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data
u,f

(a u ,) '=a.e. filii'" a, parameter
XEI

THE PARADIGM
IDENTIFICATION FOR CONTROL

XE(XO,xl)=I
INVERSE (identification ) PROBLEM ill - posed

extra
information

DIRECT ( control ) PROBLEM

parameter a .. ~

well - posed

h (a 1"· ,) '=a.e.
xEIc~ntrols ~r (xo)=r 0

~r (XI)= r1

"The solution of the ill-posed problem is only an intermediate construct
intervening between the available data and the intended appl£i&{il;jt?{'7f'~{o!tY:av
(T I SEIDMAN, 1990). Qv~;'
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LEMMA 1 (a sufficient condition)
Let PI, D Hausdorff subspaces; [2 a continuous injection;
Dl := [2 (PI) cD. If P1 is compact, then
1) 01 is compact
2) [2-1 : III ... PI is continuous.

ABSTRACT EXAMPLE : P not compact; [2: P ...D ;
define E :X ...P (compact imbedding);

1M := raE X III a Ilx < M} (prior knowledge)
(inv. pbm) given u E 0 find a EX -3- [2 (2l) = u .
(key step) If III = clos[ E( 1M) ] then D1 compact.

If [21= [2 ~Plthen LEMMA 1 applies.

THE GENERAL CONTEXT
(SEIDMAN, 1990)

data parameters results
D ..[2 PI @.. R
u .... I a I ... r
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QUESTIONS

QUESTION I : (topological conditions vs. state equations)
Since compactness is sufficient for the well posedness of the in-
verse problem, why not neglect system structure altogether and
invoke some general topological conditions ?

{ilJi6/io tea»
2tttu/;d/P
Qv~;'

QUESTION II : (control problem vs. parameter identification)
Since the control problem is better posed than the inverse one,

does the overall data-to-result map ( @o[2-I) exhibit cancellation,
as transfer functions of interconnected control systems do ?
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THE SPECIAL CONTEXT
one dimensional heat equation in I := (XO, x I)
f E LP(I)' a E WI,P(I) 0 < a < a < a . u E W2,P(I) .

.1 , ,L - - H , ,

(identification) (au')' =a.e. f in I + extra information about a
(control) ( ar ' ) , =a.e. h in I ; r(xo) = ro , r(xI) = r1 .
two dimensional heat equation in D C Ji2

I ~f E LP(D); a E W ,P(D) , 0 < aL < a ; u E Wk;,P(D) ;
(identification) v.(avu) = a.e. fin D + extra information about a
(control) v.(avr) -a.e. h in D ; rl6D = g.

THM. 2 (RICHTER, 1981; preliminary and incomplete)
second reference second ("noisy") reference reference
result) I result potential \ (potential/conductivity

" - t , ,

IIV(s-r)llo,2 <C(a,Dj){llvallo mIIV(V-u)11 + IlallO.m 11~(v!J8{l'tCf,f'Ilvrll min a O,CD mm rz I ~. (J~
0,2 D D v/v~;,
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.....

II s'-r'lio < kQL Ilv'-u'llo,p ,CD

as obtained from combining separate estimates. {jjJi6IioteCll/
2ttoc/td/t;
(j/v~;'

POSITIVE ANSWER TO QUESTION II

THM.3 (Cauchy data for both \inverse I and \cantrall problems)
x x ) )

Let F(x):=f f ds ; H(x):=f h ds ; (au ')0 and Car ')0 fixed;
Xo Xo

min IF + (au ')01 > kN ; I(ar ')01 < kc ; II f 110 ,II h 110 .~ <s ;I ,p ,p
I

define kQ := {Ixl-xo Iqcs + kc }-kl .
N

Th h d I I· I H + (ar')o d seti f'en t e ete-to-resu t re at/on IS r '= ~ ~ ') u' an sat/s les+ au 0

