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Lecture - 53
Hands on with R: Implement Tree Regression and Random Forest with EPL football
Data

Hello all. In this video we are going to Implement the Regression tree and Random Forest
using R. We will use real life English Premier League dataset and we will see; we will also

check how good these models are in out of the sample.
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So, I am going to take call these, I am going to you know directly call these datasets.
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So, there is 22, 23. I am not sure if all the data available for the last league. We can check it

out. Let me just see. So, what we I will do? Let me first open R.
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R is a collaborative project with many contributors.
Type 'contributors()" for more information and
‘citation()' on how to cite R or R packages in publications

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

> rn(list=1s()) &

>

So, first what I will do df say equal to, let me first write rm, list equal to Is. So, it always a

good practice to have that start with a clean environment and then data frame read dot csv.
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I'will just take the copy the link address and I will put it here and head equal to true.
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R is a collaborative project with many contributors.

Type 'contributors()' for more information and

‘citation()' on how to cite R or R packages in publications

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

> rn(list=1s())

>
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R is a collaborative project with many contributors.

Type 'contributors()' for more information and

‘citation()' on how to cite R or R packages in publications.

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

> rn(list=1s())

>
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R is a collaborative project with many contributors.

Type 'contributors()' for more information and

‘citation()' on how to cite R or R packages in publications.

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

> rn(list=1s())

>

So, yeah let me run that.
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Type 'contributors()' for more information and
"citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()’ for on-line help, or
"help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

> r(list=1s())
> df=read.csv("https://wwy.football-data. co.uk/mmz4281/2223/E@. csv"  head=T)

i
i
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Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

> rn(list=1s())

> df=read.csv("https://wwy.football-data. co.uk/mmz4281/2223/E0.csv" ,head=T)

> Viewn(df)

>

So, here is. So, there are 251 observation.
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Type 'demo()" for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type '¢()' to quit R.

> rn(list=1s())
> df=read.csv("https://wwy.football-data. co.uk/mmz4281/2223/E0.csv"  heod=T)
> Viewn(df)

>
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Type 'demo()" for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

> rn(list=1s())
> df=read.csv("https://ww.football-data. co.uk/mmz4281/2223/E0.csv" ,heod=T)
> Viewn(df)

>
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‘citation()' on how to cite R or R packages in publications. © Rec_Cliss ect 16 Paadon 144K Mar 82003
O Reg_Cliss_Lect 16.Pan bR 1K Mar 8 2023,

Reg Cliss e I6PaER 12K M8 203,

Type 'demo()" for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

> rn(list=1s())
> df=read.csv("https://ww.football-data. co.uk/mmz4281/2223/E0.csv" ,heod=T)
> Viewn(df)

>

That means English Premier League is all still running.
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2 df=read.csv("https://ww.football-data.co.uk/mz4281/2223/E0.csv"  head=T) Data
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Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type '¢()' to quit R.

> rn(list=1s())
> df=read.csv("https://ww.football-data. co.uk/mmz4281/2223/€0.csv"  head=T)
> View(df)

>

So, they are not all observations are available, ok. So, not all results are available. So, what I

will do?
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Let us instead of that, let us take 21, 22 data. So, we will take 20, 21 seasons data and train

the model and we will use 21,

& Recordings X | 8 Po. shivn X
Qg ¥
B CONA B3 Sovishs BookMak @ Firarce Rosewch.. M Gral § Mas (@) News By Trnslte

Data's files, visit BetGPS for ar exceptional data analysis workbook. Like all of
‘ Football-Data’s files, it free to downlozd.

Notes.tx:
(text file key to the data fles and data source acknowledgemens)

Ssasow 2022/2023

Prertier League (FT & HT results; match stats; match, total goals & AH odds)
&) Championship (FT & HT results; match stats; match, total goals & AH odds)
) League 1 (FT & HT results; maich stats; malch, total goals & AH odds)
] League 2 (FT & T results; match stats; match, total goals & AH odds)
) Conference (FT & HT resuls; match, tetal goals & AH odds)

Season 2021/2022

&) Premier League (FT & HT results; match stats; match, total goals & AH odds)
g Chamgsjonship (FT & HT results; match stats; match, tetal goals & AH odds)

2 League 1 (FT & HT results; match stats; match, total goals & AH odds)

) League 2 (FT & HT results; match stats; match, total goals & AH odds)

) Conference (FT & T results; match, ttal gaals & AH odds)

Season 2020/2021

() Premier League (FT & HT resus; match stats; match, tota goals & AH odds)
) Championship (FT & HT results; match stats; match, total goals & AH odds)
&) League 1 (FT & HT results; match stats; match, total goals & AH odds)

@ League 2 (FT & HT results; match stats; match, total goals & AH odds)

@ Conference (FT & HT results; match, tetal goals & AH odds)

Season 2019/2020

) Premier League (FT & HT resuts; match stas; match,tota goals & AH odds)
54 Championship (FT & HT results; match stats; match, total goals & AH odds)
b | 1 LET & WT. e e AW nddz).

teh ctate: mateh._total

ARMAod: X | €) LWPSPIC) X | @ Kenems:C X | @) sursxkt X 9 Ergndoc X |

Contrarian Betting

| Pinnacle Odds Drop
| NEW

Football-Data

Pinnacle Sportsbook

Fair Odds

P-value

Yields

Bank growth
EV-odds

Staking Animation

Latest Matches

England =]
Scotland
Germany <]
Italy W]

" m

22 data to test the model.
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Notes.txt
(text file key to the data fles and data sourcs acknowledgemens)
Season 20222023 BETTING ARTICLES

het365

% Premier League (FT & HT resuts; match stats; match, total goals & AH odds) Football-Data

Championship (FT & HT results; match stats; match, total goals & AH odds) Pt
() League 1 (FT & HT results; maich stats; match, total goals & AH 0dds) nace sporisho

(9 Leacue 2 FT & HT resut; machsats; mlch ttal guals &AM odcs)
i (i) Conference (FT & HT results; match, teta goals & A odds) BET CALCULATORS
UEFA Europa Le: Fair Odds
b i Season 202172022
Union Berlin o ol g Prvalue
Championsh  open Linkin New Window ‘otal goals & AH odds) Yields
League 1 (F1 Open Linkin hcognio Window Joals & AH odds) Bank growth
p— i (s —
g s
it Staking Animation

Season 2020/20. “°%

@) Premier Leag CowLikto gt | total goals & AH ocds) 0DDS & RESULTS:
&) Championsh SeechOwiTucoforPromerleone’ Lo oo o) MAIN LEAGUES
UEFA Europa Le: League 1 (F1 " Joals & At odds) Latest Matches
o League 2 (FT nspect Joals & AH odds)
Sevilla % o - England
vFenerbahce I o , Scotiand
on 201 e
1106:00 ) Premier League (FT & HT resuts; match stas; match,tota goals & AH odds) Sermany =
') Championship (FT & HT results; match stats; match, total goals & AH odds) Italy
Loasiia 1 (ET & WY meilbe: match ctate: match_totalanale & AM.odde) .

So, let me link address. I will just do that.
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‘citation()' on how to cite R or R packages in publications. © Rec Clss ect 16 Paadow 144K Mar 2003
O R Clsslelimnby LK s 20,
O R Chrs lecLI6PILCE 1266 M8 2

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

> rn(list=1s())
> df=read.csv("https://ww.football-data, co.uk/mmz4281/2223/€0.csv"  head=T)
> Vien(df)

>

So, this is our test data set.
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1 rm(list=1s0))
2 df_test=read.csv("https://www. football-data.co.uk/nmz4281/2122/E.csv" ,head=T)|
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Type "deno()' for some denos, 'help()' for en-line help, or
'help.start()' for an HTML browser interface to help.
Type '¢Q)' to quit R.

> rn(list=1s())

> df=read.csv("https://wwv.football-data. co.uk/mmz4281/2223/E@. csv"  head=T)
> Vien(df)

> df _test=read. csv("https://ww.football-data. co.uk/mmz4281/2122/E@.csv"  head=T)

>

So, you can see 21, 22 season, we will use it as a test data set, ok. So, you can see that 380

observations are all there.

