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Lecture — 07
Arithmetic, Logical and Matrix operations in R

Welcome to lecture 6 of the R module in the course Data Science for Engineers. In the
previous lectures we have seen various data types of R, how to access R delete the
elements of the different data types and so on. Now, it is time to see how to perform

arithmetic, logical and matrix operations in R.
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In this lecture

* Arithmetic
* Logical
* Matrix operations

Avrithmetic, Logical and Matrix operations

In this lecture we are going to see how to do arithmetic operations, logical operations and

matrix operations in R.
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Arithmetic operations in R
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So, let us first look at the arithmetic operations.
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Arithmetic operations in R

Assignment

Addition
Subtraction
Multiplication
Division
Exponent
Remainder

Integer division

*
InRonly < ~'is valid for assignment operation where as in
R Studio both = and < =" will work
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R supports all the basic arithmetic operation, the first one is assignment operator. You
can use either is equal to or the back arrow to assign a value to be variable and standard
addition, subtraction, multiplication, division, integer division and remainder operations
are also available in R. In R back arrow is only the valid assignment operator whereas, as

an R studio both is equal to and back arrow R proper assignment operators.
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Hierarchy of operations

A=7-2x2 44
3

Order of Precedence

Bracket
Exponent
Division
Multiplication

Addition and
subtraction
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Let us look at the hierarchy of operations while performing the arithmetic operations in
R. So, it is similar to our normal Broadmarsh rule with bracket has the first importance
exponent has the second priority and followed by division, multiplication, addition and
subtraction. For your understanding you can type in this expression and then see what is
the value of a would be if you want to understand the order of precedence first we do not

have any brackets in here.

The next one is exponent the first this part 3 square will be evaluated that is 9 and the
next operation is division 27 by 9 will give you 3, 3 times 2 is 6 because the next
operation is multiplication. So, once you have 6 here what is the next operation?
Addition 6 is minus 6 because you have minus 1 here 7 plus 4 is 11, minus 6 and which

gives you value of A as 5.
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Next we move on to the logical operations in R. So, we have standard logical operations
such as less than less than or is equal to, great then, greater than equal to, equal to and so

on.
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Logical operations in R

Symbols Operation
Less than
Less than equal to

Greater than

Greater than equal to

Exactly equal to

Not equal to

N

o

s
S8

isTRUE Test if variable is TRUE

v N
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There are examples where you can see if you ask 2 is greater than 3 it will true a value
false because this statement to greater than 3 is not true. Similarly if you say 2 is equal to

3 it will also say false because 2 is not equal to 3. When you execute this command 2 not



equal to 3 it will give answer as true because 2 is not equal to 3. So, this is the summary

of logical operations that can be performed in R.
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[ Matrix operations in R ]
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Next we move to the important class of operations that are needed for data analysis
problems. Most of the data we will treat them as matrices. So, matrix operations play a

key R important role by solving the data analysis problems.
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Matrices

A matrix is a rectangular arrangement of numbers in
rows and columns

Rows run horizontally and columns run vertically

[
492 |y i 49
567 3
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Let us first define what matrices are. A matrix is a rectangular arrangement of numbers in

rows and columns in a matrix as we know rows are the ones which run horizontally and



columns are the ones which run vertically. These are the examples of matrices. This
matrix has 3 rows and 3 columns, and this matrix has 3 rows and 1 column, and this has

1 row and 3 columns.
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Creating matrices

Follow these steps to create a matrix
1. Open a curve bracket,
A = matrix()
2. Enter the sequence of elements,
A= matrix(c(1,2,3,4,5,6,7,8,9))
3. Specify the parameters nrow, ncol, byrow

A= matrix(c(1,2,3,4,5,6,7,8,9), nrow =3,
ncol=3,byrow=TRUE]}

Console This parameter decides
> ! 4,3,6 ) how values in the vector
would be assigned i.e. “by
row” or not

i 7 8
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Now, let us see how to create matrices in R. To create a matrix in R you need to use the
function called matrix. The arguments to this matrix are the set of elements that are
needed to be the elements of the matrix. You have to pass how many number of rows,
you want to have how many number of columns, you want to have in your matrix and
this is the important one by row usually R arranges the elements you have entered in a
column fashion, if you want the elements that are given to be entered in a row as fashion

you have to say by row as true the default option for by row is false.

