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

Lecture - 22
Hands on with R Part -5

Welcome back to last part of lecture 6. And in this part, we will do some Hands on with R.

And let me just you know try to share with this stuff.
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Regression classification

1

2 ## Lecture 6 Part c pred_class Factor w/ 3 levels "c","s"..
3 ## We continue with previcus week's hands-on prior.prob Nomed num [1:3] 0.333 0.33..
4 I remain 381357

5 data:reud.csv(’thennm,ﬂ%,zmzﬂudms.csv',header:T] RMSE_m2  1.37801871218586

6 str(data) species  chr [1:3] "setosa" "versic..
7 datastime=as.Date(datastime, format="%d-%n-%Y") species_c.. chr [1:3] "blue" “red" "br..
8 str(data) Tot 508476

9 e

10 plot(datastime 1:(3*365)],datadtavg[1: (3*365)]
1 xlab='

i ,ylab="ovg temp',pch=20)

13 n=nrow(data)

14 data$tms=1:n-mean(1:n)

uuuuu

R AL
[1] 127119
> remain
[1] 381357

> 381357-200000
[1] 181357

> 381357 -(180000)
[1] 201357

>

So, this is and this is the quote that I already have shared with you in the lecture material part
that we are using Chennai, 1990 we have done some work with the data, this data set. And in
this data set, what we have done is we have we tried to fit simple sine cosine kind of I mean

some regression model with sine cosine Fourier engine term or engineer term.



So, let us start with this. We have this data. Say, let me just first clean the environment, that

will help you.
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i Regression classification
Lecture 6 Part ¢

We continue with previous week's hands-on

5 data=read.csv('Chennai_1990_2022_Madras.csv',header=T)
6 str(data)

7 data$time-as.Date(dataStime, format="%d-%n-%Y")

8 str(data)

9
10 plot(datastime[1:(3*365)],datadtavg[1: (3*365)]
11 ,xlab=""
12 ,ylab="ovg temp',pcn=20)

13 n=nrow(data)

14 data$tms=1:n-mean(1:n)
o Wptew:
Comole Temind © Comple D8+ Resder kg o
R RAL2 . [Dovma Techng tegessn s s TS

> data=read. csv('Chennai_1990_2022_Madras. csv' ,header=T)

> View(data)
>

R
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> data=read. csv(' Chennai_1990_2022_Madras. csv', header=T)
> View(data)
>

So, first, so this is the data set that we have. We have seen this before, last week.
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Data
data 11894 obs. of 5 variables

1 ## Regression classification

2 ## Lecture 6 Part c

3 ## We continue with previous week's hands-on
4

5

data=read. csv( ' Chennai_1990_2022_Madras.csv',header=T)
str(data)

7 hataitine:as‘Date(datastlme,formatf”%d—%m—%Y")

8 str(data)

S

10 plot(dataStime 1:(3*365)],datadtavg[1: (3*365)] QiNewfode O NevBlnkfie - O Delae o Renme Mot -
" el  Tchng  Resresion nd Clsfcatn  NTEL) ek 3 it §
1 ,xlab= e Sm adied
12 ,ylab="ovg temp',pcn=20) L
P 5 cmi-chenljpg 43K el 215,903
13 n-nrow(data) e
14 data$tms=1:n-mean(1:n) 2 Reg Gl ect 6 gt 15696
7 et : Rt () ©) R Css Lok fan s i
ool Temind © | CompleOF © Resde - Bchgound o o5 7RGt e
R R4.2.2 - ~/Dowrioads Teachingkegression_and_Clssifcator NPTEL) 9 Reg Qs 2K
ol ik O Req Cliss_ie 26K8

> str(data)
'data.frame': 11894 obs. of 5 variables:

§ time: chr "01-01-1990" "02-1-1990" "@3-1-1990" "04-01-1990" ...
§ tavg: nun 25.2 24.9 25.6 25.7 25.5 24.7 25.4 25.6 24.8 24.7 ...

§ tmif: num 22,8 21.7 21.4 NA 20,7 NA 23.3 22 21.7 20.7 ...

§ tmax: nun 28.4 29.129.8 28.7 28.4 26.1 27 28 28.529 ...

$precp: nun @.500000.5180500 ...

