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Chapter 1

Intr oduction

1.1 What is Scilab

Developedat INRIA, Scilabhasbeendevelopedfor systemcontrolandsignalprocessingapplica-
tions. It is freelydistributedin sourcecodeformat(seethecopyright file).

Scilabis madeof threedistinctparts:aninterpreter, librariesof functions(Scilabprocedures)
andlibrariesof FortranandC routines.Theseroutines(which,strictly speaking,do notbelongto
Scilabbut areinteractively calledby theinterpreter)areof independentinterestandmostof them
areavailablethroughNetlib. A few of themhave beenslightly modifiedfor bettercompatibility
with Scilab’s interpreter.

A key featureof theScilabsyntaxis its ability to handlematrices:basicmatrixmanipulations
suchasconcatenation,extractionor transposeareimmediatelyperformedaswell asbasicopera-
tionssuchasadditionor multiplication. Scilabalsoaimsat handlingmorecomplex objectsthan
numericalmatrices.For instance,controlpeoplemaywant to manipulaterationalor polynomial
transfermatrices.This is donein Scilabby manipulatinglistsandtypedlistswhichallows anatu-
ral symbolicrepresentationof complicatedmathematicalobjectssuchastransferfunctions,linear
systemsor graphs(seeSection2.7).

Polynomials,polynomialsmatricesandtransfermatricesarealsodefinedandthesyntaxused
for manipulatingthesematricesis identical to that usedfor manipulatingconstantvectorsand
matrices.

Scilabprovidesa varietyof powerful primitivesfor theanalysisof non-linearsystems.Inte-
grationof explicit andimplicit dynamicsystemscanbeaccomplishednumerically. Thescicos
toolboxallows thegraphicdefinitionandsimulationof complex interconnectedhybridsystems.

Thereexist numericaloptimizationfacilitiesfor nonlinearoptimization(includingnondiffer-
entiableoptimization),quadraticoptimizationandlinearoptimization.

Scilabhasan openprogrammingenvironmentwherethe creationof functionsandlibraries
of functionsis completelyin thehandsof theuser(seeChapter3). Functionsarerecognizedas
dataobjectsin Scilaband,thus,canbemanipulatedor createdasotherdataobjects.For example,
functionscanbedefinedinsideScilabandpassedasinputor outputargumentsof otherfunctions.

In additionScilabsupportsacharacterstringdatatypewhich, in particular, allows theon-line
creationof functions.Matricesof characterstringsarealsomanipulatedwith thesamesyntaxas
ordinarymatrices.

Finally, Scilab is easily interfacedwith Fortranor C subprograms.This allows useof stan-
dardizedpackagesandlibrariesin theinterpretedenvironmentof Scilab.

Thegeneralphilosophyof Scilabis to provide thefollowing sortof computingenvironment:

2
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� To have datatypeswhich arevariedandflexible with a syntaxwhich is naturalandeasyto
use.� To provide a reasonablesetof primitiveswhichserve asa basisfor a widevarietyof calcu-
lations.� Tohaveanopenprogrammingenvironmentwherenew primitivesareeasilyadded.A useful
tool distributedwith Scilabis intersci which is a tool for building interfaceprogramsto
addnew primitivesi.e. to addnew modulesof Fortranor C codeinto Scilab.� To supportlibrary developmentthrough“toolboxes” of functionsdevotedto specificappli-
cations(linearcontrol,signalprocessing,network analysis,non-linearcontrol,etc.)

Theobjective of this introductionmanualis to give theuseranideaof whatScilabcando. On
line documentationonall functionsis available(help command).

1.2 SoftwareOrganization

Scilab is divided into a setof directories. The main directorySCIDIR containsthe following
files: scilab.star (startupfile), thecopyright file notice.tex , andtheconfigure files
(see(1.3)). Thesubdirectoriesarethefollowing:� bin is thedirectoryof theexecutablefiles. Thestartingscriptscilab onUnix/Linux sys-

temsandrunscilab.exe on Windows95/NT, Theexecutablecodeof Scilab: scilex
onUnix/Linux systemsandscilex.exe onWindows95/NTarethere.Thisdirectoryalso
containsShellscriptsfor managingor printingPostscript/LATEX filesproducedby Scilab.� demos is thedirectoryof demos.Thisdirectorycontainsthecodescorrespondingtovarious
demos.They areoftenusefulfor inspiringnew users.Thefile alldems.dem is usedby
the“Demos”button.Mostof plot commandsareillustratedby simpledemoexamples.Note
thatrunningagraphicfunctionwithout input parameterprovidesanexampleof usefor this
function(for instanceplot2d() displaysanexamplefor usingplot2d function).� examples containsuseful examplesof how to link external programsto scilab, using
dynamiclink or intersci� doc is the directoryof the Scilabdocumentation:LATEX , dvi andPostscriptfiles. This
documentationis SCIDIR/doc/intr o/ in tro .t ex .� geci containssourcecodeandbinariesfor GeCI which is an interactive communication
managercreatedin orderto manageremoteexecutionsof softwaresandallow exchangesof
messagesbeetwenthoseprograms.It offers thepossibility to exploit numerousmachines
on a network, asa virtual computer, by creatinga distributed groupof independentsoft-
wares(help communications for a detaileddescription).GeCIis usedfor thelink of
Xmetanetwith Scilab.� pvm3 containssourcecodeandbinariesof thePVM version3 which is anotherinteractive
communicationmanager.� imp is thedirectoryof theroutinesmanagingthePostscriptfiles for print.� libs containstheScilablibraries(compiledcode).
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� macros containsthe librariesof functionswhich areavailableon-line. New librariescan
easilybeadded(seetheMakefile). Thisdirectoryis dividedinto anumberof subdirectories
which contain“Toolboxes” for control,signalprocessing,etc... Strictly speakingScilabis
not organizedin toolboxes: functionsof a specificsubdirectorycancall functionsof other
directories;so,for example,thesubdirectorysignal is notself-containedbut its functions
areall devotedto signalprocessing.� man is thedirectorycontainingthemanualdivided into submanuals,correspondingto the
on-linehelpandto a LATEX formatof thereferencemanual.TheLATEX codeis producedby
atranslationof theUnix formatScilabmanual(seethesubdirectorySCIDIR/man ). To get
informationaboutanitem,oneshouldenterhelp item in Scilabor usethehelpwindow
facility obtainedwith help button. To get informationcorrespondingto a key-word, one
shouldenterapropos key-word or useapropos in thehelpwindow. All the item s
andkey-words known by thehelp andapropos commandsarein .cat andwhatis
files locatedin themansubdirectories.

To addnew itemsto thehelp andapropos commandstheusercanextendthelist of di-
rectoriesavailableto thehelpbrowserby adaptingthevariable%helps . SeetheREADME
file in themandirectoryandtheexamplegivenin examples/man-e xa mpl es directory� maple is thedirectorywhichcontainsthesourcecodeof Maplefunctionswhichallow the
transferof Mapleobjectsinto Scilabfunctions.For efficiency, thetransferis madethrough
Fortrancodegenerationwhich is dynamicallylinkedto Scilab.� routines is a directory which containsthe sourcecodeof all the numericalroutines.
Thesubdirectorydefault is importantsinceit containsthesourcecodeof routineswhich
arenecessaryto customizeScilab. In particularuser’s C or Fortranroutinesfor ODE/DAE
simulationor optimizationcanbeincludedhere(they canbealsodynamicallylinked).� examples containsexamplesof specifictopics. It is shown in appropriatesubdirecto-
rieshow to addnew C or Fortranprogramto Scilab(seeaddinter-tutori al ). More
complex examplesaregivenin addinter-examp le s . Thedirectorymex-examples
containsexamplesof interfacesrealizedby emulatingthe Matlab mexfiles. The directory
link-examples illustratesthe useof the call function which allows to call external
functionwithin Scilab.� intersci containsa programwhich canbeusedto build interfaceprogramsfor adding
new Fortranor C primitivesto Scilab. This programis executedby the intersci script
in thebin/intersci directory.� scripts is the directorywhich containsthe sourcecodeof shell scriptsfiles. Note that
thelist of printersnamesknown by Scilabis definedthereby anenvironmentvariable.� tests : this directorycontainsevaluationprogramsfor testingScilab’s installationon a
machine.Thefile “demos.tst”testsall thedemos.� wless, xless is theBerkeley file browsingtool� xmetanet is the directorywhich containsxmetanet , a graphicdisplay for networks.
Typemetanet() in Scilabto useit.
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1.3 Installing Scilab. SystemRequirements

Scilabis distributedin sourcecodeformat;binariesfor Windows95/NTsystemsandseveralpop-
ularUnix/Linux-XWindow systemsarealsoavailable:DecAlpha(OSFV4), DecMips (ULTRIX
4.2),SunSparcstations(SunOS),SunSparcstations(SunSolaris),HP9000(HP-UX V10), SGI
Mips Irix, PCLinux. All of thesebinariesversionsincludetk/tcl interface.

Theinstallationrequirementsarethefollowing :
- for thesourceversion:Scilabrequiresapproximately130Mbof disk storageto unpackand

install (all sourcesincluded). You needX Window (X11R4,X11R5 or X11R6,C compilerand
Fortrancompiler(e.g.f2c or g77or VisualC++ for Windows systems).

- for the binary version: the minimum for runningScilab(without sources)is about40 Mb
whendecompressed.Theseversionsarepartially staticallylinkedandin principledo not require
a fortrancompiler.

Scilabusesa large internalstackfor its calculations.This sizeof this stackcanbe reduced
or enlargedby thestacksize . command.The default dimensionof the internalstackcanbe
adaptedby modifying thevariablenewstacksize in thescilab.star script.

- For moreinformationon theinstallation,pleaselook at theREADME files

1.4 Documentation

The documentationis madeof this User’s guide(Introductionto Scilab)andthe Scilabon-line
manual.Therearealsoreportsdevotedto specifictoolboxes: Scicos(graphicsystembuilder and
simulator),Signal (Signalprocessingtoolbox), Lmitool (interfacefor LMI problems),Metanet
(graphandnetwork toolbox).An FAQ is availableatScilabhomepage:
(http://www-rocq. in ria .f r/ sc il ab).

1.5 Scilabat a Glance.A Tutorial

1.5.1 Getting Started

Scilabis calledby runningthescilab script in thedirectorySCIDIR/bin (SCIDIR denotes
thedirectorywhereScilabis installed).This shellscriptrunsScilabin anXwindow environment
(this scriptfile canbeinvokedwith specificparameterssuchas-nw for “no-window”). You will
immediatlygettheScilabwindow with thefollowing bannerandpromptrepresentedby the--> :

===========
S c i l a b
===========

Scilab-2.x ( 12 July 1998 )
Copyright (C) 1989-98 INRIA

Startup execution:
loading initial environment
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-->

A first contactwith Scilabcanbemadeby clicking on Demoswith theleft mousebuttonand
clicking thenon Introduction to SCILAB : theexecutionof thesessionis thendoneby
enteringemptylinesandcanbestoppedwith thebuttonsStop andAbort .

Severallibraries(seetheSCIDIR/scilab. st ar file) areautomaticallyloaded.
To givetheuseranideaof someof thecapabilitiesof Scilabwewill givelaterasamplesession

in Scilab.

1.5.2 Editing a commandline

Beforethesamplesession,we briefly presenthow to edit a commandline. You canentera com-
mandline by typing afterthepromptor clicking with themouseon a parton a window andcopy
it at the promptin theScilabwindow. The pointermay be movedusingthedirectionnalarrows
( ������ ). For Emacscustomers,the usualEmacscommandsareat your disposalfor modifying
a command(Ctrl- � chr� meanshold theCONTROL key while typing thecharacter� chr� ), for
example:

� Ctrl-p recallpreviousline� Ctrl-n recallnext line� Ctrl-b movebackwardonecharacter� Ctrl-f move forwardonecharacter� Deletedeletepreviouscharacter� Ctrl-h deletepreviouscharacter� Ctrl-d deleteonecharacter(at cursor)� Ctrl-amove to beginningof line� Ctrl-emove to endof line� Ctrl-k deleteto theendof theline� Ctrl-u cancelcurrentline� Ctrl-y yankthetext previously deleted� !prev recallthelastcommandline whichbeginsby prev� Ctrl-c interruptScilabandpauseaftercarriagereturn. Clicking on theControl/stopbutton
entersa Ctrl-c.

As saidbeforeyoucanalsocutandpasteusingthemouse.Thiswaywill beusefulif youtype
yourcommandsin aneditor. Anotherwayto “load” filescontainingScilabstatementsis available
with theFile/File Operations button.
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1.5.3 Buttons

TheScilabwindow hasthefollowing Control buttons.

� Stopinterruptsexecutionof Scilabandentersin pause mode� Resumecontinuesexecutionafterapause enteredasacommandin afunctionor generated
by theStop buttonor ControlC.� Abort abortsexecutionafterone(or several)pause , andreturnsto top-level prompt� Restartclearsall variablesandexecutesstartupfiles� Quit quitsScilab� Kill kills Scilabshellscript� Demosfor interactive runof somedemos� File Operationsfacility for loadingfunctionsor datainto Scilab,or executingscriptfiles.� Help : invokeson-line help with the treeof the manandthe namesof the corresponding
items.It is possibleto typedirectlyhelp <item> in theScilabwindow.� GraphicWindow : selectactive graphicwindow

New buttonscanbeaddedby theaddmenu command.Notethatthecommand:
SCIDIR/bin/scila b -nw
invokesScilabin the“no-window” mode.

1.5.4 Customizing your Scilab - Unix only

The parametersof the differentwindows openedby Scilabcanbe easilychanged.The way for
doing that is to edit thefiles containedin thedirectoryX11-defaults . Thefirst possibility is
to directly customizethesefiles. Anotherway is to copy theright lineswith themodificationsin
the .Xdefaults file of thehomedirectory. Thesemodificationsareactivatedby startingagain
Xwindow or with thecommandxrdb .Xdefaults . Scilabwill readthe .Xdefaults file:
thelinesof this file will cancelandreplacethecorrespondinglinesof X11-defaults.

A simpleexample:

Xscilab.color*Sc ro ll bar. bac kg ro und: red
Xscilab*vpane.he ig ht : 500
Xscilab*vpane.wi dt h: 500

in .Xdefaults will changethe500x650window to a squarewindow of 500x500andthe
scrollbarbackgroundcolor changesfrom greento red.

An importantparameterfor customizingScilabis stacksize discussedin 1.3.
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1.5.5 SampleSessionfor Beginners

Wepresentnow somesimplecommands.At thecarriagereturnall thecommandstypedsincethe
lastpromptareinterpreted.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->a=1;

-->A=2;

-->a+A
ans =

3.

-->//Two commands on the same line

-->c=[1 2];b=1.5
b =

1.5

-->//A command on several lines

-->u=1000000*(a* si n( A) )ˆ 2+. ..
--> 2000000*a*b*si n( A)* co s( A) +. ..
--> 1000000*(b*cos (A ))ˆ 2

u =

81268.994

Givethevaluesof 1 and2 to thevariablesa and A . Thesemi-colonattheendof thecommand
suppressesthedisplayof the result. Note thatScilabis case-sensitive. Thentwo commandsare
processedandthesecondresultis displayedbecauseit is not followedby a semi-colon.Thelast
commandshows how to write a commandon several lines by using “ ... ”. This sign is only
neededin theon-linetyping for avoiding theeffect of thecarriagereturn.Thechainof characters
which follow the // is not interpreted(it is a commentline).
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->a=1;b=1.5;

-->2*a+bˆ2
ans =

4.25

-->//We have now created variables and can list them by typing:
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-->who
your variables are...

ans b a bugmes %helps scicos_pal
MSDOS home PWD TMPDIR percentlib soundlib
xdesslib utillib tdcslib siglib s2flib roblib optlib
metalib elemlib commlib polylib autolib armalib alglib
intlib mtlblib SCI %F %T %z %s
%nan %inf $ %t %f %eps %io
%i %e
using 4997 elements out of 1000000.

and 43 variables out of 1791

Wegetthelist of previouslydefinedvariablesa b c A togetherwith theinitial environment
composedof thedifferentlibrariesandsomespecific“permanent”variables.

Below is an exampleof an expressionwhich mixes constantswith existing variables. The
resultis retainedin thestandarddefault variableans .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->I=1:3
I =

! 1. 2. 3. !

-->W=rand(2,4);

-->W(1,I)
ans =

! 0.2113249 0.0002211 0.6653811 !

-->W(:,I)
ans =

! 0.2113249 0.0002211 0.6653811 !
! 0.7560439 0.3303271 0.6283918 !

-->W($,$-1)
ans =

0.6283918

Defining I , a vectorof indices,Wa random2 x 4 matrix, andextractingsubmatricesfrom W.
The$ symbolstandsfor thelastrow or lastcolumnindex of amatrixor vector. Thecolonsymbol
standsfor “all rows” or “all columns”.
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->sqrt([4 -4])
ans =

! 2. 2.i !

Calling a function(or primitive) with avectorargument.Theresponseis acomplex vector.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->p=poly([1 2 3],’z’,’coeff’ )
p =

2
1 + 2z + 3z

-->//p is the polynomial in z with coefficients 1,2,3.

-->//p can also be defined by :

-->s=poly(0,’s’) ;p =1+2*s +sˆ 2
p =

2
1 + 2s + s

A morecomplicatedcommandwhichcreatesapolynomial.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->M=[p, p-1; p+1 ,2]
M =

! 2 2 !
! 1 + 2s + s 2s + s !
! !
! 2 !
! 2 + 2s + s 2 !

-->det(M)
ans =

2 3 4
2 - 4s - 4s - s
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Definition of a polynomialmatrix. The syntaxfor polynomial matricesis the sameas for
constantmatrices.Calculationof thedeterminantof thepolynomialmatrixby thedet function.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->F=[1/s ,(s+1)/(1-s)
--> s/p , sˆ2 ]

F =

! 1 1 + s !
! - ----- !
! s 1 - s !
! !
! 2 !
! s s !
! --------- - !
! 2 !
! 1 + 2s + s 1 !

-->F.num
ans =

! 1 1 + s !
! !
! 2 !
! s s !

-->F.den
ans =

! s 1 - s !
! !
! 2 !
! 1 + 2s + s 1 !

-->F.num(1,2)
ans =

1 + s

Definition of amatrixof rationalpolynomials.(Theinternalrepresentationof F is a typedlist
of theform tlist(’the type’,num,den) wherenumandden aretwo matrix polynomi-
als). Retrieving thenumeratoranddenominatormatricesof F by extractionoperationsin a typed
list. Lastcommandis thedirectextractionof entry1,2 of thenumeratormatrixF.num .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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-->pause

-1->pt=return(s* p)

-->pt
pt =

2 3
s + 2s + s

Herewe move into a new environmentusing the commandpause andwe obtain the new
prompt-1-> which indicatesthe level of the new environment(level 1). All variablesthat are
available in the first environmentarealsoavailable in the new environment. Variablescreated
in the new environmentcanbe returnedto the original environmentby using return . Useof
return without an argumentdestroys all the variablescreatedin the new environmentbefore
returningto theold environment.Thepause facility is very usefulfor debuggingpurposes.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->F21=F(2,1);v= 0: 0. 01:%pi; fr equenc ies =exp (%i* v);

-->response=freq (F 21.n um,F2 1. den, fr equenci es );

-->plot2d(v,abs( re sp onse ),s ty le =- 1, rec t= [0 ,0 ,3 .5, 0. 7] ,n ax =[5 ,4 ,5 ,7 ]) ;

-->xtitle(’ ’,’radians’,’ma gnit ude’ );

Definition of a rationalpolynomialby extractionof an entry of the matrix F definedabove.
This is followedby theevaluationof therationalpolynomialat thevectorof complex frequency
valuesdefinedby frequencies . Theevaluationof therationalpolynomialis doneby theprimi-
tive freq . F12.num is thenumeratorpolynomialandF12.den is thedenominatorpolynomial
of the rational polynomial F12 . Note that the polynomial F12.num can be also obtainedby
extractionfrom thematrix F usingthesyntaxF.num(1,2) . Thevisualizationof the resulting
evaluationis madeby usingthebasicplot commandplot2d (seeFigure1.1).
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->w=(1-s)/(1+s) ;f =1/p
f =

1
---------

2
1 + 2s + s
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-->horner(f,w)
ans =

2
1 + 2s + s
----------

4

The functionhorner performsa (possiblysymbolic)changeof variablesfor a polynomial
(for example,here,to performthebilineartransformationf(w(s))).
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->A=[-1,0;1,2]; B=[1 ,2 ;2 ,3] ;C =[ 1, 0] ;

-->Sl=syslin(’c’ ,A ,B ,C );

-->ss2tf(Sl)
ans =

! 1 2 !
! ----- ----- !
! 1 + s 1 + s !

