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

Lecture - 52
Hands on with R: Implement Tree Regression and Random Forest with Simulated Data

Hello all, welcome back to the lecture 16 Part B. In this video, we are going to do some

hands-on with R.
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tware and comes with ABSOLUTELY NG WARRANTY.
o D3 s re to recistribute it under certain conditiens.
5 Rsveme ()" or 'licence()' for distributicn details.

© ram

© R Documenaticn.
Natural language support but running in an English locale

oo RO Pr—
R is a colleborative project with many contributors. el Fstat.

Type 'contributors()' for more information and Classfication and Regression with Random Forest
"citation()' on how to cite R or R packages in publications,

Descripiion

randenterest

Type "deno()" for some demcs, 'help()' for on-line help, or
'help.start()" for an HTML browser interface to help.
Type 'a()" to quit R.

daa point.

Usage

>

So, let me first start R, start a new script. Ok,
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1 ## simulate data

=

3
3 set.seed(198) |

Environment is empty

R Doamentaion

- Classfication and Regression with Random Forest

WY LN U s, Deserption
Type 'contributors()" for more information and
"citation()' on how te cite R or R packages in publicaticns.  csapsns

usage
Type 'ceno()' for some demos, 'help()' for on-line help, or
'help.start()" for an HTML browser interface tc help

Type 'o()" to quit R.

> sample(1:1000,1)
[1] 198

>

Now. So, in this hands-on, we will try to understand how the tree structured regression and
decision tree and random forest works. So, first and we will do this with simulated data and in
the next video, we will work with real life Football data or UK Premier League data,

simulated data, simulate data.

So, first I need to set up a seed, set dot seed, say, let me just sample a number between 1 to

1000, just once number is fine, 198 fine.
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1 ## sinulate data e dobilmvrowmen « NPTEL
2 set.seed(198)
3 N=200 iaamole sizd

4 x =seq(-pi,pi,length.out=N) Envitonment is empty

Fins s padages Wip

ha Classfication and Regression vith Random Forest

Comole Terminal - Bckgrourd ebs )

R RL23 - /Do afRugrsion and Caslicaion NPTL
Type VIS v <

e Lo Deserption
"citation()" on how to cite R or R packages in publications.

caapant.
Type 'cemo()' for some demos, 'help()' for on-line help, or Usage
'help.start()" for an HTML browser interface to help
Type '¢()' to quit R.

> sample(1:1000,1)
[1] 198
> set.seed(198)

>

So, now once I have this, I will first decide what will be the simulation size, capital N equal
to say 200, this is my simulation sample size, this is going to our sample size. We can play
with the detector. So, first what I am going to do, I am going to create sequence of number

between minus pi and the length dot out equal to N alright.
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1 # sinulate data Lol S’y NPTEL
2 set.seed(198) Values
3 N=200 #sample sizd N 20
4 x =seq(.piYpi,1ength,ﬂut=uj X num [1:200] -3.14 -3.11 -3.08 -3.0..
i | s | pudaes ip | v | resain =5

R CosdfieaionsndRogress n it ntom st

randomFeres! {randomFeres() R Documentation
428 loehs s
Comole Teminal - Bckyourd e _~ Classfication and Regression vith Random Forest
23 oot Tt o Casscason NPT
LWL TV Ul ML UTURSET LIHLET TULE WU LY, Description
Type '¢()' to quit R.
arapoen.
> sample(1:1000,1) Usage
[1] 198 09 53 methad for c
P - oo b, msactiona.faid

> set.seed(198)

> ## sinulate data

> set.seed(198)

> N=20@ #sanple size

> x =seq(-pi,pi, length.out=N)

RROBLOUULL, YRRteNILL, nereseS00.
Wk y) 66 s, factor y
/3. 1) else tloor sqeenool (x

# vetat
randenterest 1,

lamlly) 66 tinfaetoriy)) § ol 1
b mamiodss - WL,
moortancesTALSE, osalisgeFAISE, shecne
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1 # sinulate data LI NPTEL
2 set.seed(198) Values
3 N=200 #sample size N 200
4 x =seq(-pi,pi,length.out=N) | X num [1:200] -3.14 -3.11 -3.08 -3.0..
5 z = sin(x)|
6 y = x + rnorm(N,mean=€,sd=@.3)
Bl s pukages Wip Views | resion e
R —————
andonFors avdonFices) Adocumntaion
Comole rlm.\ Backgourd Jbs :, Classfication and Regression ith Random Forest
D e Y2V ET VTG Deserption
[165] 2.03650981 2.06808361 2.09965740 2.13123120
[169] 2.16280499 2.19437879 2.22595258 2.25752638 caapant.
[173] 2.28%10017 2.32067397 2.35224777 2.38382156 usage
[177] 2.41539536 2.44695915 2.47854295 2.51011674

[181] 2.54169054 2.57326433 2.60483813 2.63641193 froas
[185] 2.66798572 2.69955952 2.73113331 2.7€270711 §

[189] 2.79428030 2.82585470 2.85742843 2.88900229
[193] 2.9257628 2.95214988 2.98372368 3.01529747
[197] 3.04687127 3.07844506 3.11001885 3.14159265

