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Lecture - 19
Hands-on with Julia

Hello all, in this video I am going to introduce you to how to do Regression Analysis using
Julia. Julia Programming Language is a new language and it is comparatively new compared
to R or Python R and Python was released the first version was released in 1990s whereas;

Julia’s first version was released in 2018.

So, Julia is a comparatively new language, the advantage of Julia is I find two fold; one is
expressivity that is if you want to write a particular code or something it is much easier in
terms of its expression and second advantage I find that Julia programming language tries to
take the advantages of new compiler theory new advantages and advancements of the

compiler theory.

So, it is it tries to implement the all the you know functionality faster than R and Python. So,
when we are trying to crunch lot of large big data, the Julia turns out to be very useful. So, |
am going to start how to do regression and classification particularly regression in this video

using Julia.
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DAl [Videos [images MBooks [ENews :More Tools SefeSearch on

About 99,00,000 results (C.47 seconds)

3
htps:/fjulialang.org> download

Download Julia - The Julia Programming Language
The official website fo the Julia Language. Julla is alanguage thet i fest, dynamic, easy fo
use, znd open source. Click here to leam more.

hitps:fjulialang.crg» downloads ) platform &

Platform Specific Instructions for Official Binaries
Install Julia n 4 simpie steps! Download the Windows Julianstalerfrem
https:julialang.org/downloads/. Note, the 32-bit Julia binaries work on boih

hitps:uialang.crg  §

The Julia Programming Language
‘The official website for the Julia Language. Julia is a language that is fast, dynamic, easy to

use, and open soutte. Cick here tolear more

htps:ijuiialang.crg) downloads ) oldreleases |

Julia Downloads (Old releases)

The offcal websiteforthe Julia Language. Julia s a language that s fast, dynaric, easy fo

use, and open source. Cick here toleam more,

So, first I will start a Google site and in Google if you just say download Julia programming
language or Julia for windows you can write Julia programming language or you can say for

windows or then you will get like you know it will take you to the latest version of Julia.
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Download Julia

Qstar 41420
Please star us on GitHub. If you use Julia in your research, please cite us. If possible, do consider sponsoring us.

Current stable release: v1.8.5 (January 8, 2023)

Checksums for this release are zvailable in both MD5 and SHA256 formats.
Windows [help] 64-bit finstaler), 64-bit (portabl) 32-bit (instller), 32-Eit (portable)
macOS x86 (Intel or Rosetta) [help] B4-bit (.dmg), 64-bit (tar.gz)

mac0S ARM (M-series Processor) [help] 64-it .dmg), 64-bit (tar.gz)

Generic Linux onx86 [help] 62-tit (glibe) (PG), 64-bit (mus)) (GPG) 32-bit (GPG)
Generic Linux on ARM [help] B4-bit (AArch€4) (GPG)
Generic Linuxon PowerPC [help] 64-bit (little endian) (GPG)
Generic FreeBSD on x86 [help] B4-bit (GPG)
Source Tarball (GPG) Tarball with dependencies (GPG) GitHub § 3(\’25
ey
NPTEL
Almost everyone should be downloading and using the latest stable release of Julia, Great care is taken not to break compatbilty with older Julia
4

versiors. so older cade should continue to work with the latest stable Julia release. You should onlv be usina the lona-term suonort (LTS) version of Julia

And here you get windows Mac generic Linux typically if you are using a Ubuntu system this

version should work.
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Qstar 1839
Please star us on GitHub. If you use Julia in your research, please cite us. If possible, do consider sponsoring us.
Current stable release: v1.8.5 (January 8, 2023)
Checksuns for this release are available in both MDS and SHA256 formats.
Windows [help] 64-tit (installer), 64-bit (portablz) 32-bit installer), 32-bit (portable)
macOS x86 (Intel or Rosetta) [help] B4-bit {.dmg), 64-bit (tar.gz)

mac0S ARM (M-series Processor) [help] 64-bit {.dmg), 64-bit (tar.gz)

Generic Linux on x86 [help) 64-bit [glibc) (5PG), 64-bit (musl)! (GPG] 30-bit (6PG)

Generic Linux on ARM [help] 64-bit [AArch6d) (GPG)

Generic Linux on PowerPC [help] 64-bit {litle endian) (GPG)

Generic FreeBSD on x86 [help] 64-bit (GPG)

Source Tarball (GPG) Tarball with dependencies (GPG) GitHub

st
Almost everyone should be downloading and using the latest stable release of Julia. Great care is taken not to break compatibility with older Julia ' i{}
versions, so older code should continue to work with the latest stable Julia release. You should only be using the long-term support (LTS) version of Julia w4
if you work at an organization where implementing or certfying upgraces is prohibiively expensive and there is no need for new language features or NPTEL
¢ packages. See this description of "Risk Personas" for q | using what versions of Julia based on their risk tolzrance. See this J

So, I am using Mac Book. So, I with M- series processor so, I my in my system I am going to

use this Julia.
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Now, if you open Julia then it will basic Julia console will open in terminal, sorry that.
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/Applications/Julia-1.8.app/Contents/Resources/julia/bin/julia ; exit;
Please star us on GitH (base) sourishdas@scurishs-MacBook-Air ~ % /Applications/Julia-1.8.app/Contents/