II s'-r'llo < kQllv'-u'llo st., ko > 1 ,
,p ,CD

l+kII s"-r" II < Qc Ilv'-u'll + k Ilv"-u"llI O,p kN S O,m Q o,p
instead of e.g.,
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ANOTHER POSITIVE ANSWER TO QUESTION 1/

-
Define Eu := { x I xED, u'(x) = 0 } ; i;» analogous.
THM. 4 (Uniqueness of a from critical point; Cauchy control pbm)
~L ,1 I t (I) . >1 ~' 't h h p t t :et Eu = Ev ; -" -, E L, ,t - ,llnl e suc t at n+t < ,

u v
I

let III II :S c Ir '01 < c II h II < IXI-Xo 1- qc 2nd conductivityv' 0, tV, r ' O,p h · L_a_t _X.J..j___--,

Assume {xoft. Eu A u'o = v'o } v {xo E r; A ao = bo } , then
II s '- r '110 < (ch + aHC r ) ~ V II v '-u '110,t L ,0)

REMARKS

(estimating @0[2-1 vs. combining the estimates of [2-1 and @ )
1) The structure of the estimate is preserved.
2) In a few (special) cases, cancellation occurs and constants
from the composed map are consistently smaller.
3) In general, constants depend on the estimation proceill.W~
their values depend on the specific data. 1JrLa{~~

EXAMPLE : uniqueness from independent data. IV~ ;'
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BY-PRODUCT
CLASSIFICATION

OF UNIQUENESS CONDITIONS
AND OF RELATED DATA - TO - RESULTS MAPS

(ONE DIMENSIONAL PROBLEMS)

Control
Problem
(@)

Unique a
([2 -I )

... ..., ......,,,
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{ [\7\:>0, 3 6 ·3·a(K)<d :::;> f IglP dK <E \fg (absolute a-equi-con-
K

tinuity of integrals)] /\ [uniform a-measurability of g over \fB~ D]}.

APPLICATION: one dimensional problems.
Choose a' E Ga(I),j E Gf(I) and obtain 01 = {ul u"E Gu(I)}·

COUNTEREXAMPLE :
typical stability estimates from state equation-s require e.g.,

II u"llo < -o (1=> u"E Gu(I) ) i.e.,,p
the continuity of [2 -1 is attained on larger data sets.

REMARK: LEMMA 1 is just a sufficient condition.

S B best estimati b d .gjiB!?oteCll/IDE ENEFIT: est estimatron constants can e eterml~~a~y;$

CONCLUSION : work at state equations is rewarding. @v.tf.a.- ;.

ANSWER TO QUESTION I AND CONCLUSION

LEMMA 7: { Relative compactness of Gc LP(D, 0:) , 1 :::;p < co }
<;:;>

STLL 11

mailto:@v.tf.a.-

	Page 1
	Titles
	.{lJi6Iioteai; 
	(JIYJdWT 
	Fondo 
	r • • 
	raSC!COI 
	~ , ;\ 
	co 


	Page 2
	Titles
	Session CP-7 
	SOME PROPERTIES OF COMPOSED 
	(*) partially supported by 


	Page 3
	Page 4
	Titles
	D .. [2 PI @.. R 


	Page 5
	Page 6
	Titles
	IIV(s-r)llo,2 <C(a,Dj){llvallo mIIV(V-u)11 + IlallO.m 11~(v!J8{l'tCf,f' 
	Ilvrll min a O,CD mm rz I ~. (J~ 


	Page 7
	Titles
	II s'-r'lio < kQL Ilv'-u'llo 


	Page 8
	Titles
	ANOTHER POSITIVE ANSWER TO QUESTION 1/ 
	- 
	~L ,1 I t (I) . > 1 ~' 't h h p t t : 
	Assume {xoft. Eu A u'o = v'o } v {xo E r; A ao = bo } , then 


	Page 9
	Titles
	BY-PRODUCT 
	(@) 
	([2 -I ) 
	, 
	, 
	... __ 
	-- 
	-_ 
	_-- 


	Page 10
	Titles
	II u"llo < -o (1=> u"E Gu(I) ) i.e., 