B -
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2 df_test=read.csv("https://w. footbal l-data.co. uk/nmz4281/2122/E0.csv" head=T) ~ Date
odf 251 obs. of 106 v..
odf _test 330 obs. of 106 v..
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Type "deno()" for some demos, 'help()" for on-line help, or ey mgepric gl

'help.start()' for an HTML browser interface to help.
Type '¢()' to quit R.

> rn(list=1s())
> df=read.csv("https://wwv.football-data. co.uk/mnz4281/2223/E@. csv"  head=T)
> Vien(df)

> df _test=read. csv("https://ww.football-data. co.uk/mmz4281/2122/E@.csv"  head=T)
>

So, you can just clean this overall.
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'help.start()' for an HTML browser interface to help.
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> rn(list=1s())

> df=read.csv("https://wwv. football-data. co.uk/mmz4281/2223/E0,csv"  head=T)

> Vien(df)

> df _test=read.csv("https://ww.football-data. co.uk/mmz4281/2122/£0.csv"  head=T)
> rm(list=1s())

> df _test=read. csv("https://ww.football-data. co.uk/mmz4281/2122/E@.csv"  head=T)

And, yeah.
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1 rm(list=1s0))
2 df_test=read.csv("htzps://w. footbal L-data.co. uk/nmz4281/2122/ED.csv" head=T)1 ~ Date
odf_test 380 obs. of 106 v..

3 df_train-read.

read.csv MR " Y i e
read.csv2 {utils} |
s e e st ad crtes ot e o it
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Type 'q()" to quit R. ) Reg Chs lec 6P et 1268 M8 2023
> rn(list=1s())
> df=read.csv("https://wwv. football-data. co.uk/mmz4281/2223/E0,csv"  head=T)
> View(df)
> df _test=read.csv("https://ww.football-data. co.uk/mmz4281/2122/E0.csv"  head=T)
> rn(list=1s())
> df _test=read. csv("https://ww.football-data. co.uk/mmz4281/2122/E@.csv"  head=T)
>
L
u!//ﬂq

Now, and then df train sorry, train equal to read dot csv.
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Notes.txt
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Season 2022/2023 | BETTING ARTICLES
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And then we take 20, 21 data, copy the link address.
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1 rm(list-1s0) ofr NPTEL

2 df_test=read.csv("htzps://w. footbal l-data.co. uk/nmz4281/2122/E9.csv" head=T) ~ Date

3 df,train-read.csv('https://www‘foctball-data.co.uk/mmz4281/2@21/£@.csv”,heudD df_test 330 obs. of 106 v..
header =
head
head. matrix
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'help.start()' for an HTML browser interface to help.

Type '¢()" to quit R.
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> rn(list=1s())
> df=read.csv("https://ww.football-data. co.uk/mmz4281/2223/E@. csv"  head=T)
> Vien(df)
> df _test=read.csv("https://ww.football-data. co.uk/mmz4281/2122/E@.csv"  head=T)
> rn(list=1s0))
> df _test=read. csv("https://ww.football-data. co.uk/mmz4281/2122/E@.csv"  head=T)
>

And head equal to true, ok. So, so the 2021 series data we will use as a train and 21, 22 series
we will use as a test and we will see what is happening in that. So, the first what I will do. So,
as we have explored this data a little bit before in a previous hands on. So, we know that we

have built the Poisson regression model.

Let us first fit the Poisson regression model and then we will compare the performance of the
Poisson regression model with the other models with the regression tree and the random

forest.
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1 rm(list=1s()) NPTEL
2 df_test=read.csv("https://ww. football-data.co.uk/nmz4281/2122/E0.csv" head=T) Data

3 df_train-read.csv("https: //wmy. footbal l-data. co.uk/mnz4281/2021/E0. csv" ,header = T)  0df_te. 380 obs. of 10..
df _tr.. 380 obs. of 10..
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Type 'q()" to quit R.

> r(list=1s())

> df=read.csv("https://ww.football-data. co.uk/mmz4281/2223/E0. csv" ,head=T)

> View(df)

> df_test=read.csv("https://ww.football-data. co.uk/mmz4281/2122/E0.csv"  head=T)

> rn(list=1s())

> df _test=read.csv("https://ww.football-data. co.uk/mmz4281/2122/€0.csv"  head=T)

> df_train=read.csv("https://mw. football-data.co.uk/mz4281/2021/E0.csv" ,header = T)
>

So, first fit Poisson Regression model, ok. So, fitl equal to glm FTHG is the target variable
full time how many goals scored by the home team and then HST how many shots are on
target by the home team? AST how many shots are on target by the away team? HC, AC if we

actually go and check the notes.
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datz. co. uk/matches. php
Rey to results data:

Div = League Division

Date = Match Date (dd/mm/yy)

Time = Time of match kick off

HomeTeam = Home Tean

AwayTeam = Avay Team

FTHG and HG = Full Time Home Team Goals

FTAG and AG 'ull Time Away Team Goals

FIR and Res = Full Time Result (H=Home Win, D=Draw, A=Away Win)
HTHG = Half Time Home Team Goals

HTAG = Half Time Away Team Goals

HIR = Half Time Resul: (H=Home Win, D=Draw, A=Away Win)

Match Statistics (where available)
Attendance = Crowd Atendance
Referee = Match Referee

#S = Home Team Shots

AS = Away Team Shots

HST = Home Team Shots on Target
AST = Avay Team Shots on Target
HHW = Home Team Hit Woodwork

AHW = Avay TeT\ Hit Woodwork

HC = Home Team Corners

AC = Away Team Corners

HF = Home Team Fouls Committed

AF = Away Team Fouls Committed
HFKC = Home Team Free Kicks Conceded

LA!"KC = Away Team Free Kicks Conceded

HC is home team corners, away team corners. And then actually we can put

®w

*PR»LOQ:

things. For example, shots target yeah.

P

g
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many more
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1 rm(list=1s( NPTEL
2 df_test=read.csv("https://ww. football-data.co.uk/mmz4281/2122/E9.csv"  head=T) Data
3 df_train=read. csv("https://mm. footbal 1-data. co. uk/mnz4281/2021/E0. csv" header = T)  ©¢f_te. 380 obs. of 10.
4 df_tr.. 380 obs. of 10..
5
6 ## Fir Poisson Regression model
7
§ fitl = glm(FTHG-HST+AST+HC+AC+HR+AR-B3€SH+33650+B365A, data)
dato =
data
date.class
dato.entry
data_frame

LILen luLe Wy,

e
*Type 'g()' to quit R.

> r(list=1s())

> df=read.csv("https://ww.football-data. co.uk/mmz4281/2223/E0. csv" ,head=T)
> View(df)

> df_test=read.csv("https://ww.football-data. co.uk/mmz4281/2122/E0. csv"  head=T)

> rn(list=1s())

> df _test=read.csv("https://ww.football-data. co.uk/mmz4281/2122/€0.csv"  head=T)

> df_train=read. csv("https://mw. football-data.co.uk/mz4281/2021/E0.csv" ,header = T)
>

And then HR plus AR. HR was stands for home team red card, AR stands for away team's red
card, HO and off side was not there, ok. And then bet we can also take the bet 365 if you go a
little bit below. So, B365H plus B365 draw plus B365 away teams thing. So, this is a betting

odds by bet 365 or house, betting house and we are going to use the train data set, ok.
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Data

2 df _test=read.csv("hztps://wm. footbal 1-data. co.uk/mnz4281/2122/E@. csv", head=T)

3 df_train=read.csv("https://mw. football-data. co.uk/mz4281/2021/E0. csv" ,header = T) 0df_te. 380 obs. of 10..

df_tr.. 380 obs. of 10..