Definitionof a linearsystemin state-spacerepresentation.Thefunctionsyslin defineshere
the continuoustime (’c’ ) systemSl with state-spacematrices(A,B,C ). The function ss2tf
transformsSl into transfermatrix representation.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->s=poly(0,’s’) ;

-->R=[1/s,s/(1+s ), sˆ 2]
R =

! 2 !
! 1 s s !
! - ----- - !
! s 1 + s 1 !

-->Sl=syslin(’c’ ,R );

-->tf2ss(Sl)
ans =
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ans(1) (state-space system:)

!lss A B C D X0 dt !

ans(2) = A matrix =

! - 0.5 - 0.5 !
! - 0.5 - 0.5 !

ans(3) = B matrix =

! - 1. 1. 0. !
! 1. 1. 0. !

ans(4) = C matrix =

! - 1. - 6.836D-17 !

ans(5) = D matrix =

! 2 !
! 0 1 s !

ans(6) = X0 (initial state) =

! 0. !
! 0. !

ans(7) = Time domain =

c

Definition of the rationalmatrix R. Sl is the continuous-timelinear systemwith (improper)
transfermatrixR. tf2ss putsSl in state-spacerepresentationwith apolynomialDmatrix. Note
thatlinearsystemsarerepresentedby specifictypedlists (with 7 entries).
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->sl1=[Sl;2*Sl+ ey e( )]
sl1 =

! 2 !
! 1 s s !
! - ----- - !
! s 1 + s 1 !
! !
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! 2 !
! 2 + s 2s 2s !
! ----- ---- --- !
! s 1 + s 1 !

-->size(sl1)
ans =

! 2. 3. !

-->size(tf2ss(sl 1) )
ans =

! 2. 3. !

sl1 is thelinearsystemin transfermatrixrepresentationobtainedby theparallelinter-connection
of Sl and2*Sl +eye() . Thesamesyntaxis valid with Sl in state-spacerepresentation.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->function Cl=compen(Sl,Kr ,K o)
--> [A,B,C,D]=abcd( Sl );
--> A1=[A-B*Kr ,B*Kr; 0*A ,A-Ko*C]; Id=eye(A);
--> B1=[B; 0*B];
--> C1=[C ,0*C];Cl=syslin( ’c ’, A1,B 1,C 1)
-->endfunction

On-linedefinitionof afunction,calledcompen whichcalculatesthestatespacerepresentation
(Cl ) of a linearsystem(Sl ) controlledby anobserverwith gainKo andacontrollerwith gainKr .
Notethatmatricesareconstructedin block form usingothermatrices.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->A=[1,1 ;0,1];B=[0;1]; C=[ 1, 0] ;S l= sys li n( ’c ’, A,B ,C );

-->Cl=compen(Sl, ppol (A ,B ,[- 1, -1 ]) ,. ..
--> ppol(A’,C’,[-1+% i, -1 -%i]) ’) ;

-->Aclosed=Cl.A, sp ec (A cl ose d)
Aclosed =

! 1. 1. 0. 0. !
! - 4. - 3. 4. 4. !
! 0. 0. - 3. 1. !
! 0. 0. - 5. 1. !
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ans =

! - 1.0000000 !
! - 1. !
! - 1. + i !
! - 1. - i !

Call to the functioncompen definedabove wherethegainswerecalculatedby a call to the
primitive ppol whichperformspoleplacement.TheresultingAclosed matrix is displayedand
theplacementof its polesis checked usingtheprimitive spec which calculatestheeigenvalues
of a matrix. (The functioncompen is definedhereon-lineby asanexampleof functionwhich
receive a linearsystem(Sl ) asinput andreturnsa linearsystem(Cl ) asoutput.In generalScilab
functionsaredefinedin filesandloadedin Scilabby exec or by getf ).
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->//Saving the environment in a file named : myfile

-->save(’myfile’ )

-->//Request to the host system to perform a system command

-->unix_s(’rm myfile’)

-->//Request to the host system with output in this Scilab window

-->unix_w(’date’ )
Mon May 14 16:56:35 CEST 2001

Relationwith theUnix environment.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->foo=[’void foo(a,b,c)’;
--> ’double *a,*b,*c;’
--> ’{ *c = *a + *b;}’]

foo =

!void foo(a,b,c) !
! !
!double *a,*b,*c; !
! !
!{ *c = *a + *b;} !

-->//A 3 x 1 matrix of strings
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-->write(’foo.c’ ,f oo); //Editing

-->unix_s(’make foo.o’) //Compiling

-->link(’foo.o’, ’f oo’, ’C ’); //Dynamic link
linking files
foo.o

to create a shared executable

shared archive loaded

Linking foo

Link done

-->//On line definition of myplus function.

-->//(Calling external C code).

-->deff(’[c]=myp lu s( a, b) ’,. ..
--> ’c=call(’’foo’ ’, a, 1,’ ’d ’’ ,b ,2 ,’’ d’ ’, ’’ out’’ ,[ 1, 1] ,3 ,’’ d’ ’) ’)

-->myplus(5,7)
ans =

12.

Definition of a columnvectorof characterstringsusedfor defininga C function file. The
routineis compiled(needsa compiler),dynamicallylinkedto Scilabby the link command,and
interactively calledby thefunctionmyplus .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->function ydot=f(t,y),ydo t= [a -y (2 )*y (2 ) -1;1 0]*y,endfunctio n

-->a=1;y0=[1;0]; t0 =0;i ns tan ts =0:0 .0 2:2 0;

-->y=ode(y0,t0,i ns ta nt s, f);

-->plot2d(y(1,:) ,y (2 ,: ), sty le =- 1, re ct= [- 3, -3 ,3 ,3] ,n ax =[ 10,2, 10,2 ])

-->xtitle(’Van der Pol’)

Definition of a function which calculatesa first order vector differential f(t,y) . This is
followedby thedefinitionof theconstanta usedin thefunction.Theprimitiveode thenintegrates
thedifferentialequationdefinedby theScilabfunctionf(t,y) for y0=[1;0] at t=0 andwhere
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thesolutionis givenat thetime values�8���4�����Z�N�����T�Q�����������T� . (Functionf canbedefinedasa C
or Fortranprogram).Theresult is plottedin Figure1.2 wherethefirst elementof the integrated
vectoris plottedagainstthesecondelementof this vector.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->m=[’a’ ’cos(b)’;’sin( a)’ ’c’]
m =

!a cos(b) !
! !
!sin(a) c !

-->//m*m’ --> error message : not implemented in scilab

-->function x=%c_m_c(a,b)
--> [l,m]=size(a);[ m,n] =si ze (b ); x=[];
--> for j=1:n,
--> y=[];
--> for i=1:l,
--> t=’ ’;
--> for k=1:m;
-->if k>1 then
--> t=t+’+(’+a(i,k) +’ )* ’+’ (’ +b(k ,j )+’ )’ ;
-->else
--> t=’(’ + a(i,k) + ’)*’ + ’(’ + b(k,j) + ’)’;
-->end
--> end
--> y=[y;t]
--> end
--> x=[x y]
--> end
-->endfunction

-->m*m’
ans =

!(a)*(a)+(cos(b) )* (c os (b )) (a)*(sin(a))+( co s( b)) *( c) !
! !
!(sin(a))*(a)+(c )* (c os (b )) (sin(a))*(sin( a) )+ (c) *( c) !

Definition of a matrix containingcharacterstrings. By default, the operationof symbolic
multiplicationof two matricesof characterstringsis notdefinedin Scilab. However, the(on-line)
function definition for %cmcdefinesthe multiplication of matricesof characterstrings. The %
whichbeginsthefunctiondefinitionfor %cmcallows thedefinitionof anoperationwhichdid not
previously exist in Scilab,andthenamecmc means“chain multiply chain”. This exampleis not
very useful: it is simply givento show how operationssuchas* canbedefinedon complex data
structuresby meanof scpecificScilabfunctions.
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->function y=calcul(x,meth od), z=metho d( x) ,y =poly (z ,’ x’ ), end fu nc ti on

-->function z=meth1(x),z=x, endf unct ion

-->function z=meth2(x),z=2* x, endf uncti on

-->calcul([1,2,3 ], meth 1)
ans =

2 3
- 6 + 11x - 6x + x

-->calcul([1,2,3 ], meth 2)
ans =

2 3
- 48 + 44x - 12x + x

A simpleexamplewhich illustratesthepassingof a functionasanargumentto anotherfunc-
tion. Scilabfunctionsareobjectswhich maybedefined,loaded,or manipulatedasotherobjects
suchasmatricesor lists.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-->quit

Exit from Scilab.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Chapter 2

Data Types

Scilabrecognizesseveraldatatypes.Scalarobjectsareconstants,booleans,polynomials,strings
and rationals(quotientsof polynomials). Theseobjectsin turn allow to definematriceswhich
admitthesescalarsasentries.Otherbasicobjectsarelists,typed-listsandfunctions.Only constant
andbooleansparsematricesaredefined.Theobjectiveof thischapteris to describetheuseof each
of thesedatatypes.

2.1 SpecialConstants

Scilabprovidesspecialconstants%i , %pi , %e, and%eps asprimitives. The %i constantrep-
resents� �n� , %pi is �����N���������� ��Z¡A¢�¢�¢ , %e is the trigonometricconstant£h���N�¤¡N��¥���¥4��¥�¢�¢�¢ ,
and%eps is aconstantrepresentingtheprecisionof themachine(%eps is thebiggestnumberfor
which �:¦ %eps ��� ). %inf and%nanstandfor “Infinity” and“NotANumber” respectively. %s
is thepolynomials=poly(0,’s’) with symbols .

(More generally, givenavectorrts , p=poly(rts,’x’ ) definesthepolynomialp(x) with
variablex andsuchthatroots(p) = rts ).

Finally booleanconstantsare%t and%f whichstandfor “true” and“f alse”respectively. Note
that%t is thesameas1==1 and%f is thesameas˜%t .

Thesevariablesareconsideredas“predefined”.They areprotected,cannotbedeletedandare
not savedby thesave command.It is possiblefor a userto have his own “predefined”variables
by usingthepredef command.Thebestwayis probablyto setthesespecialvariablesin hisown
startupfile <home dir>/.scilab . Of course,theusercanusee.g. i=sqrt(-1) insteadof
%i .

2.2 ConstantMatrices

Scilabconsidersa numberof dataobjectsasmatrices.Scalarsandvectorsareall consideredas
matrices.Thedetailsof theuseof theseobjectsarerevealedin thefollowing Scilabsessions.

Scalars Scalarsareeitherreal or complex numbers.The valuesof scalarscanbe assignedto
variablenameschosenby theuser.

--> a=5+2*%i
a =

5. + 2.i

21
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--> B=-2+%i;

--> b=4-3*%i
b =

4. - 3.i

--> a*b
ans =

26. - 7.i

-->a*B
ans =

- 12. + i

NotethatScilabevaluatesimmediatelylinesthatendwith acarriagereturn.Instructionsthatends
with asemi-colonareevaluatedbut arenotdisplayedonscreen.

Vectors The usualway of creatingvectorsis asfollows, usingcommas(or blanks)andsemi-
columns:

--> v=[2,-3+%i,7]
v =

! 2. - 3. + i 7. !

--> v’
ans =

! 2. !
! - 3. - i !
! 7. !

--> w=[-3;-3-%i;2]
w =

! - 3. !
! - 3. - i !
! 2. !

--> v’+w
ans =

! - 1. !
! - 6. - 2.i !
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! 9. !

--> v*w
ans =

18.

--> w’.*v
ans =

! - 6. 8. - 6.i 14. !

Notice that vectorelementsthat areseparatedby commas(or by blanks)yield row vectorsand
thoseseparatedby semi-colonsgive columnvectors.The emptymatrix is [] ; it haszerorows
andzerocolumns.Notealsothata singlequoteis usedfor transposinga vector(oneobtainsthe
complex conjugatefor complex entries).Vectorsof samedimensioncanbeaddedandsubtracted.
Thescalarproductof a row andcolumnvectoris demonstratedabove. Element-wisemultiplica-
tion (.* ) anddivision (./ ) is alsopossibleaswasdemonstrated.

Notewith thefollowing exampletheroleof thepositionof theblank:

-->v=[1 +3]
v =

! 1. 3. !

-->w=[1 + 3]
w =

! 1. 3. !

-->w=[1+ 3]
w =

4.

-->u=[1, + 8- 7]
u =

! 1. 1. !

Vectorsof elementswhich increaseor decreaseincrementelyareconstructedasfollows

--> v=5:-.5:3
v =

! 5. 4.5 4. 3.5 3. !

Theresultingvectorbeginswith thefirst valueandendswith thethird valuesteppingin increments
of thesecondvalue. Whennot specifiedthedefault incrementis one. A constantvectorcanbe
createdusingtheones andzeros facility
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--> v=[1 5 6]
v =

! 1. 5. 6. !

--> ones(v)
ans =

! 1. 1. 1. !

--> ones(v’)
ans =

! 1. !
! 1. !
! 1. !

--> ones(1:4)
ans =

! 1. 1. 1. 1. !

--> 3*ones(1:4)
ans =

! 3. 3. 3. 3. !

-->zeros(v)
ans =

! 0. 0. 0. !

-->zeros(1:5)
ans =

! 0. 0. 0. 0. 0. !

Notice that ones or zeros replaceits vectorargumentby a vector of equivalent dimensions
filled with onesor zeros.

Matrices Row elementsare separatedby commasor spacesand column elementsby semi-
colons. Multiplication of matricesby scalars,vectors,or other matricesis in the usualsense.
Addition andsubtractionof matricesis element-wiseandelement-wisemultiplicationanddivision
canbeaccomplishedwith the .* and./ operators.

--> A=[2 1 4;5 -8 2]
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A =

! 2. 1. 4. !
! 5. - 8. 2. !

--> b=ones(2,3)
b =

! 1. 1. 1. !
! 1. 1. 1. !

--> A.*b
ans =

! 2. 1. 4. !
! 5. - 8. 2. !

--> A*b’
ans =

! 7. 7. !
! - 1. - 1. !

Noticethattheones operatorwith two realnumbersasargumentsseparatedby acommacreates
a matrix of onesusingtheargumentsasdimensions(samefor zeros ). Matricescanbeusedas
elementsto largermatrices.Furthermore,thedimensionsof amatrix canbechanged.

--> A=[1 2;3 4]
A =

! 1. 2. !
! 3. 4. !

--> B=[5 6;7 8];

--> C=[9 10;11 12];

--> D=[A,B,C]
D =

! 1. 2. 5. 6. 9. 10. !
! 3. 4. 7. 8. 11. 12. !

--> E=matrix(D,3,4 )
E =

! 1. 4. 6. 11. !
! 3. 5. 8. 10. !
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! 2. 7. 9. 12. !

-->F=eye(E)
F =

! 1. 0. 0. 0. !
! 0. 1. 0. 0. !
! 0. 0. 1. 0. !

-->G=eye(4,3)
G =

! 1. 0. 0. !
! 0. 1. 0. !
! 0. 0. 1. !
! 0. 0. 0. !

Notice that matrix D is createdby usingothermatrix elements.The matrix primitive creates
a new matrix E with the elementsof the matrix D usingthe dimensionsspecifiedby the second
two arguments.Theelementorderingin thematrixD is top to bottomandthenleft to right which
explainstheorderingof there-arrangedmatrix in E.

Thefunctioneye createsan §©¨~ª matrixwith 1 alongthemaindiagonal(if theargumentis
amatrix E , § and ª arethedimensionsof E ) .

Sparseconstantmatricesare definedthroughtheir nonzeroentries(type help sparse for
moredetails).Oncedefined,they aremanipulatedasfull matrices.

2.3 Matrices of Character Strings

Characterstringscanbe createdby usingsingleor doublequotes. Concatenationof stringsis
performedby the+ operation.Matricesof characterstringsareconstructedasordinarymatrices,
e.g. usingbrackets. A very importantfeatureof matricesof characterstringsis the capacityto
manipulateandcreatefunctions. Furthermore,symbolicmanipulationof mathematicalobjects
canbe implementedusingmatricesof characterstrings. The following illustratessomeof these
features.

--> A=[’x’ ’y’;’z’ ’w+v’]
A =

!x y !
! !
!z w+v !

--> At=trianfml(A)
At =

!z w+v !
! !
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!0 z*y-x*(w+v) !

--> x=1;y=2;z=3;w= 4; v=5;

--> evstr(At)
ans =

! 3. 9. !
! 0. - 3. !

Note that in the above Scilab sessionthe function trianfml performsthe symbolic triangu-
larizationof the matrix A. The valueof the resultingsymbolicmatrix canbe obtainedby using
evstr .

A very importantaspectof characterstringsis that they canbe usedto automaticallycreate
new functions(for moreon functionsseeSection3.2). An exampleof automaticallycreatinga
functionis illustratedin thefollowing Scilabsessionwhereit is desiredto studya polynomialof
two variabless andt . Sincepolynomialsin two independentvariablesarenotdirectly supported
in Scilab,we canconstructa new datastructureusinga list (seeSection2.7). Thepolynomialto
bestudiedis «¬�®­^¦¯���±°{²³�´«¬�-¦µ�±­�²±¶J¦µ�·¶{­^¦¯¶}° .
-->getf("macros/ make _mac ro. sc i" );

-->s=poly(0,’s’) ;t =pol y( 0,’ t’ );

-->p=list(tˆ2+2* tˆ 3, -t -t ˆ2, t, 1+0* t) ;

-->pst=makefunct io n( p) //pst is a function t->p (number->polyn omia l)
pst =

[p]=pst(t)

-->pst(1)
ans =

2 3
3 - 2s + s + s

Herethe polynomial is representedby the commandwhich puts the coefficientsof the variable
s in the list p. The list p is thenprocessedby the function makefunction which makes a
new function pst . The contentsof the new function canbe displayedandthis function canbe
evaluatedatvaluesof t . Thecreationof thenew functionpst is accomplishedasfollows

function [newfunction]=m ake fu nc ti on(p)
// Copyright INRIA
num=mulf(makestr (p (1 )) ,’ 1’) ;
for k=2:size(p);

new=mulf(makest r( p( k) ),’ sˆ ’+ st ri ng( k- 1) );
num=addf(num,ne w) ;

end,



CHAPTER2. DATA TYPES 28

text=’p=’+num;
deff(’[p]=newfun ct io n( t) ’,t ex t) ,

function [str]=makestr(p )
n=degree(p)+1;c= co ef f( p) ;st r= st ri ng(c( 1) ); x=part( va rn (p ), 1);
xstar=x+’ˆ’,
for k=2:n,

if c(k)<>0 then,
str=addf(str,mu lf (s tr ing (c (k )) ,( xst ar +str in g(k -1 )) )) ;
end;

end

Herethe functionmakefunction takesthe list p andcreatesthe functionpst . Insideof
makefunction thereis a call to anotherfunction makestr which makes the string which
representseachtermof thenew two variablepolynomial.Thefunctionsaddf andmulf areused
for addingandmultiplying strings(i.e. addf(x,y) yieldsthestringx+y ). Finally, theessential
commandfor creatingthe new function is the primitive deff . The deff primitive createsa
functiondefinedby two matricesof characterstrings. Herethe functionp is definedby the two
characterstrings’[p]=newfunctio n( t) ’ andtext wherethestring text evaluatesto the
polynomialin two variables.

2.4 Polynomialsand Polynomial Matrices

Polynomialsareeasilycreatedandmanipulatedin Scilab. Manipulationof polynomialmatrices
is essentiallyidenticalto thatof constantmatrices.Thepoly primitive in Scilabcanbeusedto
specifythecoefficientsof a polynomialor therootsof apolynomial.

