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Preface

Oftenwe encountetechnicalproblemsthatwe have to solve, to overcomesomehw, or justto work
around After having masteredhe difficulty, we gladly addit to theknowledge-bas@ our mind, but
from a certainlevel of difficulty we make notesin oneform or the other Thesenotesthensene for later
referenceA collectionof relatednotescanbe exploitedto gainfurtherinsightin the classof problemsit
describeslLastbut notleastonecangetambitiousto fill the holesof knowledgethatanexisting setof
notesleavesopen.

RichardB. Johnson

An expertin a particularcomputedanguagss really anexpertin thework-aroundsiecessaryo usethis
languageo performusefulwork. An idealcomputedanguagenould do exactly whatit wastold simply from
readinga specificationln theabsencef a specificationjt would askenoughquestiongo producesucha
specificationthenit would generatehe codenecessaryo performthe specifiedfunctions.

EvenC hasits shortcomingsvhich have to be handledwith assemblyanguageextensionsA MasterCarpenter
hasmary toolsandis expertwith mostof them.If you only know how to usea hammeyevery problembegins
to look like anail. Stayaway from thattrap. It bytes(sic).

Thisis thestoryof sci-BOT paraphrasedt startedwith bits of experiencegatheredn our headsand
scatterea-mail correspondencéfter moreandmoree-mailspiled up, telling the sameold storiesone
of theauthors(lvd) decidedto compilethe problemsandtheir solutionsinto a corvenientformat. Perl
(www.perl.og)’splain old documentationPOD,waschoserfor its simplicity pairedwith a multitudeof
outputformats.However, after2000+linesit becameclearthatPODwasmissinga featurethatwould be
needednoreandmoreassci-BOT would grow bigger:crossreferencesA morepowerful
documentatiofiormatandthe associatedbolshadto befound! A two weekwebresearchiesultedn one
winner: DocBook(http://www.0asis-open.@/dochbook/). The downsideof the necessargwitch of
formatswasthatthe previouswork donewith POD hadto be corvertedinto DocBook.Daytimework
plusaddingnew materialto sci-BOT pluscorvertingtheold work into the new formatis too muchfor a
singlevolunteer So,a seconddiotM-DELauthorwassearche@ndfound(cls). His tenyearsof
experiencewith the TeX/LaTeX typesettingsystemhis accurag, andhis intensitywith which he attacks
ary obstaclanadehim theidealchoicefor this madnessM-DEL project.

1. QOutline

We openup talking aboutsomeof the mostcommonsyntacticpitfalls whenusingScilabin Chapter2.
Findingthatsomeof thesesyntaxproblemscanbe avoidedwith a clearprogrammingstyle,the next
chapter Chapter3, dealswith codingissuesin Chapter4 we thenfocuson the partsof Scilabthatare

13
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notwell documentedandthereforewidely remainunknownn spots.For mary usersnotonly enjoy the
nice userinterfaceof Scilab,but demanchigh performancdrom theinterpretetthe massie Chapters
aboutperformancessuescoverstheseneedslt beginsby introducingtechniquesuitableat a high level
like vectorizationwhich do not requirelow level programmingandthe divesdown into the extensionof
Scilabby compiledroutines.Thisis avastfield by itself. Thereforewe devoteda full chapterChapters,
to thelow level API. sci-BOT closeswith Chapter7 containingremarkson compilinganddeluggingas
well ascommenton the supplieddocumentatiomndavailableweb pagesAll of theprogramming
shippetghatbelongto longerexampleswhich do notfit in themaintext have beengatheredn Chapter
8, wherethey shav upin full length.

At theendof the documentve have put two appendicesvith the GNU FreeDocumentatiorLicenseand
the GNU PublicLicense abibliography andanindex.

2. Other Formats of sci-BOT

sci-BOT, the ScilabBag-of-Tricksis availableasSGML, asHTML, or several“printer-ready”versions.
Eachvariantis availablein differentpacking-/compressioformats.

Alternate sci-BO T formats

SGML sourcedistribution

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

«  SGML,tar (sci-bot-sgml.tar),MD5 (sci-bot-sgml.tamd5)

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

«  SGML,tar.bz2 (sci-bot-sgml.tabz2), MD5 (sci-bot-sgml.tabz2.md5)
« SGML,tar.Z (sci-bot-sgml.taZ), MD5 (sci-bot-sgml.taZ.md5)

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

Web collection
Thisis sci-BOT in HTML; corvenientlybundledfor your offline readingpleasure.
«  HTML,tar (sci-bot-html.tar),MD5 (sci-bot-html.taimd5)
« HTML,tar.gz (sci-bot-html.targz), MD5 (sci-bot-html.taxgz.md5)
«  HTML,tar.bz2 (sci-bot-html.tatbz2), MD5 (sci-bot-html.tahz2.md5)

14
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HTML, tar.Z (sci-bot-html.taiz), MD5 (sci-bot-html.taiZ.md5)
«  HTML, zip (sci-bot-html.zip), MD5 (sci-bot-html.zip.md5)

Printversions

The printableversionsaresinglefiles. By theway, you don't haveto print it; it looksgreatwith
Ghostviav, too.

« PostScriptps (sci-bot.ps),MD5 (sci-bot.ps.md5)
PostScriptps.gz (sci-bot.ps.gz) MD5 (sci-bot.ps.gz.md5)

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

« PostScriptps.Z (sci-bot.ps.Z),MD5 (sci-bot.ps.Z.md5)
PostScript,zip (sci-bot.ps.zip),MD5 (sci-bot.ps.zip.md5)
Portable Documentormat,pdf (sci-bot.pdf), MD5 (sci-bot.pdf.md5)

«  PortableDocumentormat,pdfgz (sci-bot.pdf.gz),MD5 (sci-bot.pdf.gz.md5)

«  PortableDocumentormat,pdfbz2 (sci-bot.pdf.bz2),MD5 (sci-bot.pdf.bz2.md5)
Portable Documenformat,pdf.Z (sci-bot.pdf.Z), MD5 (sci-bot.pdf.Z.md5)
Portable Documenformat,zip (sci-bot.pdf.zip), MD5 (sci-bot.pdf.zip.md5)

3. Typographic Conventions Used In This Book

This sectioncoversthe cornventionsusedin this book. Dependingon how theversionyou arecurrently
readingsomefontsmaylook the same.

Typographic Conventions

filename

Thisfont designateshe nameof afile. A filenameoptionallyincludesa path.

user input

Thisfont is usedfor theusersinput. This refersonly to thingsthatcanbetypedin atthe console.

15
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net a-vari abl e

Thistypefaceis resenedfor placeholdersi.e. stuff thatalwaysis replacedwith therealinput.

literal piece of code

We usethis font to displayliteral piecesof code,variablesconstantaswell asoperators.

variable

Variablesof all kindsaremarkedup this way.

function

Functionsor procedure®f all kindsaremarked up this way.

command

We usethis font for shellcommandsbut alsofor Scilabcommands.

environment-\ariable

To distinguishervironmentvariablesfrom programvariablesa separatdont is used.

4. Acknowledgments

LydiavanDijk: Tothe CCMR systemadministratoranielBlakely andBerry Robinsorfor providing a
rock solid multi-platformenvironment.

Christoph“Solo” Spiel:Firstof all thanksgoto Lydia. Beforeworking with herl did notknow whetherl
aminsane This projecthasremovedall doubt.“Wonderfulgirl! EitherI’'m goingto kill her, or I'm going
to like her” —Han SoloaboutPrincesd eiain “A New Hope”. (Hah,I too canquotefrom StarWars!)

To F. Maximilian “Tiger” Pitschi.You have shavn methe differencebetweersoftwareengineeringand
hacking.Kick meagain...
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Chapter 1. Introduction

“I havereadyour postingasof ... to the Scilabnewsgroup It wasvery clear Canyou make a FAQ out of
it?” Yes,we can,andhereit is!

Thehints, tricks, andinformationput togetheiin sci-BOT comefrom our own experiencgread:daily
struggle) problemswe have solvedfor our colleaguesandof coursequestionsanswerean the
newsgroup.Thereforethis documentis aratherloosecollectionof facts,andshouldnotbereadcoverto
cover.

Whatthis documentis not:

- Anintroductionto Scilab

Therealreadyis anexcellent“Introductionto Scilab”, the ScilabUsers Guide,SCldoc/Intro.ps

- A replacementor readingthe documentation

IONSHO (“In OurNot SoHumbleOpinion”) folks who do not readthe documentatiometwhatthey
desere. Scilabs documentatiotis truly great,sowhy notusingit? To getacommands man-page
typehelp atthecommandine. Thesameis achiezedin the graphicalernvironmentwith theHelp
button.If the exactcommandhameis unknawn, the powerful cousinof help, aproposjumpsin. It can
by usedfrom thecommandine aswell asfrom the ScilabHelp Panel.

- AnotherFAQ list

We do notfollow the simpleQuestion-and-Answestyle.Insteadwe try to explore Scilabright to its
veryend.

In the spirit of the FreeSoftwareany helpful suggestioror correctionconcerninghis collectionwill be
acknavledgedwith theauthors nameandemailaddresslf you wantto tell usof amistale, 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’s way of interpretinganexpressiorthatwill trip theunwary.
Someof themarearesultof “compatability” to a certaincommercialproductof similar soundingname,
othersarehomegrown quirks.

2.1. The Infamous Dot

In Scilabadigit in front or afterthedecimalpointis notenforced Thisis similarto e.g.FortranandC,
but contraryto Ada. Thus,for Scilabthefollowing threenumbersarewell formed

87.492211

.32493

6857.

As anasidedi gi t +.0 ,di gi t +.,anddi gi t + e.9.123.0 , 123. , and123 areconsidereddentical.

Thelastof thethreeexamplesadecimalpoint atthe endof the numeral bafflesuserswho wantto invert
avectoror matrix component-wise.

>1./ [1 2 3]

ans
! 1. 0.5 0.3333333 !

Hey, but thisis correct! Then,let ussqueez®ut the spacesn front of the./ operator
>1/ [1 2 3]

ans =

! 0.0714286 !

! 0.1428571 !
! 0.2142857 !

Oops!WhathappenedThelastexpressioris notinterpretedas
L 1 @ 23)

but as
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@ 7@ 23)

wherethe parentheselave beenintroducedfor clarity. This behaior is describedn SC/README and
in the ScilabFAQ (http://www-rocg.inria.fr/scilab#iq/indec.html).

We suggesto avoid whitespaceahatinfluenceshe calculationby notletting the decimalpoint stick out
on eitherside. Thatway expressionsvith numeralswill alwaysbeinterpretedcorrectly For our example
thismeans

>10/ [1 2 3
ans =

! 1. 0.5 0.3333333 !

which giveswhatwe hadin mind.

2.2. Vector Construction

Thesquarebracketoperatolf ] is acornvenienttool to constructvectors.Thereevenexistsanidiom to
build a matrix with braclets,whichis shavn in Example2-1.

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

mat = []
for i = 1in
row =
for j = 1m
expr = ..
row = [row expt]
end

mat = [mat; row]
end

Rows areseparatethy semi-colonsr newlines,which actuallyis straightforward.Columnsare
separatethy commaspr spaces—antlerecomestrouble.

First,commaandspacesene thesamepurposeandareinterchangeablél hus,thefollowing
expressiondiave the sameresult.

1 23 4]
[1,2,3,4]
1 2 34]
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[ 1, 2 3 , 4]

Secondaspacds sometimegonsideredi column-separatingpace sometimesintra-expressiorspace.
This canleadto someconfusionasthefollowing threematrix definitionsdemonstrateWwho getsall of
themright without peekingatthe answers?

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

ml =

! 1. + i -1+ !

-1+ 1. - i !

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

! 1. -1+ 20 !

-1+ 1. - i !

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

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

Confusionmakesthe programmesusceptiblaéo writing codeshedid notintend.To make the matrix
expressiorclearto you andto Scilabthereareatleasttwo possibilities.

1. Usingno spacesn the constructiorof the elementof a matrix. Thisis e.g.demonstrateth m1
above,or

2. Puttingevery compoundexpressionin parenthesedike

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

Bothwaysavoid theambiguity

Actually, matricesassimpleasthe onesshown in the examplescanbearrangedn aneatway. It is
discussedh Section3.1.2 SeealsoSection3.1.1onhow to improvetheligibility of Scilabcodeby the
judicioususeof whitespace.
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2.3. Last Newline

Thelastline in a Scilabscriptis ignoredif it is notterminatedby a newline (*J on UNI* systemshut
mostof thetime writtenin C-style\n ). Thisis emphasizea@t severalplacesn theofficial Scilab
documentationbut it is socommonto forgetit especiallywhenusingemacsthatwe repeatt here.
However, emacscanbetold alwaysto addafinal newline by adding(setq  require-final-newline

t) tothestartup-file.emacs . See“LearningGNU Emacs’[cameron:1996]TableC-8.

Anotherweaponagainsthis kind of syntaxflaw, anda few otherpesky things,is e.g.the Perl-script
shavn in Example2-2, which fixespartof theformatof a Scilabscript.

Example 2-2. Canonicalization of Scilab files

use Text:Tabs;
while (<>) {

chomp; # remove newline if there is one
trA\200-\377/ /; # map 8-bit chars to spaces
s[\s+3][]; # kill  whitespace at end of line
$ = expand $_; # convert tabs to spaces

print  "$_\n"; # print adding a newline

2.4. Variab le Lifetime And Scoping

2.4.1. Local Variable Scoping
Scilab'svisibility rule for locally definedvariablesfollow thoseof block structuredanguages:

Variableslocal to a block shadowall variablesof the samenamenotlocal this this blodk.

Variablev “shadavs” variablev’ meanghatyv’ is notaccessibl@eitherfor readingnor for writing.
Whatis availablefor manipulationis variablev.

Example 2-3. Shadowing of local variables

-> deff(y = foo(x)’, a = 2%, y =a+ 1)
>a =10 /I top level
a =
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1.
-> f00(3.5)
ans =
8.
.>a
a =
1.
->foo(a)
ans =
3.
->a
a

Example2-3 demonstratethatthe variablea whichis local to functionfoo hasnoinfluenceonthe
variablea in thesurroundingervironment.Evencalling foo with avariablenameda doesnot breakthis
rule.

As usualin block structuredanguagesariablesfrom all enclosingscopesanbe accessedjnlessthey
areshadeoved. Example2-4 shavs usageof variablea from anenclosingscope.

Example 2-4. Accessingvariables fr om the enclosingscope

-> deff(’y = bar(x)’, y =a+ 1)
>a =11/ top level
a =
1.
-> bar(3.5)
ans =
2.
-> bar(-1)
ans =

>a = 2
a =
2.
-> bar(-1)
ans =
3.

Now whatis the “enclosingscope”?t is the call stack;Scilabscopeglynamically!
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Example 2-5. Dynamic Scoping

/I scoping in Scilab

deff(‘first_local()’, 'x = "foo™, second()");
deff(‘first()’, 'second()");

deff('second()’, 'disp(x)”);

X =1;

first_local() /Il prints  'foo’
first() /Il prints 1

Example2-5 deseresa closelook. Dynamicscopingcanbe confusingfor peopleusedto e.g.C’s
lexically scopechuto 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 Perf-

# 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 aninherentlydangerougeaturefor it might not be obviouswherea variablegetsits

value.

Let uslook atfunctionswhich try to changevariablesfrom anenclosingscope.

-> deff(y = baz(x)', '‘a = 2%, y=a+ 1)
>a =3 // top level
a =
3.
->baz(1)
ans =
7.
->baz(1)
ans =
7.
->a
a =
3.

Obviously, a is unchangedby the callsto baz . Whathappenss thefollowing:

1. A localvariablenameda is createdandthe contentof variablea from the enclosingscopes
copiedinto it. Within baz thelocala is changed.

2. Whenthethreadof controlleavesbaz the previousvalueof a is restored.

In otherwords:A local variablecannotinfluencea variableof the samenamein ary enclosingscope.

Theonly waysto “export” a— possiblymodified— valueis eithervia thelist of returnvalueswhichis
thepreferredway, or with aglobal variable.
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As strangeasthis may soundto programmersccustomedo languageshatrequireanexplicit
declaratiorof all variablesthisis anecessarfeaturein Scilabasvariablesarecreatedvhenthey are
first writtento (e.g.asin Python).If alocal variablein afunctionwould changea globalvariableor local
variableof the samenamein anotherfunction,addinga new functionto anexisting systemor library
becamea majormaintenancéeadache.

2.4.2. Global Variables

Theglobal attribute of avariablevar is oftenmisunderstoodt doesnotplacevar in anall
encompassingamespacesothatit couldbeaccesseffom everywherewithout furtherado.Instead,
global placeghevariablevar in aseparatmamespaceseparatérom theinterpreters namespace,
andseparatdérom all local functions’namespaces— andthisis only thefirst half of the story.

>v = -1
\Y =
-> global(’'v’)

->who('global’)
ans =
v

->clear v

->who('global’)
ans =
v

-> deff(’y = useglobal()’, Yy = V)

-> useglobal()

I-error 4

undefined  variable Y

at line 2 of function useglobal called by :
useglobal()

As promisedthisis only onehalf. After sayingglobal  var thevariablelivesin its new namespace,
but it cannotbheaccesseddoh! To work with it, we mustimportit explicitely, usingtheglobal modifier
again.Thereforea slightly modifiedversionof useglobal ~ works.

-> deff(’y = useglobal2()’, ‘global vV, Yy = V)
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-> useglobal2()
ans =
- 1.

>V 1 + 2*%i

+ 2.
-> useglobal2()
ans =

- 1.

Now whatif we wantto accesy from theinterpretedevel again?t mustbeimportedjustasit mustbe
importedinto ary function.

-> global(’'v’)
>V

\2 =

17 + 4

>V
v =
21.

->clear v
-> useglobal2()
ans =

21.

Onelasthint: globalvariableseven“survive” arestart.If thisis notdesiredclearglobal shouldbe
calledin the users Scilabstartupfile, ~/.scilab

clearglobal()

will clearall globalvariables.

2.4.3. Clearing Variables

During everydayprogrammingt is not necessaryo explicitely remove variablesrom thework space.
All local variablesof afunctiondie on exit from thatfunctionanyhow, andthe variablesn theglobal
namespaceusuallydo not needa specialtreatment.
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However, thereareconditionsunderwhichit is preferableo completelywipe outavariable. This
happensf oneneedgo avoid a pollution of the namespacee.g.while working with thelist of all
variableswho('local’) . Thecorrectcommando kill thenon-globalvariablev is

clear v

Notethatthereareno parenthesed.heassignment

v =1

setsv to theemptymatrix. It doesnot remove thevariablefrom theworkspace.

Globalvariablesareclearedwith the clearglobal function,whosesyntaxis the sameasclear 's

syntax.

Thereis no needto worry if you do notunderstandhow andwhy to kill avariable.Thisfeatureis only
neededn very rareoccasions.

1. Thebehaior of the C exampleis reproducedy replacinglocal  with my.
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Theoneandonly generalguidelineto goodprogramminggstyleis: “Makeit clear!” And onemight
extendthatto

Make it clear—first of all to you, andthento the poorpersonghattake over your project(afteryou have been
fired, becausef writing illegible code).

Every possiblestyle featureof thelanguageshouldbe usedto expressthe meaningof the codemore
clearly.

3.1. Spacing and Formatting

Althoughoftenunderestimatedheformat,i.e. thevisuallayoutof the sourcecodeitself cangreatlyhelp
in theunderstandingf theactionsdescribedherein.

3.1.1. Intra-Expression Spacing

We oftenruninto codelik e this
x=a*c+(x-y)"2*b

Thisis notbad,especiallywhentypedatthecommandine for one-timeuse.However, the expressions
notasclearasit couldbe.It caneasilybeimprovedby makingthe precedencéevels of the operators
standout, ase.g.

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

Now, theassignmenis intuitively clearat first glance We useword “intuiti ve” hereto make thereader
alertof the consequencesf formattingan expressiorthewrongway. Thenour intuition will misleadus,
asin

X = a* c+(xy)'2*b

Outch! This expressions evaluateddifferentlyfrom whatit is telling us.We shouldcall it aliar.

SeealsoSection2.2for theinfluenceof whitespacen the evaluationof dottedoperators.
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3.1.2. Line Breaking

Breakinga long expressiorinto linescanimprove thereadabilitydramatically It is particularly
recommendeébr matrix definitionswith the squarebracket operator SeealsoSection2.2.

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

is superiorto
ml = [1+%i -1+%i; -1+%i 1-%:i]

If anarithmeticexpressioris splitinto linesthe operatorat which the split occursalwaysgoesontothe
next line. Preferredbreakpointsoccurright beforeoperatorf 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/(at+d)*(b*(1-delta) + d*delta) - d)
* (P./K)."theta

or moredramatic
d2 = fact .
(.
a/ (a+td) * (b*(1-delta) + d*delta)

- d .

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

Thelastway of breakingthe expressioris very Lisp-like.

3.1.3. Setting Brackets Apart

If spacesightinsidethe parenthesesr bracletsof anexpressionsnake the subexpressiorstandout
moreclearly, they shouldbeused.Thatway
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B(k) = al * exp(-b1*P(K)/K(K) + b2*Q(K)/K(K))
becomes

Bk) = al * exp( -bI*P(K)/K(K) + b2*QI)K(K) )

3.2. Indentation

Heavy indentationdoesnothurt! No, in factit is agreathelpin finding outthe controlflow quickly. Let
usstartwith agoodexamplethistime, Example3-1.

Example 3-1. Function whocat

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

s = [I;

nl = who(local’);
for i = Ll:size(nl, 1)
execstr(  ’typ=type(’ +nl@) o+ )
if typ == cat then
s = [s;  nl()];
end
end

Thefor loop,andtheif branchareimmediatelyrecognizable.

Thereareblanklinesbetweerthelogical blocksof the function. They too aid thereaders
comprehensioof whocat 'sinnerworkings.As arule of thumblinesof codethatachieve a sub-goalbf
the computatiorshouldbe groupedogetherassentencearegroupedn a paragraph.

