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INTRODUCTION

The Conferences on System Modeling and Optimization are a series of symposia
which are organized on behalf of the Technical Committee No.7 of the Inter-
national Federation for Information Processing. They are held biennially

but only two, the first and the most recent, were held in the U.S. TIts organ-—
izers were in fact highly pleased to have their proposal for a venue in New
York City accepted by the Technical Committee over several others who competed

for it.

The main interest and technical attraction of these conferences probabliy lie
in their broad scope. They have included topics which are normally discussed
only at very specialized meetings and they have accordingly provided a forum
for the interchange of ideas between fields that otherwise are fairly disjoint

from each other. The fields range from system and control theory, operations

research and management science, computer science, policy modeling and mathc-

matical economics, to quantitative studies of immunology and disease control.

A special effort was madé in the preparation for this.conference to insure a
technical level which was representative of the on-going work in the U.S.
This effort was expended first of all towards attracting outstanding sc ien-
tists into the International Program Committee and the Conference Organizing
Committee. Moreover, a careful survey was made which led to the selection
of topics for invited papers for the conferencu, and an equally careful
search ensued for speakers on those topics. Finally, the contributed papers
were subjected to a two-stage reviewirg ~racess before they were cleared for
presentation at the conference, and t- vol additional stage before thev

were cleared for publication in the confereuce proceedings.

Equally novel was a procedure for the overnight production of a news bulletin
which announced necessary program changes on the morning of the day on which

they took effect.

The subsequent sections of this report elaborate on these remarks and supply

some of the required statistics.
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CONFERENCE ORGANIZATION

The host for the conference was the Polytechnic Institute of New York. The

two co-principal investigators of the grant were its co-chairmen. The over-

sight over the technical and non-technical events was exercised by two Committees.
The International Program Committee in particular was a body of highly respected
scientists whose function was advisory as well as decisive. The conference co-
chairmen were pleased to be able to persuade a particularly outstanding grcup

of persons to be members of this committee. They were:

J.Stoer, Fed. Rep. Germany, Chairman

A.V.Balakrishnan, USA P.D.Lax, USA
G.B.Dantzig, USA W.Leontief, USA
A.Freeman, USA J.L.Lions, France
M.Iri, Japan G.I.Marchuk, USSR
K.Malanowski, Poland M.J.D.Powell, UK
E.Rofman, France A.Ruberti, Italy

The Conference Organizing Committee was a second Committee charged with scme
of the responsibility for oversight of the conferemce. Its function was to trans-
late the broad directives of the International Program Committee into a viable
social and technical conference plan. 1In addition it carried out the prelimiunary
screéning of the contributed papers. Its members were drawn from most cf the
major universities and research laboratories of Greater New York. They repre-
sented, so the co~chairmen felt, a cross section of the substantial technical
competence available in the area. They were:

R.F.Drenick, F.Kozin, Co-Chairmen, Polytechnic Institute of New York

J.J.Bongiorno, Polytechnic Institute of New York

E.A.Cherniavsky, Brookhaven National Laboratory

E.G.Coffman, Jr., Bell Telephone Laboratories

J.Cullum, IBM, T.J.Watson Research Center

J.J.Golembeski, Bell Telephone Laboratories

P.Green, IBM, T.J.Watson Research Center

R.A.Haddad, Polytechnic Institute of New York

P.J.Kolesar, Columbia University

M.Overton, New York University

E.Pitnataro, Polytechnic Institute of New York

P.E.Sarachik, Polytechnic Institute of New York

J.Traub, Columbia University
An effort fully comparable to the selection of the Committee members was ex-
pended on the choice of the topics for the invited addresses, and of their
speakers. 1Its ontcome was extremely gratifying. The list of speakers and

toplcs was as follows:




Plenary Addresses

S.W.Director, Carnegie-Mellon Univ., Pittsburgh, PA, USA;
Computer~-Aided Design: The Role of Optimization in VLSIC Design

R.M.Karp, Univ. of California, Berkeley, CA, USA; The Inherent
Complexity of Combinatorial Optimization Problems

J.Killeen, Lawrence Livermore National Lab., Livermore, CA, USA;
Computational Problems in Magnetic Fusion Research

H.Kobayashi, T.J.Watson Research Center, Yorktown Heights, NY, USA;
Modeling and Analysis of Computer Performance: A Review of
Recent Progress .

T.C.Koopmans, Yale Univ., New Haven, CT, USA; Capital as an Input
to Production (an Illustration in Two Dimensions)

C.Paige, McGill Univ., Montreal PQ, Canada; Some Numerical Pitfalls
in Computing with Linear Systems

O.Pironneau, Univ. of Paris Sud, Paris, France; Optimum Design
of Elliptic Distributed Systems

E.S.Savas, Assist. Secretary for Policy Development and Research,
US Department of Housing and Urban Davelopment, Washington, DC,
USA; Urban Systems and Urban Policy

Invited Papers

L.N.Belykh and G.I.Marchuk, Acad. Sci., Novosibirsk, USSR;
Analysis of an Infectious Disease Model

F.Clarke, Univ. of British Columbia, Vancouver, Canada;
Non-Smooth Analysis and Opntimization

E.Gelenbe, Univ. of Paris Sud, Paris, France; Relations Between
Deterministic and Stochastic Models in Queues and Computer
System Models

Y.Sunahara, Kyoto Inst. Technology, ¥Xyoto, Japan; Recent Trends
in Optimal Control of Stochastic Distributed Parameter Systems

W.E.Walker, The Rand Corporation, Santa Monica, CA, USA;
Urban Policy Modeling: Past, Present, and Future

Banquet Address

K.Gerard, Deputy Mayor of New York City for Economic Planning and
Development; Urban Socio-Technological Problems of the Future

j The conference program provided for one plenary session in each of five half-day
meetings. This session was followed by four parallel sessions of contributed

! papers. The abstracts of most papers, invited as well as contributed, are in-
cluded in a booklet which is enclosed as Appendix B to this report. (Copies

of the booklet were distributed free of charge to all conference registrants.)
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The conference sponsor was of course the Technical Committee No.7 of the
International Federation for Information Processing. Co-sponsors were:

The American Federation of Information Processing Societies

The Control Systems Society, Institute of Electrical and

Electronics Engineers

The Operations Research Society of America

The Society of Industrial and Applied Machematics
These societies were present at the opening session of the conference and wel-
comed the participants. They also made available their mailing lists for all

conference announcements.

The conference itself took place at the New York Sheraton Hotel, Seventh Avenue
at 57th Street. No serious obstacles were encountered in the course of it. 1In
fact, a novel organizational feature was introduced. Necessary program changes
for any one day were taken to the Polytechnic Institute of the evening of the
preceding day, typed by the Word Processing Group there during the night and

distributed at the start of the sessions in the form of a news bulletin.

" REVIEWING PROCESS

A novel reviewing process was employed for the selection of papers to be
presented at the conference, and ultimately to be published, in the conference
proceedings. It consisted of three stages. In the first stage the 400 ab-
stracts of the papers submitted for presentation at the conference were rated
by members of the Conference Organizing Committee and by a few others in out-
lying areas of specialization. Those given marginal ratings were subsequently
reviewed by the members of the International Program Committee, with the result
that only 230 papers were cleared for presentation. Due to cancellations, 210

actually appeared on the program.

Of these, however, only 130 ultimately were approved for publication in the
conference proceedings. This approval was given on the basis of yet ancther
round of reviews which took place during the conference itself, on the basis

of technical content of the complete paper presented there.

This process was suggested by Professor J.Stoer of the International Program
Committee, and 1t worked out very well. It also produced an unexpected fringe

benefit. The in-conference reviews supplied a check of who did or did not give

his paper as scheduled and in person.




CONFERENCE STATISTICS

The conference was attended by 236 persons.

as‘Appendix A.
58%, came from abroad.
the participants.

came from universities.

A list of participants 1is attached

It may be noted that an unusually large proportion, namely over
In fact, thirty-one countries were represented among

Industry was represented by 93 of those attending, the rest

The 230 contributed papers on the technical program were scheduled for presenta-

tion in 32 sessions on the subjects of:

Control Theory
Game Theory
Identification and
Estimation
Infinite-Dimensional Systems
Stochastic Systems
System Theory
Control Applications
Power Systems
Bio-Medical Models
Simulation

CONFERENCE PROCEEDINGS

A volume of the proceedings, expected

is to be released at some time during

Programming Theory
Programming Algorithms
Programming Applications
Multi-Objective Optimization
Management Science
Combinatorial Programming
Computational Complexity
Computer System Modeling
Computer-Aided Design
Mathematical Economics
Socio-Economic Models

to have approximately one thousand pages,

the middle of 1983. It will comprise most

of the papers which were cleared for publication by the three-stage reviewing

process mentioned earlier. Springer Verlag is to be the publisher, and the volume
will be one in the series of Lecture Notes in the Control and Information Sciences.

One copy will be distributed free to the author(s) of every paper in the volume.

Others will be marketed by the publisher at a price estimated between $50 and $60.
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THE CONFERENCE IS SUPPORTED IN PART BY

The Office of Scientific Research, USAF
The National Science Foundation
The International Business Machines Corporation

AND CO-SPONSORED BY

The American Federation of Information Processing Societies

The Control Systems Society, Institute of Electrical and Electronics
Engineers

The Operations Research Society of America

The Society of Industrial and Applied Mathematics

INTERNATIONAL PROGRAM COMMITTEE
J. Stoer, Fed. Rep. Germany, Chairman

.V. Balakrishnan, USA P.D. Lax, USA

.B. Dantzig, USA w. Leontief, USA
Freeman, USA J.L. Lions, France
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Rofman, France A. Ruberti, Italy
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P.E. Sarachik, Polytechnic Institute of New York

J. Traub, Columbia University




CONTENTS

Invited Papers and Speakers
Contributed Papers by Session
Abstracts

Author Index




S e

INVITED SPEAKERS




e

i

T

INVITED SPEAKERS

Plenary Addresses

S.W. Director, Carnegie-Mellon Univ., Pittsburgh PA, USA
Computer-Aided Design: The Role of Optimization in VLSIC Design

R.M. Karp, Univ. of California, Berkeley CA, USA
The Inherent Computational Complexity of Combinatorial Optimization
Problems

J. Killeen, Lawrence Livermore National Lab., Livermore CA, USA
Computational Problems in Magnetic Fusion Research

H. Kobayashi, T.J. Watson Research Center, Yorktown Heights NY, USA
Modeling and Analysis of Computer Performance: A Review of Re-
cent Progress

T.C. Koopmans, Yale Univ., New Haven CT, USA
A Simple Model of a Capital Stock in Equilibrium with the Tech-
nology and the Preferences

C. Paige, McGill Univ., Montreal PQ, Canada
Some Numerical Pitfalls in Computing with Linear Systems

O. Pironneau, Univ. of Paris Sud, Paris, France
Optimum Design of Elliptic Distributed Systems

E.S. Savas, Assist. Secretary for Policy Development and Research, US
Department of Housing and Urban Development, Washington DC,
USA

Urban Systems and Urban Policy

Invited Papers

L.N. Belykh and G.I. Marchuk, Acad. Sci., Novosibirsk, USSR,
On the Treatment of Chronic Forms of a Disease According to the
Mathematical Model

F. Clarke, Univ. of Bristish Columbia, Vancouver, Canada
Non-Smooth Analysis and Optimization

E. Gelenbe, Univ. of Paris Sud, Paris, France
Relations between Deterministic and Stochastic Models in Queues and
Computer System Models

Y. Sunahara, Kyoto Inst. Technology, Kyoto, Japan
Recent Trends in Optimal Control of Stochastic Distributed Para-
meter Systems

W.E. Walker, The Rand Corporation, Santa Monica CA, USA
Urban Policy Modeling: Past, Present, and Future
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ON THE TREATMENT OF CHRONIC FORMS OF A
DISEASE ACCORDING TO THE MATHEMATICAL MODEL

L.N. BELYKH, G.I. MARCHUK
ACADEMY OF SCIENCE, NOVOSIBIRSK, USSR

Analysis of an infectious disease model is presented. A number of
biological hypotheses on regularities of the course of treatment and the
nature of their origin are formulated. In particular it is shown tha* i
chronic infections are due to weak stimulation of the immune system and
one of the methods of their treatment may be an aggravation of the
disease.
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NONSMOOTH ANALYSIS AND OPTIMIZATION
FRANK CLARKE, UNIVERSITY OF CALIFORNIA, BERKELEY
ABSTRACT

A brief and nontechnical survey of the subject of optimization and

its relation to nonsmooth analysis is presented.




T Y R U S TuEs

Relations between deterministic and stochastic models

in queues and computer system

models

Erol Gelenbe
Université Paris Sud
and
INRIA

B.P. 105
78150 Le Chesnay
France

The difficulties encountered in extending the available
analytical and numerical tools for the analysis of computer
systems, which are based essentially up to now on queueing
theoretical approaches, have given rise to a number of inves-
tigations concerning the models which are used. Such questions
have also been raised by practitioners who have felt that the
statistical and measurement oriented link between the theoretical
models and the actual measurements has been insufficiently
established.

Another motivation to reconsider the basic models used has been
the increasing success of Petri nets, or of the Karp-Miller
vector addition systems, in their use as qualitative but formal
representations of complex computer system behaviour. It thus
becomes of interest to examine the possibility of obtaining
performance oriented results from the same basic models without
necessarily making probabilistic assumptions.

In this lecture we shall consider time dependent behaviour of
vector addition systems. With relatively weak assumptions
concerning the deterministic stream of events in such systems
we shall prove a number of significant results concerning
their trajectories. These results are similar to those proved
usually in the context of probabilistic queueing models.




RECENT TRENDS OF OPTIMAL CONTROL FOR STOCHASTIC
DISTRIBUTED PARAMETER SYSTEMS

Yoshifume Sunahara¥
ABSTRACT

Stochastic partial differential equations arise in many contexts in
the chemical, nuclear, biological, economic and social sciences. Such
equations, even though simple as a type of heat equation with additive
noise, may exhibit a surprising array of control problems from existence
and uniqueness properties of solutions to the optimal control algorithm.
There are, therefore, many fascinating areas, some concerned with
highly mathematical aspects of stochastic eigenvalue problems and some
concerned with nonlinear behaviors due to the existence of stochastic
system parameters.

