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Hello, welcome to the course Essentials of Data Science with R Software 2, where we are
handling the topics of Sampling Theory and Linear Regression Analysis and we are going to
continue the module on Introduction to R Software in this lecture. In the last few lecture we
have understood different types of operation under the R software. We have used R as a
calculator and then we have also learnt how R will act and perform when we are trying to deal

with data vectors.

Continuing on the same lines, today I am going to talk about different built in functions inside
the R software. There are some special functions which have already been programmed and
they can be called by certain names. For example, if you want to find out the sum,
multiplication, or maxima, minima, absolute value of data or data vectors, then you need not
to write a special program, but you can simply call the program call the function and execute
it. So, we are going to discuss those thing today and after that I will try to briefly explain you
that how we can handle the missing values in R software. So, let us try to understand all these

things and we begin our lecture from here.
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Built in commands

Some commands are readily available in R to compute the

mathematical functions.

How to use them and utilize them in computing various quantities?

So, there are some commands which are available inside the R software and they can compute
different types of mathematical functions. And now we are going to understand how we are
going to use those built in commands and how we can utilize them directly in computing

various types of mathematical and statistical functions, right.
(Refer Slide Time: 02:20)

Maximum :
>/max(2.4, 7.3, -3.2, 4) ) WRConick

{11-7.3 . . > max(2.4, 7.3, -3.2, 4)
- ; [1) 7.3

>

> max( c(2.4, 7.3, -3.2, 4) )
(1) 7.5

R R Console

> max( c(2.4, 7.3 -3.2, 4) )
1) 7.3

So, first I will try to take some examples and then I will try to show you that what is really
happening. Suppose you want to find out the maximum of some values, for example let me
take here an example that I have here four numbers 2.4, 7.3, minus 3.2 and 4 I and want to find
out the maximum value among these 4. So, for that I can use here a function m a x max and

inside the parenthesis, I can write down these values and as soon as I enter I will get here the
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values whichever is the maximum. For example, in this case, this will be 7.3. Here I would like
to have your attention. Now, if you try to see here I am trying to use the same function, but the
difference here is this here I am trying to use the command c. Whereas, if you try to see here I

am not using the command c.

But in case if | try to give the values inside a data vector using here command c still I am getting
the maximum value with the same command 7.3. And in the first case also here also I am not

using c, but still I am getting this the same value, correct value, 7.3.

So, that is the point where [ would like to have your attention, you see what is really happening?
In R, we have understood that whenever we are trying to give an input in the form of a data
vector, we have to always use c. But somehow this is happening in R with some functions that
they do not require the c command. I do not know the exact reason but one possible reason is
that because R has been developed by different people and these commands have been written
by different people. So, possibly they used some different types of structures. But anyway, that
is not my concern here, my concern is only and my objective is here only that we would like
to have the correct value. So now there can be confusion that sometime you have to give the
data with ¢ commands, sometime you do not have to use the ¢ command to give your input

data.

So, my suggestion to you is that you always use c, because if you do not use c there will be a
confusion; but if you use the c command there would not be any confusion and at least you will
be getting always the correct outcome. So. and means. I have not encountered any situation
where I can say that if somebody has used the ¢ command, but still the function has given the

wrong value.

Whereas it is possible that in case if we are not using the ¢ command, then possibly it may give

us a wrong value, right. So, let us try to continue with our remaining commands, right.
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Minimum
. #® R Console

>min(2.4, 7.3, -3.2, 4)

[1] =3.2 > min(2.4, 7.3, -3.2, 4)
£} -3.2
)__ p— -

> min(  cf(2.4, 7.3, -3.2, 4) )

1] -3.2
0 R Comole
> min( c(2.4, 7.3 4) )
1) -3.2

So, similarly if you want to find out here the minimum value, then we have a command here
min. And similarly I can give here 4 values, 2.4, 7.3, minus 3.2 and 4 and if I try to execute the
minimum command this will come out to be -3.2 and the same thing is happening here when I
am trying to give the this data using the ¢ command. So, m a x is used for finding out the

maximum and m i n is used for finding out the minimum.

