Scientific Computing Using Matlab
Professor. Vivek Aggarwal
Department of Mathematics
Indian Institute of Technology, Delhi
Lecture No. 03
Symbolic Computation in Matlab

Hello viewers, welcome back to this course on scientific computing using MATLAB. So, this is the third
lecture. So, in the previous two lectures we have started with the basics of the MATLAB. And now
today we will talk about that how, because in the previous lectures we have done the numerical
computation in the MATLAB. Today we will talk about how we can do the symbolic computation in the
MATLAB. So, let us start with the MATLAB.
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> solve (x*2eZaxel==0)
ans
1
-1
> solve(x 1=20)
ans
22(1/2) < 1
(2 -1

=2 s0lve (x*2-dax-4==0)

2 - 2027(1/2)
2627(1/2) + 2

NPTEL £ >> solve(*x2=5wx-3) )




So, today we will today talk about the symbolic computation. So, symbolic computation means that,
now we can define variables as we usually do whenever we are doing the analysis or in the mathematics
books. For example, I define, so this is the symbolic computation I will define, so syms means the
symbolic, so help syms. So, it gives you that the syms is the shortcut of constructing symbolic variables.
Now, I am defining that my variable x is symbolic.

So, similarly I can define the different variables like this one, here. So, I can define, so I have defined
the variable x, now suppose I write y=X 2, so this is another variable and this variable is also in the
symbolic form. Symbolic means y=X 2, because we know that in the mathematics we always write y =
x*isa function, y = sin x is a function. Suppose, I define y = sin x is another function.

Now, if I want to check what this is, it is given that fis a 1 x 1 size function, bytes is 112 and class is
symbolic. In the previous it was showing the double because of the numeric value. So, it is the, that is
why it is showing that it is given in the double form bytes. So, x is also the symbolic with the 112 bytes,
y is also the symbolic.

Now, suppose I want to define that, just I want to find the solve, I want to solve this quadratic equation.
Suppose, I want to solve X”- 1 = 0. So, that gives you the answer. So, it solves this equation X~ -1 =0

symbolically, and I get the answer minus 1 and 1. Suppose, I want to define another equation X 2.
2*x+1= 0. So, this is the equation I have defined, I want to solve this one. So, that is the root, so [ am
getting thatis 1, 1.

So, similarly, I can define another equation just want to check the complex roots or maybe real roots. So,

this is the root I am getting. Now, suppose I define like this, so this is the roots we are getting that is in
the surd form, this is the -1, -2, the repeated roots.

Suppose now, I define another equation X”- 4x - 4=0, So, these are the other roots I am getting

2-2 2, 2+ 2\/’5- So, that is the value we are getting.
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Suppose I want to solve another equation like this when I define the equation like this. Now, colon X 2=
3x - 5. So, this one I would write with the semicolon, so that is also a warning, do not specify equation
and variable as character string. So, that is the answer we are getting in the terms of this one, or maybe
the same equation I can solve because here I am putting the semicolons, but the same equation I can
solve by minus here, and plus here, equal to 0.

So, this is the equal to 0 we have to write double, two times we have to put ==, and that gives you the
solution. So, this is you can see that the solution these and these are the same, because this was another
way we have written in which we are using only a single equal sign, but we are putting the equation in
the semicolons. But here we are putting the equation in this form with the double equal sign.

Now, we can define maybe another equation I can write X +y, so I defined the another variable as syms
y, s0 y is another variable I have defined, now I can take I can show that (x + y) x (x - y) and I want to

see the answer. So, there is the answer, (X +y) X (X - y) or I can write this as expand, answer. So, that is,
3

because I know that (x +y) x (X - y) can be written as X Ly

So, I can write that whatever the answer we are getting, I can expand this one with the help of the
command that is expand or maybe now what I can do, I can again factor the answer. So, that is the factor
we got. So, that is the same one (x + y) X (x - y). So, expand means I will expand the answer in the
compact form. And this is the factor, we can do the factorization of the given equation.

