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1.0 INTRODUCTION

MATLABY is a comprehensive engineering and mathematical computing environment. It has its own pro-
gramming language, but it ismuch more than aprogramming language. Itisalso alibrary of routinesfor solving matrix
problems, and a graphics package that is easy to use, but can be as flexible as the user needsit to be.

Thisdocument isintended to beabrief introductionto MATLAB, itslanguage, and someof itscapabilities. Itis
not intended to be a complete reference guide. Although some commands are described in a reference section, many
more have not been included. Much moreinformation isavailable about all of MATLAB’s commands through the on—
line help feature and through the official MATLAB reference guide.



2.0 USING MATLAB

MATLAB can be used interactively, with commandsinput directly from the keyboard, or through previously—
written programs, called m-files. Each of these modes has certain advantages over the other; the interactive mode, for
example, is much more flexible than the script mode, while m—files allow for easy repetition of long sequences of com-
mands. These modes are not mutually exclusive, however; scriptsare generally run when they are called from the com-
mand line, and it is possible to enter commands from the keyboard while a running script is temporarily suspended.

2.1 Programming

MATLAB programs do not need to be compiled before they can be used. They do not, in fact, have to be pro-
gramsat all. Rather, aMATLAB session could consist of anumber of commands entered directly from the keyboard.
These commands can be assignments, loops, logical operations, comments, or any other legal MATLAB expression.

2.1.1 Entering Scalars

A scalar value can be assigned to avariable ssmply by entering it. For example, typing a=5 will result in the
statement:

5.
Similarly, typing cos( pi ) will yield,
ans =
-1.

Thefirst lessonto belearned, then, isthis: MATLAB interpretsany keyboard input as some type of command.
If the keyboard input contains an equal sign (=), MATLAB readsit as an assignment statement; the numerical result on
theright hand side of the equality isassigned tothevariableontheleft hand side. If thereisno variableand noequal sign,
MATLAB readsit asanimplicit assignment, and assignstheinput valueto thevariableans (so,cos( pi ) isequivalent
toans=cos( pi ) ). If thestatement beginswith apercent sign (%, MATLAB will read it asacomment, and will disre-
gard that line completely.

A minor lessonto belearned fromthisisthat MATLAB implicitly recognizes someof the better—known mathe-
matical constants. pi , for instance, isgivenas3. 14159265358979 (MATLAB defaultsto double—precision arith-
metic). Similarly,i andj arerecognized astheimaginary unit,sqrt (—1) (displayedasO + 1. 0000i ).
2.1.2 Entering Arrays

MATLAB treatsevery variableasan array of complex numbers. In other words, thereisno difference between
the procedures for entering real scalars, real arrays, complex scalars, and complex arrays.

Vectors

A vector of numbers (mx1 or 1xn array) is entered in square brackets:
a=[1 3 5 6 7] yidds,

a =



If the vector isto consist of asequence of regularly—spaced val ues, acolon may be used to make the entry more
concise: bothb=[1 4 7 10 13 16] andb=1: 3: 16 ("start at 1, skip by three, stop at 16") yield

b =
1 4 7 10 13 16
Thevalue by which avector’selementsareincremented does not need to be aninteger. 1t doesnot even needto
be positive. Bothc=0. 5: 0. 0025: 15 andd=10: —pi : —15 arelegal vector assignments. If no increment is speci-
fied, theincrementis1. Invalid sequenceswill return an empty answer (eg, 10: —25 returns| ] , becausetheincrement
defaultsto 1, and a positive increment, starting at 10, will never reach —25).
Thefinal valuein avector assignment does not need to be an element of the sequence being assigned; the last
element of the sequence that falls within the specified bound will be the last element of the vector. For example, both
b=1: 3: 16 and b=1: 3: 17 will yield the vector shown above.

A column vector is most easily entered as the transpose of a row vector:
b =[1:3:17]" will yield

Square brackets are needed in this case because of the presence of the transpose operator. Thetranspose opera-
tor (" ) will be discussed in Section 2.1.4, Mathematical Operators.

Alternatively, either a semicolon or a carriage return may be used to separate elements of a column vector:
b=[ 1; 4; 7; 10; 13; 16] will alsoyield the column vector shown above.
Matrices

A matrix (mxn array) isentered asaseriesof row vectors, separated by semicolons, or aseriesof columnvectors,
separated by spaces:

AS[1 356 7; 2 4 8 9 10] yields,
A =

1 3 5
2 4 8

[(e o]

A2=[[1;4;7] [10;13;16]] yidds,
A2 =
1 10
4 13
7 16
Inthefirst example, every row vector usedin A must contain the samenumber of elements. Inthe second exam-

ple, every column vector must contain the same number of elements. It isimportant to remember thiswhen arrays are
constructed from other arrays, whose dimensions may vary.



The vectors used to build an array may themselves consist of arrays: B=[ A ones(2, 2); zeros(2, 2)
A] yieldsthe 4x7 array,

B =
1 3 5 6 7 1 1
2 4 8 9 10 1 1
0 0 1 3 5 6 7
0 0 2 4 8 9 10.

Two specia arrayshavebeenusedinthisexample. ones( m n) producesanmnxn array of 1's. zer os(m n)
producesan mxn array of 0’s. Some other built-in array generatorsarer and, di ag, andeye. Thesewill be discussed
briefly in Appendix A.

Strings
Character strings may be assighed to variablesby enclosing them in single quotation marks. If anapostropheis
needed within a string, it is denoted by two single quotes. For example,a="Hi there, | am an apteryx’
would return,
a =
H there, | am an apteryx

b="Eddi e’ ' s pl ace’ would return
b =
Eddi e’ s pl ace

Character strings are essentially treated asrow vectors. Strings may be concatenated by placing them side by
side, within square brackets. For example,[ ' Eddi e’ " s’ ' pl ace’ ] wouldreturnthestring b, above. Stringsmay
a so be combined into rectangular arrays by usingthest r 2mat command. str2mat (a, " at’ , b) ,whereaandb
are as shown above, would return,

H there, | aman apteryx
at
Eddi e’ s pl ace

where the smaller strings,” at°  and b, have been padded with spaces to make them the same length as the longer
string, a.

Numbersmay beconvertedintostringsby thenun®st r command. nun®st r may beusedwith squarebrack-
ets to concatenate strings with numeric quantities. For instance, if q is defined as 17. 5, the command
disp(['q ="' nun2str(q)]) would producethe display,

q=17.5
This can be useful for constructing header strings or graph labels from variablesin the workspace.

Similarly, st r 2nummay be used to rescue anumeric valuethat istrapped in theform of astring variable. For
instance, if the string 'q = 17.5' isassigned to thevariablet rap, q = str2nun{trap(5: 8)) would assign the
numericvalue 17. 5 to the variable g.

Stringsthat look like MATLAB commands can be executed through use of theeval command. For example,
eval (['load ' datafil e]) wouldloadthedatafilewhosenameiscontainedinthedat af i | e variable. Or,in
the above example, eval (trap) would assignthevaluel7. 5toq.

A string may be converted to ASCII codes by using theabs function. abs(’ Hi !’ ) would return the three—
element row vector [ 72 105 33] , whereeach element isthe ASCII code of the corresponding elementof* Hi ! ' . A



set of ASCII codes may be converted to a string by using the set st r function. setstr ([ 72 105 33]) would
returnthestring’ Hi !’ .

Mathematical operations on a string are actually performed on the string’'s ASCII codes. " Hel | o’ / 2, for
instance, isthesameasabs(’ Hel 1 0’ )/ 2.

Note: abs isthe same function that returns the magnitudes of complex numbers, or the absolute value of real
numbers.
Array Sizes

The size of amatrix can be found by entering si ze( B) . This returns a two—element row vector, [ Ny ows,
Neol s] . For B as defined above, the sizeis returned as,

ans =
4 7.

A similar command, | engt h, can be used to determine the size of avector. Inessence, | engt h returnsthe
largest element of the si ze vector. For example, | engt h(a) (wherea=[1 3 5 6 7] from before) returns

ans =
5.
si ze(a) , by comparison, returns the two—element vector,
ans =
1 5.
| engt h may also be applied to matrices. | engt h( B) , for example, yields

ans =

Dealing With Arrays

Itisnot always necessary, or desirable, to operate on an entire array. In such instances, it is possibleto extract
datafrom one array and either operate on it, or assign it to another variable and operate on that. Thisisaccomplished
through the use of indices, where the first index indicates the row(s) to extract and the second index identifies the col-
umn(s).