>

So, I have created bunch of numbers between negative pi and pi with equal interval ok. Now,
I am going to create z equal to sin x and then also y equal to z plus r norm n, mean equal to 0

and standard deviation equal to 0.3 ok.
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1 # simulate data R 1 Gl mvromme e
2 set.seed(198) Data
3 N=200 #samle size 0 200 ozs. of 2 variables
4 x =seq(-pi,pi,length.out=N) Values
5z = sin(x) N 200
6y = x + rnorm(N,mean=@,sd=0.3) X num [1:200] -3.14 -3.11 -3.08 -3.0..
7] ¥y num [1:200] -2.51 -3.08 -3.37 -3.2..
§ D = cbind.data. frame(x=x,y-y) z num [1:200] -1.22e-16 -3.16e-02 -6..
Pl Has radags Wip | Viws | recnation e
@

[ERTe T —
randomFeres! {randomFeres() R Documentation
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[177] 2.41539536 2.44696915 2.47854295 2.51011674

LoooteTinn L,0000LLy Description

[181] 2.54169054 2.57326433 2.60483813 2.53641193 daapons,

[185] 2.66798572 2.€9955952 2.73113331 2.7€270711 Usage

[189] 2.79428090 2.82585470 2.85742849 2.88900229 " fon

[193] 2.92057608 2.95214988 2.98372368 3.01529747 P o e
[197] 3.04687127 3.07844506 3.11001886 3.141592€5 FRIEE 5, AL, Mot Pt oz

>z = sin(x) sax|tlooz(ncol (x) 3, 1) else £loor sqrt(ncol (x

>y = x = rnorm(N,nean=0,5¢=0.3) i i st

> D = cbind.data. frame(x=x,y=y) ot S s
>

importancesTALSE, localino:TALSE, aPecmel

So, first and then we are going to set up a data set data cbind, cbind dot data dot frame is x

equal to x and equal to y.
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[181] 2.54169054
[185] 2.66798572
[189] 2.79428090
[193] 2.92057608
[197] 3.04687127

>z = sin(x)
>y = x = rnorm(N,mean=0,sd=0.3)
> D = cbind.data.frame(x=x,y=y)

> View(D)
>

7900

LTTUIUIL) €L t0TET)

2.57325433  2.60483813
2.69955952  2.73113331
2,82585470 2,85742849
2.95214988  2.98372368
3.07844506 3.11001885
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2.563641193
2.76270711
2.88900229
3.01529747
3.14159265
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Data

D 200 obs. of 2 variables
Values

N 200

B e«

]
//”““"”%@

)

NPTEL

X num [1:200] -3.14 -3.11 -3.08 -3.0..
y num [1:200] -2.51 -3.08 -3.37 -3.2..
z num [1:200] -1.22e-16 -3.16e-02 -6..

Pl Has radags Wip | Viws | recnation
@
[ERTe T —
randofnFeres! {randonFeces)
- Classfication and Regression vith Random Forest

Description

R Doamentaion

daa ponts

Usage

1o mubiet, msactionna.fail

randeaFrest formula

FandeaFrest (x, WULL,  XeesLAVULL, YRAteNULL, nireseSO0.
st (Hiemll'y) 66 s, factor y
ol1x)/3), 1) else floor sqetncol (x

Clasewi- L, cutoff, sirata
colling (.63 nrow x
riy) S else 1|

samodss - 0L
| importancesTALSE, localino:TALSE, aPecmel

Vil

So, here is my data set x and y ok, and now what I am going to do?
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1 ## sinulate dato

2 set.seed(198)

3 N=200 #sample size

4 x =seq(-pi,pi,length.out=N)

5 2 = sin(x)

6y = x + rnorn(N,mean=0,sd=0.3)
7

8 D = cbind.data. frame(x=x,y=y)
9 nax(y)|

10

11 plot(NULL, xlim=c(-3.2,3.2),y1) I

Comole Te

hyERra
[197] 3.04687127 3.07844506 3.11001886 3.14159265

>z = sin(x)

>y = x = rrorm(N,mean=0,5¢=0.3)
> D = cbind.data.frame(x=x,y=y)
> Vien(D)

> min(y)

[1] -3.450672

> max(y)

[1] 3.394861

>

NPTEL - doc_update - RStudi

N
NPTEL
D 200 obs. of 2 variables
Values
N 200

num [1:200] -3.14 -3,11 -3.08 -3.0..

X

y num [1:200] -2.51 -3.08 -3.37 -3.2..
z num [1:200] -1.22e-16 -3.16e-02 -6..
L — o

naeges

A Doamentaion

randonFeres! [andonFres)

!, Classfication and Regression with Random Forest

Description

dea point.

Usage

L
FALSE, LocalispeFALSE, spemel

I am going to first plot, plot, NULL ok, between xlim will be x limit will be minus 3.2 to 3.2

and ylim will be. So, let us first check what will be the minimum and maximum of, what is

the minimum of, minimum of y that we got, negative 3.4 and max is also 3.4.
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1 # sinulate doto e a—— ,;?E'L
2 set.seed(198) Data
3 N=200 #sample size D 200 obs. of 2 variables
4 x =seq(-pi,pi,length.out=N) Values
5z = sin(x) N 200

6y = x + rnorn(N,mean-0,5d-0.3) X num [1:200] -3.14 -3.11 -3.08 -3.0..

i y num [1:200] -2.51 -3.€8 -3.37 -3.2..

