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Hello, welcome to the course Essentials of Data Science with R software part 2 where we
are going to handle the topics of Sampling Theory and Regression Analysis and we are
going to talk about the topics of Introduction to R Software in this module. And in the last
lecture I have given you an idea that how you can make simple calculation or how you can
use R like a simple calculator. Now, in this lecture I will try to give you a quick review that

how R works when we have a Data Vector.

So, earlier in the lecture I have taken one value, one value at a time, but now I am trying to
take more than one values in the form of a data vector and remember and recall the definition

of data vector which I had discussed in the last lecture.

This is not going to be a vector of like matrix theory or vector calculus, this is simply a data
set which has been combined using the ¢ operator. So, when we have this type of data vector
then how addition, multiplication, power operator, etc. they work in R that is what [ am

going to explain in this lecture.

(Refer Slide Time: 01:43)



Calculations with data vectors

How R behaves with data vectors?

What happens when a scalar is added/subtracted/multiplied/

divided in a data vector?

So, my objective is very simple that I want to explore how this R behaves with data vectors,
what happens when the scalar is added subtracted multiplied divided or there is a power

operated in a data vector.

(Refer Slide Time: 01:55)

R as a calculator
Power operators with vector versus scalar

> c(2,3°4, 5)~2 # command: application to a vector
[1] 4 S 16 25 _ # output

g Jibee e ke R R Console

: > e(2,3,4,5)"2
2,385 | (1] ‘4 Y9 16 25
>

So, again [ will try to take some examples and I will try to explain you how the things move

forward. So, first [ will try to take here the power operator, right. For example, means I will



say 2 things suppose [ want to find out the value of an expression which is something like

2 square, 3 square, 4 square, 5 square and so, on.

So, what I can do? That I can write down this thing here as say 2, 3, 4, 5 and I take out this
square outside. So, now, in case if [ want to combine it into R this 2, 3, 4, 5 can be written
separated by commas with a ¢ command and this square can be written as a hat 2 or double

star 2. So, this is how the R will work.

So, the moral of the story is this once you are trying to write down a data vector with the
power operator over here, then this power operator will be executed on each of this element.
So, this will become 2 square, this will become 3 square, this will become 4 square and this
will become here 5 square and so, you will get here an outcome you can see here 2 square
is 4, 3 square is 9, 4 square is 16 and 5 square is 25. So, this power operator is distributed

in all the elements in the data vector.
(Refer Slide Time: 03:18)

R as a calculator
Power operators with vector versus vector

> c(2,3,4,5/%c(2,3) # !'ATTENTION' Observe the

5, operation
[1] 4 27 16 125 # output
22 33 42, 53 R R Console

> c(2,3,4,5)%c(2,3) |
(1] 4 27 16 125/

>

Now, the next question is that if we have a data vector like this and if this data vector is used
with the power operator with a data vector with another data vector, then what happens? So,
you can see here that if I try to write down here ¢ 2, 3, 4, 5 this data vector and with the

power operator hat and this is here ¢ 2, 3.



Now, what you have to understand that this 2, 3 will come from here and it will come here
this 2, 3 will come again here and it will come here. So, if I try to explain you here briefly
what will happen? I have here the data vector 2, 3, 4, 5 and then on this 2, 3 will come and

then once again this 2, 3 will come.

So, this will become here 2 square 3 cube and this will become here 4 square and 5 cube.
So, this 2 will come over here, this 3 will come over here, similarly this 2 will come over

here and 3 will come over here and you will get here an answer like if you can see here that

this is 4, 27, 16, 125.
(Refer Slide Time: 04:39)

R as a calculator

Power operators with vector versus vector

> €(6,5,4,3,2,1)}c(2,3,4) }command: application
5 to a vector with vector
[1] 36125 256 9 81 # output

1 = R Comole
2 €3 24 |32 93 14 |}
| 64 5%, 4%,3% 2°,1 { > c(6,5,4,3,2,1)*c(2,3,4)
| i 11 36125256 9 8 1

J

Now, if you try to see here, I am taking here another example where I have taken here 6
elements 6, 5, 4, 3, 2, 1 in the first data vector and there are 3 elements in the second data

vector.

So, if you try to use here the power operator, this 2 will come over here 2, then it will be
here 3, then it will be here 4 and then after this 2, 3, 4 will be once again repeated 2, 3, 4
and then you will get here an outcome like you can see here that 6 raised to the power of 2
this is 36, 5 raised to power of here cube, this is 125, 4 raised to the power of here 4 that is

here 256,44 isa 16, 16 4 is a 64, 64 4 is a 256 and so, on this is what you have obtained.



