Scientific Computing using Matlab
Professor Vivek Aggarwal
Profesor Mani Mehra
Department of Mathematics
Indian Institute of Technology,
Lecture 21
MATLAB Code for Gauss Elimination Method

Hello viewers, welcome back to the course on Scientific Computing Using MATLAB. So, let us
start with lecture 21.
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So in the previous lecture we have discussed about the method the direct method, so that was the
Gauss elimination and in that one we have discussed that suppose I have a system of a matrix

1 X R matrix and this is my system of linear equations and then what we do is that we
transform this as an augmented matrix and we transform this matrix into the upper triangular
matrix using the Gauss elimination.

And then using the backward substitution will solve this system of equations to find the solution
of this equation. So, in this case and then we have discussed that the system should be so after
that we have discussed what is that partial pivoting, so partial pivoting we have used to reduce
our system into diagonal dominant or system means that the system is deal with the matrix, so
we want to reduce the corresponding matrix into the diagonal dominant matrix.

So, once we have a diagonal dominant matrix, then we know that we are always going to have



the solution using the Gauss elimination method. So, today after doing this one, let us make the
MATLAB code, MATLAB code for Gauss elimination using partial pivoting. So, let us go to the
MATLAB code.
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3 - | X=hacksub(Aug(1:n,1:n),Aug(1:n,ne1));

So, this is the program I have made for the Gauss elimination method, so now we already know
how to make the functions, so let us start with the, this function that is called the Gauss
elimination. So, we have written this I have given the name of this function as a GaussE, GaussE
means Gauss elimination, so I know that in this case, I have a system AX= b, so if [ have to input
the value of A that the matrix and b, then only I will get the value of X.

So, in this case I will input the two arguments, one is A that is in my matrix and b is the right
hand vector. So, I will input this one, so they have written that to solve system AX=b, input A
and b and output will be X. Now, what do I do? I turn once I give the value of A then I will
check the size of A.

So it will give you the number of rows and columns, if in this a say that # N means if the
number of rows is not equal to the number of columns then a matrix is not a square matrix and
we know that the Gauss elimination method is we are dealing with the n cross and means is a

square matrix.
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function K-GaussE(A,b)

[n,nl= size(a);
itne=n

dispCA Ls not a square matrix');
end

1

n- | Cer
13 disp(* Tnitial Augmented matrix ');
18- Augs[A b]

16~ ©for palin-1

u [val, ) 1zmax (abs (Aug(pin, p)))

- for kepelin
- M=-Aug (K, p) /Aug(p, p) ;' He i
x Auglk, p:ne1)=Au (k, p:n+1) MrAug(p, pine1)

n fprintf(* Augnented matric at the pth-sd step \n',p);
9

A end

36 - | XebacksublAug(1:n, 1:n) Aug(1:n,nel));

o\ [ @menes

L Compare ~
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function K-GaussE(A,b)

it'n =
disp(
16 X=zerosliy 11|

Gezaros(Tnvl);
13- | disp(’ Initial Augmented matrix ‘)3
18- | Augs(a bl

= singular. No unique solution');

27 - for kepelin
- M=-Aug(k,p) /AUg(p, p) 3% HeHuLtipli
» Aug(k, pne1)=Au (K, p:n+1) MrAug(p, pine1)

end
3 fprintf(* Augnented matric at the pth-sd step \n',p);
Aug

il end

36 - X=backsub(Aug(1:n,1:n), Aug(izn,net));

NPTEL

So, in this case we will say that this is not a square matrix. Now, after that I will define the value
of X, so X is a vector, so in this case I will define a vector of zeros (n,1), n means n number of
rows with 1 column, it means using this one I am initiating the vector X with all zero values and
it is a column vector whose length is n. so, it is basically a matrix of n number of rows and 1
column, so it is a column vector.

Now, I define a temporary vector C, so that is also zeros (1, n+1) so it means in this case [ am



defining the row vector with all the values 0, 1 row and n+1 columns. So, this is why we are
doing it because we have to deal with the augmented matrix and the augmented matrix. We
know that the size of the number of columns increased by 1, so that is why we are taking n+1.

