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Chapitre 1

In tro duction

1.1 What is Scilab

Developed at INRIA, Scilab hasbeendeweloped for systemcontrol and signal processingappli-
cations. It is freely distributed in sourcecode format (seethe copyright Te).

Scilab is made of three distinct parts : an interpreter, libraries of functions (Scilab procedures)
and libraries of Fortran and C routines. Theseroutines (which, strictly speaking, do not belongto
Scilab but are interactively called by the interpreter) are of independert interest and most of them
are available through Netlib. A few of them have beenslightly modi ed for better compatibilit y
with Scilab's interpreter.

A key feature of the Scilab syntax is its ability to handle matrices : basic matrix manipulations
sudh asconcatenation,extraction or transposeare immediately performedaswell asbasicoperations
such asaddition or multiplication. Scilabalsoaimsat handling more complexobjectsthan numerical
matrices. For instance, cortrol people may want to manipulate rational or polynomial transfer
matrices. This is donein Scilabby manipulating lists and typed lists which allows a natural symbolic
represertation of complicated mathematical objects such as transfer functions, linear systemsor
graphs (seeSection 2.7).

Polynomials, polynomials matrices and transfer matrices are also de ned and the syntax used
for manipulating these matrices is identical to that used for manipulating constart vectors and
matrices.

Scilab providesa variety of powerful primitiv esfor the analysisof non-linear systems.Integration
of explicit and implicit dynamic systemscan be accomplishednumerically. The scicos toolbox
allows the graphic de nition and simulation of complexinterconnectedhybrid systems.

There exist numerical optimization facilities for non linear optimization (including non di®e-
rentiable optimization), quadratic optimization and linear optimization.

Scilab has an open programming ervironment where the creation of functions and libraries of
functions is completely in the hands of the user (seeChapter 3). Functions are recognizedas data
objects in Scilab and, thus, can be manipulated or created as other data objects. For example,
functions can be de ned inside Scilab and passedasinput or output argumerts of other functions.

In addition Scilab supports a character string data type which, in particular, allows the on-line
creation of functions. Matrices of character strings are also manipulated with the samesyntax as
ordinary matrices.

Finally, Scilab is easily interfaced with Fortran or C subprograms.This allows use of standar-
dized padkagesand libraries in the interpreted ervironment of Scilab.

The general philosophy of Scilab is to provide the following sort of computing environment :



{

To have data typeswhich are varied and °exible with a syntax which is natural and easyto
use.

To provide a reasonableset of primitiv eswhich serwe as a basisfor a wide variety of calcula-
tions.

To have an open programming ervironment where new primitiv esare easily added. A useful
tool distributed with Scilab is intersci  which is a tool for building interface programs to
add new primitiv esi.e. to add new modules of Fortran or C code into Scilab.

To support library developmert through \to olboxes" of functions dewoted to speci ¢ appli-
cations (linear control, signal processing,network analysis, non-linear cornrol, etc.)

The objective of this introduction manual is to give the useran idea of what Scilab can do. On
line documertation on all functions is available (help command).

1.2

Software Organization

Scilabis divided into a setof directories. The main directory SCIDIRcortains the following Tes :
scilab.star  (startup le), the copyright Te notice.tex , and the configure Tes (see(1.3)).The
subdirectories are the following :

{

[t Wt Wt

bin is the directory of the executable Tes. The starting script scilab on Unix/Lin ux sys-
tems and runscilab.exe on Windows95/NT, The executable code of Scilab : scilex on

Unix/Lin ux systemsand scilex.exe onWindows95/NT arethere. This directory alsocontains
Shell scripts for managing or printing Postscript/LATEX Tes produced by Scilab.

demosis the directory of demos.This directory contains the codes corresponding to various
demos. They are often useful for inspiring new users. The le alldems.dem is used by the

\Demos" button. Most of plot commands are illustrated by simple demo examples. Note

that running a graphic function without input parameter provides an example of usefor this

function (for instance plot2d() displays an example for using plot2d function).

examples contains useful examplesof how to link external programsto scilab, using dynamic

link or intersci

doc is the directory of the Scilab documertation : IATEX , dvi and Postscript Tes. This

documerntation is SCIDIR/doc/intro/intro.tex

geci contains source code and binaries for GeCl which is an interactive communication

manager created in order to manageremote executions of softwares and allow exchangesof

messagedeetven those programs. It o®ersthe possibility to exploit humerous machines on

a network, as a virtual computer, by creating a distributed group of independert softwares
(help communications for a detailed description). GeCl is used for the link of Xmetanet

with Scilab.

pvma3corntains source code and binaries of the PVM version 3 which is another interactive
communication manager.

imp is the directory of the routines managingthe Postscript les for print.

libs contains the Scilab libraries (compiled code).

macros cortains the libraries of functions which are available on-line. New libraries can easily
be added (seethe Make Te). This directory is divided into a number of subdirectories which

contain \T oolboxes" for control, signal processing,etc... Strictly speaking Scilab is not orga-
nized in toolboxes: functions of a speci ¢ subdirectory can call functions of other directories;

so, for example,the subdirectory signal is not self-cortained but its functions are all devoted

to signal processing.



{ manis the directory containing the manual divided into submaruals, corresponding to the
on-line help and to a IATEX format of the referencemanual. The IATEX code is produced
by a translation of the Unix format Scilab manual (seethe subdirectory SCIDIR/man. To
get information about an item, one should enter help item in Scilab or usethe help window
facility obtained with help button. To getinformation corresponding to a key-word, oneshould
enter apropos key-word or useapropos in the help window. All the item s and key-words
known by the help and apropos commandsare in .cat and whatis les located in the man
subdirectories.

To add new items to the help and apropos commandsthe user can extend the list of direc-
tories available to the help browser by adapting the variable %helps. Seethe README le
in the mandirectory and the example given in examples/man-examples directory

{ maple is the directory which contains the source code of Maple functions which allow the
transfer of Maple objects into Scilab functions. For e+ciency, the transfer is made through
Fortran code generation which is dynamically linked to Scilab.

{ routines is a directory which cortains the source code of all the numerical routines. The
subdirectory default is important sinceit contains the source code of routines which are
necessaryto customize Scilab. In particular user's C or Fortran routines for ODE/D AE si-
mulation or optimization can be included here (they can be also dynamically linked).

{ examples contains examplesof speci ¢ topics. It is shown in appropriate subdirectories how to
add new C or Fortran program to Scilab (seeaddinter-tutorial ). More complex examples
aregivenin addinter-examples . The directory mex-examplescortains examplesof interfaces
realized by emulating the Matlab mex les. The directory link-examples illustrates the use
of the call function which allows to call external function within Scilab.

{ intersci contains a program which can be usedto build interface programs for adding new
Fortran or C primitiv esto Scilab. This program is executed by the intersci  script in the
bin/intersci directory.

{ scripts is the directory which contains the sourcecode of shell scripts Tes. Note that the
list of printers namesknown by Scilab is de ned there by an ernvironment variable.

{ tests : this directory corntains evaluation programs for testing Scilab's installation on a
machine. The Te \demos.tst" tests all the demos.

{ wless, xless isthe Berkeley le browsing tool

{ xmetanet is the directory which cortains xmetanet, a graphic display for networks. Type
metanet() in Scilabto useit.

1.3 Installing Scilab. System Requiremen ts

Scilab is distributed in sourcecode format ; binaries for Windows95/NT systemsand seeral
popular Unix/Lin ux-XWindow systemsare also available : Dec Alpha (OSF V4), Dec Mips (UL-
TRIX 4.2), Sun Sparcstations (Sun OS), Sun Sparc stations (Sun Solaris), HP9000 (HP-UX V10),
SGI Mips Irix, PC Linux. All of these binaries versionsinclude tk/tcl interface.

The installation requiremerts are the following :

- for the sourceversion : Scilab requires approximately 130Mb of disk storageto unpadk and
install (all sourcesincluded). You need X Window (X11R4, X11R5 or X11R6, C compiler and
Fortran compiler (e.g. f2c or g77 or Visual C++ for Windows systems).

- for the binary version : the minimum for running Scilab (without sources)is about 40 Mb
when decompressedTheseversionsare partially statically linked and in principle do not require a
fortran compiler.



Scilab usesa large internal stack for its calculations. This size of this stadk can be reduced or
enlargedby the stacksize . command. The default dimension of the internal stack can be adapted
by modifying the variable newstacksize in the scilab.star  script.

- For more information on the installation, pleaselook at the README Tes

1.4 Documentation

The documertation is made of this User's guide (Introduction to Scilab) and the Scilab on-
line manual. There are also reports dewoted to speci ¢ toolboxes: Scicos(graphic system builder
and simulator), Signal (Signal processingtoolbox), Lmito ol (interface for LMI problems), Metanet
(graph and network toolbox). An FAQ is available at Scilab home page:
(http://www-rocq.inria.fr/scilab ).

1.5 Scilab at a Glance. A Tutorial

1.5.1 Getting Started

Scilab is called by running the scilab script in the directory SCIDIR/bin (SCIDIR denotes
the directory where Scilab is installed). This shell script runs Scilab in an Xwindow ernvironment
(this script Te can be invoked with speci ¢ parameters such as -nw for \no-window"). You will
immediatly get the Scilab window with the following banner and prompt represerted by the --> :

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

Startup execution:
loading initial environment

>

A ‘rst contact with Scilab can be made by clicking on Demoswith the left mousebutton and
clicking then on Introduction  to SCILAB: the execution of the sessionis then done by entering
empty lines and can be stopped with the buttons Stop and Abort .

Seeral libraries (seethe SCIDIR/scilab.star  le) are automatically loaded.

To give the useran idea of someof the capabilities of Scilab we will give later a sample session
in Scilab.



1.5.2 Editing a command line

Before the sample session,we brie°y presert how to edit a command line. You can enter a
command line by typing after the prompt or clicking with the mouseon a part on a window and
copy it at the prompt in the Scilabwindow. The pointer may be moved using the directionnal arrows
(A ;! ). For Emacs customers, the usual Emacs commandsare at your disposal for modifying a
command (Ctrl- <chr> means hold the CONTROL key while typing the character <chr>), for
example:

Lt Wt W W e W e W e W e W e N e Wt Wt W W o W e )

Ctrl-p recall previous line

Ctrl-n recall next line

Ctrl-b move badkward one character

Ctrl-f move forward one character

Delete delete previous character

Ctrl-h delete previous character

Ctrl-d delete one character (at cursor)

Ctrl-a move to beginning of line

Ctrl-e move to end of line

Ctrl-k deleteto the end of the line

Ctrl-u cancelcurrent line

Ctrl-y yank the text previously deleted

Iprev recall the last command line which beginsby prev
Ctrl-c interrupt Scilab and pauseafter carriage return. Clicking on the Control/stop button
enters a Ctrl-c.

As said before you can also cut and paste using the mouse.This way will be usefulif you type
your commandsin an editor. Another way to \load" Tes containing Scilab statemerts is available
with the File/File  Operations button.

1.5.3 Buttons

The Scilab window has the following Control buttons.

{
{

(ot Wt Wate Watn Waen Wae W)

{

Stop interrupts execution of Scilab and enters in pause mode

Resumecortin ues execution after a pause entered as a command in a function or generated
by the Stop button or Control C.

Abort aborts execution after one (or seweral) pause, and returns to top-level prompt
Restart clearsall variables and executesstartup les

Quit quits Scilab

Kill kills Scilab shell script

Demosfor interactive run of somedemos

File Operations facility for loading functions or data into Scilab, or executing script les.
Help : invokes on-line help with the tree of the man and the names of the corresponding
items. It is possibleto type directly help <item> in the Scilab window.

Graphic Window : selectactive graphic window

New buttons can be added by the addmenucommand. Note that the command :
SCIDIR/bin/scilab  -nw
invokes Scilab in the \no-window" mode.



1.5.4 Customizing your Scilab - Unix only

The parameters of the di®erent windows opened by Scilab can be easily changed. The way
for doing that is to edit the Tes contained in the directory X11-defaults . The rst possibility
is to directly customizethese les. Another way is to copy the right lines with the modi cations
in the .Xdefaults Te of the home directory. These modi cations are activated by starting again
Xwindow or with the command xrdb .Xdefaults . Scilab will read the .Xdefaults Te : the lines
of this "Te will canceland replacethe corresponding lines of X11-defaults.

A simple example:

Xscilab.color*Scrollbar.background:red
Xscilab*vpane.height: 500
Xscilab*vpane.width: 500

in .Xdefaults will changethe 500x650window to a squarewindow of 500x500and the scrollbar
badkground color changesfrom greento red.
An important parameter for customizing Scilab is stacksize discussedin 1.3.

1.5.5 Sample Session for Beginners

We present now somesimple commands.At the carriage return all the commandstyped since
the last prompt are interpreted.

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

-->a+A
ans =

3.
-->/[Two commandson the sameline

~>c=[1 2]:b=1.5
b =

15
-->[[A  commandn several lines

-->u=1000000*(a*sin(A)) 2+...

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

81268.994



Give the valuesof 1 and 2 to the variablesa and A. The semi-colonat the end of the command
suppresseghe display of the result. Note that Scilab is case-sensitie. Then two commands are
processedand the secondresult is displayed becauseit is not followed by a semi-colon. The last
command shows how to write a command on several lines by using\... ". This signis only needed
in the on-line typing for avoiding the e®ectof the carriage return. The chain of characters which
follow the // is not interpreted (it is a commert line).

-->a=1:b=1.5;

-->2*a+b"2
ans =

4.25
-->//We have now created variables and can list them by typing:

-->who
your variables are...

ans b a bugmes  scicos_pal demolist
%helps LANGUAGBVSDOS home PWD TMPDIR  xdesslib
percentlib polylib intlib elemlib utillib statslib
alglib siglib optlib autolib roblib soundlib  metalib
armalib tkscilib tdcslib s2flib mtlblib SClI %F
%T %z %s %nan %inf COMPILER%gtk
%pvm %tk $ %t %f %eps %io
%i %e
using 5358 elements out of 1000000.

and 50 variables out of 1791

your global variables are...

LANGUAGREA6helps demolist  %browsehelp %toolboxes
%toolboxes_dir
using 1421 elements out of 1661.

and 6 variables out of 255

We get the list of previously de ned variablesa b ¢ A together with the initial environment
composedof the di®eren libraries and somespeci ¢ \p ermanen" variables.

Below is an example of an expressionwhich mixes constarts with existing variables. The result
is retained in the standard default variable ans.



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

->W(1,1)
ans =

! 0.2113249 0.0002211 0.6653811 !

-->W(,1)
ans =

! 0.2113249 0.0002211 0.6653811 !
! 0.7560439 0.3303271 0.6283918 !

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

0.6283918

De ning |, a vector of indices, Wa random 2 x 4 matrix, and extracting submatrices from W
The $ symbol standsfor the last row or last column index of a matrix or vector. The colon symbol
stands for \all rows" or \all columns".

~>sart(4 -4))
ans =

Calling a function (or primitiv e) with a vector argumernt. The responseis a complex vector.

—>p=poly([1 2 3],'z''coeff)
p =

2
1+ 2z + 3z

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



-->/[p can also be defined by :
-->s=poly(0,'s");p=1+2*s+s"2
p =

1+2s +s

A more complicated command which createsa polynomial.

->M=[p, p-1; p+l1,2]

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

2 +2s +s 2

-->det(M)
ans =

2 3 4
2-4s - 4s - s

De nition of apolynomial matrix. The syntax for polynomial matricesis the sameasfor constart
matrices. Calculation of the determinant of the polynomial matrix by the det function.

-->F=[1/s ,(s+1)/(1-s)
--> s/p , s"2 ]
F =



N

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

1+s

De nition of a matrix of rational polynomials. (The internal represeration of F is a typed
list of the form tlist('the type',num,den) where numand den are two matrix polynomials).
Retrieving the numerator and denominator matrices of F by extraction operations in a typed list.
Last command is the direct extraction of entry 1,2 of the numerator matrix F.num

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

_->pt
pt =

2 3
S +2s +s

Herewe move into a new environment using the command pause and we obtain the new prompt
-1-> which indicates the level of the new environment (level 1). All variables that are available
in the rst ervironment are also available in the new ervironment. Variables created in the new
ervironment can be returned to the original ervironment by using return . Useof return without



an argumert destroys all the variables created in the new environment before returning to the old
ervironment. The pause facility is very useful for debuggingpurposes.