In longerfunctionstheindentatiorbecome®ssentiafor the orientationof the maintainerHereis a
excerptof alongerfunction,thatwould beterribly hardto understandf not massvely indented.

i =1
i =1
while i <= nl &) <= n2
while i <=nl &) <= n2
if  ~equ(lstl(i), Ist2(j)), break, end
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i =i + 1
=i+
end
if i > nl | j >= n2, break, end
icurs = i
while icurs <= min(nl, i+fuzz)
if equ(lstl(icurs), Ist2(j)),
icurs = icurs + 1;
end
if icurs <= nl then
if equ(lstl(icurs), Ist2(j))
/I record element(s)
for p =i icurs-1
this_diff
diff = [diff;
end
Il re-sync
i = icurs;

end
end

end // while

break, end
then
missing from Istl
= [Istl(p), string(-p)];
this_diff];

The completdisting of this functioncanbefoundin Chapter8.

Thelastexamplealsoshaows thatwe areswitchingbetweerseveralstyle paradigms:

- Neitherthe“One statemenperline” ruleis followed consistently

if equ(lstl(icurs),

couldbe

if equ( Istl(icurs),
break
end

- Noristheintra-line spacingalwaysconsistentvith the guidelinespresentedhere:

for p =i icurs-1

couldbe

Ist2(j)), break, end

Ist2(j) ) then

Chapter3. Style
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for p = iicurs-1

The GoldenRuleis thatthereareno goldenrules...This is bestknown undertheterm‘freedom’.

3.3. Choice Of Contr ol Structures

Thoughnot recognizedasthatby all programmershe flow controlstructureghemselesarefirst class
indicatorsof the codesworkings.We considetthreeimportantcasesere.

1. while vs.for ,
2. if vs.select ,and

3. strictblock structurevs. prematureeturn.

3.3.1. while /[for

Expressedn wordsafor looptellsus:

- We know exactly how mary iterationswe shallneedbeforewe startlooping.
« Nothingin theloop bodywill changethis.

Whereaghewhile loopsays:

«  We mustcheckwhetherwe shouldloop atall, and
- we haveto re-checkaftereachiterationwhetherwe needanothemround-trip.
Corollary: Theterminationconditionof awhile mustbeinfluencedn theloop’sbody.

Comparehe next two codesnippetsthefirst onecalculatingthe averagevalueof avectorof numbers,
thesecondsearchingzeroef a givenfunction.

values = [1.0, 2.0, 3.0, 4.0, 5.0]
average = 0.0;
n = size(values, c); /Il line 3
for i = 1n
average = average + values(i);
end;
average = average / n
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Fromline 3 on, we know the numberof iterations,n, andwe know thatnothingwill changethat. Thusa
for -loopis adequate.

deffCly, dy] = fun(x)’,
'y 05 + 1.0/(1.0  + xM2),
dy 20 * x /[ (y + 05)"2);

X0 = 0.76;
[y, dyl = fun(x0);
while abs(y) > sqrt(%eps)
X = yldy - Xx0;
X0 = x;
[y, dy] = fun(x);
end;
X

Assumingthatthefunctionfun , andthe startguess<0 aresuppliedby the user we do notknow how
mary loopsit will take for Newton’salgorithmto converge,if it doesconvergeatall. (In theexampleit
does.)Here,thewnhile -loop expresseshis lack of a-prioriknowledge.

3.3.2. if /select

Therelationshipbetweerif andselect bearssimilarity to while andfor , respectiely. In aselect
clausethe differentcasesareknown — andspelledout explicitely — beforethethreadof controlentersthe
construct.Thereis aoneto onerelationshipbetweerthe statesof theselect ing expressiorandthe
case branchtaken.Theelse branchin aselect worksexactlyastheelse inanif .

function f = fibonacci(n)
/I 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 expressioris notrestrictedo scalarsyectorsfor examplework too:

function s = shape4(m)
/I classify a 2x2 matrix according to its shape
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select abs(m) <= %eps
case [%t 96t;
%t %t] then
s = 'empty’
case [%t 9%f;
%f %t] then
s = 'diagonal’
case [%f %f;
%t %f] then
s = 'upper triangular’
case [%t 9%t;
%f %t] then
s = ’lower triangular’
case [%f 9%f;
%f %f] then
s = dense’
else
s = 'general’
end

Anif clauses moreflexible thanaselect
wholerangeof valueshasto becoveredtheif clauses theonly wayto go.

Example 3-2. Function mysign

function y = mysign(x)

Il re-write of the sign-function,
/I floating-point precision

if abs(x) < %eps

y = 0.0

elseif X >= %eps
y = 1.0

else
y = -1.0

end

Chapter3. Style

clause put atthe price of beinglessexpressve. Whenevera
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3.3.3. Strict Bloc k Structure/Earl y Return

The paradigmof structuredorogrammings: “Every block hasoneandonly oneentrypoint.” That'sit!
Nothingis saidaboutthe numberof exit points.The puristsoftenmisinterprethe paradigmdemanding
asingleexit point,too. We preferour freedom,andchoosewhateserwe find adequatéo the problem.

Herearetwo differentimplementation®f analgorithmcalculatingthe factorialof a givenintegral
number

function y = fact_block(x)
/I 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 specialcase®, and1 aretestedseparatelyandthe generalcaseis handledn theelse branch.

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

if x>0 & x <=1 then

y =1
return
end
y = x * fact(x - 1)

This versionimmediatelyreturnsafterhaving treatecthe specialcasesleaving the generakcaseto the
“rest” of thefunction.In this very shortfunctionthe advantage®f theearlyreturnarenot striking,
howeverthey areif mary specialcasesareto behandled.The“rest” of thefunctioncanthenconcentrate
onthecoreof the problemwithout beingobscuredy deeplynestedconditionals.

3.4. Size of a Function

Thereis arule of thumbfor thelengthof a C-function:

L. Torvalds
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Functionsshouldbe shortandsweetanddo justonething. They shouldfit on oneor two screenfulof text (the
ISO/ANSI screersizeis 80x24,aswe all know), anddo onething anddo thatwell.

It is alsotruefor Scilabfunctionswith the exceptionthathigh level functions,or functionsthatarecalled
from thecommandine directly shouldbe harnessedseeSection4.3.3 Thereforethey areusuallymuch
longerthanjusttwo screenful .Yettheir structuredecomposeguite naturallyinto two parts:the
argumentchecking,andthe computatiorpart. Whatremainstrueis thata Scilabfunctiontoo shoulddo
only onething anddo thatwell.

For moreinformationaboutprogrammingstyle consult“The practiceof programming’Tkernighan:1999]
whichis centerechroundC-like languageshut offers extremelyvaluableadvicethroughout.
“ProgrammingPerl”, alsoknown as“The Camel”,[wall:1996] hasa sectioncalled“Efficiengy” in
chapte. It is asinsightful asit is fun to readfor the authorsdiscusghe variousoptimizationdirections.
They do not hesitateto put up contradictorysuggestionn the differentoptimizationpaths.

Conclusionof this section:Whatever makesthe codes workingsmoreobviousto thereadeiis good.In
otherwords:“If it makesya high, or savesyou taxes,then— by any means-doit!”
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Chapter 4. Unknown Spots

In this chaptemwe shedsomelight ontowidely unknavn featuresPartslik e the operatoprecedence
unconscioushareexploitedin every-dayprogrammingoy all of us.Otherslik e the useof function
variablesaretruly unknown, atleastto theaverageScilabuser So,readon andbecomea

Yedi"H "H"H"HScilabmaster

4.1. Operator Precedence And Associativity

Strangebut true, thereis no listing of the precedencandassociatiity of neitherclassof Scilabs
operatorsarnywherein thedocumentationSo, we discusshe operatomprecedencandassociatiity in
detail.

4.1.1. Numeric Operator s

Table4-1 displaysalist of all numericoperatorsip to digraphs, sortedin descendingrderof their
precedenceAn equalprecedencealue(columnl) meanghe operatorsareevaluatedollowing the
givenassociatiity (column3).

Thetableis generatedvith a Scilabscript,i.e. we hadtheinterpreterdeterminegts own precedenceules,
whichis neat.Thesescriptsarelistedin Chapter8.

Table 4-1. Arithmetic Operators

precedence operator associativity comment
21 + right unary
20 " right

20 A right

19 - right unary
8 * non

3 / left

8 > non

3 i left

4 \ left

4 A 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, -172 gives -1, and not
1. In other words Scilab sees -12 as -(1"2)

Theassociationulesfollow thoseof standardalgebra.Thus,nobodyshouldbe surprisedhata”b”c is
interpretecasa’(b”c)

4.1.2. Relational Operator s

Scilabimplementgheusualgangof relationaloperatoravith somesyntacticsugarof having two
“unequality”-operators>, and~=. Therelationaloperatorsprecedencesankin betweerthe numeric
andthelogical operatordik e they doin mary othermodernprogramminganguagesThis allows for a
minimal useof parenthesei largerexpressionsike

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

end

which evaluatesxactly the sameway as

if (20 *n) >( +1.0) | ((n / 3.0) <= k) then
end

justwith muchlessline-noise.

4.1.3. Logical Operator s

Therearethreelogical operatorsg, | , and~, meaning‘and”, “or”, and“not”. Thetwiddle,~ hasthe
uniquesyntacticpropertythatarny numberof consecutre twiddlesareallowedandevaluated But unless
you wantto enterthe obfuscatedscilabcontest stickingwith oneprobablyis bestase.g.15~ areas
goodasone,andtherefore
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%ot

returnsr.

Table4-2 shavs the completdlist of Scilabslogical, alsoknown asbooleanpperatorsortedaccording
to decreasingrecedence.

Table 4-2. BooleanOperators

operator associativity comment
~ right unary

& non

I non

4.2. Implicit Cast To Boolean

For thelogical operatordave booleanexpressiongstheir argumentsit is time now to discusshe
implicit promotionof numerictypesto booleantype,somethingvery familiarto C, Perl,andPython
programmersYou have guessedight, theruleis: “Zero is false,everythingelseis true.” Herearesome
examplesof thatrule at work:

>%t & 0
ans =
F

>%t & 0.1
ans =
T

>6.34 | %f
ans =
T

>6.34 | -03
ans =

T

Scilabalwaysevaluatesbooleanexpressiongompletely 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 the mainabstractiorfeature thusthey desere a closerlook.

4.3.1. Functions Without Parameter s or Return Value

The*“Introductionto Scilab”, SCldoc/Intro.ps , solelyexplainsfunctionsthathave oneor more
parametersandreturnoneor morevalues.Yet, Scilabpermitsall concevablecombinationf number
of parameterandreturnvalues,ncludingthosefunctionsthathave no parametersor no returnvalues.

If only onevalueis returnedthe squarebracletsin thefunctiondefinitionareoptional. Thereforethe
functionhead(“declaration”)

function [y] = foo(x)
canbeabbreiatedto
function y = foo(x)

However, thisis 100%puresyntacticsugar Whatis muchmoreimportant— anda valuablefeature—is
thepossibility of defininga functionthatreturnsnothingas

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

does.In Fortranparlanceext_print ~ would be calleda SUBROUTINEwhereasAda programmersvould
termit aPROCEDURE

Of similarimportancds the definition of parameterlesiinctions.

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

The parenthesesfterthefunctionnameareoptionalwhendefiningthe function, but notwhencalling it,
thusthedeclaratiorof thelastfunctioncouldhave beenabbreviatedto function  t = hires_timer
butthecalltordtsc couldnothavebeenwrittenast = rdtsc / cps.

For furtherinformationaboutthe omissionof parenthesisvhencalling a function,seeSection4.4.3

4.3.2. Named Parameter s

Theassociationbetweerthe formal parametersf afunctionandits actualparametersnaybe positional
or named A positionalparameterassociatioris simply anactualparameterAll the positionalparameter
associationg afunction call mustprecedeall the namedparameterssociationsThus,in thefunction
call

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

thefirst two parametenssociation$x, y) arepositional,andthelastthree(style , linetype
pointtype ) arenamed.Two pointsin the previousline of codeareworth noting:

- Whenparametersreassociatedia their nameghe formal parametes positionis irrelevant.

- Positionalparametenssociationfiave nothingto do with optionalparametersA namedparameter
canbehandledasanoptionalparameteaswell asa positionalparameter

Calling afunctionwith namedparametersloesnot requireary specialcodein thefunction. Function
myplot is justanordinaryuserdefinedfunction:

function myplot(x, y, style, linetype, pointtype)
/I 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
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To make thetwo parameter$inetype , andpointtype  optionalparametersye adda checkfor the
existenceof theseparameteré 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 ary of thefollowing forms:

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

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

style = ’linespoints’,

linetype = 2) /I named params where possible

4.3.3. Bulletpr oof Functions

If we wantto write bulletproof Scilabfunctions,we have to take carethatour functionsgettheright
numberof argumentswvhich arefurthermoreof the correcttype,andcorrectdimension.This is dueto
Scilab’s dynamicnatureallowing usto passargumentf differenttypes,dimensionetc.to a single
function.

We discusgheissuef writing robustfunctionusingExample4-1 asanillustration. The complete
functiondefinitionis givenin Chapter8.
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Example 4-1. Function cat

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

[, nr] = argn(0); ad
if nr ~= 1 then
error('Call with:  cat(macro_name)’);
end
if type(macname) ~= 10 then ad
error('"Expecting a string, got a’
+ typeof(macname));
end
if size(macname, '*) ~= 1 then ad
sz = size(macname);
error('"Expecting a scalar, got a ' .
+sz(1) + X + sz(2) + ' matrix)
end
[res, err] = evstr(macname); ad
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 // er ~=0
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O  First,we checkhow mary actualparameterfunctioncat hasgot. Thebuilt-in functionargn
returnsthe numberof left-handside— or output— variablesnl (In this examplewe do not make use

of nl .), andthenumberof right-handside— or input— valuesnr .

Ensuringthe correctnumberof input agumentsalwaysis thefirst step.Otherwisewe cannot
assumevhetherevenaccessin@ parameteis valid. The numberof outputvaluesis not ascritical,
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for calling afunctionwith lessoutputvariableghanspecifiedn thefunction’s signaturecauseghe
extraoutputvaluesto besilently discarded.

After learningthe numberof actualparametersye immediatelycheckwhetherit is in theright
range.In our examplesimply terminatewith anerrorif the numberof argumentds incorrect.

0 Thenext thingto addresarethetypesof theargumentsAgain we let the functionfail with anerror
if it doesnotgetwhatit wants,but thisis notthe only possibleway.

It is concevablethatwe convertfrom onetypeto anothersayfrom numericto string. Furthermore,
it is possiblethatthe type of the algumentsdetermineshealgorithmchosena featurenormally
adwertisedunderthe name“function overloading”.

O Finally, we examinethearguments’structure A functioncane.g.allow scalarsonly, or accept
scalarandmatrices Here,we enforcea scalar In otherfunctionscertaindimensionatelationsof
severalinput parametersnustbe enforced E.g.the matrix multiplication A * B is only definedfor
size( A, 'c) == size( B, 'r)

0O Now we canstartwith therealwork.

At first glanceall this checkinggizmosmight seemexaggeratedTo doit justicewe shouldkeepin mind
thatit is only necessarif afunctionmustwork reliablyin differentervironmentsAll functionsthata
library exportsbelongto thatclass becausé¢helibrary writer doesnot know how thefunctionswill be
usedin thefuture.Quick-and-dirtyfunctionsarea differentthing, soarefunctionsthatarenever called
interactiely.

4.3.4. Function Variables

Functionsarea datatype on their own right. Therefore they themselescanbe argumentgo other
functions,andcanbe elementsn lists.

-> deff(’y = fun(x)’, fox >0, y = sin(x); else, y =1; end)
-> fun(%pi/2)

ans =
1.

-> fun(-3)
ans =

- 1.

-> bar=fun
bar =

46



Chapter4. UnknownSpots

[x]=bar(y)

-> typeof(bar)
ans =
function

-> deff(’a = fun(u, v, w), ’'a = ur2 + v*2 + 2*u*v - wr2)
Warning :redefining function: fun

-> bar(%pi/4)"2
ans =
0.5

-> fun(2, 3, 4)
ans =
9.

As the exampleshaws Scilabemploysits usualcopy-by-valuesemanticsvhenassigning
function-variablesthisis consistentvith the assignmenof ary otherdatatype.

4.3.5. Nested Function Definitions

Functiondefinitionscanbe nestedThe usualscopingrulesapply. Online nestedunctiondefinitionsare
somekind of awkwardbecaus®f the massie numberof quotesput deff sin function sareeasyto
theeye.

Exampled-2 shavs afunctionthatdefinesfour functionsin its body:.
Example 4-2. Function tauc

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

Umorse(r, steepness, depth)’,

exp(-r * steepness);
depth*(e”2 - 2*e));

deff(U
‘e
U

/I point of vanishing potential

deff(’y = equO(x)’, 'y = Umorse(x, s, D));

/I reflection point

deff(’y = equl(x)’, 'y = Umorse(x, s, D) - EO0Y;
deff('tau = integrand(x)’,
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tau = sqrt( M/ (2%EO - Umorse(x, s, D)) ));

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

/I calculate endpoints  of definite integral
r0 = fsolve(-10.0, equo);

rmin = fsolve(-10.0, equl);

/I 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, userdefinedfunctionscanbe passedsparameterso (usuallydifferent)functions.
Builtin functionshave to be“wrapped”in userdefinedfunctionsbeforethey canbe usedasparameters.

Thefollowing exampledefinesa functionalthatimplementsa propertyof Dirac’s deltadistribution.

-> deff(y = delta(a, foo)’, 'y = foo(a)’)
-> delta(cos)
l-error 25

bad call to primitive :cos
-> deff(’y = mycos(x)’, 'y = cos(x)’)
-> delta(0, mycos)
ans =

1.

Thenext exampleis a bit moreconvoluted,but alsocloserto therealworld. We definea new optimizer
function,calledminimize , whichis basedn Scilabsoptim function.Functionminimize expectstwo
vectorsof datapointsxdata andydata , avectorof initial parameterg_ini , thefunctionto be
minimizedfunc , andanobjective functionalobj .

Theadvantageof definingseparatenodelandobjective functionsis anincreasedlexibility asbothcan
bereplacedat will without changingthe coreminimizationfunctionminimize

function [f, p_opt, g_opt] = minimize(xdata, ydata,
p_ini, func, obj)
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/I on-the-fly definition of the objective

deff(’[f, g, ind] = _cost(p_vec, ind)’,
If_val, f_grad] = func(xdata, p_vec);
[f, o] = obj(f_val - ydata, f_grad));

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

Chapter4. UnknownSpots

Functionminimize needsamodelfunctionfunc thatreturnsthevalueandthe gradientatall pointsx
for agivenvectorof parameterg_vec . Moreover, we needthe objective functionalobj thatgivesthe

“cost”, aswell asthedirectionof steepestiescentn parametespace.

In this examplewe choosea quadraticpolynomialfor the model,my_model , andleastsquaregor the

objectvelsq .

function [f, g] = my_model(x, p)
g = [ones(x), X,  X*X];
f =p@1) +x*p@R) + x*p@Q));

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

Giventhesedefinitions,we cancall minimize

dx [0.0O 10 20 25 3.0[;

dy = [00 09 41 6.1 9.5];
p_ini = ]0.1 -0.2 O0.9];

[f_fin, p_fin, p_fingrad] = .

minimize(dx, dy, p_ini, my_model, Isq)
xbasc();
plot2d(dx, dy, -1); /I plot data points
xv = linspace(dx(1), dx($), 50);

yv = my_model(xv, p_fin);

plot2d(xv, yv, 1, ’'000; /I ... and optimized

4.3.7. Functions intlist s

Currentlytheonly complex datastructurethatallows for storageof function

FIXME: write it

function

sis thetypedlist tlist
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4.3.8. macrovar

Themacrovar functioncouldbe calledthefunctionalcousinof thesize function.Theprimarypurpose
of macrovar is to supportthe Scilab-to-Fortrantranslatoybut it canbe usefulfor otherpurposestoo.

Functionmacrovar revealsfive importantattributesof a userfunction. Thesearethe nameof all

« inputvariables,

« outputvariables,

- globalvariables,

- functionscalled,and
+ localvariables.

Oneexampleof aninterestinguseof macrovar is anintegrationroutinethatacceptsntegrandfunctions
with anarbitrarynumberof algumentsj.e. over arbitrarymary dimensions.

function vol = int_cube(ifun)

/I integrate ifun in an appropriate hypercube

/I ©, .. 0), .., @ .. 1)

ifun_var = macrovar(ifun)

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

for d = L:ifun_dim
/I integrate in one dimension
end

4.4. Miscellaneous Unknown Spots

4.4.1. Starting scile x

For dehuggingpurposedt is sometimeslesirableto directly startthe main Scilabbinary, scilex Scilabis
usuallylaunchedvia thescilab  shellscript.Both, the scriptandthebinarylive in the SClbin
directory Thescripttakescareof settingall environmentvariablesandfinally firesup scilex Onthe
otherhand,if onewantsto runadehugger saygdb, or ddd, or a profiler on Scilab,thena manual
invocationis theorderof theday. SeealsoSection7.1.2
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Startingscilexis easyaslong asthecommand-lineeditinggoodiesarenot required,andthereis noneed
for arny graphics Actually, for minimumfunctionality only the environmentvariableSCI mustbe set,
thenwe areall setto call scilex A bashsequencéo startScilab“manually” couldlook asshown in

Exampled4-3.

Example 4-3. Manually launching scilex

lydia@orion:~$ cd /site/X11R6/src/scilab
lydia@orion:/site/ X11R6/ src /sc ila b$ SCIl="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
Scil ab
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:~$ $SCl/bin/scilex -nw
Scil ahb
Scilab-2.5

Copyright  (C) 1989-99 INRIA

Startup ~ execution:

loading initial environment

->

-nw
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wherewe areassuminghatScilabis installedin /site/X11R6/src/scilab

4.4.2. Tuple Assignment

The mostcommonlyusedform of assignmenits singlevariableassignmentiNonethelessassigning
multiple valuesin onestatements possible(andno surprisefor Perlor Pythonprogrammers).

>[x1 x2 x3] = (1, 2, 3
x3 =
3.
X2 =
2.
x1 =
1.

