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Abstract. Fixed point theorems have been an important tool used by mathematicians in
the study of the existence of a solution of nonlinear differential equations, and
noiilinear operator eguations in generai, since the beginning of the ceatury. In the
last seven years we have seen the appearance of some papers which extended the basic
idea of this tool to solve problems of control, state estimation and parameter
identification of monlinear systems, including distributed parameter systems. The
present paper attempts to survey the fixed point techniques used in nonlinear
distributed parametar systems in papers already published on this subject. Me shall
also point out the fact that most of these papers concentrate on theoreticai results.
Though several of them bring creative ideas, they are poor in practical results or

concrete examples of applications,

Keywords. Controllability; distributed parameter systems; nonlinear systems;
pbservability; parameter estimation; semigroup; state estimation.

INTRODUCT EON
In this paper semitinear systems of the type

z = Az -+ Nz+Bu, 2{0) =z, {i)

(A linear on Z, ¥ noniinear, B:U+Z linear and u
being a control) are considered for the case of
controllabitity, and systems with an observation

z{8) = z, (2}

¥y =0z (3

7 = Pz +Nz,

(A Tlinear, N nenlinear and C:Z-+Y linear) vor the
case of state estimation. It is assumed that the
dynamics of the linearized system

z=~Rz, z{(0)= z, "(4)
can be described in tevms of a strongly continuous
semigroup S{t} on an appropriate Banach space 7
{the state space).

The problem of controllability is to find acontrol
u{<) eU (where U is a space of functions from [0,T]
to the input space U of the system) which drives
system (i} from z, at t =0 to a givendesired state

Zq €7 at t =T. The problem of state estimation is

to construct the state z(t), t&[0,T)cf system (2)
when the output observation v(-)e ¥V (where ¥ is a
space of functions from [0,7] to the cutput space
Y of the system) is given by (3),

We aiso consider the jonint problem of state and
parameter estimation of system of the type
2(t) =fz(t) 4 Apa +Wi{z(t)a), 20} =2,

y{t) =Ca(t),

2/

where A is a linear operator which generates a
strongly continuous senigroup on a Banach space £

(the state space), Ay :RP +7n N & nonlinear
operator from Z xBP to Z, and C a linear operator

from the state space 7 to ¥, a space of output
functions from [0,7] to Y (the output space}.

The joint problem of state and parameter estimation
is to construct the state z(t), te[0,T] and
identify the parameter a={(a,,e,,...a. ) € rP for
system (1) when the output observationy{-)e ¥ is
given.

In order to draw comparisons we shall try to
maintain the notation introduced here even when
resulis are guoted from papers which adopt
.different terminology.

Examples

“An an example of the problem of control consider the
- following diffusion precess on Z=17(9,1)

Zt=ZXX+NZ+bu, ,’“ (6)
2,(0,t) =2, (1,8 =0, 2(x,0) =z (),

where b(-) eL2(0,1) and K is anonlinear operator
on L2{0,1) such as Nz -z2", 2z, 22, 272, etc. The

above system can be expressed in the form (1) by
setting U =R, B:R~L2(0,1) given by Bu =b(x)u and
A the Tinear operator on L2(0,1), A =zxx,with

domain

D(A)=[z eL2(D 1)-9-21 eLz(D,1},22-0 at x<0,13
< H -axg ] 13)(- =, .

It can be shown {see p.46 of Curtainand Pritchard,
1978} that A gemerates a strongly continuous
semigroup S[t? on 7.

As an example of a problem of state estimation
consider the nonlinear hyperbolic system

W + Mw, (7)

tt = ¥xx
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w(Oit) e w1t} = 0, wix,0) = w )y wix,0) = % (x),
1
w0 = [ et B e,

where ¢{+) & L2{0,1)} and N is a nonlinear operator

on £2(0,1) such 45 Nw=sin w, -i |Pw, we. By settin
Wew and A the operator from D(A)=L2{0,1) to L‘(D,'I%

Poaw = - 2% pla) = He(D,1) 0 HA(D,1), '

i T
then the above system tan be written in the form

; (2)-Bhwith 2 = (W), 27, = (wo,wo

G Iw
A 0lw|”
Wl _ [0
, "[ﬁ] = Nz)f .
‘ L .
the state space Z=D(AZ)=L2{0,1}=Hi(D,1)=xL2(0,1),

Ikl - l_itw.w;u; mnH; o’ Wl

20,1’
¥ =Rand C:Z+R |

Az

L[]
=
Frzl
E=
[

Nz =

1

<C,W> '

Cz = E(w,u) = .
: L#(e,1)

‘It can be shown (see p.24 of Curtain and Pritchard,
1978) that A generates a strangly continuous
semigroup ${t) on Z.

