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LJI33op.u-c-!ll!I!
The real j .z.at io i :  'b i ieory oi '  i i rne*var i .e i l r t  l inear systens is by now

wounde4 up and €i1r i lost  couple ' ie ( t i re Sz"* i iag;r- ! 'o ias ; r lodel-(see tgl  )

and t t r .e h"o- i ,a1r i ran al ;or i - thm(*"* lC] ) - l toreover,  fcr  otner rel iar l ls

concerning the operator t - r . 'uoret i .c approach to systern ano net luor lE

tneory see f  or  instance t lJ,  t6 l ,  L{  I  .  Ti :e Sz.- ! ; t r6y-- i : 'o ias i i ioctel-

expl ic i te ly uses trre ener6y cor iservat ion t -a lv tnrou3h tne not ion cr f

' ta rv  6 i l  a t ion  , t ion  in  t i i rber t  space and g ives  a
- uni- tary i i i lat ion of  a contract ion rn J ' lL ib€

geor le t r i sa i  in te rpre taL lon  J 'o r  t l ,e  dyna l r i c  o f  t i re  sys te in  (essent ia l l

for  t i re t ransf  er:  fur :c i ion of  t i ie systel l ) .

In recent yeirrsr se veral aiter,ipts 
' iLt 

f 'c.:ri,ralistus vrorki-ng

botf i  t i l ie-var iant  an<i  t iu ie- invar j -ani  cases appeareci  i i l  sysbera tneo],y
t - ,

ancl  or ie of  'b i : re most i l lustrat ive Paper in tn is erea i -*  LbJ '  i ion3
r \ -

t r i is  l ine,  a fonnci l lsr i  t  in\ f l  rve calL i t  Schur ana. lysis)  can be

. c leveloped, wnere thre sr l i f t  operat ,or  ( 'whic i r  i r i rp l ies f 'unct j -on t ; ieo:ry)

is repleioed by r t rnark:-n6 operatorsrr  and t ; te .d i f ferences betvieen t i re

.  t v ro  eases  becoute  a  l ra t te r  o f  no ta t lon"

Tire aira of  t6s paper is to c levelop the 'u i i te-velr la,nt  a,na. log of

t . l re Sz.- i ragy-Foias tneoryr &$ a moo.ei  for  o. is.crete t j - r . re,  i i .ute*

var iernt  syster i rs wi th a double inf in i te t i r*e lengir t"  Coirsequent,J-yr  \ ' !€

I  ob ta in  ihe  geoue i r l c  in ie rpre ta t io i i  fo r .  t t re  i rans fer  opera to : : (

recent ly,  a ser ies of  papers on t i roe*var iant  systerus vt i th boundary.

. -  I  - -- cono.it ioirs was rebun vuiln t l j  ,  and. t ir is p*per 1s ol1i" start j" ' ; ;

po int ,  er lso for  oef in i t ions and re i 'ere i lces )  e inc l  a  t r  cer t ron ica l

I rouel - r r  for  suc i t  i r ind.  o i  -yste; :s .  i ; ,or€ovQI l  for  an upi ,er  br . i i : t i -u1.ar '

ont r i rc t ive ope.rgtor  y le  construct  
. t r re  

t ine-v i i r iant  eystem r iav i l l . . i '

as  t ransfer .  operator  tne g iven one.  Jevera l  connect i r . r r l l  'uu i t i t  thJ ar(

to  be not iceu e ind rv€ a lso; i i :cuss so j l te  [ i$ i ,ects  red;er ] 'u :Ln$ r r  t - ' : . te
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embedoing of a nonstet ion.ary systeur into a stat ionary onetr.

I I PliijLL,rIi,i'\iii iJS

.  fn this paper we are concerned vri th t ime'variant l inear syste:

in the fo11ov,r i*g s'bate space reprezenta-l , ion;

wrrer-e xrr€ <r\ , ,  r  J( ,  n oeelnd l iLJ-bert  spaces ' (  the state spaces),
n A  t

un€ (Un 
, yo €T , , 

'R 
,, and. 

