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MATLAB?isWhat1.

interactivehigh-levelobject-orientedanisMATLAB
numericalengineeringandscientificforpackagesoftware

forstandsnameItscomputations. laboratorymatrix .
otherandmatrixofmanipulationeasyenablesMATLAB

programming.traditionalforneedthewithoutcomputations
matrix.theiselementdatabasicMATLAB’s

MATLAB.usetoHow2.

thebyupstartedbecanMATLAB
-nodesktopmatlab%

theor
matlab%

Theprompt.shellUnixtheatcommands matlab
-nodesktop yourinMATLABupstartscommand

anlikely(mostwindowcurrent xterm onworkcanand),
ASCIIlightandsimpleayougivesitterminal;ASCIIany

Theinterface. matlab ainMATLABupstartscommand
areyouassumingon,areyouconsoletheofwindownew

alsobutpowerful,moreayougivesitXwindows;running
Withinterface.heavyandcomplex matlab getwillyou

oneandbuttons,andmenusvariouswithwindowmainone
His-aWindow,Commanda(e.g.windows,innermore)(or

callediswhichofcollectiontheetc.),Window,tory desk-
top runyouIfenvironment. matlab thatsuggestedisit,

withupitstartyou &matlab there-usecanyouthatso,
canyouthatNoteit.startedyouwhichinwindow not get

system.non-Xwindowafromenvironmentdesktopthe
runandWindows,andPCausinghomeatareyouifThus,

to(ssh)telnet eddie.cdf commandthe, matlab will
standardTheinterface.ASCIIsimpletheyougive

ispromptMATLAB >> fol-whateverfollowing,theIn.
lows >> withstartinglineaon >> userthebytypedis

prompt.MATLABtheat

typeMATLAB,quitTo
quit>>

or
exit>>

scripts.andfunctionsM-files,2.1.

alsoItfunctions.built-inoflotahasMATLAB
insavedareFunctionsown.theirdefinetousersallows

M-files inendsfilenamethebecausesocalled, .m Func-.
mayandparametersinputmoreoronehavemaytions
notdoesM-fileAvariables.outputmoreoronereturn

longabealsocanItfunction.abetoneedalways
Scriptsscript.ai.e.statements,MATLABofsequence
outputformalnorparameters,inputformalneitherhave

variables.

scripts.andfunctionsMATLABInvoking2.2.

theofnamethetypeM-file,functionaexecuteTo
thewithoutfile .m argu-inputthebyfollowedextension,

outputthesavetoneedyouShouldparentheses.inments
square(invariablesoutputthebycalltheprecedevariables,

example,Forsign.‘=’theandone)thanmoreifbrackets
lu(A)>>

whileA,matrixofdecompositionLUthedisplays
lu(A)=U][L,>>

matricesinfactorstriangularupperandlowerthesavesalso
respectively.UandL

theofnamethetypejustM-file,scriptaexecuteTo
thewithoutfile .m extension.

awhichinstatementaexecutesMATLABWhen
built-inaisitifchecksitinvoked,isscriptorfunction

aisitassumesitfunction,built-inanotisitIffunction.
searchathroughgoesandscriptorfunctionuser-defined

firstThefunction/script.thatforlooktodirectoriesofpath
startyouthatdirectorycurrenttheispaththeondirectory
thisinfoundnotisfunction/scripttheIfMATLAB.up

calleddirectoryainsearchesMATLABdirectory, matlab
ownyourupbuildcanYoudirectory.homeyourunder

puttinganddirectoryasuchcreatingbylibraryMATLAB
aSuchit.inwriteyoufunctions/scriptsallofM-filesthe

theinscriptsandfunctionstheallowwillsetup matlab
runyoudirectorywhichinmatternousedbetodirectory

MATLAB.

environment.yourSetting2.3.