8 D = chind.data. frame(x=x,y=y) z num [1:200] -1.22e-16 -3.16e-02 -6..

9 max(y)

10 B T Sy
11 plot(NULL,xlim=c(-3.2,3.2),ylim=c(-3.5,3.5) ,xlab="x"
12 Hylab="y")

Comoe | Termiol B
® Re24 . -foown
IS
>y = x = rnorm(N,mean=0,5d=0.3)
> D = cbind.data.frame(x=x,y=y)
> Vien(D) > o
> min(y) -
[1] -3.450672
> max(y)

[1] 3.394861
> plot(NULL xlim=c(-3.2,3.2),ylim=c(-3.5,3.5),xlab="x" T T T T
+ ,ylab="y") h

>

rdJbs ~
resion an Qusslhcaton NPTL

So, we can just take ylim equal to ¢ from maybe 3.5 to 3.5 ok and x lab equal to x and then y

lab equal to y. Alright.
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4 x :‘seq('pi,pi:l/engtn.out:N) P rrLirs
5z = sin(x)

6y = x + rnorn(N,mean=0,5d=0.3)
14

8 [ = cbind.data. frame(x=x,y=y)
9 max(y)

10

11 plot(NULL,xlim=c(-3.2,3.2),ylin=c(-3.5,3.5),xlab="x"
12 Jylao="y") )
13
14
15| 1
s

151 Moleels
Comole Terninal - Bckgrourd ebs > e
R R4 - -/DcnioasTeschirg/Rgression and Cascaton NPT/
B LAy

>y = x = rnorm(N,nean=0,sd=0.3)
> D = cbind.data.frame(x=x,y=y)
> Vien(D) .
> min(y) )
[1] -3.450672

> max(y) ?
[1] 3.394861

> plot(NULL,xlim=c(-3.2,3.2),ylim=c(-3.5,3.5),xlab="x" T T ! ! L !
N ,y'l,nh='y") 3 2 - 0 1 2

x

>
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2z = sin(x

6y = x 1 rnorn(N,mean=0,5d=0.3)
7

8 [ = cbind.data. frame(x=x,y=y)
9 max(y) o
10

11 plot(NULL,xlim=c(3.2,3.2),ylin=c(-3.5,3.5) ,xlab="x"
12 yla="y")

13

14 points(D,cal="red" ,nch=20)

15

> Vien(D)

> min(y) M
[1] -3.450672

> max(y)

[1] 3.394861

> pLot(NULL  xlim=c(-3.2,3.2) ylim=c(-3.5,3.5), xlab="x"
+ ,ylab="y")

> points(D,col="red",pch=20)

>

Next, what I am going to do is, I am going to point the, plot the points. Point plot these

points. Plot this point, maybe I will just put a color ok. So, color equal to red and p ¢ h equal

to 20. So, I made a mistake here.
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3 N=200 #sample size

4 x =seq(-pi,pi,length.out=N)
5z = sin(x)

6 ? = z + rnorn(N,mean-0,sd-0.3)
7

8 D = cbind.data. frame(x=x,y=y)
9 max(y)

10 .
11 plot(NULL,xim=c(-3.2,3.2),ylin=¢(-3.5,3.5) xlab="x"

12 ,ylao="y")

13

14 points(D.ccl="red" .och-20) =

Comole Terninal  Bckgrourd ebs

R 8424 - /Doy Tohro Riresion s Casslcaton TR
U WU UL TR AR Y=Y )
> View(D)

> min(y)

[1] -3.450672 N
> max(y) !
[1] 3.394851
> plot(NULL,x1im=c(-3.2,3.2),ylim=c(-3.5,3.5), xlab="x" g Y
+ ,ylab="y") B
> points(D, col="red",pch=20)

>y = 2 = rrorm(N,nean=0,5¢=0.3) oot 4

> | x

I am sorry, I should have been taken this. Actually, I should take, yeah, it was mistake.
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3 N=200 #sample size Foom Hegme 8
4 x =seq(-pi,pi,length.out=N)
in(x)

6 ¥ = z + rnorn(N,mean-0,5d-0.3)

8 b = cbind.data. frame(x=x,y=y)
9 max(y)

10 .
11 plot(NULL,xim=c(-3.2,3.2),ylin=¢(-3.5,3.5) ,xlab="x"

12 ,ylap="y")

13 .
14 points(D.ccl="red" .och-20) —
Comle | Trminal +_ Bckgourd s

R R4 - /DcunloasTeschirg/Rgression and Cascaton NPT/
2 viemu)

> min(y)

[1] -3.450672
> max(y) .
[1] 3.394861 )
> plot(NULL,xlim=c(-3.2,3.2),ylim=c(-3.5,3.5),xlab="x"

o Ylak="y") p

> points(D,col="red",pch=20)

>y =2z -+ rnorm(N,nean=0,sd=0.3)

> D = cbind.data. frame(x=x,y=y) N * ! 0 ! ’
X

>
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3 N-200 #sumple\glze

4 x =seq(-pi,pi,length.out=N)

5 2z = sin(x)

6y = z + rnorn(N,mean-0,5d-0.3)
7

8 D = cbind.data. frame(x-x,y=y)
9 max(y)

0 !

11 plot(NULL,xlim=c(-3.2,3.2),ylin=¢(-3.5,3.5) xlab="x"
12 ylav="y")

13

14 points(D,ccl="red",pch=20)

Kot

Comole Terninal + Bckgrourd ebs

R RL24 - -/DownlodTewhieg Rigrsionand Casslicatan NPTEL/
2 SUIMLULE UuLu

> set.seed(198)

> N=200 #sample size

> x =seq(-pi,pi,length.out=N)

> 2 = sin(x)

>y =2z - rnorm(N,nean=0,5d=0.3)
>

> D = cbind.data.frame(x=x,y=y)
> max(y)

[1] 1.574289

>

And then; so, actually, yeah, it was a mistake.

Ao Fepn- 8

i

10/,
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3 N-200 #so@ple Siee Poom Feger- 0 f % bl + NPTEL
4 x =seq(-pi,pi,length.out=N)
5 2z = sin(x)
6y = z + rnorn(N,mean=0,5d=0.3)
7 .

