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

Lecture - 16
Hands-on with R Part-4

Welcome back to the part C of lecture 4. This part we are going to discuss the hands on, we

are going to do some hands on of fitting linear models with feature engineering etcetera.
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So, for this we are going to use the weather data of Indian cities from the Kaggle. I am going
to share this data, this website this thing this page with you guys, as well as if you I am going

to share the data. So, we are going to use the data for Chennai, you can try the same thing

with other cities as well.
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So, here is all the data sets are available. So, we are going to use the Chennai data set. The

data set is available from 1990 to 2022, ok.
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Type "deno()' for some demos, 'help()' for on-line help, or
'help.starz()' for an HTML browser interface to help.
Type 'q()" to quit R.

>
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So, what we will do? We will first start R studio, ok. And in the R studio, first thing we will

open is R script and an R markdown file, in the file, R markdown file.
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In the R markdown file, we will first write that hands on for lecture 4. We will choose PDF;

we do not need, ok.
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1_1990_0¢Z_Madras. csv',header = |)
> Vien(data) am o
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> str(data) ’
'data.frame': 11894 obs. of 5 variables:
§ time: chr "01-1-19%9" "02-01-1990" "03-01-1990" "04-01-1990" ...
$ tavg: num 25.2 24.9 25.6 25.7 25.5 24.7 25.4 25.6 24.8 24.7 ...
§ tmin: num 22.8 21.7 21.4 NA 20.7 NA 23.3 22 21.7 20.7 ...
§ tmax: num 28.4 29.1 29.8 28.7 28.4 26.1 27 28 28.5 29 ...
$ prep: num 0.5¢00005180500 ...
> dataStime=as.Date(data$time, format = "%d-%n-%Y")

>

And then, what we will do, we will just save them as a hands on for lecture 4. And the first

thing we have to do is we have to read the data. So, data equal to read dot csv file equal to

Chennai, 1990 to 2022, Madras dot csv header equals to true.
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Type 'demo()' for some demos, 'helo()' for on-line help, or
"help.start()" for an HIML browser interface to help.
Type 'q()' to quit R.

> data=read.csv(file="Chennai_1990_2022 Madras.csv',header = T)
> Vien(data)

>

So, here is the data that we have seen. So, this is the first day of the data. So, if you look into
the date, date, it is like day first, then month, then year. And we look into the structure of the

data, it is the structure of the data is it is a data frame with 11894 observation and 5 variables.

And time is stored as character. So, we have to do it properly as a date fine, as a date column,
we have to store it as a date column, data dollar time format should be percentage, date first,

then percentage m, then percentage year.
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> View(data)

> str(data)

"data.frame': 11894 obs. of 5 variables:

§ time: chr "01-€1-1990" "02-01-1990" "03-01-1990" "04-01-1990" ...
§ tavg: num 25.2 24.9 25.6 25.7 25.5 24.7 25.4 25.6 24.8 24.7 ...

§ tmin: num 22.8 21.7 21.4 NA 20.7 NA 23.3 22 21.7 20.7 ...

§ tmax: num 28.4 29.1 29.8 28.7 28.4 26.127 28 8.5 29 ...
$precp:num 0500005180500 ...

> data$time=as.Date(datastime, format = "¥d-%n-%Y")

> View(data)

>
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5 dataStime-as.Date(data$time, format = "%d-%m-%Y")

6 str(data)

7

8 ## split the data into train and test

9|

10 data_train = subset(data,time<=as.Date("2015-12-31"))

G K S, 202,23

WK De: 9,202 IL1AN
123K e, 202, 116 A
14N D 1420213 M

'data.frame': 11894 obs. of 5 variables:

§ time: Date, format: "1990-01-01" "1990-01-@2" ...

§ tavg: num 25.2 24.9 25.6 25.7 25.5 24.7 25.4 25.6 24.8 24.7 ...
§ tmin: num 22.8 21.7 21.4 NA 20.7 NA 23.3 22 21.7 20.7 ...

§ tmax: num 28.4 29.1 29.8 28.7 28.4 26.1 27 28 28.5 29 ...

§$ prep:num 0.500000.5180.500 ...

> as.Date("2015-12-31")

[1] "2015-12-31"

> data_train = subset(data, time<=as.Date("2015-12-31"))

>

Now, if I do that and if we just check, it is read as this way. And if we know structure of data
is (Refer Time: 03:55) this. Now, you can see the time is read as date with format in this
format. So, now, it is a date format, not character format. So, the first thing we will see is we
will split the data into train and test, split the data into train and test. So, data train equals to

subset, data, time as less than equal to as dot Date.

Now, we have to give it in this format. So, date, month and day; year, month and day. So, the
first thing will be 2015, then month will be 12, and day will be 31. I hope this is fine and then

let us try. So, now, in the train data set you can see 2000 90; 9496 observations are there.
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‘data.frame’: 11894 obs. of 5 variables:

§ time: Date, format: "1990-01-01" "1990-01-02" ...

$ tavg: num 25.2 24.9 25.6 25.7 25.5 24.7 25.4 25.6 24.8 24.7 ...
§ tmin: num 22.8 21.7 21.4 NA 20.7 NA 23.3 22 21.7 20.7 ...
§ tmax: num 28.4 29.129.3 28.7 28.4 26.1 27 28 28.529 ...
$ prep: num 0.5€00005180.500 ...

> as.Date("2015-12-31")

[1] "2015-12-31"

> data_train = subset(data, time<-as.Date("2015-12-31"))

> View(data_train)

>
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‘data.frame’: 11894 obs. of /t: variables:
§ time: Date, format: "1990-01-01" "1990-01-02" ...

§ tavg: num 25.2 24.9 25.6 25.7 25.5 24.7 25.4 25.6 24.8 24.7 ...

$ tmin: num 22.8 21.7 21.4 NA 20.7 NA 23.3 22 21.7 20.7 ...
§ tmax: num 28.4 29.129.8 28.7 28.4 26.127 28 28.529 ...
$ prep: num 0.5€00005180.500 ...

> as.Date("2015-12-31")

[1] "2015-12-31"

> data_train = subset(data,time<=as.Date("2015-12-31"))

> View(data_train)

>
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6 str(data)
7

8 ## split the data into train and test

9

10 data_train = subset(data,time<=as.Date("2015-12-31"))
11 tail(data_train)

12

13 data_test = subset(data, time-os Date("2015-12-31"))
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> tail(data_train)
time tavg tmin tmax prep
9491 2015-12-26 25.8 21.3 31 MA
9492 2015-12-27 26.7 3.0 31 @
9493 2015-12-28 26.3 22.8 31 MNA
9494 2015-12-29 6.1 21.3 31 NA
9495 2015-12-30 26.1 20.3 31 NA
9496 2015-12-31 26.3 20.8 31 NA
> data_test = subset(data,time>as.Date("2015-12-31"))

>

So, it is starting from 1990 and last day is 31st December, 2012. So, also if I just say train tail
of the data train. So, up to the last day is 31st December 2015, 31st December 2015. This is

the train data. So, same way we can define the test data.
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Cone T sackgroond obs

5 tﬂll(ﬂﬂ IL. ra.n) . e De: 14,202, 11:20 AW
time tavg tmin tmax prep 5 teg Clus Lo prnchmg LI De 14202, 1122A

9491 2015-12-26 25.8 21.3 31 NA

9492 2015-12-27 26.7 23.0 31 @

9493 2015-12-28 26.3 22.8 31 NA

9494 2015-12-29 26.121.3 31 MNA

9495 2015-12-30 26.1 20.3 31 NA

949% 2015-12-31 26.3 20.8 31 NA

> data_test = subset(data,timeas.Date("2015-12-31"))

> View(data_test)

>

So, we will just take the same thing, instead of less than equal to we will make it simply
greater than. If we do that test data has 2398 and the first day is 1st January 2016, is the first
day of the data. And the last day of the data is 25th July 2022. So, this is what we are going to
do now. What we will do? We will put it in the knitr.
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0.0 e §e 5 4w,
© el | 2] nds o e L viomen Hstoy Comedions Gt Tuerl )
Kitorsie ; Qs @ = | hin- (G- @ it Cutaset - N 28M8 - f Lt -
o] o R Gt o+
Data

data 11894 obs. of 5 variab..
data_test 2398 obs. of § variabl..
data_tra., 949 obs. of 5 variabl..