But you can see here one thing in this two data vectors here, you can see that the number of
elements here in the second data vector they are the exact multiple of the number of elements
in the first data vector. So, that is why you are getting a clear cut thing, but suppose if this

does not happen then what happens?
(Refer Slide Time: 05:48)

R as a calculator
Power operators with vector versus vector

> c(6,5,4,3)7c(3,4,5)

[1] 2]:6 »625 1024 2;:'_ 7% output

Warning message: !

In c(6,5,4,3)%c(3,4;5) rlonger object length is
not a multiple of shorter object length

63’54,45,33

== =¢ 1 —

® & Comcie %_}:,' - '_.' —
> c(6,5,4,3)*c(3,4,5) o ]
[1] 216 625 1024 27
Warning message: releal
Inc(6, 5, 4, 3)*c(3, 4, 5) :
longer object length is not a multiple of shorter object length

So, for that I am trying to take here a simple example in which I have taken the 4 elements
6, 5, 4, 3 in the first data vector and the 3, 4, 5 in the second data vector now what will
happen if you try to use the power operator over here? That now if I try to show you here

more clearly this I have a 6 5 4 and here 3.

Now, this 3 4 5 will be coming over here with the power. So, this 3 comes over here, 4
comes over here, 5 comes over here, now once again after that 3 4 5 will be repeated. So,
this will become here 3 raised to power of here cube 4 and 5, but here there is no number

here this is blank.

So, this will give you here a warning message, right. So, this number will be produced here
you can see here this number here is 2 1 6, this 5 is the power of 4 here is 6 2 5 4 is the
power of here 1 0 2 4, 3 cube is here 27. But after this there is here there is no output, right

you can see here this here is blank and there is here a warning message which says that



warning message in ¢ 6 5 4 3 hat 6 3 4 5 longer object length is not a multiple of shorter

objective object length.

So, this is what they mean actually and there is one thing more. Sometime you will be getting
a warning message sometime you will get an getting an error message. So, there are two
things warning and error. What is the difference between the warning and an error? Please
try to means understand this warning and error exactly in the same way as they have their
meanings. Warning is something I am warning you, but it does not mean that I will do it.

But I am warning you so, but when there is an error then there is no excuse.

So, same thing happens in R, when there is an warning message, the R is trying to tell you
be careful something wrong is happening, but still I am doing your job. But when there is
an error message; that means, there is some mistake which is happening in the program
because of which the rules of mathematics or programming are getting violated and so, R is

unable to move forward.

So, this is the basic difference warning and error message. So, that you get in the R console
when you try to execute the program. So, let me try to show you these things on the R

console.

(Refer Slide Time: 08:30)

> ei3,3,4,M%ei2.

(3] & 37 18138

» l2.3.4.9%1.3.9
[£3] 4 17 13a 35

Warning message
In 2(2. 3, 4, Si%eid, 3, 8 @
longer !

sbject length is not & suiriple of shorter sbject lamgrn
>




So, if you try to see here suppose I try to take here a vector here ¢ 2, 3, 4 and here 5 and if
try to take here ¢ suppose here 2 comma 3 you can see here this is happening, but if I try to
take it here say a number which is not a multiple, you can see here you are getting here an
error message. So, the same thing you can practice you can take different types of example

and you can practice there is no issue at all.
(Refer Slide Time: 09:01)

R as a calculator
Multiplication with vector versus scalar
P e, ® R Console
>k(3,4,5,6) *(8
- - 2
[1] 24 32-40 48~ > c(3,4,5,6) B
[1] 24 32 40 48
>

| 3x8, 4x8, 5x8, 6x8

Let me take another example where I am trying to multiply a vector by a scalar, [ mean there
is only one number. So, if I try to take here a data vector 3, 4, 5, 6 but I simply try to multiply
it by here 8. Then you can see here the outcome here is 24, 32, 48; that means, R has a

peculiar characteristic that this number 8 is being operated on all the elements.

So, this is happening that 3 is being multiplied by 8, 4 is multiplying by 8, 5 by multiply by
8 and 6 is multiplied by 8. So, basically this is the outcome here 24, 32, 40, 48 which is this
outcome 3 into 8, 4 into 8, 5 into 8§, 6 into 8. So, remember one thing this is a very peculiar
characteristic of R that whatever operation you are going to do here that is being operated

on each and every element of the data vector.

