Data Analysis for Biologists
Professor Biplab Bose
Department of Biosciences and Bioengineering
Mehta Family School of Data Science and Artificial Intelligence
Indian Institute of Technology Guwahati
Lecture 19
Linear algebra using R

Hello everyone, welcome back. In week 2, we have learned about linear algebra. And in this
lecture, I will imply implement those concepts that we have learned in linear algebra course
using R. So, in this lecture, we will start with vectors, we will do vector operations, then we
will move into matrices and do matrix operations like multiplication of matrices, calculating

the determinant of a matrix something like that.

And eventually, we will solve a system of linear equations using matrix algebra, linear
algebra. So, let us start with vectors, I will create vectors and then perform the vector
additions like vectors multiplication, and all other things that we have learned in linear

algebra on vectors.
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I will show you creation of vector using a two function one is ¢ and other one is a sequence,
both of these you have made earlier in the previous lectures. So, let us start with ¢ function. I

want to combine some data to create a vector. So, I have five data values 1, 3, 5, 7 and 9, 1



want to combine them together using the ¢ function so that I will create a new variable u as

written here in the code and that u will be vector, 1-dimensional list.

So, if I execute u assign to ¢ and those values then u is created in the environment you can
see u has been created. Now, I can print u and you can see, it is saying u is 1, is a list of 1, 3,
5,7, 9. So, we can call it as a vector, it is a 1-dimensional list so I can call it a vector. Now,

apart from c¢ as we have learned earlier, I can create a vector using the sequence function also.
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So, let us do that. So, what I am doing here in this, I want to create a vector that will start
with 12. And it will go up to 46 with an increment of 8, that is what I do in sequence
function, we give the first value the lowest value or the first value and then we give the upper
limit and we give the increment, so that is what I have given here, 12 is the first value, 46 is

the last value, 8 is the increment.

So, let me execute that and that will give me a v vector because I assign that to v. So, if I print
v, I can see it is starting with 12, then we are adding 8§, so it is becoming 20 and it is going up
to 44 because if I add 44 plus 8, it will be 52. So, I cannot go beyond 46. So, it stops at 44.
So, I have got two vectors. So, I have created these two vectors, you can read a data file and

extract vectors also, we have done that earlier.



Now, once I have got the vector, one important thing that we have to understand is indexing
of it. What is a vector? If you remember we have said that vectors are stacked numbers. So,
now, if I have stacked numbers, 10 numbers, 3 numbers or 4 numbers, I should be able to
label them. So, in R level start from 1 to or 2, 3, 4 something like that. So, I may ask that
okay, I want a third number in my vector. So, that is a third index. So, I should be able to get

a particular value of having a particular index number to that. So, let us try to do that.
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So, how would you write it? We write the vector name, and then we put the index number or
element number. For example, as I have shown in the script, if [ have created a u vector, few
seconds back if you look here in the console, u is 1, 3, 5, 7, 9. These five numbers stacked. I
want to get the third number, what will be the third number, third number will be 5. The first

number is 1, second number is 3, the third number is 5.

So, I want to get the third number. So, how I should write? I should write it u and in the
square bracket I should write that index 3. So, u in square bracket 3 means it tells R that okay,
I want the third element of this u vector, and then I am putting it under the print so that I can
print it. Let us print that. So, it says 5, obviously, because the 5 is the third element or the

third number in my vector u.

So, this is how you actually use indexing of vector, you may want a part of that vector and do

some further calculations. Now, in the lecture on vector and vector operations in the last



week, we have learned about addition of vectors and multiplication of vector. So, let us start
with addition. So, addition can be of two type, I may add two vectors, I may add a scalar to a

vector also, the simplest one is always the addition of a scalar to a vector.
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So, suppose I want to add 2, 2 is a scalar value thing, to a vector u, to the vector u, u we have
created few minutes back. So, how do I do a simple addition, I have to use the addition
operator the plus sign here. So, u plus 2 will be summation of a vector u and the scalar 2, and
it will give me a new vector, which I have assigned to p, and then I am printing this. So, let

me execute both of them together.

So, what I have got, I have got a new vector 3, 5, 7, 9, 11, you can easily see my original

vector u has 1, 3, 5, 7, 9. So, if I add 2 to them, the first element will become 3, the second



element will become 5, and so on. So, I have done scalar addition. Now, I want to do vector
addition. I want to add two vectors. So, it should be similar, I only add the addition operator

here.
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So, here what I am doing, I have created earlier two vectors, u and v and I want to join them,
sum them together using the addition operator. And I will assign this whole thing to a new
vector . And then in the next line, I am asking to print the g, so that I can check what is that

vector created by addition.

So, that is what we have got, we have got a new vector q with elements of the values 13, 23,
33, 43 and 53. So, we have learned addition, it is very simple to do. Now, we move into
multiplication, again, just like addition, I can have a scalar multiplication, and I can have

multiplication between vectors. So, start with the scalar one, the simplest one.
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So, for scalar multiplication, suppose I want to multiply the v vector with 2. So, what I will
write, I will write 2, and then I will give the star, the star is the operator for multiplication if
you remember, and then the vector I have written and I am assigning that because this
multiplication will give me another vector. So, I am assigning that vector to a, new variable,

and then in the next line, I am printing a so that I can check it.

So, let us execute this. So, I have done the multiplication, scalar multiplication and let me
print it. My v if you see, let me expand the console v is 12, 20, 28 and so on. So, if I multiply
by 2, I should be, it should become 24, 40 something like that and that is what has happened



here. You can see a is a vector with first element 24, second one is 40 and so on. So, I have

performed scalar multiplication.

Now, I want to multiply two vectors. And when it comes to multiplication of two vectors, we
talk, we are talking about here about the dot product. So, I want the dot product between two
vectors. Now, you can do dot product by using the explicit definition how we have defined

dot product and then you can use the base operator and base functions of R to do that.
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But there is a library of R which is named as geometry, geometry library. And that library has
a function called dot and that can do it in one line, the whole calculation of the dot product.
So, just I have to give the two vectors as a argument to this dot function and it will give me
the dot product. So, what I have done here, I have already installed this geometry library. If
you do not know how to install, I will just show you briefly you go to this tool for this R

Studio and then you click on this install package then it will ask what you want to install.

So, you can write here geometry and then you would simply click Install, I have already

installed it so I will not do anything further. Now, once you have installed the library in R



does not mean that library is now accessible to you while you are working. You have to make
that library accessible to the session current session of work. So, how we do that for any

library, if you have to incorporate in the current session, you have to call that library.
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So, we call that by using the function library, and then as the argument in the round bracket,
you have to put the name of the library that you are calling and then you will use
subsequently. So, I want to use the dot function, which is part of the geometry library, which I
have installed earlier. Now, I want to use the dot, so I have to call the geometry library. So, I

am calling geometry library here, in this line.

So, let me call that and the geometry library is now loaded in this session. So, now, what I
will do, I will use this dot function to calculate dot product between u and v. So, u and v will
be two arguments for this function dot. And if you remember, what should I get by the dot
product? Do you remember? I should get a scalar. So, it is a scalar product. So, I am

assigning that value to b.

So, let us perform that dot product. I have done the dot product calculation, now I want to
print it, it is 860. So, I have shown you how to do simply the addition and multiplication in R
for vectors. Now in vectors lecture, if you do not remember, go back and check we have also

learned about magnitude or norm of a vector, we have learned what is called unit vectors,



then we have learned what is the angle between two vectors. So, now, I will implement those

in R.
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So, the first thing that I will check is how to calculate the magnitude of a vector in R. So,
what I will do, I will use norm function which is a base function present in the base R. So,
these norm function will take two argument at least, that is one should be the vector for which
you calculate the norm. And then you have to specify what type of norm. There are many
types of norm, actually, the magnitude that we calculate for a vector is called the second

norm, norm 2.

So, I have to specify that. So, what I am doing here in this line, I am saying that okay, you
calculate norm, I am calling the norm function. And I am giving two inputs, two arguments, u
is a vector for which I want to calculate the magnitude. And I am writing type is equal to 2.
So, I am asking it to calculate the second norm, and it should assign that value, that will be a

scalar value to x, and in the next line, I will print that value.

So, let me execute both of them together. So, it says the second norm or magnitude of my
vector u is 12.84 something. So, I have calculated the norm. Now, I want to calculate unit
vector. If you remember, unit vector is nothing but dividing a vector by its magnitude. So,
you have taken a vector and you are normalizing with respect to its magnitude, so you will

divide that vector by the second norm. So, that is what I will do simply.
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So, that is what I am doing here in this line, I am taking that u vector, because I want to create
a unit vector corresponding to u. So, I am taking that u vector, and then dividing it by its
magnitude, just now I calculated the magnitude using the norm function. So, I am using the

same norm function again.