-->p=poly([1 2],’s’) //polynomial defined by its roots
p =

2
2 - 3s + s

-->q=poly([1 2],’s’,’c’) //polynomial defined by its coefficients
q =

1 + 2s

-->p+q
ans =

2
3 - s + s

-->p*q
ans =
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2 3
2 + s - 5s + 2s

--> q/p
ans =

1 + 2s
-----------

2
2 - 3s + s

Notethat thepolynomialp hasthe roots1 and2 whereasthepolynomialq hasthecoefficients1
and2. It is thethird argumentin thepoly primitivewhichspecifiesthecoefficient flagoption. In
thecasewherethefirst argumentof poly is a squarematrix andtherootsoption is in effect the
resultis thecharacteristicpolynomialof thematrix.

--> poly([1 2;3 4],’s’)
ans =

2
- 2 - 5s + s

Polynomialscanbeadded,subtracted,multiplied, anddivided,asusual,but only betweenpoly-
nomialsof sameformal variable.

Polynomials,like realandcomplex constants,canbeusedaselementsin matrices.This is a
very usefulfeatureof Scilabfor systemstheory.

-->s=poly(0,’s’) ;

-->A=[1 s;s 1+sˆ2]
A =

! 1 s !
! !
! 2 !
! s 1 + s !

--> B=[1/s 1/(1+s);1/(1+s) 1/sˆ2]
B =

! 1 1 !
! ------ ------ !
! s 1 + s !
! !
! 1 1 !
! --- --- !
! 2 !
! 1 + s s !
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From the above examplesit canbe seenthatmatricescanbe constructedfrom polynomialsand
rationals.

2.4.1 Rational polynomial simplification

Scilab automaticallyperformspole-zerosimplificationswhen the the built-in primitive simp
finds a commonfactor in the numeratorand denominatorof a rational polynomial num/den .
Pole-zerosimplificationis a difficult problemfrom a numericalviewpoint andsimp function is
usuallyconservative. Whenmakingcalculationswith polynomials,it is sometimesdesirableto
avoid pole-zerosimplifications: this is possibleby switchingScilabinto a “no-simplify” mode:
help simp_mode . The function trfmod canalsobeusedfor simplifying specificpole-zero
pairs.

2.5 BooleanMatrices

Booleanconstantsare%t and%f. They canbeusedin booleanmatrices.Thesyntaxis thesame
asfor ordinarymatricesi.e. they canbeconcatenated,transposed,etc...

Operationssymbolsusedwith booleanmatricesor usedto createbooleanmatricesare== and
˜ .

If B is amatrix of booleansor(B) andand(B) performthelogicalor andand .

-->%t
%t =

T

-->[1,2]==[1,3]
ans =

! T F !

-->[1,2]==1
ans =

! T F !

-->a=1:5; a(a>2)
ans =

! 3. 4. 5. !

-->A=[%t,%f,%t,% f, %f,%f] ;

-->B=[%t,%f,%t,% f, %t,%t]
B =

! T F T F T T !

-->A|B
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ans =

! T F T F T T !

-->A&B
ans =

! T F T F F F !

Sparsebooleanmatricesaregeneratedwhen,e.g.,two constantsparsematricesarecompared.
Thesematricesarehandledasordinarybooleanmatrices.

2.6 Integer Matrices

Thereare6 integerdatatypesdefinedin Scilab,all thesetypeshave thesamemajortype(seethe
type function)which is 8 anddifferentsub-types(seethe inttype function)� 32bit signedintegers(sub-type4)� 32bit unsignedintegers(sub-type14)� 16bit signedintegers(sub-type2)� 16bit unsignedintegers(sub-type23)� 8 bit signedintegers(sub-type2)� 8 bit unsignedintegers(sub-type12)

It is possibleto build theseinteger datatypesfrom standardmatrix (see2.2) usingthe int32 ,
uint32 , int16 , uint16 , int8 , uint8 conversionfunctions

-->x=[0 3.2 27 135] ;

-->int32(x)
ans =

!0 3 27 135 !

-->int8(x)
ans =

!0 3 27 -121!
-->uint8(x)

ans =

!0 3 27 135 !

Thesamefunctioncanalsoconvert from onesub-typeto anotherone.Thedouble function
transformany of theintegertypein astandardtype:
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-->y=int32([2 5 285])
y =

!2 5 285 !

-->uint8(y)
ans =

!2 5 29 !

-->double(ans)
ans =

! 2. 5. 29. !

Arithmetic andcomparisonoperationscanbeappliedto this type

-->x=int16([1 5 12])
x =

!1 5 12 !

-->x([1 3])
ans =

!1 12 !

-->x+x

ans =

!2 10 24 !

-->x*x’
ans =

170
-->y=int16([1 7 11])

y =

!1 7 11 !
-->x>y

ans =

! F F T !

Theoperators&, | and usedwith thesedatatypescorrespondto AND, ORandNOT bit-wise
operations.
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-->x=int16([1 5 12])
x =

!1 5 12 !

-->x|int16(2)
ans =

!3 7 14 !

-->int16(14)&int 16(2 )
ans =

2
-->˜uint8(2)

ans =

253

2.7 Lists

Scilabhasa list datatype.Thelist is acollectionof dataobjectsnotnecessarilyof thesametype.
A list cancontainany of the alreadydiscusseddatatypes(including functions)aswell asother
lists. Listsareusefulfor definingstructureddataobjects.

Thereare two kinds of lists, ordinary lists and typed-lists. A list is definedby the list
function.Hereis asimpleexample:

-->L=list(1,’w’, ones (2 ,2 )) //L is a list made of 3 entries
L =

L(1)

1.

L(2)

w

L(3)

! 1. 1. !
! 1. 1. !

-->L(3) //extracting entry 3 of list L
ans =

! 1. 1. !
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! 1. 1. !

-->L(3)(2,2) //entry 2,2 of matrix L(3)
ans =

1.

-->L(2)=list(’w’ ,r and( 2, 2)) //nested list: L(2) is now a list
L =

L(1)

1.

L(2)

L(2)(1)

w

L(2)(2)

! 0.6653811 0.8497452 !
! 0.6283918 0.6857310 !

L(3)

! 1. 1. !
! 1. 1. !

-->L(2)(2)(1,2) //extracting entry 1,2 of entry 2 of L(2)
ans =

0.8497452

-->L(2)(2)(1,2)= 5; //assigning a new value to this entry.

Typedlists have a specificfirst entry. This first entrymustbea characterstring (the type)or
a vectorof characterstring (thefirst componentis thenthe type,andthe following elementsthe
namesgiven to theentriesof the list). Typedlists entriescanbemanipulatedby usingcharacter
strings(thenames)asshown below.

-->L=tlist([’Car ’; ’N ame’ ;’D im ensi ons’] ,’ Neva da’,[ 2, 3] )
L =
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L(1)

!Car !
! !
!Name !
! !
!Dimensions !

L(2)

Nevada

L(3)

! 2. 3. !

-->L.Name //same as L(2)
ans =

Nevada

-->L.Dimensions( 1, 2) =2.3

L =

L(1)

!Car !
! !
!Name !
! !
!Dimensions !

L(2)

Nevada

L(3)

! 2. 2.3 !

-->L(3)(1,2)
ans =

2.3
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-->L(1)(1)
ans =

Car

An importantfeatureof typed-listsis that it is possibleto defineoperatorsactingon them(over-
loading), i.e., it is possibleto definee.g. the multiplication L1*L2 of the two typed lists L1
andL2 . An exampleof useis given below, wherelinear systemsmanipulations(concatenation,
addition,multiplication,...)aredoneby suchoperations.

2.8 N-dimensionnalarrays

N-dimensionnalarraycanbedefinedandhandledin simpleway:

-->M(2,2,2)=3
M =

(:,:,1)

! 0. 0. !
! 0. 0. !
(:,:,2)

! 0. 0. !
! 0. 3. !

-->M(:,:,1)=rand (2 ,2 )
M =

(:,:,1)

! 0.9329616 0.312642 !
! 0.2146008 0.3616361 !
(:,:,2)

! 0. 0. !
! 0. 3. !

-->M(2,2,:)
ans =

(:,:,1)

0.3616361
(:,:,2)

3.
-->size(M)

ans =
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! 2. 2. 2. !

-->size(M,3)
ans =

2.

They canbecreatedfrom avectorof dataandavectorof dimension

-->hypermat([2 3,2],1:12)
ans =

(:,:,1)

! 1. 3. 5. !
! 2. 4. 6. !
(:,:,2)

! 7. 9. 11. !
! 8. 10. 12. !

N-dimensionnalmatricesarecodedasmlists with 2 fields:

-->M=hypermat([2 3,2],1:12);
-->M.dims

ans =

! 2. 3. 2. !
-->M.entries

ans =

! 1. !
! 2. !
! 3. !
! 4. !
! 5. !
! 6. !
! 7. !
! 8. !
! 9. !
! 10. !
! 11. !
! 12. !
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2.9 Linear systemrepresentation

Linear systemsaretreatedasspecifictyped lists tlist . The basicfunction which is usedfor
defining linear systemsis syslin . This function receivesasparametersthe constantmatrices
which definea linear systemin state-spaceform or, in the caseof systemin transferform, its
input mustbe a rationalmatrix. To be morespecific,the calling sequenceof syslin is either
Sl=syslin(’dom’, A, B, C, D, x0) or Sl=syslin(’dom ’, trm at ) . dom is oneof the
characterstrings’c’ or ’d’ for continuoustimeor discretetimesystemsrespectively. It is useful
to notethatD canbea polynomialmatrix (impropersystems);D andx0 areoptionalarguments.
trmat is a rational matrix i.e. it is definedas a matrix of rationals(ratios of polynomials).
syslin justconvertsits arguments(e.g.thefour matricesA,B,C,D) into atypedlist Sl . For state
spacerepresentationSl is the tlist([’lss’,’A ’, ’B ’, ’C ’,’ D’ ], A, B, C,D,’ dom’ ) .
This tlist representationallows to accesstheA-matrix i.e. thesecondentry of Sl by thesyntax
Sl(’A’) (equivalentto Sl(2) ). Conversionfrom arepresentationto anotheris doneby ss2tf
or tf2ss . Impropersystemsarealsotreated.syslin defineslinearsystemsasspecifictlist .
(help syslin ).

-->//list defining a linear system

-->A=[0 -1;1 -3];B=[0;1];C=[- 1 0];

-->Sys=syslin(’c ’, A, B, C)
Sys =

Sys(1) (state-space system:)

!lss A B C D X0 dt !

Sys(2) = A matrix =

! 0. - 1. !
! 1. - 3. !

Sys(3) = B matrix =

! 0. !
! 1. !

Sys(4) = C matrix =

! - 1. 0. !

Sys(5) = D matrix =

0.

Sys(6) = X0 (initial state) =
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! 0. !
! 0. !

Sys(7) = Time domain =

c

-->//conversion from state-space form to transfer form

-->Sys.A //The A-matrix
ans =

! 0. - 1. !
! 1. - 3. !

-->Sys.B
ans =

! 0. !
! 1. !

-->hs=ss2tf(Sys)
hs =

1
---------

2
1 + 3s + s

-->size(hs)
ans =

! 1. 1. !

-->hs.num
ans =

1

-->hs.den
ans =

2
1 + 3s + s

-->typeof(hs)
ans =
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rational

-->//inversion of transfer matrix

-->inv(hs)
ans =

2
1 + 3s + s
----------

1

-->//inversion of state-space form

-->inv(Sys)
ans =

ans(1) (state-space system:)

!lss A B C D X0 dt !

ans(2) = A matrix =

[]

ans(3) = B matrix =

[]

ans(4) = C matrix =

[]

ans(5) = D matrix =

2
1 + 3s + s

ans(6) = X0 (initial state) =

[]

ans(7) = Time domain =

c
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Figure2.1: Inter-Connectionof LinearSystems

-->//converting this inverse to transfer representation

-->ss2tf(ans)
ans =

2
1 + 3s + s

The list representationallows manipulatinglinear systemsasabstractdataobjects. For ex-
ample,the linearsystemcanbecombinedwith otherlinearsystemsor thetransferfunctionrep-
resentationof the linearsystemcanbeobtainedaswasdoneabove usingss2tf . Note that the
transferfunction representationof the linear systemis itself a tlist. A very usefulaspectof the
manipulationof systemsis thata systemcanbehandledasa dataobject. Linearsystemscanbe
inter-connected,their representationcaneasilybe changedfrom state-spaceto transferfunction
andvice versa.

The inter-connectionof linear systemscanbe madeasillustratedin Figure2.1. For eachof
the possibleinter-connectionsof two systemsS1 andS2 the commandwhich makesthe inter-
connectionis shown on theright sideof thecorrespondingblock diagramin Figure2.1. Notethat
feedbackinterconnectionis performedby S1/.S2 .
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The representationof linear systemscanbe in state-spaceform or in transferfunction form.
Thesetwo representationscanbeinterchangedby usingthefunctionstf2ss andss2tf which
changetherepresentationsof systemsfrom transferfunction to state-spaceandfrom state-space
to transferfunction, respectively. An exampleof the creation,thechangein representation,and
theinter-connectionof linearsystemsis demonstratedin thefollowing Scilabsession.

-->//system connecting

-->s=poly(0,’s’) ;

-->S1=1/(s-1)
S1 =

1
-----

- 1 + s

-->S2=1/(s-2)
S2 =

1
-----

- 2 + s

-->S1=syslin(’c’ ,S 1) ;

-->S2=syslin(’c’ ,S 2) ;

-->Gls=tf2ss(S2) ;

-->ssprint(Gls)

.
x = | 2 |x + | 1 |u

y = | 1 |x

-->hls=Gls*S1;

-->ssprint(hls)

. | 2 1 | | 0 |
x = | 0 1 |x + | 1 |u

y = | 1 0 |x

-->ht=ss2tf(hls)
ht =
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1
---------

2
2 - 3s + s

-->S2*S1
ans =

1
---------

2
2 - 3s + s

-->S1+S2
ans =

- 3 + 2s
----------

2
2 - 3s + s

-->[S1,S2]
ans =

! 1 1 !
! ----- ----- !
! - 1 + s - 2 + s !

-->[S1;S2]
ans =

! 1 !
! ----- !
! - 1 + s !
! !
! 1 !
! ----- !
! - 2 + s !

-->S1/.S2
ans =

- 2 + s
---------

2
3 - 3s + s
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-->S1./(2*S2)
ans =

- 2 + s
-----

- 2 + 2s

Theabove sessionis a bit long but illustratessomevery importantaspectsof thehandlingof
linearsystems.First, two linearsystemsarecreatedin transferfunction form usingthe function
calledsyslin . This functionwasusedto label thesystemsin this exampleasbeingcontinuous
(asopposedto discrete).Theprimitive tf2ss is usedto convert oneof thetwo transferfunctions
to its equivalentstate-spacerepresentationwhich is in list form (notethatthefunctionssprint
createsamorereadableformatfor thestate-spacelinearsystem).Thefollowing multiplicationof
the two systemsyields their seriesinter-connection.Notice that the inter-connectionof the two
systemsis effectedeventhoughoneof thesystemsis in state-spaceform andtheotheris in transfer
function form. The resultinginter-connectionis given in state-spaceform. Finally, the function
ss2tf is usedto convert theresultinginter-connectedsystemsto theequivalenttransferfunction
representation.

2.10 Functions (Macros)

Functionsarecollectionsof commandswhich areexecutedin a new environmentthusisolating
functionvariablesfrom theoriginalenvironmentsvariables.Functionscanbecreatedandexecuted
in a numberof differentways. Furthermore,functionscanpassarguments,have programming
featuressuchasconditionalsandloops,andcanberecursively called.Functionscanbearguments
to otherfunctionsandcanbeelementsin lists. The mostusefulway of creatingfunctionsis by
usinga text editor, however, functionscanbecreateddirectly in theScilabenvironmentusingthe
syntaxfunction or thedeff primitive.

--> function [x]=foo(y)
--> if y>0 then, x=1; else, x=-1; end
--> endfunction

--> deff(’[x]=foo( y) ’, ’i f y>0 then, x=1; else, x=-1; end’)

--> foo(5)
ans =

1.

--> foo(-3)
ans =

- 1.

Usuallyfunctionsaredefinedin afile usinganeditorandloadedinto Scilabwith:
exec(’filename’) .
This canbedonealsoby clicking in theFile operation button. This lattersyntaxloadsthe
function(s)in filename andcompilesthem.Thefirst line of filename mustbeasfollows:
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function [y1,...,yn]=mac name( x1 ,. .. ,xk )

wheretheyi ’sareoutputvariablesandthexi ’s theinput variables.
For moreon theuseandcreationof functionsseeSection3.2.

2.11 Libraries

Libraries are collectionsof functionswhich can be either automaticallyloadedinto the Scilab
environmentwhenScilabis called,or loadedwhendesiredby theuser. Librariesarecreatedby
the lib command.Examplesof librairies aregiven in the SCIDIR/macros directory. Note
that in thesedirectorythereis anASCII file “names”which containsthenamesof eachfunction
of the library, a setof .sci files which containsthe sourcecodeof the functionsanda setof
.bin fileswhichcontainsthecompiledcodeof thefunctions.TheMakefile invokesscilab for
compiling the functionsandgeneratingthe .bin files. The compiledfunctionsof a library are
automaticallyloadedinto Scilabat their first call. To build a library thecommandgenlib can
beused(help genlib ).

2.12 Objects

Weconcludethischapterby notingthatthefunctiontypeof returnsthetypeof thevariousScilab
objects.Thefollowing objectsaredefined:� usual for matriceswith realor complex entries.� polynomial for polynomialmatrices:coefficientscanberealor complex.� boolean for booleanmatrices.� character for matricesof characterstrings.� function for functions.� rational for rationalmatrices(syslin lists)� state-space for linearsystemsin state-spaceform (syslin lists).� sparse for sparseconstantmatrices(realor complex)� boolean sparse for sparsebooleanmatrices.� list for ordinarylists.� tlist for typedlists.� mlist for matrixorientedtypedlists.� state-space (or rational) for syslinlists.� library for library definition.
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2.13 Matrix Operations

Thefollowing tablegivesthesyntaxof thebasicmatrixoperationsavailablein Scilab.

SYMBOL OPERATION

[ ] matrixdefinition,concatenation
; row separator

( ) extractionm=a(k)
( ) insertion:a(k)=m

’ transpose
+ addition
- subtraction
* multiplication
\ left division
/ right division
ˆ exponent

.* elementwisemultiplication

.\ elementwiseleft division

./ elementwiseright division

.ˆ elementwiseexponent
.*. kronecker product
./. kronecker right division
.\. kronecker left division

2.14 Indexing

Thefollowing samplesessionsshows theflexibility which is offeredfor extractingandinserting
entriesin matricesor lists. For additionaldetailsenterhelp extraction or help inser-
tion .

2.14.1 Indexing in matrices

Indexing in matricescanbedoneby giving theindicesof selectedrowsandcolumnsor by boolean
indicesor by usingthe$ symbol.

-->A=[1 2 3;4 5 6]
A =

! 1. 2. 3. !
! 4. 5. 6. !

-->A(1,2)
ans =

2.

-->A([1 1],2)
ans =
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! 2. !
! 2. !

-->A(:,1)
ans =

! 1. !
! 4. !

-->A(:,3:-1:1)
ans =

! 3. 2. 1. !
! 6. 5. 4. !

-->A(1)
ans =

1.

-->A(6)
ans =

6.

-->A(:)
ans =

! 1. !
! 4. !
! 2. !
! 5. !
! 3. !
! 6. !

-->A([%t %f %f %t])
ans =

! 1. !
! 5. !

-->A([%t %f],[2 3])
ans =

! 2. 3. !

-->A(1:2,$-1)
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ans =

! 2. !
! 5. !

-->A($:-1:1,2)
ans =

! 5. !
! 2. !

-->A($)
ans =

6.

-->//

-->x=’test’
x =

test

-->x([1 1;1 1;1 1])
ans =

!test test !
! !
!test test !
! !
!test test !

-->//

-->B=[1/%s,(%s+1 )/ (%s- 1) ]
B =

! 1 1 + s !
! - ----- !
! s - 1 + s !

-->B(1,1)
ans =

1
-
s



CHAPTER2. DATA TYPES 49

-->B(1,$)
ans =

1 + s
-----

- 1 + s

-->B(2) // the numerator
ans =

! 1 1 + s !