Now, I define the augmented matrix, so here I have written the display initial augmented matrix,
so this is the augmented matrix, so I will put the semicolon, so I define a matrix Aug means is
the augmented matrix, so this is the A matrix and the next column will be b. So, now I want to do
the partial pivoting, so for the partial pivoting what I do? I will start with the p, p means partial
pivoting I am doing and I will move from 1 to n-1.
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Gauss eLinknalion
function XeGaussE(A,b)
% o solve system Aksb
% tnput A and b

% Output X

[n,nl= size(A);

1

disp(’A is not a square matrix');

X=zeros(n,1);

Cezaros(1,nel)5% tomp. place

% Augnented matrix

disp(’ Tnitial Augmented matrix ');

Aug=[A bl

W for partial pivoting in pin colum

for p-1in-1

Tval, | 1=max(abs(Aug(pin,p)) ) % Vilevalue and |=location
% inferchange the pth and Jth rows

Cahify(p, )
Aug(p, 1) =Aug (pe

Augl)+p-1,1)=C;

AT Aug(p,p) ==

disp(’ A is singular. No unique solutien‘);
break

end
% Elinination process for colum p
for keprl
Me=Aug (k,p) /Aug(p,p) 5% MeHulLiplicr
AugUi,p:ne1)=Aug (i, p:nel) MeAugp, pine) s

end
fprintf(* Augnented matrix at the pth=sd step \n',p!
Aug

end

Back Substituti
Xebacksub(Aug(1:n, 1:n) Aug(1:n,ne1));

% Gouss elinination
7 function X=GaussE(A,b)
% 10 solve system Aksb
% {nput A and
% Output X
nl= sizelA);

itme=n
disp('A Ls nol a square matric');
end

X=zeros(n, 1)
Cezaros(1,nel);h tomp. placo

% Augnented matrix

disp(’ Tnitial Augmented matrix ');
Aug=[A b]}

% Tor partial pivoting in pUh column
for plin-1

Tual, | 1=max (abs (Aug(p:n,p))); % Vol-
 intarchange the prh and Jth rows
C=Aug(p, )2

d j=location

A (pes-1,00;
Auglyp-1,1)=C;
it Auglp,p)==b
disp(’ A 15 singular. No unique solution’);
break

end
% ElininaLion process for colum p
for kepel:
m=-Aug(k, p) fAug(p, p) i M=HuLtiplicr
Aug(k, p:ne1)=Aug(k,p:ne1) sMvAug(p,pinel);
en
Tprintf(’ Augnented matrix at the pth=+d step \n',p);
Aug

% Back Substitution
X-backsub(Aug(1:n, 1:n) , Aug(1:n,041)) 3

%
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So, here I am finding the first I am finding the this is the augmented matrix I am taking, so in this
case [ am finding augmented matrix p to n means in this case first starting with p=1:n, so [ am
going through all the rows and with the first column only, because I need to find the maximum
element only in the first column in the step 1, so here I am taking all the elements from 1 to n
with the first column.

And then I am finding the absolute value because we want in magnitude and then I am finding
the max, so it will give you the maximum value, so [ am finding this maximum value, so it will
give you the vector value, so suppose the maximum value is coming 4 and it is in the second
row, so it will give you the value, value will be 4 and j will be 2, so it gives you the value and the
location where it is find it is getting the maximum value.

So, from here I will get the val and j, because this value I am not going to use. So, I just finding
that what is the value and j is the, so once I find the value of j, then what I do is that augmented
matrix so 1 and all columns, so I take it to the C. So, I just define because here I am defining this
one, so that is the temporary place I have defined.

So now I am using this temporary place here that p means the first because p is 1 here, so I am
taking the p is equal to 1 first row and all the columns. Then I am putting the value C, now what
I do is that I am interchanging rows with the jth, so I am interchanging the pth row with the jth.
So, in this case what am I doing? I am changing my augmented value in the pth row.