(Refer Slide Time: 06:38)

Overview Over Other Functions

abs () Absolute value ]
sqrt() Square root .‘
round (), floor(), ceiling() |Rounding, up and down ]
sum(), prod() Sum and product ‘
log(), logl0(), log2() Logarithms ‘
exp () Exponential function 1|
sin(), cos(), tan(), Trigonometric functions 1
asin(), acos(), atan()

sinh(), cosh(), tanh(), Hyperbolic functions
asinh(), acosh(), atanh()

And similarly, there is a long list of the functions which can be used for different jobs. For
example, there is a function here a b s which can be used for finding out the absolute values

there is a function s q r t we which can be used to find out the square root of the values and



there is a function here round, floor ceiling, sum, product, log, exponentials and trigonometric

function, hyperbolic trigonometric functions and so on.

So, there is a long list and it is not really possible for me to cover all the command. But I have
given you some representative commands and I believe that whenever you will require them,
you can just take the help from the help function and then you can use it. But before going

further let me try to show you how you are going to execute it on the R console.

(Refer Slide Time: 07:37)
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So for example, if I say here I can show you here, suppose I want to find out the maximum of
say four values, 2.3, 4.5, 6.7, 8.9 and say minus 9, right. So, here you see I am not using here
the command here ¢ and you are getting here a value here 8.9 and now the same thing I try to
do here by using the command here c. So, I try to put all these data inside this vector using ¢

command and you can see here that it is giving us the same value 8.9, ok.

Now, similarly if I try to operate the minimum function on the same data set. So, you can see
here that I am not using here the command ¢ to combine the data, but still I am getting the

minimum value which is -9 in this case.

And also if I try to use here the ¢ command then I am getting here the minimum value of all
this data vector, right, this is -9. Well one thing I would like to clarify here that when you are
using R, using the arrow keys you can repeat the command, you can go back into the previous

command.



(Refer Slide Time: 09:14)

> man(?.3. 4.5, 8.7, 80.5% -%
1] s.%
>

* mamic(2.3.4.59.8.7,8.9,-9))
1] e.9
»

> min(2.3.4.5.6.7,8.9,.-9)
1 -2
>

> min(e(2.3,4.5,.4.7,8.9,-9))
1] -»

>
> min{2.3.4.5.6.7.0.9,.-%|

(Refer Slide Time: 09:15)

> man{?.3,4.5.6.7,0.9,-%)
[1] 8.9
»

* mamic(2.3.4.59.8.7,8.9,-9))
1] e.9
»

> min(2.3.4.5.6.7,8.9,.-9)
1 -2
>

> min(e(2.3,4.59.4.7,.8.9,-9))
) -»
>

> man(cl?. 3.4.5.86.7.9.9,.-91)|
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» mani{?.3.4.5.8.7.8.9 -9
[1] 8.9
»

*» manmi{ei2.3.4.5.8.7.8.%,-%)
1] e.9

> min(2.3.4.5.6.7,.8.9.-9)
] -8

>
> min(a(2.3,4.5,4.7,0.9,-9))
11 -»

> man(?. 3. 4.5.6.7.0.9,.-%|

For example, if I use the upward arrow key like this 1 2 3 4 and so on. You can see here
whatever command I have used earlier they will reappear. So, that is what I am using here that
instead of typing the entire command again and again, I am trying to use the arrow keys to

repeat the command. So, do not get surprised, but you just practice this, you will also learn it.

And similarly if you try to obtain here means all other values also, that we have shown you

those things can be done. And first let me go to the slides and then I will come back to R

console to show you the applications, right.

(Refer Slide Time: 09:55)

Examples

>(sqrth9) |4 WRG—
[1] 3__;_ |> sqrt(9)

(1] 3
>
> sqgrt(c(25,16,9,4))
[1] 54 3 2
>

> sqrt(c(25,16,9,4))
[1] 54 3 2

— (=, &7, 1%)




So, similarly if you want to find out the square root of certain number, then I can use here a
command s q r t and if you want to find out the square root of given number just one number.
For example, here I am trying to find out the square root of here 9 which is square root of here
9. The answer will come out to be here 3 and the same function is square root that is s q r t can
also be used on a data vector for example, I am trying to take here a data vector of four values

25,16, 9 and 4 and I try to operate here the command s q r t.