8 D = cbind.data. frame(x=x,y=y)
9 max(y);min(y)

10

11 plot(NULL,xlim=c(-3.2,3.2),ylin=c(-3.5}3.5),xlab="x" N
12 Jylao="y")

13

14 points(D,ccl="red",och=20)

138 [Toiewds s
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>z = sin(x)

>y =z = rnorm(N,nean=0,5¢=0.3)

=

> D = cbind.data. frame(x=x,y=y) i

> max(y)

[1] 1.574289 o

> max(y);min(y)

[1] 1.574289 T r : . . . .

[1] -1.732823 3 2 El 0 1 2 5
x

>

Wl
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4 x seq(-pi,pi, Length.out-N) 910 o TR 0114 o
5z = sin(x)
6y = z + rnern(N,mean-0,5d-0.3)
7

8 [ = cbind.data. frame(x=x,y=y)
9 max(y);ninCy)
10

11 plot(NULL,xLim=c(-3.2,3.2),ylim=c(-2,2),xlab="x"
12 Wylab="y") 1

13

14 points(D,cal="red" ,nch=20)

15

> max(y)

[1] 1.574289

> max(y);minCy)

[1] 1.574289

[1] -1.732823

> plot(NULL,x1im=c(-3.2,3.2),ylim=c(-2,2),x1lap="x"
+ ,ylab="y") L]

>
> points(D,col="red",pch=20)
>

And minimum of y will be negative 1.5 to, So, I can just take minus 2 to 2. Yeah, so, yeah.

Now, this is sort of ok. Alright. So, its basically sample sine x, but with some noise ok. So, its

a non-linear complete non-linear relationship between x and y.
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9 max(y);min(y)

10

11 plot(NULL,xLim=c(-3.2,3.2),ylim=c(-2,2),xlab="x"
12 ,ylao="y")

bE}

14 points(D,col="red",och=20)
15

16 ### fit tree regression line
17

18 library(rpart)

19 tree_rod = rpart()

> max(y);min(y)

[1] 1.574289

[1] -1.732823

> plot(NULL,,x1im=c(-3.2,3.2) ylim=c(-2,2),xlad="x"
* »ylab="y")

>

> points(D, col="red", pch=20)

> library(rpart)

> Prpart

>

B dat

ot (par) R Documentalion
Recursive Partitioning and Regression Trees

Desciplion

Fia ot rodd

Usage

Tpart formila, data, Weights, sublst, ™a.action - NA.CPArE, methed
Dcdel = PASE, x - PALSE. y « TRE, pe teol, cost, ..

Arguments

fermla afom

50020 fraze .

weigits  cptnalzas waghs.
subset ntreft

pedet

ethod anel

it t0specty thamatod dmcty,aspaciah as

it and,

scdel ol
‘unctor, ren i

viinth reut

Now, what I am going to do, I am going to fit a regression line, tree regression line,
regression line ok. What is that tree regression line? Yes, library rpart equal to tree model
equal to rpart. So, rpart if the is the package. So, if [ just load this package and question mark

rpart. So, it’s a recursive partitioning and regression tree.
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11 plot(NULL,xlim=c(-3.2,3.2),ylim=c(-2,2),xlab="x"

12 ,ylao="y")
3

14 points(D,col="red",och=20)

15

16 ### fit tree regression line

7 Cnomen Hion  Comectons Gt Tuord
souc +

= ®

NPTEL

B Plas pdages Wp Viewer

(o) R ocmention
Recursive Partitioning and Regression Trees

Desciplion

Fiaart nodd

Usags

Tpart formila, data, weights, sublet, ™a.action - NA.CPArt, methed
Dcdel = PAISE, x « FALSE, y « TRE, parms, control, cost, ..

17

18 library(roart) [

19 tree_mod = rpart(y-x,data-D) Rl v
1035 | oot 15551 |

S0 elsits cotoralzase s,
ok et ntft
[1] 1.574289 e
[1] -1.732823

> plot(NULL,x1im=c(-3.2,3.2),ylim=c(-2,2),xlao="x"
+ ,ylab="y")

>

scdel ot
> points(D,col="red",pch=20) - himi

> library(rpart) *

> 7rpart '

> tree_mod = rpart(y~x,date=D) Lo

>

So, it says recursive partitioning and regression trees. So, it fits the regression tree structured
model till the x comma data equal to d ok. Now, well let us not going to, I will tell you what
it is me later, but let us try to plot, make some plot and then you will get a much better sense

what exactly happening.
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14 points(D,col="red",0ch=20)
15

16 ### fit tree regression line

17

18 library(rpart)

19 tree_mod = rpart(y~x,data-D)

20 y_hat = predict(tree_mod,newdata = D)|

21 plot(NULL,xLim=c(-3.2,3.2),ylim=c(-2,2),xlab="x"
2 ,ylap="y")

23

24 points(D,cal="red",nch=20)

25 points(x,y_hat,type = "1",col="blue",1wd-2)

® Re2d
> y_hat _nod,newdata = D)

> plot(NULL ,xlim=c(-3.2,3.2),ylim=c(-2,2) ,xlap="x"
+ ,ylab="y")

> points(D, col="red", pch=2¢)
> points(x,y_hat,type = "L",col="blue", nd=2)

>
L]

So, let me calculate y hat equals to predict ok tree mod. This is the model and new data equal
to D. Alright, next. Let me just take the plot. And then points, what I have is x. comma y hat
type equal to L ok. And color equal to blue and line width equal to 2. So, let me just. So, you

can see that its trying to fit through this ok. So, now, so, this is the decision tree.
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26
27 ## Fit Randon Forest