defaultthethanothernamedirectoryapickcanYou
matlab Forwish.youiflibrary,MATLABownyourfor

correspond-M-filesthehavetowantyousupposeexample,
direc-ainscriptsandfunctionsMATLABownyourtoing

calledtory ownfunc Then,directory.homeyourunder
yourinlinefollowingtheinclude .cshrc isfile(thisfile

directory):homeyourin
$HOME/ownfuncMATLABPATHsetenv

Here, $HOME givesthatvariableenvironmentshelltheis
havetoarrangecanYoudirectory.homeyourofnamethe

directoryonethanmoreinfunctions/scriptsMATLAByour
yousupposeexample,Forwish.youifsubdirectory,or

infunctions/scriptssomehavetowant ownfunc and,
directorytheinfunctions/scriptsothersome morefunc

yourunder 350 linefollowingtheincludeThen,directory.
yourin .cshrc insteadfile

$HOME/350/morefunc:$HOME/ownfuncMATLABPATHsetenv

youafterMATLAB,ofpathsearchtheiswhatoutfindTo
typeMATLAB,intoget

path>>
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help.On-line2.4.

Typehelp.on-lineoflotaoffersMATLAB
help>>

andtopicshelptheallgetto
topichelp>>

example,Fortopic.MATLABanyoninformationgetto
invhelp>>

theusetohowyoutellwill inv givesthatfunctionbuilt-in
htmlathroughhelpon-linegetTomatrix.aofinversethe

typeenvironment,window
helpwin>>

editing.lineCommand2.5.

youis,Thatediting.linecommandallowsMATLAB
mis-correcttopromptMATLABtheatkeysarrowusecan
fol-Thecommands.previousrecalltoorcommands,typed

commands:editinglinetheofsummaryaislowing

linepreviousrecallCtrl-PArrow,Up
linenextrecallCtrl-NArrow,Down

characteroneleftmoveCtrl-BArrow,Left
characteronerightmoveCtrl-FArrow,Right

cursoratcharacterdeleteCtrl-DSpace,Back
cursorthebeforecharacterdeleteDelete

wordoneleftmoveCtrl-L
wordonerightmoveCtrl-R

lineofbeginningtomoveCtrl-A
lineofendtomoveCtrl-E

linecurrentofendtodeleteCtrl-K
linecurrentcancelCtrl-U

modeovertypeandinserttoggleCtrl-T

statements.MATLAB3.

formtheofisstatementMATLABA
expression=variable

ofresulttheassignsstatementaboveThe expression theto
variable. insensitivecasearenamesVariables’
MATLAB. simplybealsocanstatementMATLABA

expression
variabledefaultthetoassignedisresultthecasewhichin

ans thesavesItMATLAB.invariablespecialaisans.
whencommandMATLABaofexecutionlasttheofresult
vari-user-specifiedainsavedexplicitlynotisresultthat

simplybealsocanstatementMATLABaFinally,able.
variable

theifcase,whichin variable aassignedpreviouslywas
aotherwiseplace,takescalculationorassignmentnovalue,

displayed.isvariableundefinedanaboutwarning

fol-aretheywhenexecutedarestatementsMATLAB
default,By(newline).returncarriageabylowed

(new-returncarriageabyfollowedstatementsMATLAB
output.standardtheonresult(s)theirecholine) youIf

thefollowechoing,automaticsuppresstowish
semicolonabystatementMATLAB (; car-abythen),

return.riage
statements:MATLABofExamples

2^3+(32-17)*5+100>>

2+(32-17)*5+100calculationthedoinginresults 3 and
followsasresulttheoutputing

=ans

183

while
1.1=a>>

variableto1.1valuetheassigninginresults a echoingand
follows:asresultthe

=a

1.1000

hand,othertheOn
2;=b>>

variableto2valuetheassigninginresults b echo-without
anding
b>>

variableofvaluetheoutputinginresults b previouslyas
assigned.
=b

2

typeworkspace,thefromvariablesallclearTo
clear>>

sayvariable,particularaclearTo var type,
varclear>>

(%)markpercentthefollowswhateverMATLAB,In
comment.aconsideredislinesamethein

oneonfittolongisstatementMATLABaWhen
con-...theusinglinesmore)(ortwoinsplitbecanitline,

statement.theoflinelastthebuteachinmarktinuation
commentaisthis%>>

longaofexampleanisfollowingthe%>>

linestwoinsplitstatement%>>

...(32-17)*5+100=avariablewithalongname>>

log(10)/log(2)-2^3+

=avariablewithalongname

179.6781

MATLAB.inoperatorslogicalandRelational4.