So, essentially I will be getting it is something like square root of 25, square root of say 16,
square root of 9 and a square root of here 4 and the answer comes out to be here 5 4 3 2. So
now, you can see here as a rule [ will always use here the ¢ command. I do not want to create

any confusion that way that whatever is my answer by using ¢ or without using c, right.

(Refer Slide Time: 11:07)

Examples
> (sum(c(5,4,3,2,1)) R R Console
[1] 15 > sum(c(5,4,3,2,1))
[1] 15
>(prodfc(5,4,3,2,1))
R R Console

[1] 120

(4]
"

RS WL D > prod(c(5,4,3,
(1] 120

Similarly, there is another function here say sum, sum as it indicates by it is name, this is a
function which will provide you the sum of all the values inside the data vector. So, if [ have
taken here five values 5 4 3 2 1, then if and then I am operating the function sum over it then
this is going to give us the value 5 plus 4 plus 3 plus 2 plus 1, right and this is coming out to
be here 15.

And similarly there is another function here p r o d which is for product; product means the
multiplication of all the values inside the data vector. So, if I try to take here these 5 values 5
4 3 2 1, then this product function is trying to give us 5 into 4 into 3 into 2 into 1, right which

is equal to here 120, right, ok. So, let me try to first show you here these two function square



root, sum and product. So, now suppose if I take here, first let me clear the screen, as we

discussed control L.

(Refer Slide Time: 12:32)

[1] 1.414214

> sgrticid,®.16.25))
1123453
>

> sqre(aid,. -9, 14,28))
s
sage
In sgrticid,. -9, 18, 2%))
>
|

Now, if I take here the function square root, suppose if I say square root of here 9, we can see
here this is giving me here 3. And similarly if I try to take it here a square root of here 2, you
know that is the popular value that we used to remember, that is 1.414. And similarly if I try to
operate this square root function over a data vector, suppose I can say here 4 9 16 25. So, you
know that these values are 2 3 4 5; that means, the square root function is really operating on
individual data points inside the data vector, right. Similarly, well let me show you here one
thing more that if I try to take here one value to be here negative, you know that what will
happen. So, this is trying to give you here NaN, right. What is Na, what is NaN? That is what

we are trying to that we will try to discuss in the forthcoming slides.

But, here you can see here this is indicating you that there is something wrong and there is a
warning message and the warning message is clearly indicating that you cannot find out the

real square root of the value -9, right. That is going to be an imaginary value.

(Refer Slide Time: 14:01)



Sld Slal] B8

11 10

prod
1] -24

144

So, now we consider the function sum. So, let me try to give some data using the command c,
say here sum of 1 2 3 4 which is 1 plus 2 plus 3 plus 4 that we know 1 plus 2 is 3, 3 plus 3 is

6, and 6 plus 4 is 10. So, you can see here the answer is coming out to be here 10, right.

And yeah, the similar thing can be done if you try to take here some minus value here, suppose
if I take 1 2 -3 4, then this is going to be 1 plus 2 minus 3 plus 4. So, the answer is going to be
here 1 plus 2 is 3, 3 minus 3 is 0 and then 0 plus 4 is 4, right.

Similarly, if I try to take here the product, so instead of here sum I try to write down here p r o
d, so that will give me a value of 1 into 2 into minus 3 into 4. So, 1 2isa2,23isa6,64isa

24 with the minus sign which is -24 you can see here.

And similarly if you do not use here the minus sign here, so that will be 1 into 2 into 3 into 4,
right. And yeah means if you want to use the two functions together, for example I can use here
the product and some function together. For example, I can find out the product of 1, 2, 3, 4
and then I can find out the sum of say 1, 2, 3. And suppose if [ want to multiply the sum of 1,
2, 3 with the product of 1, 2, 3, 4. So, you can see here the answer is here how it is coming
product of this 1,2, 3,41is4 3isa 12, 12 2 is a 24 and this sum is here 3 plus 2 plus 1 which is
here 6. So, 6 into this multiplication will give you the answer 144. So, you can see here that

this functions can also be used together, right, ok.
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Assignments

An assignment can also be used to save values in variables:

>x =¢(3,4,5,6) -
” > x =c¢c(3,4,5,6)
>y = x"2 P
ys > ¥y = x"2
>
>y >y
[1] 9 16 25 36 [1] 9 16 25 36
>

So, let me try to come back on our slides. Now, you can see here whatever functions I have
used here they can also be operated on the data vectors and their outcome can also be assigned

to a variable.