This survey has a couple of aims.

First, we exhibit various kinds of mathematical models for stochastic
distributed parameter system.

Second, theoretical studies of such mathematical models usually
consist of finding existence and uniqueness properties of solutions and
then conducting the filtering and/or control aspects to determine the
filter dynamics and/or the optimal control signal under the preassigned
cost functional. Many studies on systems where uncertainties are con-
sidered to be an additive noise have been published by Lions,
Bensoussan, Curtain, Balakrishnan and so on. We try to give a synop-
tic account.

Third, the principal aim here is to stimulate researches on control
problems of distributed parameter systems. To do this, a study with
the author's colleagues, Dr. Aihara and Mr. Kojima is outlined. Recog-
nizing that many distributed parameter systems exhibit various kinds of
uncertainties in their system parameters, we are concerned with a system
modeled by

du(t,x) _ _93%u(t,x) au(t,x) dw(t) _
T: a5z +b Y” gt - f(t,x) for (t,x) e]O,tf[X]O,ll

with the initial and boundary conditions 2,
u(0,x) = ug(x), for x €]0,1[, u(t,0) = u(t,1) =0, for t e ]O,tf[

where dw(t)/dt is a white Gaussian noise process in time t and where
a,b,c are constants. We shall develop regularity properties of the
solution to the systems dynamics 3;,. A way is also described of finding
the optimal control signal so as to minimize the quadratic cost functional.

The survey ends with results of digital simulation experiments and
with indicating the interesting mathematical questions which do not seem
to be fully resolved.

¥ Faculty of Polytechnic Sciences, Kyoto Institute of Technology,
Matsugasaki, Sakyo-ku, Kyoto 606, Japan.
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URBAN POLICY MODELING: PAST. PRESENT. AND FUTURE

Warren E. Walker
The Rand Corporation
1700 Main Street
Santa Monica, CA. 90406

ABSTRACT

The field of urban policy analysis, although relatively young,
has reached a plateau in its development. This plateau is
evidenced, by & leveling off in (1) the number of urban policy
analysts, (2) their influence on government policy, and (3)
methodological advances in the field. To many analysts these
are welcome developments indicating a healthy maturation of
the field. To others, they suggest serious problems that

call for a rethinking of basic principles and a refocusing

of energies.

In this paper I will

o summarize the salient features that characterized the devel-
opment of urban policy analysis and urban modeling during the

1960s and 1970s

o assess the current status of the field and describe some
important recent trends

o] speculate on what the future holds in store.




Computer-Aided Design:
The Role of Optimization in VLSIC Design

S.W. Director
U.A. and Helen Whitaker Engineering
of Electronics and Electrical Engineering
Carnegie-Mellon University
Pittsburgh, Pennsylvania

ABSTRACT

Very large scale integrated circuit technology (VLSI) has advanced to
the point where it is now possible to realize circuits which contains
over 600,000 transistors on a dingle silicon chip. Unfortunately this
technological capability may not be fully utilizable due to the inabil-
ity of designers to be able to deal with the resulting complexity of
the design task. 1In order to handle this complexity designers have
had to develop a suitable design methodology and have come to rely
increasingly more heavily on computer aided design tools. Some
computer aids, such as logic and circuit simulators and design rule
checkers, have gained widespread acceptance. Other computer aids.
especially those employing optimization methods. have been slow to

be incorporated into the design proeess. However. in spite of this
initial lack of enthusiasm it is clear that in order to realize the
full potential of VLSI technology suitable optimization techniques
must be developed and incoporated into the design process.

In order to encourage further work in this area. this talk discusses
gome of the tasks in VLSI circuit design in which it appears that
optimization methods may be profitably employed. 1In particular we
begin with a brief review of one hierarchical approach to VLSI circuit
design which seperates the design process into a number of levels

of abstraction. The highest level of abstraction describes the desired
algorithmic behavior of the circuit while the lowest level describes
the physical layout of the circuit in terms of mask geometries. We
then discuss the three basic steps used in each level of design:
synthesis, optimization and simulation. The mathematical formulations
of. and the computational complexity involved with, these activities
are also investigated. Finally, some of the algorithms which have
thus far been proposed and/or used for these activities are reviewed
and the difficulties encountered are explored.




The Inherent Computational Complexity of
Combinatorial Optimization Problems

Richard M. Karp
University of California, Berkeley
Department of Electrical Engineering
and Computer Science

ABSTRACT

% Recent developments in complexity theory have clarified the
boundary between efficiently solvable computational problems

and intractable ones. We will discuss the significance of

j these results for the design of optimization algorithms.

Cog
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COMPUTATIONAL PROBLEMS IN MAGNETIC FUSION RESEARCH

john Killeen
National Magnetic Fusion Energy Computer Center
Lawrence Livermore National Laboratory
P.O. Box 5508
Livermore, California 94550

ABSTRACT

Numerical calculations have had an important role in fusion research
since its beginning, but the application of computers to plasma physics
has advanced rapidly in the last few years. One reason for this is the
increasing sophistication of the mathematical models of plasma behavior,
and another is the increased speed and memory of the computers which
made it reasonable to consider numerical simulation of fusion devices.
The behavior of a plasma is simulated by a variety of numerical models.
Some models used for short times give detailed knowledge of the plasma
on a microscopic scale, while other models used for much longer times
compute macroscopic properties of the plasma dynamics.

Fast time scale MHD codes are typically used to investigate the time
dependent behavior of instabilities. The main question to be answered is
whether or not a particular MHD mode will be unstable, and if so, how
fast will it grow and what is its structure. Although linear MHD sta-
bility calculations have made a significant contribution to our under-
standing of plasma phenomena, nonlinear MHD problems, including the
effects of resistivity, rely totally on computers. In order to analyze
nonlinear resistive instabilities, the time dependent MHD equations of
motion must be solved. The most advanced resistive MHD stability codes
are nonlinear and three dimensional. This degree of generality is neces-
sary in order to study the coupling of modes.

In order to simulate the transport of a plasma across a magnetic field
over most of its lifetime -- trom tens to hundreds of milliseconds -- a
set of partial differential equations of the diffusion type must be solved.
Typical dependent variables are the number densities and temperatures
of each particle species, current densities, and magnetic fields. The
transport coefficients such as thermal conductivity, electrical resistivity,
and diffusion coefficients are obtained from the best available theories,
but the codes also have the capability of easily changing the form of the
coefficients in order to develop phenomenological models. In these codes
implicit difference methods are used for the solution of the coupled
diffusion equations.

In the simulation of plasma where the particles are not Maxwellian and
where a knowledge cof the distribution functions is important, Fokker-
Planck equations must be solved. The problem is to solve a nonlinear
partial differential equation for the distribution function of each charged
species in the plasma, as functions of seven independent variables (three
spatial coordinates, three velocity coordinates, and time). Such an
equation, even for a single species, exceeds the capability of any pre-
sent computer so several simplifying assumptions are therefore required
to treat the problem.

-14-
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Particle codes are fundamental in that they compute in detail the motion
of particles under the influence of their self-consistent electric and
magnetic fields, as well as fluctuation and wave spectra, and orbits of
individual particles. They are ideal for providing detailed information on
the growth and saturation of strong instabilities and the effects of
turbulence. Particle codes are usually classified as either "electrostatic"
or "electromagnetic." In the first type only the self-consistent electric
field is computed via Poisson's equation and the magnetic field is either
absent or constant in time. In the last few years there has been a
considerable development in electromagnetic codes. They are either
relativistic and fully electromagnetic, i.e., the particle equations of
motion are relativistic and the electric and magnetic fields are obtained
from the full Maxwell equations (wave equations) or they are in the
nonradiative limit where the equations are nonrelativistic and displace-
ment currents are neglected.
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MODELING AND ANALYSIS OF COMPUTER PERFORMANCE:
A REVIEW OF RECENT PROGRESS

Hisashi Kobayashi
IBM T. J. Watson Research Center
Yorktown Heights, New York 10598

ABSTRACT

During recent years a vast body of knowledge central to modeling and
analysis of computer performance has accumulated. In this presenta-
tion we review the state~of-the-art of analytic modeling techniques.
A computer system can be modeled #s a multiple-resource system.

and we can apply queueing network theory to the analysis of various
performance issues, Efficient computational algorithms that have
recently been develcped are contributing to widespread use the
success of the queueing network models.

We shall also discuss the future direction of performance modeling
efforts: rapidly evolving microelectronics technology, i.e..
VLSI will radically impact the nature of technical issues that

should be addressed in design and analysis of future computer
systems,




A SIMPLE MODEL OF A CAPITAL STOCK IN EQUILIBRIUM

WITH THE TECHNOLOGY AND THE PREFERENCES

Tjalling C. Koopmans, Yale University
Abstract
This lecture draws on the concepts of the following four develop-
ments in economic theory and systems analysis:
(1) Theory of optimal economic growth (Ramsey, 1928)

(2) The linear model of a technology constant
over time (von Neumann, 1937)

(3) The theory and computation of a competitive equilibrium
(Walras, 1874; Arrow-Debreu, 1954; Scarf (with Hanser),1973,
et al.)

(4) Catastrophe Theorv (Thom, 1972; Zeeman, 1977)

Also, there is overlap with the

(5) Complementarity Problem (Lemke, 1965; Cottle-Dantzig,
1974, et al.)

discussed in the field of mathematical programming,

The model has two consumption goods (amounts consumed in year t
being denoted y; and yg ) and only one capital good (amount zt , for
use in year t ), and admits only one production process for each con-
sumption good, and one for the capital good. The question addressed is

to define and compute a self-preserving initial capital stock z1 .

This is an initial capital stock z1 = z such that, if one from thereon

maximizes the intertemporal utility function,

(o]
L@yt v L 0<a<,
pol 1* Y2
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the path over time of the optimal capital stock Qt will repeat the

initial value,

indefinitely. It is found that, depending on the form of the utility q

function u(yl, y?) , an increase in the discount factor o (equivalent

1l -«
a

to a decrease in the annual discount rate p = ) , may bring about

either an increase (the "intuitive" case) in the self-preserving capital
stock z , or a decrease (the "counter-intuitive' case). Catastrophe
theory enters in situations where a small variation in the initial

capital stock away from a seli-preserving level may lead to an entirely

different optimal capital path.

REFERENCES

T. C. Koopmans, "Examples of Production Relations Based on Microdata,"
Chapter 5, pp. 144-171 of G. C. Harcourt, ed., The Microeconomic
Foundations of Macroeconomics, Macmillan Press, for the Inter-
national Economic Association, 1977.

T. Hansen and T. C. Koopmans, "On the Definition and Computation of a
Capital Stock Invariant under Optimization," Journal of
Economic Theory, 1972, pp. 487-523.
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SOME NUMERICAL PITFALLS IN COMPUTING WITH LINEAR SYSTEMS

Chris Paige, Computer Science, McGill University. Montreal

ABSTRACT

Mathematically equivalent but computationally different

ways of computing & result can lead to totally different
answers. Some simple problems in linear systems will be
used to illustrate this difficulty. The reasons for the
failure of some well know algorithms will be given, along

with insights into the design of good numerical algorithms
in this and related areas.

-19-
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OPTIMUM DESIGN OF ELLIPTIC DISTRIBUTED SYSTEMS

O. Pironneau
University of Paris Sud
Paris, France

ABSTRACT

Let ?I(Q) be the solution of a Partial Differential Equation in a domain Q
of R°'. Let E be a functional of ¢ and ¢(Q). The optimization of E with
respect to Q is called an optimum design problem because it finds the
best shapes of Q with respect to E.

Such problems are the extension of distributed systems of the optimum
time problems for systems governed by ordinary differential equations.
They arise mostly in engineering and in aeronautics, for example, they
are critical.

The basic techniques of the calculus of variation apply to these problems
also and one usually ends up with a gradient-type algorithm for the
solution of the discrete problems.

Keeping in mind the fact that the audience is not supposed to be familiar
with the techniques of PDE's and restricting ourselves to elliptic PDE's,
we shall present the principal methods used to solve these problems with
the following plan:

1. Statement of the problem and classification.
2. Optimality conditions for the continuous problem.
3. Derivatives of the cost functional for the problem dis-

cretized by the Finite Element Method.

4. Some industrial applications and results.




URBAN SYSTEMS AND URBAN POLICY

E.J. SAVAS
Department of Housing and Urban Development
Washington, DC

This lecture is devoted to a general discussion cf the meaning of

urban policies and urban systems, with special emphasis on their inter-

relationships.
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J.FE. Allos and W.A. Mahmod

Department of Klectrical Enpineer iny
College of Engincering

University of Baghdad

Baghdad, Iragq

THE NCRMALIZED VELOCITY CRITERION AS A PERFORMANCF
INDEX FROM THE PHASE PORTRAIT FOR SYSTEM OPTIMIZAYION

The phase portrait is very useful in studying the transient response
of systems described by firs' and second order differential equations,
particularly in the presence of non-linearities,

It is the intentica here to propose a performance criterion, vis. the
Normalized Velocity Criteriorn (NVC), which is directly obtainable from the
phase portrait of a system. This will enable the system designer to compare
and evaluate systems directly from their phase portraits. The NVC is
related to the Integral Square Error Criterion (ISE).

The NVC is shown t» be a function of S, the total area enclosed by the
phase plane trajectory of the system, and K, a weighting factor inversely
propcrtional to the maximum system velocity, Yo For this criterion to be
effective, the function should be simple. and exhibit similar
characteristics to other stanlard performance criteria, i.e. the TuE.

In formulating the NVC, and compring it the ISE criterion, the
response of a linear second rder system to a step function is considered,
which can be solved analytically. The sy-tem is simulated cn an Analogue
Computer, and from thecritical censiderations, and analogue conmputer
results, the NVC is defined as N= SK2 . It is then shown that this
definition of the NVC exhibits the desired characteristics. This was further
demonstrated for the non=-linear Van der l'ol equation.