>

Now, the structure of the data set is everything is numeric but time was taken as character. So,

we convert it into time and now you have this as a date format.
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1 ## Regression classification 0o SIS
2 ## Lecture 6 Part c Data
3 ## We continue with previcus week's hands-on odata 11894 obs. of 5 variables
4
S data=read. csv('Chennai_1930_2022_Madras.csv',header=T)
6 str(data)
7 data$time=as.Date(dataStime, format="%d-%n-%Y")
8 str(data)
9 s o dag Wb Vs Posoaton -0
10 plot(dataStime 1:(3*365)],datadtavg[1: (3*365)] Prom | Booon- 0 | & P
1 xlab=""
12 ,ylab="avg temp',pch-20)

13 h:nrow(data)
14 datastms=1:n-mean(1:n)

11 (gl t

Contole Termind - Complle OF

> plot(dataStime[1:(3*365)],data$tavg[1: (3*365)]
+ ,xlab=""

+ ,ylab="avg temp',pch=20)

> plot(dataStime[1:(3*365)],data$tavg[1: (3*365)]
+ ,xlab=""

+ ,ylab="avg temp',pch=20)

>

avg temp




Then, now we plot this. Now, it is the data set. We have 118895 data points.
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4 Terminal > Data

S data=read.csv(' Chennai_1990_2022_Madras.cs esgreund Jobs > .

6 str(data) Addns > data 11894 obs. of 5 variables

7 datastine-as .Date(datastine, format="%d-%- """ 4 Values

8 str(data) Kayboard Shorcuts Help n 11894L
Moty Keyboard Shetcuts..

9 EditCode Snigpels.

10 plot(datastime[1:(3*365)],datadtavg[1: (3*3 showCommend paiete

1 ,xlab="" Frject Opiors.

12 ,ylab="ovg temp',pch=20) T fes Hors =0

¥ p P

13 n=nrow(data)

14 data$tms=1:n-mean(1:n)
15 omega=2*pi/365

16

split the data into troin and test

Comae | Tumind | ompie 18 ¢ | e | cigond s =
R 422 st g Chsta T

+ ,ylab="avg temp',pch=20)

> plot(dataStine[1:(3*365)],datastavg[1: (3*365)]

+ ,Xlab=""

+ ,ylab="ovg temp',pch=20)

> n=nrow(data)

>n

[1] 11694

>

avg temp
22 24 26 28 30 32 34

Let me increase the font size a bit. You go to tools, you go to global options, then appearance

(Refer Time: 02:25) maybe zoom 200 percent and apply and ok, right.
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4 ' #- 1) Geba o -
: " Data
5 data=read. csv('Chennai_1990_2027 Madnac reit handan T2 )
6 str(data) i = ! 11894 obs. of S variables
o e . I
7 dataStine-as.Date(dataStime, for ' [wewn 3 # plotting of R objcs
8 str(data) [ zon, plot <- function (x 11894L
9 o o (s o if (is.function(x.
10 plot(dataStime[1:(3+365)]  datad T ooy ‘ is.nullCattrG;
1 ,xlab="" FansLvour | (® {
1 ,ylab="cvg temp',pcn=20) || 1 meas |G A (isSINgCY)) o | mcupe e | vere | Psatn =
13 n-nrow(data) @ hdon || cvre y < NULL Ban | Beson- 0 { 5
oo
14 data$tms=1:n-mean(1:n) Ao || chod o )
15 omega=2*pi/365 65 sy | o # check for ylat
% 90=cp el hasylab <- funci
7 wem | b Tal1(is.naC .
m].?\yumr“i;nlif the data into troin ar|@ cusw o pnat.ch(nanes hi
Conoh | Termind * | ComgPOF * | Rendes | Bhqroud obs % puishg "ylob' H

R RA22 /Dot T leresionnd Casictn/NTEL Wt w" iF ChasylabC M
=5, O — 1t (hasylab(....
+ ,ylab="ovg temp',pch=20) O A plot. Functioni |

> plot(dataStime[1:(3*365)],datastav

+ ,xlab="" else

+ ,ylab="avg temp',pch=20) ok ) cnn ) [ Ay

> n=nrow(data) 4
>n

[1] 11894

>




(Refer Slide Time: 02:42)

& Rswdo Fle Edt Cofe Viw Pbts Sessin Buld Debig Profle Tools Wndow Help EG B Cm = Qg D Mo &
I NPTEL - doc_update - RStudio | H \E
= 7N F
SCTE | 5 e fwme - 4
O |Reg_Class Lect 6 Pan_ck an =" nvionment History Cennsctions Git  Tutorial =0 NPAEL
Filter 3 #impot Duaset +  * 116MiB + st
* time. Gvg  tnin  tmax  prp R+ Gobal Envdronment «
1 19%0-01-0: 52w B 5 Data
T VI TI :
I T T T data 11894 obs. of 5 variab..
oo 057 w1 %
Values
s ones ms w7 w4 w0
6 1090006 47 H1 05 n 11894L

TS0l IS4 B3I 20 10
§ 0008 6 20 B0 08
s 190109 48 27 B/S 00
19000 47 B2 B0 00
090N M5 00 B/S 00
2 9-0.R B8 180 B4 00
Bowwon 31 w1 A3 0
W oN0el B9 U W8 00
150001 B3 74 WS 00

16 19900116 B3 180
Showing 10 16 of 11834 entes, ol colurms

Fles Plots Pickages Wep Viewr  Prseston B

Poon Eegme 0 f % Pblin

Console  Termnal - CompilePDF - Render - Background jobs -
R et e e eI s e e
+ ,xlab=""

+ ,ylab="avg temp', pch=20)

> n=nrow(data)

>n

[1] 11894

> View(data)

>

avg tomp

22 24 26 28 30 32 34

And then what we are doing, we are creating another data set another column. So, there is a
time t, average temperature, minimum temperature, maximum temperature and precipitation,

right.
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1w .+ % GobuEnronmnt +

17 ## split the data into train and test Data
18 data_train=subset(data,tine<=as.Date("2015-12-31","%Y-%m-%d") dato 11894 obs. of 6 variab

a4 tail(datatrain) dato_test 2398 cbs. of 6 varicbl..

