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ASYMPTOTIC PROBLEMS IN DISTRIBUTED SYSTEMS

Riviere Memorial Lecture 1985

J.L. Lions
Introduction
Distributed systems are systems governed by Partial Differential Equations;

this terminology is classical in the framework of control theory; we use this ter-

minology in order to emphasize the following: we are concerned, in this paper,

with some asymptotic questions which arise in connection with the optimal control

of distributed systems.

The main difficulty in dealing with problems of optimal control of distri-
buted systems is the complexity; this complexity may be due to the complexity of
the materials which constitute the system, or to the complexity of the model, or
to the complexity of the geometry etc.

In general these questions are the same for the analysis of problems without
control as for the control of the systems. We want here to give some examples where
the "control aspect" leads to some slightly unusual questions.

The examples are chosen among those leading to open questions.

The plan is as follows:

1. Composite materials and boundary control.
2. A thin domain

3. Singular perturbations.

4. A fourth problem.

Bibliography

1. Composite materials and boundary control.

1.1 Statement of the problem.

Let QeJR3 (dimension is taken equal 3 to fix ideas) a domain which con-

sists of a composite material which can be modelled as follows.
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Let aij(n) » 1, = 1,2,3, be a family of (smooth) functions which are y-

periodic (y = ]0,1[3 ; a’.‘j admits period 1 1in all variables) and which are such

that

a.. = a.. ¥, .
1J J1 1,J
(1.1)

1
aUC1CJ > OtCiCi ¥C1 € R, 0 ( ) .

We consider the system with the state equation given by
2

'y
€ _ .
(1.2) ot Aey8 =0 in @ x 10,1 ,
ot
where
_ ) 9
(1.3) Ae = - 3§ﬁ(aij (x/€) E&j) .

The initial conditions are

ay
= __._E = 3
(1.4) y (x,0) s (x,0) =0 in @

and one wants to control the system by a boundary control i.e.

(1.5) y v on)=Tx],TL , T =09%.

Let us assume that the cost function is given by

(1.6) I () = [y Iy (x.Tsv) - zd(x)]2 dx + N[ vZ dy

where:
z, 1is given in LZ(Q) ,

d

N is given > 0 .

(1) We use the summation convention of repeated indices
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The structure of (1.6) shows that we have to take
(1.7) vE L2()) .

Given v in LZ(Z) » (1.2) (1.6) (1.5) admits a unique solution, which is

denoted by ye(x,t;v) = ye(v) , and it is this function which is used in the
first integral in (1.6). But one has to make this precise, cf. section 1.2 below.
Assuming for the time being that the formulation (1.6) makes sense, the problem of

optimal control is to find

(1.8) inf - Je(v) .
veu
ad
where
(1.9) U,4 = closed convex subset of LZ(X) .

A few remarks are in order:
Remark 1.1

Given v the computation of ye(v) is - if we do not use asymptotic methods -

very complicated due to the rapid oscillations of aij(x/e) . [:1

Remark 1.7

The goal of this section 1 1is to seek an asymptotic expansion for

(1.10) ffi = inf J€ (v)
wsUad

as ¢€+0 and the solution v = u, of (1.8). As we will see this question is

essentially open! [:I
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1.2 Solution of the problem for e fixed.

One can show that, given v € Lz(z), there exists a unique function ye(v) R

soution of (1.2) (1.6) (1.5), and which satisfies

(1.11) ye(v) is continuous from [0,T] =~ LZ(Q) . [:]

The proof (cf. J.L. Lions [1]) is obtained by transposition of a result of

regularity .
Let us consider ¢ > the solution of
82¢€ .
(1.12) g + A8 ¢€ = f 1in @x]JO,T[ ,

8¢€ .
¢€(X90) - -5-t_ (X,O) =0 m Q ’

¢, = 0 on )

let us assume that
(4.13) feL'(0,T; L3(2)) .
Then there exists a unique solution which satisfies

1 3¢€ 2 1
(4.14) b, € C(L0,T]: Hy(@)) » = € C([0,T]: L7(R) () ;

(1) C([0,T]; X) = continuous functions from [0,T] » X.