It is concluded that the NVC has the advantage that it can he evaluated
easily from the phase portrair of the sys«tem, proving very useful in
optimizing its performance directly from 4ts phase plane trajectceries,

and in particular for the case of the non-linear system.
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B. Asselmeyer

Coordinated Science Laboratory
University of Illinois

1101 W. Springfield Ave.
Urbana, Illinois 61801

A RITZ-TYPE APPROACH TO THE CALCULATION OF
OPTIMAL CONTROL FOR NONLINEAR, DYNAMIC SYSTEMS

The calculation of optimal control functions for nonlinear systems
described by ordinary differential equations can be made much simpler, if
a Ritz-type approximation for the control functions is used. From the
well-known gradient techniques for problems with differential equations
as constraints, an iteration formula for the parameters in the approxima-
tion is derived.

Very general problems, described by nonlinear differential equations
and having general terminal constraints, fixed or free final time and
constraints in the control functions, can be treated very efficiently,
even if only small computers, like desk-top calculators or personal
computers are used.

The application of this optimization method to a model of a chemical
plant (a stirred~tank-reactor) is presented and the results are discussed
with respect to the numerical properties of the parameterization approach.
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I, A, Awad and M, M, El=Geneidy
Faculty of Engineering

Al exandria University
Alexandria, FGYPT

OPTIMAT, AND SUROPTIMAY. SINGULAR CONTROL OF A CLASS
OF LINEAR DTSCRETE~TIME SYSTEMS

Singular control in cortimicus~time systems was defined in 1959, Tt
was not understood until 1963, Additional work on this problem was
performed until 1971, Sinsular control of discrete~time systems was not
studied ir the literature until 1971, Several papers were published in
thie subject, one of them wre bv the anthors 1 in 1976, Two
approaches were developed in these papers, The first approach was by the
application of the local theory of constrained optimization, (nonlinear
programming and dynamic prosramming). The second approach, which was
used by the amthors in their previous paper 1 s was the application
of the)global theory of constrained optimization, (the Fenchel duality
theory).

In the present paper the second approach is adopted and the problem
of singular optimal control of discrete-~time systems with fixed en#
points and free final time, is investigated, The system is assumed to be
time varying, Expression for the optimal control function is ottained by
changing the problem 10 a minimum norm problem with linear constraints,
It is shown that there always exists a finite final time such that an
optimal control that satisfies the control constraints exists, In order
to simplify and reducs commtations, a significant suboptimal control
is described, It is sihiown that the subcoptimal control approaches the
system to the final desired state each time of its application,
moreover, it is guaranteed to reach the final desired state in a finite
number of steps, Computer programs are prepared and executed or. the
computer PDP11/7O to show the applicability of the algorithme developed,
Two numerical examples are investigated.

REFERENCES
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THE COMPLETE HAMILTONIA!N CUHARACTERIZATION OF PROPERTY (Q):
APPLICATION TO AN EXISTENCE PROBLEM IN OPTIMAL CONTROL

In (1) I defined the "modified Lagrangian", a quite useful
modification of the classical Lagrangian in optimal control
and the calculus of variations. Using it, the usual lower
closure and existence problems with weakly convergent fi-
nite dimensional "derivatives" can be approached by a de-
parametrization procedure so as to reduce them to a single
classical lower semicontinuity result(2,5) for the integral
functicnal whose integrand is the modified Lagrangian.

I shall define a "modified Hamiltonian", which corresponds
canonically to the modified Lagrangian. I will show that a
certain upper semicontinuity property of this Hamiltonian
completely charactzrizes Cesari's property (Q). This ex-
tends (4). Next, I shall apply this characterization to
develop a deparam=rrization procedure for a lower closure
problem with infinite dimensional derivatives; cf. (3),
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ON SENSITIVITY IN AN STATE AND CONTROL CONSTRAINED 1
OPTIMAL CONTROL PROBLEM

Consider the problem: for each ¢ belonging to a neigh-
bourhood of zero in Rl find functions Qg.ﬁ‘ which minimi-

ze the functional
1
Jt(x,u) = ‘% fE(x(t),u(t),t)dt
subject to

x(t) = A(t)x(t) + B(t)u(t)
for almost all ‘

KS(u(t),t) € O te(0.1),
K3(x(t),t) {0 for all telo0,1],
x(+)e AC(R™),x(0) = x%, u(-)e L (R™),
K; « R" x[0,0 »RP , k% : R" x [0,1] = RY,

Let x_,U_ correspond to ¢= O.It 1s proved that

b%, = Sgle + #G, - Bgh, = 0le)
under conditions of the following four types:lo Continui-
ty and smoothness of the data;2° Convexity of the const-
raints and strict convexity of the functional;3° Slater-
like condition;a° tHager®s regularity condition for the
binding constraints for §o and Go.The convergence proper-

ties of the dual variables are discussed as well.
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CORREZLATICN BETHAZ:<N CUNVENTIONAL CCNTROL PERPCRMANCE
INDICES AND MCDERN COUNTRULL - UADRATIC PERFORMANCE INDEX

In 21assical Coatrcl theory, attention was focused
cn the System's stability, transient verformance, s:iny -«
ries time, settliing Lime and wraximium overshoot, and steady
state accuracy.

Recently, demands for control systems of increasingly
high performance have led to increasingly stringent
requirements on spe~:fications of transient and steady
state respcnses. sinthesis ¢f control systems which meet
stringent requiremen-s cn specifications by classical
control theory is, in fact, an exceedingly dAifficult job.
Synthesis methods based on modern control theory offer
distinct adivantages cver classical methnds, The paper
compares and correla“.es bhetween them.

Introducing a bandvidth criterion, together with
certain specifications {or step and ramp inputs defines a
number of elements o! the J-matrix in the quadratic
performance index, These criteria introduced, when
applied to thiri order systems determines completely the
optimal control functior,

The thenry can te ex.endei to hicher order systems
. and it would be necessary to impose more steady state

requirements, such as error for parabolic inputs, maximum
modulus for harmen.: inruts, .. ete, in order toc relate
some of other j-matrix elements and depending on the
number of rejuirements ani the orier of the system it may
te necessary to assutre values “or the remaining elements
of the J-matrix to sclve the Riccati eguation,
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A DISCRETE MAXIMUM PRINCIPLE CONCERNING THE
OPTIMAL COST OF DETERMINISTIC CONTROL PROBLEMS,
A STOCHASTIC INTERPRETATION.

The scope of this paper is to present a new numerical device
able to compute the optimal cost function V{(x) related to a large
class of deterministic optimal control problems.

We consider simultaneously stopping time, continuous and im-
pulse controls in each strategy. So V(x) = inf J{(x; z, u(.), =z(.)).
z R

I LI
ctiv L 4 ey

We know, after (1), (2) that in regular problems, V(x) is the
maximum element of a suitable set W of ''subsolutions' w(x) of
the associated Hamilton-Jacobi equation. As a consequence the com-
putation of V(x) is reduced to solve the problem: P) Find the
maximum element of the set W,

We shall use approximate problems Pp. The state variables(h)
domaine is discretized by linear finite elements (having vertex xj' ‘).
The set W is substituted by approximate sets wh obtained thanks to
a special discretization method implying that the approximate problem:
Py,) Find the maximum element wh  of the set W is solved taking
advantage of the special structure of the matrix of the coefficients of
the independent variables wh(xi )) In fact, we show:

a) a maximal element Qh (related to a partial order) is caracterized
by the accomplishment of the transversality conditions concerning V{(x);
b) G’h can be obtained using a method of relaxation type i.e. an ite-
rative and successive maximization with respect to the independent
variables wh(x-1 h ). The computational algorithm is very simple and
after ordering the variables in a suitable manner it makes possible to
perform non trivial problems in computers of small central memories;
c) there exists an unique maximsl element ® in the approximate
set W ; SO, W is equal to Gh just obtained;

d) the approximate solution w converges uniformly to the optimal
cost function V(x) when W h|i tends to zero;

e) the equations (or inequations) that determine wh may be inter-
preted as the optimality conditions for the optimal control problem of
a stochastic system with a finite number of states. These processes
converge to the deterministic trajectories of the original problem
when u hll tends to zero.

Finally we present some numerical examples.

(1) R. GONZALEZ - E. ROFMAN: "An algorithm to obtain the maximum
solution of the H. J. equation'. IFIP-TC7 Conferences, Wurzburg 1977,

(2) R. GONZALEZ: "Sur la résolution de 1'équation de H. J. du contrdle
déterministe''. Cahiers de math, Paris IX Dauphine - N' 8029/8029bis -
1980,
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On the Computational Complexity of

Clustering and Related Problems

The problem of clustering a set of n points into k groups
under various objective functions is studied. It is shown that under
some objective functions clustering problems are NP-hard even when
the points to be clustered lie in the 2-dimensional euclidean space.

We also show that for these problems the corresponding approximation
problem is also NP-hard.

Specifically, we study the k-2MM and the k-2MI clustering
problems. 1In the k-2MM problem we are given a set of points which
lie in the 2-dimensional euclidean space and we wish to partition
them into k groups (clusters) in such a way that the maximum distance
between any pair of points belonging to the same cluster is minimized.
The objective function to be minimized in the k-2MI problem is the
maximum (amongst all clusters) of the sum of the distance between all
pair of points belonging to the same cluster.
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Ol HIGH CRDER NECsSSARY OFTINALITY COWLITIONS

All known necessary optimality conditions in optimiza-
tion problems with inequality and equality constraints can
be divided in two classes. The first class is characterized
by the fact that some normality assumptions concerning con-
straints are rade a priori whereas no such assumptions are
made for results of the second class. The first order neces-
sary optimality corditions have been well developed in both
the cases. As for the second and high order necessary opti-
mality conditions until recently only results of the first
class were known and only during the last seven-eight years
the results of the second class were obtained.

High order necessary optimality conditions presented
in this report belong to the second class. At first we con-
sider the abstract optimization problem and then we apply
obtained abstract results to control problems. In the latter
case we study both cliassical singular extremals and singular
Pontryegin extremals., Necessary optimality conditions obtain-
ed for classical singuler extremals generalize the knrcn
Kelley's cptimality conditions (geueralized Legerdre-Clebsh
conditions).

In conclusion we discuss the connection of constrained
optimizetion problcms with minimax problems as well as with
optimization problems with vector-valued performance index.
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THE APPLICATION OF VECTOR MINIMISATION TECHNIQUES IN THE
ANALYSIS OF MULTILOOP NONLINEAR FEEDBACK SYSTEMS

The analysis of harmonic balance conditions in autonomous
nonlinear multiloop feedback systems of the form shown in the
figure has been considered by several authors (1), (2), using
simple signal harmonic approximants. The extension to higher
order solutions which include the effects of circulating
superharmonic components is complicated by the increase in
the dimensionality of the resulting balance equation.
Recently, solutions have been derived (3) which include super-
harmonic signal components by using a method of successive
approximations involving vector minimisation techniques.

In this paper the underlying numerical procedures are
described and it is shown how these procedures can be refined
to obtain solutions of even higher dimensionality. A new
graphical interpretaticn is presented which yields information
concerning loop interaction effects at or near possible
harmonic balance conditionsgand,allows error bounds to be
defined which relate to the ddtg intervals chosen in the
search for a solution point. An example of use is given.

REFERENCES

1. Mees, A.I. (1973). Describing functions circle criteria
and multiloop feedback system. Proc. IEEE 120 (1)126-130.

2. Gray, J.0. & Taylor, P.M. (1979)
Computer Aided Design of Multivariable Nonlinear Control
Systems, Automatica Vol.15, p p.281-297.

3. Gray, J.0. & Nakhla, N.,B. (1981). "A numerical method for
the Analysis of Harmonic Balance Conditions in Multiloop
Nonlinear Systems. Proc. IEE. Int.Conf. Control and
Applications, Warwick U.K., pp.301-306.
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A SINGULAR STEADY STATE LINEAR REGULATOR AND ITS DUAL

We consider the problem of infimizing the cost functional,

[

J(u) =1 [y' (t)y(t) + u'(t) Rult)] dt (1)
subject to the constraints
x = hx + Bu, y = Cx, x{0) = g, (2)

when al! unstable modes of A are either controllable or unobservable
under some linear feedback., R is assumed to be only positive semi~
definite, and controls u admitted to the competition are piecewise
continuous vector valued functions satisfying,

lim  y(t) =0, )O'u'(t) Ru(t) dt < = (3)

t > o

We find that

inf J(u) = &£'Pg,

u
where P is one of the symretric positive semidefinite solutions of the
linear matrix inequality. |If we further constrain u to satisfy

lim u(t) = 0, then P is also the maximal symmetric solution of a pair
t > =
of Popov equations. In either case, P may be found as the limit of a
sequence of unique positive definite symmetric solutions of algebraic
Riccati equations defined in the state space reduced by the unobservable
modes.

The dual of the singular,linear, steady state regulator problem is
shown to be a singular Wiener filter problem when there are no unstable
system modes that are both controllable and unobservable.

The dual) of the singular finite time regulator has been treated
elsewhere [1].
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SEMI DUAL APPROXIMATIONS IN OPTIMAL CONTROL

In a series of papers listed in the bibliography of 11,
we analyzed the Ritz-Trefrtz method for approximating the solution
of convex control problems. In thig method, dual multipliers are
introduced for the differential equation and for each of the control
and the state constraints, and the optimal dual multipliers are
approximated using finite element subspaces. We now study a
"semi dual" method where the differential equation is handled with
a Lagrange multiplier while the state and the control constraints
are treated explicitly.

