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

Lecture - 27
Hands on with R Part -6

Hello all, welcome back to the part b of lecture series 8. In the previous video we discussed
how to use simple linear regression model technique to model time series data in that case we
consider two objectives; one was to a model a forecast a long trend or long term forecast
using modeling the trained and seasonality and then short term forecast using autoregressive

model.

In this video we are going to see how those models were actually fitted with the air passenger

data.
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1 ## Regression classification A i e NPTEL
2 ## Lecture 8 Part b
2
4 ## Modeling trend and seasonality in time-series data Environment is empty
5 rm(list=1s())
6 plot(AirPassengers,lwd=2,col="purple")
7 |m<-time(AirPassengers)
8 Fles ot Pcages Hap Vewsr Pesntion ()
9 n<-length(tm) BO-0 @
Regreson and st » WTE.  Wed-#4 | it
1 t
12 ## Consider from 1949 - 1956, i.e., 8§ years of data as training dat( -~ “,::;"””“"’ e e
13 me-(12%8) = Reo Chss Leet B 2uragdl 839K Jin28,2003
71 optel ks L oa e
Console. inal Background Jobs = 5948 feb1, 2023,
R RAL2. o Tty n 1 s TS 2
> m(list=1sQ)) © R oW g
> plot(AirPassengers, lwd=2, col="purple') ) by, B B s 20
A

So, let me go and start the r and I will share this code on the SWAYAM portal in the NPTEL
portal. So, first line here is it is just remove the environment any variable are there. So, it will

just remove the environment clean the environment. If you just run air passengers data it is

available in the base data set.
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1 ## Regression classification A i e NPTEL

2 ## Lecture 8 Part b

3

4 ## Modeling trend and seasonality in time-series data
5 rm(list=1s())

6 plot(AirPassengers,lwd=2,col="purple")

7 |tm<vtime(Air'Passengers)

Environment is empty

8 Files  Plots  Packages Help Viewer Presentation [
9 n<-length(tm) 2 200 | Moo= 10 1 4.
10

1
12 ## Consider from 1949 - 1956, i.e., 8 years of data os training dat( T
13 me-(12¢8)

71 Topleeh s s - ]

Console  Terminal Background Jobs. =0

@ R4.2.2 - ~{Downloads Teacing!Regression_ard_Classfiction/NPTEL
> rm(list=1sQ)

> plot(AirPassengers, lwd=2, col="purple')
>

AirPassengers

el
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Time
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1 ## Regression classifig m- NPTEL
2 ## Lecture 8 Part b "
3 87
b nment is empty

4 ## Modeling trend and s
5 rm(list=1s())

6 plot(AirPassengers, lwd=
7 tm<-time(AirPassengers)
8

9 n<-length(tm)

10

| Hap Viewr  Presstion )
1

§_ J] V\ ots O B
12 ## Consider from 1949 -

B ne(12:9) £ ’\ JJ
Console. inal Background Jobs
R R4.2.2 + ~/DownloadsTeaching/Regression_ard_Classification|
> rm(list=1sQ) 1 /\JJ
)
ANV

500

AirPassengers

200

> plot(AirPassengers, wd=2, ¢

>
84
- T T T T T | L
1950 1952 1950 195 ‘958 1960 1054 08
Time Time

Then it will just plot the air passenger data set the data set is over the time period from 9 early

1950s to 1960s and here is the air passenger values.
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1 ## Regression classification
2 ## Lecture 8 Part b
3
4 ## Modeling trend and seasonality in time-series data
5 rm(list=1s())
6 plot(AirPassengers,lwd=2,col="purple")
7 tme-time(AirPassengers)

Environment is empty

8 Fes Pois Pcages Hap Vewr Pasaton ()
9 n<-length(tm) @
10 [T ————
1
12 ## Consider from 1949 - 1956, i.e., 8 years of data os training dat( Monthly Airline Passenger Numbers
13 m<-(12*8) 1949-1960
7 mopee) Rsip
Console  Terminal - Background Jobs =0 Description
R R4.1.2 - ~/Downloads/Teaching!Regression_ard_Clasifiction/NPTEL]
. ‘The classic Box & Jenkins airine data. Noninly totals of
> rm(list=1sQ) ntematioral irne passengers, 1846 t0 1960,
> plot(AirPassengers, lwd=2, col="purple') Usage
> ?AirPassengers P —
> ‘ Format
I

Aoyt sefis, 1 housands
Source

Box, G.E.P, Jerkins, G. N and Reinse, G C. (1576) Tine Seres

In fact, if you just do question mark air passengers here it is talking about the classic box

gains airline data set, monthly total of international air passengers between 1949 and 1960.
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1 ## Regression classification

2 ## Lecture 8 Part b

3

4 ## Modeling trend and seasonality in time-series data
5 rm(list=1s())

6 plot(AirPassengers,lwd=2,col="purple")

7 tm<-time(AirPassengers)

Environment is empty

8 R P Pdags Wi Viewr  Pestion )
9 n<-length(tm) Y
19 Moy ke Prsengue ambers 1040160501

Source

1
12 ## Consider from 1949 - 1956, 1.e., 8 years of data s training dati s s o mertom oo oo
G.

: D13 n<-(12%8)

Raip

Top Level) Examples
Console  Terminal Background Jobs =0
@ R4.3.2 - ~{Downioas TeachngReyresion_ard_Cissicaon/ NPT/ Br it
> m(list=1s0)) T
> plot(AirPassengers, lwd=2, col="purple')
> 7AirPassengers £t < arins Logio hisPassangers) <10, 1,
i seasonal = List (order = ¢(0, 1, 1), |
> AirP 59”99"5| apéatefit, nothod -

upéata(fit, x = window loglt (AirPassengers), start
pred <= pradict(fit, n.ahead = 24

51 < predipred - 1.96 * predsse

= < predipred + 1.96 * predsse

=3.plot (AicPassengers, 10°t:, 10°ty, log 1t

So, here is the data and if you just run this in fact, this data just copy and paste it and just run

it.
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R R4.2.2 - ~/Downloads/Teaching Regre
> rm(list=1sQ))
> plot(AirPassengers, Iwd=2, col="purple')
> ?AirPassengers Environment is empty
> AirPassengers

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1949 112 118 132 129 121 135 148 148 136 119 104 118
1950 115 126 141 135 125 149 170 170 158 133 114 140

=
<
2
m
=

Clasifation/eTEL/

Fles Plots Pacages Hep Viewsr Presention )

1951 145 150 178 163 172 178 199 199 184 162 146 166 A

1952 171 180 193 181 183 218 230 242 209 191 172 194

1953 196 196 236 235 229 243 264 272 237 211 180 201 e

1954 204 188 235 227 234 264 302 293 259 229 203 229 e oyt o TS e
1955 242 233 267 269 270 315 364 347 312 274 237 278 I s

1956 284 277 317 313 318 374 413 405 355 306 271 306 Samples

1957 315 301 356 348 355 422 465 467 404 347 305 336 fosmsa

1958 340 318 362 348 363 435 491 505 404 359 310 337
1959 360 342 406 396 420 472 548 559 463 407 362 405 )
1960 417 391 419 461 472 535 622 606 508 461 390 432 it < arina(Logl0 hirPassengers), €10, 1, 1

seasomal = List oxdex = ¢(0, 1, 1), |
> spcata tie, nethod
upcata fit, x = window logl Aichassengers) , start
pred < predict (£t n.ahead - 24
+1 < predipred - 1,96 ¢ prodise
tu < prodipred + 1,96 * predise
U :s.plot icPassongers, 10°¢:, 10°t, log 1ty

You can see the entire data set its a small data set where you can see the entire data set Jan,
February, March, April, May up to December and then if each row sort of or a particular year.

So, its a nice data set which you can see and now we are going to model it.
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1 ## Regression classification A B
2 ## Lecture 8 Part b Values
3 tn Time-Series [1:144..

4 ## Modeling trend and seasonality in time-series data
5 rm(list=1s())

6 plot(AirPassengers,lwd=2,col="purple")

7 tm<-time(AirPassengers)

3 Fles Plats  Pacages Hdp Views Prescation )
9 n<-length(tm) .o Q
10 R Moy At Prssnger Nimers 1040-160 - 74 1 Tope

Source

1
12 ## Consider from 1949 - 1956, 1.e., 8 years of data s training date s s o st o o oo
G.

13 m<-(12*%8)
713 Moplew) RS Examples
Console Terminal - Background Jobs =
Bur examoles

R R4.2.2 - - Dounloads Taching Regressionard,_Cassfcion NTE |

1956 284 277 317 313 318 374 413 405 355 306 271 306
1957 315 301 356 348 355 422 465 467 404 347 305 336

1058 340 318 362 348 363 435 491 505 404 359 310 337 e ebie B ShpmEE
1950 360 342 406 396 420 472 548 559 463 407 362 405 6L
1960 417 391 419 461 472 535 622 606 508 461 390 432 b1 5 v, st
> tme-tine(AirPassengers) o il e
> tu <- predspred + 1.96 * predsse

+8.plot (AirPassengers, 10°t., 10°tu, log 1t A

Now from here I am going to extract the time.
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1957 315 301 356 348 355 422 465 467 404 347 305 336
1958 349 318 362 348 363 435 491 505 404 359 310 337
1959 360 342 406 396 420 472 548 559 463 407 362 405
1960 417 391 419 461 472 535 622 606 508 461 390 432
> tme-time(AirPassengers)

> tm

Jan Feb Mar Apr May Jun Jul
1949 1949.000 1949.083 1949.167 1949.250 1949.333 1949.417 1949.500
1950 1950.000 1950.083 1950.167 1950.250 1950.333 1950.417 1950.500
1951 1951.000 1951.083 1951.167 1951.250 1951.333 1951.417 1951.500
1952 1952.000 1952.083 1952.167 1952.250 1952.333 1952.417 1952.500
1953 1953.000 1953.083 1953.167 1953.250 1953.333 1953.417 1953.500
1954 1954.000 1954.083 1954.167 1954.250 1954.333 1954.417 1954.50Q
1955 1955.000 1955.083 1955.167 1955.250 1955.333 1955.417 1955.500
1956 1956.000 1956.083 1956.167 1956.250 1956.333 1956.417 1956.500
1957 1957.000 1957.083 1957.167 1957.250 1957.333 1957.417 1957.500
1958 1958.000 1958.083 1958.167 1958.250 1958.333 1958.417 1958.500
1959 1959.000 1959.083 1959.167 1959.250 1959.333 1959.417 1959.500
1960 1950.000 1960.033 1960.167 1960.250 1960.333 1960.417 1960.500

Aug Sep Oct Nov Dec

L1040 1040 £02 1040 £E7 104D 7EA 1040 022 1040 017

converted into a numerical value.
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Values
i Time-Series [1:144..