. iIFinally, for the joint problem of state estimation
and parameter identification consider the fellowing
diffusion process

|
Zt =Zxx+uz, ‘
z(0,t) = z(1,8) = 0,  2(x,0) = z;{x),

. with output equation

1
y(t} - jﬂ c(x) z{x,t) dx,

sy
i

“l
2
-

“FVyhere a 6 R is the parameter to be identified and
oyvels) e L2(0,1). |
7 Now, if we linearize the above system about (Z,a)
{Carmichael, Pritchard and Quinn, 1980; Pritchard,’
1771982, Felippe De Souza, 1964c¢) and set A as in the
Li diffusion process in {6), p=1 (i.e., cne parameter
-y0 € R}, ApR' = 7 given by Aja= Za, the .
=“onlingarity N(z,a)= a2-+i¥x and C:Z + R :

t
Cz = «c(-}, z(-)> "
x | L2(D,1)
Ty i
,f!then, we can express it in the form {5).

'FIXED POINT THEOREMS

Fixed point theorems have been used since the
beginning of the century to show local existence
theorems for differential equations. Recently
several papers have been published wsing fixed point
theorems to provide existence of the solutions of
the problems of controllability and state estimation.
These papers wsually provide mappings 4 or F definsd
on some space X of functions from £0,T} to 7 {e.g.,

¥ =0(0,T52) or x=LP(0,7:2) for some px 1, etc.)
and the solutions of the problems of nonlinear
controllability and state estimation are obtained
via the fixed points of such mappings.

So, existence of a solutian for the problem of
nonlinear controllability or state estimation is

- Mow tet G:U + Z be the operator

transformed intp existerce of fixed points of these
mappings. The papers referred to above used fixed
point thearems of contractive type, topological
type or contractive type with perturbations,

A classical example of a contractive type fixed
point theorem is the Banach contraction principle
{Banach, 1922), -

Among the several topological fixed point theorems,
we refer to Brouwer's fixed point theorems {Dunford
and Schwartz, 1963) and Schauder fixed point theorem
(Leray and Schauder, 1934).

Among the numerous more recent papers which develop
fixed point theorems of the last type we mention
Nussbaum {1969) and Petryshyn (1973},

CONTROL PROBLEM

First Tet X denote the space of the trajectories 1

(e.g., X=0{0,7;Z) or ¥=L"(0,7;Z} for some pz 1,
ete.) and L{t) be the linear operator defined on -
X=X for each t e [0,T} by : o
]
i ! .

t -
L{tdx{-) = ID S(t-s)x{s)ds. : 11}

T
o = JD S(T-s)Bu(s)ds = LT)Bu

and set ¥ - kernel {6} and &:0/% + Z defined by
Glul = 6u for all equivalence classes [u] & U/X so
that 67" always exists.

Suppose now that we know an aciuval trajectory
z*(t), t & [0,T) which takes system (1) from the
initial state z,= 0 (the origin) to the desired

state zy o0 the nterval [0,T]. Thus, it is easy to
verify that u* € U defined by ’

u = &7 [zd - j; S(T-p)NZ*(p)du-| (
i 8) -

g..

= é"[zd - L{TINz*{-)] I
is the wanted contral which steers system {1) from
the origin to z, on {0,7]. This follows since the

mild form of {1} can be expressed as [
20+) = $(+ )2 ¢ LEM2() # L DB, 2(0) =2, (9)
rs

Sp, the wanted control u* as diven in {8) dependson
the knowledge of the actual.trajectory z*(-) of the
system. Substitoting z{.) and v in (9) by
respectively z*(-} and u* given in (8), we obtain

z+{(-) = LU JBGT [z - {L{TINZ* (=)D + LC-ONz* (-},

which is an expression of the actual trajectory
depending on itself, Clearty, z*() is a fixed
point of the mapping ¢ :X » X defined by