6
7-°"{r setup, include=FALSE}
8 knitr::opts_chunk$set(echo = TRUE)

10

11- ### Read the data

12

1B}

14 data=read. csv(file="Chenna:_1990_2022 Madras.csv',header = T) T o T e )
15 Qitoder O tamrie - O Oome < koume -

16 str(data) o o s oo

7 t

Chesna 1990 2022 Wadaics 124KE Sep 4,202,231
G L2091

18 datastime=as.Date(datadtime,format = "%d-%m-%Y")
19 str(data)

190 @Ok Rtk ¢

2K Dw,20m, 93000
maxe ows,20m, 30m
00K 08,202, 118 AY
5 13K D202, 118
/Appllcntlons7k3tudlu‘app/Lontents/MacOs/quarto/bm/touls/pundoc +RTS -K51m LR 1A DR AR M
-RTS Hands_on_Lecture_04.knit.md --to latex --from markdown+autolink_bare_ur 5 reg cass ,.J:M i:: :: :;j:i::,:
is+tex_math_single_backslash --output Hands_on_Lecture_04.tex --lua-filter /L

ibrary/Frameworks/R. framevork/Versicns/4.2-arme4/Resources/1ibrary/rnarkdoan/

rmarkdown/lua/pagebreac.lua --lua-filter /Library/Frameworks/R.framenork/Vers
icns/4.2-armb4/Rescurces/1ibrary/rmorkdoan/rmarkdown/lua/latex-div. lug --self

-contained --highlight-style tango --pdf-engine pdflatex --variable graphics

--variable 'geometry:margin=lin'

output file: Hands_on_Lecture_@4.knit.md

Conole Teminal - Render + Sackgound Jos -0

[WARNING] Deprecated: --self-contained. use --enbed-resources --standalone

So, first thing is we and we will keep going read the data. So, up to this we can just put it in

the read the data part, so here, and then if we just run it.
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Read the data

data-read.cav(.

str(dana)

o 'data.frane’s 11894 obs. of § varisbles:
8§ tine: chr "01-01-1880" "02-01-1990" "03-01-1990" *(4-D1-1360"
#S tavg: mm 5.2 205 26,6 26,7 26,5 20,7 26.4 25,6 4.8 AT ...
B8t mm 2.8 207 2.4 0 20.7 W 28,32 2.7 20.7

5 tax wm 84290 20.826.728.426 1 7 828529

S propam 0500000580500 )

datastize-as Dato(datastize, )
str(data)

0 datafrane’s 11834 obs. of § varicbles
1§ tine: Bata, format: *1990-01-01" *1690-01-02"

#5 tvg wn 25.2 20, 2.6 26.7 26.5 24,7 26.4 2.6 24.8 2.7
#0S uin wn 2.8 2.7 204 W 2.7 0 2.3 21 2.7 0.7
#0S uax wn 18.429.0 29,8 26.728.4 26,1 27 28 28.5 29

#S pecp: mm €500C005180.500

So, here in the R markdown, nicely it is come in a PDF; you can create the report of your

analysis alongside whatever you are doing.
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BT A Contotnemn |+ 5o adtne B
O Uit | 3] bands o e 040 =T i | Wiy | Comedions | Gt | Troral =0
‘ Kotorsee QAR a- *n- G- @0 Pt - £ W - %

sowce | oy Oim R+ G et Q

7+ {1 setup) inclUdesFALSE} ot i

e . odata 11894 obs. of 5 varicb.

g‘ l\(r\l‘tr‘::opts_chunk$set(echo SIL3) odata_test 2398 obs. of S variubl..g

0 odata_tra.. 9496 obs ia‘

11- ### Read the data

i

13- {r} Create you

. ile=' ' _ b ]

14 data=read. csv(file='Chennai_1990_2022 Madras.csv',header = T) report with

15 Fles  Pots  Pickages.

16 str(data) Qrdoer O tamie Rmd

17 o et

18 dataStime-as.Date(dataStime, fornat = "fd-%m-%Y") E“h .

19 str(data) ztm:.nn:‘\;:.:‘w_,uh aicse :lz.m seyo,‘zvn,')n»:‘

0 i ity in euam
e Ty = i oeaz

@ R422 - ~/Downicads Teaching Regression anc_Classicatica/WPTEL] 123K8  Dec9,2022, 11 AW
> tail(data_train) 1AM D 14202113 A
n N ] Reg Class Lect 4 Part ok 3w De: 14,2022, 11:30 AW

time tavg tmin tmax prep Sl tegCus et ik B w1622

9491 2015-12-26 25.8 21.3 31 NA

9492 2015-12-27 26.7 23.0 31 D

9493 2015-12-28 26.3 22.8 31 NA

9494 2015-12-29 26.1 21.3 31 MA

9495 2015-12-30 26.1 20.3 31 NA

949 2015-12-31 26.3 20.8 31 NA

> data_test = subset(data,timesas.Date("2015-12-31"))

> View(data_test)

>
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14 gata=reaa.Csv(t1le="Lnenna_Lysv_coc/_aaras.csv',neader = 1) Data NPTEL
12 tr(dat: data 11894 obs. of 5 variab..
= str(data) data_test 2398 obs. of S variabl..

;
18 datastine-as Date(dotastine, fornat - "s-in-%1") dota_tra.|34% obs. of 5 variabl.