Tupleassigmentvorks asexpected performingthewhole assigmenbperationn onestep.Theonline
documentatiomgyivesthewrongexplanatorycode

[x1,x2,...]=(e1,e2 .. .) isequvalenttoxl = el,x2 = e2,...

The correctexplanationis

x1, x2, ..] = (el, e2, ..) Iisequivalentto%tl = el,%t2 = e2,...,andthenxl = %tl,x2 =
%t2, wherethevariables®tN areinvisible to theuser

Otherwisethe following example,swappingvaluesof two variableswould resultin a andb bothbeing
equalto 2.

>a =1, b =2
a =

>[b, a =(a b) // swap
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1.

Seetheonlinedocumentationhelp  parents

Whatonemight expect,but whatdoesnot work is multiple assignmento partsof matriceg(or lists), i.e.
thefollowing codesnippeddoesnot work asnaively expected

>v =[0 00, a=0
V =
! 0. 0. 0. !
a =
0.
>[a, v(1)] =@ 2
Warning: obsolete use of = instead of ==

l-error 41
incompatible LHS

Theobvious, but ugly workarounds usingonly scalarvariableson theleft-handsideof aaggreyate
assignmentandthenassigninghesescalargo the appropriatamatrix or list parts.

4.4.3. Omitting Parentheses on Function Call

Theparenthesesf ary one-parametdunctioncanbeomitted,if thefunctionacceptsa stringargument.
Moreover, the quotesfor aliteral stringargumentcanbeleft out, too.

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

-> getf('foo.sci’)

asthenext two exampleswork justaswell.
->getf  'foo.sci’

andeven

->getf foo.sci

is OK. Notethatthisis notonly truefor built-in, but alsofor userdefinedfunctions.
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Functionexec is anexceptionto therule thata semicolonsuppresseary outputof the preceeding
clausejf it is invokedwithout parenthesis.n fact,exec doesechothecommandst executesf used
without parenthesislespiteatrailing semicolonj.e.

->exec script.sci;

with semicolongivessameresultsas
-> exec('script.sci’)

without semicolonwhereas

-> exec('script.sci’);

doesnot echothe command®f the scriptfile.

Notes

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

2. Thanksto GlennFulford for reportingthis.
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Chapter 5. Performance

Scilab—Thédastestthing fromFrance
sinceDjangoReinhadt.
cls

In this chaptemwe discusshow expressionganbewritten to executemorequickly while doingthe same
thing. Scilabis powerful andflexible, thereforethereareplenty of thingsonecando to speedup function
execution.Onthe downsidetherearealot of thingsthe canbe donethe wrongway, slowing down the
executionto acrawl.

In thefirst partof this chaptemwe focuson high-level operationghatareexecutedfast. The mainclassto
nameherearevectorizedoperationsAnotherclassareall functionsthatareconstructingor manipulating
vectorsor matricesasawhole. The secondpartof this chapterdealswith the extensionof Scilabthrough
compiledfunctionsfor the sale of increasedxecutionspeedWe closewith a sectionon how to compile
Scilabitself to increasets performance.

5.1. High-Le vel Operations

Not usingvectorizedoperationsn Scilabis the mainsourcefor suffering from a slow code.Herewe
presenperformanceomparisondetweerdifferentScilabconstructghataresemanticallyequivalent.

5.1.1. Vectoriz ed Operations

Thekey to achieve a high speedwith Scilabis to avoid theinterpreterandinsteadmake useof the built
in vectorizedoperationsLet usexplain thatwith asimpleexample.

Saywe wantto calculatethe standardscalarmproducts of two vectorsa andb which have thesame
lengthn. Naive aswe are,we startwith

s =0 /I line 1
i =1 /I line 2
while i <=n /I line 3
s =s + a(i) * b() /I line 4
i =i +1 /I line 5
end /I line 6

HereScilabre-interpretdines 3 to 5 in every round-trip,whichin totalis n times.This resultsin slow
execution.The exampleutilizesno vectorizationat all. Onthe otherhandit usesonly very little memory
memoryasno vectorshave to be stored.
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Thefirst stepto getsomevectorizationis to replacethewhile  with afor loop.

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

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

Line 2 is only interpreteconce;thevectori = 1:n is setup andtheloopbody, line 3is threadecbverit.
So,only line 3is re-evaluatedn eachroundtrip.

OK, it is time for areally fastvectoroperationln the previousexamplesthe expressiorin theloop body
hasnot beenmodified,but we canreplaceit with the elementwise multiplicationoperator.* , and
replacetheloop with the built-in sum function. (SeealsoSection5.1.3.3)

s = sum(a .* b)

Oneolviousadwantagds, we have a one-linernow. Is thatasgoodasit canget?No, thestandardscalar
productis notonly a built-in functionit is alsoanoperator:

s =za*bp

We summarizeghetiming resultsof a PIl/330Linux-systemin Table5-1.

Table 5-1. Comparison of various vectorization levels

construct MFLOPS
while 0.005
for 0.008
* and sum 1.7
P 2.8

In otherwordsthe speecdatiois 1:1.6:330:5500f coursethe numbersvary from systento system pout
thegeneralrendis clear

5.1.2. Avoiding Indexing

Accessingavector or matrix-elemenvia indexing is slow. Sometimegheindex cannotbe avoided,but
therearecasesvhereit can.Compare

for i = 1n

v(i) =i

end
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and

v =
for i = 1n

v, 1

|
\"
end

The secondsnippetis notonly faster butin somecircumstancemaybe clearer Again thereis a built-in

operatorthatdoesthe samgob at lightning speedthecolon: , whichis describedn detailin Section
5.1.3.1

v = 1lin

Thespeedatiois approximatelyl:1.5:5000.

In the next example,Example5-1, the functionsactuallytry to do somethinguseful:they mirror a matrix
alongits columnsor rows. We shawv differentimplementation®f mirror N thatall dothe sameob, but
utilize moreandmoreof Scilab’s vectorpower with increasingunctionindex N.

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

function b = mirrorl(a, dir)
/I mirror matrix a along its
/I rows, dir ="' (horizontal)
/I 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, ) =a(rows - i + 1, J)
end
end
case 'c’ then
for j =1 : cols
for i =1 : rows
bGi, j =a(, cols - j + 1)
end
end
else
error("dir must be " or "c™)
end
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function b = mirror2(a, dir)
/I  same as mirror 1

[rows, cols] = size(a)
b =1
select  dir
case ' then
for i =rows : -1 : 1
b = [b; af, )
end
case 'c’ then
for i =cols : -1 : 1
b =1[b, a(¢ ]
end
else
error("dir must be "r" or
end
function b = mirror3(a, dir)
/I same as mirror 1
[rows, cols] = size(a)
select  dir
case ' then
i =rows : -1 : 1
b = a(@, )
case 'c’ then
i =cols : -1 : 1
b =a(, I
else
error("dir must be "r" or
end
function b = mirrord(a, dir)
/I same as mirror 1
select  dir
case 'r' then
b = a($:-1:1, )
case 'c’ then
b = a(, $:-11)
else
error("dir must be " or

")

")

"o

Chapterb. Performance
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end

Besideghe performanceassuediscussedherethe functionsin Example5-1 demonstratéiow much
expressvenessScilabhasgot. The solutionslook quitedifferent,thoughthey give the sameresults.The
benchmarkesultsof all functionsareplottedin Figure5-1, andanextensive discussioris foundin
Section5.2.1 In brief thefunctionsgetfasterfrom top to bottom,functionmirrorl  is the slowest,
mirror4  thefastest.

5.1.2.1. $-Constant

Thelastof theexamplesmirror4 , introducesa new symbol,the“highestindex”, $ alongagiven
direction. Thedollar signis only definedin theindex expressiorof a matrix. As 1 alwaysis the lowest
(orfirst) index, $ alwaysis the highest(or last). The dollar represents constantput this constanwaries
acrossheexpression™More preciselyit varieswith eachmatrix dimensionLet us make thingsclearby
statinganexample.

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

>m(2, $)
ans =
23.

>m($, 9
ans =
23.

>mi, $2 + 1)
ans =

! 12. !

! 22. !

5.1.2.2. Flattened Matrix Representation

The$ signleadsusto theflattenedor vectorlik e representationf amatrix, if we rewrite thethird line of
theabove exampleto

>m(L:$) ¢
ans =

! 11. !

! 21. !

! 12. !
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! 22. !
! 13. !
! 23. !

Theexpressioru = v(:) isreshapeperationassigningo u the column-representatioof v. For
generakeshapingf matricesseethematrix  functionin Section5.1.3.3.8

Tip: Given the vector v, the expressionv = v(:) is a very convenient idiom in a function to force v
into column (i.e. 1-times-N) form.

In generala nxmmatrix mat canbeaccesseth threeways:

« asaunit by sayingmat ,
- by referencingts elementsaccordingto their row andcolumnwith mat (i ,j ), or
« viaindexing into theflattenedform mat (i ).

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

5.1.3. Built-In Vector -/Matrix-Functions

Scilabprovidesmary built-in functionsthatwork on vectorsor matrices Knowing whatfunctionsare
availableis importantto avoid codingthe samefunctionality with slow iterative expressions.

For furtherinformationaboutcontemporaryechnique®f processingnatriceswith computersthe
classicawork “Matrix Computationsgolub:1996]is recommended.

5.1.3.1. Vector Generation

Therearetwo built-in functionsandoneoperatoito generate row-vectorof numbers.

5.1.3.1.1. Operator “:”

This syntaxof the colonoperatotis
initial [: increnment] : final

with adefaulti ncr emrent of +1. To producethe equivalentpieceof Scilabcode,we write
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X = initial

v = x]

while x <= final - increnent
X = X + increnent
v = [v, X]

end

wherev is theresult.Notethatthelastelemenif theresultalwayswill be smalleror equalto thevalue
final.

5.1.3.1.2. linspace

The syntaxof linspace is
linspace (initial, final [, |ength])

usingadefaultof 100 for | engt h.linspace returnsarow-vectorwith | engt h entrieswhich divide
theinterval (i ni ti al ,fi nal ) in equal-lengttsub-intenals.Both endpointsj.e.i ni ti al and
final arealwaysincluded.

5.1.3.1.3. logspace

logspace worksmuchlikelinspace , andthefollowing relationholds

logspace (initial, final) == 10Mlinspace (initial, final)

5.1.3.2. Whole Matrix Construction

All of thefunctionsshawn in this sectionarecapableo producearbitrarymatricesncludingthe
boundarycasesf row- andcolumn-\ectors.

5.1.3.2.1. zeros

As thenamesuggestshis function producesa matrix filled with zeros.Thetwo possibleinstantiations
arewith two scalararguments

3
I
n o N

zeros(n, m)

or with onematrix argument
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matl

1
—

w A~ A
aoan

]..

zeros(matl)

—~

mat2

Thefirst form produceghen timesmmatrix mat madeup from zeros whereaghe secondouilds the
matrix mat2 which hasthe sameshapeasmat1, 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.

Furthermorenotethat
zeros()

is notallowed.

5.1.3.2.2. ones

Thecommands functionally equivalentto zeros . Insteadof returninga matrix filled with 0.0 as
zeros does,ones returnsa matrixfilled with 1.0 . Theonly differenceis athird form whichis
permittedfor ones , andthatis calling the functionwithoutany arguments:

-> ones()
ans =
1.

5.1.3.2.3. eye

Theeye functionproduces generalizeddentity matrix, i.e. a matrixwith all elements(i, j) == 0.0for i
~=j, and1.0for i ==j. Thiscommands functionallyequialentto zeros . Theonly extensionis the
usagewithout any algumentwheretheresultautomaticallytakesover the dimensionf the matrixin
the subexpressiorit is used.

>a=[2 343, 4267, 8274

a =
! 2. 3. 4. 3. !
! 4. 2. 6. 7. !
! 8 2. 7. 4. |
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>a - 2*eye()

ans =

! 0. 3. 4, 3. !
! 4. 0. 6. 7. !
! 8. 2. 5. 4, |
5.1.3.2.4. diag

Functiondiag hastwo differentworking modesdependingn the shapeof its agument.Givena vector
v it constructa diagonalmatrix mat from thevector with v beingmat 'smaindiagonal,.e. mat (i, i) =
v (i) for all v (i). Givenanarbitrarymatrixmat , diag extractsthe diagonalasa column-vector

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

©cor~o
©co oo
© o oo

! 2
! 0.
! 0.
! 0

The 2-agumentform of thediag function
diag(v, K)

constructsaamatrix thathasits diagonak positionsaway from the maindiagonal the diagonalbeing
madeup from v again.Thereforediag(v) isthespecialcaseof diag(v, 0) . A positvek denotes
diagonalsabove,anegative k diagonalselov the maindiagonal As for the 1-agumentform, extraction
of thekth superdiagonal(positive k, or subdiagona(negative k) is alsoimplemented.

sdiag(l 11 1) + dag(2 2 2, 1) + diag(2 -2 -2, -1)
ans =
]

0.
0. !
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->diag(m, -1) // using the same m as above

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 nis 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 functiongeneratepseudo-randoracalarsandmatrices Again thefunctionsharests two
fundamentaformswith zeros . Moreover, the distribution of the numberscanbe choserfrom
‘uniform’  whichis thedefault,and’normal’ . Thegeneratos seeds setandqueriedwith

rand('seed’, new_seed)
and
current_seed = rand('seed’)

5.1.3.3. Functions Operating on a Matrix as a Whole

Althoughthe sectiontitle mightimply thatthe following functionsapplyto matricesonly, Scilab’s
understandingllows for vectorsanywherea matrix is accepted.

5.1.3.3.1. find

In our opiniononeof themostusefulfunctionsin the groupof whole matrix functionsis find . It takesa
booleanexpressiorof matricesj.e. anexpressiorwhich evaluatego abooleanmatrix, asargumentand
in form
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index = find(expr)

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

In theform
[rowidx, colidx] = find( expr)

it returnsthe row- andcolumn-index vectorsseparatelyHereis a completeexample:

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

! 1 - 4. 3. !

! 6 2. 10. !
->index = find( a <5)
index =

! 1. 3. 4. 5. 1!
-> a(index)

ans =

! 1. !

1 - 4.1

! 2. !

! 3. !

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

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

! 1. 1. 2. 1. !

Theexpressiongxpr canbearbitrarily complex. They arenotlimited to asinglematrix atall.

>b =[1 23; 45 6]

b =

! 1. 2. 3. !
! 4. 5. 6. !
>a <5

ans =

' TTT!

I FTF!

->abs(b) >= 4
ans =
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-4
—

->a <
ans

& abs(b) >= 4

=4
mmu 9

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

Lastbut notleastfind is perfectlyOK ontheleft-handsideof anassignmentSo,replacingall odd
elementsn a with 0 simplyis

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

! 0. - 4. 0. !

! 6 2. 10. !

To getthenumberof elementghatmatcha criterion,justapplysize (i dxvec, ™) totheindex
vectori dxvec of thefind operation.

5.1.3.3.2. max, min

Searchinghe smallestor thelargestentryin a matrix aresocommonthatScilabhasseparatéunctions
for thesetasks.We discusamax only asmin behaessimilarly.

To getthelargestvaluesaying
max_val = max(a)

is enough.Thealternatform
->[max_val, index] = max(a)
index =

! 2. 3. !

max_val
10.

returnsthe positionof the maximumelementtoo. Theform of theindex vectoris the sameasfor size ,
i.e.[rowindex, colum-index].Speakingfsize , maxhastheformsmax(mat, 'r) ,and
max(mat, ’'c’) ,too.

->[max_val, rowidx] = max(b, 'r)
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rowidx =
! 2.
max_val
! 4.

ST

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

max_val =
! 3. !
6. !
Theseformsreturnthe maximumvaluesof eachrow or columnalongwith therespectie indicesof the
elementsrows or columns.

Thethird way of usingmax is with morethanonematrix or scalarasargumentsAll thematricesnustbe
compatible scalarsareexpandedo full matrix size,likescalmat = scal * ones(mat) .Thereturn
matrix holdsthelargestelementdrom all algumentmatrices.

->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:withouta secondargument,or a star “*”,
assecondargumentthe functionis appliedto theargumentasawhole.A 1 or a“r " appliesthefunction
seperatelyo eachrow, yielding arow-vectorasresult.Accordinglya2 or a“c” appliesthefunction
seperatelyo eachcolumn,yielding a column-wectorasresult.

Thefunctionand returnstrueif all component®f theargumentaretrue. Thereforeit is relatedto
Fortran-9x5all  function. Similarly functionor returnstrueif any componenbf its argumentis true,
mimicking Fortran-9x5any function.

Oneof thefastestvaysof testingwhethera vector(or matrix) v containsany non-zeroelementusesor :
or( v).Asdemonstratedvith thefind function,theargumentgo and andor cantake arbitrarily
complex boolearexpressionslf we like to testwhetherall component®f thevectorv = [1.0 0.95
1.02] arewithin 10%of thevaluel, wedonotneedaloop:and( abs(v - 1.0) < 0.1 ).
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5.1.3.3.4. Operator “&’, Operator “|”

Theoperators &”, and“| " performacomponentviselogical 'and’, or logical'or’ operationSeealso
Sectiond.1.3 Theargumentdo eitheroperatorcanbe scalarsor matrices.

5.1.3.3.5. sum, cumsum, prod , cumprod

Thesearethe numericcousinsof theboolearnfunctionpairor andand. Their syntaxis identical. The
“cum” functionswork cumulatively, returninga vector(matricesareprocessingn 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%over 7 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) produceghe sameresultandrequiredesskeystrokes.
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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 decreasingdefault!) order, sortsa matrix’s rows or columnsseparatelyand
cansorttherows or columnslexicographically The outputof gsort notonly is the sortedmatrix

mat _sor t ed but alsothe permutatiorvectorper nrut at i on thatgenerateshe sortedmatrix from the
input matrix. Thesynopsids [mat _sorted, pernutation] = gsort (mat_i nput, node,

di recti on), wherenmode canhavethevaluesshown in Table5-2, anddi r ect i on thevalues
displayedn Table5-3.

Table 5-2. Mode Specifiersfor gsort

Specifier Action Note
g’ sortflattenedmatrix default
is column-by-column

'C’ row-by-row

I rows lexicographically not rl’!
Ic’ columnslexicographically not'cl’!

Table 5-3. Dir ection Specifiersfor gsort

Specifier Action Note

-

’

increasingorderor upgrade

d’ decreasin@rderor downgrade default

Let uslook atsomesimpleexamples We usea numericmatrix in the example,but a stringmatrix would
doaswell.

>matl = [11 12; 21 22; 31 32

matl =
! 11. 12. |
! 21. 22. !
! 31. 32. !

-> gsort(matl)
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ans =
! 32. 21. |
! 31. 12. |
! 22. 11. !
-> gsort(matl, )
ans =
! 31. 32. !
! 21. 22. |
! 11. 12. |
-> gsort(matl, 'c)
ans =
! 12. 11. !
! 22. 21. !
! 32. 31 !

Applied without parametergsort  sortstheflattened(seealsoSection5.1.2.9 version,here:mat(:)
of its agumentinto decreasingrder The'r -or’c’ -optionstell gsort to sorteachcolumnor row
seperately

Note: ' means column wise, and 'c means row wise!

The next examplepointsoutthedifferencebetweersimplerow- 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, ") /I col-by-col
ans =

! 66. 72. 23. !

! 56. 54. 23. !

! 6. 19. 21. !

-> gsort(mat2, Ic”) /I col lexico
ans =

! 72. 23. 6. !

! 19. 23. 56. !

! 54. 21. 66. !
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-> gsort(mat2, 'c’) /I row-by-row
ans =

! 72. 23. 6. !

! 56. 23. 19. !

! 66. 54, 21. !

-> gsort(mat2, Ir") /I row lexico
ans =

! 66. 54, 21. !

! 56. 19. 23. !

! 6. 72. 23. !

Now whatis the exactdifferencebetweerrow-by-row sortingandlexicographicrow sorting?After
row-by-row sorting(in decreasingrder)of anmtimes matrix a thefollowing relationholds:a(i, j) >=
a(i,j +1)for 1<=i <=mandl<=j <=n - 1. In otherwordseachrow is sortedseparatel\py
interchangingts columns After alexicographicsorttherelationbetweerntherowsis: a(i, :) >=a(i + 1,
1) for 1 <=i <=m- 1. Thistime wholerows arecomparedo eachother Analogousfactshold for column
sorting.

In ervironmentsnotasrich asScilabgsort might bethe heartof userwritten min, max, andmedian
functions.All threearepredefinedn Scilah

5.1.3.3.7. size

Thesize functionhandlesall shapdanquiries.It comesn four differentguises Assumingthatmat isa
scalaror matrix,size canbeusedasall-info-at-oncefunctionasin

[rows, cols] = size(mat)

asrow-only, or column-onlyfunction

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

andfinally astotalingfunction

elements = size(mat, *7)

5.1.3.3.8. matrix

A (hyper)matrix canbereshapedvith thematrix commandTo keepthingssimplewe demonstrate
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 1

! 7. 9. 11. !

! 2. 4, 6. !

! 8. 10. 12. !

In contraryto the Fortran-9xfunctionRESHAPEmatrix  neitherallows padding,nor truncationof the
reshapednatrix. Putanothemway, for amtimesn matrix a thereshapediimensiong, andq mustobey
m* n=p* Q.

matrix worksby columnwise‘filling” thecontentsof theoriginal matrix a into anemptytemplateof a
p timesq matrix. (SeealsoSection5.1.2.2) If thisatoo hardto imagine the secondvayto think of it is
imagininga asa columnvectorof dimensiondm * n) times1 thatis brokendown columnby column
into ap timesq matrix. In factthisis not pureimaginationasin mary situationsthereis theidentity
a(i, j) == a(i + n*(j - 1)) holds.

->a(2,4)

ans =
10.

->a(8)
ans =

10.

Moreover, the usualvectorsubscriptingcanbe usedto a matrix.

->a()
ans =

wondNPE
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©

10.
11.

12.

5.1.4. Evaluation Of Polynomials

Onceuponatimetherewasalittle Scilabnewbie who codedaninterfaceto theoptim routineto make
polynomialapproximation®asierOn theway anevaluationfunctionfor polynomialshadto be written.
Theauthorwasvery proudof herselfbecaussheknew the Right Thing(tm)to doin this casenamelythe
Horneralgorithm.Actually sheimmediatelycameup with two implementations.

