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2-D Plotting

Two Dimensional Plotting

Learning Objectives  Topics

— Understand the — Construction of 2D
anatomy of a 2D plot plots using pl ot ()

— How to choose — Modification and
different plot types for enhancements to the
best effects plot

— Different types of 2D
plots you can create




Background

While numerical methods are the heart (and origin) of
Matlab, graphics has become the major component since

the release of Version 4.

* Version 6 adds to this legacy with refinements and new

functions.

» Professional Matlab comes with two thick manuals: (a)

basic commands & programming and (b) graphics

* The graphics capabilities are so broadly defined that we
will be able to cover only a small part

— we'll focus on graphics you will find immediately

useful

— we will point to some of the areas where you will find

powerful new capabilities when you need them later

» Like all of us, you will find yourselves frequently looking
up "help" or checking the manuals for graphics!

Basic 2D Plotting

* The simplest kind of plot is a cartesian plot of (x,y) pairs
defined by symbols or connected with lines

>> x=0: 0. 05: 10*pi ;
>> y=exp(-.1.*x).*sin(x);
>> plot(Xx,y)

>> x| abel (' X axi s description')
>> yl abel ('Y axis description')
>> title('Title for plot goes hg\re'

/Title for plot goes here

_’——i-l — Legend for graph
>> | egend(' Legend for graph')
>> grid on
&%
NOTE #1. 3 \/\ /\
Reversing the x,y order 2 o VAN b
(y,x) simply rotates the o \/ \/
plot 90 degrees! &l
\ Manually insgrted tex)
NOTE #2: ”\L ~—
I'ine(x,y) issimilarto pl ot (X, y)
but does not have additional options 1 AN
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X axis description




Supporting Commands

Several functions let you control the plot appearance
— axi s(): determines the axis scaling (see help for options)
— hol d on/ of f: controls whether or not the plot is erased before

another plot is drawn (toggles if no argument given)
>> x=0: 0. 1: 2*pi ;
>> pl ot (X, sin(x))

>> axi s >> x=0:0. 1: 2*pi ;
ans = >> plot(x,sin(x))
0 7 -1 1 >> hol d on

>> axis([0 7 -.5 .5]) >> pl ot (x, cos(x))
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Using Lines or Markers or Both...

0.5

-0.5

« Plots must follow the following logic:

— Lines: whenever plotting analytical functions like sin(x)
where you can compute y for any value of x

— Markers: whenever plotting discrete experimental data or
whenever the data are known only discretely

— Both: connecting markers with straight lines
when you want to show a seauence

is appropriate

>> x=0:0.02: 1, :: ;;(() Ag_)le
>> plot(x,cos(x),'r:") >> y=x."1.5; >> yr:randn(‘size(x))‘
>> hold on >> yr=randn(size(x)); oS =yv+0. 1. *yr: '
>> plot(x,sin(x), b--") >> yy=y+0. 1. *yr; e e i

plot(x,yy, ' ro',x,yy)

pl ot (x,yy, rx")
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Using Both Markers & Lines

* Uselines to show analytical fit through discrete data

>> x=0:.02:1;

>> y=x."1.5;

>> yr=randn(size(x));
>> yy=y+0. 1. *yr;

>> plot (x,yy," ' x")

>> p=pol yfit(x,yy,1) >>X=010. 272 %pr;

>> y=sin(x);

p = >> yr=randn(size(x));
1. 0159 -0.0927 >> pl ot (x, 10. *y+yr,'ro")
>> hol d on >> hol d on
>> pl ot (x, pol yval (p,x),'r") >> plot(x, 10.*y)
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Plotting Multiple Curves

Problem: How can you compare several curves?
Let’s start with the following:

>> X = 0.0: pi/100: 2*pi ;
>>Y1l = cos(X);

>>Y2 = 3*cos(X);

>>Y3 = cos(2*X);

>>Y4 = sin(X);

We could plot these using:

>> pl ot (X, Y1)
>> hol d on
>> pl ot (X, Y2)

>> pl ot (X, Y3) 0
>> pl ot (X, Y4)




Plotting Multiple Curves (cont’'d)

« Or we could do:
>> plot (X, Y1, X, Y2, X, Y3, X, Y4)

« Or we could do this:

>> 7 = [Y1;Y2; Y3; Y4];
>> pl ot ( X, Z)

* What if we did this?

>> plot(X, Z, 'o0")

e« Doa“help plot” for more
markers.

« How could we see the data
points more distinctly?