Now, we have seen; what are the things that are involved in creating a matrix. Let us
create a matrix with the elements 1 to 9 which is containing 3 rows and 3 columns and
you want to fill the elements in a row wise fashion this is the command which does this

and if you see the outputis 12345 6 7 8 9 that are filled in a row wise fashion.
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Creating special matrices

Different ways of creating matrices:

a. Matrix where all rows and columns
are filled by a single constant ‘K.

» Fork=3, with ‘m’ rows & '’
columns
Command :matrix(3,m,n)
b. Diagonal matrix:

» Values in diagonal, similar to
‘matrix()"

» Mention 'k’ as constant/array in
first parameter.

» Command: diag(k,m,n)
c. Identity matrix:

» Use ‘diag()’ command with k=1
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Now, let us see how to create some fashion matrices in R the first one is scalar matrix
which contains all the rows and columns that are filled by single constant k. So, we need
to specify the value to be 3 and you have to specify the number of rows you want and the
number of columns you want. So, you want to fill all the rows and columns with the
element 3 which is a matrix which contains 3 rows and 4 columns. So, you have

specified 3, 3 and 4 when you do that you will get the matrix printed like this.

So, the command is matrix this is the element you want to print in all the rows and
columns you have to specify how many rows and how many columns. Next we see how
to create diagonal matrix the inputs you have to give for the diagonal matrix is the
elements which you want to have in the diagonal and the dimension of the matrix. So,
this is the command diag, the elements are vector of elements you want to have as
diagonal elements and the rows and number of columns. So, see this example we want 4
5 6 ask the elements of our diagonals and you want to have a 3 by 3 matrix you can use
this command and you can see that 4 5 and 6 are your elements in the diagonal and the

rest of the elements are there.

How do you create identity matrix? You can create an identity matrices in the diag
command with the values in the diagonals has to be 1 and then let us say you want to
create a 3 by 3 identity matrix you have to specify then rows as 3 and number of columns

as 3 and it will put 1 in the diagonals with all other elements as 0.
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Exercise: Creating matrices

Create the following matrices in R

g [V

: 3=
-2 0 oS
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Now, as an exercise you can try creating the following matrices in R.
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Matrix metrics

# create a matrix A

A= matrix(c(1,2,3,4,5,6,7,8,9), nrow =3,
ncol=3, byrow=TRUE )

Finding the size of the matrix, A:
dim(A) will return the size of the matrix

nrow(A) will return the number of rows

ncol(A) will return the number of
columns

prod(dim(A)) or length(A) will return
the number of elements
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Next we move on to matrix metrics once a matrix is created how can you know the
dimension of the matrix? How can you know how many rows are there in the matrix?
How many columns are in the matrix? How many elements are there in the matrix is the

questions we generally wanted to answer.

We can use the following comments to know all of this. Dimension of A will return the

size of the matrix that will say what is the size of the matrix that isitisa 3 by 3 or4 by 5



and so on, n row of a will return you number of rows and n column of you will return
you number of columns. Either length of a or product of dimensions of A will return the
number of elements that are existing in the matrix. For the matrix A which is created by
using this command we can find that dimension of A will give you 3 by 3 because it
contains 3 rows and 3 columns number of rows is 3 and number of columns is 3 and the

number of elements that are present in the matrix is 9.
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Accessing, editing, deleting in elements in matrices

They follow the same convention
as dataframes such as

+ Array/value before*,” for
accessing rows

13
Array/value before“)” for
accessing columns

use of ' for removing
rows/columns

Strings can be assigned as
names of rows and columns
using:

+ rownames() and
Colnames()
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We can access, edit and delete elements in the matrices using the same convention that is
followed in data frames. So, you will have a matrix and followed by a square bracket
with a comma in between array and values before the comma is used to access rows and
array or value that is after comma is used to access columns. If you want to remove some
columns you need to add a negative symbol before the rows or columns, and you can
also assign strings as names of rows and columns by using the commands row names and

row columns.

