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Lecture - 42
ITOT Analytics and Data Management: Tutorial for R & Julia Programming

In this particular lecture, I am going to show you two tools platforms in fact, which could
be used for IIoT analytics. One of these is popularly known as the R, the R tool which
offers it is a comprehensive tool offering different platforms you know has its own
language for implementation and so on. So, R is basically a tool that is widely used for
analytics. So R and another language which is known as Julia, Julia is also a very
popular high level language which could be used for implementing these analytics
solutions. So, both R and Julia are quite popular in the IIoT analytics scenarios and their

implementation.
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So, let us first look at R, what is R and the R programming. So, R it is a tool; R is a tool
which offers different features; different features of programming you know so it offers a
programming language, it offers statistical analysis platform, it has graphical
representation platform, data visualization, open source its R is open source and has

different data analytics features. So, these are the different features of R.
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Fundamental concept of R

» Reserved words in R
» Variables in R
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» R Data Types

Here all codes are run in RStudio Version 1.1.456 - © 2009-
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And R basically has different it is you know the programming environment in R supports
different features. So, the fundamental concepts are like this that there are certain
reserved words in R, their certain variables that can be defined in R, there are R
operators, R data types and these I am going to show you shortly and what are these and

you know is just a simple instance of all of these is what I am going to show you.

So, here basically everything will be shown in the R studio. R studio basically has
support for this R programming platform. So, I am going to show you this thing in the R

studio, but let us first proceed further and see that what are these reserved the words in R.
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So, these you know there is this reserved you know words which have some special
meaning and which cannot be used as a variable name. For example, this reserved itself.
So, if you basically type in the R studio if you type in question mark reserved or help
within parenthesis reserved, this is what you are going to get you are going to get these

reserved words that are supported in R.

So, these reserved wards are like if else, repeat, while, function, for, then next, break,
true, false etcetera. So, these are some of these different reserved words and their
corresponding details are also available. So, if you just type in this in the R studio this

reserve then you would be able to see this.
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Then what is a variable? Variables are basically like the variables in any programming
languages, these are basically declarations that I that will have to be done and these will
be assigned certain values right. So, these variables will have to be declared for example,
these are some of these variables A is a variable, X is a variable, Y is a variable. So, these

variables they could be assigned different values.

So, for example, A equal to 20, 20 is the value that is assigned to this variable A, then
hello is a string which is assigned this to the value of this is a value that is assigned to
this variable X and true is a value that is assigned to this variable Y so these are the
different types of variables and how they can be used in the or they can be declared how
these variables can be declared in the R studio platform. So, these are basically the

essential features of this R programming language.

So, as you can see over here this is just as snap shot that is taken screenshot that is taken
from the R studio and as you can see over here this is how you will make certain
declarations A equal to 20 and now then if you want to print A you get this value 20.
Similarly you declare this variable X to be hello and if you print X then you are going to
get this value the result is going to be hello, then true Y basically if you print Y then you
are going to get this value true because that is what this valuable this variable Y is going
to have this value and also in this R studio platform which I am going to show you

shortly you will be able to see these different there is a separate panel over which you



can see all these global environment values of these different variables A, X and Y and

their corresponding values shown.
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Next [ am going to show you how different other things are done. For example, the use
of different parameters sorry operators in R different operators such as arithmetic
operators are possible operators such as different other different arithmetic operators
such as the plus operator which will do the unary plus; unary plus, this minus will do the
subtraction and then star is for multiplication, slash is for division then this cap is
basically for power basically two to the power x will you know. So, you have to use this
power with the cap then you have double percentage which is basically the remainder of
a division and this percentage slash percentage basically this is the division resulting in a

whole number adjusted to the left in the number line.

