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CSI606

MATL AB

Syllabus

• Instructor - Jeff Solka

• Contact Information 
– jsolka@gmu.edu
– 540-653-1982 (W)
– 540-371-3961 (H)

• Dates and Times
– 11/1/2003 10 a.m. - 5 p.m. ST228
– 11/8/2003   10 a.m. - 5 p.m. ST228

• Texts 
– Mastering MATLAB 6, Hanselman and L itt lefield
– A Handbook of Statistical Analysis Using S-plus, 

Everitt
– Modern Applied Statistics with S-plus , Venables 

and Ripley

• Grades
- Grades are based on 2 labs
– All l ab work for the course is due on the last day 

of classes December 6, 2003.
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Functions

• Script M-Files

– Creating  script fil es

– Running script fil es

– Useful MATLAB functions for script files

– Examples of script fil es

• Function M-Files

– Properties of M-File functions

– Syntax 

– Examples of  function M-Files

– Debugging and Profiling Tools
•

Script M-fi les

• Sometimes you will need to execute your commands in 
MATLAB using a script file rather than interactively.

• Reasons:

– The number of commands is large.

– You might want to change values of your var iables and 
reevaluate the commands.

– You need a history of what you've done.

• This allows you to type MATLAB commands in a text file 
and tell MATLAB to execute the commands as if you had 
typed them at the command prompt.

• These are called script files or M-files.  We can use these 
terms interchangeably.

• These must be saved with the .m extension.

• To create a script file on a PC, choose New from the File 
menu and select M-file.

• This will open up the Editor/Debugger where you can enter 
your MATLAB commands.

•
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Example Script File

%  This i s a n example o f a n M- f i l e

% Gener at e a mat r i x of n or mal r andom 
va r i abl es

x=r andn( 100, 5);

% f i nd t he mean o f ea ch c olu mn

x_ mu=mean( x)

% f i nd t he s ta ndar d devi ai on of e ac h 
co l umn

x_ st d=s t d( x)

% f i nd t he mean & s td o f t he e nt i re d at a 
set

x_ mu_al l =mean( x( : ))
x_ st d_al l =st d( x( : ))

Some Proper ties of Script Files

• Once you type the name of your script file at the command 
line, MATL AB does the following:

– I t searches the current var iables and buil t-in MATLAB 
commands.

– I f your M-file name is not there, it searches the current 
directory.

– I f the file is there, it opens it and runs the commands.

– I f it is not in the above places, MATLAB searches the 
path.

• Var iables created by the commands in your M-file stay in 
the workspace.

• Commands in your M-file have access to all of the var iables 
referred to in the M-file.

• Usually, the commands in the M-file are not displayed as 
they are executed.

• The command  echo on displays the commands to the 
command window as they are read and evaluated.

• The command  echo off stops this and the command  echo
just toggles the state.
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Some Useful Scr ipt Functions

Recall that MATL AB  provides several functions 
that are useful in M-files.

disp Display results.

echo Echo the file commands.
input Prompt the user for input.
keyboard Gives temporary control 

to the keyboard.

(return quits)
pause Pause until any key is 

pressed.
pause(n) Pause for 'n' seconds.

waitforbuttonpress waits for a mouse click
or keystroke over a plot

Functions

• There is a different type of  M-file called an M-file 
Function.

• You can speed up your code significantly by writing 
things as M-file functions rather than just script fil es.

• Functions can be thought of as black boxes:  all you 
see is what goes in and what comes out.

• Any commands that are evaluated or var iables that 
are created are hidden from the user.

• These are very useful for evaluating mathematical 
sequences of commands that you might want to use 
many times.

• It is similar to the script fil e, in that it also is a text fil e
with the .m extension, however intermediate var iables 
within the function do not appear in or interact with 
the MATLAB workspace.

• You create this file in the same manner, but with 
slightly different syntax.

• Pages 176-178 of the text li sts the rules and criteria 
governing Function M-Files.
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Functions

• A Function M-file is different from a script file; the key 
differences are:

• Functions communicates with the workspace through the 
var iables passed into it and that are produced from it.

• Any intermediate var iables created by the function are 
hidden and do not interact with the workspace.

• There is a specific syntax that tells MATLAB that an M-file 
is a function and not a script file.

• The first line of an M-file function must be either:

function arg _out = f unctio n_name( arg _in)

or

function [arg1 , arg2] = fun c_name( i n1,in 2)

• I t is a good idea to put several comment lines in the 
beginning of your function file.  

• These will be returned by the help command.

• The first comment  line, also called the H1 line,  is searched 
by the lookfor command.

Functions

• Rules about function M-Files:
• You should always name the function and its file name the same.
• The first time MATL AB executes a Function M-file, it opens the text 

file and compiles the commands.
• The function is now represented in memory, which speeds execution 

time.

• Other functions that are called by a function M-File are also 
compiled.

• In contrast, script M-files are interpreted and are not compiled even 
if they are called by another function.

• Here is a simple function that returns a square of the value passed.

• function x = squareit (y)
• %SQUAREIT retur ns the squar e of an arr ay or  

scalar.
• %This is to sho w a very sim ple example  of a  

function.

• x=y^2;

• » help squareit

• SQUAREIT return s the square  of an arra y or 
scalar.

• This is to show  a very simp l e example of a  
function.

• » squareit (5)
• ans =
• 25
• »
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Function M-files

• Key characteristics:

• Functions can have zero or more input arguments.

• Functions can have zero or more output arguments.

