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1 Welcone to the NICONET E-letter nunber 14!

This E-letter is sent out quarterly and infornms you about the
newest updates. Al so, new NI CONET reports and inportant N CONET
activities are announced in this E-letter. First of all, as
mentioned in our previous E-letter, our new EC proposal we

submtted in the G owth programre (acconpanyi ng neasures) in March
2001 hasn’t been approved. W have to wait now for newcalls in
the 6th franework before we can resubnit our proposal. In the mean
time we asked the EC to extend our present thematic network

project NICONET with 6 nmonths until July 1, 2002, and this

ext ensi on has been approved. Since Septenber 2001 our
international society, also called NICONET, is operational. Any
funding received through this society is used for the further
devel oprment of the SLICOT library and will be needed in periods
where no EC funding is available. Sinultaneously, this society
pronot es and supervi ses the dissenmination of the SLI COT software.

The next issue of this E-letter is planned for April 2001. Pl ease
send contributions before March 30. In particular, we encourage



contributors to provide information on the use of the SLI COT
library (perfornance, inprovenments, new suggestions).

Sabi ne Van Huf f el
Chai rperson of WGS and Coordi nator of N CONET.

2 New i ssue of the NI CONET Newsl etter avail able
Comuni cat ed by Sabi ne Van Huffel:
The 8-th issue of our NI CONET Newsletter is now available and can
be downl oaded as conpressed postscript file fromthe Wrld Wde
Web URL:

http://ww. w n.tue.nl/niconet/ and choose: Newsletters
or fromthe WGS ftp site:

ftp://wgs. esat. kul euven. ac. be (directory pub/ WS/ NEWSLETTER/)
( filename: issue-1-02.ps.2)

Content s:

1. Editorial

2. Basic nunerical SLICOT tools for control

3. SLICOT tools for nodel reduction

4. SLICOT tools for subspace identification

5. SLICOT tools for robust control

6. SLICOT tools for nonlinear systens in robotics

7. SLICOTr determ nes nodels for active noise control

8. SLICOrI: a useful tool in industry?

9. Highlights of the SLICOT training course in Brenen, Gernany
10. NI CONET i nformation corner

3 New additions to SLICOT since Cctober 2001
Comuni cated by Vasile Sina:

The |l atest changes in the library contents or routine updates - till the
next SLI COT Rel ease - are announced in the file Rel ease. Notes, |ocated
in directory /pub/WsS/ SLI COT/ on the WGS ftp site. Previous updates are
described, 1 n reverse chronological order, in the file Rel ease. H story,
|l ocated in the same directory.

SLI COT routines can be downl oaded fromthe WsS ftp site:
ftp://wgs. esat. kul euven. ac. be

(directory /pub/ WSS/ SLI COT/ and its subdirectories) in conpressed
(gzipped) tar files. On line .htm documentation files are al so provided
there. The library and its documentation are al so accessible fromthe WES
honmepage at the World Wde Web URL:

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

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

The | atest major SLICOT Library update took place on Cctober 3, 2001.
Few changes have been nmade in the routines AB0O9lY, |1B01BD, |BO1PD,

| BO1PX, 1BO01PY, SB16AD, and SB16BD, for renoving some bugs.

Also, five mmexfiles (slinormm aresol.f, aresolc.f, findBD.f, and
find_nodel s.m) have been updated. Details are given in the file

Rel ease. Not es.

A new routine, and associated nmexfile and exanpl e program have been
added to conpute the matrices of a positive feedback controller in the
Di screte-Ti ne Loop Shapi ng Desi gn Procedure.



In addition, the file plicm.tar.gz has been put to the SLICOT root
directory.

It contains 3 nodel reduction routines, 7 associated routines (solvers
for coupled stable Lyapunov/ Stein equations, stable Sylvester equations,
etc.), and 12 lower-level routines, all for parallel conputers.

Details are given in the incorporated .htm docunentation, accessible
fromthe file index.htm, included in the archive.

Over 20 new user-callable and conputational routines for basic control

probl ens, and identification of Wener systems, have been inpl emented

and will be posted soon on the SLICOT ftp site. They include Identification
Routi nes, Mathematical Routines, and Transformati on Routines, performng
the followi ng main conput ational tasks:

- conmpute a set of parameters for approximting a Wener system
in a |l east-squares sense, using a neural network approach and a
Levenber g- Marquardt al gorithm

- solve a systemof l|inear equations A*x = b, with A symetric,
positive definite, or, in the inplicit form f(A x) = b, where
y = f(A X) is a symmetric positive definite |linear mapping
fromx to y, using the conjugate gradient algorithm w thout
precondi tioni ng.