So, these are some of these different arithmetic operators that are supported in R and this
is a screen shot that is taken from R studio as you can see over here it will show you the
different arithmetic operators 2 plus 3 and then if you hit enter you will get this result 5
right so this is just a this is just a unary plus or rather not the unary plus, but the binary.
So, here actually what you are doing is you are just adding these two different operands
with the help of this plus operator and you are getting this result 5, similarly the star is

for multiplications 2 into 3 so you get the result then this will be divided by 2 divided by



3 in floating point and this is 2 to the power 3 right. So, 2 cube will be 8 and so on. So,

these are these different operators that are supported in R.
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There are other operators, assignment operators. Operators like equal to, then you have
this less than signed hyphen, then you have this double less than hyphen and hyphen
greater than and their corresponding purposes are also mentioned over here. So, this is
just an example likewise like the previous slides I have even given you an example of all
of these different other assignment operators like the equal to etcetera. So, X equal to ill
just give you an example one of these X equal to 20 basically assigns this value 20 to X
and then if you print the value of X you see that you get the result as 20 and these the use
of these different other operators are also given over here and there examples given over

here so you may go through and try to understand how they work.
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A relational operators are also possible. Relational operators like less than, greater than,
double equal to, this is not equal to and then you have greater than equal to, less than
equal to and so on and their corresponding use and examples are also given over here.
So, X greater than Y, if X, Y and Z are configured to have these different values
corresponding values as shown over here in this variable window so then if you write X
greater than Y, obviously, X is not greater than Y, so you will get the value false.

Similarly X less than Y true, X double equal to Y false and so on.
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So, then you have this logical operators like ampersand, then you have this vertical bar
and this exclamation sign and there corresponding meanings are also given over

ampersand is AND, then this is OR and this is NOT.

So, if these values are preconfigured to have these variables are preconfigured to have
these values like this X false, Y true and Z 4 then, all of these different operators if you
use them in this manner you are going to get these results that are shown over here like

in the previous slides with the other operators.
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There are certain special operators, this colon basically creates a series of numbers for a
vector, then percentage in percent will help to check an element belonging to a vector or
not so for instance if you have this N which is a set of 10 different integers like this
defined like this, then if you print N; then if you print N then what you get is basically
this particular list 1 through 10 right and this other operator also and its corresponding

example is shown over here.

So, there are different data types that are supported, but before we understand these data
types, we need to understand that there are different something called objects, R objects

that are supported by R.
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So, these are these different R objects that are supported vectors, lists, matrices, arrays,
factors, data frames and so on and so forth. So, these different; these different objects and
the corresponding data types that are supported are the logical, numeric, integer,
complex, character, raw etcetera. So, these together are used in order to build different
complex programs that could be executed in this R studio platform. So, so this is just a
screenshot once again these are these different; these different parameters and the
different data types that are used. So, you have V which is true then if you print class V

then you get logical and similarly for these different other ones also it is given over here.

(Refer Slide Time: 11:47)
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So, what are these different R objects? So, one is this vector. So, vector is basically like a
one dimensional array. So, you can have something like this you can define a vector like
this apple less than hyphen ¢ within parenthesis you can give these values red, green,
yellow and then if you print apple, then what you get are these different values of this
particular vector red, green and yellow. So, this is just a one dimensional;, one
dimensional array and then you have matrices matrix can be defined in this manner. So,
mat equal to matrix then you define this particular matrix so here you are saying that this
is going to be the matrix where n row; that means, the number of rows is going to be 2,
number of columns equal to 3 and by row true so; that means, that you are going to build

this matrix by row.

So, you know so this is just a this matrix that we are going to build this matrix will have
2 rows, these are; these are the 2 different rows and it is going to have 3 columns like this
and if you print this matrix then you get a, b, ¢, d, e, f; a, b, ¢, d, e, f like this. Then you
have this arrays, arrays basically help you to get the multi dimensional; multi
dimensional kind of array so it is like a 3D, 4D kind of array it can be built with the help
of this arrays. So, this is how to do it a less than hyphen array ¢ green, yellow dimension

equal to ¢ 3, 3, 2 print a.

