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Intersciis aprogramfor building aninterfacefile betweerScilabandFortransubroutine®r C
functions.This interfacedescribedoththeroutinecalledandthe associate&cilabfunction. The
interfaceis automatically

1 Interface description files

To uselnterscionehasfirst to write aninterfacedescriptiorfile.

Thefile <interface name>. desc is asequencef descriptionf pairsformedby the Scilab
function andthe correspondindC or Fortran procedure(seetable 1). In the following, we will
essentiallyconsiderFortransubroutingnterfacing. The processs nearlythe samefor C functions
(seel.8).

< Scilab function name> <function arguments>
<Silab variable> < cilab type> <possible arguments>

< Fortran subroutine name> < subroutine arguments>
<Fortran argument> <Fortran type>

out <type> <formal output names>
<formal output name> <variable>
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Tablel: Descriptionof a pair of ScilabfunctionandFortransubroutine

Eachdescription's madeof threeparts:

e descriptionof Scilabfunctionandits aguments
e descriptionof Fortransubroutineandits aguments

e descriptionof the outputof Scilabfunction.

1.1 Description of Scilab function

Thefirst line of the descriptionis composedy the nameof the Scilabfunction followed by its
inputarguments.

The next lines describeScilab variables: the input agumentsandthe outputsof the Scilab
function,togethemwith theagumentsof the Fortransubprogranwith typewor k (for whichmem-
ory mustbeallocated) It is anerrornotto describesuchamguments.

The descriptionof a Scilabvariablebegins by its name,thenits type followed by possible
informationsdependingn thetype.

Typesof Scilabvariablesare:

any ary type: only usedfor aninputamgumentof Scilabfunction.
column columnvector: mustbe followed by its dimension.

list list: mustbefollowed by the nameof thelist, <list name>. This namemustcorrespondo a
file <listname>. | i st which describeshe structureof thelist (seel.?).
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matrix matrix: mustbefollowed by its two dimensions.

imatrix complex matrix: mustbe followed by its two dimensions.

bmatrix booleanmatrix: mustbefollowed by its two dimensions.

polynom polynomial: mustbefollowed by its dimension(size)andthe nameof the unknavn.
row row vector:mustbefollowed by its dimension.

scalar scalar

string charactestring: mustbefollowedby its dimension(length).

vector row or columnvector: mustbefollowed by its dimension.

sparse sparsamnatrix: mustbe followed by its dimensionsthe numberof nonzeroelementsand
its real/compl& flag

work working array: must be followed by its dimension. It mustnot correspondo an input
argumentor to the outputof the Scilabfunction.

A blankline andonly oneendsthis description.

1.2 Optional input arguments
Optionalalgumentsaredefinedasfollows:

e [c val] . Thismeansthatc is anoptionalagumentwith default valueval . val
canbeascalar:e.g. [c 10], anarray:e.g. [c (4)/1,2,3,4/] orachain: e.g.
[c pipo]

e {b xx}. This meansthatb is an optionalagument. If not found, onelooks for xx in
currentexisting Scialbvariables.

1.3 Description of Fortran subroutine
1.3.1 Fortran calling sequencalescription

Thefirstline of thedescriptionis composedy the nameof the Fortransubroutingollowed by its
arguments.

1.3.2 Fortran variables description

Thenext linesdescriba~ortranvariables:itheargumentof the Fortransubroutine Thedescription
of aFortranvariableis madeof its nameandits type. Most Fortranvariablescorrespondo Scilab

variables(exceptfor dimensionsseel.5 and musthave the samenameasthe corresponding
Scilabvariable.

Typesof Fortranvariablesare:
char charactearray
double doubleprecisionvariable.

int integervariable.
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real realvariable.

Othertypestypesalsoexist, thatarecalled“external” typesseel .6.
A blankline andonly oneendsthis description.

