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-=>//

simple rectangle

-->xrect(0,1,3,1)

-=>//

filling a rectangle

-->xfrect(3.1,1,3,1)

-=>//

writing in the rectangle

-->xstring(0.5,0.5,"xrect(0,1,3,1)")
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Chapter 1

Intr oduction

1.1 What is Scilab

DevelopedatINRIA, Scilabhasbeendevelopedfor systemcontrolandsignalprocessin@pplica-
tions. It is freely distributedin sourcecodeformat(seethe copyright file).

Scilabis madeof threedistinctparts:aninterpreterlibrariesof functions(Scilabprocedures)
andlibrariesof FortranandC routines.Theseroutines(which, strictly speakingdo not belongto
Scilabbut areinteractiely calledby theinterpreterjareof independeninterestandmostof them
areavailablethroughNetlib. A few of themhave beenslightly modifiedfor bettercompatibility
with Scilabsinterpreter

A key featureof the Scilabsyntaxis its ability to handlematrices:basicmatrix manipulations
suchasconcatenationextractionor transposeareimmediatelyperformedaswell asbasicopera-
tions suchasadditionor multiplication. Scilabalsoaimsat handlingmore complex objectsthan
numericalmatrices.For instance control peoplemay wantto manipulaterationalor polynomial
transfemrmatrices.Thisis donein Scilabby manipulatingists andtypedlists which allows a natu-
ral symbolicrepresentationf complicatednathematicabbjectssuchastransferfunctions,linear
systemsr graphs(seeSection2.7).

Polynomials polynomialsmatricesandtransfermatricesarealsodefinedandthe syntaxused
for manipulatingthesematricesis identical to that usedfor manipulatingconstantvectorsand
matrices.

Scilabprovidesa variety of powerful primitivesfor the analysisof non-linearsystems.Inte-
grationof explicit andimplicit dynamicsystemsanbe accomplisheshumerically Thescicos
toolboxallows the graphicdefinitionandsimulationof comple interconnectedhybrid systems.

Thereexist numericaloptimizationfacilitiesfor nonlinearoptimization(including nondiffer-
entiableoptimization),quadraticoptimizationandlinearoptimization.

Scilab hasan openprogrammingervironmentwherethe creationof functionsandlibraries
of functionsis completelyin the handsof the user(seeChapter3). Functionsarerecognizedas
dataobjectsin Scilaband,thus,canbe manipulatedr createdasotherdataobjects.For example,
functionscanbe definedinside Scilabandpassedsinput or outputagumentsof otherfunctions.

In additionScilabsupportsa charactestring datatypewhich, in particular allows the on-line
creationof functions. Matricesof charactesstringsarealsomanipulatedwvith the samesyntaxas
ordinarymatrices.

Finally, Scilabis easilyinterfacedwith Fortranor C subprograms.This allows useof stan-
dardizedpackagesndlibrariesin theinterpretecervironmentof Scilab

Thegeneraphilosophyof Scilabis to provide thefollowing sortof computingernvironment:
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To have datatypeswhich arevariedandflexible with a syntaxwhichis naturalandeasyto
use.

To provide areasonablsetof primitiveswhich serne asa basisfor awide variety of calcu-
lations.

To have anopenprogrammingervironmentwherenew primitivesareeasilyadded A useful
tool distributedwith Scilabis intersci whichis atool for building interfaceprogramgo
addnew primitivesi.e. to addnenv modulesof Fortranor C codeinto Scilab

To supportlibrary developmentthrough*“toolboxes” of functionsdevotedto specificappli-
cations(linearcontrol, signalprocessingnetwork analysis nhon-linearcontrol, etc.)

Theobjectie of this introductionmanualis to give theuseranideaof whatScilabcando. On
line documentatiorn all functionsis available(help command).

1.2

Software Organization

Scilabis divided into a setof directories. The main directory SCIDIR containsthe following
files: scilab.star (startupfile), the copyright file notice.tex , andtheconfigure files
(seel.3)). Thesubdirectoriegrethefollowing:

bin isthedirectoryof theexecutabldiles. Thestartingscriptscilab  onUnix/Linux sys-
temsandrunscilab.exe on Windows95/NT, The executablecodeof Scilab: scilex
onUnix/Linux systemsandscilex.exe onWindows95/NTarethere.Thisdirectoryalso
containsShellscriptsfor managingor printing PostscriptATEX files producedoy Scilab

demos is thedirectoryof demos.Thisdirectorycontainghecodescorrespondingo various
demos.They areoften usefulfor inspiring new users.Thefile alldems.dem is usedby
the“Demos” button. Mostof plot commandsreillustratedby simpledemoexamples.Note
thatrunninga graphicfunctionwithoutinput parameteprovidesanexampleof usefor this
function(for instanceplot2d()  displaysanexamplefor usingplot2d  function).

examples containsuseful examplesof how to link external programsto scilab, using
dynamiclink or intersci

doc is the directory of the Scilab documentation:ATeX , dvi and Postscriptfiles. This
documentatiorns SCIDIR/doc/intr o/ in tro .t ex.

geci containssourcecodeandbinariesfor GeClwhich is aninteractve communication
managecreatedn orderto managaemoteexecutionsof softwaresandallow exchange®f
messagebeetwernthoseprograms. It offers the possibility to exploit numerousmnachines
on a network, asa virtual computer by creatinga distributed group of independensoft-
wares(help communications for adetaileddescription).GeClis usedfor thelink of
Xmetanetwith Scilab

pvma3 containssourcecodeandbinariesof the PVM version3 which is anotherinteractve
communicatiormanager

imp is thedirectoryof theroutinesmanaginghe Postscripfiles for print.

libs containghe Scilablibraries(compiledcode).
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e macros containsthe librariesof functionswhich areavailableon-line. New librariescan
easilybeaddedseethe Makefile). Thisdirectoryis dividedinto anumberof subdirectories
which contain“Toolboxes” for control, signalprocessingetc... Strictly speakingScilabis
not organizedin toolboxes: functionsof a specificsubdirectorycancall functionsof other
directoriesso,for example thesubdirectorysignal is notself-containedut its functions
areall devotedto signalprocessing.

e manis the directorycontainingthe manualdivided into submanualsgorrespondingdo the
on-linehelpandto a IATEX formatof the referencenanual. The IATEX codeis producedby
atranslatiorof the Unix formatScilabmanual(seethesubdirectorySCIDIR/man ). To get
informationaboutanitem, oneshouldenterhelp item in Scilabor usethe helpwindow
facility obtainedwith help button. To getinformation correspondingo a key-word, one
shouldenterapropos key-word oruseapropos in thehelpwindow. All theitem s
andkey-words known bythehelp andapropos commandsrein.cat andwhatis
fileslocatedin theman subdirectories.

To addnew itemsto thehelp andapropos commandgshe usercanextendthelist of di-
rectoriesavailableto thehelpbrowserby adaptinghevariable%helps . SeetheREADME
file in themandirectoryandtheexamplegivenin examples/man-e xampl es directory

¢ maple isthedirectorywhich containsthe sourcecodeof Maplefunctionswhich allow the
transferof Maple objectsinto Scilabfunctions. For efficiencgy, thetransferis madethrough
Fortrancodegeneratiorwhichis dynamicallylinkedto Scilab

e routines is a directory which containsthe sourcecodeof all the numericalroutines.
Thesubdirectorydefault  isimportantsinceit containghe sourcecodeof routineswhich
arenecessaryo customizeScilab In particularusers C or Fortranroutinesfor ODE/DAE
simulationor optimizationcanbeincludedhere(they canbealsodynamicallylinked).

e examples containsexamplesof specifictopics. It is shavn in appropriatesubdirecto-
rieshow to addnew C or Fortranprogramto Scilab(seeaddinter-tutori al ). More
comple 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

e intersci containsa programwhich canbe usedto build interface programsfor adding
new Fortranor C primitivesto Scilab This programis executedby theintersci script
in thebin/intersci directory

e scripts  is thedirectorywhich containsthe sourcecodeof shell scriptsfiles. Note that
thelist of printersnamesknown by Scilabis definedthereby anervironmentvariable.

e tests : this directorycontainsevaluationprogramsfor testingScilabs installationon a
machine.Thefile “demos.tst'testsall thedemos.

e wless, xless istheBerkeley file brovsingtool

e xXmetanet 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/NT systemsandsereral pop-
ular Unix/Linux-XWindow systemsarealsoavailable: DecAlpha (OSFV4), DecMips (ULTRIX
4.2), SunSparcstations(Sun0S), SunSparcstations(SunSolaris),HP9000(HP-UX V10), SGI
Mips Irix, PCLinux. All of thesebinariesversionsincludetk/tcl interface.

Theinstallationrequirementsrethefollowing :

- for the sourceversion: Scilabrequiresapproximatelyl30Mb of disk storageto unpackand
install (all sourcesncluded). You needX Window (X11R4,X11R50r X11R6,C compilerand
Fortrancompiler(e.g.f2c or g77or Visual C++ for Windows systems).

- for the binary version: the minimum for running Scilab (without sources)s about40 Mb
whendecompressedlheseversionsare partially staticallylinked andin principle do notrequire
afortrancompiler

Scilabusesa large internal stackfor its calculations. This size of this stackcanbe reduced
or enlagedby the stacksize . command.The default dimensionof the internalstackcanbe
adaptedby modifying thevariablenewstacksize  in thescilab.star script.

- For moreinformationon theinstallation,pleasdook atthe README files

1.4 Documentation

The documentatioris madeof this Users guide (Introductionto Scilab)andthe Scilabon-line
manual.Therearealsoreportsdevotedto specifictoolboxes: Scicos(graphicsystembuilder and
simulator), Signal (Signal processingoolbox), Lmitool (interfacefor LMI problems),Metanet
(graphandnetwork toolbox). An FAQ is availableat Scilabhomepage:

(http://www-rocq. in ria .f r/ scil ab).

1.5 Scilabat a Glance. A Tutorial

1.5.1 Getting Started

Scilabis calledby runningthescilab  scriptin thedirectorySCIDIR/bin  (SCIDIR denotes
the directorywhereScilabis installed). This shell scriptrunsScilabin an Xwindow ernvironment
(this scriptfile canbeinvoked with specificparametersuchas-nw for “no-window”). You will
immediatlygetthe Scilabwindow with thefollowing bannerandpromptrepresentetly the-->

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

Startup  execution:
loading initial environment
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>

A first contactwith Scilabcanbe madeby clicking on Demoswith theleft mousebuttonand
clicking thenon Introduction to SCILAB : theexecutionof the sessions thendoneby
enteringemptylinesandcanbe stoppedwith the buttonsStop andAbort .

Severallibraries(seethe SCIDIR/scilab. st ar file) areautomaticallyloaded.

To givetheuseranideaof someof the capabilitiesof Scilabwewill givelaterasamplesession
in Scilab

1.5.2 Editing acommandline

Beforethe samplesessionyve briefly presenthow to edita commandine. You canenteracom-
mandline by typing afterthe promptor clicking with the mouseon a parton awindow andcopy
it atthe promptin the Scilabwindow. The pointermay be moved usingthe directionnalarravs
(<—I—>). For Emacscustomersthe usualEmacscommandsare at your disposalfor modifying
acommandCtrl-<chr> meanshold the CONTROL key while typing the charactex chr>), for
example:

Ctrl-p recallpreviousline

e Ctrl-nrecallnext line

e Ctrl-b move backward onecharacter
e Ctrl-f move forward onecharacter

e Deletedeletepreviouscharacter

e Ctrl-h deletepreviouscharacter

e Ctrl-d deleteonecharactefat cursor)
¢ Ctrl-amoveto beginningof line

e Ctrl-emoveto endof line

e Ctrl-k deleteto theendof theline

e Ctrl-u cancelcurrentline

¢ Citrl-y yankthetext previously deleted
e Iprev recallthelastcommandine which beginsby prev

e Ctrl-cinterruptScilabandpauseafter carriagereturn. Clicking on the Control/stopbutton
entersa Ctrl-c.

As saidbeforeyou canalsocutandpasteusingthe mouse . Thisway will beusefulif youtype
yourcommandsn aneditor Anotherwayto “load” files containingScilabstatementss available
with the File/File Operations  button.
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1.5.3 Buttons

The Scilabwindow hasthefollowing Control buttons.

¢ Stopinterruptsexecutionof Scilabandentersn pause mode

e Resumeontinuesxecutionafterapause enterecasacommandn afunctionor generated
by the Stop buttonor ControlC.

e Abort abortsexecutionafterone(or several) pause , andreturnsto top-level prompt

e Restariclearsall variablesandexecutesstartupfiles

e QuitquitsScilab

¢ Kill kills Scilabshellscript

e Demosfor interactve run of somedemos

¢ File Operationdacility for loadingfunctionsor datainto Scilab,or executingscriptfiles.

e Help: invokes on-line help with the tree of the manandthe namesof the corresponding
items. It is possibleto typedirectlyhelp  <item> in the Scilabwindow.

e GraphicWindow : selectactive graphicwindow

New buttonscanbe addedby theaddmenu command Notethatthe command:
SCIDIR/bin/scila b -nw
invokes Scilabin the“no-window” mode.

1.5.4 Customizingyour Scilab- Unix only

The parametersf the differentwindows openedby Scilabcanbe easilychanged.The way for
doingthatis to edit thefiles containedn the directoryX11-defaults . Thefirst possibilityis
to directly customizethesefiles. Anotherway is to copy theright lineswith the modificationsin
the .Xdefaults file of thehomedirectory Thesemodificationsareactivatedby startingagain
Xwindow or with thecommandxrdb .Xdefaults . Scilabwill readthe .Xdefaults file:
thelinesof thisfile will cancelandreplacethe correspondindinesof X11-defults.

A simpleexample:

Xscilab.color*Sc roll bar. backgro und: red
Xscilab*vpane.he ig ht : 500
Xscilab*vpane.wi dt h: 500

in .Xdefaults will changethe 500x650window to a squarewindow of 500x500andthe
scrollbarbackgroundolor changesrom greento red.
An importantparametefor customizingScilabis stacksize  discussedn 1.3
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1.5.5 SampleSessiorfor Beginners

We presennow somesimplecommandsAt the carriagereturnall thecommanddypedsincethe
lastpromptareinterpreted.

-->a=1;
-->A=2:

-->a+A
ans =

3.
-->/[Two commands on the same line

_>c=[1 2];b=15
b =

1.5
-->/[A command on several lines

~->u=1000000*(a*  si n(A))" 2+. ..

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

81268.994

Givethevaluesof 1 and2 to thevariablesa and A. Thesemi-colorattheendof thecommand
suppressethe displayof the result. Note that Scilabis case-sensite. Thentwo commandsare
processe@ndthe secondesultis displayedbecausét is not followed by a semi-colon.The last
commandshavs how to write a commandon several lines by using“... ”. This signis only
neededn the on-linetyping for avoiding the effect of the carriagereturn. Thechainof characters
whichfollow the// is notinterpretedit is acommentine).

-->a=1;b=1.5;

-->2*a+b"2
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 SClI %F %T %z %s
%nan %inf $ %t %f %eps %io
%i %e
using 4997 elements out of 1000000.

and 43 variables out of 1791

We getthelist of previously definedvariablesa b ¢ Atogethemwith theinitial environment
composeaf thedifferentlibrariesandsomespecific*permanent’variables.

Below is an exampleof an expressionwhich mixes constantswith existing variables. The
resultis retainedn the standarddefault variableans .

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

-->W(1,1)
ans =

! 0.2113249 0.0002211

-->W(, I
ans =

! 0.2113249 0.0002211
! 0.7560439 0.3303271

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

0.6283918

0.6653811 !

0.6653811 !
0.6283918 !

Definingl , avectorof indices,Warandom2 x 4 matrix, andextractingsubmatricesrom W
The$ symbolstandgor thelastrow or lastcolumnindex of amatrix or vector Thecolonsymbol

standdor “all rows” or “all columns”.
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-->sqrt([4 -4])
ans =

! 2. 2 !

Calling afunction(or primitive) with avectoragument.Theresponsés a comple vector

-->p=poly([1 2 3],z coeff’ )
p =
2
1+ 2z + 3z
-->[lp is the polynomial in z with coefficients 1,2,3.

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

-->s=poly(0,’s’) p =1+2*s +5” 2
p =

2
1+ 2s + s

A morecomplicateccommandvhich creates polynomial.

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

M =
I 2 21
! 1+ 2s + s 2s + s |
I !
I 2 !
! 2 + 25 + s 2 !
-->det(M)
ans =
2 3 4

2 -4 - 4s - s
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Definition of a polynomial matrix. The syntaxfor polynomial matricesis the sameas for
constanimatrices.Calculationof the determinanbf the polynomialmatrix by thedet function.

—->F=[1/s (s+1)/(1-s)
> slp : s2 ]
F =
| 1 1 +s !
| S I
| S 1- s !
| I
| 2 !
| S S !
L . I
| 2 !
I 1+ 2s + s 1 !
-->F.num
ans =
I 1 1 +s |
! !
I 2 !
! s s !
-->F.den
ans =
] S 1- s !
! !
! 2 !
! 1+ 2s +s 1 !
-->F.num(1,2)
ans =

1 + s

Definition of a matrix of rationalpolynomials.(Theinternalrepresentationf F is a typedlist
of theform tlist('the type’,num,den) wherenumandden aretwo matrix polynomi-
als). Retrieving the numeratoanddenominatomatricesof F by extractionoperationsn atyped
list. Lastcommands thedirectextractionof entry1,2 of thenumeratomatrix F.num .
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-->pause
-1->pt=return(s* p)

__>pt
pt =

2 3
S + 25 + s

Herewe move into a new ervironmentusing the commandpause andwe obtainthe nev
prompt-1-> which indicatesthe level of the newv ervironment(level 1). All variablesthatare
available in the first ervironmentare also available in the new ernvironment. Variablescreated
in the new environmentcan be returnedto the original environmentby usingreturn . Useof
return  without an agumentdestrys all the variablescreatedin the new ernvironmentbefore
returningto the old ervironment. Thepause facility is very usefulfor dehuggingpurposes.