4

5 fitl List of 30
6 ## Fir Poisson Regression model

7

8 fitl = gln(FTHG-HST+ASTSHC+AC-HR+AR+3365H:B365D+B365A, datarcf _train

9 fanily = poisson(link="1og")) i V| P
10 e wo-0 . @

11 summary(ﬁtllj wmdl\::‘\imww NTEL Wiek-28 l:mv\n Km

t

LT L5 5 crischenna g EETTI )
ol e gl o0 0% o
> rn(list=1s()) © Res Chs ec 16 Pt ke 144KE  War
> df=read. csv("https://mw. footbal l-data. co.uk/mnz4281/2223/E0. csv"  head=T) Suomnmm
> View(df) -

> df_test=read.csv("https://ww.football-data. co.uk/mmz4281/2122/E@. csv"  head=T)

> r(list=1s())

> df_test=read.csv("https://ww.football-data. co.uk/mmz4281/2122/E0. csv"  head=T)

> df_train=read.csv("https://wmw. football-data.co.uk/mz4281/2021/E0.csv" ,header = T)
> fitl = glm(FTHG~HST+AST+HC+AC+HR+AR+B365+B365D+B365A  data=df_train

+ ,family = poisson(link="log"))

>

L

Data equal to df train and family, family equal to Poisson link equal to log, ok. So, if we run

this and summery equal to fitl.
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1 rm(list=1s0)
2 df_test=read.csv("https://ww. footbal 1-data. co.uk/mnz4281/2122/E@. csv", head=T)

3 df_train=read.csv("https://ww.football-data.co.uk/mmz4281/2021/EQ. csv"  header = T)
4

Hhun st +

5!

6 ## Fir Poisson Regression model

7

8 fitl = gln(FTHG~HST+AST+HC+AC-HR+AR+3365H+B365D+B365A, data-cf_trein
9 ,family = poisson(link="1og"))

10

11 summary(fitl)

Comole Terminal - BickoundJbs
@ RE23 - - DossdsTexhiny Regesionand Chscron T8
g, wues, v LA

vir o wws . v
(Dispersion parameter for poisson family taken to be 1)

Null deviance: 519.96 on 379 degrees of freedom
Residuol deviance: 322.03 on 370 degrees of freedon

AIC: 999.88

Number of Fisher Scoring iterations: 5

Bwm -

Eneonne | Htory | Comciens | G | Tuura 1)
#H ot VurMbe f Cuxe -
R+ Ghobal Envronmen =

Data

odf_te.. 380 obs. of 10..
odf_tr. 380 obs. of 10..

ofitl  List of 30
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Data
df_te.. 380 obs. of 1€..
df_tr.. 380 obs. of 10..
fitl List of 30

Coefficients:
Estimate Std. Error z value Pr(>lzl)
(Intercept) -0.5898808 0.2542463 -2.320 €.02033 *

HST 0.1966841 0.0163627 12.020 < 2e-16 *+*
AST 0.0095569 0.0228648 0.418 0.67597

HC -0.0639169 0.0169978 -3.760 0.00017 ***

AC 0.0298148 0.0170111 1.665 0.09599 . i [ g o | P
HR -0.2211501 02302717 0,960 0.33684 B
AR 0.1423103 0.1204234 1.182 0.23730 P
B36SH -0.0003988 0.0549234 -0.007 0.99421

B365D -0.0668626 0.1220241 -0.548 ©.58373

B36SA 0.0675218 0.0500985 1.343 0.17773

Signif. codes: @ “***’ 0,001 **’ 0.01 ¥ 0.05 .’ 0.1’ 1
(Dispersion parameter for poisson family taken to be 1)

Null deviance: 519.96 on 379 degrees of freedom
Residual deviance: 322.03 on 370 degrees of freedon

AIC: 999.88

Number of Fisher Scoring iterations: 5

So, what we are seeing that home team shot made by the home team and home team how
many corners they have made has a significant effect and rest we are not seeing many effect.
One possibility could be one possibility could be there are multi collinearity issue. We can,

but what we can do?
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Data

df_te.. 380 obs. of 1€..
df_tr.. 380 obs. of 10..
fitl List of 31

Deviance Residuals:
Min 10 Medion kil) Max
-2.24572 -1.06248 -0.00016 0.47426  2.45999

Coefficients:
Estimate Std. Error z value Pr(>1zl)
(Intercept) -0.58704  0.11369 -5.163 2.42e-07 *** ]
HST 0.20519  0.01558 13.170 < 2e-16 ***
HC -0.06777  0.01657 -4.091 4.30e-05 ***
B365A 0.03930  0.01258 3.123 0,2{0179 o

Signif. codes: @ “***’ 0,001 ‘**’ 0.01 ¥’ 0.05 ‘. 0.1’ 1

(Dispersion parameter for poisson family taken to be 1)

Null deviance: 519.96 on 379 degrees of freedom
Residual deviance: 326.99 on 376 degrees of freedom
AIC: 992.83
Number of Fisher Scoring iterations: 5

>

Before that we can just do a stepwise selection method to get the best model. So, if we just
get a sort of a based on AIC. So, yeah, now, what is going here? That along with home team
number of shots on target by home team and number corner by the home team we are also
getting B365A the; that means, what is the away teams bet by B365 betting ratio odds that
also playing a role, alright. So, we can we have some model. Let us take this is the model we

have.
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3 df_train=read.csv("https://ww.football-data.co.uk/mmz4281/2021/E@. csv" ,header = T) *- @ cobultrvronnen - NPTEL
4 Data
5 df _te. 380 obs. of 10..
6 ## Fir Poisson Regression model df_tr.. 380 obs. of 10..
7 fitl List of 31
8 fitl = step(glm(FTHG-HST+AST+HC+AC-HR+AR+B365H+B3650+B365A, data=df_train
® ,fanily = poisson(link="log")))
10
11 surmary(fitl)
| Ao | g | Vi | P
12 e
13 pred. - pred ; ko 1 e et &
14 predl | t
Rsain 8 criechenvuigpy PETCR
—0 0 crment L6 e
& Reai oo/ predict.gln {sta i
IR TV i el e SR, = = Res.Chss Lec 16 Patapdl  2N8  ar
predict.n © R Cha L 1P akm 10K s
(Dispersion paraneter for poisson family taken to be 1) iyt

Null deviance: 519.96 on 379 degrees of freedom
Residuol deviance: 326.99 on 376 degrees of freedon
AIC: 992.83

Number of Fisher Scoring iterations: 5

>
S

Now, what we can do? We can make the prediction for prediction for the test data set the next

seasons data set pred predict predict df fitl fitl comma new data equal to df test, df test and

type equal to type equal to response, ok.



(Refer Slide Time: 09:06)

"e00 NPTEL - doc_update - Rtudio P
CIEC ST Py - Adtin - B - §
) Dsccionsin 4 /0 hun | 5 Sauce - 20 Pmous Vusube o Cuxe s N4
3 df_train=read.csv("https://ww.football-data.co.uk/mz4281/2021/E0. csv" header = T) t- @ cositavronment - NPTEL
4 Data
5 odf_te.. 380 obs. of 10..
6 ## Fir Poisson Regression model odf_tr.. 380 obs. of 10.
7 ofitl  List of 31
8 fitl = step(glm(FTHG-HST+AST+HC+AC-HR+AR+B365H:B365DB365A, cata=cf _train Values
9 sfanily = poisson(link="log"))) predl Named num [1:380..
10
11 summary(fitl)
i o | g |l Vi | Pt
12 @O0 . 8-
13 predl = predict(fitl,newdata = Hf_test,type = "response") and Closfation WPEL Wik Ll
e [~
14 t
121 ooy R0 O B oy -
Comol | Teminal ¢ ckgound s -0 09 etk T
@ R42 Doty Texchay oot Coon T i
I T R
(Dispersion parameter for poisson family taken to be 1) A Nar
T
R

Null deviance: 519.96 on 379 degrees of freedom
Residual deviance: 326.99 on 376 degrees of freedon
AIC: 992.83

Number of Fisher Scoring iterations: 5
> predl = predict(fitl,newdata = df _test,type = "response")

>
L

i
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6 ## Fir Poisson Regression model Data
7 df _te. 380 obs. of 10..
8 fitl = step(glm(FTHG-HST+AST+HC+AC-HR+AR+B365H+B3650+B365A, data-f_train df_tr.. 380 obs. of 10..
9 ,fanily = poisson(link="log"))) fitl List of 31
10 Values
11 summary(fitl) predl Named num [1:380..
12
13 predl = predict(fitl,newdato = df_test,type = "response")
s s Padages | Heb Vi Psenal
14 [ WO -0 5 @-
15 plot(df_testSHTHG) !
T N [
S L5 Ep— e o
Comol | Teminl ¢ ckgound s A 0 et 16 o
R R42: . /Dovls Texchygrson st Chcon T, ime
™ RegChass Lect_16 Patapdl 2 N8, Mar
(Dispersion parameter for poisson family taken to be 1) © R Chss e 16 Pat sk 144K Mar
O Ryl lopubd 10 W
O Rl iotes 12w