Example 5-2. Naive functions to evaluate a polynomial

function yv = pevall(cv, XV)

/I Evaluate  polynomial given by the vector its
Il coefficients cv in ascending order, i.e.

II cv =[p qr] > p+gx + r'x*2  at all

/I points listed in vector xv and return the
Il resulting vector.

yv = cv(l) * ones(xv)

pX = xv

for ¢ =cv@2 : 9
W = yv + Cc * px
pX = px .* xv

end

function yv = peval2(cv, XV)
/I same as pevall

yv = cv($);

for i = length(cv)-1 -1 1
yv = yv .* xv + cv(i)

end
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Sowhatis wrongwith that?This codelooks OK andit doesthejob. But from the performanceviewpoint
it is not optimal! ThefactthatScilaboffersa separataypefor polynomialshasbeenignored.Evenif we
areforcedto supplyaninterfacewith the coeficientsstoredin vectorsthe built-in functionfreq is
preferable.

Example 5-3. Lessnaive functions to evaluate a polynomial

function yv = peval3(cv, XV)
/I same as pevall, using horner()

p = poly(cv, ', ‘coeff’)
yv = horner(p,  xv)

function yv = peval4(cv, XV)
/I same as pevall, using freq()
/I The return value yv _always_is a row-vector.

p = poly(cv, 't "coeff’)

unity = poly(1, ', ‘coeff’)
yv = freq(p, unity,  xv)

Table5-4 shavs the speedatios(eachline is normalizedseparatelyjor a polynomialof degree4 that
we gotonaP5/166Linux system.

Table 5-4. Performance comparisonof differ ent polynomial evaluation routines

evaluations pevall 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 Scilabs built-in polynomialtypethe evaluationwith
freq canagainbeacceleratedyy afactorof morethan3.

5.2. Extending Scilab

Thebruteforceway of gettinga betterperformances rewriting anexisting Scilabscriptin alow-level
languageasC, Fortran,or evenassemblerThis optionshouldbe choserwith care,becaus¢herapid
prototypingfacilitiesof Scilabarelost. Ontheotherhandif theinterfaceof thefunctionhassettled,its
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performances known to be crucialandit is of usein future projectsthenthetranslationinto compiled
codecouldbebeworth thetime andthegrief.

In thefirst partof this sectionwe comparedifferentwaysof integratingan externalfunctioninto Scilah
We focuson the easeof integrationversusthe runtimeoverheadntroduced The secondpartdealswith
writing thelow-level functionsthemseles,especiallytheir interfaces.

5.2.1. Comparison Of The Link Overhead

We revive our matrix mirroring examplefrom Section5.1.2

Our Fortran-77versionlookslik e 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(l, m+1-), 1, b, i), 1)
100 continue
else
do 200, i =1, n
call dcopy(m, a(n+1-, 1), n, b, 1), n)
200 continue
end if
end
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Thedcopy (n, x,i ncx,y,incy,)isfromBLAS level 1, andcopiesn double precision  elements
from vectorx in incrementofi ncx toy, whereit usesincrementfi ncy .

Theonly thing missingis the glue codebetweerScilabandmir .
function b = mirf(a, dir)

/Il interface function for ’'mir.f
/I Behavior is the same as mirror()

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

if dir ="' | dir =="'c¢ then
b = fort(mir’,
n, 1, 7, m, 2, 'V, a, 3, 'd, dir, 4, 'c,
‘out’,
[n, m], 5, 'd)
else
error('dir must be "r"  or "c")
end

OK, let'slock-and-loadWe arereadyto rock!

link('mir.o’, 'mir’)
getf('mirf.sci’)

Thefastalternatve to usingfort , which dynamicallycreatesaninterfaceto a C or Fortranfunctionis
usingintersci, which which createsaninterfacesuitablefor staticloading.

intersci cancreatethe Fortranglue codefor a C or Fortranfunctionto make it callableform the Scilab
interpreter Theglue codeis compiled(with a Fortrancompiler)andlinkedto Scilah intersci is
describedrerywell in the SCldoc/Intro.ps . Anyhow, Example5-4 shovs thedescription(*.desc ")
file for our currentexample.Finally it will supplyuswith a Scilabfunction calledmirai(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
integer
a double
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dir char
b double
out sequence b

We do notwantto gointo detail here,but adesc -file hasthreepartsseparatedy blanklines: The
descriptionof the Scilab-level function’s signaturghere:mirai ), the samefor the low-level function
(here:mir ), andfinally theresults’structure The signaturesesembld-ortranor K&R-style C function
definitionswith the parenthesisissing.The procesof passingadesc -file throughintersci, compiling
thelow-level routineandthe glue codecanbe automatedExample5-5, a snippetof our
Makefile.intersci shavstherelevantrules.

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)# $< > $@

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

Runningthe automaticallygeneratedrortrancodethroughafilter (here:perl) is necessaryo fix thelines
include  'SCIDIR/routines/stack.h’ . After everythingis compileda singleScilabcommand
makesthe new routineavailableto the user

addinter(['mirai.o’, ‘'mir.o0’], /Il object files
‘mirai’, /I name of interface routine
‘mirai’) /l name of new Scilab function

Thefirst algumentwhich almostalwaysis a vectorof stringstells Scilabthe namesof the objectfiles to
load.Oneof themis theinterfacecodemadeby intersci. Therestarethe userroutines.The second
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argumentspecifiemmameof entry pointinto theinterfaceroutine.Thethird parameters the namethe
new Scilabfunctionwill carry.

Entry 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 we go throughthattediousprocessAfter all we arein the performancesection,sowhatwe
wantis speedhigh speedpr evenbetterthe ultimatespeedNow we cancompareall thevariantsasis
donein Figure5-1.

Figure5-1. Benchmark resultsfor the mirror  functions

Performanceomparisorof mirror[1-4] ,andmirai onaP5/166Linux box.

Performanceomparisorof mirror[1-4] ,andmirai onaZ2-way PIII/550 Linux box.

If we comparehe performancef our threeScilabmirror routinesmirrorl , mirror2 , andmirror3
togethemith thetwo incarnationf the hard-codedoutinemirf , andmirai , we reachatthefollowing
conclusions.

« Scilabcodethatmakesheary useof indexing, like mirrorl | is extremelyslow no matterwhat
problemsize. Thumbsdown onthatone.

«  Well writteni.e. index-free Scilabcode like mirror4 , performsverywell. Thisis especiallytrue for
large vectorsor matrices.
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- Theoverheadf thefort -callin mirf is high;it is hardto amortizefor that.fort is only justifiedin
situationswherea significantamountof time is spentin thelow-level userroutine.Usuallythiswill be
the casefor large problemsizes.Of coursethe cross-@er pointhasto bedeterminedseparatelyn each
case.

+ Nothingcanbeata compiledfunctionthatis integratedwith addinter . mirai surpasseall other
implementationstor smallproblemsizesthelittle overheadn comparisorio all the otherfunctions
givesthis functionafactor10 advantagethough,asthe problemssizeincreasesnirai 'sleadis
challengedy mirror4

ConclusionNever underestimat¢he power of the Emperor*H "H"H*"H H"H”HvectorizedScilabcode.

5.2.2. Preparing And Compiling External Subroutines

In this sectionwe will discusgheinterfacingof C, C++, Fortran-77 Fortran-9x,or Adaroutineswith
Scilabvialink commandWe restrictoursehesto the simplecaseof functionsthatexpectexactly one
doubleprecisionfloating point parameteandreturna doubleprecisionfloating point result.Functions
with thatsignaturearerequirede.g.for theintegrationroutineintg , or therootfinderfsolve

Beforewe dive into thelanguagespecificdescriptionslet us point out the mainfeaturesof Fortranwe
have be pay attentionto whenwriting aninterfacein anothedanguage.

Functionnamemangling

A functionnamed~OO(foo , or whatever capitalizationis chosen)n the Fortransourcecan
becomea differentsymbolin the objectfile. Thisis compilerdependentMost oftenanunderscore
“_" is prependear appendedSometimeshe nameis downcasedsometimest is upcased.

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

Call-by-reference

Fortrannever passeshevalueof a parameterbut alwaysa pointerto the parameter

Arraysin column-majororder

Arraysarestoredsothattheir leftmostindex variesfastest.
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5.2.2.1. Fortran-77

Fortran-77or, howdo youwantto ruin
your day?
Ivd

ExtendingScilabwith Fortran-77is moststraightforward. Scilabis writtin in thatlanguageremember?
A Fortran-77sourcefor functionfals  couldlook lik e 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. Fortran-9x

Fortran-90?Don’t worry, it can't get
mud worse
cls

A bloated but portableFortran-90sourcefor a function couldlook lik e this:

function fsm(x)

implicit none

integer, parameter : idp = kind(1.0d0)
I arguments/return value

real(kind = idp), intent(in) ToX
real(kind = idp) = fsm

I text

fsm = exp(x) / (1.0d0 + Xx*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 functionmeetingour signhaturerequirement$iase.g.this shape:

#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 -l/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’)

Therearesereralwaysto getthe namingcorventiondifferencesdetweenFortranandC right. We shov
threepossiblesolutionsfor the casewhereC usesno decoratiorat all andFortranappendsne
underscore.

/* (1) GNUC compiler */
double foo(const double *x) __ attribute__ ((weak, alias  (“foo_"));

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

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

Noneof theabore threeexampless portable.Thereforejt is prudentto include
SClroutines/machine.h , Whichis automaticallygeneratediuringthe Scilabconfigurationprocess
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andthusknoswof the namemangling.Amonga lot of othermacrost suppliesa C-to-Fortranname
corversionmacrocalledC2F.

5.2.2.4. C++

A C++ sourcefor afunctioncouldlook lik e 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 adiscussiorof the C2F macro.

Furtherproblemsariseif the C++ codedepend®n librariesthathave notbeenlinkedwith Scilah In the
following examplemyfct_ is correctlydeclaredbut requiressqrt  indirectly througha call to subfct

/I linkexx.cc
#include  <complex>

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

}

double_complex  subfct(double_complex 2);
void

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

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

double_complex
subfct(double_complex 2)

{
return 1.0 + 0.5 * sqrt(z);

}

The problemwhenlinking myfct_  with Scilabis notthecall to subfct , but the missingcomplex sqrt
function.A listing of the objectfile’s symbolsshavs the missingfunctionamongsomefunctionsthe
(this particularversionof g++) compilersilently generateslueto 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>  sqgrt<double>(complex<double> const &)
00000046 T subfct(complex<double>)

It is upto the programmeto supplyall necessariibraries—in the correctorder—whenlinking. For the
previousexamplethefollowing call would succeedon a libc6 GNU/Linux system):

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

Link done

ans =

0.

In the casethatthe compilerdocumentatioacksinformationabouthwhich library defineswhatsymbol,
thenm(1) commands the mostusefultool to find out.
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Additional Caveats

Theinclusionof C++ modulesinto a projectwhosemain() is notwrittenin C++ call for some
additionalwarnings.SeealsoSection5.3for a caveatusingcompilationswitchesthatbreakthe ABI.

Runtimeinitialization

Whenit comego runtimeinitialization of his/hercode,a C++-programmedepend®n thelinker
asajunkie on his dealer Eitherthe compilersystemdoesit — anddoesit right, or you have avery
very hardtime aheadf you. Sidenote The GNU linker doesthe Right Thing(tm)!

exception S

In brief: Getthem—all! If the C++to belinkedwith Scilabis known to throw exceptionsall
interfacedfunctionsof which anexceptionpossiblycould escapénave to bewrappedn
C++-functionsthatcatchtheseexceptionsandtranslateheminto errorcodese.g.ala LAPACK.
OtherwiseScilabis terminatedwith anabort()  call.

5.2.2.5. Ada

For GNAT/Adathe packages interfacepartpullsin the Fortraninterfacedefinitions.ls the simplestcase
themathematicafunctionsareonly instantiatedvith thetype Double_Precsion . Adarequiresto
exportevery function’sinterfaceseparatelyasis 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 theinterfacespecificatiorthe packagebodylookslik e this:

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

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

end TestFun;

The packagds compiledasusualgnatmake -O2 testfun.adb

Hint: Make surethatthereis a GNAT runtimelibrary libgnat-3.12p.so . Your versionnumbermay
bedifferent,but only theending(“so”) is critical, aslibgnat-3.12p.s0.1.7 will notmake
dlopen (3) happy. Fromnow on everythingis downhill, andthefunctioncanbelink edalmostasusual.

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

Again, the pathto your gnat-libraryandthe versionnumberscandiffer.

In the caseof severalfunctionsin the packaget is preferableo rely ontheextendeddlopen (3)
mechanismandlink the package/librargombowith rememberindgheid of the sharedibrary.

adacode = link('testfun.o -L/site/gnat-3.12p/lib -lgnat-3.12p’, 'foo’)
Linking furtherfunctionsfrom thelibrary happendy referencinghe numberof thelibrary.
link(adacode, ‘bar’)

This savesspacgScilab’s TRS)andtime (to executethelink ). Speakingaboutsaving... Userswith a
loadere.g.GNU Id, capableof incrementalinking (e.g.-i ,-r , -relocatable ) canof courselink
testfun.o  with the (gnat-)librarybeforelinking everythingto Scilab To completethe example here
comesthecommand-line:

Id -i -o testfun-lib.o testfun.o -L/site/gnat-3.12p/lib -lgnat-3.12p
In Scilabtheargumentgo link thenreduceto

link('testfun-lib.o’, 'foo’)

5.2.3. Pushing It Further

What?Whatareyou doingin this section?Still not satisfiedwith yourfunctions’performance?—Sorry
but thereareno conventionalwaysto getmoreout of Scilab Tinkeringwith theinterfaceroutinesis not
worth the effort. Somecompletelynew approachs necessary
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5.2.3.1. Scilab as Prototyping Environment

If aproblemis tootough,Scilabstill cansene asarapidprototypingervironment.Onesisterprogramof
Scilab,namely Tela (http://www.geo.fmi.fi/prog/tela.htif) hasbeenwritten for exactly this purpose.
Prototypingwith aninterpretedanguagas currentlygoingthrougha big revival with C (andC++)
developerdiscovering Python.

As whenever optimizationis thefinal goal,anextensie testsuiteis the basefor successSooneway to
proceeccouldbeto developtestroutinesandreferencemplementatiorcompletelyin Scilah The next
stepis rewriting theroutinesstill in Scilabto matchthe signature®f for exampleBLAS/LAPACK
routinesascloselyaspossible Thetestsuitecanremainuntouchedn this step.Thefinal stepis to
migratethe Scilabcodeto Fortran,C, or whatever, while makingextensive useof BLAS/LAPACK.
Ideally thetestsuiteremainsunderScilabandcanbe usedto exercisethe new standaloneode.

5.2.3.2. Scilab to Fortran-77 Compiler
FIXME: write it!

5.3. Building an Optimiz ed Scilab

Onerelatively easyway to to increaseScilab’s performances recompilingit with agoodcompilerand
anoptimizedBLAS library®. SeeSection7.3to find out whatoptimizedBLAS kernelsareavailable,and
whereto getthem.

Our experienceonly sufficesto explain the compilationonia32 GNU/Linux systemsHere,gcc
(http://gcc.gnu.ag) or pgec(http://mwww.goof.com/pcg/arethe compilersof choice.

Thefollowing optionsarea goodstartingpoint for furtherexploration. They applyto compiling Fortran
aswell asC code.

-march= ar ch

This optioninstructsgccto generateodespecificallyfor architecturear ch. Amongotherthingsit

sets-mcpu= ar ch. Furthermoreit forces-malign-loops  , -malign-jumps
-malign-functions , and-mpreferred-stack-boundary to their optimumvaluesfor the
selectedarchitecturavithoutbrakingthe ABI. Thereforejt canbe consideredanoptimization
switch.
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-malign-double

For systemsawith anoriginal 1ntel P5or above processothis optionis anabsolutemust It forces
the aligmentof 64 bit floating point numberqalsoknown asdouble,doubleprecision,and
IEEE754)to a 64 bit boundaryThoughit breaksthe ABI, thegainin speeddueto avoiding the
misalignmenpenaltyon eachmemoryaccesss tremendousevenon 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.

Theworkhorseoptimizationswitch,-02, activatesa lot of optimizations Seenode“Optimize
Options”in gcc’sinfo file, e.g. info -f /usr/info/gcc.info.gz-n "Optimize Options"

The optimizationstoggledon by -02 arewell testedanddo not produceexcessvely long text.

-funroll-all-loops
This switchincreaseshetext sizeby unrolling asmary loopsaspossible therebyspeedinghem
up. YMMV.

-fschedule-insns2

Althoughthe gccinfo pagestateghatthis optimizationis switchedon by -02, this mightnotbe
truefor all versionsof gccfloatingaround.The switch shouldbe particularlyhelpful on machines
with arelatively smallnumberof registersandwherememoryloadinstructionstake morethanone

cycle.

Notes

1. Remembethatthe colonoperatoreturnsarow-vector

2. Simplylinking with anoptimizedBLAS library generallyis notenoughPatcheqe.qg.“fast-blas”,
and“big patch”)to fix partof this problemexist. CheckScilabStuf
(http:/iwwwlightlink.com/lydia/scilabhtml).
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Chapter 6. Scilab Core

Aerosmithvideo“Love In An Elevator”, “Pump” (1989).

GoodmorningMister Tyler! Goingdown?

We aregoingdown all theway right to the core,the coreof Scilah Thoughthis is the mosttechnicaland
mostcomplex chapterit is by no meangruethatwriting a native Scilabfunctionis unmanageablby for
ordinarymortals.A strict programmingliscipline,patience persistenceandathoroughknowledgeof
whatmalkesup the stack-structuresgvolved,let usovercomethedifficulties.

6.1. Introduction To Pseudo-Ada

Insteadof simply repeatinghe Fortran-77statementshatmake up the Scilabstack,the API, etc.,we
introducea new languagehatis bettersuitedfor this job: a pseudoAda’, pAda,whichis muchmore
expressve. Thesyntaxfollows Ada, andthe pAdatypesaremappedonto Fortran-77typesaslistedin
Table6-1. Whatmightlook like anartificial complication theintroductionof new types,actuallyis a
major simplification(Threecheerdor Ada!). First,the nameof thetype now makesclearexactly whatit
is usedfor. Seconddistincttypesdesignatalistinctthings,stuff thatnever shouldbe mixedup. Third,
thevalid rangeof the sub-typesareexplicity mentioned.

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

pAda Fortran-77
Integer INTEGER

Float DOUBLEPRECISION, REAL*8
Boolean LOGICAL
Character CHARACTER
type String is array (1.. N) of CHARACTERN
Char act er

type ComplexFlag is (RealVariable, INTEGER = 0, 1
ComplexVariable)

subtype Natural is Integer range INTEGER
0..Integer’Last

type ParameterStackAddress is new INTEGER

Integer range 1l..Integer'Last
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pAda

Fortran-77

type DataStackindex
range 1..Integer'Last

is

new Integer

INTEGER

6.2. Internal Data Structure

FIXME: explainthe parametestack,datastack,etc.

6.2.1. Parameter Stack And Data Stack

FIXME: follow thedocuin Internals

6.2.2. Storage of Comple x Matrices

FIXME: explain separatetorageof two DOUBLE PRECISIONpartsinsteadof oneDOUBLE

COMPLEX

6.3. Writing Native Scilab Functions

In thefollowing two sectionawe shalltreatthe “anatomy” of native, i.e. low-level Scilabfunctions.This
will confrontuswith all thegory detailsof the stack,thelow-level API, andthecalling corventions.
(seealsoSection7.2) readyis agoodidea.Where
thedeveloperguideis atthe endof its wits, a studyof the sourcecodeis appropriategspeciallythefile

Having the“Guide for Developers”,Internals.ps

SClroutines/interf/stackl.f

We startout discussingsimplefunctions.Simplein the sensehatthey areself-containecdndonly take
non-functionparameterastheirargumentsin the secondoartwe shallconsidefunctionsthattake other
functions(eitherScilabfunctionsor externals)asarguments.

6.3.1. Simple Functions

A typical native Scilabfunctionproceedssfollows:

1. Checkthenumberof inputandoutputparameters.
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2. Getthe“pointers”to actualinput parameterssupplydefault valuesfor optionalparametersissue
warningsor errorsasappropriataf too mary or too few parametersresupplied.

3. Allocate spaceor temporaryariables;'workspace(s)”etc.

4. It mightbenecessaryo translatethe input variableswvhich arein Scilabformatinto theappropriate
formatfor theworkerroutine.This is happengor exampleif theworkerroutineusesFortran-775
double complex (or equivalentlycomplex*16 ) variablesSeeSection6.2.2for details.

5. Performthe calculationsor transformationshatreally make up the procedure.

6. Asin Step4, it mightbenecessaryo transformtheresults,now from the worker routine’s format
backinto Scilabformat.

7. If necessaryallocatespacdor thereturnvalue(s)onthe Scilabstack,andcopy result(s)to this
space.

Now thatthegenerabutlineis clear andwe arereadyto dissecta simplefunction:ortho . It takes
exactly oneargumenta, thatis arealor complex mtimesn matrix. The singleoutputparameteis a
matrix of the sameshapeandtypeasis theinput matrix. The duty of ortho is to transformthe columns
of theinput matrix into orthonormaform; to achieve this we employ the following 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 Tin Natural; - number of rows of A

N 1 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 Tin 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
Wor k
Lwork : in
I nfo
procedure  zgeqrf
(M ;o in
N ;in
A :in
Lda ;in
Tau :
Wor k
Lwork : in
I nfo
procedure  zunggr
(M :in
N ;in
K ;in
A :in
Lda ;in
Tau :
Wor k
Lwork : in
I nfo
procedure  dcopy
(N 1 in
X ;in
IncX : in
Y
IncY : in

out
out

out

out

out
out

out

out

out
out

out

out

FloatVector;
FloatVector;
Integer;
Integer);

Natural;
Natural;
ComplexMatrix;
Natural;
ComplexVector;
ComplexVector;
Integer;
Integer);

Natural;
Natural;
Natural;
ComplexMatrix;
Natural;
ComplexVector;
ComplexVector;
Integer;
Integer);

Natural;
FloatVector;
Integer;
FloatVector;
Integer);
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scalar factors of elem. refl.
workspace

size of workspace Work
error  indicator

number of rows of A

number of cols of A

M-by-N  matrix

leading dimension of A
scalar factors of elem. refl.
workspace

size of workspace Work
error  indicator

number of rows of A

number of cols of A

number of elem. refl.

