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Preface
Oftenwe encountertechnicalproblemsthatwe haveto solve,to overcomesomehow, or just to work
around.After having masteredthedifficulty, we gladlyaddit to theknowledge-basein ourmind,but
from a certainlevel of difficulty wemakenotesin oneform or theother. Thesenotesthenserve for later
reference.A collectionof relatednotescanbeexploitedto gainfurtherinsightin theclassof problemsit
describes.Lastbut not leastonecangetambitiousto fill theholesof knowledgethatanexisting setof
notesleavesopen.

RichardB. Johnson

An expert in a particularcomputerlanguageis really anexpertin thework-aroundsnecessaryto usethis
languageto performusefulwork. An idealcomputerlanguagewoulddo exactlywhatit wastold simply from
readinga specification.In theabsenceof a specification,it would askenoughquestionsto producesucha
specification,thenit would generatethecodenecessaryto performthespecifiedfunctions.

...

EvenC hasits shortcomingswhichhave to behandledwith assemblylanguageextensions.A MasterCarpenter
hasmany toolsandis expertwith mostof them.If you only know how to usea hammer, every problembegins
to look like anail. Stayaway from thattrap.It bytes(sic).

This is thestoryof sci-BOT paraphrased.It startedwith bitsof experiencegatheredin ourheadsand
scatterede-mailcorrespondence.After moreandmoree-mailspiled up, telling thesameold storiesone
of theauthors(lvd) decidedto compiletheproblemsandtheir solutionsinto a convenientformat.Perl
(www.perl.org)’splain old documentation,POD,waschosenfor its simplicity pairedwith amultitudeof
outputformats.However, after2000+linesit becameclearthatPODwasmissinga featurethatwouldbe
neededmoreandmoreassci-BOT wouldgrow bigger:crossreferences.A morepowerful
documentationformatandtheassociatedtoolshadto befound!A two weekwebresearchresultedin one
winner:DocBook(http://www.oasis-open.org/docbook/). Thedownsideof thenecessaryswitchof
formatswasthatthepreviouswork donewith PODhadto beconvertedinto DocBook.Daytimework
plusaddingnew materialto sci-BOT plusconvertingtheold work into thenew formatis too muchfor a
singlevolunteer. So,a secondidiotM-DELauthorwassearchedandfound(cls).His tenyearsof
experiencewith theTeX/LaTeX typesettingsystem,his accuracy, andhis intensitywith which heattacks
any obstaclemadehim theidealchoicefor this madnessM-DELproject.

1. Outline
We openup talkingaboutsomeof themostcommonsyntacticpitfallswhenusingScilabin Chapter2.
Findingthatsomeof thesesyntaxproblemscanbeavoidedwith a clearprogrammingstyle,thenext
chapter, Chapter3, dealswith codingissues.In Chapter4 we thenfocuson thepartsof Scilabthatare
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not well documented,andthereforewidely remainunknown spots.For many usersnot only enjoy the
niceuserinterfaceof Scilab,but demandhighperformancefrom theinterpreterthemassiveChapter5
aboutperformanceissuescoverstheseneeds.It beginsby introducingtechniquessuitableata high level
like vectorizationwhichdo not requirelow level programmingandthedivesdown into theextensionof
Scilabby compiledroutines.This is avastfield by itself. Thereforewe devoteda full chapter, Chapter6,
to thelow level API. sci-BOT closeswith Chapter7 containingremarkson compilinganddebuggingas
well ascommentson thesupplieddocumentationandavailablewebpages.All of theprogramming
snippetsthatbelongto longerexampleswhich do not fit in themaintext havebeengatheredin Chapter
8, wherethey show up in full length.

At theendof thedocumentwehaveput two appendiceswith theGNU FreeDocumentationLicense,and
theGNU PublicLicense,abibliography, andanindex.

2. Other Formats of sci-BO T
sci-BOT, theScilabBag-of-Tricks is availableasSGML, asHTML, or several“printer-ready”versions.
Eachvariantis availablein differentpacking-/compressionformats.

Alternate sci-BO T formats

SGML sourcedistribution

The“Real Thing” (tm)! Theseareour SGML-sources.Building sci-BOT from sourcerequires
XML DocBookversion4.x.

• SGML,tar (sci-bot-sgml.tar),MD5 (sci-bot-sgml.tar.md5)

• SGML,tar.gz (sci-bot-sgml.tar.gz), MD5 (sci-bot-sgml.tar.gz.md5)

• SGML,tar.bz2 (sci-bot-sgml.tar.bz2), MD5 (sci-bot-sgml.tar.bz2.md5)

• SGML,tar.Z (sci-bot-sgml.tar.Z), MD5 (sci-bot-sgml.tar.Z.md5)

• SGML,zip (sci-bot-sgml.zip),MD5 (sci-bot-sgml.zip.md5)

Webcollection

This is sci-BOT in HTML; convenientlybundledfor youroffline readingpleasure.

• HTML, tar (sci-bot-html.tar),MD5 (sci-bot-html.tar.md5)

• HTML, tar.gz (sci-bot-html.tar.gz), MD5 (sci-bot-html.tar.gz.md5)

• HTML, tar.bz2 (sci-bot-html.tar.bz2), MD5 (sci-bot-html.tar.bz2.md5)
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• HTML, tar.Z (sci-bot-html.tar.Z), MD5 (sci-bot-html.tar.Z.md5)

• HTML, zip (sci-bot-html.zip),MD5 (sci-bot-html.zip.md5)

Print versions

Theprintableversionsaresinglefiles.By theway, youdon’t have to print it; it looksgreatwith
Ghostview, too.

• PostScript,ps (sci-bot.ps),MD5 (sci-bot.ps.md5)

• PostScript,ps.gz (sci-bot.ps.gz),MD5 (sci-bot.ps.gz.md5)

• PostScript,ps.bz2(sci-bot.ps.bz2),MD5 (sci-bot.ps.bz2.md5)

• PostScript,ps.Z (sci-bot.ps.Z),MD5 (sci-bot.ps.Z.md5)

• PostScript,zip (sci-bot.ps.zip),MD5 (sci-bot.ps.zip.md5)

• PortableDocumentFormat,pdf (sci-bot.pdf), MD5 (sci-bot.pdf.md5)

• PortableDocumentFormat,pdf.gz (sci-bot.pdf.gz),MD5 (sci-bot.pdf.gz.md5)

• PortableDocumentFormat,pdf.bz2 (sci-bot.pdf.bz2),MD5 (sci-bot.pdf.bz2.md5)

• PortableDocumentFormat,pdf.Z (sci-bot.pdf.Z), MD5 (sci-bot.pdf.Z.md5)

• PortableDocumentFormat,zip (sci-bot.pdf.zip),MD5 (sci-bot.pdf.zip.md5)

3. Typographic Conventions Used In This Book
This sectioncoverstheconventionsusedin this book.Dependingon how theversionyou arecurrently
readingsomefontsmaylook thesame.

Typographic Conventions

filename

This font designatesthenameof a file. A filenameoptionallyincludesapath.

user input

This font is usedfor theuser’s input.This refersonly to thingsthatcanbetypedin at theconsole.
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meta-variable

This typefaceis reservedfor placeholders,i.e. stuff thatalwaysis replacedwith therealinput.

literal piece of code

We usethis font to displayliteral piecesof code,variables,constantaswell asoperators.

variable

Variablesof all kindsaremarkedup this way.

function

Functionsor proceduresof all kindsaremarkedup this way.

command

We usethis font for shellcommands,but alsofor Scilabcommands.

environment-variable

To distinguishenvironmentvariablesfrom programvariablesaseparatefont is used.

4. Ackno wledgments
Lydia vanDijk: To theCCMR systemadministratorsDanielBlakely andBerry Robinsonfor providing a
rock solidmulti-platformenvironment.

Christoph“Solo” Spiel:Firstof all thanksgo to Lydia.Beforeworkingwith herI did notknow whetherI
aminsane.Thisprojecthasremovedall doubt.“Wonderfulgirl! EitherI’m goingto kill her, or I’m going
to likeher.” – HanSoloaboutPrincessLeia in “A New Hope”. (Hah,I toocanquotefrom StarWars!)

To F. Maximilian “Tiger” Pitschi.Youhaveshown methedifferencebetweensoftwareengineeringand
hacking.Kick meagain...
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Chapter 1. Intr oduction
“I havereadyourpostingasof ... to theScilabnewsgroup.It wasveryclear. CanyoumakeaFAQ out of
it?” Yes,we can,andhereit is!

Thehints,tricks,andinformationput togetherin sci-BOT comefrom ourown experience(read:daily
struggle),problemswehavesolvedfor ourcolleagues,andof coursequestionsansweredon the
newsgroup.Therefore,thisdocumentis a ratherloosecollectionof facts,andshouldnot bereadcover to
cover.

Whatthis documentis not:

• An introductionto Scilab

Therealreadyis anexcellent“Introductionto Scilab”, theScilabUser’sGuide,SCI/doc/Intro.ps .

• A replacementfor readingthedocumentation

IONSHO(“In Our Not SoHumbleOpinion”) folks who do not readthedocumentationgetwhatthey
deserve.Scilab’sdocumentationis truly great,sowhy not usingit? To geta command’sman-page
typehelp at thecommandline. Thesameis achievedin thegraphicalenvironmentwith theHelp
button.If theexactcommandnameis unknown, thepowerful cousinof help, aproposjumpsin. It can
by usedfrom thecommandline aswell asfrom theScilabHelpPanel.

• AnotherFAQ list

We donot follow thesimpleQuestion-and-Answerstyle.Insteadwe try to exploreScilabright to its
veryend.

In thespirit of theFreeSoftwareany helpful suggestionor correctionconcerningthis collectionwill be
acknowledgedwith theauthor’snameandemailaddress.If you wantto tell usof amistake,or wantan
item added,pleasedropanemailat <lydia_van_dijk@my-deja.com >.
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Chapter 2. Common Pitfalls

ThenicethingaboutScilab?It is almost
usable!

es

Thereareseveralpeculiaritiesin Scilab’swayof interpretinganexpressionthatwill trip theunwary.
Someof themarea resultof “compatability” to a certaincommercialproductof similar soundingname,
othersarehomegrown quirks.

2.1. The Infamous Dot
In Scilaba digit in front or afterthedecimalpoint is not enforced.This is similar to e.g.FortranandC,
but contraryto Ada.Thus,for Scilabthefollowing threenumbersarewell formed

87.492211
.32493
6857.

As anaside:digit+.0 , digit+. , anddigit+ e.g.123.0 , 123. , and123 areconsideredidentical.

Thelastof thethreeexamples,adecimalpoint at theendof thenumeral,bafflesuserswho wantto invert
a vectoror matrixcomponent-wise.

-> 1 ./ [1 2 3]
ans =

! 1. 0.5 0.3333333 !

Hey, but this is correct!Then,let ussqueezeout thespacesin front of the ./ operator.

-> 1./ [1 2 3]
ans =

! 0.0714286 !
! 0.1428571 !
! 0.2142857 !

Oops!Whathappened?Thelastexpressionis not interpretedas

(1) ./ ([1 2 3])

but as

19
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(1.) / ([1 2 3])

wheretheparentheseshavebeenintroducedfor clarity. Thisbehavior is describedin SCI/README, and
in theScilabFAQ (http://www-rocq.inria.fr/scilab/faq/index.html).

We suggestto avoid whitespacethatinfluencesthecalculationby not letting thedecimalpoint stick out
on eitherside.Thatwayexpressionswith numeralswill alwaysbeinterpretedcorrectly. For ourexample
this means

-> 1.0./ [1 2 3]
ans =
! 1. 0.5 0.3333333 !

which giveswhatwehadin mind.

2.2. Vector Construction
Thesquarebracketoperator[ ] is aconvenienttool to constructvectors.Thereevenexistsanidiom to
build a matrixwith brackets,which is shown in Example2-1.

Example 2-1. Building a matrix column-by-columnand row-by-row

mat = []
for i = 1:n

row = []
for j = 1:m

...
expr = ...
row = [row expr]

end
mat = [mat; row]

end

Rowsareseparatedby semi-colonsor newlines,whichactuallyis straightforward.Columnsare
separatedby commas,or spaces—andherecomestrouble.

First,commaandspaceserve thesamepurpose,andareinterchangeable.Thus,thefollowing
expressionshave thesameresult.

[1 2 3 4]
[1,2,3,4]
[1 2 3,4]

20
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[ 1, 2 3 , 4 ]

Second,aspaceis sometimesconsideredacolumn-separatingspace,sometimesa intra-expressionspace.
This canleadto someconfusionasthefollowing threematrixdefinitionsdemonstrate.Whogetsall of
themright withoutpeekingat theanswers?

-> m1 = [1+%i -1+%i; -1+%i 1-%i]
m1 =

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

-> m2 = [1 +%i - 1 + %i; - 1 + %i 1 - %i]
m2 =

! 1. - 1. + 2.i !
! - 1. + i 1. - i !

-> m3 = [1 +%i -1 + %i; - 1 + %i 1 -%i]
m3 =

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

Confusionmakestheprogrammersusceptibleto writing codeshedid not intend.To make thematrix
expressionclearto you andto Scilabthereareat leasttwo possibilities.

1. Usingnospacesin theconstructionof theelementsof a matrix.This is e.g.demonstratedin m1

above,or

2. Puttingeverycompoundexpressionin parentheses,like

-> [(1 +%i) (-1 + %i); (- 1 + %i) (1 -%i)]
ans =
! 1. + i - 1. + i !
! - 1. + i 1. - i !

Bothwaysavoid theambiguity.

Actually, matricesassimpleastheonesshown in theexamplescanbearrangedin a neatway. It is
discussedin Section3.1.2. SeealsoSection3.1.1onhow to improvetheligibility of Scilabcodeby the
judicioususeof whitespace.
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2.3. Last Newline
Thelastline in aScilabscriptis ignoredif it is not terminatedby a newline (^J onUNI* systems,but
mostof thetimewritten in C-style\n ). This is emphasizedat severalplacesin theofficial Scilab
documentation,but it is socommonto forgetit especiallywhenusingemacsthatwerepeatit here.
However, emacscanbetold alwaysto addafinal newline by adding(setq require-final-newline

t) to thestartup-file,.emacs . See“LearningGNU Emacs”[cameron:1996],TableC-8.

Anotherweaponagainstthiskind of syntaxflaw, anda few otherpesky things,is e.g.thePerl-script
shown in Example2-2, which fixespartof theformatof a Scilabscript.

Example 2-2.Canonicalizationof Scilab files

use Text::Tabs;
while (<>) {

chomp; # remove newline if there is one
tr/\200-\377/ /; # map 8-bit chars to spaces
s[\s+$][]; # kill whitespace at end of line
$_ = expand $_; # convert tabs to spaces
print "$_\n"; # print adding a newline

}

2.4. Variab le Lif etime And Scoping

2.4.1. Local Variab le Scoping
Scilab’svisibility rule for locally definedvariablesfollow thoseof blockstructuredlanguages:

Variableslocal to a block shadowall variablesof thesamenamenot local this this block.

Variablev “shadows” variablev’ meansthatv’ is not accessibleneitherfor readingnor for writing.
Whatis availablefor manipulationis variablev .

Example 2-3.Shadowing of local variables

-> deff(’y = foo(x)’, ’a = 2*x, y = a + 1’)
-> a = 1.0 // top level

a =
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1.
-> foo(3.5)

ans =
8.

-> a
a =

1.
-> foo(a)

ans =
3.

-> a
a =

1.

Example2-3 demonstratesthatthevariablea which is local to functionfoo hasno influenceon the
variablea in thesurroundingenvironment.Evencalling foo with avariablenameda doesnot breakthis
rule.

As usualin blockstructuredlanguagesvariablesfrom all enclosingscopescanbeaccessed,unlessthey
areshadowed.Example2-4showsusageof variablea from anenclosingscope.

Example 2-4.Accessingvariables fr om the enclosingscope

-> deff(’y = bar(x)’, ’y = a + 1’)
-> a = 1 // top level

a =
1.

-> bar(3.5)
ans =

2.
-> bar(-1)

ans =
2.

-> a = 2
a =

2.
-> bar(-1)

ans =
3.

Now what is the“enclosingscope”?It is thecall stack;Scilabscopesdynamically!
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Example 2-5.Dynamic Scoping

// scoping in Scilab
deff(’first_local()’, ’x = ""foo"", second()’);
deff(’first()’, ’second()’);
deff(’second()’, ’disp(x)’);

x = 1;
first_local() // prints ’foo’
first() // prints 1

Example2-5 deservesa closelook. Dynamicscopingcanbeconfusingfor peopleusedto e.g.C’s
lexically scopedauto variables.

/* lexical scoping in C */

void first_local(void);
void first(void);
void second(void);

int x = 1;

int
main(void)
{

first_local(); /* prints 1 */
first(); /* prints 1 */

return 0;
}

void first_local(void)
{

int x = 123; /* warning: unused variable ‘x’ */
second();

}

void first(void)
{

second();
}
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void second(void)
{

printf("%d\n", x);
}

Now comparethis to Perl1:

# dynamical scoping with Perl’s local variables

sub first_local { local $x = ’foo’; second(); }
sub first { second(); }
sub second { print "$x\n"; }

$x = 1;
first_local(); # prints ’foo’
first(); # prints 1

Dynamicscopingis aninherentlydangerousfeaturefor it mightnot beobviouswherea variablegetsits
value.

Let uslook at functionswhich try to changevariablesfrom anenclosingscope.

-> deff(’y = baz(x)’, ’a = 2*a, y = a + 1’)
-> a = 3 // top level

a =
3.

-> baz(1)
ans =

7.
-> baz(1)

ans =
7.

-> a
a =

3.

Obviously, a is unchangedby thecallsto baz . Whathappensis thefollowing:

1. A local variablenameda is created,andthecontentsof variablea from theenclosingscopeis
copiedinto it. Within baz thelocal a is changed.

2. Whenthethreadof controlleavesbaz thepreviousvalueof a is restored.

In otherwords:A local variablecannotinfluenceavariableof thesamenamein any enclosingscope.
Theonly waysto “export” a– possiblymodified– valueis eithervia thelist of returnvalues,which is
thepreferredway, or with a global variable.

25



Chapter2. Pitfalls

As strangeasthismaysoundto programmersaccustomedto languagesthatrequireanexplicit
declarationof all variables,this is anecessaryfeaturein Scilabasvariablesarecreatedwhenthey are
first written to (e.g.asin Python).If a local variablein a functionwouldchangea globalvariableor local
variableof thesamenamein anotherfunction,addinga new functionto anexistingsystemor library
becameamajormaintenanceheadache.

2.4.2. Global Variab les
Theglobal attributeof avariablevar is oftenmisunderstood.It doesnot placevar in anall
encompassingnamespacesothatit couldbeaccessedfrom everywherewithout furtherado.Instead,
global placesthevariablevar in a separatenamespace;separatefrom theinterpreter’snamespace,
andseparatefrom all local functions’namespaces.— andthis is only thefirst half of thestory.

-> v = -1
v =

- 1.

-> global(’v’)

-> who(’global’)
ans =
v

-> clear v

-> who(’global’)
ans =
v

-> deff(’y = useglobal()’, ’y = v’)

-> useglobal()
!-error 4

undefined variable : v
at line 2 of function useglobal called by :
useglobal()

As promised,this is only onehalf. After sayingglobal var thevariablelivesin its new namespace,
but it cannotbeaccessed.Doh! To work with it, wemustimport it explicitely, usingtheglobal modifier
again.Therefore,a slightly modifiedversionof useglobal works.

-> deff(’y = useglobal2()’, ’global v, y = v’)
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-> useglobal2()
ans =

- 1.

-> v = 1 + 2*%i
v =

1. + 2.i

-> useglobal2()
ans =

- 1.

Now whatif we wantto accessv from theinterpreterlevel again?It mustbeimportedjustasit mustbe
importedinto any function.

-> global(’v’)

-> v
v =

- 1.

-> v = 17 + 4
v =

21.

-> clear v

-> useglobal2()
ans =

21.

Onelasthint: globalvariableseven“survive” a restart.If this is not desired,clearglobal shouldbe
calledin theuser’sScilabstartupfile, ~/.scilab .

clearglobal()

will clearall globalvariables.

2.4.3. Clearing Variab les
Duringeverydayprogrammingit is not necessaryto explicitely removevariablesfrom thework space.
All local variablesof a functiondieon exit from thatfunctionanyhow, andthevariablesin theglobal
namespaceusuallydonot needaspecialtreatment.
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However, thereareconditionsunderwhich it is preferableto completelywipeout avariable.This
happensif oneneedsto avoid a pollutionof thenamespacee.g.while working with thelist of all
variables,who(’local’) . Thecorrectcommandto kill thenon-globalvariablev is

clear v

Notethattherearenoparentheses.Theassignment

v = []

setsv to theemptymatrix. It doesnot removethevariablefrom theworkspace.

Globalvariablesareclearedwith theclearglobal function,whosesyntaxis thesameasclear ’s
syntax.

Thereis no needto worry if youdo not understandhow andwhy to kill a variable.This featureis only
neededin very rareoccasions.

Notes
1. Thebehavior of theC exampleis reproducedby replacinglocal with my.
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Theoneandonly generalguidelineto goodprogrammingstyleis: “Make it clear!” And onemight
extendthatto

Make it clear– first of all to you,andthento thepoorpersonsthattake over yourproject(afteryou have been
fired,becauseof writing illegiblecode).

Everypossiblestylefeatureof thelanguageshouldbeusedto expressthemeaningof thecodemore
clearly.

3.1. Spacing and Formatting
Althoughoftenunderestimated,theformat,i.e. thevisuallayoutof thesourcecodeitself cangreatlyhelp
in theunderstandingof theactionsdescribedtherein.

3.1.1. Intra-Expression Spacing
We oftenrun into codelike this

x=a*c+(x-y)^2*b

This is not bad,especiallywhentypedat thecommandline for one-timeuse.However, theexpressionis
not asclearasit couldbe.It caneasilybeimprovedby makingtheprecedencelevelsof theoperators
standout,ase.g.

x = a*c + b*(x-y)^2

Now, theassignmentis intuitively clearat first glance.We useword “intuiti ve” hereto make thereader
alertof theconsequencesof formattinganexpressionthewrongway. Thenour intuition will misleadus,
asin

x = a * c+(x-y)^2*b

Outch!Thisexpressionis evaluateddifferentlyfrom whatit is telling us.We shouldcall it a liar.

SeealsoSection2.2 for theinfluenceof whitespaceon theevaluationof dottedoperators.
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3.1.2. Line Breaking
Breakinga longexpressioninto linescanimprovethereadabilitydramatically. It is particularly
recommendedfor matrixdefinitionswith thesquarebracketoperator. SeealsoSection2.2.

m1 = [ 1+%i -1+%i; ..
-1+%i 1-%i ]

is superiorto

m1 = [1+%i -1+%i; -1+%i 1-%i]

If anarithmeticexpressionis split into linestheoperatorat which thesplit occursalwaysgoesontothe
next line. Preferredbreakpointsoccurright beforeoperatorsof equalprecedence.

d2 = fact * (a/(a+d)*(b*(1-delta) + d*delta) - d) * (P./K).^theta

for examplebecomes

d2 = fact * (a/(a+d)*(b*(1-delta) + d*delta) - d) ..
* (P./K).^theta

or

d2 = fact ..
* (a/(a+d)*(b*(1-delta) + d*delta) - d) ..
* (P./K).^theta

or moredramatic

d2 = fact ..
* ( ..

a / (a+d) * (b*(1-delta) + d*delta) ..
- d ..

) ..
* (P./K).^theta

Thelastwayof breakingtheexpressionis veryLisp-like.

3.1.3. Setting Brac kets Apar t
If spacesright insidetheparenthesesor bracketsof anexpressionsmake thesubexpressionstandout
moreclearly, they shouldbeused.Thatway
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B(k) = a1 * exp(-b1*P(k)/K(k) + b2*Q(k)/K(k))

becomes

B(k) = a1 * exp( -b1*P(k)/K(k) + b2*Q(k)/K(k) )

3.2. Indentation
Heavy indentationdoesnot hurt! No, in factit is a greathelpin findingout thecontrolflow quickly. Let
usstartwith a goodexamplethis time,Example3-1.

Example 3-1. Function whocat

function s = whocat(cat)
// return all local variables, functions,
// etc. that are in category cat.

s = [];
nl = who(’local’);

for i = 1:size(nl, 1)
execstr( ’typ=type(’ + nl(i) + ’)’ );
if typ == cat then

s = [s; nl(i)];
end

end

The for loop,andthe if branchareimmediatelyrecognizable.

Thereareblanklinesbetweenthelogical blocksof thefunction.They too aid thereader’s
comprehensionof whocat ’s innerworkings.As a rule of thumblinesof codethatachievea sub-goalof
thecomputationshouldbegroupedtogetherassentencesaregroupedin a paragraph.

In longerfunctionstheindentationbecomesessentialfor theorientationof themaintainer. Hereis a
excerptof a longerfunction,thatwouldbeterribly hardto understandif not massively indented.

i = 1;
j = 1;
while i <= n1 & j <= n2

while i <= n1 & j <= n2
if ~equ(lst1(i), lst2(j)), break, end
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i = i + 1;
j = j + 1;

end
if i >= n1 | j >= n2, break, end

icurs = i;
while icurs <= min(n1, i+fuzz)

if equ(lst1(icurs), lst2(j)), break, end
icurs = icurs + 1;

end
if icurs <= n1 then

if equ(lst1(icurs), lst2(j)) then
// record element(s) missing from lst1
for p = i : icurs-1

this_diff = [lst1(p), string(-p)];
diff = [diff; this_diff];

end
// re-sync
i = icurs;

end
end
...

end // while

Thecompletelisting of this functioncanbefoundin Chapter8.