2 i
21 data_test-subset(data, tinesas.Date("2015-12-31","kY-n-gd")) °¢ato-Era 3496 cbs. of & variabl..
22 head(data_test) alues

3| n 11894

24 Fles Plots Pickiges Hep Viewsr Presestation -0

Pwon Zepme 0 f % hblin

25 ## Fit the model 1

26 modl = Im(tavg~tms+sin(omega*tms)+cos(omega*tms)
27 ,datu:da}:a_train)

28 sumnary(iod1)

Console

CompilePOF + ender - Background obs ]

R RAL2 - ~{Downlaads Teachng Regresion_and_Cassiatio /NEL]

> data_test=subset(data, time>as.Date("2015-12-31","%Y-%m-%d"))
> head(data_test)
time tavg tmin tmax prcp  tms
9497 2016-01-01 26.3 21.2 30.2  NA 3549.5
9498 2016-01-02 25.8 20.6 31.0  NA 3550.5
9499 2016-01-03 25.9 19.6 32.0  NA 3551.5
9500 2016-01-04 26.6 20.5 32.0  NA 3552.5
0501 701A-A1-05 76 1 20 § 31 3 NA 3883 §

avg temp

22 24 26 28 30 32 34

Now, I am creating a new column omega, ok. Now, after creating column, you can see that
what we have done. I have subtract the average time; just location, I just shift the location and
then I split the data into train and test. So, any data before 31st December 2015, I have used it

as train data.

And if you just put a tail, so you can see the last value is of the train data is 31st December
2015. And any data before after 31st December 2015 is test data. So, I am just plotting the
first few rows. So, from 1st January 2016, we are going to use it as test data. So, then we fit

first model, ok.
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22 head(data_test)

23

24

25 ## Fit the model 1

26 modl = Im(tavg-tms+sin(omega*tms)+cos(omega*tms)
27 ,data=data_train)

28 lsu;nmary(modl)

29 data_train$fitted.values=NA

30 data_train[rownanes(mod1Smodel), 'fitted.values']
3

2

33 plot(data_traindtime[1:(3*365)],data_trainStavg[1:(3*365)]

a1 Toplewi:
Console  Termnal - CompilePDF - Render - Background jobs.

G0 e o e ) -

9499 2016-01-03 25.9 19.6 32.0  NA 3551.5

9500 2016-01-04 26.6 20.5 32.0  NA 3552.5

9501 2016-01-05 26.1 20.5 31.3  NA 3553.5

9502 2016-01-06 26.4 20.5 31.0  NA 3554.5

> modl = Im(tavg~tms+sin(omega*tms)+cos(omega*tms)
+ ,dato=data_train)

>

)
U}
L MTE - 3. 47 4
fEnvironment  History  Cennections  Git  Tutarial =0 NPTEL
" #inpotDitaset - * 1278+ of st s

R () Gobal Environment =

Data

data 11894 obs. of 6 variab..
dato_test 2398 obs. of 6 variabl..
dato_tra.. 9496 cbs. of 6 variabl..
mod1 Large Im (13 elements,..
Values

Fles Plos Pickages Wep Viewr  Prsesaton B
Pwon Bopn- 9 % Pblisn -

avg temp
22 24 26 28 30 32 34
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Sowrceonsave A /'« SR S» Source + “d #import Dutaset + - * 127mi8 + List »
26 modl = m(tavg~tms+sin(omega*tms)+cos(amega*tms) SN G Er Ay
2 ,data-data_train) Data
28 summary(mod1) data 11894 obs. of 6 variab..
29 data_train$fitted.values=NA dato_test 2398 obs. of 6 variabl..
30 data_train[rownames(mod1$model), 'fitted.values'] = mod1$fitte odato_tra. 9496 obs. of 7 variabl..
31 mod1 Large 1m (13 elements,..
32 Values
33 plot(data_train$time[1:(3*365)],data_trainStavg[1:(3*365)] 1 nes ruos Hep viwer prsonaton -0
34 ,pch=20, col="grey"',xlab="",ylab="avg tenp') 2 oon Hopn- @ % bl -
35 lines(data_trainitime[1:(3*365)],data_trainsfitted.values[1:(
36 ,col="red" ,1nd=2)
37