-->F21=F(2,1);v=0:0.01:%pi;frequencies=exp(%i*v);
-->response=freq(F21.num,F21.den,frequencies);
-->plot2d(v,abs(response),style=-1,rect=[0,0,3.5,0.7],nax=[5,4,5 1)

-->xtitle(" ','radians’,'magnitude’);

De nition of arational polynomial by extraction of an entry of the matrix F de ned above. This
is followed by the evaluation of the rational polynomial at the vector of complex frequency values
de ned by frequencies . The ewaluation of the rational polynomial is done by the primitiv e freq .
F12.numis the numerator polynomial and F12.den is the denominator polynomial of the rational
polynomial F12 Note that the polynomial F12.numcan be also obtained by extraction from the
matrix F using the syntax F.num(1,2) . The visualization of the resulting evaluation is made by
using the basic plot command plot2d (seeFigure 1.1).

The function horner performs a (possibly symbolic) change of variables for a polynomial (for
example, here, to perform the bilinear transformation f(w(s))).



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

-->Sl=syslin('c',A,B,C);

-->ss2tf(Sl)

ans =

! 1 2 !
I e s |
! 1+s 1+s !

De nition of a linear systemin state-spacerepresertation. The function syslin de nes herethe
continuoustime ('c' ) systemSl| with state-spacematrices (A,B,C). The function ss2tf transforms
Sl into transfer matrix represertation.

-->s=poly(0,'s");
~->R=[1/s,s/(1+s),5"2]

R =

| 21
I 1 S s |
Lo -
| S 1+s 1!

-->S|=syslin('c',R);
-->tf2ss(Sl)
ans =
ans(1) (state-space  system:)
Iss A B C D X0 dt !
ans(2) = A matrix =

I - 05 - 05!
I -05 - 051!

ans(3) = B matrix =

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



ans(4) = C matrix

| - 1.  1.212D-16 !

ans(5) = D matrix

| 2!
10 1 s !

ans(6)

X0 (initial state) =

ans(7) = Time domain =

De nition of the rational matrix R Sl is the continuous-time linear system with (improp er)
transfer matrix R tf2ss puts Sl in state-spacerepresenation with a polynomial D matrix. Note
that linear systemsare represerted by speci ¢ typed lists (with 7 ertries).

-->sl1=[SI;2*Sl+eye()]

sl =

! 2 !
| s s
CoL -
L s 1+s 1!
! !
! 2!
! 2 +s 25 25 I
S —
! S 1+s 1!
-->size(sl1)

ans =

] 2. 3. !
-->size(tf2ss(sl1))

ans =



sll isthe linear systemin transfer matrix represenation obtained by the parallel inter-connection
of SI and 2*SI +eye() . The samesyntax is valid with Sl in state-spacerepresenation.

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

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

-->  Al1=[A-B*Kr ,B*Kr; 0*A ,A-Ko*C]; Id=eye(A);
--> B1=[B; 0*B];

-->  Cl=[C ,0*C];Cl=syslin('c',A1,B1,C1)
-->endfunction

On-line de nition of a function, called compenwhich calculatesthe state spacerepresenation
(CI) of a linear system (Sl) cortrolled by an obsener with gain Koand a cortroller with gain Kr.
Note that matrices are constructed in block form using other matrices.

-->A=[1,1 ;0,1];B=[0;1];C=[1,0];SI=syslin('c',A,B,C);

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

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

o whko
e

cCowpr
1

- 1.

- 1.0000000
1. +i
-1 -

Call to the function compende ned above where the gains were calculated by a call to the
primitiv e ppol which performs pole placemen. The resulting Aclosed matrix is displayed and the
placemen of its polesis chedked using the primitiv e spec which calculates the eigernvalues of a
matrix. (The function compenis de ned here on-line by as an example of function which receiw a



linear system (Sl) asinput and returns a linear system (CI) as output. In general Scilab functions
are de ned in Tes and loadedin Scilab by exec or by getf ).

-->//Saving the environment in a file named: myfile
-->save('myfile")

-->//[Request to the host system to perform a system command
-->unix_s('rm  myfile")

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

-->unix_w('date")
Thu Oct 30 15:27:45 CET2003

Relation with the Unix ervironment.

-->foo=['void foo(a,b,c)’;

--> ‘double *a,*b,*c;'
~> o =72+ )]
foo =

lvoid foo(a,b,c) !
! !
ldouble *a,*b,*c; !
I 1
{ *c =*a + *b} !

-->/[A 3 x 1 matrix of strings

-->write(*foo.c',foo); /[Editing
-->unix_s('make fo00.0') //Compiling
-->link('foo.0','foo','C"); //Dynamic link

shared archive loaded

Link done

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



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

-->deff('[c]=myplus(a,b),...
-->  'c=call("foo",a,1,"d",b,2,"d","out",[1,1],3,"d")")

-->myplus(5,7)
ans =

12.

De nition of a column vector of character strings usedfor de ning a C function Te. The routine
is compiled (needsa compiler), dynamically linkedto Scilabby the link command,and interactively
called by the function myplus.

-->function  ydot=f(t,y),ydot=[a-y(2)*y(2) -1;1  O]*y,endfunction
-->a=1,;y0=[1,;0];t0=0;instants=0:0.02:20;

-->y=0de(y0,t0,instants,f);
-->plot2d(y(1,),y(2,:),style=-1,rect=[-3,-3,3,3],nax=[10,2,10 2])
-->xtitle('Van der Pol)

De nition of a function which calculatesa rst order vector di®ererial f(t,y) . This is followed
by the de nition of the constart a usedin the function. The primitiv e ode then integrates the
di®ererial equation de ned by the Scilab function f(t,y) for yO=[1 ;0] at t=0 and where the
solution is given at the time valuest = 0;:02;:04;:::;20. (Function f can be de ned asa C or

Fortran program). The result is plotted in Figure 1.2 where the rst elemen of the integrated
vector is plotted against the secondelemen of this vector.

-->m=['a’ 'cos(b)’;'sin(a)' 'c]

m =

la cos(b) !

I |

isin(a) o '

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

-->function  x=%c_m_c(a,b)



-->  [l,m]=size(a);[m,n]=size(b);x=[];
-> for j=1:n,

~>  ¥=lE

--> for i=1:l,

> t=' ‘;

--> for k=1:m;

-->if  k>1 then

> =+ (Fall, k) +H) e+ (+b(k )+’

-->else

-> t=( +a@k +) +'( +bkj) +)

-->end

--> end

--> y=ly:t]

--> end

> =l ]

--> end

-->endfunction

-->m*m’

ans =

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

De nition of a matrix cortaining character strings. By default, the operation of symbolic multi-
plication of two matrices of character strings is not de ned in Scilab. Howeer, the (on-line) function
de nition for %cmale nes the multiplication of matrices of character strings. The %which begins
the function de nition for %cmallows the de nition of an operation which did not previously exist
in Scilab, and the name cmcmeans\c hain multiply chain”. This exampleis not very useful : it is
simply givento showv how operations such as* can be de ned on complex data structures by mean
of scpeci ¢ Scilab functions.

-->function  y=calcul(x,method),z=method(x),y=poly(z,'x’),endfunction
-->function  z=meth1(x),z=x,endfunction
-->function  z=meth2(x),z=2*x,endfunction

-->calcul([1,2,3],meth1)
ans =

2 3
- 6 + 11x - 6Xx + X



-->calcul([1,2,3],meth2)
ans =

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

A simple examplewhich illustrates the passingof a function asan argumert to another function.
Scilab functions are objects which may be de ned, loaded, or manipulated as other objects such as
matrices or lists.

-->quit

Exit from Scilab.
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Chapitre 2

Data Types

Scilabrecognizesse\eral data types. Scalarobjects are constarts, booleans,polynomials, strings
and rationals (quotients of polynomials). Theseobjectsin turn allow to de ne matrices which admit
these scalarsas ertries. Other basic objects are lists, typed-lists and functions. Only constart and
boolean sparsematrices are de ned. The objective of this chapter is to describe the use of eat of
thesedata types.

2.1 Special Constan ts

Scilab provides special constarts %i, %pi, %0¢ and %epsas primitiv es.The %i constart represerts
i 1, %piis Ya= 3:1415927¢¢ , %eis the trigonometric constart e = 2:7182818t¢¢, and %eps

is a constart represeting the precision of the macdhine (%epsis the biggest number for which
1+ %eps= 1). %inf and %nanstand for \In nit y" and \NotANum ber" respectively. %sis the
polynomial s=poly(0,'s") with symbol s.

(More generally, givena vector rts , p=poly(rts,'x") de nesthe polynomial p(x) with variable
x and such that roots(p) = rts ).

Finally boolean constarts are %t and %f which stand for \true" and \false" respectively. Note
that %t is the sameas 1==1and %f is the sameas ~%t

These variables are consideredas \prede ned". They are protected, cannot be deleted and are
not saved by the save command. It is possiblefor a user to have his own \prede ned" variables
by using the predef command. The best way is probably to set these special variablesin his own
startup Te <homedir>/.scilab . Of course,the usercan usee.g.i=sqrt(-1) instead of %i.

2.2 Constant Matrices

Scilab considersa number of data objects as matrices. Scalarsand vectors are all consideredas
matrices. The details of the use of these objects are revealedin the following Scilab sessions.

Scalars Scalarsare either real or complex numbers. The values of scalars can be assignedto
variable nameschosenby the user.

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

5. + 2i

21



--> B=-2+%i;

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

4. - 3

--> a*b
ans =

26. - 7.

-->a*B
ans =

- 12, +i

Note that Scilab evaluatesimmediately linesthat endwith a carriagereturn. Instructions that ends
with a semi-colonare evaluated but are not displayed on screen.

Vectors The usual way of creating vectors is as follows, using commas (or blanks) and semi-
columns:

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

! 2. - 3. +i 7. !

ans =



--> VAW
ans =

18.

> W.ry
ans =

I - 6. 8. - 6. 14. !

Notice that vector elemens that are separatedby commas (or by blanks) yield row vectors and
those separated by semi-colonsgive column vectors. The empty matrix is [] ; it has zero rows
and zero columns. Note also that a single quote is used for transposing a vector (one obtains the
complex conjugate for complex entries). Vectors of samedimension can be added and subtracted.
The scalarproduct of a row and column vector is demonstrated above. Elemert-wise multiplication
(.* ) and division (./ ) is also possibleas was demonstrated.

Note with the following example the role of the position of the blank :

-->v=[1 +3]
vV =
! 1. 3. !
-->w=[1 + 3]
W =
! 1. 3.1
->w=[1+ 3]
w =

4.

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

Vectors of elemerts which increaseor decreaseincremertely are constructed as follows

--> vy=5:-5:3
\Vj =

! 5. 4.5 4. 3.5 3. !



The resulting vector beginswith the “rst value and endswith the third value steppingin incremerts
of the secondvalue. When not speci ed the default incremert is one. A constart vector can be
created using the ones and zeros facility

--> v=[1 5 6]
V] =

! 1. 5. 6. !

--> ones(v)
ans =

! 1. 1. 1.1

--> ones(V")
ans =

--> ones(1:4)
ans =

! 1. 1. 1. 1!

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

! 3. 3. 3. 3. !

-->zeros(v)
ans =

! 0. 0. 0. !

-->zeros(1:5)
ans =

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

Notice that ones or zeros replaceits vector argumert by a vector of equivalent dimensions Iled
with onesor zeros.

Matrices  Row elemerts are separatedby commasor spacesand column elemeris by semi-colons.
Multiplication of matrices by scalars, vectors, or other matrices is in the usual sense.Addition



and subtraction of matrices is elemen-wise and elemen-wise multiplication and division can be
accomplishedwith the .* and ./ operators.

> A=[2 1 45 -8 2]

a1 N
1

o
N b

b =

! 1 1. 1. !
! 1 1. 1. !
--> A*b

ans =

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

ans =

! 7. 7. !
-1 - 1.1

Notice that the ones operator with two real numbers as argumerts separatedby a comma creates
a matrix of onesusing the argumerts as dimensions (same for zeros). Matrices can be used as
elemeris to larger matrices. Furthermore, the dimensionsof a matrix can be changed.

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

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

--> B=[5 6;7 8];
--> C=[9 10;11 12];

> D=[AB,C]
D =



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

-->F=eye(E)

F =

! 1 0. 0 0. !
0 1. 0 0. !
0 0. 1 0. !
-->G=eye(4,3)

G =

! 1. 0. 0. !

! 0. 1. 0. !

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

Notice that matrix Dis created by using other matrix elemeris. The matrix primitiv e createsa
new matrix E with the elemens of the matrix D using the dimensionsspeci ed by the secondtwo
argumerts. The elemen ordering in the matrix Dis top to bottom and then left to right which
explains the ordering of the re-arranged matrix in E

The function eye createsan m £ n matrix with 1 along the main diagonal (if the argumert is
a matrix E, m and n are the dimensionsof E) .

Sparseconstart matrices are de ned through their nonzeroertries (type help sparse for more
details). Once de ned, they are manipulated as full matrices.

2.3 Matrices of Character Strings

Character strings can be created by using single or double quotes. Concatenation of strings is
performed by the + operation. Matrices of character strings are constructed as ordinary matrices,
e.g. using brackets. A very important feature of matrices of character strings is the capacity to
manipulate and create functions. Furthermore, symbolic manipulation of mathematical objects can
be implemented using matrices of character strings. The following illustrates someof thesefeatures.

-> A=[Xx 'Yz 'W+HV']



-->  At=trianfml(A)
At =

Iz w+v !
| I

10 z*y-x*(w+v) !
--> x=1,y=2;z2=3,w=4;v=5;

--> evstr(At)
ans =

Note that in the above Scilab sessiorthe function trianfml  performsthe symbolic triangularization
of the matrix A The value of the resulting symbolic matrix can be obtained by using evstr .

A very important aspect of character strings is that they can be usedto automatically create
new functions (for more on functions see Section 3.2). An example of automatically creating a
function is illustrated in the following Scilab sessionwhere it is desiredto study a polynomial of
two variables s and t . Since polynomials in two independert variables are not directly supported
in Scilab, we can construct a new data structure using a list (seeSection 2.7). The polynomial to
be studied is (t2 + 2t3) j (t+ t?)s+ ts? + s°.

-->getf("macros/make_macro.sci");
-->s=poly(0,'s’);t=poly(0,'t);
—->p=list(t'2+2*t"3,-t-12,t, 1+0*t);

-->pst=makefunction(p) //pst is a function t->p (number->polynomial)
pst =

[p]=pst(t)

—->pst(1)
ans =

2 3
3-25s+s +s

Here the polynomial is represerted by the commandwhich puts the coezxcients of the variable s in
the list p. The list p is then processedby the function makefunction which makesa new function
pst. The contents of the new function can be displayed and this function can be evaluated at values
of t. The creation of the new function pst is accomplishedas follows

function [newfunction]=makefunction(p)
/[ Copyright INRIA



num=mulf(makestr(p(1)),'1";
for k=2:size(p);
new=mulf(makestr(p(k)), s+string(k-1));
num=addf(num,new);
end,
text="p="+num;
deff('[p]=newfunction(t)’,text),

function  [str]l=makestr(p)
n=degree(p)+1;c=coeff(p);str=string(c(1));x=part(varn(p) ,1);
xstar=x+"\",
for k=2:n,
if c(k)<>0 then,
str=addf(str,mulf(string(c(k)),(xstar+string(k-1))));
end,
end

Herethe function makefunction takesthe list p and createsthe function pst . Inside of makefunction
there is a call to another function makestr which makesthe string which represens ead term of
the newtwo variable polynomial. The functions addf and mulf are usedfor adding and multiplying
strings (i.e. addf(x,y) vields the string x+y). Finally, the essetial command for creating the new
function is the primitiv e deff . The deff primitiv e createsa function de ned by two matrices of cha-
racter strings. Here the function p is de ned by the two character strings '[p]=newfunction(t)’
and text wherethe string text evaluatesto the polynomial in two variables.

2.4 Polynomials and Polynomial Matrices

Polynomials are easily created and manipulated in Scilab. Manipulation of polynomial matrices
is essetially identical to that of constart matrices. The poly primitiv e in Scilab can be usedto
specify the coezxcients of a polynomial or the roots of a polynomial.

