Lecture Notes in Control and Information Sciences

30

(ptimization and
Optimal Control

Proceedings of a Conference
March 16-22, 1980

Edited by
A. Auslender, W. Oettli, and J. Stoer

T T T S T T AR TR o TR M S R ol B N e W e T 2 e T e R e SR



Lecture Notes In
Controland
Information Sciences

Edited by A.V. Balakrishnan and M. Thoma

30

Optimization and
Optimal Control

Proceedings of a Conference Held at
Oberwolfach, March 16-22, 1980

Edited by
A. Auslender, W. Oettli, and J. Stoer

Springer-Verlag
Berlin Heidelberg New York 1981



Series Editors
A. V. Balakrishnan - M. Thoma

Advisory Board
L. D. Davisson - A. G. J. MacFarlane - H. Kwakernaak
J. L. Massey - Ya. Z. Tsypkin - A. J. Viterbi

Editors

Alfred Auslender

Département de Mathématiques Appliquées
Université de Clermont-Ferrand Il '
B.P. 45

F-63170 Aubiére (France)

Werner Oettli

Fakultit fiir Mathematik und Informatik
Universitit Mannheim

SchloB

D-6800 Mannheim

Josef Stoer

Institut fiir Angewandte Mathematik und Statistik
Universitat Wiirzburg

Am Hubland

D-8700 Wiirzburg

AMS Subject Classifications (1980) 49BXX, 49CXX, 49D XX, 65K XX,
90 CXX, 90D XX, 93EXX

ISBN 3-540-10627-8 Springer-Verlag Berlin Heidelberg New York
ISBN 0-387-10627-8 Springer-Verlag NewYork Heidelberg Berlin

This work is subject to copyright. All rights are reserved, whether the whole
or part of the material is concerned, specifically those of translation, re-
printing, re-use of illustrations, broadcastmg. reproduction by photocopying
machine or similar means, and storage in data banks.

Under § 54 of the German Copyright Law where copies are made for other
than private use a fee is payable to 'Verwertungsgesellschaft Wort', Munich.
© Sprmger Verlag Berlin Heidelberg 1981

Printed in Germany

Printing and binding: Beliz Offsetdruck, Hemsbach/Bergstr.
2061/3020-543210



Lecture’'Notes in Control and Information Sciences

Edited by A. V. Balakrishnar and M. Thoma

Vol. 1: Distributed Parameter Systems: Modelling
and Identification

Proceedings of the IFIP Working Conference,
Rome, ltaly, June 21-26, 1976

Edited by A. Ruberti

V, 458 pages. 1978

Vol. 2: New Trends in Systems Analysis
International Symposium, Versailles,
December 13-17, 1976

Edited by A. Bensoussan and J. L. Lions
VI, 759 pages. 1977

Vol. 3: Differential Games and Applications
Proceedings of a Workshop, Enschede, Netherlands,
March 16-25, 1977

Edited by P. Hagedorn, H.W. Knobloch, and G. J. Olsder
Xll, 236 pages. 1977

Vol. 4: M. A. Crane, A. J. Lemoine

An Introduction to the Regenerative Method for
Simulation Analysis

VI, 111 pages. 1977

Vol. 5: David J. Clements, Brian D. O. Anderson
Singular Optimal Control: The Linear Quadratic Problem
V, 93 pages. 1978

Vol. 6: Optimization Techniques
Proceedings of the 8th IFIP Conference on Optimi-
zation Techniques, Wiirzburg, September 5-9, 1977
Part 1
=dited by J. Stoer

Ill, 528 pages. 1978

Vol. 7: Optimization Techniques

Proceedings of the 8th IFIP Conference on Optimi-
zation Techniques, Wiirzburg, September 5-9, 1977
Part 2

Edited by J. Stoer

XIll, 512 pages. 1978

" Vol. 8: R. F. Curtain, A. J. Pritchard
Infinite Dimensional Linear Systems Theory
VI, 298 pages. 1978

Vol. 9: Y. M. Ei-Fattah, C. Foulard
Learning Systems:

Decision, Simulation, and Control
VI, 119 pages. 1978

Vol. 10: J. M. MBClejOWSkI
The Modelling of Systems with Small Observation Sets
VI, 241 pages. 1978

Vol. 11: Y. Sewaragi, T. Soeda, S. Omatu
Modelling, Estimation, and Their Applications for
Distributed Parameter Systems

VI, 269 pages. 1978

Vol. 12: I. Postlethwaite, A. G. J. McFarlane
A Complex Variable Approach to the Analysis of
Linear Multivariable Feedback Systems

© IV, 177 pages. 1979

Vol. 13: E. D. Scntag
Polynomial Response Maps
VIll, 168 pages. 1979

Vol. 14: International Symposium on Systems
Optimization and Analysis

Rocquentcourt, December 11-13, 1978;

