
up?itstarttohowandMATLABisWhat

LABoratoryMATrix•

andscientificforpackagesoftwareinteractivehigh-levelObject-oriented•
computationsnumericalengineering

computationsotherandmatrixofmanipulationeasyEnables•

dototailoredspecificallynotisbutcomputation,symbolichandleCan•
that.

typeCDFonMATLABupstartTo
-nodesktopmatlab%

or
&matlab%

prompt.shellUnixtheat
The -nodesktopmatlab currentyourinMATLABupstartscommand

anlikely(mostwindow xterm itterminal;ASCIIanyonworkcanand),
aoverremotelyrunbecanitinterface;ASCIIlightandsimpleayougives

session.telnet/ssh
The matlab con-theofwindownewainMATLABupstartscommand

moreayougivesitXwindows;runningareyouassumingon,areyousole
theinterface,heavyandcomplexalsobutpowerful, desktop.

ispromptMATLABstandardThe >> singleaisitMaplein(while > ).
followswhateverfollowing,theIn >> withstartinglineaon >> typedis

prompt.MATLABtheatusertheby

typeMATLAB,quitTo
quit>>

or
exit>>
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codeMATLABofexampleAn

matrix2x3aofentriesthedefine%6];543;2[1=A

vector3x1aofentriesthedefine%-2];0;[-1;=x

A*xproducttheoutputandcompute%A*x=b

binitsaveand%

2aofentriesthesetscodeofpieceaboveThe × matrix3 A 3aand × vector1
x productvectormatrixthecomputesthen, Ax (2toresultthesetsand ×1
vector) b Thus,.

A =


4

1

5

2

6

3


, x =




 2

0

−1



, b = Ax =



−16

−7



isoperatorassignmentThe• = isitMaple,(In :=).

ofresulttheechoingofsuppressioncauses(;)semicolonThe•
theechoingcausessemicolontheMaple,(Inassignment/computations.

echoing).ofsuppressioncauses(:)colontheandresult

(newlineThe• <return> or <enter> (Thestatement.aofendthedenotes)
semi-noIfstatement.)aofendthedenotetousedbealsocancomma

echoed.bewillstatementtheofresultthenewline,theprecedescolon
doesnewlineThesemicolon.orcolonwithendsstatementaMaple,(In

specific.)anythingdenotenot

a.variablethandifferentisAvariablei.e.sensitive,caseisMATLAB•
too.)sensitivecaseis(Maple

theMaple,(Incomment.aislineaonsymbol%thefollowsWhatever•
issymbolcomment #)

insplitbecanitline,oneonfittolongisstatementMATLABaWhen•
lastthebuteachinmarkcontinuation...theusinglinesmore)(ortwo
noisthereifMaple,(Inpage).nextexample(seestatementtheofline
theincontinuesstatementthethatassumedisitsemicolon,orcolon

line.)next
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interactivelyMATLABUsing

followswhateverthatRecall >> withstartinglineaon >> bytypedis
MATLAB.byechoedoutputisrestTheprompt.MATLABtheatuserthe

6];543;2[1=A>>

-2];0;[-1;=x>>

A*x=b>>

=b

-7

-16

6]543;2[1=A>>

=A

321

654

-2]0;[-1;=x>>

=x

-1

0

-2

exp(1.1)+2^3+(32-17)*5+100>>

=ans

186.0042

exp(1.1)>>

=ans

3.0042

sqrt(-1)>>

=ans

1.0000i+0
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linestwoinsplitstatement%>>

...sin(0.3*pi)+(32-17)*5=avariablewithalongname>>

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

=avariablewithalongname

80.4871

symbolhatthebycarriedisExponentiation• ^ carriedisitMaple,(In
stardoubletheorhattheby ** symbol.)

toneedednotisiti.e.calculator,simpleaasusedbecanMATLAB•
variable,defaultAvariable.atocomputationaofresulttheassign

named ans orcomputationlatesttheofresultthesavetousedis,
theofnamethebuttrue,alsoisabovetheMaple,(Inexpression.

percentisvariabledefault % doublequoteand7Maplein " Maplein
V.)