So p is the row and moving all the columns it means I am finding the row pth row a, so [ am
changing this value of with the p+j-1 1. So, this is the p and j suppose in my case it was supposed



2, so I am finding the value 1+2-1 so 2. Because we are doing here p+j because as the step will
increase then our, the size of the matrix will reduce.

And in that case we have to find out if we have to keep it p+j, so I am putting the p+j-1 and all
the column vectors. So, I am sending all this value in the pth row and then in the pth row I am
finding because here I have saved the value of the pth row so I am putting back this value of the
pth row in this row.

So, using this one I have interchanged the rows. And now I am finding that if the augmented
value p p means 1 1 is 0 then I will say that okay this matrix is singular no unique solution in
there, because you know that I am reducing it to the upper triangular matrix and in the upper
triangular matrix somewhere if [ am finding that the that the diagonal elements becoming zero,
then I will say that this is a similar matrix and then it will be no solution and it will break that.
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So, after that what do I do? So, once I am using this for loop I am finding the diagonal
dominance matrix or I am finding that wherever in the first row or in the first column I am able
to find that where is my maximum element I am and I have interchange that maximum element
with the first row. So, after that I want to do the elimination process, so in the elimination
process, I have to find that what is my multiply and then so I again start with the for loop and k is
from p+1 to n because if p is 1 then I have to start with the elimination from the second row,
second, third and onward.

So, I will start some p+1 to n then this is my multiplier. So, minus the whatever the matrix was
there augmented matrix the k and p, so I will divide by the element where I want to do the

elimination divided by first element because if I take p=1 it will be the element P11, so I will



divide by this 1 and multiply by that number and take the minus sign.

Then what I am doing is finding this value k, so whatever the value a k is there, so p is from 1 to
n+1. So, I am taking that row the kth row and I am moving all these values from p to n +1 the
same columns. Because | have to do all the things in the first column, suppose I take the first
column.

So in the first column I have to make all the elements 0 except the first element. So, in this case
my k is 2 and starting from 1 to n+1, so that will give me the value of the column.

(Refer Slide Time: 11:01)

[drndfies | & et 2 Sl | | ;
92 \J g @ - “"f al Bd | W (simmsecon (&

L Compare = G4 Ga T

Bredlooints  Run Runand | Advance  Runand
- - Advince Time

SAOINTS [ o

n end

36 - X=backsub(Aug(1:n,1:n),Augi:n,net));

(¥

NPTEL




16 - ©for palin-1

- Lxeb

So, in this case, it is equal to the value the matrix k p to n+1+m that is a multiplier and multiply
by the values on the previous row which I am using to give the elimination. So, this is the if p=1
itisthe 1 and 1 ton + 1, so it is the row and all the columns. So, I will this is the first row and all
the columns I am multiplying by the multiplier and adding to the next row where I want to make
the element zero.

So, it will reduce to the it will give the elimination process and then I this will end, so using this
one I will make all the elements I will do the elimination process in the pth in the kth row so
whatever the value of the k here, then after that I have written that fprintf augmented matrix at
the pth step, so I am putting the pth step and I am printing the value of whatever the matrix is
there. And now this is the end of this for loop.

And after that I am finding the applying the back substitution method to get the solution. So, in
this case, I am calling a function from itself that is called a back substitution. So, what is the back
substitution? So, let us see another one.
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So, I have defined another function and that is back substitution. So, in the back situation, I know
that the matrix should be upper triangular, so I will input the value of the upper triangular matrix
and this is the right hand side vector. So, using this one I will find the length of the, what is the
length of b, then I put X=zeros (n,1) so it is a column vector basically. And then I know that the

last element X (”} = b(”)"’ U(n, n) , because it is going from bottom to top.
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11- latspl’ Inside backsub tunction');

backsub

tn 10 Col 4




ekl /u (1,105

tion');

S

NPTEL

backsub n § Col 32

So, first value will be X(n), I am finding this one and then with the help of this iteration, I will
find all the values because once I know the value of X(n), then I will find the value of i from n-1
up to 1 with the increment of -1, so it will give you the value of n -1, n- 2, n-3 up to 1.