In particular, we consider control problems of the form
(p) minimize {C(x,u):%x = Ax+Bu, x(0) = xo,xeX,ueU}
and the associated dual function
(DF) L(p) = inf{C(x,u) <p,k-Ax-Bu>:x(0) = x_,xeX,ucU}
where <...> denotes the L2 inner product. The dual problem
(D) sup{L(p):peBV = bounded variation}
is approximated by

(Dh) sup[L(sh Sh}

* %
where ShC BV is a finite element subspace. If (x ,u)
solves (P), ph solves (Dh) and (xh,uh) achieves the minimum

h * h * h
in (DF) for pap , we estimate the error (x -x ) and (u -u ).
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ON A GENERAL METHOD FOR

SOLVING TIME-OFTIMAL LINEAR CONTROL PROBLEMS
The lecture will be concerned with the following abstract version of a
time-minimal linear control problem:
Let {St : te[o,T2}, for some T>0, be a family of continuous linear
mappings from the dual space X = z* of a separable Banach space Z into a
Banach space Y with So = o0, Further let UM ve the ball in X centered at
x=0 with radius M>o. Finally, let FeY be a given element with ¥ # o such
that there exists some te(o,T] and some ueU,, with St(u) = §, Find u*eUM

M
such that St*(u*) = § where

+* = inf{telo,T]] St(u) = § for some ueUM).

For the solution of this problem a class of algorithms is given which are
based on the duality principle which, under suitable assumptions, states
that

t* = max{te(o,T]ly*(?) = MIS:(y*)I for
some y*cY* with Iy*l =1},
'd being the dual space of Y and S: being the adjoint operator of

St’ telo,T].

For this class of algorithms which conteins some known algorithms in
special cases convergence statements are made and applications to control
problems governed by ordinary and partial differential equations are given

along with numerical results.
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DISCRETE MIN-SUM-OPTIMIZATION USING A NEWTON-MLTHOD AND
APPLICATION TO OPTIMAL CONTROL

Abstract

Given is the following problem;

m
min g o0l
x€ IR Jj=1
where functions ij . IR" - IR, j=1, ..., m, are assumed to

be sufficiently smooth. This problem includes the nonlinear
discrete 11~approximation as well as nonsmooth optimization
and some optimal control problems,

In the first part of the paper a survey is given of the
existing classes of algorithms for solving (P).

In the second part a Newton method fér solving (P) locally
is presented. To extend the region of convergence, we can
choose some of the methods mentioned above as an '"outer
algorithm'", We prefer a generalization of the gradient
projection technique of BARTELS / CONN/ SINCLAIR., Some
criteria control the switch from the outer algorithm to
the inner one (the Newton method) and possibly back again,
A convergence theorem of this two-stage algorithm (which
shows the convergence to a stationary point) is given,
Finally the efficiency and robustness of this method are
illustrated by means of several examples,

The two-stage algorithm proposed here has an obvious
superiority to usual one-stage methods,
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Pericdic Sclutions oi Discrete Matrix Riccati Equations
with Constant Coefficient Matrices

Matrix Riccati equations arise in the theory of optimal control as
well as optimal estimation problems.

In this paper, we consider the following matrix Riccati equation

P (k+1)=6{P (k) =P (k)H' [HP (k)H +1] “HP (k) }o +GGT

where $,G,and H ar2 constant matrices.

Since Riccati equation is a non-linear equation, the existence of
periodic solution can be expected even in the case of constant
coefficient matrices. The analysis of such oscillatory solutions is vital
from the stability viewpoint of optimal control and estimation problems.

An existence condition is established of real symmetric periodic
solutions as well +: of real symmetric nonnegative-definite periodic
solutions. Furthewmore, an algorithm is developed to derive such periodic
solutions.

The method employed here is based on the Jordan-form representation
of certain symplectic matrix, which has been used extensively to
analyze steady-state solutions,i.e. solutions of algebraic Riccati
equations.

The results developed in this paper are applied to an example
which possesses a nonnegative-definite periodic solution. Convergence
properties of solutions are also studied in this example.
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NEW SCHEME OF DISCRETE IMPLICIT OBSERVER

We present a new scheme for the discrete reduced order adaptive
observer without any auxiliary signals.

Consider th2 single input, single output linear time-invarient system
described by

x(k+1) = Ax{k) + bu(k)
y(k) = ctx(x) x(0) = x° (1)

Assume that (1) is observable canonical form and A, b and x° are unknown.
The state vector x can be estimated by Luenberger's reduced order observer
[1]. The system (1) can be written by
. t t_k-1

y(k+1l) = ¥y(k) + n r{(k) + ¢ F x° (2)
Where p is5 the set of paramaeters piE;>€ E2n which are one to one correspcnd
to the actual unknown parameters and the elements of r(k) consist of
input, output and the states of two (n-1)st state variable filters.
The estimated cutput can be described by

T+l = Ty(k) + Bk Trix) + TFETIGO

(3)

We derive adaptation law for adjusting ﬁ(k) based on the exponentially
weighted least square method by introducing the following criterion
function and also the estimated states can be obtained from the algebraic
transformation of the vectcr r(k).

300 = 2= aN B0 () - yike1))?

Bk+1) TH(X) + Lik+1) (ylk+1) = Do) Fr(k+1)) (4)
where Lik+1l) = TU(k)/Ar(k+l)(l/a + r(k+1)t)"(k)/)\1’(k+l))—1

T(k+l) = (I - Lik+1)r(k+1)OITR/A

The fast convergence reduced order adaptive observer is based on the
above equations.

The computer simulation results show that the convergence speed and
the peak states error are increased in accordance to the weighting
factor A.

Reference:

(1 ] S. Nuyan and R. L. Carroll, "Minimal order arbitrary fast adaptive
observers and identifiers,” IEEE Trans. Automat. Contr., vol. AC-24,
pp. 289-297, apr. 1979.
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REACHABLE SETS AND GENERALIZED BANG-BANG PRINCIPLE

FOR LINEAR CONTROL SYSTEMS

We consider a general control system defined by a set U
of admissible controls

U= fu(.) ¢ Lp(Tl)- wl{tY - D(tY for a.e. t € Tl1 i

an affine cperator
Ar u(.) € U+x( ,U) e C(T,,E™", (2)

a set of restrictions on states of the system at a finite num-
ber of fixed points LRI

x(tj) £ Bj’ where Bj are fixed convex sets in En, (3)
a set of constraints on system trajectories in the form of
x(.) € R, where R is a fixed convex set in C(Tz,En). (4)

In the absence of the constraints (4), the fact of the
fundamental importance, proved in this general situation by
Zvi Artstein, says that the attainable set Q_(U) at any fixed
point t will not change if U replaced by its convex hull coU:

Qt(U) = Qt(coU) (5)

For any fixed subset T c TZ’ we define the reachable set

;T of the syctom (1) - ¢

Qp(U) = {a(.) ¢ CT,EM: a(.) = x(opowl o u e U, X(tj,U) €

Bj’ x(.,u)eR} (6)
Note, in particular, that a reachable set coincides with a

traditional attainable set if T is a single-point and with

the set of all admissible trajectories if T = Tz. The main
result about reachable sets (6) asserts that Q (U) and QT(coU)
have the same closures provided thege exists ag inneyr trajec-
tory of the system, i.e. a trajectory belonging to R .
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REDUCING TRAJECTORY SENSITIVITY TO
MULTI-DELAYS IN CONTROL SYSTEM

Optimal control system with low sensitivity to small time delays
is investigated here. Two different delays are expected to occur, one
in the plant and the other in the feedback path. The Minimum Principle
is applied in obtaining plant and output feedback gains to minimize an
augmented quadratic performance measure which includes sensitivity
functions.

in

A system is given with time delay h 9

the output feedback path.

1 in the plant and delay h

x(t) = Ax(t) + Bx(t - hl) + CDEx(t - h2)
Let h =0 and hp = 0, then

x(t) = Ax(t)

where A = A + B + CDE. The sensitivity functions are
s = dx )
1 dh1 hl =0
S =_£!_x__i
2 dh2 h2 =0
Then
S = 48 - BAx
8y = A Sy = CDEAx

The performance measure is given by

=L [y ' [}
J=% 4§, ( x'Qx + SIUs2 + s2Vs2 ) dt
Where 6 = Q + E'D'RDE, and R,U and V are matrices of appropriate
dimensions.
References

1. Stavroulakis, P., and P. Sarachik, '"Low Sensitivity Feedback Gains
for Deterministic and Stochastic Control Systems", Int.J.Cont.,
Vol. 19, NO. 1, 1974,

2. Sawan, M.E., and J.B. Cruz, "Optimal Control Systems With Low-Sensit-
ivity To Small Time Delays'.
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A NOVEL APPROACH FOR MINIMUM-TIME CONTROL OF

SATURATED DISCRETE-TIME SYSTEM

This paper presents a systematic procedure examining
the characteristics of reachable sets and sub-reachable sets
for an nth order discrete-time system. Then, in accordance
with the characteristics, the reachable set is subdivided
into saturated part and linear part. It is found that to
obtain a minimum-time control, a state in saturated part
can always be driven by saturated signal with proper polarity.
Once the state reaches the linear part, the control signal
should be properly chosen. Otherwise minimum-time control
may never by achieved. By utilizing the new approach, when
the state is in the linear part, the control signals can be
found by simple matrix manipulations. Finally, a simulation
of the approach applied to a second order process is pre-

sented.
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DUALITY iN DISCRETE OPTIMAL CONTROL
1.B. MEDVEDOVSKY

By using the method of multivalued mappings it is possible to obtain
in a rather simple way & result which can be considered as the duality
theorem. [t yields as corollaries the theorems of duality, the minimax
theorm and also the duality theorem for the optimal control problem in
the process described by convex inclusion.

Let X, Y euclidean spaces, and X* and Y* are conjugate spaces
with scalar product <x,x*>, <y,y*- respectively.

For a multivalued mapping a: X - ZX

a(x) = {y: y £ a(x) < 2% <Y

and for two optimal control problems

i *y . . T -
m1n{<xt, yt>. Xi+1 I a(xi), x0 € Mo’ xt € Mt’ i=0,1,..., t-1} (7)

t-1 e
; * * * * . * * = y¥k
sup {Ww M(xo) + WM (xe) + _Z Qa(xi, Xi+1)' x¥ + X% yt} 1)
¥ x* 0 t 1=0
e’'"t
i=0,1,...t

the following theorem of duality is proved:

THEOREM 2. Let a be a convex, closed, and bounded at least at
one point mapping of the space X = E" into ZX, M0 and Mt be convex
sets, where Mo a compact subset of dom a, besides for the mapping a
and sets Mo' Mt the condition ri[at(Mo)] mri Mt # ¢ holds.

Then the values of direct (7) and dual (9) problems coincide.
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OPTIMAL CONTRO0L OF LINEKAR SYSTEMS WITH
TIME VARYING DELAYS VIA SINGLE TERM
WALSH SSRIES APPROACH.

The main ohject of thie paper is to determine the
optimal control u*(t) when the system is described by

x(t) = A(%) x(t) + B(t) x(t-g(t))
with the initial data x(to) = Xy
x(t) = vl8), t e [ -alt,)s t,]
and the performance measure given by

t
S = Y2rt(tg)e x(ty) + ¥2 § f(x*ax + u'hu) at ,
o

vhere 'T' indicates transpose and 't,' the final
time. The matrices A(t), B(t), Q and R are of appropriate
dimensions. By applying Riccati Transformation,

p(t) = k(t) x(t) + n(t) 4in the usual state and:
costate equations

x(t) = A x(t) + Bx(t-g(t)) - BR~Y BT p(t)

p(t) = ~ATp(t) = BT p(t + g(t)) - Qx(¢)

the optimal control u*(t) = -&~' BT p* (%) 1s
caloulated using the Jingle Term Walsh Series (3TWwS)
approach developed by Hao et.al [1] . The method is
sinmple vhen compared to the previous methods.

REFRRENCES \
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APPROXIMATE MODEL-MATCHING OF TWO-DIMENSIONAL SYSTEMS

This paper considers the prcblem of model-matching of linear time-
invariant 2-D (two-dimensional) systems using linear output feedback.
The problem of model-matching may be defined as follows: Given a
system under control. whose performance is not satisfactory and a model
whose berformance is the desirable one, find a feedback law such that
the performance of the closed-loop system matches, as nearly as pos-
sible, the perfor'mance of the model.

In this paper the 2-D system under contrcl is assumed to be des-
cribed by 2 x r transfec function matrix T(z.,,zz) and the 2-D model by
an £ x Th transfer ‘function matrix Tm(zl,zz). The teedback _law applied

is linear, with a dosed-loop transfer function of the form
T (2,,2p) = 11, = T(z;,2,)K] " T(z{,2,)G

The problem»treéted in this paper can ﬁow bé_stated as follows:
Given T(z,,z;) gnd Tm.(~21122> find the c_ontr'ol]er matrices G and K su_ch
that the error E(z,,z,) = Tc(zl,zé) - Tm-(zl,zz) is as small as possible.
The paper develops a method tor the approximate solution of this problém.
The 'determinaﬁon of G and K is reduced to that of solving a system of

linear algebraic equations.
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A NUMERICALLY STABLE METHOD FOR POLE ASSIGNMENT

One of the basic problems in the synthesis of linear control systems,
the pole assignment, is not solved yet satisfactorily from computational
point of view. Most of the existing methods for this synthesis are
numerically unstable, computationally expensive and not suitable for high
order systems,

In this paper a new method for pole assignment of single input systems,
based on orthogonal reduction of the closed loop system matrix to upper
(quasi) triangular form is proposed, It uses Householder reflections for
preliminary reduction of the system matrices intc the so called
orthogonal canonical form and plane rotations in order to achieve the
desired spectrum of the closed loop system matrix,

The method proposed has a number of adventages over the known methods
It does not require the computation of the characteristic polynomial of
the open-loop system or the transformation into phase-variable canonical
form, It works equally well with distinct and multiple, real and complex
conjugate desired poles and may be used for synthesis of continuous as
well as discrete-tiue systems.3 The number of necessary floating poing
operations is approximately 6n”, the necessary array storage being 2n" +
5n° working precision words, where n is the order of the system.
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CONTROL STRATEGY FOR DECENTRALIZED FEEDBACK
COCRDINATION

In any realistic synthesis problem there are always a large
number of possibie solutiors that satisfy a particular set of control
objectives. While the use 0f costcriterion optimization in theory
allows a central agent, who has access to all a priori structural
information, to pick ut exactly one choice /the optimal solution),
in practice the difficulties of incorporating all the relevant cost
considerations necesivtates further trial and error "hedaina" about the
nominal sa>lution, In & larce-scale system it is desirable that such
further "fine-tuning" be done decentrally by the local aaents rather
than by the central aigent. It is therefire desirable that the central
agent does not completely fix the * iividual control strategies of
the Tocal agents ™',

[n this pap=r we formulate a class of problems that have
the control law computational task partially centralized and partially
decentralized. The basic idea is that the centralized part of the
control strategies reavesent the coordinating constraints imposed
by a central decision-making acent, called the coordinator, while the
decentralized part of the control strategies rcnresents the degree
of freedom or independence that each local centrol actuation agent
can exercise. The tasx of the conrdinator, in other words, is to
parametrize the degre2 of freedom of each of the local control agent
and assign that a priori constraint information to the individual
agents,

REFERENCES
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multivariable feedback desian", Laboratory for Information and
Decision Systems, MIT, Cambridqe, MA, 1980.
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THE STRi0M

Rz W% PO IMAL COETROT. @R 7TYFToI®
INLAR IN CCNTRCL

In this paper the prohlem of optimal control for
systems wcich are lirear in control is concidered. The mul-
tiplicative control systems offer, in general, better per-

formance than linear systems as far as controllability,
optimization and mecdelling are concerned.