1

o

(2) = {4} o, —2{1 eL?(), =0 on T} .
i
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this is classical; but an interesting regularity result is that (1)

9
(1.15) _ﬁg e L2())
v i
A
€
where %;— stands for the normal derivative associated to A€ .
AE
Remark 1.3

The main difficulty for what follows is that the estimate

9
(1.16) — < C(e) Ifl

Ma_L%(2) L' (0,T5L%(9))

contains a constant C(e) which increases as 1l/e as € » 0

(C(e) depends on —g—xk(aij(x/e))) |

If we return to problem (1.8) one sees that, by virtue of (1.11), v » Je(v) is con-

tinuous from Lz(z) >R , so that there exists a unique element u_e Uad such

that

(1.17) Je(ue) = inf o Je(v) , V€ Uad .

This is the optimal control which is characterized by the optimality system-

which can be written as follows:

(1) cf. 1. Lasiecka, J.L. Lions, R. Triggiani [1] for other results along these lines.



2
" Ve A 0
+ =
5t A
a"’p€ '
) + Aeps =0 in @x]O,T[ ,
1.18 Ve
(1.18) Y (%,0) = == (x,0) =0,
ape .
P(x,T) =0 , == (xT) =y (x,T) - z,(x) in o,
Yo =u_ on Y, p, =0 on y

and
ape
(1.19) fz (3;; + Nu) (v-u)dz >0 Vv U, .
€
Remark 1.4
The "adjoint state" P. is given by the solution of the backward wave
ap ap
equation, with —=£ (x,T) =y (x,T) - z,(x) € LZ(Q) ; then —= ¢ LZ():) so that
ot € d avA
the integrals in (1.19) make sense. € [:[

The main question is now: is it possible to simplify the problem by using

asymptotic expansions?

Remark 1.5

There are many situations where this is indeed possible, as shown in J.L.

Lions [2] [3]. We have chosen here to present an (apparently) tricky situation.

1

1.3 Homogenization theory.

Let us return to problem (1.12), where f s given fixed. Then, as € » 0,

one has:



o(2)) weak star (1)

o, > ¢ in L¥(0,T;H
(1.20)

3¢ ©
Fe— *’g% in L (0,T ; Lz(Q)) weak star

where ¢ s the solution of

3% + Qo = in axJo,T[ ,
at

(1.21) 5
#(x,0) = =t (x,0) =0 ina,
=0 on ) ;

in (1.21) \A is the homogenized operator, which is given by

32

(1.22) = -y, ;
1) 3x1.3x\].

the ' s are constants - the effective coefficients - which are given by expli-
ij -

cit (constructive) formulas. We refer to E. Sanchez-Palencia [1], A. Bensoussan,

J.L. Lions and G. Papanicolaou [1] for the formulas.

Remark 1.6

The homogenized operator ﬁ is elliptic . |j
Remark 1.7

The coefficients do not depend on @ but only on the material. There

ij'S . 1

qij
are codes to compute the ¢

(1) I’e’ fg)-(‘pe’lp)ng(t)dt > fg(‘ba"))ng(t) dt ‘VlP 6 H(l) (Q)s V‘g é Ll(osT)o
0 0



1.4. A natural conjecture....

At this stage, it is very natural to introduce the "homogenized control

problem", defined as follows. The state equation is given by

32
(1.23) “LrAy=0 in axJo,TC,
at
(1.24) y(x,0) =§—{ (x,0) =0 in @,
(1.25) y=v on ) =T x]J0,T[ .

This system admits a unique solution y(v), which is continuous from

[0,T] + LZ(Q); we consider the cost function

(1.26) § o = 1yxTsv) - 24007 dx + N [ vPar

and the problem
(1.27) inf g(v) , VE Uad .

It seems natural to conjecture that

(1.28) inf J(v) -»0 inf g(v) , VE Uad

' [5% 4
and that, if U, denotes the unique solution of (1.27), then
. 2
(1.29) u_ > u in L7(Z) weakly . 1

Remark 1.8.