Resources/julia/bin/julia ; exit;
CUrrem sta - <l | Documentation: https://docs.julialang.org
() [ Q|
Checksurs for thi = =i pe
ecksumstortiste " 117 7| Type 2" for help, "]2" for Pk help.
) FErrrry
Windows[helo] ||| | | | | (| | | Version 1.8.2 (2022-09-29)
/N[Nt | Official https://julialang.org/ release
macOS x86 (Intel ¢ I/ |
macOS ARM (M-se a=2
2
Generic Linux onxi
i B=3
Generic LinuxonA 3
Generic LinuxonP, a+p
Generic FreeBSD 0
. F= zlI

Source JitHub
Almost everyone should be downloading and using the latest stable release of Julia. Great care is taken not to break compatibility with older Julia
versions, so older cads sheuld continue to work with the latest stable Juli release, You should only be using the long-term support (LTS version of Julia
if you wark at an organization where implementing or certifying upgraces is prohibiively expensive and there is no naed for new language features or
packages. See this description of "Risk Perscnas" for more detail on who should be using what versions of Julia based on their risk tolerance. See this

So, it will open in terminal. So, that is how it will behave. So, for example, if I want to say
alpha and then press tab then it give me the alpha and then I can use assign 2 and then if [ say
beta and tab and I say 3 then it gives me if alpha and beta 2 variables now we have defined
and then. So, let me just increase the size. So, and then if I just say alpha plus beta then it

gives me 5.

So, alpha beta you can defined as variable here because Julia do allow Unicode. In fact,
certain advantages is that if you can use some you know since it is do Unicode I have Bengali

you know script installed here. So, if I just say [FL] in it is a Bengali script and so, say 2.
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And then [FL] equal to say 4 and then [FL] plus [FL] sorry [FL] it is giving me 6. So. In fact,
if you are if you have Hindi script or if you have Kannada script or Tamil script you can
install it and you can define your variable mean width. So, if you have any you can define

your variables in using you know your local regional language and this I find is very helpful

if you work at an organization where implementing or certfying upgraces is prohibively expensive and there s no naed for new nguage features o
packages. See this description of "Risk Perscnas" for more detail on who should be using what versions of Julia based on thei risk | VisualStud Code

in terms of expressing the equations and other things.

So, but you know using writing everything in the console is bit difficult I mean when typical I

generally use a VS code.

Ahoe)
= gy
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% predict_price_of_di

61 @time begin
62 for-i-in 1:10000

63 model2 = Im(@formula(Price~Carat+Cut),diamonds);
64 end
65 end
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hel

And in the VS code you have to go to the VS code is very useful in terms.
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EXPLORER o % et Started & lasso_test.| % predict_price_of_diamondjl X (B ) =
* v LASSO sre > & predict_price_of_damondji
v s 10
& lasso_test.j|
41

% predict_price_of_di
42 =

43 Plots.plot(log. (Carat),log. (Price),seriestype=:scatter, label="")

4 Plots.xlabel!("Carat in log Scale")

45 Plots.ylabel!("Price in log Scale")

46
47 -
PRSI T S S S SAS S S S PR S R R

PROELEVS  QUTPUT  DEBUG CONSOLE  TERMINAL Quh+v D & ~ X

(base) sourishdas@sourishs-acBook-Air Lasso %

So, when I do some you know project based development I typically rely on VS code. But for
teaching I find the you know I find Julia Jupyter Notebook is very useful.
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So, I am going to open Jupyter Notebook, here is my I am opening my Anaconda fast.
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Now I am going to launch my Jupyter Notebook.
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And here you can see Jupyter 1.8.2 version.
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B + x@0B 4% PRn B C» coe voE
Regression with Julia
In [1]: using RDatasets, Plots, GLM

In [2]: diamonds = dataset("ggplot2’, "diamons");

Unable to locate dataset file /Users/sourishdas/.julia/packages/RDatasets/fNG6F/src/../data/g
gplot2/diamons.rda or /Users/sourishdas/.julia/packages/RDatasets/fNG6F/src/../data/ggplotz/d
iamons.csv.¢z

Stacktrace:
(1] error(s::String)
@ Base ./error.jl:35
(2] dataset(package_name::String, dataset_name::String)
@ RDatasets -/.julia/packages/RDatasets/fNG6E/src/dataset.jl:23
[3] top-level scope
8 In[2):1
(4] eval
8 ./boot.jl:368 [inlined]
[5] include_string(mapexpr: :typeof (REPL.softscope), mod::Mcdule, code::String, filename::Str
ing,

)
@ Base ./loading.jl:1428

I have and now I am going to use the Jupyter Notebook in our an learning the regression with
Julia. So, first thing I will do I will first code block I am going to create as a markdown
regression with Julia. So, if we just done it, it will give me the heading then first thing I will
do I will I am just going to you know call some R data sets these are the packages these are

the Julia packages that I am going to call R data sets, Plots and GLM.

Now, what R data sets does it is a Julia package which essentially from the different popular
R packages it takes the data set and gives you the data here. So, all the popular data sets like
empty carts data set and the diamond data set in the “gg plot 2” all those data set is
automatically available in Julia. So, this is a very useful I find this is very useful and then
what [ am going to do, I am going to call the diamond dataset from ggplot2 ggplot2 ‘ggplot2’,

[ am going to call ‘‘diamonds’’ data set.
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In [1]: using RDatasets, Plots, GLM

In [3]: diamonds = dataset("ggplot2', "diamonds');

In [4]: first(diamonds,?)