In particular, we consider a class of bilinear systems

(L) = on(t) + u(t)Nox(t) x(0) = X
and a function;l of the form
J = SQ { a;x(t) + nzx(t\u(t) + T Yat
The optimal control onroblem is to find an optimal
control u(t) from a clasc of functions
] = { u(t): Ju(t) <1 and measurable on [,™]

where final time T is not prescribed beforehand, such that
it tranrfers the cystem state from a miven initial ctate »
to a given final state Yo and minimizes the functioral 7.

~——

The optimal sinsular trajectories are allowed to lie
only on a certain hypersurface which is an invariant cet
with respect to control. It is proved that the optimal con-
trol is either totally bang-bang on the whole transfer tinme
or totally singular. .\ necesnsary and sufficient conditior
for optimality of sinsular trajectories which lie on this
hypersurface is established.

As example, the problem of guiding an aircraft in
minimum time from an arbritary point in the terminal area
to the outher marker is coneidered.
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PERIODICITY IN OPTIMAL CONTRCL AND DIFFERENTIAL GAMES

Questions about optimality in the infinite time interval, and in
particular periodic optimal sclutions of control svstems have been
addressed in the recent Ph.D. dissertation of Stern 1], where further
references can be found. The present paper discusses some related
problems for differential games, with the focus on linear svstems;
the results also apply to optimal control problems by deleting one
player. Sufficient conditions are given for the adjoint vector p(t)
to ensure periodicity of the optimal controls and trajectories. The
central results which lead to further discussions of specific cases,
are as follows.

The svstem considered is x = A(t) x + B(t) u + C(t) v, where

n r r .
x(t: « R7, u(t) €« Ue R'L, v(t) e ve R 2, U and V compact, A(t), B(t)
ard 7o ~nrarinuous and T-periodic. The objective functional is
J = -wim’, for m any positive integer and n a given vector; u

siicrile minimize and v should maximize J.

1¥ p(0) is an eigenvector of the fundamental matrix ¢(7,0), with
a positive eigenvalue, then the adjoint vector p(t) is of the form

t
et (

T-neriodic function), hence "direction-periodic", and the optimal
controls u(t), v(t) will be T-periodic. If the eigenvalue is negative,
then the optimal controls will be 2T-periodic, If (1-%(T,0)) (respective-
ly (1-4(2T,0))) is nonsingular, then to these periodic optimal controls
corresponds a unique xp(O) leading to a periodic solution xp(t). The
behavior of the other (nonperiodic) solutions x(t) can be analyzed in

detail in the different cases of existence or non-existence of periodic

solutions.

REFERENCES
1. Stern, Lvonell E.,, "The Infinite Horizon Optimal Control Problem”,

Ph.D. Dissertation, Universitv of Rhode lsland, 1980.
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SEARCH FOR A SINGULAR SOLUTION OfF AN OPTIMIZATION PROBLEM

TUNG TIAU-SHENG
Department of Electrical Engineering, Hunan University, China

i ABSTRACT

Most works deal with singular solution of optimization problems in
which the Hamiltonian is !inear in control variables.

This paper will discuss a kind of optimization problem which is met
3 often in engineering. In some engineering problems it is possible that
i all of the control variabies are not contained in the cost functional and
; all the state equations that will result in a singular candidate in the
‘ optimization problem, and the Hamiltonian in it may be nonlinear in all
control variables. The term containing some elements of the control
vector will vanish from the Hamiltonian along the singular arc. A
method of searching for the singular solution is presented.

And two examples are given in this paper. i
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SOLUTION GF A MULTIPERSON COOPERATIVE GAME
3Y POLIGPTIVIISATION MeTHOO

A new method for solving the multiperson cooperative
games consists in transforming the question of deternining
a solution to the game into the task of determining a so
called “comprcmise solution” Tor a polioptimisation problen,

The compromise solution consists in finding a counter-
image y&€ Y LNinimising the distance Hw-yﬂpof the points:
YEY and 4. The set Y can be interpreted’ as a set of
games /characteristic functions/ with the one-element
C-core, and tnhe point w is the characteristic function of
the game analysed, i.e. @ model of the situation analysed,

It is proven that thus defined solution of a game
exists for every essential cooperative game, that it is an
element of the C-core of the game /provided it is not empty/,
is unique, optimal in the Fareto sense, independent on para=-
meter p, and additionally its interesting economic interpre=-
tation is shown, In case the initial game has an enpty
C-core, its compromise solution is the C-core of tne closest
/in terms of W/ game out of the games with the one-element
C-core,

The solution method consists in application of the
theorem on the orthogonal projection of the characteristic
function v{9)on a hyperplane in the space of Rh-personal
games, The solution is casily obtained,

Analysis is illustrated with an example of determining
a compromise solution for international energy cooperation
of three countries, calculating the optimal export and im=-
port volumes., The solution is compared with the ones obta-
ined via proportionate imputation, solidary imputation and
with the Shapley’s solution, The comparison shows that the
condition of coalitional rationality, the fundamental one
for economic decisions, is satisfied only by the compromise
solution,
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RISK AVERSION AND NASH'S SOLUTION FOR BARGAINING GAMES WITH RISKY QUTCOMES

Recent results have shown that, for bargaining over the distribution
of commodities, or other riskless outcomes, Nash's solution predicts that
risk aversion is a disadvantage in bargaining. Here we consider bargain-
ing games which may concern risky outcomes as well as riskless outcomes,
and we demonstrate that, in such games, risk aversion need not always be
a disadvantage in bargaining. Intuitively, for bargaining games in which
potential agreements involve lotteries which have a positive probability
of leaving one of the players worse off than if a disagreement had occured,
the more risk averse a plaver, the better the terms of the agreement which
he must be offered in order to induce him to reach an agreement, and to
compensate him for the risk involved. For bargaining games whose dis-
agreement outcome involves no uncertainty, we characterize when risk
aversion is advantageous. disadvantageous, or irrelevant from the point
of view of Nash's solution.
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THRLE oI MSICHAL PURSUTT.FVARIO!
YITE PREL VANEUVEDARTLITY FURSUER

The problem of pursuit-evasion vith free maneuverability pursier ir
trree dimersicnal space ic¢ corsidered. The svader is assumed to have con-
stant speec and constrained peth curvature. The pursuer is assumed o
maneuver freelv and having corstant sreed. Using spherical cocrdinstes
the motions of the evacder and pursuer can be described by [1]:

Evader Prrsuer
%X, = v_ ccsé cosk X, =T v cosé_ COS
le € % e 1p P ¢p R
g . ¥, = v_ cosé_ sing
2p  p 7P p
X = v Sin
3p D *p

‘efined as:

i+
-

o]
The capture time t is cefired 2s the time when the pursuer comes withir a
small distarce ¢ from the cvader, The sblectives of the paper are:
(a) tc determine the chara:ter stics c*® (x*,w*) and (¢¥,R*) such that

J(Kef@e’é;’eg) f.‘-(K:.':s‘v":.:s¢’:."38*) < (Ké €; D,ep)

(B} tc investipate the ﬁ%avaf*wvlstlcc of the optimal minimax tra‘ectcr-
ies fcr both the sirngular ¢nd . nsingu.ar cases.

The theory of differential games [2], and some of the results rep-
orted in [1], were used “o inves+tipate the pursuit-evasion game unter
consideraticn, Al*hough the pare takes place in three dimensional space,
it is established that “he opt'mal rmin'max trajectories of the game lie
in the plane cerpesed ¢f the evader in'tial velecity vector and the pur-
suer initial pesiticn.

REFEPEI.CES

(2] Salama A.I.A. and Harza “.H. » " Mirnimum time three dimensicnal
intercepticn," ACTA fstrcnsutica. vel.5, pp. 515-522, 1978,

(2] Isaacs F. , Differential Games, iley, lew Vord, 1965,
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QUADRATIC APPROXIMATIONS FOR COMPUTING CONSTRAINED EQUILIBRIA OF GAMES
IN NORMAL FORM

The papar presents a familv of efficient algorithms for computing
various equilibria (the competitive Nash equilibrium, the cooperative
Kalai-Smorodinski equilibrium, other cooperative equilibria of Pareto
type, partial coalition ecquilibria with prespecified coalition type, etc.)
of static games in normal form, that is, described by the payoff-functions

y
o ) piDi, ol
fi(hl,...xi,...xn) fi.R »R

for each player i with decisicns Xss constrained individually by

gi(xi) 0, g, :R "R

Such games and equilibria frequently arise in international trade theory
(oligopolistic games, international markat gomes, etc.). A Kknown approach
to computing such equilibria are fix-point algoriihms which, although
being globally convergent, are not quite efficient computationally.
Another approach, based on quadratic approximation methods developed re-
cently for nonlinear programming (in algorithms of Mangasarian, Han,
Powell, Fletcher) and supplemented by an augmented Lagrangian quadratic
approximation method (developed by the author) is proposed in the paper.
It is shown that while the computation of a Nash competitive equilibrium
is a rather straight-forward problem, the cooperative Kalai-Smorodinski
equilibrium and other cooperative eqilibria result often in badly defined
optimization problems, which have to be appropriately regularized.
However, this difficulty cin be overcome both theoretically and practicallv.
Theoretical properties of such algorithms and results of practical comput-
ations are presented.
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DYNAMICAL SYSTEM MODELLING FOR THE IDENTIFICATION
OF STOCHASTIC PROCESSES

This paper outlines a method in which a 'Pole-Cloud' Map facilit-
ates the selective application and withdrawal of an ARMAX type model,
according to the nature and degree of the noise affecting a given stoch-
astic process.

The Pole-Cloud Map is a sequential z-plane plot of the zeros of the
appropriate rationalised discrete characteristic polynomial (DCP)

N N-1

N +ay) ek N2 ay (k) b

at time 'k', related to the adaptive model

N N M
it :E:: 3 Yk + § L g bi“k-i ; where MgN
i=1 i=1 1'=0

The Map reflects the location of and confidence in a given pole at 'k';
and indicates the degree of convergence and stability of the process.

In a stochastic process, pole regions oscillate; and the subsequent
'enlarged’ Map is used to determine new seeding parameters for augmenting
the parameter vector. Techniques exist for expanding and condensing
the System Weighting Matrix in accordance with the Map's determination.

The zeros of the DCP can be recursively evaluated by a new modell-
ing technique which incorporates a 'virtual signals' set

E0 E1 2 eN-l
k* fk* €k* 0 0 Sk

i_ -1 _ ki
where € = &k a. €

The new model used is

.. 0_ "k 0 ko, ot “k , N-1
I IA PP B T B
k -k -k
+ bl‘uk-l +bhou et byuy

where a? , ag, cee s ah are the required zeros.

-73-




s v L i e oA
P p——— ' S

J. Clausen, J. Holst and H. Spliid

EAC-Data The Institute of Mathematical Statistics
Grgnningen 17 and Overations Research

DK-1270 Conenhagen K The Technical University of Denmark
Denmark. DK-2800 Lyngby, Denmark.

ADAPTIVE PREDICTION OF HIGH TIDES

The subject of this paper is the modelling and stochastic adaptive pre-
diction of high tides on the Danish west coast.

On the basis of a nonlinear deterministic hydrodynamical-numerical (HN)
model [1}, approximate multivariate ARMA models are constructed. These
ARMA models are capable of reproducing the output from the much more
complicated HN model with ¢good accuracyv by using a far less number of in-
puts. Neither the HN model nor the avproximate ARMA model can predict the
real water level with sufficient accuracy however. Rather they should be
regarded as a representation of the knowledge of the water level varia-
tions based on basic physics.

The residual process is in a second step modelled as a linear stochastic
process. It is shown that a univariate ARMA model of this process with
fixed parameters is canable of making the prediction with a superior
accuracy comnared to the oredictors used today.

The final adjustment of the model is an adaptation in time of the parame-~
ters in the residual model to the measured water levels [2), [3]). Since
it is observed that the character of the water level process changes at
high tides, this means that the high tide prediction is done with a model
that is continuously adapted to the high tide process. The method leads
to a further increase of prediction accuracy.

Summarizing, the results shows that a good high tide predictor may con-
sist of two parts, a deterministic nominal part working on metereological
information and an adaptive stochastic part modelling the residual pro-
cess thus obtained.

REFERENCES
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OPTIMAL SMOOTHINGS

Methods to analyze time series most frequently involve
a presumed smoothing of the series. However such idea of
smoothing is defined intuitivelyvy rather than formally. Here
on the contrary, the smoothiag problem is formulated as a
problem of best approximation, which, resorting to certain
smooghness functionals, takes the form of a convex program
in R,

The structure of the program and the properties of its
solution are discussed, emphasizing that a stochastic inter-
pretation of the effect of the ensuing filter is possible.