Of course problem (1.27) is significantly simpler than the initial problem,

since \fk is much simpler than Ae . This is the interest of homogenization

theory! [j



Remark 1.9
Of course one can raise similar problems in more general situations where we

have non periodical structures cf. "Abstracts of the Workshop on Homogenization",

I.M.A., University of Minnesota, #115, November 1984. [j
Remark 1.10

The difficulty arises from Remark 1.3 . It is not known, whether or not, for

fixed v, ye(v) > y(v) (in, say, L*(0,T; LZ(Q)) weakly star), where y(v) is the
sclution of (1.23) (1.24)(1.25). [:I

Remark 1.11
In this direction we also mention the following open question: let ¢€ be

the solution of the stationary problem

»
©
1

<
-
=
Fo]

(1.30) €€

where g 1is given in Lz(r). Is it true that ¢, > ¢ in LZ(Q) weakly, where

¢ 1is the solution of

Hs
=g on T . ]

]
o

in Q,
(1.31)

Remark 1.12

Similar questions will arise for parabolic systems, with boundary control in

L2(z) . 1
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2. A thin domain

2.1. A preliminary problem.

Let @ be an open set in IR" with boundary
N = 1"0\JI'1

as represented on Fig. 1.

We are interested in the problem (1

ou _
u = v - 0 on FO ’
(2.2) dAuU
Au =5y 0 on Fl .

Fig. 1

A natural approach is to introduce the space

= 2(5 = i‘l = .
we provide E0 with
(2.4) u¢nE = Iagl ;

L (0

this defines a norm on Eg » since if 4¢ =01in @ and ¢ =-%% =0 on T, then

¢ =0 in Q@ . We then introduce

(2.5) E = completion of E, for Iole.

0

Then if v » (f,v) defines a continuous linear form on E , problem (2.1)(2.2)

admits a unique solution in E , defined by

(2.6) (Mu,av) = (f,v) ¥veeE. [:1
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A guestion which does not seem to be settled is the following: what are the pro-

perties of u € E near Fl ? Another form of the same question is: what are the

properties needed on f near rl in order for v » (f,v) to define a continuous

1inear form on E ? [:I

We are now going to consider a problem of this type in a thin structure.

2.2 An asymptotic problem in a thin domain

let O CR%, 90 =S,

e =0x]0,ef e &
X' = {xl’XZ} e o,
Xy = 10,¢[ ,

S =S x ]0,¢[ .

In Q_ we consider the problem

(2.7) A'u_ = f in @
€ €
aue
(2.8) U ==—=0 on S
€ \% €
-9 -
(2.9) Au_ ==, Bdu_ = 0 on 3,82 where

Remark g;l

We are going to work in a formal fashion; problem (2.7)(2.8)(2.9) is a
variant of the problem considered in Section 2.1 and in order this problem to make
sense it seems that f should satisfy "some conditions" near Xq = 0 and near
X3 = € .

Our goal is to have some kind of indication on the conditions by a (formal)

asymptotic expansion.
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2.3 An ansatz.

We introduce

(2.10) y = x3/e :
in the new variables x',y , 2, is replaced by

Ql =0 x ]J0,1[ ;
we look for u, in the form

(2.11) ug =g+ ezul + e"u2 T

where

u. = u.(x"', is defined in
j J( y) 2,

and where at the end of the computation we replace

au .
i =_:]_= i ! =
y by x3/e, and with uj 50 0 if x'€&eS =230.

We set

2 2

A= 42 , D= 23/ay .
8x2 ax2
1 2
Then (2.7) becomes
-2n2 12 2 _ _ .