31 (opLewl . RSl £

Conole Termnal - CompileDF - Render - Background Jobs -

R R422 Dol T s ey . _ e ; 4 / N /\
alues 5 &

> plot(data_train$time[1:(3*365)],data_train$tavg[1:(3*365)] é R /

+ ,pch=29,col="grey" ,xlab="",ylab="avg temp") 5

> lines(data_train$time[1:(3*365)],data_trainsfitted.values[1:(3*3 |

65)] T T T
+ Jcol="red", lud=2) L L
>

And this is the first model that we fit it. You can see with one that we did last week this
model we fitted last week. Then, we created took the fitted model, fitted values and plot the

fitted values through the average temperature.
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data 11894 obs. of 6 variab..
data_test 2398 obs. of 6 variabl..

Cosole Termnal - ComplePDF - Render - Background Jobs =8
R R4.L2 - ~ Downlaads/Teachng Regresion and_Cassfiator /NFTEL

Estimate Std. Error t value Pr(>Itl)

(Intercept) 2.840e+01 1.404e-02 2023.435 <2e-16 .

tns 3.0860-05 4.704e-06  8.474 <le-16 data_tra.. 9496 obs. of 7 variabl..

sinorega * tns)  2.889e400 1.820e-02 158.729 <Ze-16 modl - Large In (13 elements,..

cos(omega * tms)  1.199e+00 1.822¢-02 65.798 <Ze-16 mod2  Large lm (13 elements,..

sin(2 * omega * tms) 2.187e-01 1.822e-02 12.005 <2e-16 sum Large summary.1m (12 e..

cos(2 * omega * tms) 7.450e-01 1.820e-02 40.935 <2e-16 fies Plos Pckages Wep Views Psetaton -0
P oon Bopne O f 4% Publish

(Intercept) b

tms *kx

sinComega * tms) i 1

cos(omega * tms) *x
sin(2 * omega * tms) **x
cos(2 * omega * tms) ***

Signif. codes: @ “***’ 0.001 “**’ 9.01 *’ 0.65 . 0.1 “ ’ 1

avg temp
22 24 26 28 30 32 34

Residual standard error: 1.253 on 9463 degrees of freedom .
(27 observations deleted due to missingness) 1690 1991 1692

Multiple R-squared: 0.7684,  Adjusted R-squared: 0.7683

_F-statistic: 6281 on 5 and 9463 DF, p-value: < 2.2e-16

Then, we fit the second model, ok. And what we are seeing that what we are seen the second
model with sin 2 omega type t plus cos 2 omega t, they are all significant and name various

fitted model, fit the model.
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8 omod2  Large m (13 elem..
49 plot(data_trainstime,data_trainitavg ;S{‘m Large sumary.ln .
50 ,pch=20, col="grey") aiies
51 lines(data_trainitime,data_trainsfitted.values n 11804L
52 Jcol="red" | 1nd=2) omega  0.01721420632104

signa 1.25277865557744

D] e O o [Lem) oot Qi

54 plot(data_trainStime[1:(10*365)]

55 ,data_traingtavg[1:(10%365)] *2 1 hon (o 1911€ 2
56 ,bch=20, col="grey",ylab="temp avg')
57 lines(data_trainitime[1:(10*365)]

58 ,data_trainsfitted.values[1:(10*365)]

S11 (TopLevl 2

35

Rcrpt £

]
Vg

Console Termnal - CompilePOF « Render  Background obs

30
L

R R4.2.2 - ~{Downloads Teachng Regresionand_Cassficatir /NFTEL] X

> data_train$fitted.values=NA
> data_train[rownames(mod2$model), ' fitted.values'] = mod2$fitted.values

> plot(data_train$time,data_troinstavg

+ ,pch=20,col="grey")

> lines(data_train$time,data_train$fitted. values J ! !
T 100 195 2000 2005 2010 2015

+ ,col="red",lwd=2)

> date_trair§time

data_train$ta

25

L



(Refer Slide Time: 05:24)

NNNNN

T T T T T
19¢0 1995 2000 2005 2010 215

Then, so this is sort of a let me just know. So, this is you can; so, every year we have some
kind of sine cosine behavior. This is kind of expected. At the same time, it is kind of going

up. We can see there is an increasing trend, model is picking up a increasing trend.
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And we just here we just plotted the first 10 years from 1990 to 2000. And so, here is the first

10 years average expected behavior.
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And then, if we just we have a 95 percent confidence band as well, ok.
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Now, and this is the from 2000 to 2010, ok.
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Now, we are going to add why we are only going to stop at 2 omega and cos 2 omega. We

can in add as many cases as we want. Say may be up to 7 omega or 8 omega, ok 4, 4.
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So, I am adding as many engineered feature as possible and I am not worried about over

fitting much because I have too many datas, almost 11000 data points I have. So, I am not

worried, ok. So, let me just try 7 Fourier terms.
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And then, let us see, we can see that there are some Fourier terms like cos 5 omega is not
significant. Actually, in fact, after 3 omega onwards the significance has dropped to an extent
though sin 6 omega does have a effect, but cos 6 omega 7 omega they do not have a effect.