logexp,e.g.functions,mathematicalstandardtheallhasMATLAB•
sinh,sqrt,atan,acos,asin,tan,cos,sin,log2,log10,ln),for(stands

computethatfunctionsbuilt-inmoremanyandetc,min,max,abs,cosh,
buttrue,alsoisabovetheMaple,(Inresults.mathematicalofvarietya

arcsin,log),as(samelne.g.different,arefunctionssomeofnamesthe
etc.)arccos,

Complexones.realaseasilyasjusthandledarenumbersComplex•
variablesThebi.+aformtheinoutputarenumbers i and j byare

valuethetosetdefault √− thethem,overwritesuserthethough,If,.1
value √− throughrecoveredbecanItlost.is1 sqrt(-1)=i and

sqrt(-1)=j .

variableThe• pi numbertheofvaluethetosetdefaultbyis π If,.
ofvaluethethenit,overwritesuserthethough, π becanItlost.is

throughrecovered 4*atan(1)=pi .

namevariabletheclearTo• a use aclear variableallcleartowhile
usenames clear.
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(arrays)Matrices

theiroftypethenormatricesofdimensiontheneitherrequiresMATLAB
directlytoismatrixadeclaretowaysimplestThespecified.betoentries

resulttheassignandbracketssquareinenclosed(row-by-row)entriesitslist
example,Forvariable.ato

]987;654;321[=A>>

outputtheinresultwill
=A

321

654

987

spacesblankmoreoronebyseparatedarerowsametheinentriesMatrix
ismatrixtheIfsemicolon.abyseparatedarerowswhilecomma),aby(or

is,Thatline.oneinroweachputcanwelarge,
321[=A>>

654

]987

above.asresult,sametheusgivewill

matrixthetypeearlier,assignedbeenhasthatentrymatrixatoreferTo
byfollowednamevariable j)(i, where, i andindexrowtheis j is

declara-previoustheassumingexample,Forentry.theofindexcolumnthe
matrixtheoftion A,
3)A(2,>>

inresults
=ans

6
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becanItdynamically.setisMATLABinmatricesofdimensionThe
Executingdemand.onchanged

10=3)A(4,>>

givewill
=A

321

654

987

1000

newtheaccommodatetoautomaticallychangedismatrixtheofsizeThe
0.tosetareelementsundefinedAnykept.arevaluesoldtheandelement,

functionbuilt-inThe size givenisanswerThematrix.aofsizethegives
formthein n][m, where, m androwsofnumbertheis n numbertheis

assignmentmultipleawithstoredbecanresultThecolumns.of
size(A)=n][m,>>

where A matrix.definedalreadyanis

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

ofsubmatrixthegives A rowsbydefined i through j columnsand k

through l matrixof A (colonajustisindextheIf. : numberswithout),
Forincluded.arematrixtheofcolumnsallorrowsallrange,adefinethat

example,
k:l)A(:,>>

ofsubmatrixthegives A columnsbydefined k through l ofrowsallof
matrix A.
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form-numbersofsequenceageneratetousedbecancolonthegeneral,In
matrix).one-dimensional(orvectoraing

m:k:n>>

fromstartingnumbers,oflistagives m toendingand n stepsizewith k

and
m:n>>

fromstartingnumbers,oflistagives m toendingand n 1.stepsizewith

Ifdone.easilybealsocanconcatenationMatrix A and B matricestwoare
rows,ofnumbersametheof

B][A=C>>

matrixacreates C asrowsofnumbersamethewith, A and B numberand,
ofcolumnsofnumbertheofsumthecolumnsof A and B columnsThe.

of C ofcolumnstheofconsist A ofcolumnsthebyfollowedleft)the(to
B ifhand,othertheOnright).the(to A and B theofmatricestwoare

columns,ofnumbersame
B][A;=C

matrixacreates C ascolumnsofnumbersamethewith, A and B and,
ofrowsofnumbertheofsumtherowsofnumber A and B ofrowsThe.

C ofrowstheofconsist A ofrowsthebyfollowed(top) B (bottom).

