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Basics of Calculations
Lecture - 13
Matrix Operations - Row, Column and Other Operations

Hello friend, welcome to the course Foundations of R Software and you can recall that in
the last lecture we had talked about the matrix operations. Actually we had learnnt that
how we can define the matrix in the R Software and we had learnt that there were three
ingredients, three main ingredients like a number of rows, number of columns and data
which are needed to define the matrix in the R software. And after that we also had learnt
about the by row operation that if you want to assign the values column wise or row

wise.

So, now we continue on the same lines and in this lecture we are going to take up some
more operations which are related to the matrix theory and essentially these are very
simple operations and which are related to rows, columns and some more operation like
transpose etc. So, we begin our lecture and we try to understand these concepts that how

you can implement them in the R Software.

(Refer Slide Time: 01:26)

Matrix Operations

Renaming the row and column names
> x = matrix( nrow=4, ncol=3, data=c(1:12) )
> X L) [,2)

[1,
(2,
[3,
[4,

et s [

rownames (x) Renames the row names

colnames (x) Renames the column names

So, consider here a matrix in this particular format that there are 4 rows and 3 columns
and data | am giving here there from 1 to 12.
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So, this is another way of giving the data like as 1, 2, 3, 4 up to here 12 and you can see
here there are 4 rows and 3 columns. So, we need here 4, 3 are 12 number of values
which are given here from 1 to 12. So now, this and this gives us this following matrix.
So, you can see here this is my 1st row, this is 2nd row, this is 3rd row and this is here
4th row and similarly here this here is 1st column, this here is 2nd column and this is

here 3rd column, you will just try to follow my pen right where | am writing.

So, now you can see here that this rows and column they have got some name. For
example, in case if you try to look at this row number 1, so it is indicated by square
brackets like this one then 1 and comma and similarly in case if you try to see here this
row number 2 this is indicated by square brackets 2 comma. And similarly this 3rd and
4th row are also indicated by square brackets 3 comma and 4 comma. And similarly if
you try to look into the column, columns also have been given a name which is square

bracket then comma and then 1 this is column number 1.

Similarly, column number 2 here is a square bracket then comma and then 2 and 3rd
column is like here square brackets comma and here 3. So, these are the names which are
automatically given by the R software to these rows and these columns. And suppose we
want to rename these rows and columns that we want to give them another name of our
choice. So, in order to do this, we have a command here rownamesrowname s and
inside the parenthesis you write x and then colnames that is c o I n a m e s this will

rename the names of the columns.

(Refer Slide Time: 03:23)

Matrix Operations
Renaming the row and column names

> rownames (x) = c("rlv, ("x2", "r3", "r4")
> x
[,11 [,21 [,3]
£l 1 5 9
r2 2 6 10
r3 3 7 11
r4 4 8 12
> colnames(x) = c("cl", "c2", "c3%v)
> x
cl .¢2 :c3
ri 1 5 9
r2 2 6 10
r3. 3 7 11
r4d 4 8 12



So, if you try to look here in these two operations, suppose | want to change the names of
the rows and suppose | want to give them a name like say r 1, r 2, r 3, r 4 like this. So, for
that I write here row names, all in lower caps and inside the parenthesis the name of the
matrix and then | use the ¢ command to create a data vector and then | try to give these

names within this double quotes can see here.

So, these are the characters. So, this will work like that I want to change the names of the
rows in the matrix x with these names and if you try to operate, it will change it. For
example, now if you try to see at this outcome you can see here this is now changed, ok.
And now similarly if you want to change the names of the columns here which are here

given here like this.

So, | use here the command colnames and inside the parenthesis | write the name of the
matrix x and then | try to give the names which we want to replace. So, suppose | decide
that the names of the columns are going to be c1, ¢2, ¢3, so | then so | try to give them in
the format of data vector using the command ¢ within the parenthesis and you will and

all the names inside the double quotes.

So, that they are the characters and if you try to execute it then this function colnames
will change the names of the columns of this matrix x and you get here c1 c2 c3. So, this

is how you can rename the names of the rows and columns in any given matrix.