(20} = L{)BE™ [24-L{TIN2 ()T + L= JN2(-). (30}

That s, z*(+}=4(z*{.}). The problem of control-
1ability of system (1) {in other words, the problem
of existence of a wanted control u*) is transformed
intp existence of a fixed point for 4. Moreover, the
problem of finding a wanted control u* istransformed
into Tinding a fixed point for ¢. This approach was
vsed in Magnussen, Pritchard and Quinn (1481);
Carmichacl, Pritchard and Quinn (1981a, 1981b) and
Pritchard (1981). In fact, Magnusson, Pritchard
and Quino (1981) ard Carmichael, Pritchard and Quinn
(1981a) using respectively a coniraction mapping
theorem and a fixed point thearem for mappings of



; De Souvza (1982).

contractive type with perturdations, have shown
that the diffusion process (6) with the non-
lipearity Nz=z? is controllable to any 4 within 2

ball of radius v in Z {r being dependent on the
norms on ¥ of S(+}z,, z;e Z and Nz(-), z(+)eX].

Actuaily, the work of Ichikawa and Pritchard (1979)
was ong of the first to use a similar approach to
solve existence and uniqueness of evolution
equations. Mappings similar to ¢ in (10) were used
in €armichael and Quinn {1982a) to solve an
optimal control problem and also in Kassara an E1
Jai {1982} in an attempt tu construct an algorithm
for solving the controt problem.

Felippe De Souza (1982, 1983c) showed that the
mapping ¢ in {10) does not have sufficient
conditions for us to obtain the wanted controls u*
which drive the system from 20=U te Z4 in the

interval [0,T]. That is, there may be wanted
controls u* which can never be found via the fixed
points z+f.) of ¢. Pritchard (1982) found that thL
mapping ¢ of {10) could be simplified by using 67

{the generalized inverse of G) instead of 67!, as
long as Range (G) is closed in Z. Moreover,
Pritchard {1982) assumed that U and/for Z could be
adjusted in order to the operator G to have closed
range in Z, later Felippe De Souza {19832, chapter
5 of 1983c) showed that this adjustment of U and ?
is always possible, Furthermore, Felippe De Souza
{1983b) presents an interative procedure for this
adjustment tc be done.

The mapping ¢ with 6T was an improvement in the
simplicity but, on the other hand, it does not
have neither necessary nor sufficient conditions
for us to obtain the wanted controls u*. Actually,,
a fixed peint z*{-} of ¢ must satisfy

[zd—L{T)Nz*(-}]e Range (G)
|
in order %o u* given by (8) be 2 wanted control
for system (1}, This conditions was called "check
‘of consistencey” in Pritchard (1982). Check of
consistency has also been used in Felippe De

' Souza and Pritchard {19833} with similar mappings
% ¢ for which sufficient conditions for us to obtain

a wanted control u* does not hold either, Felippe

“De Souza (1985) developed similar mappings ¢

which admitted cases where zogﬂ.

. A more sophisticated approach to solve the control

problem for system (1) was introduced in Felippe
This new approach involved a
pair z =(z(A},zf] cansisting of the trajectory

“Fz{-)eX and the final state z;6Z. Instead of

B

z‘¢:X*-X, the mapping used was F:M+M, M being the
cross product between X and Z.

!Assume that the state space Z is a Hilbert space
and the trajectory z{+) on [0,T] Yies in X
X=12(0,T:2).
Befine thq Hilbert space
M=X = Z

with the inner-product given by

RN
z; Zg
Define the operators 5:Z+M and L:X+M by

Sz, ={5(-)z;. S(T)z,)
Lx{-) = (L{-Ix(-), LIT)x(-D).

)}>M=<z('}’ZI(.))X+<Zf’Z%>Z‘

©(1982),

L

Now system (9} can be represented in the compact
form

z =5z, + LNz(+) + LBu{-}, 2(0) = (11)
1t is assumed that Range {LB) is closed in M. If
this is not the case for a particular choice (u,Z)
of space of input functions tf and state space Z it
is necessary te reframe the system in a restricted
state space I' and/or an enlarged space of input
functions U* such that the assumption will hold for
the choice {4',Z'). Here aqain the werk of Felippe
De Souza {1983a, 1982b, 1983c) on the adjustment of
the topology of the spaces can be applied.

The mapping F:M » M used in Felippe De Souza was
(12}

+

Flz} =y + (1-PWNz(-) + Pz - LBG 2,

where v = [LBG*z + (1- P)Rz&]eM is a fixed element,

1 is the 1dent1ty on M and P is any cont:nuous &
projection onto Range {LE}.

