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1 Wel cone to the NI CONET E-letter nunber 4!

This E-letter is sent out quarterly and inforns you about the newest updates
of the SLICOT library, the main product of N CONET, and its performance.

Al so, new NI CONET reports and i nportant NI CONET activities are announced in
this E-letter. Please, don't forget to attend our next workshop which

will be held near Paris, France, in Decenber 1999 (see Section 6).

The next issue of this E-letter is planned for COctober 1999. Pl ease send
contributions before Cctober 10. In particular, we encourage contributors to



provide information on the use of the SLICOT library (performance,
i mprovenents, new suggestions).

Sabi ne Van Huffel
Chai rperson of WSS and Coordi nat or of N CONET.

2 New i ssue of the NI CONET newsl etter avail able
Conmuni cat ed by Sabi ne Van Huffel :

The third i ssue of our NI CONET newsletter is now avail abl e and can be
downl oaded as conpressed postscript file fromthe Wrld Wde Wb URL:

http://ww. wi n. tue. nl /wgs/ Newsl et. ht
or fromthe WS ftp site:

ftp://wgs. esat. kul euven. ac. be (directory pub/WsS/ NEWSLETTER/ )
( filenane: issue-2-99.ps.2)

Cont ent s:

1. Editorial

2. New devel opnents in the SLICOT benchmark |ibrary
3. Basic nunerical SLICOT tools for control

4. SLICOT tools for nodel reduction

5. SLICOT tools for subspace identification

6. SLICOT tools for robust control

7. SLICOT tools for nonlinear systens in robotics
8. SLICOT controls mcrowaves -- a case study

9. SLICOT: a useful tool in industry?

10. Second NI CONET wor kshop in I NRI A-Rocquencourt, France
11. NI CONET information corner

3 New additions to SLICOT since January 1999
Conmuni cated by Vasile Sina:

The latest library update took place on June 26, 1999. Known bugs have been
corrected out. This resulted in updating over 20 routines. Mst changes
were needed for setting sone output paraneters before a Qick return (when
some probl em di mensions are zero). Details are given in the file

Rel ease. Notes, located in root directory pub/ WSS/ SLI COT/ on the WGS ftp
site,

ftp://wgs. esat. kul euven. ac. be

whi ch describes the latest changes in the library contents or routine
updates (till the next SLICOT Rel ease). Previous updates are described, in
reverse chronol ogical order, in the file Release. H story, located in the
same directory. These files are updated whenever needed.

Several new user-callable routines for basic control problens and nodel
reducti on have been nade avail able on the ftp site. They include subroutines
fromthe following library chapters: Analysis Routines, Benchmark and Test
Probl ens, Mat henmatical Routines, and Synthesis Routines, performing the

main tasks listed bel ow

- nodel reduction for unstable systens using either the square-root or
t he bal anci ng-free square-root Bal ance & Truncate nodel reduction nethods
applied to the al pha-stable part of the system



- nodel reduction for unstable systens using either the square-root or
t he bal anci ng-free square-root Singular Perturbation Approximation
nodel reduction nethods applied to the al pha-stable part of the system

- benchnmark exanpl es of (generalized) continuous-tine or discrete-tine
Lyapunov equati ons;

- benchnmark exanples for standard or generalized tine-invariant continuous-
time or discrete-tine dynam cal systens;

- efficient evaluation of various matrix expressions required by other
routine cal cul ati ons;

- conputing a solution, optionally corresponding to specified free el enments,
to a real linear |east squares problem

- solution (if well-conditioned) of the matrix equations op(A)*X = B, where
op(A) = Aor A (the transpose of A), providing error bounds on the
solution and a condition estinate (this is a sinplified version of the
LAPACK Li brary routi ne DGESVX, useful when several sets of matrix
equations with the same coefficient matrix A and/or A should be sol ved);

- "periodic" Hessenberg reduction: reducing a product of p real ful
square matrices, H=H 1*H 2* ... *H p, to upper Hessenberg form where
the reduced H 1 is upper Hessenberg, and the reduced H2, ..., Hp are
upper triangular, using orthogonal simlarity transfornmations, wthout
eval uating the product;