(Refer Slide Time: 04:57)

Matrix Operations

= matrix( nrow=4, ncol=3, data=c(1:12) )

(1) (.2

(4,] 4
> rownames(x) = c("rl", "r2" S, )
> x
(.11 [.,2] (,3]
rl 1 5 9
r2 2 6 10
r3 3 7 11
r4 B 8 12
> colnames(x) = c("cl", "c2' “e3")
> x
cl c2 c3
=z 1 S 9
r2 2 6 10
3 3 11
rd 4 8 12
> |



For example if you try to see this is here the screenshot of the same operation when you
try to do it on the R console.

(Refer Slide Time: 05:04)
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Matrix Operations

> x = matrix( nrow=4, ncol=3, data=c(1:12) )
.11 (.2) [.3)

1 1 E)

) 2 6 10

] 3 7 1

) 4 8 12

rownames (x) = c("rl r2 3 rd4")

(1,
(2.
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14,

x
(.11 [.2) (.3]
1 s )
2 6 10
3 7 1
4 8 12
colnames(x) = ¢
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So, let us try to do this operation on the R console and try to see that what do you get
here?

(Refer Slide Time: 05:12)

R RGu (64-bi o
file Edit View Misc Packages Windows Help

sle| Rlalc]C]E]

R Console 5N~

> x = matrix( nrow=4, ncol=3, data=c(1:12) )

> e ¢
[,11 [,21 [,3]
1073 1 5 9
(208} 2 6 10
[3.1 3 i/ 11
[4,] 4 8 12
> rownames (x) = c("rl", "r2", "r3", "r4")
> X

[,11 [,21 (,3]
rl 1 5 9

r2 2 6 10
3 3 7 11
r4 4 8 12
> |

So, first we try to define here this matrix X. So, you can see here this is here like this and

now then I try to operate here the command rownames on this matrix x. So now, if you
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try to see here this x this will come out to be here like this, where the earlier names were
like this 1 2 3 4, but now the new names are here r1, r2, r3 and r 4. And similarly in case

if you try to change the name of the column.

(Refer Slide Time: 05:39)

wo o S——— W e
Hie Edt View Misc Packages Windows Help
=g =[a[S] @] [8]

| ®RConsole =
> x
[,11 ,21 [,3]
rl 1 ] 9
r2 2 6 10
x3 3 7 11
r4 4 8 12
> colnames (x)= c("apple", "banana", "oranges")
> x
apple banana oranges
rl 1 5 9
xr2 2 6 10
r3 3 7 11
r4 4 8 12
> |

So, let me try to give some other name suppose if | give here the command here column
names of this matrix X, suppose if I try to give it here say c say apple, banana and say
oranges. So, even you can do these things you are simply giving the name. So, now if
you try to see here, now the names are here apple, banana and oranges. So, this is how
you can change the names of the rows and columns in any given matrix. So now, we

come back to our slides and we try to learn some more operations.

(Refer Slide Time: 06:10)

Matrix Operations
Assigning a specified number to all matrix elements:

> x = matrix( nrow=4, ncol=2, data=2 )
> x

1
[1,1 2
23 2
B\ 2
4,1 2

NNNNN

> x = matrix( nrow=4, ncol=2, data=2 )
> x
(.11 ,2]
[1,] 2
2.] 2
(3.] 2
2

NNRNN

> |



Now, suppose you need a matrix in which all the values should be the same, well these
are the different type of operations which we need when we are trying to handle the real
data set and it is useful. So, my objective here is that | want to create here a matrix in
which all the values are the same.

So, suppose | try to create a matrix of order 4 by 2; that means, there are four rows and
two columns and | want that in this matrix all the values should be 2. So, in order to do
this thing | simply write down here data is equal to 2 and if I use all these parameters in
the matrix command then and assign the value in a variable x, then x will come out to be
like this. You can see here this is the 1st row 2nd row 3rd row 4th row, 1st column 2nd

column and all the values are here only the 2.