Thelastexamplealsoshows thatwe areswitchingbetweenseveralstyleparadigms:

• Neitherthe“Onestatementperline” rule is followedconsistently,

if equ(lst1(icurs), lst2(j)), break, end

couldbe

if equ( lst1(icurs), lst2(j) ) then
break

end

• Nor is theintra-linespacingalwaysconsistentwith theguidelinespresentedhere:

for p = i : icurs-1

couldbe
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for p = i:icurs-1

TheGoldenRuleis thatthereareno goldenrules...This is bestknown undertheterm‘freedom’.

3.3. Choice Of Contr ol Structures
Thoughnot recognizedasthatby all programmerstheflow controlstructuresthemselvesarefirst class
indicatorsof thecodesworkings.We considerthreeimportantcaseshere.

1. while vs. for ,

2. if vs.select , and

3. strict blockstructurevs.prematurereturn.

3.3.1. while /for

Expressedin wordsa for loop tellsus:

• We know exactlyhow many iterationswe shallneedbeforewestartlooping.

• Nothingin theloop bodywill changethis.

Whereasthewhile loopsays:

• We mustcheckwhetherwe shouldloopat all, and

• we haveto re-checkaftereachiterationwhetherwe needanotherround-trip.

Corollary:Theterminationconditionof a while mustbeinfluencedin theloop’sbody.

Comparethenext two codesnippets,thefirst onecalculatingtheaveragevalueof a vectorof numbers,
thesecondsearchingzeroesof a givenfunction.

values = [1.0, 2.0, 3.0, 4.0, 5.0];
average = 0.0;
n = size(values, ’c’); // line 3
for i = 1:n

average = average + values(i);
end;
average = average / n
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Fromline 3 on,we know thenumberof iterations,n, andweknow thatnothingwill changethat.Thusa
for -loop is adequate.

deff(’[y, dy] = fun(x)’, ..
’y = -0.5 + 1.0/(1.0 + x^2), ..

dy = -2.0 * x / (y + 0.5)^2’);

x0 = 0.76;
[y, dy] = fun(x0);
while abs(y) > sqrt(%eps)

x = y/dy - x0;
x0 = x;
[y, dy] = fun(x);

end;
x

Assumingthatthefunction fun , andthestartguessx0 aresuppliedby theuser, wedo not know how
many loopsit will take for Newton’salgorithmto converge,if it doesconvergeat all. (In theexampleit
does.)Here,thewhile -loopexpressesthis lackof a-priori knowledge.

3.3.2. if /select

Therelationshipbetweenif andselect bearssimilarity to while andfor , respectively. In aselect

clausethedifferentcasesareknown – andspelledout explicitely – beforethethreadof controlentersthe
construct.Thereis aoneto onerelationshipbetweenthestatesof theselect ing expressionandthe
case branchtaken.Theelse branchin a select worksexactlyastheelse in an if .

function f = fibonacci(n)
// return n-th Fibonacci number

select n
case 0 then

f = 1
case 1 then

f = 1
else

f = fibonacci(n - 1) + fibonacci(n - 2)
end

Theselect ing expressionis not restrictedto scalars,vectorsfor examplework too:

function s = shape4(m)
// classify a 2x2 matrix according to its shape
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select abs(m) <= %eps
case [%t %t; ..

%t %t] then
s = ’empty’

case [%t %f; ..
%f %t] then

s = ’diagonal’
case [%f %f; ..

%t %f] then
s = ’upper triangular’

case [%t %t; ..
%f %t] then

s = ’lower triangular’
case [%f %f; ..

%f %f] then
s = dense’

else
s = ’general’

end

An if clauseis moreflexible thanaselect clause,but at thepriceof beinglessexpressive.Whenevera
wholerangeof valueshasto becoveredthe if clauseis theonly way to go.

Example 3-2.Function mysign

function y = mysign(x)
// re-write of the sign-function, taking
// floating-point precision into account

if abs(x) < %eps
y = 0.0

elseif x >= %eps
y = 1.0

else
y = -1.0

end
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3.3.3. Strict Bloc k Structure/Earl y Return
Theparadigmof structuredprogrammingis: “Everyblockhasoneandonly oneentrypoint.” That’s it!
Nothingis saidaboutthenumberof exit points.Thepuristsoftenmisinterprettheparadigm,demanding
a singleexit point, too.We preferour freedom,andchoosewhateverwe find adequateto theproblem.

Herearetwo differentimplementationsof analgorithmcalculatingthefactorialof a givenintegral
number.

function y = fact_block(x)
// faculty of x; block-structured version

select x
case 0 then

y = 1
case 1 then

y = 1
else

y = x * fact(x - 1)
end

Thetwo specialcases0, and1 aretestedseparately, andthegeneralcaseis handledin theelse branch.

function y = fact_early_ret(x)
// faculty of x; early-return version

if x >= 0 & x <= 1 then
y = 1
return

end

y = x * fact(x - 1)

This versionimmediatelyreturnsafterhaving treatedthespecialcases,leaving thegeneralcaseto the
“rest” of thefunction.In this veryshortfunctiontheadvantagesof theearlyreturnarenotstriking,
however they areif many specialcasesareto behandled.The“rest” of thefunctioncanthenconcentrate
on thecoreof theproblemwithout beingobscuredby deeplynestedconditionals.

3.4. Size of a Function
Thereis a rule of thumbfor thelengthof a C-function:

L. Torvalds
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Functionsshouldbeshortandsweet,anddo justonething.They shouldfit ononeor two screenfulsof text (the
ISO/ANSIscreensizeis 80x24,aswe all know), anddoonethinganddo thatwell.

It is alsotruefor Scilabfunctionswith theexceptionthathigh level functions,or functionsthatarecalled
from thecommandline directlyshouldbeharnessed,seeSection4.3.3. Therefore,they areusuallymuch
longerthanjust two screenful.Yet their structuredecomposesquitenaturallyinto two parts:the
argumentchecking,andthecomputationpart.Whatremainstrueis thata Scilabfunctiontoo shoulddo
only onething anddo thatwell.

For moreinformationaboutprogrammingstyleconsult“The practiceof programming”[kernighan:1999]
which is centeredaroundC-like languages,but offersextremelyvaluableadvicethroughout.
“ProgrammingPerl”, alsoknown as“The Camel”,[wall:1996]hasa sectioncalled“Efficiency” in
chapter8. It is asinsightful asit is fun to readfor theauthorsdiscussthevariousoptimizationdirections.
They do not hesitateto put upcontradictorysuggestionsin thedifferentoptimizationpaths.

Conclusionof this section:Whatevermakesthecode’sworkingsmoreobviousto thereaderis good.In
otherwords:“If it makesya high,or savesyou taxes,then– by any means– do it!”
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Chapter 4. Unkno wn Spots
In this chapterwe shedsomelight ontowidely unknown features.Partslike theoperatorprecedence
unconsciouslyareexploitedin every-dayprogrammingby all of us.Otherslike theuseof function
variablesaretruly unknown, at leastto theaverageScilabuser. So,readon andbecomea
Yedi^H^H^H^HScilabmaster.

4.1. Operator Precedence And Associativity
Strangebut true,thereis no listing of theprecedenceandassociativity of neitherclassof Scilab’s
operatorsanywherein thedocumentation.So,wediscusstheoperatorprecedenceandassociativity in
detail.

4.1.1. Numeric Operator s
Table4-1 displaysa list of all numericoperatorsup to digraphs1, sortedin descendingorderof their
precedence.An equalprecedencevalue(column1) meanstheoperatorsareevaluatedfollowing the
givenassociativity (column3).

Thetableis generatedwith aScilabscript,i.e.we hadtheinterpreterdetermineits own precedencerules,
which is neat.Thesescriptsarelistedin Chapter8.

Table 4-1.Arithmetic Operators

precedence operator associativity comment

21 + right unary

20 ^ right

20 .^ right

19 - right unary

8 * non

8 / left

8 .* non

8 ./ left

4 \ left

4 .\ left
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precedence operator associativity comment

1 + non binary

1 - left binary

Warning
One line begs for an additional warning, and that is the unary minus ranking at
level 19. It looses against the power operator, ^ . Therefore, -1^2 gives -1 , and not
1. In other words Scilab sees -1^2 as -(1^2) .

Theassociationrulesfollow thoseof standardalgebra.Thus,nobodyshouldbesurprisedthata^b^c is
interpretedasa^(b^c) .

4.1.2. Relational Operator s
Scilabimplementstheusualgangof relationaloperatorswith somesyntacticsugarof having two
“unequality”-operators<>, and~=. Therelationaloperators’precedencesrankin betweenthenumeric
andthelogical operatorslike they do in many othermodernprogramminglanguages.Thisallows for a
minimal useof parenthesesin largerexpressionslike

if 2.0*n > l+1.0 | n/3.0 <= k then
...

end

which evaluatesexactly thesameway as

if ((2.0 * n) > (l + 1.0)) | ((n / 3.0) <= k) then
...

end

just with muchlessline-noise.

4.1.3. Logical Operator s
Therearethreelogical operators:&, | , and~, meaning“and”, “or”, and“not”. Thetwiddle,~ hasthe
uniquesyntacticpropertythatany numberof consecutivetwiddlesareallowedandevaluated.But unless
you wantto entertheobfuscatedScilabcontest,stickingwith oneprobablyis bestase.g.15 ~ areas
goodasone,andtherefore
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~~~~~~~~~~~~~~~%t

returnsF.

Table4-2 shows thecompletelist of Scilab’s logical,alsoknown asboolean,operatorssortedaccording
to decreasingprecedence.

Table 4-2.BooleanOperators

operator associativity comment

~ right unary

& non

| non

4.2. Implicit Cast To Boolean
For thelogical operatorshavebooleanexpressionsastheir arguments,it is timenow to discussthe
implicit promotionof numerictypesto booleantype,somethingvery familiar to C, Perl,andPython
programmers.You haveguessedright, therule is: “Zero is false,everythingelseis true.” Herearesome
examplesof thatruleat work:

-> %t & 0
ans =

F

-> %t & 0.1
ans =

T

-> 6.34 | %f
ans =

T

-> 6.34 | -0.3
ans =

T

Scilabalwaysevaluatesbooleanexpressionscompletely. No operatoris definedwith short-circuit
evaluationsemantics.
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-> deff(’b = ret_false()’, ’b = %f, disp(”ret_false”)’);

-> ret_false() & ret_false()

ret_false

ret_false
ans =

F

4.3. Functions
FunctionsareScilab’s themainabstractionfeature,thusthey deservea closerlook.

4.3.1. Functions Without Parameter s or Return Value
The“Introductionto Scilab”,SCI/doc/Intro.ps , solelyexplainsfunctionsthathaveoneor more
parameters,andreturnoneor morevalues.Yet,Scilabpermitsall conceivablecombinationsof number
of parametersandreturnvalues,includingthosefunctionsthathaveno parameters,or no returnvalues.

If only onevalueis returnedthesquarebracketsin thefunctiondefinitionareoptional.Therefore,the
functionhead(“declaration”)

function [y] = foo(x)

canbeabbreviatedto

function y = foo(x)

However, this is 100%puresyntacticsugar. Whatis muchmoreimportant– anda valuablefeature– is
thepossibilityof defininga functionthatreturnsnothingas

function ext_print(x)
printf("%f, %g", x, x)

does.In Fortranparlanceext_print would becalleda SUBROUTINE, whereasAdaprogrammerswould
termit a PROCEDURE.

Of similar importanceis thedefinitionof parameterlessfunctions.

function t = hires_timer()
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cps = 166e6
t = rdtsc() / cps

Theparenthesesafterthefunctionnameareoptionalwhendefiningthefunction,but not whencalling it,
thusthedeclarationof thelastfunctioncouldhavebeenabbreviatedto function t = hires_timer ,
but thecall to rdtsc couldnot havebeenwrittenast = rdtsc / cps .

For furtherinformationabouttheomissionof parenthesiswhencalling a function,seeSection4.4.3.

4.3.2. Named Parameter s
Theassociationsbetweentheformalparametersof a functionandits actualparametersmaybepositional
or named.A positionalparameterassociationis simply anactualparameter. All thepositionalparameter
associationsin a functioncall mustprecedeall thenamedparameterassociations.Thus,in thefunction
call

myplot(x, y, pointtype = 4, style = ’linespoints’, linetype = 2)

thefirst two parameterassociations(x , y) arepositional,andthelastthree(style , linetype ,
pointtype ) arenamed.Two pointsin thepreviousline of codeareworth noting:

• Whenparametersareassociatedvia their namestheformalparameter’spositionis irrelevant.

• Positionalparameterassociationshavenothingto do with optionalparameters.A namedparameter
canbehandledasanoptionalparameteraswell asa positionalparameter.

Calling a functionwith namedparametersdoesnot requireany specialcodein thefunction.Function
myplot is just anordinaryuser-definedfunction:

function myplot(x, y, style, linetype, pointtype)

// a check for optional parameters would go here

select style
case ’lines’ then

plot2d(x, y, linetype)
case ’points’ then

plot2d(x, y, -pointtype)
case ’linespoints’ then

plot2d(x, y, -pointtype, ’020’)
plot2d(x, y, linetype, ’000’)

end

43



Chapter4. UnknownSpots

To makethetwo parameterslinetype , andpointtype optionalparameters,weaddacheckfor the
existenceof theseparametersin thefunction’s, i.e. thelocal scope.

function myplot(x, y, style, linetype, pointtype)

if ~exists(’linetype’, ’local’)
linetype = 1

end
if ~exists(’pointtype’, ’local’)

pointtype = 1
end

select style
case ’lines’ then

plot2d(x, y, linetype)
case ’points’ then

plot2d(x, y, -pointtype)
case ’linespoints’ then

plot2d(x, y, -pointtype, ’020’)
plot2d(x, y, linetype, ’000’)

end

Now myplot canbecalledin any of thefollowing forms:

myplot(x, y, ’lines’) // only positional parameters
myplot(x, y, style = ’linespoints’) // 3rd parameter is named
myplot(x, y, ’points’, 2, 3) // override defaults
myplot(x, y, linetype = 5, ..

style = ’linespoints’) // named params, one override
myplot(x, y, pointtype = 4, ..

style = ’linespoints’, .
linetype = 2) // named params where possible

4.3.3. Bulletpr oof Functions
If we wantto write bulletproofScilabfunctions,wehave to takecarethatour functionsgettheright
numberof argumentswhicharefurthermoreof thecorrecttype,andcorrectdimension.This is dueto
Scilab’sdynamicnatureallowing usto passargumentsof differenttypes,dimensionetc.to a single
function.

We discusstheissuesof writing robustfunctionusingExample4-1asanillustration.Thecomplete
functiondefinitionis givenin Chapter8.
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Example 4-1. Function cat

function [res] = cat(macname)
// Print definition of function ’macname’
// if it has been loaded via a library.

[nl, nr] = argn(0); ➊

if nr ~= 1 then
error(’Call with: cat(macro_name)’);

end

if type(macname) ~= 10 then ➋

error(’Expecting a string, got a ’ ..
+ typeof(macname));

end
if size(macname, ’*’) ~= 1 then ➌

sz = size(macname);
error(’Expecting a scalar, got a ’ ..

+ sz(1) + ’x’ + sz(2) + ’ matrix’)
end

[res, err] = evstr(macname); ➍

if err ~= 0 then
select err
case 4 then

disp(macname + ’ is undefined.’);
return;

case 25 then
disp(macname + ’ is a builtin function’);
return;

else
error(’unexpected error’, err);

end // select err
end // err ~= 0

...

➊ First,we checkhow many actualparametersfunctioncat hasgot.Thebuilt-in functionargn

returnsthenumberof left-handside– or output– variablesnl (In this examplewedo not makeuse
of nl .), andthenumberof right-handside– or input– valuesnr .

Ensuringthecorrectnumberof input argumentsalwaysis thefirst step.Otherwisewe cannot
assumewhetherevenaccessinga parameteris valid. Thenumberof outputvaluesis not ascritical,
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for calling a functionwith lessoutputvariablesthanspecifiedin thefunction’ssignaturecausesthe
extraoutputvaluesto besilently discarded.

After learningthenumberof actualparameters,we immediatelycheckwhetherit is in theright
range.In ourexamplesimply terminatewith anerrorif thenumberof argumentsis incorrect.

➋ Thenext thing to addressarethetypesof thearguments.Againwe let thefunctionfail with anerror
if it doesnot getwhatit wants,but this is not theonly possibleway.

It is conceivablethatweconvert from onetypeto another, sayfrom numericto string.Furthermore,
it is possiblethatthetypeof theargumentsdeterminesthealgorithmchosen,a featurenormally
advertisedunderthename“function overloading”.

➌ Finally, weexaminethearguments’structure.A functioncane.g.allow scalarsonly, or accept
scalarsandmatrices.Here,weenforceascalar. In otherfunctionscertaindimensionalrelationsof
severalinput parametersmustbeenforced.E.g.thematrixmultiplicationA * B is only definedfor
size( A, ’c’) == size( B, ’r’) .

➍ Now wecanstartwith therealwork.

At first glanceall this checkinggizmosmight seemexaggerated.To do it justiceweshouldkeepin mind
thatit is only necessaryif a functionmustwork reliably in differentenvironments.All functionsthata
library exportsbelongto thatclass,becausethelibrary writer doesnot know how thefunctionswill be
usedin thefuture.Quick-and-dirtyfunctionsarea differentthing,soarefunctionsthatarenevercalled
interactively.

4.3.4. Function Variab les
Functionsareadatatypeon their own right. Therefore,they themselvescanbeargumentsto other
functions,andcanbeelementsin lists.

-> deff(’y = fun(x)’, ’if x > 0, y = sin(x); else, y = 1; end’)

-> fun(%pi/2)
ans =

1.

-> fun(-3)
ans =

- 1.

-> bar=fun
bar =
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[x]=bar(y)

-> typeof(bar)
ans =
function

-> deff(’a = fun(u, v, w)’, ’a = u^2 + v^2 + 2*u*v - w^2’)
Warning :redefining function: fun

-> bar(%pi/4)^2
ans =

0.5

-> fun(2, 3, 4)
ans =

9.

As theexampleshowsScilabemploys its usualcopy-by-valuesemanticswhenassigning
function-variables,this is consistentwith theassignmentof any otherdatatype.

4.3.5. Nested Function Definitions
Functiondefinitionscanbenested.Theusualscopingrulesapply. Onlinenestedfunctiondefinitionsare
somekind of awkwardbecauseof themassivenumberof quotes,but deff s in function sareeasyto
theeye.

Example4-2 showsa functionthatdefinesfour functionsin its body.

Example 4-2. Function tauc

function [t, rmin, r0] = tauc(E0, M, s, D)

deff(’U = Umorse(r, steepness, depth)’, ..
’e = exp(-r * steepness); ..

U = depth*(e^2 - 2*e)’);

// point of vanishing potential
deff(’y = equ0(x)’, ’y = Umorse(x, s, D)’);

// reflection point
deff(’y = equ1(x)’, ’y = Umorse(x, s, D) - E0’);

deff(’tau = integrand(x)’, ..
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’tau = sqrt( M / (2*(E0 - Umorse(x, s, D))) )’);

// rationalized units...
units = 10.0e-10 / sqrt(1.380662e-23 / 1.6605655e-27);

// calculate endpoints of definite integral
r0 = fsolve(-10.0, equ0);
rmin = fsolve(-10.0, equ1);

// evaluate definite integral
[t_unscaled, err] = intg(rmin, r0, integrand);
t = 2 * units * t_unscaled;

4.3.6. Functions as Parameter s in Function Calls
As mentionedabove,user-definedfunctionscanbepassedasparametersto (usuallydifferent)functions.
Builtin functionshave to be“wrapped”in user-definedfunctionsbeforethey canbeusedasparameters.

Thefollowing exampledefinesa functionalthatimplementsa propertyof Dirac’sdeltadistribution.

-> deff(’y = delta(a, foo)’, ’y = foo(a)’)

-> delta(cos)
!-error 25

bad call to primitive :cos

-> deff(’y = mycos(x)’, ’y = cos(x)’)

-> delta(0, mycos)
ans =

1.

Thenext exampleis abit moreconvoluted,but alsocloserto therealworld. We definea new optimizer
function,calledminimize , which is basedon Scilab’s optim function.Functionminimize expectstwo
vectorsof datapointsxdata andydata , a vectorof initial parametersp_ini , thefunctionto be
minimizedfunc , andanobjective functionalobj .

Theadvantageof definingseparatemodelandobjective functionsis anincreasedflexibility asbothcan
bereplacedat will withoutchangingthecoreminimizationfunctionminimize .

function [f, p_opt, g_opt] = minimize(xdata, ydata, ..
p_ini, func, obj)
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// on-the-fly definition of the objective function
deff(’[f, g, ind] = _cost(p_vec, ind)’, ..

’[f_val, f_grad] = func(xdata, p_vec); ..
[f, g] = obj(f_val - ydata, f_grad)’);

[f, p_opt, g_opt] = optim(_cost, p_ini);

Functionminimize needsa modelfunction func thatreturnsthevalueandthegradientat all pointsx

for agivenvectorof parametersp_vec . Moreover, weneedtheobjective functionalobj thatgivesthe
“cost”, aswell asthedirectionof steepestdescentin parameterspace.

In this examplewechooseaquadraticpolynomialfor themodel,my_model , andleastsquaresfor the
objective lsq .

function [f, g] = my_model(x, p)
g = [ones(x), x, x.*x];
f = p(1) + x.*(p(2) + x*p(3));

function [f, g] = lsq(diff, grad)
f = 0.5 * norm(diff)^2;
g = grad’ * diff;

Giventhesedefinitions,we cancall minimize :

dx = [0.0 1.0 2.0 2.5 3.0]’;
dy = [0.0 0.9 4.1 6.1 9.5]’;
p_ini = [0.1 -0.2 0.9]’;
[f_fin, p_fin, p_fingrad] = ..

minimize(dx, dy, p_ini, my_model, lsq)

xbasc();
plot2d(dx, dy, -1); // plot data points ...
xv = linspace(dx(1), dx($), 50)’;
yv = my_model(xv, p_fin);
plot2d(xv, yv, 1, ’000’); // ... and optimized model function

4.3.7. Functions in tlist s
Currentlytheonly complex datastructurethatallows for storageof function s is thetypedlist tlist .

FIXME: write it
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4.3.8. macrovar

Themacrovar functioncouldbecalledthefunctionalcousinof thesize function.Theprimarypurpose
of macrovar is to supporttheScilab-to-Fortrantranslator, but it canbeusefulfor otherpurposes,too.

Functionmacrovar revealsfive importantattributesof auserfunction.Thesearethenamesof all

• inputvariables,

• outputvariables,

• globalvariables,

• functionscalled,and

• local variables.

Oneexampleof aninterestinguseof macrovar is anintegrationroutinethatacceptsintegrandfunctions
with anarbitrarynumberof arguments,i.e.overarbitrarymany dimensions.

function vol = int_cube(ifun)
// integrate ifun in an appropriate hypercube
// (0, ..., 0), ..., (1, ..., 1)

ifun_var = macrovar(ifun)
ifun_sz = size(ifun_var(1)) // names of input arguments
ifun_dim = ifun_sz(1)

for d = 1:ifun_dim
// integrate in one dimension

end

4.4. Miscellaneous Unkno wn Spots

4.4.1. Star ting scile x
For debuggingpurposesit is sometimesdesirableto directlystartthemainScilabbinary, scilex. Scilabis
usuallylaunchedvia thescilab shellscript.Both, thescriptandthebinarylive in theSCI/bin

directory. Thescripttakescareof settingall environmentvariables,andfinally firesup scilex. On the
otherhand,if onewantsto runa debugger, saygdb, or ddd, or aprofileron Scilab,thena manual
invocationis theorderof theday. SeealsoSection7.1.2.
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Startingscilex is easyaslongasthecommand-lineeditinggoodiesarenot required,andthereis noneed
for any graphics.Actually, for minimumfunctionalityonly theenvironmentvariableSCI mustbeset,
thenwe areall setto call scilex. A bashsequenceto startScilab“manually” couldlook asshown in
Example4-3.

Example 4-3. Manually launching scilex

lydia@orion:~$ cd /site/X11R6/src/scilab
lydia@orion:/site/ X11R6/ src /sc ila b$ SCI=‘pwd‘
lydia@orion:/site/ X11R6/ src /sc ila b$ export SCI
lydia@orion:/site/ X11R6/ src /sc ila b$ cd bin
lydia@orion:/site/ X11R6/ src /sc ila b/b in $ ./scilex -nw

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

Scilab-2.5
Copyright (C) 1989-99 INRIA

Startup execution:
loading initial environment

->

or shorter

lydia@orion:~$ export SCI=/site/X11R6/src/scilab
lydia@orion:~$ $SCI/bin/scilex -nw

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

Scilab-2.5
Copyright (C) 1989-99 INRIA

Startup execution:
loading initial environment

->
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whereweareassumingthatScilabis installedin /site/X11R6/src/scilab .

4.4.2. Tuple Assignment
Themostcommonlyusedform of assignmentis singlevariableassignment.Nonetheless,assigning
multiple valuesin onestatementis possible(andno surprisefor Perlor Pythonprogrammers).

-> [x1 x2 x3] = (1, 2, 3)
x3 =

3.
x2 =

2.
x1 =

1.

Tupleassigmentworksasexpected,performingthewholeassigmentoperationin onestep.Theonline
documentationgivesthewrongexplanatorycode

[x1,x2,...]=(e1,e2 ,.. .) is equivalentto x1 = e1, x2 = e2, ...

Thecorrectexplanationis

[x1, x2, ...] = (e1, e2, ...) is equivalentto %t1 = e1, %t2 = e2, ..., andthenx1 = %t1, x2 =

%t2, wherethevariables%tN areinvisible to theuser.

Otherwisethefollowing example,swappingvaluesof two variables,would resultin a andb bothbeing
equalto 2.

-> a = 1, b = 2
a =

1.
b =

2.

-> [b, a] = (a, b) // swap
a =
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2.
b =

1.