IRIA LABORIA

Edited by A. Bensoussan and J. Lions

VIIl, 332 pages. 1979

Vol. 15: Semi-Infinite Programming
Proceedings of a Workshop, Bad Honnef,
August 30 - September 1, 1978

V, 180 pages. 1979

Vol. 16: Stochastic Control Theory

and Stochastic Differential Systems

Proceedings of a Workshop of the ,Sonder-
forschungsbereich 72 der Deutschen Forschungs-
gemeinschaft an der Universitat Bonn*

which took place in January 1979 at Bad Honnef
VIil, 615 pages. 1979

Vol. 17: O. I. Franksen, P. Falster, F, J. Evans
Qualitative Aspects of Large Scale Systems
Developing Design Rules Using APL

XIl, 119 pages. 1979

Vol. 18: Modelling and Ontimization of Complex
Systems

Proceedings of the IFIP-TC 7 Working Conference
Novosibirsk, USSR, 3-9 July, 1978

Edited by G. I. Marchuk

VI, 293 pages. 1979

Vol. 19: Global and Large Scale System Models
Proceedings of the Center for Advanced Studies (CAS)
International Summer Seminar

Dubrovnik, Yugoslavia, August 21-26, 1978

Edited by B. Lazarevi¢

VIIl, 232 pages. 1979

Vol. 20: B. Egardt

*Stability of Adaptive Controllers

V, 168 pages. 1979

Vol. 21: Martin B. Zarrop
Optimal Experiment Design for
Dynamic System Identification
X, 197 pages. 1979

For further listing of published volumes please turn over to inside of back cover.




Lecture Notes in Control and Information Sciences

Edited by A. V. Balakrishnan and M. Thoma

Vol. 22: Optimization Techniques

Proceedings of the 9th IFIP Conference on
Optimization Techniques,

Warsaw, September 4-8, 1979

Part 1

Edited by K. Iracki, K. Malanowski, S. Walukiewicz
XVI, 569 pages. 1980

Vol. 23: Optimization Techniques

Proceedings of the 9th IFIP Conference on
Optimization Techniques,

Warsaw, September 4-8, 1979

Part 2

Edited by K. Iracki, K. Malanowski, S. Walukiewicz
XV, 621 pages. 1980

Vol. 24: Methods and Applications

in Adaptive Control

Proceedings of an International Symposium
Bochum, 1980

Edited by H. Unbehauen

VI, 309 pages. 1980

Vol. 25: Stochastic Differential Systems —

Filtering and Control

Proceedings of the IFIP-WG7/1 Working Conference
Vilnius, Lithuania, USSR, Aug. 28 — Sept. 2, 1978
Edited by B. Grigelionis

X, 362 pages. 1980

Vol. 26: D. L. Iglehart, G. S. Shedler
Regenerative Simulation of Response
Times in Networks of Queues

Xll, 204 pages. 1980

Vol. 27: D. H. Jacobson, D. H. Martin, M. Pachter, T. Geveci
Extensions of Linear-Quadratic Control Theory
Xl, 288 pages. 1980

Vol. 28: Analysis and Optimization of Systems
Proceedings of the Fourth International

Conference on Analysis and Optimization of Systems
Versailles, December 16-19, 1980

Edited by A. Bensoussan and J. L. Lions

XIV, 999 pages. 1980

Vol. 29: M. Vidyasagar,

Input-Output Analysis of Large-Scale
Interconnected Systems -

Decomposition, Well-Posedness and Stability
VI, 221 pages. 1981

Vol. 30: Optimization and Optimal Control
Proceedings of a Conference Held at
Oberwolfach, March 16-22, 1980

Edited by A. Auslender, W. Oettli, and J. Stoer
Vi, 254 pages. 1981




PREFACE

This volume constitutes the proceedings of a conference held March 16-22, 1980, at
Mathematisches Forschungsinstitui Oberwolfach. The purpose of this conference was

to treat recent advances in general optimization theory as well as in problems of
optimal control, and also to establish closer contacts between scientists, main-

1y from France and Germany, working in these fields. Included among the topics were
new results in nonlinear analysis, used to obtain general optimality conditions.
This more abstract approach was complemented by techniques using the specific struc-
ture of particular function spaces arising in optimal control problems. Also includ-
ed were the development and evaluation of numerical methods for solving problems of
this kind.

The organizers gratefully acknowledge the generous support received by Mathemati-
sches Forschungsinstitut Oberwolfach.

A. Auslender W. Oettli J. Stoer
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QUASI-CONVEX DUALITY

by M. ATTEIA and A. EL QORTOBI

Université Paul Sabatier
U.E.R. Mathématiques Informatique Gestion

118, route de Narbonne

31062 - TOULOUSE CEDEX

The study of quasi-convex duality developed in this paper is based on

the notion of projective polarity studied by M. ATTEIA (Cf. [1]).

We shall give only the main elementary properties of quasi-convex dua-

lity which, formally, are quite analogous to those of convex duality.