-->//

-->A=[1 2 3;4 5 6]
A =

! 1. 2. 3. !
! 4. 5. 6. !

-->A(1,2)=10
A =

! 1. 10. 3. !
! 4. 5. 6. !

-->A([1 1],2)=[-1;-2]
A =

! 1. - 2. 3. !
! 4. 5. 6. !

-->A(:,1)=[8;5]
A =

! 8. - 2. 3. !
! 5. 5. 6. !

-->A(1,3:-1:1)=[ 77 44 99]
A =

! 99. 44. 77. !
! 5. 5. 6. !

-->A(1,:)=10
A =

! 10. 10. 10. !
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! 5. 5. 6. !

-->A(1)=%s
A =

! s 10 10 !
! !
! 5 5 6 !

-->A(6)=%s+1
A =

! s 10 10 !
! !
! 5 5 1 + s !

-->A(:)=1:6
A =

! 1. 3. 5. !
! 2. 4. 6. !

-->A([%t %f],1)=33
A =

! 33. 3. 5. !
! 2. 4. 6. !

-->A(1:2,$-1)=[2 ;4 ]
A =

! 33. 2. 5. !
! 2. 4. 6. !

-->A($:-1:1,1)=[ 8; 7]
A =

! 7. 2. 5. !
! 8. 4. 6. !

-->A($)=123
A =

! 7. 2. 5. !
! 8. 4. 123. !

-->//
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-->x=’test’
x =

test

-->x([4 5])=[’4’,’5’]
x =

!test 4 5 !

2.14.2 Indexing in lists

Thefollowing sessionillustrateshow to createlistsandinsert/extractentriesin list andtlist
or mlist . Enterhelp insertion andhelp extraction for additinalexamples.

-->a=33;b=11;c=0 ;

-->l=list();l(0) =a
l =

l(1)

33.

-->l=list();l(1) =a
l =

l(1)

33.

-->l=list(a);l(2 )= b
l =

l(1)

33.

l(2)

11.

-->l=list(a);l(0 )= b
l =
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l(1)

11.

l(2)

33.

-->l=list(a);l(1 )= c
l =

l(1)

0.

-->l=list();l(0) =nul l( )
l =

()

-->l=list();l(1) =nul l( )
l =

()

-->//

-->i=’i’;

-->l=list(a,list (c ,b ), i) ;l( 1) =nul l( )
l =

l(1)

l(1)(1)

0.

l(1)(2)

11.

l(2)
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i

-->l=list(a,list (c ,l is t( a,c ,b ), b) ,’ h’) ;

-->l(2)(2)(3)=nu ll ()
l =

l(1)

33.

l(2)

l(2)(1)

0.

l(2)(2)

l(2)(2)(1)

33.

l(2)(2)(2)

0.

l(2)(3)

11.

l(3)

h

-->//

-->dts=list(1,tl is t( [’ x’ ;’a ’; ’b ’] ,1 0,[ 2 3]));

-->dts(2).a
ans =

10.
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-->dts(2).b(1,2)
ans =

3.

-->[a,b]=dts(2)( [’ a’ ,’ b’ ])
b =

! 2. 3. !
a =

10.

-->//

-->l=list(1,’qwe rw ’, %s)
l =

l(1)

1.

l(2)

qwerw

l(3)

s

-->l(1)=’Changed ’
l =

l(1)

Changed

l(2)

qwerw

l(3)

s

-->l(0)=’Added’
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l =

l(1)

Added

l(2)

Changed

l(3)

qwerw

l(4)

s

-->l(6)=[’one more’;’added’]
l =

l(1)

Added

l(2)

Changed

l(3)

qwerw

l(4)

s

l(5)

Undefined

l(6)

!one more !
! !
!added !
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-->//

-->dts=list(1,tl is t( [’ x’ ;’a ’; ’b ’] ,1 0,[ 2 3]));

-->dts(2).a=33
dts =

dts(1)

1.

dts(2)

dts(2)(1)

!x !
! !
!a !
! !
!b !

dts(2)(2)

33.

dts(2)(3)

! 2. 3. !

-->dts(2).b(1,2) =- 100
dts =

dts(1)

1.

dts(2)

dts(2)(1)

!x !
! !
!a !
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! !
!b !

dts(2)(2)

33.

dts(2)(3)

! 2. - 100. !

-->//

-->l=list(1,’qwe rw ’, %s);

-->l(1)
ans =

1.

-->[a,b]=l([3 2])
b =

qwerw
a =

s

-->l($)
ans =

s

-->//

-->L=list(33,lis t( l, 33))
L =

L(1)

33.

L(2)

L(2)(1)
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L(2)(1)(1)

1.

L(2)(1)(2)

qwerw

L(2)(1)(3)

s

L(2)(2)

33.



Chapter 3

Programming

Oneof themostusefulfeaturesof Scilabis its ability to createandusefunctions.This allows the
developmentof specializedprogramswhichcanbeintegratedinto theScilabpackagein asimple
andmodularway through,for example,theuseof libraries.In this chapterwe treatthefollowing
subjects:� ProgrammingTools� DefiningandUsingFunctions� Definitionof Operatorsfor New DataTypes� Debbuging

Creationof librariesis discussedin a laterchapter.

3.1 Programming Tools

Scilabsupportsa full list of programmingtools includingloops,conditionals,caseselection,and
creationof new environments.Most programmingtasksshouldbeaccomplishedin theenviron-
mentof a function.Hereweexplainwhatprogrammingtoolsareavailable.

3.1.1 Comparison Operators

Thereexist five methodsfor makingcomparisonsbetweenthe valuesof dataobjectsin Scilab.
Thesecomparisonsarelistedin thefollowing table.

== equalto
< smallerthan
> greaterthan

<= smalleror equalto
>= greateror equalto

<> or ˜= notequalto

Thesecomparisonoperatorsareusedfor evaluationof conditionals.

59
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3.1.2 Loops

Two typesof loopsexist in Scilab:thefor loopandthewhile loop. Thefor loopstepsthrough
avectorof indicesperformingeachtime thecommandsdelimitedby end .

--> x=1;for k=1:4,x=x*k,end
x =

1.
x =

2.
x =

6.
x =

24.

The for loop caniterateon any vectoror matrix taking for valuestheelementsof thevectoror
thecolumnsof thematrix.

--> x=1;for k=[-1 3 0],x=x+k,end
x =

0.
x =

3.
x =

3.

The for loop canalsoiterateon lists. Thesyntaxis thesameasfor matrices.Theindex takesas
valuestheentriesof thelist.

-->l=list(1,[1,2 ;3 ,4 ], ’s tr’ )

-->for k=l, disp(k),end

1.

! 1. 2. !
! 3. 4. !

str

Thewhile loop repeatedlyperformsasequenceof commandsuntil aconditionis satisfied.
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--> x=1; while x<14,x=2*x,end
x =

2.
x =

4.
x =

8.
x =

16.

A for or while loopcanbeendedby thecommandbreak :

-->a=0;for i=1:5:100,a=a+1; if i > 10 then break,end; end

-->a
a =

3.

In nestedloops,break exits from theinnermostloop.

-->for k=1:3; for j=1:4; if k+j>4 then break;else disp(k);end;en d; end

1.

1.

1.

2.

2.

3.

3.1.3 Conditionals

Two typesof conditionalsexist in Scilab: the if -then -else conditionaland the select -
case conditional.The if -then -else conditionalevaluatesanexpressionandif trueexecutes
theinstructionsbetweenthethen statementandtheelse statement(or end statement).If false
thestatementsbetweentheelse andtheend statementareexecuted.Theelse is not required.
Theelseif hastheusualmeaningandis aalsoakeyword recognizedby theinterpreter.
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--> x=1
x =

1.

--> if x>0 then,y=-x,else,y =x,e nd
y =

- 1.

--> x=-1
x =

- 1.

--> if x>0 then,y=-x,else,y =x,e nd
y =

- 1.

The select -case conditionalcomparesan expressionto several possibleexpressionsand
performstheinstructionsfollowing thefirst casewhichequalstheinitial expression.

--> x=-1
x =

- 1.

--> select x,case 1,y=x+5,case -1,y=sqrt(x),en d
y =

i

It is possibleto includeanelse statementfor theconditionwherenoneof thecasesaresatisfied.

3.2 Defining and UsingFunctions

It is possibleto defineafunctiondirectly in theScilabenvironment,however, themostconvenient
way is to createa file containingthe function with a text editor. In this sectionwe describe
the structureof a function andseveral Scilabcommandswhich areusedalmostexclusively in a
functionenvironment.

3.2.1 Function Structure

Functionstructuremustobey thefollowing format

function [y1,...,yn]=foo (x1 ,. .. ,x m)
.
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.

.

wherefoo is thefunctionname,thexi arethe § inputargumentsof thefunction,theyj aretheª outputargumentsfrom thefunction,andthethreeverticaldotsrepresentthelist of instructions
performedby thefunction.An exampleof a functionwhichcalculatesÃÅÄ is asfollows

function [x]=fact(k)
k=int(k)
if k<1 then k=1,end
x=1;
for j=1:k,x=x*j;en d

endfunction

If this functionis containedin a file calledfact.sci thefunctionmustbe“loaded” into Scilab
by theexec or getf commandandbeforeit canbeused:

--> exists(’fact’)
ans =

0.

--> exec(’../macro s/ fa ct .sc i’ ,- 1) ;

--> exists(’fact’)
ans =

1.

--> x=fact(5)
x =

120.

In theabove Scilabsession,thecommandexists indicatesthatfact is not in theenvironment
(by the � answerto exist ). The function is loadedinto theenvironmentusingexec andnow
exists indicatesthatthefunctionis there(the � answer).Theexamplecalculates�NÄ .
3.2.2 Loading Functions

Functionsareusuallydefinedin files. A file which containsa functionmustobey the following
format

function [y1,...,yn]=foo (x1 ,. .. ,x m)
.
.
.

where foo is the function name. The xi ’s are the input parametersand the the yj ’s are the
outputparameters,andthe threevertical dotsrepresentthe setof instructionsperformedby the
function to evaluatethe yj ’s, given the xi ’s. Inputsandouputsparameterscanbe any Scilab
object(includingfunctionsthemeselves).
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FunctionsareScilabobjectsandshouldnotbeconsideredasfiles. To beusedin Scilab,func-
tionsdefinedin filesmustbeloadedby thecommandgetf(filename) orexec(filename,-
1) ; . If the file filename containsthe function foo , the function foo can be executed
only if it hasbeenpreviously loadedby thecommandgetf(filename) . A file maycontain
several functions. Functionscanalso be defined“on line” by the commandusing the func-
tion/endfunction syntaxor by using the function deff . This is useful if one wantsto
definea functionastheoutputparameterof aotherfunction.

Collectionsof functionscanbe organizedaslibraries(seelib command).StandardScilab
librairies(linearalgebra,control,.. . ) aredefinedin thesubdirectoriesof SCIDIR/macros/ .

3.2.3 Global and Local Variables

If a variablein a function is not defined(and is not amongthe input parameters)then it takes
thevalueof a variablehaving thesamenamein thecalling environment. This variablehowever
remainslocal in thesensethatmodifying it within the functiondoesnot alter thevariablein the
callingenvironmentunlessresume is used(seebelow). Functionscanbeinvokedwith lessinput
or outputparameters.Hereis anexample:

function [y1,y2]=f(x1,x2 )
y1=x1+x2
y2=x1-x2

endfunction

-->[y1,y2]=f(1,1 )
y2 =

0.
y1 =

2.

-->f(1,1)
ans =

2.

-->f(1)
y1=x1+x2;

!--error 4
undefined variable : x2
at line 2 of function f

-->x2=1;

-->[y1,y2]=f(1)
y2 =

0.
y1 =

2.

-->f(1)
ans =
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2.

Notethatit is not possibleto call a functionif oneof theparameterof thecalling sequenceis
notdefined:

function [y]=f(x1,x2)
if x1<0 then y=x1, else y=x2;end

endfunction

-->f(-1)
ans =

- 1.

-->f(-1,x2)
!--error 4

undefined variable : x2

-->f(1)
undefined variable : x2

at line 2 of function f called by :
f(1)

-->x2=3;f(1)

-->f(1)
ans =

3

Globalvariablearedefinedby theglobal command.They canbereadandmodifiedinside
functions.Enterhelp global for details.

3.2.4 SpecialFunction Commands

Scilabhasseveral specialcommandswhich areusedalmostexclusively in functions. Theseare
thecommands� argn : returnsthenumberof input andoutputargumentsfor thefunction� error : usedto suspendtheoperationof a function,to print anerrormessage,andto return

to thepreviouslevel of environmentwhenanerroris detected.� warning ,� pause : temporarilysuspendstheoperationof a function.
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� break : forcestheendof a loop� return or resume : usedto returnto thecalling environmentandto passlocal variables
from thefunctionenvironmentto thecallingenvironment.

Thefollowing examplerunsthefollowing foo functionwhich illustratesthesecommands.� Thefunctiondefinition

function [z]=foo(x,y)
[out,in]=argn( 0) ;
if x==0 then,

error(’division by zero’);
end,
slope=y/x;
pause,
z=sqrt(slope);
s=resume(slope );
endfunction� Thefunctionuse

--> z=foo(0,1)
error(’divisio n by zero’);

!--error 10000
division by zero
at line 4 of function foo called by :

z=foo(0,1)

--> z=foo(2,1)

-1-> resume
z =

0.7071068

--> s
s =

0.5

In theexample,thefirst call to foo passesanargumentwhichcannotbeusedin thecalculation
of the function. The function discontinuesoperationandindicatesthe natureof the error to the
user. Thesecondcall to thefunctionsuspendsoperationafterthecalculationof slope . Herethe
usercanexaminevaluescalculatedinsideof thefunction,performplots,and,in factperformany
operationsallowedin Scilab. The-1-> promptindicatesthatthecurrentenvironmentcreatedby
thepause commandis theenvironmentof thefunctionandnot thatof thecalling environment.
Control is returnedto the functionby thecommandreturn . Operationof the functioncanbe
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stoppedby thecommandquit orabort . Finally thefunctionterminatesits calculationreturning
thevalueof z . Also availablein theenvironmentis thevariables which is a local variablefrom
thefunctionwhich is passedto theglobalenvironment.

3.3 Definition of Operationson NewData Types

It is possibleto transparentlydefinefundamentaloperationsfor new datatypesin Scilab(enter
help overloading for a full descriptionof this feature). That is, the usercangive a sense
to multiplication, division, addition, etc. on any two datatypeswhich exist in Scilab. As an
example,two linearsystems(representedby lists)canbeaddedtogetherto representtheirparallel
inter-connectionor canbe multiplied togetherto representtheir seriesinter-connection. Scilab
performstheseuserdefinedoperationsby searchingfor functions(written by the user)which
follow aspecialnamingconventiondescribedbelow.

ThenamingconventionScilabusesto recognizeoperatorsdefinedby theuseris determined
by the following conventions. The nameof the userdefinedfunction is composedof four (or
possiblythree)fields.Thefirst field is alwaysthesymbol%. Thethird field is oneof thecharacters
in thefollowing tablewhichrepresentsthetypeof operationto beperformedbetweenthetwo data
types.
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Third field

SYMBOL OPERATION

a +
b : (rangegenerator)
c [a,b] columnconcatenation
d ./
e () extraction:m=a(k)
f [a;b] row concatenation
g | logicalor
h & logicaland
i () insertion:a(k)=m
j .ˆ elementwiseexponent
k .*.
l \ left division
m *
n <> inequalitycomparison
o == equalitycomparison
p ˆ exponent
q .\
r / right division
s -
t ’ (transpose)
u *.
v /.
w \.
x .*
y ./.
z .\.
0 .’
1 <
2 >
3 <=
4 >=
5 ˜ (not)

Thesecondandfourthfieldsrepresentthetypeof thefirstandseconddataobjects,respectively,
to betreatedby thefunctionandarerepresentedby thesymbolsgivenin thefollowing table.
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SecondandFourthfields

SYMBOL VARIABLE TYPE

s scalar
p polynomial
l list (untyped)
c characterstring
b boolean

sp sparse
spb booleansparse

m function
xxx list (typed)

A typed list is one in which the first entry of the list is a characterstring wherethe first
charactersof the string arerepresentedby the xxx in theabove table. For examplea typedlist
representinga linearsystemhastheform:

tlist([’lss’,’A’ ,’ B’ ,’ C’, ’D ’, ’X 0’ ,’d t’ ], a, b, c,d ,x 0, ’c ’) .
and,thus,thexxx above is lss .

An exampleof the functionnamewhich multiplies two linearsystemstogether(to represent
their seriesinter-connection)is %lss m lss . Herethe first field is %, the secondfield is lss
(linear state-space),the third field is m “multiply” and the fourth one is lss . A possibleuser
functionwhichperformsthismultiplicationis asfollows

function [s]=%lss_m_lss( s1, s2 )
[A1,B1,C1,D1,x1, dom1]= s1 (2: 7) ,
[A2,B2,C2,D2,x2] =s2( 2: 6) ,
B1C2=B1*C2,
s=lsslist([A1,B1 C2;0 *B 1C2’ ,A2],...

[B1*D2;B2],[C1, D1*C2 ], D1*D2, [x1 ;x 2] ,d om1),
endfunction

An exampleof theuseof this functionafterhaving loadedit into Scilab(usingfor examplegetf
or insertingit in a library) is illustratedin thefollowing Scilabsession

-->A1=[1 2;3 4];B1=[1;1];C1=[ 0 1;1 0];

-->A2=[1 -1;0 1];B2=[1 0;2 1];C2=[1 1];D2=[1,1];

-->s1=syslin(’c’ ,A 1, B1,C 1);

-->s2=syslin(’c’ ,A 2, B2,C 2,D 2) ;

-->ssprint(s1)

. | 1 2 | | 1 |
x = | 3 4 |x + | 1 |u

| 0 1 |
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y = | 1 0 |x

-->ssprint(s2)

. | 1 -1 | | 1 0 |
x = | 0 1 |x + | 2 1 |u

y = | 1 1 |x + | 1 1 |u

-->s12=s1*s2; //This is equivalent to s12=%lss_m_lss( s1 ,s2 )

-->ssprint(s12)

| 1 2 1 1 | | 1 1 |
. | 3 4 1 1 | | 1 1 |
x = | 0 0 1 -1 |x + | 1 0 |u

| 0 0 0 1 | | 2 1 |

| 0 1 0 0 |
y = | 1 0 0 0 |x

Noticethattheuseof %lss mlss is totally transparentin thatthemultiplicationof thetwo lists
s1 ands2 is performedusingtheusualmultiplicationoperator* .

The directory SCIDIR/macros/p erc ent containsall the functions(a very large num-
ber...) which performoperationson linear systemsandtransfermatrices.Conversionsareauto-
maticallyperformed.For examplethecodefor thefunction%lss mlss is there(notethat it is
muchmorecomplicatedthatthecodegivenhere!).

3.4 Debbuging

Thesimplestway to debug a Scilabfunction is to introducea pause commandin the function.
When executedthe function stopsat this point and prompts-1-> which indicatesa different
“level”; anotherpause gives-2-> ... At the level 1 theScilabcommandsareanalogto a dif-
ferentsessionbut theusercandisplayall thecurrentvariablespresentin Scilab,which areinside
or outsidethe function i.e. local in the function or belongingto the calling environment. The
executionof thefunctionis resumedby thecommandreturn or resume (thevariablesusedat
theupperlevel arecleaned).Theexecutionof thefunctioncanbeinterruptedby abort .

It is alsopossibleto insertbreakpointsin functions. Seethecommandssetbpt , delbpt ,
disbpt . Finally, notethat it is alsopossibleto trap errorsduring the executionof a function:
seethecommandserrclear anderrcatch . Finally theexpertsin Scilabcanusethefunction
debug(i) wherei=0,..,4denotesadebugginglevel.
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BasicPrimiti ves

This chapterbriefly describessomebasicprimitivesof Scilab. More detailedinformationis given
in the“manual”document.

4.1 The Envir onmentand Input/Output

In this chapterwe describethe most importantaspectsof the environmentof Scilab: how to
automaticallyperformcertainoperationswhenenteringScilab,andhow to readandwrite data
from andto theScilabenvironment.