S

-

Felippe De Souza (1982) showed that if there is a -
wanted control u* in U which drives the system from '~
zoatt=0totm msneﬂsmtezdatt=T,tMn

u* can be obtained via the fixed points of F. In
other words, F was the first mappingwith sufficient
conditions for us to obtain the wanted controls w*. |
This was possibkle only because of the approach of
the pair (r(-),zf) consisting of the trajectory and

f1na1 state

Alse note that F in {12) is in fact a fam11y of
mappings, since P is any continuous projections
onta Range (LB). Several examples of continuous
projections onto Range (LB} are shown in chapter 4
of Felippe De Souza (1983c}. It 1is also Shown that
when zZ, =0 and for a particular projection P=p,

where 1 =1, + 1

Fin (12 ‘
Flz) = {320+, {ez ()M (TH + My (z - LNz (-},

where ¢ 15 as before. That is, ¢ can be regarded as
the particular case of F when P=1,. Also,
fiz(z-LNz(-)) i5 the missing term in ¢ which gives
sufficiency to F. PR L

was defined in Felippe de Souza
becomes

Later Felippe De Souza (1983c, 19843) developed
mappings F:M - M which have necessary and sufficient |
‘conditions. That is: if z* is a fixed po1nt of F,
then we can ogbtain a wanted control u*, and if u*
/is a wanted control, then it can he obtained using

2 fixed point z* of F. K | i;
Let £:M + M be the mapping ! Ei
é glz) =z - sz, - LNz (- ) | _%f
:i be any fixed element of M which satisfies :J
' % & Range (LB) and X = 0, i

hbeﬁefmwﬁdm]onlgﬂmlw -~

[

|
i q(z‘f) = "Zd = ZF” ’
| z

fand F:¥ + M be the mapping

F(z) = Sz, + LNz (-} + Pel2) + q(zf]i {(13)

!for = {z(-), zf) € M.

Fe]]ppe e Souza {1983c) showed that: If
z*= {z*{- ),z*)e M is a fixed point of F, then the



control u¥ € U given by
= (1B Fe(ze) {14)
drives wsmm(1)fmmz att:Otozdatt=L

Moreover, any control u* e U which drives system
(1) to 7y in time T has the form (14) for some

fixed point z* of F.

STATE ESTIMATION

First assume that the linearized system (4) is
continucus initially cbservable. Then the mapping
[CS(+}1:Z + ¥ has a continuous inverse [CS{:}]"!
{Curtain and Pritchard, 1978).

Row let X be the space of the trajectories (e.n.,

X=C{0,7T;2) or %= Pto,1,2) for some oz 1). The
mild Form:of system [2) can be expressed by

() =S;(-)z0 LNz}, 2(0) = 2z, (15)
where L(tf, defined on X 2 X for eath t [D,T3, is
the linear operator defined as before., So, the

‘observation y in (3) may be written as

= o541z, + CL{M(),

thus, i

cs[-}za = {y - cLl{-INz(")).

hence,

”fnr 6.

-This approach was used in Carmichael,
Quinn (1980,
. Pritchard and Fincham (1981) and Pritchard {1981).
~ In fact, Pritchard (1981} and Carmichael,
and Quinn (i982}, using contractive type fixed

e [CS(-)17%(y - CLO-DNz(4)),

and therefore, 1f 2*(-) is the actual state of the
system observed, we can write, by (15),

FALER I S(')fCS('Irl(y-CL(-)Nz*{-))+CL(-}Nz*(:).‘

Clearly, z*{-) is a fixed point of the mapping

c4:X + X defined by

(¢z(- })(t) SCEILCS{- )T Hy-CL{- Nz (- ) )+L ()Ml -).
(16}

ﬂwtis,z*b):éu*b)k The problem of state
est1matlon of system (1) with the observation given
y (2) is transformed into finding a fixed point

Pritchard and
19812, 1981b, 1982), Carmichael,
Pritchard

point theorems, showed that the state of the
hyperbolic system (7} with the nontinearity MNw=w?
can be estimated as Jong as the gbservation y lies
in the ballof radiusr iny (r being dependent on the
norms on X of S(-)z,, z;eZ and Nz{-), z{*) € ¥}.

Carmichael and Quinn (1982b} used § in {16) in an
attempt to construct an algorithm fur solving the
problem of state estimation, The assumption of
continuously initial observability for [4) is a bit
strong since it eliminates cases such as, for
example, systems described by partial differential
equations of parabolic type.