For example, if | take here a data vector here say of four value 3, 4, 5, 6 and if I try to find out
and if I assign it to a variable here x and if I try to find out the square of x which is the data
vector. So, that we had discussed in the earlier lecture that this will become here say 3 square
4 square 5 square and 6 square. And then whatever is the outcome that will be assigned to a

data vector here y new data vector and then y will come out to be here like this, ok.

(Refer Slide Time: 17:06)
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Examples

To find sum of squares of deviation from mean
>x =c¢c(3,4,5,6)

> (length (x) S S
[1]1 4 L
-. .“' '1: g 3 n : o

> z = sum(x"2)-length (x) *uxéan(x)‘f'.’

=% (x 4% =Yk —#¥? - ¥ Consate
—_— —_—
r=l AT > x c(3,4,5,86
» length(x
1] 4
>z e | e 4 =
[1] 5 > 2 sum (x°2 length (x) *eean (x) "2
- % (1) s

So, that is another thing and now I would simply try to show you 1 simple application of this

function, means as I said that these small functions will help you in bigger calculation.

For example in statistics, there is a very popular function which is here summation x i minus
x bar whole square right, it gives us couple of things. So, if you try to open it here suppose if |

say i goes from here 1 to n. So, if you try to open it here this will be Y™, x? + X2

2¥ X X

And if you try to open it here this will be Y™, x? + this will become n¥? — 2x and then

. . _ _ 1
Y1 X; . So, this };i-; x; is same as your nx, why? Because your X = ;2’1:1 X .

So, this quantity will become here Y-, x-2 + nx? — this will become here 2nx?. So, this is
™, x? —nx? and what is here? Your here n is the number of observations involved. And so
suppose if [ want to compute this quantity which I have written here like this, then in order to

compute this quantity in R I need here 2 component; one is here x and say another is here n.

So, instead of using n as a number of observation which have to be supplied from external
function, I can use here another function which is here length. Length function will give us the
number of data values present inside a data vector So for example, if I try to take a data vector

say c 3, 4, 5, 6, so there are 4 values here.

So, if I try to find out here length of x. So, this will come out here 4 there are 4 data values.
Now, in case if | want to write this thing, then now if you try to see if I have here a data vector

here x1 x2 xn something like this here c.
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What I want? I want here first the square of individual values. So, using the rules of R I can
simply write down here hat 2. So, this is going to give us the values xZ, xZ, ..., x2 whatever are
my data points and then after this [ have to sum it. So, I can use here of means another command

another function over here sum of this thing; sum of this thing.

So, you can see here this is what I have written here Y1, x2. So, you can see entire function
can be written in a very simple form. And now this is here nx?, so n is given by here a length
of x and ¥ is obtained by mean of x and if you try to square it you will get here X2, right. So,

you can see here such a function can be written in a one line very easily using the R commands.

So, if you try to take here these things this ¢ equal to 3, 4, 5, 6 and if you will try to execute it
you will get here the value of value of here z as 5. So, before going further let me try to show

you these operations on the R console first.

(Refer Slide Time: 21:19)

=|Mul wlmi-| & »

TS [~

1) 3488

1 % 18 2% 3¢

So, for example, let me try to first take here a data vector here c say here say 3, 4, 5 and here
6, right. So, you can see here this is here x, so if you try to see the outcome of x this is x. Now,
what [ am trying to define? [ am trying to define here y as x say square. So, this will be x hat 2

and if you try to see here the values of here y they will be simply the square of 3, 4, 5 and 6.

So, the outcome of the square is also assigned to a new variable here y and now suppose if |
want to find out this function here Y7, (x; — ¥)* . So, I can copy here this function and I

simply try to paste it to save the time, right.
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So, you can see here this function comes out to be here 5, right. And here if you try to see the
individual values length of here x will come out to be here 4, mean of here x will come out to
be here 4.5 and so on, right. So, this is how you can see here and if you want to see what is
here sum of x square so you can verify it here. So, sum of x square will be 9 plus 16 plus 25

plus 36 which is here 86, right.

