Tutorial

This is an interactive introductionto MATLAB. A sequencef commandshasbeen
providedfor youto try. After eachcommandyou shouldtypetheReturn or Enter key to
executethecommand MATLAB runsonmary differentsystems.You shouldconsultwith
your instructoror the MATLAB documentn the methodfor gettinginto the MATLAB
system.In the courseof thetutorial if you getstuckonwhatacommandneansype

help commandchame
andthentry thecommandagain. You shouldrecordthe outcomeof thecommanceitherin
thespaceprovidedon theright sideof the pageor in anotebook.

1. BUILDING MATRICES
MATLAB hasmary typesof matriceswhich arebuilt into thesystem.A 7 x 7 matrix
with randomentriesis foundby typing the commandsollowedby areturn:
rand (7)
rand(2,5)
help rand
Anotherspecialmatrix, calleda Hilbert matrix is
hilb(5)
help hilb
A 5 x 5 magicsquards givenby
magic(5)
help magic
Herearesomeof the standardnatricesfrom linearalgebra.
eye(6)
zeros(4,7)
ones (5)

You canalsobuild matricesof your own with ary entriesthatyou maywant.
[1 2357 9]

[1, 2, 3;4, 5, 6;7, 8, 9]
[1 2 <RETURN> 3 4 <RETURN> 5 6]
Here <RETURN> meando typetheReturn or Enter key.
[eye(2) ;zeros(2)]
[eye(2) ;zeros(3)]
You shouldhave gotanerrormessagen this. Why?
[eye(2) ,0nes(2,3)]
2. VARIABLES
MATLAB hasbuilt-in variabledike pi, eps, andans. Youcanlearntheirvalues.
p1
eps
help eps
ans
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At ary time if youwantto know theactve variablesry:
who

help who

The variableans will keeptrack of the last output which was not assignedo another
variable.

magic(6)
ans
X=ans
X
x=[x,ones(6)]
X
Sinceyou have createda new variable x, it shouldappeatasanactive variable.
who

To remove a variabletry this.
clear x

X

who

3. FUNCTIONS
a=magic(4)
Takethetransposef a.
a)
If a hascomplex entriesa’ is notthetransposetatherit is the transposef the conjugate
of a.
3*a
-a
at+(-a)
b=max(a)
max (b)

Somefunctions can return more than one value. In the caseof max it will returnthe
maximumvalueandalsothe columnindex wherethe maximumvalueoccurs.

[m,i]l=max(b)
min(a)
b=2%ones(6)
axb

a

Usually a dot in front of an operationwill changethe operation. In the caseof multipli-
cation,a . *b will makeit into anentry-by-entrymultiplicationinsteadof the usualmatrix
multiplication.



a.*b (thereis adotthere!)

x=5

x 2

a*xa

a~ 2

a.” 2 (anotherdot)

a

triu(a)

tril(a)

diag(a)

diag(diag(a))

c=rand(4,5)

size(c)

[m,n]=size(c)

m

d=.5-c
Thereareamary functionswhich we applyto scalarghatcanbeappliedto matricesalso.

sin(d)

exp(d)

log(d)

abs(d)

MATLAB hasfunctionsto roundfloating point numbersto integers. Theseareround,
fix, ceil, andfloor. The next few commandswill help you determinehow these
work.

f=[-.5 .1 .5]
round (f)

fix(f)

ceil(f)

floor(f)

sum(f)

prod (£f)

4. RELATIONS AND LOGICAL OPERATIONS

In this sectionyou shouldthink of 1 as“true” and0 as“false’ Thenotations&, |,
~ standfor “and; “or,” and“not,” respectrely. Thenotation== is acheckfor equality

a=[1, 0, 1, 0]
b=[1, 1, 0, 0]

a::



a<=b
~a
a&b
a&~a
alb
al~a

Thereis afunction, any, to determindf thereis anonzercentryin avector andafunction
,all, to determingaf all theentriesarenonzero.

a
any (a)

all(a)
c=zeros(1,4)
d=ones(1,4)

any (c)

all(d)
e=[a’,b’,c’,d’]
any (e)

all(e)
any(all(e))