28

29 B - 1000

30 f-ceiling(N0.3)

31-for(p in 1:B){

32 id_star-sample(1:N,m,replace = T)

33 D_star = D[id_star,]

34 tree_rod_star = rpart(y-x,data=D_star)

35  y_hat = predict(tree_mod_star,newdata = D_star)
36 lines(x,y_hat,col="pink")

s —
> y_hat = predict(tree_nod,newdcta = D)

> plot(NULL,xlim=c(-3.2,3.2),ylim=c(-2,2) ,xlab="x"
+ ,ylab="y")

> points(D, col="red", pch=2¢)
> points(x,y_hat,type = "L",col="blue", nd=2)

>

Now, if I have to fit a say random forest, let us try to fit random forest fit random forest. And
so, first is my three number, say B is 1000. And then what I am going to do, I am just saying
for b in 1 is to capital B, what you do is first bunch of simulate id star equal to sample from 1

is to N, sizes say N and replace equal to true.

So, maybe I will just take a small m and m equal to maybe ceiling capital N times 0.3 ok. So,
I will take less number of samples, but random samples I will take. So, sort, we will just sort
them. I do need to sort actually, why should I sort. And then D star D underscore star equal to
D id star. And then what I will do, I will just fit this tree model here, but instead of tree model

star with D star ok.



So, I will just do D star and then I am going to ask it as a lines ok. I have to do some
prediction also. So, I have to, fitting I have to do prediction, three mod star D star ok and then

x comma y hat and color equal to say pink ok. So, let me just run and see what happens ok.
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30 m=ceiling(N*0.3)

31-for(b in 1:B){

32 id_star-sample(1:N,m,replace = T)

33 ° D_star = D[id_star,]

34 tree_mod_star = rpart(y-x,data=D_star)

35  y_hat = predict(tree_mod_star,newdata = D_star)
36 lines(x,y_hat,col="pink')

S - NPTEL

L
> for(b in 1:B){

+ id_star=sample(1:N,n,replace = T)

+ D_star = D[id_star,]

+ tree_mod_star = rpart(y~x,data=D_star)

+ y_hat = predict(tree_mod_stor,nendata = D_star)
+  lines(x,y_hat,col="pink")

Error in xy.coords(x, y) : 'x' and 'y' lengths differ

>

There are some issues x and y. Of course, there is a issue here with this ok. So, I have to say

D star dollar x.
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29 B - 1000
30 m=ceiling(N*0.3)
31-for(o in 1:B){

32
33
34

id_star-sanple(1:N,m,replace = T)
D_star = D[id_star,]
tree_mod_star = rpart(y-x,data-D_star)
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35  y_hat = predict(tree_mod_star,newdata = D_star)
36 lines(D_star$x,y_hat,col={pink") o s
37 . o
38}
39

4|

01 Moplneb s ot
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> m=ceiling(N*0.3)

> for(b in 1:B){

+ 1id_star=sample(1:N,n,replace = T)
D_star = D[id_star,] o
tree_mod_star = rpart(y~x,dota=D_star)

y_hat = predict(tree_med_stor,newdata = D_star)
lines(D_star$x,y_hat,col="pink") o

D

Now, I think this will be fine yeah. So, it is just too many Perhaps.



(Refer Slide Time: 13:27)

0 HPTEL - doc_update - RSudio
o 5 -1
st [ ot Wi Conmctons | i Taor o

V.

£

L8

scionss 8 /o At | 3 | e
23 ages Hap

29 B = 1000

30 m=ceiling(N*0.3)
31-for(b in 1:B){
32 id_star=sample(1:N,m,replace = T) ~
33 D_star = D[id_star,]

34 tree_mod_star = roart(y-x,data=D_star)

35 y_hat = predict(tree_mod_star,newdata = D_star)

36 lines(D_star$x,y_hat,col="pink") -
37

38-Y

39 points(x,y,col="red",pch-20)

>
=
<
2
m
=

Pon w0 4

=
> for(b in 1:B){

+ id_star=sample(1:N,n,replace = T)
+ D_star = D[id_star,] T
+ tree_mod_star = rpart(y~x,data=D_star)

+ y_hat = predict(tree_med_star,nendata = D_star)
+

+

lires(D_star$x,y_hat,col="pink")

> points(x,y,col="red",pch=20)
>

Now, if I use little bit and now if I put the points on this points x comma y color equal to red
and pch equal to 20, because just kind of yeah. So, it is just too many over fitting is
happening. So, what we can do instead of that, we can just increase the training samples to up

to maybe 7 or 0.8 ok.
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30 m-ceiling(N0.8) LTk IS NPTEL
31-for(b in 1:B){

32 id_star-sample(L:N,m,replace = T)

33 D_star - D[id_star,] M
34 tree_mod_star = rpart(y-x,data=D_star)

35y hat = predict(tree_mod_star,nendata = D_star)

36 lines(D_star$x,y_hat,col="pink")

37 R
38}

39 points(x,y,col="red",pch-20)

40

'
40T Moploe s
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o= vy

> m=ceiling(N*0.8)

> for(b in 1:8){

+ 1id_star=sample(1:N,n,replace = T) v

+ D_star = D[id_star,]

+ tree_mod_star = rpart(y~x,data=D_star) §

+ y_hat = predict(tree_med_stor,newdata = D_star) .