Null deviance: 519.96 on 379 degrees of freedom
Residual deviance: 326.99 on 376 degrees of freedom
AIC: 992.83

Number of Fisher Scoring iterations: 5
> predl = predict(fitl,newdata = df_test,type = "response")

>
L

Now, what I can do I can plot the from the df test what is the HTHG or sorry, FTHG full time

goals scored by home team and predicted values through predicted values.
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5
6 ## Fir Poisson Regression model
7 df _test 380 obs. of 106 variables
8 fitl = step(glm(FTHG-HST+AST+HC+AC-HR+AR+B365H+B365D+B365A, daf o df_train 380 obs. of 16 variables
9 ,family = poisson(link="log"))) fitl List of 31
10 Values
i; sunmary(fitl) pred Named num [1:380] .97 2.564 @.7..
13 predl = predict(fitl,newdata = df_test,type = "response")
Fes R Pckges B Vew | Prenatien -0
14 P 2o0n Dot O f  Pablich

15 plot(df_testSFTHG,predl,pch=20,ylab="predicted" ,xlab="actual ',

15

(Dispersion parameter for poisson family taken to be 1)
Null deviance: 519.96 on 379 degrees of freedom

Residual deviance: 326.99 on 376 degrees of freedom

AIC: 992.83 @ PR o,

'
]
Number of Fisher Scoring iterations: 5 I | l I | )
T T T T

> predl = predict(fitl,nevdata = df_test,type = "response")
> plot(df_test$FTHG, predl, pch=20,ylab="predicted’ ,xlab="actual')
L

So, pch equal to 20, pred equal to ylab equal to predicted predicted and x lab x lab equal to

actual.

So, what we are seeing that actual was 7 you know somewhat it has some power, but and also
there are cases where they predicted 15 goal, 10 goals it is little bit over estimating and actual
was it was 7. So, the model has bit of a over estimating feeling like you know here there are

cases where it has predicted 5 goals, but most of the goals were on the 3 goals.

So, it is bit of a predicting over estimating the bias, there is some looks like. So, one possible

way is also we can do a abline a equal to 0 and b equal to 1 we put like this then color equal

to red that also.
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8 fitl = step(glm(FTHG-HST+AST+HC+AC-HR+AR+B365H+B365D+B365A, daf Data
£ ,family = poisson(link="1og"))) odf_test 380 obs. of 106 variables
10 odf_train 380 obs. of 106 variables
11 sunmary(fitl) ofitl List of 31
12 Values
13 predl = predict(fitl,nendata = df_test,type = "response") pred? Named num [1:380] .97 2.564 0.7..

14

15 plot(df_testSFTHG,predl,pch=20,ylab="predicted"

16 ,xlab="actual") = 'i{s,_':mfh:?, ‘lm'/"mm TS
17 nbline(u:@P 1,co'l='red')|

18

Comoke Terminal - Background Jobs. =2 ~

R R42. - ofDowniesds(Texchog Rression an Chscaton W97

(Dispersion parameter for poisson family taken to be 1)

°
Null deviance: 519.96 on 379 degrees of freedom E :
Residual deviance: 326.99 on 376 degrees of freedom H .
AIC: 992.83 ° ' ' o,
REREE
Number of Fisher Scoring iterations: 5 . I | |
T T T T T T T T
> predl = predict(fitl,nevdata = df_test,type = "response") ! ! d 3 1 8 $ !
actsal

> plot(df_test$FTHG, predl,pch=20,ylab="predicted",xlab="actual')
L
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9 ,family = poisson(link="log"))) = " actf
10 NPTEL
11 summary(fitl)
12
13 predl = predict(fitl,nendata = df_test,tyoe = "response")
14
15 plot(df_testSFTHG, predl, pch-20,ylab="predicted’ “1
16 ,xlab="actual")

17 cbline(a=0,b=1,col="red")
18 REMSE_in-sqrt(mean((fitl$fitted.values-df_testiFTHG)A2))!
19

20

1

a0 Chsscaton 116,
12,7V VIl 217 ueyIEE> Ul 1lgeuun

Wt usviw
Residual deviance: 326.99 on 376 degrees of freedon
AIC: 992.83 w4
Number of Fisher Scoring iterations: 5 i | 5 N

' HE S

!

> predl = predict(fitl,newdata = df_test type = "response’) I | ' I i
> plot(df_test$FTHG,pred1, pch=20,ylab="predicted",xlab="actual") |
> abline(a=@,b=1,col="red") T T T T T T
> REMSE_in=sqrt(mean{(fit1$fitted.values-df_test$FTHG)AZ)) 0 : 4 : ¢ § ’ f
> l actsal

So, yeah. So, looks like some over estimation some under estimation here there are some
under estimations, there are these places there are over estimations are happening, ok. So, this
is what we are seeing. Now, what is what we are seeing here is the let us calculate the RMSC
because one of the problem you know Poisson regression and the Poisson regression is a

statistical model whereas, regression tree random forest are machine learning model for

regression.

Now, what happens in the machine learning models there in these machine learning models
there is no there are no likelihood you cannot write down the likelihood. Since you do not
have a likelihood you cannot calculate AIC, BIC for these decision tree models, random

forest models. So, you cannot use AIC, BIC type criteria to compare the random forest or

decision tree against Poisson regression.



So, what we can do? We can use root mean square error which can be used for both Poisson
regression as well as for the regression tree and random forest. So, we are going to calculate
root mean square error for Poisson regression. So, RMSE in equal to. So, first from the fitl
we have to take the fitted values out minus from the df test dollar FTHG square it, take mean

and then take the square root this is in sample root mean square error this is for RMSE1, ok.
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L

12
13 predl = predict(fitl,newdata = df_test,type = "response")
14

15 plot(df_testSFTHG,predl,pch=20,ylab="predicted"

16 ,xlab="actual")

17 cbline(a=0,b-1,col="red")

18 RMSE1_in=sqrt(mean((fit1$fitted.values-df_test$FTHG)2))
19 RMSEL out-sqrt(mean((predl-df_testSFTHG)A2))

20 c(RMSE1_in=RMSE1_in,RMSE1_out=RMSE1_out)y

il
2 #

10

# Decision Tree Regression

> REMSEL_in

[1] 1.6309%

> RMSE1_in=sqrt(mean((fit1$fitted.values-df_test$FTHG)AZ)) B

> RMSE1_out=sqrt(mean((predl-df_test$FTHG)A2)) i i

> RMSE1_out H

[1] 1.26232 I | i

> c(RMSEL_in=RMSEL_in,RMSEL_out=RMSE1_cut)

RMSE1_in RMSE1_out
1.6309 1.26232

>
L

And then sorry, I think I have RMSEI and then RMSE1 for out sample what I have to do I
have to basically instead of this I have to take the predicted value I already predicted it I have

to just go this and which is 1.26.

So, in sample there is lot of issues, but in out sample it looks like it is better that is sometime

that is bit weird. Because typically in samples are better than the out of the sample, but we



will see how it is doing in the yeah, we will see how it is doing in the regression t let us check

how it how it is doing in the regression t and random forest decision tree and random forest.

So, next we will compare the decision tree regression. We will fit Decision Tree Regression.
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15 plot(df_testSFTHG,predl,pch=20,ylab="predicted" NPTEL

16 ,xlab="actual")

17 dabline(a=d,b=1,col="red")

18 RMSEL_ in=sqrt(mean((fitl$fitted.values-df_test3FTHG)A2))
19 RMSE1_out=sqrt(mean((predl-df_test$FTHG)/2))

20 c(RMSE1_in=RMSE1_in,RMSE1_out-RMSE1 out)

Details

2

22 ## Decision Tree Regression Breinaner.a 1384]qute osey. . package e povides 8 e-mpleertation df e ee.
23 library(rpart) Vale

24 I 0630t of s o, o0 rpartshnct

References

F1 - oinan.,Fadman J W, OshanR. A, and Sion, G J. [1984) Clasifcatonand Rgrosin Tes
Wadsworh

s Chsscaron TR SeeAlso

> c(RMSEZ_in=RMSE1_in,RMSE1_out=RMSE1_cut)
RMSEL_in RMSE1_out

1.6309 1.26232
> library(rpart)
> ?raprt "
No documentation for ‘raprt’ in specified oackages and libraries:
you could try ‘?7raprt’
>
> ?rpart

> [Package part v 41.19 o]

So, in the decision tree I am going to use the library called rpart ok, and if you come question
mark rpart. So, it is called recursive partitioning and regression tree, ok. So, you just it is
basically a regression tree it fits the essentially tree function in S mainly used to support it

follows the Breiman's 1984 quite closely it says.