) r, beeittg the input spaces ano. respec'1

' .Pn
*o€ & ,,. f(.

rk
lTl ' 

rrtn^n

ei.n*

t,.X,'

i n - r
* r 1 6

( 1 . 1 ) nQ U'

wnere

qi

* T =RanD, and. if lve consider the unitary operator

(r) : 8te.S' .-? Co&r*

u *
J T ,

t,t
n

un

1 b e

l-{
I I

l )

11 ri l

1 =

b e

t *

I ^n+
\
I

L Y o

t '

vely  the output  spaces,  & lso t l i lber t  spaces.  . t i re  coef f ie ients  are

bounded. operators such toat i l re rnatr ices

/  ^ .  . '  D

l rn ,Bn\ 4',* f*
|  

- -  ' -  l : G
\ C o  , D n J  U w  " . & *

u l

are unitary operators, nQ 2,.  ConsequentJy, To are contract ions and.
we.  can suppose that  the systeu i  ( l . f  )  is  o f  t i ru  form:

r -  _ #
(L,2) \  

xn+r=T' x"+Dt'""u" 

n€ z.
L ytt =ot* *rr-Trrt*

I  }r 'erer &s i t i .  the rest of t i r is paper we use the nota'bion, frorn IXJ.
Thus ,  for  a  co* t ract ion T€*  6{ , t l )  .v re  note D*=(r - rS, r ) *anc

Drn*\
^ \

i

-r* /

.2 )  in  t i re  fonn 
'

*-\
" r \

"ra /

u" foou V on 'h associated. by t .ae

to the parasetersr  Gi r i+ l *T i  s i€  t i ,

/ r  ,
J ( r ) = {

\Dr

t i re systenr (1

l - -  \

/""*r\ n I
{ I  =J(qJ i
\v" l  \

I
cLer t i ie posi t i

l r
1

t
I
I

t
( 1 . 3 )

then we can wr i te

( 1 . 4 )

n z r  c i.  r \  OlV We C-. , . - *

algori tr .un in LZI (  Trr.eorer, 2.4)



1: ,

s,nd.zero in  rest .  Us j . r r .g  fheoreru 3.2 in [2 ]  ,  lve d"escr ibe the

rcoroposit ion of V in tne fol lovuing !vay:

lVr,, *{ rr*t d,r,

.:

u* f
)  l r .

'"r *

( 1  t r \

t J . o /

v//r.ere & o= ... O ,}t;" o $r.S, o^ft* e Sr*@ Si;, O...
and the entries narked. by r in tire definit ion of .r/

opera tors  on  'bne cor respono ing  spacesr  .  
n

By a direct conputat ion ( accorcl ing to l{  )  we have t}re

t rans fe r  opera to r  o f  t ; re  sys ten  ( l .A ) :
e,a n F*) t*

; @ dT* --**t OA-rI
\ a - o $

I

'\. '\
l .  J r " \ ) r- L )  ' , S  '

-n -xD_I  a  Y a' u )  l O  t t

n  _ - rv )  t 4

/ .
f r .

t '
It
t
t
I

I
I

I

\

ilrr='6'; is ti:e unitary

na.ving as syrr:tol Lne

l ie begin t r i is  sect ion by'd.escr i 'b ing t i re nonstat ionary v '6r iant

of  t i :e , io lo.  c lecoir ipcsi i ion.  Thus, rei  lvr ,3n" be a feul i i -y of

i so i ; ie t r ies ,  Vn€ . {  (€  
, r * f  ,  

' 8  
r r ) .  .ue f i . r , c  t i i e  spaces :

dr.=€nev*6n+l  )  *>o

i iren, el sirnple coii iputa't ion s.rro,r.rs tnats

are the ident i l

\i-a-cA

\
I

' t
, l

l

A
t

.,]rlTo b-L ,
., tTf br',

J
t
T

t
o

. , f rd i iat ion of  t  and gj  is  a

cir ieraster ist ic r 'unci i -on of  T

$ir ta l ry,  1et  us rei : : .ark tnat  uJnen Tn=,I  , ,n€ lZl  ,  t i re systern (  L.Z)

