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

Lecture - 04
Hands-on with R Part-1

Welcome back. In this part of the lecture video, we are going to check out how to implement

regression using R, particularly the OLS estimator, how to implement those OLS estimator in

R.
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Source on Save & /- Run >
1 attach(mtcars)
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data 13320 obs. of 9 va..
df 12711 obs. of 9 va..

916K May31, 2021, €
1S39K8  May31, 2021, €

Backgrourd Jobs -0 895718 May 31, 2021, €

{Teaching/Regress on_and_Class ficétion/

Fiat X1-9 1

Porsche 914-2 2

Lotus Europa 2

Ford Pantera L 4

Ferrari Dino 6

Maserati Bora 8

Volvo 142E 2

i [

So, now, we are going to look into this R, we are going to open R script and one good thing
about R is this mtcars data set is already available in R. So, you just say mtcars and run this as

if you, if here is a run I can just put a run there. And then if I just say mtcars, then and run it.
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> attach(mtcars) Data

> mtears data 13320 obs. of 9 va..
mg cyl disp hp drat Wt gsec vs am gear df 12711 obs. of 9 va..

Mazda RX4 21.0 6 160.0 110 3.90 2.620 16.46 0 1 4

Mazda RX4 Wag 21.0 6160.0 110 3.90 2.87517.02 0 1 4

Datsun 710 22.8 4108.0 933.852.32018.61 1 1 4

Hornet 4 Drive 21.4 6 258.0 110 3.08 3.21519.44 1 @0 3 Fles ou Pckges Wep Vewr Pesmaton )

Hornet Sportabout 18.7 & 360.0 175 3.15 3.440 17.02 0 0 3 e 188 e

Valiant 18.1 6225.0 105 2.76 3.460 20.22 1 © 3 wodd

Duster 360 143 8360.0 2453.213.57015.8 0 ¢ 3 LI e

Merc 240D 244 4146.7 623.693.19020.00 1 0 4 Do ouse daracsv 90 ML 021

Merc 230 22.8 4140.8 953.923.15022.99 1 0 4 ure bousedatacv 5708 M3, 20218

Merc 280 19.2 6167.61233.923.44018.30 1 @ 4

Merc 280C 17.8 6167.61233.923.440189% 1 0 4

Merc 450SE 16.4 8 275.3 180 3.07 4.070 17.40 0 0 3

Merc 4505L 17.3  8275.81803.073.73017.60 @ 0 3

Merc 450SLC 15.2 8 275.8 180 3.07 3.780 18.00 @ © 3

Cadillac Fleetwood 10.4 § 472.0 205 2.93 5.250 17.98 @ @ 3

Lincoln Continental 10.4 & 460.0 215 3.00 5.424 17.82 @ @ 3

Chrysler Imperial 14.7 § 440.0 230 3.235.34517.42 0 0 3

Flat 128 32.4 4 78.7 664.082.20019.47 1 1 4

So, I will get the all the data here. You can see, you know miles per gallon cylinder
displacement horsepower all these variables. And there are 32 models or each models we

have the specifications.



(Refer Slide Time: 01:33)

‘ RStudio File Ecit Cods View Plets on Buld Debug Profils Tools Window Helo

. Regression_and_Classifcaion - dec_updat - RStucio

LRI =g Addi

= s o L

oo T gt 25) & o mmmom -2 SRR

Toyota Corona 715 410.1 97370245000 1 0 3 N°

Dodge Challenger  15.5 8318.01502.763.520 16.87 @ o 3 -4t 1320 obs. of 9.

A Javelin 152 §3M4.01503.153.43517.3 0 0 3 df 2711 dbs, of 9 va.

Camaro 228 13,3 §350.02453.733.84015.41 0 @ 3

Pontiac Firebird  19.2  § 400.0 175 3.08 3.84517.05 0 0 3

Fiat X1-9 73 4 79.0 664.081.93518.90 1 1 4

Porsche 914-2 26.0 41203 914.432.14016.70 0 1 5 R e

Lotus Europa 0.4 4 95.11133.771.51316.9 1 1 5 T T T L

Ford Pantera L 15.8 §351.0 264 4.223.170 14,50 0 1 5 4

Ferrari Dino 19,71 6 145.01753.62 2.770 1550 0 1 5 S s OIS 3L 2L E

Maserati Bora 15.0 8301.03353.543.5014.60 0 1 5 ochi s 3918 May31, 200 ¢

Volvo 142E 2.4 41210109 4,11 2.780 18.60 1 1 4 i
carb

Mazda RX4 4

Mazda RX4 Wag 4

Datsun 710 1

Hornet 4 Drive 1

Hornet Sportabout 2

Valiant o

Duster 360 4

Merc 240D ? | W

Now, what I am, just let me clean the console. Now, what we want is we want to keep miles

per gallon in the y vector.
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1 attach(mtcars)

2 mtcars Data

3 data 13320 obs. of 9 va..
4y = mtcars|, ] df 12711 obs. of 9 va..

5 Values

6 predictors.nm = c( , ) y num [1:32] 21 21 22..
7

8)ﬁ< = mtcars[,predictors_nm] Fles Pou Pxkges Hep Vewr Pesmutn )

Modifd

916K May3L, 2021, €
53988 Ma31, 2021, €
895768 May31,202L, 6

Background Jobs =
eahing Regresson,and_Cis fication]

[1] "mpg" "cyl" ‘"disp" "hp" "drat" "wt" "qsec" "vs" "am"
[1@] "gear" "carb"
>y = mtears[, ‘mpg']
Py

[1] 21.0 21.0 22.8 21.4 18.7 18.1 14.3 24.4 22.8 19.2 17.8 16.4
[13] 17.315.2 10.4 10.4 14.7 32.4 30.4 33.9 21.5 15.5 15.2 13.3
[25] 19.2 27.3 26.0 30.4 15.8 19.7 15.@ 21.4

=

So, before we can before do that, [FL] we can let us pick this put this things mtcars and then
let us call it mpg. So, we can just look into the col names of mtcars. So, this is the mpg that

has put it up here and run this and (Refer Time: 02:30) on this. So, these are the all variables

are there in the y variable.