Indicescanbescalarsor vectors. Forexample, A( 1, 3) returnsthethird element of thefirst row of A. Similar-
ly,A(2,[1 3 4]) returnsa3—element row vector consisting of thefirst, third and fourth elementsof the second row of
A

Becauseindices are essentially vectors, colons may sometimes be used to write them more concisely. Asan
example, A( 1, 1: 3) returnsthefirstthreeelementsof thefirstrow of A, whileA( 1, 1: 2: 5) returnsthefirst, third, and
fifth elements of the first row.

Column vectors may be extracted by indexing multiple rows of asingle column (A( 1: 4, 1) , for example).
Submatrices are extracted by indexing multiple rows and columns. A colon by itself as an index means either “all the
rows’ or “all thecolumns’, depending onitsposition. (A(: , 5: 7) returnstheentirefifth, sixth and seventh columns of
A; A(5: 7, :) returnsall of thefifth, sixth and seventh rows of A.)

Vectorswill accept two indices, but only oneisrequired. If both aregiven, care must betaken to ensurethat the
order of theindicesmatchesthedimension of thevector. Forexample, if b isarow vector,b(: , 5) ,b( 1, 5) ,andb(5)
will al return the fifth element, but b( 5, 1) will cause an error.



Elements of an existing array may be overwritten using indices. If, for instance, A is defined asthe array,

5 7 3 4 0
7 4 1 1 3
8 5 4 8 7
8 9 0 0 5
the 8’sin the third row may be changed to 2’s by the assignment,
A(3,[14]) =12 2];
toyield
5 7 3 4 0
7 4 1 1 3
2 5 4 2 7
8 9 0 0 5
Similarly, the 2x2 block in the upper left-hand corner,
5 7
7 4
may be replaced by a multiple of itself,
A(l:2,1:2) = A(1:2,1:2) .* 2
giving,
10 14 3 4 0
14 8 1 1 3
2 5 4 2 7
8 9 0 0 5

Finally, the colon can be used to turn an array into a vector. Writing A(:) is the same as writing
[A(:,1); A(:,2); A(:,3); A(:,4); A(:,5)]. Bothof these expressionsresult in,

10
14
2
8
14
8

This can simplify things a bit, in some applications (such as m n, max, any and al | ). For instance,
m n(mn(A)) isthesameasmi n(A(:)).

Variable Names

Variablenamesin MATLAB canbeupto 19 charactersinlength. Upper—caseand lower—caselettersaretreated
asdistinct, so A (used asamatrix, above) and a (used asavector) aretreated as separate arrays. Any array givenaname
longer than 19 characterswill haveits nametruncated; if two arrays havelong names, with the samefirst 19 characters,
they will be treated as the same array.

Beforeassigninganameto anarray, itisgood practiceto make surethat nameisnot already being used for some
other purpose. Thiscan bedoneby usingtheexi st function. exi st (" A" ) will check the current workspace and all



directoriesinthe search path to determinewhether Aiscurrently in useaseither avariableor afilename. Itisnot goodto
use the name of afunction (m-file or built-in) asavariable.

Managing Memory

A listing of the variables currently in memory can be obtained by entering the command who. A similar com-
mand, whos, showsalist of thevariablesand displays somekey properties(size, real/complex, sparse/full) of each one.
These can be useful in accounting for memory usage.

If memory becomesaproblem, cl ear canbeusedtofreeup somespace. cl ear removesvariablesfromthe
workspace. Enteringcl ear name, where nane represents avariable, removesthat variable from memory. If name
represents aglobal variable, it remainsin memory for all functions declaring it global but isremoved from the current
function’s workspace. Global variables (see Section 2.2) may be removed by entering cl ear gl obal nanme.
cl ear gl obal removesall globa variables. cl ear removesall variables.

2.1.3 Data Input and Output

Input and output of dataisimportant to any programming language. MATLAB provides several methods for
data I/O to and from the keyboard and/or disk files.
Keyboard I nput

Keyboard input can take the form of the direct assignment (discussed above) or can usethei nput statement.
Thei nput statement, which is more useful in m-file implementations than interactive sessions, takes the form:

vari abl e=i nput (" pronpt’);
i nput must be given a string input argument; this string is then echoed as the prompt for data.

Whenani nput statement is encountered during m—file execution, MATLAB stops and waits for acarriage
return. Whatever text isentered beforethecarriagereturnisevaluated asaM ATLAB command, and theresultisstoredin
vari abl e. If nothingisentered, var i abl e will beempty. Arraysmay beenteredwithi nput statements, if they are
enclosed in square brackets.

String variables may be assigned using i nput , aswell; the syntax then becomes:
vari abl e=i nput (" pronpt’,’s’);

Anything entered withthisform of thei nput statementissimply assignedtovar i abl e; noevaluationtakes
placein thisinstance.

Input lines that run off the edge of the screen may be continued on the next lineif the long line ends with the
continuation mark (...). Continuation marks are not always necessary (when inputting arrays, for instance), but are al-
wayslegal. Usethemif thereisany doubt about syntax.

Screen Output

The semicolon may be used to control output to the screen. Whenever acommand does not end with asemico-
lon, MATLAB echoesthe resultsto the screen. Any command that does end with a semicolon will haveits output sup-
pressed.

Thesimplest method of obtaining output from MATL AB isthereforeto never end alinewith asemicolon; every
operation will then echo itsresult to the screen. If di ary ison, resultswill be saved in the current diary file, aswell.

Another, perhapscleaner, way of obtaining outputisto usethedi sp command. di sp evaluatesitsinput argu-
ment and writestheresult tothescreen, without assigningittoany variable. If theinput argument isthenameof avariable



in the workspace, the contents of that variable are displayed; if the input argument is a valid MATLAB expression
(di sp( cos(1.2*pi)/log(14)) , for instance), then the expression is evaluated and the result (0. 3066) iswritten.

Thef or mat command may be used to change the precision of datadisplayed onthescreen. f or mat | ong
displays numeric results as 15—digit fixed point values. f or mat short displaysvaluesas 5-digit fixed points (the
default format). Some other useful scientific displaysaref or mat short e (exponentia) andf ormat | ong e
(exponentia with lots of digits).

f or mat doesnot affect the precision of mathematical calculations; it only affectsthe precision of the display.

Other commands help to manage the amount of information displayed on a screen at one time. cl c, for
instance, clears the command window and placesthe cursor at thefirst line of thewindow. nor e forcesdatato bedis-
played one page (screen) at atime. nor e by itself togglesthe paging routine. nor e on turnsthe pager on; nor e of f
turns the pager off.

Capturing Screen Output

Anything that iswritten to the command screen can also be sent to afile. di ar y isthe command that accom-
plishesthis; di ary on turnsthedi ar y function on, and anything written to the screenisalso written to thefilediary.
di ary of f turnsthedi ary function off. di ary fi | enane turnsthedi ar y function on and sendsall output to
the specified file.

If the specified diary file already existswhen di ar y isturned on, any new information is appended to the old
file. No marker iswritten to the file to show where the old information leaves off and the new stuff begins.

Filel/O

Filesmay beread or written using thel oad and save commands. By themselves, these commandsread and
write (respectively) the file matlab.mat. If afilename without an extension isincluded with the| oad or save com-
mand, MATLAB will append a.mat extension to that name. If an extension isincluded with the filenameon al oad
command, MATLAB will attempt toload thefileas ASCII; the contentsof thefilewill then beassigned to avariablewith
the same name asthefile. If an extension isincluded with thefilename on asave command, the file must be saved as
ASCII format or MATLAB will be unable to reload it.

Any filethat hasa.mat extensionisassumed to beinthe MATLAB format (binary); all variablesare preserved
within amat—file. Any file saved as ASCII format will not preserve the variable structure.