So, if you print that then you get this is this one dimension, this is the second dimension,
so this is this first dimension and then this is the second dimension as shown over here
and this corresponding values green, yellow, green, yellow, green, yellow, green, yellow,
green and so on. So, like this, this is one layer and this is the second layer you could have
the third one also, fourth one also so you can build multiple layers of these matrices and
you are going to get a multi dimensional array which is over here known as the array in

R and then you have this list.

List basically can be built in this manner it is so; so basically the previous arrays,
matrices we considered are of homogeneous type and in the case of list you are going to
have heterogeneous values. So, you can have a floating point along with integer and so
on. So, you are going to have all of these built in one unit. So, this is known as the list in

R.
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Important machine learning packages of R
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1. el07 Fuzzy clustering, support vector machine, naive bayes classifier
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1. rpart Regression tree etc
1. nnet Feed forward neural network etc
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1. igraph Network analysis tools
1, caret Functions for creating predictive models
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So, there are different machine learning packages that are also supported by R the
different packages for let us say random forest, there is a package which; which basically
implements this is a library which basically implements this random forest of machine
learning, then you have different other things like igraph which is for network analysis,
caret for having different functions for creating predictive models, e1071 is a package or
a library which supports fuzzy clustering svm, then nice Naive Bayes classifier etcetera,
rpart is for building regression trees, nnet is for feed forward neural network like this

there are many other different packages that are supported for R.
(Refer Slide Time: 15:03)
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So, how do you execute these in for machine learning implementations. So, again this is
a snapshot of this R studio. So, first of all I will I am just going to give you an example.
So, here we have you know this installation of the caret package we will be using this
caret package so we are we have to install it first. So, this installation is done using this
particular command, install dot packages caret and then you have certain other things or
you can use install dot packages caret this will also install this caret package or this

library which has which has different functions already which are already implemented.

Then to load that particular package this is this command that you are going to use
library carried loading the data using this package for that loading the data basically you
can do with the help of this particular command data iris. Iris is the data set and for
example, over here as you can see this iris data set and the corresponding values that are
over here, the features are given over here these are these different other data sets like the
data set, iris, the control etcetera. So, the corresponding values that are given over here

are shown in this particular window.

So, data iris will basically load the data from this iris dataset and rename the data set can
be done. So, you know data set less than hyphen iris will basically rename this particular
data set to data set and as you can see over here so this data set and iris will both have the

same contents.
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So, then you have different other comments for cross validation 10-fold cross validation
for estimation of accuracy these are actually different things that you can do with the
help of you know machine learning algorithms such as support fixed vector machines
and so on. So, for cross validation you know this is this is the command that you use
control train control method equal to cv, number equal to 10 and the metric is accuracy.
For use of support vector machine you know you first set the seed, so this is the random
number seed, the seed you set first and then basically to invoke svm on a particular data
set, data equal data set and the methods that will be used are also specified you use this
particular comment. So, fit dot svm, this svm comment will be executing svm on this

particular data set; data set the name of which is data set.

(Refer Slide Time: 17:49)
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So, this is basically this R studio environment platform that you can see over here all
these different data sets and their corresponding features are given over here in this
particular panel and for installation of these different libraries you have to basically from

this particular check list you will have to check the libraries that you want to include.

So, as I was telling you for installation, this command will install the caret package. So,
install dot packages caret will install this caret package over here through this particular
comment. So, then install dot packages e1071 will install this package e1071 right. So,
this is this other package and as you cans see over here e1071 which has miscellaneous

functions of the department of statistics probability theory etcetera from TU Wien that



basically will be installed and also then if you have to want to include these libraries then

these are the comments to be used.

So, library caret this will basically help you in loading these libraries, then library ten
el071 will also load this library then data iris this data iris will basically import this
particular data set and this is going to be renamed to this data set data set and then using
svm you execute the data that you have in that data set in this particular manner. So, this
will be executed as svm will be executed on this data set which has the name data let us.