Using 2 Y-axis Scales

» Sometimes it is useful to plot two curves with widely
different y -axis scales
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-100
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>>
>>
>>
>>

x=0:0.1: 3. *pi ;
y1l=si n(x+0. 5);
y2=90. *si n(x- 0. 5);
pl ot (x,yl, x,y2)

>> x=0:0.1: 3. *pi;
>> yl=sin(x+0.5);
>> y2=90. *si n(x- 0. 5);
>> plotyy(x,yl, x,y2)
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NOTE it is complicated to label the 2nd axis...




Basic Plot Commands
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axi s -freezes current axis scaling

axi s([xmn, xmax, ymn, ynmax]) —sets axis limit
values (noteuse of [])

axi s of f —turns off display of axes (plot unchanged)
axi s on —turns on display of axes

grid on/off —turns on/off display of a grid

text(x,y, string’ ) -places horizontal text starting at
(x.y)

gtext (‘string’ ) —places horizontal text starting
wherever user clicks with mouse

i ne(x,y) —adds line specified by x & y vectors

Example of Log Plots

10
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Using alog scale can reveal large dynamic ranges

>> x=| i nspace(. 1, 10, 1000) ;
>> y=1./sqrt((1-x.72).72 + (2.*danp. *x)."2);

>> plot(x,y) 1
># sem | ogx(Xx,y) 2 12

y== 212
>> | ogl Og(X,y)\ gl- X)* +(2z x) H
10
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Subplot Command

« There are times when it is better to create several smaller plots
arranged in some kind of grid; subpl ot (m n, k) does this...
— m=rows, n=columns in the grid
— k=current focus (humbered row-wise)

e Let's define a 2x3 subplot grid for: subpl ot (2, 3, 1) with the focus
on the first plot.

< 3 >
I 1 2 3
2
l 4 5 6
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On Your Own:

e Putting it all together...

X=0: 0. 5: 50;

Y=5*x."2;

subplot(2,2,1), plot(X YY), title(' Polynonmi al — Linear/Linear’), ..
ylabel (‘y"), grid

subplot(2,2,2), semlogx(X YY), title(*Polynomal - Log/Linear’), ...
ylabel (‘y’), grid

subplot(2,2,3), semlogy(XY), title(*Polynomal - Linear/Log), ...
ylabel (‘y"), grid

subplot(2,2,4), loglog(XY), title('Polynomal - Log/lLog'), ...

yl abel (‘y"), grid

* What does gri d do?
* What's the quickest way to execute this code?

14




Specialized 2D Plots

» There are anumber of other specialized 2D plots
— area(x,y): builds a stacked area plot
— pie(): creates a pie chart (with options)
— bar(x,y): creates a vertical bar chart (with many options)
— stairs(x,y): similar to bar() but shows only outline
— errorbar(x,y,e): plots x vs y with error bars defined by e

— scatter(x,y): creates a scatter plot with options for
markers

— sem | ogx(x,y): plots x vs y with x using a log scaling
— sem | ogy(x,y): plots x vsy with y using a log scaling
— loglog(x,y): plots x vs y using log scale for both axes

— And many others... (explore these yourself; you may find a
good use in a later course)
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A Special M-function: f eval

 Sometimes you may want to pass along the NAME of a
function that you want another function to use...

— Suppose you have an M-function called, f max, and it
finds the maximum of a given function, like the one
shown below.

— Suppose you invokef max as: [f, x]=fmax(x0, x1)
where f isthe max value which occurs at x in the
range x0® x1

— How do you tell f max to use nyf unc( x) which defines
f(x)?

4

' 1) f(x)=myfunc(x)

16 » X




f eval -continued
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Use thef eval function:
a = feval (* nyfunc’, x)

Is equivalent to:

a = nyfun(x)
» y=sin(pi/4)
y =
0. 7071
» yy=feval ('sin', pi/4)
yy =
0.7071

Use of f eval in an M-function

18

» Let's create an M-function to evaluate an arbitrary function
that we will define with another M-function

— call it "eval uat e"

— see listing below (or help) for caIImg syntax
B) CymatlabR 12 work'evaluate.m =10 x|
File Edit Yiew Text Debug Breakpoints ‘Web ‘Window Help

SEHE| =@ | M| aﬁ|@@@@@|m|ﬁ_|

function [%,¥]=ewvaluate (myfun,x0,x1l n)

% EVALUATE will ewaluate a user-supplied function

% Use: [®,7¥]=ewvaluate('userfunction' xstart, Zstop,npts)
x=linspace (x0,x1,n);

- y=Efeval (myfun,x) ;

O et ba =
1

Ll

| |»
1| ’l evaluate.n | tigm |
Ready

* To use this, we will need to write another M-file to define our own
special function.