19 str(data)

20

21

22 ### Split the data into train and test

24 data_train = subset(data,time<=as.Date("2015-12-31")) Qo O tankrie - O Ovee «tomme

75 tail(data_train) o T g oo vt s §
26 t

27 data_test - subset(data, tine-os,Date("2015-12-31")) B e e
28 head(data_test)  teq Clas o prapd 771K De0,2022,930
w15 o : Cokiom 5 maxe ows,20m, 90m
Comle Temns vt kg o O % sl bnbod  SPIKE D202 WIEAY
8] /NPTELMands on Lecture 08 Rnd — 2 Reg.Class Lect 4 Part bRow  123K8  Dec 9,202, 1116 AW
/Applications/RStudio. app/Contents/MacUS/quarto/bin/tools/pandoc +RTS -K51m # “"—i"\‘—"“—‘r';"w“ ‘;": z ‘*;::‘”;‘“

v O Mg Cu L PR G DK 14 2R 1LY

-RTS Hands_on_Lecture_04.knit.md --to latex --from markdown+autolink_bare_ur s .::U:f ;::IV. or el w2

is+tex_math_single_backslash --output Hands_on_Lecture_04.tex --lua-filter /L
ibrary/Frameworks/R. framevork/Versicns/4.2-arme4/Resources/1ibrary/rnarkdoan/
rmarkdown/lua/pagebreac.lua --lua-filter /Library/Frameworks/R.framenork/Vers
ions/4.2-armb4/Rescurces/1ibrary/rmerkdoan/rmarkdown/lua/latex-div. lug --self
-contained --highlight-style tango --pdf-engine pdflotex --variable graphics
--variable 'geometry:margin=lin'

output file: Hands_on_Lecture 04 knit.md

[WARNING] Deprecated: --self-contained. use --embed-resources --standalone

So, this is very important. When you are doing analysis you create the report as well whatever
you are doing. So, this is a very handy thing in R. So, weak the data and then split the data

into train and test R. So, ok we can just, we can just write it in this way and head data test.
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Read the data

data-rend.cor(

str(data)

8 data.frane’: 11834 obs. of § varicbles
§ tine: chr "01-01-1590" "02-01-1990° "03-D1-1990" "(4-D1-1990"
2§ tavg mm 5.2 20,5 26,6 26.7 25.5 24.7 25.4 25.6 24.8 2.7
§ tain: am 2.8 207 20400 20.7 W 23,322 2.7 20.7
§ taax: wn 8.4 29.1 29.826.7 28.4 26,1 27 2828529 ...
$prop: am €.5000005180500

taStizeras Date(datatise,
r(data)

‘data.frae’: 11834 obs. of § varisbles

§ tine: Date, format: "1990-01-01" *1990-01-02"

§ tavg: aum 5.2 246 26.6 26.7 25.5 24.7 25.4 5.6 .8 .7
§ tain: aum 2.8 207 204 00 20,7 N 28322 217 0.7 ..

§ taax: aun 184 29.129.826.7 28.4 26.1 27 28 28.5 29
§prop: aum €500 00051805

Split the data into train ard test

data_train = subset (data, tine<oas. Dase(
watl{data_erain)

" tise tavg tain taax prep
%491 20151226 25.8 21.3 "
9402 20161227 6,720 31 0
0493 20151228 6.3 2%.8 3 WA
9494 016-12-26 26,1213 31 WA
#9495 2015-12-30 26.1 203 31 WA
9496 2016-12:31 26,3208 31 T
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atr(data) — ! 21 gf‘“:‘
9

# 'data.frane’s 11834 obs. of § varidbles
[}

data_tra’ subset (data, tine<=as.Data(’
tailldan g in)

" tine tavg tein tear prep
9491 015-12-26 25,8213 31 M
8492 201541227 6.7 220 31 0
0403 20161226 26,3208 31 T
8 0494 2015122 261213 31 Bk
9405 2015-12-30 26,1 203 31 U
8 9496 2015-12-31 63208 31 WA

data_tost = subsot(data,tine>as. Dt
head(data_test)

" £486 tavg tain taax prep
#3497 2016-01-01 263212302 WA
1 9498 2016-01-02 25,8 20,6 310 I
49499 2016-01-02 25.9 16.6 32.0 WA
#9500 2016-01-04 26.6 20,5 32.0 ¥
#9501 2016-01-05 26,1 20,5313 WA
8 9502 2016-01-0€ 26.4 20,5 31.0 ¥

So, here is the splitting the data. We have trained data, we have defined, and here is the test
data. Now, what we will do? We will do some visualization. Let us go there and in the main

R script, let us do some visualisation, ok.
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3 str(data)
4

S data$time-as.Date(data$time, format = "%d-%m-%Y")
6 str(data)
14

8 ## split the data into train and test

9

10 data_train = subset(data,time<=as.Date("2015-12-31"))
11 tail(data_train)

12 r
13 data_test = subset(data,tine-as.Date("2015-12-31"))
14 9
15 ## visudlisation g 84
16 £
17 plot(data_trainStime,data_trainStavg) 3
61 o vt | g
Comole Termina - Rende koo o |

T

® R422  Domads Texm/Reresion e Cussaica TEY

time tavg tmin tmax prcp
9491 2015-12-26 25.8 21.3 31 NA
9492 2015-12-27 26.7 23.0 31 @
9493 2015-12-28 26.3 22.8 31 MA
9494 2015-12-29 26.121.3 31 MA
9495 2015-12-30 26.1 20.3 31 MA
9496 2015-12-31 26.3 20.8 31 NA

> data_test = subset(data,time>as.Date("2015-12-31")) 00 0% W0 M5 M0 25
> View(data_test)
> plot(data_train$time,data_train$tavg) Gata trinStime.

>

In the visualization, what we will do? We will take the from the train data, we will take the

time on the x axis and data train as the average time, we will plot them.
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So, you can see. So, this is how it looks like somewhat sinusoidal. So, what we will do? We
will put a pch equal to 20, alright, yeah. It looks like somewhat sinusoidal. Every annual

behavior is sort of there.
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5 data$time=as.Date(data$time,format = "%d-%m-%Y")

6 str(data)

%

8 ## split the data into train and test

0 3
10 data_train = subset(data,time<=as.Date("2015-12-31"))

11 tail(data_train)

12 8
13 data_test = subset(data,tine-as.Date("2015-12-31"))

14

15 ## visualisation 3 84
16

17 plot(data_trainstime[1:(3*365)] data_trainStavg[1:(3*365)] H

18 ,pch-20)| i e
11e Tptown: nan: §

sackground Joos =t ‘E‘\

R R422. oo awanera 3
Y493 2015-12-¢8 8 31 M "
9494 2015-12-29 26.121.3 31 MA ®
9495 2015-12-30 26.1 20.3 31 NA
9496 2015-12-31 26.3 20.8 31 MA .
> data_test = subset(data,time>as.Date("2015-12-31")) A
> View(data_test)
> plot(data_train$time,data_troin$tavg) ol
> plot(data_train$time,data_train$tavg,pch=20) N

> plot(data_trainstine[1:(3*365)],data_train$tavgl1: (3*365)]
+ ,pch=28)

>

1990 1991 1952 1963

dola_taintimel (3" 365]

So, in order to just make sure, if it is truly that, we can (Refer Time: 09:28) is 2 into maybe 3

years of data we can plot, 3 into 365, yeah.
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34

Stavo[1:(3 * 365)]
28 30

data_train:

22

1990 191 1992 1993

dala trainiime[1(3* 365)]

So, this is from 1990-91 is one cycle, 91 to 92 is another cycle, and 92 to 93 is another, 3

cycles, 3 years of data, and it is a sinusoidal behavior as expected.
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24 data_train = subset(data,time<=as.Date("2015-12-31"))
25 tail(data_train)

26

27 data_test = subset(data,tine-as. Date("2015-12-31"))

28 head(data_test) I 3 N

o : .