01t[4]: 6x10 DataFrame
Row Carat Cut Color Clarity Depth Table Price X Y z

Float64 Cat... Cal.. Cat.. Float6d Floats4 Int32 Floaté4 Float64 Floatsd
1 023 deal E SIl2 615 580 326 395 398 243
2 021 Pemum E SN 598 610 326 38 38 231
3 023 Good E V81 569 660 327 405 407 231
4 02¢ Premium | vs2 624 560 334 42 423 283
5 031 Good Pl Si2 633 580 3B 434 43 275
6 024 VeryGood J ws2 628 520 3% 394 39 248

mrp| I

So, let me just run it sorry here is a spelling mistake yeah there is no error now I believe. So,
first and if I just say first comma say 6 and run it. So, what it will do it will just plot the first 6
rows of the data set in the diamond of the diamond dataset. Now, what we are seeing that
diamond data set has one to about 10 columns 34 5 6 7 8 9 10 carat, cut, color, clarity, depth,
table, price of the diamond and then X, Y, Z there is a concept of table of the diamond and
what is the length, breadth and height of the diamond.

So, those dimensions are given here X, Y, Z and these all have very important effect on the
pricing of the diamond. So, first if you just so, and it is read as a data frame. So, like pandas
data frame in Python and data frame in art Julia also has a data frame and this data frame is
also very useful, this data structure particular data frame is very useful. Next, if I just say

names equal to names of diamonds. So, it gives us the names of the all columns ok.
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In [6): nns = names(diamonds);
nns

0ut[6]: 10-element Vector{String}:
"Carat"
“cat"
“Color"
"Clarity"
*Depth"
"Table"
"Price”
5
yr
g

In [7]: nms[7)

Out[7]: "Price’

In [ ]: Price = dianonds[!,nns[7]];
Carat = diamonds(!,nms(1]];|

Now, similarly if I just say names the 7th one if I just call the 7th one. So, it is the 7th one
element is price. So, now, name is a vector essentially it is a 10 element vector of all strings it

is a vector of strings this essentially extracting all the column names of the data frame.

So, the first thing what I am going to do from the data this data frame I am going to take the
price and the Carat, Carat is also a continuous variable like float 64 “Price” is integer 32, 32
bits integer, but let me just call these guys. So, Price equal to diamonds 7 and carat equals to
diamonds comma. So, this exclamation marks means you take all the rows essentially nms 1

S0, no error so far.
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"Clarity"
"Depth"
"Table"
“Price"
P
oy
g

In [7]: nms(7]

0at[7]: "Price’

In [8]: Price = diamonds[!,nms[7]];
Carat = diamonds([!,nms[1]];

In [9]: Plots.plot(Carat,Price)

Out[9]:

150x10"

NPTEL

Now, what I am going to do I am going to run the from the Plots I am going to call the plot

function ok Carat, comma Price if I just run this.
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In [¢]: Plots.plot(Carat,Price)

out[9]t
150x10'
1o0x10"
5.00x10°
0 o
2 3 4 5 %\@
NPTEL
R | AT

So, you can see it is plotted as sort of a series typically by default plot strives to plot as a you
know time series. So, that is why it is slightly weird I rather I would like to see a scatter plot

here.
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In [10]: Plots.plot(Carat,Price, seriestype=:scatter)

out[10]):
°
A [
e
3
o o 9 o
150610 o o
°
°
‘ e
[ ]
i %
1.00x10 %0
°
°
5.00¢10°
0 L §$i(<§
2 3 ¢ s 4
NPTEL

So, what you have to say you have to say a series type equals to colon scatter. So, now, it is
giving you the scatter plot now, but it is saying y 1. So, I do not want the y 1 it is still treating

it as a sort of a carat as the index here and the price as if y series time series.
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In [11]: Plots.plot(Carat,Price,seriestype=:scatter,label="")
Out[11]:
°
°
°
°
1s0x10* ?
1.00x10"
5.00x10°
0 L
2 3 4 S
&9
i+ 4
(] NPTEL

So, what I want I do not want the label. So, what I am going to do I am going to say that do

not put me any level. But if you see the there is no labelling of the x axis of y axis.
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"Table"
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In [7): nms[7]
01t[7]: "Price

In [§): Price = diamonds[!,nms[7]];
Carat = diamonds[!,nms[1]];

In [12]: Plots.plot(Carat,Price,seriestype=:scatzer,label="")
Plots.xlabel!("Carat")
Plots.ylabel! ("Price’)
Out[12]:
° e
°
°
150x10" °
NPTEL
S L e | 1

So, I have to put some labels Plots dot x label “Carat” C ar a t and Plots dot ylabel “Price”.