operatorslogicalandrelationalthearefollowingThe
MATLAB:of

________________________________________
MeaningOperatorRelational________________________________________

< thanless
< equalorthanless=
> thangreater

> equalorthangreater=
equal==

˜ equalnot=________________________________________
MeaningOperatorLogical________________________________________

AND&
 OR
˜ NOT

FALSE0
TRUEnumbernon-zero ________________________________________
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MATLAB.inmatriceswithWorking5.

matricesofdimensiontheneitherrequiresMATLAB
simpliestThespecified.betoentriestheiroftypethenor

(row-entriesitslistdirectlytoismatrixadeclaretoway
toresulttheassignandbracketssquareinenclosedby-row)

variable:a
]987;654;321[=A>>

outputtheinresultwill
=A

321

654

987

oronebyseparatedarerowsametheinentriesMatrix
arerowswhilecomma),aby(orspacesblankmore
putcanwelarge,ismatrixtheIfsemicolon.abyseparated

is,Thatline.oneinroweach
321[=A>>

654

]987

above.asresult,sametheusgivewill

ear-assignedbeenhasthatentrymatrixatoreferTo
byfollowednamevariablematrixthetypelier, j)(i, ,

where i andindexrowtheis j theofindexcolumntheis
ofdeclarationprevioustheassumingexample,Forentry.

matrixthe A,
3)A(2,>>

inresults
=ans

6

setisMATLABinmatricesofdimensionThe
Executingdemand.onchangedbecanItdynamically.

10=3)A(4,>>

givewill
=A

321

654

987

1000

accom-toautomaticallychangedismatrixtheofsizeThe
Anykept.arevaluesoldtheandelement,newthemodate

functionbuilt-inThe0.tosetareelementsundefined
size theingivenisanswerThematrix.aofsizethegives
form n][m, where, m androwsofnumbertheis n is

awithstoredbecanresultThecolumns.ofnumberthe
assignmentmultiple

size(A)=n][m,>>

where A matrix.definedalreadyanis

matrix.theofpartsextracttoeasyisitMATLAB,In
k:l)A(i:j,>>

ofsubmatrixthegives A rowsbydefined i through j and
columns k through l matrixof A ajustisindextheIf.

(colon : orrowsallrange,adefinethatnumberswithout),
example,Forincluded.arematrixtheofcolumnsall

k:l)A(:,>>

ofsubmatrixthegives A columnsbydefined k through l
matrixofrowsallof A.

ageneratetousedbecancolonthegeneral,In
one-dimensional(orvectoraformingnumbersofsequence

matrix).
m:k:n>>

fromstartingnumbers,oflistagives m toendingand n
stepwith k and
m:n>>

fromstartingnumbers,oflistagives m toendingand n
1.stepwith

Ifdone.easilybealsocanconcatenationMatrix A
and B rows,ofnumbersametheofmatricestwoare

B][A=C>>

matrixacreates C asrowsofnumbersamethewith, A
and B ofcolumnsofnumberThe. C theofsumtheis

ofcolumnsofnumber A and B ofcolumnsthewith, A
ofcolumnsthebyfollowed B ifhand,othertheOn. A

and B columns,ofnumbersametheofmatricestwoare
B][A;=C

matrixacreates C ascolumnsofnumbersamethewith, A
and B ofrowsofnumberThe. C theofsumtheis

ofrowsofnumber A and B ofrowsthewith, A followed
ofrowstheby B.

matrices:onoperationsbasicSome
AoftransposeA’

Amatrixofinverseinv(A)
additionmatrixB+A
subtractionmatrixB-A
multiplicationmatrixB*A

A \ ifAofinversebyBofmultiplicationleftB
inv(A)*Bassamei.e.singular.notisA

ifAofinversebyBofmultiplicationrightA/B
B*inv(A)assamei.e.singular.notisA

multiplicationmatrixelement-wiseB.*A
.A \ left)bydivided(rightdivisionelement-wiseB

right)bydivided(leftdivisionelement-wiseA./B

MATLAB.fromplotsandoutputSaving6.