Fles Plots Packages Hdp Viewr Presentwion (]
]

B MonNY Arine Passngh Namkers 1949-1360 -

Source

B0x, G.E. P, Jerkins, . M. and Reinse, G C. (1€76) Tine Seres
Analyss, Forecasting and Control Third Edior, Holden-Day. Seres
[

Examples

Bur examales

£it < arim(Loglo Airpassengers), €0, 1, 1
seasonal = List (oxder = (0, 1, 1), |

upcata(fit, nothod

upcata(fit, x = windowi logl0 (AirPassengers), start

pred <- predict(it, n.ohead = 24

51 <- predipred - 1.96 * prodise

tu < predipred ¢ 1.96 * predise

t3.plot (AiePassengors, 10°t:, 10'ty, log 1

So, tm if I just plot the tm, you can see that Jan, Feb, March every month the time is being
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7 tm<-time(AirPassengers) Values
8 _— n 144L
-len m " .
9 h< ength(tm) tm Time-Series [1:144..
10
1

12 ## Consider from 1949 - 1956,11.6., 8 years of data os training dat(

13 1< (12*8)

14 data_train<- data.frame(chind(y=AirPassengers[1:m],tm=tm[1:m])) (P e [ o Tt | mE)
15 L VM:NIIV‘) irling Passanger Nambers 1949-1260 -

16 ## Consider from 1957 - 1960, i.e., 4 years of data cs testing data source
17 data_test<-data. frame(cbind(y=AirPassengers[(m+1):n],tm=tm[(m+1):Nn] 80,6 e, sorkins, 6. . Ronso, 6 G (1676) T Soncs

18 Analysss, Forecasting and Control. Third Editior. Holden-Day. Series
G.

91 (Top Leve) RS Examples

Console  Terminal Background Jobs. =0 s

R R4.2.2 - ~/ounoads Tacng Reyesion o CashcionTE e

> n<-length(tm)

>n

[1] 144 £it < arins Logl0 hispassengers), €0, 1, 1

N seasonel = Listiorder = o0, 1, 1, |

upcata(fit, nothod
upcata(fit, x = windowi loglo (AirPassengers), start
pred < predict(fit, n.ohead = 24

51 <- predipred - 1.96 * prodise

tu < predipred + 1.96 * predise

+8.plot AicPassengors, 10't:, 10°tu, log 1

So, we call it tm and n is the length of the tm. So, n is so, about 144 values are there. So, we
consider from 1949 to 1956 that is 8 years of data as training data. So, 12 into 8 every month

we have 12 months of data over 8 years.
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1 Data
12 ## Consider from 1949 - 1956, i.e., & years of data as training dat¢ odata_t.. 96 obs. of 2 vari..
13 m<-(12%8) Values
14 data_train<- data.frame(cbind(y=AirPassengers[1:m],tm=tm[1:m])) P %
o n 1441

16 ## Consider from 1957 - 1960, i.e., 4 years of data as testing data i Time-Series [1:144
17 data_test<-data. frame(cbind(y-AirPassengers[(m+1):n] tm=tm[(m+1):n]
18 Files. :\:l! Paclages  Help  Viewer  Presentation ™)

19 oy i P s 1945360 -

20 plot(NULL,xLim = cCtm[1],tm[n]),ylim = c(90,650),ylab = 'Air Passen( Source

2 [, : i =11"' - =1 ' G , Jerking, G. nd Reinse, G. 176) Time 3¢
21 po}ntsgdato_trmn&m, dota_trainSy,type="1",lud=Z,col="purple') i, O T ot
22 points(data_testStm, data_testdy,type='1",1wd=2,col="blue') 8
151 dopta RS ramples
Console  Terminal Background Jobs. =0
R R4.1.2 - ~/Downloads/Teaching!Regression_ard_Classifiction/NPTEL] Br s
>n
[1] 144
> me-(1278) P
> soasonal - 1ist ordor = ¢(0, 1, 1), 1
upcate fit, nethod
[1] % wpiata 5, % = vindow eglh Mshamsegecs), atazt
> dato_train<- data. frame(chind(y=AirPassengers[1:m], tm=tm[1:m])) B e’
> head(dath truin)| tu <- predipred + 1.9 * predise
= t.plot (AiePassangers, 10°t:, 10°ty, log 1t

So, we use we are going to use 96 data points out of the; out of the 144 data points as training
data. So, I am defining my training data as data frame where y equal to AirPassengers from 1

is to m and tm stands for time. So, if I just now write head of data sorry header data train.
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> n<-length(tm) Data

s data_t.. 96 obs. of 2 vari..

[1] 144 Values

> me-(12#8) n 9%

>m n 1440

[1] % tm Time-Series [1:144..

> data_train<- data. frame(cbind(y=AirPassengers[1:m],tm=tm[1:m])) R R em———

> head(data_train) L2

R:Manthy Arine Passenger Nambers1949-1960 « ¢

y tm
1 112 1949.000
2 118 1949.083 o st ant o T, o o
3 132 1949.167 °
4129 1949.250
5 121 1949.333
6 135 1949417
>

Source

Examples
I Bur examoles

£it < arima(Loglo hirpassengers), €0, 1, 1
seasonal = List (oxder = (0, 1, 1), |

upcata(fit, nothod

upcata(fit, x = windowi loglo (AirPassengers), start

pred < predict(fit, n.ohead = 24

51 <~ predipred - 1.96 * prodise

tu < predipred + 1.96 * predise

+8.plot AicPassangors, 10t:, 10°tu, log 1

So, you can see that this is the data on the first few days of data, few months of data ok.
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12 ## Consider from 1949 - 1956, i.e., 8 years of data cs training dat( Data
13 m<-(12*8) data_t.. 48 obs. of 2 vari..

14 data_train<- data.frome(cbind(y=AirPassengers[1:m],tm=tm[1:m])) data_t.. 96 obs. of 2 vari..
15 Values

16 ## Consider from 1957 - 1960, i.e., 4 years of data as testing data 9

17 data_test<-data.frame(cbind(y=AirPassengers[(m+1):n] tm=tm[(m+1):n] i 1441

18 | Files  Plots  Paclages Help Viewer Presentation
19 1 Y

R Manthy Arine Passengar Nameers 19491960 «

20 plot(NULL,xlim = c(tm[1],tm[n]),ylim = c(90,650),ylab = "Air Passen
21 points(data_traintm, data_trainSy,type="l",lwd=2,col="purple")

22 points(data_testStm, data_testSy,type="1",1wd-2,col="blue") e o o, O T o
23 abline(v=tnfm],col="red" ld=2,lty-1) )

Source

Rsirp)

u Examples

Console  Terminal Background Jobs. =0

@ R4.3.2 - {Downioas Teachng/Reyresion_ard_Cisfcaon/ T B omniis

> data_test<-data. frame(cbind(y=AirPassengers[(m+1):n], tm=tm[(m+1):n]))

> View(data_train)

> View(data_test) it < arins Logi0 hisPassangers) <10, 1,
seasonal = Listiorder = o0, 1, 1, |

> updatetie, nethod

upéata(fit, x = window logl0 (AirPassengers), start
pred <- pradict(fit, n.ahead = 24

51 <- predipred - 1.96 * predsae

tu < predspred + 1.96 * predsse

t.plot (AiePassingers, 10°t:, 10°ty, log 1t

Now, we are going to consider from 1957 to 1960 that is 57,58, 59 and 60 4 years of data as
testing data. So, about one two third data we are going to use for training and one-third data

we are going to use it for testing ok. So, here is the we are running it as a testing.
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112 19900 Data
1 us nam s
L m nee data_t.. 48 obs. of 2 vari..
o s :
»data_t.. 96 0@5. of 2 vari..
5w e
6 s e Values
T s s
n 96
o sy
s 16 e n 1441
«
i usjiess Files Plots  Packages Help Viewer Presentation [
10 paesn 2
2w s :Montly e Prsene Nimgars 1049960 + 7

B us BsKow
¥ 16 95008

By il sl 8o, G. P, Jorking, G. M, and Reise, G C. 1576) Time Seres
[ e Ay, Forecastingard GontolTird Eitor, Holdn-Oay, Series
[

Source

Showing L1017 0 56 envies, 2 total coumns
Examples
Bur examales

Consle Trminal  Bckgraand Jobs =
R RA.2.2. - /DownloasTeaching Regresion_ard_Cassfcion PTEL|

> data_test<-data. frame(cbind(y=AirPassengers[(m+1):n], tm=tm[(m+1):n]))
> View(data_train)

> £it <~ arima(1ogl0 (AirPassengers), (0, 1, 1

seasonal = List oxdex = (0, 1, 1), |

upéata(fit, nethod =

upcata(fit, x = windowi logl0 (AirPassengers), start

pred < pradict(fit, n.ohead

51 <~ predipred - 1.96 * predise

tu < predipred + 1.96 * predise

+9.plot AicPassangors, 10t:, 10°tu, log 1

So, here is the test data set it is a trained data set and this is the test data set ok.
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s w5
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B 0 Bsa0
s wseon
. usier 8o, G, . P, Jerking, 6. M, and Reise, G, . 1576) ime Seres
1348 158 Aoy, g i Conol i . ok 0, Stis

L2

R:Monthy Arine Passenger Namers1949-1960 « 7

Source

Showing 110 17 of 48 envies, 2 otal coumns
Examples

Console  Terminal «  Background Jobs =0
Bur examales

@ R4.8.2 - ~{Downioads Teaching Regresion_ard_Classfcton/ PTEL/

## tot run

> data_test<-data. frame(cbind(y=AirPassengers[(m+L):n], tm=tm[(m+1):n])) [

> View(data_train)

> Vien(data_test) £it < arina Logl0 hirPassengers), €10, 1, 1),
seasonal = list(order = ¢(0, 1, 1), |

> updatetie, nethod =

upéate fit, x = windowi loglé AirPassengers), start
pred <- pradict(£it, n.ahead

41 <~ predipred - 1,96 * predise

tu <~ predipred + 1.96 * predise

58.plot (AicPassengers, 10°¢2, 10ty log = °y", 1ty
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12 ## Consider from 1949 - 1956, i.e., & years of data as training dat¢ odata_t.. 96 obs. of 2 vari..
13 m<-(12%8) Values
14 data_train<- data.frame(cbind(y=AirPassengers[1:m],tm=tm[1:m])) " %
1(55 # C der f 1957 - 1960 4 f dat test dat " L
## (onsider from b 0, 1.8, years 0 ata as testing aata .
: : Lot Time-Series [1:144..
17 data_test<-data.frame(cbind(y=AirPassengers[(m+1):n],tm=tm[(m+1):n] t
Files Plots  Packages Help Viewer Presentation [
18 2
19 2 Moy i Prsage amters 1049-360 -
20 plot(NULL,xLim = c(Ctm[1],tm[n]),ylim = c(90,650),ylab = 'Air Passen( Source
2L points(data_trainStn, dota_trainSy,type="1",lnd=2,col="purple’)  foShimims st oo aaesee
22 points(data_testStm, data_testdy,type='1",1wd=2,col="blue') E
11 [ op o) RSP Examples
Console  Terminal Background Jobs. =0
R R4.1.2 - ~/Downloads/Teaching!Regression_ard_Classifiction/NPTEL] drenzts
>n
[1] 144
> me-(1278) P
s seasonal = Lase order = o0, 1, 1), |
sothod
[1] % u x = window Joglé stare
> data_train s it ™ angers[1:m], tm=tm[L:m])) T b
> head(data()) o s 10 28 0+ 3
2\

Now, this piece of line is going to create the just that frame of the plot I am going to create
some visualization let us as our discussion you know that visualization is sometimes helps to

understand the it helps us to understand the data and what kind of model can be used.

So, here I am just creating a framework just on the exact same thing do not plot anything just
x axis will have the times and y axis will have the dates. Then from the time train you plot the

data with purple color.
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13
14 :a.frome(cbind(y=AirPassengers[1:n],tm=tm[1:m]))
15

16 1 1957 - 1960, i.e., 4 years of data os testing data

17 frame(cbind(y=AirPassengers[(m+1):n],tm=tm[(m+1):n]))

18

19

20 c(tm[1],tn[n]),ylim = c(90650),ylab = 'Air Passengers',xl
21 n$tm, data_trainSy,type="1",1lwd=2,col="purple')

22 :5tm, data_testdy,type="1",lwd=2,col="blue")

23 ol="red",lwd=2,1ty-1)

o TR N T R
21 doplew): Rscrpt
Console Terminal - Background Jobs =0

R R4.2.2 - ~{Downloads/Teaching!Regression_ard_Cassification/NPTEL/
> View(data_train)

> View(data_test)

> plot(NULL,x1im = c(tm[1],tm[n]),ylim = c(90,650),ylab = 'Air P
assengers',xlab="")

> points(data_train$tm, data_traingy,type='1",1nd=2,col="purpl
e

>

o NTEL -

Evrcoment Hory  Comeclors Gh Ttohd =0
& ™ mporeDauset - N1sEmB - o Lt -
R+ [ Global Environment -
Data
odata_test 48 obs. of 2 varicbles
odata_tra.. 96 obs. of 2 varicbles
Values

n 9%

n 1441
Filess  Plots  Packages  Help  Viewer  Presentition =0
5 Proom Sepoce @ f % Publish +

Air Passengers
P

100 200 300 400 500 60O

WWM

1650 1952 1954 1956 1658 1960
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14 data_train<- data.frome(cbind(y=AirPossengers[1:m],tm=tm[1: Data

15 "
data_test 48 obs. of 2 bl

16 ## Consider from 1957 - 1960, i.e., 4 years of data os test data tes 9% obs of 2 var‘chles

17 data_test<-data. frame(cbind(y=AirPassengers[(m+1):n],tm=tm[ CLE_Ea b U, CHLC VLA ES

18 Values

19 ## Visualization n 9%

20 plot(NULL,xLim = c(tm[L],tn[n]),ylin = c(90,650),ylab = "Ai N 144L

21 points(data_train$tm, deta_trainSy,type="1",1wd=2,col="purp fie e moass wip Ve pesmuio =0

P 1o Fbpor - O f St -

22 points(data_teststm, data_testSy, type='1",1wd=2,col="blue') ~
23 hbline(v:tm[m] ,col="red",lnd=2,1ty=1)
24

25 fit_trendl <-lm(y~scale(tm),data=data_train) 2
ey ey e -t 8
R R4.2.2  ~/DownloadsTeaching!Regresion_ard Classfction/PTEL| g g
> View(data_test) g
> plot(NULL,x1im = c(tm[1],tm[n]),ylim = c(90,650),ylab = 'Air P E 37 \/\/ |
assengers',xlab="") g /f\,’/
> points(data_train$tm, data_traindy,type="1",1lnd=2,col="purpl 3 | r’\/j\/A
e & T T T T T T
> points(data_test§tm, data_test$y,type="1",1wd=2,col="blue') 180 e W1l e
>

And then from the test data set you plot the data with the blue color.

e -

YU
%
Y

ey,
Werigni?”