(Refer Slide Time: 14:42)

l

o Callfor X M Inbox(© X | [ Geogle X | & Discuss X | & Parsono x | @ FrimeV X | @ MyWCr X g Downlb X | C HomeP X @ Untitec X 4 v

° & Rea Gl X
apy vOEO+PEADQ

€ O losahost:3888notebocksUrtitied3.ioynbkernel_name=iuia-1.8
K Bomaks @ @ @ @ OonMChnceins,. B3 CONA B3 Sourih's BookMark @ Finnce Research,, M Gmall O Maps (B News [ Tranlate

File  Edit View Inset  Cell Kenel Widgets Help Trusted \Ju\m,a,zo

B+ @B 4% PRn B C M code v @ w
R
out[12]:
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m:

Now, if you run now you can see the price and the carat as the carat increases you can expect

that the price will increase as well. Next, I want to fit linear regression may be between Carat

and the Price.
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Carat

we want to fit the following regression mocel|

Price = $\beta 0§ + $\beta_L§ Carat + §\varepsilon$

In [ )¢

So, what I will do what kind of model I will fit. So, I will fit Price equals to beta naught plus
beta 1 times Carat plus varepsilon the error part. Now, if you run it this is the model I want to
fit. So, we can just write it like this. Sorry, we want to fit we want to fit the following

regression model ok.
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we want to fit the following regression model
Price = fyy + fi Carat + £
In [13]: modell = Im(fformula(Price - Carat),diamonds);

In [15]: modell
Out[15]: 2-element Vector{Float64}:

-2256,3605800454116
7756.425617968445

In[):

So, if we just run it. So, this is the model we want to fit. Fitting this model is almost same as
fitting a regression model in R. So, so you just call model. So, let me just say model 1 we will
try some other models as well. So, Im we call Im at the rate formula now in formula you have

to keep what model you want to fit.

So, you say Price tilde Carat C ar a t and then you have to give the name of the data frame.
So, in the name of the data frame where both variables are available ok. Now, if you just run

it. So, it ran simply I will write model 1.
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Price = fyy + fy Carat « 4

In [13]: modell = lm(@formula(Price - Carat),diamonds);

In [16]: modell

Out[1€]: StatsModels.TableRegressionModel{LinearModel {GLN.LmResp{Vector{Float64}}, GLM.DensePredChol{F
loat64, LinearAlgebra.CholeskyPivoted{Floaté4, Matrix{Floaté4}, Vector{Int64}}}}, Matrix{Floa
£64}}

Price - 1 + Carat

Coefficients:

Coef. Std. Error t Pr(>|t|) Lower 95% Upper 95%
(Intercept) -2256.36 13.0553 -172.83 <le-99  -2281.95 -2230.77
Carat 7756.43 14.0666 551.41 <le-99 7728.86 7784.0

1. $\beta 0 = -2256.365 and $se(\bzta_0)=13.0553§
2. §\beta_l = 7756.43$ and $se(\beta_1)=14.0666%

Let me just have run it. So, you can see that it has fitted a model with the coefficient this is
the beta naught. So, we can say the beta naught value is beta naught. So, we can say beta
naught equals to negative 2 point this. 2nd is we can just copy this line here and beta 1 is
7756.43 and then and standard error of beta naught is equal to 13.0533 and standard error of
beta 1 is 14.0666 ok.
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Out[16]: TableRegressionModel {LinearModel {GLY.LmResp{Vector{Float64}}, GLM.DensePredChol{F
loat64, LinearAlgebra.CholeskyPivoted{Float64, Natrix{Float64}, Vector{Int64}}}}, Matrix{Floa
t64}}

Price - 1 + Carat

Coefficients:

Coef. €14 Bovor t Pr(>|t]) Lover 95% Upper 95%

(Intercept) -2256.36 13.0553 -172.83 <le-99  -2281.95 -2230.77
Carat 7756.43 14,0666 551.41  <le-99  7728.86  7784.0

1. fy = 225636 and se(fy) = 13,0553
2., = 775643 and se(fy) = 14.0666

m|

)]

N’

iy,

=z
3
m

Typesetting math: 100%

And then what we can do we can also say what is the t value if you see this negative 2.5

2256.36 divided by 13.0553.
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10Tb4, LINEATALGEDIA.LNOLESKYPLVOTEQ{rL0ATD4, MATLLX{FL0ATO4}, VECTOL{iNTO4}}}}, MATILX{r10a

t64}}

Price = 1 + Carat

Coefficients:

Coef, Std. Error t Pr(>|t|) Lover 95% Upper 95%
(Intercept) =-2256.36 13.0553 -172.83 <le-99  -2281.95 -2230.77
Carat 756.f 14,0666  551.41 <le-99 7728.86  7784.0
1. $\beta 0 = -2256.36§ and $se(\bsta_0)=13.0553$

2. $\beta_1 = 7756.43% and $se(\beta_1)=14.0666$

n (17): /13.0553

Out[17]: -172.83095754214764

Ing |

You see this is negative 172.83 the t value is here.
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Price - 1 + Cul

Coefficients:

Coef. Std. Error t Pr(>|t]) Lover 95% Upper 95%

(Intercept) -2256.36 13.0553 -172.83 <le-99  -2281.95 -2230.77
Carat 7756.43 14.0666  551.41 <le-99 7728.86 7784.0

1. $\beta 0 = -2256.365 and $se(\bsta_0)=13.0553%
2, $\beta_l = 7756.43§ and $se(\beta_1)=14.0666%

In [18]: -2256.36/13.0553
7156.43 /14.0666
OUE[18]: 551.4075896094295

We want to fit a model for price which will be function of carat and cut
Price = $\beta$

,1'7 e 4
P s’

And similarly, if you just take 7.56 divided by a standard error then you will get the t value is
here 551. So, that is how the t value is being calculated and p value is calculated from the t
distribution. The model now we want to fit another model, we want to fit say not only carat as
a function of carat price as a function of carat, but we want to also fit the function of cut the

second feature which is a categorical variable or string variable.

Now, how what model that will be. So, the model that will be is something like this. So, Price
equal to beta naught. So, before that I want to write that we want to fit a model which fit a

model for price which will be function of price which will be function of carat and cut.



