location RMSE_out Named num [1:5] 119 104..
197 ,data-df_trein) RMSE1_out 119.029469662255
198 RUSEZ_out 104.708332441317
199 df_testSprice_hat5 = exp(predict(mod5,newdata = df_test)) RUSE3_out 75. 2854155097291
200 ) . RUSE4_out 69, 8064271612385
E@l RMSES_out = sqrt(mean((df_testiprice_hat5-df_testSprice)’2,ra.rm=T)) RUSES_out 88. 3005460728754
f@Z ) ) Rsqr.l  0.263424375656382
203 Rsqr_S=cor(df_testdprice_hat5,df_testSprice,use="na.or.complete")A2
0 e - e -n
205 RMSE_out| =c(RMSE_out ,RMSES_out-RMSES_out) R prodct etod o fost et +
206 pradctrndamfores (ndonFores) A Dccumennion
o @wwa: wim
Conoe | Teminal « Backgrumdjobs _~ predict method for random forest objects
R K422 - Downies TeahnRgesionan s aen TS
; Dessrigtion
> Rsqr_S=cor(cf_test$price_hat5,df _test$price,use="na.or.compleze")A2 Fredicton oftetdaa ueng random ot
> RMSES_out Usage

[1] 83.30055

prodict okject, newdaca, type:

> Rsqr.5 oA T———
[1] 0.4797209 autott, ..

> RMSE_out =c(RMSE_out, RMSES_out=RMSES_out) Arguments

> RMSE_out @iect  anobfoctofclas randenterest, i tat ceatd by tre
RMSE1_out RMSE2_out RMSE3_out RMSE4_out RMSES_out B vt oA

0 0to-big cieton 1 ob3sct i .

11902947 104.70833 75.28542 69.80643 88.30055 S
o b o o

% o volo Gounts, class 1 alowe, but automatically sonerted to
J

And R square 5 is been out (Refer Time: 21:40) R square 5 equal to Rsqr 5.
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201 RMSES_out = sqrt(mean((df_testSprice_hatS-df_testSprice)’2,ra.rm=1)) NPTEL

202 Out_Rsqr Named num [1:5] 0.263 0..
203 Rsqr_S-cor(df _testiprice_hatS, df _testsprice,use-="na.or.complete" )12 RUSE_out Named num [1:5] 119 104..
204 RUSE1_out 119.029469662255

205 RNSE_out ~C(RMSE_out, RMSES _out-RMSES_out) RUSEZ_out 104.708332¢41317

206 Out_Rsgr=c(Out_Rsqr,Rsqr_5-Rsqr_5) RMSE3 _out 75.2854155097291

a1 RUSE4_out 69. 8064271612385

zgg RUSES_out 88. 3005460726754

210 ## Residual Analysis of the Fourth or the best model

a1

a2 |

Ky Y
[1] 0.4797209
> RMSE_out =c(RMSE_out, RMSES_out=RMSES_out) Usage
> RMSE_out
RMSE1_out RMSE2_out RMSE3_out RMSE4_out RMSES_out
11902947 104.70833 75.28542 69.80643 88.30055
> Out_Rsqr=c(Qut_Rsqr,Rsqr_S5=Rsqr_S)
> Qut_Rsqr

Rsqr_1  Rsqr_2  Rsqr_3  Rsqr4  Rsqr5
0.2634244 0.4202121 0.6247242 9.6797292 0.4797209

>

So, out of R square is also here also it is doing somewhere in between second model and third
model. So far the third 4th model is the best model that we have find. Now, since 4th model
is the best model what we will do we will try to do some residual analysis of the 4th model,
ok, residual analysis of the 4th of the best model. So, you can if you want to take a break you

can pause the video, you can take a break and come back and see it because now we are going

to turn a bit, ok.