->F21=F(2,1);v= 0: 0. 01:%pi; fr equencies =exp (%i* V);
-->response=freq (F21.n umF2 1. den, fr equenci es);
-->plot2d(v,abs( re sponse),s tyle=-1,rect=[0,0,3.5, 0. 7] nax=[5,4,5,7]) ;

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

Definition of a rational polynomialby extractionof an entry of the matrix F definedabove.
This is followed by the evaluationof the rationalpolynomialat the vectorof comple frequenyg
valuesdefinedby frequencies . Theevaluationof therationalpolynomialis doneby theprimi-
tivefreq . F12.num isthenumeratopolynomialandF12.den isthedenominatopolynomial
of the rational polynomial F12. Note that the polynomial F12.num can be also obtainedby
extractionfrom the matrix F usingthe syntaxF.num(1,2) . Thevisualizationof the resulting
evaluationis madeby usingthebasicplot commandlot2d (seeFigurel.l).

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

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

The functionhorner performsa (possiblysymbolic) changeof variablesfor a polynomial
(for example,hereto performthe bilineartransformatiorf(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 |
I e |
! 1+ s 1+s |

Definition of alinearsystemin state-spaceepresentationThefunctionsyslin  defineshere
the continuoustime ('c’ ) systemSI| with state-spacenatrices(A,B,C ). The function ss2tf
transformsS| into transfemrmatrix representation.

-->s=poly(0,’s") ;
-->R=[1/s,s/(1+s ), s" 2]

R =

I 2!
I 1 S s |
— -
I S 1+ s 1 !
-->Sl=syslin(’c’ R);
-->tf2ss(Sl)

ans =
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ans(1) (state-space system:)

llss A B C D X0 dt !

ans(2) = A matrix =
- 05 - 05!
Il - 05 - 05!

ans(3) = B matrix =
Fo- 1. 1. 0. !
! 1. 1. 0. !

ans(4) = C matrix =
- 1. - 6.836D-17 !

ans(5) = D matrix =
! 2!
! 0 1 s !

ans(6) = XO (initial state) =
! 0. !
I 0. !

ans(7) = Time domain =

Definition of the rationalmatrix R. Sl is the continuous-timdinear systemwith (improper)
transfermatrix R. tf2ss  putsSI in state-spaceepresentatiowith a polynomialD matrix. Note
thatlinearsystemsarerepresentetly specifictypedlists (with 7 entries).

-->s|1=[SI;2*SI+ eye()]
sl1 =
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| 2!
I 2 +s 2s 2s |
L -
I S 1+ s 1 !
-->size(sll)

ans =
! 2. 3. !
-->size(tf2ss(sl 1))

ans =
I 2 3. !

sl1 isthelinearsystemin transfematrixrepresentationbtainedy theparallelinter-connection
of SI and2*SlI +eye() . Thesamesyntaxis valid with Sl in state-spacespresentation.

-->function Cl=compen(SI,Kr ,K0)

-->  [AB,C,D]=abcd( SI);

-->  Al=[A-B*Kr ,B*Kr; 0*A ,A-Ko*C]; Id=eye(A);
--> B1=[B; 0*B];

-->  C1=[C ,0*C];Cl=syslin( 'c’, ALB1,C1)
-->endfunction

On-linedefinitionof afunction,calledcompen whichcalculateshestatespacaepresentation
(Cl) of alinearsystem(Sl ) controlledby anobsenerwith gainKo anda controllerwith gainKr .
Notethatmatricesareconstructedn block form usingothermatrices.

-->A=[1,1 ;0,1];B=[0;1]; C=[1,0];Sl=sysli n('c’, AB,C),

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

-->Aclosed=CI.A, spec(Acl osed)
Aclosed

o whko
Ll

cokrpk
cowpk
1
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ans =
! - 1.0000000 !
Fo- L !
- 1+ !
-1 - !

Call to the functioncompen definedabore wherethe gainswere calculatedby a call to the
primitive ppol which performspoleplacementTheresultingAclosed matrixis displayedand
the placemenof its polesis checled usingthe primitive spec which calculateghe eigevalues
of amatrix. (The functioncompen is definedhereon-line by asan exampleof function which
receve alinearsystem(Sl ) asinputandreturnsa linearsystem(Cl ) asoutput.In generalScilab
functionsaredefinedin files andloadedin 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 the Unix ervironment.

-->foo=['void foo(a,b,c)’;

> 'double  *a,*b,*c;’
> { ¢ =*a + *b}]
foo =

lvoid foo(a,b,c)
!

]
I !
Idouble  *a,*b,*c; !
! ]
{ *c =*a + *bj} !

->/[A 3 x 1 matrix of strings
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-->write('foo.c’ ,f 00); //Editing
-->unix_s('make f00.0") //Compiling
-->link(’foo.0’, f oo’, 'C’); [//IDynamic link
linking files

foo.0

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 lus(a,b)’,.

--> 'c=call("foo’ a1l d” b2 d " out” [ 1,1]1,3,7 d7) )

-->myplus(5,7)
ans =

12.
Definition of a columnvectorof characterstringsusedfor defininga C functionfile. The

routineis compiled(needsa compiler),dynamicallylinkedto Scilabby thelink commandand
interactvely calledby thefunctionmyplus .

-->function ydot=f(t,y),ydo t=[a-y (2)Y (2) -1;1 O0OJ]*y,endfunctio n

-->a=1;y0=[1;0]; t0 =0;i nstan ts =0:0 .0 2:2 O;
-->y=0de(y0,t0,i nsta nt s, f);
-->plot2d(y(1,:) @2, ) style=-1,rect=[- 3,-3,3,3] ,nax=[10,2, 10,2])
-->xtitle("Van der Pol)
Definition of a function which calculatesa first order vector differential f(t,y) . Thisis

followedby thedefinitionof theconstanta usedin thefunction. Theprimitive ode thenintegrates
thedifferentialequationdefinedby the Scilabfunctionf(t,y) fory0=[1;0] att=0 andwhere
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the solutionis givenatthetime valuest = 0,.02,.04, ..., 20. (Functionf canbedefinedasaC
or Fortranprogram). Theresultis plottedin Figure 1.2 wherethe first elementof the integrated
vectoris plottedagainsthe seconcelementf this vector

-->m=['a’ ‘'cos(b)’;’sin( a)y 'c]

m =

la cos(b) !

| |

Isin(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=[I;

--> for =1,

> t=’ ’;

--> for k=1:m;

-->if k>1 then

—> Eee(raik) ) (b )F )
-->else

> =0 +alkl) 0+ + bk )
-->end

--> end

> y=[y:t]

--> end

~> X=X Y]

--> end

-->endfunction

-->m*m’
ans =

I(a)*(a)+(cos(b) )* (cos(b)) (a)(sin(a))+( cos( b)) *(c) !
! !

(sin(@)*(@)+(c )* (cos(b))  (sin(@))*(sin( a))+(c) *(c) !

Definition of a matrix containingcharacterstrings. By default, the operationof symbolic
multiplication of two matricesof charactestringsis notdefinedin Scilab However, the (on-line)
function definition for %cmcdefinesthe multiplication of matricesof characterstrings. The %
which beginsthefunctiondefinitionfor %cmcallows the definition of anoperatiorwhich did not
previously exist in Scilab,andthe namecmc means‘chain multiply chain”. This exampleis not
very useful:it is simply givento shav how opeiationssuchas* canbe definedon comple data
structuredy meanof scpecificScilabfunctions.
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-->function y=calcul(x,meth od), z=meho d( x) ,y =poly (z,; X ), endfu ncti on
-->function z=meth1(x),z=Xx, endf unct ion
-->function z=meth2(x),z=2* X, endf uncti on
-->calcul([1,2,3 ], meh 1)
ans =
2 3

- 6 + 11x - 6x + X

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

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

A simpleexamplewhich illustratesthe passingof a function asan argumentto anotherfunc-
tion. Scilabfunctionsare objectswhich may be defined,loaded,or manipulatedasotherobjects
suchasmatricesor lists.

-->quit

Exit from Scilab
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Chapter 2

Data Types

Scilabrecognizesereral datatypes. Scalarobjectsare constantsbooleanspolynomials,strings
and rationals(quotientsof polynomials). Theseobjectsin turn allow to define matriceswhich
admitthesescalarsasentries.Otherbasicobjectsarelists, typed-listsandfunctions.Only constant
andboolearsparsamatricesaredefined.Theobjective of thischapteiis to describéheuseof each
of thesedatatypes.

2.1 SpecialConstants

Scilab provides specialconstant$bi, %pi, %e and %eps as primitives. The %i constantrep-
resentsy/—1, %pi is m = 3.1415927 - - - , %eis the trigonometricconstante = 2.7182818---,
and%epsis a constantepresentinghe precisionof the maching(%eps is the biggestnumberfor
which 1+ %eps = 1). %inf and%nanstandfor “Infinity” and“NotANumber” respectrely. %s

is the polynomials=poly(0,’s’) with symbols.
(More generallygivenavectorrts , p=poly(rts,’x’ ) definesthe polynomialp(x) with
variablex andsuchthatroots(p) =rts ).

Finally booleanconstantsare%t and%f which standfor “true” and“false”respecirely. Note
that%t is thesameas1==1 and%f is thesameas %ot .

Thesevariablesareconsidereds“predefined”. They areprotectedcannotbe deletedandare
not sazed by thesave command.lt is possiblefor a userto have his own “predefined”variables
by usingthepredef commandThebestwayis probablyto setthesespecialvariablesn hisown
startupfile <home dir>/.scilab . Of coursetheusercanusee.g.i=sqrt(-1) insteadof
%i.

2.2 Constant Matrices

Scilabconsidersa numberof dataobjectsas matrices. Scalarsandvectorsareall consideredas
matrices.Thedetailsof the useof theseobjectsarerevealedin thefollowing Scilabsessions.

Scalars Scalarsareeitherreal or complex numbers. The valuesof scalarscanbe assignedo
variablenameschoserby theuser

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

5. + 2.

21
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-->  B=-2+%i;
-->  b=4-3*%i
b =

4, - 3.
-> a‘b
ans =

26. - 7.
-->a*B
ans =

- 12, + i

NotethatScilabevaluatesammediatelylinesthatendwith acarriagereturn.Instructionghatends
with a semi-colonareevaluatedout arenotdisplayedon screen.

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

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

Vv =
! 2 - 3.+ 7. !
>V
ans =
! 2. !
- 3.0 - i !
! 7. !
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> VRW
ans =

18.

-> WLty
ans =

I - 6. 8. - 6. 14. |

Notice that vector elementghat are separatedy commas(or by blanks)yield row vectorsand
thoseseparatedby semi-colongjive columnvectors. The emptymatrixis [] ; it haszerorows
andzerocolumns.Note alsothata singlequoteis usedfor transposing vector (oneobtainsthe
comple conjugateor complex entries).Vectorsof samedimensioncanbeaddedandsubtracted.
The scalarproductof arow andcolumnvectoris demonstratedbove. Element-wisemultiplica-
tion (.* ) anddivision(./ ) is alsopossibleaswasdemonstrated.

Notewith the following exampletherole of the positionof the blank:

_->V:[]_ +3]

w =
! 1 3. !
->w=[1+ 3]
W =
4,

Vectorsof elementahich increaseor decreasencrementelyareconstructedsfollows

--> vy=5:-5:3
V =

! 5. 4.5 4. 3.5 3. !

Theresultingvectorbeginswith thefirst valueandendswith thethird valuesteppingn increments
of the secondvalue. Whennot specifiedthe default 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 =

Notice thatones or zeros replaceits vectorargumentby a vector of equivalentdimensions
filled with onesor zeros.

Matrices Row elementsare separatecdby commasor spacesand column elementsby semi-
colons. Multiplication of matricesby scalars,vectors,or other matricesis in the usualsense.
Addition andsubtractiorof matricess element-wisendelement-wisenultiplicationanddivision
canbeaccomplisheavith the.* and./ operators.

> A=[2 1 45 -8 2]



CHAFPTERZ. DAIA TYFES

A =

o N
1

© P
N oA

b =
! 1 1. 1. |
I 1 1. 1. !
-> A*b

ans =

I 2 1. 4, |
! 5 - 8. 2. |
->  A*p

ans =

I 7. 7. !

- 1. - 1. !

Noticethattheones operatomwith two realnumbersasamgumentsseparatedy a commacreates
amatrix of onesusingthe agumentsasdimensiongsamefor zeros ). Matricescanbe usedas
elementdo largermatrices.Furthermorethe dimensionf a matrix canbe changed.

-> A=[1 2;3 4]
! 1. 2. !
! 3. 4. |
--> B=[5 6;7 8]

> C=[9 10;11 12];

> D=[AB,C]

D =
! 1. 2. 5. 6.
! 3. 4, 7. 8.

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

=
»
»

11.

10. !
12. |
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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 using other matrix elements. The matrix  primitive creates
a new matrix E with the elementsf the matrix D usingthe dimensionsspecifiedby the second
two aguments.The elementorderingin the matrix D is top to bottomandthenleft to right which
explainsthe orderingof there-arrangednatrixin E.

Thefunctioneye createsanm x n matrixwith 1 alongthe maindiagonal(if the agumentis
amatrix E, m andn arethedimensionof E) .

Sparseconstantmatricesare definedthroughtheir nonzeroentries(type help sparse for
moredetails).Oncedefinedthey aremanipulatedasfull matrices.

2.3 Matrices of Character Strings

Characterstringscan be createdby using single or double quotes. Concatenatiorof stringsis
performedby the + operation.Matricesof charactestringsareconstructedgasordinarymatrices,
e.g. usingbraclets. A very importantfeatureof matricesof charactestringsis the capacityto
manipulateand createfunctions. Furthermore symbolic manipulationof mathematicabbjects
canbe implementedusingmatricesof charactesstrings. The following illustratessomeof these
features.

> AS[X Y7 'WHV]
A =

IX 'y !

! !

Iz w+v |

-->  At=trianfml(A)
At =

1z w+v !
| |
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10 z*y-x*(w+v) !
->  x=1,y=2;z=3;w= 4; v=5;

-->  evstr(At)
ans =

Note thatin the abore Scilab sessionthe function trianfml performsthe symbolic triangu-
larization of the matrix A. The value of the resultingsymbolic matrix canbe obtainedby using
evstr

A very importantaspectof characterstringsis thatthey canbe usedto automaticallycreate
new functions(for more on functionsseeSection3.2). An exampleof automaticallycreatinga
functionis illustratedin thefollowing Scilabsessiorwhereit is desiredto studya polynomialof
two variabless andt . Sincepolynomialsin two independentariablesarenot directly supported
in Scilab,we canconstructa nev datastructureusinga list (seeSection2.7). The polynomialto
bestudiedis (t2 + 2t3) — (t + t%)s + ts% + 5.

-->getf("macros/ méeke _macro. sci’ ),
-->s=poly(0,’s’) it =pol y( 0, t )
-->p=list(t"2+2* t" 3, -t -t "2, t, 1+0*1) ;

-->pst=makefunct ion(p) /lpst is a function t->p  (number->polyn  oma )
pst =

[p]=pst(t)

—->pst(1)
ans =

2 3
3- 25 +s + s

Herethe polynomialis representedby the commandwhich putsthe coeficients of the variable
s in thelist p. Thelist p is thenprocessedy the function makefunction  which makesa
new functionpst . The contentsof the new function canbe displayedandthis function canbe
evaluatedatvaluesof t . Thecreationof thenew functionpst is accomplishe@sfollows

function [newfunction]=m ake fu ncti on(p)

/I Copyright  INRIA

num=mulf(makestr (p (1)), 1) ;

for k=2:size(p);
new=mulf(makest r( p(k)),’ s '+stri ng(k-1));
num=addf(num,ne w);

end,
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text="p="+num,;
deff([p]=newfun ction(t) 't ext),

function [str]=makestr(p )
n=degree(p)+1l;c= coef f( p);st r=stri ng(c( 1)); x=part( varn (p), 1);
xstar=x+"",
for k=2:n,
if c(k)j<>0 then,
str=addf(str,mu If (string (c (k)) ,( xst ar+str in gk -1)))) ;
end,
end

Herethe function makefunction  takesthelist p andcreateshe functionpst . Inside of
makefunction  thereis a call to anotherfunction makestr which makes the string which
representgachtermof the new 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
function definedby two matricesof charactesstrings. Herethe function p is definedby the two
charactestrings’[p]=newfunctio n(t) ' andtext wherethestringtext evaluatedo the
polynomialin two variables.

2.4 Polynomials and Polynomial Matrices

Polynomialsare easily createdand manipulatedn Scilab Manipulationof polynomialmatrices
is essentiallyidenticalto thatof constantmatrices.Thepoly primitive in Scilabcanbe usedto
specifythe coeficientsof a polynomialor therootsof a polynomial.

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

2
2 - 3 + s

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

1+ 2s
-—->ptq
ans =

2

3- s +s

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

~> qlp
ans =

Note thatthe polynomialp hastheroots1 and2 whereashe polynomialq hasthe coeficients1
and2. It is thethird agumentin thepoly primitive which specifieghecoeficientflag option. In
the casewherethefirst amumentof poly is a squarematrix andtherootsoptionis in effect the
resultis the characteristipolynomialof the matrix.