— myf un will contain the function name as a string (or explicit
call)

— we must specify the start, stop values and number of points




Using Your New Function: eval uat e()

B} C:\matlabR 12 work'trig.m o =] ]
File Edit Wiew Text Debug Breakpoints Web ‘Window Help

* Here is a particular user-
defined function to

0O = Bz ) | @il fr x
evaluate over the B 5' ’X’ _E LR

e 1 function y=trigi(x) =
SpeCIerd range Of X 2 - y:S.*sin(x].*cos(Z.*x];l -
values | DN

4| }l evaluate.m trig.m |

Ready
. >> [x,y]=evaluate('trig',0,5.*pi, 100);
» Executing:

9 >> plot(x,y), xlabel('x"'), ylabel ("y")

>>

* And here is the graphical
result...
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A More Complicated Example

* Suppose we want to find the minimum of a function
— Let's use the "humps" function in Matlab (rather than writing
one)
— Let's use Matlab's powerful f mi nbnd function
>> x=-0.5:0.05: 2;

>> y=hunmps(Xx) ;
>> plot(x,y), xlabel('x"), ylabel ("y")

Bl c:\matlabR 12 toolbox'ymatlab’,demosthumps.m* 10| x|
File Edit Wiew Text Debug Breakpoints Web Window Help

DEEHS sE2Ro =|6p| 88| ERERE|
1 function [outl,out2] = humps(x) =
2 % F = HUMP3(¥] is a function with strong maxima near x = .3
3 % and x = 9.

4

al— if nargin==0, x = 0:.05:1; end

G

Tl=| w=1 ./ ({x-.3).72 + .01} + 1 ./ ((¥-.9).72 + .04) - 6;
g

a- if nargout==2,

10— outl = x; outZ = ¥; —
H|-| elze
12— outl = ¥;

13-

end nal
4| | »

4 | 2 I evaluate.m | trig.m humps.m

Ready

10



Using f m nbnd()

« See hel p fm nbnd and the textbook for many more details about
this function...

¢ On your own: figure out how to find zeros (roots)

>> x=-0.5:0.05:2
>> y=hunps(x); NOTE: maxima of f(x) are
>> plot(x,y), xlabel('x'), ylabel('y") minima of _f(x)

>>

>> [x,y] =fminbnd(' hunps', 0.4, 1.0)

X =
0. 6370

y =
11. 2528

>> hold on

>> plot(x,y,'ro)

>>

21

A Note on How Arguments are Passed

« When arguments are passed into a function:

— only thereference to the argument variable is provided the
function

— the values themselves remain in their home workspace
— this avoids moving large amounts of data (slow!)
¢ If your function modifies an argument...

— Matlab will immediately copy the argument variable into the
function workspace (the whole array)
— HOWEVER: any changes you make will NEVER be seen in the
calling workspace because it is never copied back there!
* SOLUTION: if you need to make a change in an argument variable,
you MUST include it in the list of returned variables to make it
available to the calling workspace!

—( copy into function workspace and modify

= dabs - masnidacs|;

22 shady Lni Cal i
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OPTIONAL MATERIAL: Solving ODE's

e Matlab includes a number of functions to solve Ordinary
Differential Equations (ODE’s), including Initial Value
Problems (IVP’s), Boundary Value Problems (BVP’s) and
Partial Differential Equations (PDE’)

* Let’s consider a simple IVP in the form of a familiar ODE
(an sdof vibration problem):
d*y,,, & dy

2 +y=g(t) wherey(0) =y, and =
g 2 gty 9 wherey(©)=yoand g

=Y

* Matlab’s 0de23() and ode(45) functions use the Runge-
Kutta-Fehlberg method to solve ODE’s expressed as:

%: flt, Vi Yo...yy) for k=1...N

23

Solving an ODE: setup

« We can convert an Nt order ODE into N first order ODE’s
using a simple algorithm:

Yi=Y
dy,
_% Elzyz
Y, = ot , , &
dy, _dy _d%y
—= = = —= t)- 22 —- = t)- 27 -
y3:% dt dt2 dt2 g() dt y g() y2 yl
dt
...etc
* |n more compact forms:
ye=y, N fyfi_eo Lo 0y
y,8=g(t)- 2 y,- y, Tyz‘% &1l 'ZZuT)’z% Tg(t)%