And then what I can do. So, now, what I will do, I will bring predictors name, predictors
name and maybe horsepower, horsepower, weight and displacement disp, you know and then
we can just write mtcars as with predictor names here. So, we have this property (Refer Time:

03:33), the design (Refer Time: 03:34) sorry; you know we will take it as small x.
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1 Gttﬂch(thﬂrS) R+ (T Global Enironment +
2 mtcars Data
3 data 13320 obs. of 9 va..
4y = mtcars[, ] df 12711 obs. of 9 va..
5 o0X 32 o0s. of 3 varia.
6 predictors_nm = c( i ) Values
7 ) oredic.. chr [1:31 "ho" "wt"..
8 x = mtcars| ,predlctors,nm]l Fles Rou Pkges Hep Vewr Pesmutn )
00-0 3@
1 Teahing > euson and Casiain 5 s pic Sos 8
Atame e okt
Bangalore_House_Price.csv 916K8 May 31,2021, &
827 (Top Level & R Seript & Delni house data.csv. $39K8  May 31,2021, &
i A Pure house cata.csy 95748 May 31,2021, &

R R4.21 + ~/DowrloadsTeachingfegres on and Class fcaton/

object ‘predictors_nm’ not tound
> predictors_nm = c("hp","wt", "disp")

b
> X = mtcars[,predictors_nm]
5.
hp wt disp
Mazda RX4 110 2.620 160.0
Mazda RX4 Wag 1110 2.875 160.0
Natsun 710 93 2.370 10R.0 | wTE

And sorry, I need to run this on the thing, and now I got this 3 variables here.
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1 attach(mtcars) R Gl Erronmen -
2 mtcars Data
3 data 13320 obs. of 9 va..
4 y = mtcars[, ] df 12711 obs. of 9 va..
5 X 32 o0s. of 3 varia.
6 predictors.m=c( , ) Values
7 ) oredic.. chr [1:31 "ho" "wt"..
8 X = mtcars[,predictors_nn] Fles Rou Pkges Hep Vewr Pesmutn )
010 -0 3@
11 Teaching > e and CasiMain 5 st pic Do 8
Atame e odta
Bangalore_Hous:_Price.csv 916K8 May 31, 2021, &
81 (TopLevel] = R Seript & Delni house data.csv. 539K May 31,2021, &
) ) L = Pure house data.csy 895768 May 31,2021, §

R R4.L1 + ~/DoarloadsTeachingfegress on and_Cuss fcton]

Fiat X1-9 66 1.935 79.0
Porsche 914-2 91 2.140 120.3
Lotus Europa 113 1.513 95.1
Ford Pantera L 264 3.170 351.0
Ferrari Dino 175 2.770 145.0
Maserati Bora 335 3.570 301.0
Volvo 142E ;109 2.760 121.0
>

But remember that these are still at a data frame structure.
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1 attach(mtcars) R O Gl e -
2 mtcars Data
3 data 13320 obs. of 9 va..
4y = mtcars[, ] df 12711 obs. of 9 va..
5 X 32 o0s. of 3 varia..
6 predictors_m = c( N ) Values
7 ) oredic.. chr [1:31 "ho" "wt"..
8 X = mtcars[,predictors_nn] Fes Pou Pxkges Hep Vewr Pesmutn )

€6 .0

&

cees  916KB May3L,202L,6
3908 May31, 2021, €
$957K8 May31,202L, 6

81 (opleve] Rscrpt ¢

Console  Termi Background Jobs =
R RA4.L.1 - ~/Dourdoads TeachingRegress on_and_Clssfcation]

Maserati Bora 335 3.570 301.0

Volvo 142E 109 2.780 121.0

> str(x)

'data.frame': 32 obs. of 3 variables:

$hp :onum 110 110 93 110 175 105 245 62 95 123 ...
$wk o:onum 2.62 2.88 2.32 3.21 3.44 ...

$ disp: num 160 160 108 258 360 ... o

> | )
NeTEL

So, if we just say structure x, you see it is calling data dot frame. So, this is still at a data

frame. So, we have to convert it into a matrix. Before that what we have to do? Remember

that we have to add a intercept here, ok.
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1 attach(mtcars)

2 mtears

3 n = nrow(mtcars)
4y = mtears[, ]
5

6 predictors_nm=c( , ) Values
7 It oem 3211111,

Fles Fot Packiges Hep Vewsr Pesmution

8 x = mtcars[,predictors_nm]
9 Int = rep(1,n) ”‘
10

‘ Bangalore House Picecss  916K8  May3L,202L, &
3908 May31, 2021, €
95768 May31,202L, 6

data 13320 obs. of 9 va..
df 12711 obs. of 9 va..
X 32 o0s. of 3 varia.

Rserpt ¢

Console Terni
R RALL - ~/DowrioadsTeah

> n = nrow(mtcars)

>n

[1] 32

> Int = rep(1,n)

> Int
Mir111111111111111111111111111111
Bl o

> .
NPTEL
| W

So, we will define intercept as replicate 1 comma n, but I do not know what is n. So, before
that we have to say n column of mtcars row and in row of mtcars is 32. So, we will put that in

n, so n as 32. So, now if I just run this, so I have intercept as 1.