is t irae-invrz:' iant,

Toep l i t z  ope: .a io r
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( 3. 1 ) {, ^ov-f, ^_10. . .Qv".v* , 1 'y  y " - P f +  P  p + a

to1 p7 o,  k2 a ,
If vre d.eflne ti ie slraces (f: 

v̂

ob ta in  the  decon lpos i "b ions ;

' ' lrp+k-l{, p+k=f nounun+l . . . Vp+k?p-rk+

ca
* 

F* 
uoop+l ' ' 'vp+Ic-l * p*x then vre

the d.ecouiposi t iorrs :

( 3 . 2 1

v-=vT e,vl
v y y

( 3  . 3 )

wlth re

anci for

( 3 , 2 7

t ?ao

r:*r

f.-ta\ V

E rQ

s p e c t  t o

,,mup tr l }ere

)*
V p '

r r r l ' ra ta 
"n ' 'Q-n-r1 - . -* }  Q.^ are,  r , r r v . + v  r p . s , . . *  

- t {

unitary operators

pVp+l ' ' 'Vp-n i . - r  4  p+tc

unitei ry operato

eS
(*\ ' !
\l/ C\./ nr t.'

\tto 11 | *

such ti iat

t ) . 4 /

l-rhere

( 3 . 5 )

Using

nQ Z. t ,  t t re

*)rn( -r ) is

and tlien

( 3  . 6 )

where

r ^
I  D ,  ^ 3
I  

- | - t } ,
1
I
I

L

/  a  ^ \  f  - \  - \
\ ) c a ) ' \ ) . ) )  f O

correspono. ing

a. nota'i; ion fo

t ne  e i l ua l i t y :

_1 ,  Ou t *1J
-.ti_ 

n 
'J, jL* n .

I  t  ^ .

r
consiueratior;s I'o:' tlre fa,rilV 

ll{_

tn
/T\ lr"'-q rh
\ Y p ' p - " + r p  V  p + l

Qr.C Oo

S *  p+k+ l  @*p+ ic

s * r p ( 1 p + 1 , f p + a ' '  . '  ) = ( 0 r f p * l , 1 p + 2 ,  .  . .  )

t  the far t i ly  o f  iso,aet r : -es f  ,o* ,J  k7 n ,
{ ,  spaces are & 

* ro=\yo &#t)  n i rere

r  tne space . . ,SOgq&On. . .  in  . * ,

oO
= 6  i - . . . r / " , ,  q  ( - 1 )  ̂ ' r : t

[!o u ri+k *1I* o' K +r t1

LL+ I

{ )
{ * r t

One rrrore

9 r  Q u t
" K n  

= .

tnen we J lave

/  a  r y \  * { l

\ ) . 1 )  . - ' t -' r l

SiruiLar

Gcr( f  \ {  . .  . . ! v . .  ,  , -  - ,  &  .  . , , i
k .O 

4r  r i i -A"J  -1 -  
I  r i

r 'einarl< is t irat if r,ve define the space:

. .s,u i- r_', i, e#; t,url_ 
rer*(,- t )sftrft,*R,l 11 . . . \7,,.*k ft ,!"i

p+k-1?3 p+k s)€p

Conseque::rt ly,  t i re operator '"  UF lrave

! L ,  . ^ =
I  t  r ^

,o1*d u-l ,  r ' - l  1 /  A  1 l  <1



that the

qj')
( 3 ' o i

c0me sponding

is a notat i"orr

sp&ces al:e

f o r  t h e  g p a c e  o .

/ " \ f l l

M-'t 
* / vlhere" t . r !