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

2- 3 +s
-->q=poly([1 2],'s','c") /lpolynomial  defined by its coefficients
q =

1+ 2s
—->ptq
ans =



3-s+s

~->p*q
ans =

2 3
2+s - 5s + 2s

—> alp
ans =

Note that the polynomial p hasthe roots 1 and 2 whereasthe polynomial q has the coetcients 1
and 2. It is the third argumert in the poly primitiv e which speci es the coexcient °ag option. In
the casewhere the rst argumert of poly is a squarematrix and the roots option is in e®ectthe
result is the characteristic polynomial of the matrix.

--> poly([1 2;3 4]'s)
ans =

2
- 2-5s+s

Polynomials can be added, subtracted, multiplied, and divided, as usual, but only between poly-
nomials of sameformal variable.

Polynomials, like real and complex constarts, can be used as elemers in matrices. This is a
very useful feature of Scilab for systemstheory.

—->s=poly(0,'s’);

-->A=[1 s;s 1+s"2]
A =

I
21
S 1+s !

--> B=[l/s 1/(1+s);1/(1+s) 1/s"2]



=
[ER

From the above examplesit can be seenthat matrices can be constructed from polynomials and
rationals.
2.4.1 Rational polynomial simpli cation

Scilab automatically performs pole-zero simpli cations when the the built-in  primitiv e simp
‘nds a common factor in the numerator and denominator of a rational polynomial num/den
Pole-zero simpli cation is a ditcult problem from a numerical viewpoint and simp function is
usually consenative. When making calculations with polynomials, it is sometimes desirable to
avoid pole-zerosimpli cations : this is possible by switching Scilab into a \no-simplify" mode :
help simp_mode The function trffmod can also be usedfor simplifying speci ¢ pole-zeropairs.

2.5 Boolean Matrices

Boolean constarts are %t and %f. They can be usedin booleanmatrices. The syntax is the same
asfor ordinary matrices i.e. they can be concatenated,transposed,etc...
Operations symbols usedwith boolean matrices or usedto create boolean matrices are == and

If Bis a matrix of booleansor(B) and and(B) perform the logical or and and.

-->0ot
%t =

T

_->[1,2]::[1’3]
ans =

I TF!

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

I TF!

-->a=1.5; a(a>2)
ans =

! 3. 4. 5. |



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

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

' TEFTETT!

-->A|B
ans =

' TEFTETT!

-->A&B
ans =

| TFTFFF!

Sparseboolean matrices are generatedwhen, e.g., two constart sparsematrices are compared.
These matrices are handled as ordinary boolean matrices.

2.6 Integer Matrices

There are 6 integer data typesde ned in Scilab, all thesetypeshave the samemajor type (see
the type function) which is 8 and di®erert sub-types(seethe inttype function)

{ 32bit signedintegers(sub-type 4)

{ 32 bit unsignedintegers (sub-type 14)

{ 16 bit signedintegers(sub-type 2)

{ 16 bit unsignedintegers (sub-type 23)

{ 8 bit signedintegers (sub-type 2)

{ 8 bit unsignedintegers (sub-type 12)
It is possibleto build these integer data types from standard matrix (see 2.2) using the int32 ,
uint32 , intl6 , uintl6 , int8 , uint8 conversion functions

~>x=[0 3.2 27 135] ;

-->int32(x)
ans =

10 3 27 135!

-->int8(x)
ans =

10 3 27 -121!
-->uint8(x)
ans =



10 3 27 135!

The samefunction can also convert from one sub-type to another one. The double function
transform any of the integer type in a standard type:

->y=int32([2 5 285])
y =

2 5 285!

-->uint8(y)
ans =

12 5 29!

-->double(ans)
ans =

! 2. 5. 29. !
Arithmetic and comparisonoperations can be applied to this type
->x=intl6([1 5 12])
X =
11 5 12!

—->x([1 3]
ans =

11 12!
-->X+X

ans =

12 10 24!

-->x*x'
ans =

170
->y=intl6([1 7 11))
y =

1 7 11!



-->X>Y
ans =

| FFT!

The operators & | and usedwith thesedatatypescorrespond to AND, OR and NOT bit-wise
operations.

->x=intl6([1 5 12))

X =

1 5 12
-->x|int16(2)
ans =

3 7 14
-->int16(14)&int16(2)
ans =

2
-->~Uuint8(2)
ans =
253

2.7 Lists

Scilab has a list data type. The list is a collection of data objects not necessarilyof the same
type. A list can contain any of the already discusseddata types (including functions) as well as
other lists. Lists are useful for de ning structured data objects.

There are two kinds of lists, ordinary lists and typed-lists. A list is de ned by the list  function.
Here is a simple example:

-->L=list(1,'w',ones(2,2)) /IL is a list madeof 3 entries
L =
L(1)
1.
L(2)



L(3)

! 1. 1.1
! 1. 1.1

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

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

1.
-->L(2)=list('w',rand(2,2)) /Inested list: L(2) is nowa list

L =

L(1)

L(2)

L(2)(2)

L(2)(2)

! 0.6653811 0.8497452 !
! 0.6283918 0.6857310 !

L(3)

! 1. 1.1
! 1. 1.1

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

0.8497452

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



Typed lists have a speci ¢ rst ertry. This rst entry must be a character string (the type) or
a vector of character string (the rst componert is then the type, and the following elemerns the
namesgiven to the ertries of the list). Typed lists entries can be manipulated by using character
strings (the names)as showvn below.

-->L=tlist(['Car’;'Name';'Dimensions’],'Nevada',[2,3])
L =

L(1)

ICar
|

IName
|

IDimensions

L(2)
Nevada
L(3)
! 2. 3.1

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

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

L =

L(1)

ICar
!

IName
]

IDimensions

L(2)

Nevada



L(3)

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

2.3

~>L(1)(2)
ans =

Car

An important feature of typed-lists is that it is possibleto de ne operators acting on them (over-
loading), i.e., it is possibleto de ne e.g.the multiplication L1*L2 of the two typed lists L1 and L2.
An example of useis given below, where linear systems manipulations (concatenation, addition,
multiplication,...) are done by sud operations.

2.8 N-dimensionnal arrays

N-dimensionnal array can be de ned and handled in simple way :

->M(2,2,2)=3
M =
:,:,1)
! 0. 0. !
! 0. 0. !
:,:,2)
! 0. 0. !
! 0. 3. !

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

G:,:,1)

! 0.9329616 0.312642 !
! 0.2146008 0.3616361 !

:,:,2)

! 0.
! 0.

w o



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

G,:,1)

0.3616361
:y:h2)
3.
-->size(M)
ans =

! 2. 2. 2. !

-->size(M,3)
ans =

They can be created from a vector of data and a vector of dimension

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

ans =

G,:,1)

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

! 7 9 11. !

N-dimensionnal matrices are coded as mlists with 2 "elds :

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

! 2. 3. 2.1
-->M.entries
ans =



2.9 Linear system represen tation

Linear systems are treated as speci ¢ typed lists tlist . The basic function which is used
for de ning linear systemsis syslin . This function receives as parametersthe constart matrices
which de ne a linear system in state-spaceform or, in the caseof system in transfer form, its
input must be a rational matrix. To be more speci ¢, the calling sequenceof syslin is either
Sl=syslin('dom',A,B,C,D,x0) or Sl=syslin('dom’',trmat) . domis one of the character strings
‘¢’ or'd for continuoustime or discretetime systemsrespectively. It is usefulto note that Dcan
be a polynomial matrix (improper systems); Dand x0 are optional argumerts. trmat is a rational
matrix i.e. it is de ned as a matrix of rationals (ratios of polynomials). syslin just converts its
argumerts (e.g.the four matrices A,B,C,D) into atypedlist Sl. For state spacerepresettation Sl is
the tlist(['Iss','A",'B','C",'D'],A,B,C,D,'dom’) . This tlist represenation allowsto access
the A-matrix i.e. the secondertry of S| by the syntax SI('A") (equivalent to SI(2) ). Conversion
from a represenation to another is done by ss2tf or tf2ss . Improper systemsare also treated.
syslin de nes linear systemsasspeci c tlist . (help syslin ).

-->//list defining a linear system
-->A=[0 -1;1 -3];B=[0;1];C=[-1 0]
-->Sys=syslin('c',A,B,C)
Sys =

Sys(1) (state-space  system:)
Iss A B C D X0 dt !

Sys(2) = A matrix =

! 0. - 1.1
! 1. - 3!

Sys(3) = B matrix =



! 1. !

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

Sys(5) = D matrix =

0.

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

Sys(7) = Time domain =

c
-->//[conversion  from state-space form to

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

! 0. !
1.1

__>hs:532tf(SyS)
hs =

-->size(hs)
ans =

transfer

form



-->hs.num
ans =

1

-->hs.den
ans =

2
1+ 3s +s

-->typeof(hs)
ans =

rational
-->/[inversion of transfer matrix

-->inv(hs)
ans =

-->//inversion of state-space form
-->inv(Sys)
ans =

ans(1) (state-space  system:)

Iss A B C D X0 dt !

ans(2) = A matrix =
I

ans(3) = B matrix =
I

ans(4) = C matrix =



ans(5) = D matrix =

2
1+3s +s

ans(6)

X0 (initial state) =

ans(7) = Time domain =

-->//[converting this inverse to transfer representation

-->ss2tf(ans)
ans =

2
1+3s +s

The list represenation allows manipulating linear systemsasabstract data objects. For example,
the linear systemcan be combined with other linear systemsor the transfer function represenation
of the linear systemcan be obtained aswasdoneabove using ss2tf . Note that the transfer function
represertation of the linear system is itself a tlist. A very useful aspect of the manipulation of
systemsis that a system can be handled as a data object. Linear systemscan be inter-connected,
their represenation can easily be changedfrom state-spaceto transfer function and vice versa.

The inter-connection of linear systemscan be made asillustrated in Figure 2.1. For ead of the
possibleinter-connectionsof two systemsS1and S2the commandwhich makesthe inter-connection
is shown on the right side of the corresponding block diagram in Figure 2.1. Note that feedbak
interconnection is performed by S1/.S2.

The represertation of linear systemscan be in state-spaceform or in transfer function form.
These two represettations can be interchanged by using the functions tf2ss and ss2tf which
changethe represertations of systemsfrom transfer function to state-spaceand from state-spaceto
transfer function, respectively. An example of the creation, the changein represenation, and the
inter-connection of linear systemsis demonstrated in the following Scilab session.

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

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



Fig.
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2.1{ Inter-Connection of Linear Systems



S2 =

-->S1=syslin('c',S1);
-->S2=syslin('c',S2);
-->Gls=tf2ss(S2);

-->ssprint(Gls)

x=]2x +] 1]u

y = | 1 |X
-->h|s=Gls*S1;

-->ssprint(hls)

12 1 |
Xx=] 0 1]|x +|
y:l 1 OlX

-->ht=ss2tf(hls)
ht =

-->52*S1
ans =



-->S1+S2
ans =

ans =

ans =

The above sessionis a bit long but illustrates somevery important aspects of the handling of
linear systems.First, two linear systemsare created in transfer function form using the function
called syslin . This function wasusedto label the systemsin this example as being corntinuous (as
opposedto discrete). The primitiv e tf2ss is usedto corvert one of the two transfer functions to its
equivalent state-spacerepresenation which is in list form (note that the function ssprint creates



a more readableformat for the state-spacelinear system). The following multiplication of the two
systemsyields their seriesinter-connection. Notice that the inter-connection of the two systemsis
e®ectedeven though one of the systemsis in state-spaceform and the other is in transfer function
form. The resulting inter-connectionis givenin state-spaceform. Finally, the function ss2tf is used
to convert the resulting inter-connected systemsto the equivalent transfer function represenation.

2.10 Functions (Macros)

Functions are collections of commandswhich are executedin a new environment thus isolating
function variablesfrom the original environments variables. Functions can be created and executed
in a number of di®erert ways. Furthermore, functions can pass argumernts, have programming
featuressud as conditionals and loops, and can be recursively called. Functions can be argumerts
to other functions and can be elemers in lists. The most useful way of creating functions is by
using a text editor, howewver, functions can be created directly in the Scilab environment using the
syntax function or the deff primitiv e.

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

--> deff('[x]=foo(y)',"if y>0 then, x=1; else, x=-1; end)

--> foo(5)
ans =

1.

--> foo(-3)
ans =

- 1.

Usually functions are de ned in a le using an editor and loadedinto Scilab with :
exec('filename")

This can be done also by clicking in the File operation button. This latter syntax loads the
function(s) in filename and compilesthem. The rst line of filename must be asfollows :

function [yl,...,yn]=macname(x1,...,xk)

wherethe yi 's are output variables and the xi 's the input variables.
For more on the use and creation of functions seeSection 3.2.

2.11 Libraries

Libraries are collections of functions which can be either automatically loaded into the Scilab
ernvironment when Scilab is called, or loadedwhen desiredby the user. Libraries are created by the
lib command. Examples of librairies are given in the SCIDIR/macros directory. Note that in these
directory there is an ASCII Te \names" which contains the namesof ead function of the library, a



setof .sci

2.12 Objects

We conclude this chapter by noting that the function typeof returns the type of the various

Scilab objects. The following objects are de ned :

[t Wt Wt W W W e W e W e Wt it W e W e W W Y

usual for matrices with real or complex entries.

polynomial for polynomial matrices : coexcients can be real or complex.
boolean for boolean matrices.

character for matrices of character strings.

function for functions.

rational for rational matrices (syslin lists)

state-space for linear systemsin state-spaceform (syslin lists).
sparse for sparseconstart matrices (real or complex)

boolean sparse for sparseboolean matrices.

list for ordinary lists.

tlist  for typed lists.

mlist for matrix oriented typed lists.

state-space (or rational) for syslin lists.

library for library de nition.

2.13 Matrix Op erations

The following table givesthe syntax of the basic matrix operations available in Scilab.

“Tes which corntains the sourcecode of the functions and a setof .bin Tes which contains
the compiled code of the functions. The Make le invokesscilab for compiling the functions and
generatingthe .bin “les. The compiled functions of a library are automatically loadedinto Scilab
at their rst call. To build a library the commandgenlib can be used(help genlib ).



| SYMBOL | OPERATION \

[ 1 matrix de nition, concatenation
; row separator
() extraction m=a(k)
() insertion : a(k)=m
' transpose
+ addition
- subtraction
multiplication
left division
right division
exponert
elemenwise multiplication

*

>~ —

%

A elemerniwise left division
A elemertwise right division
N elemenwise exponert
X, kroneder product

A. kronedker right division

kronedker left division

2.14 Indexing

The following sample sessionshows the °exibilit y which is o®eredfor extracting and inserting
entries in matrices or lists. For additional details enter help extraction or help insertion

2.14.1 Indexing in matrices

Indexing in matrices can be done by giving the indices of selectedrows and columns or by
boolean indices or by using the $ symbol.

~>A=[1 2 3:4 5 6]

A =
! 1. 2 3. !
! 4. 5 6. !
->A(1,2)

ans =

2.

->A(1 1],2)

ans =



->A(:,1)
ans =

1. !
! 4, 1

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

oOwanN AR

SA([%t % %F %t])
ans =

1. |
I 5. |
>A(%t %fl[2 3]
ans =

! 2. 3. !

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



2. |
1 5. |
—>A($:-1:1,2)

ans =

! 5 1
2. !

->A($)
ans =

6.
-->//

-->x="test'
X =

test

—->x(1 1;1 11 1)
ans =

ltest test !
! !
ltest test !
] |
ltest test !
-->//

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

! 1 1+s !
| - e |
! s -1+s !
->B(1,1)
ans =
1
S

->B(1,%)



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

! 1 1+s |
-->//

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

A =
! 1. 2 3. !
| 4. 5 6. !
->A(1,2)=10

A =

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

SAL 1],2)=[-1;-2]

A =

! 1. -2 3. !
| 4. 5 6. !
-->A(:,1)=[8;5]

A =

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

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

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

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

! 10. 10. 10. !



! 5. 5. 6.

->A(1)=%s

A =
! S 10 10
!
! 5 5 1+s
->A(:)=1:6
A =
! 1. 3. 5.1
! 2. 4, 6. !

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

! 33. 3.
! 2. 4.

o o

N W

w
el
o Ul

A =
! 7. 2. 5 1
! 8 4, 6. !
->A($)=123
A =
! 7 2. 5 !



-->x="test'
X =

test

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

ltest 4 5 |

2.14.2 Indexing in lists

The following sessionillustrates how to createlists and insert/extract entries in list and tlist
or mlist . Enter help insertion and help extraction for additinal examples.

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

11.