• Functions can be called with fewer input or output variables than 
were specified in the function...but not more.

• An err or is returned if they are called with more input or output 
arguments.

• I f a function has more than one output variable, then they are 
enclosed in brackets.

function [ mu,st d] = stats(x )

• The number of input and output arguments that are used when a 
function is called are available inside the function.

• These are available with thenargin and nargout variables.

• They are usually used to set default input variables and to determine 
what output to use.

• You can also have a variable number of inputs and outputs.

• Use thevarargin and varargout functions.

• MATL AB packs the specified inputs and outputs into a cell arr ay.

Functions

• When a function declares one or more output var iables and 
you do not want any output, then do not give the output 
var iable a value.

• Functions have their own workspace that is created with 
each function call and then deleted when the function 
completes execution.

• For this reason, you can call var iables the same in both 
workspaces.

• I f a predefined var iable (e.g., pi) is redefined in the 
MATLAB workspace, it does not carr y over into the 
function's workspace and vice versa.

• The input var iables are not copied into the function 
workspace, but their values are readable within the function.

• I f any of the values within an input var iable are changed, 
then the arr ay is copied into the function workspace.

• I f an output var iable is named the same as an input var iable, 
then it is copied.

• To save memory you should extract the por tions of arr ays 
that you wish to operate on.

•
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Global Variables and GUIs

• Functions can share var iables with other functions, the 
MATLAB workspace, and recursive calls to themselves if the 
var iables are declared globa l .

• To gain access to a global var iable it must be declared 
global within each desired workspace.

• The use of global var iables should be avoided as they often 
can lead to conflicts, confusion, and be diff icult to debug.    
To avoid these problems consider the following suggestions 
when creating global var iables;

• Use all capital letters in the global var iable’s name.

• Include the M-File name in the var iable’s name.

• I f you can find an alternative to a global, do i t.

• MATLAB searches for functions, as mentioned with script 
files.

• I f you call a script file within a function, then the script file 
sees only the function workspace, not the MATLAB 
workspace.

• Functions can be called recursively. 

• This is common with Graphical User Interfaces (GUI©s).

Functions

• M-file functions stop executing and return when they reach 
the end of the file or the command return is reached.

• For err or repor ting and debugging there are three functions 
you can use.

• disp displays a var iables value without showing its name; 
you can use this with str ing var iables to show messages.

• error displays a str ing in the command window, abor ts the 
function execution and returns control to the keyboard.

• warning displays a str ing as well , but does not abor t the 
function.

• MATLAB  keeps track of the modification date of M-files 
that you wr ite.  

• I f an M-file function is referenced that was previously 
compiled into memory, then it compares the dates with the 
one on disk.

• I f the dates are the same, the compiled code is executed.

• I f the file on disk is newer, the newer file is compiled and 
used.
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Subfunctions and Local 
Functions

•
• Function M-files can contain code for more than one 

function.  These are called subfunctions or local 
functions.

• The first function is the pr imary function and is 
invoked with the M-file name.

• Subsequent functions in the file are subfunctions.

• Sub-functions are visible only to the pr imary function 
or other sub-functions in the same file.

• Each sub-function begins with its own function 
definition line.

• When you call a function within an M-file, it first 
checks to see if it is a sub-function.

Private M-files

• Private M-Files are standard function M-Files that 
reside in a subdirectory (which must be named 
‘pr ivate’) of the calli ng function.

• These functions are visible only to the same or parent 
directory.

• Since these functions are not visible outside the parent 
directory, they are not visible to the command line or 
any outside functions.

• Therefore they can use the same names as other 
functions in other director ies.

• Once MATLAB checks for sub-functions, it next 
checks in the pr ivate directory.

• Directory structure must be maintained.  This is a 
concern when porting M-Files.
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Creating Your Own Toolbox

• The ‘Toolbox’ directory is a subdirectory containing 
completed functions that are cached by MATLAB.  
We can add our own subdirectory in there.

• We need to placeReadme.m and Contents.m in our 
subdirectory (let’s call i t MyToolBox).

• Readme.m is a script fil e containing comment lines 
that describe late breaking changes or undocumented 
features of our toolbox.

• Contents.m contains comment lines that list all M-files 
in our Toolbox.  The first line should contain the 
name of the Toolbox and the second line the date and 
version.

• Readme. m is accessed by what snewMyToolBox

• Cont ent s. m is accessed by hel p MytoolBox.

Command and Function Duality

• You have used some MATL AB commands such as clea r , whos,
dir , ve r , hel p, etc..  MATLAB lets you create your own new 
commands.

• There are two differences that distinguish commands from functions.

• Commands do not have output arguments

• Input arguments to commands are not enclosed in parenthesis.

• Commands are actually interpreted as the following example 
indicates.

>> whatsnew MyT oolbo x %command form

is interpreted as 

>> whatsnew ( 'My Toolbox' )

Here’s an example,

» which colorde f
C: \ PROGRAM FILES\ MATLAB\ too l box \ local \ colordef .m

We can also do this:

» s=which( 'colo r def' )

s =

C: \ PROGRAM FILES\ MATLAB\ too l box \ local \ colordef .m



10

Command Function Duality

• The following does not work since it mixes 
function and command syntax.

» s=whi ch col or def
??? s =whi ch col or def

|
Mi ss i ng o per at or , c omma, o r s emi -

co l on. 

feval

• You can pass a character string name of a function to another 
function for evaluation.  You saw this in converting strings with
eval .   MATL AB provides a more eff icient method for certain cases. 
This is feva l .