Numerical results, based on a finite convergence method
(which is described in a companion paper) are also included.




hace

M. de la Sen

Department of Automatica e Informatica
Univ. del Pais Vasco

LEJONA (Vizcaya) - SPAIN

IDENTIFIABILITY IN LINEAR SYSTEM WITH ARBITRARY SAMPLING

The problem of identifying the parameters in linear and time-inva
riant dynamic systems is reduced to solve an algebraic system of equa-
tions by linearizing the parameter vector around its nominal value
which is assumed to be known. This system of equations is formed by
a set of output samples and in this way, the problem results similar
to one of observability. The general conditions that the sampling ins
tants must fulfill are not very restrictive and can be found in Clj.

In particular, the system
x(t) = Ax(t) 4 b u(t), x(0)=d, te (0, tf]
y(t) = C x(t)

is considered parameterized by a parameter vector p. The trace of the
local information matrix as well as the condition number of the coeffi
cient matrix in the linearized identification problem are used as cost
functions in order to determine the convenient sampling instants dis-

tribution for minimization of the transmission of absolute and relati

ve errors respectively tnwards the results.

The general methodology consists in solving a first-order Taylor
series expansion for the estimates of the locael variations of the pa-
rameter vector around its nominal value and to repeat the process in
an iterative way by deleting the contributions of the higher powers
of these estimates.

REFERENCES
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THE SMOOTHING PROBLEM - A STATE SPACE-RECURSIVE
COMPUTATIONAL APPROACH: APPLICATIONS TO THE
SMOOTHING OF SEASONAL ECONOMIC TIME SERIES

Let y(n) = f(n) + e(n),n =1, ..., N with the e(n) i.i.d. from
£ ~ N(O,cz) . 02 unknown and f{°) an unknown "smooth function". The
problem is to estimate f(n),n = 1, ..., N in some way that makes sense
statistically.

E. T. Whittaker, 1919, suggested that the solution have the
property that it be a tradeoff between fidelity to the data and fidelity
to a difference equation constraint. Craven and Wahba, 1979, is an
0(N3) solution to the problem, Akaike, 1979, is an O(N)2 solution to the
problem. We show an O(N) solution to this problem, generalize it to a
solution of the seasonal adjustment of economic time series, and show
the relationship of the smoothing problem to some of the Tikhonov type
i11-posed problems.

We imbed alternative candidate 'smooth’' models into dynamic state
space forms and invoke the recursive computational Kalman filter/
smoother procedures to achieve the O(N) computation. Another facet of
our approach is that we employ a statistical decision procedure,

Akaike's AIC criterion, to determine the best of alternative candidate

models fitted to the data. Examples are shown.
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ON THE OBSERVABILITY OF NONLINEAR SYSTEMS AND THE FISHER INFORMATION
MATRIX

In this paper, we establish a relationship between the observability
and the Fisher information matrix of the nonlinear system given by

x(t) = f(x(t), t) (1)
y(t) = h(x(t), t) (2)
z(t) = y(t) + n(t) 3

where n(t) is a white Gaussian noise process. The observation process z(t)
can either be continuous or discrete in time. Major results are summari-
zed below.

Let F(t) and H(t) be the Jacobian matrices associated with f and h
with x(0) = Xqo respectivelv, ¢(t,T) the transition matrix of F(t), and

J(x ) the Fisher information matrix of the nonlinear system given by (1)

and (3) with x(0) = x We first prove the following two theorems.

0

Theorem 1 (Point-wise observability condition)

The nonlinear system defined by (1) and (2) are observable at X iff
J(ﬁo) is positive definite.

Theorem 2 (Local observability condition)

If J(EO) > 0 and J(*) satisfies the Lipschitz condition at 50, then

there exists a sphere, W, centered at x, such that J(x) > 0 for all xeW.

0

We then relate the observability condition of System (1) and (2) to the
existence condition of an unbiased estimator of Xy given z(t),

0 <t <T. Finally, we establish a global observability condition for
System (1., and (2) in terms of the existence condition of an observable
linear system which bounds (1) and (2) in some sense.
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MODELS FOR DYNAMIC SYSTEMS WITH SELF=-SUSTAINFD OSCILLATIONS

Modeling and identification of dynamic systems consists of two main
steps:

1) choice of the form of the model to which experimental data is
to be matched, and

2) computation of model parameters to obtain best fit (in some
sense),

If the system is linear (or if it could be modeled accurately by a
linear model), one chooses a difference equation of arbitrary order and
tries the best choice of parameter values. An improvement in the match
between model and system response is then achieved by increasing the or-
der of the model equation.

There are however, many systems that cannot be modeled accurately
by linear models because they exhibit distinctly nonlinear response
characteristics, One case of such systems are systems with self-sus-
tained periodic oscillations of fixed frequency and fixed amplitude (i.e.,
limit cycles). 1In this paper we investigate the cholce of proper models
the response of which would exhibit limit cycles. Specifically, if

y(k+n) = £(y(k),y(k+l),...y(k+n-1), u(k),
u(k+1)..,u(k+n-1))

is a suitable model, where y(k) and u(k) are input and output sequences,
respectively, then one wants it to have an unforced solution (i.e., with
u(k)=0)) with the following properties:

1) y(k;y(0)) = y(k+p;y(o0))

2) nm| | y(k; y(0)+€)) - y(ksy(o))| | = 0

k o

In this paper we tabulate low order nonlinear equations that would
exhibit such nonlinear limit-cycle oscillations. Approximate values of
the period for 1imit cycle oscillations are then obtained by means of
harmonic balance applied to discrete models.
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CONSTRUCTING EXPERIMENTAL DESIGNS USING
THE ACCELERATED GREEDY ALGORITHM

Consider performing a linear regression over a specified sampling
region using a given set of basis functions. An optimal experimental
design in such a context consists of the set of sampling locations, and
the number of replicated measurements to make at each location, so that
some functional of the error covariance matrix, (such as its determinant),
is minimized for a fixed, total number of measurements [1l]). For
several years the efficient computation of such designs has been of
interest [2,3].

This paper examines the idea of using the accelerated greedy
algorithm of M. Minoux [4] for this purpose. This particular algorithm
reduces the number of '"function evaluations" by maintaining an ordered
record of previous evaluations. For regression models there is indeed
a significant decrease in the number of function evaluations. However
this saving is mitigated by the cost of maintaining the ordered record.

REFERENCES

1.
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2. J.Y. Tsay, '"On the Sequential Construction of D-Optimal Designs,"
J. Am. Stat. Assoc., Sept. 1976, \Vol. 71, No. 355.

.V. Federov, Theory of Optimal Experiments, Acad. Press, 1972.

3. 2. Galil and J. Kiefer, "Time and Spare-Saving Computer Methods,
Related to Mitchell's DETMAX, for Finding "-O»timum Designs,"
Technometrics, August 1980, Vol. 22, No. 3.

4. M. Minoux, "Accelerated Greedy Algorithms for 'faximizing Submodular
Set Functions,'" 8th IFIP Conference, Wurzburg, 1977, Springer-Verlag
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A Robustized Maximum Entropy Approach

To System Identification

Chee Tsai and Ludwik Kurz
Department of Electrical Engineering and Computer Science

Polytechnic Institute of New York, Brooklyn, New York 11201

The advent of modern high-speed sampling techniques
resulted in additional stress on the problem of signal
processing in a dependent corrupting noise. Since in many
systems of practical interest the knowledge of the noise
statistics is either inexact or unspecified, some adaptive
techniques which are frequently ineffective or too compli-
cated to implement were suggested in the past. However, the
methodology of system identification lends itself to provide
a prewhitening filter. In this paper, a robust identifica-
tion of the autoregressive (AR) model is proposed. The
robustizing process is in the form of robustized Robbins-
Monro stochastic approximation (RMSA) algorithm and is based
on the m-interval polynomial approximation (MIPA) method
introduced by the authors in a previous paper involving a
process of robustizing the Kalman filter. The resulting
algorithm represents a recursive robustized version of the

well-known maximum entropy method (MEM) for spectral




ar cianiaa '

estimation introduced by Burg [1] or of the popular Widrow

least-mean-square (LMS) adaptive filter [2] adopted every-
where in engineering. Furthermore, the robustized algorithm
leads naturally to a robustized Akaike®s information
criterion (AIC) [3] to determine the order of the auto-
regression. The simplicity of implementation and flexibility
make the application of identification algorithms based on
the MIPA concept particularly attractive in practice. The
flexibility and robustness of the procedures are confirmed

by Monte Carlo simulations.

References:

(1}. J. P. Burg, "Maximum entropy spectral analysis,"”
presented at the 37th annual meeting Soc. Explor.
Geophs., Oklahoma City, Okla., 1967.

[2). B. Widrow, P. E. Mantey, L. J. Griffi.hs and B. B. Good,
"Adaptive antenna systems,*" Proc. IEEE, Vol. 55, pp.
2143-2159, 1967.

[3]. H. Akaike, "Fitting autoregressive models for predic-

tion,” Ann. Inst. Statis. Math., Vol. 21, pp. 243-247,
1969.
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THE CONTROL OF AUTOMOBILE ENGINES,
FUEL/EMISS1ON TRADEOFFS

The paper presents a procedure for obtaining control calibrations
for a warmed-up, spark-ignited automobile engine. The control problem
is to find the air-to-fuel ratio, spark advance, and exhaust gas recir-
culation (EGR) as a function of operating point, that minimizes fuel
consumption subject to emission and drivability constraints. The emis-
sion constraints must be satisfied over the Federal Test Procedure
which consists of travel over seven miles of simulated wurban and
highway driving. The drivability constraints, however, must be satisfied
over any reasonable driving cycle.

The procedure wutilizes static models of fuel consumption and
emissions. These models are derived using regression models. Nonlinear
programming techniques are used to obtain the optimal controls. The
procedure also comes up with tradeoffs between fuel consumption and
emissions., These sensitivity relations exhibit the cost of tightening
emission constraints and show the minimum emission levels that can be
produced.
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OPTIMAL TWO-MODE CONTROLLERS FOR COUPLED SYSTEMS

A method for determining optimal controller parameters for coupled
systems is presented. A strongly-coupled typical system commonly found
in petroleum refineries is investigated. Feedback scheme considered
has a fixed configuration consisting of proportional plus integral (PI)
controllers. Three different performance criteria ISE, ITSE, and ITAE
are considered. Optimization is carried out using calculus of varia-
tions approach. The resulting nonlinear two-point boundary-value problem
is solved using quasilinearization. Four different input combinations
are considered and a set of optimal controllers is determined for each
of the input combinations. Tﬁen the strategies for the selection of
optimal controllers may be based on

min E{J}
or min max J
where: E is the expectation operator and
J is the performance measure.

A comparison based on the time response curves indicates the
superiority of ITAE over ITSE and ISE. The best optimal control is
markedly superior than the trial and error design. A validity check on

the optimization technique of this investigation is made and the ap-

proach is demonstrated to be valid.
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MODELLING SHIP CONTROL SYSTEMS

The Cardiff Ship Simulator has been under development by the
National Maritime Institute for several years, and is comsidered to be
one of the most advanced simulators of its kind in the world.

The simulator activities are controlled by two digital computers,
one producing the imagery on the screens (windows of the bridge) and
the other providing the ship response to rudder and engine commands.
This paper is concerned with the latter type of process.

Three coupled ordinary differential equations are used to model
the behaviour of a ship. The system output consists of sway. surge and
yaw velocities, which are used to calculate the position an. orientation
of the ship. These results are then used by the computer to generate the
corresponding imagery on the screens. The paper will discuss the
differential equations and their solution, together with various
applications, including the provision of off-line micro-computer
facilities as an aid to using the actual simulator,
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A Problem of Bilinear Control in Nonlinear

Coupled Distributed Parameter Reactor Systems

The aim of this paper is to formulate a bilinear control of the
space~dependent effect of the Xenon build up on the neutron flux
distribution in nuclear reactor cystems without any linearization.

The mcdel concerned is given by

",— %_ 1:2'3—'3 (x ?!J - I Y, =LY, - x/Lr + [w1 £1Y4 +y22f2‘f2]

-‘1,; B_Yt =1}J'_'_'§x-3—92(x 3—-3 - I Y, +LY, - xd’z%a, + I (xyt)Y,

3% A+ glTeYy + pY,]

gxt- = =N NIyl e EL Y] - X[o’xY + JXY2] :
Y1(x,t) = Y2(x,t) = I(x,t) = X(x48) =0 (B.r.) '
Y1(x,0) =Y, ‘[2(1,0) = Y, I1(x,0) = I X(x,0) = X, (1.c.)

where Y1, Y2, I and X indicate the fast neutron flux, slow neutron flux,
Iodine distribution and Xenon dictribution, respectively; observation
is made by Y2, and control by the macroscopic absorption cross—section
of the control rods Zc(x,t).

On this scheme, the regulator problem is considered under the second
order cost function. The existence of an optimal bilinear control is
admitted by proving the continuity of the mapping from the control to the
state variable. Furthermore, using the implicit function theorem the
differentiability of the state variables with respect to the control is
proved. Hence, the adjoint system is introduced, from where the optimality
condition is derived., Finally, results obtained are compared with those

from the linearized case.
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SINGULAR PERTURBATIONS Il OPTIMAL STABILIZATION
PROBLELl OF LEGGED VEHICLES

|

Because of verying constraints (changing supporting
legs) legged vehicle (LV} as control object in different
‘Phases of its motion is descrited either by differential
equations or by diiference relations reflecting jump-like
change of generalized coordinets and velocities in the
moment of releasing former and superimposing subsequent
couplings. The problen of stabilization system synithesis
of such objects is complicated enough end may be solved
effectively only in linear approximation. Assume legs
inertia to be small, then it permits us to introduce a
small paraneter in sucn e manner that when the small pa-
raneter vanisiies, tne control algorithm of the object is
transformed into the control strategy of the model with
weightless legs. “‘he problem of stabilization system syn-
thesis of LV with weishty legs in such a statement is
reduced to tne design of solution of periodic singularly
perturbed linear quadratic task.