- conputation of the p real orthogonal matrices perfornmng the "periodic"
Hessenber g reducti on;

- "periodic" Schur deconposition: finding the factored Schur formand the

ei genval ues of a product of matrices, H=H1*H2* ... *Hp, with H1 an
upper Hessenberg matrix and H2, ..., H p upper triangular matrices,
essentially w thout evaluating the product;

- computing the eigenvalues of a product of matrices, T =T_1*T_ 2 ... T_p
where T_1 is an upper quasi-triangular matrix and T_2, ..., T_p are upper

triangul ar matrices;

- pole assignment for a given matrix pair (A B) using real Schur form of A

- eigenstructure assignnent for a controllable matrix pair (A B) in an
ort hogonal canonical form

- condition estimate and forward error bound for the solution of a
continuous-tinme or a discrete-tinme algebraic R ccati equation

- solving continuous-tine or discrete-time algebraic Riccati equations
usi ng the enhanced Schur vector nethod (incorporating scaling and
iterative refinenent), with condition estimates and forward error bounds;

- condition estimate and forward error bound for the solution of a
continuous-time or a discrete-time Lyapunov equation

- solving continuous-tinme or discrete-tinme Lyapunov equations with condition
estimates and forward error bounds.

Mor eover, several conponents of the new, SLICOT-based Matlab t ool boxes

have been posted on the ftp site. At the time being, there are two nmexfiles
for nodel reduction, directly callable on Wndows 9x or NT platforms (using
Fortran 90 nenory allocation schenme), and two nexfiles (source formonly)
for solving standard or generalized Sylvester and Lyapunov equati ons by
various nethods, including nethods for stable non-negative definite
(generalized) Lyapunov equations, which can be used on various platforns
(Fortran 77). These nexfiles are invoked by a series of mfiles, also

provi ded. Included are sone Matlab test prograns and mat files with test
data. The work is in progress, and new nmexfiles will be added soon
Performance results and conparisons with Matlab functions will be reported.

In addition, several new user-callable and auxiliary routines for basic and
robust control problens have been inplenented, and will be nade avail abl e
on the ftp site in the near future.

SLI COT routines can be downl oaded fromthe WS ftp site:

ftp://wgs. esat. kul euven. ac. be

(directory pub/ WSS/ SLI COT/ and its subdirectories) in conpressed (gzi pped)



tar files. On line .htn docunentation files are al so provided there. The
library and its docunentation are also accessible fromthe WSS honepage at
the Wrld Wde Wb URL:

http://ww. wi n.tue.nl/wgs/

after linking fromthere to the SLI COT web page and clicking on the
FTP site link in the freeware SLI COT section.

The whole library is available as the file slicot.tar.gz, in the root
directory pub/WsS/ SLI COT/. Several additional files (.dat, .m and .nmat),
associ ated to the newly posted benchnmark coll ecti ons, have been added in
the subdirectory ./slicot of this conpressed tar file. Another, simlarly
organi zed file, called slicotPC tar.gz, has been put in the sanme directory
pub/ WES/ SLI COT/; it contains the Ms-DOS version of the Fortran source codes
of the SLICOT library.

4 New NI CONET Reports since April 1999
Contri buted by Sabine Van Huffel:

The foll owing NIl CONET reports can be downl oaded as conpressed postscri pt
files fromthe Wrld Wde Wb URL:

http://ww. w n.tue.nl/wgs/reports. htni
or fromthe WES ftp site:
ftp://wys. esat. kul euven. ac. be (directory pub/ WS/ REPORTS/ )

FILE NAME: nicl1999-4.ps.Z
REPORT NUMBER  1999-4

FORNAT: Conpressed postscript.

AUTHORS: Da- Wi Qu, Petko Hr. Petkov, and Mhail M Konstantinov
TI TLE: An Introduction to Hinfinity Optim sati ons Designs
ABSTRACT: This Niconet report is prepared for users of the software

package SLI COT who are not famliar with the Hinfinity
optim sation design approach. Together with sone previous
Ni conet reports it is hoped that the reader woul d have a
general idea about the Hinfinity nethod, know how to use
the algorithnms available in SLICOT to synthesize a
controller for a standard Hinfinity optimsation problem
and, furthernore, be aware of some difficulties such as
singularity in the Hinfinity controllers design.