(Refer Slide Time: 09:57)



R as a calculator
Multiplication with vector versus vector

> c(3,4,5:6) * c(-2,-3,-4,5)

[1] -6 -12-+20 30

— - R RComele ,
3x(-2), 4x(-3), 5x(-4),6x5 | > c(3,4,5,6) * c(-2,-3,-4,5)

(1] -6 -12 -20 30
>

And similarly, if you try to extend this example and if you try to multiply 2 data vectors.
So, if I try to take it here a data vector ¢ 3, 4, 5, 6 and if I try to take here means another data

vector minus 2, minus 3, minus 4, and 5.

Then what will happen? The same rule what we have understood that will be followed here
that first element will be multiplied with the first element, second element will be multiplied
with the second element, third element will be multiplied with the third element and fourth

element will be multiplied with the respective fourth element.

So, you can see here this will be essentially be the element wise multiplication, 3 into minus
2, 4 into minus 3, 5 into minus 4 and 6 into 5 this will be your here the outcome exactly in
the same way, but here you can notice look at the number of elements in the two vectors are

exact multiples.

(Refer Slide Time: 10:53)



R as a calculator

>c(3,4,5,6) *(c(8,9)
[1] 24 36 40. 54

3x8, 4x9, 5x8, 6x9

Multiplication with vector versus vector

R R Console

> c(3,4,5,6) * c(8,9)
[1] 24 36 40 54

>

Here in this case the exact multiple is 1, but there can be a different case like this one where
I am trying to take here one data vector as say here c 3, 4, 5, 6 and say another data vector
here is with only two elements ¢ 8, 9. So, in this case what will happen? That means again
this multiplication will be operated on the entire element and it will be something like this

¢ 3,4 into c 8, 9 and then ¢ 5, 6 into ¢ 8, 9 right.

So, this 8 and 9, 8 will be multiplied here, 9 will be multiplied here, and similarly 8 will be
multiplied here and 9 will be multiplied here. So, you can see here this will become 3 into

8,4 into 9, 5 into 8, 6 into 9. So, this distribution is getting implemented over here in an

element wise way, right.

(Refer Slide Time: 11:52)




R as a calculator

Multiplication with vector versus vector

> ¢c(5,4,3,2) *c(8,7,6)

[1] 40 28 18 16

Warning message:

In c(5,4,3,2) * ¢(8,7,6) :longer object length
is not a multiple of shorter object length _

. ol ¥4

5x8, 4x7, 3x6, 2x8 |

W Cznzzie

> c(5,4,3,2) * c(8,7,86)
[1] 40 28 18 16
Warning message:

Inc(S, 4, 3, 2) *c(8, 7, 6 :
longer cbject length is not a multiple of shorter cbject length}

And similarly, if you do not have the exact multiple of the numbers in the two vectors, then
you will have a warning message. For example, if I try to take here 4 elements in the first
data vector and 3 elements in the second data vector which are not exactly multiple. So, if

try to multiply c say here ¢ 5, 4, 3 and here 2 right.

So, now it has been multiplied by here ¢ 8, 7, 6, this will be multiplied by 8, this will be
multiplied by 7, this will be multiplied by 6. Now, once again 8 7 6 will be repeated, so this
2 will be multiplied by here 8, but after that what to multiply with 7 and 6, this is missing.
So, that is why you are getting here a warning message. So, this is how multiplication

operator works in the case of R software.

(Refer Slide Time: 12:56)
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> 2,34, 00%(8,4,.7,. 8
(3] 10 18 28 4
»

» 2i2,3.4,3) *ei8, 0
[1) 18 18 30 38

» 81, 5.4, 58
(1) 10 18 20 28
>

> =i2,3,4, 91 %18,4,7)
1] 18 18 2% 28
Hasalig

m—asage
In e, 3 4 0 T als, 8T
longer chject length s not & suitiple of shorter chject lemgth
=1

So, let me try to show you here in this R console also. For example, if you try to take here
a data vector ¢ say 2, 3, 4 and here 5 and if I try to take it here c say here ¢ 5, 6, 7, 8. So,
you can see here the number will be say 2 multiplied by 5 10, 3 multiplied by 6 18, 4
multiplied by 7 28 and 5 multiplied by 8, this is 40.

And similarly if you try to take here say here only two elements ¢ 2, 3, 4, 5 multiplied by 5,
6. So, you can see here the outcome is 2 multiplied by 5 10, 3 multiplied by 6 which is 18,
4 multiplied by 5 this is 20 and 5 multiplied by 6 which is 30 right. So, they are getting
distributed. Now, I try to take here only here one say this number say here is 5. So, you can
see here this 5 is multiplying all the elements in the data vector. So, this is 2 into 5 which is

10, 3 into 5 which is 15, 4 into 5 which is 20 and 5 into 5 which is 25, right.

