Scientific Computing Using Matlab
Professor Vivek Aggarwal & Mani Mehra
Department of Mathematics
Indian Institute of Technology, Delhi/DTU
Lecture 16
Matlab Code For Newton-Raphson and
Regula-Falsi Method

Hello viewers, welcome back to the course on scientific computing using MATLAB. So, today
we are going to start lecture 16. So in the previous lecture we have written the MATLAB code

for a fixed point method. So today we will start with the MATLAB code of the Newton-Raphson

method. So let us write this one.
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@O0L/(3@*x+8]
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-1.06816-06
002" BAL/
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initial ~1.000000, ) (a)=0.071814

AU LUr=1, 6=2.368905, f(a)=-@.308941

a=2.320063, f(a)=-0.038315

1
At ites2,
3
4,

At itr=3, 8=2.330417, t(3)=-0.004708 e g

I3
At itr=4, 322,330706, 1(2)=-0.000578 in 7

ila 10.4924;0.8012:()
AT 1175, 2-2.330741, 1(2)=-0.000071 1] root 23307

tol 5.00006-06

0000000 xexact 23310
 list [1,2.3089,2.3281

So in the previous class, we have shown that the rate of convergence was 0.2.
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So I will just write the CLC and clear all. Now based on this one.
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it dg(a) > 1
disp(* For the given a [dg(a) |1, so may not converge’);
return;
itren;
xlist(1)=a;
printf(*\n initial guess, a=a7.6f, dg(a)=a7.6f \n',a,dg(a)];
anew=g(a);

while abs(f(anew))> tol
it (maxitr <sitr
disp(’ Maxumum no. of itrations reaches);
break
end
aold=anaw;
anew=g(aold) ;
itreitrel;
xUist(itrel)sanew;
ecr=abs (anew-a0ld) ;
forintf('\n At itravd, asa7.6f, f(a)aa7.6f \n',itr,anew,f(anew)]:

fixedpt

tn 31 Col 15

So this is my fixed point iteration.
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So I will start writing a new code. So let us define a function. So, the output of this function is I
want my solution and the number of iterations and then I want xlist. So, I want only three output
from there. So that is equal to I will write Newton method, the argument to the function will be
passed, the derivative of the function will be passed the initial data and the tolerance. So, this is

the requirement of the Newton-Raphson methods.

Now from the Newton-Raphson method, I will write so from here I can write that the and from

here we know that that is equal to x at xnew I can write:

S (Xo1d)
fr (xﬂfﬂ')

Xnew = Xold —

So, I will this value will be saved in the aold the new variable I am defining, I will start my itr =
0. Then, I will define my xlist so, the value this is equal to the initial a whatever we have and
then I can define my f print f. So, it will give you that so I will write at the initial a new line and |

will write my initial approximation or initial guess.
function[sol,no _itr,xlist]= Newton(f,df,a,tol)

% Newton Raphson method



% xnew=xold-f(xold)/f'(xold)
aold=a;itr=0;
xlist(1)=a;
fprintf(' \n Initial app., a=%"7.6f \n',a);
while abs(f(aold)) > tol && itr < 100
anew=aold-f(aold)/df(aold);
aold=anew;
itr=itr+1;
xlist(itr+1)=anew;
fprintf("' At itr=%d, a=%"7.6f, f(a)=%7.6f \n',itr,aold,f(aold));
end
sol=anew;

no_itr=itr;

So this while loop will, I will enter the while loop when this value and this value both are true. If
either of them is not true, then this will come out from the while loop. So I am finding that what
is the value of the f at the root, if it is either greater than tolerance and the iteration is less than

100.

So, in that case I will enter there and then I will find my anew. So, this I can put on my x list is
equal to itr + 1. So, that is equal to a. So, what are the anew or aold because here it is value same,
I will put the value here and then I will write from here I will write my value of fprintf. So, I can

find number itr, so that is equal to itr, so, that is the Newton-Raphson method.
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I can save this one as save as Newton. So, this is the Newton-Raphson method now.
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- Cfor i=1i length(a)
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end
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script tn 25 Col 1

Now I can change in the main loop. So, now everything will be same except all these terms up to
here I can now everything will be same here. So maybe I can so the same code I will use for
Newton method. So in the Newton methods, we define the new function, so let us write down the

function. So, let us say take f is equal to at the rate maybe I will take a simple function.

x2-9 =0



So this is the function I am defining. then I define df so, df = 2x. So, this is the value of the 2x.
Now, I know that from this equation the xexact = 3 or -3. So, in this case we have a roots x
square is equal to 9. So, x= £ 3, I am just looking for the positive root. So, I will just take xexact
= 3. Now, in this case so, other things I will just print from the above and I will write and I will

comment this one.