(Refer Slide Time: 22:56)

Examples -
y P 'fECnmnh \
To find sum of cross product: i
> x1l = ¢(3,4,5,6)\
> x1 = c(3,4,5,6) > 3 = ci9,8,7,8
> x2 = c{9,8,7,6) £
= B il il iy, o > 2 = sum(x1*x2)
3x9 + 4x8 + 5x7 + 6x6 > z
—_— — (1] 130
'._}
> z = sum(xl*x2) e
> z S———
[1] 130

So now, you can see here that it is not that difficult to work in R. And similarly if I try to take
here another command where I would like to show you that if you have two data vectors, then

how different types of things can be obtained over here?

For example, if I take here 2 data vectors ,here x 1 equal to 3, 4, 5, 6 and x 2 is equal to say 9,
8, 7, 6 and suppose if you want to find out a function where you are trying to or where you

want to multiply the corresponding numbers.

Corresponding numbers mean the number at the corresponding positions. For example, here 3
and 9 they are in the first position of the data vector, 4 and 8 they are in the second position of
the data vector. So, what you want here you want to multiply 3 and 9, you want to multiply 4
and 8, and so on, you want to multiply 5 and 7 you want to multiply 6 and 6 and then you want

to find out their sum.
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So, now you can see here that first you need to find out the products. So, the so in order to find
out the product I can simply use here a command x 1 star x 2 and then I have to find out the

sum. So, just by writing sum of x 1 star x 2 I can get this outcome over here.

(Refer Slide Time: 24:17)

Missing data

R represents missing observations through the data value NA

Missing values can be detected in a data vector by using *; s ::aj

Create a data with NA. 2

>(x <- NA) # assignNAtovariablex 5 fhut oy M/

= edant ] ]
> is.na(x) -# isitmissing? bl B
oo > e § s i

(1] Tue

>

So, let us try to see it on the R console also, so that you get here more confident.

(Refer Slide Time: 24:33)

>l = af3,4.9,8
> wl

1] 3454

* md = c(.8.7.6)

» wd
nyse7re
>

=l nd
[1] 27 3z 35 3&
>

So, first let me try to create this data vectors over here. So, you can see here this is my here x
1 and then I try to create here another data vector here. So, you can see here this is like this and

if you try to find out their product x 1 into x 2 this is like this.
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And if you write sum of x 1 into x 2 you can obtain 130 which is the same outcome that you
have obtained here you can see here, right. And this is here the screenshot of the outcome,

right, ok.

So, now I would try to address another issue. Whenever we are trying to deal with real data,
there is always a possibility that some data values may be missing and in this statistic, this is
very popular. For example, if I say suppose there is a medicine and I want to make a clinical
experiment. So, I decide that I will take a group of 5 patients, I will call them every day and I

will give them the medicine.

And every day I will try to record their say, for example blood pressure. Now there are five
patients and they are supposed to come to me say for 7 days every day for 7 days. Now, suppose
there is one patient which does not come on a particular day, suppose he does not turn up to

my office on say third day.

Now, think of a situation, I have got all the data set, but there is one value which is missing.
Now, I have two options; first option is this I would like to use my statistical tool on the data
which is available to us and second option is this somehow using my statistical tool I will try

to estimate or compute the value which is missing.

What does this mean? I would like to find out the value which would have been there if the
patient came to my office on the third day also. So, using the available dat,a using the statistical
technique, I can do it. But anyway that is not I am going to discuss here that is called as missing
data modeling well, that is also a part of decision sciences. But surely this is out of the purview

of this course, so I am not going to deal it here.

But what I am going to do it here that how I am going to use my different types of functions or
different types of function which are available in R when there is a missing value. And what
we want? We simply want that we will request R that Mr. R please compute the values by

ignoring the missing values.

But when [ am trying to make a request to R; R is a program R has to understand the language
that how I am going to indicate that the value is missing. So, in order to indicate a missing
value in R, the rule is the missing values are indicated by the symbol NA capital N capital A,
right, there are some other notations which are used like as N A and NULL. So, those are

different thing that I will try to address one by one.
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So, at this moment I am going to address the role of NA that is capital NA. When I am going
to address the issue of missing values you can imagine a situation in statistics. Now you are
going for decision sciences where the data size is going to be very huge there can be millions
and billions of data values. So, you cannot see from your eyes and can check in the data set if

the data value is missing or not.