=
34
=
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17 data_test<-data.frame(cbind(y=AirPassengers[(m+1):n] tm=tm[ & % diottwionmen - NPTEL
18 Data
19 ## Visualization data_test 48 obs. of 2 varicbles

20 plot(NULL,xlim = c(tm[1],tn[n]),ylin = C(9,5§0)'Ylﬂb = 'Al o data_tra.. 96 obs. of 2 varicbles
21 points(data_trainstm, data_traindy,type="L",lwd=2,col="purp yq1yes
22 points(data_testStm, data_testSy,type="1",1wd=2,col="blue") " 9%
23 abline(v=tm[m],col="red",lwd=2,1ty=1) P 144
R . Files  Plots ackages Help Viewer Presentation -
25 fit_trendl <-1m(y~scale(tm),data=data_train) 5| toon Bepon 10| & Bhbish +
26 suml<-summary(fit_trendl)
27 round(coefficients(suml),3)
28 cat('Adjusted R.Squared = ', round(sumliadj.r.squared,3),"\

29 84
1 oplew Rsai 5
cocn [T ] B e -t 21
R 1422 o Tt St ey
> plot(NULL, xLim = c(tm[1],tm[n]),ylim = c(90,650),ylab = "Air P % :
assengers',xlab="") ; g1 W
> points(data_train$tm, data_traindy,type="1",1lwd=2,col="purpl g /A//
e 5 ,/v/\/\

T T

> points(data_test$tm, data_test$y,type='1",1wd=2,col="blue") e e e e

> abline(v=tm[m],col="red",lnd=2,1ty=1)

>

And this is the red line that we draw. So, this part of the data we are going to use as a train

data and this part of the data we are going to use as a test data.
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17 data_test<-data.frame(cbind(y-AirPassengers[(m+1):n],tm=tm[ - % oot tniomner - NPTEL
18 Data
19 ## Visualization data_test 48 obs. of 2 varicbles

20 plot(NULL,xlim = c(tm[1],tm[n]),ylin = ¢(90,650),ylab = 'Ai ,dgta_tra.. 96 obs. of 2 varicbles
21 points(data_train$tm, data_trainSy,type="Ll",lwd=2,col="purp ,fit tren. List of 12

22 points(data_testStm, data_testSy,type="1",1wd=2,col="blue") sumI List of 11

23 abline(v=tm[m],col="red",lwd=2,1ty=1)
24 Files  Plots ackages Help Viewer Presentation =0
B Hy=a+bt+e 5 # o Aewon~ 0| 2 b -
26 fit_trendl <-lm(y~scale(tm),data-data_train)

27 surPI«summary(fit_tr‘endl)

28 }*ound(coefficients(suml},3)

29 cat('Adjusted R.Squared = ', round(sumliadj.r.squared,3),"\

21 opee) Rscrpt

Values

Console  Terminal Background Jobs. Ll
R R4.2.2 - ~{Downloads/Teaching!Regression_ard_Classification/NPTEL/

> points(data_train$tm, data_train$y,type='1",1lwd=2,col="purpl
e')

> points(data_test$tm, data_test$y,type='1",1wd=2,col="blue")

> abline(v=tm[m],col="red",1nd=2,1ty=1)

> fit_trendl <-1m(y~scale(tm),data=data_train)

> suml<-sunmary(fit_trendl)

>

Air Passengers

L

100 200 300 400 500 60O
P
S

WWN

1650 1952 1954 1956 1668 1360

So, the first model we are going to fit is y equal to a plus b time plus error ok, now we just fit

the data summary.
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. >  mportOataset - M 160ME - o List e
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R 1422 ot Tachng ey

Data
Call: data_test 48 obs. of 2 varicbles
In(formila = y ~ scale(tm), data = data_train) dota_tra.. 96 obs. of 2 varicbles

fit_tren.. List of 12

Residuals: ) sunl List of 11
Min 1Q Medion 30 Max Values
-63.289 -18.529 -2.838 17.138 100.066
Files  Plots  Packages Help Viewer Presentation =0
P room Bbpor 8 75 Publish +
Coefficients:
Estimate Std. Error t value Pr(>1tl)
(Intercept) 213.708 3.150  67.85 <2e-1p ***
scale(tm) 65.038 3,166  20.54  <2e-16 ¥** 2
Signif. codes: ¢ 3 //
0 ¥+ 0,001 *** 0.01 ‘* 0,05 0.1 <1 ﬁ N \/\
-
£° W
Residual standard error: 30.86 on 94 degrees of freedom g /A//
Multiple R-squared: @.8178,  Adjusted R-squared: @.8159 3 | r’vj\/A
= T T T T

F-statistic: 421.9 on 1 and 94 DF, p-value; < 2.2e-16
150 1952 1054 1956 1958 1360

And this is the summary. So, this is what we have seen it in our presentation also.
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20 plot(NULL,xlim = c(tm[1],tm[n]),ylim = c(90,650),ylab = 'Ai Data

21 points(data_trainStm, data_trainSy,type='1",lwd=2,col="purp data_test
22 points(data_testStm, data_test$y,type="1",1wd=2,col="blue") =
23 abline(v=tm[m],col="red",lwd=2,1ty=1)

48 obs. of 2 varicbles
data_tra.. 96 obs. of 2 varicbles

24 fit_tren.. List of 12

S#y=a+bt+e suml List of 11

26 fit_trendl <-lm(y~scale(tm),data=dato_train) Values

27 suml<-summary(fit_trendl) Fles Pots acagis Hip Viewer restnution -0
P room Bbpor 8 75 Publish +

28 round(coefficients(suml),3)
29 cat('Adjusted R.Squared = ', round(suml$adj.r.squared,3),"\

30
ofl 2 |
1”-\‘\”0‘!‘.'. . - K- A S i i I
3
Consle Tarminal - acgrone Jos =0 § 27
R 8422 ot Textg gesion s i T -
> round(coefficients(sun1),3) g
Estimate Std. Error t value Pr(>Itl) ; 87 W
(Intercept) 213.708 3,150 67.851 [} g /N/
scale(tm) 65.038 3.166 20.541 [} R r’\/j\/A
. T T T T

> cat('Adjusted R.Squared = ', round(sumi$adj.r.squared,3), '\n")
150 1952 1054 1956 1958 1360

Adjusted R.Squared = 0.816

s I

If we just so, this is what we have seen and adjusted r square is 81.6 percent so; that means,
81.6 percent of the variability in the air passenger data can be simply explained by the simple

linear trend.
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23 abline(v=tm[m],col="red",lwd=2,1ty=1) %+ 1 b tnonnet -
24 Data
B #y=a+bt+e odata_test 48 obs. of 2 varicbles
26 fit_trendl <Im(y~scale(tm),data=data_train) odata_tra.. 96 obs. of 2 varicbles
27 suml<-summary(fit_trendl) ofit_tren.. List of 12
28 round(coefficients(suml),3) suml List of 11
29 cat('Adjusted R.Squared = ', round(sumliadj.r.squared,3),"\ Values
30

Pl Pois | facags e Viewsr | trenain =
31 ® | P oom Meqon-|8]ld o ublsh -

32 Fi’c_hat < fit_trend1$fitted.values

> cat('Adjusted R.Squared = ', round(sumi$adj.r.squared,3),'\n')
Adjusted R.Squared = ©.816
> fit_hat <- fit_trendl$fitted.values

o I

33 ffit_hat <- ts(fit_hat,frequency = 12,start=1949)
34
35 lines(fit_hat,col="dorkgreen",1lwd=2) ) g1
o TR -t 81
VTR —— g9
Estimate Std. Error t value Pr(>Itl) % :
(Intercept) 213.708 3.150 67.851 0 ; 87 r\/’W
scale(tm) 65.038 3.166 20.541 [ g v
¢ |V
¥ T T T T

T T
1650 1952 1954 1956 1668 1360

Now from that I can compute the fitted values.
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26 fit_trendl <-lm(y~scale(tm),data=data_train) Data

27 sum<-sumary(fit_trend1) dota_test 48 obs. of 2 varicbles

el e
28  round(coefficients(sunl), 3) »dota_tra.. 96 obs. of 2 varicbles

' iy NETY
29 cat('Adjusted R.Squared = ', round(sumlSadj.r.squared,3),"\ ofit_tren. List of 12

30
31 suml List of 11
2 fithat < fit_trendisfitted.values Uetbres
33 it _hat <= ts(fit_hat,frequency = 12,start=1949) o o ot [ o Ly [ rovmon B
% | 3|t Aeom 5ot
35 lines(fit_hat,col="darkgreen",1lwd=2)
36
37 resid<-ts(fit_trendlfresiduals,frequency = 12,start = 1949) el
Conscle Terminal « Background Jobs -0 & R
R R4.2.2 « ~/Downiuads/Teaching Regresson_ard,_ClassificationNPTEL/ E‘ g ]
82 83 84 i
284.9171 287.2518 289.5865 291.9212 294.2559 296.5906 E 37 W
85 86 87 88 89 90 g '\//
298.9253 301.2600 303.5948 305.9295 308.2642 310.5989 3 | W
91 92 5] 94 95 % T T T T T

312,936 315.2683 317.6030 319.9377 322.2725 324.6072 18I IR

>



(Refer Slide Time: 07:09)

"o WPTEL - doc_update -RStudio

“
]

&
0. - o % | B - Addns - Bame - S
§
© e Coss e 8 Pur bR 20w Wy | Comectors | Gk Tuarl I X
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32 tit_hat <- fit_trendlStitted.values R T GlobalEnvronment - NPTEL
33 fit_hat <- ts(fit_hat,frequency = 12,start=1949) Data
# data_test 48 obs. of 2 varicbles
35 lines(fit_hat,col="dorkgreen",1wd=2) data_tra.. 96 obs. of 2 varicbles
36 fit_tren.. List of 12

37 reside-ts(fit_trendiiresiduals,frequency = 12,start = 1949) ¢ ., List of 11
38 plot(resid,wd=2,col="purple',pch-20)
39 abline(h=0,col="blue",lwd=2)

Values

Files Plots ackages Welp Viewer resentaion -

40 5 Proom Sepors 8 % Pubish +
41 # w = 2%pi1/12
2
43 w<- 2%pi
4 g
R R4.2.2 ~ownoatsTachngReyesionrd Casihcaion T g5
& 8 87 88 89 90 g :
298.9253 301.2600 303.5948 305.9295 308.2642 310.5989 ; 87
91 92 93 94 95 96 g
312.9336 315.2683 317.6030 319.9377 322.2725 324.6072 g

> fit_hat <- ts(fit_hat,frequency = 12,start=1949) c' ) ' J ﬁ‘ J
> lines(fit_hat,col="darkgreen", wé=2) 1R GETTe0%
>

And I just define it as a time series and plot the line. So, this is the fitted values and from

there we from the fit trend.