(Refer Slide Time: 05:10)

Tools Widow Help

& RSwdio Fie Ech Cod» Vew Plts Session Buld Deoug Pofis
Regression_and_Classification - doc_spdate - RStucio

(]
€. 5 « addns +
© United1” [ Environmen:  History  Comnecti

sureonswe 4 /o R Source Ak
1 attach(mtcars) :
2 mtears
3 n = nrow(mtcars) data 13320 obs. of 9 va..
4y = mtears|, ] df 12711 obs. of 9 va..
5 X 32 oos. of 3 varia.
6 predictors_m = cC , ) X num [1:32, 1:4] 1 ..
7 Values
§ x = mtcars[,predictors_nm] Fles Pou Pxkges Hep Vewr Pesmuten )
9 Int = rep(1,n) g
10
11 X = as.matrix(cbind(Int,x))
Bargalore_Houss_Price.csv 916K8 May 31,2021, &
1 Top Level] = R Seript $39K8  May 31,2021, &
Console Temni ackgroue =0 495718 Mar31, 2021, §
R RA4LL - -/Dowrosts e
Volvo 142E
> str(X)

num [1:32, 1:4]11111111111 ...

- attr(*, "dimnames")=List of 2

L8 chr [1;32] "Mazda RX4" "Mazda RX4 Wag" "Datsun 710" "Hornet 4 D
rive" ...

80 chr [1:4] "Int" "hp" "wt" "disp" o

>
| NeTE

And now what I will do cbind, the Int and x, this will give me the thing that I am looking for.
So, and we can put it into x as dot matrix. So, now, we have x as matrix and if we just say
here structure of x, it is a numeric array with 32 rows and 44 columns. It has dimension
names, the least in the rows these are the dimension names and in columns you have these 3

columns intercept, horsepower, weight and displacement. Now, my data is ready, both x and y

is ready. So, what we can do?
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U pIEULLLUI I = L ) ) J R+ Global Evironment
7 ) Data
98) ; : mtcari,pfedmtors_nm] data 13320 obs. of 9 va..
nt = rep(1,n
x P df 12711 obs. of 9 va.
: o 0X 32 oos. of 3 varia.
11 X = as.matrix(cbind(Int,x))
2 X num [1:32, 1:4] 1 ..
13 Values
: . Files Plots Packages Hep Vewrr Pressntation -0
14 ## Calculate X'X 0.0 3@
15 | 15 Taching > egesion,and CissNatin  Hous P Dsa 8
16 00 « e Wodta
17 Bangalore Houss_Price.csy 916KB  May 31,2021, &
15 (Top Level] ¢ R Seript & Delni house data.csv. 153.9K8  May 31,2021, §
g Pure house data.csy 895768 May 31,2021, €

Console  Termina! Background Jobs
- attr(*, "dimnames")=List of 2
..$ ¢ chr [1:32] "Mazda RX4" "Mazda RX4 Wag" "Datsun 710" "Hornet 4 D

rive" ...
.$ 0 chr [1:4] "Int" "hp" "wt" "disp"
> t(X)
Mazda RX4 Mazda RX4 Wag Datsun 71@ Hornet 4 Drive
Int 1.00 1.000 1.00 1 1.000
hp 110.00 110.000 93.00 110.000 b4

First calculate, so in X transpose X. So, first thing I will do, I will say t of X.
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o juman’ O o Hitoy | Conmci \
SoureonSwe /e Run > Source ~ 2 b P impor: Datasat + | ¥ 1 N
U PIEULLLUI S = L ) f J R+ | ) Global Emironment « -
7 ) Data
g ; N tharsl[,pfedmtors_nm] data 13320 obs. of 9 va..
1@ nt = rep(1,m df 12711 obs. of 9 va.
11 X = as.matrix(cbind(Int,x)) X 32 obs. of 3 varia,
1 X num [1:32, 1:4] 1 ..
13 Values
14 # Calculate X'X :mﬂ vzn; v::u:gc:' Hep Vewr Presentation =
15 T o and Clasiatin > Hous Pice a8
16 00 .
17 Bangalore Houss_Price.csy 91GKB  May 31,2021, §
169 (Top Level] ¢ R Seript & Delni house data.csv. 1539K8  May 31,2021, §
Console Temninal - Background Jobs =0 Pune house dita.cse 495718 Mar31, 2021, §
R R4.0.L - ~{DoaroaisTeacinfegresso andCls caion]
> t(K)%*HX
Int hp wt disp
Int 32,000 4694.00 1029520  7383.10
hp  4694.000 834278.00 16471.7440 1291364.40
wt 102.952 16471.74 360.9011 27091.49
disp 7383.100 1291364.40 27091.4888 2179627.47
> ~
®

So, now, we can see this is transpose of X, and then I will multiply in the matrix

multiplication in R is percentage star percentage. So, if I just do that, it gives me X transpose

X.
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] SourceonSve (/e Rn > Source + “". ‘]E’;:v::’j;::::"" e / i} s
8 x = mtcars[,predictors_nm] Data
9 Int = rep(1,n) data 13320 obs. of 9 va..
10 df 12711 obs. of 9 va..
11 X = as.matrix(cbind(Int,x)) ox 32 obs. of 3 varia.
g X num [1:32, 1:4] 1 ..
: i
14 ## Calculate X'X Kex X mum [1:4, 1:4] 32
15 Files  Plots  Pakages Hep Vewer Presentation =0
QUOC-0 4 B
16 Xt_x_X = t(X)%*¥X 5 ) Teacting > Regesionand_Classfctn © House Price Daa &
e 1 = e odta
18 Bargalore House Picecss  916K8  May31, 2020, €
1 (Top Level] ¢ R Seript & Delni house data.csv. 1539K8  May 31,2021, §
Console Teminal - Background Jobs =0 Pune house data.csv 495,718 Mar31, 2021, §
R R4.2.1 + - Dowrloads Teaching/Regresson_and Clss ficaton]
> Xtx X = t(X)%*%X
> Xtx X
Int hp wt disp
Int  32.000 4694.00 102.9520  7383.10
hp  4694.000 834278.00 16471.7440 1291364.40
wt 102,952 16471.74 360.9011 27091.49
disp 7383.100 1291364.40 27@91.4888 2179627.47
>