Seetheonlinedocumentation,help parents .

Whatonemight expect,but whatdoesnot work is multipleassignmentto partsof matrices(or lists), i.e.
thefollowing codesnippeddoesnot work asnaively expected

-> v = [0 0 0], a = 0
v =

! 0. 0. 0. !
a =

0.

-> [a, v(1)] = (1, 2)
Warning: obsolete use of = instead of ==

!
!-error 41

incompatible LHS

Theobvious,but ugly workaroundis usingonly scalarvariableson theleft-handsideof aaggregate
assignment,andthenassigningthesescalarsto theappropriatematrixor list parts.

4.4.3. Omitting Parentheses on Function Call
Theparenthesesof any one-parameterfunctioncanbeomitted,if thefunctionacceptsastringargument.
Moreover, thequotesfor a literal stringargumentcanbeleft out, too.

Theis especiallyuseful,whenworking interactively, andloadingfunctions,or scripts.Thereis no need
to typeuntil yourfingersbleedby saying

-> getf(’foo.sci’)

asthenext two exampleswork just aswell.

-> getf ’foo.sci’

andeven

-> getf foo.sci

is OK. Notethatthis is not only truefor built-in, but alsofor user-definedfunctions.
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Functionexec is anexceptionto therule thatasemicolonsuppressesany outputof thepreceeding
clause,if it is invokedwithout parenthesis.2 In fact,exec doesechothecommandsit executesif used
without parenthesisdespitea trailing semicolon,i.e.

-> exec script.sci;

with semicolongivessameresultsas

-> exec(’script.sci’)

without semicolon,whereas

-> exec(’script.sci’);

doesnot echothecommandsof thescriptfile.

Notes
1. Thetrigraphoperators.*. , ./. , and.\. areleft out.

2. Thanksto GlennFulford for reportingthis.
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Scilab—Thefastestthing fromFrance
sinceDjangoReinhardt.

cls

In this chapterwe discusshow expressionscanbewritten to executemorequickly while doingthesame
thing.Scilabis powerful andflexible, thereforethereareplentyof thingsonecando to speedup function
execution.On thedownsidetherearea lot of thingsthecanbedonethewrongway, slowing down the
executionto acrawl.

In thefirst partof this chapterwe focuson high-level operationsthatareexecutedfast.Themainclassto
nameherearevectorizedoperations.Anotherclassareall functionsthatareconstructingor manipulating
vectorsor matricesasa whole.Thesecondpartof this chapterdealswith theextensionof Scilabthrough
compiledfunctionsfor thesakeof increasedexecutionspeed.We closewith asectionon how to compile
Scilabitself to increaseits performance.

5.1. High-Le vel Operations
Not usingvectorizedoperationsin Scilabis themainsourcefor suffering from a slow code.Herewe
presentperformancecomparisonsbetweendifferentScilabconstructsthataresemanticallyequivalent.

5.1.1. Vectoriz ed Operations
Thekey to achievea highspeedwith Scilabis to avoid theinterpreterandinsteadmakeuseof thebuilt
in vectorizedoperations.Let usexplain thatwith asimpleexample.

Saywewantto calculatethestandardscalarproducts of two vectorsa andb whichhave thesame
lengthn. Naiveasweare,we startwith

s = 0 // line 1
i = 1 // line 2
while i <= n // line 3

s = s + a(i) * b(i) // line 4
i = i + 1 // line 5

end // line 6

HereScilabre-interpretslines3 to 5 in every round-trip,which in total is n times.This resultsin slow
execution.Theexampleutilizesno vectorizationat all. On theotherhandit usesonly very little memory
memoryasnovectorshaveto bestored.
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Thefirst stepto getsomevectorizationis to replacethewhile with a for loop.

s = 0 // line 1
for i = 1:n // line 2

s = s + a(i) * b(i) // line 3
end // line 4

Line 2 is only interpretedonce;thevectori = 1:n is setup andtheloopbody, line 3 is threadedover it.
So,only line 3 is re-evaluatedin eachroundtrip.

OK, it is time for a really fastvectoroperation.In thepreviousexamplestheexpressionin theloopbody
hasnot beenmodified,but we canreplaceit with theelementwisemultiplicationoperator.* , and
replacetheloopwith thebuilt-in sum function.(SeealsoSection5.1.3.3.)

s = sum(a .* b)

Oneobviousadvantageis, wehavea one-linernow. Is thatasgoodasit canget?No, thestandardscalar
productis not only a built-in functionit is alsoanoperator:

s = a * b’

We summarizethetiming resultsof a PII/330Linux-systemin Table5-1.

Table 5-1.Comparisonof various vectorization levels

construct MFLOPS

while 0.005

for 0.008

.* and sum 1.7

* 2.8

In otherwordsthespeedratio is 1:1.6:330:550.Of coursethenumbersvary from systemto system,but
thegeneraltrendis clear.

5.1.2. Avoiding Indexing
Accessinga vector- or matrix-elementvia indexing is slow. Sometimestheindex cannotbeavoided,but
therearecaseswhereit can.Compare

for i = 1:n
v(i) = i

end
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and

v = []
for i = 1:n

v = [v, i]
end

Thesecondsnippetis not only faster, but in somecircumstancesmaybeclearer. Again thereis a built-in
operatorthatdoesthesamejob at lightning speed,thecolon : , which is describedin detail in Section
5.1.3.1.

v = 1:n

Thespeedratio is approximately1:1.5:5000.

In thenext example,Example5-1, thefunctionsactuallytry to do somethinguseful:they mirror a matrix
alongits columnsor rows.We show differentimplementationsof mirror N thatall do thesamejob, but
utilize moreandmoreof Scilab’svectorpowerwith increasingfunctionindex N .

Example 5-1. Variants of a matrix mirr or function

function b = mirror1(a, dir)
// mirror matrix a along its
// rows, dir = ’r’ (horizontal)
// or along its columns, dir = ’c’ (vertical)

[rows, cols] = size(a)
select dir
case ’r’ then

for j = 1 : cols
for i = 1 : rows

b(i, j) = a(rows - i + 1, j)
end

end
case ’c’ then

for j = 1 : cols
for i = 1 : rows

b(i, j) = a(i, cols - j + 1)
end

end
else

error("dir must be ”r” or ”c”")
end
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function b = mirror2(a, dir)
// same as mirror 1

[rows, cols] = size(a)
b = []
select dir
case ’r’ then

for i = rows : -1 : 1
b = [b; a(i, :)]

end
case ’c’ then

for i = cols : -1 : 1
b = [b, a(:, i)]

end
else

error("dir must be ”r” or ”c”")
end

function b = mirror3(a, dir)
// same as mirror 1

[rows, cols] = size(a)
select dir
case ’r’ then

i = rows : -1 : 1
b = a(i, :)

case ’c’ then
i = cols : -1 : 1
b = a(:, i)

else
error("dir must be ”r” or ”c”")

end

function b = mirror4(a, dir)
// same as mirror 1

select dir
case ’r’ then

b = a($:-1:1, :)
case ’c’ then

b = a(:, $:-1:1)
else

error("dir must be ”r” or ”c”");
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end

Besidestheperformanceissuediscussedherethefunctionsin Example5-1 demonstratehow much
expressivenessScilabhasgot.Thesolutionslook quitedifferent,thoughthey give thesameresults.The
benchmarkresultsof all functionsareplottedin Figure5-1, andanextensivediscussionis foundin
Section5.2.1. In brief thefunctionsgetfasterfrom top to bottom,functionmirror1 is theslowest,
mirror4 thefastest.

5.1.2.1. $-Constant

Thelastof theexamples,mirror4 , introducesa new symbol,the“highestindex”, $ alongagiven
direction.Thedollarsignis only definedin theindex expressionof a matrix.As 1 alwaysis thelowest
(or first) index, $ alwaysis thehighest(or last).Thedollar representsa constant,but this constantvaries
acrosstheexpression!More preciselyit varieswith eachmatrix dimension.Let usmake thingsclearby
statinganexample.

-> m = [ 11 12 13; 21 22 23 ];

-> m(2, $)
ans =

23.

-> m($, $)
ans =

23.

-> m(:, $/2 + 1)
ans =

! 12. !
! 22. !

5.1.2.2. Flattened Matrix Representation

The$ signleadsusto theflattenedor vector-likerepresentationof amatrix, if we rewrite thethird line of
theaboveexampleto

-> m(1:$) 1

ans =
! 11. !
! 21. !
! 12. !
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! 22. !
! 13. !
! 23. !

Theexpressionu = v(:) is reshapeoperation,assigningto u thecolumn-representationof v . For
generalreshapingof matrices,seethematrix functionin Section5.1.3.3.8.

Tip: Given the vector v , the expression v = v(:) is a very convenient idiom in a function to force v

into column (i.e. 1-times-N ) form.

In generalanxm matrixmat canbeaccessedin threeways:

• asa unit by sayingmat,

• by referencingits elementsaccordingto their row andcolumnwith mat(i, j), or

• via indexing into theflattenedform mat(i).

Thefollowing equivalenceholds:mat(i, j) == mat(i + (j - 1)*n). ScilabfollowsFortranin its way to store
matricesin column-majorform. Seealsothediscussionof thefunctionmatrix in Section5.1.3.3.

5.1.3. Built-In Vector -/Matrix-Functions
Scilabprovidesmany built-in functionsthatwork on vectorsor matrices.Knowing whatfunctionsare
availableis importantto avoid codingthesamefunctionalitywith slow iterativeexpressions.

For furtherinformationaboutcontemporarytechniquesof processingmatriceswith computers,the
classicalwork “Matrix Computations”[golub:1996]is recommended.

5.1.3.1. Vector Generation

Therearetwo built-in functionsandoneoperatorto generatea row-vectorof numbers.

5.1.3.1.1. Operator “ : ”

This syntaxof thecolonoperatoris

initial [ : increment] : final

with adefaultincrement of +1. To producetheequivalentpieceof Scilabcode,we write
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x = initial
v = [ x ]
while x <= final - increment

x = x + increment
v = [v, x]

end

wherev is theresult.Notethatthelastelementof theresultalwayswill besmalleror equalto thevalue
final.

5.1.3.1.2. linspace

Thesyntaxof linspace is

linspace ( initial, final [, length])

usinga defaultof 100 for length. linspace returnsa row-vectorwith length entries,which divide
theinterval (initial, final) in equal-lengthsub-intervals.Bothendpoints,i.e.initial and
final arealwaysincluded.

5.1.3.1.3. logspace

logspace worksmuchlike linspace , andthefollowing relationholds

logspace ( initial, final) == 10^ linspace ( initial, final)

5.1.3.2. Whole Matrix Construction

All of thefunctionsshown in this sectionarecapableto producearbitrarymatricesincludingthe
boundarycasesof row- andcolumn-vectors.

5.1.3.2.1. zeros

As thenamesuggeststhis functionproducesamatrix filled with zeros.Thetwo possibleinstantiations
arewith two scalararguments

n = 2
m = 5
mat = zeros(n, m)

or with onematrix argument
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mat1 = [ 4 2; ..
4 5; ..
3 5 ]

mat2 = zeros(mat1)

Thefirst form producesthen timesmmatrix mat madeup from zeros,whereasthesecondbuilds the
matrix mat2 which hasthesameshapeasmat1 , andis alsoconsistingof zeros.

Single scalar argument to zeros
In the case of a single scalar argument zeros returns a 1-times-1 matrix, the sole
element being a zero.

Furthermore,notethat

zeros()

is not allowed.

5.1.3.2.2. ones

Thecommandis functionallyequivalentto zeros . Insteadof returninga matrix filled with 0.0 as
zeros does,ones returnsa matrixfilled with 1.0 . Theonly differenceis a third form which is
permittedfor ones , andthatis calling thefunctionwithout any arguments:

-> ones()
ans =

1.

5.1.3.2.3. eye

Theeye functionproducesageneralizedidentitymatrix, i.e.amatrixwith all elementsa(i, j) == 0.0for i
~= j, and1.0 for i == j. Thiscommandis functionallyequivalentto zeros . Theonly extensionis the
usagewithout any argument,wheretheresultautomaticallytakesover thedimensionsof thematrix in
thesubexpressionit is used.

-> a=[2 3 4 3; 4 2 6 7; 8 2 7 4]
a =

! 2. 3. 4. 3. !
! 4. 2. 6. 7. !
! 8. 2. 7. 4. !

62



Chapter5. Performance

-> a - 2*eye()
ans =

! 0. 3. 4. 3. !
! 4. 0. 6. 7. !
! 8. 2. 5. 4. !

5.1.3.2.4. diag

Functiondiag hastwo differentworkingmodesdependingon theshapeof its argument.Givena vector
v it constructsadiagonalmatrixmat from thevector, with v beingmat’smaindiagonal,i.e.mat(i, i) =
v(i) for all v(i). Givenanarbitrarymatrixmat, diag extractsthediagonalasacolumn-vector.

-> diag(2:2:8)
ans =

! 2. 0. 0. 0. !
! 0. 4. 0. 0. !
! 0. 0. 6. 0. !
! 0. 0. 0. 8. !

-> m = [2, 3, 8; 7, 6, -6; 0, -5, -8]
m =

! 2. 3. 8. !
! 7. 6. - 6. !
! 0. - 5. - 8. !

-> diag(m)
ans =

! 2. !
! 6. !
! - 8. !

The2-argumentform of thediag function

diag(v, k)

constructsamatrix thathasits diagonalk positionsaway from themaindiagonal,thediagonalbeing
madeup from v again.Therefore,diag(v) is thespecialcaseof diag(v, 0) . A positivek denotes
diagonalsabove,anegativek diagonalsbelow themaindiagonal.As for the1-argumentform, extraction
of thek th super-diagonal(positivek , or subdiagonal(negativek) is alsoimplemented.

-> diag([1 1 1 1]) + diag([2 2 2], 1) + diag([-2 -2 -2], -1)
ans =

! 1. 2. 0. 0. !
! - 2. 1. 2. 0. !
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! 0. - 2. 1. 2. !
! 0. 0. - 2. 1. !

-> diag(m, -1) // using the same m as above
ans =

! 7. !
! - 5. !

Tip: Nesting two calls to diag is the building block for an interesting idiom to test whether a matrix m

is a diagonal matrix.

and( abs(diag(diag(m)) - m) <= %eps * abs(m) )

The inner call to diag extracts m’s main diagonal, the outer call taking this column-vector and
construction a matrix out of it. The rest of the code simple checks the relative error.

5.1.3.2.5. rand

Therand functiongeneratespseudo-randomscalarsandmatrices.Again thefunctionsharesits two
fundamentalformswith zeros . Moreover, thedistributionof thenumberscanbechosenfrom
’uniform’ which is thedefault,and’normal’ . Thegenerator’sseedis setandqueriedwith

rand(’seed’, new_seed)

and

current_seed = rand(’seed’)

5.1.3.3. Functions Operating on a Matrix as a Whole

Althoughthesectiontitle might imply thatthefollowing functionsapplyto matricesonly, Scilab’s
understandingallows for vectorsanywherea matrix is accepted.

5.1.3.3.1. find

In our opiniononeof themostusefulfunctionsin thegroupof wholematrix functionsis find . It takesa
booleanexpressionof matrices,i.e.anexpressionwhich evaluatesto abooleanmatrix,asargumentand
in form
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index = find(expr)

returnstheindicesof thearrayelementsthatevaluateto true,i.e. %t in a vector. SeealsoSection5.1.2.2.

In theform

[rowidx, colidx] = find( expr)

it returnstherow- andcolumn-index vectorsseparately. Hereis acompleteexample:

-> a = [ 1 -4 3; 6 2 10 ]
a =

! 1. - 4. 3. !
! 6. 2. 10. !

-> index = find( a < 5 )
index =

! 1. 3. 4. 5. !

-> a(index)
ans =

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

-> [rowidx, colidx] = find( a < 5 )
colidx =

! 1. 2. 2. 3. !
rowidx =

! 1. 1. 2. 1. !

Theexpressionsexpr canbearbitrarily complex. They arenot limited to asinglematrix atall.

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

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

-> a < 5
ans =

! T T T !
! F T F !

-> abs(b) >= 4
ans =
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! F F F !
! T T T !

-> a < 5 & abs(b) >= 4
ans =

! F F F !
! F T F !

-> find( a < 5 & abs(b) >= 4 )
ans =

4.

Lastbut not leastfind is perfectlyOK on theleft-handsideof anassignment.So,replacingall odd
elementsin a with 0 simply is

-> a( find(modulo(a, 2) == 1) ) = 0
a =

! 0. - 4. 0. !
! 6. 2. 10. !

To getthenumberof elementsthatmatcha criterion,justapplysize ( idxvec, ’*’) to theindex
vectoridxvec of the find operation.

5.1.3.3.2. max, min

Searchingthesmallestor thelargestentryin amatrix aresocommonthatScilabhasseparatefunctions
for thesetasks.We discussmax only asmin behavessimilarly.

To getthelargestvaluesaying

max_val = max(a)

is enough.Thealternateform

-> [max_val, index] = max(a)
index =

! 2. 3. !
max_val =

10.

returnsthepositionof themaximumelement,too.Theform of theindex vectoris thesameasfor size ,
i.e. [ row-index, column-index] . Speakingof size , max hastheformsmax( mat, ’r’) , and
max( mat, ’c’) , too.

-> [max_val, rowidx] = max(b, ’r’)

66



Chapter5. Performance

rowidx =
! 2. 2. 2. !

max_val =
! 4. 5. 6. !

-> [max_val, colidx] = max(b, ’c’)
colidx =

! 3. !
! 3. !

max_val =
! 3. !
! 6. !

Theseformsreturnthemaximumvaluesof eachrow or columnalongwith therespective indicesof the
elements’rowsor columns.

Thethird wayof usingmax is with morethanonematrixor scalarasarguments.All thematricesmustbe
compatible,scalarsareexpandedto full matrixsize,likescalmat = scal * ones(mat) . Thereturn
matrix holdsthelargestelementsfrom all argumentmatrices.

-> max(a, b, 3)
ans =

! 3. 3. 3. !
! 6. 5. 10. !

5.1.3.3.3. and , or

Both,and andor borrow their syntaxfrom thesize function:without a secondargument,or a star, “ * ”,
assecondargumentthefunctionis appliedto theargumentasawhole.A 1 or a “ r ” appliesthefunction
seperatelyto eachrow, yieldinga row-vectorasresult.Accordinglya2 or a “c” appliesthefunction
seperatelyto eachcolumn,yieldinga column-vectorasresult.

Thefunctionand returnstrueif all componentsof theargumentaretrue.Thereforeit is relatedto
Fortran-9x’sall function.Similarly functionor returnstrueif any componentof its argumentis true,
mimicking Fortran-9x’sany function.

Oneof thefastestwaysof testingwhethera vector(or matrix)v containsany non-zeroelementusesor :
or( v) . As demonstratedwith the find function,theargumentsto and andor cantakearbitrarily
complex booleanexpressions.If we like to testwhetherall componentsof thevectorv = [1.0 0.95

1.02] arewithin 10%of thevalue1, wedo not needa loop: and( abs(v - 1.0) < 0.1 ) .
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5.1.3.3.4. Operator “ &”, Operator “ | ”

Theoperators“&”, and“ | ” performa componentwiselogical ’and’, or logical ’or’ operation.Seealso
Section4.1.3. Theargumentsto eitheroperatorcanbescalarsor matrices.

5.1.3.3.5. sum, cumsum, prod , cumprod

Thesearethenumericcousinsof thebooleanfunctionpair or andand . Their syntaxis identical.The
“cum” functionswork cumulatively, returninga vector(matricesareprocessingin their flattened
representation).

A fastfactorialfunction?

function f = fact(n)

if n < 0 then
error("fact: domain")

end

if n == 0 then
f = 1

else
f = prod(1 : n)

end

$1000at4.5%over7 years?

-> 1000.0 * cumprod( (1.0 + 0.045) * ones(7, 1) )
ans =

! 1045. !
! 1092.025 !
! 1141.1661 !
! 1192.5186 !
! 1246.1819 !
! 1302.2601 !
! 1360.8618 !

though1000.0 * (1.0 + 0.045)^(1:7)’ producesthesameresultandrequireslesskeystrokes.
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5.1.3.3.6. gsort

Warning
Do not use sort ! It is buggy in that it sometimes does not return a permutation of
the input data. Use gsort instead of sort .

Thegsort functionis aversatilesortingfunctionfor vectorsandmatricesof realnumbersor strings.It
sortsinto increasingorderor decreasing(default!) order, sortsa matrix’s rowsor columnsseparately, and
cansorttherowsor columnslexicographically. Theoutputof gsort not only is thesortedmatrix
mat_sorted but alsothepermutationvectorpermutation thatgeneratesthesortedmatrix from the
input matrix.Thesynopsisis [ mat_sorted, permutation] = gsort ( mat_input, mode,

direction) , wheremode canhavethevaluesshown in Table5-2, anddirection thevalues
displayedin Table5-3.

Table 5-2.Mode Specifiersfor gsort

Specifier Action Note

’g’ sortflattenedmatrix default

’r’ column-by-column

’c’ row-by-row

’lr’ rows lexicographically not ’rl’!

’lc’ columnslexicographically not ’cl’!

Table 5-3.Dir ectionSpecifiersfor gsort

Specifier Action Note

’i’ increasingorderor upgrade

’d’ decreasingorderor downgrade default

Let uslook atsomesimpleexamples.We usea numericmatrix in theexample,but a stringmatrixwould
do aswell.

-> mat1 = [11 12; 21 22; 31 32]
mat1 =

! 11. 12. !
! 21. 22. !
! 31. 32. !

-> gsort(mat1)
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ans =
! 32. 21. !
! 31. 12. !
! 22. 11. !

-> gsort(mat1, ’r’)
ans =

! 31. 32. !
! 21. 22. !
! 11. 12. !

-> gsort(mat1, ’c’)
ans =

! 12. 11. !
! 22. 21. !
! 32. 31. !

Applied withoutparametersgsort sortstheflattened(seealsoSection5.1.2.2) version,here:mat(:) ,
of its argumentinto decreasingorder. The ’r’ - or ’c’ -optionstell gsort to sorteachcolumnor row
seperately.

Note: ’r’ means column wise, and ’c’ means row wise!

Thenext examplepointsout thedifferencebetweensimplerow- or column-sortingandlexicographical
sortingof columnsor rows.

-> mat2 = [6 72 23; 56 19 23; 66 54 21]
mat2 =

! 6. 72. 23. !
! 56. 19. 23. !
! 66. 54. 21. !

-> gsort(mat2, ’r’) // col-by-col
ans =

! 66. 72. 23. !
! 56. 54. 23. !
! 6. 19. 21. !

-> gsort(mat2, ’lc’) // col lexico
ans =

! 72. 23. 6. !
! 19. 23. 56. !
! 54. 21. 66. !
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-> gsort(mat2, ’c’) // row-by-row
ans =

! 72. 23. 6. !
! 56. 23. 19. !
! 66. 54. 21. !

-> gsort(mat2, ’lr’) // row lexico
ans =

! 66. 54. 21. !
! 56. 19. 23. !
! 6. 72. 23. !

Now whatis theexactdifferencebetweenrow-by-row sortingandlexicographicrow sorting?After
row-by-row sorting(in decreasingorder)of anm-times-n matrixa thefollowing relationholds:a(i, j) >=
a(i, j + 1) for 1 <= i <= m and1 <= j <= n - 1. In otherwordseachrow is sortedseparatelyby
interchangingits columns.After a lexicographicsorttherelationbetweentherows is: a(i, :) >= a(i + 1,
:) for 1 <= i <= m - 1. This timewholerowsarecomparedto eachother. Analogousfactshold for column
sorting.

In environmentsnotasrich asScilabgsort might betheheartof user-writtenmin , max, andmedian

functions.All threearepredefinedin Scilab.

5.1.3.3.7. size

Thesize functionhandlesall shapeinquiries.It comesin four differentguises.Assumingthatmat is a
scalaror matrix,size canbeusedasall-info-at-oncefunctionasin

[rows, cols] = size(mat)

asrow-only, or column-onlyfunction

rows = size(mat, ’r’)
cols = size(mat, ’c’)

andfinally astotalingfunction

elements = size(mat, ’*’)

5.1.3.3.8. matrix

A (hyper-)matrixcanbereshapedwith thematrix command.To keepthingssimplewedemonstrate
matrix with a 6x2-matrix.
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-> a = [1:6; 7:12]
a =

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

-> matrix(a, 3, 4)
ans =

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

-> matrix(a, 4, 3)
ans =

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

In contraryto theFortran-9xfunctionRESHAPE, matrix neitherallowspadding,nor truncationof the
reshapedmatrix.Putanotherway, for am timesn matrixa thereshapeddimensionsp, andq mustobey
m * n = p * q .

matrix worksby columnwise“filling” thecontentsof theoriginalmatrixa into anemptytemplateof a
p timesq matrix. (SeealsoSection5.1.2.2.) If thisa too hardto imagine,thesecondway to think of it is
imagininga asa columnvectorof dimensions(m * n) times1 thatis brokendown columnby column
into ap timesq matrix. In factthis is not pureimaginationasin many situationsthereis theidentity
a(i, j) == a(i + n*(j - 1)) holds.

-> a(2,4)
ans =

10.

-> a(8)
ans =

10.

Moreover, theusualvectorsubscriptingcanbeusedto amatrix.

-> a(:)
ans =

! 1. !
! 7. !
! 2. !
! 8. !
! 3. !

72



Chapter5. Performance

! 9. !
! 4. !
! 10. !
! 5. !
! 11. !
! 6. !
! 12. !

5.1.4. Evaluation Of Polynomials
Onceupona time therewasa little Scilabnewbiewho codedaninterfaceto theoptim routineto make
polynomialapproximationseasier. On thewayanevaluationfunctionfor polynomialshadto bewritten.
Theauthorwasveryproudof herselfbecausesheknew theRightThing(tm)to do in thiscasenamelythe
Horneralgorithm.Actually sheimmediatelycameup with two implementations.