Alright, I hope you have taken your break and let us try to do the residual analysis of 4th
model of the best model. And we hope that our 4th model has done reasonable job in terms of

the fitting the; you know now here is the residuals.
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206 Out_Rsor=c(Qut_Rsqr,Rsqr_5-Rsqr_s)
207

208
209+ #t#-
210 ## Residual Analysis of the Fourth or the best model
a1

2

213 e = moc4Sresiduals

24

215 hist(e,nclass=10,prob=TRUE).

o e a—— D

3/

PTEL

e Large numeric (9827 ele..
i 1306L
idx 1L

location.. chr [1:1306] "Electroni..
loctn  'table' int [1:1306(1d)..

m 9324
ml 1
[Er T ———— -0

n Hopes 0 f

216 gqnorn(e,pch=20, col="magenta")
a7 Histogram of e

10

L17.ULFH LUTL V00D 1.L00E  UT.00D 0UL WU
> Out_Rsqr=c(Qut_Rsqr,Rsqr_S5=Rsqr_5)
> Qut_Rsqr
Rsgr_1 Rsqr_2  Rsgr3  Rsgr4  Rsqr S H
0.2634244 0.4202121 0.6247242 0.6797292 0.4797209
> e = mod4$residuals
> hist(e)
> hist(e,nclass=10)
> hist(e,nclass=10,prob=TRUE)
> qqnorm(e, pch=20, col="magenta")
>

06 08

00 02 o4

So, let me just take it as e, ok. Now, first thing probably what we will do, I will just put hist
equal to e. Let us see how the histogram looks like. Looks like its normal n class equal to 10
if I just do that, I do not know, alright. Probability equals to true. And then what we do is we

can try to do q q norm as e and then pch equal to 20 colour equal to say magento, ok.
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207 e Large numeric (9827 ele..
208 i 1306L
e idx 1L

210 ## Residual Analysis of the Fourth or the best model location.. chr [1:1306] "Electroni..
a loctn  ‘table' int [1:1306(1d)..
02 m 9324

213 e = mod4Sresiduals ml 1

214

215 hist(e,nclass=10,prob=TRUE)
216 ygnorm(e,pch=20,col="magenta")
a7 |

o R A A PR R

> Out_Rsqr=c(Cut_Rsqr,Rsqr_S5=Rsqr_5) Y

> Qut_Rsqr % -
Rsqr_1  Rsqr_2  Rsqr.3  Rsqr4  Rsqr 5 é

0.2634244 0.4202121 0.6247242 0.6797292 0.4797209 i

> e = mod4$residuals

> hist(e)

> hist(e,nclass=10)

> hist(e,nclass=19,prob=TRUE)

> qqnorm(e, pch=20, col="magenta")

>

Theoretcal Quaniles

That is not very good. So, that means, definitely the qq line Iwd equal to 20 2. So that means,
this error is heavily heavy tail distribution, error has definitely a heavy tail distribution.
Though it is behaved like a bell shaped, it as doing reasonably bell shape, but it is definitely a
as a heavy tail distribution on both sides, ok. On both sides there is some quite a bit of

underestimation and overestimations are happening.

So, in this case I mean effectively if your prediction is doing well, probably you do not want
to be your it should be fine. But at the same time if it is heavy tail; that means, you should be
aware that there are cases where it is either doing heavy underestimation or heavy
overestimation. So, that means, these are the points where this probably happened heavy

over-estimations and these are the places where heavy underestimations have happened, right.



So, in this case, what can we do? I mean you have to be if you take it as with a pinch of salt
then you say that, ok I am fine with this, right. And or you trying to put more features and you

try to figure out if you can tame this underestimation or overestimations.

So, one way to put this underestimation and overestimation under control is put more and
more new features which probably affect the price you brought those into the in your analysis.
Just not location and bathrooms and how many BHKs, and you know all the only and total
square feet area types. These are the only 5 variables effectively we have used. But other than

that you should use other variables also, if you have available.