M-by-N  matrix

leading dimension of A
scalar factors of elem. refl.
workspace

size of workspace Work
error  indicator

number of elements to copy

vector

stride
vector
stride

input
input
output
output

Thedgeqrf - andzgeqrf -functionscomputea QR-factorizationof arealor complex mby-n matrix a,
while thedorggr -, andzunggr -functionsgenerateanmby-n realor complex matrix g with
orthonormakolumns relying on the QR-factorizationof dgeqrf or zgeqrf . Functiondcopy copiesN
elementgof type Float) of thevectorX in incrementof | ncX to thevectorY usingincrementof

I ncY onthatside.For a detaileddescriptionpleaseconsultthe LAPACK UserGuide,or theappropriate

manualpages.

Example6-1is oneof thelongestexamplesin therunningtext, but don’t be scaredaswe will explain
line-by-lineandvariable-by-ariablewhatis whereandwhy.
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Example 6-1. Simple native Scilab function

subroutine ortho
Nativefunctionsare parameterless

implicit none
Switdh into weenymode:-)

* CONSTANTS
integer  realtype
parameter (realtype = 0)
1 for typeassociation

* LOCAL VARIABLES
character*6 fname
nameof theroutineasstring
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— SeeTable6-

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
* EXTERNAL FUNCTIONS/SUBROUTINES
external checklhs , checkrhs , cremat , getmat — ScilabAPI functions
external error
external dcopy, dgeqrf, dorggr, zgeqrf, zunggr -

LAPACK/BLASworker subioutines

* HEADER
include  '/site/X11R6/src/scilab/routines/stack.
* TEXT
fname = ’ortho’
Functionname(for error messges)
topk = top
t op is definedn st ack. h
rhs = max(0, rhs)
if (.not. checkrhs (fname, 1, 1)) return
if (.not. checklhs (fname, 1, 1)) return

h’ — ScilabAPI header
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* fetch input parameters
if (.not. getmat (fname, topk,
$ mattyp, m, n, areadr,

if (n * m.eq. 0) return
Quick returnon emptymatrix

tausz = min(m, n)
worksz = max(1l, n)

O
top - rhs + 1,
aimadr))  return

if (mattyp .eq. realtype) then

* real case
* allocate temporary  variables; all are real O
if (.not. cremat (fname, top + 1, realtype,
$ tauadr, dumadr)) return
if (.not. cremat (fname, top + 2, realtype,
$ wrkadr, dumadr)) return
if (.not. cremat (fname, top + 3, realtype,
$ badr, dumadr)) return
* prepare  worker routines’ input  parameters O
call dcopy(n * m, stk(areadr), 1, stk(badr),
* call worker routines 0

call dgeqgrf(m, n, stk(badr),

m, stk(tauadr),

$ stk(wrkadr), worksz, info)

if (info .ne. 0) then
Anyerror is consideedfatal

buf = fname // ' dgeqrf failed’

call error (999)

return
endif
call dorggr(m, n, tausz, stk(badr),
$ stk(wrkadr), worksz,  info)

if (info .ne. 0) then
Anyerror is consideedfatal

buf = fname // ' dorggr failed’

call error (999)
return
endif

else

tausz,

worksz,

1)

m, stk(tauadr),
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— Prescribedby man-pae
—...Sameher

1,

1,
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* complex case; mattyp != realtype

* allocate temporary  variables,

* use two REAL*8 for one COMPLEX*16 a
if  (.not. cremat (fname, top + 1, realtype,

$ tauadr, dumadr)) return
if (.not. cremat (fname, top + 2, realtype,
$ wrkadr, dumadr)) return
if (.not. cremat (fname, top + 3, realtype,
$ badr, dumadr)) return
* prepare  worker routines’ input  parameters, joining
* two REAL*8 arrays into one COMPLEX*16array O
call dcopy(n * m, stk(areadr), 1, stk(badr),
call dcopy(n * m, stk(aimadr), 1, stk(badr + 1),
* call worker routines O
call zgeqrf(m, n, stk(badr), m, stk(tauadr),
$ stk(wrkadr), worksz,  info)
if (info .ne. 0) then
Anyerror is consideedfatal
buf = frname // ' zgeqrf failed’
call error (999)

return
endif

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

if (info .ne. 0) then
Anyerror is consideedfatal
buf = frame // ' zorggr failed’
call error (999)
return
endif
endif
* get ready to exit
if (lhs .ge. 1) then
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),

else

m, stk(tauadr),
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2 * tausz, 1,

2 * worksz, 1,

2* m, 2 * n,

2)
2)

1
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O
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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

Checkthe numberof inputandoutputparametersThetaskis easyaswe receive oneandreturn
exactly oneparameterThis line andthe next correspondo Stepl.

Gettheaddresses asmentionedn Step2 — of thereal,andimaginarypartof the matrix passeds
(only) parameteto ortho . Notethatgetmat will returnFalse if theparameteatthegiven
parametestackpositionis nota matrix of numbers.

Functiongetmat is calledwith the secondparameternopk , holdingthevalueof the parameter
stackpointerwhenthe controlflow enterecrtho . Thisaswell asthefunctionnamepassedn
fname is necessarjor thecleanupandmessagingn caseof anerror.

Theonly parametewe usesitsontop of the parametestackfortop - rhs + 1 equalstop in our
case.

Onsuccessfuteturngetmat notonly setsthe datastackaddresseareadr , andaimadr of thereal
andimaginaryparts,but alsotells usvia mattyp whetherthe matrixis realcomples, andvia m and
n how largethe matrixis.

Thefollowing linesdirectly dependon the sizespassedackform the coreinterface,calculatingthe
necessargpacefor two scratcharrays.

Allocating spacdor thetemporaryvariablegau , work , andb onthe datastackis arealizationof
Step3. Thevariablegau andwork arenecessarpecaus®f the LAPACK routinesused;b is a
copy of a asthe LAPACK routinesdgeqrf , andzgeqrf , modify thematrixin place,i.e. would
mangletheinputvariablea. Thetemporariesreaccessethe sameway parameterareaccessed:
throughindicesinto the datastack.Theseindicesaretauadr , wrkadr , andbadr . Their positions
ontheparametestackaretop + 1,top + 2,andtop + 3, respectiely.

We requesta purelyrealstorageor eachof thethreetemporaryariablesthethird parametebeing
realtype = 0. Thereforetheindex for theimaginarypartis adummyindex, calleddumadr .

Thereis no “translation”to doin therealcase So Step4 is quite simple.Theinput variable— of
whichwe definitelyknow thatit is real—is simply copiedto the scratchspacehatwe have allocated
onthedatastack.

Note how the addressof the matricess passedTheidiom is stk( i ndex), wherei ndex hasbeen
obtainedthroughoneof theget*-, or cre*-functions. The memnonic'stk” meandatastack.

Everythingis setup correctlyandinitialized. We have reachedStep5. Theworker routinescantake
overnow.
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O Inthecomple casetheallocationof thetemporariesvariablesrequiresa bit morethought,although
it is againjust Step3. We know thatthe LAPACK routinesneedthe complex vectors/matricem
pacledform. Thus,we allocateonereal (doubleprecision)vector/matrixof twice the sizeeachtime
therebyaccommodatinghe storagerequiremenbf complec (doublecomple, or complex*16)
variables Otherwisethis stepproceedssin therealcase.

0 Becausef thedifferenthandlingof complex variablesin ScilabandLAPACK, Step4 requirestwo
callsto the copy function.
call dcopy(n * m, stk(areadr), 1, stk(badr), 2)
call dcopy(n * m, stk(aimadr), 1, stk(badr + 1), 2)

Thefirstline says:“Copy mtimesn elementdrom thefirst positionof thedoubleprecision
variablestk(areadr) takingeachentry (3rd parametermreadstride= 1) to thedoublecomplex
outputvariablestk(badr)  filling every otherentry (5th parameterwrite stride= 2).” Thesecond
line doesalmostthe same put startsoff writing attheseconcelementstk(badr  + 1) , therefore
filling in theimaginarypartsof stk(badr) . Thiscorresponds$o Step4.

O Againwe have reachedstep5; everythingis setup correctlyandinitialized. Theworker routines
cantake over.

O If thereis anoutputvariable,we copy theresultsinto it. Otherwisewe skip the expensve copy
operation.

(10) At this pointa purelyrealresult,stk(badr) , cansimply be copiedto the outputparameter
stk(rreadr)

Thesituationis a bit morecomplicatedor acomplex result,aswe have to de-splicethe double
complex resultfrom LAPACK intotwo double precision  matricesHerearethecruciallines
again:

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

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

Thefirstline says:*Copy mtimesn elementdrom thefirst positionin the doublecomplex result
stk(badr)  takingevery otherentry (3rd parametereadstride= 2) into the doubleprecisionoutput
variablestk(rreadr) filling eachentry (5th parametemwrite stride= 1).” Thesecondine does
almostthe same put startsoff attheseconcelementstk(badr  + 1), therforecopying the
imaginarypartsinto stk(rimadr) . Thisway we arememing Step6, andStep7 into one.

6.3.2. Functionals

Funcwhat?Whatareyou talking about?Functionals- whatis this?Gladyou asked! Functionsoperate
on numbersor variableswhichthemselesarenot functions. The squareroot functionfor exampleis
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usuallyappliedto numberglike:sqrt(2) ) or moregenerallyto variableg(lik e: sqrt(x)for any realx).
Functionalooperateon otherfunctions.Prominentexamplesaredifferentiation

wheref asto fulfill certaincontinuity requirementstthepointx ; integration:

whereagainf hasto fulfill certain(interestingyequirementsandFouriertransformation:

for suitablefunctionsf, andintegralsl.

Thequestiorhow to write native Scilabfunctionsthattake arbitrarynon-functionparametersistheir
argumentshasbeendiscussedh the previoussection.Now we focuson Scilabfunctionsthattake other
Scilabfunctionsastheiragumentslf thereaderdoesnot feel familiar with native Scilabfunctions,she
shouldreconsideSection6.3.1

In asimilar mannerasin thelastsectionwe introduceanexample.The exampleis takenfrom our
Scilab/Quadpacinterfaceavailableon theweh Amongothersit featuregheintegratordgng for
sufficiently smoothfunctions,which hasthefollwoing signature:

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

procedure  dgng
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(Function ;o in SimpleFunctionType;
Lower | nt er val End Tin Float;
Hi gher | nterval End ;in Float;
Epsi | onAbsol ut e :in Float;
Epsi | onRel ati ve ;o in Float;
Resul t : out Float;
Err or Absol ute : out Float;
Nunmber O Eval uati ons : out Natural;
Errorl ndi cat or : out Natural);
Herecomesthe completeexample.
Example 6-2. Scilabfunctional
subroutine intsm
*
* name: intsm.f - Scilab/F77 interface to QUADPACK’s dgng
* author: Lydia van Dijk <lydia_van_dijk@my-deja.com>
* last rev.: Wed Mar 15 23:49:45 UTC 2000
* scilab  ver.. 25
* compiler: g77-0.5.25 (Linux  2.3.49)
*
* Scilab  signature:
* [res, abs_err, n_evall] = 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, Yy real scalars
*
* Arguments (optional):
* eps_abs: desired absolute error; default: 0.0
* eps_rel: desired relative error; default: le-8
implicit none -
Switdh into weenymode:-)
include  ’stack.h’
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common /cintg/ namef
external bintg,

gatewvays,seeSection6.3.3
external setfintg

fintg

* LOCAL VARIABLES
character*6 namef

Nameof theroutineasstring
character*6 fname

Nameof functionto beintegrated
character*8 errstr

logical
logical

getexternal ,
type, cremat

getscalar

ifail, I, idxf,

iipal,

iadr, sadr, neval,
topk, Ir, Ira, Irb,

integer
integer
double precision epsa, epsr, a, b, val,
include  ’errnum.inc’

Error numbes are definedhere

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

Accessofor integers on real*8 stak
sadr(l) =12 +1

Accessofor real* oninteger stak

* TEXT
frame = ’intsm’
if( rhs It 3 .or. rhs .gt
call error (39)
return
endif
topk

5) then

= top
* pop optional parameters  off the stack
ift ths .eq. 5) then
if (.not. getscalar
epsr = stk(Ir)
top =top - 1
else
epsr =

(frame, topk, top,

1.0d-8

idxa
dummy

abserr

O
I)

return
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— Nameof this function

—Remembestad position

— Scilabdefault
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endif

if (rhs .ge. 4) then
if (.not. getscalar (fname, topk, top, Ir)) return
epsa = stk(Ir)
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)) O
$ return
idxf = top -

Remembestad positionof functionf
top =top -1

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

if  (.not. getscalar (fname, topk, top, Ira)) return

a = stk(Ira)
idxa = top -
Remembestad positionof argumenta
top = topk + 1 — Resestadk index
* call integration routine
if (type) then O
* compiled external
call dgng(fintg, a, b, epsa, epsr, val, abserr, neval, ifail)
else O
* Scilab  macro
iipal = iadr(Istk(top)) -
Startbuilding a var. desc.
istk(iipal) =1 -
istk(iipal + 1) = iipal + 2 -
istk(iipal + 2) = idxf -
istk(iipal + 3) = idxa -
Istk(top + 1) = sadr(iipal + 4) -
call  dgng(bintg, a, b, epsa, epsr, val, abserr, neval, ifail)
endif
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if  (ifalil .eq. 1) then O
buf = frame // ' max. number of steps reached;
$ /I integral too difficult for int_sm’
call error (emaxdiv)
return
endif
if (ifall .eq. 6) then
buf = frame // ' invalid error  bounds’
call error (ebounds)
return
endif
if  (ifalil .ne. 0) then
* catch all other errors
write(errstr, '(110)") ifail
buf = frame // . unknown error ' /| errstr
call error (eunknown)
return
endif

1

* return values #1, and #2 (val, abserr) replace arguments #1, and
* #2 (a, b).
top = topk - rhs + 1
stk(Ira) = val O
if (lhs .ge. 2) then
top =top + 1
stk(Irb) = abserr
endif
* return  value #3, neval, needs space on the stack
if (lhs .ge. 3) then ad
top =top + 1
if  (.not. cremat (fname, top, O, 1, 1, Irb, dummy)) return
stk(Irb) = dble(neval) -
neval is int, stk()is doubleprecision
endif

end

0 Here,we donotrely onthe predefinechumberof-argumentsheckingfunctions,checklhsand
checkrhsbut setup outown schemeintsm will requirethreemandatoryarumentsa, b, f , and
two optionalones.eps_abs, eps_r el , makingatotal of five.

O Take careof the optionalparametersfetchthemfrom the stack,or usea defaultvalueif theactual
parameteis omitted.
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0 Fetchmandatoryparameterfrom the stack.The stackindex, top is decrementewvith each
parameterThisis aslightvariationof thecodeshavn in Example6-1, wherewe keepthe stack
index fixedandaddanappropriateffsetwhenfetchingthe parametefrom the stack.

0 getexternal  returnsthetype of the externalaftera successfutall. An external,i.e. objectcode
linkedto Scilab,setstype = 1, amacro—difinedviadeff , orfunction —setstype = 0.

The caseof anexternalis easyto handleasgetexternal ~ hasalreadytakencareof initializing the
addresgo becalledfintg . A calltosetfintg  accomplisheshis.

0 CallingaScilabmacrois muchmoreinvolved.

Thereturncodeform theintegrationroutinedgng is checled,anderrorsarehandledasdescribedn
Section6.4.

0 Forintsm returnsascalarandthefirst arumenis a mandatoryscalartoo, we do not needto
resene spaceor thevalueof theintegral,val . Theresultis simply copiedinto the arguments stack
position.

Almostthesameholdsfor the secondeturnvalue,abserr , thoughwe only canuseits slotif there
actuallyis areturnvariablewe areableto assignto.

O Thethird returnvalueis a scalar but thethird algumentis a function,sowe cannotapply our
previoustechniqueagain.cremat resenesthe spacefor neval .

6.3.3. Dispatc h Tables
FIXME: write it!

Also called“gateways”.

* name: quadgack-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 $SCl/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 )
b
int
C2F( quadpack_gw )(void)
{
(*gftab[Fin - 1D0;
return  0O;
}
Scilabpart...
quadpacklibs = [Isite/src/netlib/quadpack/libquadpac k-1.0. so’, .
[site/src/netlib/quadpack/interscil/l ibgpif -1.0.s 0]
gateway = ’'quadpack_gw’ /I name of the gateway function
interfaces = [intals’, ‘intcau’, 'intexc’, 'intfou’,
'intgen’, 'intgk’, 'intinf’, 'intosc’,
‘intsm’]
addinter(quadpacklibs, gateway, interfaces)

The completeexamplecanbefoundin Section8.6.
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6.4. Error Handling

We briefly discusshow to producethethreepossibleclasse®f errors:fatal, warning,andmessagén
Scilah

6.4.1. Fatal Errors

To signalafatalerrorconditionin aninterfaceprocedurecall error  with theappropriatecode.The
codescanbelookedupin SClroutines/system/error.f

Hereis a codesnippetthatdoesthis.

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

endif

If thereis no suitableerrormessageplaceyou own messagé€length<= 80 chars)in theglobalvariable
buf , andcall error afterwards.

Warning

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

if (ler .eq. 6) then

buf = ’invalid limits’
call error(32253)
return

endif

Sidefectof callingerror : The Scilabstackis cleanedup,i.e. put backin the stateit wasjustbeforethe
userroutinehasbeenentered.

Onthe Scilabinterpretedevel anerrorterminateghe evaluationof whateveris currentlyevaluated

(expressionfile, or string), unlessthetrappingof errorshasbeenmodifiedby errcatch . Seealso:
errclear , andiserror

6.4.2. Warnings

To signalnon-fatalerrorconditions(alsoknown assoft-errors or warnings) placea negative integerin
err2 , andcallout to displaythewarningmessageDependingnthesituationareturn maybeissued
afterthat. The Scilabstackis not cleanedup, which meansll returnvaluesfrom theinterfaceroutineare
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passedacknormally: Thisis thesolutionof choiceif theusercandecidehow to proceedpaseconthe
returnvalues.

Again, hereis a smallpieceof codefor demonstration.

if (fail .eq. 1) then

err2 = -6343
call out(reached table limit)
return

endif

Oninterpretelevel it is now mandatoryto calliserror  afteracall to aroutinethatissuesvarningslike
this. In theuserlevel errorhandlerthe errorcodemustberesetby errclear  to allow for further
warningsto bereveived.

A typicalway of copingwith thesesoft-errorsin theinterpretelevel is shavn in Example6-3.

Example 6-3. Handling of warningsin Scilab

[z, n, info] = abraxas(a, b, foo, limit)
if iserror(-19) then
errclear(-19)
limt = limit [ 2 /I make it easier
[z, n, info] = abraxas(a, b, foo, limit)
if iserror(-19) then
errclear(-19)
error(failed even with easy Ilimit’);
end
end

6.4.3. Messages

Messagesiretheleastsevereclassof errors.Sometimedhey arenotreally errors,but just additional
informationthatsomethingunexpecteds goingon. No news is goodnews.

We have alreadyseenthe appropriatesubroutinen action.lt 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’s coreis widely undocumentedlo save thereaderfrequentiookupsin the
definingfile, SClroutines/interf/stackl.f , we have compiledthe mostimportantonesin the
following sectionsguery, accessandcreationof objects.

6.5.1. Query

Thefunctionsin this groupretrieve informationaboutthe parametera function hasbeencalledwith,
andaboutthe propertiesf objectson the stack.

6.5.1.1. checkrhs
Synopsis

function CheckRhs

(Sel f Name :in String;
M nNunPar armet er : in Integer;
MaxNunPar aneter : in Integer)

return Boolean;

Description

Checkthe numberof actualparametersn theright-handsideto bein therange
M nNunPar anet er : MaxNunPar anet er . Returntrueif it is in therange otherwiseraiseerror
77 associateavith Sel f Nare.

Notethatafunctionthatis calledwithout ary parameterdjke Foo() , is assignednRhs of -1 .

Thesemantic®f CheckRhs areslightly goofy. If the numberof actualinput parameterss in the
specifiedrange CheckRhs returnsTrue , but it neverreturnsFalse asit raisesanerrorin this case.

Example
Ensurethatatleast2, but notmorethan5 parameterarepassedo thefunction:

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

We have assumedhatfname is setto thefunction’sname.
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Seealso
CheckLhs , Lhs, Rhs

6.5.1.2. checklhs

Synopsis

function CheckLhs

(Sel f Name ;in
M nNunPar aneter : in
MaxNunPar aneter : in

return  Boolean;

Description

String;
Integer;
Integer)
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Checkthe numberof outputvariablesj.e. agumentson theright-handsideto bein therange
M nNunPar anmet er : MaxNunPar anet er . Returntrueif it is in therange otherwiseraiseerror
78 associateavith Sel f Nane.

Notethatit is no errorto supplylessoutputparametershanthefunctionactuallyreturns.Theextra
valuesaresilently discardedThis is truefor the caseof zerooutputvaluestoo; thenans getsthe
first outputvalue.Thus,afunctioncalledwithout ary outputparameterss assigned@nLhs of 1.

Thesemantic®f CheckLhs areslightly goofy. If the numberof actualoutputparameterss in the
specifiedrange CheckLhs returnsTrue , but it neverreturnsFalse asit raisesanerrorin this case.

Example

Ensurethattherearenot morethan?2 outputparametersyhenthefunctionis called:

if (.not. checklhs(fname,

We have assumedhatfname is setto thefunction’sname.

Seealso
CheckRhs, Rhs, Lhs
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6.5.1.3. Ihs
Synopsis

Lhs : Integer

Description
Thenumberof actualoutputparameterd,e. thoseon theleft-handsideof theassignmenbperator
is storedin the globalvariableLhs .