—->|=list(a);1(0)=b
| =
(1)
11.
12)
33.
—->l=list(a):I(1)=c
| =
I(1)
0.

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

0

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

0
>/
it
--I>|=Iist(a,Iist(c,b),i);l(l)znull()

I(1)

1(1)(1)

I(1)(2)



11.

1(2)

-->|=list(a,list(c,list(a,c,b),b),'h");

->I2)(2)(3)=null()
| =

I(1)
33.
I2)
1(2)(2)
0.
1(2)(2)
1(2)(2)(2)
33.
12)(2)(2)
0.
1(2)(3)
11.
I(3)
h
>/

—->dts=list(L, tist([x;'a"'b],10,[2

-->dts(2).a

3));



ans =
10.

—->dts(2).b(1,2)
ans =

3.

-->[a,b]=dts(2)(['a’,'b])

10.
-->//
-->|=list(1,'qwerw’,%s)

I(2)

1(2)
qwerw
I(3)
s
--I>I(1)=‘Changed'
I(1)
Changed
12)

qwerw



I(3)
s
--I>I(0)=‘Added‘
I(1)
Added
I2)
Changed
I3)
qwerw
1(4)
s
__I>|(6)=[-one more';'added’]
I(1)
Added
12)
Changed
I3)

qwerw

1(4)

I(5)

Undefined



1(6)
lone more !
I !
ladded !
-->//
-->dts=list(1,tlist(['x";'a";'b",10,[2 3D);
-->dts(2).a=33
dts =

dts(1)

dts(2)

dts(2)(1)

)

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

dts =

dts(1)

dts(2)



dts(2)(1)

Ix !
] |
la !
] ]
b !
dts(2)(2)
33.
dts(2)(3)
! 2. - 100. !
-->//

-->[=list(1,'qwerw',%s);

-->|(1)
ans =

1.

—>[ab=I[3 2]
b =

qwerw
a =

S

-->|($)

ans =

-->//

-->L=list(33,list(1,33))
L =

L(1)



33.

L(2)
L(2)(1)
L(2)(1)(2)
1.
L(2)(1)(2)
qwerw
L)1)
s
L(2)(2)

33.



Chapitre 3

Programming

One of the most useful featuresof Scilabis its ability to createand usefunctions. This allows the
dewvelopmert of specialized programs which can be integrated into the Scilab padagein a simple
and modular way through, for example, the use of libraries. In this chapter we treat the following
subjects :

{ Programming Tools

{ De ning and Using Functions

{ De nition of Operators for New Data Types

{ Debbuging
Creation of libraries is discussedin a later chapter.

3.1 Programming Tools

Scilab supports a full list of programming tools including loops, conditionals, caseselection,and
creation of new ervironments. Most programming tasks should be accomplishedin the ervironment
of a function. Here we explain what programming tools are available.

3.1.1 Comparison Op erators

There exist v e methods for making comparisonsbetweenthe valuesof data objects in Scilab.
These comparisonsare listed in the following table.

== equal to

< smaller than

> greater than

<= smaller or equal to

>= greater or equal to
<> or ~= not equal to

These comparison operators are usedfor evaluation of conditionals.

3.1.2 Loops

Two typesof loopsexist in Scilab: the for loop and the while loop. The for loop stepsthrough
a vector of indices performing ead time the commandsdelimited by end.

60



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

24.

The for loop can iterate on any vector or matrix taking for valuesthe elemens of the vector or
the columns of the matrix.

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

3.

The for loop can alsoiterate on lists. The syntax is the sameas for matrices. The index takesas
valuesthe entries of the list.

-->|=list(1,[1,2;3,4],'str")

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

str

The while loop repeatedly performs a sequenceof commandsuntil a condition is satis ed.

--> x=1; while x<14,x=2*x,end
X =



16.

A for or while loop can be endedby the command break :

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

-->a
a =

In nestedloops, break exits from the innermost loop.

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

3.

3.1.3 Conditionals

Two typesof conditionals exist in Scilab : the if -then-else conditional and the select -case
conditional. The if -then-else conditional evaluates an expressionand if true executesthe ins-
tructions between the then statemert and the else statemert (or end statemert). If false the
statemerts betweenthe else and the end statemernt are executed.The else is not required. The
elseif hasthe usual meaning and is a also a keyword recognizedby the interpreter.

-> x=1



1.

--> if x>0 then,y=-x,else,y=x,end
y =

--> if x>0 then,y=-x,else,y=x,end
y =
- 1.

The select -case conditional comparesan expressionto seweral possible expressionsand per-
forms the instructions following the ‘rst casewhich equalsthe initial expression.

-> x=-1
X =

- 1.

--> gselect x,case 1,y=x+5,case -1,y=sqrt(x),end
y =
i

It is possibleto include an else statemert for the condition where none of the casesare satis ed.

3.2 Dening and Using Functions

It is possibleto de ne a function directly in the Scilab environment, howewver, the most cornve-
nient way is to createa le cortaining the function with a text editor. In this section we describe
the structure of a function and sewral Scilab commandswhich are used almost exclusively in a
function ervironment.

3.2.1 Function Structure

Function structure must obey the following format

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



where foo is the function name, the xi are the m input argumerts of the function, the yj are the
n output argumerts from the function, and the three vertical dots represen the list of instructions
performed by the function. An example of a function which calculatesk! is as follows

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

If this function is contained in a Te calledfact.sci the function must be \loaded" into Scilab by
the exec or getf command and beforeit can be used:

--> exists(‘fact’)
ans =

0.
--> exec('../macros/fact.sci',-1);

--> exists('fact’)
ans =

1.

-->  x=fact(5)
X =

120.

In the above Scilab sessionthe commandexists indicatesthat fact is not in the ervironment (by
the 0 answer to exist ). The function is loadedinto the ervironment using exec and now exists
indicates that the function is there (the 1 answer). The example calculates5!.

3.2.2 Loading Functions

Functions are usually de ned in Tes. A le which contains a function must obey the following
format

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

wherefoo is the function name. The xi 's are the input parametersand the the yj 's are the output
parameters,and the three vertical dots represen the setof instructions performedby the function to
evaluate the yj 's, giventhe xi 's. Inputs and ouputs parameterscan be any Scilab object (including
functions themeseles).



Functions are Scilab objects and should not be consideredas les. To be usedin Scilab, functions
de ned in Tes must be loaded by the command getf(flename)  or exec(flename,-1) ; . If
the e filename contains the function foo, the function foo can be executedonly if it has been
previously loadedby the commandgetf(filename) . A Te may contain seveal functions. Functions
canalsobe de ned \on line" by the commandusing the function/endfunction syntax or by using
the function deff . This is useful if one wants to de ne a function as the output parameter of a
other function.

Collections of functions can be organized as libraries (seelib command). Standard Scilab
librairies (linear algebra, cortrol,. ..) are de ned in the subdirectories of SCIDIR/macros/.

3.2.3 Global and Local Variables

If a variable in a function is not de ned (and is not amongthe input parameters)then it takes
the value of a variable having the samename in the calling ervironment. This variable however
remains local in the sensethat modifying it within the function doesnot alter the variable in the
calling environment unlessresumeis used(seebelow). Functions can be invoked with lessinput or
output parameters.Here is an example:

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

-->[y1,y2]=f(1,1)
y2 =
0.
yl =
2.

->f(1,1)
ans =
2,

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

-->x2=1;

-->[y1,y2]=f(1)
y2 =
0.
yl =
2.

-->f(1)



ans =

Note that it is not possibleto call a function if one of the parameter of the calling sequencds
not de ned :

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

-->f(-1)
ans =

- 1.

-->f(-1,x2)
l--error 4
undefined variable : x2

-->f(1)

undefined variable : x2

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

-->x2=3;f(1)

-->f(1)
ans =

3

Global variable are de ned by the global command. They can be read and modi ed inside
functions. Enter help global for details.

3.2.4 Special Function Commands

Scilab has se\eral special commandswhich are usedalmost exclusively in functions. Theseare
the commands

{ argn : returns the number of input and output argumerts for the function

{ error : usedto suspend the operation of a function, to print an error messageand to return

to the previous level of ervironment when an error is detected.

{ warning,

{ pause : temporarily suspendsthe operation of a function.

{ break : forcesthe end of a loop



{ return or resume: usedto return to the calling environment and to passlocal variables from
the function ervironment to the calling environment.
The following example runs the following foo function which illustrates these commands.
{ The function de nition
function  [z]=foo(x,y)
[out,in]=argn(0);
if x==0 then,
error(‘'division by zero");
end,
slope=y/x;
pause,
z=sqrt(slope);
s=resume(slope);
endfunction
{ The function use
--> z=foo(0,1)
error('division by zero');
I--error 10000
division by zero
at line 4 of function foo called by :
z=foo(0,1)

--> z=foo(2,1)

-1-> resume
z =

0.7071068

-> s
IS =

0.5

In the example,the rst call to foo passesan argumert which cannot be usedin the calculation
of the function. The function discortinues operation and indicates the nature of the error to the
user. The secondcall to the function suspends operation after the calculation of slope . Here the
user can examine values calculated inside of the function, perform plots, and, in fact perform any
operations allowed in Scilab. The -1-> prompt indicates that the current ervironment created by
the pause command is the ervironment of the function and not that of the calling ervironment.
Control is returned to the function by the command return . Operation of the function can be
stopped by the command quit or abort . Finally the function terminates its calculation returning
the value of z. Also available in the ervironment is the variable s which is a local variable from the
function which is passedto the global ervironment.



3.3 Denition of Operations on New Data Types

It is possibleto transparertly de ne fundamertal operations for new data typesin Scilab (enter
help overloading for a full description of this feature). That is, the user can give a senseto
multiplication, division, addition, etc. on any two data typeswhich exist in Scilab. As an example,
two linear systems (representied by lists) can be added together to represen their parallel inter-
connectionor can be multiplied together to represen their seriesinter-connection. Scilab performs
theseuserde ned operations by searding for functions (written by the user) which follow a special
naming convertion described below.

The naming cornvertion Scilab usesto recognizeoperators de ned by the useris determined by
the following corvertions. The name of the user de ned function is composedof four (or possibly
three) elds. The rst eld is always the symbol % The third eld is one of the charactersin the
following table which represetts the type of operation to be performed betweenthe two data types.



\ Third eld \
] SYMBOL \ OPERATION
+
. (range generator)
[a,b] column concatenation
A
() extraction : m=a(k)
[a;b] row concatenation
| logical or
& logical and
() insertion : a(k)=m

/2 elemen wise exponert
*

\ left division

*

<> inequality comparison
== equality comparison
A exponert
A
/ right division

' (transpose)

<=
>=
~ (not)

U'I-POOI\JI—‘ON‘<><§<C""UJ"Q'OODB_W'_'_'S(Q_“('DQ_OCTQJ

The secondand fourth “elds represert the type of the rst and seconddata objects, respectively,
to be treated by the function and are represerted by the symbols given in the following table.



| Secondand Fourth “elds |
[SYMBOL | VARIABLE TYPE |

S scalar
p polynomial
I list (untyped)
c character string
b boolean
sp sparse
spb boolean sparse
m function
XXX list (typed)

A typed list is one in which the rst ertry of the list is a character string where the rst
characters of the string are represerted by the xxx in the above table. For example a typed list
represerting a linear system hasthe form :

tlist(['Iss','A",'B','C','D'",'X0','dt"],a,b,c,d,x0,'c")
and, thus, the xxx above s Iss .

An example of the function name which multiplies two linear systemstogether (to represen
their seriesinter-connection) is %lss_mliss . Herethe rst eld is %, the second eld is Iss (linear
state-space),the third "eld is m\multiply" and the fourth oneis Iss . A possible user function
which performs this multiplication is as follows

function [s]=%lss_m_lss(s1,s2)

[A1,B1,C1,D1,x1,dom1]=s1(2:7),

[A2,B2,C2,D2,x2]=s2(2:6),

B1C2=B1*C2,

s=lIsslist(JA1,B1C2;0*B1C2' A2],...
[B1*D2;B2],[C1,D1*C2],D1*D2,[x1;x2],dom1),

endfunction

An example of the use of this function after having loaded it into Scilab (using for example getf
or inserting it in a library) is illustrated in the following Scilab session

->Al=[1 2;3 4];B1=[1;1];C1=[0 1;1 O]
->A2=[1 -1;,0 1];B2=[1 0;2 1];C2=[1 1];D2=[1,1];
-->sl1=syslin('c',A1,B1,C1);
-->s2=syslin('c',A2,B2,C2,D2);

-->ssprint(sl)

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



| O 1]
y=]1 0]|x

-->ssprint(s2)

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

y=|1 1|x +| 1 1]u
-->512=51*s2; /[This is equivalent to s12=%lss_m_Iss(s1,s2)
-->ssprint(s12)

|1 2 1 1| | 1 1|
. | 3 4 1 1| | 1 1]
x=]00 1-1|x +|] 1 0]u

| O 0 0 1] | 2 1]

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

Notice that the useof %lss_mliss is totally transparert in that the multiplication of the two lists
sl and s2 is performed using the usual multiplication operator *.

The directory SCIDIR/macros/percent contains all the functions (a very large number...) which
perform operations on linear systemsand transfer matrices. Conversions are automatically per-
formed. For example the code for the function %lss_mlss is there (note that it is much more
complicated that the code given here!).

3.4 Debbuging

The simplest way to debuga Scilab function is to introduce a pause commandin the function.
When executed the function stops at this point and prompts -1-> which indicates a di®erert
\lev el" ; another pause gives-2-> ... At the level 1 the Scilab commandsare analogto a di®ereri
sessiorbut the usercandisplay all the current variablespresen in Scilab, which areinside or outside
the function i.e. local in the function or belongingto the calling environment. The execution of the
function is resumedby the commandreturn or resume (the variables usedat the upper level are
cleaned). The execution of the function can be interrupted by abort .

It is alsopossibleto insert breakpoints in functions. Seethe commandssetbpt , delbpt , disbpt .
Finally, note that it is also possibleto trap errors during the execution of a function : seethe
commandserrclear and errcatch . Finally the experts in Scilab can usethe function debug(i)
where i=0,..,4 denotesa debugginglevel.



Chapitre 4

Basic Primitiv es

This chapter brie°y describessomebasicprimitiv esof Scilab. More detailed information is given
in the \manual" documert.

4.1 The Environmen t and Input/Output

In this chapter we describe the most important aspects of the ervironment of Scilab : how to
automatically perform certain operations when entering Scilab, and how to read and write data
from and to the Scilab ervironment.

41.1 The Environmen t

Scilabis loadedwith a number of variablesand primitiv es. The commandwholists the variables
which are available. whos() lists the variables which are available in a more detailled fashion.

The whocommand also indicates how many elemens and variables are available for use. The
user can obtain on-line help on any of the functions listed by typing help <function-name> .

Variables can be saved in an external binary Te using save. Similarly, variables previously
saved can be reloadedinto Scilab using load .

Note that after the command clear x y the variables x and y no longer exist in the environ-
ment. The command save without any variable argumerts saves the ertire Scilab environment.
Similarly, the command clear usedwithout any argumerts clearsall of the variables, functions,
and libraries in the environment.

Libraries of functions are loaded using lib .

The list of functions available in the library can be obtained by using disp .

4.1.2 Startup Commands by the User

When Scilabis called the user can automatically load into the ervironment functions, libraries,
variables, and perform commandsusing the the Te .scilab in his home directory. This is parti-
cularly useful when the user wants to run Scilab programs in the badkground (such as in batch
mode). Another useful aspect of the .scilab Te is when somefunctions or libraries are often used.
In this casethe commandsgetf exec or load can be usedin the .scilab Te to automatically
load the desiredfunctions and libraries wheneer Scilab is invoked.
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4.1.3 Input and Output

Although the commandssave and load are corveniert, one has much more cortrol over the
transfer of data between les and Scilab by using the Fortran like functions read and write . These
two functions work similarly to the read and write commandsfound in Fortran. The syntax of these
two commandsis as follows.

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

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

--> write('x.dat’,x)
--> clear x

--> xnew=read('x.dat',2,3)
Xnew =

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

Notice that read speci es the number of rows and columns of the matrix x. Complicated formats
can be speci ed.
The C like function mfscanf and mfprintf can be also used

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

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

--> fd=mopen('x_c.dat','w’)

-->  mfprintf(fd, %f %f %fn',x)

--> mclose(fd)

--> clear X

--> fd=mopen('x_c.dat','r")

--> xnew(1,1:3)=mfscanf(fd, %f %f %f\n")

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



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

4.2 Help

On-line help is available either by clicking on the help button or by entering help item (where
item is usually the name of a function or primitiv e). apropos keyword looks for keyword in a
whatis Te.