1.4 Description of the output of Scilab function

Thefirstline of thisdescriptiormustbegin by theword out followedby thetypeof Scilaboutput.
Typesof outputare:

empty the Scilabfunctionreturnsnothing.
list aScilablist: mustbefollowedby the namesf Scilabvariableswhich form thelist.

sequencea Scilabsequencemustbe followed by the namesof Scilabvariableselementof the
sequenceThisis theusualcase.

This first line mustbe followed by otherlines correspondingo outputtype conversion. This
is the casewhenanoutputvariableis alsoaninput variablewith differentScilabtype: for instance
aninput columnvectorbecomesan outputrow vector Theline which describeghis conversion
begins by the nameof Scilab outputvariablefollowed by the nameof the correspondingscilab
inputvariable.See3.3asanexample.

A line beginningwith astar“*” endsthe descriptionof a pair of ScilabfunctionandFortran
subroutine Thisline is compulsoryevenif it is theendof thefile. Do notforgetto endthefile by
acarriagereturn.

1.5 Dimensionsof non scalar variables

Whendefiningnon scalarScilabvariables(vectors,matrices polynomialsandcharactestrings)
dimensionsnustbe given. Thereareafew waysto do that:

e [t is possibleto give thedimensionasaninteger (see3.1).

¢ Thedimensioncanbethe dimensionof aninput agumentof Scilabfunction. This dimen-
sionis thendenotedby aformal name(sees3.2).

e The dimensioncan be definedas an output of the Fortran subroutine. This meansthat
the memoryfor the correspondingvariableis allocatedby the Fortran subroutine. The
correspondindrortranvariablemustnecessarave anexternaltype (seel.6and3.3).

Intersciis not ableto treatthe casewherethe dimensionis an algebraicexpressionof other
dimensionsA Scilabvariablecorrespondingo this valuemustdefined.

1.6 Fortran variableswith extemal type

Externaltypesareusedwhenthe dimensionof the Fortranvariableis unknavn whencalling the
Fortransubroutineandwhenits memorysizeis allocatedn this subroutine This dimensiormust
beanoutputof theFortransubroutine In fact, thiswill typically happerwhenwewantto interface
a C functionin which memoryis dynamicallyallocated.

Existing externaltypes:
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cchar charactesstringallocatedby a C functionto be copiedinto the correspondingscilabvari-
able.

ccharf thesameascchar buttheC charactestringis freedafterthe copy.

cdouble C doublearray allocatedby a C function to be copiedinto the correspondingScilab
variable.

cdoublef thesameascdoubl e but theC doublearrayis freedafterthe copy.
cint Cintegerarrayallocatedby a C functionto be copiedinto thecorrespondingcilabvariable.
cintf thesameasci nt buttheC integerarrayis freedafterthecopy.

csparse C sparsematrix allocatedby a C function, to be copiedinto the correspondingscilab
variable.the copy.

csparsef thesameascspar se but the C sparsearrayis freedafterthe copy.

In fact,thenameof anexternaltype correspondso the nameof a C function. This C function
hasthreeagumentsithe dimensionof thevariable,aninput pointerandanoutputpointer
For instancepelaw is the codefor externaltypeci nt f :

#i ncl ude "../machine. h"
/* ipis a pointer to a Fortran variable coming from SCl LAB
which is itself a pointer to an array of n integers typically
comng froma C function
cintf converts this integer array into a double array in op
noreover, pointer ipis freed */

void C2F(cintf)(n,ip, op)
int *n;
int *ip[];
doubl e *op;
{ . .
int i;
for (i =0; i < *n; i++4)
op[i]=(double) (*ip)[i];
free((char *)(*ip));
}

For themeaningof #i ncl ude ". ./ machi ne. h" andC2F seel.8

Then,theusercancreateits own externaltypesby creatingits own C functionswith the same
agumentsintersciwill generatehe call of thefunction.