30 LH 3

: " M. )

H 84 3! :':" o

32 ## visualisation M R
3 2 A B
3 figT) RRRER . {5
35 plot(data_trainStime[1:(3*365)],data_train$tavg[1:(3*365)] y '_'*‘ ‘ --rﬁ .'4.5
6 ,pch=20,xlab="",ylab="avg temp') 3 el 7 ;v? N
7.0 PRI ) N S
ot @ P e W
Canle [r——- =0 PR B _{
[ nd ® 1 '3 L "-'e e
/Applications/RStudio. app/Contents/MacUs/quarto/bin/tools/pandoc +RTS -K51m g4 i"j . -"._} i
-RTS Hands_on_Lecture_04.knit.md --to latex --from markdown+autolink_bare_ur | N S ",.'0.' 3
is+tex_math_single_backslash --output Hands_on_Lecture_04.tex --lua-filter /L ¥ & '5‘_4« '
ibrary/Frameworks/R. framevork/Versicns/4.2-armo4/Resources/1ibrary/rnarkdoan/ P |" Y :g
rmarkdown/lua/pagebreac.lua --lua-filter /Library/Frcmeworks/R.framencrk/Vers :.' . ‘ "'
icns/4.2-armb4/Resources/1ibrary/rmerkdoan/rmarkdown/lua/latex-div. lug --self N ‘s

-contained --highlight-style tango --pdf-engine pdflotex --variable graphics o
--variable 'geometry:margin=lin’
output file: Hands_on_Lecture_@4.knit.md

[WARNING] Deprecated: --self-contained. use --enbed-resources --standalons |

Now, what we have is if you look into the plot the y lab has is bit, scriptic and x lab is also bit
scriptic. What we can do? We can in xlab, we do not need to give anything some sort of
self-explanatory, in the ylab in the y label, the label of y needs to be given is a average

temperature, ok. So, this is average temperature.

So, we will try to fit some kind of sinusoidal model in the for the average temperature. So, we
can put it in R and in R markdown, we have to just say R. And here you have to say figure,

fig equal true. So, that it will produce the figure as you wish.
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time tavg tain taax prep

"
4 3497 2016-01-01 26.3 21.2 30.2
#9498 2016-01-07 25,8 20.6 31.0
28 9499 2016-01-05 25.9 16,6 32,0
8 9500 2016-01-04 26.6 20.5 32.0
#9501 2016-01-05 26,1 20.5 31.3
84 9502 2016-01-0€ 26.4 20.5 31.0

visualisation

plot (data_trainstine]t:(34368)],data,_trairstavgl: (3+366)]
B i

Jpebe20,

"
W
i
n
W
"

3
&
o
a
°
3
@
&
©
a
k3
&
o
o

NPTEL

So, now you can see it produces the figure as expected. If you do not give this figure equal to

true, then it will not in (Refer Time: 11:23) reproduce the figure, ok.
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34 {r,fig=T}
35 plot(data_troinstime[1:(3*365)],data_trainstavglL: (3*365)]
36 ,pch=20,xlab="" ylab="avg temp')
S g
38 34 N
E E !:
40-## Fit model 1 . ' :
It T S
23 ;4 ,é.): &
43 tavg =\beta_@ + \beta_1 t + \beta_2 \sin(\orega t)+\beta_3\cos(\omega i3 ':"':i'l :l:#:;
t)+\varepsilon, 8- fb"‘,'f' . ;.;- {i"
44 3§ e £ --rﬁ Y]
45 where $\omega = \frac{2\pi}{P}$, $P=3653. £ rs tyi. r: ;;? N
H .y % ot
T
Sttt e N _{
R AR
o | Wy mt B
-RTS Hands_on_Lecture_04.knit.nd --to Lotex --from narkdownsautolink bare ur |t} :r‘d .. "':rt' i
is+tex_math_single_backslash --output Hands_on_Lecture_04.tex --lua-filter /L ¥ & "4'41. '
ibrary/Frameworks/R. framevork/Versicns/4.2-armo4/Resources/1ibrary/rnarkdoan/ < 1‘ i iy :g
rmarkdown/lua/pagebreac.lua --lua-filter /Library/Fremeworks/R.framenork/Vers A :.' ‘ ‘4 "
ions/4.2-armb4/Rescurces/1ibrary/rmerkdoan/rmarkdown/lua/latex-div. lua --self ' ‘s !
-contained --highlight-style tango --pdf-engine pdflotex --variable graphics o .
--variable 'geometry:margin=lin' A

output file: Hands_on_Lecture 64 knit.md

[WARNING] Deprecated: --self-contained. use --embed-resources --standalone

Next, we want to fit a model. So, what model we want to fit? Let us first fit a model, fit
model, first model that we want to fit is some kind of sinusoidal. So, we can use in R
markdown t average equals to beta naught plus beta 1 equal to prime. Now, that will create if
there is any trend is there. And then, a beta 2 times sin maybe omega t plus beta 3 times cos

omega t plus some error, ok.

This is the model that we want to fit. But we have to at the same time we have to say
something about the omega. So, omega, where omega is equal to 2 fraction of 2 pi of p
naught. This p is 365, this p is our daily data is 365, ok. So, this is the model that we want to
fit, ok.
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plot (data_trainstins 1:(34365)),deta,_trasrstavglL: (31366))
b0 i

avg temp
22 24 26 26 S0 32 04
1

1990

Fit model 1

tatg = i+ Byt + Fysinfut) + fyeos(ct) + &

where w= 2, P = 355

b 4
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9
10 data_train = subset(data,time<=as.Date("2015-12-31"))
11 tail(data_train)
12
13 data_test = subset(data,time-as.Date("2015-12-31")) 34 N
14 : .
15 ## visualisation ‘ e R
16 ol ;.:’ o
17 plot(data_trainstime[1:(3*365)],data_trainStavg[1:(3*365)] M 'Q .‘f:,
18 ,pch=20,xlab="",ylab="avg temp') L
19 Y AN
EREE 3 ey {.
ch 3
20 ¥ .;*.; ‘ --rﬁ X
21 omega = 2°pi/365 . ¢ et vy b Via
2 i 5o | Ko ED N A A ¥}
o ELIAR IR I Y
Comole T ender - Backgound s —= KRR ) “ y ! -{
R R422: o100 1 .5 L "-’a e
> View(data_test) PR ?r"- AT )
> plot(data_train$time,data_train$tavg) [ . ' . l.;;f'! "\
> plot(data_train$time,data_train$tavg,pch=20) ¥ /ﬁ 5-1. .
> plot(data_train$time[1:(3*365)],data_train$tavg[1: (3*365)] -t o Y @
EE T IR .4 -
+ ,pch=26) i . . {
> plot(data_train$time[1: (3*365)],data_train$tavg[1: (3*365)] N ‘e
+ ,pch=20,x1ab="",ylab="avg temp') o d :
> pi A
[1] 3.141593
1990 1991 192 1993

> omega = 2*pi/365

>

So, this is the model we want to fit. So, first thing we have to do is we have to first thing is
omega equal to 2 pi by 365, pi itself is defined as 3.141. So, omega would be like this. Now,
we have to have, if I go there I have to have a time to be defined. So, what I will do is here

and this time component, we will require both in train and test data set.