To add a new item or keyword is easy Just create a .cat ASCIl le describing the item
and a whatis Te in your directory. Then add your directory path (and a title) in the variable
%bhelps (see also the README le there). You can use the standard format of the scilab ma-
nual (seethe SCIDIR/man/subdirectories and SCIDIR/examples/man-examples). The Scilab
IATEX manual is automatically obtained from the manual items by a Makefile . Seethe directory
SCIDIR/man/Latex-doc .

4.3 Useful functions

We give here a short list of useful functions and keywords that can be usedas entry points in
the Scilab manual. All the functions available can be obtained by entering help . For ead manual
entry the SEEALSdine refersto related functions.

{ Elemenary functions : sum, prod, sqrt, diag, cos, max, round, sign, fft
Sorting : sort, gsort, find
Speci ¢ Matrices : zeros, eye, ones, matrix, empty
Linear Algebra : det, inv, qgr, svd, bdiag, spec, schur
Polynomials : poly, roots, coeff, horner, clean, freq
Buttons, dialog : x_choose, x_dialog, x_mdialog, getvalue, addmenu
Linear systems: syslin
Random numbers : rand
Programming : function, deff, argn, for, if, end, while, select, warning, error,
break, return
{ Comparisonsymbols: ==, >= >, = &(and),| (or)

{ Execution of a e : exec

{ Debugging: pause, return, abort

{ Spline functions, interpolation : splin, interp, interpin

{ Character strings : string, part, evstr, execstr

{ Graphics: plot, xset, driver, plot2d, xgrid, locate, plot3d, Graphics
{

{

{

{

{
{
{
{
{
{
{
{

Ode solvers: ode, dassl, dassrt, odedc

Optimization : optim, quapro, linpro, Imitool

Interconnected dynamic systems: scicos

Adding a C or Fortran routine : link, fort, addinter, intersci



4.4 Nonlinear Calculation

Scilab has seweral powerful non-linear primitiv esfor simulation or optimization.

4.4.1 Nonlinear Primitiv es

Scilab provides se\eral facilities for nonlinear calculations.

Numerical simulation of systemsof di®ereriial equationsis made by the ode primitiv e. Many
solvers are available, mostly from odepack, for solving sti® or non-sti® systems.Implicit systems
can be solved by dassl . It is also possibleto solve systemswith stopping time : integration is
performed until the state is crossinga given surface. Seeode and dassrt commands. There is a
number of optional argumerts available for solving ode's (tolerance parameters, jacobian, order of
approximation, time steps etc). For #de solvers, these parameters are set by the global variable
%ODEOPTIONS

Minimizing non linear functions is donethe optim function. Sewral algorithms (including non
di®ereriiable optimization) are available. Codes are from INRIA's modulopt library. Enter help
optim for more a more detailed description.

4.4.2 Argumen t functions

Speci ¢ Scilab functions or C or Fortran routines can be used as an argumert of some high-
level primitiv es (such as ode, optim, dassl ...). These fonctions are called argumert functions or
externals. The calling sequenceof this function or routine is imposedby the high-level primitiv e
which setsthe argumert of this function or routine.

For example the function costfunc is an argumert of the optim primitiv e. Its calling se-
guence must be : [f,g,ind]=costfunc(x,ind) as imposed by the optim primitiv e. The follo-
wing non-linear primitiv esin Scilab need argument functions or subroutines : ode, optim, impl,
dassl, intg , odedc, fsolve . For problems where computation time is important, it is recommen-
ded to use C or Fortran subroutines. Examples of such subroutines are given in the directory
SCIDIR/routines/default . Seethe README Te there for more details.

When sud a subroutine is written it must be linked to Scilab. This link operation can be done
dynamically by the link command. It is also possibleto introduce the code in a more permanert
manner by inserting it in a speci c interfacein SCIDIR/routines/default ~ and rebuild a new Scilab
by a makeall commandin the Scilab directory.

4.5 XWindo w Dialog

It may be conveniert to open a speci ¢ XWindow window for entering interactively parameters
inside a function or for a demo. This facility is possible thanks to e.g. the functions x_dialog ,
x_choose, x_mdialog, x_matrix and x_message The demoswhich can be executedby clicking on
the demobutton provide simple examplesof the use of thesefunctions.

4.6 Tk-Tcl Dialog

An interfacebetweenScilaband Tk-Tcl exists. A Graphic UserInterface object canbe createdby
the function uicontrol . Basicprimitiv esare TK_EvalFile , TK_EvalStr and TK_GetVar, TK_Setvar.
Examples are given by invoking the help of these functions.



Chapitre 5

Graphics

This sectionintroducesgraphicsin Scilab.

5.1 The Graphics Windo w

It is possibleto use seweral graphics windows ScilabGraphicx x being the number used for
the managemenm of the windows, but at any time only one window is active. On the main Scilab
window the button Graphic Windowx is usedto managethe windows : x denotesthe number of
the active window, and we can set (create), raise or delete the window numbered x : in particular
we can directly create the graphics window numbered 10. The execution of a plotting command
automatically createsa window if necessary

We will seelater that Scilab usesa graphics environment de ning some parameters of the
plot, these parametershave default valuesand can be changedby the user; every graphics window
hasits speci ¢ context sothe sameplotting commandvan give di®erert results on di®erert windows.

There are 4 buttons on the graphics window :

{ 3D Rot. : for applying a rotation with the mouseto a 3D plot. This button is inhibited for a
2D plot. For the help of manipulations (rotation with speci ¢ angles...) the rotation angles
are given at the top of the window.

{ 2D Zoom: zooming on a 2D plot. This command can be recursively invoked. For a 3D plot
this button is not inhibited but it hasno e®ect.

{ UnZoomreturn to the initial plot (not to the plot corresponding to the previous zoom in case
of multiple zooms).

These 3 buttons a®ectingthe plot in the window are not always in use; we will seelater that
there are di®erert choicesfor the underlying device and zoom and rotation needthe record
of the plotting commandswhich is one of the possiblechoices(this is the default).

{ File : this button opensdi®eren commandsand menus.

The rst oneis simple : Clear simply rubs out the window (without a®ectingthe graphics
context of the window).

The command Print...  opens a selection panel for printing. Under Unix, the printers are
de ned in the main scilab script SCIDIR/bin/scilab  (obtained by \mak e all" from the origin
‘Te SCIDIR/bin/scilab.g ).

The Export command opens a panel selectionfor getting a copy of the plot on a Te with a
speci ed format (Postscript, Postscript-Latex, X g).

The save command directly savesthe plot on a Te with a speci ed name. This Te can be
loaded later in Scilab for replotting.
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5.2

The Close is the samecommandthan the previous Delete Graphic Windowof the menu of
the main window, but simply applied to its window (the graphic context is, of coursedeleted).

The Media

There are di®erert graphics devicesin Scilab which can be usedto send graphics to windows
or paper. The default for the output is ScilabGraphicO window .
The di®eren driversare:

{
{

{
{

{
{

X11: memorylessscreengraphics driver

Rec: a screendriver which alsorecordsall the graphic commands.This is the default (required
for the zoom and rotate).

Wdp a screendriver without recordedgraphics; the graphics are done on a pixmap and are
sendto the graphic window with the command xset("wshow") . The pixmap is clearedwith
the command xset("wwpc") or with the usual command xbasc()

Pos: graphicsdriver for Postscript printers

Fig : graphicsdriver for the X' g system

GIF : graphicsdriver for the GIF Te format

In the 3 rst casesthe 'implicit’ deviceis a graphics window (existing or created by the plot).
For the 2 last caseswe will seelater how to a®ecta speci ¢ deviceto the plot : a Te where the
plot will be recordedin the Postscript or X g format.

The basic Scilab graphics commandsare :

{

driver : selectsa graphic driver

The next 3 commandsare speci ¢ of the screendrivers:

xclear : clearsone or more graphic windows; doesnot a®ectthe graphics context of these
windows.

xbasc : clearsa graphic window and erasethe recordedgraphics; doesnot a®ectthe graphics
context of the window.

Xpause : a pausein milliseconds

xselect : raisesthe current graphic window (for X-driv ers)

xclick : waits for a mouseclick

xbasr : redraws the plot of a graphic window

xdel : deletesa graphic window (equivalent to the Close button

The following commandsare speci ¢ of the Postscript, X g and GIF driversdrivers:

xinit  : initializes a graphic device ('Te).

xend : closesa graphic session(and the assiated device).

In fact, the regular driver for a common useis Rec and there are special commandsin order
to avoid a change of driver; in many cases,one can ignore the existenceof drivers and use the
functions xbasimp, xs2fig in order to senda graphic to a printer or in a Te for the Xfig system.
For example with :

-->driver('Pos’)

-->Xinit(‘foo.ps’)

-->plot(1:10)

-->xend()



-->driver('Rec’)
-->plot(1:10)

-->xbasimp(0,'fool.ps’)

we get two identical Postscript Tes : foo.ps’ and fool.ps.0' (the appending O is the number
of the active window where the plot has beendone).

The default for plotting is the superposition ; this meansthat between?2 di®erert plots one of
the 2 following commandis needed: xbasc(window-number) which clearsthe window and erasethe
recorded Scilab graphics command assaiated with the window window-numberor xclear ) which
simply clearsthe window.

If you enlargea graphic window, the command xbasr(window-number) is executedby Scilab.
This command clearsthe graphic window window-numberand replays the graphic commandsas-
sociated with it. One can call this function manually, in order to verify the assaiated recorded
graphics commands.

Any number of graphics windows can be created with buttons or with the commandsxset or
xselect . The environment variable DISPLAY can be usedto specify an X11 Display or one can
usethe xinit  function in order to open a graphic window on a speci ¢ display.

5.3 Global Parameters of a Plot

Graphics Context

Someparametersof the graphics are cortrolled by a graphic context ( for examplethe line thi-
ckness)and others are cortrolled through graphicsargumerts of a plotting command. The graphics
context has a default de nition and can be changeby the command xset : the command without
argumert i.e. xset() opensthe Scilab Toggles Panel and the user can changesthe parameters
by simple mouseclickings. We give here di®erent parameterscortrolled by this command :

{ xset : setgraphic corntext values.

(i)- xset("font",fontid,fontsize) : X the current font and its current size.

(i))- xset("mark",markid,marksize) . setthe current mark and current mark size.

(iii)- xset("use color",flag) : changeto color or gray plot accordingto the values(1 or 0)
of flag .

(iv)- xset("colormap”,cmap) : setthe colormapasam x 3 matrix. m is the number of colors.
Color number i is given as a 3-uple cmapli,1],cmapli,2], cmapli,3] corresponding respectively
to Red, Greenand Blue intensity between0 and 1. Calling again xset() shows the colormap
with the indices of the colors.

(V)-xset("window",window-number) : setsthe current window to the window
window-numberand createsthe window if it doesn't exist.

(vi)- xset("wpos",x,y)  : xes the position of the upper left point of the graphic window.
Many other choicesare done by xset :

-useof a pixmap : the plot can be directly displayed on the screenor executedon a pixmap
and then exposeby the command xset("wshow") ; this is the usual way for animation e®ect.
-logical function for drawing : this parameter can be changedfor speci ¢ e®ectysuperposition
or adding or substracting of colors). Looking at the successie plots of the following simple



commandsgive an example of 2 possiblee®ectsof this parameter :
xset(‘'default);
plot3d();
plot3d();
xset(‘alufunction',7);
xset(‘window',0);
plot3d();
xset(‘default?;
plot3d();
xset(‘alufunction',6);
xset(‘window',0);
plot3d();
We have seenthat some choicesexist for the fonts and this choice can be extended by the
command :
{ xifont :to load a new family of fonts
There exists the function \recipro cal” to xset
{ xget : to get informations about the current graphic corntext.
All the valuesof the parameters xed by xset can be obtained by xget. An example:

-->pos=xget("wpos")
pos =

! 105. 121. !

pos is the position of the upper left point of the graphic window.

Some Manipulations

Coordinates transforms :
{ isoview : isometric scalewithout window change
allows an isometric scalein the window of previous plots without changing the window size:

t=(0:0.1:2*%pi)";
plot2d(sin(t),cos(t));
xbasc()
isoview(-1,1,-1,1);
plot2d(sin(t),cos(t));

{ square : isometric scalewith resizingthe window
the window is resizedaccording to the parametersof the command.

{ scaling : scalingon data

{ rotate : rotation
scaling and rotate executesrespectively an atne transform and a geometric rotation of a
2-lines-matrix corresponding to the (x,y)  valuesof a set of points.

{ xgetech, xsetech : changeof scaleinside the graphic window
The current graphic scalecan be xed by a high level plot command. You may want to get
this parameter or to x it directly : this is the role of xgetech, xsetech . xsetech is a



simple way to cut the window in di®erens parts for di®eren plots :

t=(0:0.1:2*%pi)";
xsetech(wrect=[0.,0.,0.6,0.3],frect=[-1,1,-1,1]);
plot2d(sin(t),cos(t));
xsetech(wrect=[0.5,0.3,0.4,0.6],frect=[-1,1,-1,1]);
plot2d(sin(t),cos(t));

5.4 2D Plotting

5.4.1 Basic 2D Plotting

The simplest 2D plot is plot(x,y) or plot(y) : this is the plot of y as function of x where x
andy are 2 vectors; if X is missing, it is replacedby the vector (1,size(y,™"))) . If y is a matrix,
its rows are plotted. There are optional argumerts.

A rst exampleis given by the following commandsand one of the results is represerted on
‘gure 5.1:

t=(0:0.05:1)';

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

/I plot the cosine

plot(t,ct);

/I xset() opens the toggle panel and

/I some parameters can be changed with mouse clicks

/[ given by commanddor the demohere
xset("font",5,4);xset("thickness",3);

/[ plot with captions for the axis and a titte for the plot
/[ if a caption is empty the argument ' ' is needed
plot(t,ct, Time','Cosine’,'Simple Plot";

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

The generic2D multiple plot is
plot2di(x,y,<options>)
{ index of plot2d : i=missing,2,3,4
For the di®eren valuesofi we have :
i=missing : piecewiselinear/logarithmic plotting
i=2 : piecewiseconstart drawing style
i=3 : vertical bars
i=4 : arrows style (e.g. ode in a phasespace)

t=(1:0.1:8)";xset("font",2,3);

subplot(2,2,1)

plot2d(jt  t],[1.5+0.2*sin(t) 2+cos(b)]);
xtitle('Plot2d-Piecewise linear’);
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subplot(2,2,2)
plot2d(t,[1.5+0.2*sin(t)
xtitle('Plot2d1-Logarithmic
1

subplot(2,2,3)
plot2d2(t,[1.5+0.2*sin(t)
xtitle('Plot2d2-Piecewise
1

subplot(2,2,4)
plot2d3(t,[1.5+0.2*sin(t)
xtitle('Plot2d3-Vertical

{ Parametersx,y : two matrices of the samesize[nl,nc]

Fig. 5.1{ First example of plotting

2+cos(b)],logflag="ll");
scales");

2+cos(b)]);
constant’);

2+cos(b)]);
bar plot)

is the number of points of eat curve).
For a single curve the vector can be row or column :

plot2d(t',cos(t)")
{ option style
size())
the caption).

xmax=5.;x=0:0.1:xmax;

plot2d(t,cos(t))
iit is a real vector of size (1,nc) ; the style to use for curve j is de ned by
(when only one curve is drawn style can specify the style and a position to usefor

are equivalert.

u=[-0.8+sin(x);-0.6+sin(x);-0.4+sin(x);-0.2+sin(x);sin(x)
u=[u;0.2+sin(x);0.4+sin(x);0.6+sin(x);0.8+sin(x)]’;

/Istart  trying

the symbols (negative values for

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

(nc is the number of curvesand nl

the style)
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Fig. 5.2{ Di®erert 2D plotting

x=0:0.2:xmax;

v=[1.4+sin(x);1.8+sin(X)]’;

xset("mark size",5);

plot2d(x,v,style=[-7,-8])

xset(‘'default);

Option frameflag : is a scalar corresponding to :

requiremerts | ranges ranges | ranges
of a previous | given by | computed from

actual plot rectarg | x andy

requested

one 0 1 2

Computed

for isometric 3 4

view

Enlarged

For pretty 5 6

axes

Previous and

current 7 8

plots merged

Option axesflag cortrols the display of information on the frame around the plot :

0 : nothing is drawn around the plot.