So, this is how the things will happen. Now, in case if I try to take an equal number of
elements for example, if I try to take 4 elements in the first data vector and 3 elements in
the second data vector you can see here, this will give you the answer on the same rule, but
with a warning message because the last two elements in the second data vectors which are
6 and 7 are not finding any place or any number in the first data vector where they can

multiply the numbers, right. So, that is pretty simple and stayed forward, right.
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R as a calculator
Addition with vector versus scalar

= ] R R Console
>c(5,4,3,2))+(30 > c(5.4.3,2) + 30
[1] 35 34 33 32 [1] 35 34 33 32

s e -
5+30, 4+30, 3430, 2+30-| —_ f

= £330

Now, I move forward and if I try to show you the addition and this subtraction on this data
vector, they have the same rule that if you try to take a vector here. Suppose I take a vector

here 6, 5, 4, 3, 2 and then I try to add it with here a scalar quantity say here 30.

So, now in this case what you can see? This number is this number 30 it is getting added in
every element of this vector and essentially you would get here an outcome which is here
35 which is say here 5 plus 30. Then you are getting here an outcome 34 which is 4 plus 30
and then you are getting a 33 which is here 3 plus 30.

And this here number here 32 which is here 2 plus 30, right, and this is here the screenshot
of the outcome. So, you can see here the rules are the same that addition operator is being
distributed over the entire data vector and every element is getting added with the number

30.

(Refer Slide Time: 15:59)
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R as a calculator _
Addition with vector versus vector A N ()6

>(c(3,4,5,6))+(c(8,7,6)
[1] 11 11 11 14 \
Warning message:
In c(3,4,5,6) + c(8,7,6)

longer object length is not a multiple of
shorter object length

3+8, 4+7, 5+6, 6+8

W Camnte
> c(3,4,5,6) + c(9,7,6
i1} 11 11 11 14
Warning message:
Inc(d 4, 5, 6) +c(s, 7, 6 :
longer object langth is not a multipls of shortsr object langth

And now if you try to use the same logic means I can add and subtract here 2 data vectors
also for example, if I try to I have just taken an example to show you because now you can
understand what is happening. Suppose, I try to take here a data vector 3, 4, 5, 6 and second
data vector which has got here say 3 number which are not really the exact multiple of the
numbers in the first data vector, then again it is giving me an answer here 3 plus 8, 4 plus 7,

5 plus 6.

Now, after this 8, 7 and 6 are to be added to some number. So, in the first place it is finding
here 6, but after that it is not finding here any number where it can add. So, it is giving me

an answer here 8 3, 1174, 11,56, 11 6 and 8 here 14, but after that there is no number.

So, that is why it is giving me a warning message. But if there are only say two numbers in
the second data vector which is exact multiple of the number of data points in the first vector,
then this error message will not come this warning message will not come. And this I will

try to take here some example and I will try to show you.

And you know once you have understood the addition the same thing happens with the
subtraction also. So, instead of using my slides I will try to take here several examples to
explain you what is really happening once you are trying to do it in the R console with this

addition and subtraction, that is pretty simple.
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> gi2.3,
3 4887

* el2.3. 4. 9@, N
neassn

» oi®, 3,4, 8 ecid, B, 4
] 4887

WATRing massage
Inecid, 3, 4, 8 s+ g2, ), @ :

lsager SBISCT langih L BOT 4 BUITIpls of ERSETAr SD)EST Laagrn
>
> 202.3.4.851-3

mriaaae

>

» ¢l2.3.4.9 il
mIi1133
>

» il b 4. M=l i N
3] 1114

Warning sessage
In @2, 3, 4, 8} - mid, 2, B 1
- laagth 1a Bt U sultiple of shartar sbject leagth

>

So, if I try to take here a data vector ¢ 2, 3,4 comma 5 and suppose if I try to add it here with
some scalar say here 2, then it is 4, 5, 6, 7 which means 2 is being added to every element

in the data vector which is 2 plus 2, 3 plus 2, 4 plus 2 and 5 plus 2.

Similarly, if I try to take here a data vector instead of a scalar say 2 comma 3, then you will
see here that first 2 elements 2 and 3 are being added with 2 and 3 and next 2 elements here
4 and 5 they are also being added with 2 and 3. So, 4 plus 2 is here 6 and 5 plus 2 and 5 plus
3 here is 8 right.

But if I try to take here say one more element such that this is not exactly a exact multiple
of the total number of elements in the data vector then there is a warning message, right. So,
this is what I meant when I was saying that if the number of elements in the 2 data vectors

are not of exact multiple length, then this warning message will come, ok.