(Refer Slide Time: 14:54)

0.0 e Be T atam e £ wm

e r— S g e oo |1 T s f*
suceonsme. Q /- S Skt + 2 P e e { - 8- r
1 data=read. csv(file="Chennat_1990_2022_Madras.csv',header = T) NPTEL
2
3 str(data) data 11894 obs. of 6 variab..
4 data_test 2398 obs. of S variabl..
5 dataStime-as.Date(data$time, format = "%d-%m-%Y") data_tra.. 9496 obs. of 5 variabl..
6 str(data) Values
7 n 118941
8 n = nrow(data) omega 0.01721420632104
9 dataltms = 1in
10 | i | Pt | s |y Vi | s -0
11 ## split the data into train ond test P oon | Boont - 0 5 hblsh -
12
13 data_train = subset(data,time<=as.Date("2015-12-31"))
14 tail(data_train) "
L o
t”r:ym:)mvg,pchdw; ]
> plot(data_train$tine[1:(3*365)],data_train$tavg[1: (3*365)] 3
+ ,pch=26) )
> plot(data_train$time[1:(3*365)],data_train$tavg[1: (3*365)]
+ ,pch=20,xlab="",ylab="avg temp') &
> pi
[1] 3.141593 A
> omega = 2*pi/365
> n = nrow(data) 8 H
> data$tns = 1:n T "

>

So, what I am going to do is here before the training and test we are going to, I am going to
tms, a new variable which is 1 is to n, where n is n row of data. Now, the problem will be if

you take a look into the data tms, it is starting from 1 and it is going into 11894.
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o 23w ms 0 uwm data 11894 obs. of 6 variab..
R I T T VR data_test 2398 obs. of 5 variabl.
T I D T T
e o B2 m om0 data_tra., 9496 obs. of § variabl..
e aRo Bs w37 ol um Values
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o 0 e Ko o um n 118941
omega  0.01721420632104
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w B omo wsoume
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e ooox ms s B3 o um
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onng 11875 1 189401 1494 e,  sslcoum

Conole Teminal - Render + Sackgound Jovs =

RA22 - -/Downcads Teachog Rgresion anc Cssarca

:plot(autu,tra'.nsnme\_l:(J’Jng’)j ydata_traindtavg|1:(3*3b5)]
+ ,pch=20)

> plot(data_train$time[1:(3*365)],data_trainStavg[1: (3*365)]
+ ,bch=20,x1ab="",ylab="avg temp')

> pi

[1] 3.141593

> omega = 2*pi/365

> n = nrow(data)

> datastms = 1:n

> View(data)

>

avg temp

B — —
1990 1991 1952 1963

So, it is better, if we just enter the time, it will just handling the data will be better, the

coefficient will be little bit meaningful.
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1 data=read. csv(file="Chennat_1990_2022_Madras.csv',header = T)

2

3 str(data)

4

o muma
aun

5 dataStime-as.Date(data$time, format = "%d-%m-%Y")
6 str(data)
7

8 n = nrow(data)

9 datastms = 1:n

10 dataStms = dataStms -mean(data$tms)
1|

12 ## split the data into train and test

13
14 data_train = subset(data,time<=as.Date("2015-12-31"))

15 tail(data_train)

7 2

Comle Temns  Revdr kg o

R R422 /oo s Regesionne Cas e T

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

> pi

[1] 3.141593

> omega = 2*pi/365

> n = nrow(data)

> data$tns = 1:n

> View(data)

> n = nrow(data)

> datastns = 1:n

> data$tns = data$tms -mean(data$tms)

>

U,
L o Hstoy Comedions Gt Tuerl )
Souce - =2 [ gt - S uou - -
(AL Trm—
Data
) 2data 11894 obs. of 6 variab..

data_test 2398 obs. of § variabl..
data_tra.. 9496 obs. of 5 variabl..

Values
n 11894L
omega 0.01721420632104

Fles ot Pcoges belp Vewsr Presention p
o4 ok -

Foon e -

avg temp

1990 1991

NPTEL

Vil
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pwoaw we as om o oA
Voo ws me s or s data 11894 obs. of 6 variab..
LI w7 04505 data_test 2398 obs. of S variabl..
000 55 w7 B4 os s
T T = el data_tra.. 9496 obs. of 5 variabl..
PO B4 B3 20 180 58S Values
0 ] T T DT o 118941
omega 0.01721420632104
s | Pt | mckages | vl | vewar | -0
9 2o | Moen |8 Y

[1] 3.141593

g

> omega = 2*pi/365 N o
> h = nrow(data) L ) "
> data$tns = 1:n &4,

i
I
RN
> View(data) ? ty
> n = nrow(data)
> data$tms = 1:in
> datastns = data$tms -mean(data$tms)
> View(data)

>

24

22

So, what we will do? We just subtract the mean of these guys, ok. So, if I do that, then it is
starting from minus 5946.5 and it is going ending at 5946.5. So, it is just shifting the horizon,
shifting the time from you know centering at 0. Now, if I just run the whole thing, it will be

no problem.

(Refer Slide Time: 16:50)



b AvomiticZoon ¢

Sourish

Read the data

datasread.csr(

strldata)

8 'datafrane’s 11804 obs. of § varisbles:
3§ tine: chr '01-01-1590" "02-01-1990° 03-01-1990" *(4-D1-1990"
38§ tavg: mm 6.2 20.6 26.626.7 26.5 24.7 26.4 25.6 24.8 2.7
0§ tain wm 2.8 207 204 W 20.7 W 28,320 2.7 0.7 ..
8§t mm 8.4 29.129.626.7 28.4 26,1 27 28 28.5 29

# §prcpimm 0.5000005180.500 ...

datastize-as Date(dataStize, )
str(data)

0 'data.frane’s 11834 obs. of § varisbles

8§ tine: Date, fornat: "1990-01-01" *180-01-03"

388 tavg nm 5.2 206 25.6 26.7 25.5 2.7 25.4 25.6 4.8 2.7
20§ tain nm 2.8 20,7 204 N 20.7 M 28,322 207 20.7
8§t nm 8.4 29.129.826.7 28.4 26,1 27 28 28.5 29

# S peopnm 0.500000.5180.500

B = wrou(éata)

datastns = 10
datastns « dataftes -moan(datadens)

Split the data into train aud test

data_train = subset(data, tiasces
taildata,_train)

" tin6 tavg tein tmx prep  tme
60491 20151226 25,8213 31 A 3435
#9402 20161227 6.7 200 31 0345
9493 2015-12-26 6.3 2.8 31 A 3645.5
09494 2016412-26 26,1213 31 VA 3546.5
49495 2015-12-30 26.1 203 31 WA 3847.5
#9496 2015-12:31 26.320.8 31 A 35685

So, we have to add this part in the markdown file, in the beginning. And now if I just run it,

you can see the tms has taken care of, alright.
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19 ## visualisation

7 Do Hetey | Comedions Gt Tt =
Soue -

P taas = N 24m8 - { -
R ol iomens

Data

20
21 plot(data_trainstime[1:(3*365)],data_traindtavg[1:(3*365)]
2 ,pch=20,xlab="",ylab="avg temp')

data 11894 obs. of 6 variab..
data_test 2398 obs. of € variabl..
data_tra.. 9496 obs. of € variabl..