(Refer Slide Time: 21:00)

OO0 & rgch x| g calfor x M mbaxio X | [ Geogle X | & Dcuss X | & Parsonc X | @ FrimeV X | @ MyWC: X g% Downlo: X | Z HomeP X @ untitec X

€ O losahost:8888notebookslUrtitied3.ioynbkernel_name=juia-1.8
*Boimaks @ @ @ @ OonMChanceins., 5 CONA B Sourh'sBookidark @ Fnance Research.. M Gl © Mps (B Nows By Translate

File  Edit  View Inset  Cell Kenel Widgets Help

B+ x@0B 4% PRn B C M coe via

Coef. std. Error t Pr(>|t|) Lover 95¢ Upper 95%

(Intercept) -2256.36 13,0553 -172.83  <le-99 -2281.95 -2230.77
Carat 7756.43 14.0666 551.41 <le-99 7728.86 7784.0

1. $\beta 0 = -2256.36% and $se(\beta_0)=13.0553%
2. §\beta_1 = 7756.43$ and $se(\beta_1)=14.0666$

In [18]:

Out[18]: 551.4075896094295 \
We want to fit & model for price which will be function of caratand cut P [ =< f

m |

‘Typesatting math: 100%

So, now if you run it so, ok.

afhyx vORO+PHANDQ
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Coof, std. Error t Pr(>|t|) Lover 95¢ Upper 95%
I
(Intercept) =-225¢.36 13,0553 -172.83 <le-99  -2281.95 -2230.77
carat 7756.43  14.0666 551.41  <le-99  7728.86  7784.0

1. $\beta 0 = -2256.36% and $se(\beta_0)=13.0553%
2. §\beta_1 = 7756.43$ and $se(\beta_1)=14.0666$

In [18]: -2256.36/13.0553
7756.43 /14.0666

Out[18]: 551.4075896094295
We vant to fit a model for price  which will be function of "carat™ and "cut’

Price = §\beta$

I

4

ey

z
3
m

Let me just have a it was here. So, in fact, one thing we can do just to make sure that this

price is actually coming from data it is a variable you can just put it like this.
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Coof, std. Error t Pr(>|t|) Lover 95¢ Upper 95%
I
(Intercept) =-225¢.36 13,0553 -172.83 <le-99  -2281.95 -2230.77
carat 7756.43  14.0666 551.41  <le-99  7728.86  7784.0

1. $\beta 0 = -2256.36% and $se(\beta_0)=13.0553%
2. §\beta_1 = 7756.43$ and $se(\beta_1)=14.0666$

In [18]:

Out[18]: 551.4075896094295

We want to fit amodel for price which will be function of carat and cut

Price = fi

o n

Typesatting math: 100%

And then it will be you know termed as Price ok.
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(Intercept) -2256.35  13.0553 -172.83  <le-99 -2281.95 -2230.77
carat 7756.43 14,0666 551.41  <le-99  7728.86  7784.0

~2256.36% and $se(\beta_0)=13.0553%

1. $\beta 0
7756.435 and $se(\beta_1)=14.0666$

2, $\beta_1

In [18]: -2256.36/13.0553
7156.43 /14.0665

Out[18] ¢ 551.4075896094295
We want to fit a model for "Price” which will be function of "Carat™ and "cut’

“Price’ = §\beta 0§ + $\beta 1§ “Carat™ + §\beta 2§ Cut|

o

Y

Lo

oy,

3
m

Next is all we can say capital P this is capital C and this is capital C. Now, ‘Price’ is a

function of beta naught plus beta 1 times ‘Carat’ maybe we just said like this plus beta 2

times Cut.
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Out[18]: 551.4075896094295

We want to fit amocel for Pri-= which will e function of Carat and Cat

3
Price = fiy+f carat +p, uut

In [19]: model2 = lm(@formula(Price ~ Carat + Cut),diamonds);
model2
Out[19]: StatsModels.TableRegressionModel{LinearModel{GLN.LmResp{Vector{Float64}}, GLM.DensePredChol{F

loat64, LinearAlgebra.CholeskyPivoted{Float64, Matrix{Float64}, Vector{Int64}}}}, Matrix{Floa
£64}}

Price - 1 + Carat + Cut

Coefficients:

Coef. Std. Error t Pr(>[t|) Lower 95% Upper 95%
(Intercept) -3875.47 40.4082 -95.91  <le-99  -3954.57 -3796.27
Carat 7671.08 13.9796 563.04  <le-99  7843.58  7898.43
Cut: Good 1120.33 43,4992 25,76  <le-99  1035.07 1205.59

Cut: Very Good 1510.14 40.2401 37.53  <le-99  1431.26  1589.01
Cut: Premium 1439.08 39.8653  36.10 <le-99 1360.94 1517.21
Cut: Ideal 1800.92 39.3444  45.77 <le-99 1723.81 1878.04

So, this is what I actually want to fit. So, ok we can do that. So, we will fit a second model.
So, model 2 all you have to do you have to just add the end plus Cut and model 2 is this, but
you see within Cut there are different values are there, good, very good, premium and ideal.

There are you know four different values are coming actually there are five values of Cut fair,

Good, Very Good and Premium and Ideal.