-->  poly([1 2;3 4],’s)
ans =

2
- 2 - 55 + s

Polynomialscanbe added subtractedmultiplied, anddivided, asusual,but only betweenpoly-
nomialsof sameformal variable.

Polynomials Jike realandcomplex constantscanbe usedaselementsn matrices.Thisis a
very usefulfeatureof Scilabfor systemgsheory

-->s=poly(0,’s’) ;
-->A=[1 s;5 1+s572]

A =

! 1 s !

! !

! 2!

! S 1+s |

--> B=[1l/s  1/(1+s);1/(1+s) 1/572]
B =

! 1 1 !
e !
! S 1+s |
! !
! 1 1 !
! !
I 2 !
! !
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From the abore examplesit canbe seenthat matricescanbe constructedrom polynomialsand
rationals.

2.4.1 Rational polynomial simplification

Scilab automaticallyperformspole-zerosimplificationswhen the the built-in primitive simp
finds a commonfactorin the numeratorand denominatorof a rational polynomial num/den .
Pole-zerosimplificationis a difficult problemfrom a numericalviewpoint andsimp functionis
usually conserative. Whenmaking calculationswith polynomials,it is sometimeglesirableto
avoid pole-zerosimplifications: this is possibleby switching Scilabinto a “no-simplify” mode:
help simp_mode . Thefunctiontrfmod canalsobe usedfor simplifying specificpole-zero
pairs.

2.5 BooleanMatrices

Booleanconstantare%t and%f. They canbeusedin booleanmatrices.The syntaxis thesame
asfor ordinarymatrices.e. they canbe concatenatedransposedgtc...
Operationsymbolsusedwith booleamrmatricesor usedto createéboolearmatricesare== and

If Bisamatrix of booleanr(B) andand(B) performthelogicalor andand.

-->%t
%t =

T

_->[l,2]::[1,3]
ans =

I TF!

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

I TF !

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

I 3 4, 5. 1
—>A=[%,%f %%  f, %f,%f] ;

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

' TFTFTT!

-->A|B
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ans =
' TFTFEFTT!

-->A&B
ans =

| TFTFFF!

Sparséiooleammatricesaregeneratedvhen,e.g.,two constansparsanatricesarecompared.
Thesematricesarehandledasordinarybooleanmatrices.

2.6 Integer Matrices

Thereare6 integer datatypesdefinedin Scilab,all thesetypeshave the samemajortype (seethe
type function)whichis 8 anddifferentsub-typegseetheinttype  function)

e 32bit signedintegers(sub-type4)
32 bit unsignedntegers(sub-typel4)

16 bit signedintegers(sub-type2)

16 bit unsignedntegers(sub-type23)
8 bit signedintegers(sub-type2)

e 8bit unsignedntegers(sub-typel?2)

It is possibleto build theseinteger datatypesfrom standardmatrix (see2.2) usingtheint32
uint32 ,intl6 ,uintl6é ,int8 ,uint8 corversionfunctions

->x=[0 3.2 27 135] ;

-->int32(x)
ans =

10 3 27 135!

—->int8(x)
ans =

{0] 3 27 -121!
-->Uint8(x)
ans =

10 3 27 135!

The samefunctioncanalsocorvert from onesub-typeto anotherone. Thedouble function
transformary of theintegertypein a standardype:
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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 andcomparisoroperationsanbe appliedto this type

—->x=int16([1 5 12])
X =

mn 5 12!

—>x([1 3]
ans =

n 12!
-->X+X

ans =
2 10 24!

-->X*X
ans =

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

nm 7 11!
—->X>Y
ans =

| FFT!

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

x =

11 5 12 |

-->x[int16(2)
ans =

13 7 14

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

2
—->"Uint8(2)
ans =

253

2.7 Lists

Scilabhasalist datatype. Thelist is a collectionof dataobjectsnot necessarilyf the sametype.
A list cancontainary of the alreadydiscussediatatypes(including functions)aswell asother
lists. Lists areusefulfor definingstructureddataobjects.

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

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

L(1)

1.

L(2)
w

L(3)
! 1. 1. !
! 1. 1. !
-->L(3) llextracting entry 3 of list L
ans =
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! 1. 1. !
->L(3)(2,2) llentry 2,2 of matrix L(3)
ans =
1.
-->L(2)=list('w’ ,r and( 2, 2)) /Inested list: L(2) is now a list
L =
L(2)
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) llextracting entry 1,2 of entry 2 of L(2)
ans =
0.8497452
-->L(2)(2)(1,2)= 5; /lassigning a new value to this entry.

Typedlists have a specificfirst entry This first entry mustbe a characteistring (the type) or
a vectorof characteistring (the first componentis thenthe type, andthe following elementshe
namesggivento the entriesof thelist). Typedlists entriescanbe manipulatedby usingcharacter
strings(thenamesysshowvn below.

-->L=tlist(['Car " 'Name’ ;D imensi ons’] ,;” Nevada',[ 2, 3])
L =
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L(1)

ICar
I

IName
I

IDimensions

L(2)
Nevada
L(3)
! 2. 3. !

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

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

L =

L(1)

ICar
I

IName
I

IDimensions

L(2)
Nevada
L(3)
12 23 |
~->L(3)(1,2)
ans =

2.3



CHAFPITERZ. DAIA TYFPES
~>L(1)(1)
ans =

Car

An importantfeatureof typed-listsis thatit 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 belav, wherelinear systemananipulationgconcatenation,
addition,multiplication,...)aredoneby suchoperations.

2.8 N-dimensionnalarrays

N-dimensionnalrraycanbe definedandhandledn simpleway:

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

M =

(:,:,1)

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

! 0 0. !
! 0 3. !

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

M =
G,y 1)
I 0.9329616 0.312642 !
! 0.2146008 0.3616361 !
(:y:,2)
I 0. 0. !
I 0. 3.
->M(2,2,?)
ans =
(:,:,1)
0.3616361
(:y:,2)
3.
-->size(M)

ans =
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! 2. 2. 2. |

-->size(M,3)
ans =

They canbecreatedrom avectorof dataanda vectorof dimension

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

ans =
(:,:,2)
I 1. 3 5 1
I 2 4 6. !
(:yi,2)
I 7 9. 11. !
! 8 10. 12. |

N-dimensionnamatricesarecodedasmlists  with 2 fields:

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

I 2. 3. 2. |
-->M.entries
ans =

NGO~ LONE
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2.9 Linear systemrepresentation

Linear systemsare treatedas specifictypedlists tlist . The basicfunctionwhich is usedfor
defininglinear systemds syslin . This function receves as parametershe constantmatrices
which definea linear systemin state-spacéorm or, in the caseof systemin transferform, its
input mustbe a rationalmatrix. To be more specific,the calling sequencef syslin  is either
Sl=syslin('dom’, A, B, C,D,x0) or Sl=syslin(dom ', trm at ) . domis oneof the
charactestrings'’c’ or’d” for continuougime or discreteime systemgespecirely. It is useful
to notethatD canbe a polynomialmatrix (impropersystems)D andx0 areoptionalaguments.
trmat is a rational matrix i.e. it is definedas a matrix of rationals(ratios of polynomials).
syslin  justcorvertsits agumentge.g.thefour matricesA,B,C,D)into atypedlist S| . For state
spaceaepresentatiol is thetlist(['lss’,’A " 'B’, 'C' D], A,B,CD,; dom’).
This tlist representatiomallows to accesghe A-matrix i.e. the secondentry of SI by the syntax
SICA") (equivalentto SI(2) ). Conversionfrom arepresentatioto anotheiis doneby ss2tf
ortf2ss . Impropersystemsrealsotreatedsyslin  definedinearsystemsasspecifictlist
(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:)

llss A B C D X0 dt !

Sys(2) = A matrix

! 0. - 1 !
! 1. - 3.1

Sys(3) = B matrix =
I 0. |
! 1. |

Sys(4) = C matrix =
-1 0. !

Sys(5) = D matrix =

0.

Sys(6) X0 (initial state) =
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Sys(7) = Time domain =
c
-->//conversion from state-space form to transfer

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

! 0. !
1. !

-->hs=ss2tf(Sys)

hs =

-->size(hs)
ans =

! 1. 1. !

-->hs.num
ans =

1

-->hs.den
ans =

2
1+ 3s + s

-->typeof(hs)
ans =

form
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rational
-->/[inversion of transfer

-->inv(hs)
ans =

2
1+ 3s + s

-->/finversion of state-space
-->inv(Sys)
ans =
ans(1) (state-space

llss A B C D X0 dt !

ans(2) = A matrix =
1

ans(3) = B matrix =
1

ans(4) = C matrix =
I

ans(5) = D matrix =

2

1+ 3s +s
ans(6) = XO (initial
1

ans(7)

Time domain

matrix

form

system:)
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o S S, S2*S1
S1
— 1 S1+S2
Sa
o Sl
[S1,S2]
So

S
o | [S1 ; S2]
Sy —»
O S
S1/.82
Sy |

Figure2.1: Inte-Connectiorof Linear Systems

-->/[converting this inverse to transfer representation

-->ss2tf(ans)
ans =

2
1+ 3s + s

The list representatiomllows manipulatinglinear systemsas abstractdataobjects. For ex-
ample,thelinear systemcanbe combinedwith otherlinear systemsor the transferfunctionrep-
resentatiorof the linear systemcanbe obtainedaswasdoneaborve usingss2tf . Notethatthe
transferfunction representationf the linear systemis itself a tlist. A very usefulaspeciof the
manipulationof systemds thata systemcanbe handledasa dataobject. Linear systemscanbe
interconnectedtheir representatiocan easily be changedrom state-spacéo transferfunction
andvice versa.

The interconnectionof linear systemscanbe madeasillustratedin Figure2.1. For eachof
the possibleinter-connectionf two systemsS1 and S2 the commandwhich makesthe inter
connectioris shavn ontheright sideof the correspondindplock diagramin Figure2.1. Notethat
feedbackinterconnections performedby S1/.S2 .
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The representatiomwnf linear systemscanbein state-spacérm or in transferfunctionform.
Thesetwo representationsanbeinterchangedby usingthefunctionstf2ss andss2tf  which
changethe representationsf systemsrom transferfunction to state-spacandfrom state-space
to transferfunction, respectrely. An exampleof the creation,the changein representationand
theinterconnectiorof linearsystemss demonstrateh thefollowing Scilabsession.

-->//system connecting
-->s=poly(0,’s") ;

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

S2 =

-->S1=syslin(c’ ,S1);
-->S2=syslin(’c’ S 2);
-->Gls=tf2ss(S2) ;

-->ssprint(Gls)

x< -
1

| 2 x +] 1 u
y = | 1 |[x
-->hls=Gls*S1;

-->ssprint(hls)

-2 1 |
x =10 1]|x +|

y =] 1 0 |x

-->ht=ss2tf(hls)
ht =



CHAFPTERZ. DAIA TYFES

->52*S1
ans =

ans =

ans =

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

Theabove sessioris abit long but illustratessomevery importantaspectf the handlingof
linear systems.First, two linear systemsarecreatedn transferfunctionform usingthe function
calledsyslin . Thisfunctionwasusedto labelthe systemsn this exampleasbeingcontinuous
(asopposedo discrete).The primitive tf2ss  is usedto corvert oneof thetwo transferfunctions
to its equivalentstate-spaceepresentatiowhichis in list form (notethatthe functionssprint
createsamorereadabldormatfor the state-spacknearsystem).Thefollowing multiplication of
the two systemsyields their seriesinter-connection. Notice that the inter-connectionof the two
systemss effectedeventhoughoneof thesystemss in state-spactrm andtheotheris in transfer
functionform. Theresultinginterconnectionis givenin state-spacéorm. Finally, the function
ss2tf  is usedto corverttheresultinginter-connectedystemgo the equivalenttransferfunction
representation.

2.10 Functions (Macros)

Functionsare collectionsof commandswvhich are executedin a new ervironmentthusisolating

functionvariabledrom theoriginalervironmentsvariables Functionscanbecreatecandexecuted
in a numberof differentways. Furthermore functionscan passamguments,have programming
featuressuchasconditionalsandloops,andcanberecursvely called. Functionscanbeamguments
to otherfunctionsandcanbe elementdn lists. The mostusefulway of creatingfunctionsis by

usingatext editor, however, functionscanbe createddirectly in the Scilabervironmentusingthe

syntaxfunction  orthedeff primitive.

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

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

-->  foo(5)
ans =

Usuallyfunctionsaredefinedin afile usinganeditorandloadedinto Scilabwith:
exec('filename”)

This canbedonealsoby clicking in theFile  operation  button. This latter syntaxloadsthe
function(s)in filename andcompilesthem.Thefirst line of flename  mustbeasfollows:
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function [y1,...,yn]=mac name( x1,. .. xk)

wheretheyi 'sareoutputvariablesandthexi 'stheinputvariables.
For moreonthe useandcreationof functionsseeSection3.2.

2.11 Libraries

Libraries are collectionsof functionswhich can be either automaticallyloadedinto the Scilab
ernvironmentwhenScilabis called,or loadedwhendesiredby the user Librariesarecreatedoy
thelib command. Examplesof librairies aregivenin the SCIDIR/macros directory Note
thatin thesedirectorythereis an ASCII file “names”which containsthe namesof eachfunction
of thelibrary, a setof .sci files which containsthe sourcecodeof the functionsanda setof
.bin  fileswhich containghe compiledcodeof thefunctions.The Makefile invokesscilab  for
compiling the functionsandgeneratinghe .bin  files. The compiledfunctionsof a library are
automaticallyloadedinto Scilabat their first call. To build alibrary the commandgenlib  can
beused(help genlib ).

2.12 Objects

We concludethis chapteby notingthatthefunctiontypeof returnsthetypeof thevariousScilab
objects.Thefollowing objectsaredefined:

e usual for matriceswith realor comple entries.

e polynomial for polynomialmatrices:coeficientscanbereal or comple.
e boolean for booleammatrices.

e character for matricesof charactestrings.

e function  for functions.

e rational  for rationalmatrices(syslin  lists)

e state-space  for linearsystemsn state-spacérm (syslin  lists).
e sparse for sparseconstanmatrices(realor comple)

e boolean sparse for sparsébooleammatrices.

e list for ordinarylists.

e tlist  fortypedlists.

e mlist for matrix orientedtypedlists.

e state-space (or rational) for syslinlists.

e library  for library definition.
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2.13 Matrix Operations

Thefollowing tablegivesthe syntaxof the basicmatrix operationsvailablein Scilab

| SYMBOL | OPERATION \
[ ] matrix definition,concatenatior
; row separator

() extractionm=a(k)

()

insertion:a(k)=m
transpose
addition
subtraction
multiplication
left division
right division
exponent
elementwisenultiplication
elementwisdeft division
elementwiseight division
elementwisexponent
kronecler product
A kronecler right division
A kronecler left division

+

Mo~ —| *x| 1

o| | | %

*

2.14 Indexing

Thefollowing samplesessionshaws theflexibility which is offeredfor extractingandinserting
entriesin matricesor lists. For additionaldetailsenterhelp extraction orhelp inser-
tion

2.14.1 Indexing in matrices

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

->A=[1 2 34 5 6]

A =
! 1. 2 3. !
! 4. 5 6. !
—>A(L,2)
ans =
2.
-->A([1 1],2)

ans =
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1. |
I 4

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

owan kPR

—>A(%t  %f %f %t])
ans =

1. !
I 5 |
SA(%t %f,[2  3)])
ans =

! 2. 3. !

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

2.
5 |

—>A($:-1:1,2)
ans =

-->//

-->x="test’
X =

test

-->X([1 1,1 11
ans =

ltest test !
! !
ltest test !
! !
ltest test !
-->//

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

I 1 1+ s
I .
! S -1 +s
-->B(1,1)
ans =
1

1))

) (%s-1) ]
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->B(1,%)
ans =

->B(2) /[ the numerator

ans =

-->//

~>As[l 2 314 5 6]

A =
! 1. 2
! 4. 5
—~>A(1,2)=10

A =
! 1. 10.
! 4. 5.

o w

—>A(1  1],2)=[-1;-2]

A =

! 1. - 2
! 4, 5.
-->A(:,1)=[8;5]
A =

! 8. -2
! 5. 5
->A(1,3:-1:1)=]
A =

! 99. 44,
! 5. 5.
->A(1,:)=10
A =

! 10. 10.

w

w

77

44 99]

77. |

10. !
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! 5. 5. 6.
-->A(1)=%s

A =
S 10 10 !
! !
I 5 5 6 !

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

A =

I s 10 10

!

I 5 5 1+s
->A(1)=1:6

A =

l 1 3. 5. !
12 4. 6. !

>SA(%t %f],1)=33

A =
I 33 3. 5. !
! 2 4. 6. !
->A(1:2,$-1)=[2 4]

A =
| 33. 2. 5. |
I 2 4. 6. !

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

I 7. 2 5 1
I 8. 4 6. !
—->A($)=123

A =
r7. 2. 5. |
I 8. 4. 123. |
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-->x="test’
X =

test

~>x([4  5)=[4"5]
X =

ltest 4 5 |

2.14.2 Indexing in lists

Thefollowing sessiorillustrateshow to creatdists andinsert/etractentriesin list  andtlist
ormlist . Enterhelp insertion andhelp extraction for additinalexamples.

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

11
o))

-->|=list();1(0)
| =
I(1)
33.
-->|=list();1(1) =a
| =
(1)
33.

-->|=list(a);I(2 )=Db

(1)
33.
12)

11.

-->|=list(a);I(0 )=b
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I(1)
11.
I(2)
33.
——I>I=Iist(a);l(1
I(1)
0.

-->|=list();1(0)

0

-->|=list();1(1)

| =
0
->//
->i=;
-->|=list(a,list

(1)

I(1)(1)

I(1)(2)

11.