Example 5-2.Naive functions to evaluatea polynomial

function yv = peval1(cv, xv)
// Evaluate polynomial given by the vector its
// coefficients cv in ascending order, i.e.
// cv = [p q r] -> p + q*x + r*x^2 at all
// points listed in vector xv and return the
// resulting vector.

yv = cv(1) * ones(xv)
px = xv
for c = cv(2 : $)

yv = yv + c * px
px = px .* xv

end

function yv = peval2(cv, xv)
// same as peval1

yv = cv($);
for i = length(cv)-1 : -1 : 1

yv = yv .* xv + cv(i)
end
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Sowhatis wrongwith that?ThiscodelooksOK andit doesthejob. But from theperformanceviewpoint
it is not optimal!ThefactthatScilaboffersa separatetypefor polynomialshasbeenignored.Evenif we
areforcedto supplyaninterfacewith thecoefficientsstoredin vectorsthebuilt-in function freq is
preferable.

Example 5-3.Lessnaive functions to evaluatea polynomial

function yv = peval3(cv, xv)
// same as peval1, using horner()

p = poly(cv, ’t’, ’coeff’)
yv = horner(p, xv)

function yv = peval4(cv, xv)
// same as peval1, using freq()
// The return value yv _always_ is a row-vector.

p = poly(cv, ’t’, ’coeff’)
unity = poly(1, ’t’, ’coeff’)
yv = freq(p, unity, xv)

Table5-4 shows thespeedratios(eachline is normalizedseparately)for a polynomialof degree4 that
we got ona P5/166Linux system.

Table 5-4.Performancecomparisonof differ ent polynomial evaluation routines

evaluations peval1 peval2 peval3 peval4

5 3.5 4.2 1 7.0

1000 1.4 2.5 1 2.5

If we now decideto changeour interfaceto take Scilab’sbuilt-in polynomialtypetheevaluationwith
freq canagainbeacceleratedby a factorof morethan3.

5.2. Extending Scilab
Thebruteforcewayof gettinga betterperformanceis rewriting anexisting Scilabscriptin a low-level
languageasC, Fortran,or evenassembler. This optionshouldbechosenwith care,becausetherapid
prototypingfacilitiesof Scilabarelost.On theotherhandif theinterfaceof thefunctionhassettled,its
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performanceis known to becrucialandit is of usein futureprojectsthenthetranslationinto compiled
codecouldbebeworth thetimeandthegrief.

In thefirst partof this sectionwecomparedifferentwaysof integratinganexternalfunctioninto Scilab.
We focuson theeaseof integrationversustheruntimeoverheadintroduced.Thesecondpartdealswith
writing thelow-level functionsthemselves,especiallytheir interfaces.

5.2.1. Comparison Of The Link Overhead
We reviveour matrixmirroringexamplefrom Section5.1.2.

Our Fortran-77versionlookslike this:

subroutine mir(n, m, a, dir, b)
*
* Mirror n*m-matrix a along direction prescribed
* by dir. If dir == ’r’ then mirror along the
* rows, i.e. horizontally. Any other value for
* dir mirrors along the columns, i.e. vertically.
* The mirrored matrix is returned in b.
*

implicit none

* ARGUMENTS
integer n, m
double precision a(n, m)
character dir*(*)
double precision b(n, m)

* LOCAL VARIABLES
integer i

* TEXT
if (dir(1:1) .eq. ’c’) then

do 100, i = 1, m
call dcopy(n, a(1, m+1-i), 1, b(1, i), 1)

100 continue
else

do 200, i = 1, n
call dcopy(m, a(n+1-i, 1), n, b(i, 1), n)

200 continue
end if

end
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Thedcopy (n, x, incx, y , incy , ) is from BLAS level 1, andcopiesn double precision elements
from vectorx in incrementsof incx to y , whereit usesincrementsof incy .

Theonly thing missingis thegluecodebetweenScilabandmir .

function b = mirf(a, dir)
// interface function for ’mir.f’
// Behavior is the same as mirror()

[n, m] = size(a)
b = zeros(n, m)

if dir == ’r’ | dir == ’c’ then
b = fort(’mir’, ..

n, 1, ’i’, m, 2, ’i’, a, 3, ’d’, dir, 4, ’c’, ..
’out’, ..
[n, m], 5, ’d’)

else
error(’dir must be ”r” or ”c”’)

end

OK, let’s lock-and-load.We arereadyto rock!

link(’mir.o’, ’mir’)
getf(’mirf.sci’)

Thefastalternative to usingfort , whichdynamicallycreatesaninterfaceto aC or Fortranfunctionis
usingintersci, which which createsaninterfacesuitablefor staticloading.

intersci cancreatetheFortrangluecodefor aC or Fortranfunctionto make it callableform theScilab
interpreter. Thegluecodeis compiled(with a Fortrancompiler)andlinkedto Scilab. intersci is
describedverywell in theSCI/doc/Intro.ps . Anyhow, Example5-4shows thedescription(“ .desc ”)
file for ourcurrentexample.Finally it will supplyuswith aScilabfunctioncalledmirai(a, dir) .

Example 5-4. Sampleinterface description (“ .desc ”)

mirai a dir
a matrix n m
dir string 1
b matrix n m

mir n m a dir b
n integer
m integer
a double
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dir char
b double

out sequence b
*

We donot wantto go into detailhere,but a desc -file hasthreepartsseparatedby blanklines:The
descriptionof theScilab-level function’ssignature(here:mirai ), thesamefor thelow-level function
(here:mir ), andfinally theresults’structure.ThesignaturesresembleFortranor K&R-style C function
definitionswith theparenthesismissing.Theprocessof passingadesc -file throughintersci, compiling
thelow-level routineandthegluecodecanbeautomated.Example5-5, a snippetof our
Makefile.intersci shows therelevantrules.

Example 5-5. Makefile for static Scilab interfacesvia intersci

ifdef SCI
SCIDIR := $(SCI)
else
SCIDIR := /site/X11R6/src/scilab
endif

%.f.pre: %.desc
$(SCIDIR)/bin/intersci $*
mv $*.f $*.f.pre

%.f: %.f.pre
perl -pe ’s#SCIDIR#$(SCIDIR)#’ $< > $@

%.o: %.f
$(FC) $(FFLAGS) -c $<

RunningtheautomaticallygeneratedFortrancodethroughafilter (here:perl) is necessaryto fix thelines
include ’SCIDIR/routines/stack.h’ . After everythingis compiledasingleScilabcommand
makesthenew routineavailableto theuser.

addinter([’mirai.o’, ’mir.o’], // object files
’mirai’, // name of interface routine
’mirai’) // name of new Scilab function

Thefirst argumentwhich almostalwaysis a vectorof stringstellsScilabthenamesof theobjectfiles to
load.Oneof themis theinterfacecodemadeby intersci. Therestaretheuserroutines.Thesecond
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argumentspecifiesnameof entrypoint into theinterfaceroutine.Thethird parameteris thenamethe
new Scilabfunctionwill carry.

Entr y point of interface function
addinter ’s second argument must be the name of the interface routine, i.e. the
one generated by inter sci . Using the low-level function’s entry point here causes
Scilab to barf (of course).

Why do wego throughthattediousprocess?After all we arein theperformancesection,sowhatwe
wantis speed,high speed,or evenbettertheultimatespeed.Now wecancompareall thevariantsasis
donein Figure5-1.

Figure5-1. Benchmark resultsfor the mirror functions

Performancecomparisonof mirror[1-4] , andmirai on a P5/166Linux box.

Performancecomparisonof mirror[1-4] , andmirai on a 2-wayPIII/550 Linux box.

If we comparetheperformanceof our threeScilabmirror routinesmirror1 , mirror2 , andmirror3

togetherwith thetwo incarnationsof thehard-codedroutinemirf , andmirai , we reachat thefollowing
conclusions.

• Scilabcodethatmakesheavy useof indexing, likemirror1 , is extremelyslow nomatterwhat
problemsize.Thumbsdown on thatone.

• Well written i.e. index-freeScilabcode,likemirror4 , performsverywell. This is especiallytruefor
largevectorsor matrices.
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• Theoverheadof the fort -call in mirf is high; it is hardto amortizefor that.fort is only justifiedin
situationswhereasignificantamountof time is spentin thelow-level user-routine.Usuallythiswill be
thecasefor largeproblemsizes.Of coursethecross-overpointhasto bedeterminedseparatelyin each
case.

• Nothingcanbeata compiledfunctionthatis integratedwith addinter . mirai surpassesall other
implementations.For smallproblemsizesthelittle overheadin comparisonto all theotherfunctions
givesthis functiona factor10 advantage,though,astheproblemssizeincreasesmirai ’s leadis
challengedby mirror4 .

Conclusion:Neverunderestimatethepowerof theEmperor^H^H^H^H^H^H^HvectorizedScilabcode.

5.2.2. Preparing And Compiling External Subr outines
In this sectionwewill discusstheinterfacingof C, C++,Fortran-77,Fortran-9x,or Ada routineswith
Scilabvia link command.We restrictourselvesto thesimplecaseof functionsthatexpectexactlyone
doubleprecisionfloatingpointparameterandreturna doubleprecisionfloatingpoint result.Functions
with thatsignaturearerequirede.g.for theintegrationroutineintg , or theroot finder fsolve .

Beforewedive into thelanguagespecificdescriptions,let uspointout themainfeaturesof Fortranwe
havebepayattentionto whenwriting aninterfacein anotherlanguage.

Functionnamemangling

A functionnamedFOO(foo , or whatevercapitalizationis chosen)in theFortransourcecan
becomea differentsymbolin theobjectfile. This is compilerdependent.Mostoftenanunderscore
“_” is prependedor appended.Sometimesthenameis downcased,sometimesit is upcased.

Tip: The nm (1) command provides easy access to the symbols in an object file.

Call-by-reference

Fortranneverpassesthevalueof a parameter, but alwaysapointerto theparameter.

Arraysin column-majororder

Arraysarestoredsothattheir leftmostindex variesfastest.
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5.2.2.1. For tran-77

Fortran-77or, howdo youwantto ruin
yourday?

lvd

ExtendingScilabwith Fortran-77is moststraightforward.Scilabis writtin in thatlanguage,remember?
A Fortran-77sourcefor functionfals couldlook like this:

double precision function fals(x)

double precision x

fals = sin(10.0d0 * x)

end

After compilation(e.g.f77 -c fals.f ) thecompiledcodecanbelinkedto Scilabandcalledwith
theintegrationroutine.

link(’fals.o’, ’fals’);
[res, aerr, neval, info] = ..

intals(0.0, 1.0, -0.5, -0.5, ’alg’, ’fals’)

5.2.2.2. For tran-9x

Fortran-90?Don’t worry, it can’t get
much worse.

cls

A bloated,but portableFortran-90sourcefor a functioncouldlook like this:

function fsm(x)
implicit none
integer, parameter :: idp = kind(1.0d0)

! arguments/return value
real(kind = idp), intent(in) :: x
real(kind = idp) :: fsm

! text
fsm = exp(x) / (1.0d0 + x*x)

end function fsm
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After compilation(e.g.f90 -c fsm.f90 ) thecompiledcodecanbelinkedto Scilabandcalledwith
anintegrationroutine.

link(’fsm.o’, ’fsm’);
[ires, ierr, neval] = intsm(0.0, 1.0, ’fsm’)

5.2.2.3. (ANSI-) C

A simpleC functionmeetingoursignaturerequirementshase.g.thisshape:

#include <math.h>
#include "machine.h"

double
C2F(fgen)(const double *x)
{

if (*x > 0.0)
return 1.0 / sqrt(*x);

else
return 0.0;

}

After compilation(e.g.cc -I/site/X11R6/src/scilab/routines -c fgen.c ) the
compiledcodecanbelinkedto Scilabandcalledwith theintegrationroutine.

link(’fgen.o’, ’fgen’, ’c’);
[ires, ierr, neval, info] = intgen(0.0, 1.0, ’fgen’)

Thereareseveralwaysto getthenamingconventiondifferencesbetweenFortranandC right. We show
threepossiblesolutionsfor thecasewhereC usesno decorationat all andFortranappendsone
underscore.

/* (1) GNU C compiler */
double foo(const double *x) __attribute__((weak, alias ("foo_")));

/* (2) good preprocessor */
#define C2F(name) name##_

/* (3) old preprocessor ;-) */
#define ANOTHERC2F(name) name/**/_

Noneof theabovethreeexamplesis portable.Therefore,it is prudentto include
SCI/routines/machine.h , which is automaticallygeneratedduringtheScilabconfigurationprocess
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andthusknoswof thenamemangling.Amonga lot of othermacrosit suppliesa C-to-Fortranname
conversionmacrocalledC2F.

5.2.2.4. C++

A C++ sourcefor a functioncouldlook like this:

#include <math.h>

extern "C" {
double C2F(fgk)(const double *x);

}

double
C2F(fgk)(const double *x)
{

return 2.0 / (2.0 + sin(10.0 * M_PI * (*x)));
}

After compilation(e.g.c++ -I/site/X11R6/src/scilab/routines -c fgen.c ) the
compiledcodecanbelinkedto Scilabandcalledwith theintegrationroutine.

link(’fgk.o’, ’fgk’, ’c’);
[ires, ierr, neval, info] = ..

intgk(0.0, 1.0, ’fgk’, 0, %eps, ’15-31’)

SeeSection5.2.2.3for a discussionof theC2F macro.

Furtherproblemsariseif theC++ codedependson librariesthathavenot beenlinkedwith Scilab. In the
following examplemyfct_ is correctlydeclared,but requiressqrt indirectly througha call to subfct .

// linkcxx.cc
#include <complex>

extern "C" {
void myfct_(const double *re, const double *im);

}

double_complex subfct(double_complex z);

void
myfct_(const double *re, const double *im)
{

double_complex u(*re, *im);
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double_complex v(subfct(u));
// do something with v

}

double_complex
subfct(double_complex z)
{

return 1.0 + 0.5 * sqrt(z);
}

Theproblemwhenlinking myfct_ with Scilabis not thecall to subfct , but themissingcomplex sqrt

function.A listing of theobjectfile’s symbolsshows themissingfunctionamongsomefunctionsthe
(this particularversionof g++) compilersilentlygeneratesdueto inline expansion.

lydia@orion:/home/ lyd ia/ tmp $ nm -C linkcxx.o
000000bd t Letext
00000000 ? __FRAME_BEGIN__
00000000 W complex<double> operator/<double>(complex<double> const &, double)
00000000 W complex<float> operator/<float>(complex<float> const &, float)
00000000 W complex<long double> operator/<long double>(complex<long dou-
ble> const &, long double)
0000008b T main
00000000 T myfct_

U complex<double> sqrt<double>(complex<double> const &)
00000046 T subfct(complex<double>)

It is up to theprogrammerto supplyall necessarylibraries– in thecorrectorder– whenlinking. For the
previousexamplethefollowing call would succeed(ona libc6 GNU/Linux system):

-> link("linkcxx.o -lstdc++-2-libc6.1-1-2.9.0")
linking files linkcxx.o -lstdc++-2-libc6.1-1-
2.9.0 to create a shared executable
shared archive loaded
Link done

ans =

0.

In thecasethatthecompilerdocumentationlacksinformationabouthwhich library defineswhatsymbol,
thenm(1) commandis themostusefultool to find out.
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Additional Caveats

Theinclusionof C++ modulesinto a projectwhosemain() is not written in C++ call for some
additionalwarnings.SeealsoSection5.3 for a caveatusingcompilationswitchesthatbreaktheABI.

Runtimeinitialization

Whenit comesto runtimeinitialization of his/hercode,aC++-programmerdependson thelinker
asa junkieon his dealer. Eitherthecompilersystemdoesit – anddoesit right, or you havea very
veryhardtimeaheadof you.Sidenote:TheGNU linkerdoestheRightThing(tm)!

exception s

In brief: Getthem– all! If theC++ to belinkedwith Scilabis known to throw exceptions,all
interfacedfunctionsof whichanexceptionpossiblycouldescapehaveto bewrappedin
C++-functionsthatcatchtheseexceptionsandtranslatetheminto errorcodese.g.à la LAPACK.
OtherwiseScilabis terminatedwith anabort() call.

5.2.2.5. Ada

For GNAT/Ada thepackage’s interfacepartpulls in theFortraninterfacedefinitions.Is thesimplestcase
themathematicalfunctionsareonly instantiatedwith thetypeDouble_Precsion . Ada requiresto
export every function’s interfaceseparately, asis clearfrom thefollowing example.

with Interfaces.Fortran;
use Interfaces.Fortran;
with Ada.Numerics.Generic_Elementary_Functions;

package TestFun is
package Fortran_Elementary_Functions is new

Ada.Numerics.Generic_Elementary_Functio ns(Dou ble_Pr ecisio n);
use Fortran_Elementary_Functions;

function foo(x : Double_Precision) return Double_Precision;
pragma Export(Fortran, foo);
pragma Export_Function(Internal => foo,

External => "foo_",
Mechanism => Reference,
Result_Mechanism => Value);

end TestFun;

Accordingto theinterfacespecificationthepackagebodylookslike this:

package body TestFun is
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function foo(x : Double_Precision) return Double_Precision is
begin

return exp(x) / (1.0 + x*x);
end foo;

end TestFun;

Thepackageis compiledasusualgnatmake -O2 testfun.adb .

Hint: Makesurethatthereis aGNAT runtimelibrary libgnat-3.12p.so . Yourversionnumbermay
bedifferent,but only theending(“so ”) is critical, aslibgnat-3.12p.so.1.7 will not make
dlopen (3) happy. Fromnow on everythingis downhill, andthefunctioncanbe link edalmostasusual.

link(’testfun.o -L/site/gnat-3.12p/lib -lgnat-3.12p’, ’foo’)

Again, thepathto yourgnat-libraryandtheversionnumberscandiffer.

In thecaseof severalfunctionsin thepackageit is preferableto rely on theextendeddlopen (3)
mechanism,andlink thepackage/librarycombowith rememberingtheid of thesharedlibrary.

adacode = link(’testfun.o -L/site/gnat-3.12p/lib -lgnat-3.12p’, ’foo’)

Linking furtherfunctionsfrom thelibrary happensby referencingthenumberof thelibrary.

link(adacode, ’bar’)

This savesspace(Scilab’sTRS)andtime(to executethe link ). Speakingaboutsaving...Userswith a
loadere.g.GNU ld, capableof incrementallinking (e.g.-i , -r , -relocatable ) canof courselink
testfun.o with the(gnat-)librarybeforelinking everythingto Scilab. To completetheexample,here
comesthecommand-line:

ld -i -o testfun-lib.o testfun.o -L/site/gnat-3.12p/lib -lgnat-3.12p

In Scilabtheargumentsto link thenreduceto

link(’testfun-lib.o’, ’foo’)

5.2.3. Pushing It Fur ther
What?Whatareyou doingin this section?Still not satisfiedwith your functions’performance?—Sorry,
but thereareno conventionalwaysto getmoreoutof Scilab. Tinkeringwith theinterfaceroutinesis not
worth theeffort. Somecompletelynew approachis necessary.
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5.2.3.1. Scilab as Prototyping Envir onment

If aproblemis too tough,Scilabstill canserveasarapidprototypingenvironment.Onesisterprogramof
Scilab,namely Tela (http://www.geo.fmi.fi/prog/tela.html) hasbeenwritten for exactly this purpose.
Prototypingwith aninterpretedlanguageis currentlygoingthrougha big revival with C (andC++)
developersdiscoveringPython.

As wheneveroptimizationis thefinal goal,anextensive testsuiteis thebasefor success.Sooneway to
proceedcouldbeto developtestroutinesandreferenceimplementationcompletelyin Scilab. Thenext
stepis rewriting theroutinesstill in Scilabto matchthesignaturesof for exampleBLAS/LAPACK
routinesascloselyaspossible.Thetestsuitecanremainuntouchedin thisstep.Thefinal stepis to
migratetheScilabcodeto Fortran,C, or whatever, while makingextensiveuseof BLAS/LAPACK.
Ideally thetestsuiteremainsunderScilabandcanbeusedto exercisethenew standalonecode.

5.2.3.2. Scilab to For tran-77 Compiler

FIXME: write it!

5.3. Building an Optimiz ed Scilab
Onerelatively easyway to to increaseScilab’sperformanceis recompilingit with agoodcompilerand
anoptimizedBLAS library2. SeeSection7.3 to find out whatoptimizedBLAS kernelsareavailable,and
whereto getthem.

Our experienceonly sufficesto explain thecompilationon ia32GNU/Linux systems.Here,gcc
(http://gcc.gnu.org)or pgcc(http://www.goof.com/pcg/)arethecompilersof choice.

Thefollowing optionsarea goodstartingpoint for furtherexploration.They applyto compilingFortran
aswell asC code.

-march= arch

Thisoptioninstructsgccto generatecodespecificallyfor architecturearch. Amongotherthingsit
sets-mcpu= arch. Furthermore,it forces-malign-loops , -malign-jumps ,
-malign-functions , and-mpreferred-stack-boundary to their optimumvaluesfor the
selectedarchitecturewithoutbrakingtheABI. Therefore,it canbeconsideredanoptimization
switch.
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-malign-double

For systemswith anoriginal1ntelP5or aboveprocessorthisoptionis anabsolutemust. It forces
thealigmentof 64 bit floatingpoint numbers(alsoknown asdouble,doubleprecision,and
IEEE754)to a 64 bit boundary. Thoughit breakstheABI, thegainin speeddueto avoiding the
misalignmentpenaltyon eachmemoryaccessis tremendous,evenon PPro(andderivative)systems
with all write backcachesenabled.

Warning
-malign-double breaks the ABI!

Code using double compiled with [p]g++-2.95 and -malign-double is
known to cause segmentation faults under some circumstances.

-O2

Theworkhorseoptimizationswitch,-O2 , activatesa lot of optimizations.Seenode“Optimize
Options”in gcc’s info file, e.g. info -f /usr/info/gcc.info.gz-n "Optimize Options"

Theoptimizationstoggledon by -O2 arewell testedanddonot produceexcessively long text.

-funroll-all-loops

Thisswitchincreasesthetext sizeby unrollingasmany loopsaspossible,therebyspeedingthem
up.YMMV.

-fschedule-insns2

Althoughthegccinfo pagestatesthatthis optimizationis switchedon by -O2 , this mightnot be
truefor all versionsof gccfloatingaround.Theswitchshouldbeparticularlyhelpful on machines
with a relatively smallnumberof registersandwherememoryloadinstructionstakemorethanone
cycle.

Notes
1. Rememberthatthecolonoperatorreturnsa row-vector.

2. Simply linking with anoptimizedBLAS library generallyis not enough.Patches(e.g.“f ast-blas”,
and“big patch”)to fix partof this problemexist. CheckScilabStuff
(http://www.lightlink.com/lydia/scilab.html).
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Chapter 6. Scilab Core
Aerosmithvideo“Love In An Elevator”, “Pump” (1989).

GoodmorningMister Tyler! Goingdown?

We aregoingdown all theway right to thecore,thecoreof Scilab. Thoughthis is themosttechnicaland
mostcomplex chapter, it is by no meanstruethatwriting anativeScilabfunctionis unmanageableby for
ordinarymortals.A strictprogrammingdiscipline,patience,persistence,anda thoroughknowledgeof
whatmakesup thestack-structuresinvolved,let usovercomethedifficulties.

6.1. Intr oduction To Pseudo-Ada
Insteadof simply repeatingtheFortran-77statementsthatmakeup theScilabstack,theAPI, etc.,we
introduceanew languagethatis bettersuitedfor this job: a pseudoAda1, pAda,which is muchmore
expressive.ThesyntaxfollowsAda,andthepAdatypesaremappedontoFortran-77typesaslistedin
Table6-1. Whatmight look like anartificial complication,theintroductionof new types,actuallyis a
majorsimplification(Threecheersfor Ada!). First, thenameof thetypenow makesclearexactlywhatit
is usedfor. Second,distincttypesdesignatedistinctthings,stuff thatnevershouldbemixedup.Third,
thevalid rangesof thesub-typesareexplicity mentioned.

Table 6-1.pAda to Fortran-77 type mappings

pAda For tran-77

Integer INTEGER

Float DOUBLEPRECISION, REAL*8

Boolean LOGICAL

Character CHARACTER

type String is array (1.. N) of

Character

CHARACTER*N

type ComplexFlag is (RealVariable,

ComplexVariable)

INTEGER = 0, 1

subtype Natural is Integer range

0..Integer’Last

INTEGER

type ParameterStackAddress is new

Integer range 1..Integer’Last

INTEGER
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pAda For tran-77

type DataStackIndex is new Integer

range 1..Integer’Last

INTEGER

6.2. Internal Data Structure
FIXME: explain theparameterstack,datastack,etc.

6.2.1. Parameter Stack And Data Stack
FIXME: follow thedocuin Internals

6.2.2. Stora ge of Comple x Matrices
FIXME: explainseparatestorageof two DOUBLE PRECISIONpartsinsteadof oneDOUBLE
COMPLEX

6.3. Writing Native Scilab Functions
In thefollowing two sectionsweshalltreatthe“anatomy”of native, i.e. low-level Scilabfunctions.This
will confrontuswith all thegorydetailsof thestack,thelow-level API, andthecalling conventions.
Having the“Guide for Developers”,Internals.ps (seealsoSection7.2) readyis a goodidea.Where
thedeveloperguideis at theendof its wits, a studyof thesourcecodeis appropriate,especiallythefile
SCI/routines/interf/stack1.f

We startout discussingsimplefunctions.Simplein thesensethatthey areself-containedandonly take
non-functionparametersastheirarguments.In thesecondpartweshallconsiderfunctionsthattakeother
functions(eitherScilabfunctionsor externals)asarguments.