And similarly if you want you can choose any other value and this is here the screenshot
of the same operation when you try to do it in the R console now.

(Refer Slide Time: 07:13)

Matrix Operations: Diagonal matrix

Construction of a diagonal matrix, here the identity matrix of a
dimension 3:

> d = diag(l, nrow=3, ncol=3)

>d

[,11 [,21 [,3]
(2.} 1 0 0
[2,1 0 1 0
[3,1 0 0 1

> d = diag(l, nrow=3, ncol=3)

U321 F:2

Similarly, when you are trying to do matrix operation, many times we need a diagonal
matrix, the diagonal matrix is a matrix in which the off diagonal elements are 0 and there
are only some nonzero values in the diagonal you know that if you have a square matrix
suppose then all these values on this diagonals, they are called the diagonal element and
all these values on this so called triangles here and here they are called as off diagonal

elements, these are off diagonal, right.



So, in case if you want to see here then we do here then you have to simply use here the
command diag and you have to define here the values which you want to put on the
diagonal. Suppose | want to create an identity matrix, identity matrix is a matrix in which
the diagonal elements are 1 and the off diagonal elements are 0. Suppose | want to create
a 3 by 3 identity matrix and in that case | will write down here nrow equal to 3 and ncol
equal to 3.

And then if | try to operate it, it will give me here this matrix in which you can see here
the values of the diagonal element is only 1 and all other off diagonal elements they are
0. Well, in case if you want you can also do the same operation using the matrix
command, but in that case you have to be very careful when you try to define the value
of the data and the option by row. This data has to be assigned in such a way, so that it is
arranged in the way | want. So, in order to avoid those complications this diag command
directly gives us the diagonal matrix.

(Refer Slide Time: 08:50)

Matrix Operations: Diagonal matrix

Construction of a diagonal matrix with all numbers as 5 of a
dimension 3:

> d = diag(5, nrow=3, ncol=3)

> d

[,11 [,21 [,3]
1,1 5 0 0
[2;1 0 5 0
(3,1 0 0 5

> d = diag(5, nrow=3, ncol=3)
> d
(.11 [.2] (.3]
(1.1 5 0 0
[2,] 0 5 0
(3,1 0 0 5

> |

And similarly in case if you want to choose here some other value and the diagonal
matrix suppose | want to create matrix in which the there are three rows and three
columns and all the values on the diagonal element they are 5 and all the other values on

the off diagonals they are 0.



So, in that case | have to simply use the same command here diag and then nrow equal to
3, ncol equal to 3. So, that it generates a 3 by 3 matrix and the value on the diagonal
elements is 5. So, if you try to see here it will give you this type of operation. And now
you think that in case if | want to have a matrix in which the diagonal elements are like
1, 2, 3 and off diagonal elements are 0.

How to do it, think about it? But before that let us try to first understand these operations

on the R console, so if you try to see here if you want to create such a matrix in which all
the elements are going to be 2.

(Refer Slide Time: 09:47)
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> x = matrix( nrow=4, ncol=2, data=2 )
> X
[,11 [,2]
[1:1 2 2
[2,] 2 2
[3,1 2 2
[4,] 2 2
> x = matrix( nrow=4, ncol=2, data=20 )
> X
[,11 (,2]
[1;:3 20 20
2,1 20 20
[3;1 20 20
[4,] 20 20
> |

Then let me try to show you here if you use the same command it gives you here 2. And
if you want to give here some other value say 20, then if you try to see here this will give
you all the values in the 4 by 2 matrix as 20.
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R RGu1 (64-bit) ar
file Edit View Misc Packages Windows Help
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> d = diag(l, nrow=4, ncol=4)
>d
[,11 [,21 [,31 [,4]

371 b & 0 0 0

[2,] 0 1 0 0

[3;1 0 0 1 0

[4,] 0 0 0 1

> d = diag (100, nrow=4, ncol=4)
>d

(11 ,21 [,3]1 [,4]
[1,] nl00 0 0 0

[2,] 0 100 0 0
(3,1 0 0 100 0
[4,] 0 0 0 100

And similarly in case if you try to define here a diagonal matrix say diag, then the data

here is 1 and suppose | define here nrow is equal to 4 and ncol is equal to 4, then this will
give me an identity matrix of order 4 like this. And if | try to change the value here on

the diagonal, suppose | want to have a 100. So now, you can see here this matrix here is
like this where all the diagonal values are here 100.