• eval calls the entire MATL AB interpreter to evaluate a string.

• feval executes only functions given by a string.

• feval is usually used inside functions which have the names of other 
functions as arguments.

• These are equivalent:

a = feval ( 'myfu nction' ,x)

a = myfunction ( x)

feval works with multiple arguments.

[a,b] = feval ( ' myfunction' , x,y,z,t)

is the same as

[a,b] = myfunct i on(x,y,z,t)

feval is much more eff icient than eval

• Use feva l when you have to evaluate a function many times or in an
interativeprocedure.
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in-line functions and feval

• Normally myfunction is the name of an M-file function, 
however you can use feval with inline and express an 
entire function as a character str ing.

• Here’s how we would do this with eval

» myfun = '100 * (y - x^2)^2 + (1 - x) ^2'; % j ust a  
string

» %we can use eval i f we s et the values of  x  
and y fi r st

» x=1.2;
» y=2;
» a=eval ( myfun ) 

a =

31.4000

var iables had to be defined previous to eval ( myfun )

• Here’s what happens when we use i nline

» myfuni = inl i ne( myf un, ' x', 'y' ) % make it  
inline

myfuni =

Inline f unctio n:
myfuni (x , y) = 100*(y - x^2) ^2 + (1 - x)^2

I n-lie functios and feval

Natural argument usage

» a = feval ( myf uni ,x,y)

a =

31.4000

» b = feval ( myf uni , - 2, 1) % works for  any argume nts

b =

909

Examine the function

» argnames ( myfu ni ) %returns  the argume nts for the  
function

ans = 

'x'
'y'

» formula( myfun i ) %returns t he formula  for the  
function

ans =

100*(y - x^2)^2 + (1 - x)^2
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MATL AB Debugging

• When developing MATL AB M-Files eventually err ors wil l occur.  
MATL AB wil l tell you when you have err ors.  There are two types of 
err ors, syntax and run-time.

• Syntax err ors can be generated when an expression or function is 
compiled into memory.

• These can be things like

– misspelled variables and function names, misplaced quotes or 
parenthesis, etc..

• MATL AB flags these err ors immediately and provides feedback 
describing the err or and where it occurr ed.

• Syntax err ors are usually easy to identify.

• Run-timeerr ors are generated when an operation leads to unnatural 
results.

• These can be caused by operations the result in things like

• Empty arr ays

• NaNs

• MATL AB flags these err ors then returns control to the command 
window.

• By their nature, run-time err ors can be diff icult to debug.

Debugging by Hand

• For simple problems manual debugging techniques 
can be quite useful.

• Remove semicolons from selected lines within your 
function so that intermediate results are dumped to 
the screen.

• Add statements that display variables of interest 
within the function.

• Place the keyboard command at places in the 
function where you want to examine  a  var iable.  

• Remember to use ret urn to exit the keyboard state 
at the K>> prompt.

• Change the function M-file into a script M-file by 
placing a % before the function definition statement 
at the beginning of the M-file. 

• This will l et you examine the workspace when the 
termination occurs.
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Debugging Functions
When funct ions are compl icated you can use the M ATL AB inline debug commands.  

• M ATL AB debugging functions do not requi re you to edit the M -File you are debugging.  
Debugging functions are similar to those in other high-level languages.  The following table 
summarizes the inline debugging commands:

Debugging Command

Description
dbst op i n mfi le
dbst op i n mfi le at l i neno
Set a breakpoint in mfil e (at li neno )
dbst op i f war ning

er r or
naninf (or inf nan)

Stop on any warning, run-time err or, or when a NaN or Inf is generated.
dbcl ear a ll

a ll i n f i len ame
i n f i len ame
i f w arni ng
i f e r ror
i f nanin f (o r in f nan )

Remove breakpoints.
dbst atus
dbst atus fil ename
List all breakpoints (in filename).
dbty pe mf ile

mf ile m:n
List mf ile with line numbers (between line numbers mand n).
dbst ep
dbst ep n
Execute one or n-lines and stop.
dbco nt
Resume execution.
dbst ack
List who called whom.
dbup
M ove up one workspace level.
dbdo wn
M ove down one workspace level.
dbquit
Quit debug mode.

The Graphical Debugger

• MATL AB on the PC features an integrated M-
file editor / debugger.  

•
• I t can be launched right from your M-file editing 

session by typing edi t at the command prompt.

• Or launch it by choosing File 
�

�

New or Open.
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The Graphical Debugger

• Buttons exist on the toolbar to do rudimentary 
procedures such as single step, continue, and 
quit debugging.

• You can set and clear breakpoints in an easy 
manner.

• You  can view the value of a variable or 
expression by highlighting it in the editor then 
using  Text �

�

Evaluate Selection

Profiling in MATLAB

• MATLAB gives you tools to help you fine-tune, e.g., 
optimize, your code to avoid unnecessary function calls and 
calculations.

•
• The Profiler examines a running program to determine 

where the program is spending most of its time.

• With the profiler you can identify functions that are 
consuming the most time, then determine why you are 
calli ng them and look for ways to minimize their use.

• When you reach the point where most of the time is spent on 
calls to a small number of buil t-in functions, you have 
probably optimized the code as much as you can expect.

• Here is a rundown on some of the profili ng functions.

• profile on Begin profili ng for the session.

• profile repor t Display a profile repor t in 
HTML.