6.3.1. Simple Functions
A typical nativeScilabfunctionproceedsasfollows:

1. Checkthenumberof inputandoutputparameters.

90



Chapter6. ScilabCore

2. Getthe“pointers” to actualinputparameters;supplydefault valuesfor optionalparameters;issue
warningsor errorsasappropriateif too many or too few parametersaresupplied.

3. Allocatespacefor temporaryvariables,“workspace(s)”,etc.

4. It mightbenecessaryto translatetheinputvariableswhich arein Scilabformatinto theappropriate
formatfor theworker routine.This is happensfor exampleif theworker routineusesFortran-77’s
double complex (or equivalentlycomplex*16 ) variables.SeeSection6.2.2for details.

5. Performthecalculationsor transformationsthatreallymakeup theprocedure.

6. As in Step4, it might benecessaryto transformtheresults,now from theworker routine’s format
backinto Scilabformat.

7. If necessary, allocatespacefor thereturnvalue(s)on theScilabstack,andcopy result(s)to this
space.

Now thatthegeneraloutlineis clear, andwearereadyto dissecta simplefunction:ortho . It takes
exactly oneargumenta, thatis a realor complex m timesn matrix.Thesingleoutputparameteris a
matrix of thesameshapeandtypeasis theinputmatrix.Theduty of ortho is to transformthecolumns
of theinput matrix into orthonormalform; to achievethis weemploy thefollowing LAPACK functions:

type Complex is record
Re, Im : Float’Base;

end record;

type FloatVector is array (Positive range <>) of Float;
type ComplexVector is array (Positive range <>) of Complex;
type FloatMatrix is array (1..Lda, Positive range <>) of Float;
type ComplexMatrix is array (1..Lda, Positive range <>) of Complex;

procedure dgeqrf

( M : in Natural; - number of rows of A
N : in Natural; - number of cols of A
A : in out FloatMatrix; - M-by-N matrix
Lda : in Natural; - leading dimension of A
Tau : out FloatVector; - scalar factors of elem. refl.
Work : out FloatVector; - workspace
Lwork : in Integer; - size of workspace Work
Info : out Integer); - error indicator

procedure dorgqr

( M : in Natural; - number of rows of A
N : in Natural; - number of cols of A
K : in Natural; - number of elem. refl.
A : in out FloatMatrix; - M-by-N matrix
Lda : in Natural; - leading dimension of A
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Tau : out FloatVector; - scalar factors of elem. refl.
Work : out FloatVector; - workspace
Lwork : in Integer; - size of workspace Work
Info : out Integer); - error indicator

procedure zgeqrf

( M : in Natural; - number of rows of A
N : in Natural; - number of cols of A
A : in out ComplexMatrix; - M-by-N matrix
Lda : in Natural; - leading dimension of A
Tau : out ComplexVector; - scalar factors of elem. refl.
Work : out ComplexVector; - workspace
Lwork : in Integer; - size of workspace Work
Info : out Integer); - error indicator

procedure zungqr

( M : in Natural; - number of rows of A
N : in Natural; - number of cols of A
K : in Natural; - number of elem. refl.
A : in out ComplexMatrix; - M-by-N matrix
Lda : in Natural; - leading dimension of A
Tau : out ComplexVector; - scalar factors of elem. refl.
Work : out ComplexVector; - workspace
Lwork : in Integer; - size of workspace Work
Info : out Integer); - error indicator

procedure dcopy

( N : in Natural; - number of elements to copy
X : in FloatVector; - input vector
IncX : in Integer; - input stride
Y : out FloatVector; - output vector
IncY : in Integer); - output stride

Thedgeqrf - andzgeqrf -functionscomputea QR-factorizationof a realor complex m-by-n matrixa,
while thedorgqr -, andzungqr -functionsgenerateanm-by-n realor complex matrixq with
orthonormalcolumns,relyingon theQR-factorizationof dgeqrf or zgeqrf . Functiondcopy copiesN
elements(of typeFloat)of thevectorX in incrementsof IncX to thevectorY usingincrementsof
IncY on thatside.For a detaileddescriptionpleaseconsulttheLAPACK UserGuide,or theappropriate
manualpages.

Example6-1 is oneof thelongestexamplesin therunningtext, but don’t bescaredaswe will explain
line-by-lineandvariable-by-variablewhatis whereandwhy.
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Example 6-1. SimplenativeScilab function

subroutine ortho –
Nativefunctionsare parameterless

implicit none –
Switch into weenymode:-)

* CONSTANTS
integer realtype
parameter (realtype = 0) – SeeTable6-

1 for typeassociation

* LOCAL VARIABLES
character*6 fname –

nameof theroutineasstring

logical checklhs , checkrhs , cremat , getmat – ScilabAPI functions

integer topk
integer n, m, mattyp
integer tausz, worksz, info
integer areadr, aimadr, badr, tauadr
integer wrkadr, rreadr, rimadr, dumadr

* EXTERNALFUNCTIONS/SUBROUTINES
external checklhs , checkrhs , cremat , getmat – ScilabAPI functions
external error

external dcopy, dgeqrf, dorgqr, zgeqrf, zungqr –
LAPACK/BLASworker subroutines

* HEADER
include ’/site/X11R6/src/scilab/routines/stack. h’ – ScilabAPI header

* TEXT
fname = ’ortho’ –

Functionname(for error messages)
topk = top –

top is definedin stack.h

rhs = max(0, rhs )

if (.not. checkrhs (fname, 1, 1)) return ➊

if (.not. checklhs (fname, 1, 1)) return
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* fetch input parameters ➋

if (.not. getmat (fname, topk, top - rhs + 1,
$ mattyp, m, n, areadr, aimadr)) return

if (n * m .eq. 0) return –
Quick returnonemptymatrix

tausz = min(m, n) – Prescribedbyman-page
worksz = max(1, n) – ... samehere

if (mattyp .eq. realtype) then
* real case

* allocate temporary variables; all are real ➌

if (.not. cremat (fname, top + 1, realtype, tausz, 1,
$ tauadr, dumadr)) return

if (.not. cremat (fname, top + 2, realtype, worksz, 1,
$ wrkadr, dumadr)) return

if (.not. cremat (fname, top + 3, realtype, m, n,
$ badr, dumadr)) return

* prepare worker routines’ input parameters ➍

call dcopy(n * m, stk(areadr), 1, stk(badr), 1)

* call worker routines ➎

call dgeqrf(m, n, stk(badr), m, stk(tauadr),
$ stk(wrkadr), worksz, info)

if (info .ne. 0) then –
Anyerror is consideredfatal

buf = fname // ’ dgeqrf failed’
call error (999)
return

endif

call dorgqr(m, n, tausz, stk(badr), m, stk(tauadr),
$ stk(wrkadr), worksz, info)

if (info .ne. 0) then –
Anyerror is consideredfatal

buf = fname // ’ dorgqr failed’
call error (999)
return

endif

else
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* complex case; mattyp != realtype

* allocate temporary variables,
* use two REAL*8 for one COMPLEX*16 ➏

if (.not. cremat (fname, top + 1, realtype, 2 * tausz, 1,
$ tauadr, dumadr)) return

if (.not. cremat (fname, top + 2, realtype, 2 * worksz, 1,
$ wrkadr, dumadr)) return

if (.not. cremat (fname, top + 3, realtype, 2 * m, 2 * n,
$ badr, dumadr)) return

* prepare worker routines’ input parameters, joining
* two REAL*8 arrays into one COMPLEX*16 array ➐

call dcopy(n * m, stk(areadr), 1, stk(badr), 2)
call dcopy(n * m, stk(aimadr), 1, stk(badr + 1), 2)

* call worker routines ➑

call zgeqrf(m, n, stk(badr), m, stk(tauadr),
$ stk(wrkadr), worksz, info)

if (info .ne. 0) then –
Anyerror is consideredfatal

buf = fname // ’ zgeqrf failed’
call error (999)
return

endif

call zungqr(m, n, tausz, stk(badr), m, stk(tauadr),
$ stk(wrkadr), worksz, info)

if (info .ne. 0) then –
Anyerror is consideredfatal

buf = fname // ’ zorgqr failed’
call error (999)
return

endif

endif

* get ready to exit
if ( lhs .ge. 1) then ➒

if (.not. cremat (fname, top, mattyp, m, n,
$ rreadr, rimadr)) return

if (mattyp .eq. realtype) then (10)
call dcopy(m * n, stk(badr), 1, stk(rreadr), 1)

else
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call dcopy(m * n, stk(badr), 2, stk(rreadr), 1)
call dcopy(m * n, stk(badr + 1), 2, stk(rimadr), 1)

endif
endif

end

➊ Checkthenumberof inputandoutputparameters.Thetaskis easyaswe receiveoneandreturn
exactlyoneparameter. This line andthenext correspondto Step1.

➋ Gettheaddresses– asmentionedin Step2 – of thereal,andimaginarypartof thematrix passedas
(only) parameterto ortho . Notethatgetmat will returnFalse if theparameterat thegiven
parameterstackpositionis not a matrixof numbers.

Functiongetmat is calledwith thesecondparameter, topk , holdingthevalueof theparameter
stackpointerwhenthecontrolflow enteredortho . Thisaswell asthefunctionnamepassedin
fname is necessaryfor thecleanupandmessagingin caseof anerror.

Theonly parameterweusesitson top of theparameterstackfor top - rhs + 1 equalstop in our
case.

Onsuccessfulreturngetmat notonly setsthedatastackaddressesareadr , andaimadr of thereal
andimaginaryparts,but alsotellsusvia mattyp whetherthematrix is realcomplex, andvia m, and
n how largethematrix is.

Thefollowing linesdirectlydependon thesizespassedbackform thecoreinterface,calculatingthe
necessaryspacefor two scratcharrays.

➌ Allocating spacefor thetemporaryvariablestau , work , andb on thedatastackis a realizationof
Step3. Thevariablestau andwork arenecessarybecauseof theLAPACK routinesused;b is a
copy of a astheLAPACK routines,dgeqrf , andzgeqrf , modify thematrix in place,i.e.would
mangletheinput variablea. Thetemporariesareaccessedthesameway parametersareaccessed:
throughindicesinto thedatastack.Theseindicesaretauadr , wrkadr , andbadr . Theirpositions
on theparameterstackaretop + 1, top + 2, andtop + 3, respectively.

We requestapurelyrealstoragefor eachof thethreetemporaryvariables,thethird parameterbeing
realtype = 0. Therefore,theindex for theimaginarypartis a dummyindex, calleddumadr .

➍ Thereis no “translation”to do in therealcase.SoStep4 is quitesimple.Theinputvariable– of
whichwedefinitelyknow thatit is real– is simply copiedto thescratchspacethatwehaveallocated
on thedatastack.

Notehow theaddressof thematricesis passed.Theidiom is stk( index) , whereindex hasbeen
obtainedthroughoneof theget*-, or cre*-functions.Thememnonic“stk” meansdatastack.

➎ Everythingis setup correctlyandinitialized.We havereachedStep5. Theworker routinescantake
overnow.
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➏ In thecomplex casetheallocationof thetemporariesvariablesrequiresabit morethought,although
it is againjust Step3. We know thattheLAPACK routinesneedthecomplex vectors/matricesin
packedform. Thus,we allocateonereal(doubleprecision)vector/matrixof twice thesizeeachtime
therebyaccommodatingthestoragerequirementof complex (doublecomplex, or complex*16)
variables.Otherwisethis stepproceedsasin therealcase.

➐ Becauseof thedifferenthandlingof complex variablesin ScilabandLAPACK, Step4 requirestwo
callsto thecopy function.

call dcopy(n * m, stk(areadr), 1, stk(badr), 2)
call dcopy(n * m, stk(aimadr), 1, stk(badr + 1), 2)

Thefirst line says:“Copy mtimesn elementsfrom thefirst positionof thedoubleprecision
variablestk(areadr) takingeachentry(3rdparameter, readstride= 1) to thedoublecomplex
outputvariablestk(badr) filling everyotherentry(5thparameter, write stride= 2).” Thesecond
line doesalmostthesame,but startsoff writing at thesecondelementstk(badr + 1) , therefore
filling in theimaginarypartsof stk(badr) . Thiscorrespondsto Step4.

➑ Again wehavereachedStep5; everythingis setup correctlyandinitialized.Theworker routines
cantakeover.

➒ If thereis anoutputvariable,we copy theresultsinto it. Otherwise,we skip theexpensivecopy
operation.

(10) At this pointa purelyrealresult,stk(badr) , cansimply becopiedto theoutputparameter,
stk(rreadr) .

Thesituationis a bit morecomplicatedfor a complex result,aswehave to de-splicethedouble

complex resultfrom LAPACK into two double precision matrices.Herearethecrucial lines
again:

call dcopy(m * n, stk(badr), 2, stk(rreadr), 1)
call dcopy(m * n, stk(badr + 1), 2, stk(rimadr), 1)

Thefirst line says:“Copy mtimesn elementsfrom thefirst positionin thedoublecomplex result
stk(badr) takingeveryotherentry(3rdparameter, readstride= 2) into thedoubleprecisionoutput
variablestk(rreadr) filling eachentry(5th parameter, write stride= 1).” Thesecondline does
almostthesame,but startsoff at thesecondelement,stk(badr + 1) , therforecopying the
imaginarypartsinto stk(rimadr) . Thiswaywe aremergingStep6, andStep7 into one.

6.3.2. Functionals
Funcwhat?Whatareyou talkingabout?Functionals– whatis this?Gladyouasked! Functionsoperate
on numbersor variables,which themselvesarenot functions.Thesquareroot functionfor exampleis
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usuallyappliedto numbers(like:sqrt(2) ) or moregenerallyto variables(like:sqrt(x)for any realx).
Functionalsoperateonotherfunctions.Prominentexamplesaredifferentiation

wheref asto fulfill certaincontinuityrequirementsat thepoint x
0
; integration:

whereagainf hasto fulfill certain(interesting)requirements;andFouriertransformation:

for suitablefunctionsf, andintegralsI.

Thequestionhow to write nativeScilabfunctionsthattake arbitrarynon-functionparametersastheir
argumentshasbeendiscussedin theprevioussection.Now we focuson Scilabfunctionsthattake other
Scilabfunctionsastheir arguments.If thereaderdoesnot feel familiarwith nativeScilabfunctions,she
shouldreconsiderSection6.3.1.

In a similarmannerasin thelastsection,we introduceanexample.Theexampleis takenfrom our
Scilab/Quadpackinterfaceavailableon theweb. Amongothersit featurestheintegratordqng for
sufficiently smoothfunctions,which hasthefollwoingsignature:

type SimpleFunctionType is access
function(X : in Float) return Float;

procedure dqng
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( Function : in SimpleFunctionType;
LowerIntervalEnd : in Float;
HigherIntervalEnd : in Float;
EpsilonAbsolute : in Float;
EpsilonRelative : in Float;
Result : out Float;
ErrorAbsolute : out Float;
NumberOfEvaluations : out Natural;
ErrorIndicator : out Natural);

Herecomesthecompleteexample.

Example 6-2. Scilab functional

subroutine intsm
*
* name: intsm.f - Scilab/F77 interface to QUADPACK’s dqng
* author: Lydia van Dijk <lydia_van_dijk@my-deja.com>
* last rev.: Wed Mar 15 23:49:45 UTC 2000
* scilab ver.: 2.5
* compiler: g77-0.5.25 (Linux 2.3.49)
*
* Scilab signature:
* [res, abs_err, n_eval] = intsm(a, b, f, eps_abs, eps_rel)
*
* Return Values:
* res: value of the integral
* abs_err: estimate of the absolute error
* n_eval: number of function evaluations
*
* Arguments (mandatory):
* a: lower bound of integral
* b: upper bound of integral
* f: function to integrate with signature y = f(x),
* x, y real scalars
*
* Arguments (optional):
* eps_abs: desired absolute error; default: 0.0
* eps_rel: desired relative error; default: 1e-8

implicit none –
Switch into weenymode:-)

include ’stack.h’
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common /cintg/ namef

external bintg, fintg –
gateways,seeSection6.3.3

external setfintg

* LOCAL VARIABLES
character*6 namef –

Nameof theroutineasstring
character*6 fname –

Nameof functionto beintegrated
character*8 errstr

logical getexternal , getscalar
logical type, cremat

integer iadr, sadr, neval, ifail, l, idxf, idxa
integer topk, lr, lra, lrb, iipal, dummy

double precision epsa, epsr, a, b, val, abserr

include ’errnum.inc’ –
Error numbers are definedhere

* STATEMENTFUNCTIONS
iadr(l) = l + l - 1 –

Accessorfor integers on real*8 stack
sadr(l) = l/2 + 1 –

Accessorfor real* on integer stack

* TEXT
fname = ’intsm’ – Nameof this function
if( rhs .lt. 3 .or. rhs .gt. 5) then ➊

call error (39)
return

endif
topk = top – Rememberstack position

* pop optional parameters off the stack
if( rhs .eq. 5) then ➋

if (.not. getscalar (fname, topk, top, lr)) return
epsr = stk(lr)
top = top - 1

else
epsr = 1.0d-8 – Scilabdefault
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endif

if ( rhs .ge. 4) then
if (.not. getscalar (fname, topk, top, lr)) return
epsa = stk(lr)
top = top - 1

else
epsa = 0.0d0 – Scilabdefault

endif

* pop mandatory parameters off the stack
namef = ’ ’
type = .false.
if (.not. getexternal (fname, topk, top, namef, type, setfintg)) ➌

$ return
idxf = top –

Rememberstack positionof functionf
top = top - 1

if (.not. getscalar (fname, topk, top, lrb)) return
b = stk(lrb)
top = top - 1

if (.not. getscalar (fname, topk, top, lra)) return
a = stk(lra)
idxa = top –

Rememberstack positionof argumenta
top = topk + 1 – Resetstack index

* call integration routine
if (type) then ➍

* compiled external
call dqng(fintg, a, b, epsa, epsr, val, abserr, neval, ifail)

else ➎

* Scilab macro
iipal = iadr(lstk(top)) –

Startbuilding a var. desc.
istk(iipal) = 1 –
istk(iipal + 1) = iipal + 2 –
istk(iipal + 2) = idxf –
istk(iipal + 3) = idxa –
lstk(top + 1) = sadr(iipal + 4) –
call dqng(bintg, a, b, epsa, epsr, val, abserr, neval, ifail)

endif
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if (ifail .eq. 1) then ➏

buf = fname // ’: max. number of steps reached; ’
$ // ’integral too difficult for int_sm’

call error (emaxdiv)
return

endif
if (ifail .eq. 6) then

buf = fname // ’: invalid error bounds’
call error (ebounds)
return

endif
if (ifail .ne. 0) then

* catch all other errors
write(errstr, ’(I10)’) ifail
buf = fname // ’: unknown error ’ // errstr
call error (eunknown)
return

endif

* return values #1, and #2 (val, abserr) replace arguments #1, and
* #2 (a, b).

top = topk - rhs + 1
stk(lra) = val ➐

if ( lhs .ge. 2) then
top = top + 1
stk(lrb) = abserr

endif
* return value #3, neval, needs space on the stack

if ( lhs .ge. 3) then ➑

top = top + 1
if (.not. cremat (fname, top, 0, 1, 1, lrb, dummy)) return
stk(lrb) = dble(neval) –

neval is int, stk() is doubleprecision
endif

end

➊ Here,we do not rely on thepredefinednumber-of-argumentscheckingfunctions,checklhsand
checkrhs, but setup out own scheme.intsm will requirethreemandatoryaruments,a, b, f, and
two optionalones,eps_abs, eps_rel, makinga totalof five.

➋ Take careof theoptionalparameters:fetchthemfrom thestack,or usea defaultvalueif theactual
parameteris omitted.
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➌ Fetchmandatoryparametersfrom thestack.Thestackindex, top is decrementedwith each
parameter. This is a slight variationof thecodeshown in Example6-1, wherewekeepthestack
index fixedandaddanappropriateoffsetwhenfetchingtheparameterfrom thestack.

➍ getexternal returnsthetypeof theexternalaftera successfulcall. An external,i.e. objectcode
linkedto Scilab,setstype = 1, a macro– difinedvia deff , or function – setstype = 0.

Thecaseof anexternalis easyto handleasgetexternal hasalreadytakencareof initializing the
addressto becalledfintg . A call to setfintg accomplishesthis.

➎ Calling aScilabmacrois muchmoreinvolved.

➏ Thereturncodeform theintegrationroutinedqng is checked,anderrorsarehandledasdescribedin
Section6.4.

➐ For intsm returnsascalarand thefirst arumentis a mandatoryscalartoo,wedo not needto
reservespacefor thevalueof theintegral,val . Theresultis simplycopiedinto theargument’sstack
position.

Almost thesameholdsfor thesecondreturnvalue,abserr , thoughwe only canuseits slot if there
actuallyis a returnvariablewe areableto assignto.

➑ Thethird returnvalueis ascalar, but thethird argumentis a function,sowe cannotapplyour
previoustechniqueagain.cremat reservesthespacefor neval .

6.3.3. Dispatc h Tables
FIXME: write it!

Also called“gateways”.

/*
* name: quadqack-gw.c - gateway for all QUADPACK
* interface routines
* author: Lydia van Dijk <lydia_van_dijk@my-deja.com>
* last rev.: Wed Mar 15 02:22:02 UTC 2000
* compiler: pgcc-2.95.2 19991024 (Linux 2.3.49)
*/

#include <stack-c.h> /* lives in $SCI/routines */

typedef void (*gatef_t) (void);
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extern void C2F( intals )(void);
extern void C2F( intcau )(void);
extern void C2F( intexc )(void);
extern void C2F( intfou )(void);
extern void C2F( intgen )(void);
extern void C2F( intgk )(void);
extern void C2F( intinf )(void);
extern void C2F( intosc )(void);
extern void C2F( intsm )(void);

static gatef_t gftab[] = {
C2F( intals ),
C2F( intcau ),
C2F( intexc ),
C2F( intfou ),
C2F( intgen ),
C2F( intgk ),
C2F( intinf ),
C2F( intosc ),
C2F( intsm )

};

int
C2F( quadpack_gw )(void)
{

(*gftab[Fin - 1])();
return 0;

}

Scilabpart...

quadpacklibs = [’/site/src/netlib/quadpack/libquadpac k-1.0. so’, ..
’/site/src/netlib/quadpack/intersci/l ibqpif -1.0.s o’]

gateway = ’quadpack_gw’ // name of the gateway function
interfaces = [’intals’, ’intcau’, ’intexc’, ’intfou’, ..

’intgen’, ’intgk’, ’intinf’, ’intosc’, ..
’intsm’]

addinter(quadpacklibs, gateway, interfaces)

Thecompleteexamplecanbefoundin Section8.6.
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6.4. Error Handling
We briefly discusshow to producethethreepossibleclassesof errors:fatal,warning,andmessagein
Scilab.

6.4.1. Fatal Errors
To signala fatalerrorconditionin aninterfaceprocedure,call error with theappropriatecode.The
codescanbelookedup in SCI/routines/system/error.f .

Hereis a codesnippetthatdoesthis.

if (ifail .eq. 2) then
call error(1232)
return

endif

If thereis no suitableerrormessage,placeyouown message(length<= 80 chars)in theglobalvariable
buf , andcall error afterwards.

Warning
The string placed in buf must not be longer than 80 characters.

if (ier .eq. 6) then
buf = ’invalid limits’
call error(32253)
return

endif

Sideffectof callingerror : TheScilabstackis cleanedup, i.e.put backin thestateit wasjustbeforethe
userroutinehasbeenentered.

On theScilabinterpreterlevel anerrorterminatestheevaluationof whatever is currentlyevaluated
(expression,file, or string),unlessthetrappingof errorshasbeenmodifiedby errcatch . Seealso:
errclear , andiserror .

6.4.2. Warnings
To signalnon-fatalerrorconditions(alsoknown assoft-errors,or warnings),placeanegative integerin
err2 , andcall out to displaythewarningmessage.Dependingon thesituationa return maybeissued
afterthat.TheScilabstackis not cleanedup,whichmeansall returnvaluesfrom theinterfaceroutineare
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passedbacknormally. This is thesolutionof choiceif theusercandecidehow to proceed,basedon the
returnvalues.

Again,hereis a smallpieceof codefor demonstration.

if (fail .eq. 1) then
err2 = -6343
call out(’reached table limit’)
return

endif

On interpreterlevel it is now mandatoryto call iserror aftera call to a routinethatissueswarningslike
this. In theuser-level errorhandlertheerrorcodemustberesetby errclear to allow for further
warningsto bereveived.

A typical wayof copingwith thesesoft-errorsin theinterpreterlevel is shown in Example6-3.

Example 6-3.Handling of warnings in Scilab

[z, n, info] = abraxas(a, b, foo, limit)
if iserror(-19) then

errclear(-19)
limit = limit / 2 // make it easier
[z, n, info] = abraxas(a, b, foo, limit)
if iserror(-19) then

errclear(-19)
error(failed even with easy limit’);

end
end

6.4.3. Messages
Messagesaretheleastsevereclassof errors.Sometimesthey arenot really errors,but just additional
informationthatsomethingunexpectedis goingon.No news is goodnews.

We havealreadyseentheappropriatesubroutinein action.It is out .

if (iter .gt. 1000) then
call out(’iterating excessively’)

endif
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6.5. Interface to Scilab’ s Core
Theinterfaceto Scilab’scoreis widely undocumented.To save thereaderfrequentlookupsin the
definingfile, SCI/routines/interf/stack1.f , we havecompiledthemostimportantonesin the
following sections:query, access, andcreationof objects.

6.5.1. Query
Thefunctionsin this groupretrieve informationabouttheparametersa functionhasbeencalledwith,
andaboutthepropertiesof objectson thestack.

6.5.1.1. checkrhs

Synopsis

function CheckRhs

( SelfName : in String;
MinNumParameter : in Integer;
MaxNumParameter : in Integer)

return Boolean;

Description

Checkthenumberof actualparameterson theright-handsideto bein therange
MinNumParameter : MaxNumParameter. Returntrueif it is in therange,otherwiseraiseerror
77 associatedwith SelfName.