5. COLON NOTATION
MATLAB alsoofferssomevery powerful waysfor creatingvectors.
x=-2:1
length(x)
-2:.5:1
-2:.2:1
a=magic(5)
a(2,3)
Now we will usethe colonnotationto geta columnof a.
a(2,:)
a(:,3)
a
a(2:4,:)
a(:,3:5)
a(2:4,3:5)
a(1:2:5,:)
You canputavectorin therow or columnpositionof a.
a(:,[1, 2, 51)



a([2, 5],[2, 4, 51)
You canalsomakeassignmenstatementsisinga vectoror a matrix.
b=magic(5)
b([1 21,:)=a([2 11,:)
a(:,[1 21)=b(:,[3 51)
a(:,[1 5Bl)=a(:,[6 1])
a=a(:,5:-1:1)

This hasbeena sampleof the basicMATLAB functionsandthe matrix manipulation
techniquesAt theendof thistutorialthereis alisting of someof MATLAB'’ sfunctions.The
functionsthatyou have availablewill vary slightly from versionto versionof MATLAB.
By typinghelp you canaccesslisting of all functionsin the versionthatyou areusing.

6. MISCELLANEOUS FEATURES
Youmay have discoreredby now thatMATLAB is casesensitve, thatis “a” is notthe
sameas“A.”

The MATLAB display only showns 5 digits in the default mode. The fact is that
MATLAB alwayskeepsandcomputesn adoubleprecisionl6 decimalplacesandrounds
thedisplayto 4 digits. Thecommand

format long
will switchto displayall 16 digits and

format short
will returnto theshorterdisplay It is alsopossibleto togglebackandforth in thefloating
point formatdisplaywith thecommands

format short e
and

format 1long e
It is not alwaysnecessaryor MATLAB to displaytheresultsof acommando thescreen.
If youdonotwantthematrix A displayedtypea; to suppress. WhenMATLAB is ready
to proceedtheprompt>> will appear Try this ona matrix.

Occasionallyyou will have spentmuchtime creatingmatricesin the courseof your
MATLAB sessiorandyouwouldlike to usethesesamematricesn your next session.You
cansave thesevaluesin afile by typing

save filename
Thiscreatesfile flenamematwhich containghevaluesof thevariabledrom your session.
If you do notwantto save all variablestherearetwo options. Oneis to clearthe variables
off with thecommand

clear a b ¢
whichwill remove thevariablesa,b,c. Theotheroptionis to usethecommand

save filenamex y z
whichwill save thevariablesx,y,z in thefile flenamemat. Thevariablescanbereloaded
in afuturesessiory typing

load filename



Whenyou arereadyto print out the resultsof a sessionyou canstoretheresultsin a
file andprint thefile from the operatingsystemusingthe “print” commandappropriatgor
your operatingsystem.Thefile is createdusingthe command

diary filename
Onceafile namehasbeenestablishegou cantogglethediary with thecommands

diary on
and

diary off
Thecommandiiary filename
will copy anything which goesto the screen(other than graphics)to the specifiedfile,
filename Sincethisis anordinaryASCII file, you caneditit later.

7. PROGRAMMING IN MATLAB

MATLAB is alsoa programminglanguage.By creatinga file with the extension.m
you caneasilywrite and run programs. If you wereto createa programfile myfilem in
the MATLAB languagethenyou can makethe commandmyfile from MATLAB andit
will runlike ary otherMATLAB function. You do not needto compilethe programsince
MATLAB is aninterpretatve (notcompiled)language Suchafile is calledanm-file | am
goingto describehebasicprogrammingconstructionsWhile thereareotherconstructions
available,if you mastertheseyouwill beableto write clearprograms.

I. Assignment

Assignments the methodof giving a valueto a variable. You have alreadyseenthis
in theinteractve mode. We write x=a to give thevalueof a to x. Hereis ashortprogram
illustratingthe useof assignment.



function r=mod(a,d)

% r=mod(a,d). If a and d are integers,

% then r is the integer remainder of a

% after division by d. If a and d are

% integer matrices, then r is the matrix
% of remainders after division by

% corresponding entries. Compare with

% MATLAB’s rem.

r=a-d.*floor(a./d);