Seealso
CheckLhs , CheckRhs, Rhs

6.5.1.4. rhs
Synopsis

Rhs : Integer

Description

Thenumberof actualinput parameters,e. thoseon theright-handsideof the assignmenbperator
is storedin the globalvariableRhs.

Seealso
CheckRhs, CheckLhs , Lhs

6.5.2. Access Obiject

Thefunctionsin this sectiongrantthe programmeiccess$o parametershatarestoredon the Scilab
stack.In generakll of thesefunctionswork alike: An index to the current(i.e. ason entry of the
function)top of the parametestack,'BasePointer’andanindex to the desiredargument,
“StackPointer” arepassedo the API. Onreturnthe usergetsall necessarynformationaboutthe
argumentlik e sub-type dimensionaswell astheindices,”Foolndex” thatindex into the Scilabheap.
Theindicesactlik e pointersto the actualcontentsThis way only meta-datas passedsasing
time-consumingopy operations.
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6.5.2.1. getmat
Synopsis

function GetMat

( Sel f Name ;in String;
BasePoi nt er 1 in ParameterStackAddress;
St ackPoi nt er ;in ParameterStackAddress;
| sConpl ex : out ComplexFlag;
Rows : out Natural;
Col ums : out Natural;
Real | ndex : out DataStackindex;
I magi naryl ndex : out DataStackindex)

return Boolean;

Description

Retrieve theaddress(esdnddimensionf areal or complex matrix from the parametestack.The
BasePoi nt er mustbesetto the parametestackpointer’s valueon entryof the calling function.
St ackPoi nt er pointsto the desiredparameteon the parametestack.If successfulGetMat
returnsTrue , andl sConpl ex, Rows, Col utms, andReal | ndex arevalid. If | sConpl ex =
ComplexVariable  thenl magi nar yl ndex is valid, too. If theparametemdexedby

St ackPoi nt er isnotamatrix GetMat returnsFalse .

Theoutputparametet sConpl ex indicateswhetherthe matrix on the datastackis purelyrealor
comple. In thefirst caseReal | ndex pointsto the matrix, in thesecondcaseReal | ndex points
to therealpartof matrix,andl magi nar yl ndex pointsto theimaginarypart.In any caseRows
andCol ums arethe numberof rows andcolumnsof the matrix.

Example

Fetchthe addressesf a possiblycomplex mtimesy matrix from positiontop of the parameter
stack.

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

It is assumedhatfname hasbeensetto thefunction’snameandtopk carriesthe positionof the
stackon entryto thecalling function.

Seealso

GetRMat , GetRVect , GetVect
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6.5.2.2. getrmat
Synopsis

function GetRMat
( Sel f Name ;in
BasePointer : in
St ackPoi nter : in
Rows :
Col ums
Real | ndex
return  Boolean;

out
out
out

Description
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String;
ParameterStackAddress;
ParameterStackAddress;
Natural;

Natural;

DataStackindex)

FunctionGetRMat workslike functionGetMat , but restrictstheacceptednatricesto purelyreal

ones.

Seealso

GetMat , GetRVect

6.5.2.3. getrvect
Synopsis

function GetRVect
( Sel f Name ;in
BasePointer : in
St ackPoi nter : in
Rows :
Col ums
Real | ndex
return Boolean;

out
out
out

Description

String;
ParameterStackAddress;
ParameterStackAddress;
Natural;

Natural;

DataStackIndex)

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

Seealso

GetVect , GetRMat
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Synopsis

function GetVect
( Sel f Name
BasePoi nt er
St ackPoi nt er
| sConpl ex
Rows
Col umms
Real | ndex
I magi naryl ndex :
return Boolean;

Description
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in String;
in ParameterStackAddress;
in ParameterStackAddress;
out ComplexFlag;
out Natural;
out Natural;
out DataStackindex;
out DataStackindex)

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

Seealso

GetMat , GetRVect
6.5.2.5. getscalar
Synopsis

function GetScalar

(Sel f Name ;in
BasePointer : in
St ackPoi nter : in
I ndex :

return Boolean;

Description

String;

ParameterStackAddress;

ParameterStackAddress;
out DataStackindex)

Retrieve theaddressanddimensionf arealor complex scalarfrom the parametestack.The
BasePoi nt er mustbesetto the parametestackpointer’s valueon entryof the calling function.
St ackPoi nt er pointsto the desiredparameteon the parametestack.If successfulGetScalar
returnsTrue , andl ndex is valid. If the parametemdexedby St ackPoi nt er is notascalar
GetScalar returnsFalse .
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Seealso

GetVect , GetMat

6.5.2.6. getexternal

Synopsis
type Fortranldentifier 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 Fortranldentifier;

FunctionEntryPoint 1 in SimpleFunctionType);

function GetExternal

( Sel f Narre ©in String;
BasePointer : in ParameterStackAddress;
St ackPoi nter : in ParameterStackAddress;
Functi onName : in out Fortranldentifier;
| sExt er nal : out Boolean;
Installer ;in InstallerProcedureType)

return Boolean;

Description

Thefirst threeparametersel f Nanme, BasePoi nt er ,andSt ackPoi nt er work exactlythe
sameasin the otherfunctions,sodoesthereturnvalue. They explanationsarenotrepeatedere,see
e.g.Section6.5.2.1

Thefourth parameter~unct i onNane is thenameof thefunctionto becalled.This parametecan
designateanexternalfunction,i.e. codethathasbeencompiledseperatehandthenlinkedto Scilab
via, e.g.link , or thenameof a Scilabfunctionthathasbeendefinedwith function  ordeff .In
ary caseit is simply the nameof thefunction.Onreturnthel sExt er nal parametesignalsTrue
if thefunctionis aexternalandFalse otherwise.

Thelastparameters very speciallt specifiegheinstallationprocedurd nst al | er that
manipulates dispatchefunctionDi spat chFuncti on. After acalltol nstal | er the
dispatchepointsto the userfunctiongivenby Funct i onNane.
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Note: The programmer should not issue such a call; it is already done by GetExternal

Examplesof dispatchefunctions,theassociatethooksanddispatchtablesaree.g.foundin

SClrroutines/default/FTables.{h,c}

SupportFunctions

The GetExternal

functionreliesheavily onvarioussupportfunctions.The supportingfunction

have to be setup previousto thefirst call. Usually they areinstalledby theusers extentionpackage
unlessshe/hedecidedo (ab)useexisting dispatchetablesandfunctions.

package ExternalSupport is

procedure InstallProcedure
(FunctionName 1 in
FunctionEntryPoint ;in

end ExternalSupport;

package body ExternalSupport is

with  Ada.Characters.Latin_1;

Fortranldentifier;
SimpleFunctionType);

type FunctionTableEntry is
record
FunctionName Fortranldentifier;
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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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

procedure InstallProcedure
(FunctionName 1 in
FunctionEntryPoint ;in
begin

DispatchFunction =

end InstallProcedure;

end ExternalSupport;

Example

For a self-containedxample,seeSection6.3.2

Seealso

FunctionalsDispatchTables

6.5.3. Create Object

FunctionEntryPoint

Fortranldentifier;
SimpleFunctionType);

SetFunction(FunctionName,

FunctionEntryPoint,
FunctionTable);

The objectcreationfunctionsaremainly usedto setuptemporaryariablesfor the currentprocedureor
theprocedureso becalled;they bearalot of resemblancevith the objectaccesgunctions(seealso
Section6.5.2. Thedifferences thata new objectis createdandthereforestackspaces used.
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6.5.3.1. Cremat

Synopsis

function CreMat

( Sel f Name ;in String;
St ackPoi nt er 1 in ParameterStackAddress;
Want Conpl ex ;in ComplexFlag;
Rows :in Natural;
Col ums ;in Natural;
Real | ndex : out DataStacklndex;
I magi naryl ndex : out DataStackindex)

return  Boolean;

Description

Notes

1. We apologizeto all Ada programmergor the abuseof thelanguagebut Ada’s expressvenessand
clarity areunmatched.
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FIXME: needtext here

7.1. Coping With Scilab

Scilabis alarge packageno doubtaboutthat. The sourcefor version2.5 compriseof morethan48 MB,
andbuildsto over 88 MB onania32 GNU/Linux system.

7.1.1. Distrib ution Size

We useseveraltoolsto copewith Scilabs sizeandcomplexity. The mostimportantonesareintroduced
in thefollowing section.

7.1.1.1. CVS

CVS(http://www.sourcgearcom/CVS)is oneof the mostcommonlyusedversioncontrolsystemsA set
of sourcefiles (which canbebinary)is putunderrevision controlby “checkingit in”. Theimportant
differenceto anolderversioncontrolsystemRCS is the notionof a modulewhich refersto the
completesetof sourcesUsuallythe setconsistsof awholedirectorytree,ase.g.all Scilabsources.

Also checkout PascalMolli’ s informationand FAQ (http://www.loria.fr/~molli/cvs-index.html) on
CVS.In largerdevelopmentkernvironmentsCVS with its relaxedrulesmight not bethe adequateool. In
thesecasesAgqyis (http://www.pcug.og.au/~millep/aayis/agis.html)canbe used.

7.1.1.2. locate
Thelocate(1) commands the fastbrotherof thefind(1) commandMore preciselylocate accessea
precomputediatabasef filenamegusually/var/lib/locatedb ; for its structureseelocatedb  (5)).

Thedatabasés generatedy updatedb(1) with afind / -print andthenmangledfor fasteraccess.

We have foundalocal filenamedatabas&ery usefulfor thework with large projects.Thereforewe have
setup two aliaseghatcreateandaccess project-specifidist of filenames.

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

Theupd sequencés typically run aftera CVS checlout,add,or remove in the directory SCI.
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We runloc wheneerwe arelooking for afile in the Scilabdistribution. This is muchfasterthanrunning
find everytime, especiallywhenworking with a slow file sener. Theonly incorvenienceemainingis
thatloc mustbe executedn thedirectorywherethe databaseesideshere:SCI. However this is more
thancompensatetly thefactthatlocate doesa substringsearchj.e. giventhefilenamef pat it returns
all file- anddirectorynamesmatchingtheregulatexpression* f pat .* .

If we wantto scanthe completedatabas@ndpostprocesthe outputwith ourtools-of-choicejssuinga
loc . andpipingtheoutputthroughthe desiredfilters doesthejob.

7.1.1.3. Glimpse

Whatthe updatedb/locate pair is for filenameghe glimpseindexXglimpse pairis for file contents.
glimpseindex1) generatea databas¢hatis accessedly the uservia glimpseg(1). So,

glimpse pattern
corresponds$o the non-databasbaclked commandnamelyarecursie grep over a setof directoriedike
find . -print | xargs grep pattern

assuminghatthedatabaséasbeengeneratedor “. ”. Againthefastversionis sohelpfulthatwe have
definedtwo aliases.

alias  glidx='if test -f .glimpse_index; then
glimpseindex -H. o -f -B ;
else
glimpseindex -H. -0 -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 generatedrom scratch.

Like ourlocate aliaseseverythingis happeningn the currentdirectorywhich meanghatglidx shouldbe
calledfrom SCI.

Glimpseis not partof mostof the standardsNU/Linux distributions(atleastnot SUSE
(http://lwww.suse.de)-6.andRedHat(http://www.readhat.com)-6,the oneswe checled). The
Universityof Arizonacurrentlyhoststhe Glimpsehomepage (http://webglimpse.ay/),andGlimpsecan
alsobe downloadedrom SCO5 softwake archive (ftp://ftp.sco.com/skunkare/src/fileutil/) which is
mirroredby SunsiteUK (ftp:/ftp.sunsite.og.uk/Mirrors/ftp.scocom'skurkware/src/fileutil/).
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7.1.2. Bug Hunting

In preparatiorof this document{lvd), andin our daily work (cls) we have foundit very usefulto have
morethanoneScilabh What?More thanonerunningprocess? No, morethanonebinaryof scilex !1In
factthreedifferentversionsall comein handydependingn thetask:

scilex binaries

Codeoptimizedfor executionspeed

Thecommonnameis “productionquality code”,but Scilabis sofar away from productionquality
thatwe shallnot usethatterm.

Thisscilex s built with all compileroptimizationsenabled Furthermoreall compilerswitches
andoptionsarespecificallytunedfor the machinethe codewill runonin the future (seeSection
5.3). Maximum performancas the only goalandno attemptis madeto retainany detugging
information.

DehuggingCode
Thisscilex is notoptimized,insteadt carriescompletedeluginformation.Thus,it is ideally
suitedfor interactive dehuggingsessionsandsingle-linetracing.

Profiling Code
Thethird variantis a profiling versionof scilex . It is not optimizedfor speeckithet

Profiling is thefirst stepof ary tuning. Furhtermoreduring our work with andon Scilabwe have
foundit very helpful to beableto answerthe notoriousquestion*Whereis it buring the cycles?”
Profiling— doneright — is muchfasterthantiming individual “suspects” althoughanalyzingthe
profiler outputrequiressomeskill.

SeealsoSectiond.4.1

7.2. Local Documents

Following documentzomewith every sourcedistribution of Scilab.They livein thedirectorySCldoc .
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Standar d Documentation

Comm.ps — Communicatiorifoolbox
Descriptionof gecianinteractive communicatiormanager

Whenever Scilabis startedwith the scilab-scriptin factgeci takesover andstartsscilexasa
procesonthelocal machinegeciis notlimited to local processesemotemachinesanbe
accessetransparently

Comm.ps describeshe commandsvailablefrom within Scilabto communicatevith other
applicationsvia geci.Moreoverit elaboratefiow to write C-applicationghatcommunicatevith
Scilabvia geciandtheassociatedibrary.

Internals.ps — Guidefor Developers

Internals.ps is thetersebreakdavn of theinnermostcoreof scilex. It containsdescriptionf
themostholy variabledik e stk , the stackstructure andtheinternalvariablerepresentation.

Thelastthird treatsinterfacinguserroutineswith the coreandconsistamostly of scarcely
documentedrortranprogramlistings.

Thisis adocumenfor gurus,andcertainlynot suitedfor casuakeading.

Intro.ps  —UsersGuide

Thisis nota must-readhis is more,it is amust-print-and-store-nedhe-omputer. Thelntro is
mud morethanjustanintroductionto Scilab.

The chaptetbreakdevn is asfollows:

+ Introduction,

- DataTypes,

« Programming,

+ BasicPrimitives,
« Graphicsand

- Interfacing.

Theappendicesovera DemoSessionSysteminterconnectionanda brief sectionabout
corvertingScilabcodeto F77 code.
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Mostinterestingfor beginnersis the chapter‘Introduction”. Combiningit with browsingover “Data
Types”and“Graphics”the novice shouldbeall setfor her/hisfirst steps.

Theadwanceduserwill wantto comebackthe“Data Types”regularly andalsostudy
“Programming”in detail. Any chapterbut “Interfacing” shouldbe understandablat thatlevel of
knowledge.It is no shameo comebackto theIntro overandover againasScilabis rich in data
typesandgraphicscommands.

Far beyondtheintroductorystuff the chapteron “InterfacingC or Fortranroutines”wrapsup the
Intro. Thetopicstreatecherearefor theaspiringScilabmasterDynamicandstaticextensionsare
discussedn depth.The companiorprogramintersci for automatid-ortran77-intercegeneration
is treatedn detail.

Lmi.ps —LMI-Optimization Toolbox

FIXME: someongleasenrite it!

Manual.ps — ReferenceManual

TheManual.ps is anautomaticallygeneratedompilationof all Scilabuservariablesand
usercommandsilt is acompilationin thetruestsenseof theword asall the helptexts available
onlinethroughthe help-commandarecatenatedo onehuge(over 700 pagesyile.

Metanet.ps — GraphsandNetworks Toolbox

FIXME: someoneleasenrite it!

Scicos.ps — DynamicSystemBuilder And SimulatorToolbox

FIXME: someoneleasenrite it!

Signal.ps  — SignalProcessing

FIXME: someongleasenrite it!

7.3. Hyperlinks

Hereareafew links thatareusefulin connectiorwith Scilab.
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Links

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

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

« Parallel ScilabHomepage
(http://www.ens-lyon.fr/~desprez/FILEERESEARCH/SOFT/SCILABY/)

« ScilabFAQ (http://www-rocq.inria.fr/scilabdig/index.html)
ScilabFTP Site (ftp://ftp.inria.fr/INRIA/Projects/Meta2/Scilab/distritiions/)

PagesOf ScilabEnthusiastgalphabetically)

« LydiavanDijk's Scilabpage (http://www.lightlink.com/lydia/scilabhtml)
- StéphanéVottelet's Scilabpage (http://www.dma.utc.fr/~mottelet/scilab/)

BrunoPin¢con’s Scilabpage (http://www.iecn.u-nang.fr/~pincon/scilab/scilathtml) featuring
aniceFrenchintroductionto Scilab

Enrico Sgre’'spage (http://www.polito.it/~seayre/)

FreeNumericalLibraries

Netlib (http://www.netlib.org/index.html)
Netlib gathersa hugeamountof free numericallibraries.Dueto the natureof the business
mostof themarewrittenin Fortran-77.

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

The Guideto AvailableMathematicaSoftware.Thisis thelazy man's entrypointto Netlib. If
you know your problemthenjust follow the decisiontreeuntil you reachthe modulethatdeals
with it. Canit getary betterthanthat?

Lapadk (http://www.netlib.org/lapack/irdex.html)

Theall time classicof the numericallibrariesfeaturedinearequationjinearleastsquares,
singularvalue,and(evengeneralizedgigervaluesolvingin anorthogonaldesign:4 precisions
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(real,doubleprecision,complex, doublecomplex), severalmatrix storageschemes
(rectanguladense symmetric/hermitiapositive definite,bandedtridiagonal.,...).

OptimizedBLAS (andsometimesnore)Libraries

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

ATLAS is anacrorym for AutomaticTuningof LinearAlgebraSoftware.A novel approactto
optimizethe BLAS library for anarbitraryarchitecturevith deepmemoryhierarchieand
pipelinedfunctionalunits.In otherwordsfor ary modernmachine.

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

Thisis anacrorym for AdvancedStrateyic Computinglnitiative. In the courseof their
researchihey develophighly optimizedBLAS librariesfor PProandlater 1ntelprocessors.

DIGITAL™’s ExtendedViath Library (http://www.digital.com/info/hpc/stiware/dkml.html)

FIXME: Someongleasesaysomethingaboutit!

Intel™’s Math KernelLibrary (http://developerintel.com/vture/peflibst/mkl/) (MKL)

Thisis the onefor the poorsoulsbeingtrappedon the Dark Side. The MKL runswith the
software-from-hell(akafrom Redmond/V&).

IBM™’s EssentialScientificSoftwae Library
(http://www.austin.ibm.com/softare/sp_poducts/essispectim) (ESSL)

FIXME: Someongleasesaysomethingaboutit!

SUN™'s Fortran High-PerformancelLibrary (http://www.sun.com/verkshop/fatran’) (PerfLib)
FIXME: Someongleasesaysomethingaboutit!

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

FIXME: Someongleasesaysomethingaboutit!
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FreeMathematicaSoftware

Pari (http://www.parigp-home.dg©
An extremelyfastarbitraryprecisioncalculatorwith alibrary thatcanbelinkedwith user
programs.

MUPAD (http://math-wwwuni-paderbon.de/MuPAD/index.html)©
Symbolicalgebraprogramwhichis Maplealike. It featuresoneof the mostcomprehensie
integrationlibrariescurrentlyavailable.

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

Matlab© compatiblematrix packagewhosecoreis writtenin C andC++; relieson classical
Fortranlibrarieslike LAPACK. The Octave librariescanbeintegrateeasilyin new user
programs.

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

Telais the shortform for tensoranguageit is writtenin C++. Currentlytensoraup to rank4
aresupportedTelais lesscompatibleto the original thanScilabor Octave asit usesa
Pascal-lilke syntaxwith C-like identifiers.The strengthof Telais its tremendouslyast
interpteter(in somecasesnorethanafactorof 100fasterthanOctave,andmorethan40times
fasterthanScilab).

The Telalanguagesupportanoduledik e Perldoes.Functionscanhave optionalarguments
andmandatoryreturnvalues(to implementin-placemodification).Moreover so-calledC-tela
files allow the userto write C-functionsusingextensionsdrom telato produceextremely
efficient extensions.

FreePlotting Software

GNUPIot (http://WWW.cs.dartmouth.edu/gnupldhfo.html)©

Althoughtheprefixis a purecoincidencewith the GNU project (http://www.gnu.og) it is one
of thebest2d-plottingprogramshatareavailablewith sourcecode.
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PlotMTV (ftp://ftp.x.org/contribapgdications/)©

An older, but still excellentprogramfor 2d- and3d-plots.The“philosophy”is differentfrom
GnuPlotasplotting instructionsanddatasharethe saméfile.
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Welcometo our attic! Following the style of the bag-of-trick,the examplesgatherechereareanunsorted
collectionof hacksthathaspiled up overtheyears.A few functionsareusedor discussedn theearlier
section but weretruncatedo emphasizetheimportantparts.Hereyou only find completeversions.

Theseexampleprogramsarefree software;you canredistrituteit and/ormodify it underthetermsof the
GNU GeneraPublicLicenseaspublishedby the FreeSoftwareFoundation;eitherversion2 of the
License,or (atyour option) ary laterversion.

This programis distributedin the hopethatit will be useful,but WITHOUT ANY WARRANTY;
without eventheimplied warrantyof MERCHANTABILITY or FITNESSFORA PARTICULAR
PURPOSESeethe GNU GeneraPublicLicenseat the endof thisdocumenfor moredetails.

You shouldhave receveda copy of the GNU GeneraPublic Licensealongwith this program;if not,
write to the FreeSoftwareFoundationnc., 59 TemplePlace,Suite330,Boston,MA 02111-1307USA.