Notethata functionthatis calledwithout any parameters,likeFoo() , is assignedanRhs of -1 .

Thesemanticsof CheckRhs areslightly goofy. If thenumberof actualinput parametersis in the
specifiedrange,CheckRhs returnsTrue , but it never returnsFalse asit raisesanerrorin this case.

Example

Ensurethatat least2, but notmorethan5 parametersarepassedto thefunction:

if (.not. checkrhs(fname, 2, 5)) return

We haveassumedthat fname is setto thefunction’sname.
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Seealso

CheckLhs , Lhs , Rhs

6.5.1.2. checklhs

Synopsis

function CheckLhs

( SelfName : in String;
MinNumParameter : in Integer;
MaxNumParameter : in Integer)

return Boolean;

Description

Checkthenumberof outputvariables,i.e.argumentson theright-handsideto bein therange
MinNumParameter : MaxNumParameter. Returntrueif it is in therange,otherwiseraiseerror
78 associatedwith SelfName.

Notethatit is no errorto supplylessoutputparametersthanthefunctionactuallyreturns.Theextra
valuesaresilentlydiscarded.This is truefor thecaseof zerooutputvalues,too; thenans getsthe
first outputvalue.Thus,a functioncalledwithout any outputparametersis assignedanLhs of 1.

Thesemanticsof CheckLhs areslightly goofy. If thenumberof actualoutputparametersis in the
specifiedrange,CheckLhs returnsTrue , but it never returnsFalse asit raisesanerrorin this case.

Example

Ensurethattherearenot morethan2 outputparameters,whenthefunctionis called:

if (.not. checklhs(fname, 1, 2)) return

We haveassumedthat fname is setto thefunction’sname.

Seealso

CheckRhs , Rhs, Lhs
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6.5.1.3. lhs

Synopsis

Lhs : Integer

Description

Thenumberof actualoutputparameters,i.e. thoseon theleft-handsideof theassignmentoperator,
is storedin theglobalvariableLhs .

Seealso

CheckLhs , CheckRhs , Rhs

6.5.1.4. rhs

Synopsis

Rhs : Integer

Description

Thenumberof actualinput parameters,i.e. thoseon theright-handsideof theassignmentoperator,
is storedin theglobalvariableRhs.

Seealso

CheckRhs , CheckLhs , Lhs

6.5.2. Access Object
Thefunctionsin this sectiongranttheprogrammeraccessto parametersthatarestoredon theScilab
stack.In generalall of thesefunctionswork alike:An index to thecurrent(i.e. asonentryof the
function)top of theparameterstack,“BasePointer”,andanindex to thedesiredargument,
“StackPointer”,arepassedto theAPI. On returntheusergetsall necessaryinformationaboutthe
argumentlike sub-type,dimensionaswell astheindices,“FooIndex” thatindex into theScilabheap.
Theindicesactlikepointersto theactualcontents.Thisway only meta-datais passed,saving
time-consumingcopy operations.
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6.5.2.1. getmat

Synopsis

function GetMat

( SelfName : in String;
BasePointer : in ParameterStackAddress;
StackPointer : in ParameterStackAddress;
IsComplex : out ComplexFlag;
Rows : out Natural;
Columns : out Natural;
RealIndex : out DataStackIndex;
ImaginaryIndex : out DataStackIndex)

return Boolean;

Description

Retrieve theaddress(es)anddimensionsof a realor complex matrix from theparameterstack.The
BasePointer mustbesetto theparameterstackpointer’svalueon entryof thecalling function.
StackPointer pointsto thedesiredparameteron theparameterstack.If successful,GetMat

returnsTrue , andIsComplex, Rows, Columns, andRealIndex arevalid. If IsComplex =

ComplexVariable thenImaginaryIndex is valid, too. If theparameterindexedby
StackPointer is not amatrix GetMat returnsFalse .

TheoutputparameterIsComplex indicateswhetherthematrixon thedatastackis purelyrealor
complex. In thefirst caseRealIndex pointsto thematrix, in thesecondcaseRealIndex points
to therealpartof matrix,andImaginaryIndex pointsto theimaginarypart.In any caseRows
andColumns arethenumberof rowsandcolumnsof thematrix.

Example

Fetchtheaddressesof a possiblycomplex m-times-n matrix from positiontop of theparameter
stack.

if (.not. getmat(fname, topk, top, iscmpx, m, n, are, aim)) return

It is assumedthat fname hasbeensetto thefunction’sname,andtopk carriesthepositionof the
stackonentryto thecalling function.

Seealso

GetRMat , GetRVect , GetVect
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6.5.2.2. getrmat

Synopsis

function GetRMat

( SelfName : in String;
BasePointer : in ParameterStackAddress;
StackPointer : in ParameterStackAddress;
Rows : out Natural;
Columns : out Natural;
RealIndex : out DataStackIndex)

return Boolean;

Description

FunctionGetRMat workslike functionGetMat , but restrictstheacceptedmatricesto purelyreal
ones.

Seealso

GetMat , GetRVect

6.5.2.3. getrvect

Synopsis

function GetRVect

( SelfName : in String;
BasePointer : in ParameterStackAddress;
StackPointer : in ParameterStackAddress;
Rows : out Natural;
Columns : out Natural;
RealIndex : out DataStackIndex)

return Boolean;

Description

FunctionGetRVect workslike functionGetRMat , but restrictstheacceptedmatricesto either
singlerowed(1-times-N ) or singlecolumned(N -times-1).

Seealso

GetVect , GetRMat
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6.5.2.4. getvect

Synopsis

function GetVect

( SelfName : in String;
BasePointer : in ParameterStackAddress;
StackPointer : in ParameterStackAddress;
IsComplex : out ComplexFlag;
Rows : out Natural;
Columns : out Natural;
RealIndex : out DataStackIndex;
ImaginaryIndex : out DataStackIndex)

return Boolean;

Description

FunctionGetVect workslike functionGetMat , but restrictstheacceptedmatricesto eithersingle
rowed(1-times-N ) or singlecolumned(N -times-1).

Seealso

GetMat , GetRVect

6.5.2.5. getscalar

Synopsis

function GetScalar

( SelfName : in String;
BasePointer : in ParameterStackAddress;
StackPointer : in ParameterStackAddress;
Index : out DataStackIndex)

return Boolean;

Description

Retrieve theaddressanddimensionsof a realor complex scalarfrom theparameterstack.The
BasePointer mustbesetto theparameterstackpointer’svalueon entryof thecalling function.
StackPointer pointsto thedesiredparameteron theparameterstack.If successful,GetScalar

returnsTrue , andIndex is valid. If theparameterindexedby StackPointer is nota scalar
GetScalar returnsFalse .
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Seealso

GetVect , GetMat

6.5.2.6. getexternal

Synopsis

type FortranIdentifier is
array (1 .. 6) of Character; - Fortran’s 6 char limit

- SimpleFunctionType is just an example
type SimpleFunctionType is access

function(X : in Float) return Float;

type InstallerProcedureType is access
procedure(FunctionName : in FortranIdentifier;

FunctionEntryPoint : in SimpleFunctionType);

function GetExternal

( SelfName : in String;
BasePointer : in ParameterStackAddress;
StackPointer : in ParameterStackAddress;
FunctionName : in out FortranIdentifier;
IsExternal : out Boolean;
Installer : in InstallerProcedureType)

return Boolean;

Description

Thefirst threeparametersSelfName, BasePointer, andStackPointer work exactly the
sameasin theotherfunctions,sodoesthereturnvalue.They explanationsarenot repeatedhere,see
e.g.Section6.5.2.1.

Thefourthparameter, FunctionName is thenameof thefunctionto becalled.Thisparametercan
designateanexternalfunction,i.e. codethathasbeencompiledseperatelyandthenlinkedto Scilab
via, e.g.link , or thenameof a Scilabfunctionthathasbeendefinedwith function or deff . In
any caseit is simply thenameof thefunction.On returntheIsExternal parametersignalsTrue

if thefunctionis aexternalandFalse otherwise.

Thelastparameteris veryspecial.It specifiestheinstallationprocedureInstaller that
manipulatesa dispatcherfunctionDispatchFunction. After acall to Installer the
dispatcherpointsto theuserfunctiongivenby FunctionName.
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Note: The programmer should not issue such a call; it is already done by GetExternal .

Examplesof dispatcherfunctions,theassociatedhooksanddispatchtablesaree.g.foundin
SCI/routines/default/FTables.{h,c} .

SupportFunctions

TheGetExternal functionreliesheavily on varioussupportfunctions.Thesupportingfunction
have to besetup previousto thefirst call. Usuallythey areinstalledby theuser’sextentionpackage
unlessshe/hedecidesto (ab)useexistingdispatchertablesandfunctions.

package ExternalSupport is
procedure InstallProcedure

(FunctionName : in FortranIdentifier;
FunctionEntryPoint : in SimpleFunctionType);

end ExternalSupport;

package body ExternalSupport is

with Ada.Characters.Latin_1;

type FunctionTableEntry is
record

FunctionName : FortranIdentifier;
FunctionAddress : SimpleFunctionType;

end record;

type FunctionTableType is
array (Positive range <>) of FunctionTableEntry;

- SimpleExample is of type SimpleFunction
function SimpleExample (X : Float) return Float;
begin

return X;
end Hook;

FunctionTable : FunctionTableType(1 .. 2) :=
(1 => (FunctionName => "exampl",

FunctionAddress => SimpleExample ’Access),
2 => (FunctionName => (others => Ada.Characters.Latin_1.NUL),

FunctionAddress => null));
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DispatchFunction : SimpleFunctionType;

- function Hook is the hard-coded target for all
- internal calls

function Hook(X : Float) return Float;
begin

return DispatchFunction.all(X);
end Hook;

- bend hook function to point to FunctionEntryPoint

procedure InstallProcedure

(FunctionName : in FortranIdentifier;
FunctionEntryPoint : in SimpleFunctionType);

begin
DispatchFunction := SetFunction(FunctionName,

FunctionEntryPoint,
FunctionTable);

end InstallProcedure;

end ExternalSupport;

Example

For a self-containedexample,seeSection6.3.2.

Seealso

Functionals, DispatchTables

6.5.3. Create Object
Theobjectcreationfunctionsaremainlyusedto setuptemporaryvariablesfor thecurrentprocedureor
theproceduresto becalled;they beara lot of resemblancewith theobjectaccessfunctions(seealso
Section6.5.2). Thedifferenceis thatanew objectis createdandthereforestackspaceis used.
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6.5.3.1. Cremat

Synopsis

function CreMat

( SelfName : in String;
StackPointer : in ParameterStackAddress;
WantComplex : in ComplexFlag;
Rows : in Natural;
Columns : in Natural;
RealIndex : out DataStackIndex;
ImaginaryIndex : out DataStackIndex)

return Boolean;

Description

Notes
1. We apologizeto all Adaprogrammersfor theabuseof thelanguage,but Ada’sexpressivenessand

clarity areunmatched.
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FIXME: needtext here

7.1. Coping With Scilab
Scilabis a largepackageno doubtaboutthat.Thesourcefor version2.5comprisesof morethan48 MB,
andbuilds to over88 MB on ania32GNU/Linux system.

7.1.1. Distrib ution Size
We useseveraltoolsto copewith Scilab’ssizeandcomplexity. Themostimportantonesareintroduced
in thefollowing section.

7.1.1.1. CVS

CVS(http://www.sourcegear.com/CVS)is oneof themostcommonlyusedversioncontrolsystems.A set
of sourcefiles (whichcanbebinary)is put underrevision controlby “checkingit in”. Theimportant
differenceto anolderversioncontrolsystem,RCS is thenotionof a modulewhich refersto the
completesetof sources.Usuallythesetconsistsof awholedirectorytree,ase.g.all Scilabsources.

Also checkout PascalMolli’ s informationandFAQ (http://www.loria.fr/~molli/cvs-index.html) on
CVS.In largerdevelopmentenvironmentsCVSwith its relaxedrulesmightnot betheadequatetool. In
thesecasesAegis (http://www.pcug.org.au/~millerp/aegis/aegis.html)canbeused.

7.1.1.2. locate

The locate(1) commandis thefastbrotherof thefind(1) command.More precisely, locateaccessesa
precomputeddatabaseof filenames(usually/var/lib/locatedb ; for its structureseelocatedb (5)).
Thedatabaseis generatedby updatedb(1) with a find / -print andthenmangledfor fasteraccess.

We have founda local filenamedatabaseveryusefulfor thework with largeprojects.Therefore,wehave
setup two aliasesthatcreateandaccessa project-specificlist of filenames.

alias upd=’updatedb -output=./.locatedb -localpaths=.’
alias loc=’locate -database=./.locatedb’

Theupd sequenceis typically runaftera CVScheckout,add,or removein thedirectorySCI.

117



Chapter7. Further Information

We run loc wheneverwe arelooking for a file in theScilabdistribution.This is muchfasterthanrunning
find every time,especiallywhenworkingwith aslow file server. Theonly inconvenienceremainingis
that loc mustbeexecutedin thedirectorywherethedatabaseresides,here:SCI.However this is more
thancompensatedby thefactthat locatedoesa substringsearch,i.e. giventhefilenamefpat it returns
all file- anddirectorynamesmatchingtheregulatexpression.* fpat.* .

If we wantto scanthecompletedatabaseandpostprocesstheoutputwith our tools-of-choice,issuinga
loc . andpiping theoutputthroughthedesiredfilters doesthejob.

7.1.1.3. Glimpse

Whattheupdatedb/locatepair is for filenamestheglimpseindex/glimpsepair is for file contents.
glimpseindex(1) generatesa databasethatis accessedby theuservia glimpse(1). So,

glimpse pattern

correspondsto thenon-databasebackedcommand,namelya recursivegrepovera setof directorieslike

find . -print | xargs grep pattern

assumingthatthedatabasehasbeengeneratedfor “ . ”. Again thefastversionis sohelpful thatwehave
definedtwo aliases.

alias glidx=’if test -f .glimpse_index; then
glimpseindex -H . -o -f -B .;

else
glimpseindex -H . -o -B .;

fi’
alias gl=’glimpse -H .’

Thefirst alias,glidx, is oneline. It hasbeenbrokeninto severallinesonly to make its workingsclear;
namelyif anindex file alreadyexistsit is updated(-f option),otherwiseit is generatedfrom scratch.

Likeour locatealiaseseverythingis happeningin thecurrentdirectorywhich meansthatglidx shouldbe
calledfrom SCI.

Glimpseis notpartof mostof thestandardGNU/Linux distributions(at leastnot SuSE
(http://www.suse.de)-6.2,andRedHat(http://www.readhat.com)-6.1, theoneswechecked).The
Universityof ArizonacurrentlyhoststheGlimpsehomepage (http://webglimpse.org/),andGlimpsecan
alsobedownloadedfrom SC0’ssoftware archive(ftp://ftp.sco.com/skunkware/src/fileutil/),which is
mirroredby SunsiteUK (ftp://ftp.sunsite.org.uk/Mirrors/ftp.sco.com/skunkware/src/fileutil/).
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7.1.2. Bug Hunting
In preparationof this document(lvd), andin ourdaily work (cls) wehave foundit veryusefulto have
morethanoneScilab. What?More thanonerunningprocess?– No, morethanonebinaryof scilex ! In
factthreedifferentversionsall comein handydependingon thetask:

scilex binaries

Codeoptimizedfor executionspeed

Thecommonnameis “productionquality code”,but Scilabis sofaraway from productionquality
thatweshallnot usethatterm.

This scilex is built with all compileroptimizationsenabled.Furthermoreall compilerswitches
andoptionsarespecificallytunedfor themachinethecodewill runon in thefuture(seeSection
5.3). Maximumperformanceis theonly goalandno attemptis madeto retainany debugging
information.

DebuggingCode

This scilex is not optimized,insteadit carriescompletedebug information.Thus,it is ideally
suitedfor interactivedebuggingsessions,andsingle-linetracing.

Profiling Code

Thethird variantis aprofiling versionof scilex . It is not optimizedfor speedeither.

Profiling is thefirst stepof any tuning.Furhtermore,duringourwork with andonScilabwehave
foundit veryhelpful to beableto answerthenotoriousquestion:“Whereis it buring thecycles?”
Profiling – doneright – is muchfasterthantiming individual “suspects”,althoughanalyzingthe
profileroutputrequiressomeskill.

SeealsoSection4.4.1.

7.2. Local Documents
Following documentscomewith everysourcedistributionof Scilab.They live in thedirectorySCI/doc .
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Standar d Documentation

Comm.ps – CommunicationToolbox

Descriptionof gecianinteractivecommunicationmanager.

WheneverScilabis startedwith thescilab-scriptin factgeci takesoverandstartsscilexasa
processon thelocalmachine.geciis not limited to local processes;remotemachinescanbe
accessedtransparently.

Comm.ps describesthecommandsavailablefrom within Scilabto communicatewith other
applicationsvia geci.Moreover it elaborateshow to write C-applicationsthatcommunicatewith
Scilabvia geciandtheassociatedlibrary.

Internals.ps – Guidefor Developers

Internals.ps is thetersebreakdown of theinnermostcoreof scilex. It containsdescriptionsof
themostholy variableslike stk , thestackstructure,andtheinternalvariablerepresentation.

Thelastthird treatsinterfacinguserroutineswith thecoreandconsistsmostlyof scarcely
documentedFortranprogramlistings.

This is adocumentfor gurus,andcertainlynot suitedfor casualreading.

Intro.ps – UsersGuide

This is nota must-readthis is more,it is amust-print-and-store-near-the-computer. TheIntro is
much morethanjustanintroductionto Scilab.

Thechapterbreakdown is asfollows:

• Introduction,

• DataTypes,

• Programming,

• BasicPrimitives,

• Graphics,and

• Interfacing.

Theappendicescovera DemoSession,SystemInterconnection,anda brief sectionabout
convertingScilabcodeto F77code.
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Most interestingfor beginnersis thechapter“Introduction”. Combiningit with browsingover “Data
Types”and“Graphics”thenoviceshouldbeall setfor her/hisfirst steps.

Theadvanceduserwill wantto comebackthe“Data Types”regularlyandalsostudy
“Programming”in detail.Any chapterbut “Interfacing”shouldbeunderstandableat thatlevel of
knowledge.It is noshameto comebackto theIntro overandoveragainasScilabis rich in data
typesandgraphicscommands.

Farbeyondtheintroductorystuff thechapteron “InterfacingC or Fortranroutines”wrapsup the
Intro. Thetopicstreatedherearefor theaspiringScilabmaster. Dynamicandstaticextensionsare
discussedin depth.Thecompanionprogramintersci for automaticFortran77-interfacegeneration
is treatedin detail.

Lmi.ps – LMI-Optimization Toolbox

FIXME: someonepleasewrite it!

Manual.ps – ReferenceManual

TheManual.ps is anautomaticallygeneratedcompilationof all Scilabuser-variablesand
user-commands.It is a compilationin thetruestsenseof theword asall thehelptextsavailable
onlinethroughthehelp-commandarecatenatedto onehuge(over700pages)file.

Metanet.ps – GraphsandNetworksToolbox

FIXME: someonepleasewrite it!

Scicos.ps – DynamicSystemBuilder And SimulatorToolbox

FIXME: someonepleasewrite it!

Signal.ps – SignalProcessing

FIXME: someonepleasewrite it!

7.3. Hyperlinks
Herearea few links thatareusefulin connectionwith Scilab.
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Links

INRIA (http://www-rocq.inria.fr) official Scilabpages

• ScilabHomepage (http://www-rocq.inria.fr/scilab/)

• Parallel ScilabHomepage
(http://www.ens-lyon.fr/~desprez/FILES/RESEARCH/SOFT/SCILAB/)

• ScilabFAQ (http://www-rocq.inria.fr/scilab/faq/index.html)

• ScilabFTP Site (ftp://ftp.inria.fr/INRIA/Projects/Meta2/Scilab/distributions/)

PagesOf ScilabEnthusiasts(alphabetically)

• LydiavanDijk’ sScilabpage (http://www.lightlink.com/lydia/scilab.html)

• StéphaneMottelet’sScilabpage (http://www.dma.utc.fr/~mottelet/scilab/)

• BrunoPinçon’sScilabpage (http://www.iecn.u-nancy.fr/~pincon/scilab/scilab.html) featuring
a niceFrenchintroductionto Scilab.

• Enrico Segre’spage (http://www.polito.it/~segre/)

FreeNumericalLibraries

Netlib (http://www.netlib.org/index.html)

Netlib gathersahugeamountof freenumericallibraries.Dueto thenatureof thebusiness
mostof themarewritten in Fortran-77.

GAMS (http://math.nist.gov/)

TheGuideto AvailableMathematicalSoftware.This is thelazyman’sentrypoint to Netlib. If
you know yourproblemthenjust follow thedecisiontreeuntil you reachthemodulethatdeals
with it. Canit getany betterthanthat?

Lapack (http://www.netlib.org/lapack/index.html)

Theall timeclassicof thenumericallibrariesfeatureslinearequation,linearleastsquares,
singularvalue,and(evengeneralized)eigenvaluesolvingin anorthogonaldesign:4 precisions
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(real,doubleprecision,complex, doublecomplex), severalmatrixstorageschemes
(rectangulardense,symmetric/hermitianpositivedefinite,banded,tridiagonal,...).

OptimizedBLAS (andsometimesmore)Libraries

ATLAS (http://www.netlib.org/atlas/)

ATLAS is anacronym for AutomaticTuningof LinearAlgebraSoftware.A novel approachto
optimizetheBLAS library for anarbitraryarchitecturewith deepmemoryhierarchieand
pipelinedfunctionalunits.In otherwordsfor any modernmachine.

ASCIRED (http://www.cs.utk.edu/~ghenry/distrib/)

This is anacronym for AdvancedStrategic ComputingInitiative.In thecourseof their
researchthey develophighly optimizedBLAS librariesfor PProandlater1ntelprocessors.

DIGITAL™’ s ExtendedMathLibrary (http://www.digital.com/info/hpc/software/dxml.html)

FIXME: Someonepleasesaysomethingaboutit!

Intel™’s Math KernelLibrary (http://developer.intel.com/vtune/perflibst/mkl/) (MKL)

This is theonefor thepoorsoulsbeingtrappedon theDarkSide.TheMKL runswith the
software-from-hell(akafrom Redmond/WA).

IBM™’ s EssentialScientificSoftwareLibrary
(http://www.austin.ibm.com/software/sp_products/esslspec.htm) (ESSL)

FIXME: Someonepleasesaysomethingaboutit!

SUN™’s Fortran High-PerformanceLibrary (http://www.sun.com/workshop/fortran/) (PerfLib)

FIXME: Someonepleasesaysomethingaboutit!

SGI™’s ScientificLibrary (http://www.sgi.com/software/scsl.html)(SCSL)

FIXME: Someonepleasesaysomethingaboutit!
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FreeMathematicalSoftware

Pari (http://www.parigp-home.de/)©

An extremelyfastarbitraryprecisioncalculatorwith a library thatcanbelinkedwith user
programs.

MuPAD (http://math-www.uni-paderborn.de/MuPAD/index.html)©

Symbolicalgebraprogramwhich is Map1ealike. It featuresoneof themostcomprehensive
integrationlibrariescurrentlyavailable.

Octave (http://www.che.wisc.edu/octave/)©

Matlab©compatiblematrixpackage,whosecoreis written in C andC++; relieson classical
Fortranlibrarieslike LAPACK. TheOctave librariescanbeintegrateeasilyin new user
programs.

Tela (http://www.geo.fmi.fi/prog/tela.html)©

Telais theshortform for tensorlanguage;it is written in C++.Currentlytensorsup to rank4
aresupported.Telais lesscompatibleto theoriginal thanScilabor Octaveasit usesa
Pascal-likesyntaxwith C-like identifiers.Thestrengthof Telais its tremendouslyfast
interpteter(in somecasesmorethana factorof 100fasterthanOctave,andmorethan40 times
fasterthanScilab).

TheTelalanguagesupportsmoduleslike Perldoes.Functionscanhaveoptionalarguments
andmandatoryreturnvalues(to implementin-placemodification).Moreoverso-calledC-tela
files allow theuserto write C-functionsusingextensionsfrom telato produceextremely
efficientextensions.

FreePlottingSoftware

GNUPlot (http://WWW.cs.dartmouth.edu/gnuplot_info.html)©

Althoughtheprefix is a purecoincidencewith theGNUproject (http://www.gnu.org) it is one
of thebest2d-plottingprogramsthatareavailablewith sourcecode.
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PlotMTV (ftp://ftp.x.org/contrib/applications/)©

An older, but still excellentprogramfor 2d- and3d-plots.The“philosophy” is differentfrom
GnuPlotasplotting instructionsanddatasharethesamefile.
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Chapter 8. Complete Examples
Welcometo ourattic! Following thestyleof thebag-of-trick,theexamplesgatheredhereareanunsorted
collectionof hacksthathaspiled upover theyears.A few functionsareusedor discussedin theearlier
section,but weretruncatedto emphasizedtheimportantparts.Hereyouonly find completeversions.

Theseexampleprogramsarefreesoftware;youcanredistributeit and/ormodify it underthetermsof the
GNU GeneralPublicLicenseaspublishedby theFreeSoftwareFoundation;eitherversion2 of the
License,or (at youroption)any laterversion.

This programis distributedin thehopethatit will beuseful,but WITHOUT ANY WARRANTY;
without eventheimplied warrantyof MERCHANTABILITY or FITNESSFORA PARTICULAR
PURPOSE.SeetheGNU GeneralPublicLicenseat theendof thisdocumentfor moredetails.

You shouldhavereceiveda copy of theGNU GeneralPublicLicensealongwith this program;if not,
write to theFreeSoftwareFoundation,Inc., 59 TemplePlace,Suite330,Boston,MA 02111-1307USA.