And then T will find the value of solution X (1) = b(i) — U(i,i + 1 : 1) nultiplied by
the previous value, whatever the previous value we have found from here and divided U(i, 1).

And this is the end of the loop and just to check that whether if I run the code my code is going
to this function by generally writing like this one.

So, it will show you that inside backs substitution function. So, it will give you the clearance that

okay you whenever you run the program your function is going to this one. So, after doing this
one.
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[Usersjmani/Desklop/NPTEL Malak. Code/backsub m

unction X-backsub(l,b
back substitution for UKsb

Input U=upper (riangular metrix and b
output X

(m)=b(n)/Uln,n);
1:1
X(1)=(b(1) =04, iv1zn)axX (iv:n) ) /U(L, 3)
nd

15p(* Inside backsub function')

/Ugers/mani/Deskiop/NPTEL Matab Code/LinearSysiem.m
xsuo i Lo se

% To solve Linear systen AX=b
clear all

cle

adispl' fnput the matrix A for the system AXeh');

A=l 214;20434f21;-3132);
be113 28 20 613

WA=(4.3 3.5 -1.2118.4 2.1
Wb=(10.9 7.8 23.221";
XeGaussE(A,b);
WX=LUdecon (A, b);

415p(* The colution of the glven systom s *

17.2 1.8 3.41;




5 A=[1214;204 3422 1;:8082);
6 bel13 28 20 61'; I

X-GaussE(A,b) §

10 o
11-  displ’ The solution of the given system is ');
- X

B4221-31320;

5 Asllz14204
6 beli3 282001
X-GauszE(A,b);

bt n
M- displ* The solution of the given system is ');
- X

Now, I define the main script, so that means the script I write as a linear system. So, it means that
using this script I am solving the linear system. So, I have written that to solve the linear system
AX=b, clear all clc and then now I will start with the matrix. So, let us just take this matrix and
this is the right vector, so in this case, I am starting with the matrix A, so this is 4*4 matrix, so 1
2 1 4 that is the first row, 2 0 4 3 second row and this is the third row and that is the fourth row.

So, this is the matrix I am entering and the right hand side vector is [13, 28, 20 and 6], so this is
the right hand side vector. And I am putting dash here it means that it is the column vector. So, I
am passing the matrix A and the column vector at the b.
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Now, after getting this value I am calling my function X=GaussE(A,b), so here I am passing this
one and then once I will get the solution from here, then I am displaying that the solution of the
given system is X. So, let us run this one. So, once I have done this one.
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ol Tt f:f Current Folder [EB Command Window Bl Workspace
LTl Mames Nama &
i ol Initial Augnented matrix
£ |natl] Btackaubm Augnented matrix at the prh=1 step (Ha
5 D pecuonm b
e 2 fgureleps AugiE X
10 [Moe B dgwen Y
10- | engy Blfxedrm 0 10000  3.0000  2.5000  13.0000
- Lagapf 3 SwssEn o isee ase0 37300 50000
GaussE.m- 0 2.5000  1.5000  2.7500  21.0000
T Lecture_Positive_Definite.pdf
] un---;vs:-mm Augnented matrix at the pth=2 step
arSystem.m-~
2] LUdecom.m A=
; Ludecom.m-
£ main1.m 4.0000  2.0008  2.0000  1.9000  20.0680
7 matlab.pdf 0 2000 Asem0 2,750 21,0000
i mattabsym mn o 0 -2.2000 21000  —4.0000
matlabsym.pdf 0 o 1.8000  3.5090  25.1000
B Mupad_tutorial pdf
] Newtan.m
Augnented matrix at the pLh=3 ste
) Newten_system.m o ! ’
Newtan_system m= Aug = 1
#) regula.m 4
& SCNFLM_5001_5001.T017.mp4 4.0000  2.0000  2.0000  1.2000  20.0000
/]um.m 0 2.5000  4.5000  2.7500  21.7000
] test_Newton_system.m 0 ©  1.3000  3.5000  25.000
£ tast Newton system.m- ° o o 37500  7.5000
B tatorial5.pdf
4 Inside vacksub function
(% The salution of the givan system is
A ¥ Kim
N
NPTEL =
Detaily ~ |14 1