So, what we have got is a glimpse of the R platform which is widely used for analytics.
(Refer Slide Time: 19:47)
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Let us now have a glimpse at the Julia programming language which is quite popular
programming language used for analytics programming high level programming of
analytics and Julia is a popular programming language that builds on the benefits that are
obtained from python and the performance that is achieved with ¢ language. So, it is a
combination of you can think of conceptually as a combination of benefits from python

and c.

So, Julia is a open source programming language and it supports distributed computation
and parallelism and there are different ¢ like called function calls that are supported by

Julia.
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Basics of Julia programming

» Use printin() is used to print » Basicmath . .
In [1]: println("I'n excited to learn Julial” (51208
I'm excited to learn Julial In [6]: difference = 10 - 3

out(6): 7

» Variables can be assigned without defining the type 1o 07): [rotict = .7 5
In [2]:  my_ansver = 42 out(7]: 108
typeof(my_answer
In [8]: quotient = 100 / 10
out[2]: Intsd
ut(8]: 10.0

In [4]: my_pi = 3.14150 o -
Rt In [9]: pouer = 10 % 2

Out[4]: Floatss S

codes are run in browser on JuliaBox.com t[ie]: 1
https://www.juliabox.com/notebook/notebooks/tutorials/intro-to-julia/03.%20Data%20structures.ipynb
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So, you know these are some of these different common programming you know
programming features that are there one is this println. So, this println is for printing
right so it is used for printing and for example, if you type in println I am excited to learn
Julia then after that if you hit enter you will get I am excited to learn Julia so this is the
use of println and then for different other variables you can define these different
variables in this manner for example, this particular variable my answer equal to 42 type
of my answer and then if you execute this the output will be in 64. So, type of; type of
this variable is integer. So, you get integer 64 which is the type of this my answer. Then
my pi equal to 3.14159 and then if you type in type of my pi you get this 14.64. So, these
are the different outputs of this comment type of. Type of is a basically comment for
getting that type of a particular variable and this assignment of values to variables can be

done in this manner as shown in Julia.

So, the basic math functions are supported sum equal to 3 plus 7 will basically do the
sum of two different integers which are given over here so 3 plus 7; 10. Difference equal
to 10 minus 3 will give you 7, product equal 20 times 5 will give you 100, quotient equal
to 100 slash 10 will give you 10 dot 0. So, this basically will be in the floating point and
then you have power equal to 10 to the power 2 so this cap is basically for the power. So,
10 to the power 2 will give you 100 and then modulus 101 percentage 2 will give you

this mod value of 1.
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Basics of Julia programming (Contd...)

» Assigning string ¥ String concatenation

In [1]: si = "I am a string.” In [5]: $3 = "How many cats ";

1. w . s4 = "is too many cats?";
1]: "I am a string.

» Use of § sign for string interpolation In [6]:  string(s3, s4

In [3): | name « “Jane” Out[6]: "How many cats is too many cats?”
num_fingers = 10
num_toes = 10 Y

3): 10
In [4): | println("Hello, my nase is Snase.”)
println("1 have Snum_fingers fingers and $nun_toes toes.”)

Hello, my name is Jane.
T have 18 fingers and 10 toes

codes are run in browser on JuliaBox.com
https://www.juliabox.com/notebook/notebooks/tutorials/intro-to-julia/03.%20Data%20structures.ipynb
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So, these are the different other operations that are supported assignment of strings. So,
for example, you can have a string defined in this manner sl equal to within quotation
mark [ am a string, this will basically create this string s1 and then if you execute then

you get this output [ am a string.