(Refer Slide Time: 10:33)

R RGu! (64-0) )

file EGit View Misc Packages Windows Help

EEEBOERE
R R Console ol > s
> d = diag(c(1,2,3,4), nrow=4, ncol=4)
>d
(.11 [,2] (,31 [,4]
[ b & 0 0 0
[2,3] 0 2 0 0
[3:1 0 0 3 0
4,1 0 0 0 4
> |

And as | ask you that if you want to suppose give here a values like here four values 1, 2,

3, 4 like this. So, then how to give it means on the diagonal the values are 1, 2, 3, 4 and
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off diagonal elements are 0. So, | can use here my logic and | can give here the data in
the using the data vector command and let us see what happens you can see here now so
this 1, 2, 3, and here 4.

So, you see now you can think that how you can combine different types of operations,
which are possible in matrix theory and then try to experiment with them try to play with

them and try to see what is really happening, right.

(Refer Slide Time: 11:12)

Matrix Operations: Transpose
Transpose of a matrix X: X’

> x = matrix(nrow=4, ncol=2, data=1:8, byrow=T )
> x

[,1] [,2]
[1,1
[2,1
[3,1]

[4,1]

SO Wwe=
oo NN

> x = matrix(nrow=4, ncol=2, data=1:8, byrow=T )

1) [.2)

w
S0 w
® o &

So, now after this | come to some more operations, | am sure that those who are familiar
with the matrix theory, they must be knowing about the transpose of a matrix. Transpose
of a matrix that means, the rows and columns are interchanged. For example, if I try to
take care of very simple example like as here if | take a matrix here 1, 2, 3, and here 4.
So now, in case if | try to find out the transpose of this matrix then these rows and
columns will be interchanged.

So, this first row this will become here like first column 1, 2 and this 2nd row will
become here 2nd column like this. So, if you want to do such an operation in the R
Software then how to get it done? So, for that suppose we define here a matrix of order 4
by 2, which has the data values 1, 2, 3, 4 up to 8 and by row is equal to TRUE and you
know that instead of using TRUE and FALSE we can also use here capital T and capital

F respectively.
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So, | try to use here t and then gives me here this type of matrix in which the

observations are row wise arranged you cansee 1234567 8.

(Refer Slide Time: 12:22)

Matrix Operations: Transpose

Transpose of a matrix X: X’
> xt = t(x)

> xt
[,1] [,2] [,3] [,4]
1 3 5 7
2 4 6 8
X = matrix(nrowsd, ncol=2, data=1:8, byrowsT )
.l : ); d 2(JL
12,) 3 4
3. (5] [s
) \7/ e
’ (121 (3] [.4)

Now, I try to find out its transpose, because the command to find out the transpose of a
matrix is simply T and inside the parenthesis, you have to write down the matrix. So, if
you see here | try to write down here T and inside parenthesis this is x and | try to give it

a name say here XT and now you can see here this is changed.

So, you can see here from the screenshot that this column which was 1 3 5 7, now this
becomes here a row. First column becomes first row and this 2nd column this is 2, 4, 6, 8
this becomes here a 2nd row. So, this is the transpose operation and you can very easily
do it in the R software.

(Refer Slide Time: 13:03)

Matrix Operations: Row and column sums

Finding the row and column sums
> x = matrix(nrow=4, ncol=2, data=c(1,2,3,4,5,6,7,8))

>0 =

[,1] [.,2]
1, 1 5
[2,1] 2 6
[3,1] 3 7
[4,] 4 8

NS 0
rowSums (x) Finds the sum of numbers in rows

colSums (x) Finds the sum of numbers in columns
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Similarly, in case if you want to find out the sum of the values in the rows and columns,
then how to get it done? So, | will just take an example to explain you. So, suppose |
define here a matrix like this which is a 4 by 2 matrix with the data 1 to 8 and it is here
like this. So now, in case if you want to find out the sum of the elements on the rows and
columns, what does this mean? If | try to say here the sum of the values in the first row

this is here 1 plus 5 which is here 6.