: axesare drawn, the y=axis is displayed on the left.

: the plot is surrounded by a box without tics.

. axesare drawn, the y=axis is displayed on the right.

: axesare drawn certred in the middle of the frame box.

. axesare drawn so as to crossat point (0,0) . If point (0,0) doesnot lie inside the
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Fig. 5.3{ Black and white plotting styles

frame, axeswill not appear on the graph.

{ Option leg :it is the string of the captions for the di®erert plotted curves. This string is

composedof “elds separatedby the @symbol : for example "module@phase" (seeexample

below). Thesestrings are displayed under the plot with small segmeits recalling the styles of

the corresponding curves.
{ Option rect :it isavector of 4 valuesspecifying the boundariesof the plot rect=[xmin,ymin,xmax,ymax]
{ Option nax : it is a vector [nx,Nx,ny,Ny] where nx (ny) is the number of subgradson the x

(y) axis and Nx (Ny) is the number of graduations on the x (y) axis.

/lcaptions  for identifying  the curves

/[controlling the boundaries of the plot and the tics on axes
x=-5:0.1:5;

y1=sin(x);y2=cos(X);

X=[x;x];  Y=[yLy2];

plot2d(X',Y',style=[-1 -3]',leg="captionl@caption2",...
rect=[-5,-1,5,1],nax=[2,10,5,5]);

For di®eren plots the simple commandswithout any argument shov a demo (e.g plot2d3() ).

5.4.2 Captions and Presentation

{ xgrid : addsa grid on a 2D graphic; the calling parameter is the number of the color.
{ xtitle : addstitle above the plot and axis nameson a 2D graphic
{ titlepage : graphic title pagein the middle of the plot

/IPresentation
x=-%pi:0.1:%pi;
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Fig. 5.4{ Box, captions and tics

y1=sin(x);y2=cos(X);y3=X;
X=pxx];  Y=[yly2;y3];

plot2d(X',Y',style=[-1 -2 -3],leg="captionl@caption2@caption3",...
rect=[-3,-3,3,2],nax=[2,10,2,5]);

xtitle(["General Title";"(with xtitte  command)"],...

"x-axis title","y-axis title  (with xtitte  command)");
xgrid();

xclea(-2.7,1.5,1.5,1.5);
tittepage("Titlepage™);

xstring(0.6,.45,"(with tittepage  command)");
xstring(0.05,.7,["xstring commandafter";"xclea command"],0,1);
plot2d(X',Y',style=[-1 -2 -3],leg="captionl@caption2@caption3",...

rect=[-3,-3,3,2],nax=[2,10,2,5]);

{ plotframe : graphic frame with scalingand grid

We have seenthat it is possibleto cortrol the tics on the axes,choosethe size of the rectangle
for the plotand add a grid. This operation can be prepared once and then used for a sequence
of di®erert plots. One of the most useful aspect is to get graduations by choosing the humber of
graduations and getting rounded numbers.

rect=[-%pi,-1,%pi,1];

tics=[2,10,4,10];

plotframe(rect,tics,[%t,%Ht],...

[Plot with grids and automatic bounds','angle’,'velocity);

{ graduate : a simple tool for computing pretty axis graduations before a plot.
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Fig. 5.5{ Grid, Title eraserand commeris

5.4.3 Specialized 2D Plottings

{ champ: vector "eld in R?
/try  champ
x=[-1:0.1:1];y=x;u=0nes(X);
fx=x.*.u";fy=u.*.y"
champ(x,y,fx,fy);
xset("font",2,3);
xtitle(['Vector field plot’;'(with champ command));
/lwith  the color (and a large stacksize)
x=[-1:0.004:1];y=x;u=0ones(x);
x=x.*.u";fy=u.*.y"
champl(x,y,fx,fy);

{ fchamp: for a vector eld in R? de ned by a function. The sameplot than champfor a vector
“eld de ned for example by a scilab program.

{ fplot2d : 2D plotting of a curve described by a function. This function plays the samerole
for plot2zd than the previous for champ

{ grayplot : 2D plot of a surfaceusing gray levels; the surfacebeing de ned by the matrix of
the valuesfor a grid.

{ fgrayplot :the samethan the previous for a surfacede ned by a function (scilab program).
In fact these 2 functions can be replacedby a usual color plot with an appropriate colormap
wherethe 3 RGB componerts are the same.

R=[1:256]/256;RGB=[R" R' R';

xset('colormap’,RGB);
deff('[z]=surf(x,y)','z=-((abs(x)-1)**2+(abs(y)-1)**2) Y
fgrayplot(-1.8:0.02:1.8,-1.8:0.02:1.8,surf,rect=[-2,-2,2,2]);
xset(‘font',2,3);

xtitle(["Grayplot";"(with fgrayplot command)"));
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Fig. 5.6{ Vector "eld in the plane
/lthe sameplot can be done with a “unique"  given color

R=[1:256]/256;
G=0.1*ones(R);
RGB=[R'G" GT;
xset('colormap’,RGB);

fgrayplot(-1.8:0.02:1.8,-1.8:0.02:1.8,surf,rect=[-2,-2,2,2)]);

errbar : createsa plot with error bars

5.4.4 Plotting Some Geometric Figures

Polylines Plotting

Lt Wt Wt Wt W e W e W e W e W e W e )

Curv

xsegs : draws a set of unconnectedsegmeits
xrect : draws a single rectangle

xfrect : lls a singlerectangle
xrects : lls or draws a set of rectangles
xpoly : draws a polyline

xpolys : draws a set of polylines

xfpoly : Tls a polygon

xfpolys : s a set of polygons

xarrows : draws a set of unconnectedarrows
xfrect : Tls a singlerectangle

xclea : erasesa rectangle on a graphic window

es Plotting

xarc : draws an ellipsis
xfarc : lls an ellipsis
xarcs : lls or draws a set of ellipsis




545 Writting by Plotting

{ xstring : draws a string or a matrix of strings

{ xstringl : computesa rectangle which surrounds a string

{ xstringb : draws a string in a speci ed box

{ xnumb: draws a set of numbers

We give now the sequenceof the commandsfor obtaining the gure ?7?.

/[ initialize default environment variables
xset(‘'default);

xset("use color",0);

xset("font",4,3)

xsetech(frect=[1,1,10,10]);

xrect(0,1,3,1)

xfrect(3.1,1,3,1)

xstring(0.5,0.5,"xrect(0,1,3,1)")
xstring(4.,0.5,"xfrect(3.1,1,3,1)")
xset("alufunction”,6)
xstring(4.,0.5,"xfrect(3.1,1,3,1)")
xset("alufunction”,3)

xv=[0 1 2 3 4]

yv=[25 15 1.8 1.3 2.5]
xpoly(xv,yv,"lines",1)
xstring(0.5,2.,"xpoly(xv,yv,"lines"",1)")

xa=[5 6 6 77 8 89 9 5]

ya=[25 15 15 18 18 1.3 1.3 25 25 25]
xarrows(xa,ya)

xstring(5.5,2.,"xarrows(xa,ya)")
xarc(0.,5.,4.,2.,0.,64*300.)
xstring(0.5,4,"xarc(0.,5.,4.,2.,0.,64*300.)")
xfarc(5.,5.,4.,2.,0.,64*360.)
IIxset("alufunction”,6)

xclea(5.6,4.4,2.8,0.8);

xstring(5.8,4.,"xfarc and then xclea")
IIxset("alufunction",3)
xstring(0.,4.5,"WRITING-BY-XSTRING()",-22.5)
xnumb([5.5 6.2 6.9],[5.5 5.5 5.5],[83 14 15],1)
isoview(0,12,0,12)

xarc(-5.,12.,5.,5.,0.,64*360.)
xstring(-4.5,9.25,"isoview + xarc",0.)

A=[" 1" " 2" "3 4t 5 * e6";"68" " 17.2" " 9;
xstring(7.,10.,A);

rect=xstringl(7,10,A);
xrect(rect(1),rect(2),rect(3),rect(4));

e have seenthat some parameters of the graphics are controlled by a graphic context ( for
examplethe line thickness)and others are cortrolled through graphics argumerts .
{ xset : to setgraphic context values. Someexamplesof the useof xset :
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Fig. 5.7{ Geometric Graphics and Commerts

(D-xset("'use color",flag) changesto color or black and white plot accordingto the values
(1 or 0) of flag .

(i))- xset("window",window-number)  setsthe current window to the window
window-numberand createsthe window if it doesn't exist.

(iii)- xset("wpos",x,y)  xes the position of the upper left point of the graphic window.
The choice of the font, the width and height of the window, the driver... can be doneby xset .
xget : to getinformations about the current graphic context. All the valuesof the parameters
“xed by xset can be obtained by xget.

xlfont : to load a new family of fonts

5.4.6 Some Classical Graphics for Automatic Control
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bode : plot magnitude and phaseof the frequencyresponseof a linear system.

gainplot : sameas bode but plots only the magnitude of the frequency response.

nyquist : plot of imaginary part versusreal part of the frequencyresponseof a linear system.
m_circle : M-circle plot usedwith nyquist plot.

chart : plot the Nichols'chart

black : plot the Black's diagram (Nichols'chart) for a linear system.

evans : plot the Evansroot locusfor a linear system.

plzr : pole-zeroplot of the linear system

s=poly(0,'s");
h=syslin('c',(s"2+2*0.9*10*s+100)/(s"2+2*0.3*10.1*s+102.01));
hl=h*syslin('c',(s"2+2*0.1*15.1*s+228.01)/(s"2+2*0.9*15*s+225) )i
//bode

subplot(2,2,1)

gainplot([h1;h],0.01,100);



/Inyquist
subplot(2,2,2)
nyquist([h1;h])

/lchart  and black

subplot(2,2,3)
black([h1;h],0.01,100,['h1";'h'])
chart([-8 -6 -4],[80 120],list(1,0));

/levans
subplot(2,2,4)
H=syslin('c’,352*poly(-5,'s")/poly([0,0,2000,200,25,1],'s','c’) \
evans(H,100)
1074 = IpEh(2itpi*f)) Nyquist plot
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Fig. 5.8{ SomePlots in Automatic Control
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5.4.7 Miscellaneous

{ edit_curv : interactive graphic curve editor.

{ gr_menu: simple interactive graphic editor. It is a X g-lik e simple editor with a °exible use
for a nice presertation of graphics: the user can superposethe elemerts of gr_menuand use
it with the usual possibilities of xset .

{ locate : to getthe coordinates of one or more points selectedwith the mouseon a graphic
window.
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5.5 3D Plotting

5.5.1 Generic 3D Plotting

{ plot3d : 3D plotting of a matrix of points : plot3d(x,y,z) with X,y,z 3 matrices, z being the
valuesfor the points with coordinates x,y. Other argumerts are optional

{ plot3d1l : 3d plotting of a matrix of points with gray levels

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

{ fplot3d1 : 3d plotting of a surfacedescribed by a function with gray levels

5.5.2 Specialized 3D Plotting

param3d: plots parametric curvesin 3d space

contour : level curvesfor a 3d function given by a matrix

grayplotl0 : gray level on a 2d plot

fcontourl0 : level curvesfor a 3d function given by a function

hist3d : 3d histogram

secto3d : cornversion of a surfacedescription from sectorto plot3d compatible data
eval3d : ewvaluates a function on a regular grid. (seealso feval)

(ot Nt Wate Watn Wasn Wae Waey )

5.5.3 Mixing 2D and 3D graphics

When one uses3D plotting function, default graphic boundaries are xed, but in R3. If one
wants to use graphic primitiv esto add informations on 3D graphics, the geom3dfunction can be
usedto cornvert 3D coordinates to 2D-graphicscoordinates. The gure 5.10illustrates this feature.

Xinit('d7-10.ps?;
r=(%pi):-0.01:0;x=r.*cos(10*r);y=r.*sin(10*r);



function  z=surf(x,y),z=sin(x)*cos(y);endfunction
t=%pi*(-10:10)/10;
fplot3d(t,t,surf,theta=35,alpha=45,leg="X@Y@Z",flag=[-3,2,3]);
z=sin(x).*cos(y);

[x1,yl]=geom3d(x,y,z);

xpoly(x1,y1,"lines");

[x1,y1]=geom3d([0,0],[0,0],[5,0]);

xsegs(x1,yl);

xstring(x1(1),y1(1),' The point (0,0,0));

Fig. 5.10{ 2D and 3D plot

5.5.4 Sub-windo ws
It is also possibleto make multiple plotting in the samegraphic window (Figure 5.11).

Xinit('d7-8.ps";
t=(0:.05:1)";st=sin(2*%pi*t);
subplot(2,1,1)
plot2d2(t,st);
subplot(2,1,2)
plot2d3(t,st);
xsetech([0,0,1,1]);

55,5 A Set of Figures

In this next example we give a brief summary of di®erent plotting functions for 2D or 3D
graphics. The gure 5.12is obtained and inserted in this documert with the help of the command
Blatexprs .
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/[some examples

str_I=list();

1l

str_1(1)=['plot3d1();";
title=["plot3d1
"xtitle(title,"

1

str_|(2)=['contour();’;
'title=["contour
‘xtitle(title,"

1

str_I(3)=['champ();;
'title=["champ
'xtitle(title,"

1

T

Fig. 5.11{ Use of subplot

. z=sin(x)*cos(y)"];";

R A

")T;

");;

str_I(4)=[t=%pi*(-10:10)/10;";
'deff("[z]=surf(x,y)","z=sin(x)*cos(y)");";
'rect=[-%pi,%pi,-%pi,%pi,-5,1];";
‘z=feval(t,t,surf);’;
‘contour(t,t,z,10,35,45,"X@Y@Z",[1,1,0],rect,-5);";
‘plot3d(t,t,z,35,45,"X@Y@Z2",[2,1,3],rect);';
title=["plot3d

‘xtitle(title,"
1

and contour ';’;

)T

for i=1:4 xinit('d7all.ps'+string(i)");
execstr(str_I(i)),xend();end




plot3d1 : z=sin(x)*cos(y) contour
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5.6 Printing and Inserting Scilab Graphics in IATEX

We describe here the use of programs (Unix shells) for handling Scilab graphics and printing
the results. These programs are located in the sub-directory bin of Scilab.

5.6.1 Windo w to Paper

The simplest command to get a paper copy of a plot is to click on the print button of the
ScilabGraphic window.

5.6.2 Creating a Postscript File

We have seenat the beginning of this chapter that the simplest way to get a Postscript Te
containing a Scilab plot is :

-->driver('Pos")
-->Xinit('foo.ps")
-->plot3d1();
-->xend()
-->driver('Rec")
-->plot3d1()
-->xbasimp(0,'fool.ps")
The Postscript Tes (foo.ps or fool.ps ) generated by Scilab cannot be directly sert to
a Postscript printer, they need a preamble. Therefore, printing is done through the use of Unix

scripts or programs which are provided with Scilab. The program Blpr is usedto print a set of
Scilab Graphics on a single sheetof paper and is usedas follows :

Blpr string-title filel.ps file2.ps > result
You can then print the Te result with the classicalUnix command:
lpr -Pprinter-name result

or usethe ghostview Postscript interpreter on your Unix workstation to seethe result.

You can avoid the Te result with a pipe, replacing > result by the printing command| Ipr
or the previewing command| ghostview -.

The best result (best sized gures) is obtained when printing two pictures on a single page.



5.6.3 Including a Postscript File in IATEX

The Blatexpr Unix shell and the programs Batexpr2 and Blatexprs are provided in order to
help inserting Scilab graphicsin IATEX.
Taking the previous Te foo.ps and typing the following statemert under a Unix shell :

Blatexpr 1.0 1.0 foo.ps

createstwo les foo.epsf andfoo.tex . The original Postscript Te is left unchanged.To include the
“gure in a lATEX documert you should insert the following IATEX code in your IATEX documert :

\input  foo.tex
\dessin{The caption of your picture}{The-label}

You can also seeyour gure by using the Postscript previewer ghostview .
The program Blatexprs doesthe samething : it is usedto insert a set of Postscript gures in

one IATEXpicture.
In the following example, we begin by using the Postscript driver Pos and then initialize suc-
cessiely 4 Postscript Tes figl.ps, ..., figd.ps for 4 di®eren plots and at the end return to

the driver Rec (X11 driver with record).