The case when LV is described only by finite-diffe-
rence relations is investigated irn a similar way. The
problem of optiriization of periodically perturbed system
of finite-difference equations appears in tnis case.
Peculiarities of asymvtotic decomposition wnich can be
considered as an analog to the “oundary layer in the
examined discrete singularly perturbed problem are marked.

i
{
i
|
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Nguyen X. Vinh
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OPTIMUM MANEUVERS OF A SUPERCRUISER

In the analysis of optimum maneuvers of supersonic aircraft,
a mathematical modeling of the aerodynamic and engine characteris-
tics is designed in the form of a light-weight fighter called the
supercruiser by which dimensionless equations of motion for three-
dimensional flight over a flat earth are derived [l1]. By using
the maximum principle, all problems can be investigated under a
unified treatment.

The general properties of optimal trajectories are presented
which include the integrals ~¢ motion and the characteristic
features in engine and aerodynamic controls. The use of the domain
of maneuverability provides insight into the structure of the
control. By the use of the switching theory the optimum switching
sequence is established for the purpose of selecting among a
complex combination of different subarcs the cptimum one which is
a function of the terminal conditions.

In each problem, the optimality of singular thrust control and
the optimal junction of different subarcs ave discussed, and the
typical behaviors of the state variables and the control variables
are displayed. In some problems in which more than one parameter
is involved, the use of the rotation of coordinates reduces the
number of parameters and hence expedites the attainment of the
solutions. By applying the backward integration technique in which
the exact values of the adjoint variables are known, and performing
the iterationof the final values of the corresponding state
variables, the common sensitive problem in the computation of the
optimal trajectories is relieved.

Because of the normalizing of the control variables, 1i.e.,
the thrust-to-weight ratio, bank angle, and load factor, the results
can be applied to any supersonic aircraft. The proposed method of
computing the optimal trajectory is very efficient and makes
explicit the selection of the optimal control. The technique should
be useful for performance assessment of supersonic aircraft with
potential for implementation of onboard flight control system.

REFERENCE

1. Ching-Fang Lin, "Optimum Maneuvers of Supersonic Aircraft",
Ph.D. dissertation, The University of Michigan, 1980.
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APPLICATION OF
CONSTRAINED CONSTANT OPTIMAL OUTPUT FEEDBACK
TO
MODERN FLIGHT CONTROL SYNTHESIS

This paper describes an applications oriented approach to the generation of optimal
output feedback gains for linear time-invariant systems which is independent of the loop
stabilicy.

Specifically we consider the following problem. Given the stabilizeable system:

X = Ax + Bu, x(t=0) = X

y = Cx
Where x€ R, u¢ R, yc R and A, B, C are real constant matrices of compatible order.
And where C is of full rank.
Find a control law of the form:

u= -Fy= -FCx

Where F is an m x r constant matrix of predeternnned structure (i.c. some of the f ’s satisfy
some internal linear constraints) that minimizes the cost function

JH = E[ § (x'Qx + u'Ru) dt]
/]
where Q > 0, R > 0 and E [ - ] is the expectation operator.

This optimal output feedback problem is cast in the setting of a constrained parameter
optimization problem. The solution of this constrained optimization employs Hestenes’
method of multipliers with some modification. A primal-dual problem is considered where
the primal minimizaiion employs a Davidon-Fletcher-Powell method, and the dual
maximization is accomplished via a quasi-Newton procedure.
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"ADVANCED CONTROL LAWS FOR EXPERIMENTS IN FAST
ROLLOUT AND TURNOFF QF THE B737-100 AIRCRAFT"

Let X(t,) = X, be the initial condition and let C° be the
path of fast rollout and turnoff. The problem is to minimize
the functional defined on space € by the penalty function

J = Jg < P[X(t,u,X,) ~ c°], [X(t,u,X,) - C°] > dt

+ f(l; < Nu(t), u(t) > dt .,
Here X(t,u,X,) is the solution of the dynamic equation repre-
senting the fast rollout and turnoff condition of B737~100
aircraft given as

X(t) = AX+Zu+1 Xu+y
where u = Y; is a scalar control input., Application of quasi-
lineraization techniques as described by Leondes and Paine {1]
has been used to show that the algorithm converges uniformly
to the optimum solution,

THEOREM 1. There exists a unique control wk given by

VL) T e £, 6K, %9, TS

such that

wl(+1 < wK
and

WK+1.5 u}K

where w = L u + v, f,(w,X) =T X (CTC)_lcTw, and wK is the
solution of adjoint-system equations.

REFERENCES

1, C. T. Leondes and G, Paine, "Extension in Quasilinerization
Techniques for Optimal Control", J. of Optimization Theory
and Applications Vol, 2, No. 5, 1968, pp. 316-330.
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A MATHEMATICAL REPRESENTATION OF OSCILLATOR STABILITIES
FOR
MOVING SATELLITE SYSTEM APPLICATION

3 A one-way or two-way doppler system used for moving satellite

: tracking requires very high range-rate tracking precision. (In the order
of .06 cm/sec for two-way doppler system range-error). If the oscillators
used in the system have high short-term frequency instability values,

they could contribute enough range-rate errors to exceed the total speci-
fied error budget. This paper derives a mathematical model to represent
the oscillator frequency stability as a function of specified satellite
range, range-rate error, and doppler counting time. For any specified
range-rate error, the required oscillator frequency stability can be
determined from this mathematical model.

For the two-way doppler system used in the Space Ground Link
Subsystem (SGLS) the range-rate equation can be derived as

P o= ¢ {1 - %5 [(256.25 n, - 205 nl)/nj‘} (1

where c¢ 1s the speed of light, n, and n, are numbers of counts in
counters N, and N2 respectively.

The time domain frequency stability equation can be found as[l]

2., 2, 2 zl
At Bt *% 2

('?‘f)z = 12 l"

w
(8]

where w_1is the nominal system frequency, Tp» g UC and % are component
errors due to various types of noises in the oscillator. Ehese components
are all functions of range-rate error since they all contribute to the

range-rate measurement error in a real system.

A complete set of equations has been derived and computer-generated
curves are plotted and presented in the paper.

REFERENCES

1. Paul P. Yeh, "Oscillator Short Term Stability Requirements for the
Telemetry Channel of the DSCS III System," IEEE National Telecommuni-
cations Conference, Los Angcles, CA, Dec. 5-7, 1977.
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FINITE DIMENSIONAL CONTROL OF LINEAR PARABOLIC
DISTRIBUTED PARAMETER SYSTEMS

We consider feedback control of the linear parabolic distributed
parameter system du/dt + Au = F. This is a generalized heat equation
where u(x,t) represents the temperature distribution of a body @ in
n-dimensional space, and F(x,t) represents the applied heat sources.
The operator A is a time-invariant d%fferential operator whose domain
d(A) is dense in the Hilbert space L°(Q). This distributed parameter
system is parabolic in the sense that A generates a holomorphic (or
analytic) semigroup.

Control is provided by M heat sources located in or on the body {2
and the temperature is measured by P sensors located at various points
along the body 2. The locations of this finite number of sensors and
actuators is part of the control problem.

Since feedback control will be implemented by an on-line digital
computer, it is important to restrict the controller to have finite-
dimension. Our approach is to use the Galerkin method on an appropriate
finite-dimensional subspace Hy [ D(A) to produce a reduced-order model
of the distributed parameter system; from such a reduced-order finite-
dimensional model the controller is synthesized. Then the stability of
the closed-loop system, consisting of the actual distributed system and
the finite-dimensional controller, is analyzed. We will show that
(unlike the hyperbolic case), for parabolic systems, any degree of
exponential stability can be guaranteed under rather mild conditions on
the reducing subspace Hy. Consequently, finite~dimensional control of
infinite-dimensional parabolic systems can be obtained in most practical

cases.
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NUMERICAL SIMULATION OF AN ALLOY SOLIDIFICATION PROBLEM

In this paper, we study from a numerical point of view the
solidification of a binary alloy. The formulation, we consi-
der, is the same than in A.B. CROWLEY - J.R. OCKENDON (2],
G.J. FIX [3].

In a first part, we introduce the following formulation
for the initial problem :

9
§£-+A(Oﬂn =h; uecH (O
(S) é\-’-O-B(WO) =0 ;
at ’ = H v € GO(W)
u(x,0) = uo(x) € Hwo(uo) ;i vix,0) = vo(x) € Goo(wo)

where HW(O), GO (w) are two maximal monotone operators
and A (0,w), B (w,0) two non linear operators.

In a second part, we introduce a semi-discretized problem,
which has the structure of quasi-variational inequalities,
Then, by using results of monotonicity, we prove the existence
of a minimal and a maximal solution and we deduce a numerical
iterative algorithm, the convergence of which is proved. The
technique consists to solve a sequence of variational ine-
qualities, the solution of which is obtained by using the
following equivalence

2 € H(y) <=> 2z = HA (y + Az) ¥\ > O.

(H maximal monotone operator, HA associated Yosida approxi-
mation).

Numerical results are presented.

REFERENCES
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2. A.B. CROWLEY - J.R. OCKENDON :Int. Heat. Mass. Transfert
vVol. 22,1979.

3. G.J. FIX : in Moving boundary problems (D. NILSON -
A.D. SOLOMON - P.J. BOGGS - Academic Press, 1978).
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THE THRESHOLD PROBLEM FOR A FITZHUGH-NAGUMO MULTI-DIMENSIONAL SYSTEM

The following Fitzhugh-Nagumo system is considered:

(FN) v, = Av + f(v) - u, u, = oV - yu,

where f:R —> R is a continuous map, such that vf(v) < 0 for

v € (-w,vo), v # - and o0,y are positive constants. The functions

v = v(x,t) and u = u(x,t) are sought in the space of continuously dif-
C(Z)(Qx(O,m),R), where @

designates a bounded domain in Rn, with sufficiently smooth boundary.

ferentiable functions up to the second order

The threshold problem under investigation can be formulated as follows:

Assume (v(x,t),u(x,t)) is a solution of (FN), defined on Qx(0,»),

and such that the following conditions are verified: v(x,t) < Vo in
the whole domain of definition, v(x,0) = V(x), u(x,0) = U(x) for x € Q,
v(x,t) = 0 on the boundary of Q. Then prove that (v(x,t),u(x,t))

tends to zero as t tends to =, uniformly with respect to x € 2,

and this property is true for at least those solutions with small
V(x),U(x). A solution to this problem is presented, using the following
approach. First, one constructs a '"Liapunov function" for the system
(FN), whose derivative is non-positive. This function does not provide
enough information in order to obtain the desired behavior for the solu-
tion. One can, however, derive some intermediate results regarding the
integrability of certain functions, with respect to t, on the positive
half-axis. Next step consists in finding a partial differential equations
for the unknown function vz(x,t), with adequate initial and boundary
value conditions. Then a representation formula is used for heat equa-
tions, which together with the information accumulated by means of
"Liapunov function", leads to the conclusion that the threshold problem

has a positive answer.

REFERENCES
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DIFFERENTIAL INCLUSIONS
WITH MULTIVALUED BOUNDARY CONDITIONS

The purpose of the talk is to give existence results for diffe-
rential inclusions with multivalued boundary conditions of the
following form :

dx

T € - S(x(t) t e[o0,T]
(P) [x(0) = x4
x(T)e K

where S is a continuous set valued mapping from 22 to Rz with

convex compact images, K is a compact set and x, a given point
of R , We assume that the data Xos S and K satisfy a consistency
condition of the following form :

For any x € K there exists an absolutely continuous func-
tion

¢ € c({o,T] ; ®") such that [oll, s M, ¢(T) = xe K,
(L) o(t) -¢(1) e - ST S(¢(s)s ¥t,T € [0,T]| and satisfying
moreover : T

DV(H(T)) (x -¢(0)) + [[x - ()] < o

where V denotes a non negative lower semi-continuous function
from K into [o,+[ .

We associate with problem (P) a discrete implicit problem and

1 we prove the existence of solutions of this problem by using a
fixed point theorem due to AUBIN-EKELAND, then we prove the con-
3 vergence of a subsequence of these approximate solutions to a

solution of (P).
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MINIMIZATION OF THE DIFFERENCE OF 2 CONVEX FUNCTIONS

DUALITY, ALGORITHMS AND APPLICATIONS

We consider the non-convex problem Min j(v) = f(v)-g(v), where f and
v

g are lower semi-continuous, convex, proper functions on a Hilbert space
V ; we assume that j is bounded from below and satisfies some compactness
assumption. Such a problem arises in a wide variety of practical applica-
tions, including

- the minimization of a concave function over a convex set, a typical pro-
blem in management and economics (when increasing returns to seale pre-
vail or in the presence of fixed costs), in integer programming ;

- the variational formulation of a free boundary problem arising in a sim-

plified model of the equilibrium of a plasma confined in a Tokamak machine.

After a review of regularization and duality theories adapted to the
particular structure of the problem, we propose several decomposition al-
gorithms using the natural splitting of the problem. Convergence results
are given and optimal choices of parameters discussed. Some of the practi-
cal examples are used to illustrate the methods.
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ON THE MARGINAL FUNCTION IN NONLINEAR PROGRAMMING

We consider optimization problems of the following form:
V(p) = inf { f,(x) ' xesS(p) | ,
S(p)=1{ xecC | fi(x)s;)i , 1<i<n ; fJ.(x) =Py, n+lcj<n+m | .

p is regarded as a parameter describing perturbations of the
reference problem given by p=0. In most cases considered
below, C is a closed subset of a real Banach space X.

The topic of our talk is to describe the local behaviour of
the marginal function V(p) . This is done by giving bounds for
its directional Dini- and Hadamard derivatives. If V is local-
ly lower semicontinuous, then also estimates of the generali-
zed directional derivative V and the generalized gradient
2V(.) are given. All these bounds and estimates are deter-
mined mainly by the set of all Lagrange multipliers which
belong to some optimal solution of the unperturbed problem.

Assuming that the functions fk are locally Lipschitz or
differentiable we report in a first part recent results by
R.T. Rockafellar and by the author. The respective results
are very similar, however they are obtained via quite diffe-
rent approaches.