STATUS: avai | abl e since May 1999

FILE NAME: nicl1999-5.ps.Z

REPORT NUMBER: 1999-5

FORNAT: Conpressed postscript.
AUTHCRS: Petko Hr. Petkov, Da-Wi Gu, and Mhail M Konstantinov
TI TLE: Fortan 77 Routines for Hinfinity and H2 Design of
Di screte-Tinme Linear Control Systens
ABSTRACT: We present Fortran 77 subroutines intended for state-space

design of Hinfinity (sub)optinmal controllers and H2 opti nmal

controllers for linear discrete-tinme control systens.

The subroutines nmake use of LAPACK and BLAS libraries and

produce estimtes of the condition nunbers of the matrices

which are to be inverted and estinmates of the condition

nunbers of the matrix al gebraic Riccati equations which

are to be solved in the conputation of the controllers.

The subroutines will be included in the SLICOT library.
STATUS: avai | abl e since May 1999



FI LE NAME: SLWN1999-6. ps. Z

REPORT NUMBER
FORVAT:
AUTHORS:

TI TLE:

ABSTRACT:

1999-6

Conpressed postscript.
Dani el Kressner, Vol ker Mehrnmann, Thil o Penzl
CTLEX - a Collection of Benchmark Exanpl es for Continuous-
Ti me Lyapunov Equati ons
Thi s paper describes the benchmark collection CTLEX, that
contains test exanples of continuous-tinme al gebraic Lyapunov
equations. The main focus of this collection is on scal able
benchmar k exanpl es dependi ng on paraneters, which affect the
condi tioning of the equation. Such exanples are particularly
useful for the assessnment of the conplexity and the accuracy
of nunerical solution nethods.
avai |l abl e since June 1999

FILE NAME: SLWN1999-7.ps.Z

REPORT NUMBER
FORVAT:
AUTHORS:

TI TLE:

ABSTRACT:

1999-7

Conpressed postscript.
Dani el Kressner, Vol ker Mehrnmann, Thil o Penzl
DTLEX - a Col l ection of Benchmark Exanples for Discrete-Tine
Lyapunov Equati ons
Thi s paper describes the benchnmark coll ection DTLEX, that
contains test exanples of discrete-tinme algebraic Lyapunov
equations. These natrix equations are al so known as Stein
equations. The main focus of DILEX is on scal abl e benchmark
exanpl es dependi ng on paraneters, which affect the
condi tioning of the equation. Such exanples are particularly
useful for the assessnment of the conplexity and the accuracy
of nunerical solution nethods.
avai |l abl e since June 1999

FILE NAME: nic1999-8.ps.Z

REPORT NUMBER
FORVAT:
AUTHORS:

TI TLE:
ABSTRACT:

1999-8

Conpressed postscript.
Andras Varga
Model Reduction Routines for SLICOT
We report on the newest devel opnents of nodel reduction
software for SLICOT. Three enhanced accuracy node
reduction al gorithns belonging to the class of nethods
based on or related to bal anci ng techni ques formthe basis
of nodel reduction software in SLICOT. These nethods are
primarily intended for the reduction of |inear, stable,
conti nuous- or discrete-tinme systens. However, in
conbination with additive spectral deconposition or coprine
factorization techniques the basic nethods can be enpl oyed
to reduce unstable systens too. The inplenented
conput ati onal nethods for reduction of stable and unstable
systens, and the associated software available in SLI COT
are presented. Perfornmance conparisons perforned using
appropriate interface software to user-friendly environnments
i ke MATLAB and Scil ab show the superiority of SLICOTl node
reduction tools over existing nodel reduction software.
avai |l abl e since June 1999

FILE NAME: SLWN1999-9. ps. Z

REPORT NUMBER
FORVAT:
AUTHORS:

TI TLE:

ABSTRACT:

1999-9

Conpressed postscript.
Paul Van Dooren
Sel ection of basic software tools for structured matrix
deconposi ti ons and perturbations
In this note a survey is given of areas of systens and
control where structured matrix problens are inportant. In
identification we nention four different types of data



collection : inpulse response, input-output pairs,
frequency response and covariance data. In each of those,
the identification problemcan be rewitten in terns of
structured matri x problens for which there exist fast
deconpositions. The use of structured matri x deconpositions
shoul d yield an i nprovenent in speed of conputations. In
anal ysi s and desi gn one encounters eigenval ue problens with
specific structure such as cyclic, Ham Itonian and
synpl ectic matrices. For those problens it is inportant to
use structur preserving deconpositions, nmainly to inprove
t he nunerical accuracy of the conputations, although these
algorithnms typically yield i nproved conputationa
conplexities as well. W also list the key nunerica
routines that should be provided in the SLICOT library in
order to tackle nost of the problens nmentioned in this note.
STATUS: avai |l abl e since June 1999

5 NI CONET visits since January 1999

February 24--27, 1999. Hongguo Xu fromthe Technical University of Chemitz
visited Peter Benner and Hei ke Fassbender at the University of Bremen to

di scuss issues related to the SLI COT-based Matl ab Tool box for Basic

Control Tool s.

March 14--17, 1999: Peter Benner fromthe University of Bremen visited
Vi cente Hernandez at the Politechnic University of Valencia in

order to discuss issues related to the devel opnent of a parallel

ext ensi on of SLI COT.

June 14--June 18, 1999: A Varga visited INRIA in order to include the
new nodel reduction tools developed into Scilab via user-friendly
i nterfaces.

6 NI CONET events
Conmruni cat ed by Sabi ne Van Huffel :

May 31--June 1, 1999. Fourth two-days N CONET neeting organi zed at Del ft
Uni versity of Technol ogy, the Netherlands, and attended by all partners.

Qur second NI CONET workshop will be held at I NRIA Rocquencourt in France
on Decenber 3, 1999. This workshop is open for everybody and is announced
bel ow
Second NI CONET WORKSHOP:
NUMERI CAL CONTROL SOFTWARE: a useful tool in industry
Friday, Decenber 3, 1999, |INRI A Rocquencourt, France
Fi rst Announcenent and Call for Posters

Thi s wor kshop organi zed by the European Nunerics in Control thematic Network
(NI CONET) ains to bring together engineers, nathenaticians, conputer
scientists and practitioners fromindustry and academnia dealing wth
nunerical software in systens and control and their inplenmentation and use
in industrial practice.

Recent advances on the use of nunerical software libraries especially



desi gned for solving systens and control engineering problens in a
nunerically reliable and efficient way will be discussed. The current

status of the freely available SLICOT library will be extensively discussed,
as well as industrial control applications and future extensions, conprising
paral l el versions and practically oriented benchmarks. SLICOT is a val uable
tool for the reliable solution of many control problens, and for |arge-
scal e, conputer-intensive control problens and real-tine applications,

SLI COT can lead to significant performance inprovenents.

Chai rpersons: Francois Del ebecque, Serge Steer (local organizers) and
Sabi ne Van Huffel (project coordinator).

Organi zing Cormittee: T. Backx, P. Benner, A van den Boom J. De Cuyper
A Coville, DW @Gu, S. Hammarling, V. Hernandez, B. Kagstrom

M Konstantinov, V. Mehrmann, A Mbner, P. Petkov, V. Sima, A Stoorvogel
P. Van Dooren, A. Varga, M Verhaegen, R Whl gemuth.

Wbr kshop Program

The norning session consists of a tutorial training course including

denos of the newly devel oped SLI COT t ool boxes which enabl e the use of
SLICOT routines within the user-friendly CACSD packages MATLAB and Scil ab
In the afternoon, plenary tal ks are schedul ed describing the use of
nurerical control software in diverse industrial control applications. In
addition, a poster session of contributed papers illustrates new

devel opnents in control software and their performance in engineering
practice and industrial applications.