C HomeP X @ Unitec X

apy vO0FO+PEADQ:
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We want to fit a model for "Price” which will be function of "Carat™ and "cut’

“Price’ = $\beta_0§ + $\beta 1§ "Carat’ + §\beta 2§ I(Cut = 'Good') + $\beta 3§ I(Cut = 'Very
Good')+ $\beta 4$ I(Cut = 'Premium') + §\beta 56 I(Cut = 'Ideal') + $\varepsilonf

In [19]: model2 = lm(Eformula(Price ~ Carat + Cut),diamonds);
model2
Out[19]: StatsModels.TableRegressionModel{LinearModel{GLN.LmResp{Vector{Float64}}, GLM.DensePredChol{F

loat64, LinearAlgebra.CholeskyPivoted{Float6d4, Matrix{Float64}, Vector{Int64}}}}, Matrix{Floa
t64}}

Price - 1 + Carat + Cut

Coefficients:

Coef. Std. Error t Pr(>|t|) Lower 95% Upper 95%
(Intercept) -3875.47 40.4082 -95.91  <le-99  -3954.57 -3796.27
Carat 7671.08 13.9796 563.04  <le-99 7843.58 7898.48
cut: Good 1120.33  43.4992  25.76  <le-99  1035.07  1205.59

Cut: Very Good 1510.14 40.2401  37.53 <le-99 1431.26 1589.01
Cut: Premium 1439.08 39,8653 36.10 <le-99 1360.94 1517.21
Cut: Ideal 1800.92 39.3444  45.77 <le-99 1723.81 1878.04

NPTEL

So, what kind of model that is actually fitting? What it is fitting is it is indicator function of
Cut equals to ‘Good’ plus beta 3 times indicator function for ‘Very Good’ plus beta 4
indicator function for ‘Premium’ plus beta 5 indicator function for ‘Ideal’ indicator function

or you can say the one hot encoding or what dummy variable for each stream you are creating

a you know indicator functions ok.
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In [19]: model2 = lm(fformula(Price ~ Carat + Cut),diamonds);
model2

Out[19]: StatsModels.TableRegressionModel{LinearModel{GLM.LmResp{Vector{Float6d}}, GLM.DensePredChol{F
loat64, LinearAlgebra.CholeskyPivoted{Float64, Matrix{Float64}, Vector{Int64}}}}, Matrix{Floa
£64)}
Price - 1 + Carat + Cut
Coefficients:

Coef. Std. Error t Pr(>[t|) Lower 95% Upper 95%
(Intercept) -3875.47 40,4082 -35.91 <le-99  -3954.67 -3796.27
Carat 7871.08 13.9796 553.04 <le-99 7843.58 7898.48
Cut: Good 1120.33 43.4992  25.76 <le-99 1035.07 1205.59
Cut: Very Good  1510%14 40,2401 37.53 <le-99 1431.26 1589.01
Cut: Premium 1439.08 39.8653 36.10  <le-99  1360.94  1517.21
Cut: Ideal 1800.92 39.3444  45.77 <le-99 1723.81 1878.04
NPTEL
. Tt

So, this will be a varepsilon ok. So, this is the model actually you are fitting. So, you have
intercept then 1 2 3 4 5. So, six total six one intercept carried 1 2 3 4 good, very good,
premiumand 1 2345612 3 45 6 yeah there are six coefficient is being are being estimated
beta naught beta 1, beta 2, beta 3, beta 4 and beta 5. So, there are six total six coefficient have

been estimated.

Now, if suppose now this is the model these are the coefficient of the model these are the
standard error. So, if you divide the standard error with by the coefficient by the standard
error you get the 9, t value you can see the t values are very very large t values are very very
small almost 0 it is less than you know point after 100 zeros 1, this is these are the 95 percent

confidence intervals.



So, none of them include 0 so; that means, these all coefficients are have a significant effect
on price. So, we are not going to [ mean this is that is what the statistical analysis says. Now,
after fitting the model what we are interested in for a particular new diamond can we estimate
the expected price. For a new diamond ok sorry about that I think I just made a mistake ok

yeah. So, this is fine and now this is the part I have to make markdown ok.
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In [20]: model2 = lm(€i {J\ula(kice ~ Carat + Cut),ciamonds);
model2

Out[20]: StatsModels.TableRegressionModel{LinearModel{GLN.LmResp{Vector{Float64}}, GLM.DensePredChol{F
loat64, LinearAlgebra.CholeskyPivoted{Float64, Matrix{Float64}, Vector{Int64}}}}, Matrix{Floa
t64}}

Price - 1 + Carat + Cut

Coefficients:

Coef. Std. Error t Pr(>[t|) Lower 95% Upper 95%
(Intercept) -3875.47 40.4082 -35.91 <le-99  -3954.57 -3796.27
Carat 7671.08 13.9796 583.04 <le-99 7843.58 7898.48
Cut: Good 1120.33 43.4992  25.76 <le-99 1035.07 1205.59

Cut: Very Good 1510.14 40.2401 37.53  <le-99 1431.26 1589.01
Cut: Premium 1439.08 39.8653  36.10 <le-99 1360.94 1517.21
Cut: Ideal 1800.92 39.3444 4577 <le-99  1723.31  1878.04

For a nev diamond of 2 carats with premium cut can we estimate the expected price?

“carat = 2" and “cut == Premium then what is expected price?|

For a new diamond for a new diamond with who diamond of 2 carats 2 carats and with
premium cut can be estimate the expected price. So, suppose this is the question that we are

interested, this is a new diamond which is not part of your diamond data set.