It most details most detail it follows Breiman et. al and in the main model main model

proposed by Leo Breiman in 1984. So, rpart mostly follow that major thing this back paper



classification and regression tree. So, this is being implemented in rpart. So, [ am going to use

the classical decision tree regression proposed by Leo Breiman implemented in R, ok.
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6 ## Fir Poisson Regression mode
7

8 mod = as. formulalFTHG~HST+AST+HC+AC+HR+AR+B365H+B365D+B365A) ey s ik 0o

mayssobe pacicn ha a0 rpart. Teyarecheckesd

9 1

10 [fitl = step(gln(inod, data=df _train Detss

1 ,family = poisson(link="1og")))

2 et o (1764 Qe cose, . packge e rovces - implenentatn 160,
13 summary(fitl) Value

m Incsoct ofcss part. e FpALLL SRSt

15 predl = predict(fitl,nendata = df_test,tyoe = "response") References
Sl “‘\‘7 wn.;“uwmimmwmn‘mw J T

Comole T

o 3n8 Chssheton TR SeeAlso
100UV Licucoc

> library(rpart)

> ?raprt

No documentation for ‘raprt’ in specified packages and libraries
you could try ‘?7raprt’

>

> ?rpart

> mod = as. formula(FTHG~HST+AST+HC+AC+HR-AR+B365H+B365D+B3654)
> mod

FTHG ~ HST + AST + HC + AC + HR + AR + B365H + B365D + B365A

> Packago pat version 4119 gin]
S

So, I am going to fit my second model the decision tree rpart. And then I am what [ am going
to do actually you know what? We can we are going to have the same model mod equal to at
the rate formula sorry, s dot formula and I can have it and if I just run it here I think that will

be, yeah.
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21 RMSEL_out=sqrt{mean( (predl-df_testSFTHG)A2)) LD LD IS Rl NF‘;:_
22 ¢(RMSEL_in-RMSEL_in, RMSEL_out-RUSEL_out)
23
24 ## Decision Tree Regression vy
25 'Ubr.ary('rour.t) ‘Splting on a variable is divided by its cost in deciding which spit 1o choose.
- St B . T
27 fit2 = rpart(mod,data=df_train) Detils
28
P roianel o (1354t doéy. 1 ke b e et <t
30 Valve
31 T Tp—
32 References
75 — 'g‘— Brei \‘:ww ishen R. &., and Sic J. T
@ R423 . oomity e s seohlso
OIS SG ES Srvove 1011 use
12) B365A< 5.375 99 114.323200 1.6555660 DALk e At Y, O i
24) AC< 2.5 21 14.571430 0.8571429 * Baampiss
25) AC>=2.5 78 82.717950 1.871795¢ Besis
56) 83650« 3.275 12 7.666667 1.1666670 * kol vy g
1) BI650>=3.275 66 60.000000 2.0000006 B Ll o
102) HST< 5.5 23 21.652170 1.5652170 * cnteol + purt.cortrl cp - .05 ’
103) HST>=5.5 43 39.674420 2.2325580 * eyl mLE
13) B3654>=5.375 64 96.937500 2.2187500 * e e
7) HST>=9.5 18 70.944440 3.9444440 * 62, wen - e
> [Package par vrsio 41,10 )

I think it is working fine. So, I will just call this model here, ok. If you run this model you can
see this is the model I am going to fit and data equal to train ok, df train data equal to df train,

ok. Now, if you run this. So, if you now run it.
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> fit2 = rpart(mod,data=df_train)
> fit2
n= 380

nede), split, n, deviance, yval
* denotes terminal node

1) root 380 660747400 1.3526320
2) HST< 4.5 199 112.633460 0.6884422
4) H5T< 2.5 86 29.209300 0.4418€05 *
5) HST>=2.5 113 74,265490 0.8761062 *
3) HST>=4.5 181 363.756900 2.6828730
€) H5T< 9.5 163 223.546000 1.8773010
12) B365A< 5.375 99 114.323200 1.6555660
24) AC< 2.5 21 14.571430 0.8571429 *
25) AC>=2.5 78 82717950 1.871795¢
50) B365D< 3.275 12 7.666667 1.1666670 *
51) B3650>=3.275 66 68.000000 2.0000000
102) HST< 5.5 23 21.65217@ 1.5€52170 *
103) HST>=5.5 43 39.67442@ 2.2325580 *
13) B365A>=5.375 64 96.937500 2.2187500 *
7) HST>=0.5 18 70.944440 3.9444440 *

VS
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Details
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References
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[Package art version 4.1.19 Ingex)
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You will see that at the root it is saying what should be what it should does and then if HST

equal to is less than 4.5 it should do something HST is less than 2.5, it should do something

in this way. The decision tree is being made you can if you do plot fit2. So, generally it plot

the decision tree nicely.
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21 RMSEL out-sqrt rean( (pred1-df testsFTHG) 2
22 c(RMSE1_in-RMSE1_in,RMSEL out-RMSE1 out)
23

24 ## Decision Tree Regression

25 library(rpart)

26

27 fit2 = rpart(mod,data-df_train)

28 plot(fit2)

29

30

31
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12) B365A< 5.375 99 114.323200 1.655566

0
24) AC< 2.5 21 14,571430 0.8571429 *
25) AG>=2.5 78 82.71795@ 1.8717950
50) B365D< 3.275 12 7.666667 1.16
66670 *
51) B3650>=3.275 66 68.000¢00 2.00
00000
102) HST< 5.5 23 21.652170 1.5652
170 *
! T —

Let me try, let me try.
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21 RMSE1_out=sqrt(mean( (predl-df_testSFTHG)AZ ™ "“‘D:"" Ll L —— NF"F::

22 c(RMSEL_in-RMSEL_in, RMSEL_out-RMSE1_out)

23

24 ## Decision Tree Regression

25 library(rpart) +

26

27 fit2 = rpart(mod,data=df_train)

28 plot(fit2) I

29

30

31

32
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06000
102) HST< 5.5 23 21.65217@ 1.5652

170 *
103) HST>=5.5 43 39.674420 2.2325

580 *

13) B365A>=5.375 64 96,937500 2,218750
D *
7) HST>=0.5 18 70.944440 3.9444440 *
> plot(fit2)
>
N

So, yeah, it is it does a decision tree, but for some reason it is not showing the plots.
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2 RMS’El_out:sqrt{mean((predl—df,test!FTHG)'\Z,
22 c(RMSEL_in-RMSEL_in, RMSEL_out=RMSE1_out)
23
24 ## Decision Tree Regression
25 library(rpart)

27 fit2 = rpart(mod,data=df_train)
28 plot(fit2)

29
30
3
32
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06000

102) HST< 5.5 23 21.65217@ 1.5652
170 *

103) HST>=5.5 43 39.674420 2.2325
580 *

13) B365A>=5.375 64 96,937500 2,218750

9*

7) HST>=0.5 18 70.944440 3.9444440 *
> plot(fit2)
>
N
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plot it
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So, ok, it is and I have to say text use n dot true, alright.
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21 RM‘SEI_out:sqrt(meanw;(predlfdf_tesﬂFTHG)AZA [ '/I':‘ Lo g i Lo =8 NPTEL
22 C(RMSEL_in-RMSEL_in,RUSEL OUE-RYSEL OUL)  cete o kst -

24 ## Decision Tree Regression ot Coa 1o 1,0 59 Gt 1 gini.