(2.12) (e7D" + A)%(uy + efup +aen ) = f = f(x', ey)

and the boundary conditions (2.9) become

(2.13) (7202 + a')(u, + €2u

0 1 + ...) =0 for y=0,1

(e'ZD3 + DA')(u0 + ezu1 |

0 for y =20, 1.
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Identifying in (2.12) the powers of e gives

b4 -
D uO =0,
(2.14) D‘*u1 + 202 Auy =0,
L 2 2 _
D u, + 2D°A u; + 8 Ug = fE
and the boundary conditions are
2 _ 3 _ -
D Ug = 0, D ug = 0 for y=0, 1
2 1 _ 3 ' _ -
(2.15) D u; + Alug = 0o ,0D u; + DA up =0 for y=0,1
2 ] - 3 ] —_ -
D u2 + A uy = 0, D u2 + DA u, = 0 for y =20, 1,

It follows from (2.16)1 (2.15)1 that
(2.16) Dzuo =0 in OxJ0,1[,
i.e.,
(2.17) Uy = uo(x ) + ywo(x ).
Then (2.16)2 (2.15)2 reduces to
D*u, =0 D%u, + A'u, = 0 for y = 0,1
1 ‘ 1 0 o
D3u1 + DA'uO =0 for y =0,1
i.e.
(2.18) D?uy + 8'uy = 0 in O x10,1[
i.e.
Vs
(2.19) uptoa (2 Vo * % wo) = vl(x ) + ywl(x ).
Equations (2.16)3 (2.15)3 reduce to
L 12 _ ]
(2.20) Dlu, - 4" uy = f_(x',y)
Du, + A'u; = 0, D3u, + Da'u, = 0 for y=0, 1.
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In order (2.20) to admit a solution u, one has to have compatibility conditions

which are obtained by writing that

2

1 L | 1 1
fO (D U2 - A uo)d.y = fO fe(X s.V) d.y

and

' 1 '
féy(D“uz - 8% ug)dy = [o ¥ f(x'y) dy .

Using the boundary conditions, one verifies that these conditions reduce to

IO Ly d.y =0, foyf ‘,y)dy = 0

(2.21) [ f(x'sxg)dxg = 0, foxaf(x',x3)dxq = 0 .

This leads to the following question: are they any connections between (2.21)

and the condition that f belongs to the dual of the analog of the space E

introduced in Section 2.1?

Remark 2.2

The control of thin structures, or of structures which contain some parts

which are thin, is quite an important problem in the applications. 1

3. Singular perturbations.

3.1. Optimal control and regular approximation.

Let us consider the system whose state is given by

2
(3.1) BY =y in Q = ax]0,T[,
st 2
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subject to
(3.2) y(x,0) =-%% (x,0) =0 in @ ,
(3.3) y =0 on ) =r1x]0,T[, T = 30
The cost function 1is given by
- ay 2 2
(3.4) J(v)—]zl—a—v-(v)—zdl d£+Nvadxdt.

We remark that given v in LZ(Q), the unique solution y(v) of (3.1)
(3.2)(3.3) satisfies <L (v) € L*(x)€(') so that (3.4) defines a continuous
function on LZ(Q).

The problem of optimal control
(3.5) inf Jd(v), v € Uad = closed convex subset of LZ(Q)

admits a unique solution, denoted by wu.

We do not write here the optimality system which characterizes u. The

question we want to raise is the following: 1in looking for numerical approxima-

tions schemes, we shall need approximations Yn of y which give "good"
ay

approximations of 33n under the hypothesis v E,LZ(Q).

This type of question - which does not seem to have been considered in the

1iterature - leads to the problem considered in the following section.

3.2. A singular perturbation problem.

Let us consider the equation
32“5 2
(3.6) + eAu - ma_ =f in Q= ax ]0,T[, 0
atz € €

(1) Cf. (1.15). It would be sufficient to have v € LI(O,T;LZ(Q)) to obtain

the same conclusion.
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where u_ is subject to

ou
(3.7) u_(x,0) = —ﬁﬁ (x,0) = 0 in
(3.8) u_=0 on Y

bu_=0 on )Y .
We assume that

(3.9) f e L'(0,T;L%(0)).