/|

And then what I will do, let me just put it in X t times x; let me define this variable X t x

times X.
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11 X = as.matrix(cbind(Int,x)) Data
12 data 13320 obs. of 9 va..
B df 12711 obs. of 9 va..
14 ## Calculate X'X inv_Xt.. num [1:4, 1:4] 0.6..
iz Y % X = HOOVK X 32 ovs. of 3 varia.
" XK = LR X num [1:32, 1:4] 1.
18 # Calculate inverse of X'X :mo vm; lem'u' Hep Vewer Presentation =t
19 inv_Xt_x_X = solve(Xt_x_X) I i) Ta vd_Classfcaticn © House rice Daa
2 “ e ol
2 | b e 96K 31,6
2 Top Level] = R Seript & Delni house data.csv. $39K8  May 31,2021, &
Pure house data.cs 105768 Mag3L, 2020, €

Console Terniml - Background Jobs
R R4.L.1 + -/DowrloadsTeachingFegress on and Cuss fcton]

> inv_Xt_x_X = solve(Xt_x_X)
> invoXt_x X

Int hp wt disp
Int  0.639800586 -1.292840e-03 -0.2735525591 1.993856¢-03
hp  -0.001292840 1.877919¢-05 0.0002712707 -1.011858¢-05
wt -0.273552559 2.712707e-4 0.1632352391 -1.263027¢-03
disp 0.001998856 -1.011858¢-05 -0.0012630274 1.538167¢-05

>

So, this is X transpose X and then solve that inverse of X t X will be basically you solve this

X transpose X, this will give you calculate X transpose X, inverse of X transpose X, so this

will give you the X transpose X inverse.
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L2 R+ | Gl Emrnment + g
14 ## Calculate X'X Data
15 data 13320 obs. of 9 va..
16 Xt_x X = t(O)%*X df 12711 obs. of 9 va..
17 7 inv_Xt.. num [1:4, 1:4] 0.6..
18 ## Calculate inverse of X'X X 32 obs. of 3 varia,
19 inv_Xt_x_X = solve(Xt_x_X '
2@ inv Xt x X = solve(ktxX) X num [1:32, 1:4] 1.
21 #ﬁ Ca’,(ulqte beta :klu VIWD Prk‘.l' Hep  Vewer  Presentation =0
2 s T on st > s pice D
23 [inv Xt X XKFGECK)%*y . -
24 Bangalore Houss Picecss  916K3  May3L,202L, 6
2 Top Level = R Seript & Delni house data.csv. S39K8  May 31,2021, &
= Pure house data.csy 895708 May 31,2021, §

Console Terninal - Background Jobs
R RA.L1 - -/Dowroadseaching/fegressonand,_Cls cton]

disp 0.001998856 -1.011858¢-05 -0.0012630274 1.538167¢-05
> Inv_Xt_ X _XE*%t QO %*%y
L1
Int 37.1055052690
hp  -0.0311565508
wt  -3.80089¢5826
disp -0.0009370091

> .
| wTE

And then, you calculate beta X transpose X inverse percentage star percentage X transpose

percentage star percentage y. So, if I just run that, so this is the values that I am getting.
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SourceonSwve S e #Run > Source + 2 k7 impor: Datasat + | * /A

15 R (% Global Environment +

16 Xt_X_X = tOORX Data

17 beta_h.. num [1:4, 1] 37.10..

»data 13320 obs. of 9 va..

18 ## Calculate inverse of X'X
odf 12711 obs. of 9 va..

19 inv_Xt_x_X = solve(Xt_x_X)

20 inv_Xt.. num [1:4, 1:4] 0.6..
21 ## Calculate beta X 32 o095, of 3 varia..
22 Fls Pou Pxkiges Nep Vewsr Pesmaton  o0)
23 beta_hat = Lnv_Xt_x X6 5ECO% %] i gz J e
24 & lame. Size. Modified
EE ;IVQIHYLHWSLP"“ a8 916K8 May 31, 2021, &
2333 (Top Level] ¢ R Seript & Delni house data.csv. 1539K8  May 31,2021, §
Console Terminal - Background Jobs =0 Pure house datacsr 105718 Mar3l, 2021, €
R R4.2.1 - ~/DowrloadsTeaching/Regress.on,and_Class fication/
> beta_hat = inv_Xt_x_X%*%t(X)%*%y
> beta_hat

L1
Int 37.1055052690
hp  -0.0311565508
wt -3.8008905826
disp -0.0009370091
>

So, this is [ am calling it beta hat. So, if I just run this, so this is my beta hat.
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Z@ R Fitting Line
21 ## Calculate beta X
Im stats) R Bocamantaticn
2
23 beta_hat = inv_Xt_x_X%%t(X)%*%y Fitting Linear Models
24 Description
25 1 ks, incodg s ore gession,
A . gl statum anahis sovmey provide
26 #### Fit Linear Regression usin 1m vt it i ot S
27 #it# mpg = b0 + b1* hp + b2* wt + b3 * disp + e Usage
2% o formla, doca, subset, sights, m.acion
29 fit = Im(mpg-hp+wt+disp, data = mtcars) method rodel = TRUE, x = PALSZ, y = PALSE, qr = TRUE.
singalar.ok = TRUR, contrasts = WIL, offset, ...
30 1
40 Top ol £ R s

Console  Teni

R RaL1.