25 library(roart) =

% o

27 fit2 = rpart(nod,data=df _train) )

28 plot(fit2) | s

9 tex‘ picoge vt igheion f troe

30 [text MRS ...

31 text.default  {graphics} |esomsvesss penmvewoowbnnate

e e oo e

2 axtComection {buse} [Fomn R

comee | tEXtConnectionValue {base} -, L Fitnn.H. Gt A, S 0. —
& reBtextshaning:: _— ™
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170 * Bun exanvoles
103) HST>=5.5 43 30.674420 2.2325 [, i, N U L
580 * parms = List prior = ¢(.65, 351, plit = “informat
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> plot(fit2) PTE—
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So, I will say text.
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24 ## Decision Tree Regression
25 library(rpart)

26

27 fit2 = rpart(mod,data-=df_train) —
28 plot(fit2)

29 text(fit2,use.n =T)

30

31 pred2-predict(fit2,newdata = if_test)

2

£
£l
£2) AL 10 0L ILIJIV L.0ILIJIY HSTE2S HSTE 95
50) 8365D< 3.275 12 7.666667 1.1666670 * A cale
51) 83650»-3.275 66 66.00000 2.0000000
102) HST< 5.5 23 21652170 15652170 +
103) KST>=5.5 43 39.674420 2.2325580 * S g,
13) B365A>=5.375 64 96,937500 2.2187500 * £el ko v
7) HST>=9.5 18 70.944440 3.9444440 * oun S
> plot(fit2) ] s 243

> text(fit2,use.n = T)
> pred2=predict(fit2,newdata = df_test)
>

Text fit2 use dot n equal to true let me try, yeah, alright. So, it is saying that if HST is less
than 4.5 it should go in this way otherwise it should go in this way. If it is less than 4 to 2.5

then with 0.4419 it take a decision it is I am not sure how this guys are doing these things, ok.

Let us do the prediction, let us do the prediction first then we will understand how it is doing.
So, pred2 and pred2 equal to predict predict fit2 new data equal to df test, ok. If I just do that
and now what [ am going to do, I am going to just simply plot this guy with rate 2 and let us

see how it is doing, ok.
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27 Fi2 = rpart(nod, data~df train)
28 plot(fit2)

29 text(fit2,use.n - )

30

=4

31 pred2-predict(fit2,newdata = df_test) 2
32

33 plot(df_testSFTHG,predZ,pch=20,ylab="predicted

4 ,xlab="actual',xlim=c(0,10),ylin=c(0,10)) o
35 obline(a=0,b=1,col="red")

3% |

37 4

predict

A R R A
> plot(fit2)

> text(fit2,use.n = T)

> pred2=predict(fit2,newdata = df_test)

.......

> plot(df_test$FTHG,pred2,pch=20,ylab="predicted" N, L.

+ ,xlab="actual')

> abline(a=0,b=1,col="red") 1
> plot(df_test$FTHG,pred2, pch=20,ylab="predicted" °

+ ,xlab="actual’ ,x1in=c(@,10),ylim=c(2,10))
> abline(a=@,b=1,col="red")
>

Interesting. So, the predicted values are somewhat constant you know for different 2 it is it is
not much varying, but it is actually constant. And that is what we were saying like it should
be constant, it takes within a region it takes a some bunch of constant values. But one
interesting thing is it looks like it is it is not over estimating maybe it is little bit under

estimating.

You can see that it is going somewhere between 0 the averages are going between half to 4 it
is not making much differences. So, abline if we draw abline a equal to 0 and b equal to 1
with color equal to red, ok. So, yeah, it is not it is bit of a my feeling is it is bit of under
estimating. Because you can see that x is taking range xlim is taking range between 0 to say
10 and ylim is taking if I just say the same scaling effect if we let us see if it what happens if

it is gets how see, yeah.



So, it is not even going up to the 6, 7, 8§ whereas, in actual values are going up to this and it is
it has a tendency to a little bit, it is trying to it is as a under estimation. So, that happens that is
fine. Let us do some calculate the RMSE for in sample and out of the sample, ok. So, RMSE

for the second model and instead of that what we have to do, ok.
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29 text(fit2,use.n = T)

30

31 prede-predict(fitZ,newdata = df,test)l

32 y_hat = : e
33 plot(df_testSFTHG,predZ,pch=20,ylab="predicted"

34 ,xlad="actual ", xlim=c(@,10),ylin-c(0,10))

35 abline(a=0,b=1,col="red")

36 °
37

38 RMSE2_in=sqrt(mean((-df_test$FTHC)A2))

39 RMSEL_out=sqrt(mean( (pred1-df_testSFTHG)A2)) ©

R Re2i
7

splotfi)y T e

> text(fit2,use.n = T)

> pred2=pradict(fitZ,newdata = df test) S0

> plot(df_test$FTHG,pred2,pch=20, ylab="predicted" 1. ./ ..

+ ,xlab="actual')

> abline(a=@,b=1,col="red")

> plot(df_test$FTHG,pred2, pch=20,ylab="predicted" e

+ ,xlab="actual’ ,x1in=c(0,10),ylim=c(2,10))

> abline(a=@,b=1,col="red")

>

So, what I will do is red I will do a y hat here, y hat and fit to instead of test I will do train, ok.
Let me just here and then y hat will be here and instead of test I have to take train FTHG, |

have to first run the y hat of course.
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31 predZ-predict(fit2,newdata = df_test) Pon Booms 0 f 5 hblh - NPTEL
32

33 plot(df_testSFTHG,pred2,pch-20,ylab="predicted"
34 ,xlab="actual ", xlim=c(@,10),ylin=c(0,10))
35 cbline(a=0,b=1,col="red")

36

37 y_hat = predict(fit2,newdata = df_train)

38 RMSE2_in-sqrt(mean((y_hat-df_trainSFTHG)A2))
39 FMSELoutfsqrt(mean((predl df_test$FTHG) 2))
40 c(RMSEL_in-RMSE1_in,RMSEL_out-RMSEL out)

41

[

1
)
predicted

r——
e PRIy preuncucu

+ ,xlab="actual")

> abline(a=@,b=1,col="red")

> plot(df_test$FTHG,pred2, pch=20, ylab="predicted"

+ ,xlab="actual" ,x1in=c(@,10),ylim=c(9,10))

> abline(a=@,b=1,col="red")

> RMSE2_in=sqrt(mean((y_hat-df _trein$FTHG)A2))

Error in mean((y_hat - df_train$FTHG)A2) : object 'y_hat' not found
> y_hat = predict(fit2,newdata = df_train)

> RMSE2_in=sqrt(mean((y_hat-df _train$FTHG)A2))

>

L

And then this and then RMSE2 out pred2 and this now this out is 1.12. So, RMSE2 in and
RMSE2 out is 2 out, ok. So, 0.96 and 1.12 whereas, we are.
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36

37 y_hat = predict(fit2,newdata = df_train)

38 RMSE2_in=sqrt(mean((y_hat-df_train$FTHG)A2))
39 RMSE2_out=sqrt(mean((pred2-df_test$FTHG)A2))
40 c(RMSE2_in-RMSE2_in, RMSE2_out-RVSE2_out)

41

42 ## Fit Randon Forest

43| o
44

45

3 I
aq

)
predicted

Chstcone

L s e ..
> RMSE2_out=sqrt(mean((pred2-df_test$FTHG)A2))
> RMSE2_out
[1a2884
> C(RMSE2_in=RMSE2_in,RMSE2_out=RNSE2_out) Ao s
RMSE2_in RNSE2_out o e
0.9664387 1128382 L antts
> C(RMSEZ_in=RMSE1_in,RMSE1_out=RMSE1_out) o4
RMSE1_in RVSE1_out

1.63096 1.26232

>
L

It was quite improvement if you see in sample Poisson was very high, but in sample is doing
fit in out of the sample Poisson is doing still slightly better 1.26 whereas, oh no, decision tree

is doing better because it is going to 1.128 which is smaller than 1.262. So, decision tree is

doing better than the Poisson regression, ok.

So, now finally, finally, we will do, but we can see a little bit over estimation as well because
in sample RMSE is 0.966 whereas, out of the sample is 1.12, it is slightly over estimation is
happening. But in Poisson regression in sample is very high and out of the sample is bit low.
So, that is also bit of a weird I do not see why it is happening, but let us see what is there, ok.