This problem admits a unique solution for every

which satisfies

u_ € C([0,TT; H(2) N Hy(2)

(3.10)
Bu€ 2
—ﬁ—éc(EO,T]; L7(®)).
Moreover:
hu i ! < C (independent of
C([0,TT; Hy(2))
(3.11)
8ue
flem— 1 <C,
% e([0,73; L3(9))
and
(3.12) Ve u i

€ ¢([0,TI;H%(2))

One can show easily that, as € » 0 ,

€)



-17-

u_ >u in L*(0,T; Hé(n)) weak star

(3.13) TR
>

. 0 . 2
S >3 n L (0,T; L°(Q)) weak star

where u 1is the solution of

2
(3.14) 9——‘; TR
ot
- ou _
u(x,0) = (x,0) =0 in @,
u=0 on ) . 1

A (seemingly) more difficult question is the following. It follows from

(3.10)1 that
ou
(3.15) 5 € C(00,T1; H¥2(r))
so that in particular
Bus 2
(3.16) EYY e L (z) .

On the other hand we know that under the assumptions (3.19) then

(3.17) Loe ',

hence the natural question: do we have

(3.18) —& L4y L) 2
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Remark 3.1

If (3.18) was true, then we could use standard (finite elements) approxi-

2
mations for 3—% +ety-ay=v, y=0 a=0 on 1, in numerical
ot

algorithms for computing inf. J(v) as given by (3.4). ]
Remark 3.2.

0Of course the question (3.18) amounts to find an a priori estimate of the

type

but this is not known.
A priori estimates of this sort - but for different boundary conditions -

have been given in J.L. Lions [4]. 1

4. A fourth problem.

We end up by mentioning a problem which we have alredy raised since several
years and which may be of some relevance in vibrations problems.

We consider a perforated domain 2, which consists of a domain o where

we take out "holes" of size e in a periodic manner, with period ¢ .

The boundary of 2, consists in two parts:

s = re\) S,

—
"

¢ = what remains of T = 3@ after taking out the holes,

w
]

union of the boundaries of the holes which intersect ¢ .

Let us consider now the spectral problem
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2 _ .
(4.1) % u_= Aelu_  in g o
E)uE
(4.2) u_=55-=0 on FEUS€.
What is the behaviour of - in particular - the discrete spectrum
(4.3) 0 < Al(e) < Az(e) < vee € Am(e) < ves

of (4.1) (4.2) as e »07?
Remark 4.1
The analogous problem for - A:
(4.4) - M= A(e)u in o,
(4.5) u_ = 0 on ane

has been soled by S. Vanninathan [1] and L. Tartar [1] (cf. a presentation of

the results in J.L. Lions [5]). The solution uses in a seemingly essential

manner the fact that the first eigenfunction of - A is a positive function and

does not seem to extend to problem (4.1)(4.2). [:I
Bibliography

A. Bensoussan, J.L. Lions and G. Papanicolaou [1] Asymptotic Analysis for periodic

structures - Studies in Math. and its Applications - 5 - (1978) - North Holland.

I. Lasiecka, J.L. Lions, R. Triggiani [1] Boundary control of hyperbolic systems -

J.M.P.A, 1985.



-20-

J.L. Lions [1] Controle des systemes dispribués Singuliers. Paris, Gauthier

Villars, 1983.

L2] Some methods in the Analysis of systems and their control.

Science Press, Beijiny (198l). Gordon and Breach.

L3] Some asymptotic problems in the optimal control of distributed
systems. NASA-IEEE conference in San Diegyo, 1984.

[4] Un resultat de régularité pour 1'operateur 332+ A . Dedicated
to S. Mizohata for nis bOth birthday. To appear - Kyoto Unss.

Lb] Lectures at the course CEA-EDF-INRIA, Breau Sans Nappes, Summer

1983. CEA Publication, 1Y8b.

E. Sanchez-Palencia [1] Non homoyeneous media and vibration theory. Lecture

Notes in Physics 127 (1980), Springer Verlag.