You can even try few more, if you want know never know. If in case there are some higher

things 9, 9. So, this is yeah.
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So, yeah from 5, 6, 7, 8, may have, but 9; 8, 9 they do not have much effect. So, what we will

do? We will is; we do not want to keep the keep growing the model size, ok. And if we do

that we will see that there might be eventually over fitting which is happening.
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So, what we will do? We will keep this model, then the same time we will fit another model
for model 4, model 4 and we will apply step wise variable selection on the model 3. So, if we
just, you see it just fitted these models, so these models were fitted, ok. So, yeah here, from

here.

So, this is the model that was fitted with this AIC, and then this is the model that was fitted,

and eventually, it settled down to a model and let us see what was that.
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sin(omega * tms) 2.889e+00 1.796e-02 160.908 < 2e-16 *** signa  1.25277865557744
cos(omega * tms) 1.200e+00 1.798e-02 66.732 < 2e-16 *** s veu [Pt o] s et
Sin(2 * omega * tms) 2.191e-01 1.797e-02 12.191 < Ze-16 *** Boo | Beon-19 14 s
cos(2 * omega * tms) 7.451e-01 1.7968-02 41.494 < 2e-16 ***
sin(3 * omega * tms) 1.985e-01 1.796e-02 11.048 < 2e-16 ***
cos(3 * omega * tms) -9.203e-02 1.796e-02 -5.123 3.06e-07 *** 9 |
sin(4 * omega * tms) -9.790e-02 1.796e-02  -5.449 5.18e-08 ***
cos(4 * omega * tms) -6.762e-02 1.796e-02 -3.765 0.000168 *** .
sin(5 * omega * tms) 7.195e-02 1.797e-02  4.004 6.27e-05 F** §°]
sin(6 * omega * tms) -8.558e-02 1.796e-02 -4.765 1.91e-06 *** H
sin(7 * omega * tms) -3.007e-02 1.7982e-02 -1.673 0.094435 . &
sin(8 * omega * tms) -9.791e-02 1.796e-02  -5.452 5.12e-08 ***
sin(9 * omega * tms) -3.035e-02 1.797e-02  -1.689 0.091227 . — T T
* tns) -2.945e-02 1.796e-02 -1.639 0.101146 200 2002 2004 2006 2008 2010
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tms 3.998e-05 4.642e-06  8.615 < 2e-16 ***
sinomego * tms) 2.88%+00 1.796e-02 160.908 < 2e-16 ***
cos(omega * tms) 1.200e+00 1.798e-02 66.732 < 2e-16 ***
sin(2 * omega * tms) 2.191e-01 1,797e-02 12,191 < 2e-16 ***
cos(2 * omega * tms) 7.451e-01 1.796e-02 41.494 < 2e-16 ***
sin(3 * omega * tms) 1.985e-01 1.796e-02 11.048 < 2e-16 ***
cos(3 * omega * tms) -9.203e-02 1.796e-02 -5.123 3.06e-07 ***
sin(4 * omega * tms) -9.790e-02 1.796e-02 -5.449 5.18e-08 ***
cos(4 * omega * tms) -6.762e-02 1.796e-02 -3.765 0.000168 ***
sin(5 * omega * tms) 7.195e-02 1.797e-02  4.004 6.27e-05 ***
sin(6 * omega * tms) -8.558e-02 1.796e-02 -4.765 1.91e-06 ***
sin(7 * omega * tms) -3.007e-02 1.798e-02 -1.673 0.094435 .
sin(8 * omega * tms) -9.791e-02 1.796e-02  -5.452 5.12e-08 ***
sin(9 * omega * tms) -3.035e-02 1.797e-02 -1.689 0.091227 .
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cos(9 * omega

_Cinnif rndace D GKEKT QAR K2 DA KT A0S ¢ A1 ¢ 2

,,,,,4,%
o

£ - o

[ Envirenment  History Commedtions Gi  Tutorial =0 PEEEE
T imgonDaset » * 3s1mE + ff List »
R+ T Global Envronment +
smod4  Large 1m (14 elem..
>sum Large summary.lm ..
Values
n 11894L
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So, I can just copy and paste it here, and I taking some summary. So, it has drop the cos terms

and keep only the sine terms that has effect in the model though it is it did not throw away the

cos 9.
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Estinate Std. Error t value Pr(>Itl) 7
(Intercept) 2.840e+01 1.385e-02 2050.855 < 2e-16 ***
tms 3.998e-05 4.642e-06  8.615 < 2e-16 *** T T T

2000 2002 2004 2006 2008 2010

sinComega * tms) 2.889e+00 1.796e-02 160.908 < 2e-16 ***
cos(omega * tms) 1.200e+00 1.798e-02 66.732 < 2e-16 ***

So, we can actually; that means, we can add few more terms.
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And let me try this and so yeah looks good, right.