So, let me fit the random forest, random forest.
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38 RMSEZ_in-sqrt(;eun({y_hu:—df_truinSFTHG)‘2))
39 RMSE2_out-sqrt(mean((pred2-df_test$FTHG)A2))
40 c(RMSE2_in=RMSE2_in,RMSE2_out-RMSE2_out)
2 & Classification and Regression with Random
42 ## Fit Random Forest

Forest

43 library(randomForest)
44 set.seed(607)
45
46 fit2 = rmdanorest(md,data:df,trniq,ntree{)
47
48
49

Description

Come

.
> C(RMSEZ_in=RMSE1_in,RMSE1_out=RMSE1_out)
RMSEL_in RVSEL_out

1.6309 1.26232
> library(randomForest)
randonForest 4.7-1.1
Type rfNews() to see new features/changes/oug fixes.
> sample(1:1000,1) Aeguments
1] 607
> ?randonForest

>
L

So, what I will do first I will call the library that is of library called randomForest, ok. And

now since it will do sort of random sampling of the things that we will do sample 1 is to 1000

comma 1. So, 607 this is the set I am going to use.

And then what I am going to do, I am going to fit the third model instead copy this instead of
that randomForest mod hm. Of course, one more thing I have to check few things
randomForest. So, it is saying y NULL x test y test and then entry is number of trees that you

have to give. So, maybe I will give 1000 and see fit3.
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4
5 RMSE = matrix(NA,nrow=3,ncol=2)
6 colnames(RMSE)<-c('In-Sample', 'Out-Sample')

=
m
E

7 e
8 ## Fir Ppisson Regression model

9

10 mod = as. formula(FTHG-HST+AST+HC+AC+HR+AR+B365H++B365D+B365A

1 °
12 fitl = step(gln(mod,data-df_train

13 ,family = poisson(link="1og")))

14 ©

Comok
& Re2

> ur e s
> y_hat = predict(fit3,newdata = df_train)

> y_hat = predict(fit3,newdata = df_train)

> RMSE3_in=sqrt(mean((y_hat-df _trein$FTHE)A2))
> RMSE3_out=sqrt(mean((pred3-df_test$FTHG)A2))
> c(RMSE3_in=RMSE3_in,RMSE3_out=RMSE3_cut)
RMSE3_in RVSE3_out

0.5182378 1.0618143 o
> RMSE = matrix(NA,nrow=3,ncol=2)

> colnames(RMSE)<-c('In-Sample', ' Qut-Semple") I

>

This is my third model and there are some other things are also there. So, what I will do, we
will let us just keep it in there and ok, it does very good job if you fast it calculate things very
fast. So, what [ am going to do? I am going to copy this and first thing I will do is predict the

my predict 3, ok. And let us see how predict does, ok. So, predict 3, ok.

So, looks like also some kind of under estimation because in the eighth prediction is in the
out of the sample prediction it is not so high, ok. So, at the higher level it is some kind of
under estimation is happening on the model site. Then what I am going to do I am going to
calculate the RMSE for the third model y hat equal to fit3; obviously, this and then whatever
the th this is my third RMSE, this is the third RMSE with pred 3rd prediction this is 3 this is
3, 3 and 3, ok, nice.



So, clearly the random forest is winning hands down, ok. So, let me write it down. So, let me

a do one thing, let me just define a matrix called RMSE, ok. RMSE equal to matrix, ok. And

NA nrow equal to 3 ncol equal to 2 col names equal to RMSE equal to In sample In sample

and Out sample, ok.
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54 plot(dt_testsrIHu,preds,pch=20,ylab="predicted"

55 ,xlab="actual ', xlim=c(@,10),ylin=c(@,10))
56 cbline(a=0,b=1,col="red")
57

58 y_hat = predict(fit3,newdata = df_train)

59 RMSE3_in=sqrt(mean((y_hat-df_train$FTHG)A2))
60 RMSE3_out=sqrt(mean((pred3-df_test$FTHG)A2))
61 M:(RMSB_in RMSE3_in, RMSE3_out-RMSE3_out)
62

63

64

65

RMSEL_in RMSE1_out

1.6309 1.26232
> RMSE[1,]=c(RMSEL_in=RMSE1_in, RUSE1_out=RMSEL_out)
> RMSE

In-Sample Qut-Sample

Poisson Regression 1.63096  1.26232
Decision Tree NA NA
Rendon Forest NA NA
> RMSE[2, J=C(RMSE2_in=RNSE2_in, RUSE2_out=RMSE2_out)
>

,,,,,

pred

-y,
Sey
ngggnt?

m
=

8

So, this is In sample this is Out sample and row names equal to RMSE. If is first model was

Poisson regression comma second model is decision tree and the third model is what is that

third model is random forest, ok. And now what I am going to do I am going to put that in the

1, ok. So, yeah, and then going to put that 2 comma equal to this and finally, RMSE3 comma

equal to.
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9 ## Fir Poisson Regression model
10
11 mod = as. formula( FTHG-HST+AST+HC+AC+HR+AR+B365H+B365D+B365A 2
12 +T(HSTAZ)+ICASTA2)+L(HCA2)+I(ACA2)+
13 I(HRA2)+I(ARN2)-I(B365H"2)+L(B365D/2)+L(B365A"2))
14
15 fitl = step(gln(mod,data-df_train °
16 ,family = poisson(link="1og")))
17

18 summary(fitl)

)
predicted

> oL L 11, NI VU L=NMIL EUUL )
> RMSE[3, J=C(RMSE3_in=RNSE3_in, RMSE3 _out=RMSE3_out)
> RMSE

In-Sample Out-Sample
Poisson Regression 1.6309595 1.26232¢
Decision Tree 0.964387  1.128384
Rendom Forast 0.5182378  1.061814

> mod = as. formula(FTHG-HST+AST+HC+ACHR-AR+B3G5H+B365D+8365A o
¥ +ICHSTA2)+T(ASTAZ)+ICHCA2)+TCACA)+
' T(HRAZ)+T(ARA2)+(B365HA2)+T(B365DA2)+T(B3654A2))

>
[C

Now, if I just run you can see in sample it is dropping constantly out of the sample also it
dropped and Random Forest has 1 hands down, though we are seeing quite a bit of over
fitting in both Decision Tree and Random Forest because Out sample RMSE is higher than

the In sample. But in out of the sample the root mean square error is significantly lower, ok.

When we plotting this, we are seeing a bit of a underestimation is going on in a conservative
site, but random forest is site sort of winning hands down, alright. So, that is how typically

you do compare across the statistical models and the machine learning models.

Remember that comparing Poisson Regression with Decision Tree and Random Forest is a bit
of a unfair, because if you look into the model Poisson Regression model what I am doing is I

am just fitting a linear hyperplane and I have not add any engineering in feature engineering.



If I add feature engineering perhaps possible that Poisson Regression model will start
improving ok, whereas, Decision Tree and Random Forest the way the algorithms are being
developed it will automatically try to fit the model in a way it will the algorithm will capture
the non-monotonic non-linear behavior between the x and y in the higher dimension. So, this
is a very strong very flexible model Decision Tree and Random Forest, Poisson Regression in

that sense is a much more rigid conservative model.

So, in that sense it is not perhaps a very fair fight if you want to really apple to apple apple to
apple thing comparison probably, we have to add few more lines like you know in feature
engineering with HST square plus [ and AST square plus I HC square plus I AC square plus I
HR square plus I AR square plus I B365H square plus B365D square.