4.1.1 The Envir onment

Scilabis loadedwith a numberof variablesandprimitives.Thecommandwho lists thevariables
whichareavailable.whos() lists thevariableswhichareavailablein amoredetailledfashion.

Thewho commandalsoindicateshow many elementsandvariablesareavailablefor use.The
usercanobtainon-linehelponany of thefunctionslistedby typinghelp <function-name >.

Variablescanbesaved in anexternalbinaryfile usingsave . Similarly, variablespreviously
savedcanbereloadedinto Scilabusingload .

Notethatafterthecommandclear x y thevariablesx andy nolongerexist in theenviron-
ment. Thecommandsave without any variableargumentssavestheentireScilabenvironment.
Similarly, thecommandclear usedwithoutany argumentsclearsall of thevariables,functions,
andlibrariesin theenvironment.

Librariesof functionsareloadedusinglib .
Thelist of functionsavailablein thelibrary canbeobtainedby usingdisp .

4.1.2 Startup Commandsby the User

WhenScilab is calledthe usercanautomaticallyload into the environmentfunctions,libraries,
variables,and perform commandsusing the the file .scilab in his homedirectory. This is
particularly useful when the userwantsto run Scilab programsin the background(suchas in
batchmode).Anotherusefulaspectof the .scilab file is whensomefunctionsor librariesare
oftenused.In this casethecommandsgetf exec or load canbeusedin the .scilab file to
automaticallyloadthedesiredfunctionsandlibrarieswhenever Scilabis invoked.
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4.1.3 Input and Output

Although the commandssave and load areconvenient,onehasmuchmorecontrol over the
transferof databetweenfiles andScilabby usingthe Fortranlike functionsread andwrite .
Thesetwo functionswork similarly to thereadandwrite commandsfoundin Fortran.Thesyntax
of thesetwo commandsis asfollows.

--> x=[1 2 %pi;%e 3 4]
x =

! 1. 2. 3.1415927 !
! 2.7182818 3. 4. !

--> write(’x.dat’, x)

--> clear x

--> xnew=read(’x.d at ’, 2, 3)
xnew =

! 1. 2. 3.1415927 !
! 2.7182818 3. 4. !

Noticethatread specifiesthenumberof rowsandcolumnsof thematrixx . Complicatedformats
canbespecified.

TheC like functionmfscanf andmfprintf canbealsoused

--> x=[1 2 %pi;%e 3 4]
x =

! 1. 2. 3.1415927 !
! 2.7182818 3. 4. !

--> fd=mopen(’x_c. dat’ ,’ w’)

--> mfprintf(fd,’% f %f %f\n’,x)

--> mclose(fd)

--> clear x

--> fd=mopen(’x_c. dat’ ,’ r’)

--> xnew(1,1:3)=mf sc anf( fd, ’%f %f %f\n’) ;

--> xnew(2,1:3)=mf sc anf( fd, ’%f %f %f\n’)

xnew =
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! 1. 2. 3.141593 !
! 2.718282 3. 4. !
--> mclose(fd)

4.2 Help

On-linehelpis availableeitherby clicking onthehelp buttonor by enteringhelp item (where
item is usuallythenameof a functionor primitive). apropos keyword looksfor keyword
in awhatis file.

To addanew itemor keyword is easy. Justcreatea .cat ASCII file describingtheitemanda
whatis file in yourdirectory. Thenaddyourdirectorypath(anda title) in thevariable%helps
(seealsotheREADME file there).You canusethestandardformatof thescilabmanual(seethe
SCIDIR/man/subdi re ct or ie s andSCIDIR/example s/ man-e xa mple s ). TheScilab
LATEX manualis automaticallyobtainedfrom themanualitemsby aMakefile . Seethedirectory
SCIDIR/man/Latex -d oc .

4.3 Useful functions

We give herea shortlist of usefulfunctionsandkeywordsthatcanbeusedasentrypointsin the
Scilabmanual.All the functionsavailablecanbe obtainedby enteringhelp . For eachmanual
entrytheSEE ALSOline refersto relatedfunctions.� Elementaryfunctions: sum, prod, sqrt, diag, cos, max, round, sign,

fft� Sorting:sort, gsort, find� SpecificMatrices:zeros, eye, ones, matrix, empty� LinearAlgebra:det, inv, qr, svd, bdiag, spec, schur� Polynomials:poly, roots, coeff, horner, clean, freq� Buttons,dialog: x_choose, x_dialog, x_mdialog, getvalue, addmenu� Linearsystems:syslin� Randomnumbers:rand� Programming:function, deff, argn, for, if, end, while, select, warn-
ing, error, break, return� Comparisonsymbols:==, >=, >, =, & (and ),| (or )� Executionof afile: exec� Debugging:pause, return, abort� Splinefunctions,interpolation:splin, interp, interpln� Characterstrings:string, part, evstr, execstr
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� Graphics:plot, xset, driver, plot2d, xgrid, locate, plot3d, Graph-
ics� Odesolvers:ode, dassl, dassrt, odedc� Optimization:optim, quapro, linpro, lmitool� Interconnecteddynamicsystems:scicos� AddingaC or Fortranroutine: link, fort, addinter, intersci

4.4 Nonlinear Calculation

Scilabhasseveralpowerful non-linearprimitivesfor simulationor optimization.

4.4.1 Nonlinear Primiti ves

Scilabprovidesseveralfacilitiesfor nonlinearcalculations.
Numericalsimulationof systemsof differentialequationsis madeby theode primitive. Many

solversareavailable,mostly from odepack , for solvingstiff or non-stiff systems.Implicit sys-
temscanbesolvedby dassl . It is alsopossibleto solve systemswith stoppingtime: integration
is performeduntil thestateis crossingagivensurface.Seeode anddassrt commands.Thereis
a numberof optionalargumentsavailablefor solvingode’s (toleranceparameters,jacobian,order
of approximation,time stepsetc).For Æodesolvers,theseparametersaresetby theglobalvariable
%ODEOPTIONS.

Minimizing non linear functionsis donetheoptim function. Severalalgorithms(including
nondifferentiableoptimization)areavailable.Codesarefrom INRIA’smodulopt library. Enter
help optim for moreamoredetaileddescription.

4.4.2 Ar gument functions

SpecificScilabfunctionsor C or Fortranroutinescanbeusedasanargumentof somehigh-level
primitives (suchasode , optim , dassl ...). Thesefonctionsarecalledargumentfunctionsor
externals.Thecalling sequenceof this functionor routineis imposedby thehigh-level primitive
whichsetstheargumentof this functionor routine.

For examplethe function costfunc is an argumentof the optim primitive. Its calling
sequencemustbe: [f,g,ind]=costf unc( x, ind ) asimposedby theoptim primitive. The
following non-linearprimitivesin Scilabneedargumentfunctionsor subroutines:ode , optim ,
impl , dassl , intg , odedc , fsolve . For problemswherecomputationtime is important,it
is recommendedto useC or Fortransubroutines.Examplesof suchsubroutinesaregiven in the
directorySCIDIR/routines /de fa ul t . SeetheREADME file therefor moredetails.

Whensuchasubroutineis written it mustbelinkedto Scilab. This link operationcanbedone
dynamicallyby the link command.It is alsopossibleto introducethecodein amorepermanent
mannerby insertingit in a specificinterfacein SCIDIR/routine s/ defau lt andrebuild a
new Scilabby amake all commandin theScilabdirectory.

4.5 XWindow Dialog

It may be convenientto opena specificXWindow window for enteringinteractively parameters
insidea functionor for a demo.This facility is possiblethanksto e.g. thefunctionsx_dialog ,
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x_choose , x_mdialog , x_matrix andx_message . Thedemoswhich canbeexecutedby
clicking on thedemo buttonprovide simpleexamplesof theuseof thesefunctions.

4.6 Tk-Tcl Dialog

An interface betweenScilab and Tk-Tcl exists. A GraphicUser Interfaceobject can be cre-
atedby the function uicontrol . Basic primitives are TK_EvalFile , TK_EvalStr and

TK_GetVar, TK_Setvar . Examplesaregivenby invoking thehelpof thesefunctions.
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Graphics

This sectionintroducesgraphicsin Scilab.

5.1 The Graphics Window

It is possibleto useseveralgraphicswindows ScilabGraphicx x beingthenumberusedfor
themanagementof thewindows, but at any time only onewindow is active. On themainScilab
window thebuttonGraphic Window x is usedto managethewindows: x denotesthenumber
of theactivewindow, andwecanset(create),raiseor deletethewindow numberedx : in particular
we candirectly createthegraphicswindow numbered10. Theexecutionof a plotting command
automaticallycreatesawindow if necessary.

Wewill seelaterthatScilabusesagraphics environment definingsomeparametersof
theplot, theseparametershavedefault valuesandcanbechangedby theuser;everygraphicswin-
dow hasits specificcontext so thesameplotting commandvangive differentresultson different
windows.

Thereare4 buttonson thegraphicswindow:� 3D Rot. : for applyinga rotationwith the mouseto a 3D plot. This button is inhibited
for a 2D plot. For thehelpof manipulations(rotationwith specificangles...) the rotation
anglesaregivenat thetopof thewindow.� 2D Zoom: zoomingona2D plot. Thiscommandcanberecursively invoked.For a3D plot
thisbuttonis not inhibitedbut it hasnoeffect.� UnZoom: returnto the initial plot (not to the plot correspondingto the previous zoomin
caseof multiple zooms).

These3 buttonsaffectingtheplot in thewindow arenotalwaysin use;wewill seelaterthat
therearedifferentchoicesfor theunderlyingdevice andzoomandrotationneedtherecord
of theplotting commandswhich is oneof thepossiblechoices(this is thedefault).� File : thisbuttonopensdifferentcommandsandmenus.

Thefirst oneis simple: Clear simply rubsout thewindow (withoutaffectingthegraphics
context of thewindow).

ThecommandPrint... opensa selectionpanelfor printing. UnderUnix, theprinters
aredefinedin themainscilabscriptSCIDIR/bin/scil ab (obtainedby “makeall” from
theorigin file SCIDIR/bin/scil ab. g).
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TheExport commandopensa panelselectionfor gettinga copy of theplot on a file with
aspecifiedformat(Postscript,Postscript-Latex, Xfig).

Thesave commanddirectlysavestheplot ona file with aspecifiedname.Thisfile canbe
loadedlaterin Scilabfor replotting.

TheClose is thesamecommandthanthepreviousDelete Graphic Window of the
menuof the main window, but simply appliedto its window (the graphiccontext is, of
coursedeleted).

5.2 The Media

Therearedifferentgraphicsdevicesin Scilabwhich canbeusedto sendgraphicsto windows or
paper. Thedefault for theoutputis ScilabGraphic0 window .
Thedifferentdriversare:� X11 : memorylessscreengraphicsdriver� Rec : a screendriver which also recordsall the graphiccommands.This is the default

(requiredfor thezoomandrotate).� Wdp: ascreendriver without recordedgraphics;thegraphicsaredoneonapixmapandare
sendto thegraphicwindow with thecommandxset("wshow") . Thepixmapis cleared
with thecommandxset("wwpc") or with theusualcommandxbasc()� Pos : graphicsdriver for Postscriptprinters� Fig : graphicsdriver for theXfig system� GIF : graphicsdriver for theGIF file format

In the3 first casesthe’implicit’ device is a graphicswindow (existing or createdby theplot).
For the2 lastcaseswe will seelaterhow to affect a specificdevice to theplot : a file wherethe
plot will berecordedin thePostscriptor Xfig format.

ThebasicScilabgraphicscommandsare:� driver : selectsa graphicdriver

Thenext 3 commandsarespecificof thescreendrivers:� xclear : clearsoneor moregraphicwindows; doesnotaffect thegraphicscontext of these
windows.� xbasc : clearsagraphicwindow anderasetherecordedgraphics;doesnotaffect thegraph-
icscontext of thewindow.� xpause : apausein milliseconds� xselect : raisesthecurrentgraphicwindow (for X-drivers)� xclick : waitsfor amouseclick� xbasr : redraws theplot of agraphicwindow
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� xdel : deletesa graphicwindow (equivalentto theClose button

Thefollowing commandsarespecificof thePostscript,Xfig andGIF driversdrivers:� xinit : initializesagraphicdevice (file).� xend : closesagraphicsession(andtheassociateddevice).

In fact, the regulardriver for a commonuseis Rec andtherearespecialcommandsin order
to avoid a changeof driver; in many cases,onecanignorethe existenceof driversandusethe
functionsxbasimp , xs2fig in order to senda graphicto a printer or in a file for the Xfig
system.For examplewith :

-->driver(’Pos’)

-->xinit(’foo.ps ’)

-->plot(1:10)

-->xend()

-->driver(’Rec’)

-->plot(1:10)

-->xbasimp(0,’fo o1.p s’ )

we get two identicalPostscriptfiles : ’foo.ps’ and ’foo1.ps.0’ (the appending0 is the
numberof theactive window wheretheplot hasbeendone).

Thedefault for plotting is thesuperposition;this meansthatbetween2 differentplotsoneof
the2 following commandis needed:xbasc(window-n umber) which clearsthewindow and
erasethe recordedScilabgraphicscommandassociatedwith the window window-number or
xclear ) whichsimplyclearsthewindow.

If you enlarge a graphicwindow, thecommandxbasr(window-nu mber ) is executedby
Scilab. This commandclearsthe graphicwindow window-number and replaysthe graphic
commandsassociatedwith it. Onecancall this functionmanually, in orderto verify theassociated
recordedgraphicscommands.

Any numberof graphicswindows canbe createdwith buttonsor with thecommandsxset
or xselect . TheenvironmentvariableDISPLAY canbeusedto specifyanX11 Displayor one
canusethexinit functionin orderto openagraphicwindow on aspecificdisplay.

5.3 Global Parametersof a Plot

Graphics Context

Someparametersof thegraphicsarecontrolledby a graphiccontext ( for exampletheline thick-
ness)andothersarecontrolledthroughgraphicsargumentsof a plotting command.Thegraphics
context hasa default definitionandcanbechangeby thecommandxset : thecommandwith-
out argumenti.e. xset() openstheScilab Toggles Panel andtheusercanchangesthe
parametersby simplemouseclickings.Wegive heredifferentparameterscontrolledby this com-
mand:
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� xset : setgraphiccontext values.

(i)-xset("font",font id, fo nt si ze ) : fix thecurrentfont andits currentsize.

(ii)-xset("mark",marki d, marks iz e) : setthecurrentmarkandcurrentmarksize.

(iii)- xset("use color",flag) : changeto color or grayplot accordingto thevalues
(1 or 0) of flag .

(iv)-xset("colormap",c map) : setthecolormapasa m x 3 matrix. m is thenumber
of colors.Colornumberi is givenasa3-uplecmap[i,1],cmap[i,2],cmap[i,3]corresponding
respectively to Red, Greenand Blue intensity between0 and1. Calling againxset()
shows thecolormapwith theindicesof thecolors.

(v)-xset("window",win dow- number) : setsthecurrentwindow to thewindow
window-number andcreatesthewindow if it doesn’t exist.

(vi)-xset("wpos",x,y) : fixesthepositionof theupperleft point of thegraphicwin-
dow.

Many otherchoicesaredoneby xset :

-useof a pixmap: theplot canbedirectly displayedon thescreenor executedon a pixmap
andthenexposeby thecommandxset("wshow") ; this is theusualway for animation
effect.

-logical functionfor drawing : this parametercanbechangedfor specificeffects(superpo-
sition or addingor substractingof colors).Looking at thesuccessive plotsof thefollowing
simplecommandsgive anexampleof 2 possibleeffectsof thisparameter:

xset(’default’ );
plot3d();
plot3d();
xset(’alufunct io n’ ,7) ;
xset(’window’, 0) ;
plot3d();
xset(’default’ );
plot3d();
xset(’alufunct io n’ ,6) ;
xset(’window’, 0) ;
plot3d();

We have seenthatsomechoicesexist for the fontsandthis choicecanbeextendedby the
command:� xlfont : to loadanew family of fonts

Thereexiststhefunction“reciprocal” to xset :� xget : to getinformationsaboutthecurrentgraphiccontext.

All thevaluesof theparametersfixedby xset canbeobtainedby xget . An example:

-->pos=xget("w pos" )
pos =
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! 105. 121. !

pos is thepositionof theupperleft pointof thegraphicwindow.

SomeManipulations

Coordinatestransforms:� isoview : isometricscalewithout window change

allows an isometricscalein the window of previous plots without changingthe window
size:

t=(0:0.1:2*%pi )’ ;
plot2d(sin(t), co s( t)) ;
xbasc()
isoview(-1,1,- 1, 1) ;
plot2d(sin(t), co s( t)) ;

� square : isometricscalewith resizingthewindow

thewindow is resizedaccordingto theparametersof thecommand.� scaling : scalingon data� rotate : rotation

scaling androtate executesrespectively anaffine transformanda geometricrotation
of a2-lines-matrixcorrespondingto the(x,y) valuesof asetof points.� xgetech, xsetech : changeof scaleinsidethegraphicwindow

Thecurrentgraphicscalecanbefixedby a high level plot command.You maywantto get
this parameteror to fix it directly : this is the role of xgetech, xsetech . xsetech
is asimpleway to cut thewindow in differentspartsfor differentplots:

t=(0:0.1:2*%pi )’ ;
xsetech(wrect= [0 ., 0., 0. 6, 0. 3] ,fr ec t= [- 1, 1,- 1, 1] );
plot2d(sin(t), co s( t)) ;
xsetech(wrect= [0 .5 ,0. 3, 0. 4, 0. 6], fr ec t= [- 1,1 ,- 1, 1] );
plot2d(sin(t), co s( t)) ;
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5.4 2D Plotting

5.4.1 Basic2D Plotting

Thesimplest2D plot is plot(x,y) or plot(y) : this is theplot of y asfunctionof x wherex
andy are2 vectors;if x is missing,it is replacedby thevector(1,size(y,’*’)) ) . If y is a
matrix, its rows areplotted.Thereareoptionalarguments.

A first exampleis givenby the following commandsandoneof the resultsis representedon
figure5.1:

t=(0:0.05:1)’;
ct=cos(2*%pi*t);
// plot the cosine
plot(t,ct);
// xset() opens the toggle panel and
// some parameters can be changed with mouse clicks
// given by commands for the demo here
xset("font",5,4) ;x se t( "t hic kn es s" ,3 );
// plot with captions for the axis and a title for the plot
// if a caption is empty the argument ’ ’ is needed
plot(t,ct,’Time’ ,’ Cosi ne’,’ Si mple Plot’);
// click on a color of the xset toggle panel and do the previous plot again
// to get the title in the chosen color
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1.0

Figure5.1: Firstexampleof plotting

Thegeneric2D multipleplot is
plot2di(x,y,<opt io ns >)
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� index of plot2d : i=missing,2,3,4 .

For thedifferentvaluesof i we have:

i=missing : piecewiselinear/logarithmicplotting

i=2 : piecewiseconstantdrawing style

i=3 : verticalbars

i=4 : arrows style(e.g.odein aphasespace)

t=(1:0.1:8)’;xse t( "f ont" ,2, 3) ;
subplot(2,2,1)
plot2d([t t],[1.5+0.2*si n(t ) 2+cos(t)]);
xtitle(’Plot2d-P ie ce wi se linear’);
//
subplot(2,2,2)
plot2d(t,[1.5+0. 2* si n( t) 2+cos(t)],logfl ag=’ ll ’);
xtitle(’Plot2d1- Logari th mic scales’);
//
subplot(2,2,3)
plot2d2(t,[1.5+0 .2 *s in (t ) 2+cos(t)]);
xtitle(’Plot2d2- Pi ec ewis e constant’);
//
subplot(2,2,4)
plot2d3(t,[1.5+0 .2 *s in (t ) 2+cos(t)]);
xtitle(’Plot2d3- Vert ic al bar plot’)
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Figure5.2: Different2D plotting

� Parametersx,y : two matricesof thesamesize[nl,nc] (nc is thenumberof curvesand
nl is thenumberof pointsof eachcurve).
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For asinglecurve thevectorcanberow or column:
plot2d(t’,cos( t) ’) plot2d(t,cos(t) ) areequivalent.� optionstyle :it is a realvectorof size(1,nc) ; thestyle to usefor curve j is definedby
size(j) (whenonly onecurve is drawn style canspecifythestyleandapositionto use
for thecaption).

xmax=5.;x=0:0. 1: xmax;
u=[-0.8+sin(x) ;- 0. 6+s in (x ); -0 .4+ si n( x) ;- 0.2 +s in (x ); sin (x )] ;
u=[u;0.2+sin(x ); 0. 4+s in (x ); 0. 6+s in (x ); 0. 8+s in (x )] ’;
//start trying the symbols (negative values for the style)

plot2d(x,u,sty le =[ -9, -8 ,- 7, -6 ,-5 ,- 4, -3 ,- 2,- 1, 0] )

x=0:0.2:xmax;
v=[1.4+sin(x); 1. 8+sin (x )] ’;
xset("mark size",5);
plot2d(x,v,sty le =[ -7, -8 ])
xset(’default’ );
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Figure5.3: Black andwhite plotting styles

� Optionframeflag : is ascalarcorrespondingto :



CHAPTER5. GRAPHICS 84

requirements ranges ranges ranges
of aprevious givenby computedfrom

actual plot rectarg x andy
requested
one 0 1 2
Computed
for isometric 3 4
view
Enlarged
For pretty 5 6
axes
Previousand
current 7 8
plotsmerged� Optionaxesflag controlsthedisplayof informationon theframearoundtheplot :

– 0 : nothingis drawn aroundtheplot.