(Refer Slide Time: 11:16)

@ Rstucio fle Edt Coe Viw Phts Sesson Buld Debig Profle Toos Wndow Help HBGB Cm = Qg D vonhnioasan o
0 NPTEL - doc_update - RStudia } g \’§
»
0. o e v e s 1w . 1‘@.;
O ]Req. s Lec 6 Parca 1 Eniroment Hisory Comedions Gt Tuoral (] Ll
SourceonSave 4 /v R 4 Source + - SimgortDaiset + * 616MB + § List =
uu v R+ ) Clobal Environment +
7
8 mod3  Large 1m (13 elem.

88 mod4 = step(mod3)
89 bun = surnory(iod4)
90 sum
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95 data_testSpred = NA

96 data_testSpred = predict(modl,nendata = data_test )

97

98 ## Qut-sample accuracy 8

81| (TopLewh Rscrpt

mod4  Large lm (14 elem.
sum Large summary.lm ..
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Cosole Termnal - CompilePDF - Render - Background Jobs al

R R4.2.2 - -iDormbadsTechng Regreson,andCas alor /NPT L
- tms 1 113 14540 4093.2
- sin(3 * omega * tms) 1 187 14614 4140.8
- sin(2 * omega * tms) 1 227 14654 4167.1
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1
1

avg temp
Y

25
L

- cos(omega * tms) 6804 21231 7677.6 L
- sin(omega * tms) 39559 53986 16514.7 Aecdg 204 me A A

And then let me just run this stepwise forward section, and see just run and let me just write.
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sin(5 * omega * tms) 7.201e-02 1.796e-02  4.009 6.15e-05 ***
sin(6 * omega * tms) -8.564e-@2 1.795e-02 -4.771 1.86e-06 ***
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avg temp
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So, now it has completely drop the 11th Fourier term and it stopped at 10th Fourier term. So,
we can just stop at here. So, we can just. Now, what we will do? We will do the prediction.

So, first we will do prediction and we will calculate the out of the sample accuracy.
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102 data_testSpred = predict(modZ,newdata = data_test )
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104 o |
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Console  Termnal - CompilePDF - Render - Background jobs. all
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(27 observations deleted due to missingness) g
Multiple R-squared: ©.7751,  Adjusted R-squared: ©.7747 ® N
F-statistic: 2036 on 16 and 9452 DF, p-value: < 2.2e-16 87
5 cacactestiprod;s A z;no zo‘oz zr;: zoloa zr;ca zol 0
> dato_testdpred = predict(modl,newdata = data_test ) ¢ !
>

So, in the test, we are creating prediction and here is the out of the sample accuracy and then

we will do. So, what was the RMSE? So, 1.5 ¢ for the first model. Then, if we do prediction

for the second model and I may see would be 1.37.
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ata_testSpred = predict(mod2,newdata = data_tes
3 data_t.. 2 bs. of 7 va..
103 RMSE_m2 = sqrt(mean((data_testSpred-data_testStavg)/2)) ato_t., 2398 obs. of 7 va
data_t.. 9496 obs. of 7 va..

104
105 data_testSpred = predict(mod3,newdata = data_test )
106 RMSE_m3 = sqrt(mean((data_test$pred-data_testStavg)2))

modl  Large Im (13 elem..
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107
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109 data_testSpred = predict(mod4,newdata = data_test ) Flks Hots Padages Welp Vewer frewnuien
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11
112 plot(data_test$time,data_test$tavg
113 ,pch=20,col="grey' ,xlab="test data',ylab = 'avg temp') 2

: sap

108 (Top

Console CompilePOF - Render - Background Jobs

R RA22 - -DowlnsTxchgietsion an Cascalr T
[1] 1.378019

> data_testdpred = predict(mod3,newdata = data_test )

> RMSE_m3 = sqrt(mean((data_test$pred-data_test$tavg)A2))

> RMSE_m3 I

[1] 1.38013

> data_testIpred = predict(rod4,newdata = data_test )

> RMSE_m4 = sqrt(mean((data_test$pred-data_test$tavg)A2)) )

Lo DMET A

avg temp

T
2000 2002 2004 2006 2008 2010

Now, if we do the same thing for the third model, let us done that and the RMSE 3 is 1.38.
Now, you can see that RMSE has gone up because we have added too many models. So, that
we can see too many Fourier term, too many engineered term. And as a result, you can see
that there are some over fitting tendencies being picked up, and then, we have the step wise

selected, for selective model.