Here we have created a matrix A which are having the elements 1 2345689 1 and it is
a 3 by 3 matrix and we want to fill the elements row wise and we can now name the
columns as a b ¢ and name the rows as d e f. Once you do that and print a you can see
that this column is named as a, and this column is named as b, and this column is named
as c¢. Similarly we can see that row one is named as d, row 2 is named as e and row 3 is

named as f.



Now, let us suppose you want to access the first two columns you can use the same
convention as what we have used for data frames, A with the square bracket nothing
before the comma and then you want access 1 to 2 that is first two columns of a you have

to give that array here and then it will access the first two columns of A.

You can also access the columns using the names of the column as we have seen in the
data frames. So, you want to access the columns a and c; that means, columns 1 and 3
you can do so, by specifying the names of the columns. Similarly you can also access the
rows by using the names of the rows. You want to access first and third row which are
having the names d and f, you can do so by using this command you want access row d

and row f and all the columns. So, the output is shown here.
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Accessing an entry of a matrix

O

A= ey First row, second column

> A[1,2]
78 " o 2
>

Second row, third column

> A[2,3]
1] 6
>

The part before the comma should be the row number
The part after the comma should be the column number
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If you want to access an entry of a matrix you can use the similar convention. For
example if you want to access this element it is in the first row and the second column
the command you need to use is in the matrix A fetch the element which is in the first
row and in the second column that will give you the output 2. And for example, if you
want to access this element 6 you have to say it is in the second row and the third column
you have to say A of 2 comma 3 it is give an output 6. As we have seen earlier the part
before the comma should refer to the row number and the part after the comma should

refer to the column number.
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Accessing a column

o Specify the column index
o Leave the rows index unspecified

o This means accessing all row elements of the given
column index

I3
s Al
A4=|M 5 6 1147
7l 8 9 >
All rows in
first column
m

Now, let us see how to access a column of a matrix. So, specify the column index which
you want access and leave the rows index unspecified. This means you are accessing all
the row elements of a given column index. So, for example, if you want to access first
column of the matrix A, what you need to do is A of all the rows and first column which

will give you the output 1 4 7.
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Accessing a row

Leaving the column index empty
means choose all the columns

How do you access the last row ?
Alnrow(A), ]
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Similar to accessing a column we can access a row of a matrix. What you need to do is

you need to specify the row which you want to access and specify nothing in the column



index which says access all the columns. If you want to access row 2 you have to specify
in the row ID as 2 and leave empty space in the column ID and so that row two all the

columns will print it and you will be able to access 4 5 6.

For you to think about how do you access the last row. Can you do something like this?

You figure out by trying on your own.
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Accessing everything but one column

+ Access the column that has to be avoided and then put
a ‘-’ sign in front of it
For example: A[ ,-2]

This will fetch all the columns except the 2nd
column

Avrithmetic, Logical and Matrix operations

Next we will see how do access everything, but one column. I want to access in this
matrix this part 1 4 7 and 3 6 9 I do not want this column to be in the matrix where |

want to access.

So, now what I have to do is it is like eliminating this column from the matrix you can do
so by having a negative symbol before this is the second column you can say all the rows
I want and I want to take this second column off and if I assign it back to A, I will get A
as 14 7 and 3 6 9 or if you just print this a of all comma minus 2 it will give the desired

result whichis 14 7and 3 6 9.



(Refer Slide Time: 13:09)

Accessing everything but one row

TN > Al-2,]
L1 [,2] [,3]
Adi=5r6 i il
| 7 8 9
%8 9 > :

o Access the row that has to be avoided and then put a -’
sign in front of it

For example: A[-2, ]
This will fetch all the row except the 2nd row
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Similar to the one which you have seen in the earlier slide you can also access
everything, but one row all you need to do is for example, if you want to access all the
parts of a except this row you can do so by using this command I want to take the second
row off and I want to have all the columns. Now, once when you do this command you

will say 1 2 3 and 7 8 9 will be printed as your output.
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Exercise: Accessing elements of a matrix