(Refer Slide Time: 07:24)

° NPTEL - doc_update -RStudio &
0w > e - hddns - v 8
ge
[ Enirooment Histry  Comeciors Gk Tuoril =0 L Y

©]Reg_Cass Lec 8 Pa bR —

surceonsae Q4 /- AR %% W souke - > » mpontOataset - M 160MB - st - s
32 tit_hat <- tit_trendlstitted.values R+ T GlobalEnvronmert - NPTEL
33 fit_hat <- ts(fit_hat,frequency = 12,start=1949) suml List of 11
34 Values
35 lines(fit_hat,col="darkgreen",lwd=2) fit_hat  Time-Series [1:96] from 1.
36 n 9%
37 resid<-ts(fit_trendliresiduals,frequency = 12,start = 1949) 1441,
38 plot(resid,lnd=2,col="purple' pch=20) . ri——r— .
29 hbline(h:@,cnl:‘blue‘,lwd:Z) resid Time-Series [1:96] from 1.
Files  Plots  Packages Help Viewer Presentation =0
40 2 Pom Sbprs O f % Publish +
41 # w = 2%pi/12
2
43 we 2pi y
44 -

381 (Top Level) Rsaipt

Console Terminal - Background Jobs =

9% 95 %

91 7} 93 M J
312.9336 315.2683 317.6030 319.9377 322.2725 324.6472 7 \/\/ \/ \/V J w

R R4.2.2 + ~/Dounload Teaching Regression_ard_Clascton/TEL/

resid

> fit_hat <- ts(fit_hat,frequency = 12,start=1949)

> lines(fit_hat,col="darkgreen",lwd=2)

> reside-ts(fit_trendl$residuals,frequency = 12,stort = 1949)
> plot(resid,lwd=2,col="purple',pch=20)

£ I

1950 1952 1954 1956

Time

We just extract the residuals as frequencies as time series data and plot them and this is these

are the residuals you can see this is the residuals.
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35 lines(fit_hat,col="darkgreen",1wd=2) AL L
36 suml List of 11
37 resid<-ts(fit_trendl$residuals,frequency = 12,start = 1949) Values
38 plot(resid,lnd=2,col="purple' pch=20) fit_hat  Time-Series [1:96] from 1..
39 abline(h=0,col="blue",lwd=2) n %
40 n 1440
41 # W = 2%1/12 resid  Time-Series [1:96] from 1.
4 Files  Plots ackages  Melp Viewer Presentation =0
43 we- 2%pi/1R #om Bbpor- 8 o G hblsh +
4

45 data_trainSresid <- fit_trendlSresiduals
46 fit_resid <- Im(resid~sin(w*time)+cos(w*tm),data = data_tra
47 resid_hat <~ fit_residifitted.values

100
L

Rscript

Console

312.9336 315.2683 317.6030 319.9377 322.2725 324.6072 Mo AF/\ A /\
W

> fit_hat <- ts(fit_hat,frequency = 12,start=1949) V V\} \J l r) |

> lines(fit_hat,col="darkgreen",lwd=2) \W \’J VJ "
> reside-ts(fit_trend1$residuals, frequency = 12,stort = 1949) 8
> plot(resid,lwd=2,col="purple',pch=20)

> abline(h=0,col="blue", lnd=2)

>

inal  Background Jobs =

resid

o

T T T T
1950 1952 1954 1956

Time

And at we plot a 0 at a at 0 the sum will be negative sum will be positive and we can see that
residuals have the seasonality. Now we now we plot 2 pi omega by 2 pi now we do not need
to define it as a 12 because in the we have defined it as a time series data and here frequency

is already defined as 12. So, that is why I do not need to divide it by 12.
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40

41 ## w = 2*pi/12
42

43 we- 2%pi

44

45 data_traindresid <- fit_trendi$residuals
46 hlt,resid <- ImCresid~sin(w*time)+cos(w*tm),data = dota_tra
47 resid_hat <- fit_residifitted.values
48 resid_hat <- ts(resid_hat,frequency = 12,start = 1949)
49 lines(resid_hat,lty=2,1wd=2,col="red")
50
51
Console  Terminal Background Jobs. Ll
R R4.2.2 - ~(Downloads Teaching!Regression_ard_Classification/NPTEL]
> fit_hat <- ts(fit_hat,frequency = 12,start=1949)
> lines(fit_hat,col="darkgreen", 1wd=2)
> reside-ts(fit_trend1$residuals,frequency = 12,stort = 1949)
> plot(resid,lwd=2,col="purple',pch=20)
> abline(h=0,col="blue", lwd=2)
> data_train$resid <- fit_trend1$residuals
>

e -

Environment History  Comediors Gk Tutorkl -

R

» mporDatiset - V160MB - Lt -
1 Global Environment +

data_tra.. 96 obs. of 3 varicbles
fit_tren.. List of 12
suml List of 11

Values

fit_hat  Time-Series [1:96] from 1.

n %

P i
WA

T T T T
1950 1952 1954 1956

Time

So, because data it is already being defined as a frequency of 12.

YU
%
Y

s
s

=
34
m Y,
o
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odata_tra.. 96 obs. of 3 varicbles
1 us peos ssow
1w veasr es0m ofit_tren. List of 12
o s e :
osuml List of 11
5w e s
¢ us sear s Values
s s san : + : .
< fit_hat  Time-Series [1:96] from 1.
b s s
9 136 149667 14511807 mn 96
1 LpEUaT | 830 Files  Plots  Packages  Help  Viewer  Presentition =0
n s e 2isen ot B s R 1911 T
w s sy s
B s s 150
" 126 150083 7160758
B e sy =
6 s s 280 21
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Console Terminal - Backround Jobs =0
@ R4.02 - ~/DounisadsTeaching Regression ard Cassfcation NPTE|

> lines(fit_hat,col="darkgreen",lwd=2)

=
=
—
.
§:>
=
—

> resid<-ts(fit_trend1$residuals, frequency = 12,start = 1949) ° J | r) |
> plot(resid,lwd=2,col="purple',pch=20) \/‘{
> abline(h=0,col="blue",1wd=2) 81

> data_train$resid <- fit_trend1$residuals T 7 T
; ) 0 te fe4 1956

> View(data_train)

>
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Console  Terminal Background Jobs. =0 7
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> lines(fit_hat,col="darkgreen",1vd=2) /V\ N

> resid<-ts(fit_trend1$residuals,frequency = 12,stort = 1949) \,/V V\l \J | r) |

> plot(resid,lwd=2,col="purple’,pch=20) \W J

> abline(h=0,col="blue", lnd=2) %

> dato_train$resid <- fit_trend1$residuals !

:
- . 1950 1952 1954 1956

> View(data_train) 8

. Tine

resid

So, data set is residuals and now in the data set train you see I have extracted the residuals ok
extracted the residuals and fit the residuals as a function of sin omega time plus cos omega

time ok.
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e VII 2 fit_hat Time-Series [1:96] from 1.
e
4| n 96
45 data_traindresid <- fit_trendifresiduals ! : 1‘}4L =
% resid Time-Series [1:96] from 1.
47 # resid = a + b Sin(w t) + ¢ Cos(w t) + error tm Time-Series [1:144] from ..
43 w 6.28318530717959
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50 resid_ht <- fit_residfitted,values £ tnll Bepin’s| § I Sl e
51 resid_hat <- ts(resid_hat,frequency = 12,start = 1949)
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53
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Console Terminal - Background Jobs =
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> abline(h=0,col="blue', lwd=2)
> data_train$resid <- fit_trend1$residuals \,’V\H lVU \J | r) |

> View(data_train) \W \/[W b
> fit_resid <- Im(resid~sin(w*time)+cos(w*tm),data = data_train) %

Error in eval(predvars, data, env) : object 'w' not found
> we- 2%pi

i I

resia
°

=
|~
—
=~
==
 —
E— g

T
1950 1952 1954 1956

Time

Now, this is the model what we want to fit residual as a function of a plus b times Sin omega
t plus ¢ times cos omega t plus error this is the model we want to fit. So, we fit this model

sorry we need to run this guy yeah.
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45 data_traindresid <- fit_trendi$residuals fithat  Time-Series [1:96] from 1.
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47 ## resid = a + b Sin(w t) + ¢ Cos(w t) + error n 1441
48 resid Time-Series [1:96] from 1.
49 fit_resid <- Im(resid~sin(w*tm)+cos(w*tm),data = data_train resid_hat Time-Series [1:96] from 1..
50 resid_hat <- fit_resid$fitted.values Fles P racages W Viewer pressnuion )
45 Publish ~

£ oo Hbgor+ 6 f

51 resid_hat <- ts(resid_hat,frequency = 12,start = 1949)
52 |lines(resid_hat,lty-2,lwd=2,col="red")

53

54 El
5 fit racid o Imfraci docinfwkbm)orne whknicd nl Phuktm)irne(?

it opte [

50

Consle Trminal  Bckgraand Jobs
R RA.2.2. ~/Downloas Teaching Regresion_ard_Cassfcion BTEL|

resid

el ' »ll'\ hj\
[1] 6.283185 \(/'VV VM\J f)\r{

> fit_resid <- Im(resid~sin(w*tm)+cos(w*tm),data = data_train)

> resid_hat <- fit_resid$fitted.values

> resid_hat <- ts(resid_hat,frequency = 12,start = 1949) !

> lines(resid_hat, lty=2, 1wd=2,col="red") W
>

o

Time
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Now you can see that let me just enlarge this thing. So, now, you can see that this sin cosine
is trying to capture the seasonality annual seasonality of the data, but it misses the like you

know highs and lows of the data.
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49 tit_resid - lm(resm sin(w*tm)+cos(w*tm), data = datah traln
50 resid_hat <- fit_residsfitted.values

51 resid_hat <- ts(resid_hat,frequency = 12,start = 1949)

52 lines(resid_hat,lty=2,lwd=2,col="red")

53

54 y

55 fit_resid <- Im(resid~sin(w*tm)+cos(w*tm)+sin(2*w*tm)+cos(2
56 resid_hat <- fit_residéfitted.values

57 plot(resid,lnd=2,col="purple',pch=20)

58 abline(h=0,col="blue",lwd=2)

59 resid_hat <- ts(resid_hat,frequency = 12,start = 1949)

60 lines(resid_hat,lty=2,1wd=2,col="red")

61

611 Mopere) Rscrpt
Console Terminal - Background Jobs =

R4.2.2 + ~/DownloadsTeaching/Regression_ard_Classification/NPTEL|
: resid_hat <- és%reéid_hat,frequency = 12,start = 1949)
> lines(resid_hat,1ty=2,1wd=2,col="red")
> fit_resid <- Im(resid~sin(w*tm)+cos(w*tm)+sin(2*w*tm)+cos(2*w*
tm)+sin(3*w*tm)+cos(3*wrtm)+sin(4*wtm)+cos(4*w*tm),data = data_
train)
> resid_hat <- fit_resid$fitted.values
> plot(resid,lwd=2,col="purple',pch=20)

e -

Environment History  Comediors Gk Tutorkl B
Sk Pmpnoase - M1g7Me - st -
R+ T Global tnvionment

»fit_resid List of 12

fit_tren.. List of 12
osuml List of 11
Values

fit_hat  Time-Series [1:96] from 1..

%

Fies Pt 7acagis Welp Viever fresentition =

£ 1o Fbgor - O f Bt -

100
L

50

fﬂ\,wMM |
MVM M

resid

o

Time

Now, it for then we fit a second order residual Fourier transform.
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53 n 144L
34 . é ] e - — resid Time-Series [1:96] from 1.
55 fit_resid <- Im(resid~sin(w*tm)+cos(w*tm)+sin(2*w*tm)+cos(2 resid_hat Time-Series [1:96] from L.