So, from there if we calculate the RMSE out of the sample RMSE is 1.379. So, this is where

it is stopping.
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108 data_t.. 2398 obs. of 7 va.
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> RMSE_m2 = sqrt(mean((data_test$pred-data_test$tavg)r2))

> RMSE_m2

[1] 1.378019 81

> data_tesBpred = predict(rod3,newdata = data_test )

> RMSE_m3 = sqrt(mean((data_test$pred-data_test$tavg)A2)) g g4

> RMSE_m3 H

[1] 1.38013 . {
> data_testIpred = predict(mod4,newdata = data_test ) S

> RMSE_m4 = sqrt(mean((data_test$pred-data_test$tavg)r2))

T T LI B —
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> RMSE_m4
[1] 1.379721

>

So, either we can go for 4th model or we can go for because end of the day the simpler 1.378.
The simpler say second model with 2 sine cosine Fourier transform has a lower RMSE than a

bigger more complex model, even if after doing a stepwise selection.
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mod2  Large lm (13 elem..

112 ¢!
113 mod3  Large lm (13 elem..
114 modd  Large Im (14 elem.

123 (opleve) RSot:  Fles Pots Padages Help Viever Pressmutin )

Console  Termnal - CompilePDF - Render - Background Jobs =0 A2om | Hbpon - © | %
® R4.2.2 . ~Dommluts Techng Regresionand Css sl NITE

> RMSE_m2 = sqrt(mean((data_test$pred-data_test$tavg)r2))

> RMSE_m2

[1] 1.378019

> data_testdpred = predict(mod3,newdata = data_test )

> RMSE_m3 = sqrt(mean((data_test$pred-data_test$tavg)A2)) g g4
> RMSE_n3 2
[1] 1.38013 °

25
L

> data_testIpred = predict(rod4,newdata = data_test )

> RMSE_m4 = sqrt(mean((data_test$pred-data_test$tavg)r2))
> RMSE_m4

[1] 1.379721

>

So, if I have to choose out of these 3, I will go for the second model. So, if I have to let me
just you know let me just is equal to RMSE 1, RMSE 2 equal to RMSE 2, RMSE 3 equal to
RMSE 3, RMSE 4 equal to RMSE 4, ok. So, clearly, if I just say RMSE is this and which dot

min of RMSE; clearly the second one is the RMSE m2, second model has the maximum

minimum RMSE.
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LIEIE 12 [ 5o o Adds - 5w - F

© |Req_Class Lect_6 Pan_ck* 7 Environment History Comnections Gt Tutorial =0 L
sowceonsan | Q o R 2 bl | Pimponaser | 259M8+ f S use

e & 1 Pronne

m modd  Large Im (14 elem..

112 RMSE~c(RMSE_n1-RUSE L RISE n2-RHSE _n2, RUSE n3-RHSE_n3 RUSE IT4-RSE v (arge sumary. Ln .
113 which. min(RUSE)

i Values
n 11894L
EZ oty @on) onega  0.0172142063210¢
117 RMSE  Named num [1:4] 1...
1141 (Top Leve) RSCU: Filks  Pots Padages Welp Viewer fresnution ()
Corsole  Termnal - CompilePDF - Render - Background jobs. -f Prom Hbpon« O £
R R4L: Dol Txbogesion i Co st TR
Min 1Q Median 3Q Max

-7.8036 -0.7498 0.0448 ©0.8411 5.1912 o]
Coefficients:

Estimate Std. Error t value Pr(>Itl) g 8-
(Intercept) 2.840e+01 1.404e-02 2023.435 <2e-16 *** g
tms 3.986e-05 4.704e-06  8.474 <Ze-16 *** g
sin(omego * tms) 2.88%e+00 1.820e-02 158.729 <2e-16 ***
cos(omega * tms) 1.199¢+00 1.822e-02 65.798 <2e-16 ***

sin(2 * omega * tms) 2.187e-01 1.822e-02 12.005 <2e-16 *** 200 2002 2004 2006 2008 2010
cos(2 * omega * tms) 7.450e-01 1.820e-02 40.935 <2e-16 *** |

L

So, even if after doing the statewise selection, significant dimension reduction, the model is

still complex and doing some bit of over fitting perhaps. So, we can do summary of mod 2.
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Source on Say /. #Run 9% bSource + 3 “imgortDauset + * 199M8 +  § List +
Lao Ui yuiouc / Re & Gl vronmen -
116 . A data_t.. 2398 obs. of 7 va..
117 data_testSpred = predict(mod2,newdata = data_test ) data_t.. 9496 obs. of 7 va
118 plot(data_testStime,data_test$tavg dl_ Larce 1 - a3 el
119 ,pch=20, col="grey" ,xlab="test data',ylab = 'avg temp') o drge_n £ en.
120 lines(data_testStime,data_testSpred mod2  Large Im (13 elen.
121 ,col:'r‘eb',lwd:Z) mod3  Large Im (13 elem.
122 mod4  Large Im (14 elem.
21| Tap e Ricor: | rks | Fou | Padases fop | Vewr el 0]