Pritchard (1982) and Felippe De Souza and Pritchard
{1985b) used mappings ¢ with [CS{-)1" instead of
[CS(+)1"1. It was assumed that ¥ and/or Z couid he
adjusted in order to the operator CS{-} to have
closed range in V. Later Felippe De Souza (1983a,
chapter 5 of 1983¢) showed that this adjustment of

y and Z is always possible, Moreover, Felippe De
Souza §1983b) presents an iterative procedure for
this adjustment to be done. This approach can deal
with cases left out earlier because of the
continuously initial observability assumption for
{4). Unfortunately, howcver, the new g with (CS{-)1"
does not have neither necessary nor sufficient
candition for obtaining state estimation via its
fixed points, An estimation of the state is not
necessarily a fixed point of ¢. A fixed point of ¢
will be the estimated state only if a check of
consistency presented in Pritchard (1982} is
satisfied.

A more sophisticated approach to selve the problem
of state estimation of (2) with cbservation given

y (3) was introduced in Felippe De Souza (1982).
Tnis new approach invelved a pair z = {zo,z(-))

consisting of the initial state z, e Z and the
trajectory z(-) & X. Instead of ¢:X + X, the mapping
used was F:M + M, ¥ here being the c¢ross product
between Z and X.
Let M be the normed space

M=7ZxX
with norm given by

fzgozC- Dl = Hzfl o+ RO

M z X

and define the operators S:72+ M and L:X + M by

Sz, = (2. S{+)z, ),
Lx{-) = (0, L{-Ix(+)).

Now system (15} can be written in the compact form

=8z« hz(*), 2{0) =z, (17}

and the output equation {3) can be written as

y{+) = cz(-). (18}

The mapping F:M + M used in Felippe De Souza (1982)
was

" F(z) =y + (I-P)LNz(+) + Pz - sges(- ez () (19)

where v —S[CS(-]]*y e M is a fixed element, [ is the

jdentity on M and P is any cont1nuous projection
onto Range S. K

/
Fe11ppe De Souza (1982, 1983c) showed that if z* =
(z* z*(+}) is a fixed point of F, then 2*{t),

t e [0,T] is the trajectory of the system and in
particular z*{0) = z; In other words, F was the

first mapping with sufficient cenditicn to obtain
stete estimation via its fixed points. This was
possible hecause of the approach of the pair

(zu,z(-)) consisting of the initial state and the
trajectory.
Hote that no condition on Range (CS({-)) was

imposed. Also, F in {19) is in fact a family of
mzppings, since P is any continuous projection onto
Range 18). Several examples of continuous
projections onto Range (S) have been shown in
Chapter 4 of Felippe De Souza (1983c). For
example, let P:M -~ M be

Plz.z(7)) = (z,,5(-)z,).

Clearly P is a continuous projection onto Range (S).
1t is alse shown that for a particutar projection
P =5, where 1=y + 1, was defined 1in Felippe De



Souza (§982), F in (17) becones

Flz) = {{ez(-)(0), ¢2(* )} » na{z - LH2(+)),
where & is as before. So the approach of & was
incorporated in the mappings F. Also ~5(zihz(*])
is the missing term in ¢ which gives sufficiency toF.
Later Felippe De Souza (1984a, 1984b, 1384c¢)
developad mappings F:M -« M which have necessary and
sufficient conditions for their fixed points to the
estimated states.

The foltowing result was proved in Felippe De Souza
{1984a).

Let X be any fixed etement of M which satisfies

X ¢ Ranga (8) and X = 0,
¢ be the Fﬁnctfoﬁa] on X given by

az(-)) = (- Gl ;
and F:M » h be the mapping

Flz) = Sz, + Lhz() + glz()}3 (20)

for z= {zo,z[-]) e M. The pair z¥= {z;,z*{-}) e M

is a fixed point of ¥ if and only if z* satisfies
both (17) and (18}, that is, if and only if
z*(0) = zg. zs is an estimation of the initial state

and z*{-) is an estimation of the trajectory on
[%,7].

Felippe De Souza {1984b) defined a functional f on
X and showed a similar result for the mapping F
given by

F(z) = F(2())5z, + Lhz(-). (21)
!