• profile plot Plot the profile repor t using a
pareto plot.

• profile off Disable profili ng.
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Basics of Plotting

• Gett ing hardcopy

• 2-D Plott ing

• Using the 'plot' function
– L inestyles
– Grids and labels
– Legends and Axes
– Subplots
– Multiple Figure Windows
– Retr ieving Data From Plots
– Other Plott ing Commands

• Special Symbols and Text

• 3-D Plott ing

– The 'plot3' function
– Mesh and Surface Plots
– Contour Plots

Gett ing Graphics Hardcopy

• You can use the normal Windows 'Pr int' command 
from the 'File' menu.

• Use the menu from the Figure window.

• You can Copy/Paste into your document.

• NOTE:  in previous versions of MATLAB the default 
background color is black. Be sure to invert the 
background or else you will have a black figure.

• You can also use the 'pr int' command at the 
command line.

• Arguments to the pr int function call different devices.
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Plot Function

• The most common command for plott ing data in 
2-D is the plot function.  This function plots sets 
of data (vectors) using appropriate axes and 
connects the points with straight li nes.

» x=0:. 1: 2* pi;  % cre at e hor i z vect or

» y=cos ( x) ;     % f in d cos of e ach one
» pl ot( x, y)     % plot

0 1 2 3 4 5 6 7
-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

plot Function

• pl ot opens a Figure window, scales the axes to fit the 
data and plots the points.

• It adds a scale and tic marks to both axes.

• If a Figure window already exists, then it clears the 
current window and draws a new plot.

• You can plot several l ines on the same plot by putt ing 
a series of them as arguments to the plot function.

pl ot ( x1 , y1, x2, y2)

• If one of the arguments is a matr ix and the other a 
vector, then it plots each column of the matr ix versus 
the vector.

• If you provide just one argument, then the following 
can happen:

• If it is complex, then it plots the real part versus the 
imaginary.

• If it is real-valued, then it plots the vector (or matr ix) 
versus the index of its values.
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L inestyles, Symbols, and Colors

• The default linestyle is a solid line...MATL AB allows you to choose 
from several.

solid line
: dotted line
-. dash-dot line

– dashed line

• I f you plot several li nes on one plot, then MATLAB starts with blue 
and cycles through the colors green, red, cyan, magenta, yellow,
black, and white.

• You can use a symbol for each point and they wil l not be connected 
by lines.

• The symbols that are available are:

. point
circle
x x-mark
+ plus
star
s square
d diamond
v down triangle
^ up triangle
< left t riangle
right triangle
p pentagram
h hexagram

L inestyles, Symbols, and Colors
• You can select the color of a line or symbol.

b blue

g green
r red

c cyan

m magenta
y yellow

k black

w white

• You can combine both lines and symbols.

• For example, plot the sine and cosine on the same plot, with 
the cosine plotted as a line and with symbols.

» y2=si n( x);
» pl ot( x, y, x,y , ' b* ' ,x , y2, ' g- ' )
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Grids and Labels
• The command grid adds gr id lines to the plot at the tic 

marks.

• Repeated use of the command toggles the gr id lines on 
and off .

• You can easily add a title to your plot using:

• ti t l e(' My P l ot T i t l e')

• You can add labels to the horizontal and vertical axes 
by using:

xl abel ( ' Label t he X ')

yl abel ( ' Label t he Y ')
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Grids and Labels

• Text can be added to any location on the plot with the 
text command:

te xt ( x, y, ' l abel ')

• where the x and y represent the coordinates of the 
center left edge of the str ing in units corresponding to 
the axes.

• You can use the function gtext('l abel' ) to place the 
label with the mouse.

• Thegtext function activates the current Figure 
window, gives you a cross-hair that follows the mouse 
and waits for the mouse cli ck.

• The text is placed in the lower left corner of the first 
character at that location.
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Legends
• MATLAB provides the capability of showing legends 

to identify the different data.

• You can move the legend by holding the mouse button 
near the lower left corner and dragging.

• You can remove the legend from plots using legend 
off .

» x=l in space(0 , 2* pi ,1 00) ;
» si nx=si n( x);
» cosx=cos( x);
» pl ot( x, si nx, ' b* ' , x, cosx, 'g d' )
» l egend ( ' sin ( x) ' , ' cos( x)')
» t i t le ( ' Sampl e P l ot')
» xl abel ( ' x ax i s ' )
» ylabel('y axis')
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Zoom

• zoom on turns zooming on.

• Click left mouse button in the Figure window to 
expand by a factor of two.

• Click r ight mouse button to zoom out by a factor of 
two.

• Click and drag rectangle to zoom into a particular 
area.

• zoom(n) zooms by a factor of n.

• zoom out returns the plot to its initial state.

• zoom off turns off zoom mode.

• zoom toggles the zoom state.

• For zoom to be used the legend must be turned off .

• Since both zoomand le gend respond to mouse cli cks 
they can interfere with each other.
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axes
• You can use the command axis to change the axes of 

your plot.

• The argument to this is a four element vector 
containing the following information:

• [ xmi n xmax y mi n y max]

• You can use the function without any arguments to 
get the current axes values.

» axi s   % get c ur r ent a xes val ues
ans =
0     7    - 1     1

» axi s( [ 0 1 0 - 2 2 ] ) % r eset t o n ew ones
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Multiple Plots Per Page
• You have seen that you can plot multiple data against a 

single axis using the plot command.
•

• plot(x, s i nx ,'b * ',x, cosx , 'g d' )

• You can also add new plots to an existing plot by using the 
hold command.