> beta_hat

[,1
Int 37.1055052690
hp  -0.0311565508
Wt -3.8008905826
disp -0.0009370091

> 7m

>

print(x, digits

Arguments

formla

data

subset

weights

max 3L, getOption -3,

an sbizctof slass * formale” (or onethat can de corced 1 that class)a
symbelic descrinton of the rodel o be fited. The detais of madesectication
aregivenunder Detais’

an optonal cal frme, st o environmier (cr oject coercite by
as.dsta, Erare 1 adaia fare) containing he varizbies in U o, I not
foundin data, the variabiesare taken from envi ronnent.(formula), ypically
thoendrenment frem which 1ns caled.

a0 ptonal vector specifying a subset of bsenatons to be used i the ftirg

oss.
depencent beses in the ‘Detais’section of the pode]. £raxa cocumentation)

an optonal tobeussd hoidb
or  numeric vectat. Ifnon-NULL, weighted 2ast squaresis used ith waights
weigtts thati, minitiing sun(vee"2)): othervise ordinaryleast <quires is
used. See also Detas'

oTEL
| weT

And now, what I am going to do is going to call there is a something called Im. If you just go
to console to question mark Im, it will open the manual for Im. It fits the linear models. So,
what model fit linear regression using Im the model? 1 want to fit is miles per gallon as a
function of intercept plus b 1 times, with what was there? Horsepower, horsepower plus b 2

times weight and displacement, weight and b 3 times displacement and plus some error, ok.

So, this is the model I am trying to fit. So, what I will do is fit equal to Im you have to say

miles per gallon, tilde horsepower plus weight plus displacement comma, now data you have

to provide the data, data is mtcars.
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20
21 ## Calculate beta
2

23 beta_hat = inv_Xt_x_X%*%t(X)%*%y
24

25

26 #### Fit Linear Regression usin lm

27 #t## mpg = b0 + b1* hp + b2* wt + b3 * disp + e

28 |
29 fit = Im(mpg~hp+wt+disp, data = mtcars)
30 1

21 (oplewel 2

Console  Teninal - Background Jobs
G RA.L.1 - «/Dowrioads TeachingFegress on_and_Clssfcton

L1
Int 37.1055052690
hp  -0.0311565508
Wt -3.8008905826
disp -0.0009370091
> 7lm
> fit = Im(mpg~hp+wt+disp, data = mtcars)
>

aRur | o4

Rsap: ¢

Regression_and_Classification - doc_spdats - RStudio

Environment  Wistory  Comectins  Git  Tutorial

Filss Pots Pacages Help Viewer Preseatation i/ His,
S

R:iting Lnea Modos -

Im{stats) R Docamantaticn
Fitting Linear Models
Description

ultvariats ores. fegression,

convenient interaca for thess).
Usage

Im formale, data, subset, weights, na.action

method rodel « TRUE, x = FALSE, y « PALSE, qr = TRUE

singilar.ok = TRUE, contrasts = WIL, offsat, ...
print (x, digits = max 31, getOption 'c -ay, ..
Arguments

formla

an objactof lass ' Fazmale” (or one that can de coerced to that class):a
palian A

5y
aregiven under Detais’,

data e, t(er i
as.dsta, Erare 1 adaia fare) containing he varizbies in U o, I not
foundin data, the variabiesare taken from envi ronnent.(formula), ypically
thoendrenment frem which 1ns caled.

subset P! g

argument
Detais section of
weights hould b

or  numeric vectat. Ifnon-NULL, weighted 2ast squaresis used ith waights
weigtts thati, minitiing sun(vee"2)): othervise ordinaryleast <quires is
used. See also Detal’,

And now if you just run this that is good enough.

z e,

PTEL
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21 ## Calculate beta :
PrT—
22 .
) : Im {stats) R Docamantation
23 beta_hat = inv_Xt_x_X%*%t(X)%*%y
24 Fitting Linear Models
25 Description
26 #### Fit Linear Regression usin 1m ——— ——
. soglost -
27 #i## mpg = b + b1* hp + b2* wt + b3 * disp + e Sonvtnt s or s =
28 Usage
29 fit = In(mpg-hp+wt+disp, data = mtcars) i formal, daca, ubaet, veihte, 2e.ation
30 method rodel = TRUE, x = FALSZ, y = PALSE, qr = TRUE
singalar.ok = TRUR, contrasts = WIL, offset, ...

31 coef(fit) !

3110 (ap vl £ R ¢ d for class 'L
Console Teninil - Background Jobs R | Prive - dotee = mexidl. gutdpeion (e e ne
R R4.2.1+ ~/Dowrloads Teaching/Regress.on and_Clss fcation/ Arguments
> 7lm Formilo o sbjsctol siass ' formle” (r one thel can be coroed tothat class):a
p B i i speclication
> fit = Im(mpg~hp+wt+disp, data = mtcars) areghen under Detai’.
> coef(fit) data e, e p—
‘as.data. Erane 1o adala frame) containing the varisbles in the mogal, f not
(Intercept) hp wt found i data, e vrabes reaken fom envi o ormutay,typiclly
the envircnment from which 1m is called,
37.1055052690 -0.0311565508 -3.8008905826 et o "
: process. argument
disp o s st
-0.0009370091 weights  anopionsleclrof v nthe fiirg osd P
or a numeric vector, If non-NULL, weighted l2ast squares is used with weights. §
> weigkts (thatis, mininizing sum(w=e"2)); otherwise ortinary least squares is b4
used. See also Detalls’, | wTE