, o anci lve bavr

J{,-, 
"= P_ 

to}-r" . .ilf-n ,$t,f ) @ g- -, r,
vrhere Q- --,"= 

fi 
,?r[ " . "iT*.k &rrr-,, ,we a].so consicry the spaae

J{ ;"i'= ffi r,L, . . .1,,,;-k ,,u;]J" U{ 'uo"er^l,t )6n,,n,,*, q,;":1 )c,"
ernd vre have the equality i

'Pi !, Lno,* rt
JL n= .#- n 

-'i}. rfu_. i.r .( 3 . 9 )

.  
l d o i v ,  t r v e

s y s t e m  ( 1 . 2 )  b

(  3 .  ro ;

\r

I
I
I

t

1
I
I
I

1

f ine the farrr i . ly  of  cnaracter ist ic operators of  the

the I 'ormu. las:

arr, J{ r'np-_-+ Jl ;"*

'rne sirace { out is ti:e output space over all tinre ( witir

respect to 'uir.e cri&rin€l of ind.ex n) and {, ittn 
j-s ttre input space

over al l  i ine (vr i t l r  respect to t i ie sanre channel  of  index n)"  A

usual  concl i t ion in systet l  theoi 'y is that  th is two spaees generate
-tt r ^ r.'1 l
J|  

"  
(  see for i i : .s tance\r l  ) .  rn t r re t lnre- invar iant  case, t r i is

condi t ion . is  connected rv i t i r  the control-Labi l i ty  a.nci  observabi l i ty

o i ' the  sys te ia  a i ro  th is  las t  cond i t ion  means tha t  T  i s  a  cor ; : .p1ete ly

nonunitary coutractiott. i iuri ler.r coliputi,.t ions holo in tine-va.r.iaryi .

case. Tnus' ,  using tne r 'orn (1.5) of  t i re l lo l ,noJorov c leco:,rposi t ion o.r '
N/
\#- we j-rru;red.iately get :

Ct nq(:1r inP
-/; out r
d * n  J =

=f n*&o /,., =i\rr-,-zr,r-:-h[= \\,ro_rirll=lir.l i=il 'rl{ =11*l*r*]rnil=...1

and. ti're concli 
' ' 't1 -/r i nP V ? ou Lt].on 6 n= ,tr;"t v.K i*

adequate  no t ion  o f  con t ro : - iab i l i t y  and

tne  channe l  o f  index  n( -uoreover ,  in  c

connect these i , r i t l . i  tne uni tary part  of

can be connected vri i,* a.ni

observab i l i t y  w i t i r  respec t  t

er ta ln c i fcurnste ' , ,ces vre can
c  1 * a  \

t n e  f a i , r L 1 y  i T  (  \ , . , .- [- 'nJn= -J:1.



, ,  .  )trrorn now on rrre will suppo$e ,.rnar d"=**"p V il, ;ot
situer1;ion t ire systern (1.2) w:l-. l-Lbe called. canonlcal. \ fe

:
arrd. in tili

can wri"te nc

t r re  roa in  resu l - t  o f  th is  sect ion.

11 TI i lCl iSt For a canonical system (1.2) rve have tt ie equal i t ies:

{r,=A;"*cbC*JEF
o**flo*",{:;* J,r*p =b 6,fuvn s \ * rn .  v . . ,  LQn,  

0  ( r -Qn)u /u  € . . .

IV THE lItrll,jIilrjrR OPiif;.ATO]t Alfil ITS GnCi,tIfRICAt ROt

In tir is secilon we <iescrj-be ttre nonstationary variari.t oi ' tne

Sz. - j ra6y-.e 'oras l ioci€L of  a coutract iorr .  Tir is iaodel  is  based oi l ,

Theorein 3.1- and. on the fol lovr ing naturaL ic ient i f icat ions.

l - ,et  us def ine t i re spaces

JL*, -=F_}r:|,-r -- o frr-i. 
"mo$r* 

o.-
( the $pe.ces JL +rn coincid.e ,  but  we d, i f ferent ly marked. t i ie

in i t la l  pos i t ion) .  ! {e  cons id .e r  the  mark ing  opera tors :

r
I  t t * , r 'S* ,n+r .+  &nr t

(  4 . 1 )  \
I  I d ,  - ( . . . , d  [ f  ^  [ l - f
L r I rr 

,n-l ,fgl, un-rl , ' . . ) = ( . . " , dn- t'Ug=* dn, . " " ) .