Typing
outfilediary>>

theandinputterminalsubsequentallofcopyacauses
filethetowrittenbetoplots,exceptoutput,resulting out-

file toappendedisresulttheexists,alreadyfiletheIf.
Typingfile.the

offdiary>>

file.thetocopyingabovethesuspends

usegraphs,theofcopyhardaproduceTo
plotfile.psprint>>

createsThisplot.adoesthatstatementeachafter
(overwrites filepostscriptthe) plotfile.ps Graphs.

filetheifaccumulatedare plotfile.ps useyouif,
plotfile.ps-appendprint>>

typepaper,onprintedgraphsthegetTo
plotfile.pslpr%

prompt.shellUnixtheat
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examples.Simple7.
multiplicationmatrix%>>

1]111;101;0[1=A>>

=A

101

110

111

6]54;32;[1=B>>

=B

21

43

65

A*B>>

=ans

86

108

129

Cinresultthesave%>>

A*B=C>>

=C

86

108

129

Aofcontentstheagainsee%>>

A>>

=A

101

110

111

Aofdeterminantthefind%>>

det(A)>>

=ans

-1

Aofinversethefind%>>

inv(A)>>

=ans

1-10

10-1

-111

Aofeigenvaluesthefind%>>

eig(A)>>

=ans

1.0000

2.4142

-0.4142

Aofeigenvectors/valuestheFind%>>

respectively.ec/el,inthemsaveand%>>

A.ofeigenvectoranisecofcolumnEach%>>

theareelofentriesdiagonalThe%>>

A.ofeigenvalues%>>

eig(A)=el][ec,>>

=ec

-0.50000.5000-0.7071

-0.50000.50000.7071

0.70710.70710.0000

=ev

001.0000

02.41420

-0.414200

Coftransposethesee%>>

C’>>

=ans

986

12108

dimensionswrongwithmultiplicationsmatrix%>>

4]3;2;[1;=V>>

=V

1

2

3

4

A*V>>

*==>usingError???

agree.mustdimensionsmatrixInner

b=Axsystemlinearasolving%>>

9]870;543;2[1=A>>

=A

321

054

987

11]-4;[5;=b>>

=b

5

-4

11

backslash!thenote%A\b=x>>

=x

-1

0

2

matricesofconcatenation%>>

columnsappend%>>

B][A=D>>

=D

21321

43054

65987

rowsappend%>>

B’][A;=E>>

=E

321

054

987

531

642

workstationaonittry--plotsimplea%>>

matrices)(one-dimensionalvectorstwodefine%>>
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>> othertheversusoneplotand%
>> 5];432[1=x
>> 1e5];100001000100[10=y
>> y)plot(x,
>> scaleytorespectwithlogarithmictry%
>> y)semilogy(x,

>> functionaofexampleAn%
>> functionfollowingthehaveweSuppose%
>> addmat.m:filetheinsaved%

B)addmat(A,=n]m,[C,function

returnandBandAmatricesAdd%

dimensions.itsandCsumthe%

displayedbewillcommentblockThis%

addmat’’.‘‘helptypesusertheif%

matchdimensionstheifcheckfirst%

size(B)))~=(any(size(A)if

agree’)don’’tdimensionserror(’matrices’’

end

size(A);=n][m,

for-looptraditionalausingadditionthedo%

1:m=ifor

1:n=jfor

j);B(i,+j)A(i,=j)C(i,

end

end

addmat.mfileofendtheisthis%

addmatfunctiontheusingofexampleAn%>>

dimensionssameofmatricestwoDefine%>>

3sizeofmatrixidentitytheisA%>>

eye(3)=A>>

=A

001

010

100

4’sofmatrix3x3aisB%>>

3)4*ones(3,=B>>

=B

444

444

444

B+A=Ccompute%>>

B)addmat(A,=n]m,[C,>>

=C

445

454

544

=m

3

=n

3

MATLAB’susingobtainedisresultsamethe%>>

andconstructsprogramminghigh-level%>>

functionsbuilt-in%>>

B+A=C>>

=C

445

454

544

size(A)=n][m,>>

=m

3

=n

3

matricesSparse8.

matrices.sparselargeinresultapplicationsSeveral
isformdenseinmatricessuchofmanipulationandStorage

pro-MATLABimpossible.worstatandinefficientbestat
matrixsuchforfunctionsspecialandstoragesparsevides
codeMATLABfollowingtheexample,Forcomputations.