1.7 Usinglists asinput Scilab variables

An input agumentof the Scilabfunctioncanbea Scilablist. If <list name> is the nameof this
variable,afile called<list name>. | i st mustdescribehe structureof thelist. Thisfile permits
to associate Scilabvariableto eachelementof thelist by definingits nameandits Scilabtype.
Thevariablesaredescribedn orderinto thefile asdescribedy table?2.
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<comment on the variable element of the list>
<name of the variable element of list> <type> <possible arguments>
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Table2: Descriptionof avariableelementf alist

Then, sucha variableelementof the list, in thefile <interface name>. desc is referredto
asits namefollowed by the nameof the correspondingist in parenthesiskor instance) al( g)
denoteghevariablenamed al elementof thelist namedg.

An exampleis shavn in 3.4.

1.8 C functions interfacing

The C functionmustbe consideredsaprocedura.e. its typemustbevoi d or thereturnedvalue
mustnot beused.

The argumentsof the C function mustbe consideredas Fortranargumentsi.e. they mustbe
only pointers.

Moreover, thenameof the C functionmustberecognizedy Fortran.For that, theincludefile
machi ne. h locatedin the directory <Scilab directory>/ r out i nes shouldbeincludedin C
functionsandthe macroC2F shouldbe used.

2 Writing compatible code

2.1 Messagesnd Error Messages

To write messages the Scilabmainwindow, usermustcall theout Fortranroutineor cout C
procedurewith the charactestringof the desiredmessag@sinputargument.

To returnan error flag of an interfacedroutine usermustcall the er r o Fortranroutine or
cerr o C procedurewith the charactesstring of the desiredmessagasinputargument.This call
will producethe edition of the messagen the Scilabmain window andthe error exit of Scilab
associatedunction.

2.2 Input and output

To openfiles in Fortran, it is highly recommendedo usethe Scilabroutinecl uni t . If thein-
terfacedroutineusesthe Fortranopen instruction,logical units mustin ary casebe greaterthan
40.

call clunit( lunit, file, node)
with:
e fil ethefile namecharacter string

e node atwo integer vectordefiningthe openingmodenode( 2) definesthe recordlength
for adirectaccesdile if positve. node( 1) isanintegerformedwith threedigitsf ,a and
S

— f definedf file is formatted(0) or not (1)
— a definedf file hassequentia(0) or directaccesg1)
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— s definedf file statusmustbenew (0), old (1), scratch(2) or unknavn (3)
Filesopenedoy acallto cl uni t mustbe closeby
call clunit( -lunit, file, node)

In thiscasethef i | e andnbde amgumentsarenotreferenced.

3 Examples

3.1 Examplel

The Scilabfunctionis a=cal c( st r) . Itsinputis astringandits outputis a scalar
Thecorrespondingrortransubroutings

subroutine fcal c(str, a, n)
character*(*) str
i nteger a

if (str(l:n).eq.’ one’) then
a=1

elseif (str(l:n).eq.’ two’) then
a=2

el se
a=-1

endi f

end

Its agumentsare a string st r (usedasinput) andan integer a (usedas output) andthe string
dimension. This lastargumentis usefulif the subroutinehasto be calledby a C program. The
descriptiorfile is thefollowing:

calc str

str string n

a scal ar

fcal c str an
str char

a i nt eger

n integer

out sequence a
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3.2 Example?2

Thenameof the Scilabfunctionis c=son{ a, b) . Its two inputsarerow vectorsandits outputis
acolumnvector
Thecorresponding procedures:
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int csom(n, a, b, ¢)
int *n;
float *a, *b, *c;
{
int k;
for (k =0; k < *n; ++k)
c[k] = a[k] + Db[K];
return(0);

}

. Iltsamgumentsarearealarraywith dimensiom (usedasinput), anotherealarraywith dimension
m (usedasinput) anda real array (usedasoutput). Thesedimensiongnandn aredeterminecht
the calling of the Scilabfunctionanddo not needto appearasScilabvariables.