You shouldmakea file namedmod.mandenterthis programexactly asit is written.
Now assignsomeintegervaluesfor a andd. Run

mod(a,d)
This shouldrunjustlike ary built-in MATLAB function. Type

help mod
This shouldproducethe seven lines of commentswhich follow the % signs. The % signs
generallyindicatethatwhatfollows on thatline is acommentwhich will beignoredwhen
the programis being executed. MATLAB will print to the screenthe commentswhich
follow the “function” declaratiorat thetop of thefile whenthehelp commands used.In
thisway you cancontributeto thehelpfacility providedby MATLAB to quickly determine
thebehaior of thefunction. Type

type mod
This will list out the entirefile for your perusal. What doesthis oneline programmean?
Thefirst line is the “function declaratiorf. A file with the function declaratiomat the top
is calleda functionfile. In it the nameof the function (which is alwaysthe sameasthe
nameof thefile without the extension.m), the input variables(in this casea andd), and
the outputvariables(in this caser) aredeclared.Next comethe “help comments’'which
we have alreadydiscussedFinally, we cometo the meatof the program.Thevariabler is
beingassignedhevaluea-d.*floor(a./d) ; Theoperation®ntheright handsideof the
assignmenhave the meaningwhich you have just beenpracticing(the/ is division) with
the“.” meaningthe entry-wiseoperationas opposedo a matrix operation. Finally, the
“” preventsprinting the answerto the screerbeforethe endof execution. You might try
replacingthe®;” with “,” andrunningthe programagainjust to seethedifference.

Il. Branching

Branchingis the construction

if condition,program end
The conditionis a MATLAB function and program is a programsegment. The entire
constructiorexecuteshe programjustin casethe valueof conditionis not 0. If thatvalue
is 0, the control moves on to the next programconstruction. You shouldkeepin mind
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that MATLAB regardsa==b anda<=b asfunctionswith valuesO or 1. Frequently this
constructions elaboratedvith
if condition,
programl
else
program?2
end
In this caseif conditionis 0, thenprogram?2is executed.Anothervariationis
if conditionl,
programl
elseif condition2,
program?2
end
Now if conditionlis not0, thenprogramlis executed.If conditionlis O andif condition2
is not0, thenprogramz2is executed.Otherwisecontrolis passeanto thenext construction.
Hereis ashortprogramto illustratebranching.

function b=even(n)

% b=even(n). If n is an even integer,
% then b=1, otherwise b=0.

if mod(n,2)==0,
b=1;
else b=0;
end

1ll. For Loops
A “for loop” is a constructiorof theform
for i=1:n, program,end
Herewewill repeaprogramoncefor eachindex valuei. Herearesomesamplgorograms.
Thefirstis matrix addition.



function c=add(a,b)

% c=add(a,b). This is the function

% which adds the matrices a and b.

% It duplicates the MATLAB function
% a+b.

[m,n]=size(a);
[k,1]=size(b);
if m“=k | n~=1,
error (’matrices not the same size’);
return,
end
c=zeros(m,n) ;
for i=1:m,
for j=1:n,
c(i,j)=al(i,j)+b(i,]);
end
end

The next programis matrix multiplication

function c=mult(a,b)

% c=mult(a,b). This is the matrix product
% of the matrices a and b. It duplicates
% the MATLAB function c=axb.

[m,n]=size(a);

[k,1]=size(b);

if n"=k,
error('matrices are not compatible’);
return,

end,

c=zeros(m,1l);

for i=1:m,

for j=1:1,
for p=1:n,
c(i,jl)=c(d,j)+a(i,p)*b(p,j);
end
end

end
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For both of theseprogramsyou shouldnoticethe branchconstructionwhich follows
the size statements.This is includedas an error message.In the caseof add, anerror
is madeif we attemptto add matricesof differentsizes,andin the caseof mult it is an
errorto multiply if the matrix on the left doesnot have the samenumberof columnsas
the numberof rows of the matrix on theright. Hadthesemessagenot beenincludedand
theerrorwasmade MATLAB would have deliveredanothererrormessagesayingthatthe
index exceedghematrixdimensions.Youwill noticein theerrormessagéhe useof single
guotes.Thewordssurroundedy thequoteswill betreatedastext andsentto thescreeras
thevalueof thevariablec. Following themessagés thecommandreturn, whichis the
directive to sendthe controlbackto the functionwhich calledadd or returnto the prompt.
| usuallyonly recommendisingthe return commandn the context of anerrormessage.
MostMATLAB implementationsiave anerrormessagéunction,eithererrmsg or error,
which you might preferto use.In the construction

for i=1:n, program,end
theindex 1 may (in factusuallydoes)occurin someessentialvay insideprogram. MAT-
LAB will allow youto putary vectorin placeof thevector1 :n in thisconstruction.Thus
theconstruction

for i=[2,4,5,6,10], program,end
is perfectlylegitimate. In this caseprogram will execute5 timesandthe valuesfor the
variablei during executionare2,4,5,6,10jn thatorder The MATLAB developerswent
onestepfurther. If youcanputavectorin, why notputamatrixin? So,for example,

for i=magic(7), program,end
is alsolegal. Now program will execute7 (=numberof columns)times,andthe valuesof
i usedin programwill besuccesskely the columnsof magic(7) .