10;=n>>

1);ones(n^2,=e>>

...-e],-e,4*e,-e,spdiags([-e,=S>>

n^2);n^2,n],1,0,-1,[-n,

matrixsparseagenerates S sizeof, n 2×n 2 nonzero5with,
thesubdiagonal,the4s),(alldiagonalmainthebands,

distanceatdiagonals2anotherandsuperdiagonal, n from
With1s).(alldiagonalmainthe

spy(S)>>

matrixtheofpatternsparsitythevisualisecanwe S a(on
Tryworkstation).

sparfunhelp>>

sparsetorelatedfunctionsbuilt-inthealloutfindto
matrices.

examples.More9.
functionusefulveryaisdiag%>>

matrix,aisAwherediag(A),%>>

Aofdiagonalmainthereturns%>>

C>>

=C

86

108

129

diag(C)>>

=ans

6

10

matrix,aisAwheren),diag(A,%>>

0,>nifA,ofsuperdiagonalnththereturns%>>

0<nifA,ofsubdiagonal|n|ththeand%>>

1)diag(C,>>

=ans

8

-1)diag(C,>>

=ans

8

12
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>> vector,aisVwherediag(V),%
>> itsonVwithmatrixdiagonalareturns%
>> diagonalmain%
>> 1:4=V

=V
4321

diag(V)>>

=ans

0001

0020

0300

4000

vector,aisVwheren),diag(V,%>>

itsonVwithmatrixdiagonalareturns%>>

0,>nifsuperdiagonal,nth%>>

0.<nifsubdiagonal,|n|thitsonand%>>

1)diag(V,>>

=ans

00010

00200

03000

40000

00000

-1)diag(V,>>

=ans

00000

00001

00020

00300

04000

examplesadvancedmore%>>

5;=n>>

...-1)1),diag(ones(n-1,-3*eye(n)>>

+1)1),2*diag(ones(n-1,+

=ans

00023

0023-1

023-10

23-100

3-1000

...-1)diag(diag(ones(n-1)),-3*eye(n)>>

+1)2*diag(diag(ones(n-1)),+

=ans

00023

0023-1

023-10

23-100

3-1000

definingofwaysdifferentthree%>>

vectorsamethe%>>

colonusingfirst,%>>

1:n=v>>

=v

54321

concatenationusingsecond,%>>

[];=v>>

1:n=jfor>>

j];[v=v

end

v>>

=v

54321

for-looptraditionalausingthird,%>>

vclear>>

1:n=jfor>>

j;=v(j)

end

v>>

=v

54321

vectoradefiningofways3abovetheAmong%>>

neatest.andfastesttheis(colon)firstthe%>>

operationvectorcomponent-wisea%>>

10.^v=w>>

=w

10000010000100010010

vectoranother%>>

1:2:2*n=u>>

=u

97531

vectorsametheversusplottedvectorstwo%>>

distinguishtomarksdiacriticalthenote%>>

plottedlinestwothe%>>

’o’)u,v,’+’,w,semilogy(v,>>

colorsandlinesoftypesdifferentthenote%>>

’c--’)u,v,’y-’,w,semilogy(v,>>

altogethercolorsandlinesmarks,diacritical%>>

...’o’,u,v,’+’,w,semilogy(v,%>>

’c--’)u,v,’y-’,w,v,

information.moreFor10.

fileThe /u/ccc/matlab.primer.ps theon
tointroductioncomprehensivebutbriefaismachinesCDF

ver-MATLAB,ofversionpreviousaonbasedMATLAB,
4versionsbetweendifferencesarethereAlthough4.sion

canYouinformation.ofsourceusefulastillisit6,and
commandthebyfiletheview

/u/ccc/matlab.primer.psghostview%

worksta-XwindowanyonpromptshellUnixtheatgiven
tion.

maintheatlookataketowishalsomayYou
atpage,MathWorkstheweb-page,MATLAB

http://www.mathworks.com software,books,for,
aboutdocumentationon-lineandnewsgroupsnews,

MATLAB.

thatnotePlease " MATLABofEditionStudentThe ",
limitationssomehascomputers,personalonrunswhich

have.notdoesversionCDFthewhich
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