L. Tartar [1] Unpublished.

S. Vanninathan LLJ C.R. Acad. Sc. 1979. 198U.

J.L. Lions
Colleye de France
and CNES



SeuR Jquo
3O SO|jeweu|y 3y} Of yoeouddy ee44-24RU|PJIOO) Y ‘USYOD °H pur uey Buis-iyD
suo|4enb3l
9ARM JBBU||UON 84840S|Q A{|N4 JO SS@|D @ U] SUO|4N|OS UOH||OS ‘@ynT *H uof
wnipew 6uj4onpuoy a4)sodwo)
@ 40 sajj|ie|nbuis abp3 ays upg ‘Jsebiequiep °H pue @|dUe|ed-Zeydues °*3
uoj|4enb3 jqooef-uo4| |weH @ Of uojjew|xosddy
poeds-ajjul4 @ SR uo|4enbl wn|pey Snodod ayl ‘zenbzep *J°r pue uosuoly °9°Q
S{OeLSqQYy JRU[WeS JOLIRNY JOLUIM
SP|N| 4 UQJUO}MAN-UON PuR SuawA|Og4 snoydiowy uo dOYSHIOM 3y4 WOJ4 S4ORILSqQY
uo(48414) Bupesuea0 ay4 y4im Bupdoed] O[4SRYDO4S “‘Z4|mOsRZ|O] Oy
Y U] 489S pax|4 awos o sabew| Sul}ly S8 Y U] S4IS X9AUO) ‘Zi|mOJRZ|ET ©|JIY
3 4 uojJe4] 40
Bu|%e4daA0 344 Y4im sajuopdefed) djpojseduoN Bujdoed] ‘zijmotez(e] oIy
ssauoedwo) pejesuadwo) 40
SPOUSW PuR ‘uo|4eindwo) ‘Asoeyl UO|4@|[|2S0 UO dOYSHIOM SY} SO} SPOeU4SqY
a|djoujdd wnu|xey Adosjul ay4 pue
‘aungeuedwe)] a4njosqy aA|jebeN ‘saie4s 9|q|Ssjupy djweudg ‘uew Bujs-1yd
we|qodd ©|2e4sq0
3y4 JO)} SaIRW|4ST |R|4UBLOd PUR UO|JB4]|J) JOueiM ‘OOSOW OfJequn
$42944sSqy Jeu|wes Jejsend | (@4
uojsuadsng @ u| wn|psy pesdsed
-S| @ 40 uo|snyy|g Bulang s400343 (@N4U[A UQ ‘Su[AO|9 °d pPuR Z(ude) °9
|| Suoi4enb3 ,SORRS| 4O SUO|4N|OS AL|SODS|A 4O SOA|4
-RA|JOQ |QUO[4D0J4](Q PuR SBwR9 |R|4ueu8}4|q ‘S{pluebnog °3°4 pue suo|l °°d
we|qodd SeuRJQUeW-N eyl ‘|| |eJejjed-eJsebiep *9 pue jodjy) °W
suojienb3 jeaH Jeeuj|
-|weS 4O SUO|4N|OS [RGO(9 JOj SPUNOG [JOjUd vV U0 YJewsy vy ‘eb|9 rzey|ysoy
S|94SAJD pinbjq jo suoj4ed||ddy pue Auoey] uo dOYSHJIOM BU4 JO} SO0JI4SqY
weJosy]l 4Noqe|) v ‘SJIOPOOR Z4|OH RuIAW
8owds Ay jpouwo) |RuOjSusw|(
84Ul JU] UR Y4|A SO|WOUCD] UOYIONPOLd U| @|J4q]||nb3 ‘ewez wR(|[|A
SUO| 4| (ROD O SBZ|S PepPuUNOg Y4|M SSaU|4AUSUON :SUO|4||ROD 84|u| 4 pue
SJ48AR|d }O WNNU|{UOD @ Y4|m CWRY @ JO 940D OUl ‘SJIGPOOK °N PUR ONGURY *N
Bujuuial Joj |epon v ‘Auded °d Y49JR9 puR SXOOPPeN uyor
suo|4enbl uebu|poJyds JO SUOILN|OS BA|4|SOd ‘@ieiny NJIoU|K
S|945A4D D14S@|3 POU|RI4SUO) BWOS JO) AJOOYL OA|4N4[{SUO) ‘UeSYO|IF *°f
sJoieuedg Jebu|poayds jo suojinjos
aA|4e6ouuoN 404 uO(4BNU|LUCY Onbjun ‘O|ejOoseg N puR BZUEIR|Y) ° 4
SPROT 6A1T y4ia
Swe|qoJdd pezjJesu|] JO} SY(NWJO4 S,u0el ‘||(em}}e) vuebiep 0)610)9
suo|{ed||ddy s4] pue Abo|odoy
1914UBJB441Q UO S8UNEO0T AUOIONpoJju| 864yl  ‘y4soaBul((14d *f y-q