I
THE JOINT STATE AND PARAMETER ESTIMATION

In this section we show that the joint probiem of
state estimation and parameter identification, as

“formulated for system (5) with state space Z, is

equivalent to just state estimation of a system

with an enlarged state space Z x RP which has the
form i

z(t)
(22)

Ra(t) + f2lt),  EHO) - %,

“where A generates a strongly continuous semigroup

y(t) = Cz(t), |
‘ }
S{t)onZ=2xB".

Actually this approach has been used in Carmichael,
Pritchard and Quinn {1982}, Pritchard (1981, 1982}
and Felippe De Sowza (1982, 1934b, 1984c).

Since o € IRp, = g% = 0 and system {5) can be
expressed as

[in]=[2?][iu]+wu?mw

y(t) = [C 01 [zin] (23)

with initial condition (z{0},a{0}} = {z,.a).

System (23) was called the averall system for {5)
in Felippe De Spuza (1982, 1984c).

Now, if we define EO= (zﬂ,a) and Z(t)=(z(t),x) for
each t e [0,t3, then we can write the overall

system in the form (22) with

A A . N B
A= 0 0 , N=|Qjand C=[C Q1.

So, the joint problem of state estimation and
parameter identification of {5} is transformed

into state estimation of (22) and the techniques

of the previous section will then have an immediate
extension for preblems, of state and perameter
estimation of systems of the type (5}.

Felippe De Souza (19B3c, 1984c) also shows that A
gengrates the strongly continuous semiaroup St}
on Z given by

_ S{t) Lilt)
143 S PO —

where

t
Ll(thxzf S(1)Aadt
Q

bk,

ard I is the identity on rP,

CONCLUSIONS >

Theoretically, no doubt that the mappines Fin (12}
and (13) for the control problem and in (19}, (20)
and (21) for the problem of nonlingar state
estimation have some advantages over the mappina &
in {10) and (16) respectively. Besides, they are
more elegantly posed and their construction

involved some nice creative ideas. In practice,
however, it is much more difficult to apply fixed
point theorem to the mappings F than to the )
mappings ¢ since F are defined in a larger space M.

. Nevertheless, since the mappings 4 never give

necessary and sufficient conditions to solve each
of the problems of nontinear controllability and
state estimation, there are still some advantages
to consider the mappings F.

REFERENCES

Banach, $. (1922). Sur les operations dans les
ensembles abstraits et leur applications aux
€guation integrales. Fund. Matk., 3, 3133-181.

Carmichael, N., A.J. Pritchard, and M.D. Quinn
(1980). State and parameter estimation
problems for nonlingar systems. Control Theory
fentre Report, 89, University of Warwick,
Coventry, England. .

Carmichael, N., A.J. Pritchard, and M.D. Quinn
{1982). State and parameter estimation
problems for nonlinear systems. Aspi. Math.
and Optim., 9, No. 2, 133-161.

Carmichael, N., A.J. Pritchard, and M.D, Quinn
{1981a). Nonlinear control and estimation: an
appreach via fixed paints thecrems and deqree
theary, Control Theory Centre Hopor, 98,
University of Warwick, Coventry, Enaland.

Carmichael, N., A.J. Pritchard, and M.D. Quinn
(1381b}. Contral and state estimation of non-
linear systems., In Kappel and Schappacher
(Ed.), Fveolution Equaticns and thcie
4pplications. Proc. Conference onDifferential
Equations and Applicatiens, University of Graz,
Austria. Pitman Advanced Publishinn Proaram,
Boston, pp. 30-61.

farmichaael, N., and M.D. Quinn (1982a). HNotes on
optimal contrel and estimation results of
nonlinear systems. Proe. Third IF4” s Lum
on Control of DMotributed Paramicr susilenms,
Toulouse, France.




Carmichael, N,, and M.D, Quinn (1982b). State
recanstruction for semilinear systems: an
algorithm. Fros. Thind IFAC Fwmeaiao o
Control of Fiutwibuted Papameter Syatema,
Toulouse, France,

Carmichael, N., A.b. Pritchard, A.E. Fincham (1981).
Observers and application to gas distribution.
IERE Comerol and ©ra Applications Jonferomee,
University of Warwick, Coventry, England,

Curtain, R.F., and A.J. Pritchard {3978). In
Balakrishnan and Thoma (Ed.}, Infinse-
Dimenaionas Linear Sysoer siasory. Lecture Notes
in Control and Informaticn Sciences, Vel. 8,
Springer-Vertag, Berlin,

Dunford, H., and J.T. Schwartz (1963). Lincar
operators, Part 11, Willey (Interscience),
tew York.,

ichikawa, A., and A.J. Pritchard (1979). Existence
uniqueness and stability of nonlinearevoiution
equations. J. Matd, A=al. dppl., 68, 454-476.