Now, given you have trained this model, you have fitted this model, now given this model

you want to estimate the expected price of this new diamond which is of 2 carats and



premium cut so; that means, I can say ‘carat’ equals to 2 and ‘cut’ equals to Premium ok.

Then what is the expected price? This is what my goal is from the model can we do that.
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el ouus Biius Loriyc|u)) wuwer 30v uppor 3ob
(Intercept) =3875.47 40.4082 =-935.91 <le-99  -3954.57 =3796.27
Carat 7671.08 13.9796 553.04 <le-99 7843.58 7898.48
Cut: Good 1120.33 43,4992 25.76 <le-99 1035.07 1205.59

Cut: Very Good 1510.14 40,2401 37.53 <le-99 1431.26 1589.01
Cut: Premium 1439.08 39.8653  36.10 <le-99 1360.94 1517.21
Cut: Ideal 1800.92 39.3444 45,77 <le-99  1723.81  1878.04

For a new diamond of 2 carats with premium cut can we estimate the expected price?

carat = 2 and cut == Premium then whatis expected price?

In [21]; =3875.47 + 7871,08 * 2 + 1439.08 *1

Out[21]: 13305.77

### Let's cross check some concepts of OLS method

So, the first is. So, if we just plug in this so in fact, this is my whatever the beta naught this is
my first value let me just copy this is my beta naught then plus beta 1. So, this is the beta 1
times carat plus beta 1 times carat equal to 2. Now, is it a good no so; that means, this is 0

you look at the model this is the model.

Since, it is not good so, it will be 0. So, 0 times better to whatever the value is 0. Very Good
no so, this is 0. Premium yes, it is 1, if it is premium it is 1. So, beta 4 beta Premium value is
1439.08 plus 1439 times 1 ok. So, now if I run it so, 13305.77 is the price expected price I am

not saying it will be the price.



So, because if you look into this so, 2 so, 13 is somewhere here part of this 13000 is
somewhere here sorry somewhere here. So, it can be anywhere the range is very large you can
see, but at least you can get some kind of expected price to be in that region. Now, we will
take a little bit shift and we will go to some cross check of OLS method. So, let me do let us

cross check some concepts of OLS method ok.
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Let's cross check some concepts of OLS method

In [22]: X = modelmatrix(model2)
X

0ut[22): 53940%6 Matrix{Floatb4}:

1.0 0.23 0.0 0.0 0.0 1.0
1.0 0.21 0.0 0.0 1.0 0.0
1.0 0.23 1.0 0.0 0.0 0.0
1.0 0.29 0.0 0.0 1.0 0.0
1.0 0.31 1.0 0.0 0.0 0.0
1.0 0.24 0.0 1.0 0.0 0.0
1.0 0.24 0.0 1.0 0.0 0.0
1.0 0.26 0.0 1.0 0.0 0.7
1.0 0.22 0.0 0.0 0.0 OF
1.0 0.23 0.0 1.0 0.0 0.U
1.0 0.3 1.0 0.0 0.0 0.0
1.0 0.23 0.0 0.0 0.0 1.0
1.0 0.22 0.0 0.0 1.0 0.0
1.0 0.79 0.0 0.0 1.0 0.0
1.0 0.71 0.0 0.0 0.0 1.0
1.0 0.71 0.0 0.0 1.0 0.0
1.0 0.71 0.0 0.0 1.0 0.0
1.0 0.7 0.0 1.0 0.0 0.0
1.0 0.7 0.0 1.0 0.0 0.0
1.0 0.72 0.0 0.0 1.0 0.0
1.0 0.72 0.0 0.0 0.0 1.0

So, remember that I fit this model as model 2. So, what I am going to do, I am going to
extract the design matrix. So, I can write each model all these model as a y equal to x beta
plus model x beta plus epsilon. So, what I can do I can just say model matrix of model 2 and

write it as a X ok let me just see.
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1.0 0.23 0.0 0.0 0.0 1.0
1.0 0.22 0.0 0.0 1.0 0.0
1.0 0.79 0.0 0.0 1.0 0.0
1.0 0.71 0.0 0.0 0.0 1.0
1.0 0.71 0.0 0.0 1.0 0.0
1.0 0.71 0.0 0.0 1.0 0.0
1.0 0.7 0.0 1.0 0.0 0.0
1.0 6.7 0.0 1.0 0.0 0.0
1.0 0.72 0.0 0.0 1.0 0.0
1.0 0.72 0.0 0.0 0.0 1.0
1.0 0.72 1.0 0.0 0.0 0.0
1.0 0.7 0.0 1.0 0.0 0.0
1.0 0.86 0.0 0.0 1.0 0.0
1.0 0.75 0.0 0.0 0.0 1.0

In (23]: y = model_response(model2)

Out[23]: 53940-element Vector(Float64}:
326.0
326.0
327.0
334.0
335.0
336.0
336.0
337.0
337.0

So, this is my X matrix it has 53940 samples with 6 columns, now first column are all 1s
because it corresponds to the intercept, second column are all corresponds to the values of
carat ok, the third column corresponds to the cut equal to good wherever it got good it was it

is there is 1 other rest of the places it 0.