o141l (S)Joyyny

A4
14}
124
eVl
vl
vt
orl
65l
8¢l
el
9¢i

19
vel

cel

el
19

oct
6Z1
8zl
Lzl
9zl
14}
vZl
£zl
24}
1zl
ozi

s

uoj|¢enby jeeH
Looc»_ Jwes [eJeusd @ uop dn-mojg jujod o(Bu|s ‘Je|SS|eM °j pue J(|eny °)
8dA] uG4B4S O We|qodd Buj4SR) SNONU|4uO) Adeuojinioad uy  ‘senbjupoy °f
swe|qodd o_uotmuo 0140|113 4O} SB4QU|[IST |@|4UB4O4 BS|M4U|O4d ‘OOSOW Ojfloqun
sdnoug 40 sededs BulAj|sse@[) ay4 uO dOYSHJIOM BY4 Joy mwbn.;mn(
C|paW PU
S|@|J048W O || NPOW OA|430}33 PUR UO|4RZ|USBOWOH UO JOYSYJIOM BU4 JOJ SIORESqY
SORYD OA|4]420WwO)  ‘URN| |94 9AO4S PUR 9I9OeUeQ pucwiey
JOSUB| J8pJO-PUODSS @
|@d|oujiqd B4 4O SOA|4RA|J3] Bu4 up ‘Jeboy vy pue uos|me) °@g
suoj|jenbl Jeeu| QNS uo SHJeWSY ‘S|ZoJg W|eH
S4|NS8Y GWOS pue |[8POW 3yl :SuO|4||ROD 84Ul pue

3O S4u@|JRAU|

SJ9AR|4 JO WNNU|JUOD @ Y{|A SWRH @ JO 940D 8Yy] ‘SJIGPOON °N PUR OMOUR) °K
buj4oRaiuc) |ew|4d) JOpUN SEING 4O |SPOW wWN|JQy||Nb3 uy  ‘uyey <9
U104 Bujuany @ wouy uoj4edunyig jdod  ‘yoeqIeine °y
Bujaopjuow 4o9)Jedu|
YlA R1Jq(INDT [84Je] |ow|4d0 ‘|448YDO@4Ss °J pue ‘e0Jved °Q ‘NeJqy °q
suo|4enb3
a|qe4ueud} | +uejea|nbly Bu|sn Swo|qodd xeW|U|W }O SUO|4N(OS ‘uey) °y
(11) sie4sAs) jo Bujuuial  ‘Jedye|Jepuy °g
SUO|4@[JBA JO SN[ND[R) BY4 U| SWOJOOY| S0UdLS|X] ‘[YduR|YDS Y Pue O|COSBN °3
SO |WOUOI] qeoT :SI|WOou0dI 9A| | 40dwo) A[4d9 404 UuQ ‘S||euue)l °N pur suoww] °(Q

JO4R[ | |50 URSYOOY-O06N @ 4O SUO|4@JQ[A opny|jduy a4july ‘Ay4eeg pae|| W

eouepuodseJlo) Bujauesaly AdeAajag ‘junow yjeuuey
J0SU8]

@ JO UO[{DUNJ{ PBN|RA-JOSUB] @ 40 BA|4RA[J48Q 3y] ‘J4eboy °y pue uos|Le) °Q
Asoay] assoW 4ueideainbyl

8y4 @A we|qodd Apog-N 38U} 40 suo|ieanbjuo) |QJjue) ‘e |eoed euewo| |4
Ad111qe4s

2145@|3 pue A4|D[4S@|3 JeSuU|[UON Ul SO|dO] SwOS UO 8un4deT ¥ ‘Ay4eeg pue|| N
SUO|4@Nb] |@|4UBJBY 4G |@]44Rd PuR S$D|SAygd wnnu|juo)