So, that is the I am getting the solution. So, initial augmented matrix,
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- 1) 4ttvAug(p,pinet);

- end

a Tprintr(’ Augnented matrix at the prh=sd step \n',p);

2- o <
3 | end

7

35 | % sack substitution

36 - | xehacksub(Aug(1in, 1:n) Aug(1in,nel));

{%

NPTEL

So, first I have to find the this one see, so I have made the initial augmented matrix, so after that
I made this semicolon, so I will remove the semicolon, now it will based on this one, so it will
show the values, so now I think it will give the value so I will save this one.
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And then I will save this one also. So, it is no use.
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2-  clearall

"

4 d1sp(* input the matrix A for the system AX=b'):

5- 12142043022 15-3132);

6 b=[13 28 20 6"

7 W=(4,3 -3.5 -1.2;18.4 2.1 -1;7.2 L8 3.41;

8 w=119.9 7.8 23.221';

9-  XeGaussE(A,b); -
1 ak=Ludecon(,b)

1= displ’ The solution of the glven systen is

2- X =
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Q5arch Docur

Ll L New varlable | Analyze Code
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<2 % 31 F 1/ » Users » manl » Dasktop » NPTEL Matlab Code

Current Folder Command Window
B Nane s Initial Augnented matrix Ly
£ backsub.m ) SRR RS BT A
] bisection.m g ﬁ:
12 1 a3
2 8 4 3 o
4 2 2 1
5 13 2 e
Caussk.
E-im\um)a»mve,wmﬂmdl Augmented matrix at the pth=1 step
| LinearSystem.m
] LinearSystem.m- Aug =
£ Ldecom.m
£ Wdecom.m- 4.0000  2.0000  2.0000  1.2000  20.009@
) main1.m 0 -1.0000  3.0000  2.3000  18.0000
71 matlab.pdf 0 Lsee  a.seme 3. 3,000
i matlabsym mn B 2000 asese 27500 210030

m mailabsym.pdf
5. Mapad. i ot igmaio e the e s
] Nowtan.m
#) Newtan_systemm A
£ Newtan_system.m-

regulam a.a000  2.0000  2.0000  1.000  70.0000
& SGNFLM_S001._5001_T017.mp4 0 2000 4.3000  2./500  21.0000
fusiim o 0 =2.2000  2.1000 -1.5090
1 uest_Newton_systamam o o a0 20000 20,4000

tast_ Newton system.m-

L tatorialS.pdf Augnented matrix at the pthe3 step
Aug =

4.9000  2.9000  2.9000  1.0090 202000
© 23000  4.5090  2.7500  21.0008

©  4.5000  3.5090  25.1000

° ° ° 3750  7.3000

So, this is my value, so I will rerun the code and that is my value.
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So, in this case I can see from here that the initial augmented matrix is this one it means this is
my augmented matrix, so that is my 4*4 is the matrix and this is the right-hand side b.
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So, now after the first step, you will see that in this case, it will first check that way the
maximum element and you can see that 4 is a maximal element. So, first it will change this
element to the first row, so here you can see that it has changed the values.
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So, it is interchange this row with this, so 4, 2, 2, 1, 20 so that is the partial pivoting has
happened at the step 1, after that it is (move) eliminating all the elements in the first column,
below the first one, so here it is putting 0 getting 0, 0 and 0 so that is my first step.
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f

So, after the second step now again, you can see from here nowadays checking which one is the
largest value in this, below this so I will leave the first row now because that is over, now I will
check the maximum element in the remaining element, remaining element in the second row. So,
the second row is 2.5 in the fourth row, so what will I do now? I will swap this one with this
value. So, it will be 2.5, 4.5, 2.75 and 18 and 21.