- Prom Hbpon« © %

Corsole Termnal - CompilePDF - Render - Background Jobs
R R4.L2 - ~ Downlaads Teachng Regresion and_Cassfiato /NFTEL

Residual standard error: 1.253 on 9463 degrees of freedom
(27 observations deleted due to missingness)

Multiple R-squared: @.7684,  Adjusted R-squared: 0.7683

F-statistic: 6281 on 5 and 9463 DF, p-value: < 2.2e-16

> data_test$pred = predict(mod2,newdata = data_test )
> plot(data_test$time,data_test$tovg

avg temp
22 24 26 28 30 32 34 36
N
PR
_an ot

* ,bch=20,col="grey", xlab="test data',ylab = 'avg temp') |
> lines(data_testStine,data_testSpred T
+ ,col="red",lwd=2) 16 I 0
> fes! data

So, we can look into the parsimonious model. This is our parsimonious model. Perhaps, we
just be happy with this. We just take this line and run once more. With this, we want this and

sigma, only the sigma of this, correct sigma for this model. We have to just go up.
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115 summary(mod2)

116

117 data_testSpred = predict(modZ,newdata = data_test )

118 signa = surSsignd

119 plot(data_test$time,data_teststavg

120 ,pch=20, col="grey" ,xlab="test data',ylab = 'avg temp')
121 lines(data_test$time,data_testSpred

197 ral-"red" Twd-21
11818 o Lev)

Consoe Termmal - ComplePF - Render +  Background Jobs
R R4.22 -~ Downuads Techng Regresion andCass o NFTEL

Residual standard error: 1.253 on 9463 degrees of freedom
(27 observations deleted due to missingness)

Multiple R-squared: @.7684,  Adjusted R-squared: 0.7683

F-statistic: 6281 on 5 and 9463 DF, p-value: < 2.2e-16

> data_testdpred = predict(modZ,newdata = data_test )

> plot(data_test$time,data_test$tovg

+ ,pch=20,col="grey",xlab="test data',ylab = 'avg temp')
> lines(data_test$tine, data_test$pred

+ ,col="red",lwd=2)

>

Source +

Rscrpt

£ -
Enironment Hsory Comeaions Gt Tuoral ()

7 PmgonDauser + " 139m8 + f Ust »

R Gt Envronner +
odata_t.. 2398 obs. of 7 va..
»data_t.. 9496 obs. of 7 va..

omodl  Large 1m (13 elem.
omod2  Large 1m (13 elem..
omod3  Large Im (13 elem..
omod4  Large 1m (14 elem.

Fis | s | Pacages | b | fewwr | oot (B

Proam Hopon - € f %

avg temp
L N

22 24 26 28 30 32 34 36
L

216 2018 2020 2022

fes| data
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,col="red",1nd=2)

atun | 0%

122
123
124 1ines(data_testitime,data_testépred-1.96*signa
125 ,col="brown', lwd=2, 1ty=3)
126 | .
127 lines(data_testStime,data_testSpred+1.96*signa

128 ,col="brown", wd=2, 1ty=3)
131 oo
Corsole  Termnal - CompilePDF - Render - Background jobs.

R R4..2 ~Dowlost Techng Regresionand Css i NITEL!
Multiple R-squared: ©.7684,  Adjusted R-squared: 0.7683
F-statistic: 6281 on 5 and 9463 DF, p-value: < 2.2e-16

> data_testdpred = predict(mod2,newdata = data_test )

> plot(data_test$time,data_test$tavg

+ ,bch=20,col="grey" ,xlab="test data',ylab = 'avg temp')
> lines(data_test$time,data_test$pred

+ ,col="red",lwd=2)

> signa = sum$signa

> lines(data_test$tine,data_test$pred-1.96*sigma

+ ,col="brown' , Iwd=2, 1ty=3)

>

source +

Rcrpt =

Endronment Histry Comectons G Tuoral
F 1 PimgonDauser +
R+ Clebal Envronment +

RMSE
RMSE_m1 1.,50204024894461
RMSE_m2 1,37801871218586
RMSE_m3 1.38013016515711
RMSE_m4 1,379720912631

signa  1.23545106466929

Fles Pots Padkages Help Viewer
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taoms e o st

Named num [1:4] 1...
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avg temp
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So, now if we just look into this, so this is our final out of the sample performance from 2016
to 2022. Now, here is one self-assessed assignment for you guys use this model and can you
find what would be the temperature of Chennai, average expected temperature of Chennai in
January in year 2033, that is 10 years from today. In January, say 30th January, what would be
the expected temperature? Can you with this kind of confidence interval can you figure that

out?
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And if, what is the expected temperature and in the 30th January on 2023, and how much
increase you are observing. Can you do this self assessed exercise and let me know that what
is your findings? That will be really fun exercise. And I think that will be we all want to know

that, the answer to that question.

Thank you very much. See you in the next lecture. Bye.