– 1 : axesaredrawn, they=axisis displayedon theleft.

– 2 : theplot is surroundedby aboxwithout tics.

– 3 : axesaredrawn, they=axisis displayedon theright.

– 4 : axesaredrawn centredin themiddleof theframebox.

– 5 : axesaredrawn soasto crossat point (0,0) . If point (0,0) doesnot lie inside
theframe,axeswill notappearon thegraph.� Option leg : it is thestring of thecaptionsfor thedifferentplottedcurves. This string

is composedof fieldsseparatedby the@symbol: for example‘‘module@phase’ ’ (see
examplebelow). Thesestringsaredisplayedundertheplot with small segmentsrecalling
thestylesof thecorrespondingcurves.� Optionrect : it isavectorof 4valuesspecifyingtheboundariesof theplot rect=[xmin,ymin ,xm ax ,y max] .� Optionnax : it is a vector[nx,Nx,ny,Ny] wherenx (ny) is thenumberof subgradson the
x (y) axisandNx (Ny) is thenumberof graduationson thex (y) axis.

//captions for identifying the curves
//controlling the boundaries of the plot and the tics on axes
x=-5:0.1:5;
y1=sin(x);y2=cos (x );
X=[x;x]; Y=[y1;y2];
plot2d(X’,Y’,sty le =[ -1 -3]’,leg="capti on1@ca pt ion 2" ,. ..
rect=[-5,-1,5,1] ,n ax =[ 2, 10, 5, 5] );

Fordifferentplotsthesimplecommandswithoutany argumentshow ademo(e.gplot2d3()
).
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Figure5.4: Box, captionsandtics

5.4.2 Captionsand Presentation� xgrid : addsagrid on a2D graphic;thecallingparameteris thenumberof thecolor.� xtitle : addstitle above theplot andaxisnameson a2D graphic� titlepage : graphictitle pagein themiddleof theplot

//Presentation
x=-%pi:0.1:%pi ;
y1=sin(x);y2=c os (x );y 3=x;
X=[x;x;x]; Y=[y1;y2;y3];
plot2d(X’,Y’,s ty le =[- 1 -2 -3],leg="capti on1@capti on2@capti on3" ,.. .
rect=[-3,-3,3, 2] ,n ax= [2 ,1 0, 2, 5]) ;
xtitle(["Gener al Title";"(with xtitle command)"],...
"x-axis title","y-axis title (with xtitle command)");
xgrid();
xclea(-2.7,1.5 ,1 .5 ,1. 5) ;
titlepage("Tit le page" );
xstring(0.6,.4 5, "( wit h titlepage command)");
xstring(0.05,. 7, [" xst ri ng command after";"xclea command"],0,1) ;
plot2d(X’,Y’,s ty le =[- 1 -2 -3],leg="capti on1@capti on2@capti on3" ,.. .
rect=[-3,-3,3, 2] ,n ax= [2 ,1 0, 2, 5]) ;

� plotframe : graphicframewith scalingandgrid

Wehave seenthatit is possibleto controlthetics on theaxes,choosethesizeof therectangle
for theplotandadda grid. This operationcanbepreparedonceandthenusedfor a sequenceof
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Figure5.5: Grid, Title eraserandcomments

differentplots. Oneof the mostusefulaspectis to get graduationsby choosingthe numberof
graduationsandgettingroundednumbers.

rect=[-%pi,-1,%p i, 1] ;
tics=[2,10,4,10] ;
plotframe(rect,t ic s, [%t, %t] ,. ..
[’Plot with grids and automatic bounds’,’angle ’,’ ve lo ci ty ’]) ;

� graduate : asimpletool for computingprettyaxisgraduationsbeforeaplot.

5.4.3 Specialized2D Plottings� champ : vectorfield in Ç ­
//try champ
x=[-1:0.1:1];y =x;u =ones (x );
fx=x.*.u’;fy=u .* .y ’;
champ(x,y,fx,f y) ;
xset("font",2, 3) ;
xtitle([’Vecto r field plot’;’(with champ command)’]);
//with the color (and a large stacksize)
x=[-1:0.004:1] ;y =x;u= ones (x );
fx=x.*.u’;fy=u .* .y ’;
champ1(x,y,fx, fy );

� fchamp : for a vectorfield in Ç ­ definedby a function. Thesameplot thanchamp for a
vectorfield definedfor exampleby ascilabprogram.
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Figure5.6: Vectorfield in theplane

� fplot2d : 2D plotting of a curve describedby a function. This functionplaysthesame
role for plot2d thanthepreviousfor champ.� grayplot : 2D plot of asurfaceusinggraylevels;thesurfacebeingdefinedby thematrix
of thevaluesfor agrid.� fgrayplot : thesamethantheprevious for a surfacedefinedby a function (scilabpro-
gram).

In factthese2 functionscanbereplacedby ausualcolorplot with anappropriatecolormap
wherethe3 RGB componentsarethesame.

R=[1:256]/256; RGB=[R’ R’ R’];
xset(’colormap ’, RGB);
deff(’[z]=surf (x ,y )’, ’z =- (( abs(x )- 1) ** 2+(ab s( y) -1 )* *2) ’) ;
fgrayplot(-1.8 :0 .0 2:1 .8 ,- 1. 8: 0.0 2: 1. 8, su rf, re ct =[ -2 ,-2 ,2 ,2 ]) ;
xset(’font’,2, 3) ;
xtitle(["Grayp lo t" ;"( wi th fgrayplot command)"]);
//the same plot can be done with a ‘‘unique’’ given color
R=[1:256]/256;
G=0.1*ones(R);
RGB=[R’ G’ G’];
xset(’colormap ’, RGB);
fgrayplot(-1.8 :0 .0 2:1 .8 ,- 1. 8: 0.0 2: 1. 8, su rf, re ct =[ -2 ,-2 ,2 ,2 ]) ;� errbar : createsaplot with errorbars
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5.4.4 Plotting SomeGeometricFigures

Polylines Plotting� xsegs : draws asetof unconnectedsegments� xrect : draws asinglerectangle� xfrect : fills asinglerectangle� xrects : fills or draws asetof rectangles� xpoly : draws apolyline� xpolys : draws asetof polylines� xfpoly : fills apolygon� xfpolys : fills asetof polygons� xarrows : draws asetof unconnectedarrows� xfrect : fills asinglerectangle� xclea : erasesa rectangleon agraphicwindow

CurvesPlotting� xarc : draws anellipsis� xfarc : fills anellipsis� xarcs : fills or draws asetof ellipsis

5.4.5 Writting by Plotting� xstring : draws astringor a matrixof strings� xstringl : computesa rectanglewhichsurroundsastring� xstringb : draws astringin aspecifiedbox� xnumb : draws asetof numbers

Wegive now thesequenceof thecommandsfor obtainingthefigure ??.

// initialize default environment variables
xset(’default’);
xset("use color",0);
xset("font",4,3)
xsetech(frect=[1 ,1 ,1 0, 10]);
xrect(0,1,3,1)
xfrect(3.1,1,3,1 )
xstring(0.5,0.5, "x re ct (0 ,1, 3, 1) ")
xstring(4.,0.5," xf re ct (3 .1, 1, 3, 1) ")
xset("alufunctio n" ,6 )
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xstring(4.,0.5," xf re ct (3 .1, 1, 3, 1) ")
xset("alufunctio n" ,3 )
xv=[0 1 2 3 4]
yv=[2.5 1.5 1.8 1.3 2.5]
xpoly(xv,yv,"lin es ", 1)
xstring(0.5,2.," xp ol y( xv ,yv ," "l in es "", 1) ")
xa=[5 6 6 7 7 8 8 9 9 5]
ya=[2.5 1.5 1.5 1.8 1.8 1.3 1.3 2.5 2.5 2.5]
xarrows(xa,ya)
xstring(5.5,2.," xa rr ows( xa, ya )" )
xarc(0.,5.,4.,2. ,0 ., 64*3 00. )
xstring(0.5,4,"x ar c( 0. ,5 .,4 ., 2. ,0 ., 64* 300. )" )
xfarc(5.,5.,4.,2 ., 0. ,6 4* 360 .)
//xset("alufunct io n" ,6 )
xclea(5.6,4.4,2. 8, 0. 8) ;
xstring(5.8,4.," xf ar c and then xclea")
//xset("alufunct io n" ,3 )
xstring(0.,4.5," WRIT IN G-BY-XSTRIN G()", -2 2. 5)
xnumb([5.5 6.2 6.9],[5.5 5.5 5.5],[3 14 15],1)
isoview(0,12,0,1 2)
xarc(-5.,12.,5., 5. ,0 ., 64*36 0. )
xstring(-4.5,9.2 5, "i so vi ew + xarc",0.)
A=[" 1" " 2" " 3";" 4" " 5" " 6";"68" " 17.2" " 9"];
xstring(7.,10.,A );
rect=xstringl(7, 10,A );
xrect(rect(1),re ct (2 ), re ct( 3) ,r ec t( 4)) ;

xrect(0,1,3,1) xfrect(3.1,1,3,1) xfrect(3.1,1,3,1) 

xpoly(xv,yv,"lines",1) xarrows(xa,ya) 

xarc(0.,5.,4.,2.,0.,64*300.) xfarc  and then  xclea 
WRITING-BY-XSTRING() 

3    14   15   

isoview + xarc 

68   17.2   9 
  4        5   6 
  1        2   3 

Figure5.7: GeometricGraphicsandComments
geom

e have seenthat someparametersof the graphicsarecontrolledby a graphiccontext ( for
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exampletheline thickness)andothersarecontrolledthroughgraphicsarguments.� xset : to setgraphiccontext values.Someexamplesof theuseof xset :

(i)-xset("use color",flag) changesto color or black andwhite plot accordingto
thevalues(1 or 0) of flag .

(ii)-xset("window",win dow- number) setsthecurrentwindow to thewindow
window-number andcreatesthewindow if it doesn’t exist.

(iii)- xset("wpos",x,y) fixesthepositionof theupperleft pointof thegraphicwindow.

The choiceof the font, the width andheightof the window, the driver... canbe doneby
xset .� xget : to getinformationsaboutthecurrentgraphiccontext. All thevaluesof theparame-
tersfixedby xset canbeobtainedby xget .� xlfont : to loadanew family of fonts

5.4.6 SomeClassicalGraphics for Automatic Control� bode : plot magnitudeandphaseof thefrequency responseof a linearsystem.� gainplot : sameasbodebut plotsonly themagnitudeof thefrequency response.� nyquist : plot of imaginarypart versusreal part of the frequency responseof a linear
system.� m_circle : M-circle plot usedwith nyquistplot.� chart : plot theNichols’chart� black : plot theBlack’s diagram(Nichols’chart)for a linearsystem.� evans : plot theEvansroot locusfor a linearsystem.� plzr : pole-zeroplot of thelinearsystem

s=poly(0,’s’);
h=syslin(’c’,(sˆ 2+2* 0. 9* 10* s+100) /( sˆ2 +2*0 .3 *1 0.1 *s +102.0 1)) ;
h1=h*syslin(’c’, (s ˆ2 +2*0 .1* 15.1 *s +228. 01)/ (s ˆ2 +2* 0. 9* 15*s +225) );
//bode
subplot(2,2,1)
gainplot([h1;h], 0. 01,1 00);
//nyquist
subplot(2,2,2)
nyquist([h1;h])

//chart and black
subplot(2,2,3)
black([h1;h],0.0 1, 100, [’ h1’ ;’ h’ ])
chart([-8 -6 -4],[80 120],list(1,0) );
//evans
subplot(2,2,4)
H=syslin(’c’,352 *p ol y( -5 ,’s ’) /p ol y( [0, 0, 2000,2 00, 25,1 ], ’s ’,’ c’ )) ;
evans(H,100)
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Figure5.8: SomePlotsin AutomaticControl
ouv8

5.4.7 Miscellaneous� edit_curv : interactive graphiccurve editor.� gr_menu : simpleinteractive graphiceditor. It is a Xfig-lik e simpleeditorwith a flexible
usefor a nicepresentationof graphics: theusercansuperposetheelementsof gr_menu
anduseit with theusualpossibilitiesof xset .� locate : to getthecoordinatesof oneor morepointsselectedwith themouseonagraphic
window.

5.5 3D Plotting

5.5.1 Generic 3D Plotting� plot3d : 3D plottingof amatrixof points: plot3d(x,y,z) with x,y,z 3 matrices,z beingthe
valuesfor thepointswith coordinatesx,y. Otherargumentsareoptional� plot3d1 : 3dplotting of amatrix of pointswith graylevels� fplot3d : 3d plotting of a surfacedescribedby a function; z is given by an external
z=f(x,y)� fplot3d1 : 3d plottingof asurfacedescribedby a functionwith graylevels
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Figure5.9: Presentationof Plots
cifi2

5.5.2 Specialized3D Plotting� param3d : plotsparametriccurvesin 3dspace� contour : level curvesfor a3d functiongivenby amatrix� grayplot10 : graylevel on a2d plot� fcontour10 : level curvesfor a 3d functiongivenby a function� hist3d : 3d histogram� secto3d : conversionof asurfacedescriptionfrom sectorto plot3dcompatibledata� eval3d : evaluatesa functionon a regulargrid. (seealsofeval)

5.5.3 Mixing 2D and 3D graphics

Whenoneuses3D plotting function,default graphicboundariesarefixed,but in Ç ° . If onewants
to usegraphicprimitivesto addinformationson 3D graphics,thegeom3d functioncanbeused
to convert 3D coordinatesto 2D-graphicscoordinates.Thefigure 5.10illustratesthis feature.

xinit(’d7-10.ps’ );
r=(%pi):-0.01:0 ;x =r .* cos (1 0* r) ;y =r. *s in (1 0* r);
function z=surf(x,y),z=s in (x )* co s(y ); endf uncti on
t=%pi*(-10:10)/ 10;
fplot3d(t,t,sur f, th et a=35, al pha=45, le g="X @Y@Z",f la g=[- 3,2 ,3 ]) ;
z=sin(x).*cos(y );
[x1,y1]=geom3d( x, y, z) ;
xpoly(x1,y1,"li nes" );
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[x1,y1]=geom3d( [0 ,0 ], [0, 0] ,[ 5, 0] );
xsegs(x1,y1);
xstring(x1(1),y 1( 1) ,’ The point (0,0,0)’);

Z

Y

X

 The point (0,0,0) 

Figure5.10:2D and3D plot

5.5.4 Sub-windows

It is alsopossibleto make multiple plotting in thesamegraphicwindow (Figure5.11).

xinit(’d7-8.ps’) ;
t=(0:.05:1)’;st= si n( 2* %pi *t );
subplot(2,1,1)
plot2d2(t,st);
subplot(2,1,2)
plot2d3(t,st);
xsetech([0,0,1,1 ]) ;

5.5.5 A Setof Figures

In this next examplewe give a brief summaryof differentplotting functionsfor 2D or 3D graph-
ics. The figure 5.12 is obtainedand insertedin this documentwith the help of the command
Blatexprs .

//some examples
str_l=list();
//
str_l(1)=[’plot3 d1() ;’ ;

’title=[’’plot 3d1 : z=sin(x)*cos(y )’ ’] ;’ ;
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Figure5.11:Useof subplot

’xtitle(title, ’’ ’’,’’ ’’);’];
//
str_l(2)=[’conto ur () ;’ ;

’title=[’’cont our ’’];’;
’xtitle(title, ’’ ’’,’’ ’’);’];

//
str_l(3)=[’champ () ;’ ;

’title=[’’cham p ’’];’;
’xtitle(title, ’’ ’’,’’ ’’);’];

//
str_l(4)=[’t=%pi *( -1 0: 10)/1 0; ’;

’deff(’’[z]=su rf( x, y) ’’ ,’ ’z= si n( x) *c os( y) ’’ ); ’;
’rect=[-%pi,%p i,- %pi, %pi, -5, 1] ;’ ;
’z=feval(t,t,s urf ); ’;
’contour(t,t,z ,10 ,3 5, 45,’ ’X@Y@Z’ ’, [1 ,1, 0] ,r ec t, -5) ;’ ;
’plot3d(t,t,z, 35, 45,’ ’X @Y@Z’’, [2 ,1 ,3 ],r ec t) ;’ ;
’title=[’’plot 3d and contour ’’];’;
’xtitle(title, ’’ ’’,’’ ’’);’];

//
for i=1:4,xinit(’d 7a11.p s’+ st ri ng(i )’) ;

execstr(str_l( i)) ,x end( ); end

5.6 Printing and Inserting ScilabGraphics in LATEX

We describeheretheuseof programs(Unix shells)for handlingScilabgraphicsandprinting the
results.Theseprogramsarelocatedin thesub-directorybin of Scilab.
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5.6.1 Window to Paper

The simplestcommandto get a papercopy of a plot is to click on the print button of the
ScilabGraphicwindow.

5.6.2 Creating a Postscript File

Wehaveseenat thebeginningof thischapterthatthesimplestway to getaPostscriptfile contain-
ing aScilabplot is :

-->driver(’Pos’)

-->xinit(’foo.ps ’)

-->plot3d1();

-->xend()

-->driver(’Rec’)

-->plot3d1()

-->xbasimp(0,’fo o1.p s’ )

ThePostscriptfiles (foo.ps or foo1.ps ) generatedby Scilabcannotbedirectly sentto
a Postscriptprinter, they needa preamble.Therefore,printing is donethroughthe useof Unix
scriptsor programswhich areprovided with Scilab. TheprogramBlpr is usedto print a setof
ScilabGraphicson asinglesheetof paperandis usedasfollows :

Blpr string-title file1.ps file2.ps > result

You canthenprint thefile result with theclassicalUnix command:

lpr -Pprinter-name result

or usetheghostview Postscriptinterpreteron yourUnix workstationto seetheresult.
Youcanavoid thefile result with apipe,replacing> result by theprintingcommand|

lpr or thepreviewing command| ghostview - .
Thebestresult(bestsizedfigures)is obtainedwhenprinting two pictureson asinglepage.

5.6.3 Including a Postscript File in LATEX

TheBlatexpr Unix shellandtheprogramsBatexpr2 andBlatexprs areprovidedin order
to helpinsertingScilabgraphicsin LATEX.

Takingthepreviousfile foo.ps andtyping thefollowing statementunderaUnix shell :

Blatexpr 1.0 1.0 foo.ps

createstwo files foo.epsf and foo.tex . The original Postscriptfile is left unchanged.To
include the figure in a LATEX documentyou should insert the following LATEX code in your
LATEX document:
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\input foo.tex
\dessin{The caption of your picture}{The-l abel }

You canalsoseeyourfigureby usingthePostscriptpreviewer ghostview .
TheprogramBlatexprs doesthesamething: it is usedto inserta setof Postscriptfigures

in oneLATEXpicture.
In the following example,we begin by using the Postscriptdriver Pos and then initialize

successively 4 Postscriptfiles fig1.ps, ..., fig4.ps for 4 differentplotsandat theend
returnto thedriver Rec (X11 driver with record).