Examples:
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[=A>>

321

654

987

10]00

=A

321

654

987

1000

2:3)A(1:2,=B>>

=B

32

65

-4][-1;=C>>

=C

-1

-4

C][B=D>>

=D

-132

-465

13]12[11=x>>

=x

131211

D][x;=E>>

=E

131211

-132

-465
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Formatrices.foroperatorsandfunctionsbuilt-inmanyhasMATLAB
example,

inv(A);=iA>>

matrixofinversethecomputes A squareaasdefinedalreadyisA(if
variableinitsavesandexists),inversetheifandmatrix iA Also,.

A’>>

oftransposethedisplays A while,
3);eye(3,=I3>>

3thesave × variableinmatrixidentity3 I3.

systems.linearsolvetoaskedwhenapproachhigh-levelatakesMATLAB
If A solvableais n×n andmatrix b a n× vector,1

A\b;=x>>

solutionthecomputewill x systemtheto b=Ax .

Examples:
9]8,7,6;4,5,3;2,[1,=A>>

=A

321

645

987

50]31;[14;=b>>

=b

14

31

50

A\b=x>>

=x

1.0000

2.0000

3.0000
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loopsFor

formtheofisloopfortheofsyntaxtypicalmostThe
j:k:l=ifor

statements

end

k.stepsizewithl,toproceedsandj,fromstartscounter,loopthei,where
likelooksstatementforthei.e.missing,iskIf j:l=ifor step-the,

variableslandkj,i,theofnonethatNote1.valuedefaultthetakessize
integer.betoneeds

doesvaluesWhatExamples: a loops?followingtheintake
endstatements,0.1:0.1:0.5,=afor

0.50.4,0.3,0.2,0.1,

endstatements,0.1:0.2:0.6,=afor

0.50.3,0.1,

endstatements,0:-2:-10,=afor

-10-8,-6,-4,-2,0,

endstatements,0:-2:10,=afor

state-theThusmatrix.emptytheofvaluethetakesitprecise,beToNone!
all.atexecutedgetnotdowere),they(whateverlooptheofments

(assumeloop:nestedtwo-levelA n value)aassignedalreadyis
1:n=ifor

iusepossiblythatstatements

1:n=jfor

jandiusepossiblythatstatements

end

end

The break prematurely.looptheterminatetousedbecanstatement
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operatorslogicalandrelationalstatement,(conditional)If

isstatementiftheofformgeneralThe
expressionif

statements

expressionelseif

statements

else

statements

end

expression(first)theifexecuted,areif(first)thefollowingstatementsThe
isexpressionrealnon-zeroanyMATLAB,Intrue.isstatementiftheof
if(first)thefollowingstatementstheThus,false.tocorresponds0andtrue
ais(ornon-zeroisexpression(first)theofpartrealtheifexecuted,are

elements).non-zeroallwithmatrix
eachfollowingstatementsThe elseif ofexpressiontheifexecuted,are

inresultedbranchesprevioustheofnoneandtrueisbranchrespectivethe
Theexecution. else branchesprevioustheofnoneifexecutedisbranch

Theexecution.inresulted else and elseif orZerooptional.areparts
more elseif nestedaswellasusedbecanparts if’s.

isexpressiontheofformsimpleA exprrelopexpr relopwhere
isoperator)(relational >=<=,>,<,==, or, ~=.

arerelopsrespectivetheMaple,(In >=<=,>,<,=, or, <>.)
Example:

J==Iif

2;=J)A(I,

1==abs(I-J)elseif

-1;=J)A(I,

else

0;=J)A(I,

end
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state-abovetheofresultthewouldWhat
two-levelaininsertedisitifbe,ment

JandIcountersbothwithloopfornested
step-with7toproceedingand1atstarting

1?sizes
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areoperatorslogicalstandardThe |&, and ~.
aretheyMaple,(In orand, and not respectively.),

expressionscomplexmorebuildcanweoperators,logicalofhelptheWith
statements.iffor

Example:
I)<(J-3&J)<=(Iif

7-J+I;=J)A(I,

end

two-aininsertedisitifbe,statementabovetheofresultthewouldWhat
proceedingand1atstartingJandIcountersbothwithloopfornestedlevel