Well, the first question comes that when you are trying to conduct a survey, when you are
trying to collect the data, then you have to instruct the program or the programmer to write the
program in such a way such that if any value is missing that will be indicated by capital N

capital A.

If you want to use that data into R and if the programmer has used some other symbol, so you
have to do the data cleaning, data preparation and you have to replace those values by capital

N capital A otherwise R will not understand it and it will give you simply error.

So, my first come first job becomes that as soon as I get the data, first [ have to determine; is
there any missing value in my data? If the answer comes yes, then I have to use the tool
appropriately and in case if the answer comes false; that means, there is no missing data values
means I can use all the functions directly. For example, we up to now we have discussed some

product maximum minimum etc.

But we have assumed that all the data values are available, but these functions have to be
modified if the data value is not available. So, these are the two simple question which I am
going to now address. Firstly, how to determine whether a data set has a missing value or not
and the second thing is this, how to handle the situation, how to modify your command what

we have to do, right, ok.

So, one thing now we have understood that if a value is missing in R, the missing value is
indicated by capital N capital A. And if you want to know whether a data set has a missing
value or not, then we have a command here is dot na i s dot na which is say simply is there any

N A value that is a simple question which I am going to ask my R.

And in order to illustrate it what do I mean? Suppose if I say suppose I try to define a variable
and if I try to define the value here NA that x takes value NA, now in case if I use the command

here is dot n a on what? On this here x which has to be given inside the parenthesis.
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So, this command is trying to find out is there any missing value in the data vector x. Since you
know that x is equal to NA this is what you have assigned yourself, so the answer will come
out to be here true this is capital TRUE. There are two letters T R U E and F A L S E which
are the reserved words which I will try to explain you, right. But TRUE means yes there is a

missing value and if there is no missing value it will tell you FALSE, right.

(Refer Slide Time: 33:14)

Logical operators

TRUE and FALSE are logical operators that are used to compare
expressions.

TRUE and FALSE are reserved words.

T can also be used in place of TRUE .

F ican also be used in place of FALSE. =B '_ il

TRUE and FALSE are not the same as true and false

respectively.

So, now you can see here I have introduced here two more operators TRUE and FALSE, they
are written in capital letters and actually TRUE and FALSE they are the logical operators and

they are used to compare the expressions and values.

And TRUE and FALSE they are the reserved words, means you cannot use this TRUE and
FALSE in capital letters as a variable name, right. And the and there is a possibility that instead
of using TRUE and FALSE you can also use the first letter of TRUE and FALSE as T and F,
but in capital letter right.

And remember one thing this is case sensitive, case sensitive means you have to use here only
capital letter TRUE. If you try to write down here True if you write down here true or if you
try to write down here t r u e, all this will not work only capital letter TRUE and capital letter
F A L S E will work. So, that is what you have to keep in mind.

(Refer Slide Time: 34:47)
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Missing data

How to know if any value is missing in a data vector?

> x <- ¢(20)30)40,50) e
ITT \ > x <- ¢(20, 30, 40.50)
> is.na’(x) \ > is.na(x)
y - ’ [1] FALSE FALSE FALSE FALSE

(1] ( FALSE [ FALSE |FALSE) FALSE >

o

> x <- ¢(20, 30, (NA)50)  Come
y [ > x <= (20, 30, NA,50)
> is.na(x) ) > is.na(x)

) d s [1] FALSE FALSE TRUE FALSE|
[1] FALSE FALSE TRUE)FALSE -

And yeah, let me try to take here an example and then I will try to show you it on the R console
also. Now suppose I take here four values 20, 30, 40 and 50 and I if [ and I assign them to a

data vector Xx.

Now, you can see here that there is no missing value, there is no value which is here indicated
here as NA. But suppose I do not know the entire data vector, but I know that there are some
values in x. So now, I can use here the command is dot n a on x; that means, I want to know is
there any missing value in the data vector x the outcome will come out to be like this FALSE

FALSE FALSE FALSE.

So, what is this indicating? This is indicating this 20 goes with the first FALSE, this 30 goes
with the second FALSE, the 40 goes with the third FALSE and 50 goes with the fourth FALSE.
So, it is saying that for the first value 20, the command is dot n a 20 is saying that it is FALSE;

that means, there is no missing value.