8.1. benchmark.sci

This exampleshowsabenchmarkfunctionthattrieshardto do betterthanothers.In thefirst stepthe
timer resolutionis determined.Next thefunctionundertestis executedin a loopandthetime takenis
estimated.This time in turn is usedfor thefinal test.Thenumberof loop iterationsis chosenaccordingto
thepreliminarytest.Finally, themedianof thetimingsis returned.

function res = calibrate(max_len, n_avg, log_inc)
// determine the resolution of Scilab’s built-in timer
// Return vector with measured timer resolution(s)

[nl, nr] = argn()
if nr <= 2, log_inc = 1.1, end
if nr <= 1, n_avg = 31, end
if nr == 0, max_len = 100000, end

r = []
n = 1
while n <= max_len

//disp(n)
tv = []
iter = 0:n
for k = 1:n_avg

timer()
for i = iter, end
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t = timer()
tv = [tv; t]

end
tv = sort(tv)
r = [r; [n, tv($/2 + 1)]]
n = log_inc * n

end

// xbasc(); plot2d(r(:,1), r(:,2), -1)

delta = [r(:, 2); r($, 2)] - [r(1, 2); r(:, 2)]
idx = find(delta > %eps)
res = delta(idx)

function tpl = benchmark()
// return the time for one loop round trip

verbose = %t
min_test = 10 // minimum multiple of the timer

// resolution to run coarse test
std_test = 200 // as min_test but for real test
n_avg = 31 // number of samples to calculate median
log_inc = 2.0 // logarithmic increment in coarse test

// inquire timer properties
disp(’+++ calibrating timer’)
resol = calibrate()
if size(resol, ’*’) <= 2 then

error(’calibration failed’)
end
if resol(1) ~= resol(2) then

warning(’calibration botched; proceeding anyway...’)
end
t_resol = resol(1);
if verbose

disp(’timer resolution is ’ + string(t_resol) + ’s’)
end

// rough estimate of time
disp(’+++ calibrating test’)
np = 1
timer()
mytest()
t = timer()
while t < min_test * t_resol
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//disp(np, t, min_test * t_resol)
np = log_inc * np
timer()
for i = 1:np

mytest()
end
t = timer()

end
if verbose then

disp(’coarse, ’ + string(np) + ’ round trips in ’
+ string(t) + ’s’)

end
if np == 1 then

warning(’slow procedure under test - time may be excessive’)
end

// run real test
disp(’+++ running test’)
tc = t / np
ne = ceil(std_test * t_resol / tc)
if verbose then

disp(’fine, test will take about ’
+ string(ceil(tc * ne * n_avg)) + ’s’)

end

r = []
for k = 1:n_avg

timer()
for i = 1:ne

mytest()
end
t = timer()
r = [r; t]

end
if verbose then

disp(’fine, ’ + string(ne) + ’ round trips in ’
+ string(t) + ’s’)

end

// get median and return
r = sort(r)
//disp(r)
tpl = r($/2 + 1) / ne

function mytest()
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exact = -2.5432596188;
z = abs( exact - intg(0, 2 * %pi, f) )

function y = f(x)
//y = x * sin(30 * x) / sqrt( 1 - ((x / (2 * %pi))^2) )
y = x

8.2. listdiff.sci

Thefunction listdiff returnsthedifferencesof two vectorsin thestyleof thediff (1) command.It is a
funny exampleof doingsomethingcompletelynon-numericalwith Scilab.

function diff = listdiff(lst1, lst2, equ)
// implement a diff(1) like function for vectors.
// The caller can supply a bool equ(x, y) function
// that will be used in all comparisions, otherwise
// operator ’==’ is used.
//
// RETURNVALUE
// 2-column vector describing the differences.
// Column 1 contains the element and column 2
// the element’s index. A ’+’ in front of the
// index means: ’Extra element in lst2’, a ’-’
// means missing element in lst1.
//
// AUTHOR
// Christoph L. Spiel
//
// Copyright 1999 by Christoph Spiel
// listdiff is free software distributed under the terms
// of the GNU General Public License, version 2.
//!

[nl, nr] = argn(0);
select nr
case 0 then

error(’Too few arguments. Got 0, require 2 or 3.’);
case 1 then

error(’Too few arguments. Got 1, require 2 or 3.’);
case 2 then

deff(’b = equ(s1, s2)’, ’b = s1 == s2’);
case 3 then
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// caller supplied equ()
if type(equ) ~= 13 then

error(’Function expected, got a ’ + typeof(equ) + ’.’);
end

else
error(’Too many arguments. Got ’ + string(nr) + ’ require 2 or 3.’);

end

if type(lst1) ~= 1 & type(lst2) ~= 1 then
// none of the lists is empty
if type(lst1) ~= type(lst2) then

error(’Both lists must be of the same type, or be empty.’);
end

end

fuzz = 10;

diff = [];
n1 = size(lst1, 1);
n2 = size(lst2, 1);

// special cases

if n1 == 0 & n2 == 0, return, end

if n1 == 0 then
p = 1 : n2;
diff = [lst2, ’+’ + string(p’)];
return;

end

if n2 == 0 then
p = 1 : n1;
diff = [lst1, string(-p’)];
return;

end

// general case (neither list is empty)

i = 1;
j = 1;
while i <= n1 & j <= n2

while i <= n1 & j <= n2
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if ~equ(lst1(i), lst2(j)), break, end
i = i + 1;
j = j + 1;

end
if i >= n1 | j >= n2, break, end

icurs = i;
while icurs <= min(n1, i+fuzz)

if equ(lst1(icurs), lst2(j)), break, end
icurs = icurs + 1;

end
if icurs <= n1 then

if equ(lst1(icurs), lst2(j)) then
// record element(s) missing from lst1
for p = i : icurs-1

this_diff = [lst1(p), string(-p)];
diff = [diff; this_diff];

end
// re-sync
i = icurs;

end
end

jcurs = j;
while jcurs <= min(n2, j+fuzz)

if equ(lst1(i), lst2(jcurs)), break, end
jcurs = jcurs + 1;

end
if jcurs <= n2 then

if equ(lst1(i), lst2(jcurs)) then
// record extra element(s) in lst2
for p = j : jcurs-1

this_diff = [lst2(p), ’+’ + string(p)];
diff = [diff; this_diff];

end
// re-sync
j = jcurs;

end
end

end
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8.3. whatis.sci

function rv = whatis(name_arr)
// NAME
// whatis - listing of variables in extended format
//
// CALLING SEQUENCE
// whatis()
// whatis(name_arr)
//
// PARAMETER
// name_arr : array of variables names
//
// DESCRIPTION
// whatis returns a column-vector with the names,
// types, and sizes of all local variables
// (first form), or only of the variables whose
// names (as strings!) are given in the matrix
// name_arr (second form).
//
// EXAMPLES
// whatis()
// whatis(’my_mat’)
// whatis([’foo’ ’bar’ ’baz’; ’foobar ’morefoo’ ’foobaz’])
//
// SEE ALSO
// who, whos
//
// AUTHORS
// Enrico Segre, Lydia van Dijk
//
// Copyright 1999 by Enrico Segre and Lydia van Dijk.
// whatis is free software distributed under the terms
// of the GNU General Public License, version 2.
//!

// LAST REVISION
// lvd, Fri Dec 3 01:01:45 UTC 1999

// TO DO/TO FIX
//
// - Accepting a regexp as an argument would be nice. This in turn
// leads to complete boolean expressions doing the variable selection
// resembling what the UNI* find utility does. Example:
// All vars ending in a ’v’ that are complex and larger than
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// 1000 words.
// - The behavior with undefined variables is unsatisfactory.

[nl, nr] = argn(0);
clear nl;
if nr == 0 then

// no arguments -> take all variables like whos() does
clear nr;
name_arr = sort(who(’get’));

end
clear nr;

if type(name_arr) ~= 10 then
error(’Expecting a string or an array of strings, got a ’ ..

+ typeof(name_arr) + ’!’);
return;

end

[namev, memv] = who(’get’); // get memory usage of all local vars

// define isreal() for hypermatrices
deff(’b = %hm_isreal(hm)’, ..

’if size(hm, ”*”) == 0 then b = %t; ..
else ..

b = isreal(hm(1)); ..
end’);

deff(’b = hm_isbool(hm)’, ..
’if size(hm, ”*”) == 0 then ..

b = %t; ..
else ..

b = type(hm(1)) == 4; ..
end’);

deff(’b = hm_isstring(hm)’, ..
’if size(hm, ”*”) == 0 then ..

b = %t; ..
else ..

b = type(hm(1)) == 10; ..
end’);

deff(’b = hm_isint(hm)’, ..
’if size(hm, ”*”) == 0 then ..

b = %t; ..
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else ..
b = type(hm(1)) == 8; ..

end’);

rv = [];
for name = matrix(name_arr, 1, size(name_arr, ’*’)) do

if isdef(name) then
clear var;
var = evstr(name); // convert var’s name back into var
//
// type classification
//
ty = type(var); // type number
select ty // type 16 and 17 are not recognized
case 16 then // by the function typeof()

tgenp = %f; // we know the tlist’s type for these
lab = var(1); // vector of labels
select lab(1) // 1st label defines the type
case ’ar’ then

tnam = ’ARMAX process’;
case ’des’ then

tnam = ’descriptor system’;
case ’linpro’ then

tnam = ’linear programming data’;
case ’lss’ then

tnam = ’linear system’;
case ’r’ then

tnam = ’rational’;
case ’scs_tree’ then

tnam = ’SCICOS navigator data’;
case ’xxx’ then

tnam= ’SCICOS menu data’;
else

tnam = ’generic tlist ’ + lab(1);
tgenp = %t;

end // select lab(1)
case 17 then

tnam = ’hypermatrix’;
else

tnam = typeof(var); // type name, a string
end // select ty
if ty==1 | ty==2 | ty==5 | ty==17 then

// boolean, string, integral, real, or complex,
// possibly sparse matrix or hypermatrix (yuck!)
if hm_isbool(var) then
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tnam = ’boolean ’ + tnam;
elseif hm_isstring(var) then

tnam = ’string ’ + tnam;
elseif hm_isint(var) then

tnam = ’int ’ + tnam;
else

if isreal(var) then
tnam = ’real ’ + tnam;

else
tnam = ’complex ’ + tnam;

end
end

end
tmp = name + ’: ’;
//
// size determination
//
if ty==1 | ty==2 | ty==4 | ty==5 | ty==8 | ty==10 | ty==17 then

// any kind of matrix
sz = size(var); // var’s dimensions
tmp = tmp + string(sz(1));
for j = 2:length(sz)

tmp = tmp + ’x’ + string(sz(j));
end
tmp = tmp + ’ ’;

elseif ty==16
// user-defined aka generic tlist
if tgenp then

tmp = tmp + string(size(var(1), ’*’)) + ’ element ’;
end

else
// function, library, or other non-atomic object

end
//
// memory usage
//
i = find(namev == evstr(’name’)); // index of var’s entry
tmp = tmp + tnam + ’, ’ + string(memv(i)) + ’ words’;

else
tmp = ”” + name + ”’ is not defined’;
warning(’variable ’ + tmp);

end
rv = [rv; tmp];

end
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8.4. Auto-Determination of Precedence and Associativity
assoc.sci , prec.sci , andparser.sci arethescriptsthatdeterminetheprecedenceandthe
associativity of thearithmeticScilaboperators.Theresultsareusedin Section4.1.

8.4.1. assoc.sci

function a = assoc(oper, typ)
// Return the associativity a of
// operator oper which accepts type typ.
// oper can be a matrix of operators.
//
// typ can be ’n’ for numeric, or ’b’ for boolean.
// If typ is omitted, numeric is assumed.

[nl, nr] = argn()
if nr == 1 then

typ = ’n’
end

select typ
case ’n’ then

args = string([1.1 1.2 1.5])
deff(’b = equal(x, y)’, ’b = abs(x - y) < 1.2*%eps’)

case ’b’ then
args = string([’%f’ ’%t’ ’%f’])
deff(’b = equal(x, y)’, ’b = x == y’)

else
error(’unknown type ’ + typ)

end

a = []
for op = oper

expr = ’[’ + args(1) + op
+ args(2) + op + args(3) + ’,’ ..
+ ’(’ + args(1) + op + args(2) + ’)’
+ op + args(3) + ’,’ ..
+ args(1) + op + ’(’ + args(2)
+ op + args(3) + ’)]’

//disp(expr)
r = evstr(expr)
//disp(r)
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if equal(r(2), r(3)) then
a = [a ’non’]

elseif equal(r(1), r(2)) then
a = [a ’left’]

elseif equal(r(1), r(3)) then
a = [a ’right’]

else
error(’could not determine associativity’)

end
end

8.4.2. prec.sci

function p = prec(op1, op2)
// determine the relative precedence of operator op1 vs op2
// If operator op1 has a higher precedence than op2 then p = -1.
// In the opposite case p = 1. If both have the same precedence
// level p = 0

args = string([1.1 1.2 1.5])
deff(’b = equal(x, y)’, ’b = abs(x - y) < 1.2*%eps’)

expr = ’[’ + args(1) + op1 + args(2) + op2 + args(3) + ’,’ ..
+ ’(’ + args(1) + op1 + args(2) + ’)’ + op2 + args(3) + ’,’ ..
+ args(1) + op1 + ’(’ + args(2) + op2 + args(3) + ’)]’

//disp(expr)
r = evstr(expr)
//disp(r)

if equal(r(2), r(3)) then
p = 0

elseif equal(r(1), r(2)) then
p = -1

elseif equal(r(1), r(3)) then
p = 1

else
error(’could not determine precedence level’)

end

function p = prec1(uop, op)
// determine what relative precedence the unary operator uop has
// with respect to operator op. The return values are like those
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// of prec()

args = string([1.1 1.2])
//args = string([(1.1+0.9*%i) (1.2-0.8*%i)])
deff(’b = equal(x, y)’, ’b = abs(x - y) < 1.2*%eps’)

expr = ’[’ + uop + args(1) + op + args(2) + ’,’ ..
+ ’(’ + uop + args(1) + ’)’ + op + args(2) + ’]’

//disp(expr)
r = evstr(expr)
//disp(r)

if equal(r(1), r(2)) then
p = -1

else
p = 1

end

function p = lprec(op1, op2)
// determine relative precedence of the
// logical operators op1 and op2

v = [’%f’ ’%t’]
for i = 1:2

for j = 1:2
for k = 1:2

args = string([v(i) v(j) v(k)])
expr = ’[’ + args(1) + op1 + args(2) + op2 + args(3) + ’,’ ..

+ ’(’ + args(1) + op1 + args(2) + ’)’ + op2 + args(3) + ’,’ ..
+ args(1) + op1 + ’(’ + args(2) + op2 + args(3) + ’)]’

//disp(expr)
r = evstr(expr)
//disp(r)

if r(2) == r(3) then
p = 0

elseif r(1) == r(2) then
p = -1
return

elseif r(1) == r(3) then
p = 1
return

else
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error(’could not determine precedence level’)
end

end
end

end

8.4.3. parser.sci

// determine properties of Scilab’s parser:
// associativity and precedence level of operators

getf(’assoc.sci’);
getf(’prec.sci’);

numop1 = [’+’ ’-’];
numop2 = [’+’ ’-’ ’*’ ’/’ ’\’ ’^’ ’.*’ ’./’ ’.\’ ’.^’];
logop1 = [’~’];
logop2 = [’&’ ’|’];

// inquire associativity
an = assoc(numop2, ’n’);
ab = assoc(logop2, ’b’);

// figure out the relative precedence of binary numeric operators
pm2 = [];
for i = numop2

row = [];
for j = numop2

row = [row prec(i, j)];
end
pm2 = [pm2; row];

end
[lev, idx] = sort( sum(pm2, ’r’) );
lev = lev - min(lev) + 1; // minimum := 1

nop2 = numop2;
for op = numop1 // mark binary oparators that have a unary twin

patch = find(op == nop2);
nop2(patch) = op + ’/2’;

end

relp2 = [string(lev); nop2(idx); an(idx)]’;
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relp1 = [];
for i = numop1

row = [];
for j = numop2

row = [row, prec1(i, j)];
end
hop = numop2(find(row > 0.5)); // operators with higher precedence
minhop = 0;
for op = hop

minhop = max( minhop, find(relp2(:, 2) == op) );
end
// now minhop is the index of the lowest precedence binary operator
// that has a higher precedence than the unary operator i, or 0 if
// there is none
if minhop == 0

uop = evstr(relp2(1, 1)) + 1;
else

uop = evstr(relp2(minhop, 1)) - 1;
end
relp1 = [relp1; [string(uop), i+’/1’, ’right’]];

end
//relp1

// Merge unary operators into matrix of binary operators
relp = [relp1; relp2];
[dummy, idx] = sort(evstr(relp(:, 1)));
relp(idx, :)

8.5. cat.sci

cat.sci definesthefunctioncat whichprintsthesourceof amacro(function)if it is available.The
argument-,type-,andsize-checkingpartis usedin Example4-1.

function [res] = cat(macname)
// Print definition of function ’macname’
// if it has been loaded via a library.

// AUTHOR
// Lydia van Dijk
//

141



Chapter8. CompleteExamples

// Copyright 1999, 2000 by Lydia van Dijk.
// cat is free software distributed under the terms
// of the GNU General Public License, version 2.

[nl, nr] = argn(0);
if nr ~= 1 then

error(’Call with: cat(macro_name)’);
end
if type(macname) ~= 10 then

error(’Expecting a string, got a ’ + typeof(macname));
end
if size(macname, ’*’) ~= 1 then

sz = size(macname);
error(’Expecting a scalar, got a ’ ..

+ sz(1) + ’x’ + sz(2) + ’ matrix’)
end

[res, err] = evstr(macname);
if err ~= 0 then

select err
case 4 then

disp(macname + ’ is undefined.’);
return;

case 25 then
disp(macname + ’ is a builtin function’);
return;

else
error(’unexpected error’, err);

end // select err
end // err ~= 0

name = whereis(macname);
//disp(’name = <’ + name + ’>’);
if name == [] then

disp(macname + ’ is defined, but its definition is unaccessible’);
clear ans;
return;

end

cont = string(evstr(name)); // path (1) and contents (2..$) of library
fpath = cont(1);
if part(fpath, 1:4) == ’SCI/’ then

fpath = SCI + ’/’ + part(fpath, 5:length(fpath));
end
fname = fpath + macname + ’.sci’;

142



Chapter8. CompleteExamples

[fh, err] = file(’open’, fname, ’old’);
if err ~= 0 then

error(’Could not open file ’ + fname, err);
end
text = read(fh, -1, 1, ’(a)’);
file(’close’, fh);
write(%io(2), text);

8.6. quadpack.sci

Hereis thecompleteexamplefrom Section6.3.3. Functionquadpack loads,unloads,or queriestheload
statusof a Scilabextension.In this casetheextensionis thefamousQuadPacklibrary.

Theforemostgoalin thedesignof quadpack wasuserfriendliness.Therefore,wecondensedthe
function’s interfaceto its minimum,providing only threedifferentactions:

load

Link library andgluecodewith Scilab;do nothingif thelibrary/gluecodealreadyhasbeenlinked.
Returntheactuallinkagestatusafterwards.

unload

Unloadlibrary andgluecode;do nothingif thelibrary/gluecodewasnot linkedwith Scilabbefore.
Returntheactuallinkagestatusafterwards.

query

Do nothing,but returntheactuallinkagestatus.

Additionalgoodiesarethatquadpack defaultsto actionquery if thefunction’sargumentis omitted,
thatthecaseof theargumentdoesnot matter, andthata minimal prefixof theargumentis enoughto
selecttheright action.

function state = quadpack(action)
// name: quadpack.sci - load/unload QUADPACKor query
// the load-status
// author: Lydia van Dijk <lydia_van_dijk@my-deja.com>
// last rev.: Sat Mar 18 19:23:58 UTC 2000
// Scilab ver.: 2.5

// The variable ’quadpacklibs’ is the *only* one that needs
// adjustment on a per-system basis. It is safe to leave
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// all the other stuff untouched.

quadpacklibs = [’/site/src/netlib/quadpack/libquadpac k-1.0. so’, ..
’/site/src/netlib/quadpack/intersci/l ibqpif -1.0.s o’]

//
// No user servicable parts below this line.
//

gateway = ’quadpack_gw’ // name of the gateway function

// The order of the interface names in
// interfaces *MUST* be the same
// as in qptab in file ’quadpack-gw.c’!
interfaces = [’intals’, ’intcau’, ’intexc’, ’intfou’, ..

’intgen’, ’intgk’, ’intinf’, ’intosc’, ..
’intsm’]

[lhs, rhs] = argn()
if rhs == 0 then

action = ’query’ – Default if noargs
end

if rhs >= 2 then
error(’Too many arguments; expecting 0 or 1’)

end
if type(action) ~= 10 then // 10 means string

error(’Expecting a string in argument 1’)
end
if size(action, ’*’) ~= 1 then

error(’Expecting a scalar in argument 1’)
end

action = code2str( abs(str2code(action)) ) – Convert to lowercase
[state, number] = c_link(gateway)

if strindex(’query’, action) == 1 then – Check prefex
// do nothing

elseif strindex(’load’, action) == 1 then
if state == %t then

disp(’already loaded; no action taken’)
return

end
addinter(quadpacklibs, gateway, interfaces)

elseif strindex(’unload’, action) == 1 then

144



Chapter8. CompleteExamples

if state == %f then
disp(’not loaded; no action taken’)
return

end
ulink(number)

else
error(’Expecting ”query”, ”load” or ”unload” in arg 1’)

end
state = c_link(gateway) – Alwaysreturnactualstatus
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Appendix A. GNU Free Documentation License
Version1.1,March2000

Copyright (C) 2000FreeSoftwareFoundation,Inc.
59 TemplePlace,Suite330
Boston,MA 02111-1307
USA

Everyoneis permittedto copy anddistributeverbatimcopiesof this licensedocument,but changingit is
not allowed.

0. PREAMBLE
Thepurposeof thisLicenseis to makeamanual,textbook,or otherwrittendocument“free” in thesense
of freedom:to assureeveryonetheeffective freedomto copy andredistributeit, with or without
modifying it, eithercommerciallyor noncommercially. Secondarily, thisLicensepreservesfor theauthor
andpublisheraway to getcreditfor theirwork, while notbeingconsideredresponsiblefor modifications
madeby others.

This Licenseis akind of “copyleft”, which meansthatderivativeworksof thedocumentmust
themselvesbefreein thesamesense.It complementstheGNU GeneralPublicLicense,which is a
copyleft licensedesignedfor freesoftware.

We havedesignedthis Licensein orderto useit for manualsfor freesoftware,becausefreesoftware
needsfreedocumentation:a freeprogramshouldcomewith manualsproviding thesamefreedomsthat
thesoftwaredoes.But thisLicenseis not limited to softwaremanuals;it canbeusedfor any textual
work, regardlessof subjectmatteror whetherit is publishedasaprintedbook.We recommendthis
Licenseprincipally for workswhosepurposeis instructionor reference.

1. APPLICABILITY AND DEFINITIONS
This Licenseappliesto any manualor otherwork thatcontainsa noticeplacedby thecopyright holder
sayingit canbedistributedunderthetermsof this License.The“Document”,below, refersto any such
manualor work. Any memberof thepublic is a licensee,andis addressedas“you”.

A “Modified Version”of theDocumentmeansany work containingtheDocumentor aportionof it,
eithercopiedverbatim,or with modificationsand/ortranslatedinto anotherlanguage.
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A “SecondarySection”is anamedappendixor a front-mattersectionof theDocumentthatdeals
exclusively with therelationshipof thepublishersor authorsof theDocumentto theDocument’soverall
subject(or to relatedmatters)andcontainsnothingthatcouldfall directly within thatoverall subject.
(For example,if theDocumentis in parta textbookof mathematics,aSecondarySectionmaynot
explainany mathematics.)Therelationshipcouldbea matterof historicalconnectionwith thesubjector
with relatedmatters,or of legal,commercial,philosophical,ethicalor political positionregardingthem.

The“InvariantSections”arecertainSecondarySectionswhosetitlesaredesignated,asbeingthoseof
InvariantSections,in thenoticethatsaysthattheDocumentis releasedunderthis License.

The“CoverTexts” arecertainshortpassagesof text thatarelisted,asFront-CoverTexts or Back-Cover
Texts, in thenoticethatsaysthattheDocumentis releasedunderthis License.

A “Transparent”copy of theDocumentmeansa machine-readablecopy, representedin a formatwhose
specificationis availableto thegeneralpublic,whosecontentscanbeviewedandediteddirectly and
straightforwardlywith generictext editorsor (for imagescomposedof pixels)genericpaintprogramsor
(for drawings)somewidely availabledrawing editor, andthatis suitablefor input to text formattersor
for automatictranslationto avarietyof formatssuitablefor input to text formatters.A copy madein an
otherwiseTransparentfile formatwhosemarkuphasbeendesignedto thwartor discouragesubsequent
modificationby readersis not Transparent.A copy thatis not “Transparent”is called“Opaque”.

Examplesof suitableformatsfor Transparentcopiesincludeplain ASCII without markup,Texinfo input
format,LaTeX input format,SGML or XML usingapublicly availableDTD, andstandard-conforming
simpleHTML designedfor humanmodification.OpaqueformatsincludePostScript,PDF, proprietary
formatsthatcanbereadandeditedonly by proprietarywordprocessors,SGML or XML for which the
DTD and/orprocessingtoolsarenot generallyavailable,andthemachine-generatedHTML producedby
someword processorsfor outputpurposesonly.

The“Title Page”means,for aprintedbook,thetitle pageitself, plussuchfollowing pagesasareneeded
to hold, legibly, thematerialthis Licenserequiresto appearin thetitle page.For worksin formatswhich
donot haveany title pageassuch,“Title Page”meansthetext nearthemostprominentappearanceof the
work’s title, precedingthebeginningof thebodyof thetext.