Now, for example, ready to move. You can try to add those variables as well. So, now if you
want to still do the you know analysis, say whether if you are interested in doing inference
statistical inference, so statistical inference will probably in this analysis will be valid. You
can ask me why, because the sample size even in the training sample you have 9000 samples

whereas, your dimension of your x is so maybe X test; wait a minute.
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193 library(rpart)
194

<

195 modS = rpart( log(price) ~ log(total_sqft) + area_type + log(bath) +

1% Log(BHK) + Location
197 ,data=df_train)
198

199 df_testiprice_hatS = exp(predict(modS,newdata = df_test))

200

201 RMSES_out = [sqrt(mean((df,testiprice,hatsrdf,test&pr‘ice)\Z,ra.rme]J
20

203 Rsqr_5=cor(df_testiprice_hat5,df _testSprice,use="na.or.complete")A2
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> hist(e)

> hist(e,nclass=10)

> hist(e,nclass=10,prob=TRUE)

> qqnorm(e,pch=20, col="magenta")
> qqline(e,lwc=2)

> dim(X)

Error: object 'X' not fourd

> dim(X_test)

Error: object 'X_test' not found

>

Evinnmn Wstoy Comectons Gt Tuorhl

» oo uan - | V4576 - f e G-

Re T Caal v +

e Large numeric (9827 ele..
i 1306L
idx 1L

location.. chr [1:1306] "Electroni..

loctn  'table' int [1:1306(1d)..
m 9324
ml 1
s s | pckigs | iy Ve resnaion -0
Bion | Boen+ 0 P
Normal Q-Q Plot

Sampia Quantiles

Theoretcal Quaniles

So, what you can do is sorry now what I have to do probably, I will tell you exactly what will

be the model. So, model4, mod4, model dot extract, model dot extract, extract, model4, x and

so, model dot extract and mod4. That is it, ok.
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B, - wotiasiiu mods  List of 15
;14 € = ngHiresiduais test_data 1 obs. of 10 variables

Values

215 hist(e,nclass=10,prob=TRUE) 4 Naned int 30
umver amed 1n’

216 qqnorn(e,pch=20, col="magenta")

217 qqline(e,lnd=2) e Lare numeric (9827 ele..
218 ! Fles Pots Pickiges Welp Viewsr Pressnution -0
@
219 Kemodel, extract(moc4) rep———
220 oo (sa] A Dceumentation
Conole | Teminal « Backgrumdjobs: _~ Extract Components from a Model Frame
R K422 . owmes TeahnRegresion.an s an T
2 ST, I LU33= 43 P U= L) Dessrigtion
> ggnorm(e, pch=20, col="magenta") ofsot subset
> gqlineCe, nc=2) nodel fume passedas optanal argamen' 0 ol frase.
Tng=.
> dim(X) Vaage
Error: object 'X' not found ::1.:7:::?:% somsonent
> dim(X_test) el sesponse dats, cyps

sodalsesghte x

Error: object 'X_test' not found
> X=model . extract(mod4)
> 7nodel .extract

frguments
trase, x, Amodd fame

cosponsnt ey charatorsrng o nae. Thé e of asomporentto

> X=model. extract(mod4) oxtact, such a et or“subsot
pe Onwol any”, mumarict or conb’. Usirg lhrof bt two
> ‘coatces the resalt o have storage mods “double’.

It

Or, one way of doing it is simply mod4 dollar model, if you do that. And so, first then is equal

to X comma minus 1.
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> dim(X_test) ofet,subset,

i \ skl e passedas aptanlargamets o ol care.
Error: object 'X_test' not found

> X=model.extract(mod4)
> nodel .extract

Usage

el axtract fram, comonmnt
sodal ot

> X=model, extract(mod4) e
> X=mod4$model o

; rquments
& VleW(X) trase, x, Amodd frame.
» XX[,-1] o

A st et e T e o orent
> Viewn(X) et such 26wl or“subset

G Oneol oy, ‘umric® o cpia, g ol bt v
> ‘coatces the resalt o have storage mods “double’.
‘ J

So, the number of actually dimension of X, just run it, so 12. So, you have 9827 training

samples that you are using that model 4 have used and there are only 12 parameters.