IV. While Loops

A “while loop” is aconstructiorof theform

while condition, program,end
whereconditionis aMATLAB function,aswith thebranchingconstruction.The program
programwill executesuccessiely aslong asthe valueof conditionis not 0. While loops
carryanimplicit dangerin thatthereis no guaranteen generalthatyou will exit a while
loop. Hereis asampleprogramusingawhile loop.
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function l=twolog(n)

% l=twolog(n). 1 is the floor of
% the base 2 logarithm of n.

1=0;

m=2;

while m<=n
1=1+1;
m=2%m;

end

V. Recursion

Recursionis a devious constructionwhich allows a functionto call itself. Hereis a
simpleexampleof recursion

function y=twoexp(n)

% y=twoexp(n). This is a recursive program
% for computing y=2"n. The program halts
% only if n is a nonnegative integer.

if n==0,
y=1;
else
y=2*twoexp(n-1);
end

The programhasa branchingconstructiorbuilt in. Many recursve programsdo. The
conditionn==0 is thebaseof therecursion.Thisis theonly way to gettheprogramto stop
callingitself. The “else” partis the recursion.Notice how the twoexp (n-1) occursright
therein the programwhich is definingtwoexp(n) ! Thesecrets thatit is calling alower
value,n-1, andit will continueto do sountil it getsdownto n=0. A successfutecursion
is calling alower value.

Thereare several dangerdn usingrecursion. Thefirst is that, like while loops, it is
possiblefor the functionto call itself forever and never returnan answer The secondis
that recursioncanleadto redundantalculationswhich, thoughthey may terminate,can
betime consuming.Thethird dangeris thatwhile a recursve programis runningit needs
extraspaceo accomodat¢he overheadf therecursion.In numericalcalculationsonvery
large systemof equationamemoryspaces frequentlyat a premium,andit shouldnot be
wastedon programoverhead.With all of thesebadpossibilitieswhy userecursion?It is
not alwaysbad; only in the handsof aninexperienceduser Recursve programscanbe
easierto write andreadthannonrecursre programs.Someof the future projectsillustrate
goodandpoorusesof recursion.
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VI. Miscellaneous Programming ltems
It is possibleto placea matrix valuedfunctionasthe conditionof abranchingconstruc-
tion or awhile loop. Thusthe conditionmightbea matrix like ones (2) oreye(2) . How
would a constructioriike
if condition,
programl,
else
program2,
end
behae if conditionis eye(2)? If all of the entriesof conditionarenonzero,programl
will execute.Soif conditionis eye (2) , program2will execute.If conditionis ones(2),
programl1will executesinceall of the entriesare nonzero. A problematicconstruction
occurswhenyou have
if A~=B, program,end.
Youwouldlike programto executeif thematricesA andB differ on someentry. Underthe
corvention,programwill only executewhenthey differ on all entries. Therearevarious
waysaroundthis. Oneis the construction
if A==B, else program, end
which will passcontrolto the“else” partif A andB differ on atleastoneentry. Anotheris
to corvert A==B into a binaryvaluedfunctionby usingall(all (A==B)). Theinsideall
Createsaa binaryvectorwhosez'th entryis 1 only if theth columnof 4 is the sameasthe
it columnof B. Theoutsideall produces 1 if all theentriesof thevectorarel. Thusif
A andB differ on atleastoneentry, thenall(all (A==B))=0. Theconstruction
if ~all(all(A==B)), program,end
thenbehaesin thedesiredway.
Essentiallythe samecorventionholdsfor the while construction.
while condition,program,end.
The programprogramwill executesuccesskely aslong asevery entryin conditionis not
0, andthecontrol passe®ut of theloop whenat leastoneentry of conditionis 0. Another
problemoccurswhenyou have a conjunctionof conditions,asin
if conditionl & condition2,program,end
Of course programwill executeif both conditionlandcondition2arenot zero. Suppose
thatconditionlis O andcondition2causesan error messageThis might happerfor i<=m
& A(i,j)==0wheren isthenumberof columnsof A. If i>m, thenyouwouldlike to pass
the control, but sinceA (i, j) makesno sensdaf i>m anerrormessageavill be dishedup.
Hereyou cannestthe conditions.
if i<=m,
if A(di,j)==0,
program
end
end