;i mod1 Large Im (13 elements,..
25 omega = 2*pi/365 Values

26 n 118941

27 # modl 1 omega  0.01721420632104

38 i o | s | i | v | o -
29 modh = Im(tavg ~ tms + sin(omega*tms)+cos(onega*tms),daza-data_train) Fuon | Segn - 0 Srn +
30 sum = summary(modl)

31 sul

32

3 s

=3 . 0wl ey B
® r02 o T )
> data. me>as. Uate( " 2015-1£-31")) g . i
; L g

;& . 4

s
E y
> ## visualisation 5 84 '-:i. .“:a J:
i . B '
> [ ': Y I
> plot(data_train$tine[1:(3*365)],data_train$tavg[1: (3*365)] &1 ‘,' ¢ . % @G
+ ,pch=28,xLab="",ylab="avg terp') | ? W i §
> N . te t
H '

> 8
> omega = 2*pi/365

> modl = In(tavg ~ tms + sin(omega*tms)+cos(omega*tms),data=data_train)

>

—T T
1990 1991 1952 1963

Next, what we will do? We will fit the model, first model. Model point mod 1 tms plus sin
omega (Refer Time: 17:25). Now, we have to provide data equal to data train. And if we just

put summary.
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— = ji”
Bﬂtﬂ NPTEL
e summary?madl) data 11894 obs. of 6 variab..
L data_test 2398 obs. of € variabl..
data_tra.. 9496 obs. of € variabl..
Call: modl Large Im (13 elements,..
Ir(formula = tavg ~ tms + sinomega * tms) + cos(omega * tms), sum Large summary.ln (12 e..
data = data_train) Values
n 11894L
Rbsidialier P B 41724470627104
Min  1Q Median 30 Mox . T
-7.9459 -0.8738 0.0368 0.9325 5.5168
Coefficients:
Estimate Std. Error t value Pr(>Itl)
(Intercept) 2.841e+01 1.533e-02 1853.481 < 2e-16 **' |
tms 4.216e-05 5.135e-66  8.211 2.49-16 ***
sin(omega * tms) 2.889e+00 1.987e-62 145.404 < 2e-16 ***
cos(omega * tms) 1.1992+00 1.990e-02 60.271 < 2e-16 *** 8
Signif. codes: @ “***' 0.001 “**’ €.01 *’ 0.05 '." 0.1 ‘' 1 d
Residual standard error: 1.368 on 9465 degrees of freedon
(27 observations deleted due to missingness)
Multiple R-squared: @.7239,  Adjusted R-squared: ©.7238
F-statistic: 8273 on 3 and 9465 DF, p-value: < 2.2e-16
>
: L

Now, this is the first model to fit. Now, what are the; let us spend understanding what; spend
some time to understand what is going on here The first is intercept of the model that is beta
naught and then second one is the this is the coefficient corresponding to t. So, if we look into
the markdown file, so beta naught plus beta 1 t. So, this beta naught beta 1 times t is, this is

the standard error, this is the t value and the p value is really small.

So, that means, with increasing time the average temperature in Chennai is increasing. This is
sin omega t which has a significant effect, this is cos omega t, the this is the coefficient of the;
so, beta 3, this is beta 2, and this is beta 3 and both of them are significant. Of course, sin
cosine will have a significant effect, but the most important thing is trained is significant and
it is positive, it is very small, it is very small point after 50421, so it is increasing at a very

slow rate.



But we cannot ignore it. It is small enough, it is significant enough and it is saying that it is

increasing over time.

(Refer Slide Time: 20:06)

°. @ § e Addm .

“ " NPTEL
25 omega = 2*pi/365 Data
26 data 11894 obs. of 6 variab..
27 ## modl 1 data_test 2793 obs. of 6 variabl..
2 data_tra.. 53 obs. of 7 variabl.
29 modl = Im(tavg ~ tms + sin(omega*tms)+cos(onega*tms),data-data_train) modl Large Im (13 elements,..
30 sum = sumnary(mod1) sunt Large summary.ln (12 e..
31 sum Values
2| n 118940
33 data_treinéfitted.values-NA o A 3172140622104
s Pots | Pckiges | el | Ve | rsentn -0
. o | Wo + (911 £ %l -
Estimate Std. Error t value Pr(>Itl)
(Intercept) 2.841e401 1.533e-@2 1853.481 < 2e-16 *** 34
tms 4.216e-05 5.135e-86  8.211 2.49e-16 ***
sin(omega * tms) 2.889e+00 1.987e-2 145.404 < 2e-16 *** R 4
cos(omega * tms) 1.199e+00 1.990e-02 60.271 < 28-16 *** o ‘
. o
Signif. codes: @ “***' 0,001 “**’ €.01 *’ 0,05 ‘.7 0.1 "1 g 84 :‘, ‘ "
H |

Residual standard error: 1.368 on 3465 degrees of freedon
(27 observations deleted due to missingness)

Multiple R-squared: @.7239,  Adjusted R-squared: 0.7238

F-statistic: 8273 on 3 and 9465 DF, p-value: < 2.2e-16

zaze
-\Jﬂ"~-
; :

22

> data_train$fitted, values=NA
>

Now, what we are going to do is we are going to plot the model, we have to see just how the
fitting is working or not. So, before plot, what we will do? We will in the data train, what we
will do we will just take the fitted values equal to NA. We are creating a new column with all

the NAs.
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w - soue
NPTEL

33 data_trainsfitted.values-NA data 11894 obs. of 6 variab.
34 data_train[rownames(modlémodel), 'fitted.values']=mod1$fitted.values data_test 2398 obs. of € variabl..
35 data_tra.. 9496 obs. of 7 variabl..
36 plot(data_trainStime[1:(3*365)],data_train$tavg[1:(3*365)] modl Large Im (13 elements,..
3 ,pch=20,col="grey" sum Large summary.ln (12 e..
38 ,xlab="",ylab="avg temp') Values

39 I nes(data_trainstime[1: (3*365)] n 11894L

40 ,data_train$fitted.values[1:(3*365)]  amann B B17I1AINCIII04

41 ,col="red",lwd=2) 2 =0
R R422. 00 -

2: In 1:(3:365) :
numerical expression has 363 elements: only the first used 3

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

+ ,pch=20, col="grey" 84

+ ,xlab="" ylab="avg temp") o] ¥ /\

> lines(daza_train$time[1:(3*365)] g ]

+ ,data_train$fitted.values[1:(3*365) o 8 !

+ ,col="red",lud=2) = / \ / / \

Error: unexpected ')' in: ﬁ'/ Y G/ 4

" ,data_train$fitted.values(1:(3*365) 3

Jcol="red", lnd=2)" ¢

> lines(data_train$time[1:(3*365)] B

+ ,data_train$fitted.values[1:(3*365)]

e ,COIEIFEd' llwdEZ) 1990 1991 192 1993

>

And then, data train sorry rownames and then model (Refer Time: 20:55) model. So, we have
taken the, from the model we have taken the fitted values and we put it in the train data set.
We extracted those values and; so, now, we can plot the train dollar, train data dollar, t
average pch equal to 20, color equal to grey, x labels we can keep it empty, y lab equal to

average temperature.

First, we are taking these, well we can take the first few years to just understand what is going
on. First 3 years and then lines, we can just take this comma; instead of t average I want to
fitted values, because color equal to say may be red, line width equal to 2. Now, we just, I

have not close this here, yeah.
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T T
1990 1991 192 1993 e

So, now if I just zoom it, you can see that the fitted model is doing very nicely between going

through the sinusoidal way, going through the middle of the points. It is not doing pretty bad,

but there are quite a fewer from far away, quite few from bit down. So, this is maybe June,

July where lot of rain happens. So, that time, during the rain the temperature drops. So,

average temperature drops around that time.