Sir i i lar ly,  c.ef ine trrre spaces
X C *  N  ^  A

, t= nffir".ord. 
= "' b s T'n' 6 Yt*P 

sr**. s "'

I r ing operators:

I I- ,  r t  *rL-,  n+I

clear that the naruing operators are unitary. 'I iten , vie

i den t i f i ca t ion  onera tors  I

ft*r . 17 out
\ Y  + r n '  { \  n {&*, r,

O

ri lA.?and. tirb

\ 4 . 1  )

'  I L l

def ine

( 4 . 3 )

-- \}.j tr_L . V

.  0 E i ,0 \1\ ., c

t s

* i i a

{
I
t

\
I

I
I
I
I
I
l
I
I{

and

t ,E 3',*i ,



( o -,,.t {,i"P-; J.lo-,rt
l l l

( 4 . D  1  l . - $ l * , , o
I  : -  J  , - . f :A i  o f i i l  ov- 'v '* '  t  

-  
Tl ,*r*. ,"

\ ;L \ ' 'i ' 
J /-*\

/  {  v + l

vvhere vre cio g^f rn-n-i 'Fo *r,o natural ir ien j ;- i  f i  cati  on ,.. ," {"}* .}t t /-
, \  ,{f{r lue 

tne na.tural identif icatj_on of <J1* r,vj- i l r l"airdtu*"Jl.rtt" oo 
ffi#rl'ue 

tne na.tural identificatj-on of d1x rvittrland

of il-f". lvitirk"Tne id.entii ' ication operators are :also unitary, A

direct  corrrpu'bat ion bi iseci  on (} .5)  shorvs that

(act ing naLLral ly betvreen -d, - e .ll'

*7*

I  - r ,

rh .r A't 6)
\ t  + r f l o l  

( * ' - r t r -  \ i . r

. . ^  +
3s r ,

-  l ' land rtrAO *.rr) .  n, 'or€ov€Ire considerlng tne fa:ni ly of unitary operator

t?*,,r ,  &, ; l l  
--*g;"T:*obterined by blre natural aci; ion of each

4 t
1F\,

( 4 , 5 )

|  . q  - / \

\ t . 1 , /

(  4 . 4 ;

and

( 4 . 9 )

Vf on
ll

( 4 . 5 ;
t u

we

[r
r 1 1  *

out
n.r- I ,

,'hw

cLL )-J t

t ion o

lh
f -

and. siiuil

by the ec

A *  7 ;
v {- , tf+l="'+

C ' w
e f'.-uily I r,t

'ivo on X{,il

' L L

4r inn
- ,  f l i  6  o* i

P  w e  a e t : 'r ,

obia i i :ed
- f J n p  i -  n
4  V J  U I I

f  eeich

(-.,
!i/

t i l  - t i l

Q -,r,o

we

(

I
I
L

..tt inpls
o rr 

* 
)*"-*

r X
r1\ -t,;i*#  - rn+1 - ' ' ' - r n  '

N o w  , can eef ine

&*0,-'. Q*.*

(  I -Qn)  n=O@

the unitary operatorsl

*--* \ o J"L*,*

,  ke &i"o

(

)
I
I

"V ,,t & ** ,!rtrnr* Q T@ $_,r,

^fr ,r= Q n, rr Q Qq*,r..
Llsing Tlieoreil 3.1 uncr tirese ur:. itei:.y o;,eri;tors lve

n i i in  resu l t  o f  t t r l s  sec t iono

4.-]_llr lru$lg For & canonnical systerl (I.2) rve itarve i ire

tr touel  in ter ins of  t t te t ransfer oper€rtor of  t i re system:

*, =18&-.* 05-CIJt-,*) *l6"ob6 n l" €
v\v'' \ 

d:o 
In+B

--Io.. 
(u 'Qu) = t{4,r", q* S M--,,.u u- ', GnO L € k""'

t

obtain t l re

folloiving

s , O " J

OJ-r \
\a?o 

l'L+tg J

ffi
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V THg ltllvjills;l PJt0iilXlil

I iaving Theorern r l . l  tnere is only a nattor of note,t ion to

obialn tne real iza'bion af '  eln. ui lper tr ian,3ular contract ion act ipg
e'D - . __ , X'r; t re lor-l [ .V loobetvreen .,,9' l{,, ancl 

^*lF" , wrler€ 1Trr5n=*o*d i ' f,r, i*.-;*r. 6iven
fani i l ies of  i r i l -bert  spacesr &$ t i re t r : ;nsfer operator of  a sys1eur

an upper  t r ia t r6u lar  cor : t ract ive operator  and vre consider  tge parkei

spaces  sa' t l^ ,.', = Olhrv-r -- . .. s \*-'o\yr.-, i o 1* o.-'o'utr '  
L:-"bU \J LU_r (J -

.-$.Jo*,.,* = .ffi ̂ t,"rK = '-- e k*. e\G (91(*" o"
\{c-.o

ancl t ire narkin.g operators:

Lt*rt: 3&'+l'Ya,il .- }ob*r"r,

lui-rrr: J-h-,hn1 '-**"**.+ ,.r"b-,*, .

lJow , Yre clefine t.rre npaces

: b  =  r  I  r 3 K * , t  
*

(& n- .-AJr4 * , n \J-,' UO _&t_ , ,,

anci 'bhe unita.ry operators:

lrYrr: ${"n+l_ .*.----+ *r,

\ { '=Lt*r '  G1-, [  '

! ' inal lyo vre def ine
^Jt cA rr 

--^

R*.r, =.6 5*,,o OtO .,.Jp-,*
r  t^r  k- .O V 

t 'A

4 .  - \  n  ^ \  I  r '  r A ' 1 0
] n= \ 

(r) *'€ DO * f 
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i i d .ap t ing  tne  cornputa t ions  in  ;ec l ,C t rap .VI  t l i l  ,  we ob ia in :

, . ]_J!J For an upper tr iangular pure contr i ict ive operator

(pure rleans that \\O^.,,.^1.1\i..,, l | ,r.^e.k.,,,-+o), -t,ne above cons-l,ruction i j ives a

canoulcal  systetn ( ' I .2)  i ravin6 €1 
'a,$ t : 'er ,ngfer operator.  f f i
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Tne f i rst  quest ion we d.eal  vr j - t i r  l 'egaros the conlrect ion rv i t r t
^ .  . r

.  t t l

the paper '  f l i  on tne mcciel , ' . ;  fcr  r :onco:; l ru i i r ig opera, 'Lo:"s" f i re Qi-L; 'er

ce is c ier ' - r  enou6tL,  l i rus,  v{e on. ly exploi t  tne i '^ofr , to6orov ctecor,rposi*

t j -o i r  of  a posi t j "ve kerne" ln $u our" noci .e i  is  of  t rut&rr i i -n6 opere. tors r I

type ena d.i ifererrt channels are i i ioceied through differetit unitary

opera' tors.  rnsteaci ,  i r r  t . ,e r i i rove r len'bioneG papc.f ,  tne fo l lo lv in6

s l tua t ion  is  o f  ln te res t :  T l , IZe  d ,  (  f r l  ,  t r . t f  + ' f r t |  {  I

and under cert i " ln cor id i - t ions,  one obi i i ins a s i r : iu l taneous raod.el  for

T . ,  anc i .To  ( i ,e .  tne  ruoc le l  i s  ob ta i r red  tn rou6h t r ie  sane un i ta r ry
l _ 1

opera to r )  .