Do the following in R

Assign the following matrix
b

(i ATl
4=4 4 6
4= 12
* Change the element 12 to 13

+ Access the second row and the third column

+ Listall the elements in the second column and third row
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As an exercise to access elements of a matrix you can try solving this problems that are

given.
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Colon operator

Colon operator can be used to create a row matrix

>1:10

B 1234508080808
b

*10:1
Elwose 7 &34 3310
>
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Now, we will introduce what is called as a colon operator. Colon operator is used to
create an array of elements with equal width for example, if I type in 1 to 10 it will create
numbers from 1 to 10 with gap of 1. I can also reverse the order it will print from 10 to 1
with a gap of 1. Why is this colon important? If you would have realized I would have
used something similar while accessing the number of rows or columns in the previous

slides. Let us look how to do this.
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Colon operator: sub matrices selection

The colon notation can also be used to pick sub-matrices

Sub-matrix
) o
A=|4 5
8l

The sub-matrix occupies the first three rows and the first two columns

> A[1:3,1:2] > A[1:3,-3] > A[,1:2]

[11] [12] [11] [12] ['1] [’2]
M1 2 o B e L T R
23 4 5 B 4§ [l 4 B
RS E e e
> >
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For example if you want to select a part of matrix which has sub matrix you can use this
colon operator ok. So, let us now see if I want to access the first 3 rows and the first 2
columns of this matrix, how do I do this? I want to access rows 1 to 3 and also access
columns 1 to 2 do. So, you can see this colon operator is helping us in accessing the sub

matrices from the matrix.

In this example what does it says is | want to access all the 3 rows and I do not want the
third column. This is same operation, but done in a different fashion. You can also do the
same | want to access all the rows, but it has to be coming from first two columns only.
So, you can see that you can access sub matrix in different fashions depending upon the

way you are comfortable with.
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Accessing submatrices: Example 2

aBf
i )
A=ldoi 506

T 8

78]

> Alc(1,3),1:2] > Ale(1,3),c(1,2)]
[)1] [)2] [\,’1] [’2]

1 2 B 1 2
[2,] 7 8 2] A 8
> %
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So, this is another example of accessing sub matrices if I want to access this 1 comma 2
and 7 comma 8 and have it as a sub matrix separately how do I do this. I want to access
rows 1 and 3 and what are the columns I need to access in the columns 1 and 2. So, I
have to say in the columns 1 and 2 access the elements which are in the row 1 and row 3,
that brings me the matrix. You can use the concatenation operator also for both the
arguments like shown here you can use ¢ of 1 comma 3 and c of 1 comma 2 which gives

you the desired result.
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Exercise: Accessing sub-matrices

2413
A=1|[4] 5 |6

et

a3
How do you access this sub-matrix { 4 6} 9
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You can try this as an exercise for accessing sub matrices.
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Matrix concatenation

+ Matrix concatenation refers to merging of a row
or column to a matrix

+ Concatenation of a row to a matrix is done
using rhind()

+ Concatenation of a column to a matrix is done
using chind()

* Consistency of the dimensions between the
matrix and the vector should be checked before
concatenation
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Next we move on to another important operation on matrices which is matrix
concatenation. Matrix concatenation refers to merging of rows or columns to an existing
matrix. If you want to add a row to the existing matrix you can do so by using R bind
command. If you want to add a column to a matrix you can do so by using ¢ bind

command. So, one thing you have to keep in mind is you have to make sure the



consistency of dimensions before you do this matrix concatenation. Let us illustrate how

an R bind works.
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Matrix concatenation - rbind()

B=[10 11 12]

263
4=14 5 6
iEEs=E0

A
Use rbind() to append B row C =
vector to the rows of A

>C= thjnd(A.B)
>
>iE

(11 2] 3]
L 2 3

R 4 5 6
By 7 8 9
4] 10 11 12
>
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Let us suppose we have a matrix A and matrix B and you want to concatenate this matrix
B as a row in matrix A that can be done using the R bind command which is shown here.
I am concatenated matrix B to the matrix A and I am assigning it to the variable C. So,
when you do this command you can see that the matrix C is having the row 10 11 12

which is the matrix B and is concatenated to the matrix A.
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Matrix concatenation - cbind()

Ji it 10
A=|4 5 6 B=|11
ghatan) 12
Use cbind() to append B column
vector to the columns of A €= [A B ]

> € = chind(a,8)
>

-

[,1] [,2] [,3] [,4]
B B2 My
) 4 5 & 11
BN & 8 9 12
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Now, let us see the C bind. Let us say you have this matrix A and we have matrix B
which is shown in the screen you want to concatenate this B matrix with the columns of
A. You can do so by using the C bind command which is shown here C by pass the first
matrix A and second matrix B and assign it to the variable C. When you print the C you

can see that the matrix B has been concatenated as a column to the matrix A.
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Dimension inconsistency —cbind)