So, no and then, if you just say coef equal to fit, it will give you all the coefficient values that

you are looking for.
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21 ## Calculate beta =
[ r—
22 ’
. . . Im{stats] R Docamsntaticn
23 beta_hat = inv_Xt_x_X%*%t(X)%*%y
24 Fitting Linear Models
& Description
26 #### Fit Linear Regression usin 1m " 0 i pry—
. gl statun anahs
27 #i## mpg = b + b1* hp + b2* wt + b3 * disp + e Sonvrnt s or s =
28 Usage
29 fit = Im(mpg-hp+wt-disp, data = mtcars) T ———.
30 nathod rodel = TRUE, x = FALSE, y = PAISE, qr = TRUE,
o y singalar.ok = TRUR, contrasts = WIL, offset, ...
31 cbind(coef(fit),beta_hat)
w1 Mool £ R+
‘\_ print(x, digits = max 3L, getOption S, ..
son,and_Clss fcaton] Arguments
-0.0009370091 Formilo o sbjsctol siass ' formule” (r one thal can be cooed tothat clase):a
. : e descr seocic
> cbind(coef(fit),beta_hat) Foghenunge Deas’. e
[,1] [,2] dwa noptonlcts e, o oo ot oty
’ 4 s.data. frare to adala fame) containing the varizbles i the ol I not
(Intercept) 37.1055052690 37.1055052690 found i data, e vrabes reaken fom envi o ormutal, ypiclly

theendrcnment from which s called.

hp -0.0311565508 -0.0311565508 st noptonchr o G SBENHOBO U1 e 1)
i t
we -3.8008905826 -3.8008905826 Sepedont b o Dt st of 0 g€ oraan )
disp -0.0009370091 -0.0009370091 weights  anapionl obsussdn hosdt Pl
or & mumeric vactor, fnon-NULL, welghted aast squaresis usec wilhwaghis 4§
> weigkts {thatis, minimizing sum(v=e"2)): othervise ordinary least squares is 0
used. Soe also Dol | W

Now, what we will do? We will just cbind them, again beta hat and cbind them. Now, the
first one is coming from the Rs Im models. You can blindly apply the R Im models. And this
is we the second one is beta hat we calculated all by ourselves. And you can see these two
values are matching till the last digit 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, till 10 digit, both the method

are matching exactly.

So, this is a this is how Im or in both in R and python, they are calculate the coefficient values
through these matrix operation. I just showed you that how to do that. Next, I want you to

learn few things.
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29 fit = Im(mpg~hp+wt+disp, data = mtcars)
31 cbind(coef(fit),beta_hat)

33- BB R

36 plot(mtcarsshp, ntcarsSmpgy)

,beta_hat

L4 [,2]
(Intercept) 37.1055052690 37.105505269¢
hp -0.09311565508 -6.0311565508
wt -3.8008905826 -3.8008905826
disp -0.0009370091 -0.0009370091
> plot(mtcars$hp, mtcars$mpg)
>

> cbind(coef(fit)

o
utsp + e

swren

Rsap: ¢
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PTEL
| NeTE

micars$hp

Say, suppose you want to before fitting a model, probably you would like to plot some of the
you know more some of the data that you have to develop a intuition. So, maybe we want to

plot horsepower and mtcars dollar miles per gallon and if we just plot that. So, we get this

kind of plot.
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29 fit = Im(mpg~hp+wt+disp, data = mtcars)

31 cbind(coef(fit),beta_hat)

33- BRI A

36 plot(mtcars%hb‘ ntcars$mpg, pch=20)

25
L

2
-o t &1 .

R RA4.L1+ ~/Dowrloads Teachi n and_Clssfcaion/

L1 [,2] ’
(Intercept) 37.1055052690 37.105505269¢ o | i .
hp -0.0311565508 -0.9311565508 :
wt -3.3008905826 -3.8008905826
disp -0.0009370091 -6.0009370091 o o
> plot(mtcars$hp, mtcars$mpg) T L) T T
> plot(mtcars$hp, mtcars$mpg,pch=20) S

Pl
micarsshp °}

NPTEL
| NeTE

>

If we just put say pch equal to 20, you can and run again you will see this now plots are kind
of filled up with the black, so like more prominent. But you see, the way we have provided
the code that, ok from the mtcars you extract the horsepower and that will be your x axis, and

mtcars you extract the miles per gallon that will be your y axis.
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28

29 fit = Im(mpg~hp+wt+disp, data = mtcars)

30

31 coind(coef(fit),beta_hat)

32

33+

34

35 |

36 plot(mtcarsshp, mtcarsmpg,pch-20

37 ,xlab = ¢ ¢

38 ,ylab = lon™)

51 @ U ¢

Console  Termi

-3.8008905826 -3.8008905826
disp -0.0009370091 -@.0009370091
> plot(mtcars$hp, mtcars$mpg)

> plot(mtcars$hp, mtcars$mpg,pch=20)

> plot(mtcars$hp, mtcars$mpg,pch=20

+ ,xlab = "Horse Power"
+ ,ylab = "Miles per Gallon")
>
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We do not want to see it in this way, maybe we just want to give a name for this xlab equal to
the label, stands for labels, horsepower and y label equal to miles per gallon, miles per gallon.