56 resid_hat <- fit_residéfitted.values

7 plot(resid,lnd=2,col="purple" ,pch-20) e
58 abline(h=0,col="blue",lwd=2)

59 resid_hat <- ts(resid_hat,frequency = 12,start = 1949)
60 |lines(resid_hat,1ty=2,1wd=2,col='red‘)

61

6L1  opLere) Rscrpt

w

Consle Trminal  Bckgraand Jobs =0 AN Ko s

|
@ R4.2.2 + ~/Downloads/Teaching!Regression_ard_Classification/NPTEL/ i ! iy
AL
> resid_hat <- fit_resid$fitted.values i V\((' V\l \J WJ\’ \VJ’ V
> plot(resid,lwd=2,col="purple’,pch=20) ‘,’ V g ‘JL
> abline(h=0,col="blue", lwd=2) %
> resid_hat <- ts(resid_hat,frequency = 12,start = 1949) ! ! i} J
> Tlines(resid_hat, lty=2, 1nd=2,col="red") L

L I

resid
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And we plot this and now we can see that this red curve is actually trying to capture the this
this local seasonality this local seasonality is trying to be captured by the you know the

second term Fourier.
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58 abline(h=0,col="blue",lnd=2) L Lo T
59 resid_hat <- ts(resid_hat,frequency = 12,start = 1949)
60 lines(resid_hat,lty=2,lwd=2,col="red")

fit_tren.. List of 12
fit_tren.. List of 12
suml List of 11

61
62 ! Values
€3 fit_trend_season<-Im(y~scale(tm)+sin(w*tm)+cos(w*tm) fit_hat  Time-Series [1:96] from 1.
64 +sin(2*w*tm)+cos(2*w*tm) n 9
€5 +sin(3*w*tm)+cos(3*w*tm) Fles Pots acagis Hip Viewer restnution =0
6 ,data:data_train) P room Bogor+ 8 % Publish +
67 summary(fit_trend_season)
68
69 plot(NULL,xlim = cCtm[1],tn[n]),ylin = c(90,650),ylab = 'Ai £
vaﬂ‘h{.\‘i“n{-r"rinﬁ-n traintim  Adata +raintu funan 'l Twdo? /‘A]_'RV:\W'}:\
o e+ wdarne o 0 87 4oy 4 1 o A
R R4.2.2 - ~{Downloads Teaching!Regression_ard_Cassification/NPTEL/ o no! I
0 “** 0.001 **' 0.01 ‘¥’ 0.05 ‘.’ 0.1 1 ) m n I‘A A
e T *,
s W k'
Residual standard error: 17.33 on 88 degrees of freedom y \(l V\,\ wj ‘J VJ »
Multiple R-squared: @.9462,  Adjusted R-squared: @.942 81
F-statistic: 221.3 on 7 and 88 DF, p-value: < 2.2e-16 T J ’ ]
W60 192 1084 1986
Time
e |

So, now if we fit a trend and seasonality together what we are getting is.
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fit_tren.. List of 12
Coefficients: suml list of 11

Estimgte Std. Error t value Pr(>1tl)

Values
(Intercept) 213,708 1,768 120.855 < 2e-16 *** i . .
fit_h Time- 13 from 1..
scale(tm) 65.450  1.790 36.568 < 2e-16 *** T - Series EL1%6) fron
sin(w * tm) 6.874 2.512  2.736 0.00751 ** Hm T T : =
cos(h * tm)  -29.877  2.502 -11.943 < 2e-16 *** T T
sin@ *w* tm) 13.199 2.503  5.273 9.50e-07 ***
cos(2 ¥ w * tm) 12.641 2.502  5.053 2.34e-06 ***
sin( *w*tm) -5.7% 2,502 -2.317 0.02282 * 3
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Signif. codes: Bloaa b .
° \ 1
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F-statistic: 221.3 on 7 and 88 DF, p-value: < 2.2e-16 T J ] ]
0 12 e 1086

Time

i I

L

And then almost so, that you know the time that you know the sin cosine everything is kind of
extremely significant and adjusted R square is 0.942. So, 94 percent of the x variability get

explained by the model.
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70 points(data_trainstn, data_traindy,type="1",1ud=2,col="purp " " pr s ar = Shiti 1@
71 abline(v=tm[m],col="red",lwd=2,1ty=1)
7?
73 fit_hat <- fit_trend_season$fitted.values
a }Fit_hat <- ts(fit_hat, frequency = 12,start = 1949) g
e R =5
R R4.2.2  ~/DounloadsTeaching!Regresion_ard Classfcton/NTEL| g 3
> plot(NULL,x1im = c(tm[1],tm[n]),ylin = c(90,650),ylab = 'Air P E § W\/\
assengers',xlab="") g /A//
> points(data_train$tm, data_traindy,type="1",1lnd=2,col="purpl 3 | »/v/\/A
e - T T T T T T
> abLine(v=tn[r], col="red", 1nd=2, ty=1) e e
>

And then we plot the model and then fit hat.
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67 summary(fit_trend_season)

69 plot(NULL,xlim = c(tm[1],tm[n]),ylim = ¢(90,650),ylab = 'Ai
70 points(data_train$tm, data_trainSy,type="1",1lwd=2,col="purp

71 abline(v=tm[m],col="red",lwd=2,1ty-1)

I
73 fit_hat <- fit_trend_season$fitted.values

74 fit_hat <- ts(fit_hat, frequency = 12,start = 1949)
75 lines(fit_hat,lty=1,1wd=2,col="red")

76

761 Top Levl)

Console Terminal

Background Jobs

R RA.2.2. ~/Downloas Teaching Regreson_ard_Cassfcaion PTEL|

> points(data_train$tm, data_train$y,type='1",1lwd=2,col="purpl

e

> abline(v=tm[m],col="red"',wd=2,1ty=1)

> fit_hat <- fit_trend_season$fitted.values

> fit_hat <- ts(fit_hat, frequency = 12,start = 1949)
> lines(fit_hat,lty=1,1lwd=2,col="red")

>
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fit_hat  Time-Series [1:96] from 1..
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So, we can in the in sample the fitting is quite good.
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73 fit_hat <- fit_trend_seasonSfitted.volues fit_hat  Time-Series [1:96] from 1.

74 fit_hat < ts(fit_hat, frequency = 12,start = 1949) n 9%

75 lines(fit_hat,lty=1,1wd=2,col="red") n 1440

7 pred Nomed num [1:48] 308 320 ..

77 pred <- predict(fit_trend_season,newdata - data_test) R P s elp Viewer | hesnutin -0

8 }Jred <- ts(pred, frequency = 12 start = tm[(n+1)]) 2 Pron Bpwre @ d 2 b -

79 lines(pred,lty=1,1wd=2,col="green")
80 points(data_testStm, data_testdy,type="1",1wd=2,col="blue")

81 N
PR e ———— 23
e") i :
> abline(v=tm[m],col="red",lnd=2,1ty=1) ; 37
> fit_hat <- fit_trend_season$fitted.values § -
> fit_hat < ts(fit_hat, frequency = 12,start = 1949) 2 | W
> lines(fit_hat,lty=1,1wd=2,col="red") : 4 ! ' ! J y
> pred <- predict(fit_trend_season,newdata = data_test) Ll A
>

|

And let us do the out of the sample prediction this is out of the sample prediction: out of the

sample prediction.
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78 pred <- predict(fit_trend_season,newdata = data_test) e ine-Sertes [1:48] from =
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81 points(data_testStm, data_testfy,type='l",1wd=2,col="blue")

8
83 g1
811 (Top Level) L 2
o [ -t 27
Y —————— ¢ s |
> lines(fit_hat,lty=1,1wd=2,col="red") g
> pred <- predict(fit_trend_season,newdata = data_test) ; 3
> pred <- predict(fit_trend_season,newdata = data_test) g
> pred <- ts(pred, frequency = 12,start = tm[(m+1)]) 3 | W

> lines(pred,lty=1,1wd=2,col="green") W B o e s o

> points(data_test§tm, data_test$y,type="1",1wd=2,col="blue')
>

So, we do that and then we can see that you know its definitely missing the if you just let me

just.
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So, this reds and this greens are out of the sample forecast and clearly it is missing the highs

of the you know max the peak seasons.
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> pred <- ts(pred, frequency = 12,start = tm[(m+1)])

> lines(pred,lty=1,1wd=2,col="green")

> points(data_test$tm, data_test$y,type='1",1wd=2,col="blue")
>

Air Passengers

100 200 300 400 500 60O
L
—_—

1650 1952 1954 1956 1668 1360

So, we take the log transformation we trend and seasonality with log transformation and then
we on that we run a step by selection transformation and run step wise variable selection to
choose best engineered feature to capture the seasonality dt ok. So, let me just run this. So,

you can see sin cos now all the cos terms of fourth and fifth order cos terms are being

dropped ok.
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cos(2 * w* tm) 5.045e-02 6.743e-03  7.481 5.85e-11 ***
sin(3 * w * tm) -2.554e-02 6.743¢-03 -3.787 0.000281 ***
cos(3 * w * tm) -9.317e-03 6.743e-03 -1.382 0.170609
sin(4 * w * tm) -3.586e-02 6.741e-03 -5.319 8.15¢-07 ***
sin(S * w * tm) -1.995e-02 6.741e-03 -2.960 0.003974 **
Signif. codes:

0 ‘*k+? 0,001 ‘**' 0.01 ‘*’ 0.05°." 0.1 ¢ ' 1

Residual standard error: 0.0467 on 86 degrees of freedom
Multiple R-squared: ©.9824,  Adjusted R-squared: @.9806
F-statistic: 534.7 on 9 and 86 DF, p-value: < 2.2e-16

e -

Environment History  Comediors Gk Tutorkl B

> » mponDataset - V197MB + Lt +

R+ [ Global Environment ~

>fit_tren.. List of 13

fit_tren.. List of 12

suml List of 11

Values

fit_hat  Time-Series [1:96] from 1.
n %

Fils  Pots acagis Help Viewer Presenttion =0
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2 P mpnoase - Nio7me -

soreonsue Q- THIED o -
% +sin(6*wHtm)+cos(6*w*tm) R & obltomen
% ,data=data_train)) fit_tren. List of 13
97 summary(fit_trend_season_transform) fit_tren.. List of 12
98 suml List of 11

1
99 plot(NULL,xLlim = c(tm[1],tm[n]),ylim = ¢(90,650),ylab = 'Ai Vglues
100 points(data_trainstm, data_traindy,type="l",lnd=2,col="purp fit_hat Time-Series [1:96] from 1.

101 abline(v=tm[m],col="red",lwd=2,1ty=1) " %
102 . Files  Plots  Packages Help Viewer [Presentation =0
103 fit_hat <- exp(fit_trend_season_transform$fitted values) | ® fn Hbgor (0| B hbish +

104 fit_hat <- ts(fit_hat, frequency = 12,start = 1949)
105 lines(fit_hat,lty=1,1wd=2,col="red")

106
107 pred <- exp(predict(fit_trend_season_transform

1061 (Top Leve)

Rscrpt

Console Terminal - Background Jobs

R RA.2.2 ~/DownloasTeaching Regression_ard_Cassfcon BTE.|

> points(data_train$tm, data_trainSy,type="1",1nd=2,col="purpl
e
> abline(v=tm[n], col="red', Ind=2, 1ty=1) WV/\/
> fit_hat <- exp(fit_trend_season_transform$fitted.values)
> fit_hat <- ts(fit_hat, frequency = 12,start = 1949) T ﬂ‘ T
> lines(fit_hat,lty=1,1nd=2,col="red") AL 0
>

|

Air Passengers

L

100 200 300 400 500 60O

So, and sin 6 and cos 6 also being dropped. So, now, if we draw the plot.

Y

Ussiset?
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So, this is in sample fitting which is pretty much picking up the entire model enter data nicely

doing.
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»mponDatset -+ S 190m8 + st -

List of 11

hat ~ Time-Series [1:96] from 1.

100 OLNTS.GATO_TFGLIYTN, (GTO_TRALNSY, TyPe= | 3 LNG=L,COL PUPD & 5 ot -
101 abline(v=tm[m],col="red",lwd=2,1ty=1) > suml
102 Values
103 fit_hat <- exp(fit_trend_season_transform$fitted.values) fit_
104 fit_hat < ts(fit_hat, frequency = 12,start = 1949) " 9%
105 lines(fit_hat,1lty=1,1wd=2,col="red") o 1440
106

pred

107 pred <- exp(predict(fit_trend_season_transform
Files  Plot

108 ,newdata = data_test)) —

109 pred <- ts(pred, frequency = 12,start = tm[(m+1)])
110 lines(pred,lty=1,1wd=3,col="green")
111 points(data_testStm, data_testdy,type='1",1wd=2,col="blue")

112 | g

H
121 | tope E an:
Console Terminal  Backaround Jobs o &2
YT - —— ¢ s
> lines(fit_hat,lty=1,1lwd=2,col="red") H :
> pred <- exp(predict(fit_trend_season_transform E 3
+ ,newdata = data_test)) 8

8

> pred <- ts(pred, frequency = 12,start = tm[(m+1)])

> lines(pred,lty=1,1wd=3,col="green")

> points(data_test§tm, data_test$y,type="1",1wd=2,col="blue')
>

And this is out of the sample.