• hold on tells MATLAB not to remove the existing axes 
when new plot functions are issued.

• I f the new data do not fit within the current axes limits, the 
axes are rescaled.

• hold off releases the current figure window for new 
plots.

• hold with no arguments toggles the sett ing.

• The color cycle star ts anew with each call to plot .  You 
might want to specify plot colors when using hold so that 
lines aren’ t plotted in the same color .

• ishold returns 1 if hold is on.
» hold

Current plot h eld
» ishold

ans =

1
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subplots

• Sometimes you might want to plot more than one data set on 
multiple axes, rather than several plots on one axis.  You can 
do this with the subplot(m,n,p) command.

• This gives a matr ix of m x n plots in a single Figure 
window.

• The p stands for the p-th area to be active.

• The subplots are numbered left to r ight from the top row to 
the bottom.

• Be careful about putt ing too many plots in one Figure 
window.

• The active subplot is the one responsive to the previous 
commands to a Figure (e.g., axis, xlabel, ylabel, title)

• When you want to go back to one axis in a Figure window, 
you must use:

• subplot(1,1,1)

subplots

» subpl ot ( 2, 2, 1) , pl ot ( x, cosx)

» t i t l e( ' Cos( x) ')
» subpl ot ( 2, 2, 2) , pl ot ( x, cosx, ' +')
» t i t l e( ' Cos( x) w i t h S ymbol s ' )

» subpl ot ( 2, 2, 3) , pl ot ( x, si nx)
» t i t l e( ' Si n( x) ')
» subpl ot ( 2, 2, 4) , pl ot ( x, si nx , ' o')

» t i t l e( ' Si n( x) w i t h S ymbol s ' )
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Cos(x) with Symbols
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Multiple Figure Windows

• You can create multiple figure windows and plot 
different data sets in different ways in each one.  

• Select New Figure from the File menu or,

• Use f i gur e( n) in the command window

» f i gur e( 1)

» pl ot ( t , r)

» figure(2), polar(t,r)

Multiple Figure Windows

• Every time a new figure window is created, a number 
identifying it is returned and stored for future  use. 

• Each new figure is placed in the default figure 
position: cli ck and drag to move figures around.

• Select active figures by ;

• cli cking with mouse

• use f i gur e(n) command

• Only the current figure is responsive to commands.
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Retr ieving Data From Plots

• The function ginput allows you to select points from a plot based on 
the position of a mouse click.

• The returned data are not necessarily points from the data set used to 
create the plot, but rather the explicit x and y coordinate values 
where the mouse was clicked.

• I f points are selected outside the plot axes limits, the points returned 
are extrapolated values.

• Returned data are with respect to the curr ent or active subplot.

• [x,y]= ginput (n ) wil l retrieve n points.  Not specifying n wil l 
allow retrieves until the Return key is pressed.

• Before using ginpu t , zoom and l egen d should be turned off , since 
all respond to mouse clicks and can interfere with each other.

» [u,v]= ginput ( 3)

u =

2.5091
2.7273
2.8000

v =

0.5607
0.4451
0.2717

Other 2-D Plots

MATLAB provides a host of specialized 2-D plots.

pola r plot of polar coordinates as a function of angle and 
radius

bar bar graph

stair s stairstep graph...no spacing or lines

ste m stem plot

Errorba r graph with errorbars

feathe r displays angle and mag as arr ows

compass same as above, except it emanates from 
or igin.

bar 3 vertical 3-D bar char t

bar3 h hor izontal 3-D bar char t

bar h hor izontal bar char t

pie pie char t

pie 3 3-D pie char t

ros e draws polar histogram
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Polar Plots
• pol ar ( t , r , S) will create a plot in polar 

coordinates. 

• t is the angle vector in radians

• r is the radius vector
• S is an optional character str ing describing 

color, marker symbol, and linestyle

» t =l i nspace( 0, 2* pi );
» r =si n( 2* t ) . * cos( 2* t );
» subpl ot ( 1, 2, 1)

» pl ot ( t , r ) , t i t l e( ' X- Y P l ot ')
» subpl ot ( 1, 2, 2)
» pol ar ( t , r ) , t i t l e( ' Pol ar P l ot ' )
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Other Plotting Commands

• pl ot mat r i x ( x , y) scatter plots columns of x 
against the columns of y.

• I f X is P-by-M and Y is P-by-N, PLOTMATRIX 
will produce an N-by-M matrix of axes.

» x=r andn( 50, 3) ; % 5 0 r ows b y 3 c ol s
» y=r andn( 3) ; % 3 r ows b y 3 c ol s
» pl ot mat r i x ( x , x* y)

» t i t l e( ' Scat t er P l ot s U si ng
pl ot mat r i x ' )

Scatter Plots  Using plotmatrix

-4 -2 0 2-2 0 2 4-5 0 5
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Other plotting Commands

• fp l ot allows you to plot a 1-d function without 
creating a data set.

• fp l ot ( ' f un' , [ xmi n x max] )

• fp l ot ( ' f un' , [ xmi n x max y mi n y max] )

• fun is a symbolic expression in one variable or 
the name of an M-file uses adaptive step control 
to produce a representative graph, concentrating 
its evaluation in regions where the function’s 
rate of change is the greatest.