So, now if we run you can see that labels are now look nice. And then, what [ am going to do?
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30

31 cbind(coef(fit),beta_hat)

32

33

34

35

36 plot(mtcars$hp, mtcars$mpg,pch=20

37 ,xlab =

38 ylab = )|

39 abline(lm(mpg-~hp,data=mtcars),col= )
40

3 8 m

Console  Termi

R RALL: {Dowross et 1 and s oy

disp -0.0009370091 -0.0009370091

> plot(mtcars$hp, mtcars$mpg)

> plot(mtcars$hp, mtcars$mpg,pch=20)

> plot(ntcars$hp, mtcars$mpg,pch=20

+ ,Xlab = "Horse Power"

+ ,ylab = "Miles per Gallon")

> abline(Im(mpg~hp,data=mtcars),col="red")
>

Fles | ot | Padages Wl | Views | Prsataion ikl
Pom Swper- 0 4 Publish -
.
o e
8
x
.
\ .
el N\
587 0N
§ N
3
i PN
H ?
2 o
E . \\ :
N
t N
AN
[ ' \w ' i
B
N\
\
\\
o . AN
T }
50 100 150 200 250 300
Horse Power A\ “}

NPTEL
| weT

I am going to call a function called abline, abline, and in that abline I am going to call Im
which is a miles per gallon as a function of horsepower and I have to provide the data equal to

data equal to mtcars. And I have to provide a color, I will provide a maybe I will provide a red

color. And if I do that, you can see its drawing a straight line here.
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31 cbind(coef(fit),beta_hat)

36 plot(mtcars$hp, mtcars$mpg,pch=20
37 ,xlab =

38 ,ylab = )
39 abline(lm(mpg-~hp,data=mtcars),col= lwd=3)
40

W1 @ Unied ¢

Miles per Gallon

Console Ternimal - Background Jobs
R R4.L1 + ~/DowrloadsTeachingfegress on_and_Class fcaton/

> plot(mtcars$hp, mtcars$mpg)

> plot(mtcars$hp, mtcars$mpg,pch=20)
> plot(mtcars$hp, mtcars$mpg,pch=20
+ ,Xlab = "Horse Power"

+ ,ylab = "Miles per Gallon")
> abline(Im(mpg~hp,data=mtcars),col="red")

> abline(In(npg-hp, data=mtcars), col="red" , 1wd=3) A
>

I Horse Power

| T

So, maybe what I will do, I will just increase the line width to 3 maybe. And now, it is a little

bit better.
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30
31 coind(coef(fit),beta_hat)
32
33
34
35 |
36 plot(mtcarsShp, mtcarsSmpg,pch-20
37 ,xlab = 5P
38 ,ylab = )
39 abline(lm(mpg-~hp,data=mtcars),col= ,lwd=3,1ty-1}
40
518 e £ f

Console Terinil Background Jobs

R RA4.2.1 - ~/Dourdoads TeachingRegress on_and_Clssfcation/
+ ,ylab = "Miles per Gallon")

> abline(Im(mpg~hp,data=mtcars),col="red")

> abline(1m(mpg~hp,data=mtcars),col="red",lwd=3)

> plot(ntcars$hp, mtcars$mpg,pch=20

+ ,Xlab = "Horse Power"

+ ,ylab = "Miles per Gallon")

> abline(Im(mpg~hp,data=mtcars),col="red",lwd=3, 1ty=1)
-

apdat - Rtudio
~0 Eowmen Wiy Comeions Gt Turi oy
/ i
Fles Pots Packages Help Viewer Presenaton Sl L)
Puom ot 0 f 5 Publish -
.
o | .
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If you increase, if you may consider Ity equal to maybe 1 or 2, and if you just want this might
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31 coind(coef(fit),beta_hat)
32
33 .
34 .
35 o le .
36 plot(mtcarsShp, mtcarsSmpg,pch-20 "
37 TMLOb= > ‘
38 Jylab = ) AN
39 obline(Im(mpg-hp, data-mtcars),col= . ,lud=3,lty=2) £ "7 + >
Console Teminil - Background Jobs =0 é &1 . \\\ :
R RA.LL - ~/DasrkoadsTeschngegess on and, Choss s K
+ ,xldb = "Horse Power" ' N
+ ,ylab = "Miles per Gallon") o t o0 % .
> abline(1m(mpg~hp,data=mtcars),col="red",lwd=3, 1ty=1) \'
> plot(mtcars$hp, mtcars$mpg,pch=20 3
+ ,Xlab = "Horse Power" o o \
+ ,ylab = "Miles per Gallon") ! ! I T !
> abline(In(npg-hp, dota=mtcars), col="red" , lnd=3, lty=2) I L I
5 I Horse Power

So, now, you can create a dash line, if you choose line type equal to 2, 3, 4, this will give you

different kind of dashed line.
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31 cbind(coef(fit),beta_hat)
32

33- ittt
34

35

36 plot(mtcars$hp, mtcars$mpg,pch=20
37 ,xlab =

38 yylab = )
39 abline(lm(mpg~hp,data=mtcars),col=
40 grid(col= - )

41

LR R

JTné=3,1ty-2)

A1 8 Uned) ¢ Rsap: ¢

Background Jobs
dsfead

+ ,ylab = "Miles per Gallon")

> abline(Im(mpg~hp,data=mtcars),col="red",lwd=3, 1ty=1)
> plot(mtcars$hp, mtcars$mpg,pch=20

+ ,Xlab = "Horse Power"

+ ,ylab = "Miles per Gallon")

> abline(Im(mpg~hp,data=mtcars),col="red",lwd=3, 1ty=2)
> grid(col="grey")

>
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And last one thing if you want to do some grid, if you just say grid with color equal to maybe
grey and you run this. So, you will see that there will be a grid kind of thing comes in. So, lot
of things you can do with these kind of plots. And these kind of plots are very useful in linear

regression.
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44

45 head(mtcars)

46

47

48 str(mtcars)

71 @ Untied) ¢

Console Terinil - Backgrous

R R4.LL - ~/DourioadsTeah

vaiant
> str(mtcars)
'data. frame':

Cods View Plcts Session Buld Debug Profis Tools Window Help

Regression_and_Classification - doc_spdats - RStudio

32 obs. of 11 variables:

$ mpg :
$ oyl
$ disp:
$ hp
$ drat:

num
fnum
num

Lonum

num

212122.821.418.718.114.324.422.819.2 ...
6646868446 ...