Maybe I can define another function using another command like I write, simplify, so I simplify define

g
the command that X 3L and then, so this is the bracket I have to put divided by (x - y).
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= syms y
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3 2
So, this is the command we have done. So, that gives you the XY /(x-y). So, the answer is x>+ ¥
So, using the help of simplify, because otherwise if I write the command like this one and do not try to

simplify, the answer will be this one; x? /(x y).
But I want to, if I want to simplify, then it will cancel out whatever the common term is there and it will
give you the answer after cancelling all the common terms. Now, this is the way we can define. Now, I

can even plot the functions with the help of ezplot.
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;i.v 7 H = ezplot(...) returns handles to the plotted objects in H.
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ezplat('x~2 - 2 o

MPTEL "

L) Now Variabla  Anilyaa Codl g T @ weennas L

L Od (3 (Cradres | (%) LA = 'd Ll = ‘”ﬂ - B | Gl sy cimmny

Now New Oput | Compure lmocrt 52 Opem el G tun and Time Simuink Layour 1 Add-Ons  Halp - karguest Suppar

St Data wnunu |/ Claar Warksgace = umucnwm < by - il vacata - o =

@ % G| 1 [0/ » Users » manl » Documents b MATLAB Rr
W Nama - " i % ~ Nara & Valua

ezplot('x~2 - 2ax + 1')

[#]ans Ixl sym
off LxL sym
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You may alsa use a function handle to an existing function. Function

handles are more powerful and efficient than string expressions.

ozplot plots the varisbles in tring expressions nmmm\ly
subplat(s,2,1), azpla] 1.z - gzl + logl-ea) + \
id this anbiguity, specify the order with an anonymous
SuBplak(1,2,2), ezpiot(ars. m/-\th-lquy-L n

If your function has additional parameters, for example k in myfun:
- 5

then you may use
azplat(@(x,y)

Reference page for ezplot
Other functions named ecplot

N
NPTEL

So, let us define this plotting. So, now I define help ezplot, so ezplot you can see that, ezplot is easy to
use function operator, ez function plots the function x over the default domain. So, let us use this one.
So, I write ezplot suppose I want to plot a circle. So, I define this one between the interval I define, so I

2
take -2, 2 + 2, this one. So, there is a bracket ezplot 1'2+ } and then a comma we have to put.
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2
So, that is the ezplot. So, this is the plot it is showing X2+ , maybe this is a two dimension, so I just
define the first dimension only. So, I just write X742 % x - 1, so this is a plot. So, this is showing that
this is a plot of X7+ 2 * x - 1 or I can define the plot of x° , x3 , plus x* - x in the same domain.
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So, it will give you the plot of that function, because sometimes we want to plot, want to see the
function, so we want to plot that function, so using this very simple command we can plot any function.
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then you may use an anonymous function to specify that parameter:
azplat(@lx, y)mytun(x,y,2)

See also azcontour, ercontourt, ezmesh, ezmeshc, ezplot3, azpelar,
s2surf, ezsurfc, plot, vectorize, function handle.
Reference page for ezplot

Other functions named ecplot

> ezplot('x~2ey"2' (-2 21)
ezplat('x~24y~2' [-2 21)

Error: Unbalanced or unexpected parenthesis or bracket.

% > ezplot( w2eyn2’
N == ezplot( 'k 2424k 2 21)
7 => ezplot("x*3+2ex2-x
= axplat(“eina), 12 21)
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1 mytun:

e ]
then you may use an anonynous function to specify that parameter:
ezplot(@lx, y)myfun(x,y,2))

See also ezcontour, ercontourf, emmesh, emmeshc, ezplots, ezpolar,

875urf, szsurfc, plet, vecrorize, function handle.

Reference page for ezplot

Other functions named erplot

== azplot('x~24y2° (-2 21)
ezplot('xr2ey~2' -2 21)

Error: Unbalanced or unexpected parenthesis or bracket.

> ezplot(
== ezplot(*
»» ezplot(*
> eplot(’
= azplot(*

oo

Suppose I want to plot, instead of this one I want to plot sin X, so that gives you the value of the sin x. I
can change my, this domain, so I can take from -2JT to 2JT and that is the function we got, so this is

the value of the sin x between -2 JT to 2JT , so, this is one we can do.
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in myfun:

“
then you may use an anonymous function to specify that parameter:
ezplot(@(x, y)myTun(x,y,2))

See also ezcontour, ercontour?, ermesh, esmeshc, ezplot3, ezpalar,

ezsurf, ezsurfc, plot, vectorize, function hendle.

Reterence page for ezplot
Other functions named ezplot

>> eplotl‘x~2ey"2'[-2 21)
ezplot( x~2ey"2* (=2 21)

'
Error: Unbalanced or unexpected parenthesis or bracket.

- ezplot(*

ezplot(*
> ezplot(”
- ezplot(’
= ezplot(‘sin(x)

= azplot(
=

Maybe we can plot another function sin x * cos X. So, this is the value of the plot of the function sin x *
COS X.
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then you may use an anonynous function to specify that parameter:
ezplot(@lx, y)myfun(x,y,2))

See also ezcontour, eccontourf, ezmesh, ezmeshc, ezplotd, ezpolar,
zsurt, szsurfc, plot, vectarize, function handle.

e foren r ezplot

Baferance page for ezplot
Other functions named ezplog.