And I will get a new vector, remember, unit vector is a vector, and I get a new vector that I
assign to a variable called i. So, 1 will be my unit vector corresponding to u. So, I execute
that, the i is created, but I want to see it. So, I write print i, and this is what I got. This is your
unit vector corresponding to the vector u that we created earlier. So, just by simply dividing

the norm, I got it.

(Refer Slide Time: 14:08)



He e

O g 6 wesk JAR O lec b week 3R 0 lgc b west_ICR = Environment -

Wil *hn S o - * M- YATIME - |
LI3% # Unt “ i~ i GlobsEnironment
123+ # An wo vectors in Radian
124 values
125 # cos(theta) = (dot product of vl & v2)/(norm of v norm of v2) a num [1:5] 2.
126 # acos() calculates the cos inverse b 860
i;; | . " . S i num [1:5] 0.
- theta <- acos(dot{u, v)/(norm(u, type="2")*norm(v, type ) 3 U [
130 print{theta)] q nun [1:5] 1.
131 theta 0,130803610..
132 u num [1:5] 1.
1013 @ Angle betwaen two vectars in Radian & R Seript & v num [1:5] 1.
- % 12.84523257..
R R412 - Cidaby -
> theta <~ acos(dot(u, v)/(norm{u, type="2")*norm(v, type="2"))) e
. Plats -
> print{theta)
[1] 0.1308036 -2 Export =

> 1

theta «— acos(dot(u, v) / norm(u, type = “2”)* norm(v, type = “2”))
print(theta)

Now, I will go to the last operations for vectors that you have learned in our earlier lecture is
that angle between two vectors. So, let me explain what is the angle, how we define the angle
between two vectors. Usually, we know the relationship that the angle, the angle is theta,
angle between two vectors is theta, then the Cos of that, Cos theta is equal to dot product of

these two vectors.

Suppose that two vectors are vl and v2. So, you take a dot product of this vector and divide
by the product of the magnitude of vl and magnitude of v2. So, that is we know is the
definition of Cos theta, when the theta is the angle between two vectors. So, I will use this
formula to calculate Cos theta, and then I will inverse it, so that I will use Cos inverse to get

the value of theta. So, how I am doing it, it is bit long, I will extend this.

So, the first thing is I have to take that dot product of vl and v2 two vectors. So, [ am using
two vectors u and v. So, here I have taken it dot of u and v, so I am using the dot function to
calculate the dot product, then I have to divide that by norm of these two vectors. So, the first
thing I am taking and in the denominator here, you see the division operator, and then I am
dividing by norm of u and the second norm of v, they are multiplied by this multiplication

operator.

So, this whole thing, this whole thing will give me Cos theta, but I want to know the angle in

radians. So, I will use Cos inverse. So, that is why I use a Cos function. And that Cos



function will invert this and will give me the angle which I assigned to theta, theta is the
angle in radian. And in the next line, I want to print that angle. So, it says the angle between

these two vectors u and v is 0.1308 in radians.

So, it is very easy to do, once I have the dot function and norm function, I can easily do that.
That is all for vectors, there are many other things that you can play around with vectors, but
we will not go into those, I am sticking to what we have discussed in our linear algebra
classes. So, now I will move to matrices and I will create first matrices, I will show how to
create matrices. And then we will do matrix operations like multiplication, addition, then we
have to learn eigen value, how to calculate eigen value, eigen vectors, determinant of a matrix

and so on.
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So, let us start with creation of a matrix. How can I create a matrix? Here, I will show four
methods. The first one will use the matrix function, then the second one I will show using
cbind function, the third with rbind, and eventually I will show how to convert a data frame,
if you know the table format of data into matrix. So, let us start with first the matrix function,
how the matrix function helps us? Matrix function will convert a vector into a matrix. So, I
will give a vector as an input to this matrix function and it will convert it into a matrix. So, let

me explain with an example.
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11 # create vector
values
12 d<- c(1:10)
13 a num [1:5] 24 40 56 72_
14 # create matrix using the vector b 860
15 m <- matrix(d, nrow = 2, ncol = 5, byrow = FALSE) d int [1:10] 12345 .
16 ) i num [1:5] 0.0778 0.23_
:; print(m) p num [1:5] 357911
Bl ¢ chack the class q num [1:5] 13 23 33 43
= e ~ theta  0.130803610419503
1214 [0 (1) Use matrix]) furction = R Seriph 3 u num [1:5] 13579
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> # create vector —
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<& Baport *

> d
Rl 2 3 4 5 6 7 8 0 108
X

dec(1 : 10)



m<«— matrix(d, nrow = 2, ncol = 5, byrow = FALSE)
print(m)

So, in the first line, here, I am creating a vector d using ¢ function. And I am saying start with
1 end at 10. So, it will start at 1 and then take 2, 3 and 4 up to 10 and it will create a vector d.
So, let me execute that. So, now it has created I can show you here this is d, it is written d and

I have got those numbers. I can see also here in the console, if I write d I can see the vector.

Now, I want to convert these vector which is values from 1 to 10 into a matrix, that means I
have to break it in part and arrange them so that this 1-dimensional thing will become a
2-dimensional thing. So, that means I have to tell the function, who will do this job, the
matrix function will do this job, that means I have to tell matrix function that how many rows

I want and how many columns I want.

So, that is what I have done here. I am calling the matrix function. And the arguments are
within the round bracket. The first argument is d of this is the vector which is the input, and
then I am telling how many rows and how many columns. Here, I have said the n row, that is
number of rows that I want in the new matrix is 2 and the number of columns ncol is equal to

5,2 into 5 is 10. And I have 10 element, 10 numbers in my vector d.

So, that means I want to take these 10 numbers which are arranged in 1-dimension, and I
want to break them to create two rows and five columns. Now, you can do it in two way. So,
you can start like this. You can arrange them the 1, 2, 3,4, 5and 6, 7, 8, 9, 10, something like
that. So, that will be row wise, or you can start with 1, 2, 3, 4, 5, 6, something like that, that
will be column wise. So, that is why the last argument here is by row and I have said FALSE.
That means I do not want to row wise, I want column wise. Let me execute it. It will be more

clear.
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:i £ G m o int [1:2, 1:5]12 .
14 # create matrix using the vector values
15 m <- matrix(d, nrow = 2, ncol = 5, byrow = FALSE) a num [1:5] 24 40 56 72.
16 b 860
:; print(m} d int [1:10] 12345 _
RSB ¢ chack the class i num [1:5] 0.0778 0,23
M rlassim * p num [1:5) 357911
1551 6 () Use matriz() function 2 RSeript = q num [1:5] 13 23 33 43_
: =  theta 0.130803610419603 v
(R R412 - Cidaby =U
> # create vector -
> d < c(1:10) o =0
>d -2 Expart =
] 123 4567 8 910
> # create matrix using the vector
> m < matrix(d, nrow = 2, ncol = §, byrow = FALSE)
>
0 kindo -
Fe  Edt Code View Ploir  Seson  Buld  Debeg  Podle  Took  Hep
O lec 6 week JAR % O lec 6 week 38R m2 O lee f week 3CR = Environment =0
Fiter ) R BT R
“n v Vi va vs R = | il Global Enviranment = | O
1 1 3 5 7 ] Data
2 2 A - . o m int [1:2, 1:5]12 ..
values
a num [1:5] 24 40 56 72.

b 860

d int [1:10] 12345

i num [1:5] 0.0778 0.23.

p num [1:5] 357911
Showing 140 2 of 2 entries, 5 total columng q num [1:5] 13 23 33 43
i

e _t heta 0.130803610419603 g
» & create vector -
> d <= c(1:10) ot &L
s d -2 Bport +

11 1234567 8910

> # create matrix using the vector

> m <- matrix(d, nrow = 2, ncol = 5, byrow = FALSE)

> View(m)

> View(m)

>

d<—c(1:10)

m<«— matrix(d, nrow = 2, ncol = 5, byrow = FALSE)
print(m)

class(m)