The fourth column is corresponds to very good wherever it got very good it gives 1 rest of the
places it gives 0 and similarly it is premium wherever it got premium it is says 1 rest of the
places it is 0. If any value with the ideal condition then it will say 1 and rest of the places will
be 0. So, that is how one hot encoding works or idea dummy variable creation or indicator

variable creation works.
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So, this is my design matrix ok. So, once I have the design matrix what I will require next
thing is the response variable. So, y equal to model response ok. So, these are my prices of

53940 prices ok.
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2757.0
2757.0

OLS Estmator: f = (X7 X)"'XTy

In [24]: X'X

0ut[24]: 6x6 Matrix{Float6d):
53940.0 43040.9 4906.0 12082.0 13791.0 21551.0
43040.9 46463.4 4166.1 9742.7 12300.¢ 15146.8

4906.0  4166.1 4906.0 0.0 0.0 0.0
12082.0  9742.7 0.0 12082.0 0.0 0.0
13791.0 12300.9 0.0 0.0 13791.0 0.0
21551.0 15146.8 0.0 0.0 0.0 21551.0

In [25]: (X'X)"(=1)

Out[25]: 6x6 Matrix{Float64): k
0.00071474  -8.94927e-5 -0.000638744 .. =-0.000634916 =-0.000651841
-8.94927e-5 8.55459e-5  1.68484e-5 1.31896e-5 2.9367%-5
-0.000638744  1.68484e-5 0.000828263 0.000523716  0.000626902
-0.000642574  2.0510le=5  0.000625158 0.00052428 0.000628159
-0.000634916  1.31896e=5 0.000623715 0.000595663  0.000625646
-0.000651841  2.93679e-5 0.000626902 .. 0.000525646 0.000677602

Il

Now, what is the OLS estimator, the OLS Estimator is beta hat beta equals to X transpose X
inverse X transpose y ok. So, this is the OLS estimator. So, what I am going to do first [ am
going to calculate X transpose X. So, I have already have X. So, I am going to calculate X

transpose X. So, this is my X transpose X matrix.

So, you can see that you know there are about 53940 samples the first will be n then out of
these samples the small block represents how many of them were good, how many of them
were very good, how many of them were you know premium and how many of them were

ideal. So, if you add them up I think you will get 53940.

Now, if you just say X transpose X inverse say minus 1. So, you get the inverse of X
transpose X matrix and you can see this it is very intuitive the way you write the you know

write it on your notebook, the way you write it in the you know in the blackboard almost you



can codify it you can code write your Julia code almost on the same way the way we have

written it almost in the same way and then I am going to calculate X transpose y.

(Refer Slide Time: 35:14)

& Reg Cle X | % Callfort X M Inbox(@ X | [5 Geogle X | A& Discuss X | & Person: X | @ Frime\ X | @ MyWCi X g Downb: X | C HomeP X @ Untitec X+ v

C O localhost:3888notebooks{Untitied3.ioynbkernel_name=julia-1.8 Qfh ¥ @ i +PE*»0Q

* Bokmaks @ @ @ @ DonMChancelns.. B CONA [ Sourish's Beokiak @ Finance Research.. M Grall Q Maps (B News By Translate

File  Edit  View Inset  Cell  Kemel  Widgets  Help Tusted ¢ |Juia182 O

@+3Q]E$¢®nlcncm vi@

-8.94927e-5  B.55459e-5  1.68484e-5 1.31896e-5  2.9367%-5
-0.000638744  1.68484e-5  0.000828263 0.000523716  0.000626902
-0.000642574  2.0510le-5  0.000625158 0.00062428 0.000628159
-0.000634916  1.3189%e-5  0.000623715 0.000695663  0.000625646
-0.000651841  2.93679e-5  0.000626902 .. 0.000525646 0.000677602

In [26]): X'y

0ut[26]: 6-elemen: Vector{Float6d}:
2.12135217e8
2.632741425499998e8

1.9275009e7
4.8107623e7
6.3221498e7
7.4513487e7

In [27]: (X'K)*(-=1)*X'y

0ut[27]: 6-element Vector{Float6d}:
-3875.4696997071487
7871.082133925823
1120,3318525509217
1510.135408513707
1439,0771411316493
1800.9239644534268

uy,
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So, these are my X transpose y elements and now I am going to calculate X transpose X
inverse X transpose y. So, X transpose X inverse times X transpose y. So, if you just. So,

these are the elements and then from the model 2 now remember that if I go up there here is I

have the model I have fitted model.
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2.632741425499998e8
1.9275009e7
4.8107623e7
6.3221498e7
7.4513487e7

In [27]: (X'K)%(=1)*R'Y

0ut[27]: G-element Vector{Float§d):
-3875.4696997071487
7871,082133925823
1120.,3318525509217
1510,135408513707
1439.0771411316493
1800,9239844534268

In [26]: coef(model2)

Out[28]: 6-elcment Vector{Float64}:
+ 1 .45969970717
75/1.082133925831
1120.331852550947
1510.1354085137248
1439.0771411316548
1800.9239844534393

([l

From the fitted model if I just extract the coefficients it will give me the coefficient values.
Now, carefully you check all these values are almost same actually up to 8 or 9 decimal

places they are almost same ok.

So, Im when we are calling Im here with formula, price, carat and cut they are essentially
what it is doing this particular entire call creating the X matrix creating the Y matrix and then
running this ordinary least square estimation and estimating the coefficient values, along with
it is also estimating the standard error also estimating the t values p values and the 95 percent

confidence interval.

So, now, you can see that how to do you know typical fit a simple regression analysis model

using Julia.



Thank you very much let us meet in the next video.