» f pl ot ( ' s i n( x) ' , [ 0, 2* pi ] )

» title(©fplotof sin(x)©)

0 1 2 3 4 5 6
-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1
fp lo t o f sin(x)

Other Plotting Commands

• ez pl ot plots a function over the domain [ -
2* pi  2* pi ] .

• The x-domain can be specified using the form

• ez pl ot ( ‘ FUN’ , [ xmi n x max])

• The x-axis label is the variable name.

• The tit le is the function ‘ FUN’ .

» ezpl ot ( ' si n( x^ 2) / ( x+eps) ' )
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Special Text Formatting

• You can create multi-li ne text with any text 
string, including tit les and axis labels by taking 
advantage of str ing arr ays or cell ar rays.

» t i t l e( { ' Pl ot o f s i n( x) ' , ' Usi ng
fp l ot ' } )
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Plot of sin(x)
Using fplot

Scatterplot Example

load sea mount
%comes wi th
%the sta ndard
%edition
scatter( x,y,5, z)
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Symbols and Special  
Characters

• There are over 75 symbols, including Greek letters and other 
special characters, that can be included in MATLAB text 
str ings. 

• You access these by embedding a subset of TeX commands 
within your str ing using the \ character.

• The available symbols and the character str ings used to 
define them are listed in the table on page 375-376 of your 
text. 

• A limited subset of TeX formatting commands are also 
available.

• ^ superscript

• _ subscript

• \ fontnam e font type

• \ fontsiz e font size

• \ bf, \ it, \ sl , \ r m bold, italic, slant, 
normal roman

• gtext (' \ f ontna me{cou r ier} \ fontsi ze{16} \ it 
x_{ \ alph a} + y ^{2 \ pi } ')

• Produces  x­ a� + y2p�

3-D  Plotting

• The plot3 f uncti on is s i milar to  th e 2- D 
plot fun ction, excep t we a r e now i n thr ee 
dimensio ns.  T he syn t ax is  simila r to plot
except t hat yo u need to  pr ovide 3  data  sets 
or vecto r s.

» t=0:pi / 50:10 * pi;
» plot3( sin(t) , cos (t ) ,t)
»xlabel ( ' sin(t ) '), yl abel ( ' cos (t)' ) , zlab el ('t')
» title( ' Helix ' )
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3-D  Plotting

• As you just saw, there is a zlabel function that you can use with    3-D 
plots.

• You can use the hold command or several arguments to the plot3 function 
just like in the 2-D case.

•
• You have a certain viewpoint with 3-D graphics, specified by azimuth and 

elevation.

• The azimuth is the angle with respect to the x=0 plane.

• The elevation is the angle with respect to the z=0 plane.

• You can change this view with the command:

• view([ az ,el])

• See the page 398 - 400, of your text for a complete description of the 
view command.

• You can interactively rotates the view of a 3-D plot with the command  
rotate3d .

• Try the following;

» [x,y,z]=peaks ;
» mesh(x,y,z);
» rotate3d

3-D  Plotting

• Sometimes we need to view a scalar function of two 
variables:

• z=f(x,y)

• A plot of this is a surface in 3 dimensions.

• To plot this in MATLAB, the values of z are stored in 
a matr ix.

• One way to get these values is to first create a matr ix 
of x and y values:

[X , Y] =meshgr id ( - 3: 3,1 : 5)

• meshgrid will duplicate x for each of the rows in y 
and will duplicate y as a column for each of the 
columns in x.

• This allows all the values of z to be computed in a 
single statement.

• If  f(x,y) = (x + y)2 then,

Z = ( X + Y ) . ^2 % e l ement b y el ement
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3-D Plott ing

• You can plot a mesh surface defined by the z-
coordinates of points above a rectangular grid in 
the x-y plane.

• A mesh is formed by j oining adjacent points 
with straight lines.

» [ X, Y, Z] =peaks( 30) ;
» mesh( X, Y, Z)

•
• peaks is a function of two variables, obtained 

by translating and  scaling Gaussian
distr ibutions. 

Some 3-D Plot Examples

[x,y,z]= peaks;
subplot( 2,2,1) , mesh( x,y,z)
C = del2 ( z);
subplot( 2,2,2) , mesh( x,y,z, C)
subplot( 2,2,3) , meshc( x,y,z)
subplot( 2,2,4) , meshz( x,y,z)
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Different Shading Pattern
[X , Y] =meshgr id ( - 3: . 2: 3, - 2: .2 : 4) ;
Z=exp( - ( X. ^2+Y. ^2) / 3);
su bpl ot ( 1, 1, 1)
su r f ( X, Y, Z)
% pl ot l i nes wi t h c ol or o f 

quadr il at er al
sh adi ng f l at
% i nt er pol at e shadi ng a cr oss 

quadr il at er als
sh adi ng i nt erp
% r et ur n t o or i gi nal shadi ng
sh adi ng f aceted

3-D PLOTS – OTHER USEFUL 
FUNCTIONS

• Add labels, titles, change axes as with 2-D plots

• Can look at contours of the surface using 
co nt our function.

• You can rotate the surface plot using the toolbar 
button or rot at e3d
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Visualizing Volume

• Visualizing volume is the representation of data that 
are defined on 3-D gr ids:  f(x,y,z)

• Volume data sets have multidimensional arr ays of 
scalar or vector data defined on latt ice structures.

• We will l ook only at scalar data.

• Example of scalar data might be air pressure or 
temperature at a points in space.