+ lines(D_star$x,y_hat,ccl="pink") o

' T T T T T T T
+ } 3 2 “ 0 1 2

Al

Maybe we can reduce the number for a while.
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28
29 B - 100
30 m=ceiling(N*0.8) ~

31- for(b in 1:B){

32 id_star=sample(1:N,m replace = T)

33 D_star = D[id_star,]

34 tree_mod_star = roart(y-x,data-D_star)

35 y_hat = predict(tree_mod_star,newdata = D_star)
36 lines(D_staréx,y_nat,col="pink')

37

Comole Terminal - Bckgrourd ebs a0

& R423 - oo ok
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> for(b in 1:B){

+ id_star=sample(1:N,n,replace = T)

+ D_star = D[id_star,] T
+ tree_mod_star = rpart(y~x,data=D_star) :
+ y_hat = predict(tree_med_star,nendata = D_star) .
+

”

lires(D_star$x,y_hat,ccl="pink")

+} T T T T T
> points(x,y,col="red",pch=20) N ? ! 0 ! ’
s X

Maybe I am just let me reduce the number, because we can do it more and get a just sense.

So, let me just run it. So, you will not get this.
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19 tree_mod = rpart(y-x,data-D)
20 y_hat = predict(tree_mod,newdata = D)

SR souc +
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21 Blot(NULL, xLim=c(-3.2,3.2),ylim=c(-2,2),xLab="x"

2 Hylap="y")

23

24 points(D,col="red",nch=20)

25 points(x,y_hat,type = "1",col="blue",1wd=2)

26

27 ## Fit Randon Forest
28

29 B - 100

30 m-ceiling(N*0.8)

1 | Tpiews

e ——
[ TR ——r———
TROR NS

W
5

+ 1id_star=sample(1:N,n,replace = T)

+ D_star = D[id_star,]

+  tree_od_star = rpart(y~x,data=D_star)
+

+

y_hat = predict(tree_mcd_stor, newdata = D_star)

lines(D_star$x,y_hat,col="pink")
+
+}
> points(x,y,col="red",pch=20)
> pLot(NULL xLim=

So, let me just run this first.

-3.2,3.2),ylim=c(-2,2) ,xlab="x"

V. [}'

NPTEL
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18 Yibrary(rpart)
19 ﬁree_mod = rpart(y~x,data-D)
20 y_hat = predict(tree_mod,newdata = D)
21 plot(NULL,xlim=c(-3.2,3.2),ylim=c(-2,2),xlab="x"
2 Jylao="y") .
23
24 points(D,cel="red",nch=20)
25 points(x,y_hat,type = "1",col="blue",1wd-2)
26
27 ## Fit Randon Forest

78
B Moteets
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+

+}

> points(x,y,col="red",pch=20)

> plot(NULL xlim=c(-3.2,3.2) ylim=c(-2,2) xlab="x" N
+ ,ylab="y")
>

> points(D,col="red",pch=2€) L
> points(x,y_hat,type = "1",col="blue",1nd=2)

Error in xy.coords(x, y) @ 'x' ond 'y' lengths differ

>

P
‘ w/T"
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18 }ibrary(rpart)

19 tree_mod = rpart(y~x,data-D)

20 y_hat = predict(tres_mod,newdata = D)

21 plot(NULL,xLim=c(-3.2,3.2),ylim=c(-2,2),xlab="x"
2 »ylao="y") .
23

24 points(D,col="red" ,nch=20)

25 points(x,y_hat,type = "1",col="blue",1wd-2)
26

27 ## Fit Randon Forest

28

i s
Comoe Termiol kg s =
R R424 - /DowrioaTechto Rresiowd Csscaan NPT
2 PULIINA, JolUL, LYPE = L jLUL= ULue b=t )

Error in xy.coords(x, y) : 'x' and 'y' lengths differ
> library(rpart)

> tree_mod = rpart(y~x,dato=D)

> y_hat = predict(tree_nod,newdata = D)

> plot(NULL xlim=c(-3.2,3.2),ylim=c(-2,2),xlap="x"

+ »ylab="y")

>
> points(D,col="red", pch=2@)

> points(x,y_hat,type = "1",col="blue", nd=2)
>

So, maybe I have just first run it few steps.
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32

id_star-sanple(1:N,m,replace = T)

33 1 D_star - D[id_star,]

34 tree_mod_star = rpart(y~x,data=D_star)

35 y_hat = predict(tree_mod_star,newdata = D_star)
36 lines(D_star$x,y_hat,col="pink')

37

38}

39 points(x,y,col="red",pch=20)
40

w1 Mplowh s
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> for(b in 1:8){

+ 1id_star=sample(1:N,n,replace = T)
D_star = D[id_star,]

tree_mod_star = rpart(y~x,dota=D_star)
y_hat = predict(tree_mod_star,newdata =
lires(D_star$x,y_hat,col="pink")

o o+ o+

+}
> points(x,y,col="red",pch=20)
>

And then [ will just run this guy ok.

D_star) :

Sl
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28
29 B = 100
30 ni=ceiling(N)
31-for(p in 1:B){ b

32 id_star=sample(Z1:N,m replace = T)

33 D_star = D[id_star,]

34 tree_mod_star = rpart(y-x,data-D_star)

35 y_hat = predict(tree_mod_star,newdata = D_star) -
36 lines(D_star$x,y_hat,col="pink")

B

381

1 (plowh s Kot
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Y
> for(b in 1:B){
id_star=sample(1:N,n,replace = T)

+ D_star = D[id_star,] T
+ tree_mod_star = rpart(y~x,data=D_star) 5
+ y_hat = predict(tree_med_star,nendata = D_star) &
g

+

+

lires(D_star$x,y_hat,ccl="pink")

+} T T T T T T T
> points(x,y,col="red",pch=20) N ? ! 0 ! :
N x

‘.‘/1(,

And then [ just run the entire thing. Just take the full samples. Let us take that. So, let me just

clean it.
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18 library(rpart)

19 tree_mod = rpart(y-x,data-D)

20 y_hat = predict(tree_mod,newdata = D) ~
21 plot(NULL,xlim=c(-3.2,3.2),ylim=¢(-2,2),xlab="x"

2 ,ylap="y")

3

24 points(D,col="red" ,pch=20) .