Now, what we can do? We can take the from the summary; if you look into the summary this

residual standard error is 1.38 which is actually the sigma.
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Ul 11094 QUS, UT 0 VUI'LUU.. NPTEL
2 modl 1 data_test 2398 obs. of 6 variabl..
38 ) ) X data_tra.. 9496 obs. of 7 variabl..
ZZ modl = Im(tavg ~di1ms + sin(omega*tms)+cos(onega*tms),data=data_train) modl Large In (13 elenents, .
f =3 IW(M ) sum Large summary.ln (12 e..
31 sum
32 sigma-sumssigma aLtes
3 n 11894L
omega  0.01721420632104

34 data_trainsfitted.values=NA
35 data_train[rownames(modLémodel), 'fitted.values']-mod13fitted.values

signa  1.36776132407984

Fles ot mcoges belp Vews Precenution _

e ol - Fom Fogn- 0 f S -
Come Temos - Rndr kg o =g

R R422 ot ey ey ko

tis 4.216e-05 5.135e-06  8.211 2.49%-16 ***

sin(omega * tms) 2.889e+00 1.987e-2 145.404 < 2e-16 *** 3

cos(omega * tms) 1.199e+00 1.990e-02 6€0.271 < 2e-16 ***

Signif. codes: 0 “***’ 0.001 “**’ €.01 “*’ 0.85 .7 0.1 ¢ ' 1 ol /\ /\
Residual standard error: 1.368 on 9465 degrees of freedom B f

(27 observations deleted due to missingness)

Multiple R-squared: 0.7239,  Adjusted R-squared: ©.7238 \

F-statistic: 8273 on 3 and 9465 DF, p-value: < 2.2e-16

avg tamp
28

26

24

22

> signa=sun$signa
> signa

[1] 1.367761

>

T
1990 1991 1952 1963

.

So, we can take the sigma and summary we can calculate the sigma. So, this is

standard error 1.367.

our residual
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37 plot(data_traindtime[1:(3*365)],data_train$tavg[1:(3*365)] R O Gonat i«
z Gk a [ 110Y4 UUS. UT D VUI'LUD.. NPTEL
jg ﬁ:ia‘c;{;b?rzg tenp") data_test 2398 obs. of 6 variabl..
10 Tines(data_trainstine 1: (3'365)] data_tra.. 9496 obs. of 7 variabl..
41 ,data_trainéfitted.values[1:(3*365)] ik Large In (13 elements, .
2 Lcol="red", 1nd-2) sum Large summary.ln (12 e..
83 Values
44 lines(data_train$time[1:(3*365)] n 11894L
45 ,data_trainifitted.values[1: (3'365)]-1.96*signa omega  0.01721420632104
% col="brom, -2, 14y signa  1.36776132407984
47 e — )
631 (rop v o Puon | Hopn- 0 o Bnish -
Cone T+ Resdr kg o =0
R RA22 . oo Te o Resion itk T
Multiple R-squared: 0.7239,  Adjusted R-squared: 0.7238
F-statistic: 8273 on 3 and 9465 DF, p-value: < 2.2e-16 3
> signa=sum$signa LR
> signa s /\
[1] 1.367761 ¢
> lines(data_train$time[1:(3*365)] ;, g4 % /"\ /,’\
+ ,data_train$fitted.values[1:(3*365)]-1.9*signa ° S H N
+ ,col="brow", wd=2,1ty=2) & 00 A A Ref
Error in plot.xy(xy.coords(x, y), type = type, ...) : <% Y \
invalid color nare 'brow" © ¢ i " \
> lines(data_trainStime[1:(3*365)] FEl v N
+ ,data_train$fitted.values[1:(3*365)]-1.96*sigma — T T T
+ ,col="brown'  Ind=2,1ty=2) iy et g fep

>

Now, what we can do? We can create a band 0.96 times sigma, if color maybe some different

color, maybe brown and we take Ity equal to 2. I have to take brown, yeah.
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1990 1991

And similarly, we have this is lower bound, this gives us a lower bound you can see and

similarly we can create a upper bound as well. So, now, you can see there is an upper bound,

ok. And interestingly, you know looks like within the bound, all data points are nicely fitting

in. So, it is a pretty decent model, it is a pretty decent model. Now, what we will do? We can

just plot this. We can now fit, do the prediction in the, this fitting is inside the training data.
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47 uut 11694 UUS. UT D VUI'LUD.. NPTEL
48 data_test 2398 obs. of 7 variabl..
49 lines(data_trainitime 1:(3*365)] data_tra..949C &s. of 7 variabl..
50 ,data_train$fitted.values[1: (3*365)]+1.96*sigma modL Large Im (13 elements,..
51 ,col="brown", wd=2,1ty=2) sum Large summary.ln (12 e..
52 Values
53 #### do prediction in test data n 11894L
%4 omega  0.01721420632104
55 signa  1.36776132407984
56 data_testépred = predict(modl,newdata - data_test) o e Rl ] e
o - Poom | Bogn - 0| £ S -
Come T Rsdr kg Jon =0
® K422 ot Ty o e Cinsfeaka 9T
> signa
[1] 1.367761 s
> lines(data_train$time[1:(3*365)]
+ ,data_train$fitted.values[1:(3*365)]-1.96*sigma 84
+ ,col="brow", lwd=2,1ty=2) s
Error in plot.xy(xy.coords(x, y), type = type, ...) : g
invalid color name 'brow 3 8-
> lines(data_train$time[1:(3*365)] °
+ ,data_train$fitted.values[1:(3*365)]-1.96*sigma &
+ ,col="brown", Ind=2,1ty=2) <
> lines(data_train$time[1:(3*365)] h
+ ,data_train$fitted.values[1:(3*365)]+1.96*sigma 8
' Jcol="brown' , Ind=2, L ty=2) T T ©
1990 1991 19%2 1993

> data_testSpred = predict(modl,nendata = data_test)

>

.

So, what we need to do is we need to look into the how it is doing in the test data. So, do
prediction, do prediction in test data. So, what we will do? In data test dollar red equal to

predict mod 1, new data equal to data test.
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o we00 28 26 M0 s 255250 odata_test 2398 obs. of 7 variabl..
I ) s s -
(T R T T IR odata_tra.. 9496 obs. of 7 variabl..
sl 0600 B1 25 M3 558 5570k omodl Large Im (13 elements,..«
e mean s w s = Large sumary.ln (12 e.¢
s wsaw Bo mr we 35 253005
s wsoo By m e 305 255226 Values
s s B2 2o B3 515 25443 n 118941
e S ) 35 254667
I DT sms asstir omega  0.01721420632104
won msaen B0 s mo 05 251082 signa  1.36776132407984
ww meaen B3 ms ao o5 251
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[1] 1.367761
> lines(data_train$time[1:(3*365)]

+ ,data_train$fitted.values[1:(3*365)]-1.96*signa
+ ,col="brow’,wd=2,1ty=2)
Error in plot.xy(xy.coords(x, y), type = type, ...) :

invalid color nare 'brow' ¢
> lines(data_train$time[1:(3*365)] §.
+ ,data_train$fitted.values[1:(3*365)]-1.96*signa °
+ ,col="broan" , Ind=2, 1 ty=2)
> lines(data_traindtine[1:(3*365)]
+ ,data_train$fitted.values[1:(3*365)]+1.96*sigma
+ ,col="broan" , Ind=2, 1 ty=2)