So, dollar sign is used for string interpolation. So, name equal to Jane, number of fingers
equal to 10, number of toes is equal to 10 then the output will be 10. Now if you type in
println hello my name is dollar name then the value of name which is Jane is going to be
printed in this manner. So, similarly printing I have dollar number of figures fingers and
dollar number of toes, then you will get the corresponding values the dollar basical dollar
number figures will give you the corresponding value that is stored in this particular
variable. So, dollar number toes will give you this particular value that is stored for this
particular variable which is 10. So, I have 10 fingers and 10 toes is what is going to be
printed if you execute this particular statement. Then you have for string concatenation
you can use something like this s3 equal to how many cats is a string s4 is another string
is too many cats, then string s3 comma s4 will concatenate the strings, s3 and s4
concatenate means like these two strings are going to be joined together. So, you are

going to get this joint string which is how many cats is too many cats.
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» Data structures

1. Tuples
In [1]: myfavoriteanimals = (“penguins”, "cats”, “sugargliders”
1): ("penguins”, “cats", “sugargliders”)
We can ingex ino this Lupie,

syfavoriteanimals1

“penguins™

bl since tuples are immutable, we cant update it

In [3]: syfavoriteantnals[1] = “otters®

Hetho

nethod matching setindex!(: :Tuple(str

, i:Intéd

codes are run in browser on JuliaBox.com
https://www.juliabox.com/notebook/notebooks/tutorials/intro-to-julia/03.%20Data%20structures.ipynb
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There are different data structures that are supported in Julia. So, these are the ones that
are shown over here. So, tuples basically. So, this is how you can create these tuples. So,
my favourite animals equal to penguins, cats, sugar gliders this will create this particular
tuple and so the output will be is so if you execute this thing so output is going to be
penguins, cats, sugar gliders. So, like this you can built different other types of tuples as

well.
(Refer Slide Time: 24:45)

Basics of Julia programming (Contd...)

2. Dictionary

» Dict() is used for creating dictionaries
In [4]:  myphonebook = Dict(*Jenny" => "867-5389", “Ghostbusters” =3 "555-2368"
0ut[4]: Dict{String,Strild} with 2 entodes:
“Jenny" = "867-5309
“Ghostbusters” =» "555-2368"

» Show a particular instance

In [5]: myphonebook( " Jenny”

Out[5]: "867-5389"

codes are run in browser on JuliaBox.com
https://www.juliabox.com/notebook/notebooks/tutorials/intro-to-julia/03.%20Data%20structures.ipynb
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To create a dictionary this is the comment to be used. So, my phonebook equal to dict is
this particular comment will create this dictionary. So, dict then you have all these
different values that are going to be stored against these different variables. So, this will
create this particular dictionary named my phonebook. So, then if you; if you print this
particular my phonebook dictionary, then this is how it is going to look like. If you want

to show a particular instance this is the way to do it.
(Refer Slide Time: 25:21)

Basics of Julia programming (Contd...)

3. Arrays

In [8): myfrdends = [*Ted", "Robyn”, "Barney”, "Lily", “Marshall™
Qut[6]: S-alement Array{String,1}:

Ted

“Robyn”

“Barney”

“uly"

“Harshall®

(7]: 7-elenent Array({inted,1):
1

1

codes are run in browser on JuliaBox.com
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Arrays to build arrays in Julia you can do it very easily with the help of putting all these
array items within square brackets. So, this will create this 5 element array my friends
having these elements Ted, Robyn, Barney, Lily and Marshall. So, this one will create a

seven element Fibonacci array having these different elements over here.
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So, with this we come to an end of Julia. These are these different references that what I
have done is basically, I have given you a very high level expository view of what is R,
what is Julia, how is this R studio platform like, what are these basic operators that are
there, what are the different functions that are supported in Julia and so on. So, these are
the only very basic half an hour kind of glimpse of what is there. With this particular
lecture you are not expected to become an expert of R or Julia; however, if your job
requires you or if you are indeed interested to have a deeper understanding of R and Julia
you have to build your knowledge further and you have to take different tutorials that are
there for R and Julia and you have to become master of these languages if you are
required to, but from a course perspective for [loT an industry 4.0, I think this particular
knowledge that you have been provided through this particular lecture this will be
sufficient for you at least to start with. So, these are some of these different references if

you are interested you can go through these different references for in the future.

Thank you.