So, this one has been changed and now I am making all the elements below this one is 0 and this
is after the augmented matrix at the third step will be this one. So, this, this and this and then this
is my upper triangular matrix.
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So, based on this one, I can say that this is my u, so the first four columns of the u and this is the
right hand side new vector. Now, after that it will go inside the back substitution function and
once based on this one, I will give the solution, so solutions are coming 3, -1, 4 and 2, so that is
my solution. So, from here, I can say that my solution is 3, -1, 4 and 2. So, that is my solution.

Now maybe I can change the system and I will go with the new system.
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% To solve Linear sysien AX=b
clear all

cle

adispl input the matrix A for the system AXeh'):
s 20434221-3132);

ub=113 28 20 5]

A=l

118.4 2.1 -1;7.2 1.8 3.4];
=110.9 7.8 23221
XeGaussE(A,b) ;
x=LUdecon(A, b) ;

disp(* The solution of the given system is ')

% To solve Linear systen AX=b
clear all

cle
adispl* {nput the matrix &
WA=[1214;204 33422 1~
wb=113 28 20 6]
A[4.3 -3.5 -L2jiE@ 2 =b.2 1e 3.
b=110.9 7.8 23.22]
X=GaussE (A,b) ;
#k=LUdecon (A, b);
d1sp(* The solution of the given system is *);

for the system AX=b');
=3 132

NPTEL
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A=[4.3 -3.5 ~1.2;18.4 2.1 -1TE LA
b=(10.9 7.8 23.22}";
=

1
2
3
a
5
6
7
8
9

10

n tion of the given system is ');

12

So, this is the matrix I can just comment this one and I can take down another matrix this one, so
the previous matrix has all the values as an integer, but what will happen if I take the floating
point numbers or real number? So, I am taking a 3*3 matrix now. So, this is my first row, it has
the value 4.3, -3.5 and -1.2. So that is my second row. So, after the semicolon will whatever we
write that is the second row and this value is the third row and right hand side vector this. So, I
will now run this code.
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Tnside backsub function
The solution of the given system is

And this is my value. So, my initial augmented matrix is this one, basically, that is my system
and at the ith step first step because in this case only two steps are needed. So, the first step will
give me this value and the next step will give me this value. So, this is the upper triangular
matrix and then I will use the back substitution and that is my value solution.
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s matrix dimensions.

Error in GaussE (Line 17)
[val,j)-nax(3bs(Aug(p:1,9))); % Valyalue and j=location

rror in LinearSystes (line 11)
55E(A, b ;

So, in this case, you can see that it is giving you first it is doing the partial pivoting to make the
matrix diagonal dominant and then you are able to find that the solution is there using the Gauss
elimination method. So, in this case, we are able to solve this one. Now, what should I take?
Now, suppose I take the institute of this one, I will give you a matrix, which is not a square
matrix. What will happen?

So, let us take a square matrix rectangular matrix, so I am taking 1 2 3 and then 2 3 4, so suppose
I take this method. So, this matrix is a 2*3 matrix and then [ am taking my bas 2 3, so it is a



column vector with two elements and let us check what will happen. So, if I run this code it will
go to this one. So, exceeds dimensions so in this case index exceeds matrix dimension and the
error in this, so it will show you how I can find the maximum values.
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(line 17)
(abs(Aug(p:n,0))); % Valevalue and j=location

Error in Linearsystem (1ina 11)
X=GaussE(A,b);
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And so in this case the first command is coming A not a square matrix and then we have a. So, if
it is not a square matrix because if you know that the matrix is not a square, then you have
infinitely many solutions. So, in that case we are unable to use the Gauss elimination method.
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% Gouss elinination
7 function X=GaussE(A,b)
% o solve system AX=b

i
% 1nput A and b

ros(n,1);

ros(1,nel)j% tenp. place

 Augnentad matric

dizp(* Lnitial Augmented matrix ');