1?stepsizeswith7to

statementsconditionalthealsoConsider
I)<(J-3&J)<=(Iif

7-J+I;=J)A(I,

I)<(J-4elseif

-1;=J)A(I,

end

I)<(J-4if

-1;=J)A(I,

I)<(J-3&J)<=(Ielseif

7-J+I;=J)A(I,

end
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=A

00000-12

0000-12-1

000-12-10

00-12-100

0-12-1000

-12-10000

2-100000

=A

0000567

0005670

0056700

0567000

5670000

6700000

7000000

=A

000-1567

00-1567-1

0-1567-1-1

-1567-1-1-1

567-1-1-1-1

67-1-1-1-1-1

7-1-1-1-1-1-1

=A

000-1-1-1-1

00-1-1-1-1-1

0-1-1-1-1-1-1

-1-1-1-1-1-1-1

-1-1-1-1-1-1-1

-1-1-1-1-1-1-1

-1-1-1-1-1-1-1
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MATLABinscriptsandFunctions

areFunctionsuser-defined.orbuilt-ineitherbecanMATLABinFunctions

insaved M-files inendsfilenamethebecausesocalled, .m mayFunctions.

variables.outputmoreoronereturnmayandparametersinputmoreoronehave

perfunctiononeonlyCDF,onrunningcurrentlyarewewhich5,MATLAB(In

defined.)becanM-file

sequencelongabealsocanItfunction.abetoneedalwaysnotdoesM-fileA

parame-inputformalneitherhaveScriptsscript.ai.e.statements,MATLABof

variables.outputformalnorters,

theprompt)MATLABthe(aftertypeM-file,functionaexecuteTo•
thewithoutfiletheofname .m argu-inputthebyfollowedextension,

parentheses.inments

thebycalltheprecedevariables,outputthesavetoneedyouShould•
sign.‘=’theandone)thanmoreifbracketssquare(invariablesoutput

theprompt)MATLABthe(aftertypejustM-file,scriptaexecuteTo•
thewithoutfiletheofname .m extension.
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Examples:

fileinisfollowingtheAssume trochoid1.m directorycurrentthein

n)U,r,trochoid1(a,=iy][ix,function

U/n;=du

r*sin(u0);-a*u0=x%0;=x

r*cos(u0);=y%r;=y

u0;=u%0;=u

round(x);=ix(1)

round(y);=iy(1)

2:n+1=ifor

du;+u=u

r*sin(u);-a*u=x

r*cos(u);=y

round(x);=ix(i)

round(y);=iy(i)

end

fileinisfollowingthealsoAssume script.m directorycurrentthein
25;=a

100;=r

6*pi;=U

200;=n

n);U,r,trochoid1(a,=iy1][ix1,

’-’)iy1,plot(ix1,

trochoid.psprint

typeandMATLAB,startwenowAssume
script>>
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happen?willWhat

Variables• Ur,a, and n values.respectivethetosetare

• pi numbertheofvaluedefaultthegets π.

argumentsinputwithcalledisfunctiontrochoid1The• nU,r,a, ,
argumentsoutputand iy1ix1, .

• iy1ix1, trochoid1.functionthetocallthethroughvaluetheirget

• Ur,a, and n trochoid1.tocallthebeforehadtheyvaluethekeep

defaultbylocalaretrochoid1functiontheinusedvariablesotherAll•
trochoid1).ofscopetheoutsidevaluetheirkeepnotdothey(i.e.

• iy1ix1, sizeofvectorsare n coor-Cartesian(integer)denoteand+1
trochoid.arenderingpixelstheofdinates

line.solidawithx-coordinatestheversusplottedarey-coordinatesThe•
X-window.aninappearsplotThe

fileinsavedisplotThe• trochoid.ps fileTheformat.postscriptin
commandUnixthebyprinterCDFtheonprintedbecan

trochoid.pslpr%

MATLAB.quitsusertheafter

helpOn-line
Type

help>>

andtopicshelptheallgetto
topichelp>>

example,Fortopic.MATLABanyoninformationgetto
invhelp>>

theusetohowyoutellwill inv ofinversethegivesthatfunctionbuilt-in
typeenvironment,windowhtmlathroughhelpon-linegetTomatrix.a

helpwin>>
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