Felippe De Souza, J.A.M, {1982}, The application
of projections and fixed points to nonlinear
contrel and estimation. Contrel Thecry Jencre

cport, 06, University of Warwick, Loventry,
England. .

Felippe De Souza, J.A.M, {1983a). Some aspects of
1inear operators in inner-product spaces.
Control Theory Centre Report, 111, Eniversity’
of Warwick, Coventry, England.”

felippe De Souza, J.AM. (1983b). The generation
of complete matched sets. Coneral ITFeors
Centre Report, 12, University of Harwick,
Coventry, England,

Felippe De Souza, J.A.M. (1983c). Some
Applieation of Projections in Nonlirear
Contral and Esiimation. Ph.D. Thesis, Control
Theory Centre, University of Warwick,
Coventry, England.

Felippe de Souza, J.A.M. (1984a). Nonlinear control
and estimation using fixed point theorems, In
Tzafestas and Hamza (£d.)}, Methods and
Applications of Meagsurements and Convrol, Acta
Press, Anaheim, California, Voi. 1, pp. 138-141,

Felippe De Souza, J.A.M. (1984b}. State estimation
and parameter identification: an approach
involving a pair consisting of the initial
state and the trajectory. Proe, First Lotine
=dmerican Conference on Automatie Control,
Campina Grande, Brazil, vol. I, 472-477,

‘Fe1ippe De Souza, J.A.M. (1984c). On parameter

identification and state estimation for
distributed parameter systems. In G.V, Bafas
{Ed.), Telecommmication and Comtrol, Acta
Press, Anakein, California, pp. 491-494,

Felippe De Souza, J.A.M. {1985). Control of non-
Tinear distributed parameter systems. In
lbarra-Zannatha (Ed.), Proc. II Coloquio de
Control Automatie, Centro de lavestigacion y
de Estudos Avanzados del Instituto Politécnice
Nacional de Mexico, Mexico, Vol. I, pp. 37-43.

Felippe De Souza, J.A.M., and A.J. Pritchard
(1986a). Control of semilinear distributed
parameter systems. In Felippe De Souza (£d.},
Telecommunication and Control, INPL Press.

Sao Jose dos Campos, Brazil.

Felippe De Souza, J.A.M., and A.J. Pritchard
(1985b). State estimation and parameter
identification of semilinear distributed
parameter systems. In Felippe De Souza (£d.),
Teleconmunication and Control, INPE Press,
Sao Jose dos Campos, Brazil.

Kassara, K., and A. E) Jai (1983). Algorithmes pour
1a commande d'ure classe de systemes a
parameires repartis non lineaires, Jowrmnl
Marrocain D'Automatique D'Informatigue 2t de
Iraftement du Signal.

Leray, J., and J. Schauder (1934}, Topologie et
equations fonctionelles, Ann, 324, Foole Norm.
Sup., 51, 45-78.

YA e

Magnusson, K., and A,J, Pritchard (1979). Local
exact contrellability for nonlinear cvolution
equations. romtrel Theory Contee Roport, 15,
University of Warwick, foventry, England.””

Magnusson, K., A.J. Pritchard, and M.B, GQuinn
(1981). The application of fixed point theorems
to global nonlinear controllability problems,
Ppoe, Semester on Comtrol Theory, Banach
International Mathematical Centre, Warsaw,
Poland.

Kusshaum, R.D, (1989}, The fixed point index and
fixed point theorems for k-set contractian.
Pn.D. Thesis, University of Chicago, Chicago.

Petryshyn, W.¥. (1973). Fixed point theorems for
various classes of 1-set contractive and }-ball
contractive mappings in Banach space. Yrans.
A, Math, See., 182, 323-352.

Pritchard, A.J, (1981} The application of a fixed
point theorem te nontinear systems theory,
froe. Third IMA Confercnee on Control Theory,
University of Sheffield, Sheffieid, England,
775792,

Pritchard, A.J. (1982). Nonlinear infinite
dimensicnal system theory., Proe, Third IFPAC
Symposiuwn on Control of Diatributed Parameter
Syateme, Toulouse, France,