Some sampl e load and save commands:

save saves entire workspace to mat | ab. mat

| oad loadsfilemat | ab. mat

save eddi e saves entire workspace to eddi e. mat

save eddie A B savesarraysAand Btofileeddi e. mat .

| oad eddie loadsfileeddi e. mat

save eddi e. dat savesentireworkspacetoeddi e. dat . Fileisin MATLAB format and

will be difficult to reload.

save eddi e.dat -ascii saves entire workspaceto file eddi e. dat , inASCII format. Variables
are saved in 8—digit precision. No distinction is made between the vari
ableswithin thefile.

save eddie.dat A B -ascii savesarrays Aand Btofileeddi e. dat , in 8-digit ASCII for
mat.



save eddie.dat A B —ascii —double savesAandBtoeddi e. dat in16-digit ASCII for
mat.

| oad eddi e. dat loads ASCII fileeddi e. dat , assigns contentsto variableeddi e. All
rows of the file must contain the same number of columns. String datais
not allowed in this format.

If specific file formats are needed, file input/output can aso be accomplished through commands such as
fprintf,fwite,fread,andfscanf. fprintf andfscanf areused for writing and reading ASCII files;
freadandfw it e areused for writing and reading binary files. For moreinformation, seethe MATLAB manual or
hel p on any of these items.

2.1.4 Mathematical Operators

Much of MATLAB’s power derivesfrom itstreatment of variablesasarrays. For basic operations, this makes
MATLAB somewhat independent of thef or loop. While someloopsare unavoidable, asthef or or whi | e loopshbe-
come larger and more complex, MATLAB's performance suffers and programs run slower. “Proper” MATLAB pro-
gramming uses the array nature of variables to minimize dependence on f or and whi | e loops.

For example, a program might include the following loop to add 3 to alist of numbers:
for i=1:5,
b(i)=a(i)+3
end

While thisis perfectly legal within MATLAB, it is, at the least, the long way to do it. A much more concise
method would be to say, smply,

b=a+3.

Thisworks for almost all of the elementary operations, and most of the functions found in MATLAB. a-3
subtracts3 from each element of a; a+b addseach element of a tothecorresponding element of b (if a and b arethesame
size); si n(a) returnsthesineof eachelement of a; | og(a) returnsthe natural logarithm of each element of a, and so
on.

Problems can arise, however, with the multiplication (* ), division (/ ), or power (™) operations. These are de-
fined within MATLAB to beinherently matrix operations. A* Bisinterpreted asthe matrix Atimesthe matrix B, where A
isassumedto bemn and Bisassumedtobenxp. A/ BisreadasA * i nv(B),orA * B-1,thesolutiontotheequation

X * B =A
wherex isapxmmatrix, Bisan mxn matrix (aleast squares solutionisapplied if Bisnot square), and Aisapxn matrix.
A\ Bissimilarly interpreted asi nv( A) * B, or At * B, or the solution to
A* x = B,
whereAisannxn matrix (aleast squaressolutionisappliedif Aisnot square), x isan nxp matrix, and Bisan mxp matrix.

Whilethisisall very nice when dealing with matrices, sometimesit doesn’'t work very well when scalars are
involved. For example, whilea/ 2 nicely divideseach element of our vector a by 2, 2/ a attemptsto solvetheequation,

X * a= 2
rather than dividing 2 by each element of a.

If aisalxb array, asdefinedabove([1 3 5 6 7] ),and2is1x1 (asitis, usualy), MATLAB endsuptrying
tomultiply alx1 matrix intoa5x1 matrix, and crashing on adimension disagreement. Theway around thisisto precede



the/ by aperiod(. ). ThistellsMATLAB to regard the division asascalar operation, acting on each element of a. So,
while2/ acrashes,2 ./ awill yieldthedesiredresult. (Notetothecurious. aspaceisrequired betweenthe2 andthe
period. Otherwise, the period would be read asadecimal point, and we' d have the matrix dimension disagreement all
over again.)

Multiplication of amatrix by ascalar doesn’t have this problem. 2* a and a* 2 would each yield a1x5 array
whose elements were the elements of a multiplied by the element of 2.

Arraysmay bemultiplied by the operator “ dot—star” (. * ). Thisisanelement—by—element multiplication of two
arrays of the same dimension. That is, if A and B are defined as

A=1]1 2;
2 3;
3 4]
B=1] 2 3;
3 4;
4 5]

thenC =A . * B (no spaceisrequired, thistime, but it doesn’t hurt to have it there) would yield the array,

C=1] 2 6;
6 12;
12 20].

Arrays may be divided element—by—element using the “dot—divide’ operations, . / and. \ . Using the arrays
defined above, A ./ B would result in an array whose elements are the elements of A divided by the elements of B.
A .\ Bwouldyield an array whose elements are the elements of B divided by theelementsof A. (A .\ BandB ./
A are equivalent statements.)

Powersarejust plainugly. To generate an array whose elements are the elements of A raised to the nth power,
the proper expression is

A."n

(again, when only variables areinvolved, the spaces aren’t required, but they make the expression |ook nice). For any-
thing else, either A or n hasto be asquare matrix. For moreinformation on this, seehel p arith.

When dealing with the transpose operator (* ), the period takes on a dightly different meaning. A transpose
operator by itself denotes the complex conjugate (Hermitian) transpose. A “dot transpose” (.’ ) isasimple transpose.
For real—valued matrices, thereis no difference between’ and. ' .

Anexample: A = [1+2i 2+3i; 1-3i 3-2i]’ yidds
A =

1. 0000 — 2.0000i 1.0000 + 3.0000i
2.0000 — 3.0000i 3.0000 + 2.0000i,

whileA = [1+2i 2+3i: 1-3i 3-2i]." yields
A =

1. 0000 + 2.0000i 1.0000
2. 0000 + 3.0000i 3.0000

3. 0000i
2. 0000i .

2.1.5 Loopsand Logic

Althoughthe array operations discussed above remove some of the dependence onloops, someloopingwill be
impossibleto avoid. Looping isaccomplished through thef or and whi | e commands. The syntax for each of these
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typesof loopsisessentially the same, except that f or loopsgenerally run aspecific number of times (determined by the
length of theindex vector), whilewhi | e loopsrunanindefinite number of times(generally until aspecified conditionis
no longer true).

A simplef or loop would be structured as,
for Index=[1 2 3 4 5],
di sp( 1 ndex)
end
Similar output can be obtained from awhi | e loop:
whil e | ndex <= 5,

di sp(| ndex)
| ndex=l ndex+1;

end

Theprimary difference between thesetwoloopsisthat, inthesecondloop, thevariablel ndex ischanged with-
intheloop. Thisisnecessary forwhi | e loops; if theindex variablenever changed, thewhi | e conditionwould always
be either true or false, and theloop would either never end or never begin. Inf or loops, by contrast, itisnot generally
good practicetoater theindex variablewithintheloop. Whilethisisn'tstrictly illegal (it probably won’t resultinanerror
message), it could cause agreat deal of confusion (and lead to incorrect results).

Some popular choices for the index variablearei andj . Sometimes, these might actually be poor choices,
becausei andj arerecognized by MATLAB assqrt (—1) . Using either of them asan index variable overwritesthe
implicit definition, which could then lead to difficultiesif the implicit definition should happen to be needed afterward.
Better choices for index variables might therefore be | ndex, asabove, or dummiessuchasii orjj .

Itispossibleto nest loops. Each loop must haveits own index variable and itsown end statement. Loopsare
terminated in the opposite order from that in which they are opened. For example, the nested loops

for ii=1:5,
for jj=1:3,
ACLT, J])=(T14)])13;
end % ends jj |oop
end % ends ii |oop

fill the 5x3 array A, row by row.

Loopscan be prematurely ended by thebr eak command. If loopsarenested, br eak endstheinnermost |oop
only.