I have created m. You can go to this environment m double click it and you can see it here.
See, originally [ have 1 2 3 4 so on up to 10. Now, I have broken that in two row five column,
but not row wise, | have said row wise is equal to FALSE, by row is FALSE. So, that means
it is column row wise, that is why it is taken 1 234 56 7 8 9 10. So, that is how it has

arranged.
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11 # create vector
Data
12 d < c(1:10) -
13 m int [1:2, 1:5) 16 ..
14 # create matrix using the vector Vatues
15 m <- matrix(d, nrow = 2, ncol = 5, byrow = TRUE) a num [1:5] 24 40 56 72
6 b 860
:; print(m) d int [1:10) 1234 5 _
Bl 3 check tha clazs i num [1:5] 0.0778 0,23
M classim) = num [1:5) 357911
1549 0 (1) Use matriv]) function RSeript 2 q num [1:5] 13 23 33 43.
h L)
@ RAIZ- Cliy o | theta 0.130803610419603 .
4 ® LiTmaLE vewLws =
> d <= c(1:10) Plats =0
>d - .
] 123456748510 Zic
> # create matrix using the vector
> m <= matrix(d, nrow = 2, ncol = §, byrow = FALSE)
> View(m)
> View(m)
> # create matrix using the vector
> m <- matrix(d, nrow = 2, ncol = 5, byrow = TRUE)
>
Dsde - 8 X
Fle  Fdt Code View Pots Seson Bkl Debeg  Pofle  Took  Help
O lec 6. week JAR * @ loc 6 week JAR' Mo O] lec 6 week 3CR = Envirenment =0
Filtar } 2= ymomes - .
“n V2 Vi va Vs R = | W} Global Enviranment = | ©)
1 1 i 3 4 g Data
3 " - - . 7 m int [1:2, 1:5) 16 ..
values
a num [1:5] 24 40 56 72.

b 860
d int [1:10] 12345 .
i num [1:5] 0.0778 0,23.
p num [1:5] 357911
Showing 110 2 of 2 entries, 5 total columns. q
tl

num [1:5] 13 23 33 43
heta 0.130803610419603 "

@ R412Z. Cydaby =0

s u

11 12 345678910 “ Plots =0
> # create matrix using the vector oot -

> m <- matrix(d, nrow = 2, ncol = 5, byrow = FALSE)

> View(m)

> View(m)

> # create matrix using the vector

> m <= matrix(d, nrow = 2, ncol = §, byrow = TRUE)
> View(m)

> view(m)

>

d<—c(1:10)

m<«— matrix(d, nrow = 2, ncol = 5, byrow = TRUE)
print(m)

class(m)

If T have said it equal to this equal to TRUE, then if I execute it again. Now, let me see m.
Now, you see it is row wise 1 2 3 4 up to 5 in the first row, and the rest of the data or numbers

are in the second row. This is how we actually can convert a vector into a matrix.
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20 class(m) z T RAY
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22+ £ (2) use chind() B a nun [1:5] 24 40 56 72
360 £ (3) use rbind() B b 860
510 # (4) convert data frame to matrix @D d int [1:10] 12 345
;i: o e — = i num [1:5] 0.0778 0.23-
T i — * p num [1:5] 357911
W9 @ () Use matrief) funetion R Seript q num [1:5] 13 23 33 43
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20 ST OMALY FAGM, THUW = L, (RUT = J, UYIUN = FALIC) T
> View(m) Plats =
> View(m) -3 faport =

> # create matrix using the vector

> m <= matrix(d, nrow = 2, ncol = §, byrow = TRUE)
> View(m)

> View(m)

» & check the class

> class(m)

B Ratrix” "array’

>

Now, let us see run one handy tool is to check that what we are doing. Are we really creating
metrics or not is to call the class, class will tell me what data class is this variable belongs to.
So, I have already created m. So, let me check what is this data class? And it says it is a
matrix or array. That is what you want. You want a vector to convert into matrix or array. So,

I have shown using matrix function.
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30 ; ‘ a num [1:5] 24 40 56 72.
31 # bind the vectors to make matrix b 860
;i m <- chind(d, e) d int [1:10] 12 345 .
34 print(m) e int [1:10] 21 22 23 2.
15 | i num [1:5] 0.0778 0.23.
3217 @ (2 use chind)) 3 R Seript = p num [1:5] 357911
G R41Z- Cldaty - 9 mum [1:5] 13 23 33 43. |
A m “-" ."IllLI FALM, TV = &L, TAWT = J, UyIve = 1RuC/ : .
> View(m) Flats =0
> View(m) 2 .
> # check the class Bt
> class(m)
[1] "matrix" “array"
> d < ¢(1:10)
> & <= c(21:30)
> # bind the vectors to make matrix
> m <= chind(d, ¢)
# -
Drndo - 8 X
Fle Bt Code View Pots Seson  Buld  Debeg  Pofle  Took  Hep
O lec 6oweek AR % @ loc wesk 30R' ¢ 9 lec 6 week 3CR = Environment =0
H sourcecnsmve 0 # « *Run | % o - o e ymome -
;z # Each vector is a column of the matrix = g~ i Global Environment = O
27 # create two vectors L .
28 d < c(1:10) m int [1:10, 1:2] 1 2.
29 e < ¢(21:30) » Values
349 B (2) use chind() = R Seript = a num [1:5] 24 40 56 72.
b 860
@ 412 Ciy =0 fnt [1:0) 12345 .
> & <= c(21:30) ! il e int [1:10] 21 22 23 2.
4 : '{"_"Sbg‘;j(;“:‘;” 10 make patriX i nun [1:5] 0.0778 0.23.
] ; p num [1:5] 357911
51 e q mum [1:5] 13 23 33 43. |
[1,) ra
[2,] 2 22 Plats =]
3] 33 ot =
[4,) 424 B
[5,] 525
[6,] 626
[7) 727
[8,] & 28
{9, 929
[10,] 10 30

d<—c(1:10)
e« c(21:30)
m « cbind(d, e)
print(m)

Now, I will use cbind function, column bind, bind by column. What is that? So here, I want to
combine vectors to create matrices. In the earlier case, I had one vector, break it down in

matrices. Now, I have multiple vectors, I want to join them to create matrix. And in this case,



these original vectors, if you cbind, will be the columns of the new matrix. So, first, let me

create two vectors to explain this.

So, I am creating two vectors, d and e here, in these two lines. It is a very simple, I am using
the ¢ function. So, I have created two vectors, d and e. Now, I want to combine them to create
a matrix where these d and e will be columns. So, how I will do? I will call a cbind function.
And the arguments are those vectors. So, the first vector will be d, the first column should be

d, second column should be e.

So, if I execute it. So, I have created, let me print it. Here it goes. So, you see, the first
column is d, second column is e, and vector d is there arranged as a column and e arranged as
a column. So, [ have created a new matrix m by binding column wise these two vectors. Now,
I will use rbind, means I will bind vectors similarly, but row wise, the original vectors will

become rows of the new matrix.
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41 # create two vectors m int [1:2, 1:10] 1 2.
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45 # bind the vectors to make matrix b 860
46 m <- rbind(d, &) d int [1:10] 12 345
7 . e int [1:10] 21 22 23 2
13 print(m) K num [1:5) 0.0778 0.23.
4617 [ (3 use rhind() = RS p num [1:5] 357911
q num [1:5] 13 23 33 43_
R R412: Cjdaby =]
[6,] 626 ~  Plots o]
7] 7 B et -
[S.J 8 28 Export
9, 929
[10,] 10 20
> d <= c(1:10)

> e <- c(21:30)
= & bind the vectors to make matrix
> m <= rbind(d, e)

>
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O lgc 6 wesk JAR 0 lec 6 week_3BR" m O lgc_6 weet ICR - Enviranment -

Fiter o #o ymome - §
W ¥i Vi AL Vi L1 V7 Vi v vio R~ ) Global Enviranment =
d 1 F 3 4 5 6 1 8 9 g Data
3 5 c m int [1:2, 1:10] 1 2..
values
a num [1:5] 24 40 56 72
b Ba0
d int [1:10] 12345
e int [1:10] 21 22 23 2
i num [1:5] 0.0778 0.23.
] 10 total ol p num [1:5] 357911
q num [1:5] 13 23 33 43.
R R412 . Cydaby =]
[8,] & 28 < Plot =[]
9 929 -
[Eo:]\ 10 30 Sl
> d <- ¢(1:10)
> & <= ¢(21:30)
> # bind the vectors to make matrix
> m <- rbind{d, e)
> View(m)

> View(m)

d<«c(1:10)
e« c(21:30)
m <« rbind(d, ¢)
print(m)

So, to do that, I am creating again two vectors. And then I am joining them by calling the
rbind function. Again, here, the arguments are d and e. So, d will be the first row, e will be
the second row. So, I have created it. I can go to either print it or I can go and click on the
environment pane on m, I should be able to see. Now, you see, d and e are not, no more

columns, they are rows. So, the first row is d, vector originally 1 2 3 up to 10.