I(2)

)=¢

=nul I( )

=nul I( )

(c,b), i) :I( 1)=nulI()
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[
-->|=list(a,list (c,list( ac ,b) by, h);
-->1(2)(2)(3)=nu I Q
| =
I(2)

33.

12)

1(2)(1)

1(2)(2)

1(2)(2)(1)

33.

1(2)(2)(2)

1(2)(3)
11.
I(3)
h
>/
->dts=list(1,t ist([ xya’ b ,10[ 2 3));

-->dts(2).a
ans =

10.
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—>dts(2).b(1,2)
ans =

3.

-->[a,b]=dts(2)( [ &, b]
b =

10.
->//
-->|=list(1,'qwe w', %9

(1)

2)
qwerw
I(3)
s
——I>I(1)=’Changed ’
I(1)
Changed
I2)
qwerw
I(3)
s

-->|(0)="Added’
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I(1)
Added
I(2)
Changed
I(3)
qwerw
1(4)
s
--I>I(6)=[’one
I(1)
Added
I2)
Changed
I(3)

qwerw

1(4)

I(5)

Undefined

I(6)

lone more
|

ladded

more’;’added’]
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-->//
-->dts=list(1,tl ist([ x;ya’5 bl ,10][ 2 3)));
-->dts(2).a=33

dts =

dts(1)

dts(2)

dts(2)(1)

)

dts(2)(2)
33.
dts(2)(3)
L2 3. 1
->dts(2).b(1,2) =- 100

dts =

dts(1)

dts(2)

dts(2)(1)
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dts(2)(2)
33.
dts(2)(3)
I 2. - 100. !
>
-->I=list(1,'qwe w’, %9);
->I(1)
ans =
1.
-->[a,b]=I([3 2])
b =
qwerw
a =
s
->|($)
ans =
s
>
--ELzlist(33,Iis t( 1, 33))
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 the mostusefulfeaturesof Scilabis its ability to createandusefunctions.This allows the
developmentof specializedorogramsawvhich canbeintegratedinto the Scilabpackagen asimple
andmodularway through,for example,theuseof libraries. In this chaptemwe treatthefollowing
subjects:

e Programminglools

¢ DefiningandUsingFunctions

¢ Definition of Operatordor New DataTypes
e Debhuging

Creationof librariesis discussedn alaterchapter

3.1 Programming Tools

Scilabsupportsafull list of programmingoolsincludingloops,conditionals caseselectionand
creationof new ervironments.Most programmingasksshouldbe accomplishedn the erviron-
mentof a function. Herewe explain whatprogrammingoolsareavailable.

3.1.1 Comparison Operators

Thereexist five methodsfor making comparisondbetweenthe valuesof dataobjectsin Scilab
Thesecomparisonsrelistedin thefollowing table.

== equalto

< smallerthan

> greaterthan

<= smalleror equalto

>= greateror equalto
<> or’= notequalto

Thesecomparisoroperatorsareusedfor evaluationof conditionals.

59
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3.1.2 Loops
Two typesof loopsexistin Scilab:thefor loopandthewhile loop. Thefor loopstepghrough

avectorof indicesperformingeachtime the commandslelimitedby end .

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

X =
1.

X =
2.

X =
6.

X =
24.

Thefor loop caniterateon ary vectoror matrix taking for valuesthe elementsof the vectoror
the columnsof the matrix.

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

X =
0.

X =
3.

X =
3.

Thefor loop canalsoiterateon lists. The syntaxis the sameasfor matrices.Theindex takesas
valuesthe entriesof thelist.

-->|=list(1,[1,2 3.4 st )

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

str

Thewhile looprepeatedlyperformsa sequencef commandaintil a conditionis satisfied.
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--> x=1; while x<14,x=2*x,end

X =
2.

X =
4.

X =
8.

X =
16.

A for orwhile loopcanbeendedoythecommandoreak :

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

-->a
a =

In nestedoops,break exits from theinnermostoop.

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

3.1.3 Conditionals

Two typesof conditionalsexist in Scilab: the if -then -else conditionaland the select -
case conditional. Theif -then -else conditionalevaluatesanexpressiomandif true executes
theinstructionsbetweerthethen statemenandtheelse statemenfor end statement)lf false
the statementbetweertheelse andtheend statemenareexecuted.Theelse is notrequired.
Theelseif  hastheusualmeaningandis aalsoa keyword recognizedy 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

Theselect -case conditionalcomparesan expressionto several possibleexpressionsand
performstheinstructionsfollowing thefirst casewhich equalstheinitial expression.

->  x=-1
X =
- 1.
--> select x,case 1y=xt+5,case  -1,y=sqgrt(x),en d
y =

It is possibleto includeanelse statementor the conditionwherenoneof the casesresatisfied.

3.2 Defining and Using Functions

It is possibleto defineafunctiondirectly in the Scilabervironment,however, the mostcornvenient
way is to createa file containingthe function with a text editor In this sectionwe describe
the structureof a function andseveral Scilabcommandsvhich are usedalmostexclusiely in a
functionernvironment.

3.2.1 Function Structure

Functionstructuremustobey thefollowing format

function [y1,...,yn]=foo (x1, .. ,xm)
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wherefoo isthefunctionnamethexi arethem inputagumentsof thefunction,theyj arethe
n outputargumentdrom thefunction,andthethreevertical dotsrepresenthelist of instructions
performedby thefunction. An exampleof afunctionwhich calculatesk! is asfollows

function [x]=fact(k)

k=int(k)

if k<1 then k=1,end
x=1;

for j=1:k,x=x*;en d
endfunction

If this functionis containedn afile calledfact.sci thefunctionmustbe “loaded” into Scilab
by theexec orgetf commandandbeforeit canbeused:

-->  exists('fact’)
ans =

0.
--> exec(’../macro s/fact.sci ,-1);

-->  exists('fact’)

ans =
1.
-->  x=fact(5)
X =
120.

In theabove Scilabsessionthecommandexists  indicateshatfact is notin theernvironment
(by the 0 answerto exist ). Thefunctionis loadedinto the ervironmentusingexec andnow
exists indicateshatthefunctionis there(thel answer).Theexamplecalculates!.

3.2.2 Loading Functions

Functionsare usuallydefinedin files. A file which containsa function mustobey the following
format

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

wherefoo is the function name. The xi 's are the input parameterandthe the yj ’'s are the
outputparametersandthe threevertical dotsrepresenthe setof instructionsperformedby the
function to evaluatetheyj 's, giventhe xi ’s. Inputsand ouputsparameterganbe any Scilab
object(including functionsthemeselgs).
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Functionsare Scilabobjectsandshouldnot be consideredsfiles. To beusedin Scilab,func-
tionsdefinedn filesmustbeloadedoy thecommandyetf(filename) orexec(filename,-
1) ; . If thefile filename containsthe function foo , the function foo canbe executed
only if it hasbeenpreviously loadedby the commandgetf(filename) . A file may contain
several functions. Functionscan also be defined“on line” by the commandusing the func-
tion/endfunction syntaxor by using the function deff . This is usefulif onewantsto
definea functionasthe outputparameteof a otherfunction.

Collectionsof functionscanbe organizedaslibraries(seelib command).StandardScilab
librairies (linearalgebracontrol,...) aredefinedin the subdirectorie®f SCIDIR/macros/

3.2.3 Global and Local Variables

If avariablein a functionis not defined(andis not amongthe input parametersjhenit takes
the valueof a variablehaving the samenamein the calling ervironment. This variablehowvever
remainslocal in the sensehat modifying it within the function doesnot alter the variablein the
calling ervironmentunlessesume is used(seebelav). Functionscanbeinvokedwith lessinput
or outputparametersHereis anexample:

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

endfunction

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

0.
yl =

2.

—>f(1,1)
ans =
2.

-->f(1)
y1=x1+x2;
l--error 4
undefined variable ©X2
at line 2 of function f

-->x2=1;

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



CHAPTERs. PROGRAMMING

Notethatit is not possibleto call afunctionif oneof the parameteof the calling sequencés
notdefined:

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

-->f(-1)
ans =

- 1

-->f(-1,x2)
I--error 4
undefined variable ToX2

-->f(1)
undefined  variable DoXx2
at line 2 of function f called by :

f(1)
-->x2=3;f(1)

-->f(1)
ans =

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

3.2.4 SpecialFunction Commands

Scilabhasseveral specialcommandsvhich are usedalmostexclusiely in functions. Theseare
thecommands

e argn : returnsthe numberof input andoutputargumentdor the function

e error : usedto suspendheoperatiorof afunction,to printanerrormessageandto return
to the previouslevel of ervironmentwhenanerroris detected.

e warning

e pause : temporarilysuspendshe operationof a function.
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e break : forcestheendof aloop

e return orresume : usedto returnto the calling ervironmentandto pasdocal variables
from thefunctionervironmentto the calling ervironment.

Thefollowing examplerunsthefollowing foo functionwhichillustratesthesecommands.

e 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

e Thefunctionuse

-->  z=fo0(0,1)
error(‘divisio n by zero’);

I--error 10000
division by zero

at line 4 of function foo called by :
z=f00(0,1)
-->  z=foo(2,1)

-1-> resume

z =
0.7071068
> s
s =
0.5

In theexample thefirstcalltofoo passesnargumentwhichcannoteusedn thecalculation
of the function. The function discontinuesoperationandindicatesthe natureof the errorto the
user Theseconctall to the functionsuspendgperationafterthe calculationof slope . Herethe
usercanexaminevaluescalculatednsideof thefunction, performplots,and,in factperformary
operationsallowedin Scilab The-1-> promptindicatesthatthe currenternvironmentcreatedoy
the pause commands the ervironmentof the functionandnot thatof the calling ervironment.
Controlis returnedto the function by the commandreturn . Operationof the function canbe
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stoppedythecommandjuit orabort . Finally thefunctionterminatests calculatiorreturning
thevalueof z. Also availablein the environmentis the variables which is alocal variablefrom
thefunctionwhichis passedo theglobalervironment.

3.3 Definition of Operationson New Data Types

It is possibleto transparentlydefinefundamentabperationsor new datatypesin Scilab (enter
help overloading  for afull descriptionof this feature). Thatis, the usercangive a sense
to multiplication, division, addition, etc. on ary two datatypeswhich exist in Scilab As an
example two linearsystemgrepresentedy lists) canbeaddedogetherto representheir parallel
inter-connectionor canbe multiplied togetherto representheir seriesinterconnection. Scilab
performstheseuserdefinedoperationsby searchingfor functions (written by the user)which
follow a specialnamingcorventiondescribedelow.

The namingcorvention Scilabusesto recognizeoperatorgdefinedby the useris determined
by the following corventions. The nameof the userdefinedfunction is composedof four (or
possiblythree)fields. Thefirst field is alwaysthe symbol% Thethird field is oneof the characters
in thefollowing tablewhich representthetypeof operatiorto be performedetweerthetwo data
types.
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\ Third field \
| SYMBOL | OPERATION
+
. (rangegenerator)
[a,b] columnconcatenatior
A
() extraction:m=a(k)
[a;b] row concatenation
| logicalor
& logicaland
() insertion:a(k)=m
~ elementwiseexponent

*

\ left division

*

<> inequalitycomparison
== equalitycomparison
" exponent
A
/ right division

" (transpose)

<=

>=
~ (not)

(ﬂ-b(AJNHON%><§<C"'U)“Q'C5033_X'_'_'3(Q_"‘(DQ.O T|o

Thesecondandfourthfieldsrepresenthetypeof thefirstandsecondiataobjectsrespectiely,
to betreatedby thefunctionandarerepresentetdy the symbolsgivenin thefollowing table.
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| SecondandFourthfields |
| SYMBOL | VARIABLE TYPE |
S scalar
p polynomial
I list (untyped)
c charactestring
b boolean
sp sparse
spb boolearnsparse
m function
XXX list (typed)

A typedlist is onein which the first entry of the list is a characterstring where the first
character®f the string arerepresentedby the xxx in the above table. For examplea typedlist
representing linearsystemhasthe form:

tlist([lss’,;’A’ , B, C, D, 'X0,dt] abcdx0'c’) .
and,thus,thexxx aboreislss .

An exampleof the function namewhich multiplies two linear systemgogether(to represent
their seriesinter-connection)is %lss _-mlss . Herethefirst field is %, the secondfield is Iss
(linear state-space)he third field is m“multiply” andthe fourth oneis Iss . A possibleuser
functionwhich performsthis multiplicationis asfollows

function [s]=%lIss_m_lIss(  s1, s2)
[A1,B1,C1,D1,x1, domll=s1(2: 7),
[A2,B2,C2,D2,x2] =s2(2: 6),

B1C2=B1*C2,
s=lsslist([A1,B1 C2,0 *B1C2" ,AZ],...

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

An exampleof the useof this functionafterhaving loadedit into Scilab(usingfor examplegetf
orinsertingit in alibrary) is illustratedin thefollowing Scilabsession

->Al1=[1 2;3 4];B1=[1;1];C1-[ 0 1,1 O]

->A2=[1 -1,0 1];B2=[1 0;2 1];C2=[1 1];D2=[1,1];
-->g1=syslin(’c’ A1, B1,C1);

-->g2=syslin(’c’ A2 B2,C2D2),;

-->ssprint(sl)

: | 1 2| |
Xx =1 3 4 |x +|

| 0 1]
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y =11 0]Ix
-->ssprint(s2)
| 1 -1 | | 1 0|
x=]0 1|x +] 2 1 |u
y=]1 1[x +] 1 1 |u
-->512=s51*s2; /[This is equivalent to s12=%lss m Iss( 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
| 0O 0 0 1| | 2 1 |
| 0 1 0 0|
y=]1 0 0 0 |x

Noticethatthe useof %lss _mlss is totally transparenin thatthe multiplicationof thetwo lists
sl ands2 is performedusingthe usualmultiplicationoperator* .

The directory SCIDIR/macros/p erc ent containsall the functions (a very large num-
ber..) which performoperationson linear systemsandtransfermatrices. Corversionsare auto-
matically performed.For examplethe codefor the function %lss _mliss is there(notethatit is
muchmorecomplicatedhatthe codegivenhere!).

3.4 Debbuging

The simplestway to delug a Scilabfunctionis to introducea pause commandn the function.
When executedthe function stopsat this point and prompts-1-> which indicatesa different
“level”; anotherpause gives-2-> ... At thelevel 1 the Scilabcommandsareanalogto a dif-
ferentsessiorbut the usercandisplayall the currentvariablespresenin Scilab,which areinside
or outsidethe functioni.e. local in the function or belongingto the calling ervironment. The
executionof thefunctionis resumedy thecommandeturn  orresume (thevariablesusedat
theupperlevel arecleaned).The executionof thefunctioncanbeinterruptedby abort .

It is alsopossibleto insertbreakpointdn functions. Seethe commandssetbpt , delbpt
disbpt . Finally, notethatit is alsopossibleto trap errorsduring the executionof a function:
seethecommand®rrclear  anderrcatch . Finally theexpertsin Scilabcanusethefunction
debug(i) wherei=0,..,4denotesadelugginglevel.
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BasicPrimiti ves

This chaptetbriefly describesomebasicprimitivesof Scilabh More detailedinformationis given
in the“manual” document.

4.1 The Environmentand Input/Output

In this chapterwe describethe mostimportantaspectsof the ervironmentof Scilab: how to
automaticallyperform certainoperationsvhen enteringScilab, and how to readandwrite data
from andto the Scilabervironment.

4.1.1 The Environment

Scilabis loadedwith a numberof variablesandprimitives. The commandwho lists the variables
which areavailable.whos() liststhevariableswhich areavailablein amoredetailledfashion.

Thewho commandalsoindicateshow mary elementsandvariablesareavailablefor use.The
usercanobtainon-linehelponary of thefunctionslistedby typinghelp  <function-name  >.

Variablescanbe saredin an externalbinaryfile usingsave . Similarly, variablespreviously
saved canbereloadednto Scilabusingload .

Notethatafterthecommanctlear x y thevariablesx andy nolongerexistin theerviron-
ment. The commandsave withoutary variableagumentssavesthe entire Scilabernvironment.
Similarly, thecommandtlear usedwithoutary agumentsclearsall of thevariablesfunctions,
andlibrariesin theenvironment.

Librariesof functionsareloadedusinglib

Thelist of functionsavailablein thelibrary canbe obtainedby usingdisp .

4.1.2 Startup Commandsby the User

When Scilabis calledthe usercanautomaticallyload into the erwvironmentfunctions, libraries,
variables,and perform commandsusing the the file .scilab  in his homedirectory This is
particularly useful when the userwantsto run Scilab programsin the background(suchasin
batchmode). Anotherusefulaspecbof the.scilab  file is whensomefunctionsor librariesare
oftenused.In this casethecommandgetf exec orload canbeusedin the.scilab file to
automaticallyloadthe desiredfunctionsandlibrarieswheneer Scilabis invoked.
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4.1.3 Input and Output

Althoughthe commandssave andload are corvenient,one hasmuchmore control over the
transferof databetweenfiles and Scilab by usingthe Fortranlike functionsread andwrite
Thesetwo functionswork similarly to thereadandwrite commandgoundin Fortran. The syntax
of thesetwo commandss 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 specifieshenumberof rows andcolumnsof thematrixx. Complicatedormats
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 scanf( fd, '%f %f %fn") ;
-->  xnew(2,1:3)=mf scanf( 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 usuallythe nameof a functionor primitive). apropos keyword looksfor keyword
in awhatis file.