Visualizing Volume
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Contourslice

load mri 

%remove empty 
%dimensi on

D = sque eze(D) ; 

x=xlim ;

y=ylim ;

contours l ice (D , [],[] , 8)

axis ij , xlim (x ) , ylim ( y)

daspect ( [ 1 1 1 ] )

ISOSURFACES

• Use is osurf ace to display overall structure of a 

volume.

• You can combine it with i soca p.

• This technique can reveal information about data on the 
interior of the i sosur f ace .

• The foll owing will create and process some volume data 
and create isos urfac e and i soca p.

• To add some other effects, lights will be added.

• isoca p indicate values above (default) or below the 

value of the i sosur f ace
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ISOSURFACES

• Try this example, generating uniform random numbers:

data = rand (12, 12,12);

data = smooth3( data, 'box' ,5 ) ;

isoval = 0.5;

H=patch( isosurf ace (data, iso val ), ...
'FaceColor' , ' blue' , 'Edge color' , 'non e' , ...

'AmbientStren gth' ,.2, 'Spe cularStreng t h' ,0.7, ...
'DiffuseStre ngth' ,.4);

isonormals (data , H)  %produc es smoother  lighting
patch( isocaps (d ata, isoval ), . ..

'FaceColor' , ' interp' , 'Ed gecolor' , 'n one' );

colormap hsv

daspect ([1 1 1] ) ,axis tight , view(3)

camlight right, camlight le f t, lightin g phong

ISOSURFACES
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ISOSURFACES Without Caps

Slice

• slice displays orthogonal slice planes 
through volumetr ic data. 

• Color indicates the scalar value.
• Example:

[x,y,z] = meshgrid ( - 10:10, - 10:2: 10, -
10:1.5:1 0);

v = sqrt ( x.^2 + y.^2 +  z.^ 2);
% slice t hroug h the 0 plan es
slice(x, y,z,v, 0,0,0)
colorbar
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Slices

Many Others Graphics are 
Available

• Texture mapping to a surface

• I mages

• Animation – movies

• Animation – on-the-fly

• L ighting

• Camera graphics
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Handle Graphics

• Handle Graphics

• When do you need to use Handle Graphics

• What are Handle Graphics objects.

• Object Handles

• Object Properties

Handle Graphics

• Handle Graphics is the collection of low-level graphics 
functions that actually do the work of generating 
graphics in MATLAB.

• These detail s are usually hidden from the user in 
graphics files such as plot, axis, etc.

• Handle Graphics can be used to make a small change 
or global changes that affect all graphical output.

• We will cover only the highlights of Handle Graphics.

• You are encouraged to refer to Chapter 31 of 
Mastering MATLAB 5, if you will be using these 
capabili ties.  

• Appendices B - J contain li sts of object properties.

• The MATLAB Help Desk is an excellent resource for 
information on Handle Graphics.
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Handle Graphics

• Who needs Handle Graphics?

• When you must have more control over your plots.

• When you need to change objects in your graphics 
that you cannot do with the high-level plot functions.

• Handle Graphics Objects

• Every component of a graph is an object: axis, text, 
li nes, etc.

• Each object has a handle associated with it.

• A handle is a number that identifies the object.

• Each object has properties that can be changed: color, 
position, etc.

• In MATLAB, a graphics object is a component of a 
graph that can be manipulated.

Handle Graphics
• Everything created by a graphics command is a 

graphics object.

• Examples:
– Figure windows
– Axes
– L ines
– Surfaces

– Text

• These are arr anged in a hierarchy of parent and child 
objects.

• The computer screen is the root object and is the 
parent of all other objects.

• Figures are the children of the root.
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HANDLE  GRAPHICS

• Axes and GUI (uicontrol, uimenu,
uicontextmenu) objects are children of figures.

• L ine, text, surface, patch and image objects are 
children of axes.

• The root can contain one or more figures.

• Each figure can contain one or more sets of axes.

• All functions that create an object will create the 
parent if they do not exist.

HANDLE  GRAPHICS

• Recall that an object is identified by a handle.  When 
an object is created, a unique handle is created for it.

• The handle of the root object or computer screen is 
always zero.

• Figure handles are usually integers, which are 
displayed in the window title bar.

• Other object handles are floating-point numbers. 

• You can create a figure object and save its handle in a 
var iable using the following:

• Hf_fig = figure

• For example, f i gur e creates a figures window and 
saves its handle in the variableHf_fig.
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HANDLE  GRAPHICS

• There are several MATLAB commands that can be 
used to determine the handles of figures, axes and 
other graphics objects.

•
·� gcf is a function that ‘gets current figure’

handle.
•
§ Hf_fig = gcf returns the handle of the 

current figure and assigns it to the variable.
•
·� gca is a function that ‘gets current axes’

handle.
•
§ Ha_ax = gca returns the handle of the 

current axes in the current figure and assigns it to the 
variable.

•
·� gco is a function that ‘gets current object’

handle.
•

Hx_obj = gco returns the handle of the current object 
(the last object cli cked on by the mouse) in the current 
figure.

HANDLE GRAPHICS

• You should follow a naming convention for handle 
var iables.

• In the Mastering MATLAB book, each handle var iable 
starts with the letter ‘H’ .

• You should also use a naming convention that 
describes the type of object refer red to by the handle.

• Whatever convention you decide to use should 
facili tate handle recognition.

• You do not need to save handles for objects unless you 
think you will need to change the properties of those 
objects later on.

• It is important to save the handles that have floating 
point values, because these follow the full precision of 
MATLAB.
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Handle Graphics

• All graphics objects have properties that define their 
characteristics:

Position

Color

Size

...