And similarly, in the 3rd row it is 3 plus 7 which is equal to here 10 and similarly in case
if you want to find out the values in the first column and try to find out their sum, this
will be 1 plus 2 plus 3 plus 4 which is equal to here 10. So, in order to do such operations
in the R software which are required many times while doing calculations we have a

command here row sums and column sums.

But if you try to see here how these commands have been spelled for rowSums itisrow
S um s, where this S which is the first S in the sum this is capital this is upper case and
similarly in the 2nd command c o | S u m s and in this case also this S is capital. So, this
will find the column sums. So, in case if you simply try to give here the rowSums or
colSums and inside the parenthesis you give the name of the matrix it will find out all the

sums.

(Refer Slide Time: 14:31)

Matrix Operations: Row and column means

> X

[1,
[2,

[3,
[4,

> rowSums (x)
[1] (6 8 10 12
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For example, you can see here first side first you try to look here, can see here row sums
of x it is 6, 8, 10, 12 and column sums of x is 10, 26 like this. So, if you try to see what it
IS trying to do? It is trying to add here 1 plus 5 which is here like this 2 plus 6 here 8, 3
plus 7 here this is 10 and 4 plus 8 it this is here 12.

And similarly, if you try to find out the column sums here 1 plus 2 plus 3 plus 4 this is
here 10 and 5 plus 6 plus 7 plus 8 which is here 26 and these are the values 6, 8, 10, 12
which are given here and these are the values 10 and 26 which are given here. So, you
can see here, right.

(Refer Slide Time: 15:16)

Matrix Operations: Row and column means

Finding the row and column means
> x = matrix(nrow=4, ncol=2, data=c(1,2,3,4,5,6,7,8))
> x

(.4 [,2]
[1/
[2,
[3,

[4,

[
= W N
o o0 O0N

rowMeans (x) Finds the means of rows

colMeans (x) Finds the means of columns

So, similarly instead of finding out the sums if you want to find out the arithmetic mean
of the values in the rows and columns, then similarly those values can be found very
easily. So, suppose if | try to take here the same matrix here which we have just
considered for finding over the row sums and column sums. So, we have this matrix here

and now we want to find out the arithmetic mean of the values in the rows and columns.

For example, if you try to see here, in the first row | have the values here 1 plus 5. So,
the arithmetic mean will be here 1 plus 5 divided by 2 which is here 3 and similarly if
you try to see the sum of the values in the first column 1 plus 2 plus 3 plus 4 divided by 4
which will be equal to here 10 upon 4 is equal to 2.5, right.
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So, in order to find out this means we have the command here rowMeans and colMeans,
but you have to be very careful that here this M this is in the uppercase alphabet, that is
capital M. So, the spelling here isr o w capital M e an s out of is e an s is again in the
lower case and similarly in the column means c o | in the lower case col then capital M
and then in the lower case alphabet e a n s and then inside the parenthesis you have to

give the name of the matrix.

(Refer Slide Time: 16:34)

Matrix Operations: Row and column means

> x
[,11] [,2]

[1,
[2,

s W N e

1
1
[3,1
[4,]

> rowMeans (x)
[1] 3456

> colMeans (x)
(1] 2.5 6.5

So, if you try to see this is the very simple operation, that if you try to look here it will
try to say here 1 plus 5 which is equal to here 1 plus 5 divided by 2 which is 3, then 2
plus 6 which is here 8 divided by 2 which is here 4 and then 3 plus 7 which is here 10, 10
divided by 2 which is here 5, 4 plus 8 which is here 12, 12 divided by 2 which is here 6.