Aug=I(A b

4 for partial pivoting in pth column

(i for p=iin-1

(yal, j1=max(abs (Aug(p:n,p))); * Val=value and j=location -

% Lnterchunge the pUh and jUh rows

C-Aug(p, )

Aug(p, :)=Aug (p+)

Augl j+p=

1t Aug(p, p
atsp(
break

end

 Elinination procass for column p

L for kepelin

M=-Aug(k,p)/AUg(p, )% M=Hultiplinr

Aug(k, pint1)=Aug (K, pin+1) tMsAUG(p, pinel)

A is singular. No unigue solution’);

end
fprintf(’ Augnented matrix at the pthad step \n',p);
Aug

ond

" Back SubSTiTurion
X=backsub(Aug(1in, 1in) , Aug(1in,nel));

NPTEL

1 % T solve Linear systen AX-b

2= clear all -
-

4 RA1Sp(’ 1APUT The MATFTX A for The system AK=h');
5 14120434221-3132

6

7 2.1 -1;7.2 1.8 3.41;

]

s I

-

1= XeGaussF(A,b);

12 =Ludecon(n,b);

13- d1sp(* The solution of the given system s ');
- X

NPTEL

So, this is a how we can deal with this matrix. So, let us change this matrix to some other value
and let us see that how we can find the value.
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So, I just take another matrix 1.23, 3.45, 5.67 and 3.78. So, this is the first column I am getting,
so I am taking 4*4 matrix then I am writing 3.45, 1.34, 2.40 and 1 so this is the second row now
third row is 2 3 5 6 and the last row I am taking 2.1, 1.3, 6.5, 5.6, so I am taking 4*4 matrix and
then I am the right hand side I am taking maybe suppose I am taking 23, 3.4, 1, 2, so in the case |
do not know that whether this system is going to have a solution not because it is a just [ am
taking randomly, but I have just run this code, let us see,
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So, that is the answer, it means the matrix is a non-singular type and we are able to find this, so
this is the matrix we are getting. So, this is a matrix we have started to be, so after the first step it
will reduce to this, the second step will reduce to this form and the third step will reduce to this
form. So, this is the upper triangular matrix and that in my solution. So, this is the solution. So,
from here also, I can see that the rank of this matrix is 4, so it is non-singular matrices basically.
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So, using this one I can find. So, let us see what will happen, if I take a matrix that is a

symmetric matrix.

(Refer Slide Time: 24:52)
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So, just give some examples, so I will start with the 1, 2, 0.3, so that is the just taking the first
element and the second element I am taking 2, 3.4 and 5. So, this is the second row, the third row
I am taking 0.3 and then it will be 5 and then 2.1. So, suppose I take this one, so that is the
symmetric matrix [ am taking and then I will take this 3 by 3 matrix, so let us run.
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So, that is my matrix now. Now, you can see that this is a symmetric matrix, so 1 2 3,2 3 5 and
then 0.3 0.3 5 5 this one the right hand side, so in this case I start with the augmented matrix.
And then it gives me this upper triangular matrix and based on this one that is my solution.
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So, in this case, it is a symmetric matrix and in the symmetric matrix if you see these are the
pivots 2 4.49 and minus 2.29, so based on this one I can say that this matrix is symmetric matrix
and its pivots has two positive pivots and one is a negative provides, so it's eigenvalues are
mixed signed. So, its eigenvalue is always also positive as well as negative. So, a mixed type of
eigenvalue it has.

So, that way we are going to discuss today what is the positive definite matrix and this one. So,
based on this one we are able to solve any matrix so using the Gauss elimination method, so in
the next lecture will go further about this Gauss elimination method to the other method that is
LU decomposition and other one. So today we will go. We should stop here and maybe in the



next lecture we will go to define the other methods, so thanks for watching, thanks very much.