- solve a set of systens of |inear equations, A"T*A*X = B, or, in the
implicit form f(A*X =B, with A°\T*A or f(A) positive definite,
using symretric CGaussian elimnation.

- solve a systemof l|inear equations A*x = b, D*x = 0, in the |east
squares sense, with D a diagonal matrix, given a QR factorization
with columm pivoting of A

- find the paraneters theta for a function F(x, theta) that give the
best approximation for y = F(x, theta) in a | east-squares sense
usi ng a Levenber g- Marquardt al gorithm based on conjugate gradients
for solving linear systens.

- find the paraneters theta for a function F(x, theta) that give the
best approximation for y = F(x, theta) in a | east-squares sense
usi ng a Levenber g- Marquardt al gorithm based on QR factorization
with columm pivoti ng.

- conpute the QR factorization with colum pivoting of an
mx n mtrix J (m>=n), that is, J*P = QR where Qis a matrix
with orthogonal columms, P a pernutation matrix, and R an upper
trapezoidal matrix with diagonal el enents of noni ncreasing nagnitude,
and apply the transfornmation Q*T on the error vector e;
the 1-norm of the scaled gradient is also returned.

- find a value for the paranmeter |anbda such that if x solves the
system A*x = b, sqrt(lanbda)*D*x = 0, in the | east squares sense,
where Ais an mx n matrix, Dis an n x n nonsingul ar diagonal natrix,
and b is an mvector, and if delta is a positive nunber, then either
lambda = 0 and ( || D*x ||_2 - delta ) <= 0.1*delta, or |anmbda > 0 and
| |] D*x ||]_2 - delta | <= 0.1*delta. It is assuned that a QR
factorization with colum pivoting of A is avail able.

- conmpute the output of a Wener system

- conpute the output of a set of neural networks.

- conmpute the Jacobian of a Wener system

- find a value for the paranmeter |anbda such that if x solves the
systemJ*x = b, sqrt(lanbda)*D*x = 0, in the | east squares sense,
where J is an mx n matrix, Dis an n x n nonsingul ar diagonal natrix,
and b is an mvector, and if delta is a positive nunber, then either
lambda = 0 and ( || D*x ||_2 - delta ) <= 0.1*delta, or |anmbda > 0 and
| || D*x ||]_2 - delta | <= 0.1*delta. It is assuned that a QR
factorization with block colum pivoting of J is available, that is,
J*P = @R, where P is a pernutation matrix, Q has orthogonal col umms,
and R is an upper triangular matrix w th diagonal elements of
noni ncreasi ng magni tude for each bl ock.

- solve a systemof linear equations J*x = b, D*'x = 0, in the |east
squares sense, with D a diagonal matrix, given a QR factorization
with block colum pivoting of J.

- solve one of the systems of |linear equations R*'x = b, or R\T*x = b,
in the | east squares sense, where Ris an n x n block upper triangul ar
matrix, with the structure



R1 0 ... 0 L1
0 R2 ... 0 L2
0o 0 ... RI LI
0 o ... 0 RI+1
with the upper triangular submatrices Rk, k =1 : |+1, square, and

the first | of the same order. The diagonal el enents of each bl ock R k
have noni ncreasi ng magni tude. The matrix Ris stored in a conpressed form

- conmpute the QR factorization with block colum pivoting of an
mx n matrix J (m>=n), that is, J*P = QR where Qis a matrix with
orthogonal columms, P a pernutation matrix, and R an upper trapezoi dal
matri x with diagonal elenents of nonincreasing magnitude for each bl ock,
and apply the transformation Q'T on the error vector e;
the 1-norm of the scaled gradient is also returned.

- conmpute the matrix JAT*J + c*l, for the Jacobian J given in a
conpressed form

- conmpute the matrix JAT*J + c*l, for the Jacobian J fully given, for
one output variable.

- compute the matrix-vector product x <- (J*T*J + c*l)*x, where J is
given in a conpressed form

- compute x <- (A"T*A + c*1)*x, where Ais an mx n real matrix, and
c is a scalar.

- conmpute the Jacobian of the error function for a neural network
(for one output variable).

- convert the linear discrete-tine systemgiven as (A B, C D),
with initial state x_0, into the output normal form wth
paranmeter vector theta. The matrix Ais assuned to be stable.