Time-Series [1:48] from 1.

ts oackages  Help Viewer Fressninion

Toom Hbgor+ O

5 Publsh
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Forecasting the green is out of the sample forecasting it is slightly actually over estimating

now.
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107 pred <- exp(predict(fit_trend_season_transform

108 ,newdata = data_test))

109 pred <- ts(pred, frequency = 12,start = tm[(n+1)]) data 144 obs. of 2 variables
110 lines(pred,lty=1,1wd=3,col="green") dota_test 48 obs. of 2 varicbles

111 points(data_test$tm, data_testdy,type='1",1wd=2,col="blue') odota_tra.. 96 obs. of 3 varicbles

112 fit_resid List of 12

113 ## Short term forecasting with auto-regressive model fit_tren. List of 12

114 ## Auto Regressive Model Fies Pots ackages Melp Viewer resentaion =0
115 data<-data.frame(cbind(tm=tm[1:n], y=AirPassengers[1:n])) A 2o Agor - 81 B Pubish -

116 datady_lagl <- NA

117 Jatasy_lagl[2:n]<-datasy[1:(n-1)]
118

‘1‘](1‘ (:v]_ﬂf{dnfniv lanl dataSv nch=20

Console Terminal - Backgreund Jobs —

P LEERpr e ———————
> head(data)
tmy
1 1949.000 112
2 1949.083 118
3 1949.167 132 15‘50 1952 19‘54 1;55 ws‘sa 1;50
41949.250 129
5 1949.333 121

Air Passengers

100 200 300 400 500 60O
L M

So, anyway so, this was the modeling long term modeling remember that actually why I am
calling it long term modeling I am doing the entire forecast just standing here. Entire green
forecast is being done while you standing in the 1957 remember that. So, it is [ am doing the

entire 4 year forecast while standing in the 1957 and it is doing reasonably good.

You can see it is yes of course, farther away the error will be higher, but at least the 1st year
and 2nd year it has done p t decent job and it has picked up the nature of the trend and
seasonality to a great extent. Now, we are going to do the short term forecasting short term
forecasting with auto-regressive model ok. So, here is the data simple basic data that we have.

So, basic time and the y ok and then we are taking the lag ones just created the lag ones.
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> head(data) Data

tn oy dota 144 obs. of 3 variables
1 1949.000 112 dota_test 48 obs. of 2 varicbles
2 1949.083 118 data_tra.. 96 obs. of 3 varicbles
3 1949.167 132 fit_resid List of 12
4 1949.250 129 fit_tren.. List of 12
5 1949.333 121 v T T =
6 1949.417 135 P om Hbgor+ O % Publish +
> dato$y_lagl <- NA
> data$y_lagl[2:n]<-datady[1:(n-1)]
> head(data) P

tmyy_lagl 87 \
11949.000 112 NA g 8
21949.083 118 112 g8 //
31949.167 12 118 il W}\/ﬁ
41949.250 129 132 H :
51949.333 121 129 o M\/\/\/
61949.417 135 121 g |
> 1650 1952 1954 1956 1968 1960

So, why so, 112 is being just placed here. So, if it is 112 on the February of 1949 the lag is
112 it has been kept here. If 132 is the value for the March in 112 18 is the lag value and that

is being kept here similarly 132 is being kept here. So, that is how you create the lag variable

ok.
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Once you create the lag variable now you plot the lag variable versus the actual variable.

sorceonsae A /-

112

NPTEL - doc_update -RStucio

At 0w

113 ## Short term forecasting with auto-regressive model

114 ## Auto Regressive Model

soue -

115 data<-data. frame(cbind(tm=tm[1:n],y=AirPassengers[1:n]))

116 dataSy_lagl <- NA

117 data$y_lagl[2:n]<-dataSy[1:(n-1)]
118 I

119 plot(datasy_lagl,datasy,pch=20)
120

121 data$dy<-NA

122 data$dy[2:n]<- diff(log(data$y))
123 head(data)

124 dataSdv 1anl < NA

101 opLeve)

Consle Trminal  Bckgraand Jobs
R RA.2.2. - /DownloasTeaching Regresion_ard_Cassfcion PTEL|

21949.083 118

31949.167 132 118
41949.250 129 132
51949.333 121 129
61949.417 135 121

> plot(data$y_lagl,datasy,pch=20)

>

Rscrpt =

Environment History  Comeciors Gk Tutorl B

> » mponDataset - N 205MB +

R+ [ Global Environment -
Data

data 144 obs. of 3 variables
data_test 48 obs. of 2 varicbles
data_tra.. 96 obs. of 3 varicbles
fit_resid List of 12

fit_tren.. List of 12

nacagss Hlp Viewer  Presenttion =

B Publsh +

Files Plts
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g ] .
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So, now, we can see this is the lag variable versus this is the original variable and there ok.
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At o» sSoure

113 ## Short term forecasting with auto-regressive model

114 ## Auto Regressive Model

115 data<-data, frame(cbind(tm=tm[L:n],y=AirPassengers[1:n]))

116 datasy_lagl <- NA

117 data$y_lagl[2:n]<-data$y[1:(n-1)]

118
119 plot(data$y_lagl,data$y,pch=20)
120

121 data$dy<-NA

122 dataSdy[2:n]<- diff(log(datasSy))

123 head(data)
124 Hatasdy_lagl < NA

125 data$dy_laql[2:n]<-dataddy[1:(n-1)]

Consle Tarminal  Bckgraand Jobs
R RA.2.2. - /DownloasTeachng Regresion_ard_Cassfcon PTEL|

4 1949.250 129 132

51949.333 121 129

6 1949.417 135 121

> plot(data$y_lagl,data$y,pch=20)
> data$dy<-NA

> data$dy[2:n]<- diff(log(datasy))

>

e -

] Emirooment Histry Comeciors Gk Tutorhl B

2k Pmpnoase - NsMe - o st -
R+ T Global tnvionment

Data

data 144 obs. of 4 variables
data_test 48 obs. of 2 varicbles
data_tra.. 96 obs. of 3 varicbles
fit_resid List of 12

fit_tren.. List of 12
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Now I am going to create a log difference of the values.
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NPTEL - doc_update -RStudio

At o» sSoure

113 ## Short term forecasting with auto-regressive model

114 ## Auto Regressive Model

115 data<-data. frame(cbind(tm=tm[1:n],y=AirPassengers[1:n]))

116 datasy_lagl <- NA

117 data$y_lagl[2:n]<-data$y[1:(n-1)]
118

119 plot(data$y_lagl,data$y,pch=20)
120

121 data$dy<-NA

122 dataSdy[2:n]<- diff(log(data$y))
123 head(data)

124 dataSdy_lagl <- NA

RIESW d‘at‘Gde_laaHZ:rﬂ«data%dy[l:(n—lﬂ

Console Terminal - Background Jobs

R R4.2.2 - ~/DounioadTeaching Regression_ard_Clascton/TEL/

1 1949.000 112
21949.083 118
3 1949.167 132
41949.250 129
5 1949.333 121
6 1949.417 135

>

NA
112 0.05218575
118 0.11211730
132 -0.02298952
129 -0.06402186
121 0.10948423

Rscrp

B NTEL -
Emiroomen Wity Comecioss G Tuorl -0
>  mportataset = S 206ME - List
R+ [ Global Environment ~
Data
data 144 obs. of 4 variables

data_test 48 obs. of 2 varicbles
data_tra.. 96 obs. of 3 varicbles
fit_resid List of 12
fit_tren.. List of 12

Fils Pots acagis Help Viever Presenttion =0

£ loon Fbgor - O f St -

' L L L
e

'
*

3

datasy
100 200 300 400 500 60O

dalaSy_agt

And then. So, if you now you see these are the delta y log differences.
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Soronsae O, /- otun |
115 data<-data.frame(cbind(tm=tm| 1:n|,y=AirPassengers|1:

116 dataSy_lagl <- NA

117 data$y_lagl[2:n]<-databy[1:(n-1)]
118

119 plot(datay_lagl,dataSy,pch=20)
120

121 data$dy<-NA

122 dataSdy[2:n]<- diff(log(data$y))
123 head(data)

124 qatasdy_lagl <~ NA

125 datasdy_lagl[2:n]<-dataddy[1:(n-1)]
126

127 head(data)

1271 TopLeve)

Consle Tarminal  Bckgraand Jobs
R RA.2.2. -/Downloas Teaching Regresion_ard_Cassfcion TE.|

31949.167 132 118 0.11211730
41949.250 129 132 -0.02298952
51949.333 121 129 -0.06402186

6 1949.417 135 121 0.10948423

> data$dy_lagl <- NA

> data$dy_lagl[2:n]<-datas$dy[1:(n-1)]

>

And then lag of the log differences.

NPTEL - doc_update -RStudio

souce -

n)

Rscrpt

Environment History  Comeciors Gk Tutorkl B

2k P mpnoase - NsMe - o

R+ Global Environment -
Data
data 144 obs. of 5 variables
data_test 48 obs. of 2 varicbles
data_tra.. 96 obs. of 3 varicbles
fit_resid List of 12
fit_tren.. List of 12
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Sourceonsae X /-
el Gk
120
121 data$dy<-NA
122 dataSdy[2:n]<- diff(log(datady))
123 head(data)

124 dataSdy_lagl <- NA

125 data$dy_lagl[2:n]<-dataddy[1:(n-1)]
126

127 head(data)

128 h<-(12*8)

129 hata_train« data[1:m,]

130 data_test<-datal(m+1):n,]

131

129
1

yememy yp =y

band/data Lmaia)

(TR

Console Terminal  Background Jobs
R R4.2.2 + ~/Dounload Teaching Regression_ard_Clascton/NTEL|

NPTEL - doc_update -RStudio

i o»

> head(data)

tmy y_logl

1 1949.000 112
21949.083 118
3 1949.167 132
41949.250 129

5 1949.333 121

NA

dy
NA

dy_lagl
NA

112 0.05218575 NA
118 0.11211730 ©0.05218575
132 -0.02298952 ©0.11211730
129 -0.06402186 -0.02298952

I have created lag of the log differences.