And the second row of the new matrix is the e vector starting with 21 up to 30. So, this is
how using cbind and rbind I can create new matrices by combining vectors. Now, come to the
last thing of creating metrics. I want to convert a data frame, means you have read a data in a
table format from a CSV file or you have used inbuilt the data set whatever you are getting
you have a data frame, a table. Now, you want to convert that into a matrix and so that you

will use matrix operation on that.
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56 # check class

b 860
57 class(d)
58 @ e int [1:10) 21 22 23 2.
89 # Convert to matrix - i num [1:5] 0.0778 0.23.
578 B {4) Convert data frame to matrix 3 R Script = P num [1:5] 357911
- q num [1:5] 13 23 33 43_ ,
(R R412 - Cydaby =L
> # bind the vectors to make matrix = Plan =0
> m <- rbind{d, e) = ]
> View(m) Pt
> View(m)
> # Get the BOD dataset of R
> d <= 800
> # check class
» class(d
B ata. frame”
* -
0 kndo - 0
Fe  Edt  Code View Ploir  Semon  Buld  Debeg  Podle  Took  Hep
O lec 6 week AR ¥ O loc 6 week IBR' 47 O ]lec 5 week 3CR —  Envirenment =
Pl ¢ #H - Yuome -
“ Time  demand R = | il Global Enviranment =
1 1 83 - Data
2 ; a3 0d 6 obs. of 2 variabl..
. ] = m nt [1:2, 1:10] 1 2.
Values
Y ki L a nun [1:5] 24 40 56 72.
5 5 156 b 860
6 148 e int [1:10) 21 22 23 2_
5 i num [1:5] 0.0778 0.23.
Showing 110 & of & eniries, 2 total columns p num [1:5] 357911
- q num [1:5] 13 23 33 43_ .
@® R412. Cydaby =0
> View(m) - Plow =
> View(m) 3 Eport -
> # Get the BOD dataset of R pt
> d <- 800
» # Check class
> class(d)
BV o Frame'|
> view(d)
> View(d)

>

d — BOD

class(d)

m «— data.matrix(d)
print(m)

So, for that what I will do, I use a function called data dot matrix. So, before doing that, |
need some data in table format or a data frame format. So, what I will do I will use the BOD
data set which is inbuilt in R. So, in your machine when you have installed R you have that,
so I will call that data and assign it to a new variable d. So, you can see, let me check the

class of these d what type of data is this, let me first read it, I have read the data.



Now, I want to check the class, the class it is saying d is a data frame. And you can double

click here also to see here, it has time and demand, oxygen demand actually. So, you have

this table. So, now I want to create a matrix out of this table. So, I want to convert these from

data frame to matrix format.
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> class(d)
[1] "data,frame"
> view(d)
> view(d)
» # Convert to matrix
> m <= data.matrix(d)
>
0 o - 8 x
Fe  Fdt Code View Ploir  Seson  Buld  Debeg  Folle ook Help
O lec 6 week 3AR % O lac 6 week 38R’ me O]lee b week ICR = Environment =0
Fiter Q #H e ywome - f - @
“ Time  demand R = i Global Enviranment = | O
1 1 T < Data
2 3 3 0d 6 obs. of 2 variabl..
N ; o m num [1:6, 1:2] 12 ..
Values
d w e a num [1:5] 24 40 56 72.
§ 5 156 b 860
P f o8 e int [1:10] 21 22 23 2.
<K num [1:5] 0.0778 0.23.
Showing 1 1o 6 of & entries, 2 tofal columns p num [1:5] 357911
= q num [1:5] 13 23 33 43_ .
(R R412 - Cdaby =]
» # check class 4 Ploti =0

> class(d)

[1] "data.frame"

> view(d)

> View(d)

> # Convert to matrix
> m <~ data.matrix(d)
> View(m)

> View(m)

>

3 Eaport =

m «— data.matrix(d)

print(m)



So, what I will do, I will call these data dot matrix function, the argument should be this d, d
is the data frame that I have. And the whole thing I will assign to a new matrix called m. So,
if I execute that, and now if I check in the environment pane, you can easily see m has been
created here. And let me double click it you can see I have time and demand as the header
and I have the whole data as in a matrix format. But how do I know it is matrix, it looks like a

table?
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R R412: Cydaby =
> View(d) = Plots = [

> # Convert to matrix
> m <= data.matrix(d)
> View(m)

> View(m)

> # Chack class

> class(m)

Ot array”
> View(m)

>

= Bport *

class(m)

So, I can check, I can go back and actually use that class option, class function to check the

class of m now. So, let me check that and it is saying it is array is not a data frame. So, [ have



converted that data frame d, which is actually the BOD data into a matrix m. Now, this matrix
has this header, column names. Suppose, you want to get rid of these column names. So, how

can I do that?
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O lec 6 week JAR ¥ @ loc 6 week 30R © @ luc 6 week 3CR = Evirenment =
SourcecnSme | O /- weun | %% #iouce = *H = yuwoms - §
64 # check class * R~ i Global Environment =
65 class(m) Data
66 0d 6 obs. of 2 variabl..
El:’l # remove C l"Ill"!] names
o m num [1:6, 1:2] 12 ..
69 colnames(m) <- NULL values
70 a num [1:5] 24 40 56 72
71 print{m) b 860
;i e int [1:10) 21 22 23 2.
74 = 1 num [1:5) 0.0778 0.23
T4 B (4) Convert data frame to matrix 3 R Script = P mum [1:5] 357911
_ q num [1:5] 13 23 33 43_ ,
R R412: Cdaby -
» colnames(m) <- NULL ~  Plots =L
> print(m) Bt -
,] 1 83 4
[2,] 2103
[3,] 319.0
[4,] 416.0
[5,] 515.6
6,] 719.8
>
[« o . ]
He Ft Code View Pt Seson Buld Debe Polle Tk Hep
O lec 6 wesk 3AR * @ loc 6 week R’ me O] e 6 week ICR =]  Envirenment =
Fites 2 e yuwome -
N L] R~ @ Global Enviranment =
i i i - Data
3 5 . Dd 6 obs. of 2 variabl..
] s m num [1:6, 1:2] 12 ..
values
4 ) L a nun [1:5] 24 40 56 72
5 156 b 860
. 7 e int [1:10) 21 22 23 2.
=i num [1:5] 0.0778 0.23
Shvwing 1 to 6 of 6 entries, 2 total columns p num [1:5] 357911
_ q num [1:5] 13 23 33 43_ ,
R R412: Cidaby -
> print(m) = Plots o= ]
L1 [ 2] B emort -
1) 1 83 By
[2,1 2103
(3] 319.0
4, 416.0
[5,] 5156
6,] 719.8
> View(m)

columns(m) <« NULL
print(m)

I can do this way, very simple. Column names of m, this is what I am writing here. That is
what I am telling to R, column names of m, m is the argument to this function m. And I am
assigning NULL, NULL mean nothing, not zero, NULL mean nothing. I am assigning NULL
to that. So, column names, column names of m, when I am writing m in the argument,

column names function will extract the names of the header columns of that matrix.

And then it as I am assigning NULL to them, all of them will become NULL. So, let me

execute that and I will show you the effect. So, here I have executed. Now, let me, I can print



it. So, now, you see you do not have any header, only the column numbers are there or you
can go to environment and you can see there is only v1, v2, because variable 1 variable 2 that

is how it is saying, it does not have any columns, column names.

So, what I have done, I have learned till now, how to create matrices. Now, I should go for
matrix operations, like addition, multiplication, but before that, I will go into what we have
done for vector also, indexing issue. How to take a particular element of a matrix or a

particular column or particular row of a matrix?
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* R+ i Global Erviranment =

ey ey i Data

%0 e g T e d 6 obs, of 2 variabl..
81 # Print the va ar element in row 1, column = 2 m num [1:6, 1:2] 12 ..
82 i values
83 printim{3, 2]) num [1:5] 24 40 56 72
860

int [1:10] 21 22 23 2
num [1:5] 0.0778 0.23
num [1:5] 357911

num [1:5] 13 23 33 43_ .,

85 # print the first column s
8345 | [ Matrixindexing R Script 3

R OR412 - Cydaby =

o = m oo

> ;m‘nr(‘ﬂ. . =
[,1] [,2]
1

Plats =

- Export =

[T P

1
T
] 3
4
] 5
] 7
> View(m)
> print(m[3, 2])
1] 19

print(m[3, 2])
print(m[ , 1])

So, if you look into matrix indexing, the system is like this, you have should have a matrix
name. And then in the square bracket, you should have column number and row numbers.
The first number is row number. And the second number after comma is the column number.
This is similar to vector in vector, we are using vector name in square bracket, I have the

index of the element number position. Here, in these cases, a 2-dimensional matrix.