> ezplot('x"2+y"2' [-2 21)
ezplot('x~2+y~2' [-2 21)

Error: Unbalanced or unexpected parenthesis or bracket.

>> ezplot(
= ezplot(*
ezplot("
ezplot(*
»» ezplot( ‘sinix)*, (~2epi 20pil)
>> ezplot(*sin(x)wcos(x) ", [-2epi 2xpil)
> hald on

s

)

- c & g = =

And now, suppose I take the hold on, so hold on this graph. So, I can define now, the same command
ezplot is coming.
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T TR . i vew men oo Oees vindow sy ‘T

@oode b A0PNL- QA 0@ wD

92 O Gemane & 0@ B3 o
New

Lgp
12
N Opun L Compare Impert  Saww sinlx) 1B RequestSunpars
o Duta Workspace E
it e 5 B wiomcs
@ % 51 1 09/ » Users » manl » Documents -8
Current Folder %) Workspace
B Nama s | [
;;;;;;; ey
@
©lx
seally. i
)
ous functio
L +t-1)
in myfun:
raneter:
—— ezpatar,

ezsurf, ezsurfc, plot, vectorize, function handle.

®

HPTEL

2plot( s in(x)scos (x)-1", [-2spi 2apil)
7plat(*sinx)’, [-2ep1 2epil)

am o m A e Lae o g

Now, I take another plot and instead of this I take -1, so that is the plot we are getting or maybe I can
give the name to the figure. So, I first define the figure 1 and then I give the command hold on. So, this
is the figure 1 and I just hold on, and then I plot the graph, that is the plot of the graph.

Then I define the other plot of the graph, just sin x. So, this is another plot we are getting. So, thatis a
sin x and this is the sin x * cos x using the help of hold on I can hold the same graph in the figure 1. So, |
have given the name to this plot that is the figure 1. So, that one we can do, so that is the help of the,
with the help of ezplot we can plot many functions.

Now, we do some other symbolic calculation because this type of calculation if you see earlier used to
be done with the help of mathematica or the mapple, but now this is also possible in the MATLAB. So,
MATLAB is being used now widely for both numerical computation as well as symbolic computation.
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Now, suppose I take the help and then I write substitutes, so it shows you that, substitute is the symbolic
substitution. So, in this case, suppose I have the equation, I write substitutes. And I write, suppose I

write X, this is my function, and I substitute x = 2 here, so, that gives the value the 4. So, how it is the,
how we can define the value of the substitution, function substitution.

So, substitution is that, this is the function we have and that is the variable which is giving the value 2

and that is the answer we are getting. I can define the substitution of X 3 and, so that is the value of 2% 1
can define the function sin x and then x, I can put maybe JT, so that is the value 2. I can define /T by 5,
so, that is the value of the sin(JT) by 5, or I can define the value of the function at JT by 6 that is the
half.

So, using this one, I can substitute the value of the variable in the given function or that is also possible

5
that I define the function, first I define the function. Suppose, I define the function x>y , 50 this is my
function. And, now I write substitute ff x is equal to 2, x, 2.
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> subs(x*2,x,2)

> subs(sin(x),x,p4/5)

(27(1/2)%(5 - 5°(1/2))°(1/2)) /4

== subs(sin(x),x,01/6)

HPTEL fy >> subsffff, x,2)|
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> ezplot(@log(x), [8,101)
azplat(@log(x), (0,101)

Error: Unbalanced or unex

pected parenthesis or bracket.

= ezplot(@log(x), (8 10])
(x), [ 101)

ezplot(@log(x

Er

unexpacted parenthesis or bracket.

@log]10), (0 10])
Log(10), (0 101)
Error: Unbalanced or unexpected parenthesis or bracket.

== ezplotlog(x), (@ 10])
ezplotlog(x), [0 101)

: Unbalanced or unexpected parenthesis or bracket

O plotiog(x))
g3 tl6g(x))
{5

N

MPTEL .

So, this gives you the value of the function that I have the function of ff and in that function I put instead
of x, I put the x = 2 in the given function.