9h- 10h: "The nunerics in control library SLICOT: an introductory
presentation'' by Dr. Ad van den Boom ( Ei ndhoven University of
Technol ogy) and Prof. Sabi ne Van Huffel (Katholieke
Universiteit Leuven)
10h30-12h30: Introductory presentations of the newy devel oped SLI COT
t ool boxes i ncl udi ng denos
"Basic software tools' by Prof. Paul Van Dooren
(Uni versite Catholique de Louvain)
' Mbdel reduction' presented by Dr. Andras Varga
(DLR, Qper pf af f enhof en)
' Subspace identification' by Prof. Mchel Verhaegen
(Del ft University of Technol ogy)
' Robust control' presented by Dr. Dawei Gu
(University of Leicester)
14h- 16h: Pl enary session (tentative schedul e)
Presentation of Scilab through a large industrial application
by Eric Demay fromEl ectricite de France

I ndustrial control applications of SLICOT presented by
the NI CONET industrial partners:
Ir. Joris De Cuyper fromLMs International, Leuven, Bel gium
Ir. Arnaud Coville from SFIM Industries, Missy, France.
Dr. ir. Jobert Ludlage from|PCOS, Boxtel, the Netherlands.
16h- 17h30: Denps and poster session
17h30- 18h: C osi ng di scussion
18h: Recepti on

The prelimnary, as well as the final program wll be announced on the
NI CONET website http://ww. win.tue. nl/wgs/ni conet. htn

Partici pants of the workshop receive:
A copy of the workshop program and proceedi ngs book
A copy of the last version of the SLICOT Software Library
and Tool boxes (upon request)
Docurent ati on on SLI COT and NI CONET

Prospective authors are invited to submt two copies of a canera-ready



paper (1 to 5 pages long), describing the contents of the poster
contribution, to the workshop secretariat (see address below) for review
Address and e-mail should be provided if possible.

Al'l accepted contributions, as well as docunentation for the tutorial
trai ning course and the plenary session, will be published in the

wor kshop proceedi ngs.

Aut hor' s Schedul e:
Submi ssi on of canera-ready paper (1-5 pages): Novenber 10, 1999.
Notification of acceptance as poster presentation: Novenber 15, 1999.

Regi stration Infornmation
Pl ease register your attendance to the workshop at the address
bel ow before Novenber 15, 1999.

The attendance to the workshop, the docunentation and the software are free.
Second NI CONET wor kshop Regi stration Form Friday Decenber 3, 1999

Nane:

Title:
Conpany/ I nstitution:
Ar ea:

Addr ess:

Phone:

Fax:

e-mail :

To the attention of Ms Christine Bren at the workshop secretari at
By Fax: + 33-1-39635638

By Mail: INRI A, Relations Exterieures
Donai ne de Vol uceau Rocquencourt B.P. 105
78153 Le CHESNAY CEDEX (France)

By WAV http://ww«+rocqg.inria.fr/ N conet/register. htn
By e-nail: synposia@nria.fr

7 (Forthcom ng) Meetings and synposia attended by N CONET partners
Conmruni cated by Vasile Sina and Sabi ne Van Huffel :

Conferences related to the NI CONET areas of interest, where N CONET partners
presented or will present N CONET/SLICOT-related tal ks and papers, and/or
di ssenminate informati on and pronote SLICOI, are the follow ng:

June 14--June 18, 1999. S. VAN HUFFEL, V. MEHRMANN, S. HAMVARLI NG

P. BENNER, A VARGA, P. VAN DOCREN, AND BO KAGSTROM attended the 14th
Househol der synposi um on Nunerical Linear Al gebra, Wistler B.C, Canada,
and presented the follow ng talk:

SLICOr -- A Subroutine Library in Systems and Control Theory.

The Fourth International Congress on Industrial and Applied Mathenatics,
Edi nbur gh, Scotland, 1C AM9, July 5-9, 1999.

19th IFIP TC7 Conference on System Modelling and Optimni zation
Canbri dge, England, July 12--16, 1999.

1999 | EEE International Synposium on Conputer-Ai ded Control System
Desi gn, CACSD '99, Hawaii, August 22--26, 1999.



Eur opean Control Conference, Karlsruhe, CGermany, 31 August --
3 Sept enber, 1999.