> data_test§pred = predict(modl,nendata = data_test) m‘m m‘ﬂ m‘m i
> View(data_test)
>
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5 uuw L1694 UUS, UT O VUI'LUD.. NPTEL
data_test 2398 obs. of 7 variabl..
#it tie
;31 s S0 precictioman test datg data_tra.. 9496 obs. of 7 variabl..
5 modl Large Im (13 elements,..
56 data_testSpred = predict(modl,newdata = data_test) S Large sumary.ln (12 e.
57 Values
58 n 11894L

omega  0.01721420632104
signa 1.36776132407984

Fles ot Pckone: belp Vews Bresenution =

59 plot(data_testStime,data_testStavg
60 ,pch=20,col="grey"

61 ,xlab="",ylab="avg temp'j . il .
6131 p Lo o Prom gm0 %o«

Conole Teminal - Render -+ Sackgound Jos -

R R422 . oo

+ ,col="brow",wd=2,1ty=2) 8
Error in plot.xy(xy.coords(x, y), type = type, ...) :

invalid color nare 'brow' LA
> lines(daza_train$time[1:(3*365)] 5
+ ,data_train$fitted.values[1:(3*365)]-1.96*sigma
+ ,col="brown" , Ind=2, 1ty=2) 8 84
> lines(data_train$time[1:(3*365)] ;, o]
+ ,data_train$fitted.values[1:(3*365)]+1.96*sigma L
+ ,col="brown'  Ind=2, 1ty=2) 2
> data_testSpred = predict(nodl,nendata = data_test)
> View(data_test) &
> plot(data_test$time,data_test$tavg M

+ ,pch=20, col="grey"
+ ,xlab="" ylab="avg temp')

>

Db 2017 2018 DI 200 2021 N2

.

Now, if you go to the test data set, we got all the predicted values. And now similarly, we can
do the plotting of first the test data set. And we do not need, we have only 5 years of data test

data set, we do not need to keep it. And so, this is our test data set. Let us zoom it.
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This is our original test data set. And now we can draw the lines here. So, this will be just, we

have to follow it here in this way.
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2? data_testSpred = predict(modl,newdata = dota_test) +data_test 2398 obs. of 7 variabl.

53 odata_tra.. 9496 obs. of 7 variabl..

59 plot(data_teststine,dota_testStavg omodi - Large I (13 elements, .

) pch-20,col-"grey" osum Large summary.ln (12 e..

61 ,xlab="",ylab="avg tenp') Values

6@ n 11894L

63 lines(data_teststime omega  0.01721420632104

64 ,data_testipred sigma 1.36776132407984

65 ,col="red",lwd=2) o ks Ve st )
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> lines(data_train$time[1:(3*365)] 8

+ ,data_train$fitted.values[1:(3*365)]-1.96*sigma

+ ,col="bronn"  Ind=2, Lty=2) 3

> lines(daza_train$time[1:(3*365)] 84

+ ,data_train$fitted.values[1:(3*365)]+1.96*sigma

+ ,col="broan" , Ind=2,1ty=2) 8 84

> data_test$pred = predict(modl,nendata = data_test) §. o]

> View(data_test)
> plot(data_test$time,data_test$tavg 8-
+ ,pch=20, col="grey"

+ ,xlab="" ylab="avg temp")
> lines(data_testStine o
+ ,data_test$pred
+ ,col="red",lud=2)
>

L— —
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And instead of fitted values we have is pred, we do not need to keep it. So, looks like it has
done ok, it has done ok, but we should do a prediction band. And let us see if it is inside the

prediction band or not.
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[ data_testipred omodl Large Im (13 elements,..
& col=rred", Ind=2) osum Large sumary.ln (12 e.
66 ' ' Values

67 | n 118940

68 lines(dota_testitime onega 0.01721420632104

69 ,data_testipred-1,96*signa signa  1.36776132407984

7 ,col="blue’, Ind-2, ty=2) =~ e —
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> lines(data_train$time[1:(3*365)] ER
+ ,data_train$fitted.values[1:(3*365)]+1.96*sigma
* Jcol="bron’ , Ind=2, Lty=2) 3

> data_testpred = predict(modl,nendata = data_test)
> View(data_test)

> plot(data_test$time,data_test$tavg

+ ,pch=20, col="grey"

+ ,xlab="",ylab="avg temp')

> lines(data_test$time

avg tamp

+ ,data_testSpred

+ ,col="red" lwd=2)

> lines(data_test$tine

* »data_testfpred-1.96*signa Zﬂ‘iﬁ 20‘17 zn‘m 18 m‘m zc‘zw an
+ scol="blue’, wd=2,1ty=2)

>
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So, we have to just take this minus 1.96 times sigma. We would like to use some different
color maybe blue with Ity equal to 2. So, this is our lower band, this is our lower band and we
have to do a upper band as well. So, all I have to do is here immediate plus and let us draw
the train. So, in the test data set, most of our predictions are within the 95 percent predictive

interval. So, we can say that this is a simple model with some sin cosine feature, and then it

has done pretty good.

Now, little bit interesting point I would like to make here. So, if you see our data set, right our

data set is in two-dimension effectively from a train point of view, we have effectively time

and the average time, the dates, and the average temperature.
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% data_test 2398 obs. of 7 variabl..

25 omega = 2*pi/365 data_tra.. 9496 obs. of 7 variabl..

26 modL Large 1m (13 elements,..

27 ## modl 1 sum Large summary.ln (12 e..

28 Values

29 modl = Im(tavg ~ tms + <1 (omega*tms)+cos(onega*tms),data-data_train) n 11894L

30 sum = summary(modl) omega 0.01721420632104

31 sun signa  1.36776132407984

32 sigma=sum$signa e e e e | Ve s -
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> View(data_test) 8

> plot(data_test$time,data_test$tavg

+ ,pch=20,col="grey"

+ ,xlab="" ylab="avg temp')

> lines(data_test$tine

+ ,data_testS$pred s

+ ,col="red" ,1wd=2) ;,

> lines(data_test$time

+ ,data_test$pred-1.96*signa

+ ,col="blue",lwd=2,1ty=2)

> lines(data_test$time

+ ,data_test$pred+1.96*signa

¥ Jcol="blue", wd=2,1ty=2)

> Vien(data_train)

>

So, we have only two variable, average temperature and the time. From there we have created
these, these two variables sin and cosine are our engineered feature, ok. These are our
engineered feature, sin omega t and cos omega t are engineered feature. So, with the
engineered feature we fit a nice model and which is doing pretty reasonable in terms of

predicting the temperature.

So, we will stop here. And we will continue in on it, you can always ask me one question that
why we are stopping at only two sin cosine Fourier engineered feature, Fourier feature. We
can always go for higher order Fourier feature, like sin 2 omega t cos 2 omega t sin, 3 omega t

cos 3 omega t.

In the next lectures, we will do those hands on with the higher dimension. But remember that

more feature we will put, it will add more complexity in our model, our model will become



more high dimensional. So, the this has some advantage and disadvantage. We will talk about

those model, increasing model complexity in the next lecture.

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