So, that means I have two things I would say, mentioned, I have to mention the row number
as well as the column number. So, the first number in that square bracket should be the row
number, then comma and then the column number. So, now suppose I have already created
this m matrix from BOD data set, and I want to take the data or the element of row 3, column

2. So, let me check, row 3 is this one, and column 2, column 2 is this column.



So, row 3, column 2 should be 19. So, let us do it. I want to print it. So, what [ am doing, in
the print I am giving argument m square bracket 3, 2. That means 3 comma 2. That means 3
is the row number, 2 is the column number of whom, the m matrix and I want to print that.
So, if I print. Yes, I get 19. Now, suppose | used to use the same indexing technique to not

just get one value, but a whole column or whole row, I can also do that very easily.
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O] lec 6 week JAR * O loc 6 week JBR' © @ lac_ 6 week 3CR = Environment =
SourcecnSme | O /S weun | %% #iouce = 2 - yuome -
g; WoF 1L LIE YalUug ur Eremeny 11 row 3, Lurume F | IPE -LGubaIEn."Umrcr'.'
83 print(m[3, 2]) Dbata
g‘: ST Dd 6 obs. of 2 variabl..
# print the FST Column = -
8 printinl , 1)) m num [1:6, 1:2] 12 ..
87 values
88 a num [1:5] 24 40 56 72
89 = b 860
I £ Transpase of 4 matrix e int [1:10) 21 22 23 2.
o : = i num [1:5] 0.0778 0.23
101 # Matrix addition B =
16+ # = - P num [1:5] 357911
BE1S [ Matrixindexing ¢ R Seript = q num [1:5] 13 23 33 43_ ,
R R412 - Cidaby =7 Plots ==l
> print(m[3, 2]) i eoml=
[ 19 it
> # print the first column
= print([ , 11
Error: unexpected '[* in "print(["
> # print the first column
> print(m[ , 1])
1
>
[«
He Ft Code View Pt Seson Buld Debeg Podle Tooh  Hep
O lec 6 week JAR * O loc 6 week JAR' Mo O] lec b week 3CR = Environment =
Pt #H = yuwoms - §
n 7] R~ @ Global Enviranment =
1 I w - Data
2 : 103 0d 6 obs. of 2 variabl..
& £
5 i m num [1:6, 1:2] 12 ..
values
4 4 a a num [1:5] 24 40 56 72
5 54 b 860
P e e int [1:10) 21 22 23 2.
i num [1:5) 0.0778 0.23
i p num [1:5] 357911
Showing 110 6 of 6 entres, 2 total column q num [1:5] 13 23 33 43_ ,
R R412 - Cidaby =7 Plots =]
{1 19 3

> # print the first column ket -
> print([ , 1]

Error: unexpected ‘[ in "print{["
> # print the first column

> print(al , 1])

(]l

> View(m)

>

What I will do? So, suppose I want the first column, first column means I want these 1 2 3 4
5up to 7. And I have to discard the second column. So, what I can say okay, [ want the first
column of m. So, m followed by the square bracket. And I do not put any more numbers
because I know all, I want all the rows. So, I do not specify any row numbers. So, R will
understand that I am asking it to give me all the rows data, and then after the comma, I am

specifying the column number, the column number is 1.

And I want to print that. So, let me print it. Somewhere, I have missed the m while
correcting, so it has to be m. So, print m in the square bracket, no row number and then the
comma and the column number. Now, it should work. I have got the first column 123456

7, let us check in m. First column is 12345 6 7. So, indexing is done. Now, we will go into



the next operation called transposing a matrix. If you remember, we can transpose. We can

convert row to column, column to row, it can be done very easily in R.
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O lec b week AR % O lec bweek 38R' O lec 8 week 3CR = Envitonment =]
] Csoureonsme | O Ao *hun | 9 B Souce - 2 e Ywoms - o
75 & : # viwniie R * &= i Global Enviranment =
77+ # Matrix indexing EE Data
89 ' 3 : ] Dd 6 obs. of 2 variabl..
91+ # Transpose of a matrix
92 # use t() function m num [1:6, 1:2] 12 ..
93 ft < tim mt num [1:2, 1:6] 18...
a4 values
95 printimc) a num [1:5] 24 40 56 72
3? b 860
& e int [1:10] 21 22 23 2
99, & " " rees ol i num [1:5] 0.0778 0.23
931 | [ Tearspose of & matr = RSeript = p num [1:5) 357911
® R412 . Cydaby = Plots =
> mt <- t(m) -2 xport *
>
> print(mt)
[,1] [,2 [,3] [,4] [,5] [,6]
[1,] 1.0 2.0 3 0T
[2,) 8.310.%3 19 1615.619.8
>
[ T a
Fe Ft Code View Pt Seson Buld Debeg Polle Tk Hep
O lec 6 week JAR % @ loc 6 week JBR M O le b week ICR = Envirenment =
il *H = yuwome - f
N LH R~ ) Global Enviranment =
i 1 83 - Data
H PRt} 0d 6 obs. of 2 variabl..
4 . = m num [1:6, 1:2] 12 ..
mt num [1:2, 1:6] 1 8...
L A 50 values
5 5 3 a num [1:5] 24 40 56 72
P o b 860
e int [1:10] 21 22 23 2
zl 3 num [1:5] 0.0778 0.23
Showing 1 4 6 of & entries, 2 total columng p num [1:5] 357911

|/ R412 - Cydaby =] Plats o= ]
> mt <= t(m) & Biport =
l)-prw‘nt(nt)

.11 [,21 [,3] [,4] [,5] [,6]
] 1.0 2 3 4 50 7.0
] 83103 19 16 15.6 19.8
view(m)

1,
2,

VW ——

mt «— t(m)
print(mt)

To do that, we have a function called t. And if you call that function and give the matrix as an
argument, in this case, [ will give m as an argument, I should be able to create the transpose
of that. What I am doing in this line is that [ am transposing m and creating and assigning that
matrix to a new matrix called mt and I want to print it. So, let us do that. Now, you can see,

the original m matrix is, how many rows we have, let us open, we have 6 rows and 2



columns. Now here, in case of mt, which is transpose, it has 2 rows and 6 columns. So, we

have transposed m. Now, I will do matrix addition.
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O lgc 6 week JAR 0 lec 6 week_3BR" m L] 0 lec 6 week_3C e [Envirenment -

Fite » e 9 rome - f
il vz R~ ) Global Enviranment =
1 n 13 Data
2 ; i d 6 obs. of 2 variabl..
m int [1:2, 1:2] 13 .
mt num [1:2, 1:6] 1 §...

n int [1:2, 1:2] 11 L.
values

a num [1:5] 24 40 56 72
b 860

e int [1:10] 21 22 23 2
i

Showing 110 2 2 entries, 2 totl colum num [1:5] 0.0778 0.23_ .

R OR412- Cidaty = Plats =
(1,1 1.0 20 3 4 5.0 7.0 - B export -

(2,) 8.310.3 19 16 15.6 19.8

> View(m)

> m <= matrix(c(1:4), nrow = 2, ncol = 2, byrow = TRUE)

> n <= matrix(c(11:14), nrow = 2, ncol = 2, byrow = FALSE
> View(m)
> View(n)

m «— matrix(c(1:4), nrow = 2, ncol = 2, byrow = TRUE)

n «— matrix(d(11:14), nrow = 2, ncol = 2, byrow = FALSE)
sum.mn«—m +n

print(sum.mn)

Matrix addition, to do that, I will create two new matrices with a small r so that we can easily
perform some other analysis easily. So, I am creating a matrix 2 by 2 matrix, the m. So, what
I am doing it, I am using the matrix function, that means I have to give a vector. So, the first
argument here [ am creating a vector using ¢ function, and that vector will have values from 1

to 4. And I want to divide this vector into 2 by 2 matrix, and I want to make it row wise.

Whereas here, I want to create a new matrix n for which I am giving a vector which starts
from 11 and ends at 14 and it is also 2 by 2 and I want by row equal to FALSE, just like that I
have given, you could, I could have taken something else as an example. So, let me create

these two matrices. I have created them, you can check here m and n, 2 by 2 matrices.
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O] lec_6 week IAR © | Juc_6 week 3CR =] Envirenment =]
Sourceon Sove | O /- #hun | | HSoure + » # e 9 roms -
104 m <- matrin(c(l:4), nrow = 2, ncol = 2, byrow = TRUE) “ R= | i Global Emironment -
105 ) Data
ig? n <= matrix(c(1l:14), nrow = 2, ncol = 2, byrow = FALSE) d 6 abs. of 2 variabl..
108 # Add two matrices m int [1:2, 1:21 13 ..
109 Sum.m0 < M+ n mt num [1:2, 1:6] 1 §...
110 n int [1:2, 1:2] 11 L.
111 print(sum.mn) sum.mn int [1:2, 1:2] 12 1.
2 Values
113 2 :5] 24 4
114 a num [1:5) 24 40 56 72
5 A b 860
1091 [ Matrix addition 2 RSeript & e int [1:10] 2122 23 2_ ,
R OR412 - Cydaby =7 Plots ==
> View(m) - B bt -
> View(n) ot

> Sum.mh <= @ 4 0

> print(sum.mn)

L1 2]

(1] 42 15
[2,] %s 18

>

sum.mn«—m +n
print(sum.mn)

Now, I will do all those vector operations on these two. So, I want to add, the first thing is
that I want to add these two matrices, [ will add m and n. So, just like addition of two vectors,
I will use the plus operator and I should be able to add them. So, here what I am doing, [ am

adding m plus n, [ am adding m and n matrices that those I made just now.