Now, you have learnt this thing, suppose if I want to operate the subtraction. So, as we have
discussed the operator for the subtraction is the same the classical minus sign, but we have
to be careful. So, if I try to take here the a data vector here ¢ 2, 3, 4 and here 5 and if I try to

subtract every element by here 1.
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So, you can see here the minus sign is being operated on each and every element 2 minus 1,
3 minus 1, 4 minus 1, 5 minus 1 and similarly if I try to take here say here data vector say ¢
1 comma 2. So, you can see here that what will happen the answer is 1, 1, 3, 3 why? Because
2 and 3 here are subtracted with 1 and 2, then 4 and 5 are subtracted with here another say
once again with 1 and 2. So, the answer will be 2 minus 1, 3 minus 2, this is 1 1 and 4 minus

1, this is 3 and 5 minus 2 is here 3.

And similarly, if you try to take some more elements such that they are not exactly multiple.
So, you can see here this 2, 3, 4 are being subtracted by 1, 2, 3. So, the answer here is 2
minus 1 which is 1, 3 minus 2 is 1, 4 minus 3 is 1 and after this I have here 5 minus 1 which

is here 4, but after that 2 and 3 are not finding any number which has to be subtracted.

(Refer Slide Time: 21:02)

> (.38, 0100 (3, 4~ (8,7, 8,0 v (8, 8 Fei8, 3,3, 0)
3 -1 -4 <27 -7
»

» 202,34, 50 s0(), 4) ~2 (6,7, 0,0 *eid, 9 feid, ), 2, 1.
m 4.833333 0.000000 1.000000 -71.800000

> ©(F,3.4,5)s013, 410 (6. 7,8, 9) *aid, §) /(8. 2. 2.1 ) "eid, 1)
(£ 4.031033  9.000000 1.000000 =72.000000 ~ 4.427800
maarages

warning
1: Im el 3, 3, 1, &)%e13, 1)
b

So, that is why it is giving you here this warning message and you see, these things can be,
this data vector can also be operated with the BODMAS rule also. For example, if I try to
take here say a data vector means addition with say here some number 3, 4 and with
subtraction here see here 6, 7, 8, 9 and with say here multiplication with say here 6 and here

see here 9 and division with here say here ¢ say 6, 3, 2, 1 and so, on.
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So, you can see here this number will be coming. So, the same BODMAS rule whatever
you have learnt the same BODMAS rule will be extended to data vectors also. So, there is
no issue at all right and in fact, in this BODMAS rule if you want to add here some power

operator also, that can also be operated like as a I now I am adding say hat ¢ 3 2.

So, you can see here means again you have the you have a proper result, yes, that you have
to see what exactly it is doing because I am just typing here, my objective is to show you
that BODMAS rule is still there. And in this case also if you try to violate the rule of exact
number of elements, for example, if I try to eliminate say add here one just one number
here. Say, you can see here I have added one more number here 4, so that the things are not
exactly multiples you can see here that you are getting here some warnings which are saying
that something wrong is happening you have to be careful, you have to be watchful and try
to see what is, whatever is happening is that really you wanted or this is happening by

mistake due to in some programming or in writing the expression.

So, this is what I wanted to convey regarding the mathematical operation of a scalar and as

a vector. So, right.

So, now, I will stop here and I have tried my best to give you an overview of the different
mathematical operations with respect to a scalar, with respect to a data vector in the R

software.

You can see here that this R has a very good capability which is quite different from other
software which is the operation with this data vectors and you will see that in statistics,

there are many situations where this these data operation will make your life simpler.

For example, if you simply want to know the sum of squares of the number that is pretty
simple, you simply have to write down the data just hat 2 and then use a function sum which
we am which I am going to discuss in the next lecture. So, just in one line you can write the

entire thing.

And then remember one thing this data vector can be stored as a variable also for example,

if I say x is equal to ¢ 1, 2, 3, 4, then x square will also be ¢ 1, 2, 3, 4 hat 2. So, all this
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operation whatever I have shown you here quickly and briefly, they can be extended to a

variable also and that is one of the big advantage of using R.

So, that the mathematical computations become easy, but still once again I would say, I
have done my job, but your job is pending ,unless and until you practice it you try to settle
down this concept inside your brain, you will not be able to understand them you will not

be able to use them.

Why? Because only that knowledge is useful which is inside your brain, the knowledge
which is written only inside the books, it is helpful for you to understand the subject to gain
the knowledge, but unless and until you settle down you store it inside your brain, you will

not be able to use it intelligently.

So, you practice it and I will see you in the next lecture some more topics some more details

related to the R software. Till then good bye.
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