U} suo|4send A4l|1Qqe4S pue wnjiq)finb3l uo JOYSHJIOM Oy} JO} SIORILSqY

wn{Jq|(|nb3 4o%Jen O} S|sAjeuy A4|A]4|suas ‘AeuanbeN euuy

SexopeJed Aloey] wn|Jqgj||nb3 jo3Jen awos uQ ‘AeuunbeN euuy

s|e4sAay o Bujuuiay ‘vesxoya3 <7°p

sadcuede}edd

[QUIPJR) PUR S| 4| | |41 UJejsusbiop-uurwnanN UOA ‘AXS|uU|}Yd|YD @je|oe.

sajpung aa|4eboN pue S48S [RI[4[4D ‘S@WRON °TI°f

SeWOO4NQ ©GR4S PUR J|@4 :Saweg 96.e ‘ewmZ cy we|||[A ‘SJOPOOR Z}[OH QuJAW

SUO|{@20| |y UR|SRJI|GM JO UO|4R4uswe|du| Y4 Ul A4|||qeisu| ‘uepsof -§°f

Asoey] |edseueg y :Buj4unodsiqg y4im saweg pejeadey A(ajjujjui ‘neuqy dijia

uo|4ouUng y4oows d(Jeueg @ Bujjuewe|du] ‘SER|[{|R °Y USAS4S

$58004y 8besse 9(qe4s A[|@D07 @ ;O 8dUB4S|X3

Oy4 JOJ SUO|4|PUO) 4UB|D| NS PUR AJRSSIDEN ‘SER||||M Y UGAGLS

soey) 40 {deSuo) |[QJBUSY BU4 UO SHJRWEY |RUO|IDUNY ‘OUeARR] WR|||[M *4
Suo|4ouny Adouqul SNONU| JUOD-|wes

80uUe4S|X3 ayy pue ‘se|uobeye) peso|) ‘sejsobeie) o4eiS ‘GueARRT WR|||IM °4
sdep 4O S@|DJ4|D 4UR|JRAU| }O uO|4e4ndwo)

|82 JeunN Byl ‘ueYq|[0d °S Pue ‘4p[WydS -Q°T ‘SIHV ‘Y ‘S|PIXeIAeN °9°|
AL1AL41PPY

+NOY4IM A4i[14n Pe4oedx] pue A4y |qeqodd 2A14defqns  ‘Jeip|ewyds plaAeq

jusweuunol @ wody Bujsoouy ‘uj|noW SAIeH

1405 94|U|4 @ JBAO SUO|4OUN4 B8D{0YD ‘u||NOW SAIGY
se|b6ojouyde]

X@AUOD-UON pOLIedx3 j0 souebiew3 ays pue (gpy u| buibebuz ‘jeuuey Jeyej
A412|po|Jod pue Ssaupepunog || ‘Asoeyl Aoionpucojwes

U] WO SAS JROU|[UON @ JO SuO|4n|0§ juepuadep-au|] ‘uewp|eS, SewOy]
s@oedg A3| 0GOS pue 1

up wn{Jq]||nb3 eA|4]40dwO) @ JO EOUBLS|XT ‘[TOH N9 .:n»:zu_ﬁ 9
408y

ewey pue SO|WOUOD3 u| S|SA{Quy ue|sedeg uo JOYSYJOM By4 JO} SPOQJ4SqY

Aueuwng vy

31411 (S)Jousny

(pONU| $uod) Sjujadedd Wi 4usedey

611
git
Ll

1

Gl
4%}

oM
—

it
ott
601
801
Lot
01
SOt
vol
€01
Z01
101
001t
66

86
L6

S6
¥6
1)
26
16
06
68

86
L8

98
S8
1£°]
¢8
Z3
i8
08
6L
8L

#



	2006_05_02_15_23_18.pdf
	2006_05_02_15_23_34.pdf
	2006_05_02_15_24_51.pdf