Some notes about loops:

1. Itisnot necessary to indent the contents of aloop, as shown above. Thisdoes
make a program easier to read, however.

2. Inthenested | oop exampl e, thematrix Amust beregenerated eachtimetheloopis
entered. Initially, A is undefined. After the first pass through the inner loop,
A=2/ 3. After the second pass through the inner 1oop, A has been resized and now
A=[ 2/ 3 1]. Thisconstant resizing of the matrix is time-consuming and, as A
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grows, takeslonger eachtime. A much faster method of filling Aisto defineitfirst,

then fill it:
A=zeros(5, 3);
for ii=1:5,
for jj=1:3,
ACTi L ji)=(ii+])13;
end
end

Logic

Branching can occur withinaMATLAB session by means of thelogical operatorsand thei f command. The
syntax of thei f statement isvery similar to that of thewhi | e loop:

i f Something >= 0,
di sp( Sonet hi ng)
end
Multiple branches are obtained by combiningi f withel se:
i f Something >= 0,
di sp( Sonet hi ng)
el sei f Sonet hing == -5,
di sp(Sonmething / 2)
el se
disp(['Not now, I""mright in the mddle of a Rothschild' ])
end

Thefirstlineof any i f branch should be somekind of comparison or acheck for some property. Comparisons
and property checksreturnthelogical valuel for truestatements, O for fal se statements. Compari sonsaremadeby use of
the relational operators:

== equal to

~= not equal to

< less than

<= less than or equal to

> greater than

>= greater than or equal to

It isimportant to notice that thereisadistinction between =, the assignment statement, and ==, the comparison
symboal.

Some property checks that may be made include:
i sstr(a) trueif a isastring variable
i snan(a) trueif a is " not—a—number” (NaN)

i senpty(a) trueif aisanempty array (one or both dimensionsis zero)
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i sinf(a) trueif a isinfinite (I nf)
i ssparse(A) trueif Aisdesignated as a sparse matrix

exist(’a ) trueif either afunction in the search path or a variable in the
workspacehasthename’ a’ . (Noticethat theinput argument inthiscasemust bea
stringvariable. Also, thisfunction differsfrom the othersinthat valuesother than 1
may bereturned. For moreon this, seehel p exi st .)

A tilde (logical not) may be combined with any of these checksto create checksfor the absence of aparticular
property. ~i senpt y(a), for instance, istrueif neither dimension of a isO.

Several comparisonsand property checks may be combinedintosinglei f statementsby using thelogical and
(&), logical or, (] ), and exclusiveor (xor ) operators. Toillustrate, a == 2 & ~i snan(b) istrueonly if a contains
thevalue 2 and b does not contain the “ not—a—number” value.

When any of these comparisons, or some of the property checks (i snan, for example) are applied to arrays,
they arein fact applied to each element of those arrays, resulting in an array of ones and zeros, of the same size asthe
original arrays.

For example, if Aisdefined asthe 2x3 array,

2 3 4

8 2 5
and B isthe 2x3 array,

5 4 3

6 2 2

then the comparison A <= B compares each element of A to the corresponding element of B, returning the 2x3 array,

1 1 0
0 1 0

Therearetwo commands, any and al | , that reduce arraysof 1’sand 0’s (as above) to vectorsof 1'sand 0’s,
andreducevectorsof 1’'sand0’stoasinglel or 0. any returns1 if aninput vector containsany nonzero elements(anor
operation, in other words). If theinput isan array, each column of the array ischecked. The output isthen arow vector
containing theresultsfrom each column. al | operatesinasimilar fashion, except that 1 isreturned only if all elements
of theinput vector arenonzero (anand operation). If theinputisanarray, then each columnischecked independently, and
the results are returned in arow vector.

In the above example, any ( A<=B) would return the 1x3 vector,
1 1 0
whileal | ( A<=B) would return the vector,
0 1 0
To further condense these results, any ( any ( A<=B) ) yields1, whileal | (al | (A<=B)) returnsO.
Thef i nd command can be used to determinewhich elements, if any, of aparticular matrix satisfy agiven con-
dition. For example, suppose we wanted to know which elements of A, from above, were equa to 4.
[ X, Y] =fi nd( A==4) wouldreturnthearraysXand'Y, which contain therow and columnindicesof any elementsof A

whichhappenedtobe4 (X=1, Y=3 inthiscase). Any validlogical expression, or combination of logical expressions, can
be entered asthef i nd criterion.
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Some notes:

1. Asmentioned above, resultsof property checksareassociated with alogical val-
ue (0 or 1). When these checks are made in conjunction withani f statement, a
common approach is to check this numerical value:

if isnan(b) == 0,
c=b/ 2;
end

Thereis nothing strictly illegal about this statement; it is, however, just alittle re-
dundant. Sincei snan(b) == Oistruewheni snan(b) isfase, thesamere-
sult can be obtained by writing

i f ~i snan(b)
c=b/ 2;
end

2. el sei f isoneword, nottwo. el sei f branchesdo not requiretheir ownend
Statements.

3. i f smay benested. Theresultissimilar tocombiningi f swithan &, but may be
more useful in some circumstances. Each nestedi f may haveitsownel sei f s,
and must haveits own end.

2.2 Using m-files: Scriptsand Functions

Any sequence of MATLAB commands may be written into an ASCI| file. Thisfile must be given a.mexten-
sion; the command sequence can then be executed by entering the name of thefile. Many MATLAB functions, such as
pi nv or r ank, are actualy m-files.

Therearetwo primary classifications of m—files: scripts, and functions. The main difference between thetwo
classesisinhow they treat variables. Scriptsareexecuted at thecommand level, and haveaccessto any variablecurrently
intheworkspace. Functionsare executed below thecommand level and can only accessalimited subset of thevariables
in the current workspace.

One advantage of using scripts over using functionsisjust that: scripts can access any variable currently in
memory, whileany variable needed by afunction must be passed inasan argument, or included intheglobal variablelist.
However, if acommand sequence containsmany cal culations, with | otsof intermediatevariables, writing thesequenceas
ascript and executingit at thecommandlevel will clutter uptheworkspacewithall of theintermediateresults. If al thatis
required isthe end result of the cal cul ations, writing the command sequence asafunction will keep the workspace much
cleaner.

For exampl e, supposethenxn arraysAand B arecurrently inmemory. Now supposethat wewant to know what
happenswhenwe pre—and post—-multiply Aby B’seigenvectors, and then pre—and post—-multiply B by the eigenvectorsof
that result. We can do that with the following script:

% Script to nultiply A by B s eigenvectors
% then multiply B by the eigenvectors of the
% result.

% A and B are square matrices

[ Evec, Eval ] =ei g(B);
C=Evec’ * A * Evec;

[ Cvec, Cval 1 =ei g(O);
D=Cvec’ * B * Cvec;
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A ook at the current variablelist (enter who or whos) now showsthat, in addition to A, B, and D, we havethe
intermediateresultsC, Evec, Eval ,Cvec,andCval residinginmemory. If thecommandsare programmed asafunc-
tion, however, the variable list can be kept to a minimum:

function D=funtest (A B)

% Function to multiply A by B s eigenvectors,
% then multiply B by the eigenvectors of the
% result.

% A, B, and D are square nmatrices

[ Evec, Eval ] =ei g(B);
C=Evec’ * A * Evec;

[ Cvec, Cval 1 =ei g(O);
D=Cvec’ * B * Cvec;

Noticethat the only difference between thisfunction and the preceding script isthefirst line: all functionsmust
beginwithaf unct i on declaration. Also, noticethat thereisno specific end-of—filemarker. Anm-file(whether script
or function) simply stops running when it runs out of commands or finds an error.

Thesyntax of thef unct i on statement showsthecalling syntax of thefunction: to executetheabovefunction,
the proper command is

D=f unt est (A, B);
A look at the variable list now shows only A, B, and Din memory.
Argument Lists

Functions may have any number of input or output arguments. Input argumentsarethe arrays contained in pa-
renthesesafter the name of thefunction. Output argumentsarerequested totheleft of theequal sign. If therearemultiple
output arguments, they must be contained in square brackets (asin theei g call above).

I nput argumentsdo not need to be definite arrays; any valid MATLAB expression, numeric or string, should be
acceptable as an argument. For instance, the function f unt est could be written as:

function D=funtest (A B)

% Function to multiply A by B s eigenvectors,
% then multiply B by the eigenvectors of the
% result.

% A, B, and D are square natrices

[ Evec, Eval ] =ei g( B) ;
[ Cvec, Cval | =ei g(Evec’ * A * Evec);
D=Cvec’ * B * Cvec;

where the first product, C=Evec’ * A * Evec, isgiven astheinput argument for the second ei g call.