25 points(x,y_hat,type = "1",col="blue",1wd=2)

26

27 ## Fit Randon Farest

71 Moo s

Comoe Termiol kg s -0
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> points(x,y,col="red",pch=20)

> library(rpart)

> tree_mod = rpart(y~x,dato=D)

> y_hat = predict(tree_nod,newdata = D)

> plot(NULL,xlim=c(-3.2,3.2),ylim=c(-2,2) ,xlab="x"

+ »ylab="y")

>
> points(D, col="red", pch=2@)

> points(x,y_hat,type = "1",col="blue" nd=2)
>
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32 id_star=sarple(1:N,m,replace = T)

33 D_star = D[id_star,]

34 tree_mod_star =[rpart(y-x,data=D_star) LE
35y hot = predict(tree_mod_star,nendata = D_star)

36 lines(D_star$x,y_hat,col="pink")

37

38} -
39 points(x,y,col="red", ,pch-20)
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> for(b in 1:B){

+

o+ o+

+}

id_star=sample(1:N,n,replace = T)

D_star = D[id_star,]

tree_mod_star = rpart(y~x,dota=D_star)

y_hat = predict(tree_mcd_stor,newdata = D_star)
lires(D_star$x,y_hat,col="pink")

> points(x,y,col="red",pch=20)

>

i
Al
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27 ## Fit Randon Forest
2 I
298 - 100 .

30 m=ceiling(N)

31 for(o in 1:B){

32 id_star=sort(sample(1:N,m,replace = T))I

33 D_star - D[id_star,]

34 tree_mod_star = roart(y~x,data=D_star)

35 y_hot = predict(tree_mod_star,nendata = D_star)
36 lines(D_star$x,y_hat,col="pink")

ST | Tl
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+ D_star = D[id_star,]

+ tree_mod_star = rpart(y~x,data=D_star)

+ y.hat = predict(tree_mcd_stor,nendata = D_star)
+  lines(D_star$x,y_hat,ccl="pink")

> points(x,y,col="red",pch=20)
>m
[1] 200

>

I think it will be better if I just take a sorting. Otherwise, there will be. Yeah, so that is why it

is creating this problem ok.
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29 B - 100

30 m=ceiling(N)

31-for(o in 1:B){

32 id_star-sort(sample(%:N,m,replace = T))

33 D_star = D[id_star,] o
3 thee_nod_star - rpart(y-x,data-D_star)

35  y_hat = predict(tree_mod_star,newdata = D_star)

36 lines(D_star$x,y_hat,col="pink')

37 -
38}

39 roints(x,y,colz"red",pchzZ@)

40

> for(b in 1:B){

+ id_star=sort(semple(1:N,n,replace = T))
+ D_star = D[id_star,] T
+ tree_mod_star = rpart(y~x,data=D_star)

+ y_hat = predict(tree_med_star,nendata = D_star)
+

+

lires(D_star$x,y_hat,ccl="pink")

> points(x,y,col="red",pch=20)

5 X

Then it will be better in a sense that the color the drawing will be better. So, it is doing some
random stuff because I am not sorting it. Yeah, now you can see this is how the random forest

will work.
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21 plot(NULL,xlim=c(-3.2,3.2),ylin=c(-2,2),xlab="x" Foom Hegm- 0 f % b - NPTEL
2 Yla="y")
23

24 points(D,ccl="red" ,nch=20)
25 points(x,y_hat,type = "1",col="blue",1wd=2)

2% .
27 ## Fit Randon Farest

28 |

29 B = 100 -

30 m=ceiling(N*0.3)
31-for(p in 1:B){
’}7 - \’n‘i‘“dar:mrﬂmmnlpf' ‘N.m.renlace = T))
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> for(b in 1:B){
+ id_star=sort(sample(1:N,n,replace = T))

+ D_star = D[id_star,] T

+ tree_mod_star = rpart(y~x,data=D_star)

+ y_hat = predict(tree_med_star,nendata = D_star) L

+  lines(D_star$x,y_hat,col="pink") .

+ LR |

+} T T T T T T T
> points(x,y, col="red", pch=20) N * ! 0 ! ’ ¢
S x

So, I can just reduce it to maybe 0.3. And if I just run this entire thing for 0.3.
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32 t id_star=sort(sample(1:N,m,replace = T)) £om [See 1814 . NETEL
33 D_star - D[id_star,]

34 tree_mod_star = rpart(y-x,data-D_star)

35  y_hat = predict(tree_mod_star,newdata = D_star)
36 lines(D_stardx,y_hat,col='pink")

37

38}

39 points(x,y,col="red" ,pch-20) -
40
41
2|
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> for(b in 1:B){

+ id_star=sort(sample(1:N,n,replace = T))

+ D_star = D[id_star,]

+ tree_mod_star = rpart(y~x,data=D_star)

+ y_hat = predict(tree_med_star,nendata = D_star)
+

+

lires(D_star$x,y_hat,col="pink")

> points(x,y,col="red",pch=20)

% |

Then you will see something like this ok. So, you will see little bit more variability, right?