• You can manipulate your graphics by changing these 
properties.

• The properties for each object are unique.

• Some properties are valid for all objects.

• Object properties have property names and their 
values.

HANDLE GRAPHICS

• The properties are usually displayed with letters in 
mixed case, with the first letter of each word 
capitali zed.  However, MATLAB recognizes a 
property regardless of case.

• For example: ‘L ineStyle’

• You only need to use enough letters to uniquely 
identify the property.

• For example: ‘Position’ and ‘Pos’ and ‘pos’ would 
access the  position property.

• When an object is created, it has a set of default 
property values.

• You can set or change these at creation time, by 
arguments to the object creation function.
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HANDLE  GRAPHICS
• For example,

• fi gur e( ‘ Col or ’ , ‘ whit e’ )

• changes the background color from gray to white.

• You can also change properties later on using the 
following two functions.  These are the main functions 
for manipulating graphics object properties.

• get returns the current value of an object property.

• set allows you to change the values of object 
properties.

• The general syntax is:

se t ( handl e, ’ Pr oper t yName’ , Val ue, . ..)
get ( handl e, ’ Pr oper t yName’ , Val ue, . ..)

• You can set several of these property values in one 
command.

HANDLE  GRAPHICS
• Example:

fi gur e
se t ( gcf , ’ Col or ’ , ‘ whi t e’ )

• You can use set(handle,’PropertyName’ ) to get a li st 
of values that can be used for the object refer red to by 
handle.

• If you use set(handle), then you get a list of properties 
and possible values (if appropriate) for the object 
belonging to the handle.

• If you use the function get(handle) then it li sts the 
properties and current values for the object.

• If you want a specific value for a property, use 
get ( handl e, ‘ Pr oper ty Name’ ).

• Example:

pos = get ( gcf , ‘ Posit i on’ )
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HANDLE  GRAPHICS

• You can use Handle Graphics to change the pr inted 
output of your graphics.

• For example, you can use it to or ient the page 
(landscape or portrait) or figure placement.

• Recall that MATLAB sets object properties to their 
default values when it is created.

• You can change these by using a special property 
name consisting of ‘ Def aul t ’ followed by the object 
type and property name.

• For example

‘ Def aul t Fi gur eCol or ’ .

HANDLE  GRAPHICS

• You should take care when changing defaults.  If you 
change a default in a function or other file, then 
always save the previous sett ings using the get
command and restore them when you are done.

• You can use the property-value ‘ r emove’ to reset a 
property back to the or iginal defaults:

se t ( gcf , ’ Def aul t AxesL i neWi dt h’ , ’ r emove’ )

• You can use the MATLAB default temporaril y using 
the property-value ‘ factory’ .

• This changes the default for the current command 
only.
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HANDLE GRAPHICS

• RECALL :

• Any object that appears in a MATLAB figure is a 
part of Handle Graphics.

• Every object has a unique identifier called a ‘handle’ .

• This handle allows you to modify the object.

• Most of the time you do not need to worr y about 
these, but they are always there in the background.

• The Property Editor in MATLAB is one of the 
GUIDE tools.

• It is very useful in GUI development or for editing 
graphics objects.

• The Property Editor allows you to change object 
properties without knowing their handle or using the 
MATLAB command line.

PROPERTY  EDITOR

• First, lets review how to edit an object without 
the editor.

• Create a figure using

» sur f ( peaks( 25))
» set ( gcf , ' Col or ' , ' bl ue')

´ These commands created a surface picture 
of the ‘peaks’ function and set the background 
color to blue.

· You can also change the color ( to green) 
using

» set ( gcf , ’Col or ’ , [ 0 1 0 ] )
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Properity Editor

• The Property Editor provides convenient access to 
many properties of objects in a graph.

• You can edit these objects:

• Figures
• Axes
• L ines
• L ights
• Patches
• Images
• Surfaces
• Rectangles
• Text
• Root Object

• To start the Property Editor, use the command

» pr opedi t ( gcf )

Property Editor

• You can also start the Property Editor selecting it 
from the pull -down menu in the figure window.

If you place the cursor over a field, a data tip will 
appear that displays the name of the property and its 
current value.

• If you keep the Property Editor open, clicking on 
other objects in the graph will change the set of panels 
to those associated with that object type.

• Simply cli ck on the tab of the panel that contains the 
property you want to modify.

• After changing a value of a property, cli ck the Apply 
button to make your change permanent.
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PROPERTY EDITOR 

• If you select multiple objects of the same type, the 
Property Editor displays the set of panels specific to 
that object type.

• Having selected multiple objects of the same type, 
when you change one value it will be applied to all 
objects of that type. 

• If you select multiple objects of different types, the 
Property Editor will only display the Info panel, since 
it is common to all object types. 

• You can also select objects using the Navigation Bar.

• Here you can see a hierarchical li st of all objects in the 
current figure.

• You can use the navigation bar to search for a 
particular object, or group of objects, in a figure.

• Tag

• Type

• Handle

Property Editor – Creating 
Tags

• The navigation bar will li st all objects by their type 
and their tag, if they have one.

• Tags can help identify which object in a li st is being 
acted on.

• You can easily create a tag for an object.

• With Plot editing mode enabled, double-cli ck on the 
object in a graph.

• Click on the Info tab in the Property Editor

• Enter a text str ing in the Tag field.

• Click on Apply

• Try changing the color of the background using the 
property editor