-->//multiple Postscript  files for Latex

-->driver('Pos’)

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

-->plot3d1(t,t,sin(t)*cos(t),theta=35,alpha=45,flag=[2,2,4]) ;

-->xend()

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

-->xend()

-->champ(1:10,1:10,rand(10,10),rand(10,10));

-->xend()



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

-->function  z=surf(x,y),z=sin(x)*cos(y),endfunction
-->rect=[-%pi,%pi,-%pi,%pi,-5,1];

-->z=fevall(t,t,surf);

-->contour(t,t,z,10,35,45,' X@Y@Z',[1,1,0],rect,-5);

-->plot3d(t,t,z,theta=35,alpha=45,flag=[2,1,3],ebox=rect);

-->title=['plot3d and contour T;
-->xtitle(title,' PR
-->xend()

-->driver('Rec’)

Then we executethe command:
Blatexprs multi figl.ps fig2.ps fig3.ps fig4.ps

and we get 2 Tes multi.tex and multi.ps and you can include the result in a IATEX source le
by :

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

Note that the secondline dessin... is absolutely necessaryand you have of courseto give
the absolute path for the input Te if you are working in another directory (seebelow). The Te
multi.tex is only the de nition of the commanddessin with 2 parameters: the caption and the
label; the command dessin can be usedwith one or two empty argumerts =~ ™ if you want to
avoid the caption or the label.

The Postscipt Tes are inserted in IATEX with the help of the \special commandand with a
syntax that works with the dvips program.

The program Blatexpr2 is usedwhen you want two pictures side by side.

Blatexpr2 Fileres filel.ps file2.ps

It is sometimescornveniert to have a main IATEX documert in a directory and to store all the
“gures in a subdirectory. The proper way to insert a picture le in the main documert, when the
picture is stored in the subdirectory figures , is the following :

\def\Figdir{figures/} % My figures are in the {\tt figures/ } subdirectory.
\input{figures/fig.tex}
\dessin{The caption of you picture{The-label}
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Fig. 5.13{ Blatexp2 Example

The declaration \def\Figdir{figures/} is usedtwice, rst to nd the Te fig.tex (whenyou
uselatex ), and secondto produce a correct pathname for the special IATEX command found in
fig.tex . (usedat dvips level).

-WARNING : the default driver is Reg i.e. all the graphic commandsare recorded, one record
corresponding to one window. The xbasc() command erasesthe plot on the active window and
all the records corresponding to this window. The clear button hasthe samee®ect the xclear
command erasesthe plot but the record is presened. Soyou almost never needto usethe xbasc()
or clear commands.If you usesud a commandand if you re-do a plot you may have a surprising
result (if you forget that the ervironment is wiped out) ; the scaleonly is presened and soyou may
have the \windo w-plot" and the \pap er-plot* completely di®eren.

5.6.4 Postscript by Using Xg

Another useful way to get a Postscript Te for a plot is to use X g. By the simple command
xs2fig(active-window-number,file-name) you geta le in X' g syntax.

This command needsthe use of the driver Rec

The window ScilabGraphic0 being active, if you erter :

-->t=-%pi:0.3:%pi;
-->plot3d1(t,t,sin(t)*cos(t),theta=35,alpha=45,flag=[2,2,4]) ;

-->xs2fig(0,'demo.fig");

you get the Te demo.fig which cortains the plot of window O.
Then you canuse X g and after the modi cations you want, get a Postscript Te that you can
insert in a IATEX “Te. The following gure is the result of X g after adding somecommerts.

5.6.5 Encapsulated Postscript Files

As it was said before, the use of Blatexpr creates2 les : a .tex e to be inserted in the
IATEX Te and a .epsf Te.
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Fig. 5.14{ Encapsulated Postscript by Using X g




It is possibleto get the encapsulatedPostscript Te corresponding to a .ps le by using the
command BEpst.

Notice that the .epsf le generatedby Blatexpr is not an encapsulatedPostscript Te : it has
no bounding box and BEpsf generatesa .eps le which is an encapsulatedPostscript Te with a
bounding box.



Chapitre 6

Interfacing C or Fortran programs
with Scilab

Scilab can be easily interfaced with Fortran or C programs. This is useful to have faster code
or to usespeci ¢ numerical code for, e.g., the simulation or optimization of userde ned systems,
or speci ¢ Lapadk or netlib modules. In fact, interfacing numerical code appears necessaryin
most nontrivial applications. For interfacing C or Fortran programs, it is of course necessaryto
link theseprogramswith Scilab. This can be done by a dynamic (incremental) link or by creating
a new executable code for Scilab. For executing a C or Fortran program linked with Scilab, its
input parameters must be given speci ¢ valuestransferred from Scilab and its output parameters
must be transformed into Scilab variables. It is also possiblethat a linked program is automatically
executed by a high-level primitiv e : for instance the ode function can integrate the di®ererial
equation x = f (t; x) with arhs function f de ned asa C or Fortran program which is dynamically
linked to Scilab (see4.4.2).

The simplestway to call external programsis to usethe link primitiv e (which dynamically links
the user's program with Scilab) and then to interactively call the linked routine by call primitiv e
which transmits Scilab variables (matrices or strings) to the linked program and transforms bad
the output parametersinto Scilab variables. Note that ode/dae solversand non linear optimization
primitiv es can be directly usedwith C or Fortran user-de ned programs dynamically linked (see
6.1.1)..

An other way to add C or Fortran code to Scilab is by building an interface program. The
interface program canbe written by the userfollowing the examplesgivenin the following directories
routines/examples/interface-tutorial and routines/examples/interface-tour . Examples
of Matlab-lik e interfacesare given in the directory routines/examples/mexfiles

The interface program can also be generatedby intersci . Intersci  builds the interface pro-
gram from a .desc le which describesboth the C or Fortran program(s) to be usedand the name
and parametersof the corresponding Scilab function(s).

Finally it is possibleto add a permanert new primitiv eto Scilab by building aninterface program
as above and making a new executable code for Scilab. This is done by updating the fundef Te.
In this case,the interface program should be given a speci ¢ name (e.g. the default name matus?2)
and a number. The le default/fundef  should also be updated as done by intersci . A new
executablecode is generatedby typing \make all* in the main Scilab directory.

100



6.1 Using dynamic link

Seeral simple examplesof dynamic link are given in the directory examples/link-examples
In this section, we brie°y describe how to call a dynamically linked program.

6.1.1 Dynamic link

The command link('path/pgm.o’,'pgm’,flag) links the compiled program pgmto Scilab.
Here pgm.o is an object Te located in the path directory and pgmis an erntry point (program
name) in the Te pgm.o (An object Te can have sewral entry points : to link them, usea vector of
character strings such as['pgml','pgm27 ).

flag should be setto 'C' for a C-coded program and to 'F' for a Fortran subroutine. ('F' is
the default °ag and can be omitted).

If the link operation is OK, scilab returns an integer n assaiated with this linked program. To
undo the link enter ulink(n)

The commandc_link('|pgm")  returns true if pgmis currently linked to Scilab and falseif not.
Here is a example, with the Fortran BLAS daxpy subroutine usedin Scilab :

-->n=link(SCI+'/routines/blas/daxpy.o’,'daxpy’)

linking files /usr/local/lib/scilab-2.4/routines/calelm/daxpy.o
to create a shared executable.

Linking daxpy (in fact daxpy )

Link done

n =

0.

-->C_link('daxpy’)
ans =

T
-->ulink(n)

-->c_link('daxpy")
ans =

F

For more details, erter help link .

6.1.2 Calling a dynamically link ed program

The call function can be usedto call a dynamically linked program. Consider for examplethe
daxpy Fortran routine. It performs the simple vector operation y=y+a*x or, to be more speci c,

y(1)=y(1)+a*x(1), y(1+incy)=y(1+incy)+a*x(1+incx),...
y(1+n*incy)=y(1+n*incy)+a*x(1+n*incx)



wherey and x are two real vectors. The calling sequenceor daxpy is as follows :
subroutine daxpy(n,a,x,incx,y,incy)
To call daxpy from Scilab we must usea syntax as follows :

[y1,y2,y3,...]=call('daxpy’, inputs description,
'out’, outputs description)

Here inputs description is a set of parameters

x1,pl,tl |, x2,p2,t2 , x3,p3,t3
where xi is the Scilab variable (real vector or matrix) sert to daxpy, pi is the position nhumber
of this variable in the calling sequenceof daxpy and ti is the type of xi in daxpy (t=1" t='T'
t='d" standsfor integer, real or double).
outputs description is a set of parameters

[r1,cl],pl,tl | [r2,c2],p2,t2 ,[r3,c3],p3,13 .
which describes eath output variable. [ri,ci] is the 2 x 1 integer vector giving the number of
rows and columns of the ith output variable yi . pi andti are asfor input variables (they can be
omitted if a variable is both input and output).

We seethat the argumerts of call divided into four groups. The rst argumert 'daxpy' is
the name of the called subroutine. The argumert 'out' divides the remaining argumerts into two
groups. The group of argumerts between'daxpy’ and 'out' is the list of input argumerts, their
positions in the call to daxpy, and their data type. The group of argumerts to the right of 'out'
are the dimensionsof the output variables, their positionsin the call to daxpy, and their data type.
The possibledata typesare real, integer, and double precision which are indicated, respectively, by
the strings 'r' , 'I" , and'd'" . Here we calculate y=y+a*x by a call to daxpy (assumingthat the
link commandhasbeendone). We have six input variablesx1=n, x2=a, x3=x, x4=incx, x5=y,
x6=incy . Variablesx1, x4 and x6 are integersand variablesx2, x3, x5 are double. There is one
output variable yl=y at position p1=5 To simplify, we assumehere that x and y have the same
length and we take incx=incy=1 .

-->a=3;
-->x=[1,2,3,4];
->y=[1,1,1,1];
-->incx=1;incy=1;
-->n=size(x,"™);

-->y=call('daxpy’,...
n,1,',...
a2,'d,...
x,3,'d',...
incx,4,'T',...
y,5,'d,...
incy,6,',...

out',...



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

! 4. 7. 10. 13. !

(Sincey is both input and output parameter, we could alsousethe simpli ed syntax call(...,'out',5)
instead of call(...,'out'[1,n],5,'d") ).
The sameexamplewith the C function daxpy (from CBLAS) :

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

-->link(‘daxpy.o','daxpy’,'C")

linking files daxpy.0o to create a shared executable
Linking daxpy (in fact daxpy)

Link done

ans =

1.

-->y=call('daxpy’,...
n,1,',...
a2'd,...
x,3,'d',...
incx,4,'',...
y,5,'d,...
incy,6,'',...

out',...

[1.n],5.dY);

>y

! 4. 7. 10. 13. !

The routines which arelinkedto Scilab canalsoaccessnternal Scilabvariables: seethe examples
in givenin the examples/links  directory.

6.2 Interface programs

6.2.1 Building an interface program

Examples of interface programs are given in the directory examples/interface-tutorial and
examples/interface-tour

The interface programs use a set of C or Fortran routines which should be usedto build the
interface program. The simplest way to learn how to build an interface program is to customizethe
previous skeletons Tes and to look at the examplesprovided in this directory. Note that a unique
interface program can be usedto interface an arbitrary (but lessthat 99) number of functions.



6.2.2 Example

Let us consideran example given in examples/interface-tutorial
We have the following C function matmul which performs a matrix multiplication. Only the
calling sequences important.

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

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

void matmul(a,n,m,b,l,c)
double al],b[],c[l;
int nm,l;
int i,j,k; double s;
for( =0 ; i < n; i++)
{
for( j=0; j <1 j++)
{
s =0;
for(  k=0; k< m; k++)

{
s += A(,K)*B(k.j);
}

C@ij) =s
}

We want to have a new Scilab function (also called matmul) which is suc that the Scilab
command

-->C=matmul(A,B)

returns in Cthe matrix product A*B computed by the above C function. Here A, B and C are
standard numeric Scilab matrices. Thus, the Scilab matrices A and B should be sert to the C
function matmul and the matrix Cshould be created, Tled, and sert bad to Scilab.

To create the Scilab function matmul, we have to write the following C gateway function called
intmatmul . Seethe Te
SCIDIR/examples/interface-tutorial/intmatmul.c

#include "stack-c.h"

int intmatmul(fname)
char *fname;
{

static int 11, mil, n1, 12, m2, n2, I3;
static int minlhs=1, maxlhs=1, minrhs=2, maxrhs=2;

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

/* Get A (#1) and B (#2) as double ("d") */
GetRhsVar(1, "d", &mil, &nl, &I1);
GetRhsVar(2, "d", &m2, &n2, &I2);

/* Check dimensions */
if ((n1==m2)) {Scierror(999,"%s: Uncompatible dimensions\r\n",fname);
return 0;}

/* Create C (#3) as double ("d") with mlrows and nl columns */



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

/* Call the multiplication function  matmul
inputs:stk(I1)->A, stk(12)->B output:stk(13)->C */
matmul(stk(l1), ml, nl, stk(2), n2, stk(I3));

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

Let us now explain ead step of the gateway function intmatmul . The gateway function must
include the Te SCIDIR/routines/stack-c.h . This is the rst line of the Te. The name of the
routine is intmatmul and it admits oneinput parameter which is fname fname must be declaredas
char *. The name of the gateway routine (here intmatmul ) is arbitrary but the parameter fname
is compulsory The gateway routine then includes the declarations of the C variables used. In the
gateway function intmatmul the Scilab matrices A Band Care referredto asnumbers, respectively
1, 2 and 3.

The line

CheckRhs(minrhs,maxrhs); CheckLhs(minlhs,maxlhs);

is to ched that the Scilab function matmul is called with a correct number of RHS and LHS
parameters. For instance, typing -->matmul(A) will give an error messaganade by CheckRhs The
function CheckRhsjust comparesthe C variable Rhs (transmitted in the include e stack-c.h )
with the bounds minrhs and maxrhs.

The next step is to deal with the Scilab variables A, B and C In a gateway function, all the Scilab
variablesare referredto asnumbers. Here, the Scilab matrices A Band Care respectively numbered
1, 2 and 3. Each input variable of the newly created Scilab function matmul (i.e. A and B) should
be processedby a call to GetRhsVar The rst two parameters of GetRhsVar are inputs and the
last three parametersare outputs. The line

GetRhsVvar(1, "d", &mil, &nl, &l1);

meansthat we processthe RHS variable numbered 1 (i.e. A). The rst parameter of GetRhsVar
(here 1) refersto the rst parameter (here A) of the Scilab function matmul This variable is a
Scilab numeric matrix which should be seen("d") asa double C array, sincethe C routine matmul
is expecting a double array. The secondparameter of GetRhsVar (here "d") refersto the type
(double, int, char etc) of the variable. From the call to GetRhsVarwe know that Ahas mlrows and
nl columns.

The line

if (n1 '=m2)
{Scierror(999,"%s: Uncompatible dimensions\r\n”,fname);
return 0;}

isto makeareturn to Scilabif the matrices Aand B passedo matmulhave uncompatible dimensions.
The number of columns of A should be equal to the number of rows of B.
The next stepis to create the output variable C This is done by

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



Here we create a variable numbered 3 (1 wasfor Aand 2 wasfor B). It is an array of double ("d" ). It
has mlrows and n2 columns. The calling sequenceof CreateVar is the sameasthe calling sequence
of GetRhsVar, but the four rst parametersof CreateVar are inputs.

The next stepis the call to matmul Remenber the calling sequence

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

We must sendto this function (double) pointers to the numeric data in A B and C This is done
by :

matmul(stk(l1), ml, nl, stk(12), n2, stk(13));

Here stk(I1) is a double pointer to the content of the A matrix. The ertries of the A matrix
are stored columnwise in stk(I1)[0] , stk(I1)[1] etc. Similarly, after the call to the C function
matmul the (double) numbers stk(I3)[0] , stk(I3)[1] are the values of the matrix product A*B
stored columnwise as computed by matmul The last parameter of the functions GetRhsVar and
CreateVar is an output parameter which allow to accessthe data through a pointer (here the
double pointers stk(I1) , stk(l2) and stk(I3)

The nal stepis to return the result, i.e. the Cmatrix to Scilab. This is done by

Lhsvar(l) = 3;

This statemert meansthat the rst LHS variable of the Scilab function matmul is the variable
numbered 3.

Once the gateway routine is written, it should be compiled, linked with Scilab and a script Te
should be executedin Scilab for loading the new function.