Now, I can define the same here and I can answer and then I put y = 3 and that is a -5, so it gives you
4-9, so, itis a -5. So, I can substitute the value of the different different variables in this one even if I can
define these substitutions. Now, with the help of this symbolic computation, I can plot another
something like I can plot ezplot at the rate maybe log x and define the plot on 0 to 10, suppose I want to
plot this function.
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So, this is the, like this one I have done. S

to define the JT by suppose two values s
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- pt
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HPTEL -

0, I can use here my log x that is the value of the log x we have
plotted. Now, maybe I can define another function. So, this is a JT we can take from here. Now I want

o that is the value we are getting. So, this is JT /2 we know that

this value is 0. So, in this case I am getting the value 0 and that is given by E_l?
define the little bit of symbolic computation then.

So, let us plot another variable or another

function. Suppose I want to plot x2+ x - 3 and I want this to

be done in the interval from 0 to from -2. So, this is a plot we are getting.

(Refer Slide Time: 17:41)
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Now, I can also define the same way, title we have done, so x label. So, x label will give you this if I just
write capital X axis I can define y label as y axis.

Now, we can see that this is a function even I can, because this is giving me the blue color, even so |
want to change the color of this one, then maybe I can switch to edit, and then I can see that the figure
properties with the help of the figure properties, you can see that I can change the color of this. So, that
is the function we have. This is a graph of the function and it gives you that you suppose I want to
change the color of this line, so I can put it as a black.

Now suppose [ want to increase this because this is a very thin layer with the 0.5 line width. So, I can
increase the width by 2. So this is the, that it becomes the bold one or dark one. The marker is there, I
can even change the color of the marker. So, this is my function plot function.

And suppose, so this is the way we can take the axis, I can take the axis anywhere. Now, suppose this is
my y axis, I can change the style of this y axis, this one, so, y axis even I can write here and I can write
here like this one I can edit this one later on. So, this is my y axis, this is my x axis, [ can take this one
and then I can do the changes. So, this is my title I can move this here even inside the graph I can move
this. So, with the help of editing you can edit your plot, what are the plot you are getting and suppose in
the later on you want to make some changes, because in that case, you are not going to produce,
reproduce the same plot. So, you can do the editing with the help of this edit of the plotting.

(Refer Slide Time: 20:28)
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Now, suppose I have done with this plot and I want to save this plot. So, this is the file and we can save,
save this as. So, it will ask you where you want to plot. I suppose I want to plot it in the NPTEL and this
is my, so I can write here I want to plot this one as figure 1. So figure 1, I want to plot in the name of
figure. So, that one is saved now.

Suppose I want to use it later on in my paper and the latex or in word file, then I can also save this as.
So, here we can, these are the different extensions we can see in our save our figure. So, this is BMP,
EPS, JPEG. So, all these different styles we can, because in the latex, we generally use the EPS file, so |
can save this function as a EPS. So, this function is now saved in your file with the EPS extension and
another one is saved in the form of fig function. So, this is a different way we can define the given plot.

Even I can insert, suppose [ want to insert, so I want to insert the arrow or the text arrow. So text arrow
means suppose I want. So, this is the figure, so that is the figure, and here I can write by inserting the

. . .. 2
text arrow. Here I can write the value of the function, function is equal to X~ + x - 3.

This is the function I am getting or maybe I can, I do not want to write this function here. Maybe I can
delete this one or I can move this function, this here, this one that is the plotting, and this is the text
arrow that is showing that this is because suppose we have a large number of plots in the same plot, we
can tell them or classify them with the help of the arrow function, that which function represent the
which functions.

This is all we can do with the, now we can insert the ellipse, we can insert the arrows or the line. So.
suppose | want to insert the ellipse, so this is an ellipse so and getting, or maybe I can insert the circle
here. Later on, we want to insert, and this is the view that maybe I can insert axis. So, axis | already
inserted here, but if suppose we forgot to insert then later on we can insert these axis here.

Maybe I can insert a rectangle, so this is a rectangle or maybe I can move this rectangle from here. I can
insert the rectangular box like this one, or maybe I can insert the, so this one we can play with this plot.
Once we are done with the plot, then we can even make the changes we can play with this plot.



And we want, we can change whatever the changes we want to make later on, we can do that one. And
then we can minimize this function and I, from here, I can delete this one. And now I can see what are
the variables. So, all the variables today we are dealt with is the symbolic computation, the symbolic
computation.

(Refer Slide Time: 25:08)
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And I can even clear my screen and I can clear all the variables. So, that is gone. So, this is all about the
symbolic computation. This is a basic about the symbolic computation that we can do with the help of
MATLAB. So, in the next lecture, we will go a little further with the basics of MATLAB. Thanks for
watching. Thank you very much.