To addanew itemor keywordis easy Justcreatea.cat ASCII file describingheitemanda
whatis file in yourdirectory Thenaddyour directorypath(andatitle) in the variable%helps
(seealsothe README file there). You canusethe standardormatof the scilabmanual(seethe
SCIDIR/man/subdi  re ct or ie s andSCIDIR/example s/ mane xamgde s). TheScilab
IATEX manuals automaticallyobtainedrom themanualtemsby aMakefile . Seethedirectory
SCIDIR/man/Latex -d oc.

4.3 Usefulfunctions

We give herea shortlist of usefulfunctionsandkeywordsthatcanbe usedasentry pointsin the
Scilabmanual. All the functionsavailable canbe obtainedby enteringhelp . For eachmanual
entrythe SEE ALSOline refersto relatedfunctions.

e Elementaryfunctions: sum, prod, sqrt, diag, cos, max, round, sign,
fft

e Sorting: sort, gsort, find

e SpecificMatrices:zeros, eye, ones, matrix, empty

e LinearAlgebra:det, inv, qr, svd, bdiag, spec, schur

e Polynomials;poly, roots, coeff, horner, clean, freq

e Buttons,dialog: x_choose, x_dialog, Xx_mdialog, getvalue, addmenu
e Linearsystemssyslin

¢ Randomumbersrand

e Programmingfunction, deff, argn, for, Iif, end, while, select, warn-

ing, error, break, return
e Comparisorsymbols:==,>=,> = &(and),| (or)
e Executionof afile: exec
e Dehlugging:pause, return, abort
¢ Splinefunctions,interpolation:splin, interp, interpin

e Charactestrings:string, part, evstr, execstr
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Graphicsplot,  xset, driver, plot2d,  xgrid, locate, plot3d,  Graph-
ics

Odesolwers:ode, dassl, dassrt, odedc

Optimization:optim,  quapro, linpro, Imitool

Interconnectedynamicsystemsscicos

Addinga C or Fortranroutine:link, fort, addinter, intersci

4.4 Nonlinear Calculation

Scilabhasseveral powerful non-linearprimitivesfor simulationor optimization.

4.4.1 Nonlinear Primiti ves

Scilabprovidesseveralfacilitiesfor nonlinearcalculations.

Numericalsimulationof systemsf differentialequationss madeby theode primitive. Many
solversareavailable, mostly from odepack , for solving stiff or non-stif systems.mplicit sys-
temscanbesolvedby dassl| . It is alsopossibleto solve systemawith stoppingtime: integration
is performeduntil thestateis crossingagivensuriace.Seeode anddassrt commandsThereis
anumberof optionalagumentsavailablefor solving odes (toleranceparametergacobian,order
of approximationtime stepsetc). For 6desolvers,theseparameteraresetby the globalvariable
%ODEOPTIONS

Minimizing nonlinearfunctionsis donethe optim function. Several algorithms(including
nondifferentiableoptimization)areavailable. Codesarefrom INRIA’s modulopt library. Enter
help optim for moreamoredetaileddescription.

4.4.2 Argumentfunctions

SpecificScilabfunctionsor C or Fortranroutinescanbe usedasan aigumentof somehigh-level
primitives (suchasode, optim , dassl ...). Thesefonctionsare called agumentfunctionsor
externals.The calling sequencef this function or routineis imposedby the high-level primitive
which setsthe agumentof this functionor routine.

For examplethe function costfunc  is an agumentof the optim primitive. Its calling
sequencenustbe:[f,g,ind]=costf unc( x, ind ) asimposedbytheoptim primitive. The
following non-linearprimitivesin Scilabneedargumentfunctionsor subroutinesode, optim ,
impl , dassl ,intg , odedc, fsolve . For problemswherecomputationtime is important,it
is recommendedb useC or Fortransubroutines Examplesof suchsubroutinesaregivenin the
directorySCIDIR/routines /de fa ul t . Seethe README file therefor moredetails.

Whensucha subroutinds written it mustbelinkedto Scilab Thislink operationcanbedone
dynamicallyby thelink commandlt is alsopossibleto introducethe codein amorepermanent
mannerby insertingit in a specificinterfacein SCIDIR/routine s/ defau It andreluild a
new Scilabby amake all commandn the Scilabdirectory

4.5 XWindow Dialog

It may be corvenientto opena specificXWindow window for enteringinteractvely parameters
insidea functionor for ademo. This facility is possiblethanksto e.g. the functionsx_dialog ,
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x_choose , x_mdialog ,x_matrix andx_message . Thedemoswhich canbeexecutedby
clicking onthedemo button provide simpleexamplesof the useof thesefunctions.

4.6 Tk-Tcl Dialog

An interface betweenScilab and Tk-Tcl exists. A Graphic User Interface object can be cre-
ated by the function uicontrol . Basic primitives are TK_EvalFile , TK_EvalStr and
TK _GetVar, TK_ Setvar .Examplesaregivenby invokingthehelpof thesefunctions.
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Graphics

This sectionintroducegyraphicsin Scilab

5.1 The Graphics Window

It is possibleto useseveral graphicswindows ScilabGraphicx x beingthe numberusedfor
the managemenf the windows, but at ary time only onewindow is active. On the main Scilab
window thebuttonGraphic  Window X is usedto managehewindows : x denoteshenumber
of theactve window, andwe canset(create)raiseor deletethewindow numbered : in particular
we candirectly createthe graphicswindow numberedLO. The executionof a plotting command
automaticallycreatesawindow if necessary

Wewill seelaterthatScilabusesagraphics  environment definingsomeparametersf
theplot, theseparameterbiave default valuesandcanbechangedy theuser;every graphicswin-
dow hasits specificcontext so the sameplotting commandvan give differentresultson different
windows.

Thereare4 buttonson the graphicswindow:

e 3D Rot. : for applyinga rotationwith the mouseto a 3D plot. This buttonis inhibited
for a 2D plot. For the help of manipulationgrotationwith specificangles...) the rotation
anglesaregivenatthetop of thewindow.

e 2D Zoom: zoomingona 2D plot. Thiscommandcanberecursvely invoked. Fora 3D plot
this buttonis notinhibitedbut it hasno effect.

e UnZoom returnto theinitial plot (not to the plot correspondindo the previous zoomin
caseof multiple zooms).

These3 buttonsaffectingthe plot in thewindow arenotalwaysin use;we will seelaterthat
therearedifferentchoicesfor the underlyingdevice andzoomandrotationneedtherecord
of theplotting commandsvhichis oneof the possiblechoices(this is the default).

e File :thisbuttonopendifferentcommandsndmenus.

Thefirst oneis simple: Clear simply rubsoutthewindow (withoutaffectingthe graphics
contet of thewindow).

The commandPrint... opensa selectionpanelfor printing. UnderUnix, the printers
aredefinedin themainscilabscriptSCIDIR/bin/scil ab (obtainedby “make all” from
theorigin file SCIDIR/bin/scil ab. g).
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5.2

TheExport commandpensa panelselectionfor gettinga copy of the plot on afile with
aspecifiedformat(PostscriptPostscript-Late, Xfig).

Thesave commandlirectly sasesthe plot on afile with aspecifiedhame.Thisfile canbe
loadedlaterin Scilabfor replotting.

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

The Media

Therearedifferentgraphicsdevicesin Scilabwhich canbe usedto sendgraphicsto windows or
paper Thedefault for the outputis ScilabGraphicO window .
Thedifferentdriversare:

X11 : memorylesscreergraphicsdriver

Rec : a screendriver which alsorecordsall the graphiccommands.This is the default
(requiredfor thezoomandrotate).

Wdp: ascreerdriver without recordedyraphicsthe graphicsaredoneon a pixmapandare
sendto the graphicwindow with the commandxset("wshow") . Thepixmapis cleared
with thecommandkset("wwpc")  or with theusualcommandkbasc()

Pos : graphicsdriver for Postscripprinters
Fig : graphicddriver for the Xfig system

GIF : graphicsdriver for the GIF file format

In the 3 first caseghe’implicit’ device is agraphicswindow (existing or createdoy the plot).
For the 2 lastcaseswve will seelater how to affect a specificdevice to the plot : afile wherethe
plot will berecordedn thePostscripor Xfig format.

ThebasicScilabgraphicscommandsre:

driver : selectsagraphicdriver
Thenext 3 commandsrespecificof the screerdrivers:

xclear : clearsoneor moregraphicwindows; doesnotaffectthegraphicscontet of these
windows.

xbasc : clearsagraphicwindow anderaseherecordedyraphicsdoesnotaffectthegraph-
ics contet of thewindow.

Xpause : apausdn milliseconds
xselect : raisesthecurrentgraphicwindow (for X-drivers)
xclick  : waitsfor amouseclick

xbasr : redravs theplot of agraphicwindow
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e xdel : deletesagraphicwindow (equvalentto the Close button
Thefollowing commandsrespecificof the PostscriptXfig andGIF driversdrivers:

e Xinit : initializesagraphicdevice (file).
e xend : closesagraphicsessionandtheassociatedlevice).

In fact, theregulardriver for acommonuseis Rec andtherearespecialcommandsn order
to avoid a changeof driver; in mary casespne canignorethe existenceof driversand usethe
functionsxbasimp , xs2fig  in orderto 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 ol.ps)

we gettwo identical Postscripftfiles : 'foo.ps’ and’fool.ps.0’ (the appendind) is the
numberof the active window wherethe plot hasbeendone).

The default for plotting is the superpositionthis meanghatbetweer? differentplots one of
the 2 following commands neededxbasc(window-n  umber) which clearsthewindow and
erasethe recordedScilab graphicscommandassociateavith the window window-number  or
xclear ) which simply clearsthewindow.

If you enlage a graphicwindow, the commandxbasr(window-nu  mkber ) is executedby
Scilab This commandclearsthe graphicwindonv window-number and replaysthe graphic
commandassociateavith it. Onecancall thisfunctionmanually in orderto verify theassociated
recordedyraphicscommands.

Any numberof graphicswindows canbe createdwith buttonsor with the commandsset
or xselect . TheernvironmentvariableDISPLAY canbeusedto specifyanX11 Displayor one
canusethexinit  functionin orderto openagraphicwindow on a specificdisplay

5.3 Global Parametersof a Plot

Graphics Context

Someparametersf the graphicsarecontrolledby a graphiccontet ( for examplethe line thick-

ness)andothersarecontrolledthroughgraphicsagumentsof a plotting command.The graphics
contet hasa default definition andcanbe changeby the commandxset : the commandwith-

outargumenti.e. xset() openstheScilab Toggles Panel andtheusercanchangeshe
parameterdy simplemouseclickings. We give heredifferentparametersontrolledby this com-
mand:
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e xset : setgraphiccontet values.

(h)-xset("font",font id, fo ntsi ze) : fix thecurrentfont andits currentsize.
(i)-xset("mark”,marki d, maks iz e) : setthecurrentmarkandcurrentmarksize.
(iii)- xset("use color",flag) . changeto color or gray plot accordingto the values
(1 or0) of flag

(iv)-xset("colormap"”,c mgp) : setthecolormapasam x 3 matrix. mis the number

of colors.Colornumberi is givenasa 3-uplecmapli,1],cmap[i,2]cmap[i,3]corresponding
respectiiely to Red, Greenand Blue intensity between0 and 1. Calling againxset()
shaws the colormapwith theindicesof the colors.

(v)-xset("window",win dow-number) : setsthecurrentwindow to thewindow
window-number andcreategshewindow if it doesnt exist.

(vi)-xset("wpos",x,y) . fixesthe positionof the upperleft point of the graphicwin-
dow.

Marny otherchoicesaredoneby xset

-useof apixmap: theplot canbedirectly displayedon the screeror executedon a pixmap
andthenexposeby the commandxset("wshow") ; this is the usualway for animation
effect.

-logical functionfor drawing : this parametecanbe changedor specificeffects(superpo-
sition or addingor substractingf colors). Looking atthe successie plots of the following
simplecommandgive anexampleof 2 possibleeffectsof this parameter

xset('default’ );
plot3d();

plot3d();

xset('alufunct ion ,7) ;
xset('window’, 0) ;
plot3d();

xset('default’ );
plot3d();

xset('alufunct ion ,6) ;
xset('window’, 0);
plot3d();

We have seenthat somechoicesexist for the fonts andthis choicecanbe extendedby the
command:

e xlfont :toloadanew family of fonts
Thereexiststhe function“reciprocal” to xset

e Xget : togetinformationsaboutthe currentgraphiccontext.
All thevaluesof theparameteréixedby xset canbeobtainedoy xget . An example:

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

pos is the positionof the upperleft pointof the graphicwindow.

SomeManipulations

Coordinategransforms:

e isoview :isometricscalewithoutwindow change

allows anisometricscalein the window of previous plots without changingthe window
size:

t=(0:0.1:2*%pi )

plot2d(sin(t), cos(t) ;
xbasc()

isoview(-1,1,- 1,1);
plot2d(sin(t), cos(t) ;

e square :isometricscalewith resizingthewindow

thewindow is resizedaccordingto the parametersf thecommand.
e scaling : scalingondata

e rotate : rotation

scaling androtate executegespectiely anaffine transformanda geometricrotation
of a2-lines-matrixcorrespondingo the (x,y) valuesof asetof points.

e Xxgetech, xsetech : changeof scaleinsidethegraphicwindow

Thecurrentgraphicscalecanbefixed by a high level plot command.You maywantto get
this parameteor to fix it directly : thisis therole of xgetech,  xsetech . xsetech
is asimpleway to cutthewindow in differentspartsfor differentplots:

t=(0:0.1:2*%pi )

xsetech(wrect= [0 ., 0., 0.6,0. 3] ,fr ect=1[- 1, 1,- 1, 1]);
plot2d(sin(t), cos(t) ;

xsetech(wrect= [0.5,0. 3,0.4,0.6], frect=[- 1,1 - 1, 1]);
plot2d(sin(t), cos(t) ;
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5.4 2D Plotting

5.4.1 Basic2D Plotting

Thesimplest2D plot is plot(x,y) orplot(y) :thisistheplotofy asfunctionof x wherex
andy are2 vectors;if x is missing,it is replacedoy thevector(1,size(y,*’)) ). Ifyisa
matrix, its rows areplotted. Thereareoptionalarguments.

A first exampleis given by the following commandsandoneof the resultsis representedn
figure5.L

t=(0:0.05:1)’;

ct=cos(2*%pi*t);

/[ plot the cosine

plot(t,ct);

Il 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 set( "t hic kness" ,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’, Simgde Plot);

Il click on a color of the xset toggle panel and do the previous plot
/[ to get the title in the chosen color

1.0
0.8 7
0.6 7
047

0.2 7

-0.2 7
-0.4 7
-0.6 7|

-0.8 7|

Figure5.1: Firstexampleof plotting

Thegeneric2D multiple plotis
plot2di(x,y,<opt i0 NS>)

again
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e index of plot2d : i=missing,2,3,4
For thedifferentvaluesof i we have:
i=missing : piecaviselinear/logarithmigplotting
i=2 : piecavise constandrawing 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 cewise linear);
I
subplot(2,2,2)
plot2d(t,[1.5+0. 2*si n(t) 2+cos(t)],logfl ag="1 ")
xtitle("Plot2d1- Logari th mic scales’);
I
subplot(2,2,3)
plot2d2(t,[1.5+0 2 *sin (t ) 2+cos(t)]);
xtitle("Plot2d2- Pi ecewis e constant’);
I
subplot(2,2,4)
plot2d3(t,[1.5+0 2 *sin (t ) 2+cos(b)]);
xtitle("Plot2d3- Vert ic al bar plot’)
Plot2d Plot2d1
3.0 < 1
2.8 10
2.6 1 / \
2.4\ / \
2.24 \\ // \\
281 ‘Piecewise linear | Logarithmic scale(s)
1161: ) / /;\/L/\
1.2 . S
1.0 T S T T T [o e
1 2 3 4 5 6 7 8 10 0 1
10 10
Plot2d2 Plot2d3
3.0 S 3.0
2.8 . 2.8
261 ; ‘ 2.6
2.4 1 ; ‘ 2.4
2.2 L‘\ I ‘LL 2.2
78| Piecewise'constant| 35 Vertlcal plot
T i
12 = A 12
1.0 — T 1.0 L
1 2 3 4 5 6 7 8 1 5 6 7 8

Figure5.2: Different2D plotting

e Parameters,y : two matricesof thesamesize[nl,nc] (nc isthenumberof curvesand
nl is thenumberof pointsof eachcurwe).
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For asinglecurve the vectorcanberow or column:

plot2d(t’,cos(
optionstyle :itis
size(j)
for the caption).

xmax=5.;x=0:0.
u=[-0.8+sin(x)
u=[u;0.2+sin(x
/[start trying

plot2d(x,u,sty

x=0:0.2:xmax;
v=[1.4+sin(x);
xset("mark
plot2d(x,v,sty
xset('default’

(whenonly onecurweis drawvn style

plot2d(t,cos(t) ) areequvalent.

H)

arealvectorof size(1,nc) ;thestyleto usefor cunej is definedby

canspecifythestyleanda positionto use

1: xmax;

;- 0. 6+sin (x); -0.4+ si n(x) ;- 0.2 +sin (x); sin (x)] ;
); 0. 4+sin (x); 0. 6+sin (x); 0. 8+sin (x)] ’;

the symbols (negative values for the style)

le=[-9, -8,-7,6,5,4-3,-2-1,0])

1. 8+sin (x)]

size",5);

le =[ -7, -81])
);
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e Optionframeflag

Figure5.3: Black andwhite plotting styles

. is ascalarcorrespondingo :
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requirements ranges ranges | ranges
of aprevious | givenby | computedrom

actual plot rectarg | x andy

requested

one 0 1 2

Computed

for isometric 3 4

view

Enlaged

For pretty 5 6

axes

Previousand

current 7 8

plotsmeged

e Optionaxesflag controlsthedisplayof informationon theframearoundtheplot :

— 0: nothingis dravn aroundthe plot.