8.1. benchmark.sci

This exampleshavs abenchmarkunctionthattrieshardto do betterthanothers.In thefirst stepthe
timer resolutionis determinedNext the functionundertestis executedn aloop andthetime takenis
estimatedThistimein turnis usedfor thefinal test. The numberof loop iterationsis choseraccordingo
thepreliminarytest.Finally, the medianof thetimingsis returned.

function res = calibrate(max_len, n_avg, log_inc)
/I determine the resolution of Scilab’s built-in timer
/I Return vector with measured timer resolution(s)

[, nr] = argn()
if nr <=2, log_inc = 11, end
if nr <=1, n_avg = 31, end
if nr == 0, max_len = 100000, end
r=1
n=1
while n <= max_len
/[disp(n)
tv =1
iter = 0:n
for k = 1:n_avg
timer()
for i = iter, end
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t = timer()
tv = [tv; 1]
end
tv = sort(tv)
r =10 [n tv$2 + 1)
n =log_inc * n
end
/I xbasc(); plot2d(r(:,1), r(:,2), -1)
delta = [r(, 2); r$, 2] - [r@, 2)y; ¢ 2)]
idx = find(delta > %eps)
res = delta(idx)
function tpl = benchmark()
/I return the time for one loop round trip
verbose = %t
min_test = 10 // minimum multiple of the timer
/I resolution to run coarse test
std_test = 200 // as min_test but for real test
n_avg = 31 /I number of samples to calculate median
log_inc = 2.0 /I logarithmic increment in coarse test
/I 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
/I rough estimate of time
disp(+++ calibrating test’)
np =1
timer()
mytest()
t = timer()
while t < min_test * t_resol
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I/[disp(np, t, min_test * t _resol)
np = log_inc * np
timer()
for i = linp
mytest()
end
t = timer()
end
if verbose then
disp('coarse, + string(np) + ' round
+ string(t) +'s")
end
if np == 1 then
warning('slow procedure  under test
end
/I 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=1
for k = 1l:n_avg
timer()
for i = 1ine
mytest()
end
t = timer()
r =10, 1
end
if verbose then
disp(‘fine, + string(ne) + ' round trips
+ string(t) +'s")
end
/I get median and return
r = sort(r)
//disp(r)
tpl =r@®2 + 1) / ne
function mytest()

trips
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- time may be excessive’)
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exact = -2.5432596188;
z = abs( exact - intg(0, 2 * %pi, f) )

function y = f(x)
Iy =x*sinB0 * x) / sgrt( 1 - (x / (2 * %pi)*2) )
y =X

8.2. listdiff.sci

Thefunctionlistdiff returnsthe differencef two vectorsin the style of the diff (1) commandlt is a
funny exampleof doing somethingcompletelynon-numericalvith Scilah

function diff = listdiff(Ist1, Ist2, equ)

/I implement a diff(1) like function for vectors.
/I The caller can supply a bool equ(x, y) function
/I that will be used in all comparisions, otherwise
/I operator ’'==" is used.

I

/I RETURNVALUE

I 2-column vector describing the differences.

I Column 1 contains the element and column 2
I the element's index. A+ in front of the
1! index means: ’'Extra element in Ist2’, a -’

I means missing element in Istl.

1

/I AUTHOR

I Christoph L. Spiel

I

I Copyright 1999 by Christoph  Spiel

1 listdiff is free software distributed under the terms
I of the GNUGeneral Public License, version 2.
I

[, 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(sl, s2), b = sl == s2;
case 3 then
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/I caller

supplied  equ()

if type(equ) ~= 13 then

erro
end
else

error('Too

end

if type(Istl)

/I none
if  type(l
erro

end

end

fuzz = 10;

diff = [I;

nl = size(lstl

n2 = size(lst2

/I special

if nl ==20

if nl ==20
p=1
diff =
return;

end

if n2 =20
p=1:
diff =
return;

end

/I general

i =1

i =1

while i <=
while i

r(Function expected,

many arguments.

then
ni;
lIstl,  string(-p)l;

case (neither list is

nl &j <= n2
<= nl &j <=n2

got

Got '’

must be of the same type,

~= 1 & type(Ist2) =

of the lists is empty
stl) ~= type(Ist2) then
r('Both lists

, 1);

, 1);

cases

& n2 == 0, return, end
then
: o n2;

[Ist2, '+ + string(p)];

empty)

a ' + typeof(equ)

+ string(nr)

1 then
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+ );

require 2 or 3.);

or be empty.);
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if ~equ(lstl(i), Ist2())), break, end
i =i + 1;
i =i+ L
end
if i >nl | j >= n2, break, end
icurs = i;
while icurs <= min(nl, i+fuzz)
if equ(lstl(icurs), Ist2(j)), break, end
icurs = icurs + 1;
end
if icurs <= nl then
if equ(lstl(icurs), Ist2(j)) then
/I record element(s) missing from Istl
for p =i icurs-1
this_diff = [Istl(p), string(-p)];
diff = [diff; this_diff];
end
Il re-sync
i = icurs;
end
end
jeurs = j;
while jeurs <= min(n2, j+fuzz)
if equ(lstl(i), Ist2(jcurs)), break, end
jeurs = jeurs + 1;
end
if jeurs <= n2 then
if equ(lstl(i), Ist2(jcurs)) then
/I record extra element(s) in Ist2
for p =j jeurs-1
this_diff = [Ist2(p), '+ + string(p)];
diff = [diff; this_diff];
end
Il re-sync
j = jeurs;
end
end

end
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8.3. whatis.sci

function rv = whatis(name_arr)

/I NAME

I whatis - listing of variables in extended format
1

/I CALLING SEQUENCE

1 whatis()

I whatis(hame_arr)

I

/I PARAMETER

I name_arr : array of variables names
1

/I DESCRIPTION

1 whatis returns  a column-vector with  the names,
I types, and sizes of all local variables

I (first form), or only of the variables whose
I names (as strings!) are given in the matrix

I name_arr (second form).

1
/I EXAMPLES

I whatis()

I whatis('my_mat’)

I whatis(['foo’ ‘bar’  ’'baz’; ‘foobar  'morefoo’ 'foobaz’])
I

/I SEE ALSO

I who, whos

I

/I AUTHORS

I Enrico Segre, Lydia van Dijk

Il

I Copyright 1999 by Enrico Segre and Lydia van Diik.
Il whatis is free software distributed under the terms
Il of the GNUGeneral Public License, version 2.

n

/I LAST REVISION
/Il Ivd, Fri Dec 3 01:01:45 UTC 1999

/I TO DO/TO FIX

I

/I - Accepting a regexp as an argument would be nice. This in
I leads to complete boolean expressions doing the variable
I resembling  what the UNI* find utility does. Example:

I All vars ending in a v that are complex and larger than



1l 1000 words.

/I - The behavior with undefined variables
[, nr] = argn(0);
clear nl;
if nr == 0 then
/I no arguments -> take all variables
clear nr;
name_arr = sort(who('get));
end
clear nr;
if type(name_arr) ~= 10 then
error('Expecting a string or an array
+ typeof(name_arr) + 1),
return;
end
[namev, memv] = who('get); /I get
/I define isreal() for hypermatrices
deff(’b = %hm_isreal(hm)’,
'if  sizethm, ™) == 0 then b = %t;
else
b = isreal(hm(1));
end’);
deff(’b = hm_isbool(hm)’,
if  sizethm, ™) == 0 then
b = %t;
else
b = type(hm(1)) ==
end’);
deff(’b = hm_isstring(hm)’, .
if  sizethm, ™) == 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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is unsatisfactory.

like  whos()

of strings,

memory usage of all

does

got a’

local vars
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for
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else
b = type(hm(1)) == 8
end’);
= [k
name = matrix(name_arr, 1, size(name_arr, 1) do
if isdef(name) then
clear var;
var = evstr(name); /I convert vars name back into var
1
/I type classification
1
ty = type(var); /I type number
select ty /I type 16 and 17 are not recognized
case 16 then I by the function typeof()
tgenp = %f; /I we know the tlist's type for these
lab = var(l); /I vector of labels
select lab(1) /I 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
tham = ’'rational’;
case ’scs_tree’ then
tnam = 'SCICOS navigator data’;
case 'xxx'  then
tham= ’'SCICOS menu data’;
else
tnam = ’'generic tlist '+ lab(1);
tgenp = %t;
end // select lab(1)
case 17 then
tnam = ’hypermatrix’;
else
tnam = typeof(var); /I type name, a string
end // select ty
if ty==1 | ty==2 | ty==5 | ty==17 then
/I boolean, string, integral, real, or complex,
/I 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 + " "
1
/I size determination
1
if ty==1 | ty==2 | ty==4 | ty==5 | ty==8 | ty==10 | ty==17 then
/I any kind of matrix
sz = size(var); /I var's dimensions

tmp = tmp + string(sz(1));
for j = 2:length(sz)
tmp = tmp + X’ + string(sz()));
end
tmp = tmp + ' ;
elseif  ty==16

/I user-defined aka generic tlist
if tgenp then
tmp = tmp + string(size(var(1), *1)) + ' element
end
else
/I function, library, or other non-atomic  object
end
1
/I memory usage
1
i = find(namev == evstr('name’)); /I index of vars 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

arethescriptsthatdetermingheprecedencandthe

associatiity of thearithmeticScilaboperatorsTheresultsareusedin Section4.1

8.4.1. assoc.sci

function a = assoc(oper, typ)
/I Return the associativity a of
/I operator oper which accepts type typ.
/I oper can be a matrix of operators.
1
/I typ can be 'n’ for numeric, or ’'b’ for boolean.
/I If typ is omitted, numeric is assumed.
[, 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)Y, b =x =1Y)
else
error('unknown type ' + typ)
end
a =
for op = oper
expr =T + args(l) + op
+ args(2) + op + args(3) + '/
+'C +args(l) + op + args(2) + )
+ op + args(3) + ')
+ args(l) + op + '+ args(?)
+ 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(opl, op2)
/I determine the relative precedence of operator opl vs op2
/I If operator opl has a higher precedence than op2 then p = -1.
/I In the opposite case p = 1. If both have the same precedence
/I level p =20
args = string([1.1 1.2 1.5])
deff(’b = equal(x, y), b = abs(x - y) < 1.2*%eps’)
expr = + args(l) + opl + args(2) + op2 + args(3) + '/
+'C" + args(l) + opl + args(2) + ) + op2 + args(3) + )
+ args(l) + opl +'(C + args(2) + op2 + args(3) + )
//disp(expr)
r = evstr(expr)
//disp(r)
if equal(r(2), r(3)) then
p=20
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 = precl(uop, op)
/I determine  what relative precedence the unary operator uop has
/I with respect to operator op. The return values are like those
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/largs = 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(l) + op + args(2)

+°C + uop + args(l) + Y + op + args(2) + T

//disp(expr)
r = evstr(expr)
//disp(r)

if equal(r(2), r(2)) then
p=-1

else
p=1

function p = lIprec(opl, op2)
/I determine relative precedence of the
/I logical operators opl and op2

v = [%f "%t
for i = 1.2
for j = 1.2
for k = 1:2
args = string([v(i) v(§)  v(K)]

expr = + args(l) + opl + args(2)

+ op2 + args(3) + ')

+'C + args(l) + opl + args(2) + ') + op2 + args(3) + )

+ args(l) + opl +

//disp(expr)
r = evstr(expr)
//disp(r)

if r(2 ==1r3) then
p=20

elseif r(l) == r(2) then
p=-1
return

elseif r(l) == r(3) then
p=1
return

else

+ args(2) + op2 + args(3) + )
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error('could not determine precedence level’)
end
end
end
end

8.4.3. parser.sci

/I determine  properties of Scilab’s parser:
/I associativity and precedence level of operators

getf('assoc.sci’);
getf('prec.sci’);

numopl = [+ '-7];

numop2 = [+ - o p v N 0w s Ay "N,
logopl = [~;

logop2 = [& I

/I inquire  associativity
an = assoc(numop2, 'n’);

ab = assoc(logop2, 'v);
/I figure  out the relative precedence of binary numeric operators
pm2 = [];
for i = numop2

row = [J;

for j = numop2

row = [row prec(i, IR

end

pm2 = [pm2; row];
end
[lev, idx] = sort( sum(pm2, 'r) );
lev = lev - min(lev) + 1; /I minimum = 1

nop2 = numop2;
for op = numopl // mark binary oparators that have a unary twin

patch = findlop == nop2);
nop2(patch) = op + 12}
end
relp2 = [string(lev); nop2(idx); an(idx)]’;
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relpl = ;
for i = numopl
row = [J;
for j = numop2
row = [row, precl(i, IR
end
hop = numop2(find(row > 0.5)); /I operators  with higher precedence
minhop = 0;
for op = hop
minhop = max( minhop, find(relp2(:, 2) == op) );
end
/I now minhop is the index of the lowest precedence binary operator
/I that has a higher precedence than the wunary operator i, or O if

/I there is none
if minhop == 0

uop = evstr(relp2(1, 1) + 1;
else
uop = evstr(relp2(minhop, 1) - 1;
end
relpl = [relpl; [string(uop), i+/1, right’]];
end
/lrelpl

/I Merge unary operators into matrix of binary operators
relp = [relpl; relp2];

[dummy, idx] = sort(evstr(relp(:, 1)));

relp(idx, )

8.5. cat.sci

catsci defineghefunctioncat which printsthe sourceof amacro(function)if it is available.The
argument- type-,andsize-checkingpartis usedin Example4-1.

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

/I AUTHOR
I Lydia van Dijk
1
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I Copyright 1999, 2000 by Lydia van Dijk.
Il cat is free software distributed under the terms
1l of the GNUGeneral Public License, version 2.

[, 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 // er ~=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)); /I 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

fnrame = fpath + macname + ’.sci’;
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[fh, err] = file(open’, fname, ’old’);
if err ~= 0 then
error("Could not open file ' + fname, err);
end
text = read(fh, -1, 1, '@Y);
file('close’, fh);
write(%io(2), text);

8.6. guadpack.sci
Hereis thecompleteexamplefrom Section6.3.3 Functionquadpack loads,unloadsor queriesheload
statusof a Scilabextension.In this casethe extensionis thefamousQuadRcklibrary.

Theforemostgoalin thedesignof quadpack wasuserfriendlinessThereforewe condensedhe
function’sinterfaceto its minimum, providing only threedifferentactions:

load

Link library andglue codewith Scilab;do nothingif thelibrary/gluecodealreadyhasbeenlinked.
Returntheactuallinkagestatusafterwards.

unload

Unloadlibrary andglue code;do nothingif thelibrary/gluecodewasnotlinkedwith Scilabbefore.
Returntheactuallinkagestatusafterwards.

query
Do nothing,but returnthe actuallinkagestatus.
Additional goodiesarethatquadpack defaultsto actionquery if thefunction’sargumentis omitted,

thatthe caseof the algumentdoesnot matter andthata minimal prefix of theargumentis enoughto
selecttheright action.

function state = quadpack(action)

/I name: quadpack.sci - load/unload QUADPACKor query
I the load-status

/I author: Lydia van Dijk <lydia_van_dijk@my-deja.com>

/I last rev.: Sat Mar 18 19:23:58 UTC 2000

/I Scilab  ver.: 25

/I The variable 'quadpacklibs’ is the *only* one that needs
/I adjustment on a per-system basis. It is safe to leave
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/I all the other stuff untouched.

quadpacklibs = [Isite/src/netlib/quadpack/libquadpac k-1.0. so’,
'[site/src/netlib/quadpack/intersci/l ibgpif -1.0.s 0]

I

/I No user servicable parts below this line.

I

gateway = ’'quadpack_gw’ /I name of the gateway function

/I The order of the interface names in
/I interfaces *MUST* be the same
/I as in gptab in file ’quadpack-gw.c’

interfaces = [intals’, ‘intcau’, 'intexc’, 'intfou’,
'intgen’, 'intgk’, 'intinf’, 'intosc’,
‘intsm’]

[Ihs, rhs] = argn()
if rhs == 0 then

action = ’query’ — Defaultif 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, *7) ~= 1 then
error('Expecting a scalar in argument 1)
end
action = code2str( abs(str2code(action)) ) — Corvertto lowercase
[state, number] = c_link(gateway)
if  strindex('query’, action) == 1 then — Ched prefex
/I 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
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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) — Alwaysreturnactual status
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Versionl.1,March2000

Copyright (C) 2000FreeSoftwareFoundationnc.
59 TemplePlace Suite330

Boston,MA 02111-1307

USA

Everyoneis permittedto copy anddistribute verbatimcopiesof this licensedocumentput changingt is
notallowed.

0. PREAMBLE

The purposeof this Licenseis to make a manual textbook,or otherwritten documentfree” in thesense
of freedom:to assureaveryonethe effective freedomto copy andredistrituteit, with or without
modifyingit, eithercommerciallyor noncommerciallySecondarilythis Licensepreseresfor theauthor
andpublisheraway to getcreditfor their work, while notbeingconsideredesponsibldor modifications
madeby others.

This Licenseis akind of “copyleft”, which meanghatderivative works of thedocumenmust
themselesbefreein thesamesenselt complementshe GNU GeneraPublicLicensewhichis a
copyleft licensedesignedor free software.

We have designedhis Licensein orderto useit for manualdor free software,becausdree software
needdree documentationa free programshouldcomewith manualgroviding the samefreedomghat
the softwaredoes But this Licenseis not limited to softwaremanualsijt canbe usedfor ary textual
work, regardlesf subjectmatteror whetherit is publishedasa printedbook. We recommendhis
Licenseprincipally for workswhosepurposés instructionor reference.

1. APPLICABILITY AND DEFINITIONS

This Licenseappliesto ary manualor otherwork thatcontainsa noticeplacedby the copyright holder
sayingit canbedistributedunderthetermsof this License.The “Document”, below, refersto any such
manualor work. Any memberof thepublicis alicenseeandis addresseds“you”.

A “Modified Version”of the Documentmeansany work containingthe Documentor a portionof it,
eithercopiedverbatim,or with modificationsand/ortranslatednto anothedanguage.

147



AppendixA. GNU FreeDocumentatiorLicense

A “SecondarySection”is anamedappendixor a front-mattersectionof the Documentthatdeals
exclusively with therelationshipof the publishersor authorsof the Documento the Documents overall
subject(or to relatedmatters)andcontainsnothingthatcouldfall directly within thatoverall subject.
(For example,if theDocuments in partatextbook of mathematicsa SecondanSectionmay not
explain any mathematics.JTherelationshipcouldbe a matterof historicalconnectiorwith the subjector
with relatedmattersor of legal, commercial philosophical ethicalor political positionregardingthem.

The*“InvariantSections"arecertainSecondarectionavhosetitles aredesignatedasbeingthoseof
InvariantSectionsjn the noticethatsaysthatthe Documents releasedinderthis License.

The“Cover Texts” arecertainshortpassagesf text thatarelisted,asFront-Cover Texts or Back-Coer
Texts, in thenoticethatsaysthatthe Documents releasedinderthis License.

A “Transparenttopy of the Documenimeansa machine-readableopy, representeth aformatwhose
specifications availableto the generabublic, whosecontentscanbe viewedandediteddirectly and
straightforvardly with generictext editorsor (for imagescomposedf pixels)genericpaintprogramsor
(for drawings) somewidely availabledrawing editor, andthatis suitablefor inputto text formattersor
for automatidranslationto a variety of formatssuitablefor input to text formatters A copy madein an
otherwiseTransparentile formatwhosemarkuphasbeendesignedo thwart or discouragesubsequent
modificationby readerss not TransparentA copy thatis not“Transparentis called“Opaque”.

Examplesf suitableformatsfor Transparentopiesincludeplain ASCII without markup, Texinfo input
format,LaTeX input format, SGML or XML usinga publicly availableDTD, andstandard-conforming
simpleHTML designedor humanmodification.OpaqudormatsincludePostScriptPDF, proprietary
formatsthatcanbereadandeditedonly by proprietaryword processorsSGML or XML for whichthe
DTD and/orprocessindgoolsarenot generallyavailable,andthe machine-generatadTML producedy
someword processor$or outputpurpose®nly.

The“Title Page”meansfor aprintedbook, thetitle pageitself, plussuchfollowing pagesasareneeded
to hold, legibly, the materialthis Licenserequiresto appeaiin thetitle page.For worksin formatswhich
donothave ary title pageassuch, Title Page”’meanghetext nearthe mostprominentappearancef the
work’stitle, precedinghe beginning of the body of thetext.

2. VERBATIM COPYING

You may copy anddistributethe Documentin ary medium,eithercommerciallyor noncommercially
providedthatthis License the copyright notices,andthe licensenoticesayingthis Licenseappliesto the
Documentarereproducedn all copies,andthatyou addno otherconditionswhatso&erto thoseof this
License.You maynot usetechnicalmeasure$o obstructor controlthereadingor furthercopying of the
copiesyou make or distribute. However, you may accepicompensatioin exchangefor copies.If you
distribute alarge enoughnumberof copiesyou mustalsofollow the conditionsin section3.
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You may alsolend copies,underthe sameconditionsstatedabove, andyou may publicly displaycopies.

3. COPYING IN QUANTITY

If you publishprintedcopiesof the Documentnumberingmorethan100,andthe Documentslicense
noticerequiresCover Texts, you mustenclosethe copiesin coversthatcarry, clearlyandlegibly, all
theseCover Texts: Front-Cover Texts on thefront cover, andBack-Cover Texts on the backcover. Both
coversmustalsoclearlyandlegibly identify you asthe publisherof thesecopies.Thefront cover must
presenthefull title with all wordsof thetitle equallyprominentandvisible. You mayaddothermaterial
onthecoversin addition.Copying with changedimited to the covers,aslong asthey presere thetitle of
the Documentandsatisfytheseconditions,canbetreatedasverbatimcopying in otherrespects.

If therequiredtexts for eithercoveraretoo voluminousto fit legibly, you shouldput thefirst oneslisted
(asmary asfit reasonablypn theactualcover, andcontinuetherestontoadjacenpages.

If you publishor distribute Opaquecopiesof the Documentumberingmorethan100,you musteither
includea machine-readabl&ransparentopy alongwith eachOpaquecopy, or statein or with each
Opaquecopy a publicly-accessibleomputernetwork locationcontaininga completeTransparentopy
of the Documentfree of addedmaterial,which the generahetwork-usingpublic hasacces$o download
anorymouslyat no chageusingpublic-standarehetwork protocols.If you usethelatteroption,you must
take reasonablyrudentstepswhenyou begin distribution of Opaquecopiesin quantity to ensurethat
this Transparentopy will remainthusaccessiblatthe statedocationuntil atleastoneyearafterthelast
time you distributean Opaquecopy (directly or throughyour agentsor retailers)of thateditionto the
public.