Intersciwill do the job to make the necessargorversionsto transformthe doubleprecision
(default in Scilab)row vectora into areal arrayandto transformthe realarrayc into a double
precisionrow vector

Thedescriptiorfile is thefollowing:

som a b

a row m

b row n

c colum n

csom a n b m c
a real

n i nt eger

b real

m i nt eger

c r eal

out sequence c
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3.3 Example3

The Scilabfunctionis [ 0, b] =ext (&) . Its inputis a matrix andits outputsarea matrix anda
columnvector

Thecorrespondingrortransubroutinds f ext (a, m n, b, p) andits agumentsareaninte-
gerarray(usedasinput andoutput),its dimensionsn,n (usedasinput) andanotherintegerarray
andits dimensionp (usedasoutputs).

The dimensionp of the outputb is computedby the Fortransubroutineandthe memoryfor
thisvariableis alsoallocatedoy the Fortransubroutingperhap$y to acall to anothelC function).
Sothetypeof thevariableis externalandwe chooseci nt f .

Moreover, theoutputa of the Scilabfunctionis thesameastheinputbut its typechangedrom
am X n matrixto an x m matrix. This corversionis mademy introducingthe Scilabvariableo

Thedescriptiorfile is thefollowing:

ext a
a matrix m n
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b colum p

o] matrix n m

f ext a m n b p
a i nt eger

m i nt eger

n i nt eger

b cintf

p i nt eger

out sequence 0 b

o] a
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3.4 Example4

The nameof the Scilabfunctionis cont r . Its inputis alist representing linear systemgiven
by its staterepresentatiomandatolerance.lts returnis a scalar(for instancethe dimensionof the
controllablesubspace).

Thenameof thecorrespondindrortransubroutings cont r andits agumentsarethedimen-
sionof the stateof the system(usedasinput), the numberof inputsof the system(usedasinput),
the statematrix of the system(usedasinput), the input matrix of the system(usedasinput), an
integergiving thedimensionof thecontrollablesubspacéusedasoutput),andthetolerancgused
asinput).

Thedescriptiorfile is thefollowing:

contr Sys t ol
t ol scal ar
sys list | ss

icontr scalar

contr nst at e(sys) ni n(sys) a(sys) b(sys) icontr tol
a(sys) double
b(sys) double

t ol doubl e
nst at e(sys) i nt eger
ni n(sys) i nt eger

icontr integer

out sequence icontr

E Rk S S Ok I S S R kS I S R

Thetype of thelist is | ss andafile describingthelist | ss. | i st is needed.It is shavn
below:

1 type
type string 3

khkkhkkhkhkhkhhhkrdhkhkhkhkhkhkhkhkhhhhrrxkhkk*k
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2 state matri X

a matrix nstate nstate
EE I 3 I S b b b b b I I S S S I S I I S I b b
3 input matrix

b matrix nstate nin

EE I I I I S I I b b I I I I I I I P e Sk b b I b
4 out put matrix

c matri X nout nstate
EE I 3 I S b b b b b I I S S S S I I I S I b b
5 direct tranfer matri x

d matri X nout ni n

EE I 3 I S b b b b b I S S S S S I I S I I b b
6 initial state

x0 colum nstate

EE I I I I I I b b b I I I I I I I P e Ik b b I
7 tinme domain

t any

kkhkkhkhkhkhkhhhkkdhkhkhkhkhkhkhkhkhhrhrrxkhkk*k

The numberof the elementds not compulsoryin the commentdescribingthe elementf the
list but is useful.

4 Building and usingthe interface

4.1 Calling intersci

To uselntersciexecutethe command:
i ntersci-n <interface name> where<interface name>. desc is the file describingthe
interface(seeabove).

Thei ntersci -n scriptfile arelocatedin thedirectorySCIDIR/bin.

Usingi nt er sci - ntwofilesarecreated <interface name>.cand<interfacename>_buildersce
arecreatedThefile T<interface name>.c containgheinterfacingprocedure$or eachnew Scilab
function. Thefile <interface name>_buildersceis a Scilabscriptwhich realizesthe incremental
linking of the gatavay file. It hasto be customizedo setthef i | e variableto the namesof the
objectfile associatedo the gatevay andthe usersobjectsandlibrary files needed.