— 1: axesaredrawn, they=axisis displayedon theleft.

— 2: theplotis surroundedy aboxwithouttics.

— 3: axesaredrawn, they=axisis displayedon theright.

— 4: axesaredravn centredin the middle of theframebox.

. If point (0,0)

— 5. axesaredravn soasto crossat point (0,0) doesnotlie inside

theframe,axeswill notappearwonthegraph.

e Optionleg : it is the string of the captionsfor the differentplottedcurves. This string
is composeddf fields separatethy the @symbol: for example“module@phase’ ' (see
examplebelan). Thesestringsaredisplayedunderthe plot with small segmentsrecalling

thestylesof the correspondingurves.
e Optionrect : itisavectorof 4 valuesspecifyingtheboundarie®f theplotrect=[xmin,ymin

e Optionnax : itisavector[nx,Nx,ny,Ny] wherenx (ny) is thenumberof subgradon the
x (y) axisandNx (Ny) is the numberof graduation®n thex (y) axis.

llcaptions 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=[xxl;  Y=[yly2];

plot2d(X’,Y’,sty
rect=[-5,-1,5,1]

le =[ -1 -3],leg="capti
nax=[ 2, 10, 5, 5] ):

onl@aption 2",. .

For differentplotsthesimplecommandsvithoutany agumentshav ademo(e.gplot2d3()

Xmax,y ma
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-3

T
-3.0 -2.7 -2.4 -2.1 -1.

T T
8 -1.5 -1.2 -0.

+ captionl
x caption2
] caption3

r—r T T T T T T T
9 -06 -03 0.0 03 06 09 1.2 15 18 21 24 27 3.0

Figure5.4: Box, captionsandtics

5.4.2 Captionsand Presentation

e xgrid : addsagrid onaz2D graphic;the calling parameters the numberof thecolor.
o Xxtitle . addstitle abore the plot andaxisnameson a 2D graphic
o titlepage : graphictitle pagein the middle of theplot
//Presentation
x=-%pi:0.1:%pi ;
yl=sin(x);y2=c  o0s(x )y 3=X;
X=[x;x:x]; Y=[yly2;y3];
plot2d(X’,Y’,s ty le =[- 1 -2 -3],leg="capti onl @@apti on2@a@pti on3",..
rect=[-3,-3,3, 2l nax=[2,10, 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 onl @@apti on2@a@pti on3",..
rect=[-3,-3,3, 2l nax=[2,10, 2, 5] ;
e plotframe : graphicframewith scalingandgrid

We have seenthatit is possibleto controlthetics onthe axes,choosehesizeof therectangle
for the plotandadda grid. This operationcanbe preparednceandthenusedfor a sequencef
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General Title

y-axis title (with xtitle command) (with xtitle command)
2

5]
o

14— L

x x
xstring command afte x b *
xclea command x @ x

Titlepage wiuenge comana) *

o x-axis title

0
-3 T T T T T T T T T T T T T T T T T T T T
-3.0 -2.7 -24 -21 -1.8 -15 -1.2 -09 -06 -0.3 0.0 03 06 09 12 15 1.8 21 24 27 3.0
+ captionl
x caption2
] caption3

Figure5.5: Grid, Title erasemndcomments

different plots. One of the mostusefulaspects to get graduationgy choosingthe numberof
graduationg@ndgettingroundednumbers.

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 Vovelocity]) ;

e graduate : asimpletool for computingpretty axisgraduationdeforea plot.

5.4.3 Specialized2D Plottings

e champ : vectorfield in R?

Iitry champ

x=[-1:0.1:1];y =x;u =ones (X );

fx=x.*.u";fy=u Ky

champ(x,y,fx,f y);

xset("font",2, 3);

xtitle(['Vecto r field plot’;’(with champ command)’]);

IIwith the color (and a large stacksize)
x=[-1.:0.004:1] ;¥ =X;u= ones(x );
fx=x.*.u";fy=u Ky

champl(x,y,fx, fy );

e fchamp : for avectorfield in R? definedby a function. The sameplot thanchamp for a
vectorfield definedfor exampleby a scilabprogram.
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Vector field plot
(with champ command)
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Figureb5.6: Vectorfield in theplane

e fplot2d : 2D plotting of a curve describedy a function. This function playsthe same
rolefor plot2d thanthepreviousfor champ.

e grayplot : 2D plot of asurfaceusinggraylevels;the surfacebeingdefinedby the matrix
of thevaluesfor agrid.

o fgrayplot . the samethanthe previous for a surfacedefinedby a function (scilabpro-
gram).
In factthese2 functionscanbereplacedy a usualcolor plot with anappropriatecolormap
wherethe 3 RGB componentsarethe same.

R=[1:256]/256; R@=[R'" R’ R;
xset(’colormap ', R@®B);

deff(’[z]=surf (x,y), 'z=(abs(x)- 1)* 2+(@b s(y)-1)**2) ") ;
fgrayplot(-1.8 :0.021.8,-1.8:002:1.8,surf, rect=[-2,-2 ,2,2]) ;
xset('font’,2, 3);

xtitle(["Grayp lo t" ;"( with fgrayplot command)"]);

/lthe  same plot can be done with a “unique” given color

R=[1:256]/256;

G=0.1*ones(R);

RGB=[R" G GI;

xset(’colormap ', R@®);

fgrayplot(-1.8 :0.02.1.8,-1.8:002:1.8,surf, rect=[-2,-2 ,2,2]) ;

e errbar : createsaplotwith errorbars
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5.4.4 Plotting SomeGeometric Figures
Polylines Plotting
e Xxsegs : drawsasetof unconnectedggments
e Xrect :dravsasinglerectangle
e xfrect :fills asinglerectangle
e xrects : fills or dravs a setof rectangles
e xpoly : dravsapolyline
e xpolys : drawsasetof polylines
e xfpoly : fills apolygon
e xfpolys : fills asetof polygons
e xarrows : drawvsasetof unconnecte@rrons
e xfrect :fills asinglerectangle

e Xclea : erase@rectangleonagraphicwindow

CurvesPlotting
e xarc : drawvsanellipsis
e xfarc :fills anellipsis

e xarcs : fills or draws asetof ellipsis

5.4.5 Writting by Plotting
e Xstring : drawsastringor a matrix of strings
e Xxstringl : computesarectanglevhich surroundsa string
e Xxstringb  : drawsastringin aspecifiedoox

e xnumb : draws asetof numbers
We give now the sequencef thecommanddor obtainingthefigure ??.

/I initialize default environment  variables
xset('default’);

xset("use color",0);

xset("font",4,3)

xsetech(frect=[1 1,10, 10]);
xrect(0,1,3,1)

xfrect(3.1,1,3,1 )

xstring(0.5,0.5, "xrect (0,1, 3,1)"
xstring(4.,0.5," xfrect (3.1, 1,3,1)"

xset("alufunctio n",6)
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xstring(4.,0.5,"

xset("alufunctio

xv=[0 1 2 3 4]
yv=[25 15 1.8
xpoly(xv,yv,"lin
xstring(0.5,2.,"
xa=[5 6 6 7
ya=[25 1.5
xarrows(xa,ya)
xstring(5.5,2.,"
xarc(0.,5.,4.,2.
xstring(0.5,4,"x
xfarc(5.,5.,4.,2
IIxset("alufunct
xclea(5.6,4.4,2.
xstring(5.8,4.,"
IIxset("alufunct

15

7 8

xfrect (3.1, 1,3, 1)"

n",3)

1.3 2.5]

es”, 1)

xpol y( xv,yv ,
8 9 9 5]

18 18 13 13 25 25 25]

xarr ows( xa, ya)" )

,0., 64*300.)
arc(0.,5.4
., 0.,64*360.)
ion",6)
8,0.8);
xf ar c

ion",3)

and then

xclea")

[ ines™, 1)")

., 2.,0. 64*300.)")

xstring(0.,4.5," WRT IN G-BY-XSTRIN G()", -2 2. 5)

xnumb([5.5 6.2 6.9],[5.5 55 5.5],[3 14 15],1)

isoview(0,12,0,1 2)

xarc(-5.,12.,5., 5.,0., 64*360.)

xstring(-4.5,9.2 5, " sovi ew + xarc",0.)

A=[" 1" " 2" "3 4" " 5* " 6""68" "

xstring(7.,10.,A );

rect=xstringl(7, 10,A);

xrect(rect(1),re ct (2), rect( 3),r ect( 4)) ;
1 2 3
4 5 6
68 17.2 9

isoview + xarc

xarc(0.,5.,4.,2.,0.,64%300.) O

geom

e have seenthat someparameter®f the graphicsare controlledby a graphiccontext ( for

Figure5.7: GeometricdGraphicsandComments

17.2"

]
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exampletheline thicknessyandothersarecontrolledthroughgraphicsagguments

xset : to setgraphiccontet values.Someexamplesof theuseof xset :

(i)-xset("use color",flag) changedo color or black andwhite plot accordingto
thevalues(1 or 0) of flag
(ii)-xset("window",win dow-number) setsthecurrentwindow to thewindow

window-number andcreategshewindow if it doesnt exist.

(iii)- xset("wpos",x,y) fixesthepositionof theupperleft pointof thegraphicwindow.
The choiceof the font, the width and heightof the window, the driver... canbe doneby
xset .

xget : to getinformationsaboutthe currentgraphiccontet. All the valuesof the parame-
tersfixedby xset canbeobtainedby xget .

xlfont  : toloadanew family of fonts

5.4.6 SomeClassicalGraphics for Automatic Control

bode : plot magnitudeandphaseof thefrequenyg responsef alinearsystem.
gainplot  : sameasbodebut plotsonly the magnitudeof thefrequeng response.

nyquist : plot of imaginarypart versusreal part of the frequenyg responsef a linear
system.

m_circle : M-circle plot usedwith nyquistplot.

chart : plottheNichols’chart

black : plottheBlack’s diagram(Nichols’chart)for alinearsystem.
evans : plotthe Evansrootlocusfor alinearsystem.

plzr : pole-zeroplot of thelinearsystem

s=poly(0,’s");

h=syslin(’c’,(s” 2+2*0. 9*10* s+100) /( s"2 +2*0.3 *1 0.1 *s +102.0 1)) ;
hl=h*syslin(’c’, (s "2 +2*0 .1* 15.1 *s +228. 01)/ (s "2 +2* 0. 9* 15*s +225) );
//bode

subplot(2,2,1)

gainplot([h1;h], 0. 01,1 00);

/Inyquist

subplot(2,2,2)

nyquist([h1;h])

/Ichart and black
subplot(2,2,3)

black([h1;h],0.0 1,100, hl';y h'])
chart([-8 -6 -4],[80 120],list(1,0) );
/levans

subplot(2,2,4)
H=syslin('c’,352 *noly(-5,s ") /Ipoly([0, 0,2000,200,25,1], s’ ¢ ));
evans(H,100)
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Nyquist plot
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Figure5.8: SomePlotsin AutomaticControl
ouv8

5.4.7 Miscellaneous

e edit_curv : interactve graphiccurve editor

e gr_menu : simpleinteractve graphiceditor. It is a Xfig-lik e simpleeditorwith aflexible
usefor a nice presentatiorof graphics. the usercansuperposé¢he elementof gr_menu
anduseit with the usualpossibilitiesof xset .

e locate :togetthecoordinate®f oneor morepointsselectedvith themouseonagraphic
window.

5.5 3D Plotting

5.5.1 Generic 3D Plotting

e plot3d : 3D plotting of a matrix of points: plot3d(x,yz) with x,y,z 3 matricesz beingthe
valuesfor the pointswith coordinatex,y. Otheragumentsareoptional

e plot3dl : 3dplotting of amatrix of pointswith graylevels

e fplot3d : 3d plotting of a surface describedby a function; z is given by an external
z=f(x,y)

e fplot3d1l : 3dplotting of asurfacedescribedyy afunctionwith graylevels
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[PLOTS OF SINUS]|

7us(x)
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Figure5.9: Presentationf Plots
cifi2

5.5.2 Specialized3D Plotting
e param3d : plotsparametriccurvesin 3d space

e contour : level curvesfor a3dfunctiongivenby a matrix

grayplotl0 : graylevel ona2dplot

fcontourl0 : level cunesfor a 3dfunctiongivenby afunction

e hist3d : 3dhistogram
e secto3d : corversionof asurfacedescriptionfrom sectorto plot3dcompatibledata

e eval3d : evaluatesafunctiononaregulargrid. (seealsofeval)

5.5.3 Mixing 2D and 3D graphics

Whenoneuses3D plotting function,default graphicboundariesrefixed,but in R3. If onewants
to usegraphicprimitivesto addinformationson 3D graphicsthe geom3d functioncanbe used
to cornvert 3D coordinateto 2D-graphicoordinatesThefigure 5.10illustratesthis feature.

xinit('d7-10.ps’ )i
r=(%pi):-0.01:0 X =r.* cos (1 0*r) ;y =r. *sin (1 0*r);
function z=surf(x,y),z=s in (x )* cos(y ); endf uncti on
t=%pi*(-10:10)/ 10;
fplot3d(t,t,sur f, th et a=35, al pha=45, le g="X@@Z'f la g=[- 3,2 ,3]) ;
z=sin(x).*cos(y );

[x1,yl]=geom3d( X, Y, 2);
xpoly(x1,y1,"li nes");
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[x1,yl]=geom3d( [0,0], [0, O] ,[ 5,0]);
xsegs(x1,yl);
xstring(x1(1),y 1(1),” The point (0,0,0));

The point (0,0,0)

Figure5.10: 2D and3D plot

5.5.4 Sub-windows

It is alsopossibleto make multiple plotting in the samegraphicwindow (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 D

5.5.5 A Setof Figures

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

/lsome examples

str_I=list();
I
str_I(1)=['plot3 di() ;v ;

‘title=["plot 3d1l : z=sin(x)*cos(y )
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1.0 7
0.8
0.6
0.4
0.2
07]
-0.2 7]
-0.4 7]
-0.6 ]
-0.8 7]

0 0.1 02 03 0.4 o 06 0.7 0.8 0.9 1

T
.5 0

o
0] | |
Figure5.11: Useof subplot
xtitle(title, moony )T
I
str_I(2)=['conto ur() ;o
title=["cont our ;%
xtitle(title, vy )T
I
str_I(3)=['champ 07
title=["cham p "l
xtitle(title, moony )T
I
str_|(4)=['t=%pi *(-10:10)/1 O;
'deff("[z]=su M x,y)” ) 'z=sin(x)*cos(y)” )
'rect=[-%pi,%p  i- %p, %p, -5, 1] ;
‘z=feval(t,t,s urf ); 7
‘contour(t,t,z ,10 ,3 5, 45, 'X@y@' ', [1,1, 0] ,r ect, -5) ; ;
'plot3d(t,t,z, 35, 45, X @@Z", [2,1,3]r ect) ; ;
'title=["plot 3d and contour "
xtitle(title, vy )T
I
for i=1:4xinit('d 7all.p s+ stri ng(i )) ;
execstr(str_I( i)) ,xend(); end

5.6 Printing and Inserting Scilab Graphics in IATEX

We describeherethe useof programqUnix shells)for handlingScilabgraphicsandprinting the
results.Theseprogramsarelocatedin the sub-directorybin of Scilab
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plot3d1 : z=sin(x)*cos(y)

contour
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! \\\\\\\\
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N s/
b s
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plot3d and contour

Figure5.12: Groupof figures
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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
ScilabGraphiavindow.

5.6.2 Creatinga Postscript File

We have seenatthe beginningof this chapterthatthe simplestway to geta Postscripfile contain-
ing aScilabplotis:

-->driver('Pos’)
-->xinit('foo.ps )
-->plot3d1();

-->xend()
-->driver('Rec’)
-->plot3d1()

-->xbasimp(0,’fo olps)

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

Blpr string-title filel.ps file2.ps > result
You canthenprint thefile result  with the classicalunix command
lpr  -Pprinter-name result

or usetheghostview Postscripinterpreteron your Unix workstationto seetheresult.

You canavoid thefile result  with apipe,replacing> result by theprintingcommand
lpr orthepreviewing command ghostview  -.

Thebestresult(bestsizedfigures)is obtainedwhenprinting two pictureson asinglepage.

5.6.3 Including a Postscript File in IATEX

TheBlatexpr  Unix shellandtheprogram®Batexpr2 andBlatexprs areprovidedin order
to helpinsertingScilabgraphicsn IATEX.
Takingthe previousfile foo.ps  andtyping thefollowing statementindera Unix shell:

Blatexpr 1.0 1.0 foo.ps

createswo files foo.epsf  andfoo.tex . The original Postscripffile is left unchanged.To
include the figure in a IATEX documentyou shouldinsert the following IATEX codein your
IATEX document
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\input  foo.tex
\dessin{The caption of your picture{The-| abel }

You canalsoseeyour figure by usingthe Postscripipreviewer ghostview

TheprogramBlatexprs  doesthe samething: it is usedto inserta setof Postscripfigures
in onelATEXpicture.

In the following example, we begin by using the Postscriptdriver Pos and then initialize
successkly 4 Postscripfiles figl.ps, figd.ps for 4 differentplotsandat theend
returnto thedriver Rec (X11 driver with record).