] Emirooment History Comeciors Gk Tutorhl o

souce -

Rscipt

2k P mpnoase - NsMe - o

R+ [ Global Environment -
Data
data 144 obs. of 5 variables
data_test 48 obs. of 2 varicbles
data_tra.. 96 obs. of 3 varicbles
fit_resid List of 12
fit_tren.. List of 12
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"o NPTEL - doc_update - RStudio
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©]Req_Chass Lec 8 Pa bR ) Emiroament History Comectiors Gk Tutorkl =0
surceonsae 4 /- tn Source + - # mpontOataset - M 205MB - st -
B I A e T P, R+ | @ Global Envronmert +
g? P Fit_tren. List of 13
atasdy<- . =
f . List of 12
122 datasdy[2:n]<- difF(log(datasy)) “I"e" LTSI °F =
123 head(data) Sutl L5t 0
124 dataSdy_lagl < A s
125 data$dy_lag1[2:n]<-data$dy[1: (n-1)] fit_hat Time-Series [1:96] from 1.
126 m 9%
127 head(data) Fis Pots ackages Melp Viewer resentiion =0
128 h<’(12“8) £ oom Hbgor+ 8 75 Publish +
129 data_train<- data[1:m,]
130 Hata_test<-datal(m+1):n,]
131 3] D
Console Terminal «  Background Jobs -0 o . el
e e e 58 b
21949.083 118 112 9.05218575 NA g P
31949.167 132 118 0.11211730 0.05218575 31 k™
41949.250 129 132 -0.02298952 0.11211730 R
51949.333 121 129 -0.06402186 -0.02298952 5 | 2¥
=

6 1949.417 135
> m<-(12*8)

>

121 0.10948423 -0.06402136

dalaSy_agt
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14 aacaday.tage < A

125 data$dy_lagl[2:n]<-dataddy[1:(n-1)]
126

127 head(data)

128 m<-(12*8)

129 data_train<- data[1:m,]
130 data_test<-data[ (m+1):n,]
131

132 tead(data_train)

133

134

135 plot(NULL,pch=20,col="purple",x1im=c(90,650),ylim=c(90,650)

136

111

,xlab=expression(y(t-1))
apiel

Consle Tarminal  Bckgraund Jobs
84,12 ~{DoanloadsTeaching Regrsson_rd_Classfcaon TR

41949.250 129
5 1949.333 121
6 1949.417 135
> m<-(12*8)

> data_train<- data[l:m,]
> dato_test<-data[(m+1):n,]
>

NPTEL - doc_update -RStudio

At o

132 -0.02298952 ©.11211730
129 -0.06402186 -0.02298952
121 0.10948423 -0.06402186

souce -

Rscrpt =

e -

Environment History  Comediors Gk Tutorkl BE

Sasms e st -

2k T mpon Datset -
R+ T Global tnvionment

data_tra.. 96 obs. of 5 varicbles
fit_resid List of 12
fit_tren. List of 12

fit_tren.. List of 13

fit_tren. List of 12

suml List of 11

Files  Plots  Packages  Help  Viewer Presentition =0
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souce

Lo aarasy_tagL < WA

125 data$dy_lagl[2:n]<-dataddy[1:(n-1)]
126

127 head(data)

128 m<-(12*8)

129 data_train<- data[1:m,]

130 data_test<-data[(m+1):n,]

e

Environment History  Comeciors Gk Tutorl B

2k mpnoase - NsMe - o st -

R+ [ Global Environment ~

»data_tra.. 96 obs. of 5 varicbles
fit_resid List of 12

fit_tren.. List of 12

fit_tren.. List of 13

fit_tren. List of 12

131 suml List of 11
Es head(data_train) Files rjylw;uu;um:u: uwm; Mresenttion p_],um‘__
I
134
135 plot(NULL,pch=20, col="purple",x1im=c(90,650),ylin-c(90,650) -
136 ,xlab=expression(y(t-1)) 27 . ‘
151 optewt e g | e .
Console Terminal « Background Jobs -0 @ LIRS
@ R4.02 - ~/Dowmivads TeacHng Regresson_ard_Cisihcution TR 5 8 BN
11949000 112 NA NA NA é : BIU]
2 1949.083 118 112 0.05218575 NA 5 . ﬁ-:h
31949167 132 118 0.11211730 0.5218575 gl ok
41949.250 129 132 -9.02298952 0.11211730 o |48
? T T T T

5 1949.333 121
6 1949.417 135

>

129 -0.06402186 -0.02298952
121 0.10948423 -0.06402186

dalay_agt
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sursonsae O /- aun % Source - o mpnDuse - N2sMB - st~ s
129 data_train<- data|l:m, | R~ GlobalEnvronmert - NPTEL
130 data_test<-data[(m+1):n,] dota_tra.. 96 obs. of 5 varicbles
131 fit_resid List of 12
132 head(data_train) fit_tren. List of 12
Ei fit_tren.. List of 13
] . Fit_tren. List of 12
135 plot(NULL,pch=20,col="purple’ ,xLim=c(90,650),ylim=c(90,650) . B
- suml List of 11
136 ,xlab=expression(y(t-1)) T o e T e =
137, ylab=expression(y(t))) D e AS—_E raieT]

138 points(data_train[,c('y_lagl",'y')],pch=20,col="purple’, typ
139 points(data_test[,c('y_lagl','y")],pch=20,col="blue',type="'
140 bline(h-0,1nd=2,col="red", 1ty-2)

141 abline(v=0,1lwd=2,col="red" ,1ty=2) g4

R 422 ot T Ryesion rd s TR i - 84

> pLot(NULL,pch=20, col="purple’ ,xlin=c(90,650),ylin=c(%0,650) % °

+ ,xlab=expression(y(t-1)) 87

+ ,ylab=expression(y(t))) g

> points(data_train[,c('y_lagl','y')],pch=20,col="purple',type 2 |

='b") T T T T T T
> points(data_test[,c('y_lagl",'y')],pch=20,col="blue',type="b") A . 4‘:0 _E

yt-1

id |

Again I am going to take the first 8 years of data as training data and next 4 years of data as

the 4 years of data as the test data now I am going to plot this y t versus yt minus 1.
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137 ,ylab=expression(y(t)))

138 points(data_train[,c('y_lagl",'y')],pch=20,col="purple' typ
139 points(data_test[,c('y_lagl','y")],pch=20,col="blue’ type="
140 abline(h=0,1lwd=2,col="red" ,1ty=2)

141 abline(v=0,1lwd=2,col="red",1ty=2)

142

143

144

145 plot(NULL,pch=20,col="purple’ ,xlim=c(-0.3,0.3),ylim=c(-0.3,

146 ,xlab=expression(delta~ln-(y(t-1)))
147 ,ylab=expression(delta-ln~(y(t))))
148 points(data_train[,c('dy_lagl',"dy")],pch=28, col="purple’,t
149 points(data_test[,c("dy_lagl','dy')],pch=20,col="blue",type

Conscle Terminal - Backaround Jobs =0
R R4.22 - ~/Downoats Tacing Regesion o iscaion TR

+ ,ylab=expression(y(t)))

> points(data_train[,c('y_lagl','y")],pch=20,col="purple’,type

='b")

> points(data_test[,c('y_lagl','y')],pch=20,col="blue',type="b")
> abline(h=0,1wd=2,col="red",1ty=2)

> abline(v=0,lwd=2,col="red",1ty=2)

>

So, you can see this you know sort of a points ok.

e -
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Sasms e st -

2k T mpon Datset -
R+ T Global Envionment

data_tra.. 96 obs. of 5 varicbles
fit_resid List of 12
fit_tren. List of 12
fit_tren.. List of 13
»fit_tren.. List of 12
suml List of 11
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145 plot(NULL,pch=20,col="purple' ,xlim=c(-0.3,0.3),ylim=c(-@.3,! dota_tra.. 96 obs. of 5 varicbles

Y
)
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146 ,xlab=expression(delte~Ln~(y(t-1))) fit_resid List of 12

147 ,ylab=expression(delto~Ln-(y(t)))) fit-tr‘en list of 12

148 points(data_train[,c('dy_lagl',"dy')],pch=20,col="purple' t f’t_t List of 1

149 points(data_test[,c('dy_lagl',"dy")],pch=20,col="blue',type T' ren TS of 13

150 abline(h-0,lnd-2,col="red", Lty-2) it trenwiList of 12

151 abline(v-0,1wd=2,col="red" ,1ty-2) suml List of 11

152 Fis TM:‘-.?,MT.T [ i

153 I

154 fit_arl<-Im(dy~dy_lagl,data = data_train)

155 summary(fit_arl) .

156 library(lmtest) s !

191 T R 3

Consle Terminal - ackgrene Jos =al. 5

: potnts(&geyctt‘rg‘cﬁ:‘a‘c' ( ')H);!_ml"agl‘ ,'dy")],pch=20, col="purple', type E N

_bYy s 5 :

> points(data_test[,c('dy_lagl','dy')],pch=20,col="blue"type 4 B ~

='p") o | i

> abline(h=0,lud=2, col="red"  Lty=2) s

> ablina(v=0,lud=2, col="red" , lty=2) e “‘(" S
dn(y(t-1)

>

And then also this plot you can see the this is a delta log y t minus 1 versus delta log y t and
you can see that there is a sort of a hole in the data right and this whole represent the
seasonality ok. So, question is there a second hole there or is it just why this case is so tense.
So, this is something the topological data analysis people do consider why it is happening

why the way it is happening this topology what is the topology of the data alright.
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148 points(data_train[,c('dy_lagl'," dy")],pch=20,col="purple’,t

149 points(data_test[,c("dy_lagl",'dy')],pch=20,col="blue",type

150 abline(h=0,1wd=2,col="red" ,1ty=2)

151 abline(v=0,1wd=2,col="red" ,1ty=2)

152

153

154 fit_arl<-1m(dy-dy_lagl,data = data_train)

155 bumary(fit_arl) |

156 library(lmtest)

157 Imtest: :bptest(fit_arl)

158

159 fit_arl<-Im(y~y_lagl,data = data_train)

16 commamd £+ anl)
1551 Top Level)

0w Soure

Consle Trminal  Bckgraand Jobs =
R R4.2.2 - ~/Dounloads Tachng Regressionard,_Cassfcaion NTE |

b
> points(data_test[,c("dy_lagl',"'dy')],pch=20,col="blue",type
='p")

> abline(h=0,1wd=2,col="red",1ty=2)

> abline(v=0,1lwd=2,col="red",1ty=2)

> fit_arl<-1m(dy~dy_logl,data = data_train)

>

e -

Environment History  Comediors Gk Tutorkl _

2k P mpnoase - NsMe - o st -

R+ [ Global Environment -
fit.arl  List of
fit_resid List of

ofit_tren. List of
fit_tren.. List of

Jfit_tren.. List of
suml List of

Fils Pots acagrs Help Viewer

£ 1oon Fbgor - O f Fhublsh -

dln(yt-1))

Presantaton =

Y

3
Six
§

S}
§5§
NS
RIS

-
NPTEL

So, now, I am going to fit this model in delta y as a function of delta log y lag of y.
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148 points(data_train[,c("dy_lagl'," dy")],pch=20,col="purple’,t
149 points(data_test[,c("dy_lagl",'dy')],pch=20,col="blue",type
150 abline(h=0,1wd=2,col="red" 1ty=2)
151 abline(v=0,1lwd=2,col="red" ,1ty=2)

fit.arl  List of 13
fit_resid List of 12
fit_tren. List of 12
fit_tren.. List of 13

152

153 fit_tren. List of 12

154 fit_arl<-lm(dy~dy_lagl,data = data_train) suml List of 11

155 kummary(fit_arl) v e =5

P 1o Fbgor - O f St -

156 library(lmtest)
157 Imtest: :bptest(fit_arl)

158
159 fit_arl<-lm(y~y_lagl,data = data_train) 2 1
160D e il Fid anl) o
151 gt oo S
Console  Terminal Background Jobs. =0 ;
R R422 0wy T esior DEDIGETI S ‘;;
(Intercept) 0.008636 0.010731 ©€.805  0.423 ; -
dy_lagl 0.159652 0.103481 1.543  0.126 i
Residual standard error: 0.1036 on 92 degrees of freedom 3
(2 observations deleted due to rmLssingness)I
Multiple R-squared: 0.02522, Adjusted R-squared: .01462 Sin(y-1)

. F-statistic: 2.38 on 1 and 92 DF. p-value: 0,1263

Then summary interestingly you see they are not very really not very significant none of them

are really adjusted us, but not very high.
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fit.arl  List of 13

Sourceonsae X /-
150 abline(h=0,1lwd=2,col="red" ,1ty=2)
151 abline(v=0,1lwd=2,col="red" ,1ty=2)

152 fit_resid List of 12

153 fit_tren.. List of 12

154 fit_arl<-Im(dy~dy_lagl,data = data_train) fit_tren.. List of 13

155 summary(fit_arl) fit_tren.. List of 12

156 library(lmtest) suml list of 11

157 mtest: :bptest(fit_arl) =l = R s =0
158 I @ | #om Bgor+ 0| %Rt -

159 fit_arl<-1m(y~y_lagl,data = data_train)
160 summary(fit_arl)

161 library(imtest)

162 mtest: :bptest(fit_arl)

1551 TopLeve)

01 02 03

Console Terminal - Background Jobs =
R R4.2.2 + ~/Dounloads Teaching Regression_ard_Clasfcton/TEL|

> Imtest::bptest(fit_arl)

o (y(0)

studentized Breusch-Pagan test

data: fit_arl
BP = 25.079, df = 1, p-value = 5.504e-07 )