And I am assigning to a variable called sum dot mn. Obviously, that should also be a metrics.
And I am printing it. So, let me do that, I have done it. So, I have added m and n. And I have
got a new metric sum dot mn, which has these values 12 15 15 18. Now, as I have done the
summation, obviously, you can easily do scalar addition to a matrix, I have not shown that,

there is not an issue. Now, [ will go and show you matrix multiplication.
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O g 6 wesek JAR - Environment -

Source = o e 9 roms - f
;{;: R M * R~ i Global Environment =
101+ # Matri Data
116+ # d 6 obs. of 2 variabl..
;;3 ! m int [1:2, 1:2] 13 ..
171 # scalar multiplication mt num [1:2, 1:6] 1 8...
122 pm < 2*n n int [1:2, 1:2] 11 1.
123 sn mm [1:2, 1:2] 26 ..
124 print(sm) SUm. mn int [1:2, 1:2] 12 1.
125 Values
126
12.7 ¥ Matrix-Matrix "'_.i\ 1] cation: use operator b a nuR [.J “] 21 10 56 ??
1221 [ Matrix mulipheation & Rseipts b 860
R OR412 - Cydaby =1  Plots =
] 1 1 B ot -
) 15 18 B
> &M <= 2%m
> print(sm)
.1 [,2]
1,1 2 4
2, & 8

sm«— 2*m
print(sm)

Just like vector multiplication matrix multiplication can be also of two types, at least two
types. One is the scalar another one is a multiplication between two matrices that we have
discussed in the lectures. So, first, I will multiply the m matrix that I created by 2, a scalar
and then I will print it. So, I have multiplied it by 2 and then assign that to sm and I have

printed sm here. And now I have got a new matrix 2 4 6 8.

Now, I want to do the complicated one, the matrix-matrix multiplication, two matrix has to
multiply. And there is a rule to do that, you have to take the row and the column of the second
one and do the multiplication. If you have forgotten, please go back and check the lecture on
matrix multiplication to understand what I am saying, and then come back and look into this

part of this video.
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SourceonSme | O A - *Eun | % e - » #. yuwome -

i;; aN ' * R+ i} Global Enviranment =
124 print(sm Data
125 d 6 obs. of 2 variabl..
126 - m int [1:2, 1:2] 13 ..
ikl R e Ll mn num [1:2, 1:2] 3 8.
129 mmo<-m il mt num [1:2, 1:6] 1 6...
130 n int [1:2, 1:2] 11 1.
131 pr'int:mmi sm num [1:2, 1:2] 2 6 .
132 S B int [1:2, 1:2] 12 1.
:E} f Element-wise multiplication: matrix_1 * matrix_2 . values

13110 | [3 Matrx multiphcation * Rempis|| a nun [1:5) 24 40 56 72 .
R OR412 - Cydaby =1 Plots =

[,1] [,2] 3 Export =

1,] 3 1 Export

] 6 8

> mm <= m %% n

> print(mm)

(.1 2]
(1,] % 4
[2,] 81 85]

mn <« m%%n
print(mn)

So, if you want to perform matrix-matrix multiplication, the way we have taught in that
lecture, then you have to use this particular operator, you first put the percentage sign, then
the star and then the percentage sign. So, percentage star percentage, this is the operator for
matrix-matrix multiplication. And what I want to do here, I want to do matrix-matrix
multiplication between m and n, m and n we had created, and I assign that to mn, a new

matrix.

And that is why I am using here that particular operator percentage star percentage, data here
I execute it, and then I print it. So, I got 35 41 81 95. You can go back and check the
calculation using the m and n matrix you will find you will get the same matrix. So, by
multiplying these two matrices, I have got another matrix. Now, what will happen if you use
the star symbol which is the multiplication operator in R, you can do that, but that will give a
different result. What it will perform? It will perform element by element multiplication.

What do I mean by that?
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O] lec 6 week JAR * O loc 6 week IAR' MmO lec b week ICR =] Environment =
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N 7] R~ @ Global Enviranment =
i 1 3 Data
2 - A d 6 obs. of 2 variabl..
m int [1:2, 1:2]113 .
mm num [1:2, 1:2] 35 8.
mt num [1:2, 1:6] 1 §...
n int [1:2, 1:2] 11 1.
sm num [1:2, 1:2] 26 ..
S . i int [1:2, 1:2] 12 1.
values
Showing 1 1o 2 of 2 entries, 2 total colirnns a rum [1:5] 24 40 56 72 .
R OR412 - Cidaby = Plots ==t
] 1 4 a 2 Export -
[2.] 5 8 Export
>mm <= @ X% n
> print(mm)
(.1 2]
1] 3 4
[2,] 81 95
> View(m)
Lo
He  Et  Code o ] ools K

O] lec 6 week JAR m f 0 lecbwesl I B = Envirenment =]
e » e yroms - f
g vz R~ ) Global Enviranment =
1 n 13 Data
2 y i d 6 obs. of 2 variabl..
m int [1:2, 1:2]113 .
mm num [1:2, 1:2] 35 8.
mt num [1:2, 1:6] 1 8...
n int [1:2, 1:2] 11 1.
sm num [1:2, 1:2] 26 ..
S1m. mn int [1:2, 1:2] 12 1.
values
Showing 1to 2 0f 2 entries, 2 otal columas a num [1:5] 24 40 56 72_ .
R R412 - Cydaby =0 Plots =
S ‘ LR
> print(sm)
L 2]
1,1 ¥ 4
[2,] 8 9
s View(m)
> View(n)

>

Let me open, m and n. This is m matrix; this is n matrix. So, if [ use m star n then element by
element multiplication will happen. That means, this 1 of m will get multiplied with 11 and
that will remain in that position that value, 2 will get multiplied with 13. So, index numbers
of these two matrices are matching, when I am taking the first row first column value and

multiplying it with the first row first column value of the second matrix.

The second row second column value of the first matrix will be multiplied with second row
second column value of the second matrix. So, this will eliminate wise I will multiply, I will

show you how you, what will happen if I do multiplication like that.
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O] lec 6 wesk JAR m f O lec 6 wesk JC B = Envirenment =]
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127 # Matrix-Matrix multiplication: use opérator * &= i Global Emiranment =
i;g pata
130 bl 4 d 6 obs. of 2 variabl..
131 print(mm mn int [1:2, 1:2] 13 ..
132 mn num [1:2, 1:2] 35 8.
133 # Element-wise multiplication: matrix_l * matrix_2 mt num [1:2, 1:6] 1 8...
e _ n int [1:2, 1:2] 11 1.,
iiz printin:* n n num [1:2, 1:2] 26 ..
137 S B int [1:2, 1:2] 12 1.
138 . Values

13513 [@ Matrix multiplication 3 R Seript 3 a num [1:5] 24 40 56 72_ .
B OR412 - Cydaby =1 Plois o=

n,] 33 4 2 I ot -

[2,] 8L 95 Lk

> View(m)

> view(n)

> print(m * n)

[.1] .2

(] 1
2,1 3% s

print(m * n)

So, here I am asking to print just using the star symbol, multiplication symbol. So, there
should be element wise multiplication between m and n. Here, you can see 11 and this one is
26, it is this one is 11 because 1 into 11 is 11, then this one is 13. And the corresponding

value here in the m is 2, 13 into 2 is 26.