3ut, \ ' ' ie r i ierr i ion t irat t ire ; icnur arialysis i j i i i )r be algo used in

C rcQ 
so

t i i is sltu.aiion ( arrci everr i 'or a f 'ai,, i l ;r \ t",(--*., lvith X'r,,t) $ r ).
u r rJ l r -J  \N : l  I l  r J .

*^ -l.t*
Tnus, i i r  t le c l rse r t=2t lve rrave Tr=u-yf  lvusr€ T.5( ** t lTot

is €L contraction ani. ciefine ( iraving j-n rnirrd. tne structure of t i ie

Itair,iarir clila.tion as given 1n [*J I :
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*  sucir  i l iat  k is invar iant  j . 'or

oi,oi ""a ,f=vlZJt , rl=vit k
r . rox€oYer l  cons ider ing  on  7L

t , . e  o p e r t o r s :
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U t

' i ;ne[  G. is a contraci ; iorr  and lve can Llse tne Sz.- I , , tagy- i , 'o ias r , rode]- ,J.

-Liutr as usual lvi len erppear conriectj .ons betlveen the paranle-Le:'s

o f  t he  r i ons ta t i . o r l e i r y  p rocess ,  t i r e  assoc ia ted  s ta t i ona ry  cons t ruc t i o : i

is  too lar6e;  i 'or  t l is  reasol l  rd i iy  r re  p le fere lb le  a d. i rect  o .er j -vat j -or" i

o f  t r re  i r todel  instead of  s i f t  i t  f ro i ; r  t r re  one obta ined by t i ie  above

genera l  er r ruedni r l . { .

J .  :
sgq$iu$lgs

r i rov , ) ) .2 .  : : t i re  s tab i l i t y  o f  c l i ss iper t i ve  l inear  s ta t io la ry

dyne i r [ i ca l  sc i i t te r ing  sys ter r i s ,  J .  opere i to r  T t rcory  z t lgTg)  ,  9  5 - tZ i

cons tan i inescu T . :The s t ruc tu re  o1 '  nxn  pos i t i ve  opera tor

Jrratr ices,  I j r ,Cfr , i rST prepr i -nt ,  i , io. f4r l l9d4r. f ic  .  >4/ lgo4.

Gohber6, r .  lKaashoei i l  j i r . i l . .  :T iue va.: :y ing l lnear s; lstens lv i t l

bound.ary cor id i t ions er.nd inte3ral  operatorsrr .  The t : ra i rsfer

operal ;or  anci  i ts  propert ies,rn.be3nr l  i iq.ernd" 0pera-bo::  T4eory,
a  /  t  t , .  :  \  a ^ -' / ( - 1 9 b 4 ) , 3 2 5 - 3 9 I .

i ' ' reuziro r- i i .J"  :  Cot lp let , ientg io l .od.els for  noncoi iunut i r r i ;  operei to. , - .s,

J ' .  r ' u n c t . . i n a - l  .  5 9  r  t ! o 4  ) ,  4 4 5 - 4 6 1 .
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uru|+u2{=ro riss Lr conceqlrence, { -ul(.-"0*lea,E I ( g bcei.n;
wanuerin3 space in t r ie 

' r io ld 
type ciecouiposi t lor ' t  rn 

' : ' i leorer;r  
f  [ ] tJ

The s€corrd '-1ue stio-1 T€,:,,urr].s rne ei*be<lch-i:. i ; o:f "btre r:cltrstu-i; ioi], jr,,,

procesc . . iven by ( l .2)  i .nto e sta, t icr le i ry orre" ' r , ie 
se" lv i , i  [2J tn, :_. t

tne 3eneral  c i i l -a. t ion tneory 6ives e&".ry such kincl  of  constr" ic i iorrs,

and r  moreover,  ! ' /e cLar i . f  iee tn is operai ion ai  the Scnur alrr : iys5-s

level. 'Inus, let be iire space J- = 4i,,.,t{.*
!ea-d)
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