(Refer Slide Time: 30:28)

NPTEL - doc_update -RStudo | .y
&

0
0. § o1 e v - §y
s At Soumt - » | ¢ el @ >,
a1 [ T NPTEL
£ modl  Large In (14 elenments.
zﬁ e = moc4srasiduals mod2 Large 1m (14 elements..
2
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215 hist(e,nclass=10,prob=TRUE) nodd Lar;e n §14 elements..
216 qqnorn(e,pch=20, col="magenta") ods L'LS; of 15
i; gatine(e, nd-2) test_data 1 obs. of 10 variables
219 X-moda$nodsl X 9827 obs. of 12 varia..
2 d{rmﬁx)' : T e -0
21 1
222 model.n| frSu—
o M0deL natriX e .~ Extract Components from a Model Frame
@1 nodel.matrTx default {stats} we
nodel . matrix. lm )
> X=m ofsot subsot.
» Xy Model.frame okl e passed s aptanal rgnets o madl case
: View(i(ﬁ'm foome_default
> XeX[,-1]
> View(X)
> X=mod4$model
> dim(X)
[1] 9827 12
> Vien(X)

>

But if you put all locations, ok; that is where you need the locations fine, alright. So, model
dot matrix mod 4, I think if you just say x; and now if you are saying that we have intercept

log square feet area type, and then you are getting all the locations dummy variables.
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Extract Components from a Model Frame

E,
> View(X)

> X=X[,-1]

> View(X)

> X=mod4$model

> dim(X)

[1] 9827 12

> View(x)

> X =model.matrix(mod4)
> Vien(X)

>

And then, if you put dimension of x, then what you will get is, ok 9827 samples and 1311
columns you are fitting it is a dimension. So, it is just 2th n x 10th a bit of a high dimension I
would say, but not bad. So, you have about for each parameter you have about 10 samples.

So, not bad, I would not say not bad.

So, probably, probably central limit theorem will kick in and you will be able to do the
analysis reasonably, ok. I do not think you will be facing much of a trouble in this case. So,
this the testing of hypothesis for the coefficients are not valid this argument probably will not
be, I mean is ok, not be correct, but you can probably say reasonably that central limit
theorem probably will kick in and your testing of hypothesis based on these coefficient of t

value and should be fine.



But you have to be careful that there are certain cases where you are doing quite a bit of

underestimation and overestimations. So, one thing one should do that you should do Breusch

Pagan test bp test, right, bp test, ok.
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216 qqnorm(e,pch=20, col="magenta")
217 qqline(e,lwd=2)

2138

219 X=mod4Smodel

220 dim(X)

21

222 X =model.matrix(mod4)

223 din(X)
224

225 l\bmry(lmtest[)l
226 7bp.test

22515 0nwid &

Conle Tminal B s
@ R422 . DosnhatTestiny Reseion gl TR
[1] 9827 12

> Vien(X)

> X =tiodel. matrix(mod4)

> Vien(x)

> dim(X)

[1] 9827 1311

> 7bp.test

Ne documentation for ‘bp.test’ in specified packages and libraries:

you could try ‘??bp.test’

>

Now, I think this will come under library. I am not, if am not making, a mistake I think it is

under library Im test I think bp test. Yes, Breusch Pagan test, Im test, correct, correct, ok.

Evinment Htoy Comeclons G Tutorl =0

R- A
mod1 Large In (14 elements..
nod2 Larce In (14 elements..
mod3 Large 1m (14 elements.,
mod4 Large 1m (14 elements..
mod5 List of 15

test_datal obs. of 10 variables
X Large matrix (1288319..
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Py
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Extract Components from a Model Frame

Descrigtion

ofsat subset,
o frme pasaed s ptonl rgemes o ool frame

Usage

< tiomee f [T

NPTEL
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220 dim(X)

21

222 X =model.matrix(modd)
223 dim(X)

224

225 library(lmtest)

226 7bptest

227 pptest(mod4)

28 |

229

230

231

The following objects are masked from ‘package:base’:
as.Date, cs.Date.numeric

> 7bp. test

No documentation for ‘bp.test’ in specified packages and libraries:
you could try ‘?7bp.test’

> 7hptest

> bptest(mod4)

§‘.\§
NPTEL

nodl Large In (14 elements..
mod2 Large 1m (14 elements..
mod3 Large 1m (14 elements..
mod4 Large 1n (14 elements..
tiod5 List of 15

test_data 1 obs. of 10 variables
X Large matrix (1288319..

s Wiy Viewer Pesnuion -0

Package st versin 0340 cer]

So, may be what I will just do that I will just make a mod4. So, it takes times in general, ok.