Itispossible to request fewer return variables from afunction than the number shown in the function’s output
argument list. Itisalso possibleto supply fewer input argumentsthan the function thinksit needs. Thesetwo conditions
may be checked for by usingthenar gi n (number of argumentsin) and nar gout (number of argumentsout) parame-
ters. For example, thefunctionf unt est may berewrittento providetheCvec and Cval arraysinadditiontotheend
result:

function [D, Cvec, Cval ] =funt est (A, B)

% Function to multiply A by B s eigenvectors,
% then multiply B by the eigenvectors of the
% result.

% A and B are square matrices
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if nargin == 1,
B = eye(size(A));
end

[ Evec, Eval ] =ei g(B);
[ Cvec, Cval | =ei g(Evec’ * A * Evec);
D=Cvec’ * B * Cvec;

i f nargout == 2,
Cvec=Cval ;
end
Now, if only the end result of the calculation is required, the function may be invoked as

D=f unt est (A, B);

If, however, the end result and the eigenval ues of theintermediate array (Cval ) arerequired, the function call
becomes

[ D, Cval ] =funt est (A B);
Noticethat thenar gout check at the end of the function reverses the output argumentsCvec and Cval inthiscase.
If al three return variables are desired, the function call becomes
[ D, Cvec, Cval ] =funt est (A, B);
Finally, notice that, if only one matrix isinput, B is set to be the identity matrix of the same size as the input
matrix.
Stopping Functions

A function can beinterrupted without causing anerror by ther et ur n command. Alternatively, theerror com-
mand will interrupt the function and display an error message in the command window. For example, funtest could be
written as:

function [D, Cvec, Cval ] =funt est (A, B)

% Function to multiply A by B s eigenvectors,
% then multiply B by the eigenvectors of the
% result.

% A and B are square matrices

if nargin == 1,
di sp(’ Must have two input arguments’);
return

end

[ Evec, Eval ] =ei g(B);
[ Cvec, Cval | =ei g(Evec’ * A * Evec);
D=Cvec’ * B * Cvec;

i f nargout == 2,
Cvec=Cval ;
end

Then, if only one input argument is given in the function call, the message “Must have two i nput
ar gunent s” will be shown on the screen, and the function will stop. Or, funtest may be written as

function [D, Cvec, Cval ] =funt est (A, B)
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% Function to multiply A by B s eigenvectors,
% then multiply B by the eigenvectors of the
% result.

% A and B are square matrices

if nargin == 1,
error (' Needs two input argunents’);
end

[ Evec, Eval ] =ei g(B);
[ Cvec, Cval | =ei g(Evec’ * A * Evec);
D=Cvec’ * B * Cvec;

i f nargout == 2,
Cvec=Cval ;
end

Inthiscase, if only oneinput argument isgiven, MATLAB will sound abeep, display thenameof thefunctionin
which the error occurred, and display the message, “Needs two i nput argunents”. Thiscould be useful if
several functions are nested, and it wouldn’t otherwise be immediately obvious where the error was occurring.

The primary difference between this and the previous example isthat, if f unt est was called from another
m-file rather than from the keyboard, ther et ur n statement would allow the calling m-file to continue running; the
error statement stops everything that is currently running.

Suspending Functions

A function may betemporarily suspended by useof thekeyboar d command. Whenakeyboar d isencoun-
tered, function execution stops and keyboard input isallowed. The double-arrow prompt (>>) changesto the keyboard
prompt (K>>) to indicate that the function is only temporarily stopped.

Any input that isallowed at the normal prompt isallowed at the keyboard prompt. One of the main uses of the
keyboar d statement isprogram debugging; commandsentered at thekeyboard prompt can accessonly theinformation
that would normally beavailabletothefunctionwhich calledthekeyboar d, sothisisauseful meansof ensuringthat all
necessary variables are available, and of checking the syntax of lines that use variableslocal to the function.

Entering r et ur n at the keyboard prompt resumes execution of the function.

Global Variables

In additiontoinput arguments, functionshaveaccessto global variables. Global variablesarestored separately
fromother variabl es; they must bedeclared global at thecommand level (through akeyboard command or inascript), and
must be declared global by any function that usesthem. Only functionsthat declare avariableto be globa may usethat
global variable. Any function that changes a global variable changesit for every function that usesit.

Animportant note: DO NOT pass global variables to afunction as either input or output arguments.
The following m—files provide a brief example of usage of global variables:
Thefirst file runs at the command level:

gl obal TEST

TEST=[];

gl ob2
di sp( TEST)
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gl ob3
di sp( TEST)

The second file runs at the function level:
function gl ob2
gl obal TEST

di sp( TEST)
TEST=3

Thethird file also runs at the function level:
function gl ob3

TEST=2;
di sp( TEST)

Thefirst file declares TEST to be aglobal variable and initializesit asan empty array. gl ob2 then accesses
TEST, displaysits current value, and changesit. The next line of the command—evel script displays the new value of
TEST andcallsgl ob3. Becausegl ob3 doesnot declare TEST aglobal variable, however, thechangeto TEST isstrict-
ly local, and the value of TEST staysat 3 at the command level.

Itisgood practicetoinitialize global variablesimmediately after first declaring them. In many cases, asabove,
simply setting them equal to an empty array will do nicely.

A popular convention, when naming global variables, isto name them all in capital letters (as TEST, above).
Other variablesarethennamedin all lower caseletters, except when two or morewordsare combinedtoformaname. In
that case, the initial letter of every word after the first is capitalized. For example, EI GENVALUES might be aglobal
variable containing aset of eigenvalues, whilesi ngVal s might bealocal variable containing aset of singular values.
(For the record, this document’s author (that’s me) has never fully subscribed to this convention.)

2.3 Comments

Although someof thecommandsdiscussedinthepreceding sections(i f orkeyboar d, for example) areprob-
ably more useful when programmed into m—files, virtually every MATLAB command can be used directly fromthekey-
board. And, though m—filesare part of what makesMATL AB powerful, many tasks(such aslabelling agraph) areeasier
to accomplish interactively, especialy if they are only going to be done afew times.

For most applications, MATLAB is case-sensitive. A few exceptionsarethei nf and nan values. Bothi nf
and| nf refertoinfinity; nan and NaNboth refer to the not—a—number value. Another applicationinwhich case-insen-
sitivity occursisin setting property values of graphical objects (see Section 3.1).

Functions are compiled by MATLAB when a program begins execution. A function can be changed while
aprogram isrunning (at akeyboar d prompt, for instance), but the changes are not registered until the program
ends. Enteringcl ear name, where nane isthe name of the edited function, removes that function from memory
and forces MATLAB to recompileit the next timeit is called.
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3.0 FUN WITH FIGURES

Graphic output is obtained from MATLAB by use of figure windows. In the Handle Graphics™' philosophy,
every aspect of afigureisgivenanumericlabel, called ahandle. Althoughitispossibleto produceaplot without making
use of these handles, they can beapowerful tool in producing and labelling graphs. They can, infact, allow any graphto
be tailored to almost any format.

Thesimplest method of obtaining agraphistoenter pl ot (y) . Thiscommand graphsthevaluesof y (y—axis)
vstheir positioninthe array (x—axis) in the current figure window. Any previous graph in thewindow isdeleted. If no
figure window was open before the command was issued, one will be created. (Additional figure windows may be
opened by entering f i gur e; an existing figure window may be made current by enteringf i gur e( n) , wheren isthe
number of the figure to make current; gcf isused to determine which figure window is current.)

Inthisexample, y doesnot needto beapre—defined vector. It canbeany valid MATLAB expressionresultingin
arectangular numeric array. If thereismore than one columniny, each columnwill be plotted as a separate curve. For
example, pl ot (rand( 3, 8)) produces 8 curves of 3 random data points each.

If anindependent x—axisisavailablefor thegraph, thepl ot command cantaketheform,pl ot (x, y). Ifx
isavector of length n, then at least one of y’sdimensionsmust also ben. Each vector of y (either row or column, which-
everislengthn) isthen plottedvsx. (If y isnxn, theneach columnofy isplottedvsx.) If x isannxn array, theny must
either beanmxn array (so each column of y isplotted vs each column of x), or avector (soy isplotted vs each column of
X).