So, this 3, 4, 5, 6 you can see here this has been obtained here in the command rowMean
x and the same output is obtained here 3, 4, 5, 6. Now in case if you want to find out the
column means you know that you have to find out the sum of the values in the first

column that is 1 plus 2 plus 3 plus 4 and then divided by 4 which will be here 2.5.

And the means of the value in the 2nd column it is 5 plus 6 plus 7 plus 8 divided by 4
which is here 6.5 and you can see here these 2 values are appearing here in the outcome
of the command called means, which is which are 2.5 and 6.5. So, let us try to do these

operations on the R console and then try to see how you can obtain them so, right, ok.

14



(Refer Slide Time: 17:50)

w0 oron S—— W e
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> %

[,11 [,2]
11,1 20 20
[2;] 20 20
[3,1 20 20
[4,] 20 20
> t(x)

F 11 (.21 (.31 L)
i3] 20 20 20 20
2,1 20 20 20 20
>

So, let us try to use our x which we had defined earlier, but this is all 20. So, if you try to

see here the transpose of this matrix here X, you can see here all the values are the same,

because it is a constant matrix and but the number of rows and number of columns are

changed. Here there are 4 rows and 2 columns, but now here there are 2 rows and 4

columns. So, why not to take the same example that we have considered here in our

slides?

(Refer Slide Time: 18:22)
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R R Console
> x = matrix(nrow=4, ncol=2,
> X
[,11 [,2]
[1,1 1 2
[2,1] 3 4
[3:1] 5 6
[4,] 7 8
> t(x)
[,11 [,2] [,3] [,4]
(a4 1 3 5 7
[2:] 2 4 6 8

data=1:8, byrow=T )

> e o ~ - BN N x oo s
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So, let us try to consider here the same matrix here this is here like this. So, this is the
matrix here. So, this matrix has 4 rows and 2 columns, ok and the data is arranged like 1,
2,3,4,5,6, 7, 8which are row wise. So now, if you try to find out its transpose then you
can see here this is changed. The first row becomes here the 1st column 2nd row 3 and 4

becomes here the 2nd column and so on. So, this is how the transpose operation is done.

(Refer Slide Time: 18:55)

[42) |[52
19 1 2
2:1 3 4
(3,1 5 6
4,1 7 8

> rowSums (x)

[y 3 711 15

> colSums (x)

[1] 16 20

> rowMeans (x)

[1] 1.5 3.5 5.5, 7.5
> colMeans (x)

[1] 4 5

>

ARG -

Now, we try to find out the rowSums colSums rowMeans and colMeans. So, let us try to
use the same matrix. So, if you try to see here if I try to find out here rowSums of here X,
this will come out of here like this 1 plus 2 this is 3 which is here like this 3 plus 4 is the

7 which is here like this and so on.

And similarly if you try to find out here colSums of this matrix here x this is here like 16
and 20, right, this is 1 plus 3 plus 5 plus 7 is 16 and so is the sum of the 2 plus 4 plus 6
plus 8 which is here 20. Now similarly if you want to find out the rowMeans here you
have to be very careful when you are trying to write down the spelling. So, rowMeans
will become here like this. So, you can see here every row has got the two elements. So,
if you simply try to divide 3, 7, 11, 15, by 2 you get here the rowMeans here like this 1.5,
3.5,5.5and 7.5.

And similarly if you want to find out here the column means, the column means of x is

obtained here like 4 and 5. So, there are four elements in the each of the column. So, if

16



you try to divide the column sums by 4 you get the answer which is here 16 divided by 4
is 4 and 20 divided by 4 is 5. So now, you can see here that these are very simple
operations, these are very elementary operations also, but when you are trying to do the
bigger programming you write the big programs, then possibly these concepts are going
to be used at many many places and that was my objective that why | have chosen this

operation.

But now | have taken very small number of operations, so that you can settle this concept
inside your mind and you have time to practice it. So, you try to practice this command
try to take some examples yourself and try to see that whatever calculation you are trying
to do manually, is it matching with the outcome on the R Software. So, you try to

practice it and | will see you in the next lecture till then goodbye.
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