-->//multiple Postscript files for Latex

-->driver(’Pos’)

-->t=%pi*(-10:10 )/ 10;

-->plot3d1(t,t,s in (t )’ *c os( t) ,t heta =35,a lp ha=45,f la g=[2 ,2 ,4] );

-->xend()

-->contour(1:5,1 :1 0, ra nd(5, 10), 5) ;

-->xend()

-->champ(1:10,1: 10,r and( 10, 10), ra nd(10 ,1 0) );

-->xend()

-->t=%pi*(-10:10 )/ 10;

-->function z=surf(x,y),z=s in (x )* co s(y ), endf uncti on

-->rect=[-%pi,%p i, -%pi ,%pi, -5 ,1 ];

-->z=feval(t,t,s ur f) ;

-->contour(t,t,z ,1 0, 35,4 5,’ X@Y@Z’ ,[ 1,1 ,0 ], re ct ,-5 );

-->plot3d(t,t,z, th et a=35,al pha=45,f lag =[ 2, 1, 3] ,eb ox =r ec t) ;
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Figure5.13:Blatexp2 Example

-->title=[’plot3 d and contour ’];

-->xtitle(title, ’ ’,’ ’);

-->xend()

-->driver(’Rec’)

Thenwe executethecommand:

Blatexprs multi fig1.ps fig2.ps fig3.ps fig4.ps

andwe get2 filesmulti.tex andmulti.ps andyoucanincludetheresultin a LATEX source
file by :

\input multi.tex
\dessin{The caption of your picture}{The-l abel }

Notethatthesecondline dessin... is absolutelynecessaryandyouhave of courseto give
the absolutepathfor the input file if you areworking in anotherdirectory(seebelow). Thefile
multi.tex is only thedefinitionof thecommanddessin with 2 parameters: thecaptionand
the label; the commanddessin canbe usedwith oneor two emptyarguments‘‘ ‘‘ if you
wantto avoid thecaptionor thelabel.

ThePostsciptfiles areinsertedin LATEX with thehelpof the \special commandandwith
asyntaxthatworkswith thedvips program.

TheprogramBlatexpr2 is usedwhenyouwanttwo picturessideby side.

Blatexpr2 Fileres file1.ps file2.ps

It is sometimesconvenientto have a mainLATEX documentin a directoryandto storeall the
figuresin a subdirectory. Theproperway to inserta picturefile in themaindocument,whenthe
pictureis storedin thesubdirectoryfigures , is thefollowing :
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\def\Figdir{figu re s/ } % My figures are in the {\tt figures/ } subdirectory.
\input{figures/f ig .t ex }
\dessin{The caption of you picture}{The-la bel}

Thedeclaration\def\Figdir{figu re s/ } is usedtwice, first to find thefile fig.tex
(whenyouuselatex ), andsecondto produceacorrectpathnamefor thespecial LATEX com-
mandfoundin fig.tex . (usedatdvipslevel).

-WARNING : thedefaultdriver is Rec, i.e. all thegraphiccommandsarerecorded,onerecord
correspondingto onewindow. The xbasc() commanderasesthe plot on the active window
andall the recordscorrespondingto this window. The clear button hasthe sameeffect; the
xclear commanderasestheplot but the recordis preserved. Soyou almostnever needto use
the xbasc() or clear commands.If you usesucha commandand if you re-doa plot you
may have a surprisingresult(if you forget that the environmentis wiped out); the scaleonly is
preservedandsoyoumayhave the“window-plot” andthe“paper-plot” completelydifferent.

5.6.4 Postscript by Using Xfig

Another useful way to get a Postscriptfile for a plot is to useXfig. By the simple command
xs2fig(active-wi ndow-n umber ,f il e- name) yougetafile in Xfig syntax.

This commandneedstheuseof thedriver Rec.
Thewindow ScilabGraphic0beingactive, if youenter:

-->t=-%pi:0.3:%p i;

-->plot3d1(t,t,s in (t )’ *c os( t) ,t heta =35,a lp ha=45,f la g=[2 ,2 ,4] );

-->xs2fig(0,’dem o. fi g’ );

you getthefile demo.fig whichcontainstheplot of window 0.
Thenyou canuseXfig andafterthemodificationsyou want,geta Postscriptfile thatyou can

insertin aLATEX file. Thefollowing figureis theresultof Xfig afteraddingsomecomments.

5.6.5 EncapsulatedPostscript Files

As it wassaidbefore,the useof Blatexpr creates2 files : a .tex file to be insertedin the
LATEX file anda .epsf file.

It is possibleto get theencapsulatedPostscriptfile correspondingto a .ps file by usingthe
commandBEpsf .

Noticethatthe .epsf file generatedby Blatexpr is notanencapsulatedPostscriptfile : it
hasno boundingbox andBEpsf generatesa .eps file which is an encapsulatedPostscriptfile
with aboundingbox.
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Chapter 6

Interfacing C or Fortran programswith
Scilab

Scilabcanbeeasilyinterfacedwith Fortranor C programs.This is usefulto have fastercodeor
to usespecificnumericalcodefor, e.g., the simulationor optimizationof userdefinedsystems,
or specificLapackor netlib modules. In fact, interfacing numericalcodeappearsnecessary
in mostnontrivial applications.For interfacingC or Fortranprograms,it is of coursenecessary
to link theseprogramswith Scilab. This can be doneby a dynamic(incremental)link or by
creatinga new executablecodefor Scilab. For executinga C or Fortranprogramlinked with
Scilab,its input parametersmustbe given specificvaluestransferredfrom Scilabandits output
parametersmustbetransformedinto Scilabvariables.It is alsopossiblethata linkedprogramis
automaticallyexecutedby a high-level primitive: for instancetheode functioncanintegratethe
differentialequation ÈÉ �ËÊ%«¬�Ì� É ² with a rhsfunction Ê definedasaC or Fortranprogramwhich is
dynamicallylinkedto Scilab(see4.4.2).

Thesimplestway to call externalprogramsis to usethe link primitive (which dynamically
links the user’s programwith Scilab)and thento interactively call the linked routineby call
primitive which transmitsScilabvariables(matricesor strings)to the linked programandtrans-
formsbacktheoutputparametersinto Scilabvariables.Note thatode/daesolversandnon linear
optimizationprimitivescanbedirectlyusedwith C or Fortranuser-definedprogramsdynamically
linked(see6.1.1). .

An otherwayto addC or Fortrancodeto Scilabis by building aninterfaceprogram.Theinter-
faceprogramcanbewrittenby theuserfollowing theexamplesgivenin thefollowing directories
routines/example s/ in te rf ace -t ut or ia l androutines/examp les /i nt er fa ce-
tour . Examplesof Matlab-like interfacesaregivenin thedirectoryroutines/example s/ mexf ile s .

Theinterfaceprogramcanalsobegeneratedby intersci . Intersci builds theinterface
programfrom a .desc file which describesboththeC or Fortranprogram(s)to beusedandthe
nameandparametersof thecorrespondingScilabfunction(s).

Finally it is possibleto add a permanentnew primitive to Scilab by building an interface
programasabove andmakinga new executablecodefor Scilab. This is doneby updatingthe
fundef file. In this case,theinterfaceprogramshouldbegivena specificname(e.g. thedefault
namematus2 ) anda number. Thefile default/fundef shouldalsobeupdatedasdoneby
intersci . A new executablecodeisgeneratedby typing“makeall” in themainScilabdirectory.

101
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6.1 Using dynamic link

Severalsimpleexamplesof dynamiclink aregivenin thedirectoryexamples/link-ex ampl es .
In this section,we briefly describehow to call adynamicallylinkedprogram.

6.1.1 Dynamic link

The commandlink(’path/pgm.o ’, ’p gm’,f la g) links the compiledprogrampgm to
Scilab. Herepgm.o is an objectfile locatedin the path directoryandpgm is an entry point
(programname)in thefile pgm.o (An objectfile canhave severalentrypoints: to link them,use
avectorof characterstringssuchas[’pgm1’,’pgm2’] ).

flag shouldbesetto ’C’ for aC-codedprogramandto ’F’ for aFortransubroutine.(’F’
is thedefault flagandcanbeomitted).

If thelink operationis OK, scilabreturnsanintegern associatedwith this linkedprogram.To
undothelink enterulink(n) .

Thecommandc_link(’pgm’) returnstrueif pgm is currentlylinkedto Scilabandfalseif
not.
Hereis aexample,with theFortranBLAS daxpy subroutineusedin Scilab:

-->n=link(SCI+’/ ro ut in es /bl as /d ax py .o’ ,’ daxp y’ )
linking files /usr/local/lib/ sc il ab-2. 4/ ro ut in es/ ca le lm /d axp y. o
to create a shared executable.
Linking daxpy (in fact daxpy_)
Link done

n =

0.

-->c_link(’daxpy ’)
ans =

T

-->ulink(n)

-->c_link(’daxpy ’)
ans =

F

For moredetails,enterhelp link .

6.1.2 Calling a dynamically link ed program

Thecall functioncanbeusedto call a dynamicallylinkedprogram.Considerfor examplethe
daxpy Fortranroutine.It performsthesimplevectoroperationy=y+a*x or, to bemorespecific,

y(1)=y(1)+a*x(1) , y(1+incy)=y(1+i nc y)+ a* x( 1+in cx) ,. ..
y(1+n*incy)=y(1+ n* in cy )+ a*x (1 +n*i nc x)
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wherey andx aretwo realvectors.Thecallingsequencefor daxpy is asfollows:

subroutine daxpy(n,a,x,in cx ,y ,in cy )

To call daxpy from Scilabwemustuseasyntaxasfollows:

[y1,y2,y3,...]=c al l( ’d ax py’ , inputs description, ...
’out’, outputs description)

Hereinputs description is asetof parameters
x1,p1,t1 , x2,p2,t2 , x3,p3,t3 ...

wherexi is theScilabvariable(realvectoror matrix) sentto daxpy , pi is thepositionnumber
of this variablein the calling sequenceof daxpy and ti is the type of xi in daxpy (t=’i’
t=’r’ t=’d’ standsfor integer, realor double).
outputs description is asetof parameters

[r1,c1],p1,t1 , [r2,c2],p2,t2 , [r3,c3],p3,t3 ,..
which describeseachoutputvariable.[ri,ci] is the2 x 1 integervectorgiving thenumberof
rows andcolumnsof theith outputvariableyi . pi andti areasfor input variables(they canbe
omittedif avariableis bothinput andoutput).

We seethat theargumentsof call divided into four groups.The first argument’daxpy’
is thenameof thecalledsubroutine.Theargument’out’ dividestheremainingargumentsinto
two groups.Thegroupof argumentsbetween’daxpy’ and’out’ is thelist of inputarguments,
their positionsin thecall to daxpy , andtheir datatype. Thegroupof argumentsto the right of
’out’ arethedimensionsof theoutputvariables,their positionsin thecall to daxpy , andtheir
datatype. The possibledatatypesare real, integer, anddoubleprecisionwhich are indicated,
respectively, by thestrings’r’ , ’i’ , and’d’ . Herewecalculatey=y+a*x by acall to daxpy
(assumingthatthe link commandhasbeendone).Wehave six input variablesx1=n, x2=a,
x3=x, x4=incx, x5=y, x6=incy . Variablesx1, x4 andx6 areintegersandvariables
x2, x3, x5 aredouble.Thereis oneoutputvariabley1=y at positionp1=5 . To simplify, we
assumeherethatx andy have thesamelengthandwe take incx=incy=1 .

-->a=3;

-->x=[1,2,3,4];

-->y=[1,1,1,1];

-->incx=1;incy=1 ;

-->n=size(x,’*’) ;

-->y=call(’daxpy ’, .. .
n,1,’i’,...
a,2,’d’,...
x,3,’d’,...
incx,4,’i’,...
y,5,’d’,...
incy,6,’i’,...

’out’,...
[1,n],5,’d’);



CHAPTER6. INTERFACING C OR FORTRAN PROGRAMSWITH SCILAB 104

y =

! 4. 7. 10. 13. !

(Sincey isbothinputandoutputparameter, wecouldalsousethesimplifiedsyntaxcall(...,’out’ ,5 )
insteadof call(...,’out’[ 1, n] ,5, ’d ’) ).

Thesameexamplewith theC functiondaxpy (from CBLAS):

int daxpy(int *n, double *da, double *dx, int *incx, double *dy, int *incy)
...

-->link(’daxpy.o ’, ’d ax py ’,’ C’ )
linking files daxpy.o to create a shared executable
Linking daxpy (in fact daxpy)
Link done

ans =

1.

-->y=call(’daxpy ’, .. .
n,1,’i’,...
a,2,’d’,...
x,3,’d’,...
incx,4,’i’,...
y,5,’d’,...
incy,6,’i’,...

’out’,...
[1,n],5,’d’);

-->y
y =

! 4. 7. 10. 13. !

The routineswhich are linked to Scilab can also accessinternal Scilab variables: seethe
examplesin givenin theexamples/links directory.

6.2 Interface programs

6.2.1 Building an interface program

Examplesof interfaceprogramsaregivenin thedirectoryexamples/interf ac e- tu to ria l
andexamples/interfa ce -t our .

The interfaceprogramsusea setof C or Fortranroutineswhich shouldbe usedto build the
interfaceprogram.Thesimplestwayto learnhow to build aninterfaceprogramis to customizethe
previousskeletonsfiles andto look at theexamplesprovidedin this directory. Notethata unique
interfaceprogramcanbeusedto interfaceanarbitrary(but lessthat  �  ) numberof functions.
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6.2.2 Example

Let usconsideranexamplegivenin examples/interf ac e- tu tor ia l .
We have thefollowing C functionmatmul which performsa matrixmultiplication.Only the

calling sequenceis important.

/*Matrix multiplication C=A*B, (A,B,C stored columnwise) */

#define A(i,k) a[i + k*n]
#define B(k,j) b[k + j*m]
#define C(i,j) c[i + j*n]

void matmul(a,n,m,b,l,c)
double a[],b[],c[];
int n,m,l;
{
int i,j,k; double s;
for( i=0 ; i < n; i++)

{
for( j=0; j < l; j++)

{
s = 0.;
for( k=0; k< m; k++)

{
s += A(i,k)*B(k,j);

}
C(i,j) = s;
}

}
}

We want to have a new Scilabfunction (alsocalledmatmul ) which is suchthat the Scilab
command

-->C=matmul(A,B)

returnsin C the matrix productA*B computedby the above C function. HereA, B andC are
standardnumericScilab matrices. Thus, the Scilab matricesA and B shouldbe sentto the C
functionmatmul andthematrixCshouldbecreated,filled, andsentbackto Scilab.

To createthe Scilabfunction matmul , we have to write the following C gateway function
calledintmatmul . Seethefile
SCIDIR/examples/ in te rf ac e-t ut or ia l/ int matmul .c .

#include "stack-c.h"

int intmatmul(fname)
char *fname;

{
static int l1, m1, n1, l2, m2, n2, l3;
static int minlhs=1, maxlhs=1, minrhs=2, maxrhs=2;

/* Check number of inputs (Rhs=2) and outputs (Lhs=1) */
CheckRhs(minrhs,maxrhs) ; CheckLhs(minlhs,maxlhs) ;

/* Get A (#1) and B (#2) as double ("d") */
GetRhsVar(1, "d", &m1, &n1, &l1);
GetRhsVar(2, "d", &m2, &n2, &l2);

/* Check dimensions */
if (!(n1==m2)) {Scierror(999,"%s: Uncompatible dimensions\r\n",fname);

return 0;}

/* Create C (#3) as double ("d") with m1 rows and n1 columns */
CreateVar(3, "d", &m1, &n2, &l3);
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/* Call the multiplication function matmul
inputs:stk(l1)->A, stk(l2)->B output:stk(l3)->C */

matmul(stk(l1), m1, n1, stk(l2), n2, stk(l3));

/* Return C (3) */
LhsVar(1) = 3;
return 0;

}

Let us now explain eachstepof the gateway function intmatmul . The gateway function
must includethe file SCIDIR/routine s/ st ack -c .h . This is thefirst line of thefile. The
nameof theroutineis intmatmul andit admitsoneinput parameterwhich is fname . fname
mustbedeclaredaschar * . Thenameof thegateway routine(hereintmatmul ) is arbitrary
but the parameterfname is compulsory. The gateway routinethenincludesthe declarationsof
the C variablesused. In the gateway function intmatmul the ScilabmatricesA, B andC are
referredto asnumbers,respectively 1, 2 and3.

Theline

CheckRhs(minrhs, maxr hs ); CheckLhs(minlhs ,max lh s);

is to checkthattheScilabfunctionmatmul is calledwith acorrectnumberof RHSandLHS pa-
rameters.For instance,typing -->matmul(A) will giveanerrormessagemadeby CheckRhs .
ThefunctionCheckRhs justcomparestheCvariableRhs (transmittedin theincludefile stack-
c.h ) with theboundsminrhs andmaxrhs .
Thenext stepis to dealwith theScilabvariablesA, B andC. In a gateway function,all theScilab
variablesarereferredto asnumbers.Here,theScilabmatricesA, B andC arerespectively num-
bered1, 2 and3. Eachinput variableof thenewly createdScilabfunctionmatmul (i.e. A and
B) shouldbeprocessedby a call to GetRhsVar . Thefirst two parametersof GetRhsVar are
inputsandthelastthreeparametersareoutputs.Theline

GetRhsVar(1, "d", &m1, &n1, &l1);

meansthatweprocesstheRHSvariablenumbered1 (i.e. A). Thefirst parameterof GetRhsVar
(here1) refersto the first parameter(hereA) of the Scilab function matmul . This variableis
a Scilabnumericmatrix which shouldbe seen(”d”) asa double C array, sincethe C routine
matmul is expectinga double array. Thesecondparameterof GetRhsVar (here"d" ) refers
to the type(double,int, charetc)of thevariable. Fromthecall to GetRhsVar we know thatA
hasm1rows andn1 columns.
Theline

if (n1 !=m2 )
{Scierror(999," %s: Uncompatible dimensions\r\n ", fn ame);

return 0;}

is to makeareturnto Scilabif thematricesA andB passedto matmul haveuncompatibledimen-
sions.Thenumberof columnsof A shouldbeequalto thenumberof rows of B.
Thenext stepis to createtheoutputvariableC. This is doneby

CreateVar(3, "d", &m1, &n2, &l3);

Herewe createa variablenumbered3 (1 wasfor A and2 wasfor B). It is an arrayof double
("d" ). It hasm1rows andn2 columns.Thecalling sequenceof CreateVar is thesameasthe
calling sequenceof GetRhsVar , but thefour first parametersof CreateVar areinputs.

Thenext stepis thecall to matmul . Rememberthecallingsequence:



CHAPTER6. INTERFACING C OR FORTRAN PROGRAMSWITH SCILAB 107

void matmul(a,n,m,b, l, c)
double a[],b[],c[]; int n,m,l;

We mustsendto this function (double)pointersto thenumericdatain A, B andC. This is done
by :

matmul(stk(l1), m1, n1, stk(l2), n2, stk(l3));

Herestk(l1) is a doublepointerto thecontentof theA matrix. Theentriesof theA matrix are
storedcolumnwisein stk(l1)[0] , stk(l1)[1] etc. Similarly, after thecall to theC func-
tion matmul the (double)numbersstk(l3)[0] , stk(l3)[1] arethe valuesof the matrix
productA*B storedcolumnwiseascomputedby matmul . The last parameterof the functions
GetRhsVar andCreateVar is anoutputparameterwhich allow to accessthedatathrougha
pointer(herethedoublepointersstk(l1) , stk(l2) andstk(l3) .

Thefinal stepis to returntheresult,i.e. theCmatrix to Scilab. This is doneby

LhsVar(1) = 3;

This statementmeansthat the first LHS variableof the Scilabfunction matmul is the variable
numbered3.

Oncethegateway routineis written, it shouldbecompiled,linkedwith Scilabandascriptfile
shouldbeexecutedin Scilabfor loadingthenew function.

It is possibleto build a static or a dynamic library. The static library correspondingthe
the examplejust describedhereis built in the directorySCIDIR/examples/ in te rf ace -
tutorial andthedynamiclibrary isbuilt into thedirectorySCIDIR/example s/ in te rfa ce -
tutorial-so .