By default, MATLAB plotseach curve asasequenceof straight lines connecting the data pointsgiven by x and
y (orjusty). If morethanonecurveisplotted, each curve (upto 8) isgiven adifferent color (beyond 8, thecolorsrepeat).
Linestylesand colorsmay beset fromthecommandline, usingtheexpanded pl ot syntax,pl ot ( X, y, sc) . scinthis
form of the command isastring which containsthe color preference, thelinestyle choice, or both. For alist of color and
linestyle options, seehel p pl ot .

Three—dimensional plots are created by using the pl ot 3 command. Syntax isthe same asfor pl ot , except
that three numeric input arguments are required (for the x—, y—, and z—axes).

Subplots

Use of the subpl ot command allows a single figure window to contain multiple graphs. Entering sub-
pl ot (m n, p) dividesthewindow intoannxn grid, making thepthgrid current. (mand n must not begreater than 9; p
isfound by counting acrosstherows, starting at thetop.) Each grid element hasits own set of axesand may therefore be
treated as a separate figure.

Plots created by subpl ot do not need to be all of one size. The following set of commands will create an
irregular grid of 7 plot axes:

subpl ot (3, 3,1)
subpl ot (3, 3, 2)
subpl ot (3, 3, 3)
subpl ot (3,1, 2)
subpl ot (3, 4,9)
subpl ot (3, 4, 10)
subpl ot (3, 2, 6)

The same command that createsaparticular grid element can be used to make that element current. 1f, onceal
seven of these plots have been generated, the third one needsto be edited in someway, subpl ot ( 3, 3, 3) will make
that one current without destroying any of its settings.

Plot Formats

By default, pl ot produces linear axes for all displayed data. Log scales may be created for the x—axis, the
y—axis, or both, by the alternate commandsseni | ogx, semi | ogy, and| ogl og. Each of these commands replaces
the pl ot command; syntax and options for these three commands are identical to the syntax and optionsfor pl ot .
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Scaling Plots

There aretwo methodsfor scaling the axeson agiven plot. Thefirst, axi s, isperhapsthe easier of thetwo to
use. Entering axi s(scal e),wherescal e isthe4—element vector [ Xrin Xnex Ynin Ymex] , freezesthe current
axis at the specified limits. Entering axi s(axi s) (no quotes) freezesthe current axis at its current limits. Several
string options can also be applied to axi s, to set the axes aspect ratio, reverse the y—axis (for inspecting matrices, etc),
and perform afew other miscellaneous functions.

Thesecond scaling methodinvolvestheset command andtheaxes propertiesXLi mand Yl i m(discussedin
Section 3.1). If the handle of the axesis known, then the axes limits can be set by entering

set (handl e,” XLi M, [ Xnin Xmadd > YLi M, [Ynin Yied )

If only the x—axisisto be changed, thenthe YLi mproperty/value pair may beleft out; if only they—axisistobe
changed, the XLi mproperty/value pair may be |eft out.

For 3-D plots, the z—axis can be frozen by setting the ZLi mproperty the same way.
The handle of the current graph axes may aways be found by entering gca.
Labelling Plots

Plotscanbelabelledwiththet i t | e, x| abel ,andyl abel (andzl abel ,for 3-D plots) commands. These
placetheir string input argumentsin the appropriatelocationsontheplot: ti t | e placesitsstring abovetheplot, x| a-
bel placesitsstring below the x—axis, y| abel placesits string to the left of the y—axis.

Arbitrary labels may be placed on the plot using the t ext command. In its simplest form,
text (x,y, string) placesst ri ng atthelocationspecifiedby thex, y coordinates. st r i ng appearsinwhitetext
andisaligned sothat thelower |eft—hand cornerislocated at x, y. Color and alignment areamong the propertiesthat may
be specified on the command linein the expanded form, t ext (X, y, stri ng, Property, val ue) . Color may be
changed by setting the property Col or ; alignment may be changed by setting Hor i zont al Al i gnnment and/or
Verti cal Al i gnment . Detailed information on setting text propertiesis contained in Section 3.1; the command to
place a yellow text object horizontally centered onx, y istext (x,y, string,” Color’,[1 1 0],  Hori -
zon’,’center’).

If an output argument isrequested, t ext returnsthe handle of thetext object. Thishandle can then be used to
alter properties after the string has been placed on the figure. Again, see Section 3.1 for more information.

Labelling Plots I nteractively

Text can be placed on figuresinteractively, using thecommand gt ext . gt ext (st ri ng) waitsfor amouse
button click somewherein the current figurewindow, then placesst r i ng at thelocation of theclick. st ri ng will be
aligned such that the lower left—hand corner of the text object is at the location of the click.

If st ri ng containsmultiplerows, gt ext treatseach row asaseparatelabel. A clickisthenrequiredtoplace
each row of st ri ng individually.

Liket ext, gt ext can return the handles of its text objects (one handle per row of st ri ng), if requested.
These can be used for changing text color, alignment, and position (since gt ext 's cursor isn't incredibly precise),
among other things.

Figure 1 showsafigureproduced and labelled within MATLAB. Thisfigurewasgenerated by issuing thecom-
mandpl ot (X, y) ,witht =[ 0: 5*360-1] . *pi / 180,x=t. *si n(t) ,andy=t . *cos(2*t) . Thet ext object
was placed using gt ext , and could be adjusted using set , if necessary. The axislabels and the title were placed by
x| abel ,yl abel ,andti t| e, respectively.
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Figure 1: A MATLAB Figure.

Addingto Plots

Graphingdataby thepl ot command destroysany datathat waspreviously containedinthecurrent figurewin-
dow. Itispossible, through use of thel i ne command, to add datato an existing graph without destroying anything.

I i ne syntax isvery similar tot ext syntax; both are essentially graphic objects, and can be manipulated by
setting object properties. | i ne(x, y) orl i ne(x, y, z) addsthelinespecified by thex andy (orx, y, and z) vectors
totheexistingplot. | i ne(x,y,  Color’,[0 1 1], LineStyle’',’+") addsthelinespecifiedby x andy to
the existing plot, marked by cyan plusses.

Another method of adding to a plot without affecting existing dataisto use the hol d command. hol d, by
itself, togglesthecurrent hold state. hol d on setstheNext Pl ot property of thecurrent figureand current axesto add,
sothat future plotsareadded tothecurrentone. hol d of f setsthefigureand axesNext Pl ot propertiestoreplace, so
that future plotsreplacethe current one. Thefunctioni shol d canbeused to determinewhether the current hold stateis
on (1) or off (0).
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3.1 Handle Graphics

In the Handle Graphics philosophy, almost every aspect of afigureiscontrolled by aset of properties. These properties
can be read or changed by the commandsset and get . The syntax for these commandsis

get (handl e, property)
set (handl e, property, val ue)

property isawaysastring, and must be enclosed in single quotation marks. val ue issometimesastring
and sometimes a numeric array, depending upon the needs of the specific pr operty.

A word about handles: they’ reugly. Itisgood practiceto alwaysassign handlesto variables, then refer to them
by those variable names.

For acompletelist of propertiesfor aparticular object, enter get ( handl e) ,wherehandl e isthe handle of
the object in question. For example, if q isthe handle of an existing line object, the command get ( ) might resultin,

Color =1 1 0]

Er aseMbde = nor nal
Li neStyle = —
LineWdth = [0.5]

Mar ker Si ze = [ 6]

Xdata = [0.13 0.28 0.28 0.13 0.13]
Ydata = [0.69 0.69 0.37 0.37 0.69]
Zdata =[]

But t onDownFcn =
Children =[]
Cipping = on
Interruptible = no
Parent = [49. 0006]
Type = line
UserData = []
Visible = on

For acompletelist of properties, and legal settings, enter set ( handl e) . For theabovelineobject, set ( q)
would yield,

Col or

Er aseMbde
Li neStyl e
Li neW dth
Mar ker Si ze
Xdat a

Ydat a

Zdat a

[{normal }| backgr ound| xor | none]

{3 =T =1 +lol*].[x]

But t onDownFcn

Clipping = [{on}]of f]
Interruptible = [{no}]|yes]
Par ent

User Dat a

Visible = [{on}]| of f]
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Options enclosed in brackets ({}) are the current values of that property.