The matrices A, B, C, D and the vector x_0 are transformed, so
that on exit they correspond to the system defined by theta.

- convert the linear discrete-tine systemgiven as its output
normal form with paraneter vector theta, into the state-space
representation (A, B, C, D, with the initial state x_0O.

- conmpute the output sequence of a linear tine-invariant open-loop
systemgiven by its discrete-time state-space nodel (A B,C D), where
Ais an n x n general matrix (the input and output trajectories are
stored differently from SLI COT Library routine TFOLM).

4. SLI COT devel opnents

Comuni cat ed by Sabi ne Van Huffel:

New SLI COT t ool boxes for controller reduction, nodel reduction of
hi gh order systens, and robust control are nmde avail able on the

websi te now. Tool boxes for nonlinear subspace identification and
nonl i near systens will be available in March 2002.

5 New NI CONET Reports since Cctober 2001
Comuni cat ed by Sabi ne Van Huffel:

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

http://ww. W n.tue.nl/niconet and choose: reports
or fromthe WGS ftp site:
ftp://wgs. esat. kul euven. ac. be (directory pub/ WSS/ REPORTS/)

FI LE NAME: SLWN2001- 4. ps. Z

REPORT NUMBER:  2001-4

FORMAT: Conpr essed postscript.
AUTHORS: | sak Jonsson and Bo Kagstrom

TI TLE: Recursi ve Bl ocked Al gorithns for Solving Triangular Mtrix



ABSTRACT:

STATUS
FI LE NAME

REPORT NUVBER:

FORIVAT:
AUTHORS
TI TLE

ABSTRACT:

STATUS
FI LE NAME

REPORT NUVBER:

FORNVAT
AUTHORS
TI TLE

ABSTRACT:

Equati ons---Part |: One-Sided and Coupl ed Syl vester-Type
Equat i ons

Triangular matrix equations appear naturally in estimating
the condition nunbers of matrix equations and different

ei genspace conputations, including bl ock-diagonalization of
matrices and matrix pairs and conputation of functions of
matrices. To solve a triangular matrix equation is also a
maj or step in the classical Bartels-Stewart nethod. W
present recursive blocked algorithns for solving one-sided
triangular matrix equations, including the continuous-tinme
Syl vester and Lyapunov equations, and a generalized coupl ed
Syl vester equation. The main parts of the conputations are
Performed as level 3 general matrix multiply and add (GEMV)
operations. Recursion |leads to an automatic variable

bl ocki ng that has the potential of matching the nmenory

hi erarchi es of today's HPC systens. Different inplenentation
i ssues are discussed, including when to end the recursion
the design of optimzed superscal ar kernels for solving

| eaf -node triangular matrix equations efficiently, and how
parallelismis utilized in our inplenentations. Uniprocessor
and SWMP parallel performance results of our recursive

bl ocked al gorithnms and corresponding routines in the state-
of -the-art l|ibraries LAPACK and SLICOT are presented. The
performance i nprovenents of our recursive algorithns are
remar kabl e, including 10-fol ded speedups conpared to
standard al gorithns.

avai | abl e since April 2001 and revised in August 2001

SLWN2001- 5. ps. Z

2001-5

Conpr essed postscript.

| sak Jonsson and Bo Kagstrom

Recur si ve Bl ocked Al gorithns for Solving Triangul ar

Matri x Equations---Part |l: Two-sided and Generalized

Syl vester and Lyapunov Equati ons

We continue our study on high-performance al gorithns for
solving triangular matrix equations. They appear naturally
in different condition estimation problens for matrix
equations and various ei genspace conputations, and as
reduced systens in standard al gorithnms. Building on our
successful recursive approach applied to one-sided matrix
equations (Part |I), we now present recursive bl ocked
algorithms for two-sided matri x equations, which include
matri x product terms such as AXB'T . Exanples are the

di screte-tinme standard and generalized Syl vester and
Lyapunov equations. The means for hi gh-performance are the
recursive variabl e bl ocking, which has the potential of

mat chi ng the nenory hierarchies of today’s hi gh-perfornmance
conputing systenms, and |l evel 3 conputations which mainly are
performed as GEMM operations. Different inplenentation

i ssues are discussed, focusing on simlarities and

di fferences between one-sided and two-sided matrix
equations. We present uniprocessor and SMP paralle
performance results of recursive blocked algorithns and
routines in the state-of-the-art SLICOT |ibrary. The
performance i nprovenents of our recursive algorithns are
remar kabl e, including 10-fol ded speedups or nore, conpared
to standard al gorithns.