VII. Scripts
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We have seenm-fileswhich have the functiondeclarationatthetop. In practicethese
files createnew MATLAB functions.In creatinga functionwhichwe will call fun(a) we
might usea variablelike x. Now supposédhethe variablex hasa valuein your session.
Whathappenso thevalueof x afteryoumakeacallto fun(a)? Nothing. Theonly wayto
changehevalueof x whenrunningfun is to assignx=fun(a) . Thex insidetheprogram
fun.m behaesindependentlyfrom the variablex in your session. This makesfunction
files very naturalto use. You do not needto worry aboutwhetheryou have useda variable
insideof a programwhich alreadyhasa valuein your session.

A scriptis anm-file withoutthefunctiondeclaratioratthetop. A scripttreatsvariables
differentlythana functionfile. In a script,if x appearsn a program,which we will call
scrpt, andx hasavaluein your sessionthena call to scrpt might changethe value of
x. If youdo not makethatfunctiondeclarationthenthe variablesin your sessiorcanbe
altered.Sometimeshisis useful,but | recommendhatyou usefunctionfiles.

VIII. Clearing
In the interactve portion of the tutorial you sav how to usethe clear function to

remove avariablefrom your sessionlt is alsopossibleto useclear to remove afunction
from your session. Whena functionis “read” by MATLAB into the machineit resides
in the machines memory If you find thatyou are shortof memoryit is possibleto clear
the function with the commandclear functions. Occasionallywhenyou arein the
edit-runcycle, the machinewill not acknavledgechangeswvhich have beenmadein the
functionyou areediting. Whenyou suspecthisis thecasetry clearingthefunctionbefore
runningagain.

IX. Suggestions

Theseareafew pointersaboutprogrammingandprogrammingn MATLAB in partic-
ular.

1) Youshouldusetheindentedstylethatyouhave seenn theabove programs.It makes
theprogramseasietto read,theprogramsyntaxis easietto check,andit encouragegouto
think in termsof building your programsn blocks.

2) Putlotsof commentsn your programto tell thereadetin plain Englishwhatis going
on. Somedaythatreademwill beyou,andyouwill wonderwhatyou did.

3) Puterror messages your programdike the onesabove. As you go throughthis
manualyour programswill build oneachother Errormessagewill helpyoudelugfuture
programs.

4) Always structureyour outputasif it will be the input of anotherfunction. For
example,if your programhas“yes-no” type output,do not have it returnthe words*yes”
and“no,” ratherreturnl or O, sothatit canbe usedasa conditionfor a branchor while
loop constructionn thefuture.

5) In MATLAB, try to avoid loopsin your programs.MATLAB is optimizedto runthe
built-in functions. For a comparisonseehow muchfasterA*B is overmult (A,B). You
will beamazedathow mucheconomycanbe achiezedwith MATLAB functions.

6) If youarehaving troublewriting a program try to geta smallpartof it runningand
build onthat.
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A Short List of Key Words and Symbols

Thisis a starterist of wordsandsymbolsfor MATLAB. For the completdist aswell
asary m-fileswhich areincludedin your implementatiorof MATLAB typehelp. More
informationis in the MATLAB User’s Guide by The MathWorks, Inc. and publishedby
Prentice-HallJnc. Thereis a onpagematlab-inde for finding functionsusedin this book.
The MATLAB Primer by Kermit Sigmonpublishedby CRC Press,Inc. is alsoa useful
referenceguideto MATLAB.

magic round help function ==
eye floor format short if ~=
diag abs format long else <
ones sqrt  who elseif <=
zeros  sin clear end >
rand cos exit while >=
hilb tan ans return &
tril asin  load = |
triu acos save ; ~
sum atan diary : any
prod exp type % all
max log dir , +
min eps -
size pi *
length sign Lk

)
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