So, if you want to do element wise multiplication, then only you use the star symbol, usually
in the matrix multiplication requirement that we have in this data analysis course, we do not
need that we require the original multiplication that we have learned in the linear algebra
class. In that case, remember, you have to use these percentage star percentage operator to tell
R that you want matrix-matrix multiplication, not element wise multiplication between the

matrices.
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ITUNR [ A I ! i =
1195 # Matrix multiplication D i M Giobal Envicoment
130 % § sressrrnsersnksanasstinkkasstsnesinins [ Tt
i:? # Matrix determinant 0d 6 obs. of 2 variabl..
142 # use det() function ] ) [ii' Jl_:] ;538".
143 mm num [1:2, 1:2]
144 print{det(m))| mt num [1:2, 1:6] 1 6...
145 n nt [1:2, 1:2] 11 1.
146 sm num [1:2, 1:2] 2 6 ..
i:é = sum.wn  int [1:2, 1:2] 12 1.
- It . *
149+ # Eigenvalues and eigen vectors B - Values
414 [ Matrix determinant 5 RSeript & a num [1:5] 24 40 56 72_ .
(R R412 - Cdaby =01 Plots =
> View(m) & = Epart -
> View(n) B
> print(m * n)
L1 [,2]
1, 1 2%
[2,] 3% 56
> print(det(m))
-2 1

>

print(det(m))

So, we have learned the matrix multiplication. Now, I will go to determinant and eigen
values. How can I calculate the determinant of a matrix? In R it is very easy, it has a
determinant function, det function, which will take the matrix as an argument and it will
output the determinant of that. So, I am printing it here in one line. So, I am saying print date
of m and if m is the matrix we already know. So, if I do that, I get minus 2. So, that is the

determinant of m matrix, that is the this one, this matrix, you can manually do and check that.
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147 * R = i Global Enviranment =

148~ & X s &= "
149+ # Eigenvalues and eigen vectors a mun [1:5] 24 40 56 72
150 b 860

151 # use eigen() function that returns both e int [1:10] 21 22 23 2.
152 ev <- eigenim) i num [1:5] 0.0778 0.23
i:i ] ] p rum [1:5] 357911

# Get the eigenvalues :

155 values == evivalues 1 LU 5 SR

156 theta 0.130803610419603

157 print(values)| u num [1:5] 135789

158 - v num [1:5] 12 20 28 36
15714 [ Eigenvalues and egen vecton 3 R5eript = values mum [1:2] 5.372 -0.372 -
(R R412 . Cydaby = Plets =
El?rlgt(der(m)} = -2 Baport *

> # Use eigen() function that returns both
> ey <= eigen(m)

> # Get the eigenvalues

> values <- evivalues

> print(values)

[1] 5.3722813 -0.3722813

>

ev « eigen(m)



values < ev$$values
print(values)

Now, I have done the determinant. Now, I will go to what we call eigen values and eigen
vector, two very important quantities related to square matrices. So, luckily, R has an inbuilt
function to calculate both eigen values and eigen vectors. That function is called eigen. It will
take the matrix as an argument and it will return both eigen values and eigen vectors. Let me
first ask it to calculate the eigen values and eigen vector and I will assign that whole data to

this variable ev.

This ev will store, this variable will store both eigen values and eigen vector. Subsequently, I
will separately collect the eigen vector and eigen value and print them. So, the first thing is I
run the eigen function. So, it has calculated both the eigen values and eigen vectors for m and

has assigned the whole data to ev. Now, I want to collect the eigen values only.

So, I am writing ev dollar sign eigen values. So, value is an object of the output comes from
the eigen function, and that values object has all the eigen values in it. And I want to fetch
that from ev. So, I am using this dollar symbol. So, I am saying give me the values that you
are storing in value as values object in ev and I will assign those thing to values variables,

those are the eigen values.

So, I do that and then I print them and the eigen values are 5.37 and minus 0.37 and so on.
So, now, I can extract the eigen vectors in the same way. So, the output of an eigen function
has an object called vectors. And I have stored the data in ev. So, I want ev to give me the

vectors object.
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O lgc 6 wesk JAR @ m L] Ol west 0N =] Envitenment =
Sourcecn Sve | L A v *hun % Sourge * - . ymme-
1;; § Ger the eigenvalues * R+ i Global Environment =
155 values < evivalues vectors num [1:2, 1:2] -0.4.
156 values

157 print(values

158

159 # Get the eigenvectors b ;

160 vectors <- evivectors e int [1:10] 21 22 23 2.

161 i num [1:5) 0.0778 0.23

162 printivectors) p num [1:5] 357911
q
t

a num [1:5] 24 40 56 72
860

163 num [1:5] 13 23 33 43.
i{ﬁ‘: . theta  0.130803610419603
Rociel = u nuim [1:5] 13579 .

R OR412 - Cidaby = Plats =
> print(values) &
[1] §5.3722813 -0.3722813
> # Get the eigenvectors
> VBCTOrs <- evivectors
> print(vectors)
7[,1] [,2]
1,] -0.4159736 -0.8245648
2,] =-0.9093767 0.5657675

= bxport =

values < ev$$values
print(values)
vectors «— ev$vectors
print(vectors)

So, I am using ev, then the dollar sign and then the vectors. And if I run these and I will
assign that to this new variable vectors, done that, I want to print the vectors. Now, you can
see both of vectors. It is a two dimensional matrix, it is a two dimensional matrix, so it will
have two eigen values two eigen vectors, check that it has two eigen values. So,

correspondingly there should be two eigen vectors. The first eigen value is 5.37.

So, it is Victor is here, the first column minus 0.41, minus 0.9. So, this is the eigen vector
corresponding to the first eigen value. And next one is the second eigen value here minus
0.37. So, the next column in the vectors is the second eigen vector corresponding to the

second eigen value. That is all for matrices.

We have learned the how to create vectors how to create matrices and their operations,
addition, multiplication, indexing, all these issues. One important thing that we have learned
in linear algebra class in this course, is that, we can use linear algebra to solve a system of
linear equations, I will end this lecture with that topic. So, let me recapitulate with how we

solve a system of linear equation using linear algebra.
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O lec 6 week JAR ¥ O loc 6 week 3BR' © O lac_6 week 3CR = Environment =
Sourceon Smve | L A . $Run | % Hlume #H - ymme- §
; # solve a homogeneous system of linear equations L e
3 4 vectors num [1:2, 1:2] -0.4.
4 #solve: x+y=6 -I+y=2 values
5 a num [1:5] 24 40 56 72
6 # writing the system of equation in matrix notation: b 860
; #ael ﬁL e int [1:0) 21 22 23 2.
S i nun [1:5] 0.0778 0.23
10 #b=#8 P num [1:5] 357911
11 # ) q num [1:5] 13 23 33 43_
12 . : = theta 0.130803610419603
;.g Top Lavtl = Rsakt = u num [1:5] 13579 .
@ R&12 . Cydiby =7 Plots =
> print(values) & Bt -

[1] 5.3722813 -0.3722813
> # et the eigenvectors
> vectors <- evivectors
> print{vectors)

[,1] [.2]
(1,] -0.4159736 -0.8245648
[2,] =0.9093767 0.5657675
>

0

e [t Code View Poi Semon Bubl Debeg  Frolle Tk Mep

O lec fweek 3AR = @ lec bwesk 38R' ¢ 9 lec 6 week SCR =" Envirenment =
Sourceon Smve L . #Run % Soure * ' e ymamie - f
;; Fi=x * R+ i Global Environment *
14 # y vecte.. num [1:2, .
15 values
1§ #3s0, A «b a num [1:5] 24..
17 b 860
18 # Tthe solution to this system of eguation is X = inverse_of_a IsI .
19 e int {1:10] 2.
20 # solve() function performs s work in R 1 num [1:5] 0...
21 # It takes ments P num [1:5] 3 .
12 I q num [1:5] 13.
L i, S — theta 0.1308036104..
L] 50 { ¥5 ( A010N5
856 L R Sergl u num [1?] 1 g
R R412. Cydaby =T Pt =

> print(values)
[1] 5.3722813 -0.3722813
> & Get the eigenvectors
> vectors <- evivectors
> print(vectors)

[,1] [,2
4159736 -0,8245648
9093767 0.5657675

3 Export »

oo

{1,] -
.[2'1 -

Suppose, you have told me that I have to solve these two equation x plus y equal to 6, minus
3x plus y equal to 2, I have to solve these two. That means, I have to get the value of x and y
that we satisfy both this linear equation. So, how can I do that? I have to create some matrix
and vectors. I have to create a coefficient matrix usually we call it A. So, in this case, the
coefficient matrix will be 1, 1, minus 3, 1. 1, 1 will be the first row, minus 3, 1 will be the

second row.

Why? Because I have 1 into x plus 1 into y in this first equation. So, I have 1, 1. In the second
equation, I have minus 3 into x plus 1 into y. So, that is why I have minus 3 and 1. So, this is
the coefficient matrix. Then everything on the right hand side of the equal to sign should be

in another vector. So, I have 6 and 2. So, that will be vector b and I will have should have 6



and 2. And the solution should be another vector that is a capital X here and it should have

the unknown x and y.

And I have to calculate this capital X vector. In other words, I have to calculate this small x
and small y. How do we do that? We know this whole system of equation can be represented
as A into X, A is the coefficient matrix, X is the unknown vector, and b is the right hand side
vector. So, if I write A into X equal to b, then I can use linear algebra, and I can get a solution
of these, if I do something like that the solution will be X, the vector, result vector will be
equal to inverse of A, because I am taking A on the right hand side is equal to sign, inverse of

A into b.