Now, my fe this one and this is the root I am finding. So here, I am having the four outputs, let us

see that how many outputs are there in Newton.
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So you can see that solution, number of iteration and x list. So we have only three numbers of

outputs, so I have to change this one.
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So I am getting this. So I am not passing the value of the function at that. So I am passing my
root and iteration the list. And this is the value I am passing, so fixed, now I have to change this
one to Newton. So in the Newton, I am passing my f, my df the value of a and the tolerance. So
from here, [ am getting my xlist xexact, this is the value and that is the convergence. So I hope I

should this should work. So I will just save this one and run this.
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So let us see what is happening here. Undefined function or variable a, in the main.
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3 - fprintf('the rate of convergence is =3d.2f \n',q(1));
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This is my main. So my a is I am suppose 3 is the root. So let us start with 2, so I am starting

with the a = 2, now let us see.
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So undefined the tolerance because I have not defined the tolerance there.
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So let us define the tolerance also. So I will define the same tolerance, now it is done.
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And that is the solution. So from here you can see that I started with the a = 2 and then my roots
approximation to the roots is the first approximation it is giving a = 3.25 that is the value of the
function. And after the fourth iteration it gives you the value 3 exactly. And that is the value of
the function and the rate of convergence it started with 2.35, then 1.98. And after that it is given
2.

B Newton method----
f=@(x) x"3-8; xexact=2;
df=@(x) 3*x"2;
a=1; tol=.5¢e-5;

[root,itr,xlist|=Newton(f,df,a,tol);

And we also know that this rate of convergence for the Newton-Raphson method is of order 2.

So, in this case it is coming exactly 2.
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Because in this case, I am also getting the exact root that is equal to 3, because in the previous
well case, we are getting the exact root is equal to 2.331. So, that is also the approximation root
of that, but in this case it is giving you the same value. So, maybe I can change this one and let

us take minus 3 and I will start at maybe -1, let us see what would happen.
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So, in this case, it is giving the 2 that infinity like it is coming like, because somewhere we have

to find the value of absolute value. So, it started with 1, then -5, then -3, -3, -3 and then it came



to 3. because the initial approximation, if you see from the Newton-Raphson method, we have a
sufficient condition for the convergence. So, that sufficient condition we have to take care

whenever we start with the initial condition.

So, here I am starting just with the a raise to minus 1 and then later on we found that we are
reaching towards the root and root in - 3 and then the rate of convergence here also coming 2, so

that we have to take care.
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Maybe | can start with some other equation and then let us write it. So, in this case what is
happening and getting my exact root that is 2 this will be 3 star x raise to power 2. And then |

will start with suppose 1 let us see this one.
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And then I will find out the root here or that is the equation. So, I will start with 1 then it is
giving the first iteration and after the 6 iteration I am getting the root that is 2 and the rate of

convergence is 2.
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So, in this case we can see that Newton-Raphson method, we started with the simple equation

and after doing this one we are able to find that the rate of convergence for the Newton-Raphson



is 2, so that is all about how we can find the Newton-Raphson method. Now we can write the

new code also.
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So let us start with the new code. And that code we are going to define is basically Regula-Falsi.
So, let us do the code of Regula-Falsi. So in this case of I will define the function and then I will
find the value of root and iteration, the number of iteration and then xlist and then I will find
Regula and then in this Regula I will pass my function f the initial two guess because here we

have to give the two guesses and then the tolerance.

So, this is the function Regula we have to define and then, so in this case also I can write that

what is the value of this one.
function [root,no_itr,xlist]=regula(f,a,b,tol)
if f(a)*f(b) >0
disp(' No root lies in the interval (a,b)");
return;

end
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So, instead of writing again and again the same thing I maybe just copy so, I will open the

bisection method.
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So, I will just because in the bisection method, we had the advantage that we can find the
number of iteration we are going to do to get the to achieve that accuracy of the root but in this

case, we cannot do that. So, I will start with that iteration 0 and that is the value.
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So, I just copy paste from here and I can apply here, so I start with the iteration equal to 0 and

then at the iteration 0 initial value a and b, I can define. So, this is the value it will be shown.

Now, I will again I the same thing.
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So, I will copy this point Newton-Raphson.
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function [root,no _itr,xlist]=regula(f,a,b,tol)
if f(a)*f(b) >0
disp(' No root lies in the interval (a,b)');
return;
end
1tr=0;
xlist(1)=a; xlist(2)=b;
fprintf("\n At itr=%d, Initial a=%"7.6f, b=%7.6f ',itr,a,b);
c=b-(f(b)*(b-a)/(f(b)-f(a)));
while abs(f(c)) > tol && itr <100
c=b-(f(b)*(b-a)/(f(b)-f(a)));
if f(c)==0
a=c; b=c;

elseif f(b)*f(c)>0




b=c;
else
a=c;
end
itr=itr+1;
xlist(itr+2)=c;
fprintf("\n At itr=%d, a=%7.6f, b=%"7.6f",itr,a,b);
end
root=c;
no_itr=itr;