And then if you just run the this guy and so, this is the decision tree.
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19 free_mod = rpart(y-x,data=D)

20 y_hat = predict(tree_mod,newdata = D)

21 plot(NULL,x1im=c(-3.2,3.2),ylim=c(-2,2),xlab="x"
22 ,ylao="y")

23

24 points(D,col="red" ,nch=20)

25 |pmm:s(x,y,hcn:,type = "1",col="blue",lwd=2)

26 -
27 ## Fit Randon Forest
28

298 - 100
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+ tree_mod_star = rpart(y~x,data=D_star)

+ y_hat = predict(tree_mod_stor,newdata = D_star)

+  lires(D_star$x,y_hat,col="pink") v

+} .

> points(x,y,col="red",pch=20) .
> tree_mod = rpart(y~x,dato=D) L
> y_hat = predict(tree_nod,newdata = D) T T T T T T H
> points(x,y_hat,type = "1",col="blue" nd=2) h N

> | 3

So, the blue one is the decision tree, whereas, the red one is the random forest tree, tree from

the random forest ok.
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34 tree_mod_star = roort(y-x,data-D_star) o RG] — NPTEL

35  y_hat = predict(tree_mod_star,newdata = D_star)

36 lines(D_star$x,y_hat,col='pink")

37

38} «
39 points(x,y,col="red",pch=20)

40

41 ## tree from decision lruq

42 tree_mod = rpart(y~x,data-D) -
43|

44 y_hat = predict(tree_mod,newdata = D)

45 points(x,y_hat,type = "1",col="blue",lwd-2)

.
+
+ y_hat = predict(tree_med_stor,nendata = D_star)
+ lires(D_star$x,y_hat,col="pink")

+

+} .
> points(x,y,col="red",pch=20)
> tree_mod = rpart(y~x,data=D) L

> y_hat = predict(tree_nod,newdata = D)
> points(x,y_hat,type = "1",col="blue" nd=2)
>

So, let me just quickly put those things. Tree from decision tree. So, let me just call it here.
Yeah, so, now, I think you can just play around with the numbers a little bit. Maybe I will just

say 500 trees. And let me just draw this first.
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20 y_hat = predict(tree_mod,newdata = D)
21 plot(NULL,xLim=c(-3.2,3.2),ylim=c(-2,2),xlab="x"

22 ,ylab="y")

23 o
24 points(D,col="red" ,nch=20)

25 points(x,y_hat,type = "1",col="blue",1wd=2) .
26

27 ## Fit Randon Forest

38 "
29 B = 500

30 m=ceiling(N*0.3)

T s
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> points(x,y,col="red",pch=20)

> tree_mod = rpart(y~x,dato=D) v
> y_hat = predict(tree_nod,newdata = D)

> points(x,y_hat,type = "1",col="blue",1wd=2)

> plot(NULL,xlim=c(-3.2,3.2),ylim=c(-2,2),xlap="x"

+ ,ylab="y") 8 o
L

> points(D,col="red",pch=20)
>
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30 m-ceiling(N*0.3) Ao i e T4 e —

31 for(h in 1:B){ ’ et MR
2! id_star-sort(sanple(L:N,m,replace = T))

33 D_star - D[id_star,]

34 tree_mod_star = rpart(y-x,data=D_star)

35 y_hat = predict(tree_mod_star,nendata = D_star)
36 lines(D_starfx,y_hat,col='pink')

37

ELR -
39 points(x,y,col="red", ,pch-20)

40

41 bﬁﬂ tree from decision tree

a1 Moleels

Comole  Terminal - Backgrourd Jebs 20> °1
g vrag ™
> for(b in 1:B){
+ id_star=sort(sample(1:N,n,replace = T))
+ D_star = D[id_star,] T
+ tree_mod_star = rpart(y~x,data=D_star)
+ y_hat = predict(tree_med_star,nendata = D_star) &
+ lines(D_star$x,y_hat,col="pink")
+ o
+} T T T T T T T
3 2 1 0 1 2

> points(x,y,col="red",pch=20)
>

And then I will just run this random forest. So, this is a random forest. And here is the

decision tree ok.
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35  y_hat = predict(tree_mod_star,newdata = D_star)

36 lines(D_starfx,y_nat,col='pink')

37

38}

39 points(x,y,col="red",pch=20)
40

41 ## tree from decision tree

42 tree_mod = rpart(y-x,data=D)
43 y_hat = predict(tree_miod,newdata = D)
44 points(x,y_hat,type = "1",col="blue",1wd-2)

@
+ tree_mod_star = rpart(y~x,data=D_star)

+ y_hat = predict(tree_med_stor,nendata = D_star)
+  lires(D_star$x,y_hat,col="pink")

+

> points(x,y,col="red",pch=20)

> tree_mod = rpart(y~x,data=D)

> y_hat = predict(tree_nod,newdata = D)

> points(x,y_hat,type = "1",col="blue" 1wd=2)
>

feature engineering itself.
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So, now you can see how this whole thing is happening. So, we got a sense that why random
forest is. So, popular because its much more agile and its much more, you know, it can
capture the non-linear and non-monotonic behavior between the x and y. Then linear model,

linear model regression, you have to put the feature engineering in you have to built in the

But the decision tree and random forest has its own fine interesting behavior which captured
the non-linear behavior very nicely. So, this is the advantage of using decision tree and
random forest. So, I hope you enjoyed the video. Hands on with the random, tree random
forest. This was on the simulated dataset. In the next video, we will work on the real dataset

with the Football dataset from English Premier League data. So, see you in the next video.