Static library

In thedirectorySCIDIR/examples /i nte rf ac e- tu tor ia l justenterthemake command
in an Unix platform or in the Windows environment with the Visual C++ environment enter
nmake /f Makefile.mak . Thiscommandproducesthefollowing file tutorial_gateway .c
which is aC functionproducedby theMakefile :

#include "mex.h"
extern Gatefunc intview;
extern Gatefunc intmatmul;

static GenericTable Tab[]={
{(Myinterfun)sci_gateway, intview,"error msg"},
{(Myinterfun)sci_gateway, intmatmul,"error msg"},

};

int C2F(tutorial_gateway)()
{ Rhs = Max(0, Rhs);
(*(Tab[Fin-1].f))(Tab[Fin-1].name,Tab[Fin-1].F );

return 0;
}

This functionis essentiallythetableof C functionswhicharedynamicallylinkedwih Scilab.
Thefollowing file tutorial.sce is alsoproducedby theMakefile :

scilab_functions =[...
"view";
"matmul";

];
auxiliary="";
files=G_make(["tutorial_gateway.o","tutorial.a ", auxiliary],"void(Win)");
addinter(files,"tutorial_gateway",scilab_funct ions);
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TheScilabfunctionaddinter makesthecorrespondancebetweentheC gateway functions
(suchasintmatmul ) andtheir namesasScilabfunctions.

To loadthenewly createdfunctionmatmul , onehasto executethis scriptandthenthefunc-
tion matmul canbecalledinto Scilab

-->exec tutorial.sce

-->A=rand(2,3);B =r and( 3, 3); C=matmul (A, B) ; //C=A*B

Summingup, to build an static interface,the userhasto write a gateway function suchas
intmatmul . ThenhehastoedittheMakefilein SCIDIR/example s/ in te rfa ce -t ut or ial
(or a copy of it) andto put therethe nameof his gateway function(s)(e.g. intmatmul.o ) in
thetargetCINTERFACEandthenameof thecorrespondingScilabfunction(e.g.matmul ) in the
targetCFUNCTIONSwith thesameordering.Typingmake producesthestaticlibrary andascript
file (heretutorial.sce ) whichshouldbeexecutedeachtimethenewly createdfunction(s)are
needed.Of course,it is possibleto performthis operationautomaticallywhenScilabis launched
by creatingastartupfile .scilab identicalto tutorial.sce .

Dynamic library

The directorySCIDIR/examples /in te rf ac e- tut or ia l- so containsthe materialnec-
essaryto createa dynamiclibrary (or a dll in theWindows environment)thatcanbedynamically
linkedwith Scilab. This directorycontainsthefollowing file calledbuilder.sce :

// This is the builder.sce
// must be run from this directory

ilib_name = "libtutorial" // interface library name
files = ["intview.o","intmatmul.o"] // objects files

//
libs = [] // other libs needed for linking
table = [ "view", "intview"; // table of (scilab_name,interface-name)

"matmul","intmatmul"]; //

// do not modify below
// ------------------------------------------- ---
ilib_build(ilib_name,table,files,libs)

Theusershouldedit thisfile, whichis aScilabscript,andin particularthevariablesfiles (arow
vectorof strings)anf table a two columnmatrix of strings. files shouldcontainthenames
of all theobjectfiles (gateway functionsandC functionscalled).Eachrow of table is a pair of
two strings: thefirst is thenameof theScilabfunction,andthesecondthenameof thegateway
function.Herewehave two functionsview whichhasintview asgatewayandmatmul which
hasintmatmul asgateway. This is theexamplegivenabove. After thefile builder.sce has
beenedited,it shouldbeexecutedin Scilabby thecommand

-->exec builder.sce

Scilabthengeneratesthefile loader.sce :

// generated by builder.sce
libtutorial_path =get _f il e_pat h( ’l oader .s ce ’) ;
functions=[ ’view’;

’matmul’;
];
addinter(libtuto ri al _pat h+’ /l ib tu to ria l. so ’, ’l ibt ut or ia l’ ,fu nc ti ons) ;
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This file shouldbeexecutedin Scilabto loadthenewly createdfunctionmatmul

-->exec loader.sce

-->A=rand(2,3);B =r and( 3, 3); C=matmul (A, B) ; //C=A*B

Summingup, to build a dynamic interface the userhas to write a gateway function (suchas
intmatmul ), thenhehasto edit thefile builder.sce (or acopy of it) to enterthenameof the
ScilabfunctionandthenecessaryC functions,thenhehasto executethescriptbuilder.sce .
This producethe dynamiclibrary and the script loader.sce . Then eachtime he needsthe
newly createdfunction(s),hehasto executethescript loader.sce .

6.2.3 Functions usedfor building an interface

The functionsusedto build an interfaceareFortransubroutineswhenthe interfaceis written in
FortranandarecodedasC macros(definedin stack-c.h ) whenthe interfaceis codedin C.
Themainfunctionsareasfollows:� CheckRhs(minrh s, maxrhs)

CheckLhs(minlh s, maxlhs)

FunctionCheckRhs is usedto checkthattheScilabfunctionis calledwith
minrhs <= Rhs <= maxrhs . FunctionCheckLhs is usedto checkthat the ex-

pectedreturnvaluesarein therange minlhs <= Lhs <= maxlhs . (Usuallyonehas
minlhs=1 sincea Scilabfunction canbe alwaysbe calledwith lesslhs argumentsthan
expected).� GetRhsVar(k,ct ,& mk,&n k, &l k)

Note thatk (integer) andct (string) areinputsandmk,nk and lk (integers)areoutputs
of GetRhsVar . This functiondefinesthetype(ct ) of input variablenumberedk , i.e. the
k th input variablein the calling sequenceof the Scilab function. The pair mk,nk gives
the dimensions(numberof rows and columns)of variablenumberedk if it is a matrix.
If it is a chain mk*nk is its length. lk is the adressof variablenumberedk in Scilab
internal stack. The type of variablenumberk , ct , shouldbe set to "d", "r", "i"
,"z" or "c" which standsfor double,float (real), integer, doublecomplex or character
respectively. The interfaceshouldcall functionGetRhsVar for eachof the rhs variables
of theScilabfunctionwith k=1, k=2,..., k=Rhs . Note that if theScilabargument
doesn’t matchthe requestedtype thenScilabentersanerror functionandreturnsfrom the
interfacefunction.� CreateVar(k,ct ,& mk,&n k, &l k)

Herek,ct,&mk,&nk areinputsof CreateVar andlk isanoutputof CreateVar . The
parametersareasabove. Variablenumberedk is createdin Scilabinternalstackat adress
lk . Whencalling CreateVar , k mustbegreaterthanRhs i.e. k=Rhs+1, k=Rhs+2,
... . If dueto memorylack, theargumentcan’t becreated,thena Scilaberror function is
calledandtheinterfacefunctionreturns.� CreateVarFromP tr (k ,ct ,& mk,& nk ,&l k)

Here k,ct,&mk,&nk,& lk are all inputs of CreateVarFromPt r and lk is pointer
createdby a call to a C function. This functionis usedwhena C objectwascreatedinside
theinterfacedfunctionanda Scilabobjectis to becreatedusingapointerto thisC object.
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Oncethe variableshave beenprocessedby GetRhsVar or createdby CreateVar , they
aregivenvaluesby calling oneor severalnumericalroutine. Thecall to thenumericalroutineis
donein sucha way thateachargumentof theroutinepointsto thecorrespondingScilabvariable.
Character, integer, real,doubleanddoublecomplex typevariablesarerespectively in thecstk ,
istk , sstk , stk , zstk Scilabinternalstackat theadresseslk ’s returnedby GetRhsVar or
CreateVar .

Then they are returnedto Scilabas lhs variables. The interfaceshoulddefinehow the lhs
(output)variablesarenumbered.This is doneby theglobalvariableLhsVar . For instance

LhsVar(1) = 5;
LhsVar(2) = 3;
LhsVar(3) = 1;
LhsVar(4) = 2;

meansthat the Scilab function hasat most 4 output parameterswhich are variablesnumbered
k= 5, k=3, k=1, k=2 respectively.

The functionssciprint(amessa ge) andError(k) areusedfor managingmessages
anderrors.

Otherusefulfunctionswhichcanbeusedarethefollowing.� GetMatrixptr(" Aname", &m, &n, &lp);

This function readsa matrix in Scilab internalstack. Aname is a characterstring, name
of a Scilabmatrix. Outputsareintegersm,n and lp , theentriesof thematrix areordered
columnwise.� ReadString("An ame" ,&n ,s tr )

This functionreadsastringin Scilabinternalstack.n is thelengthof thestring.

TheFortranfunctionshave thesamesyntaxandreturnlogical values.

6.2.4 Examples

Therearemany examplesof externalfunctionsinterfacedwith Scilabin thedirectoriesSCIDIR/examples /i nt er fac e-
tour and
SCIDIR/examples/ in te rf ac e-t our- so . Examplesaregivenin C andFortran.Thebest
way to build an interface is to copy one of the examplesgiven thereand to adaptthe codeto
particularneeds.

6.2.5 The addinter command

Oncethe interfaceprogramis written, it mustbe compiledto producean objectfile. It is then
linkedto Scilabby theaddintercommand.

Thesyntaxof addinteris thefollowing:
addinter([‘inter fa ce .o ’, ’userfiles.o’], ’e nt ryp t’ ,[ ’s ci fct s’ ])
Here interface.o is the objectfile of the interface,userfiles.o is the setof user’s

routinesto belinked,entrypt is theentrypointof theinterfaceroutineand’scifcts’ is thesetof
Scilabfunctionsto beinterfaced.
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6.3 Intersci

ThedirectorySCIDIR/examples /i nt er sci -e xa mple s-s o containsseveralexamplesfor
using intersci which is a tool for producinggateway routinesfrom a descriptorfile. Let us
describeasimpleexample,ex01 . Wewantto build aninterfacefor thefollowing C function:

int ext1c(n, a, b, c)
int *n;
double *a, *b, *c;

{
int k;
for (k = 0; k < *n; ++k)

c[k] = a[k] + b[k];
return(0);

}

This function just addsthe two real vectorsa andb with n entriesandreturnsthe result in c .
We wantto have in Scilaba functionc=ext1c(a,b) which performsthis operationby calling
ext1c . For that,we provide a .desc file, ex01fi.desc :

ext1c a b
a vector m
b vector m
c vector m

ext1c m a b c
m integer
a double
b double
c double

out sequence c
**************** ** ** ** *

This file in divided into threepartsseparatedby a blank line. The upperpart (four first lines)
describestheScilabfunctionc=ext1c(a,b) . Then(next fivelines)theC functionis described.
Thelast line of ex01fi.desc givesthenameof outputvariables.To run intersci with this
file asinputwe enterthecommand:

SCIDIR/bin/inter sc i- n ex01fi

Two files arecreated: ex01fi.c andex01fi_builder. sc e. Thefile ex01fi.c is theC
gateway functionneededfor interfacingext1c with Scilab. It is agatewayfile built asexplained
above (see6.2.2) :

#include "stack-c.h"

int intsext1c(fname)
char *fname;

{
int m1,n1,l1,mn1,m2,n2,l2,mn2,un=1,mn3,l3;
CheckRhs(2,2);
CheckLhs(1,1);
/* checking variable a */
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GetRhsVar(1,"d",&m1,&n1,&l1);
CheckVector(1,m1,n1);
mn1=m1*n1;
/* checking variable b */
GetRhsVar(2,"d",&m2,&n2,&l2);
CheckVector(2,m2,n2);
mn2=m2*n2;
/* cross variable size checking */
CheckDimProp(1,2,m1*n1 != m2*n2);
CreateVar(3,"d",(un=1,&un),(mn3=mn1,&mn3),&l3 );/* named: c */
C2F(ext1c)(&mn1,stk(l1),stk(l2),stk(l3));
LhsVar(1)= 3;
return 0;

}

Thefile ex01fi_builder.s ce is thefollowing :

// generated with intersci
ilib_name = ’libex01fi’// interface library name

table =["ext1c","int se xt 1c" ];
ilib_build(ilib_ name,t able, fi le s, li bs) ;

This builder file is to be executedby Scilabafter thevariablesfiles and libs have been
set:

-->files = [’ex01fi.o’ , ’ex01c.o’];
-->libs = [] ;
-->exec ex01fi_builder .s ce

A dynamiclibrary is thencreatedaswell asafile loader.sce . Executingloader.sce loads
thelibrary into Scilabandexecutestheaddinter commandto link thelibrary andassociatethe
nameof thefunctionext1c to it. Wecanthencall thenew function;

-->exec loader.sce
-->a=[1,2,3];b=[ 4, 5, 6] ; c=ext1c(a,b);

To useintersci onehasto constructa .desc file. Thekeywordswhich describetheScilab
functionandthefunctionto becalledcanbefoundin theexamplesgiven.

6.4 Ar gument functions

Somebuilt-in nonlinearsolvers,suchasode or optim , requirea specificfunctionasargument.
For instancein theScilabcommandode(x0,t0,t,fy dot) , fydot is thespecificargument
functionfor theode primitive. ThisfunctioncanbeaeitherScilabfunctionoranexternalfunction
written in C or Fortran. In bothcases,theargumentfunctionmustobey a specificsyntax. In the
following we will consider, as running example,using the ode primitive with a rhs function
written in Fortran.Thesamestepsshouldbefollowedfor all primitiveswhich requirea function
asargument.

If theargumentfunctionis written in C or Fortran,therearetwo waysto call it:� -Usedynamiclink

-->link(’myfyd ot .o ’,’ myfy dot’ )
//or -->link(’myfydot .o ’, ’m yf ydo t’ ,’ C’ )
-->ode(x0,t0,t ,’ myfyd ot ’)
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� -UsetheEx-ode.f interfacein theroutines/defau lt directory(andmake all in
Scilabdirectory).Thecall to theode functionis asabove:

-->ode(x0,t0,t ,’ myfyd ot ’)

In this lattercase,to addanew function,two files shouldbeupdated:� The Flist file: Flist is list of entry points. Justaddthe nameof your function at in the
appropriatelist of functions.

ode_list= ... myfydot� TheEx-ode.f (or Ex-ode-more.f ) file: thisfile containsthesourcecodefor argument
functions.Add your functionhere.

Many exemplesareprovided in the default directory. More complex examplesarealso
given.For instanceit is shown how to useScilabvariablesasoptionalparametersof fydot .

6.5 Mexfiles

ThedirectoriesunderSCIDIR/examples /mex fil es containsomeexamplesof Matlabmex-
files which canbeusedasinterfacesin theScilabenvironment.TheScilabmexlib library em-
ulatesthemostcommonlyusedMatlabmxfunctions suchasmxGetM, mxGetPr , mxGetIr
etc. Not all themxfunctions areavailablebut standardmexfiles which make useof matrices
(possiblysparse),characterstringsandn-dimensionalarrayscanbeusedwithoutany modification
in theScilabenvironment.

6.6 Maple to Scilab Interface

To combinesymbolic computationof the computeralgebrasystemMaple with the numerical
facilities of Scilab,Maple objectscanbe transformedinto Scilabfunctions. To assureefficient
numericalevaluationthis is donethroughnumericalevaluationin Fortran. Thewholeprocessis
doneby a Mapleprocedurecalledmaple2scilab .

6.7 Maple2scilab

Theproceduremaple2scilab convertsaMapleobject,eitherascalarfunctionor amatrix into
a Fortransubroutineandwrites theassociatedScilabfunction. Thecodeof maple2scilab is
in thedirectorySCIDIR/maple .

Thecallingsequenceof maple2scilab is asfollows:
maple2scilab(fun ct io n- name,obje ct ,a rgs )� Thefirst argument,function-name is anameindicatingthefunction-namein Scilab.� The secondargumentobject is the Maple nameof the expressionto be transferredto

Scilab.� The third argumentis a list of argumentscontainingthe formal parametersof the Maple-
objectobject .
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When maple2scilab is invoked in Maple, two files are generated,one which containsthe
FortrancodeandanotherwhichcontainstheassociatedScilabfunction.Asidetheirexistence,the
userhasnot to know abouttheir contents.

TheFortranroutinewhich is generatedhasthefollowing callingsequence:
<Scilab-name>(x1 ,x 2, .. ., xn, matr ix )
andthis subroutinecomputesmatrix(i,j) asa functionof theargumentsx1,x2,...,xn . Each
argumentcan be a Maple scalaror array which shouldbe in the argumentlist. The Fortran
subroutineis put into a file named<Scilab-name>.f , the Scilab-functioninto a file named
<Scilab-name>.sc i . For numericalevaluationin Scilabtheuserhasto compiletheFortran
subroutine,to link it with Scilab(e.g. Menu-baroption’ link ’) andto loadtheassociatedfunc-
tion (Menu-baroption ’getf ’). Informationaboutlink operationis given in Scilab’s manual:
Fortranroutinescanbeincorporatedinto Scilabby dynamiclink or throughtheEx-fort.f file
in thedefault directory. Of course,this two-stepprocedurecanbeautomatizedusinga shell-
script(or usingunix in Scilab).Maple2scilabusesthe“Macrofort” library which is in theshare
library of Maple.

6.7.1 Simple ScalarExample

Maple-Session

> read(‘maple2scil ab.maple‘ ):
> f:=b+a*sin(x);

f := b + a sin(x)

> maple2scilab(’f_ m’ ,f ,[ x,a ,b ]) ;

Herethe Maple variablef is a scalarexpressionbut it could be alsoa Maple vectoror matrix.
’f_m’ will be the nameof f in Scilab (note that the Scilabnameis restrictedto containat

most6 characters).The proceduremaple2scilab createstwo files: f_m.f and f_m.sci
in the directory whereMaple is started. To specify anotherdirectory just definein Maple the
path: rpath:=‘ /work /‘ ; thenall files arewritten in thesub-directorywork . Thefile f_m.f
containsthesourcecodeof astandaloneFortranroutinewhich is dynamicallylinkedto Scilabby
thefunction f_m in definedin thefile f_m.sci .

Scilab Session

-->unix(’make f_m.o’);

-->link(’f_m.o’, ’f _m’) ;

linking _f_m_ defined in f_m.o

-->getf(’f_m.sci ’, ’c ’)

-->f_m(%pi,1,2)
ans =

2.
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6.7.2 Matrix Example

This is anexampleof transferringaMaplematrix into Scilab.

Maple Session

> with(linalg):rea d( ‘m aple2 sc il ab.mapl e‘ ):

> x:=vector(2):par := ve ct or( 2) :

> mat:=matrix(2,2, [x [1 ]ˆ 2+par [1 ], x[ 1]* x[ 2] ,p ar [2] ,x [2 ]] );

[ 2 ]
[ x[1] + par[1] x[1] x[2] ]

mat := [ ]
[ par[2] x[2] ]

> maple2scilab(’ma t’ ,mat ,[x ,p ar ]) ;

Scilab Session

-->unix(’make mat.o’);

-->link(’mat.o’, ’m at ’)

linking _mat_ defined in mat.o

-->getf(’mat.sci ’, ’c ’)

-->par=[50;60];x =[ 1; 2] ;

-->mat(x,par)
ans =

! 51. 2. !
! 60. 2. !

Generatedcode Below is the code(FortransubroutinesandScilabfunctions)which is automatically
generatedby maple2scilab in thetwo precedingexamples.

Fortran routines

c
c SUBROUTINEf_m
c

subroutine f_m(x,a,b,fmat)
doubleprecision x,a,b
implicit doubleprecision (t)
doubleprecision fmat(1,1)
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fmat(1,1) = b+a*sin(x)
end

c
c SUBROUTINEmat
c

subroutine mat(x,par,fmat)
doubleprecision x,par(2)
implicit doubleprecision (t)
doubleprecision fmat(2,2)

t2 = x(1)**2
fmat(2,2) = x(2)
fmat(2,1) = par(2)
fmat(1,2) = x(1)*x(2)
fmat(1,1) = t2+par(1)

end

Scilab functions

function [var]=f_m(x,a,b)
var=call(’f_m’,x,1,’d’,a,2,’d’,b,3,’d ’,’out ’,[1, 1],4, ’d’)

function [var]=fmat(x,par)
var=call(’fmat’,x,1,’d’,par,2,’d’,’ou t’,[2, 2],3, ’d’)
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