So this is the iteration initial a. So this is not the value of these iterations a and b I am getting and
then I will put the end of this. So, from here I will get my root that is, that is equal to ¢ and the

number of iterations so, that is equal to itr. So, that is the value we are going to get.
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And I will save this function as Regula.
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NPTEL

Users/mani/Deskiop/MatisbCodeSelentific/reguia,m
script PR

Now, I will go to the main program. So, this is the program we are going to get so, in this case
also we are we have to in this one I just make the comment and all other I will so, in the
Bisection method, I know that two initial approximations are needed, so I will use this one. So I
will take my f here, and then my a and b is minus 1 then is equal to tolerance I am taking 0.5 and

then from here I am calling this Regula-Falsi method.
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1 function Lroot,no_itr, egulalf,a,b, tol)
2- | if t(a)et(b) >0

3 terval (a,0)');
7

5

o

2= i

8 d, TRIt1al a=7.67, b=47.67 *,1tr,a,b);
9 ta

i > tol & Lir < 100

n- (b-a)/(f(B)-T(a)));

12

13-

-

15

16 -

17

8

19

- 2)=c;

n fprinti(*\n AU Ltrsad, as=v/.6f, beA7.6f ',itr,a,bl;
2= end

NPTEL

regula tn 1 Col 47

And the Regula-Falsi I am so, that is the three conditions are there we just copy.
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=1 rnanes | 9 et 5} 1l =] k3
o = - sy = &0 B3 Lk MY inseaen (2
New Open Sava /SR ~ jGeTo L 8L gedgoes Run | Bunud () admnce  Runund
S amms mea e et b Ly B < Adiance Tima
1-  clear all ]
2- c
H
4
s
6
7
s
o
n
1
2
1
m
by
16
17 1 1
1
1
0
2
2
n
2
s
6
7
® t ruxst]=rogula(,a,b, ta
b r=a(x x); xexact=8.5771;|
-
-
2 stl=reguia(t,a,b, tol);
-
M- g
35~ for n-2ilengthie)-1
36| aln-1)=abs (logle(ne1)/e(n))/Nogleln) reln-1)));
- lend
1
30 - t convergence Is =a4.2¢ \n',a(i));

fe:3¢]
script tn 29 Col 39

And here you can write.
Go—mmmm - Regula Falsi--------
sfunction [root,no itr,xlist]l=regula(f,a,b,tol)
f=@ (x) cos(x)-x*exp (x); xexact=0.5771;
a=0; b=1; tol=.5*10"(-5);
[root, no itr, xlist]=regula(f,a,b,tol);
e=abs (xlist-xexact);
g=zeros (length(e)-2,1);
for n=2:1length(e)-1
g(n-1)=abs (log(e(n+l)/e(n))/log(e(n)/e(n-1)));
end
for i=1: length(q)
fprintf ('the rate of convergence is =%4.2f \n',qg(i));

[}

% end



So, that is suppose I am taking is 0.5771. So that was the approximation, approximate root we

were getting in the case of Bisection method. So let us check that whether we are able to get this

result or not. So, I will run this one and let us see.
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ok
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Brekponts  Run Runand |-, Advance  Run and
) ~ Advincs

%4 il

SaM s Fed e s n

MATLAB R2015b

M P T - |
., NewVarlabla | Analyza Coda = @ P

“ B U commmy
port s, (42,09 Variable £ Ran and Time - Gigadura e
Dua Workipace ) Clowr Workspace + | ) Cloar Commands = Ubtary = [ Parall + B ” ok

S\ (Jrmares (VY (&
New New Opsn | Compare
. v oy

« 1 / » Users » mani » Desktop » MatlabCodeScisntific
Current Folder SRl Command Windov Bl Workspace
E N

£ bi

Name + Valuw

. 2
b -1
. 12.5771,1.5771,2
@ of convargence is =.80 o D008 x"exy
) Newanm 2 3
*) reguiam

4

3
0.8879:0.0020:()
-1.8640

| 5.00000-06
tf xexact 05771
dist 1-2,-1,-1.8619,-

F )
{5

NPTEL

So that is a we are getting, so I started -2 and -1 and after that, okay so in this case I am getting
this root -1.86. Okay?
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% T=8(X) x"3-B; xexacts2;

% [root, itr,xlist] -Newton(1,df,a, tol);
P E——

stunction [root,no_itr,xlistl-regula(t,a,b,tol)
< f=0(x) coslx)-xeexplx); xexact=0.5771;

a=li bed;

tol=.5+10%(-5)

= lroot, no_itr, xUstl=regula(t,a,b,tol);

e=abs (xlist-xexact) ;

a=zer05 (1ength(e)-2,1);
= for ne2:lengthle)-1

aln-1)=abs (og(e(ned) /a(n))/logle(n) /e(n-1)1);
- lena

for i=1: lengthiq)