And you can see here this value is here 20 and there is no missing value. Now the operation
comes on the second value 30 and it says that ok, this 30 value operator on is dot n a is FALSE;
that means, there is no missing value and so on. So, the this is trying to tell you that there are

no missing values in the data set.

Now, similarly what I do that in the same data vector I try to replace 40 by here NA, now I try
to operate the same command here is dot na. So now, you can see here that in the third value it

is here TRUE. Whereas, it means earlier in the third value it was FALSE.
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So, what is this saying? The s dot n a command is going to 20 and it find that yeah, the value
is present there is no missing value. So, it says FALSE, then it goes to second value it says
FALSE because the value is available then it goes to third value and it says yes there is a value

NA.

So that means this is TRUE; that means, the one value is missing and then it goes to fourth

value which is saying that value 50 which is available. So, there is no missing value, right.

(Refer Slide Time: 37:28)

Missing data

How to know if any value is missing in a data vector?
> x <- c(20,NA,NA,50).
> is.na(x) \

(1] FALSE (TRUE TRUE FALSE

R R Comcle

> X <~ c(20,NA,NA,50)

> is.na(x)

[1] FALSE TRUE TRUE FALSE
>

So, and in case if you try to take more than one missing values inside the data vector, even then
this command works. For example, if I try to take here two missing values in the same data
vector and if I try to operate the command here is dot na, you can see here these 2 values of

TRUE they correspond to these two NAs.

That means yes there are two values NA which are or there are two values in the data vector
which are missing and obviously those values which are present 20 and 50 corresponding to

them it is giving us the outcome FALSE.

(Refer Slide Time: 38:11)
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Example : How to work with missing data
>(x <~ ©(20,30,NA,50) #data vector

x)

— — a5
>(mean(x)) - 20+30+NA+50 'f‘“(“_{ <
[1] NA 4 Tt

4l

rM

e
> mean (x, (na.rm = TRUE) # NAscan be removed
i) 33.2333F ' = ?
e g T TR € g
> x <= ¢(20,30,NA,50)

‘\j P, > mean (x)

[1] N

PowndS >

= > mean(x, na.rm = TRUE)
/ - (1) 33.33333

1l A\ 9

~

So, this is how we are going to do it, but before going further let me try to show you it on the

R console.

(Refer Slide Time: 38:19)

> wea(l.2.3,MA)

r R

1] 1 z 3
Ls. ma(m)

[1) FALEE FALSE FALSE TRUE

* wemgil, MA, 3, NA)
=

So, now we take a vector here say here x ¢ 1, 2, 3, 4 yeah as simple vector and you can see here
that all the values are here 1, 2, 3, 4 there is no value which is missing. So, if I try to use the
command here is dot na on x you will see here it is giving you here FALSE FALSE FALSE

FALSE; that means, all the values are available.

Now, what I do? I try to replace here one value in the same data vector here as say NA. Now,

you can see here that there is one value in x which is missing. Now, if I try to take here is dot
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na, you can see here that everything remain the same as FALSE, but the last value here is

changed to TRUE; that means, there is one missing value in the data vector.

And now if I try to change here say more values, suppose if I make 2 and 4 to be not available.
So, you can see here there are two values which are missing and if I try to use the same
command is dot na. So, this is giving me FALSE TRUE FALSE TRUE; that means, two values

are missing two values are FALSE.

So, now this is how you can actually find that whether a value is missing in a given data set or
not. Now, the next question arises suppose there is a missing value in the data set and suppose
you want to operate some mathematical or statistical function. So, what do you want? You
really want that the missing values should be removed from the data set and the function should

be calculated on the basis of available values.

So, now I am trying to take here an example. Suppose I try to take here 4 values 20, 30, NA
and 50 and I assign them to a variable here x and suppose [ want to find out the arithmetic mean
of the values in x. So, although we have not discussed here, but you know that mean is the
command m ¢ a n and inside the parenthesis, you try to give the data vector and this will try to
give you the value here. So, all the sum of values inside the data vector divided by the total

number of observation.