1 - Projective polar of a set

Let X be a separated locally convex <pace and X' its topologiczl dual.
We suppose that X (resp. X') 1is equipped with the weak topology
o(X, X') (resp. o(X', X)).

If A is a subset of X, we denote by

o}

A {x' €X' ; VxE€A, <x, x'> < 1},

{x'" €X' ; Vx€A, <x, x'> 2 1},

>
I

and by co(A), the closed convex hull of A. If A is closed and convex
we put:

A = ' | A(A-a), where a is an arbitrary element of A.
A € RY

We can easily verify that :

- %,

0o

A® = ¢ » coan®, A" =l ) ran’, Y
ALGJ[O,I] Akzjl

°ya’is called the projective polar of A.

Definition 1 : The set A¥-a

Proposition 1
(i) If (c*(&)) = ((x, 0) €X x R, ; x € oA}



and (cT(a))° = {(x',0") €X' x R ; V(x,0) €C (A), <x, x'> + o' < 0}
then : (c_*(A))° n (x' x {-13}) = A° x (-1},

@ran®n @ x (13) = - x (3.

s #* . .
As (C+(A))o is a (closed) convex cone we say that A 18 projectively

convex.

.. o,
(ii) A 1is closed.
v H o .
1f A30X , then A" = {¢} and A" = A" is convex.

(iii) If (Ai)iEI is a family of subsets of X, then :

(&) 8% = M (87)  and (M ap% o U D).
i€l :

i€l i€l i€1
Generally, these inclusions are strict.

v is called the projective bipolar of A,

Definition 2 : The set A°°n a
and we denote it by A# #.

Proposition 2 : Pl 0N

v#is different from Pl *

Remark 1 : Generally (A° U AY)

2 - Projective polar of a funectional

Suppose that feﬁx.

For each X € IR, we denote

;k(f) = {(x€X ; £(x) €A} (resp. 5,(f) = {x€X ; £(x) < AD.

Let k be a decreasing bijective map from IR to IR and :
vk' €X', £2(x") = Inf {k(}) ; x' € (5,(£)%)

£V (x") = Inf {(k(A) 3 x'€ (Sx(f))V] .

We can easily prove that :

=1

vx' €X', (kK o £°)(x') = Inf {f(x) ; <x, x'> > 1}

=1

(k o fv)(x') = Inf {f(x) ; <x, x'> < 1}.



Definition 3 : The functional : f# = Min(£°, fv) is called the projec-
tive polar of f.

Now, for simplicity, we suppose that : VAE R, k(1) = =-\.

Proposition 8 :

. H . 3 4 6 .
(i) f7 is l.s.c. (and projectively quasi-convex because its sec-

tions are projectively convex).

£°(0,,) = -= and fv(ox,) = -Inf {£(x) 3 %€X).
(ii) £ s g =» £ 2 .

(iii) Va €ER, (f+a)® = £ - o

*
Ve €ER,, (af)¥ = a.f

*
Ve €ER , (f.a)F = f#.%.

(iv) 1If (fi)iEI cﬁx,then:

(znf £ 2 sup () anda  (sup £% < (Inf g™,
i€l i€1 i€ i€

Examples 1
Log|x| if |x| > 1
(_i) X =R, f(x) =

0 otherwise
then : Vx'€R, £'(x') =0

Log|x'| if |x'| < 1 and x' # O
and : fT(x') = 0 if jx'| 21
- if x' = 0.
(ii) X = R, pEN, £(x) = x22*! *
- if x' =0
then : f#(x') =

1 .
- c—— if x'
x.2p+l

# 0.



-xy 1if x 2 0 and y 2 O

(iii) X = ]R2 y f(x, y) =
+o otherwise
then
g if (x' > 0 and y' > 0)
E¢(x', y') = +oo if (x'>0 and y'<0) or (x'<0 and y'>0)
- if (x' £ 0 and y' < 0).

(iv) X is a separated locally convex space.

If 4 is a subset of X, we put :

0 if x€A

Vx € A, (SA(x)

+o otherwise

b, (x) =
0 otherwise
*
pA(X) = Inf {)\EIR+ ;5 X € \A}.
H* # _
Then : (6A) = b, (AA) SA#
+# 1
and (pA) = T =
GA

*
where : Vx' €X', SA(x') = Sup{<x, x'> ; x €A}.

(v) X is a separated locally convex space.

For each x' € X' we denote by :

A(x') = {(x€X ; <x, x"> > 1} and B(x') = {x€X ; <x, x'> < 1}.
If f€ﬁx, then:

] ' o Bl * V ' P *
Vx' €X', £2(x") = (F + 8,0y (0g)), £ (x') = (£ + Sp o 0y) (0g)

) *
(where for any g€1‘RX and x' €X', g (x') = Sup{<x,x'> - g(x) ; x€Xx}.