-->/[multiple Postscript files for Latex

-->driver('Pos’)

~>t=06pi*(-10:10 )/ 10;

-->plot3d1(t,t,s in (t ) *cos(t) ,t heta=35,alp ha=45,f la g=[2,2 ,4] );
-->xend()

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

-->xend()

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

-->xend()

~>t=0pi*(-10:10 )/ 10;

-->function z=surf(x,y),z=s in (x )* cos(y ), endf uncti on
-->rect=[-%pi,%p i, -%pi ,%pi, -5,1];

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

-->contour(t,t,z , 10,3545 Xe¢e@' ,[ 1,1 ,0], rect ,-5 );

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

-->title=['plot3 d and contour ;
-->xtitle(title, )
-->xend()

-->driver('Rec’)

Thenwe executethecommand
Blatexprs multi ~ figl.ps fig2.ps fig3.ps fig4.ps

andwe get2 files multi.tex andmulti.ps  andyoucanincludetheresultin alATeX source
file by :

\input  multi.tex
\dessin{The caption of your picturel{The-I abel }

Notethatthesecondine dessin... is absolutelynecessargandyou have of courseto give
the absolutepathfor theinputfile if you areworking in anotherdirectory (seebelow). Thefile
multi.tex is only thedefinitionof the commanddessin  with 2 parameters the captionand
the label; the commanddessin canbe usedwith oneor two emptyamguments* * if you
wantto avoid the captionor thelabel.

The Postscipfiles areinsertedin IATEX with the helpof the\special ~commandandwith
asyntaxthatworkswith thedvips program.

TheprogramBlatexpr2 is usedwhenyouwanttwo picturessideby side.

Blatexpr2 Fileres  filel.ps file2.ps

It is sometimesonvenientto have a main IATeX documenin a directoryandto storeall the
figuresin a subdirectory The properway to inserta picturefile in the maindocumentwhenthe
pictureis storedin the subdirectoryfigures , is thefollowing :
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\def\Figdir{figu res/} % My figures are in the {\tt figures/ } subdirectory.
\input{figures/f ig .t ex}
\dessin{The caption of you picture{The-la bel}

The declarationdef\Figdir{figu re s/ } is usedtwice, first to find thefile fig.tex

(whenyouuselatex ), andsecondo produceacorrectpathnamdor thespecial IATEX com-
mandfoundin fig.tex . (usedatdvipslevel).

-WARNING : thedefaultdriveris Rec, i.e. all thegraphiccommandsrerecordedpnerecord
correspondingo onewindow. The xbasc() commanderaseghe plot on the active window
and all the recordscorrespondingo this window. Theclear button hasthe sameeffect; the
xclear commanderaseghe plot but the recordis presered. Soyou almostnever needto use
the xbasc() orclear commands.If you usesucha commandandif you re-doa plot you
may have a surprisingresult(if you forget thatthe environmentis wiped out); the scaleonly is
presered andsoyou mayhave the “window-plot” andthe “paperplot” completelydifferent.

5.6.4 Postscript by Using Xfig

Another usefulway to get a Postscripffile for a plot is to use Xfig. By the simplecommand
xs2fig(active-wi ndow-n urmber ,f il e- name) yougetafile in Xfig syntax.

This commandeedshe useof thedriver Rec.

Thewindow ScilabGraphiceingactve, if you enter:

-->t=-%pi:0.3:%p iy
~>plot3di(tts  in (t) *cos(t) t heta=35alp ha=45f la g=[2.2 4] );

-->xs2fig(0,'dem o.fi g )

you getthefile demo.fig  which containsthe plot of window O.
Thenyou canuseXfig andafterthe modificationsyou want,geta Postscripfile thatyou can
insertin alATEX file. Thefollowing figureis theresultof Xfig afteraddingsomecomments.

5.6.5 EncapsulatedPostscript Files

As it wassaidbefore,the useof Blatexpr createx2 files: a.tex file to beinsertedin the
IATEX file anda.epsf file.

It is possibleto getthe encapsulateéostscripfile correspondingo a.ps file by usingthe
commandBEpsf .

Noticethatthe.epsf file generatedby Blatexpr is notanencapsulate®ostscripfile : it
hasno boundingbox andBEpsf generates .eps file whichis anencapsulate®ostscripffile
with a boundingbox.
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LOCAL MAX

Figure5.14: Encapsulate®ostscripby Using Xfig



Chapter 6

Interfacing C or Fortran programswith
Scilab

Scilabcanbe easilyinterfacedwith Fortranor C programs.This is usefulto have fastercodeor
to usespecificnumericalcodefor, e.g.,the simulationor optimizationof userdefinedsystems,
or specificLapackor netlib  modules. In fact, interfacing numericalcodeappearsecessary
in mostnontrivial applications.For interfacing C or Fortranprogramsit 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 Fortran programlinked with
Scilab, its input parametersnustbe given specificvaluestransferredrom Scilabandits output
parametersnustbe transformednto Scilabvariables.It is alsopossiblethata linked programis
automaticallyexecutedby a high-level primitive: for instancethe ode functioncanintegratethe
differentialequationz: = f(¢, ) with arhsfunction f definedasa C or Fortranprogramwhichis
dynamicallylinkedto Scilab(see4.4.2.

The simplestway to call externalprogramss to usethelink  primitive (which dynamically
links the users programwith Scilab)andthento interactvely call the linked routine by call
primitive which transmitsScilabvariables(matricesor strings)to the linked programandtrans-
formsbackthe outputparameterinto Scilabvariables.Note thatode/daesolversandnonlinear
optimizationprimitivescanbedirectly usedwith C or Fortranuserdefinedprogramslynamically
linked (see6.1.7). .

An otherwayto addC or Fortrancodeto Scilabis by building aninterfaceprogram.Theinter
faceprogramcanbe written by the userfollowing the examplesgivenin the following directories
routines/example s/ in te rf ace-t ut oria | androutines/examp les /i nt er fa ce-
tour . Exampleof Matlab-like interfacesaregivenin thedirectoryroutines/example s/ mexf ile s.

Theinterfaceprogramcanalsobegeneratedby intersci . Intersci builds theinterface
programfrom a.desc file which describedoththe C or Fortranprogram(s}o be usedandthe
nameandparametersf the correspondingcilabfunction(s).

Finally it is possibleto add a permaneninew primitive to Scilab by building an interface
programas abore and making a new executablecodefor Scilab This is doneby updatingthe
fundef file. In this casetheinterfaceprogramshouldbe givena specificname(e.g. the default
namematus2 ) andanumber Thefile default/fundef shouldalsobe updatedasdoneby
intersci . A new executablecodeis generatedby typing “makeall” in themainScilabdirectory

101
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6.1 Usingdynamic link

Severalsimpleexamplesof dynamidlink aregivenin thedirectoryexamples/link-ex ampl es.
In this sectionwe briefly describehow to call adynamicallylinked program.

6.1.1 Dynamic link

The commandlink(’path/pgm.o , 'p gm,f la g) links the compiledprogrampgm to
Scilabh Herepgm.o is anobjectfile locatedin the path directoryandpgm is an entry point
(programname)in thefile pgm.o (An objectfile canhave severalentry points:to link them,use
avectorof charactestringssuchas['pgm1’,’pgmz2’] )

flag shouldbesetto’C’ for aC-codedprogramandto’F  for aFortransubroutine ('F’
is thedefault flag andcanbe omitted).

If thelink operations OK, scilabreturnsanintegern associatedavith thislinked program.To
undothelink enterulink(n)

Thecommandc_link('pgm’) returnstrueif pgmis currentlylinkedto Scilabandfalseif
not.
Hereis aexample,with the FortranBLAS daxpy subroutineusedin Scilab:

-->n=link(SCI+'/ routin es/bl as/d axpy.o’ ,; daxpy’ )

linking files  /usr/local/lib/ scil ab-2. 4/routin es/ cale Im/d axpy. 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 functioncanbe usedto call adynamicallylinked program.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 ncy)+ a* x( 1+in cx) ,. ..
y(1+n*incy)=y(1+ n*in cy)+ a*x (1 +n*i ncx)
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wherey andx aretwo realvectors.The calling sequencéor daxpy is asfollows:
subroutine daxpy(n,a,x,in CX,y ,in cy)

To call daxpy from Scilabwe mustusea syntaxasfollows:

[y1l,y2,y3,...]=c al I( 'd axpy’ , inputs description,
‘out’, outputs  description)
Hereinputs  description is asetof parameters

x1,pltl  ,x2,p2,t2 ,x3,p3,t3
wherexi is the Scilabvariable(real vectoror matrix) sentto daxpy , pi is the positionnumber
of this variablein the calling sequencef daxpy andti isthetypeof xi in daxpy (=1
t="r t="d’ standdor integer, realor double).
outputs  description is asetof parameters

[r1,c1],p1,td ,[r2,c2],p2,t2 ,[r3,¢3],p3,t3
which describesachoutputvariable.[ri,ci] is the 2 x 1 integervectorgiving the numberof
rows andcolumnsof theith outputvariableyi . pi andti areasfor inputvariables(they canbe
omittedif avariableis bothinputandoutput).

We seethatthe agumentsof call  dividedinto four groups. The first amgument'daxpy’
is the nameof the calledsubroutine.Theamgument'out’  dividestheremainingargumentsnto
two groups.Thegroupof agumentdetweeridaxpy’ andout’ isthelist of inputamguments,
their positionsin the call to daxpy , andtheir datatype. The groupof agumentsto theright of
‘out’ arethedimensionsof the outputvariablestheir positionsin the call to daxpy , andtheir
datatype. The possibledatatypesarereal, integer, and double precisionwhich are indicated,
respectiely, by thestrings'r ,’i" ,and’d’ . Herewe calculatey=y+a*x by acallto daxpy
(assuminghatthelink commancdchasbeendone).We have six inputvariablesx1l=n, x2=a,
x3=x, x4=incx, x5=y, x6=incy . Variablesxl, x4 andx6 areintegersandvariables
x2, x3, x5 aredouble.Thereis oneoutputvariableyl=y atpositionpl=5. To simplify, we
assuméerethatx andy have thesamedengthandwe 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 I
n,1,'m,...
a,2,'d,...
x,3,d’,...
incx,4,'1,...
y,5,d’,...
incy,6,'7’,...
‘out’,...
[1.n],5,d);
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! 4, 7. 10. 13. !

(Sincey isbothinputandoutputparametemwe couldalsousethesimplifiedsyntaxcall(...,’out’
insteadof call(...,’out’[ 1,n,5 'd’)).
The sameexamplewith the C functiondaxpy (from CBLAS):

int  daxpy(int *n, double *da, double *dx, int *incx, double *dy, int

-->link('"daxpy.o od axpy’, C)
linking files daxpy.o to create a shared executable
Linking daxpy (in fact daxpy)

Link done

ans =
1.

-->y=call('daxpy o
n,1,i,...
a,2,’'d,...
x,3,’d’,...
incx,4,'t’,...
y,5,'d,...
incy,6,7,...

‘out’,...

[1,n],5,'d");

__>y

y =

I 4. 7. 10. 13. !

The routineswhich are linked to Scilab can also accesdnternal Scilab variables: seethe
examplesn givenin theexamples/links directory

6.2 Interface programs

6.2.1 Building an interface program

Examplesof interfaceprogramsaregivenin thedirectoryexamples/interf ace-tutoria |
andexamples/interfa ce-t our.

The interfaceprogramsusea setof C or Fortranroutineswhich shouldbe usedto build the
interfaceprogram.Thesimplestwayto learnhow to build aninterfaceprogramis to customizehe
previous skeletonsfiles andto look at the examplesprovidedin this directory Notethata unique
interfaceprogramcanbe usedto interfaceanarbitrary(but lessthat99) numberof functions.

*incy)
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6.2.2 Example

Let usconsideranexamplegivenin examples/interf ace-tutor ial.
We have thefollowing C functionmatmul which performsa matrix multiplication. Only the
calling sequencés important.

FMatrix multiplication C=A*B, (A,B,C stored columnwise) */
#define  A(i,k) afi + k*n]
#define  B(k,j) bk + j*m]
#define C(j) cli + j*n]

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

int  nm,[;
{
int ik double s;
for( =0 ; i < n; i++)
{
for( j=0; j <1, j+4)
{
s =0

for(  k=0; k< m; k++)
s += A(i,k)*B(k,));
}

Cijy) =s;

We wantto have a new Scilabfunction (alsocalled matmul ) which is suchthatthe Scilab
command

-->C=matmul(A,B)

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

To createthe Scilabfunction matmul , we have to write the following C gatevay function
calledintmatmul . Seethefile
SCIDIR/examples/ in te rf ace-t utorial/ int mamul .c .

#include  "stack-c.h"

int  intmatmul(fname)
char *fname;
{
static int 11, ml, nl, 12, m2, n2, I3;
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", &ml, &nl, &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 mlrows and nl columns *
CreateVar(3, "d", &mil, &n2, &I3);
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/* Call the multiplication function matmul
inputs:stk(11)->A, stk(12)->B output:stk(I3)->C */
matmul(stk(11), ml, nl, stk(2), n2, stk(I3));
/* Return C (3) *
Lhsvar(l) = 3;
return  0;

Let us now explain eachstepof the gatevay function intmatmul . The gatevay function
mustincludethe file SCIDIR/routine s/ st ack -c .h . Thisis thefirst line of thefile. The
nameof theroutineis intmatmul  andit admitsoneinput parametevhich is fnrame . fname
mustbedeclaredaschar *. Thenameof the gatavay routine (hereintmatmul ) is arbitrary
but the parametefname is compulsory The gatavay routinethenincludesthe declarationf
the C variablesused. In the gatevay function intmatmul  the ScilabmatricesA, B andC are
referredto asnumbersrespecirely 1, 2 and3.

Theline

CheckRhs(minrhs, maxr hs); CheckLhs(minlhs ,maxlh s);

is to checkthatthe Scilabfunctionmatmul is calledwith a correctnumberof RHSandLHS pa-
rametersForinstancetyping-->matmul(A)  will give anerrormessagenadeby CheckRhs .
ThefunctionCheckRhs justcomparesheC variableRhs (transmittedn theincludefile stack-
c.h ) with theboundsminrhs andmaxrhs .

Thenext stepis to dealwith the ScilabvariablesA, B andC. In a gatavay function, all the Scilab
variablesarereferredto asnumbers.Here,the ScilabmatricesA, B andC arerespectrely num-
beredl, 2 and3. Eachinput variableof the newly createdScilabfunction matmul (i.e. A and
B) shouldbe processedby a call to GetRhsVar . Thefirst two parameter®f GetRhsVar are
inputsandthelastthreeparametersreoutputs.Theline

GetRhsvar(1, "d", &ml, &nl, &l1);

meanghatwe procesghe RHSvariablenumberedL (i.e. A). Thefirst parameteof GetRhsVar
(herel) refersto the first parametehereA) of the Scilabfunction matmul . This variableis
a Scilab numericmatrix which shouldbe seen("d”) asa double C array sincethe C routine
matmul is expectingadouble array Thesecondparameteof GetRhsVar (here"d" ) refers
to thetype (double,int, charetc) of the variable. Fromthe call to GetRhsVar we know that A
hasmlrowsandnl columns.

Theline

if (n1 !=m2 )
{Scierror(999," %s Uncompatible  dimensions\r\n ", fn ane);
return  0;}

is to make areturnto Scilabif thematricesA andB passedo matmul have uncompatibledimen-
sions.The numberof columnsof A shouldbe equalto the numberof rows of B.
Thenext stepis to createthe outputvariableC. Thisis doneby

CreateVar(3, "d", &ml, &n2, &I3);

Herewe createa variablenumbered3 (1 wasfor A and2 wasfor B). It is an array of double

("d" ). It hasmlrows andn2 columns.Thecalling sequencef CreateVar isthesameasthe

calling sequencef GetRhsVar , but thefour first parametersf CreateVar areinputs.
Thenext stepis the call to matmul . Remembethe calling sequence
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void matmul(a,n,m,b, I, ¢
double al],b[],c[]; int  n,m,l;

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

matmul(stk(I1), ml, nl, stk(12), n2, stk(I3));
Herestk(I1) is adoublepointerto the contentof the A matrix. The entriesof the A matrix are
storedcolumnwisein stk(l1)[0] , Stk(I1)[1] etc. Similarly, afterthe call to the C func-
tion matmul the (double)numbersstk(I3)[0] , Stk(13)[1] arethe valuesof the matrix

productA*B storedcolumnwiseas computedoy matmul . The last parameteof the functions
GetRhsVar andCreateVar is anoutputparametexvhich allow to accesshe datathrougha
pointer(herethedoublepointersstk(I1l) ,stk(I2)  andstk(I3)

Thefinal stepis to returntheresult,i.e. the C matrix to Scilab Thisis doneby

Lhsvar(l) = 3;

This statementneansthat the first LHS variableof the Scilabfunction matmul is the variable
numbered.

Oncethegataevay routineis written, it shouldbe compiled linkedwith Scilabanda scriptfile
shouldbeexecutedn Scilabfor loadingthe new function.

It is possibleto build a static or a dynamiclibrary. The static library correspondinghe
the examplejust describedhereis built in the directory SCIDIR/examples/ in te rf ace-
tutorial andthedynamiclibrary is built into thedirectorySCIDIR/example s/ in te rfa ce-
tutorial-so

Static library

In thedirectorySCIDIR/examples /i nte rf ace- tu tor ia | justenterthemake command
in an Unix platform or in the Windows environmentwith the Visual C++ ervironmententer
nmake /f Makefile.mak . Thiscommandroduceshefollowing file tutorial_gateway .C
whichis a C functionproducedy the Makefile :

#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  0O;

}

This functionis essentiallythe tableof C functionswhich aredynamicallylinkedwih Scilab

Thefollowing file tutorial.sce is alsoproducedoy the Makefile :
scilab_functions =[...
"view";
"matmul”;
I;
auxiliary="";
files=G_make(["tutorial_gateway.0","tutorial.a ", auxiliary],"void(Win)");

addinter(files,"tutorial_gateway",scilab_funct ions);
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The Scilabfunctionaddinter ~ makesthe correspondancketweerthe C gatevay functions
(suchasintmatmul ) andtheir namesasScilabfunctions.