2. VERBATIM COPYING
You maycopy anddistributetheDocumentin any medium,eithercommerciallyor noncommercially,
providedthatthis License,thecopyright notices,andthelicensenoticesayingthis Licenseappliesto the
Documentarereproducedin all copies,andthatyouaddno otherconditionswhatsoever to thoseof this
License.You maynot usetechnicalmeasuresto obstructor controlthereadingor furthercopying of the
copiesyoumakeor distribute.However, youmayacceptcompensationin exchangefor copies.If you
distributea largeenoughnumberof copiesyoumustalsofollow theconditionsin section3.
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You mayalsolendcopies,underthesameconditionsstatedabove,andyoumaypublicly displaycopies.

3. COPYING IN QUANTITY
If you publishprintedcopiesof theDocumentnumberingmorethan100,andtheDocument’s license
noticerequiresCoverTexts,youmustenclosethecopiesin coversthatcarry, clearlyandlegibly, all
theseCoverTexts:Front-CoverTextson thefront cover, andBack-CoverTextson thebackcover. Both
coversmustalsoclearlyandlegibly identify you asthepublisherof thesecopies.Thefront covermust
presentthefull title with all wordsof thetitle equallyprominentandvisible.Youmayaddothermaterial
on thecoversin addition.Copying with changeslimited to thecovers,aslongasthey preserve thetitle of
theDocumentandsatisfytheseconditions,canbetreatedasverbatimcopying in otherrespects.

If therequiredtexts for eithercoveraretoo voluminousto fit legibly, you shouldput thefirst oneslisted
(asmany asfit reasonably)on theactualcover, andcontinuetherestontoadjacentpages.

If you publishor distributeOpaquecopiesof theDocumentnumberingmorethan100,youmusteither
includea machine-readableTransparentcopy alongwith eachOpaquecopy, or statein or with each
Opaquecopy apublicly-accessiblecomputer-network locationcontaininga completeTransparentcopy
of theDocument,freeof addedmaterial,which thegeneralnetwork-usingpublichasaccessto download
anonymouslyatnochargeusingpublic-standardnetwork protocols.If youusethelatteroption,youmust
take reasonablyprudentsteps,whenyou begin distributionof Opaquecopiesin quantity, to ensurethat
thisTransparentcopy will remainthusaccessibleat thestatedlocationuntil at leastoneyearafterthelast
time youdistributeanOpaquecopy (directlyor throughyouragentsor retailers)of thateditionto the
public.

It is requested,but not required,thatyoucontacttheauthorsof theDocumentwell beforeredistributing
any largenumberof copies,to give thema chanceto provideyouwith anupdatedversionof the
Document.

4. MODIFICATIONS
You maycopy anddistributea ModifiedVersionof theDocumentundertheconditionsof sections2 and
3 above,providedthatyou releasetheModified Versionunderpreciselythis License,with theModified
Versionfilling therole of theDocument,thuslicensingdistributionandmodificationof theModified
Versionto whoeverpossessesa copy of it. In addition,you mustdo thesethingsin theModifiedVersion:

A. Usein theTitle Page(andon thecovers,if any) a title distinctfrom thatof theDocument,andfrom
thoseof previousversions(which should,if therewereany, belistedin theHistory sectionof the
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Document).Youmayusethesametitle asapreviousversionif theoriginalpublisherof thatversion
givespermission.

B. List on theTitle Page,asauthors,oneor morepersonsor entitiesresponsiblefor authorshipof the
modificationsin theModifiedVersion,togetherwith at leastfiveof theprincipalauthorsof the
Document(all of its principalauthors,if it haslessthanfive).

C. Stateon theTitle pagethenameof thepublisherof theModifiedVersion,asthepublisher.

D. Preserveall thecopyright noticesof theDocument.

E. Add anappropriatecopyright noticefor yourmodificationsadjacentto theothercopyright notices.

F. Include,immediatelyafterthecopyright notices,a licensenoticegiving thepublicpermissionto use
theModifiedVersionunderthetermsof thisLicense,in theform shown in theAddendumbelow.

G. Preserve in thatlicensenoticethefull listsof InvariantSectionsandrequiredCoverTextsgivenin
theDocument’s licensenotice.

H. Includeanunalteredcopy of this License.

I. Preserve thesectionentitled“History”, andits title, andaddto it anitem statingat leastthetitle,
year, new authors,andpublisherof theModifiedVersionasgivenon theTitle Page.If thereis no
sectionentitled“History” in theDocument,createonestatingthetitle, year, authors,andpublisher
of theDocumentasgivenon its Title Page,thenaddanitemdescribingtheModifiedVersionas
statedin theprevioussentence.

J. Preserve thenetwork location,if any, givenin theDocumentfor publicaccessto aTransparentcopy
of theDocument,andlikewisethenetwork locationsgivenin theDocumentfor previousversionsit
wasbasedon.Thesemaybeplacedin the“History” section.You mayomit a network locationfor a
work thatwaspublishedat leastfour yearsbeforetheDocumentitself, or if theoriginalpublisherof
theversionit refersto givespermission.

K. In any sectionentitled“Acknowledgements”or “Dedications”,preserve thesection’s title, and
preservein thesectionall thesubstanceandtoneof eachof thecontributoracknowledgements
and/ordedicationsgiventherein.

L. Preserveall theInvariantSectionsof theDocument,unalteredin their text andin their titles.Section
numbersor theequivalentarenot consideredpartof thesectiontitles.

M. Deleteany sectionentitled“Endorsements”.Sucha sectionmaynot beincludedin theModified
Version.

N. Do not retitleany existing sectionas“Endorsements”or to conflict in title with any Invariant
Section.

If theModifiedVersionincludesnew front-mattersectionsor appendicesthatqualify asSecondary
Sectionsandcontainno materialcopiedfrom theDocument,youmayatyouroptiondesignatesomeor
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all of thesesectionsasinvariant.To do this,addtheir titles to thelist of InvariantSectionsin the
ModifiedVersion’s licensenotice.Thesetitlesmustbedistinctfrom any othersectiontitles.

You mayadda sectionentitled“Endorsements”,providedit containsnothingbut endorsementsof your
ModifiedVersionby variousparties–forexample,statementsof peerreview or thatthetext hasbeen
approvedby anorganizationastheauthoritativedefinitionof a standard.

You mayadda passageof up to fivewordsasaFront-CoverText, anda passageof up to 25 wordsasa
Back-CoverText, to theendof thelist of CoverTexts in theModifiedVersion.Only onepassageof
Front-CoverText andoneof Back-CoverText maybeaddedby (or througharrangementsmadeby) any
oneentity. If theDocumentalreadyincludesacover text for thesamecover, previouslyaddedby youor
by arrangementmadeby thesameentity youareactingonbehalfof, you maynot addanother;but you
mayreplacetheold one,on explicit permissionfrom thepreviouspublisherthataddedtheold one.

Theauthor(s)andpublisher(s)of theDocumentdo not by thisLicensegivepermissionto usetheir
namesfor publicity for or to assertor imply endorsementof any ModifiedVersion.

5. COMBINING DOCUMENTS
You maycombinetheDocumentwith otherdocumentsreleasedunderthis License,undertheterms
definedin section4 abovefor modifiedversions,providedthatyou includein thecombinationall of the
InvariantSectionsof all of theoriginaldocuments,unmodified,andlist themall asInvariantSectionsof
yourcombinedwork in its licensenotice.

Thecombinedwork needonly containonecopy of thisLicense,andmultiple identicalInvariantSections
maybereplacedwith a singlecopy. If therearemultiple InvariantSectionswith thesamenamebut
differentcontents,make thetitle of eachsuchsectionuniqueby addingat theendof it, in parentheses,
thenameof theoriginalauthoror publisherof thatsectionif known, or elseauniquenumber. Makethe
sameadjustmentto thesectiontitles in thelist of InvariantSectionsin thelicensenoticeof thecombined
work.

In thecombination,youmustcombineany sectionsentitled“History” in thevariousoriginaldocuments,
forming onesectionentitled“History”; likewisecombineany sectionsentitled“Acknowledgements”,
andany sectionsentitled“Dedications”.You mustdeleteall sectionsentitled“Endorsements”.

6. COLLECTIONS OF DOCUMENTS
Youmaymakeacollectionconsistingof theDocumentandotherdocumentsreleasedunderthisLicense,
andreplacetheindividualcopiesof thisLicensein thevariousdocumentswith a singlecopy thatis
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includedin thecollection,providedthatyou follow therulesof thisLicensefor verbatimcopying of each
of thedocumentsin all otherrespects.

You mayextracta singledocumentfrom sucha collection,anddistributeit individually underthis
License,providedyou inserta copy of this Licenseinto theextracteddocument,andfollow thisLicense
in all otherrespectsregardingverbatimcopying of thatdocument.

7. AGGREGATION WITH INDEPENDENT WORKS
A compilationof theDocumentor its derivativeswith otherseparateandindependentdocumentsor
works,in or on a volumeof astorageor distributionmedium,doesnot asa wholecountasa Modified
Versionof theDocument,providedno compilationcopyright is claimedfor thecompilation.Sucha
compilationis calledan“aggregate”,andthis Licensedoesnot applyto theotherself-containedworks
thuscompiledwith theDocument,on accountof their beingthuscompiled,if they arenot themselves
derivativeworksof theDocument.

If theCoverText requirementof section3 is applicableto thesecopiesof theDocument,thenif the
Documentis lessthanonequarterof theentireaggregate,theDocument’sCoverTexts maybeplacedon
coversthatsurroundonly theDocumentwithin theaggregate.Otherwisethey mustappearon covers
aroundthewholeaggregate.

8. TRANSLATION
Translationis consideredakind of modification,soyoumaydistributetranslationsof theDocument
underthetermsof section4. ReplacingInvariantSectionswith translationsrequiresspecialpermission
from their copyright holders,but youmayincludetranslationsof someor all InvariantSectionsin
additionto theoriginalversionsof theseInvariantSections.Youmayincludea translationof thisLicense
providedthatyoualsoincludetheoriginalEnglishversionof thisLicense.In caseof adisagreement
betweenthetranslationandtheoriginalEnglishversionof this License,theoriginalEnglishversionwill
prevail.

9. TERMINATION
Youmaynotcopy, modify, sublicense,or distributetheDocumentexceptasexpresslyprovidedfor under
this License.Any otherattemptto copy, modify, sublicenseor distributetheDocumentis void, andwill
automaticallyterminateyour rightsunderthis License.However, partieswho havereceivedcopies,or
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rights,from youunderthis Licensewill not havetheir licensesterminatedsolongassuchpartiesremain
in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE
TheFreeSoftwareFoundationmaypublishnew, revisedversionsof theGNU FreeDocumentation
Licensefrom time to time.Suchnew versionswill besimilar in spirit to thepresentversion,but may
differ in detailto addressnew problemsor concerns.SeeGNUCopyleft(http://www.gnu.org/copyleft/).

Eachversionof theLicenseis givena distinguishingversionnumber. If theDocumentspecifiesthata
particularnumberedversionof thisLicense“or any laterversion”appliesto it, youhave theoptionof
following thetermsandconditionseitherof thatspecifiedversionor of any laterversionthathasbeen
published(notasa draft) by theFreeSoftwareFoundation.If theDocumentdoesnot specifyaversion
numberof thisLicense,youmaychooseany versioneverpublished(notasa draft) by theFreeSoftware
Foundation.
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Appendix B. GNU General Public License
Version2, June1991

Copyright (C) 2000FreeSoftwareFoundation,Inc.
59 TemplePlace,Suite330
Boston,MA 02111-1307
USA

Everyoneis permittedto copy anddistributeverbatimcopiesof this licensedocument,but changingit is
not allowed.

Preamb le
Thelicensesfor mostsoftwarearedesignedto takeawayyour freedomto shareandchangeit. By
contrast,theGNU GeneralPublicLicenseis intendedto guaranteeyour freedomto shareandchange
freesoftware–tomakesurethesoftwareis freefor all its users.This GeneralPublicLicenseappliesto
mostof theFreeSoftwareFoundation’ssoftwareandto any otherprogramwhoseauthorscommitto
usingit. (SomeotherFreeSoftwareFoundationsoftwareis coveredby theGNU Library GeneralPublic
Licenseinstead.)Youcanapplyit to yourprograms,too.

Whenwe speakof freesoftware,wearereferringto freedom,not price.Our GeneralPublicLicensesare
designedto makesurethatyou havethefreedomto distributecopiesof freesoftware(andchargefor this
serviceif youwish), thatyou receivesourcecodeor cangetit if youwantit, thatyoucanchangethe
softwareor usepiecesof it in new freeprograms;andthatyouknow you cando thesethings.

To protectyour rights,we needto makerestrictionsthatforbid anyoneto deny you theserightsor to ask
you to surrendertherights.Theserestrictionstranslateto certainresponsibilitiesfor you if youdistribute
copiesof thesoftware,or if youmodify it.

For example,if youdistributecopiesof suchaprogram,whethergratisor for a fee,youmustgive the
recipientsall therightsthatyouhave.Youmustmakesurethatthey, too, receiveor cangetthesource
code.And you mustshow themthesetermssothey know their rights.

We protectyour rightswith two steps:(1) copyright thesoftware,and(2) offer you this licensewhich
givesyou legalpermissionto copy, distributeand/ormodify thesoftware.

Also, for eachauthor’sprotectionandours,wewantto makecertainthateveryoneunderstandsthatthere
is no warrantyfor this freesoftware.If thesoftwareis modifiedby someoneelseandpassedon,wewant
its recipientsto know thatwhatthey have is not theoriginal,sothatany problemsintroducedby others
will not reflecton theoriginalauthors’reputations.
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Finally, any freeprogramis threatenedconstantlyby softwarepatents.We wish to avoid thedangerthat
redistributorsof a freeprogramwill individually obtainpatentlicenses,in effectmakingtheprogram
proprietary. To preventthis,we havemadeit clearthatany patentmustbelicensedfor everyone’sfree
useor not licensedat all.

Theprecisetermsandconditionsfor copying, distributionandmodificationfollow.

GNU General Public License

Terms And Conditions For Copying, Distrib ution And
Modification

0. APPLICABILITY 1

This Licenseappliesto any programor otherwork which containsa noticeplacedby thecopyright
holdersayingit maybedistributedunderthetermsof this GeneralPublicLicense.The“Program”,
below, refersto any suchprogramor work, anda“work basedon theProgram”meanseithertheProgram
or any derivativework undercopyright law: thatis to say, a work containingtheProgramor aportionof
it, eitherverbatimor with modificationsand/ortranslatedinto anotherlanguage.(Hereinafter, translation
is includedwithout limitation in theterm“modification”.) Eachlicenseeis addressedas“you”.

Activities otherthancopying, distributionandmodificationarenot coveredby this License;they are
outsideits scope.Theactof runningtheProgramis not restricted,andtheoutputfrom theProgramis
coveredonly if its contentsconstitutea work basedon theProgram(independentof having beenmade
by runningtheProgram).Whetherthatis truedependson whattheProgramdoes.

1. VERBATIM COPYING
You maycopy anddistributeverbatimcopiesof theProgram’ssourcecodeasyou receive it, in any
medium,providedthatyouconspicuouslyandappropriatelypublishon eachcopy anappropriate
copyright noticeanddisclaimerof warranty;keepintactall thenoticesthatreferto this Licenseandto
theabsenceof any warranty;andgiveany otherrecipientsof thePrograma copy of this Licensealong
with theProgram.

You maychargea feefor thephysicalactof transferringa copy, andyoumayat youroptionoffer
warrantyprotectionin exchangefor a fee.
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2. MODIFICATIONS
You maymodify yourcopy or copiesof theProgramor any portionof it, thusforminga work basedon
theProgram,andcopy anddistributesuchmodificationsor work underthetermsof Section1 above,
providedthatyoualsomeetall of theseconditions:

a. You mustcausethemodifiedfiles to carryprominentnoticesstatingthatyouchangedthefilesand
thedateof any change.

b. You mustcauseany work thatyoudistributeor publish,thatin wholeor in partcontainsor is
derivedfrom theProgramor any partthereof,to belicensedasa wholeat no chargeto all third
partiesunderthetermsof this License.

c. If themodifiedprogramnormallyreadscommandsinteractively whenrun,youmustcauseit, when
startedrunningfor suchinteractiveusein themostordinaryway, to print or displayan
announcementincludinganappropriatecopyright noticeanda noticethatthereis no warranty(or
else,sayingthatyouprovideawarranty)andthatusersmayredistributetheprogramunderthese
conditions,andtelling theuserhow to view a copy of this License.(Exception:if theProgramitself
is interactivebut doesnot normallyprint suchanannouncement,yourwork basedon theProgramis
not requiredto print anannouncement.)

Theserequirementsapplyto themodifiedwork asawhole.If identifiablesectionsof thatwork arenot
derivedfrom theProgram,andcanbereasonablyconsideredindependentandseparateworksin
themselves,thenthis License,andits terms,do not applyto thosesectionswhenyou distributethemas
separateworks.But whenyoudistributethesamesectionsaspartof a wholewhich is a work basedon
theProgram,thedistributionof thewholemustbeon thetermsof this License,whosepermissionsfor
otherlicenseesextendto theentirewhole,andthusto eachandeverypartregardlessof whowroteit.

Thus,it is not theintentof thissectionto claimrightsor contestyour rightsto work writtenentirelyby
you; rather, theintentis to exercisetheright to controlthedistributionof derivativeor collectiveworks
basedon theProgram.

In addition,mereaggregationof anotherwork not basedon theProgramwith theProgram(or with a
work basedon theProgram)on avolumeof a storageor distributionmediumdoesnot bring theother
work underthescopeof thisLicense.

3. DISTRIBUTION
You maycopy anddistributetheProgram(or awork basedon it, underSection2) in objectcodeor
executableform underthetermsof Sections1 and2 aboveprovidedthatyoualsodo oneof the
following:
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a. Accompany it with thecompletecorrespondingmachine-readablesourcecode,which mustbe
distributedunderthetermsof Sections1 and2 aboveon amediumcustomarilyusedfor software
interchange;or,

b. Accompany it with a writtenoffer, valid for at leastthreeyears,to giveany third party, for acharge
nomorethanyourcostof physicallyperformingsourcedistribution,a completemachine-readable
copy of thecorrespondingsourcecode,to bedistributedunderthetermsof Sections1 and2 above
ona mediumcustomarilyusedfor softwareinterchange;or,

c. Accompany it with theinformationyou receivedasto theoffer to distributecorrespondingsource
code.(Thisalternative is allowedonly for noncommercialdistributionandonly if you receivedthe
programin objectcodeor executableform with suchanoffer, in accordwith Subsectionb above.)

Thesourcecodefor awork meansthepreferredform of thework for makingmodificationsto it. For an
executablework, completesourcecodemeansall thesourcecodefor all modulesit contains,plusany
associatedinterfacedefinitionfiles,plusthescriptsusedto controlcompilationandinstallationof the
executable.However, asa specialexception,thesourcecodedistributedneednot includeanything thatis
normallydistributed(in eithersourceor binaryform) with themajorcomponents(compiler, kernel,and
soon)of theoperatingsystemon which theexecutableruns,unlessthatcomponentitself accompanies
theexecutable.

If distributionof executableor objectcodeis madeby offeringaccessto copy from adesignatedplace,
thenofferingequivalentaccessto copy thesourcecodefrom thesameplacecountsasdistributionof the
sourcecode,eventhoughthird partiesarenot compelledto copy thesourcealongwith theobjectcode.

4. TERMINATION
You maynotcopy, modify, sublicense,or distributetheProgramexceptasexpresslyprovidedunderthis
License.Any attemptotherwiseto copy, modify, sublicenseor distributetheProgramis void, andwill
automaticallyterminateyour rightsunderthis License.However, partieswho havereceivedcopies,or
rights,from youunderthis Licensewill not havetheir licensesterminatedsolongassuchpartiesremain
in full compliance.

5. ACCEPTANCE
You arenot requiredto acceptthis License,sinceyouhavenot signedit. However, nothingelsegrants
you permissionto modify or distributetheProgramor its derivativeworks.Theseactionsareprohibited
by law if youdo not acceptthisLicense.Therefore,by modifyingor distributing theProgram(or any
work basedon theProgram),you indicateyouracceptanceof this Licenseto do so,andall its termsand
conditionsfor copying, distributingor modifying theProgramor worksbasedon it.

158



AppendixB. GNUGeneral Public License

6. REDISTRIBUTION
Eachtimeyou redistributetheProgram(or any work basedon theProgram),therecipientautomatically
receivesa licensefrom theoriginal licensorto copy, distributeor modify theProgramsubjectto these
termsandconditions.Youmaynot imposeany furtherrestrictionson therecipients’exerciseof the
rightsgrantedherein.Youarenot responsiblefor enforcingcomplianceby third partiesto this License.

7. CONSEQUENCES
If, asa consequenceof a courtjudgmentor allegationof patentinfringementor for any otherreason(not
limited to patentissues),conditionsareimposedon you (whetherby courtorder, agreementor
otherwise)thatcontradicttheconditionsof this License,they do not excuseyou from theconditionsof
this License.If youcannotdistributesoasto satisfysimultaneouslyyourobligationsunderthis License
andany otherpertinentobligations,thenasa consequenceyoumaynot distributetheProgramat all. For
example,if a patentlicensewouldnot permitroyalty-freeredistributionof theProgramby all thosewho
receivecopiesdirectly or indirectly throughyou, thentheonly wayyoucouldsatisfybothit andthis
Licensewould beto refrainentirelyfrom distributionof theProgram.

If any portionof this sectionis heldinvalid or unenforceableunderany particularcircumstance,the
balanceof thesectionis intendedto applyandthesectionasawholeis intendedto applyin other
circumstances.

It is not thepurposeof this sectionto induceyou to infringe any patentsor otherpropertyright claimsor
to contestvalidity of any suchclaims;this sectionhasthesolepurposeof protectingtheintegrity of the
freesoftwaredistributionsystem,which is implementedby public licensepractices.Many peoplehave
madegenerouscontributionsto thewide rangeof softwaredistributedthroughthatsystemin relianceon
consistentapplicationof thatsystem;it is up to theauthor/donorto decideif heor sheis willing to
distributesoftwarethroughany othersystemanda licenseecannotimposethatchoice.

This sectionis intendedto makethoroughlyclearwhatis believedto bea consequenceof therestof this
License.

8. LIMITATIONS
If thedistributionand/oruseof theProgramis restrictedin certaincountrieseitherby patentsor by
copyrightedinterfaces,theoriginal copyright holderwho placestheProgramunderthis Licensemayadd
anexplicit geographicaldistribution limitation excludingthosecountries,sothatdistribution is permitted
only in or amongcountriesnot thusexcluded.In suchcase,this Licenseincorporatesthelimitation asif
written in thebodyof this License.
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9. FUTURE REVISIONS OF THIS LICENSE
TheFreeSoftwareFoundationmaypublishrevisedand/ornew versionsof theGeneralPublicLicense
from time to time.Suchnew versionswill besimilar in spirit to thepresentversion,but maydiffer in
detailto addressnew problemsor concerns.

Eachversionis givena distinguishingversionnumber. If theProgramspecifiesa versionnumberof this
Licensewhich appliesto it and“any laterversion”,youhave theoptionof following thetermsand
conditionseitherof thatversionor of any laterversionpublishedby theFreeSoftwareFoundation.If the
Programdoesnot specifya versionnumberof this License,youmaychooseany versioneverpublished
by theFreeSoftwareFoundation.

10. AGGREGATION WITH INDEPENDENT WORKS
If you wish to incorporatepartsof thePrograminto otherfreeprogramswhosedistributionconditions
aredifferent,write to theauthorto askfor permission.For softwarewhich is copyrightedby theFree
SoftwareFoundation,write to theFreeSoftwareFoundation;we sometimesmakeexceptionsfor this.
Our decisionwill beguidedby thetwo goalsof preservingthefreestatusof all derivativesof our free
softwareandof promotingthesharingandreuseof softwaregenerally.

NO WARRANTY

11. NO WARRANTY
BECAUSETHE PROGRAM IS LICENSEDFREEOF CHARGE,THEREIS NO WARRANTY FOR
THE PROGRAM, TO THE EXTENT PERMITTEDBY APPLICABLE LAW. EXCEPTWHEN
OTHERWISE STATED IN WRITING THE COPYRIGHTHOLDERSAND/OR OTHERPARTIES
PROVIDE THE PROGRAM “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER
EXPRESSEDORIMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESSFORA PARTICULAR PURPOSE.THE ENTIRE RISK
AS TO THE QUALITY AND PERFORMANCEOFTHE PROGRAM IS WITH YOU. SHOULD THE
PROGRAM PROVE DEFECTIVE,YOU ASSUMETHE COSTOF ALL NECESSARY SERVICING,
REPAIR ORCORRECTION.

12. LIABILITY
IN NO EVENT UNLESSREQUIRED BY APPLICABLE LAW ORAGREEDTO IN WRITING WILL
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ANY COPYRIGHTHOLDER,ORANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE PROGRAM AS PERMITTEDABOVE, BE LIABLE TO YOU FOR
DAMAGES,INCLUDING ANY GENERAL,SPECIAL,INCIDENTAL ORCONSEQUENTIAL
DAMAGESARISING OUT OFTHE USEORINABILITY TO USETHE PROGRAM (INCLUDING
BUT NOT LIMITED TO LOSSOF DATA ORDATA BEING RENDEREDINACCURATE OR
LOSSESSUSTAINED BY YOU ORTHIRD PARTIES ORA FAILURE OFTHE PROGRAM TO
OPERATE WITH ANY OTHER PROGRAMS),EVEN IF SUCHHOLDEROROTHER PARTY HAS
BEEN ADVISED OFTHE POSSIBILITYOF SUCHDAMAGES.

END OFTERMSAND CONDITIONS

Notes
1. Thetitlesof thesectionshavebeenaddedby theauthors.They donot occurin theoriginalGNU

GeneralPublicLicense.Everythingelsehasbeencopiedin verbatim.
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