24
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Matlab ode45( ) Syntax

>> hel p ode45

ODE45 Solve non-stiff differential equations, medium order nethod.
[T, Y] = ODE45( ODEFUN, TSPAN, YO) with TSPAN = [TO TFINAL] integrates the
system of differential equations y' = f(t,y) fromtime TO to TFINAL with
initial conditions YO. Function ODEFUN(T,Y) nust return a columm vector
corresponding to f(t,y). Each row in the solution array Y corresponds to
a tinme returned in the colum vector T. To obtain solutions at specific
times TO, T1,..., TFINAL (all increasing or all decreasing), use
TSPAN = [TO T1 ... TFINAL].

(truncated)

e [T,Y] are the returned values and each row defines a value of t
where the solution is computed along with the corresponding
solutions, y; , in successive columns.

+ But we need to provide a function to compute f(t,y) whenever
ode45( ) needs it...

* We also need to specify the start and end times and initial
conditions in the arguments to ode45( )

25

rhs( ) function for ode45( )

* m-function will compute f(t,y) for ode45()

- returns the RHS column vector  I¥%_1 %
fydh 1900-2y,- v.p

B} C:\MATLABGp1workirhs.m i =13
File Edit Yiew Text Debug Ereakpoinks Web ‘Wwindow Help
DSEHE| s 2R o |(@n| aR|ERERE X
1 Ifunc:tlnn 3 = rha(t,¥) =
2 % FHE(t,v) computes the Right Hand 3ide of the ODE
3 % for given wvalues of t and the state wector, ¥
4
3= zeta=0.15; 3% damping coefficient
B| - g=0: % forcing function
Tl=| s==[¥izi: -2*=zetavy(2)-¥ill+g]: —
-
4 [
Ready

If you need to pass parameter values to compute
the RHS (e.g, zeta or g(t)), these can be added to
the ode45( ) function call (see hel p ode45b)

26
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Solving the Problem...

1 >> [tt, yyl=odeas((rns' [0 35],[1 01'); +—__ See hel p ode45

>> whos

Nanme Si ze Bytes Cl ass for more options
tt 205x1 1640 double array
yy 205x2 \ 3280 double array

Grand total is 615 el ements using 4920 bytes

>> plot(tt,yy(:.1))  You supply this
m-function... 1

* Note the sizes of the
returned variables

* You can plot either
column of yy as needed

e How would you
construct a phase plane

¥ 1)

08 L L I I L L

p|0t (e_g_’ y versus y')? 0 5 10 15 T 20 25 a0 3
27
A More Interesting RHS...
s _I_I- o 5' —
h . File Edt Wew Text Debug Breakpoints Web Window Help
* Note how g(t) is NEES|smeoc|thn| AR|2BERE
formed here [ [ tuwetion s - mezic,v) =
2 % BHA(t,¥) computes the Right Hand Side of the ODE
\i % for giwven walues of t and the state vector, ¥
Al = \Azeta=ﬂ.15: % damping coefficient
6|- | Bg=-27(t<=20); % forcing function (-2 for 0 € t <= §)
Fl=| s=[¥iz):; -Z¥zera*y(Z)-¥(1l)+g]: =
a| [
Ready
1.5
s
0.5
ol
0.5
= Result is familiar
2l square pul§e vylth
25 ringing oscillations
al
=50 020 =0 a0 &0 B0 s0 &0 50 i
Time
28
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Summary

* Review questions
— Describe 2D plotting in MATLAB,
— What is a figure? What is an axis?

— How do you create a plot of two curves? More
than 2 curves?

— What is alegend and how is it created?
— What kinds of 2D plots are available?

e Action Iltems
— Review the lecture

— Try constructing a polar plot

29

Questions?

30
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Optional: Problem Solving

 Compare the behavior of finely stored data with coarse
granularity and interpolation.

— investigate the use of the interpolation functions in
Matlab (MM Chapter 18)

— consider both 1D and 2D applications
» Calculate the mean error across a table lookup.

— assume a high resolution table with 100 entries for
airfoil lift versus air speed L=%rVv’CS
— now assume a low resolution table with only 10
entries (keep every 10t from high res table)
» calc lift for all 100 velocities using linear interpolation
over the 10 entries in the low res table
e compute the average error

e compute the mean square error (square root of avg of

differences between the squares of values)
31

32
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