avai |l abl e since Septenber 2001

SLWN2001- 6. ps. Z

2001-6

Conpr essed postscri pt

Chri s Denruyter

Solrigg Syl vester equations for Mdel Reduction: SLICOT vs
Mat | a

In this report, we conpare two Syl vester equation solvers:
the Matlab function |yap and the SLICOT function slsylv.
An al gorithm desi gned for nodel reduction and based on the
resolution of a Sylvester equation is presented. 1In this
context, timing results show the superiority of the SLI COT
based mfile slsylv.



STATUS: avai | abl e since October 2001

FI LE NAME: SLWN2001- 7. ps. Z

REPORT NUMBER:  2001-7

FORMAT: Conpr essed postscript.

AUTHORS: P. H. Petkov, D.W Gu and MM Konstanti nov

TI TLE: Robust control of a disk drive servo system

ABSTRACT: In this expository paper we show the application of sonme of

the SLICOT routines in the robust control analysis and
design of a disk drive servo system An uncertainty nodel of
the systemplant is first derived which contains el even
uncertain paraneters including four resonance frequencies,
four danping coefficients and three rigid body node
paraneters. Three controllers for the uncertain systemare
desi gned using, respectively, the techniques of H_inf m xed
sensitivity design, H.inf |oop shaping design procedure
(LSDP) and mu-synthesis nmethod. Wth these controllers the
cl osed-1o0op system achi eves robust stability and in the
cases of H.inf and nu-controllers the closed | oop system
practically achi eves robust performance. A detailed
conparison of the frequency domain and tine domain
characteristics of the closed-1oop systemwith the three
controllers is conducted.

Further, nodel reduction routines have been applied to find
a reasonably | ow order control |l er based on the nu-synthesis
desi gn. This reduced order controller naintains the robust
stability and robust performance of the closed-|oop system
Si nul ati ons of the nonlinear sanpl ed-data servo systemwith
the | ow order controller have been included as well, which
confirns the practical applicability of the controller

obt ai ned

STATUS: avai | abl e since Decenber 2001

FI LE NAME: SLWN2002- 1. ps. Z

REPORT NUMBER: 2002-1

FORMAT: Conpr essed postscript.

AUTHORS: Peter Benner, Enrique S. Quintana-Oti, Gegorio Quintana-

Oti,
Raf ael Mayo

TI TLE: Enhanced Services for Renote Mbdel Reduction of
Large- Scal e Dense Linear Systens

ABSTRACT: Thi s paper describes enhanced services for renote nodel
reduction of |arge-scale, dense linear time-invariant
systens. Specifically, we describe a nmail service and
a web service for nodel reduction on a cluster of Intel
Pentium 1| architectures using absolute and rel ative
error nethods. Experinental results show the appeal and
accessibility provided by these services

STATUS: avai | abl e since January 2002

6 NI CONET events

The NI CONET project has been extended with 6 nonths. An extra
meeting of all partners is planned in Oxford on April 8, 2002

7 (Forthcom ng) Meetings and synposia attended by NI CONET partners

Comuni cated by Vasile Sima and Sabine Van Huffel:

Conferences related to the NICONET areas of interest, where N CONET
partners presented or will present NI CONET/ SLICOT-rel ated tal ks and papers
and/or dissenminate information and pronote SLICOT, are the follow ng:

CG50- GG70 neeting, a conference conmenorating 50 years of

conj ugate gradi ents and cel ebrating Gene Gol ub’s 70th birthday,

ETH Zurich, February 18-20, 2002

GAMM Annual neeting, Augsburg, Gernany, March 25-28, 2002



| FAC synposi um on paraneter estimation, Barcelona, Spain, Mrch
2002.

15t h Househol der synposium on Nunerical Linear Al gebra, Peebles
Hot el Hydro, Scotland, June 17-21, 2002.

MINS, *‘‘ Mathematical Theory of Networks and Systens’’ neeting
2002, University of Notre Dame, South Bend, I|ndiana, USA August
12-16, 2002, see http://ww. nd. edu/ nt ns/

Joint ‘'l EEE Conference on Control Applications’’ and ‘‘I|EEE
Conference on Conputer Aided Control Systens Design' ', Septenber

17-20, 2002, Scottish Exhibition & Conference Centre, d asgow,
Scot | and.