So, even Breusch Pagan test is rejecting so that means, there is quite bit of heterogeneity is

there, heterogeneity is there. So, let us try to see how the heterogeneities are there. Let me see.

The location the coefficients. What we can do is very simple is, let us take few places like say

Rajaji Nagar or something, right.

So, let us take this kind of places and we can try to take a df sub create a sub value and let us

try to understand. So, this in these area where these are the values that we have.
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223 dim(X)

224

225 library(lmtest)
226 7bptest

227 bptest(modd)
228 2
9 #
230 df_sub=df_train df _train$location=="Rajaji Nagar",]

231 plot(df_substotal_sqft,df_subSprice,pch=20,col="nagenta")
3 I 3 |
233 -
234

price

af_subs;

R
7 upLestyivuty

studentized Breusch-Pagan test

R 4
data: modd LN ’ 'f
BF = 2380.8, cf = 1310, p-value < 2.2¢-16 D v
._g'.- '
> df_sub=df_train[df _train$location="Rajaji Nagar",] W
> Vien(df_sub) ° i iy T T
0 2000 4000 6000 8000 10000 12000

> plot(df_sub$total_sqft,df_sub$price,pch=20,col="nagenta")

>

of_subStotal sqft

And for these values df sub s what we will have is, we can plot the df sub dollar square feet
comma df sub dollar price df sub equal 20 and color equal to magenta. So, this is pretty much
data that we have. And then if we; so, this is the data that we have. So, this is the total square

feet and this is the data. And now, if we do a df sub in the df sub dollar price hat, equal to

exp.

What we can do is mod 4, let us take mod 4 and new predicator which we have to first credit
mod 4 comma new data equal to df sub, just for Rajaji Nagar, we are doing the prediction for
Rajaji Nagar in this case, ok. So, let us see df sub. So, now, I have price, predicted price for

these values.
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dota: modd 8 £
BF = 2380.8, ¢f = 1310, p-value < 2.2e-16 g,
2 8
53
5
> df_sub=df_train[df_train$location="Rajaji Nagar",] p .
g4 4
> Vien(df_sub) ° L€, "
> plot(df_sub$total_sqft,df_subSprice,pch=20,col="magenta") .‘yP A =
> df_sub$price_hat=exp(predict(mod4 ,newdata = df_sub)) ° T i T i
0 a0 4000 60 GO0 1000 12000

> Vien(df_sub)
>
¢

of_subStotal sqft

So, most of the places I have values there are few cases where I do not have values like NA.
So, I have NA is here, so which I cannot do much. And then what I can do is essentially
points; I can plot is essentially this comma df price hat is color equal to black, alright. Let us

try to get that pch equal to 20.
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225 rary(Imtest) 75 obs. of 11 variables
226 test df_test 3400 obs. of 15 varicbles
227 est(mod4) df_train 9920 obs. of 10 varicbles
228 modl Large In (14 elements, 3.8 MB)
229 mod2 Large 1m (14 elements, 106.5 MB)
230 sub=df_train[df_train$location=="Rajaji Nagar",] nod3 Large 1n (14 elements, 106.5 VB)
z;; t(df_sub$total_sqft,df_subSprice,pch=20,col="magenta") nodd Large In (14 elements, 107.5 MB)
L.
233 subSprice_hat-exp(predict(nodd, nendata = df_sub)) e s Sosn
234 nts(df_subStotal_sqft,df_subSprice_hat,col="black"[
,pch=28)