So, that means, I have to do inversion of A. Now, this is what you do to solve a system of
linear equation by linear algebra. Now, I will not do manually inversion and all these things
to solve this problem, I will call a solve function write a function which will solve this
problem for me. So, R has that function, it is called solve. So, it should take two argument, A
the coefficient matrix and the B vector and then it will spit out this x the solved values,

solutions.
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20 # salve() fi

21 # It takes A and b as arguments

R~ '} Global Envircnment =

Data

22 A num [1:2, .
23« # Create A and b d 6 obs. of ..
24 - ;
25 A <- rbind{c(1,1), e(-3,1 ey List of 2
26 m int [1:2,
2F b <= c(h, 2) mm num [1:2, .
28 ) Mt num [1:2, .
29+ # solve the system of equations BB n int [2:2,
35 # = T
6. & = sm num [1:2, .
28 [ Create Aandb 3 RSeipt s sum.mn int [1:2, .
R OR412 - Cydaby =0 Pon =]

[1] 5.3722813 -0.3722813
> # Get the eigenvectors
> vectors <- evivectors
> print(vectors)
[,1] [,2]
[1,] -0.4159736 -0.8245648
[2,] -0.9093767 0.5657675
» A <= rbind(c(1,1), c(-3,1))

+= Export =




[« O

He Fdt Code View Potr Seson Buld Debe Podle  Toch  Hep
O lec 6 week JAR ¥ @ loc 6 week 3BR" ©  ©Jec 6 week 3CR A =7 Envirenment =
Fiter o e yinme -
n vz R = | i} Global Environment =
i 1 f Data
2 ; . A num [1:2, ..
Dd 6 obs. of .
) & List of 2
m int [1:2, -
mm num [1:2, ..
Wt num [1:2, .
f int [1:2, .
sm num [1:2, .
Showing 140 2 of 2 entries, 2 total columng sum.mn int [1:2, .
@ R412 . Cydaby =0 Pt o]
i i g =
» & Get the eigenvectors i -

> vectors <= evivectors
> print(vectors)

[,1] [,2]
[1,] -0.4159736 -0.8245648
[2,] -0.9093767 0.5657675
> & <= rbind{c(l,1), c(-3,1))
> View(A)
>

A« rbind(c(1, 1), ¢(-3, 1))
be (6, 2)

So, let me start with the creation of A and b, A is this matrix 1, 1, minus 3, 1. So, [ am using
rbind function. First, I am creating the vector 1, 1 here. And then I am creating the second
vector minus 3, 1, and I am joining them, I am stacking them row wise, | am binding them
row wise using rbind. So, I should get A, I have got A, I can double click and check. I have
got 1, 1, minus 3, 1, I will use this A.
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O jec oweek AR % @ loc wesk 38R ¢ 9 lec 6 week 3CR =7 Envirenment =0
§ Sourcecnsme | O SRun | % W Soumg v #H . dymme- §

18 # The solution to this system of equation is X = inverse_of A * b =| | R~ | i) GobalEnironment - | Q,

19

20 # solve() function performs this work in R L] int [1:2, - @&

21 # 1t takes A and b as arguments mm num [1:2, ..

2 nt num [1:2, ..

gi # Create A and b i int [1:2, .

25 A < rbind(c(1,1), c(-3,1) W | [1i2, .

2 sum.mn int [1:2, .

27 b < clé, D vecto. num [1:2, .

28 Values

29+ # solve the system of equations B .

BEll s saaiasitsairatttsesitainestasiittsenss M w2 num [1:5] 24..
113 [ Creste Amnd b 2 R Serfpl 3 b num [1:2] 6 2 -
@ R&1Z - Cydaby =0 Hou =0

[,1] [.a] . = Export +
[1,] -0.4159736 -0.8245648 2o
[2,] -0.9093767 0.5657675
> A <= rbind(c(1,1), c(-3,1))

> View(a)
> b <= c(6, 2)
b

[1] 62 I
-

A« rbind(c(1, 1), ¢(-3, 1))
b« ¢(6, 2)

I want to keep the b vector, b vector should be 6, 2, as I have said here. So, that is what [ am
doing here, I am using ¢ function to create b. So, b has been created. Let me print and see b,

yes, b is 6, 2. So, now I have got a and b. So, now I can call solve function. So, I will do that.
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O lec 6 week AR @ loc bwesk 38R ¢ 9 lec 6 week 3CR =7 Envirenment =0
SourcecnSme O /- SRun | % W Soumy v #H e dinMie- &
% s ; * R= | i Global Enironment = 0,
;; b < c(6, 2) sum.mn int [1:2, . ¢
29+ # solve the system of equations vecto.. num [1:2, ..
10 values
31 sol <- solvela, b) a num [1:5] 24..
E b num [1:2] 6 2
33 print(sol) [ int [1:10] 2.
34 q
35+ § 4sanen i num [1:5] O..
6+ 7 Tl p num [1:5] 3 ..
37+ & Matrix inverse @ = q num [1:5] 13.
3311 [ sohve the sysiem of equations = R Serfpl 2 sol  mum [1:2] 15 -
@ R412- Cydaby =0 Hou =0
> A <= rbind{c(1,1), c(-3,1)) B 5 .
> View(A) L
> bo<-e(6, D)
> b
()62

> 5ol <- solve(a, b)
> print(sol)

m

>

solv < solve(A. b)

print(sol)



Here, I am calling solve function of r, I am giving A and b as argument. So, the solve
function will solve and spit out the vector x, which has the solution for x and y. And I am
assigning that to a new variable called solution, sol. I have done that. Now, I want to print a
solution and the solution is 1 and 5. So, x equal to 1, y equal to 5, you can put these two value

on those two equation, and you will see the solution will satisfy both this equation.

So, this is the way in one single line, I can solve a system of linear equations. Now, when |
was discussing matrices, | had discussed determinant, transpose, eigen values, how to do
those things in R. But in the lectures of linear algebra, we have also studied how to invert a

matrix, inversion of a matrix.
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O lec fiweek AR 5 O loc b week 38R« @ luc 6 week 3CR =7 Emironment -
Sourceon Sve | 4, S v *Run | Source : #e Ymamie - f

14 # v 4 R+ il Global Environment *
15

o o aceh sum.mn int [1:2, -

17 vecto. num [1:2, .
18 # The solution to this system of equation is X = ffVErsSeaflAL: b values

19 a num [1:5] 24.
20 i ‘r;:.,= -?v.u on performs -i.n work in R b num [1:2] 6 2
;; # 1t takes A and b as arguments e int [1:10] 2.
B Craate A and b i num [1:5] 0.
24 p num [1:51 3 .

25 A < rbind(e(1,1), ¢(-3,1)) (| 1 num [1:5] 13.
53 | (oo Lavel = sol num [1:2] 15 «
R OR412 - Cidaby =T Pt =
= A <- rbind(c(l,1), <(-3,1))
> View(A)
> b < c(6, 2)
> b
{1 62
> s0] < solve(a, b)
> print(sol)
15

B Export

A« rbind(c(1, 1), ¢(-3, 1))

And as I said, here, to solve a linear equation, you have to do the inversion of a matrix. But
today's lecture, I never discuss our inversion of a matrix, which we do very frequently in data
analysis. So, how to do that? Actually, the solve function itself can do that. That is a good

thing. So, how can I use the solve function to do that?
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O lgc 6 wesk JAR 0 lec 6 week 3BR" O lpc 6 week 3CR = Envirenment -
Sourceon Smve | O # - *Run | S Souca v P A )immie - |

5. #

ﬁ “/[R= -}G::\:a' Environment =

;? e e e = sum.mn int [1:2, .

18 B S vecto. num [1:2, .

39 # yse solve() function values

40 a num [1:5] 24..
41 # solve() needs two argument i b b mum [1:2] 6 2
e e Tdent r e int [1:10] 2.
1 [ i num [1:5] 0.
45 print( solve(a) ) p num [1:5] 3 .
46 q num [1:5] 13..
4518 [ Mairix inverse 3 sol  nmum [1:2] 15
R R412 - Cydaby =0 Pon =
[1] 62 e
» 5ol <= solve(a, b) Dt
> print(sol)

15
> print( salve(a) )
[.1] [.2]

[1,] 0.25 -0.25
[2,) %75 0.25

print( solve(A))

It is very easy, the solve function has been written in such a way that, see I have said I have to
give two arguments, A is the coefficient matrix, b as the right hand side vector. Now, if you
do not provide b, this function by default will consider b as the identity matrix. And if you
remember that, if I multiply any matrix with an identity matrix, then I get the same matrix.
So, in this case, it will multiply identity matrix with the inverse of A, so it will give me

inverse of A.

So, if you want to get the inversion of a matrix, so what you simply do, you call the solve
function, but only provide the matrix do not provide the b vector. So, that is what I am doing
here. I am calling solve, only providing A not providing any b vector. So, it will only report

me the inversion of A. So, if [ run it and print it, this is the inversion of A, A inverse.

So, A inverse is 0.25, minus 0.25, and so on. That is all for this lecture. We have learned how
to use R for all those things that we have learned in linear algebra course in this course, in the

last week. Thank you for joining me today. Keep on learning. See you in the next video.



