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Resumen

Este seminario se basa en el curso: A BRIEF INTRODUCTION ON THE
OPTIMAL CONTROL OF PARTIAL DIFFERENTIAL EQUATIONS,
impartido por Roland Glowinski en 2006 durante el Workshop Métodos
Numéricos de Optimizacion y de Control Optimo en PDE en Guanajuato,
México.

En la primera sesion se muestra la necesidad de un control en una
Ecuacion Parabdlica de Adveccion, Reaccion y Difusion, para luego
formular e introducir una funcién de control para su formulacién como un
problema de Control Optimo, estableciendo las condiciones de optimalidad
y de existencia de la solucion. Se describen los métodos para resolverlo.

En la segunda sesion se desarrolla un ejemplo completo y se presentan
dos ejemplos de problemas de control optimo en EDP.

Las notas estan a disposicion de los interesados por medio de los
organizadores de ISAAEEC o un servidor.



Nota histérica de las condiciones de

Karush-Kuhn-Tucke

e Las condiciones de Karus

ry una reflexion

h-Kuhn-Tucker se

deben nombrar Jhon- Karush-Kuhn-Tucker,

¢, Quien es F. Jhon?

e “The historical record is clear and | believe that

the moral is equally clear:
communications between

The lines of
applied fields such

as mathematical programming and the
practiotioners of the classical branches of

mathematics should be

proadened and not

narrowed by specialization ”, Nonlinear

Programming: A Historica
Khun, 1991
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Necesidad de un Control Efectivo

Displacement error (pixels)
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Figure 17: Tracking
performance of various

frameworks

D. DeCarlo and D. Metaxas, “Optical Flow
Constraints on Deformable Models with Applications
to Face Tracking”, ICV, 38(2), 99-127, July 2000.
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Video of figure 13: Frames
from the basketball game

sequence with novel views.

C. Barrén and I.A. Kakadiaris. A Convex Penalty
Method for Optical Human Motion Tracking. In
ACM International Workshop on Video Surveillance
(IWVS), Berkeley, CA, November 7, 2003.






Sistema PDE del Problema de Control Optimo del
Curso Introduccion al Control Optimo con PDE por
Roland Glowinski
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" Numerical Methods for
Nonlinear Variational Problems

o V: real Hilbert space with scalar product (-, -) and associated norm | -,
o V*:the dual space of V'
o a(-,-): V x V- Risabilinear, continuous and V-elliptic formon V x V.

A bilinear forma(-, -)1s said to be V-elliptic if there exists a positive constant
a such that a(t, v) > alv|* YeeV,

o L.V - R continuous, linear functional,

o K is a closed convex nonempty subsct of V,

o j(-):V+R=Ruln is a convex lower semicontinuous (Ls.c.) and
proper functional (f(-)1s proper if j(v) > =0, Yve Vandj £ +x).

Springer Series in Computational Physics

P1l: Find uw € V such that
a(u,v —u) > L{v—u),Vve K,ue K
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Elliptic variational inequalities (EVI)
Problema de desigualdades variacionales

elipticas

find v € V such that (P1)
a{u,v—u) > Llv—u),Ywe Ku€eK

V espacio de Hilbert, K ¢V, a Funcion bilinear V-elliptica, L Funcién linear

T3.1. (Lions and Stampacchia) The problem (P1) has a unique
solution.

Unigues (direct from V-Elliptiticity)

Existence. From the Lax-Milgram Lemma and the Riesz
Representation Theorem



Problema de Control de flujo

transonico

Let X be a set of feasible transonic flow solutions; the least-squares problem
is then

MinJ(9) (4.21).
CeX
with
l
10 =3 | WP 422

where, in (4.22), y(€) (=) is the solution of the state equation:
Find y e H'(Q)/R such that

J Vy-Vodx = j p(E)VE- Vo dx - Jgﬁ dt, VYveH'(@Q). (423)
Q Q r

If the transonic flow problem has solutions, these solutions solve the least-
squares problem and give the value zero to the cost function J.



Problema de Control Optimo sobre un sistema
de PDE

00 € U= L2((0,T), R)M

PeL { J(w) < J(u).Yu € U

donde LT Lol L
) =—/ 24 —1/ T)—z0|2d —2/ 24z,
) =1 [ IiPo+ 2 [ ) —zolPaat2 [ jpul e

M
Yt — Yoz T 93 = E Uj(S({U o a,j), (EDy)
j=1 L>0,7:[0,L] = R,
y(0,t) = y(L,1) =0,

y(0) = yo,

yt(x,0) = y1(2) 0 €0,0lj=1,..,M
—pzz = y(T) — 21, (EDz2z)

©(0) = (L) =0 .

21:.[0,L] = R,y1:[0,L] = R,



Método de Solucion del Problema de Control
Optimo sobre un sistema de PDE

1. Construir la discretizacidon en el tiempo
del problema

2. Calcular la variacion)

3. Calcular (’Uf&t y construir la
discretizacidon completa (espacio-tiempo)

4. Adaptar el Método del Gradiente
Conjugado al Problema

Jﬂt
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Ejemplo de Control Numeérico del problema
anterior por Gradiente Conjugado

Costo para lograr la forma objetivo
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COMPUTATIONAL SCIENGE:

ENSURING AMERICA'S
COMPETITIVENESS

PRESIDENT S
INFORMATION TECHMNOLOGY

ADVIEDRY COMMITTEE

Preguntas

To pave the way for a more advanced and comprehensive approach to
storm data-gathering, rescarchers at the University of Oklahoma recently used
the Pittsburgh Supercomputing Center's terascale system to conduct the
largest tornado simulation ever performed. The simulation required an area 50
kilometers on each side and an altitude of 16 kilometers. Using 24 hours of
computing time with 2,048 processors, the simulated storm yielded 20

terabvtes of data.

Contacto: Carlos Barron R cbarron@correo.azc.uam.mx