It is possibleto build a static or a dynamic library. The static library corresponding the the
example just described hereis built in the directory SCIDIR/examples/interface-tutorial and
the dynamic library is built into the directory SCIDIR/examples/interface-tutorial-so

Static library

In the directory SCIDIR/examples/interface-tutorial just enter the makecommandin an
Unix platform or in the Windows ervironment with the Visual C++ environment enter nmake /f Makefile.mak .
This command producesthe following Te tutorial_gateway.c  which is a C function produced by
the Make Te :

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

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

int C2F(tutorial_gateway)()

{ Rhs = Max(0, Rhs);

(*(Tab[Fin-1].f))(Tab[Fin-1].name, Tab[Fin-1].F);
return  0;

}

This function is essetially the table of C functions which are dynamically linked wih Scilab.
The following Te tutorial.sce s also produced by the Make Te :



scilab_functions =[...
"view";
"matmul;
I
auxiliary="";
files=G_make(["tutorial_gateway.o0","tutorial.a", auxiliary],"void(Win)");
addinter(files,"tutorial_gateway",scilab_functions);

The Scilabfunction addinter makesthe correspondancebetweenthe C gateway functions (such
asintmatmul ) and their namesas Scilab functions.

To load the newly createdfunction matmul, onehasto executethis script and then the function
matmul can be called into Scilab

-->exec tutorial.sce

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

Summing up, to build an static interface, the user has to write a gateway function sud as
intmatmul . Then he has to edit the Make le in SCIDIR/examples/interface-tutorial (or a
copy of it) and to put there the name of his gateway function(s) (e.g. intmatmul.o ) in the tar-
get CINTERFACE&nd the name of the corresponding Scilab function (e.g. matmul) in the target
CFUNCTIONSth the sameordering. Typing makeproducesthe static library and a script Ie (here
tutorial.sce ) which should be executedead time the newly created function(s) are needed.Of
course, it is possibleto perform this operation automatically when Scilab is launched by creating
a startup Te .scilab identical to tutorial.sce

Dynamic library

The directory SCIDIR/examples/interface-tutorial-so contains the material necessaryto
create a dynamic library (or a dll in the Windows ernvironment) that can be dynamically linked
with Scilab. This directory cortains the following Ie called builder.sce

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

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

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

The user should edit this Te, which is a Scilab script, and in particular the variables files (a
row vector of strings) anf table a two column matrix of strings. files should contain the hames
of all the object les (gateway functions and C functions called). Each row of table is a pair of
two strings : the rst is the name of the Scilab function, and the secondthe name of the gateway
function. Here we have two functions view which hasintview as gateway and matmul which has
intmatmul asgateway. This is the examplegivenabove. After the Te builder.sce hasbeenedited,
it should be executedin Scilab by the command

-->exec builder.sce

Scilab then generatesthe Te loader.sce



/I generated by builder.sce
libtutorial_path=get_file_path('loader.sce");
functions=[ 'view’,

'matmul’;
I;

addinter(libtutorial_path+'/libtutorial.so', libtutorial',function S);
This "Te should be executedin Scilab to load the newly created function matmul

-->exec loader.sce

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

Summing up, to build a dynamic interface the user has to write a gateway function (such as
intmatmul ), then he hasto edit the Te builder.sce (or a copy of it) to enter the name of the
Scilab function and the necessaryC functions, then he has to executethe script builder.sce
This produce the dynamic library and the script loader.sce . Then ead time he needsthe newly
created function(s), he hasto executethe script loader.sce .

6.2.3 Functions used for building an interface

The functions usedto build an interface are Fortran subroutines when the interface is written
in Fortran and are coded as C macros (de ned in stack-c.h ) when the interface is coded in C.
The main functions are as follows :

{ CheckRhs(minrhs, maxrhs)

CheckLhs(minlhs, maxlhs)

Function CheckRhsis usedto ched that the Scilab function is called with

minrhs <= Rhs <= maxrhs. Function CheckLhsis usedto ched that the expected return
valuesarein the range minlhs <= Lhs <= maxlhs. (Usually onehasminlhs=1 sincea Scilab
function can be always be called with lesslhs argumerts than expected).

{ GetRhsVar(k,ct,&mk,&nk,&Ik)

Note that k (integer) and ct (string) are inputs and mk,nk and |k (integers) are outputs of
GetRhsVar This function de nesthe type (ct) of input variable numberedk, i.e. the kth input
variable in the calling sequenceof the Scilab function. The pair mk,nk givesthe dimensions
(number of rows and columns) of variable numberedk if it is a matrix. If it is a chain mk*nkis
its length. Ik isthe adressof variable numberedk in Scilabinternal stadk. The type of variable
number k, ct, should be setto "d", "r", "i"* ,"z" or"c" which stands for double, °oat
(real), integer, double complex or character respectively. The interface should call function
GetRhsVarfor eat of the rhs variables of the Scilab function with k=1, k=2,..., k=Rhs
Note that if the Scilab argumert doesn't match the requestedtype then Scilab enters an error
function and returns from the interface function.

{ CreateVar(k,ct,&mk,&nk,&Ik)

Here k,ct,&mk,&nk are inputs of CreateVar and Ik is an output of CreateVar. The para-
meters are as above. Variable numbered k is created in Scilab internal stadk at adresslk .
When calling CreateVar, k must be greater than Rhsi.e. k=Rhs+1, k=Rhs+2, ... .If dueto
memory lack, the argument can't be created, then a Scilab error function is called and the
interface function returns.

{ CreateVarFromPtr(k,ct,&mk,&nk,&IK)



Here k,ct,&mk,&nk,&lk are all inputs of CreateVarFromPtr and |k is pointer created by a
call to a C function. This function is usedwhen a C object was created inside the interfaced
function and a Scilab object is to be created using a pointer to this C object.

Oncethe variables have beenprocessedoy GetRhsVaror created by CreateVar, they are given
valuesby calling one or seweral numerical routine. The call to the numerical routine is donein sucd
a way that ead argumert of the routine points to the corresponding Scilab variable. Character,
integer, real, double and double complex type variables are respectively in the cstk , istk , sstk,
stk , zstk Scilab internal stadk at the adressedk 's returned by GetRhsVaror CreateVar.

Then they are returned to Scilab as lhs variables. The interface should de ne how the lhs
(output) variables are numbered. This is done by the global variable LhsVar. For instance

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

meansthat the Scilab function has at most 4 output parameters which are variables numbered
k=5, k=3, k=1, k=2 respectively.
The functions sciprint(amessage) and Error(k) are usedfor managing messagesnd errors.
Other useful functions which can be usedare the following.
{ GetMatrixptr("Aname”, &m, &n, &Ip);
This function readsa matrix in Scilab internal stack. Anameis a character string, name of
a Scilab matrix. Outputs are integers m,n and Ip, the entries of the matrix are ordered
columnwise
{ ReadString("Aname",&n,str)
This function readsa string in Scilab internal stack. n is the length of the string.
The Fortran functions have the samesyntax and return logical values.

6.2.4 Examples

There are many examplesof external functions interfacedwith Scilabin the directories SCIDIR/examples/interfa
and
SCIDIR/examples/interface-tour-so . Examples are given in C and Fortran. The best way to
build an interface is to copy one of the examplesgiven there and to adapt the code to particular
needs.

6.2.5 The addinter command

Oncethe interface program is written, it must be compiled to produce an object Te. It is then
linked to Scilab by the addinter command.

The syntax of addinter is the following :

addinter(["interface.o’, ‘'userfiles.o’],'entrypt’,['scifcts’)

Here interface.o  is the object Te of the interface, userfiles.o  is the set of user's routines
to be linked, entrypt is the entry point of the interface routine and 'scifcts' is the set of Scilab
functions to be interfaced.



6.3 Intersci

The directory SCIDIR/examples/intersci-examples-so contains seweral examplesfor using
intersci  which is a tool for producing gateway routines from a descriptor Te. Let us describe a
simple example, ex01. We want to build an interface for the following C function :

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

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

}

This function just addsthe two real vectorsa and b with n entries and returns the result in c. We
want to have in Scilab a function c=extlc(a,b) which performs this operation by calling extlc.
For that, we provide a .desc e, ex01fi.desc

extlc ab

a vector m
b vector m
c vector m

extlc ma b c
m integer
a double
b double
¢ double

out seqguence c

*kkkkkkkkhkhkkhkkkkkkkkkkk

This Te in divided into three parts separatedby a blank line. The upper part (four rst lines)
describes the Scilab function c=extlc(a,b) . Then (next v e lines) the C function is described.
The last line of ex01fi.desc givesthe name of output variables. To run intersci  with this Te as
input we enter the command :

SCIDIR/bin/intersci-n exO01fi

Two les are created : ex01fi.c and ex01fi_builder.sce . The le ex01fi.c is the C gateway
function neededfor interfacing extlc with Scilab. It is a gateway Ie built asexplained above (see
6.2.2):

#include "stack-c.h"

int intsextlc(fname)
char *fname;
{

int m1,nl,1,mnl,m2,n2,12,mn2,un=1,mn3,I3;
CheckRhs(2,2);



CheckLhs(1,1);

/*  checking variable a */
GetRhsVar(1,"d",&m1,&n1,&I1);
CheckVector(1,m1,n1);

mnl=ml*nil,

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

mn2=m2*n2;

/* cross variable size checking */
CheckDimProp(1,2,m1*nl = m2*n2);
CreateVar(3,"d",(un=1,&un),(mn3=mn1,&mn3),&I3);/* named: ¢ */
C2F(extlc)(&mn1l,stk(11),stk(I2),stk(13));
LhsVar(1)= 3;

return 0O;

The Te exO1fi_builder.sce is the following :

/I generated with intersci

ilib_name = 'libex01fi'// interface library name
table =["extlc","intsextlc"];
ilib_build(ilib_name,tablefiles,libs);

This builder Te is to be executedby Scilab after the variablesfiles and libs have beenset:

-->files = ['ex01fi.0' , 'ex01c.oT;
-->libs =1 ;
-->exec ex01fi_builder.sce

A dynamic library is then created as well asa le loader.sce . Executing loader.sce loads the
library into Scilab and executesthe addinter commandto link the library and assaiate the name
of the function extlc to it. We can then call the new function ;

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

Touseintersci onehasto construct a.desc le. The keywords which describe the Scilab function
and the function to be called can be found in the examplesgiven.

6.4 Argumen t functions

Somebuilt-in nonlinear solvers, such as ode or optim, require a speci ¢ function as argumert.
For instancein the Scilab command ode(x0,t0,t,fydot) , fydot is the speci ¢ argumert function
for the ode primitiv e. This function can be a either Scilab function or an external function written
in C or Fortran. In both casesthe argumert function must obey a speci ¢ syntax. In the following
we will consider,asrunning example,usingthe ode primitiv e with a rhs function written in Fortran.
The samesteps should be followed for all primitiv eswhich require a function asargumert.

If the argumert function is written in C or Fortran, there are two ways to call it :

{ -Usedynamic link

-->link('myfydot.o’,'myfydot’)
/lor  -->link('myfydot.o’,'myfydot’,'C")
-->0de(x0,t0,t,'myfydot")



{ -Use the Ex-ode.f interface in the routines/default directory (and makeall in Scilab
directory). The call to the ode function is as above :
-->0de(x0,t0,t,'myfydot’)
In this latter case,to add a new function, two Ies should be updated :
{ The Flist e : Flist is list of entry points. Just add the name of your function at in the
appropriate list of functions.
ode list= ... myfydot
{ The Ex-ode.f (or Ex-ode-more.f ) Te : this Te contains the source code for argumert
functions. Add your function here.
Many exemplesare provided in the default directory. More complex examplesare also given.
For instance it is shavn how to use Scilab variables as optional parameters of fydot .

6.5 Mexles

The directories under SCIDIR/examples/mexfiles corntain someexamplesof Matlab mex les
which can be used as interfacesin the Scilab ervironment. The Scilab mexlib library emulates
the most commonly usedMatlab mxfunctions sud as mxGetMmxGetPr mxGetlr etc. Not all the
mxfunctions are available but standard mex les which make use of matrices (possibly sparse),
character strings and n-dimensional arrays can be used without any modi cation in the Scilab
ervironment.

6.6 Maple to Scilab Interface

To combine symbolic computation of the computer algebra system Maple with the numerical
facilities of Scilab, Maple objects can be transformed into Scilab functions. To assure excient
numerical evaluation this is done through numerical evaluation in Fortran. The whole processis
done by a Maple procedure called maple2scilab .

6.7 Maple2scilab

The proceduremaple2scilab cornverts a Maple object, either a scalarfunction or a matrix into
a Fortran subroutine and writes the assaiated Scilab function. The code of maple2scilab is in the
directory SCIDIR/maple.

The calling sequenceof maple2scilab is asfollows :
maple2scilab(function-name,object,args)

{ The rst argumert, function-name is a nameindicating the function-name in Scilab.

{ The secondargumert object isthe Maple name of the expressionto be transferred to Scilab.

{ The third argumert is a list of argumerts corntaining the formal parameters of the Maple-

object object .

When maple2scilab is invoked in Maple, two les are generated,one which cortains the Fortran
code and another which contains the assaiated Scilab function. Aside their existence,the userhas
not to know about their contents.

The Fortran routine which is generatedhas the following calling sequence
<Scilab-name>(x1,x2,...,xn,matrix)
and this subroutine computesmatrix(i,j) asa function of the argumerts x1,x2,...,xn . Each argu-
ment canbe a Maple scalaror array which should bein the argument list. The Fortran subroutine is



put into a Te named<Scilab-name>.f , the Scilab-function into a Te named<Scilab-name>.sci .
For numerical evaluation in Scilab the user hasto compile the Fortran subroutine, to link it with
Scilab (e.g. Menu-bar option ‘'link ') and to load the assaiated function (Menu-bar option 'getf ).
Information about link operation is givenin Scilab's manual : Fortran routines can be incorporated
into Scilab by dynamic link or through the Ex-fort.f  Te in the default directory. Of course,this
two-step procedure can be automatized using a shell-script (or using unix in Scilab). Maple2scilab
usesthe \Macrofort" library which is in the sharelibrary of Maple.

6.7.1 Simple Scalar Example

Maple-Session

> read("maple2scilab.maple’):
> f:=b+a*sin(x);

f := b + a sin(x)

> maple2scilab('f_m'f,[x,a,b]);

Here the Maple variable f is a scalar expressionbut it could be also a Maple vector or matrix.

f m' will bethe name of f in Scilab (note that the Scilab name is restricted to corntain at
most 6 characters). The procedure maple2scilab createstwo les : f m.f and f m.sci in the
directory where Maple is started. To specify another directory just de ne in Maple the path :
rpath:=" /work/" ; then all "les are written in the sub-directory work. The Te f m.f contains the
sourcecode of a stand alone Fortran routine which is dynamically linked to Scilab by the function
f min de ned in the Te f_m.sci .

Scilab Session

-->unix('make f_m.o");
-->link('f_m.o','f_m");

linking _f m_defined in f mo
-->getf('f_m.sci','c’)

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

6.7.2 Matrix Example

This is an example of transferring a Maple matrix into Scilab.

Maple Session



> with(linalg):read("maple2scilab.maple’):
> x:=vector(2):par.=vector(2):

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

[ 2 |
[ x[1] +par[l] x[1] x[2] ]
mat := [ ]
[ par[2] x2] ]

> maple2scilab('mat’,mat,[x,par]);

Scilab Session

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

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

-->mat(x,par)
ans

! 51.

Generated code Below is the code (Fortran subroutines and Scilab functions) which is automatically
generatedby maple2scilab in the two precedingexamples.

Fortran routines

c

c SUBROUTINEmM

c
subroutine f _m(x,a,b,fmat)
doubleprecision  x,a,b
implicit ~ doubleprecision  (t)
doubleprecision fmat(1,1)

fmat(1,1) = b+a*sin(x)

end

c

c SUBROUTINfBat



subroutine  mat(x,par,fmat)
doubleprecision  x,par(2)
implicit  doubleprecision (1)
doubleprecision  fmat(2,2)

t2 = x(1)**2

fmat(2,2) = x(2)

fmat(2,1) = par(2)

fmat(1,2) = x(1)*x(2)

fmat(1,1) = t2+par(1)
end

Scilab functions

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

function [var]=fmat(x,par)
var=call(‘fmat',x,1,'d",par,2,'d",'out',[2,2],3,'d")
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