In a second part we consider the special case where all
functions f, are more than once continuously differentiable.
Then our apBroach (which is based on separation-properties

of convex cones or sets) holds also with the possibly smaller
multiplier sets satisfying higher order necessary conditions.
These yield sharper estimates of the local approximations

of V. In some cases they make it possible to prove
differentiability of V.
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SOLUTION OF 'THE CLASS CF NON-CLASSICAL MATHEMATICAL PROB-
LEMS ARISING IN GENERALIZED STATISTICAL DECISION THEORY,
QUANTUM MECHANICS AND OPTICAL COMMUNICATIONS

Problem formulation: Let H be a separable, complex Hilbert
space, and B(H) the Banach algebra of bounded linear operators
in H. Dencte by @(H) the set of non-negative, self-adjoint,
unit trace, nuclear operators in H. The positive, normal
functional 0:B{H)->R, ©6(Y):=Tr(zY), 2:@(H), Y¢B(H) represents
a state on B(H). Let (U:F(U)) be a measurable decision space,
and denote by S(H:;F(U)) the control space of all positive,
normalized, operator-valued measures W: F(U)—»B(H).

Given: (i) classical probability space (X,F,p), (ii) a
family of states (©_)_ on B(H), xz¥%, (iii) (UsF(U)), (iv)
non-negative, meas rible function Q(x,u), ueyU, x¢X, and
(v) the risk associated with W S(H:F(U)})

J(W) 3= ffo(x,u)e_(wW(du))dp(x) .

Problem: Find, if any, W:S(H:;F(U)), such that inf J{(W)=J(W),
where the infimum is taken over S(H:F(U)).

Motivation: Let S denote a gquantum-mechanical system ( e.g.
electron, photon, electromagnetic field, etc. ) described by
a statistical operator Z:¢@(E). Then S(H:F(U)) is the set of
all dynamic observables of S, and the foregoing abstract
problem represents the most general statistical decision
problem, The first - and only - methods for & solution of the
minimum error variance version of the problem have been de-~
veloped by the writer ( the relevant references are listed in
(1) ). If Q(x,u) represents the loss corresponding to the
decision u when the true state is ©&_, then the solution of
the foregoing problem is essential “for the solution of the
following problems: (i) optimal quantumpmechanical estimation,
(ii) optimal quantum stochastic filterihg and control and
(iii) unified statistical decision theory. In this paper we
propose a solution to the general version of this problem.

REFERENCES
1, Ilic, D. , Optimal nonlinear quantum-mechanical stochas-

tic filtering, Proc. 5th. Inter. Symp. on the Math, Th, of
Networks and Systems, Santa Monica, California (1981).
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FINITE ELEMENTS APPROXIMATION OF TIME OPTIMAL
BOUNDARY CONTROL PROBLEM FOR PARABOLIC
SYSTEMS WITH DIRICHLET BGUMDARY CONDITIONS:

With A(x,d ) an elliptic operator let y(t,x) be the sol-
ution of the following parabolic equation:

= o' = r me
y (0) Y i Y Ir u e L [OT; LZ(F)]

Consider the following time optimal control problem
(P) Find inf T = { T > 0; u ¢ U™: ly(u,T) ~yp 158}
where the constant §> 0, and the point Yp € LZ(Q) are given
and U™ = {u e L_[OT x '1; fu(t,x) | < M; a.e in OT x TJ.

We shall be concerned with a numerical approximation

(e.g. via finite elements) of control problemA(P) and the
convergence of resulting schemes.

The distinctive features of our approach are: (i) that
it is based on a semigroup representation of (1) and its
approximation. (ii) that the approximation of Dirichlet
boundary conditions uses subspaces which are not required

to vanish on the boundary.
The following theorem gives the desired convergence result
for our control problem.

o .0

Theorem Let u ,T (uho,Tho)be the optimal solutions of probh-

lem P and its approximation respectively:
For y_.¥p € HH—E(Q) we have:
(1) Iy (w1 -y, | < §+¢n"%);

(ii) Th° + °

(iv) uh° > u° in Lz[OT x I'].
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Dirichlet Boundary Control Problem for Parabolic Equations
with ouadratic cost:
Analyticity and Riccati's Feedback Systhesis

I. Lasiecka and R. Triggiani
Department of Mathematics, University of Florida, Gainesville
32611

If  denotes either 1, or else 0, minimize the performance

index

12 + 1y 12 +dly (T 1

HEH

J(u,y(u))

over all u «¢ L, (), subject to the dynamics (D):

(e, 8)= -A(E,y(t,5) (0,TIx @ = Q
y(0,8) = y_ (E) E e Q (D)
y(t,0) = u(t,0) (0,T1 x T = &

where A(£,9) =IZ ) a, (&) 3 is a uniformly strongly ellip-
| <

tic operator of order two in Q. Feedback synthesis (point
wise in time) of Riccati type of the optimal solution uo,yO
is established in the form

W) = -0 a"P(t)yO(t) 0 <t <T
through a semigroup approach. Here A is the differential
operator -A(f,3) with zero Dirichlet boundary conditions, D
is the Dirichlet map, and P(t) is the Riccati operator.
Moreover, in contrast with the indirect approach of much of
the literature - which relies on a Riccati equation to
establish existence and computability of the operator P(t) -
the present approach is instead direct; i.e. the operator
P(t) is first defined by an explicit formula in terms of the
system data, and only subsequently shown to satisfy, in an

appropriate sense, a Riccati type operator equation.

+ All norms are L2-norms over the indicated domains
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RATE CF CONVERGENCE ESTIMATES FOR APPROXIMATIONS
TO CONVEX OPTIMAL CONTROL PROBLEMS SUBJECT TO
CONTROL CONSTRAINTS

An abstract convex opiimal control problem subject to

control constraints is approximated by a family of finite

dimensional problens denending on a parameter of discretiza-
tion h destinated %o tend to zero.

Conditions of optimality involving projections on

admissible sets for both initial and approximating problems
k are used to obtain the estimates of the distance between
appropriate optimai solutions.

It turns out that in this estimate an a priori know-
ledge of the regularity of solution to the initial control
problem plays a crucial ro‘e, and used scheme of approxima-
tion should be correlated with this regularity.

The abstract resulits are illustrated by examples of

Crank-Nicholson type approximations to quadratic optimal
j control problems for parabolic equations with boundary or
distributed control and different types of observations

/distributed, final or toundary observations/.
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VARTATIONAT TITQUALITY FC JUTARICN  AND OFTTAL CCONTROL
O¥ NONLINIAR =VCQLUTICH Q"STHHS ZOVERN®D BY TARARCLIC
FRE®™ BOUNMDARY PROBLEMS

Nonlinear heat conduction and diffusion processes involv-
in/ phase transition phenomena (e.g., solidification, meltins,
ablation, combustion) ~ive rise to various evolution free bound-
ary problens (FBP) as mathemztical models. Ovr aim is to rresent
new results concerning a broad class of these rroblems, namely
multidimensional multi-phase generalized Stefan problems, involv-
ing additional nonlinearities in differential eouvations and in
conditions of mixed type imposed at lateral (fixed) boundaries.

A formulation of the problem in the form of the followiung
nonlinear evolution wvariational inequality will be derived :

Determine y e« L®(0,T;V) satisfying

y't) 2 D.y(t)eK(t) a.». in (0,T) ; y(0) = 0 in Q;
(VI) ([o(yUKt) z=y'(ED+ aly (t),2-y'(t))- (h , 2=y ' (t))~

g(g £5(x, s)ds)(z(x)-y"(x,t))dx + ¥(z) - Y(y'(t))>» O
a.e. in (0,T) , for every =zeK(t),
where QcR®?, n31 ,%Q=rup?, A= ¢ ;
V=H(Q), V' -dual toV, <-,*> - duality pairing of V', V
K() 2 {v : veV, v=F, (1) onT™}, (u,v) ¢ g u(x) v(x) dx ,

.
14

i3

B(+) ~ a bounded overator from L2(O,T;V) into L2(O,T;V'),
a(u,v) - a bilinear form continuous on V, vw~"%¥(v) - a proper

convex weakly l.s.c. functional on V, hoeL%(D - given function.
(VI) corresponds to "BP with the boundary conditions
0 = f1(x,t) at T™=(0,7) ; D,8 + p(x)8 = f2(x,t)+q(x,t,e) at ™(0,T)

t
where y(x,t) = g 9(x,s)ds . In the physical situations ®
0

corresponds to temmerature, whereas y to the freczing index,

For the systems aocverned by (VI) some ortimal control rrob-
lems involving boundary controls ( either f, or f) will ne
considered. Questions concerning resularity of mapvin~e from
controls into state, and the structure of the sets of all t'e
states attainable will be discussed. The existence of ortimal
controls will be showvn .
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OPTIMIZATION IN BANACH SPACES OF SYSTEMS
INVOLVING CONVEX PROCESSES

Let X and U be two Banach spaces, we consider a closed convex
process A from X into U (i.e a multivalued mapping A : X —» 2U the
graph of which is a closed convex cone with apex zero). Let C and T
(the target subset) be two nonempty closed convex subsets of X and U
respectively, and f a proper, lower semicontinuous function from X
into R (the extended real line). We are concerned with the convex
system : minimize f(x) subject to x € C and Ax N T # @.

This kind of problem which is a generalization of the von Neumann
model occurs under various forms in economics and control.

For a convex process A, the conjugate process A* from V into ZY
is defined by A%y = {y/(v, -y) € (gr A)°} where V and Y are the topo-
logical duals of X and U respectively, while (gr A)° is the polar set
of the graph of A. We give conditions implying that
inf{ <u,v >/u € Ax} = sup{<y,x >/y € A*v} or in other words
<Ax, v> =< x,A*v> .

The aim ¢f the paper is to obtain sufficient conditions which
ensure that there exists v, € V such that
inf {£(x)/x € C, Ax N'T # B8} = inf{ £(x) + <Ax-t, Vo >S/(x,t)EC x T }=
inf {£(x)/(x,t) €C x T and § z € Ax such that <z - t,v, > = 0 }.
Using some results in convex optimization, we focus our attention on
relaxing the usual compactness assumptions.

Our results in particular subsume most of the previously known

results on linear systems.
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ON THE SEMI GROUP APPROACH FOR ERGODIC
PROBLEM OF OPTIMAL STOPPING

ABSTRACT

This paper is devoted to the study of the following problem :
to find a maximum solution of

t
’ui¢(t)u+]¢(s)fds,Vtio,
(m o

us

where ¢ (t) is a Feller semi-group, in C, Banach space of continous
functions on a compact metric space E, and where g and £ € C are
given.

Previous studies, by Bensoussan - Lions, Lasry, especially for
diffusion processes are contained in references listed in (1] .

In this paper, problem (l) and the continuity of the maximum
solution is investigated under additional assumptions on ergodic
properties of ¢ (t). The method is completly analytic. In some
case, the convergence of the discounted problem to the undiscounted
one is obtained.

The convergence of the discrete time analog of (1) is also con-
sidered.

Moreover, the finite horizon problem corresponding to (1) define

a non-linear semi-group S(t) (according to [2]- (ii)).

We study the limit of S(t) u when t > «e and the characterization
of the maximum solution of (1) as the unique solution of S(t) u = u.

Finally, some examples are given and some open questions related to
these problems are analysed.

REFERENCES

[1] M. ROBIN
On some impulse control problem with long run average cost -

accepted for publication in Siam journal on control and
optimization.

{2] A. BENSOUSSAN - J.L. LIONS

Application des inéquations quasi-variationnelles en contrdle
stochastique - to appear Dunod - Paris.
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AN ALGORITHM FOR THE DECOMPOSITION
OF SECOND ORDER ELLIPTIC OPERATORS®

The analysis of lumped and distributed systems whose structure
can be represented by a dependence on a small parameter ¢ has received
much attention (c.f. [1] for systems described by ordinary differential,
{2] for distributed systems, [3] for eigenvalue problems, and the
references therein).

In this paper, a second order elliptic operator with a special
structure is considered. It is assumed that its coefficients are of
different order of magnitude in various parts of a regular open subset
QCRM., First an exact asymptotic expansion of the eigenvalues and
eigenvectors is obtained and an asymptotic error estimate is derived.
Second a discrete approximation of the aforementioned operator is
outlined and the corresponding eigenvalue problem is solved. The results
are compared with the exact expansion obtained earlier. Third a
grouping algorithm [4] used in power systems analysis is described. Then
it is applied to the discrete approximation of a non-decomposed operator
to obtain an approximate decomposition of Q for which the representation
outlined in the first part holds. Finally, a numerical example of one
dimensional heat transfer in a rod is considered to illustrate the
basic concepts of this paper.

[L] P. V. Kokotovic, R. E. 0'Malley, and P. Sannuti, "Singular Perturba-
tions and Order Reduction in Control Theory--An Overview," Automatic
Automatica, Vol. 12, pp. 123-132, 1976.

[2} . Eckhaus, Asymptotic Analysis of Singular Perturbations, North-
lHolland Publishing Co.. New York, 1979.
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Asymptotic Analysis, F. Verhulst, Ed., Lecture Notes in Mathematics,
Springer-Verlag, New York, 1979.

[4) P. V. Kokotovic, B. Avramovic, J. H. Chow, and J. R. Winkelman,
"Coherency Based Decomposition and Aggregation of a Class of Large
Scale Systems," 8th World Congress of IFAC, Kyoto, Japan, August
1981.
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CALCULUS OF THE CORRECTOR FOR THE EIGENVALUE OF

A TRANSPORT OPERATOR

CEREMADE Université Paris IX and INRIA B.P. 105
78153 Le Chesnay Cédex.F.

€ 2 ,
Let us consider the following unbounded operator A on L™ (xV), with
N .
zero boundary conditions (£ is an open set of R and V a compact symmetric

set of ]RN) :

€ _ - -2
f = f(x,v) > A £(x,v) = c Eviaflaxi + € Qxf

where Qx is the Markovian generator (i.e. Qxl(v) = 0 VWv) defined by
g =gl(v) > ng(v) = f ol(x,v,w)g(w)dw - o(x,v)g(v)

With the right assumptions on O, we prove that there exists an

P 1
unbounded symmetric H; (Q) - coercive operator A such that, when € goes
to 0, we have {(with T a projection from Lz(QxV) onto Lz(Q)) :
€
et t