So, now once you try to take here the data vector 20, 30, NA and 50. So, and if you try to
operate the command here mean on this x it will give you 20 plus 30 plus NA plus 50 divided
by 4 which is here NA, because it cannot operate mathematically. So, now what do you want?
You want to ask the software that Mr. R please look into the data set and if there is a value

which is missing, please remove it and then execute the function on the remaining values.

So, in order to ask R, to remove the values, we have a command na dot rm, it simply means
remove NA; that means remove the missing value- this is an instruction. Now, this instruction

has to be followed or not- if you say yes remove it or you say no do not remove it.

So, if you say please remove the NA values, this will be indicated by TRUE and if you are
saying n a dot r m is equal to FALSE. That means, please do not remove the missing value
which is the default actually. So now, I am using here the command here n a dot r m is equal
to TRUE. Now this mean function will remove the NA value and now it will compute the

arithmetic mean on the basis of 20 plus 30 plus 50 divided by total number of observation
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which are now 3 after ignoring NA. And then it will give you the correct value here 33.33
which is the screenshot over here, I will try to show you it on the R console also, right, ok. So,

you can see here that for example, if I try to take here x is equal to c say 1 2 3 4.

(Refer Slide Time: 42:37)

So, you can see here the mean of x is coming out to be here 2.5 which is obvious 1 plus 2 plus
3 plus 4 divided by 4 and if I try to make it here say 1 value to be here NA, then mean of x will
come out to be here NA. But now if I try to use here the command mean of x na dot rm is equal
to here true, then you can see here this is coming out to be 2. Why? This is now trying to find

out the mean of 1, 2 and 3 here 1 plus 2 plus 3 divided by 3.

(Refer Slide Time: 43:16)
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Example : How to work with missing data

The null object, called NULL, is returned by some functions and
expressions.

Note that NA and NULL are not the same.

Note that m and na are not the same.

" R Console

/¥ I ad ; > x <- ¢(20,30,na,50)
i Error: object 'ma' not found
>

NA is a placeholder for something that exists but is missing.

NULL stands for something that never existed at all.

So, this is how we can do it here ok. Now, let us try to come back on the on our slide and let
me try to address the last topic of this lecture. There are two things in R which one is here NA
and another here is NULL. And this is actually an object which is written by some functions
or some expressions. Remember one thing that NA and NULL, they are not the same, these are

two different things. What is the difference between the two?

The difference is this NA is a placeholder for something that exists but it is missing at the
moment and NULL is the command or that indicates that something that never existed at all.

What does this mean?

Let me take a simple example. Suppose there are 5 candidates which appear in a test and based
on the test, only 3 students have to be admitted in a school. Suppose the students are named as
1,2, 3,4 and 5. Suppose after the exam the student number 1, 2 and 3, they got selected and

student number 4 and 5, they are not selected.

Now, student number 1, 2, 3 starts coming to the classes and during the attendance, suppose
one day the student number 2 is absent. Now, my question is whether it is NA or NULL?
Remember one thing student number 2 has become an authorized student of the school. But
and his name is there in the attendance list, but today because of any reason he is missing. So,

this is going to be indicated by NA.

But now suppose if you ask for candidate numbers 4 and 5, they could not qualify the
examination, so they are not the student of the school. So, now in case if you take an attendance

and if you roll call student number 4 or 5, what they will be NA or NULL? That will be NULL,
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because that they never existed, they were not admitted. So, they were not the part of the school.
So, these values are going to be denoted by NULL which never existed and NA is missing,

right.

And then remember one thing, that this capital NA this is also case sensitive; case sensitive
means this has to be used only with the capital letters capital NA and small n a they are not the

same. So, this is what you have to keep in mind.

So, now let me stop in this lecture. So, I have tried to give you some more aspect how to use

the built in function, how to handle the missing values and so on.

And all these things, they are an integral part of a decision science, whenever you have a big
data you cannot do all the things with your hand manually, you cannot do all the calculations,
you have to depend on the software command, your data size might be millions and billions

and trillions of bytes.

So, in those situation, you always need a statistical tool or a programming tool which can give
you the correct outcome. So, all this thing whatever I have used here they may look very simple
thing very trivial things, but believe me they are going to be extremely useful when you are

going to deal with the real data science.

So, you try to practice it try to settle your commands inside your mind, take some example
from the book from the assignment, practice them and I will see you in the next lecture till then

good bye.
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