3.1.1 Object Properties

All (or most) of the properties for specific objects are explained in the MATLAB reference manual. A brief
description of some of the more useful properties of figures, axes, lines, and textsisgivenin Appendix B asan introduc-
tion to the wonderful world of Handle Graphics.

When setting properties and val ues, the property name need not be capitalized exactly asit is shown in Appen-
dix B. Also, the property name need not be spelled out completely; however, enough of the property name must be
spelledto ensurethat thereisno ambiguity about which property isbeing set. For example, when finding thefigure prop-
erty Position, get(gcf,’ Po’) would be illegal (because it could be Positi on or Poi nter), while
get (gcf,’ pos’) would be perfectly legal.

Onceagain, thelistsin Appendix B areNOT complete; for the completelistsseethe M ATLAB reference manu-
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4.0:. WHAT NOW?

It is not possible, even in 39 pages, to cover every aspect of an environment as complex as MATLAB. This
document has attempted to provideabrief introductionto thejoysof workinginthisenvironment, but much hasnaturally
beenleft out. Of thecommandsthat are described here, many arenot fully explained. Thisispartly by design; probably
thebest way toreally learn MATLAB isto play with it and seewhat it can or cannot do. Infact, alarge portion of what is
contained in this document was learned by experience, or by direct experimentation.

There are certain features built into MATL AB to make the task of exploring abit lessintimidating. deno, for
instance, provides some interesting demonstrations of MATLAB's graphics and data analysis capabilities. And, the
hel p feature is always available to provide more information about any aspect of the MATLAB environment.

Helpisavailableonany MATLAB function, whether built—in or writtenasan m—file. For m—files, helpdisplays
any comment linesthat are located at the beginning of thefile. hel p, by itself, providesalist of directoriesin MAT-
LAB’s search path. Asking for help on one of these directories will yield alist of the m—filesin that directory.

In addition to this, certain commands can aid in determining which function to usefor agiventask. | ookf or
scansthe help text of every m—filein the search path and echos the filenames of every filein which it finds a specified
string. whi ch displaysthe pathname of aspecified m-file, if it existsin the search path. what listsall m—files, mat—
files, and mex—files (not discussed here) in aspecified directory. If nodirectory isspecified, all directoriesin the search
path are listed.
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APPENDIX A: A BRIEF CATALOGUE OF FUNCTIONS

A Glossary of Useful MATLAB Commands

Operatorsand Punctuation

%

Assignment. Givesthevariable named ontheleft the
value specified on the right.

Addition. Easy stuff.
Subtraction. No problem.
Matrix multiplication.

Array multiplication (not the same!). A.*B is the
(i,j)th element of A timesthe (i,j)th element of B.

Matrix divison. A/B is (amost) the same as
A*inv(B).

Array division. A./Bisthe(i,j)thelement of A divid-
ed by the (i,j)th element of B.

Matrix left—division. A\B is (amost) the same as
inv(A)*B.

Array left—division. A.\B isthe (i,j)th element of A
divided into the (i,j)th element of B.

Matrix power operator. Either the base or the expo-
nent (but not both) hasto be square. The other hasto
be ascalar.

Array power. A.”Bisthe(i,j)thelement of A raisedto
the (i,j)th element of B. If A isascadar, thenitisA
raisedtothe(i,j)thelement of B. If Bisascalar, thenit
isthe (i,j)th element of A raised to the Bth power.

Buildsvectors. 1:3:13isacompact way of writing [1
471013]. If theincrementisomitted, it defaultsto 1.

Suppresses echo to screen. Nice thing to know...
Alsoseparatesrowsof amatrix. Another nicethingto
know...

Conjugate (hermitian) transpose.
Transpose.
Execute system command.

Comment (ignore rest of line)
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Some Useful Scalars
Inf

NaN

]
eps
flops

Some Useful Matrix Functions

diag

rand
eye
ones
zeros
inv
det
trace
svd
rank
cond
pinv
eig

poly

infinity.

not—a—number

sqrt(-1)

sort(-1)

machine epsilon (avery small number)

flop count. flops(n) sets flop count to n.

If input isavector, returns adiagona matrix within-
put aong primary diagonal. if input isamatrix, re-
turnsavector of the elementsalong the primary diag-
onal.

Matrix of random numbers.

| dentity matrix.

Matrix of 1's.

Matrix of 0's.

Inverse of a matrix.

Determinant of a matrix.

Trace of amatrix.

Singular value decomposition of a matrix.

Rank of amatrix.

Condition number of amatrix.

Pseudo-inverse of amatrix (from svd).

Eigenvalues and eigenvectors of a matrix.

If input isavector, returns coefficients of polynomial
whose roots were the input vector. If input isan nxn
matrix, returns avector whose elements are the coef-
ficients of the characteristic polynomial.

Sum of elements of avector. If input isamatrix, re-
turns row vector of sums of each column.
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prod Product of elements of avector. If input isamatrix,
returns row vector of products of each column.

abs Absolute value of real numbers. Magnitude of com-
plex numbers. ASCII codes of strings.

min Minimum value of avector. If input isamatrix, re-
turnsrow vector of minimum values of each column.

max Maximum value of avector. If input isamatrix, re-
turnsrow vector of maximum values of each column.

norm Norm of vectors or matrices. Default is2—norm, but
others may be specified.

chol Cholesky factorization of symmetric positive definite
matrixX.
ar QR decomposition of a matrix.
schur Schur decomposition of a matrix.

Important ThingsWe Can’t Find a Good Category For

find Find non—zero elementsof avector (or matrix). Good
with comparisons.

any Trueif itsinput vector has any nonzero elements.

al Trueif itsinput vector has all nonzero elements.

sort Sort avector.

eval Evaluate a MATLAB command that's hidden in a
string variable.

Line continuation mark.

Logic and L oops

for Loop at most a specified number of times.
while Loop until acondition is met.
if Startsan if structure. i f smay be nested.
else For branching within an if structure.
elsaif The proper form of an el se for multiple branches

within asingleif structure.
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end

xor

Graphing Functions
plot

plot3
sem | ogx
sem | ogy
| ogl og
axes
axis
hold
line
text
mesh

waterfall

Closesanif structure or substructure. Must have one
end for each nested if. elseifsdo not require separate
ends.

Also closes for or while loops. Each nested for or
whileloop must have a separate end.

Requires exact match.
Not equal to.

Lessthan.

Less than or equal to.
Greater than.

Greater than or equal to.

Not. Returnszeroor one. ~0=1, ~1=0. Nonzero val-
uesareread asl's.

And. Must satisfy all criteria.
Or. Must satisfy at least one of criteria.

Exclusiveor. Must satisfy onecriterion, but not both.

Plot a graph.

Plot agraph in 3 dimensions.
Plot agraph on log—x scale.
Plot agraph on log-y scale.
Plot agraph on log-og scale.
Produce an axes to graph on.
Freeze axis scale.

Freeze current plot.

Add alineto agraph.

Add atext object to agraph.
Draw awire-mesh 3-D representation of a matrix.

Draw awaterfall representation of a matrix.
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gplot
spy
image
gtext
ginput
Set
get

figure

clf

clg
cl ose
del ete
uicontrol
uimenu

File Input/Output Functions

diary

load

save

Draw a graph-theoretic representation of a matrix.
Display sparsity pattern of a matrix.

Create an image of amatrix.

Interactively place text on a graph.

Interactively read values from a graph.

Set properties of graphical objects.

Read properties of graphical objects.

Openanew figurewindow, or makean existingfigure
window current.

Clear current axes. Deletes all axes children (lines,
texts, patches, etc).

Clear current figure. Deletesall figurechildren (axes,
uicontrols, etc). cl f (n) clearsfigure number n.

Old way of clearing figures. Useclf, instead.
Close afigure window.

Delete agraphical object.

Build user interface object.

Build user interface menubar.

Echos screen display to adisk file. Default filename
is'diary’. Filename can be set by appendingit to the
command line: diary filename. Alternatively,

set (0,  diaryfile' , filenane)
will change the active diary file.

Load adatafile. If thefileisin MATLAB (binary)
format, all defined variables are loaded. If fileisin
ASCII format, data is assigned to an array whose
name is the same as the filename. If no filename is
given, the file matlab.mat is searched for.