160 160 108 258 360 ...

110 110 93 110 175 105 245 62 95 123 ...

Environment  History  Comnections  Git

Fles Plts Fackages Help Viewer

Pwon Jegen - 0 f

% Publish -

30

25
s

Miles per Gallon

15

10

3.93.93.853.08 3.15 2.76 3.21 3.69 3.92 3.92 ...
2.622.88 2.32 3.21 3.44 ...

Horse Pover
$wt @ num

Now, I am going to show few more things, like a little bit more on the exploration of the of
the design matrix. So, if we look into this data set mtcars are little bit more, ok; mtcars data

set, maybe we just say head.
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> plot(mtcars$hp, mtcars$mpg,pch=20

+ ,xlab = "Horse Power"

+ ,ylab = "Miles per Gallon")

> abline(1m(mpg~hp,data=mtcars),col="red",lwd=3, 1ty=2)
> grid(col="grey")

> head(mtcars)

P zon -2 pen -

30

mpg cyl disp hp drat  wt gsec vs am
Mazda RX4 21.0 6 160 110 3.90 2.620 16.46 B 1 \‘ .
Mazda RX4 Wag 21.0 6 160 110 3.90 2.875 17.02 0 1 o g4 N
Datsun 71@ 22.8 4 108 933.852.32¢18.61 L 1 ;2 ) \\
Hormet 4 Drive  21.4 6 258 110 3.08 3.21519.44 1 0 ™
Hornet Sportabout 18.7 8 360 175 3.15 3.440 17.02 0 0 ig o
Valiant 18.1 6 225105 2.76 3.460 20.22 1 @ 3 M

gear carb !
Mazda RX4 4 4 o ' S
Mazda RX4 Wag 4 4 b
Datsun 710 4 1 b
Hornet 4 Drive 301 o L
Hornet Sportabout 3 2 m “‘)C o ™ ";U 3;0
Zahant ’ : Horse Power "3

So, we see that cylinder is typically 6 cylinder, 4 cylinder or 8 cylinder kind of things. And
then you know vs is v shaped or not, am stands for its automatic car or manual car; gear
stands for whether it is a 3 gear car or 4 gear car, and carburettor stands for how many

carburettors they have.

So, suppose, and so far our regression model that we have discussed are all in our predictors
are all predictors are all essentially continuous variable like horsepower or you know weight
or displacement. They you can consider them as a continuous variable. But what happens if
my predictors are not continuous variable, rather my variables these are all categorical

variable. So, let us see how these things happen.

So, first let us work with the cylinder, it could be 6 cylinder, 4 cylinder or 8 cylinder. These

cylinder is a ordinal categorical variable. You cannot have a 5 cylinder, generally you do not



have a 5 or 4 cylinder, well car or; 5.5 cylinder car. You can have a 5, you may design a 5

cylinder car, but you cannot have really 5.5 cylinder cars.

So, it is a sort of a discrete kind of things. And how; and if you want to give them as a
categorical variable, you want to, if your predictor has a categorical variable, how you handle

categorical variable in the linear model setup or the in the design matrix. Now, how do you do

that?

So, like one good thing is, one possibility is you just in the m; if you look into the structure of
the data set mtcars, here a cylinder is being coded as numeric variable. So, but what we will

do, we will transform them it into factor variable.
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48 mtearsicyl=as.factor(mtcarsicyl)
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> mtears$eyl=as. factor(mtcars$eyl)

>
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So, now, what I will do, I will just take it as mtcars dollar cylinder as dot factor mtcars dollar

cylinder. Now, what is happening?
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> str(mtcars) b
"data.frame': 32 obs. of 11 variables: “ - R
$mpg : num 21 21 22.8 21.4 18.7 18.1 14.3 24.4 22.8 19.2 ... ‘:\
$ cyl @ Factor w/ 3 levels "4","6","8": 2212323112... %
§ disp: num 160 160 108 258 360 ... o B N
$hp @ onun 110 110 93 110 175 105 245 62 95 123 ... 2 w0 im0 i
$ drat: nun 3.93,9 3.853.08 3,15 2.76 3.21 3.69 3.92 3.92 ... o
$wt :onum 2.62 2.88 2.323.213.44 ... Hurm o 'y

If you look into the structure of the data set, you see a factor and it has 3 levels, 4, 6, and 8.

Now, what we will do?
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We will if we run the Im between say miles per gallon, and say cylinder, then it is called data

equal to mtcars and we call it fit 2.
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And then if we run say summary of it, so what we will see that for 6 cylinder, we got

something and for 8 cylinder and then there is a intercept.
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cyl8 -11.5636 1.2986 -8.905 B8.57e-10 ***

Signif. codes: @ “***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 . 0.1 <’ 1

Residual standard error: 3.223 on 29 degrees of freedom
Multiple R-squared: ©.7325,
F-statistic: 39.7 on 2 and 29 DF, p-value: 4.97%-09

>

Adjusted R-squared: 0.714

5 files Plots Fackages Help ¥

Environment  History  Comnections  Git

Miles per Gallon

30

25

10

Viewsr T 44
Pwon Jexpern - O F 4 Publish -
)
.
N
N
N\
\
o\
.
L
Ny
N
N
“
AN
1 \‘v .
N
\
N
" i
T T L
100 150 20 250 30
Horse Power

variable in the predictor.

So, what kind of; we will try to understand what kind of model are is fitting here. So, you
have to first understand how the data set is. So, what we will do now, we will go back to the

theory and we will try to understand how to handle this kind of categorical variable as

Thank you. Let us continue on the next video on the theory side of how to handle categorical