To loadthe newly createdunctionmatmul , onehasto executethis scriptandthenthe func-
tion matmul canbecalledinto Scilab

-->exec tutorial.sce

-->A=rand(2,3);B =r and( 3, 3); C=mamul (A, B); [IC=A*B

Summingup, to build an staticinterface, the userhasto write a gatevay function suchas
intmatmul . Thenhehasto edittheMakefilein SCIDIR/example s/ in te rfa ce-t ut orial
(or acopy of it) andto put therethe nameof his gatavay function(s)(e.g. intmatmul.o ) in
thetarget CINTERFACEandthe nameof thecorrespondingcilabfunction(e.g. matmul ) in the
taget CFUNCTIONSvith thesameordering. Typing make produceshestaticlibrary andascript
file (heretutorial.sce ) which shouldbeexecutedeachtimethenewly createdunction(s)are
neededOf course,t is possibleto performthis operationautomaticallywhenScilabis launched
by creatinga startupfile .scilab  identicalto tutorial.sce

Dynamic library

The directory SCIDIR/examples /in te rf ace-tut oria |- so containsthe materialnec-
essanyto createa dynamiclibrary (or adll in the Windows ervironment)thatcanbe dynamically
linkedwith Scilab This directorycontainghefollowing file calledbuilder.sce

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

ilib_name = "libtutorial" /I interface library name
files = ['intview.o","intmatmul.0"] /I objects files
1
libs = /I other libs needed for linking
table = [ "view", "intview"; /I table of (scilab_name,interface-name)
"matmul”,"intmatmul"]; 1

/I do not modify below
1
ilib_build(ilib_name,table files,libs)

Theusershouldeditthisfile, whichis a Scilabscript,andin particularthevariablediles  (arow

vectorof strings)anftable atwo columnmatrix of strings.files  shouldcontainthe names
of all the objectfiles (gatevay functionsandC functionscalled). Eachrow of table is apair of

two strings: thefirst is the nameof the Scilabfunction,andthe secondhe nameof the gatavay

function. Herewe have two functionsview whichhasintview asgatevay andmatmul which

hasintmatmul asgatevay. Thisis theexamplegivenabove. After thefile builder.sce has
beenedited,it shouldbeexecutedn Scilabby thecommand

-->exec builder.sce
Scilabthengenerateshefile loader.sce

/I generated by builder.sce
libtutorial_path =get fil e path(’l oader.sce’) ;
functions=[ view’;
'matmul’;
I;

addinter(libtuto ri al _path+ /l ibtutoria I. so’, 'l ibt utorial’ ,fu ncti ons);
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Thisfile shouldbe executedn Scilabto loadthenewly createdunctionmatmul

-->exec loader.sce

-->A=rand(2,3);B =rand( 3, 3); C=mamul (A, B); /IC=A*B

Summingup, to build a dynamicinterface the userhasto write a gatevay function (suchas
intmatmul ), thenhehasto editthefile builder.sce (oracopy of it) to enterthenameof the
Scilabfunctionandthe necessarg functions,thenhe hasto executethe scriptbuilder.sce

This producethe dynamiclibrary andthe script loader.sce . Theneachtime he needsthe
newly createdunction(s),hehasto executethe scriptloader.sce

6.2.3 Functionsusedfor building an interface

The functionsusedto build aninterfaceare Fortransubroutinesvhenthe interfaceis written in
Fortranandarecodedas C macros(definedin stack-c.h ) whentheinterfaceis codedin C.
Themainfunctionsareasfollows:

e CheckRhs(minrh s, maxrhs)
CheckLhs(minlh s, maxlhs)

FunctionCheckRhs is usedto checkthatthe Scilabfunctionis calledwith

minrhs <= Rhs <= maxrhs . FunctionCheckLhs is usedto checkthat the ex-
pectedreturnvaluesarein therange minlhs <= Lhs <= maxlhs . (Usuallyonehas
minlhs=1 sincea Scilabfunction canbe alwaysbe calledwith lesslhs agumentsthan
expected).

e GetRhsVar(k,ct ,& mk&n k, &l k)

Note thatk (integer)andct (string)areinputsandmk,nk andlk (integers)areoutputs
of GetRhsVar . Thisfunctiondefinesthetype(ct ) of inputvariablenumbered, i.e. the
kth input variablein the calling sequencef the Scilabfunction. The pair mk,nk gives
the dimensions(numberof rows and columns)of variable numberedk if it is a matrix.
If it is a chainmk*nk is its length. |k is the adressof variablenumberedk in Scilab
internal stack. The type of variablenumberk, ct , shouldbe setto "d", "r", i
,'2" or"c" which standsfor double,float (real), integer, doublecomplex or character
respectiiely. Theinterfaceshouldcall function GetRhsVar for eachof therhsvariables
of the Scilabfunctionwith k=1, k=2,..., k=Rhs. Notethatif the Scilabagument
doesnt matchthe requestedype then Scilabentersan error function andreturnsfrom the
interfacefunction.

e CreateVar(k,ct & mké&n k, &l k)

Herek,ct,&mk,&nk  areinputsof CreateVar andlk isanoutputof CreateVar .The
parameterareasabove. Variablenumbered is createdn Scilabinternalstackat adress
Ik . Whencalling CreateVar , k mustbegreaterthanRhs i.e. k=Rhs+1, k=Rhs+2,

. If dueto memorylack, the agumentcant be createdthena Scilaberrorfunctionis
calledandtheinterfacefunctionreturns.

e CreateVarFromP tr (k ,ct ,& mké& nk,& k)

Herek,ct,&mk,&nk,& Ik areall inputsof CreateVarFromPt r andlk is pointer
createdby a call to a C function. This functionis usedwhena C objectwascreatednside
theinterfacedfunctionanda Scilabobjectis to be createdisinga pointerto this C object.
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Oncethe variableshave beenprocessedy GetRhsVar or createdby CreateVar , they
aregivenvaluesby calling oneor seseralnumericalroutine. The call to the numericalroutineis
donein suchaway thateachargumentof the routine pointsto the correspondingcilabvariable.
Characterinteger, real, doubleanddoublecomple type variablesarerespectrely in the cstk
istk ,sstk , stk ,zstk Scilabinternalstackattheadressetk 'sreturnedby GetRhsVar or
CreateVar

Thenthey arereturnedto Scilabaslhs variables. The interface shoulddefinehow the lhs
(output)variablesarenumberedThisis doneby theglobalvariableLhsVar . Forinstance

Lhsvar(l) = 5;
Lhsvar(2) = 3;
Lhsvar(3) = 1,
Lhsvar(4) = 2;

meansthat the Scilab function hasat most4 output parametersvhich are variablesnumbered
k= 5, k=3, k=1, k=2 respectiely.

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

Otherusefulfunctionswhich canbe usedarethefollowing.

e GetMatrixptr(" Aname", &m, &n, &lp);

This function readsa matrix in Scilabinternalstack. Aname is a characterstring, name
of a Scilabmatrix. Outputsareintegersm,n andlp , the entriesof the matrix areordered
columnwise

e ReadString("An  ame" ,&n ,s tr )
Thisfunctionreadsastringin Scilabinternalstack.n is thelengthof thestring.

TheFortranfunctionshave the samesyntaxandreturnlogical values.

6.2.4 Examples

Therearemary examplesof externalfunctionsinterfacedwith Scilabin thedirectoriesSCIDIR/examples
tour and

SCIDIR/examples/ in te rf ace-t our- so.Examplesaregivenin C andFortran.The best

way to build an interfaceis to copy one of the examplesgiven thereandto adaptthe codeto
particularneeds.

6.2.5 Theaddinter command

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

The syntaxof addinteris thefollowing:

addinter(['inter fa ce.o’, ‘’userfiles.o’], ‘entrypt [ 'scifct s

Hereinterface.o is the objectfile of the interface,userfiles.o is the setof users
routinesto belinked,entrypt  is theentrypointof theinterfaceroutineand’scifcts’ is the setof
Scilabfunctionsto beinterfaced.

/i nterfa
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6.3 Intersci

ThedirectorySCIDIR/examples /i nt er sci -e xamgde s-s o containsseveralexampledor
usingintersci which is a tool for producinggatevay routinesfrom a descriptorfile. Let us
describea simpleexample,ex01 . We wantto build aninterfacefor thefollowing C function:

int  extlc(n, a, b, ¢
int  *n;
double *a, *b, *c;

{
int k;
for (k = 0; k < *n; ++k)
clkl = alk] + b[k];
return(0);
}

This function just addsthe two real vectorsa andb with n entriesandreturnsthe resultin c.
We wantto have in Scilabafunctionc=extlc(a,b) which performsthis operationby calling
extlc . Forthat,weprovidea.desc file, exO1lfi.desc

extlc a b

a vector m
b vector m
Cc vector m

extlc mab c
m integer
a double
b double
¢ double

out sequence c

kkkkkkkkhkkkkkkkk *k )k k% *

This file in divided into threepartsseparatedy a blank line. The upperpart (four first lines)
describeshe Scilabfunctionc=extlc(a,b) . Then(next five lines)the C functionis described.
Thelastline of exO1fi.desc  givesthe nameof outputvariables.To runintersci with this
file asinput we enterthecommand

SCIDIR/bin/inter sci- n exO01fi

Two files arecreated ex0lfi.c  andexO1fi_builder. sc e. Thefile ex01fi.,c  istheC
gatevay functionneededor interfacingextlc with Scilab It is agatevayfile built asexplained
above (see6.2.9) :

#include  "stack-c.h"

int intsextlc(fname)
char *fname;
{
int  ml1,n1,11,mn1,m2,n2,12,mn2,un=1,mn3,I3;
CheckRhs(2,2);
CheckLhs(1,1);
/*  checking variable a *
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GetRhsVar(1,"d",&m1,&n1,&I1);
CheckVector(1,m1,n1);
mnl=ml*nl;

/*  checking variable b */
GetRhsVar(2,"d",&m2,&n2,&12);
CheckVector(2,m2,n2);

mn2=m2*n2;

/* cross variable size checking */

CheckDimProp(1,2,m1*n1 1= m2*n2);
CreateVar(3,"d",(un=1,&un),(mn3=mn1,&mn3),&I3 );/*  named: c *

C2F(extlc)(&mnl,stk(I1),stk(12),stk(I3));
Lhsvar(1)=  3;

return  0O;
}
Thefile ex01fi_builder.s ce is thefollowing :
/I generated with intersci
ilib_name = ’libex01fi’// interface library name
table =["extlc","int sext 1c" |;
ilib_build(ilib_ namet able, fi le s, li bs);

This builder file is to be executedby Scilabafterthe variablesfiles  andlibs have been
set:

-->files = [ex01fi.0’ , 'ex01c.o7;
-->libs =0 ;
-->exec  ex01fi_builder .S ce

A dynamiclibrary is thencreatedaswell asafile loader.sce . Executingloader.sce  loads
thelibrary into Scilabandexecutegheaddinter commando link thelibrary andassociatéhe
nameof thefunctionextlc toit. We canthencall the new function;

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

To useintersci onehasto constructa .desc file. The keywordswhich describethe Scilab
functionandthefunctionto be calledcanbefoundin the examplesgiven.

6.4 Argumentfunctions

Somebuilt-in nonlinearsolvers,suchasode or optim , requirea specificfunctionasargument.
For instancen the Scilabcommandode(x0,t0,t,fy dot) , fydot is thespecificagument
functionfor theode primitive. ThisfunctioncanbeaeitherScilabfunctionor anexternalfunction
written in C or Fortran. In both casesthe argumentfunction mustobey a specificsyntax. In the
following we will consider as running example, using the ode primitive with a rhs function
written in Fortran. The samestepsshouldbe followed for all primitiveswhich requirea function
asargument.
If theamgumentfunctionis writtenin C or Fortran,therearetwo waysto call it:

e -Usedynamiclink

-->link('myfyd ot.0’,; myfy dot’ )
flor  -->link(’myfydot .07, 'myfydot ;| C")
-->0de(x0,t0,t ;. myfyd ot )
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e -UsetheEx-ode.f interfacein theroutines/defau It directory(andmake all in
Scilabdirectory).Thecall to theode functionis asabove:

-->0de(x0,t0,t ;" myfyd ot )

In this lattercaseto adda new function,two files shouldbe updated:

e TheFlist file: Flistis list of entry points. Justaddthe nameof your functionatin the
appropriatdist of functions.

ode_list= ... myfydot

e TheEx-ode.f (orEx-ode-more.f )file: thisfile containghesourcecodefor agument
functions.Add your functionhere.

Many exemplesare provided in the default  directory More complex examplesare also
given. For instancat is shovn how to useScilabvariablesasoptionalparametersf fydot

6.5 Mexfiles

ThedirectoriesunderSCIDIR/examples /mexfil es containsomeexamplesof Matlabmex-
files which canbe usedasinterfacesin the Scilabernvironment. The Scilabmexlib  library em-
ulatesthe mostcommonlyusedMatlab mxfunctions  suchasmxGetM, mxGetPr , mxGetlr
etc. Not all the mxfunctions  areavailable but standardnexfiles which make useof matrices
(possiblysparse)¢haractestringsandn-dimensionaarrayscanbe usedwithoutary modification
in the Scilabernvironment.

6.6 Maple to Scilab Interface

To combinesymbolic computationof the computeralgebrasystemMaple with the numerical
facilities of Scilab, Maple objectscanbe transformednto Scilabfunctions. To assureefficient
numericalevaluationthis is donethroughnumericalevaluationin Fortran. The whole processs
doneby a Maple procedurecalledmaple2scilab

6.7 Maple2scilab

Theprocedurenaple2scilab  corvertsa Maple object,eithera scalarfunctionor a matrix into
a Fortransubroutineandwrites the associate&cilabfunction. The codeof maple2scilab  is
in thedirectorySCIDIR/maple

Thecalling sequencef maple2scilab s asfollows:
maple2scilab(fun ct io n- name,obje ct ,args)

e Thefirstagumentfunction-name  is anameindicatingthefunction-namen Scilab

e The secondargumentobject is the Maple nameof the expressionto be transferredo
Scilab

¢ Thethird agumentis a list of agumentscontainingthe formal parameter®f the Maple-
objectobject
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When maple2scilab  is invoked in Maple, two files are generatedpne which containsthe
Fortrancodeandanothemwhich containghe associate&cilabfunction. Asidetheir existencethe
userhasnotto know abouttheir contents.

TheFortranroutinewhich is generatedhasthefollowing calling sequence:
<Scilab-name>(x1 ,x 2, .. ., xn, mar ix )
andthis subroutinecomputesnatrix(i,j) asa function of the amgumentsx1,x2,...,xn . Each
argumentcan be a Maple scalaror array which shouldbe in the agumentlist. The Fortran
subroutineis put into a file named<Scilab-name>.f , the Scilab-functioninto a file named
<Scilab-name>.sc i . For numericalevaluationin Scilabthe userhasto compilethe Fortran
subroutineto link it with Scilab(e.g. Menu-baroption’link ') andto loadthe associatedunc-
tion (Menu-baroption’getf ’). Informationaboutlink operationis givenin Scilabs manual:
Fortranroutinescanbeincorporatednto Scilabby dynamiclink or throughthe Ex-fort.f file
in thedefault  directory Of course this two-stepprocedurecanbe automatizedisinga shell-
script(or usingunix in Scilab). Maple2scilabusesthe “Macrofort” library whichis in the share
library of Maple.

6.7.1 Simple Scalar Example
Maple-Session

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

f = b + a sin(x)

> maple2scilab(‘f_ m,f [ xa,b] ;

Herethe Maple variablef is a scalarexpressionbut it could be alsoa Maple vectoror matrix.
f m  will bethe nameof f in Scilab (notethat the Scilab nameis restrictedto containat

most 6 characters).The proceduremaple2scilab  createswo files: f_m.f andf_m.sci

in the directory where Maple is started. To specify anotherdirectory just definein Maple the

path: rpath:="  /work /* ; thenall files arewritten in the sub-directorywork . Thefile f_m.f

containghesourcecodeof a standaloneFortranroutinewhichis dynamicallylinkedto Scilabby

thefunctionf_m in definedin thefile f_m.sci

Scilab Session

-->unix('make f_ m.o);
-->link('f_m.o’, fo_m) ;

linking _fm_ defined in f m.o
-->getf(’f_m.sci h'c))

—->f_m(%pi,1,2)
ans =



CHAFPTEROG. INTERFACING C ORFORIKAN PROGRKAMSWITH SCILAD 11o

6.7.2 Matrix Example

Thisis anexampleof transferringa Maple matrix into Scilab

Maple Session

> with(linalg):rea d(‘'maple2 scil ab.mapl e*):
> x:=vector(2):par =vector( 2):

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

[ 2 ]
[ x[1]  + par1] x[1]  x[2] ]
mat = | ]
[ par[2] X[2] ]

> maple2scilab(ma t ,mat,[x ,par]) ;

Scilab Session

-->unix('make mat.o’);
-->link('mat.o’, 'mat )

linking _mat_ defined in mat.o
-->getf('mat.sci ', 'e)
-->par=[50;60];x =[1; 2] ;

-->mat(x,par)
ans =

! 51. 2. |
! 60. 2. |
Generatedcode Below is the code(Fortran subroutinesand Scilab functions)which is automatically

generatedy maple2scilab  in thetwo precedingsxamples.

Fortran routines

c
c SUBROUTINEf m
c
subroutine f_m(x,a,b,fmat)
doubleprecision x,a,b
implicit doubleprecision ®

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 ®
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 Yout 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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