Example: Supposédhatthe descriptiongjivenin the examplel and?2 abore arewritten down in
thefile nyex. desc.
Runningi nt er sci - n oneobtains:

$% i ntersci-n nyex

| NTERSCI Version 3.0 (SEP 2000)
Copyright (C) INRIAENPC All rights reserved

E R S b I S S S R S O S

processing SCI LAB function "calc"
generating Cinterface for function (fcalc) Scilab function "calc”

kkhkkhkhkhkhkhhhkkdhkhkhkrkhhkhkhkhhhrhxxx
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processi ng SCI LAB function "sonf
generating C interface for function (fsom Scilab function "sont
kkkhkkkhkkikkhkkhkikhkkhkhkikkhkkkkhkikkkhkik*k
Cfile "nyex.c" has been created
Scilab file "l oader.sce" has been created

file "myex_buil der.sce" has been created

TheScilabscriptnyex_bui | der . sce contains:

/1l generated with intersci
ilib_nane = 'libnyex'// interface |library name

table =["calc","intscalc";
"som', "intssonl'];
ilib_build(ilib_nane,table,files,|ibs);

Supposeéhattheprocedure$ cal ¢ andcsomaredefinedin theFortranfile f cal c¢. f andtheC
filecsom ¢
Thefile ex01fi bui | der. sce hasto becustomizedasfollow:

/1 generated with intersci
ilib_name = "1I|ibnyex’; /[l interface |ibrary name
files=["nyex’, fcalc’, csom] ;
libs=[]; //no libs required
table =["calc","intscal c";

"sont, "intssom'];
ilib_build(ilib_nane,table,files,|ibs);

4.2 Compiling and building library

This builderfile is to be executedby Scilab:

-->exec nyex_buil der. sce;
generate a gateway file
generate a | oader file
generate a Makefile: Makelib
runni ng the makefile

Thegeneratedile lib <interface name>.c is the C gatavay neededor interfacingall routines
definedin <interface> namewith Scilab
A dynamiclibrary is thencreatedaswell asafile | oader . sce.

4.3 Loading in Scilab

Executingl oader . sce loadsthelibrary into Scilabandexecutegheaddi nt er commando
link thelibrary andassociat¢he namesof thefunctionsto it. We canthencall the new functions:
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-->exec | oader. sce;

Loadi ng shared executable ./1ibmyex. so
shared archive | oaded

Linking libmyex (in fact |ibmyex )
Interface 0 |ibnyex

Of coursethis instructioncanbewrittenin oneof the Scilabstartupfiles notto have to re-enterit
eachtime Scilabis started.

Thesenew functionscanthenbe usedastheothers:

-->a=[1,2,3];b=[4,5,6];
-->c=somn( a, b)
C =

©No

-->cal c(’ one’)
ans =

4.4 Adding anewinterface to the Scilab kernel

It is possibleto adda seta new built-in functionsto Scilabby a permanentink theinterfacepro-
gram.Forthat,it is necessario updatehefilesdef aul t / f undef andr outi nes/cal li nter.
Wheni nt er sci is invoked asfollows:

i ntersci <interfacename> <interface number>

i nt ersci thenbuildsa. f undef file whichis usedto updatethedef aul t / f undef file.

To adda new interfacethe userneedsalsoto updatether out i nes/ cal | i nt er. h file
with a particularvalueof f un Fortranvariablecorrespondingo the new interfacenumber

Two unusecemptyinterfaceroutinescalledby default (mat usr . f andmat us2. f ) arepre-
definedand may be replacedby the interface program. Their interfacenumbersl4 and24 re-
spectvely. They canbeusedasdefaultinterfaceprograms.The executablecodeof Scilabis then
madeby typing “make all” or “make bin/scilex” in Scilabdirectory
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