B=[lo 11 12]

co w9
O ON W

Can these two matrices be merged to give

¢ =lt g

> 0 = chind(4,8)
error in chind(A, B) : number of rows of matrices must match (see arg 2)
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Now, let us try to concatenate this B to this matrix A using C bind. What would do you
expect? We expect an error because A is having the dimension 3 by 3, but B is having 1
by 3. If I want to do a column bind the dimension of matrix B would have been 3 by 1,
but it is 1 by 3 which is inconsistent that is why you will get an error, error in C bind of A

number of matrices must match.
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Fixing the dimension inconsistency

28
A=4 5 6
> C = cbind(A,B)
s Qi >
5 O
10 " [,11 [,2% [,3% [,i(])
=1 Bl -2 8 &0
1 o R P S
>
C=[4 B]
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Now, if you want to resolve this dimension inconsistency you have to transpose this B
and then have this as 3 by 1 and now A is 3 by 1 now you can easily do the C bind
operation by using C bind command C bind of A comma B and assign it to C. Now, you

can see that this C bind it happened and the B is concatenated to the matrix A.
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Deleting a column

1123
A=|4 5] 6
i o) e

+ Access the column that has to be deleted and then put
a ‘-’ sign in front of it
For example: A=A[ ,-2]
This will fetch all the columns
except the 2nd column

> A[,-2]

[,1] [,2]
H.ir 2 B
[2,] 4 6
[3,] i/ 9
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You have seen how to delete a column, you can use negative symbol before the columns

which you want to delete and then assign it to A you will see that the required output is

printed.
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Deleting a row
s
A=]4 5 6
89

» Access the row that has to be deleted and then put a
*-"sign in front of it
For example: A=A[-2, ]
o This will fetch all the rows except the 2nd row

> Al-2,]

[,1] [,2] [,3]
EHE R
Bl 7 & B8
>
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Similar to what we have seen in the earlier slide we can also delete a row from the matrix
which is, let us suppose we want to delete this row 2 you have to say minus 2 and then
all columns and then assign it back to A. You can see that in the output the row 2 is

deleted.
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Matrix algebra

¢ Addition/subtraction

¢ Multiplication

¢ Matrix Operations in R

¢ Matrix Division
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Now, let us see how to do algebraic operations on matrices such as addition, subtraction,

multiplication and matrix division in R.
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Matrix addition/subtraction & multiplication
[y
A=|4 5 6
_8 9 1_3><3
B 1
40k 1
_5 1 2_
Element-wise multiplication is
based on multiplication

between corresponding
elements of two matrices.
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oo
1]

3x3

Let us suppose we have two matrices A and B which are shown here. Matrix addition is
straight forward you can say A plus B you will get the output. So, 1 plus 3 is 4, 2 plus 1
is 3, and 3 plus 3 is 6 you will see the element wise operation happens that is what

normal matrix operation is also about.

So, you can also do the subtraction, multiplication is little bit trickier when you say A has
trick B it will perform element wise multiplication such as 1 into 3 is 3, 2 into 1 is 2 and
3 into 3 is 9. But if you want to have a regular matrix multiplication you have to use
percentage symbol before and after this hash trick that will perform the regular matrix

operation.
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Matrix division

A WARNING :

The following operation is not inverse of a matrix

but element wise division between matrices A & B.

fhs b
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Now, let us look at matrix division. Let us say you have two matrices A and B which are
4916 25, and 2 3 4 5 respectively. Now, if I do A by B what it does is element wise
division, but not the inverse of a matrix. So, you have created matrix A matrix B and then
if you do A by B you will see that 4 by 2 is 2 9 by 3 is 3, 16 by 4 is 4. So, let us suppose
you have two matrices A and B as shown in the figure when you do A by B it will

perform an element wise division, but not the inverse of a matrix.

In this video we have seen how to do arithmetic logical and matrix operations in R. In
the next lecture we are going to discuss about how to write functions in R, and how to

invoke them, how to use them to perform the task we wanted.

Thank you.