Saveadatafile. Default ismatlab.mat,in MATLAB
(binary) format. ASCII format may be specified.
Variables to save may be specified on the command
line (default is everything).
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f open
fcl ose

fwrite

fprintf

fread

f scanf

ftell

f seek

Screen/K eyboard I nput/Output

input

disp

f or mat

Miscellaneous

cl ear

deno

lookfor

puzzle

toc
what

which

Open afile for read/write.
Close afile.

Write datato aspecificfile, in auser—defined format.
(For binary files).

Write datato a specific file, in auser—defined format
(ASCII, as near aswe can tell).

Read datafrom aspecified file, in auser—defined for-
mat.

Read datafrom aspecified ascii file, inauser—defined
format.

Determine current pointer location within afile.

Move pointer within afile.

Input an array (scalar, vector or matrix, number or
string).

Display (on the screen) the contents of an array.

Change display format.

Clear the command window.

Removevariablefromworkspace. Whenappliedtoa
function name, forces MATLAB to recompile that
function the next timeit’s called.

Demonstration of some of MATLAB's capabilities.

Find all m—files whose help text contains a specified
keyword.

Something to do to look busy without accomplishing
anything serious.

Place marker on clock.
Read time elapsed (in seconds) sincelast ti c.
List m—files, mat—files, and mex—files.

Display pathname of m—files and mex—files.
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who List variables currently in memory.
whos Display information about memory usage.

why Succinct answers and/or inspirational guidance.
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APPENDIX B: SOME HANDLE GRAPHICSPROPERTIES

Figure Properties

gcf

Col or

Cur r ent Poi nt

Next Pl ot
NunberTitl e
Poi nt er

Posi ti on

Sel ectionType

Units

W ndowBut t onDownFcn

W ndowBut t on\Mbt i onFcn

W ndowBut t onUpFcn

Get Current Figure. Command to return handle of the
current figure window.

Color of figure background. Color is specified by a
three—element vector, indicating the fractions of red,
green, and blue, respectively, that appear inthe color.
Some examples are

[000] (black)
[100] (red)
[010] (green)
[001] (blue)
[111] (white)
[10.50] (orange)

Location of last mouse-button click. First value is
measured from left edge of window, second value
measured from bottom, in the figure's current units.

Name of the window. Name appears in the window
frame, not in the figure.

Action taken on next pl ot command.
Display or suppress “Figure No.” in window frame.
Shape of mouse pointer when over figure window.

L ocation of figure window on screen, infigure'scur-
rent units. Values are measured [from left, from bot-
tom, horizontal length, vertical length].

Typeof mouseclick last registered. Typesarenormal
(button 1), extend (button 2), alt (button 3), and open
(double click, any button).

Unitsinwhichto measure Position and CurrentPoint.

Command to execute whenever a mouse button is
pressed within the figure window.

Command to execute whenever the mouse is moved
inside the figure window.

Command to execute whenever amouse buttonisre-
leased inside the figure window.
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But t onDownFcn Command to execute whenever a mouse button is
pressed within thefigurewindow, but outsidethe cur-
rent axes. ButtonDownkFcn is executed after Win-
dowButtonDownFcn.

Children Objectsbhelongingtothefigure. Children canbeaxes,
ui control s, orui menus.

User Dat a A handy pocket for stashing important information
in.
Vi si bl e Figure window visibility.

Axes Properties

Every property that appliesto the x—axishasay—axisand az—axiscounterpart. They—and z—axispropertiesare
omitted for brevity.

gca Get Current Axes. Command to return handle of the
current graph axes.

Box Draw or not draw a box around the figure.

Cur r ent Poi nt L ocation of last mouse-button click, measured from
theoriginof thecurrent axes. Thefirst columnisthex
value, the second column isyy, the third column is z.
CurrentPoint actually returns the endpoints of aline
drawn through a three-dimensional figure, at the
location of the mouse click.

GridLineStyl e LineStyle in which to draw gridlines.
Next Pl ot Action taken on next pl ot command.
Li neWdth How big to draw axes borders.
Posi tion L ocation of axeswithin figure window, in axes' cur-

rent units. Values are measured [from left, from bot-
tom, horizontal length, vertical length].

Ti ckLengt h How long to draw tickmarks.
TickDi r Draw ticks on inside or outside of axes box.
Title Handle of text object containing axes title. (Title's

string property issetusingti t| e command.)
Units Unitsinwhichto measure Position and CurrentPoint.

Vi ew Location of point from which origin is viewed:
[Angle from z—axis, angle from xz—plane].

XCol or Color in which to draw the x—axis.
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XDi r

XGid

XLabel

XLi m

XLi mvbde

XScal e

XTi ck

XTi ckLabel s

XTi ckLabel Mode

XTi ckMode

But t onDownFcn

Chi |l dren

Par ent

User Dat a

Vi si bl e

Line Properties

Col or

Li neStyl e

Li neWdth
Mar ker Si ze
XDat a
YDat a

ZDat a

Draw x—axis right-to- eft or left—to—right.
Draw grid lines on x—axis.

Handle of text object containing x—axislabel. (XLa
bel’s st ri ng property is set when x| abel com-
mand is used.)

Limits of x—axis display.

Set x—axis limits manually or automaticaly.
Linear or log scale for x—axis.

Where to place tick marks on x—axis.

What to call tick marks on x—axis.

Label XTicks manually or automatically.
Set XTicks manually or automatically.

Command to execute whenever a mouse button is
pressed on the current axes. ButtonDownFcnisexe-
cuted after the current figure's WindowButton-
DownFcn.

Objects belonging to the axes. Children can beline,
surface, patch, or text objects.

Figure to which axes belongs.

A handy pocket for stashing important information
in.

axes visibility.

Color of line object.

How to display data (solid line, dashed line, x—mark,
plus, etc).

How big to draw the line.

How big to mark the data points.
Values plotted on the x—axis.
Values plotted on the y—axis.

Values plotted on the z—axis (if any).



But t onDownFcn

Chi l dren
Par ent

User Dat a

Vi si bl e

Text Properties
Col or

Ext ent

Font Angl e
Font Si ze

Font Wi ght

Hori zont al Al i gnnent

Posi tion

Rot ati on

String

Units

Verti cal Al i gnnent

But t onDownFcn

Chi |l dren

Par ent

Command to execute whenever a mouse button is
pressed onthelineobject. ButtonDownFcnisexecut-
ed after the current figure's WindowButton-
DownFcn.

Objects belonging to the line.
axes to which the line object belongs.

A handy pocket for stashing important information
in.

Line object visibility.

Color of text object.

How long the text object is, measured in the object’s
current units.

Straight or danted text.

How big to write the text.

How heavily to write the text.

How to align the text on the specified x—value.

Whereto write thetext. Positionis
[right from y—axis, up from x—axisg], in text’s current
units.

Counterclockwise angle through which to rotate text
(measured in degrees).

What to write.
Unitsin which to measure position and extent.
How to align the text on the specified y—value.

Command to execute whenever a mouse button is
pressed onthetext object. ButtonDownFcnisexecut-
ed after the current figure's WindowButton-
DownFcn.

Objects belonging to the text.

axes towhich the text object belongs.
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User Dat a A handy pocket for stashing important information
in.

Vi si bl e Text object visibility.
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EXERCISES

1. Using thei nput function, develop another function to use the same syntax, but to wait for a non—empty input.

2. Writeafunctionto calculate (using ei g) the eigenvalues and eigenvectors of a square matrix, then sort them by the
magnitude of the eigenvalues. Include the sort order (descending or ascending) as an input argument, defaulting to as-
cending.
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FURTHER READING

MATLAB Reference Guide, The MathWorks, Inc, 1992.

MATLAB Primer, Kermit Sigmon, University of Florida, 1989.
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MATLAB is aregistered trademark, and Handle Graphicsis a trademark, of The MathWorks, Inc.,
More information about MATLAB, Handle Graphics, and other productsis available from

The MathWorks, Inc.
Cochituate Place

24 Prime Park Way
Natick, Mass. 01760.

(508) 653-1415 Fax: (508) 653-2997

email: info@mathworks.com (general information)
tech@mathworks.com (technical support)

39