So, I am doing some feature engineering here just to check I do not know whether it will help

the Poisson regression model or not, but you can try always try some feature engineering.
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9 ## Fir Poisson Regression model

10

11 mod = as. formula( FTHG-HST+AST+HC+AC+HR+AR+B365H+B365D+B365A e

12 +I(HSTAZ)+I(ASTA2)+T(HCA2)+ICACAZ )+

13 L(HRA2)+I(ARN2)~1(B365H2)+1(B365D2)+L(B365A"2))

14

15 fitl = step(gln(mod,data=df_train
1 ,family = poisson(link="1log")))

17 |
18 summary(fitl)

1

]
)
predicted

Df Deviance AIC
<rone> 308.07 981.91

- AC 1 311.24 983.09

- B365H 1 311.36 983.21 “1
I(ARM2) 1 312.52 984.37

- B3650 1 313.37 985.21 /

- HC 1 321.58 993.43 o/

- I(HSTAZ) 1 325.11 99.95

- HST 1 363.94 1035.78

And if you run this and let us see summary. And you can see that some of the you know more
features are now higher order features are now actually quite significant. Now, if you run this

and let see how.
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15 f11 - stap(gin(nod, data-t_tratn m = [ e —
16 ,family = poisson(link="log")))
i
18 summary(fitl)
19 /-
20 predl = predict(fitl,newdata = df_test,type = "response") o
pil fFooo
22 plot(df_testSFTHG, predl,pch-20,ylab="predicted" . ///
3 ,xlab="actual") . e/
24 cbline(a=0,b-1,col="red") P /
5 FMSEl_in:sqr‘t(meﬂn((ﬁtl&ﬁtted‘valuesfdf,testlaFfHG)’\Z]) H * s/
26 RMSEL_out=sqrt(mean( (pred1-df_testSFTHG)A2)) P !/ ’
Comole Terminal - Backoround Jobs R 1 ‘ L
® R423 . foowlsTexchyhgrson. s Chshcton T [ A L
War eyl SE5 30 U Yo ueyrees ui 1 eeuon S I A .
Restdual deviance: 308.07 on 372 degrees of freedom 8. l }/ o,
AIC: 981,91 HEEN B
Number of Fisher Scoring iterations: 5 ~ 7' | | ! .
/ fl
> predl = predict(fitl,newdata = df_test type = "response") I /// ; !
> plot(df_test$FTHG,pred1,pch=20,ylab="predicted" /
+ ,xlab="actual")
> abline(a=@,b=1,col="red")
>
L

So, now it is looks like doing better.
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26 RMSEL_out=sqrt(mean((predl-df_testSFTHG)A2))
27 RMSE[1, ]=C(RMSE1_in-RMSE1_in, RMSEL_out=RMSE_out)
28 —
29 ## Decision Tree Regression / s
30 library(rpart) o /
3 oo
32 fit2 - rpart(mod,data-df_train) AR 4
33 plot(fit2) . e/
34 text(fit2,use.n = T) s A
35 f z
36 pred2-predict(fit2,nendata = df_test) - P '
Comole Terminal - Background Jobs. % : H )
PR ————— 8 c i/ K
Number of Fisher Scoring iterations: 5 “y l } ;
> predl = predict(fitl,nevdata = df_test,type = "response") ' /
> plot(df_test$FTHG, pred1,pch=20,ylab="predicted" ] ! i
+ ,xlab="actual') /
> abline(a=@,b=1,col="red") ; !
> RMSE1_in=sqrt(mean((fit1$fitted.values-df_test$FTHG)AZ)) y
> RMSE1_out=sqrt(mean((predl-df_test$FTHE)A2)) T
> RMSE[1, J=C(RMSE1_in=RNSE1_in, RUSEL_out=RMSE1_out) L L
> acwal
L

If I run the same model and run me let us run these models, ok.
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51 fit3 = randonForest(mod,data=df_train,ntree-1000)

52

53

54 pred3-predict(fit3,newdata - df_test) 2

55

56 plot(df_testSFTHG,pred3,pch=20,ylab="predicted"

57 JXlao="actdal", xlim=c(@,10) ,ylin-c(0,10)) P

58 abline(a=0,b=1,col="red")

59

60 y_hat = predict(fit3,newdata = df_train)

61 FMSEs,in:sqrt(meun((y,ho:-df,train&FTHG)AZ)) . ©

> set.seed(607)
> fit3 = randomForest(mod,data=df_train,ntree=1000)

>

>
> pred3=pradict(fit3,nendata = df_test)

>
> plot(df_test$FTHG,pred3, pch=20,ylab="predicted" o4
+ ,xlab="actual',x1in=c(0,10),ylin=c(2,10))

> abline(a=@,b=1,col="red")

>

And now if I compare now, you see Poisson after adding the features Poisson Regression is
doing even better than the higher order features, Poisson Regression is doing better than the

Decision Tree. In fact, it is doing better than even Random Forest.

So, a simple Poisson Regression can do even better than machine learning model if you add
the features engineered features correctly. So, sometimes simple and the advantage of Poisson
Regression is you if the model is completely explainable, you can explain the model why it is

happening. Well, Decision Tree also you can explain unfortunately this plot is not very

coming up very nicely.
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12 FICHSTAZ)+ I(ASTA2)+ICHCAZ )+ (ACA D)+

13 T(HRA2)+1(ARA2) < T(B3654/2)+I(B365DA2)+ I(B3¢

14 HSTE 45

15 fitl = step(glm(mod, data-df_train

16 ,family = poisson(link="log")))

17

18 surmary(fit1)

19

20 predl = predict(fitl,newdata = df_test,type = "response")

2 uv HSTE25 FSTE9S

> y_hat = predict(fit3,newdata = df_train) ‘n“": 25‘7?3‘

> RMSE3_in=sqrt(mean((y_hat-df _trein$FTHG)A2))

> RMSE3_out=sqrt(mean((pred3-df_test$FTHG)AZ))

> RMSE[3,]=c(RMSE3_in=RMSE3_in, RMSE3_out=RMSE3_out) BOSASSITS g,

> RMSE L 2219 018
In-Sample Out-Sample 0"5!27“ sk 3:: r

Poisson Regression 1.6005194  1.029996 i s 2l

Decision Tree 0.9664387  1.128384
Rendom Forest 0.491449  1.067290

>

But overall, you can nicely explain what is happening here and, yeah. So, I think if you just
let me zoom that, ok. So, what it is doing, it is basically saying that if HST is less than 4.5 and
then you come by this route if HST is less than 2.5 then you will score a goal with rate

0.4419.

If it is greater than 2.5 then it you will score a goal with 0.8761, if it is greater than 4.5 then
you come this side, if HST is less than 9.5 then you come this way, if the bit 365 is less than
greater than 5365 5.37 then you will score a goal with rate 2.219, if it is greater than that then
you will score a goal with rate 3.944. So, that is what it is saying effectively whereas. So,

Decision Tree is also very good in terms of modelling, but you can see at the end.
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11 mod = as. formula(FTHG-HST+AST+HC+AC+HR AR+ B365H+B3650+B365A

12 +I(HSTAZ)+I(ASTAZ)+I(HCAZ)+I(ACAD)+

13 [(HR'\Z)+I(ARA2)—I(B365HA2)+I(B3GSDAZ)+I(BSGSAr‘Z‘ib
14

15 fitl = step(glm(mod, data-df_train

16 ,family = poisson(link="log")))

17

18 surmary(fit1)

19

20 predl = predict(fitl,newdata = df_test,type = "response")

Faw =
> y_hat = predict(fit3,newdata = df_train)
> RMSE3_in=sqrt(mean((y_hat-df_train$FTHE)AZ))
> RMSE3_out=sqrt(mean((pred3-df_test$FTHG)AZ))
> RMSE[3,]=c(RMSE3_in=RMSE3_in, RMSE3_out=RMSE3_out)
> RMSE
In-Sample Out-Sample
Poisson Regression 1.6005194  1.629906
Decision Tree 0.9664387  1.128384
Rendom Forest 0.491449  1.06729¢

3

‘ 7
/ il N

When we add these engineered feature, when we add this engineered feature, ok. We found
that Poisson Regression is doing even better than Decision Tree and random forest. But if you
do not add this engineered feature then; obviously, it is just fitting a simple hyper linear line |
mean linear hyper plane, basically straight line in two dimension and obviously, it is not

doing very poorly compared to decision tree and random forest.

So, in my opinion you have to try all kinds of model with feature engineering and then you
have to apply stepwise selection and dimension model dimension reduction technique and

come up with a more parsimonious model and eventually you will see.

And effectively it is very difficult to say in my experience which model will be the best, there

is no uniformly best model, in my experience you should try to fit all the models and see



which model gives you the best fit. So, with this I will stop here and see you in the next week,

next lecture.

Thank you very much see you.