So, if I just run the bptest Breusch-Pagan test they are not also homogeneous. So, probably I

will not use this model at delta low delta y level.
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150 abline(h-,1nd=2,col="red",1ty-2) BEI[N e RFTEL

151 abline(v=0,1lwd=2,col="red",1ty=2) fit.arl List of 13

152 fit_resid List of 12

153 fit_tren. List of 12

154 fit_arl<-Im(dy~dy_lagl,data = data_train) fit_tren.. List of 13

155 summary(fit_arl) fit_tren. List of 12

156 library(lmtest) suml List of 11

157 lmtest: :bptest(fit_arl) Fies ots hacags ip Viewer Presoution =0

158 I 5 o Bewon~ 0| S

159 fit_arl<-1m(y~y_lagl,data = data_train)
160 lsummary(ﬁt_url)

161 library(imtest)

162 mtest: :bptest(fit_arl)

1601 (TopLeve)

Console Terminal - Background Jobs =
R R4.2.2 - ~/Dounload Teaching Regression_ard_Clascton/NTEL/

studentized Breusch-Pagan test

data: fit_arl
BP = 25.079, df = 1, p-value = 5.504e-07

> fit_arl<-1m(y~y_lagl,data = data_train)
-

dny(t-1)

So, if you just model fit this model x simply y versus log y as a function of lag y auto simple

auto regressive model.
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150 abline(h=0,1wd=2,col="red",1ty=2)
151 abline(v=0,1lwd=2,col="red",1ty=2)
152
153
154 fit_arl<-Im(dy~dy_lagl,data = data_train)
155 summary(fit_arl)
156 library(lmtest)
157 lmtest: :bptest(fit_arl)
158 1
159 fit_arl<-lm(y~y_lagl,data = data_train)
160 summary(fit_arl)
161 library(imtest)
m1§2m)1|m!;‘est: :bptest(fit_arl)

aun

Console Terminal - Background Jobs

R R4.2.2. - /Downloas Teaching Regresson_ard,_Cassfcaion/ NPTEL|

Residual standard error: 23.15 on 93 degrees of freedom

(1 observation deleted due to missingness)
Multiple R-squared: ©.8963,  Adjusted R-squared: @.8952
F-statistic: 824 on 1 and 93 DF, p-value; < 2.2e-16

*Souce - 2

] Emirooment Histry Comeciors Gk Tutorkl

» mpor Datset - % 205 M8 +

R+ [ Global Environment ~

ofit.arl  List of
ofit_resid List of
ofit_tren.. List of
ofit_tren,. List of
ofit_tren.. List of
osuml List of

Fits Plots
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P

13
12
12
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12
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nackages Help Viewer  resentition
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150 abline(h-,1nd=2, col="red", 1ty=2) B E T WFTEL
151 abline(v=0,lwd=2,col="red" ,1ty=2) fitarl List of 13
152 fit_resid List of 12
153 fit_tren. List of 12
154 fit_arl<-Im(dy~dy_lagl,data = data_train) fit_tren.. List of 13
155 summary(fit_arl) fit_tren.. List of 12
156 library(lmtest) ‘ suml list of 11
157 Imtest: :bptest(fit_arl) = e e =
158 a Pon Abgon- Q¢ % ublish +

159 fit_arl<-lm(y~y_lagl,data = data_train)
160 summary(fit_arl)

161 library(imtest) 34 1
162 mtest: :bptest(fit_arl) N
Console  Terminal Background Jobs. =0 ;
@ R422 - ~[DowmiadTeachng Regresionnd Casicon T g
Coefficients: ; -
Estimate Std. Errorlt value Pr(>1tl) ?
(Intercept) 13.75781  7.47704  1.84  0.069 .
y_lagl 0.94493  0.03333 28.35 <2e-16 *** 3
Signif. codes: | Snby(t-1)

L0 ** 0,001 **' 0.01 ‘¥’ 0.05 ‘. 0.1 1

So, at least immediately what we are seeing that it is very strong model with Adjusted

R-square 0.89 and we run a Breusch-Pagan test.
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1% Library( Lmtest) %+ | ) Gl et -
157 mtest: :bptest(fit_arl) fit.arl List of 13
138 ) fit_resid List of 12
159 ﬁt,ur‘l«}m(wyjagl,data = data_train) Jfit_tren. List of 12
160} sumary(fit_arl) Fit_tren. List of 13
161 library(lmtest) Fit_tren. List of 12
162 lmtest: :bptest(fit_arl) LikL _s B
163 suml List of 11

Files  Plots  Packages lp  Viewer  Presentation -

164 | "v Zoom ;Ewn’:r [P . % Publish +

166 plot(ts(fit_arl$residuals),lwd=2)
167

168 plot(NULL,xlim = c(tm[L1],tm[n]),ylim = c(90,650),ylab = 'Ai

1641 TopLeve)

Consle Tarminal  Bckgraund Jobs
R RA.2.2. - /DownloasTeachin Regresion_ard_Cassfcion PTEL|

studentized Breusch-Pagan test

data: fit_arl
BP = 20.289, df = 1, p-value = 6.658e-06

1
165 plot(fit_arl$fitted.values,fit_arl$residuals,pch=20)

Rscrpt

dny(t-1))

The Breusch-Pagan test still rejects the you know homogeneity.
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1% Library(Lmtest) R+ 1 o nonnert + NPTEL
157 mtest: :bptest(fit_arl) fitarl List of 13
138 ) fit_resid List of 12
159 fit_arl<-lm(y~y_lagl,data = data_train) fit_tren. List of 12
160, sumory(fitarl) Fit_tren,, List of 13

161 library(lmtest)

162 lmtest: :bptest(fit_arl) fitstren. |List of 17

suml List of 11

163
164 : Files  Plots ackages Help Viewer Presentition =0
P room Bbporv O 45 Publish ~
165 plot(fit_arl$fitted.values,fit_arlSresiduals,pch=20)
166 plot(ts(fit_arlsresiduals),lnd=2)
167 5 1 -
168 plot(NULL,xlim = c(tm[1],tm[n]),ylim = c(90,650),ylab = "Ai % .
R R4.0.2 - ~/ownoads Tacng Reyesiona CashaionTE/ 2 R
studentized Breusch-Pagan test E . o .
data: fit_arl = 8 el
BP = 20.289, df = 1, p-value = 6.658e-06 $4 L

> plot(fit_arl$fitted.values,Fit_ar1Sresiduals,pch=20) L

>

fit_ar1fittec.values

And if we fit this you can clearly see at the beginning it was much more dense, but as it
increases the residual increases with that its slight a fan kind of you know fan kind of

behavior. So, clearly its not homogeneous.
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160 summary(rit_ars) %+ | Gl et - NPTEL
161 library(lmtest) fit.arl  List of 13
162 Imtest: :bptest(fit_arl) fit_resid List of 12
122 fit_tren. List of 12
. . fit_tren.. List of 1
165 blot(ﬁt_arlsﬁtted,values,ftt_ar1$res{duuls,pch:20) FTt tren LTSt OF 13
166 plot(ts(fit_arléresicuals),lnd-2) 1L EPeM. (LASE OF
167 suml List of 11

Fils Pots adagis Help Viever Presentition -

168 plot(NULL,xLlim = c(tm[1],tm[n]),ylim = c(90,650),ylab = "Ai ot I
169 points(data_trainStm, data_trainSy,type='"1",1wd=2,col="purp
170 abline(v=tm[m],col="red",lwd=2,1ty=1)

171

172 fit_hat <- fit_arl$fitted.values

1651 (TopLeve)

Rsaipt

Console Terminal - Background Jobs
R R4.2.2  ~/Dounload Teaching Regression_ard_Clascton/TEL/

data: fit_arl
BP = 20.289, df = 1, p-value = 6.6582-06

ts(fit_ar1$residuals)
20 o

P
———

> plot(fit_arl$fitted.values,fit_arl$residuals,pch=20) 24
> plot(fit_arl$fitted.values,fit_arl$residuals,pch=20)

> plot(ts(fit_arl$residuals),lwd=2)

>

And a line plot also sort of in initially it is the residuals these are the residuals much less, but

the residuals much higher at the end points.
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167 fit_resid List of 12

168 plot(NULL,xlim = c(tm[1],tm[n]),ylim = c(90,650),ylab = 'Ai ofit_tren. List of 12

169 points(data_trainStm, data_trainSy,type='l",1wd=2,col="purp »fit_tren. List of 13

170 abline(v=tm[m],col="red",lud=2,1ty=1) fit_tren. List of 12

1n suml List of 11

172 fit_hat <- fit_arl$fitted.values Vi

173 fit_hat <- ts(fit_hat, frequency = 12,start = 1949)

174 linesCFit_hat,lty=1, Ind=2, col="red") T e T — T
175

176 pred <- predict(fit_arl

177 ,newdata = data_test)

178 pred < ts(pred, frequency = 12,start = tn[(m+1)])

1781 TopLeve)

Rscript

Console Terminal - Background Jobs
R R4.2.2 + ~/DounloadTeaching Regression_ard_Clascton/NTEL/

> points(data_train$tm, data_traingy,type='1",lnd=2,col="purpl
e")

> abline(v=tm[m],col="red",lnd=2,1ty=1)

> fit_hat <- fit_arl$fitted.values

> fit_hat <- ts(fit_hat, frequency = 12,start = 1949)

> lines(fit_hat,lty=1,1nd=2,col="red")

k.

Air Passengers

L

100 200 300 400 500 60O

T T T T T T
1650 1952 1954 1956 1668 1360

So, if we just fit this guys, but still if you fit this guys that they are doing pretty good job in

terms of prediction and in terms of out of the sample prediction.
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168 plot(NULL,xlim = c(tm[1],tm[n]),ylim = c(90,650),ylab = "Ai Values
169 points(data_trainStm, data_traindy,type="l",lwd=2,col="purp fit_hat Time-Series [1:95] from 1.
170 abline(v=tm[m],col="red" lwd=2,1ty=1) n %
g; fit_hat <- fit_arl$fitted.val L Le-s
1t_hat <- fit_arl$fitted.values .
173 fit_hat <- ts(fit_hat, frequency = 12,start = 1949) pred RanediounLL: 48] 303 311
174 lines(Fit_hat,lty=1,wd-2,col="red") R e
175
176 pred <- predict(fit_arl
177 ,newdata = data_test)
178 }Jred <- ts(pred, frequency = 12,start = tm[(m+1)])

1781 (op Levl)

1

Rscrp

Console  Terminal Background Jobs. -
@ RA22 - Dot Txcing Reresson.ard Casicxion TE

> abline(v=tm[n],col="red", lwd=2,1ty=1)

> fit_hat <- fit_ar1$fitted.values

> fit_hat <- ts(fit_hat, frequency = 12,start = 1949)

> lines(fit_hat,lty=1,1wd=2,col="red")

> pred <- predict(fit_arl

+ ,newdata = data_test)

i I
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176 pred <- predict(fit_arl suml List of 11
177 ,newdata = data_test) Values
178 pred <- ts(pred, frequency - 12,start = tm[(m+1)]) fit_hat  Time-Series [1:95] from 1.
179 lines(pred,lty=1,1wd=3,col="green") n %
180 points(data_testStm, data_testy,type='"1",1nd=2,col="blue') 1441
12; | pred Time-Series [1:48] from 1.
183 ### Granger Causality Test T ","'"lw:mf’m:'f uwm:' — % publsh e

184 library(lmtest)

185 7Imtest::grangertest
186 library(datasets)
187 7airquality

1821 opLeve) Rscript

24
> TinesCfit_hat,1ty-1, nde2, col="red) i
> pred <- predict(fit_arl 57 \/\/
+ ,nendata = dota_test) g '\,’l
> pred <- ts(pred, frequency = 12,start = tm[(m+1)]) 3 | W\/
> lines(pred,lty=1,1wd=3,col="green") - LA A S A
> points(data_test$tm, data_test$y,type='1",1wd=2,col="blue") : :
>

So, we will stop here we will stop here and next video we will move to the Granger Causality
test and what is Granger causality and how it is going to you know play a big role in the
causal inference and how simple linear regression model that we discussed in this; discussing

in this can be used to develop some Granger causal model and Granger can be used in in

defining Granger causal inference.

Thank you very much, see you in the next video, see you soon, take care bye.