235

o g
data: modé o
BP = 2380.8, cf = 1310, p-value < 2.2e-16 ] 27
&
)
> df_sub=df_train[df_train$location="Rajaji Nagar",] M . ®
> View(df_sub) 3 S ido ©
> plot(df_subStotal_sqft,df_sub$price,pch=20,col="magenta") Eh| <2 &ﬁé
> df_sub$price_hat=exp(predict(mod4,newdata = df_sub)) Q;ffw ¥
> View(df_sub) e T T T T
0 M0 400 60 GO 1000 12000

> points(df_subStotal_sqft,df_sub$price_hat,col="black")

>

of_subStotal_sqft

So, this is where we are doing and these are the points, this model missing these points, you
can see that the large points this point is underestimating, clearly underestimating, ok. And
that is why we are seeing for different here it is trying to do very good, because we have all

the values and all these things, but here clearly it is bit of underestimating.

So, now similarly, if we just go and take another area. So, we did for say other than Rajaji

Nagar. Here I think we have the Rajaji Nagar, alright.
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228 d. 99..

229 M. La..

230 df_sub=df_train[df_train$location=="Rajaji Nagar",] m. La.

231 plot(df_sunstotal_sqft,df_subSprice,pch-20,col="agenta") n Lo

232 df _subSprice_hat=exp(predict(mod4,newdata = df _sub)) . L.

233 points(df_subtotal_sqft,df_subSprice_hat,col="black" e —

234 ,pcn=20) © s |

235

prica

LocationArishinakunte
Llocationasha township, off heanur road
locationAshirvad Colony

LocationAshok Nagar

LocationAshraya Layout
LecationAshwath Nagar
LecationAshwathnagar

LlocationAshwini layout 0
LlecationAsthagrama Layout

af_subs,

of_subStos_saf

[

L

Let us try to take summary mod 4. And what is this? Ok, Ashok Nagar. Let us see how this
happens, ok. Now, what am going to is very interesting; that we are going to be a bit of

interesting thing. I am going to create a data set which is R going dot data dot frame with df

sub and df sub 1.
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227 bptest(mod4) df_sub 75 obs. of 11 var..
228 df_test 3400 obs. of 15 v..
229 df_tra.. 9920 obs. of 10 v..
230 df_sub-df_train[df_train$location=="Rajaji Nagar",] modl  Large n (14 elem.
231 plot(df_sunStotal_sqft,df_subSprice,pch=20,col="magenta") mod2  Large In (14 elem.
232 df_subSprice_hat=exp(predict(mod4,newdata = df _sub)) mod3  Large 1n (14 elem.
%33 points(df_subStotal_sqft,df_subSprice_hat,col="black" modd  Large In (14 elem.
Zt) - IR e
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236 df _sub-rbind.data. frane(Hf_sub,d)
9237 Ashok Nagar

Conole Temina kg

2000

R R422 . Dot Teah

LocationBagalckunte 0.0746452 0.3139104 Q.

238 0.812049 g §

locationBagalur 0.0824586 0.32023% @. 3 _

257 0.796804 é g

LocationBagalur Main Road -0.0303718 0.3308284 -0.

092 0.926855 e

LocationBAGUR -0.6861859 0.4053054 -1.

693 0.090490 b T
LocationBAGUR ROAD -0.4997616 0.4050976 -1. o om0 o
234 0.217355 of subSttal sot

L

Now, you can tell me what is df sub 1. I have no I do not have any df sub 1, but I am going to
make 1; that is df train and here and instead of Ashok Nagar. This is at Ashok Nagar. So, df
sub 1 will have, right, ok, alright. So, ok I will do this, ok. Let me just do this guy.
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230 df_sub=df_train[df_train$location=="Rajaji Nagar",]

231 plot(df_sunStotal_sqft,df_subdprice,pch-20,col="magenta")
232 df _subSprice_hat=exp(predict(mod4,newdata = df _sub))

233 points(df_subStotal_sqft,df_subSprice_hat,col="black"
234 ,pcn=20)

235

236 hf,sub:df,tmm df_trainSlocation=="Rajaji Nagar",]

237 df_subl=df_train[df_train$location=="Ashok Nagar",]