It is requestedhut notrequired thatyou contactthe authorsof the Documentwell beforeredistrituting
ary largenumberof copiesto give thema chanceo provide you with anupdatedversionof the
Document.

4. MODIFICATIONS

You may copy anddistribute a Modified Versionof the Documentunderthe conditionsof sections2 and
3 above, providedthatyou releaseghe Modified Versionunderpreciselythis License with the Modified
Versionfilling therole of the Documentthuslicensingdistribution andmodificationof the Modified
Versionto whoever possesseacopy of it. In addition,you mustdo thesethingsin the Modified Version:

A. Usein theTitle Page(andonthecovers,if ary) atitle distinctfrom thatof the Documentandfrom
thoseof previousversiongwhich should,if therewereary, belistedin the History sectionof the
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Document).You may usethe sametitle asa previousversionif the original publisherof thatversion
givespermission.

B. List ontheTitle Page,asauthorspneor morepersonr entitiesresponsibldor authorshipof the
modificationsn the Modified Version togethemwith atleastfive of the principalauthorsof the
Documentall of its principalauthorsjf it haslessthanfive).

. StateontheTitle pagethe nameof the publisherof the Modified Version,asthe publisher
. Presereall the copyright noticesof the Document.

. Add anappropriatecopyright noticefor your modificationsadjacento the othercopyright notices.

-nm O 0O

. Include,immediatelyafterthe copyright notices,alicensenoticegiving the public permissiorto use
the Modified Versionunderthetermsof this License,in theform shovn in the Addendumbelow.

G. Preserein thatlicensenoticethefull lists of InvariantSectionsandrequiredCover Texts givenin
the Documents licensenotice.

H. Includeanunaltereccopy of this License.

I. Preserethesectionentitled“History”, andits title, andaddto it anitem statingatleastthetitle,
year, new authorsandpublisherof the Modified Versionasgivenonthe Title Page.If thereis no
sectionentitled“History” in the Documentcreateonestatingthetitle, year authorsandpublisher
of theDocumentasgivenonits Title Page thenaddanitem describingthe Modified Versionas
statedn the previoussentence.

J. Preserethenetwork location,if any, givenin the Documentfor public accesso a Transparentopy
of theDocumentandlikewisethe network locationsgivenin the Documentfor previousversionsit
wasbasecdbn. Thesemay beplacedin the “History” section.You mayomit a network locationfor a
work thatwaspublishedat leastfour yearsheforethe Documenttself, or if the original publisherof
theversionit refersto givespermission.

K. In ary sectionentitled“Acknowledgementsbr “Dedications”,presere the sectionstitle, and
preserein the sectionall the substancandtoneof eachof the contributor acknavledgements
and/ordedicationgjiventherein.

L. Presereall thelnvariantSectionsof the Documentunalteredn their text andin theirtitles. Section
numberr the equivalentarenot consideregbartof the sectiontitles.

M. Deleteary sectionentitied“Endorsements”Sucha sectionmay not beincludedin the Modified
Version.

N. Do notretitle any existing sectionas“Endorsementsbr to conflictin title with ary Invariant
Section.

If the Modified Versionincludesnew front-mattersectionsor appendicethatqualify asSecondary
Sectionsandcontainno materialcopiedfrom the Documentyou may at your optiondesignatesomeor
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all of thesesectionsasinvariant.To dothis, addtheir titles to thelist of InvariantSectiondn the
Modified Versionslicensenatice. Theseitles mustbe distinctfrom any othersectiontitles.

You mayadda sectionentitled“Endorsements”providedit containsnothingbut endorsementsf your
Modified Versionby variousparties—forexample,statementsf peerreview or thatthetext hasbeen
approvedby anorganizationasthe authoritative definition of a standard.

You mayadda passagef up to five wordsasa Front-Cover Text, anda passagef upto 25 wordsasa
Back-Cover Text, to theendof thelist of Cover Texts in the Modified Version.Only onepassagef
Front-Cover Text andoneof Back-Corer Text may be addedby (or througharrangementsmadeby) ary
oneentity. If the Documentalreadyincludesa covertext for the samecover, previously addedby you or
by arrangemenmadeby the sameentity you areactingon behalfof, you maynot addanotherut you
may replacethe old one,on explicit permissiorfrom the previouspublisherthataddedtheold one.

Theauthor(s)andpublisher(s)pf the Documentdo not by this Licensegive permissiorto usetheir
namesdfor publicity for or to asseror imply endorsemerf arny Modified Version.

5. COMBINING DOCUMENTS

You may combinethe Documentwith otherdocumentseleasedinderthis License undertheterms
definedin section4 above for modifiedversions providedthatyou includein the combinationall of the
InvariantSectionsof all of the original documentsunmodified,andlist themall asinvariantSectionsof
your combinedwork in its licensenotice.

The combinedwork needonly containonecopy of this License andmultiple identicallnvariantSections
may bereplacedvith a singlecopy. If therearemultiple InvariantSectionswvith the samenamebut
differentcontentsmalke thetitle of eachsuchsectionuniqueby addingattheendof it, in parentheses,
thenameof the original authoror publisherof thatsectionif known, or elsea uniquenumberMake the
sameadjustmento the sectiontitles in thelist of InvariantSectionsn thelicensenoticeof thecombined
work.

In the combinationyou mustcombineary sectionsentitled“History” in the variousoriginal documents,
forming onesectionentitled“History”; likewise combineary sectionsentitled“Acknowledgements”,
andary sectionsentitled“Dedications”. You mustdeleteall sectionsentitled“Endorsements”.

6. COLLECTIONS OF DOCUMENTS

You may make a collectionconsistingof the Documentandotherdocumentseleasedinderthis License,
andreplacetheindividual copiesof this Licensein thevariousdocumentsvith a singlecopy thatis
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includedin thecollection,providedthatyou follow therulesof this Licensefor verbatimcopying of each
of thedocumentsn all otherrespects.

You may extracta singledocumenfrom sucha collection,anddistributeit individually underthis
License providedyouinserta copy of this Licenseinto the extracteddocumentandfollow this License
in all otherrespectsegardingverbatimcopying of thatdocument.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilationof the Documentor its derivativeswith otherseparat@ndindependentiocument®or
works,in or on avolumeof astorageor distribution medium,doesnot asa whole countasa Modified
Versionof the Documentprovided no compilationcopyright is claimedfor the compilation.Sucha
compilationis calledan“aggregate”,andthis Licensedoesnot applyto the otherself-containedvorks
thuscompiledwith the Documenton accountof their beingthuscompiled,if they arenotthemseles
derivative worksof the Document.

If the Cover Text requiremendf section3 is applicableto thesecopiesof the Documentthenif the
Documents lessthanonequarterof the entireaggreyate the Documents Cover Texts maybe placedon
coversthatsurroundonly the Documentwithin the aggreyate .Otherwisethey mustappeaion covers
aroundthewholeaggreate.

8. TRANSLATION

Translationis considered kind of modification,soyou may distributetranslationf the Document
underthetermsof section4. ReplacinginvariantSectionswith translationgequiresspecialpermission
from their copyright holders but you mayincludetranslationsf someor all InvariantSectionsn
additionto theoriginal versionsof theselnvariantSectionsYou mayincludeatranslationof this License
providedthatyou alsoincludethe original Englishversionof this License.In caseof a disagreement
betweerthetranslationandthe original Englishversionof this License the original Englishversionwill
prevail.

9. TERMINATION

You may not copy, modify, sublicensegr distribute the Documentexceptasexpresslyprovidedfor under
this License Any otherattemptto copy, modify, sublicenseor distribute the Documenis void, andwill
automaticallyterminateyour rightsunderthis License However, partieswho have recevedcopies,or
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rights,from you underthis Licensewill nothave their licensegerminatedsolongassuchpartiesremain
in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE

The FreeSoftwareFoundationrmay publishnew, revisedversionsof the GNU FreeDocumentation
Licensefrom time to time. Suchnew versionswill besimilarin spirit to the presentersion,but may
differ in detailto addressew problemsor concernsSeeGNU Copyleft(http://www.gnu.og/copyleft/).

Eachversionof the Licenseis givena distinguishingversionnumber If the Documentspecifieghata
particularnumberedsersionof this License“or ary laterversion”appliesto it, you have the option of
following the termsandconditionseitherof thatspecifiedversionor of ary laterversionthathasbeen
published(not asa draft) by the FreeSoftwareFoundationlf the Documentdoesnot specifyaversion
numberof this License ,you maychooseary versionever publishednot asa draft) by the FreeSoftware
Foundation.
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Version2, Junel991

Copyright (C) 2000FreeSoftwareFoundationnc.
59 TemplePlace Suite330

Boston,MA 02111-1307

USA

Everyoneis permittedto copy anddistribute verbatimcopiesof this licensedocumentput changingt is
notallowed.

Preamb le

Thelicensedor mostsoftwarearedesignedo take away your freedomto shareandchanget. By
contrastthe GNU GeneralPublicLicenseis intendedo guarantegour freedomto shareandchange
free software—tomake surethe softwareis freefor all its users.This GeneraPublicLicenseappliesto
mostof the FreeSoftwareFoundations softwareandto ary otherprogramwhoseauthorscommitto
usingit. (SomeotherFreeSoftwareFoundationsoftwareis coveredby the GNU Library GeneralPublic
Licenseinstead.)You canapplyit to your programstoo.

Whenwe speakof free software,we arereferringto freedom,not price. Our GeneralPublicLicensesare
designedo make surethatyou have thefreedomto distribute copiesof free software (andchagefor this
serviceif youwish), thatyoureceve sourcecodeor cangetit if youwantit, thatyou canchangethe
softwareor usepiecesof it in new free programsandthatyou know you cando thesethings.

To protectyour rights,we needto make restrictionghatforbid anyoneto dery you theserightsor to ask
you to surrendetherights. Theserestrictionstranslateo certainresponsibilitieor you if you distribute
copiesof thesoftware,or if you modify it.

For example,if you distribute copiesof sucha programwhethergratisor for a fee,you mustgive the
recipientsall therightsthatyou have. You mustmake surethatthey, too, receve or cangetthesource
code.And you mustshav themthesetermssothey know their rights.

We protectyour rightswith two stepsi(1) copyright the software,and(2) offer youthis licensewhich
givesyou legal permissiorto copy, distribute and/ormodify the software.

Also, for eachauthors protectionandours,we wantto make certainthateveryoneunderstandthatthere
is nowarrantyfor this free software.If the softwareis modifiedby someonelseandpassedn, we want
its recipientsto know thatwhatthey have is notthe original, sothatany problemsintroducedby others
will notreflectontheoriginal authors’reputations.
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Finally, ary free programis threatenedonstantlyby softwarepatentsWe wish to avoid thedangetthat
redistributorsof a free programwill individually obtainpatentlicensesjn effect makingthe program
proprietary To preventthis, we have madeit clearthatany patentmustbelicensedfor everyonesfree
useor notlicensedatall.

The precisetermsandconditionsfor copying, distribution andmodificationfollow.

GNU General Public License

Terms And Conditions For Copying, Distrib ution And
Modification

0. APPLICABILITY !

This Licenseappliesto ary programor otherwork which containsa noticeplacedby the copyright
holdersayingit maybedistributedunderthe termsof this GeneralPublicLicense.The“Program”,
below, refersto any suchprogramor work, anda“work basecon the Program”meanseitherthe Program
or ary derivative work undercopyright law: thatis to say a work containingthe Programor a portion of
it, eitherverbatimor with modificationsand/ortranslatednto anothedlanguage(Hereinaftertranslation
is includedwithout limitation in theterm“modification”.) Eachlicenseds addresseds"you”.

Activities otherthancopying, distribution andmodificationarenot coveredby this License;they are
outsideits scope Theactof runningthe Programis notrestricted andthe outputfrom the Programis
coveredonly if its contentsconstitutea work basedon the Program(independentf having beenmade
by runningthe Program) Whetherthatis true depend®n whatthe Programdoes.

1. VERBATIM COPYING

You may copy anddistribute verbatimcopiesof the Programs sourcecodeasyoureceveit, in ary
medium,providedthatyou conspicuoushandappropriatelypublishon eachcopy anappropriate
copyright noticeanddisclaimerof warranty;keepintactall the noticesthatreferto this Licenseandto
theabsencef any warranty;andgive ary otherrecipientsof the Programa copy of this Licensealong
with the Program.

You may chagea feefor the physicalactof transferringa copy, andyou may at your option offer
warrantyprotectionin exchangeor afee.
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2. MODIFICATIONS

You may modify your copy or copiesof the Programor ary portion of it, thusforming awork basedn
the Programandcopy anddistribute suchmodificationsor work underthetermsof Sectionl above,
providedthatyou alsomeetall of theseconditions:

a. Youmustcausehe modifiedfiles to carry prominentnoticesstatingthatyou changedhefiles and
thedateof any change.

b. Youmustcauseary work thatyou distribute or publish,thatin wholeor in partcontainsor is
derivedfrom the Programor ary partthereof,to belicensedasawholeatno chageto all third
partiesunderthetermsof this License.

c. If themodifiedprogramnormallyreadscommandsnteractvely whenrun, you mustcauset, when
startedrunningfor suchinteractve usein the mostordinaryway, to print or displayan
announcemernhcludinganappropriatecopyright noticeanda noticethatthereis no warranty(or
else,sayingthatyou provide awarranty)andthatusersmay redistributethe programunderthese
conditions,andtelling theuserhow to view a copy of this License (Exception:if the Programitself
is interactive but doesnot normally print suchanannouncement,our work basedon the Programis
notrequiredto print anannouncement.)

Theserequirementspplyto the modifiedwork asawhole. If identifiablesectionof thatwork arenot
derivedfrom the Programandcanbereasonablyonsideredndependenandseparatevorksin
themseles,thenthis License andits terms,do not applyto thosesectionavhenyou distributethemas
separatevorks. But whenyou distribute the samesectionsaspartof a wholewhichis awork basedn
the Programthe distribution of thewhole mustbe on thetermsof this License whosepermissiongor
otherlicensee®xtendto the entirewhole,andthusto eachandevery partregardlesof whowroteit.

Thus,it is nottheintentof this sectionto claim rightsor contestyour rightsto work written entirely by
you; rather theintentis to exercisetheright to controlthe distribution of derivative or collective works
basedon the Program.

In addition,mereaggreyationof anothemwork not basedon the Programwith the Program(or with a
work basedon the Program)on avolumeof a storageor distribution mediumdoesnot bring the other
work underthe scopeof this License.

3. DISTRIBUTION

You may copy anddistributethe Program(or awork basednit, underSection2) in objectcodeor
executablegform underthetermsof Sectionsl and2 above providedthatyou alsodo oneof the
following:
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a. Accompary it with the completecorrespondingnachine-readablgourcecode,which mustbe
distributedunderthetermsof Sectionsl and2 above on amediumcustomarilyusedfor software
interchangeor,

b. Accompaly it with awritten offer, valid for atleastthreeyears to give ary third party, for achage
no morethanyour costof physicallyperformingsourcedistribution, a completemachine-readable
copy of the correspondingourcecode,to bedistributedunderthetermsof Sectionsl and2 above
onamediumcustomarilyusedfor softwareinterchangeor,

c. Accompaly it with theinformationyou recevedasto the offer to distribute correspondingource
code.(This alternatve is allowedonly for noncommerciatlistribution andonly if yourecevedthe
programin objectcodeor executablegform with suchanoffer, in accordwith Subsectiorb above.)

The sourcecodefor awork meanghe preferredform of thework for makingmodificationsto it. For an
executablework, completesourcecodemeansall the sourcecodefor all modulesit containsplusary
associatedhterfacedefinitionfiles, plusthe scriptsusedto control compilationandinstallationof the
executableHowever, asa specialexception,the sourcecodedistributedneednotincludeanything thatis
normally distributed(in eithersourceor binaryform) with the majorcomponentgcompiler, kernel,and
soon) of the operatingsystemon which the executableuns,unlessthatcomponenttself accompanies
theexecutable.

If distribution of executableor objectcodeis madeby offering accesgso copy from adesignateglace,
thenoffering equivalentaccesgo copy the sourcecodefrom the sameplacecountsasdistribution of the
sourcecode,eventhoughthird partiesarenot compelledto copy the sourcealongwith the objectcode.

4. TERMINATION

You may not copy, modify, sublicenseor distributethe Programexceptasexpresslyprovidedunderthis
License Any attemptotherwiseto copy, modify, sublicenser distributethe Programis void, andwill
automaticallyterminateyour rightsunderthis License .However, partieswho have recevedcopies,or
rights,from you underthis Licensewill nothavetheir licensegerminatedsolong assuchpartiesremain
in full compliance.

5. ACCEPTANCE

You arenotrequiredto accepthis License sinceyou have not signedit. However, nothingelsegrants
you permissiorto modify or distributethe Programor its derivative works. Theseactionsareprohibited
by law if youdo notaccepthis License.Therefore by modifying or distributing the Program(or ary
work basedon the Program)you indicateyour acceptancef this Licenseto do so,andall its termsand
conditionsfor copying, distributing or modifying the Programor worksbasecniit.
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6. REDISTRIBUTION

Eachtime you redistribute the Program(or ary work basedn the Program) therecipientautomatically
recevesalicensefrom theoriginal licensorto copy, distribute or modify the Programsubjectto these
termsandconditions.You maynotimposeary furtherrestrictionson therecipients’exerciseof the
rightsgrantecherein.You arenotresponsibldor enforcingcomplianceby third partiesto this License.

/7. CONSEQUENCES

If, asaconsequencef a courtjudgmentor allegationof patentinfringementor for ary otherreason(not
limited to patentissues)conditionsareimposedon you (whetherby courtorder, agreemenor
otherwise)hatcontradictthe conditionsof this License they do not excuseyou from the conditionsof
this License If you cannotdistribute soasto satisfysimultaneouslyour obligationsunderthis License
andary otherpertinentobligations thenasa consequencgou may not distributethe Programat all. For
example,if a patentlicensewould not permitroyalty-freeredistritution of the Programby all thosewho
receve copiesdirectly or indirectly throughyou, thenthe only way you could satisfybothit andthis
Licensewould beto refrainentirelyfrom distribution of the Program.

If any portionof this sectionis heldinvalid or unenforceabl@nderary particularcircumstancethe
balanceof the sectionis intendedo applyandthesectionasawholeis intendedio applyin other
circumstances.

It is notthe purposeof this sectionto induceyouto infringe ary patentsor otherpropertyright claimsor
to contestvalidity of any suchclaims;this sectionhasthe sole purposeof protectingtheintegrity of the
free softwaredistribution systemwhich is implementedy public licensepracticesMany peoplehave
madegenerougontributionsto thewide rangeof softwaredistributedthroughthatsystemin relianceon
consistenapplicationof thatsystemit is up to the author/donoto decideif he or sheis willing to
distribute softwarethroughary othersystemanda licenseecannotimposethatchoice.

This sectionis intendedto make thoroughlyclearwhatis believedto be a consequencef therestof this
License.

8. LIMITATIONS

If thedistribution and/oruseof the Programis restrictedn certaincountrieseitherby patentsor by
copyrightedinterfacesthe original copyright holderwho placeshe Programunderthis Licensemayadd
anexplicit geographicatlistribution limitation excludingthosecountries sothatdistributionis permitted
only in or amongcountriesnot thusexcluded.In suchcasethis Licenseincorporateshelimitation asif
written in the body of this License.
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9. FUTURE REVISIONS OF THIS LICENSE

The FreeSoftwareFoundationrmay publishrevisedand/ormew versionsof the GeneralPublicLicense
from time to time. Suchnew versionswill besimilar in spirit to the presentersion,but may differ in
detailto addressew problemsor concerns.

Eachversionis givenadistinguishingversionnumber If the Programspecifiesa versionnumberof this
Licensewhich appliesto it and“any laterversion”,you have the option of following thetermsand
conditionseitherof thatversionor of ary laterversionpublishedby the FreeSoftwareFoundationlf the
Programdoesnot specifya versionnumberof this License you may chooseary versionever published
by the FreeSoftwareFoundation.

10. AGGREGATION WITH INDEPENDENT WORKS

If youwishto incorporatepartsof the Programinto otherfree programswvhosedistribution conditions
aredifferent,write to theauthorto askfor permissionFor softwarewhichis copyrightedby the Free
SoftwareFoundationwrite to the FreeSoftware Foundationwe sometimesnake exceptionsfor this.
Ourdecisionwill beguidedby thetwo goalsof preservinghefree statusof all derivativesof our free
softwareandof promotingthe sharingandreuseof softwaregenerally

NO WARRANTY

11. NO WARRANTY

BECAUSE THE PROGRAM IS LICENSED FREEOF CHARGE, THEREIS NO WARRANTY FOR
THE PROGRAM, TO THE EXTENT PERMITTEDBY APPLICABLE LAW. EXCEPTWHEN
OTHERWISE STATED IN WRITING THE COPYRIGHTHOLDERSAND/OR OTHER PARTIES
PROVIDE THE PROGRAM"AS IS” WITHOUT WARRANTY OFANY KIND, EITHER
EXPRESSEDOR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESSFORA PARTICULAR PURPOSETHE ENTIRE RISK
AS TO THE QUALITY AND PERFORMANCEOF THE PROGRAM ISWITH YOU. SHOULD THE
PROGRAM PROVE DEFECTIVE,YOU ASSUMETHE COSTOFALL NECESSAR SER/ICING,
RERAIR 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 OR CONSEQJENTIAL
DAMAGESARISING OUT OF THE USEORINABILITY TO USETHE PROGRAM (INCLUDING
BUT NOT LIMITED TO LOSSOF DATA OR DATA BEING RENDEREDINACCURATE OR
LOSSESSUSTAINED BY YOU ORTHIRD PARTIES ORA FAILURE OF THE PROGRAM TO
OPERAEWITH ANY OTHER PROGRAMS),EVEN IF SUCHHOLDER OROTHER PARTY HAS
BEEN ADVISED OF THE POSSIBILITY OF SUCHDAMA GES.

END OF TERMSAND CONDITIONS

Notes

1. Thetitles of thesectionshave beenaddedby the authors.They do notoccurin theoriginal GNU
GeneralPublicLicense Everythingelsehasbeencopiedin verbatim.
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