SZEUSUSESESERNERENRNEE

1-  clear all
By e
3 \
4 % r=alx) cos(x)xwenp(x);
5 % ae-2; ba-1;
6 % tola.sw1b(=3);
7 % lroot, err, frootl=nisection(f,a,b,tol);
B v
9 % feg(x) x*3-dex-A; xe (1
» % 9= @(x) (24x+8)"(1/3);
U dg=alx) 1/ (3l 2ex98)1(2/3))5
12 % as1; tols,5e-5;
1B % [root, froot, Ltr, x1istl=rixedpt(1,9,09,4,01);
1 % a=abs (x115t-xexact);
15 % qezeros(lengthle=2,1);
16 % for n=2:length(e)-1
77 % aln-li=abs (logle(n+1)/e(n))/Logleln) /e(n-1)));
18 » end
% for 1-1: length(q)
% fprintf(’the rate of convergence s =%d.2f \n',q(1))
s and
% Newton method

ntf(‘the rate of convargence is =a4,2f \n',q(1)];

[in 30 Col 10

That means I am doing let us see here, 1, 2. Let us see.
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nor
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L MATLAB R2016b

< % (5] 1 [/ » Users » mani » Deskiop » MatlabCodoSclontific .5
Carren Folder Workspace
,W oy No root lies in the interval (a,b) L L
blsection.m OUtput argument “root™ (and maybe others) not assigned during call to e
fixedptm “regula tHans -15.1943
=
§) main.m b 2
& mainm- Error in main (line 32) o @00c0s00- x*ex|
i Newtonm Iroot, no_itr, xlistl=regula(f,a,b,tol); ol 5.0000¢-06
) regula.m i xexact 05771
> f(0)
ans =
1
== (1)
ans =
-2.1780
= (2)
ans =
~15.1943
> |
NPTEL
~

Details.

- _ o —— __ ]
What is my f? So I just put the value of f, 0. It is coming 1, f1, 2. Okay. So I have to choose 0
and 1.
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S W 9w e 5 g -z

- clear all

i ba-1
{reot, err, frooti=bisection(f,a,b, tol);

1
2
3
4 % 1=@(x) cosix)-xrexpix) i
5
6
7
8

19,49, 8,L01);

v 1
7 qin-1)=abs (leg(e(n+1)/a(n))/ogleln)/e(n-1)));

19 for 1-1: length(a)
) - fprint!(*the rate of convergence is =%

*Lqli));

. {root, 1tr t)=Nevton(,df,a,tal);

8 function [root,no_itr,xlistl=regula(t,a,b,tol)
x) co3(x)=xwexp(x); xexact=0.5771;
: bel

5510°(=5) ;

n- lroot, no_itr, xlist|=regula(f,a,b,tol);

13- e=abs(xlist-xexact);

M q=zeros(lengthle)-2,1);

35 - for ne2:lengthie)-1

36| q(n-1)=abs (logle(nel) ze(n))/\og(e(n) fatn-1)));

- end

- for isl: length(q)

ntf('the rate of convergence 1s =Ad.2f \n',q(1));

NPTEL

seript Ln 30 Col 10

So let us choose 0 and 1. So let us choose this one.
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12x1 doublo
o0l 05178

| 5.00000-06
-+ xexact 05771

tist 114 double

o rate of convergence 13 =1.53

NPTEL

So now look and see that, what are the results? So let us see. Yeah, so from here, you can see that
I am getting my initial approximation 0 and 1. And with the time as the iteration passes, [ am
getting my solution 0.517756. So that is the approximate solution I am getting. And the rate of
convergence started with 1.53 and then it was reduced to 0.333. So in this case, for these initial

conditions, I am getting the, the rate of convergence is 0.33.

Because this is a Regula-Falsi method and we know that the Regula-Falsi method the rate of
convergence is 1.61 or 1.62. So but that is the maximum rate of conventions we can have, but in
this case based on my initial condition and I am finding for this rate of convergence 0.33 for this
case what it is, it will be definitely less than 1.62.
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vl Lo OO

T An',q(1));
. I

script tn 30 Col 11

And in this case, | am already told you that for this type of equation, we do not know what is the
value of xexact. So, here also I am choosing my approximate value of this one. So, if I choose
the approximate value of the solution, then also it may happen then the rate of convergence will

become lesser than the whatever expected. So, that is the case here we are getting, okay?

So, this is the way we have found the Regula-Falsi method and then based on the Regula-Falsi
method and the Newton method, we have shown that how the rate of convergence can be applied
or can be approximated within the same program whatever the program we are writing for the
Regula-Falsi and the Newton-Raphson method. So maybe in the next lecture, we will continue

for this one. So thanks for viewing this one, thanks very much.