238 df_sub=rbind.data. frame(df_sub,d_subl)

239
240

Conole Teminal  Bakgrundjos

R R422 . DowatTexhin Reresion,w Classhsin T

Residual stancard error: @.2864 on 8516 degrees of freedom
(93 observations deleted due to missingness)

Multiple R-squared: ©.8664, Adjusted R-squared: 9.8459

F-statistic: 42.16 on 131@ and 8516 DF, p-value: < 2.2e-16

> df_subl=df_train[df_trainSlocation=="Ashck Nagar",]
> df_sub=rbinc.data. frame(df_sub,df_subl)
Error in rbinc.data. frame(df_sub, df_subl) :

numbers of columns of arguments do rot match

>

= e w Gt Tuord a

S f une

Ko % o emonmen -
df_sub1 2 obs. of 10 vari.
df_test 3400 obs. of 15 v..
df_tra.. 9920 obs. of 10 v..
modl  Large Im (14 elem.
mod2  Large 1m (14 elem.
mod3  Large Im (14 elem.
modd  Large lm (14 elem.

Fles s pukages Wip Viewsr fresmvion

Puon Depr- 0 f o

2000

1000 1500

df_subSprice

500

0 000 600 10000

df subStotal_scft

Run it once more and now it is fine. Now, if you look into the df sub, it has first Rajaji Nagar

datas and then two Ashok Nagar, ok. That is where the problem probably, ok. So, what I will

do is df dollar location, table, and sort; wait a minute sort descending is equal to true.

Descending equa

1 to true.
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First, I do not know why it is not happening. So, I can, I want few more data set actually. I

want a location with a little bit more data set.
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230 atlsubfa:itr‘m,n dt_trawn$location=="RajajL Nagar",] - NPTEL
231 plot(df_subStotal_sqft,df_subSprice,pch=20,col="magenta")

232 df_subSprice_hat-exp(predict(mod4,newdata = df _sub)) df 13320 obs. of 10 variables
233 points(df_subStotal_sqft,df_subSprice_hat,col="black" df _sub 77 obs. of 19 variables

234 ,pcn=20) df_subl 2 obs. of 10 variables

235 df_test 3400 obs. of 15 variables
236 df_sub-df_train’df_trainslocation--"Rajaji Nagar" [ df_train 9920 obs. of 10 varigbles
237 df _subl=df_train[df_train$location=="lihitefield",] modl Large n (14 elements, 3...
238 df_sub=rbind.data. frame(df_sub,df_subl) 5 5

239
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[ reached getOption("max.print") -- omitted 1111 rows ]

Signif. codes: @ ‘***' 0.001 ‘**' 0.61 “*’ 0.05 ‘.’ 9.1 ¢’ 1

Residual stancard error: @.2864 on 8516 degrees of freedom
(93 observations deleted due to missingness)

Summary equal to data, mod 4, maybe white field alright. So, maybe white field, ok. So, I
have first Rajaji Nagar, then I have a bunch of white field, ok. Now, what I am going to do is
first plot all the Rajaji Nagar cases; df sub (Refer Time: 43:51), ok. So, I have to put some x
label to do this, total square feet square feet, and t lab equal to price, ok. Otherwise it is taking
(Refer Time: 44:35), ok. So, I got that, alright. And then, I am going to put these points,

points. And it is going to be white field, ok.
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244 modL Large lm (14 elements, 3...
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"tlab" is not a graphical parameter :
5: In box(...) : "tlab" is not a graphical parameter %-
6: In title(...) : "tlab" is not a graphical parameter E 8

> plot(df_sub$total_sqft[df_sub$location=="Rajaji Nagar"]
There were 12 warnings (use warnings() to see them)

+ ,df_sub$price[df_subSlocation=="Rajaji Nagar"]

+ ,xlab="Total Square Fest"

+ ,ylab="Price"
"
>

—
" " ) 2000 <000 500 8000 10000 12000
,bch=20, col="ragenta") “

Total Square Feet

So, this is a bit of a different issue or grey. I think I can put a grey that will be probably better
number, ok. Now, if you do the prediction, now if you do the prediction, and first, we are

going to put the points, bunch of points for instead of price, 50 price hat.
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But instead of grey using black, and ok. And here you have bunch of red and Instead of this,

you just see Rajaji Nagar set. So, let me just zoom it. So, the magenta is the actual numbers.
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And you can see that rates are the actual the predictions. And then there is quite a bit of
underestimations are happening. Whereas, the model here, it is doing pretty good in terms of
you can see this, it is actually able to pick this, you know this kind of log linear behavior to an

extent, right. It is quite great, actually in that sense.

And then we can try to put the same thing using maybe. Another plot I will just create out of
it with log linear. Since, these are all long linear, I will try to put it in log linear scale. So, log
of this and log of price in log scale total square feet log scale log of price. So, if you just plot
this, so you can see that this is better and then if you just plot log of this and log of that; this is

also, to an extent.
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But so, but I need to, I think quite a few are actually down. So, maybe I will just increase the
y limit, ¢ from maybe from 2 to 8. I will just get 2 to 8. You can see systematically, the price
on the white field is like, lower than the Rajaji Nagar. You can I mean, clearly this is the
Rajaji Nagar. These points are in Rajaji Nagar. And whereas, these points are in the white
field. Now, white field also when it, when the size of the house increases that time in terms of

total square feet, the gap they are kind of overlapping.

At the, but at when the size of the flat in terms of total square feet decreases that time you can
see there is a clear cut premium that you are paying for the Rajaji Nagar compared to
Whitefield. For a large house, larger house this premium on gap is not that much. The slope is

slightly different.



Whereas, now you do this thing and then we have to plot this in the clock still remember that.
So, now, this is the; this is the predicted values of for the Whitefield. These are the predicted
values of the Whitefield. So, Whitefield does reasonably, ok.
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And if you just do this for the Rajaji Nagar with red now if you see that clearly the Rajaji
Nagar’s are the red points. And for the Rajaji Nagar the points are bit higher on the side, ok
whereas, clearly they are on an average it is higher compared to the Whitefield. So, it is much

more clear when you plot it in the log scale.

So, and that means, whenever you are doing modeling the housing price, in fact, any
economic activity any economic activity which related to price, my strong and strong
recommendation is always work with log price. And along the other variable with the log

price, the feature of the economic activity also, like square feet in this case square feet



number of bathroom number of you know bedrooms, these are all part of the square feets and

features, so take the log transformations.

The log transformations works in economics works amazingly while, beautiful because
everything in economics sort of works; there is called economies of skill the economies of
skill happens in the exponential scale. So, when it becomes; so, that is one of the reason you
know if you can afford you should when if somebody is investing they say that you know you

try to invest in larger apartment perhaps.

Because your appreciation will be better. People sometimes say that that because of the
economies of skill. So, economies of skill gets captured in the log transformations. So, and
we can see that visualization also clearly explain that. So, with this I will stop here. I will
hope you enjoyed these particular weeks, complete week on the complete hands-on. One way

to learn regression and classification using hands-on data analysis only.

I would recommend you try other models, try to apply more engineering, feature engineered
features try to do some stepwise variable selections maybe Lasso, Ridge regression, try to
check the multi-collinearity. I have not done any of those yet. So, if you do that on the; so far

model fold looks like the best.

Try to apply all those advanced technique that we I have taught you maybe random forest on
the top of this. I believe that will give you a very good results. You can improve the accuracy
a much better. You can reduce the heaviness of the residual that is overestimations and under

estimation to a great extent. And I hope you will enjoy this data analysis to a great extent.

So, I am going to share this code on NPTEL platform. Please download this code and try to
run on your side, and check if you are able to reproduce these results. And then, try to
improve these results using more feature engineer, engineered features more step-by
selections very and then try to look into the variance inflation factor, maybe Ridge correction,
Lasso correction you can try. All these will help you to improve the you know prediction

accuracy of the model.



I hope you enjoyed it.

Thank you very much.

See you in the next week.



