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AVERTISSEMENT 

Ce volum e contient l a plupar t de s exposé s faits a u Congrè s d'Analyse de s 

Systèmes qu i s'es t ten u à  Bordeau x e n Septembr e 1978. 

Les mot s "Analys e des Systèmes " son t à  l a mod e et recouvren t n'import e 

quoi. E n préparan t cett e introductio n j 'a i essay é e n quelques page s d e décrir e c e 

qu'on allai t trouver . J e n' y sui s pa s parven u e t j e m e sui s aperç u qu e j'essayai s 

de justifie r a  posterior i pa r de s "raison s scientifiques " l e choi x de s participant s 

au Congrès . E n réalit é j e doi s confesse r qu e c e son t surtou t de s raison s person -

nelles (relation s nouée s dan s d'autre s Congrès , amitié , intérê t esthétique... ) qu i 

m'ont guidé . 

Il es t quan d mêm e importan t d e dir e qu e dan s c e qu i sui t n e son t abordé s 

que certains aspect s d e l'Analys e de s Systèmes . O n peut affirme r qu e pou r l'essen -

tiel i l s'agi t d'Analys e Mathématique de s Systèmes , qu e c e qu i touche à  l'Analyse 

des Système s gouverné s pa r de s équation s au x dérivée s partielle s o u stochastique s 

est absent e t qu'i l n' y a  pa s u n mo t d'analys e numérique . Pa r contre , l'utilisatio n 

de certain s outil s :  Géométrie algébrique , Groupe s d e Lie , Combinatoir e . . . 

pourra étonne r e n Mathématique s Appliquées . 

A c e sujet , i l fau t dir e qu'o n ne trouver a pratiquemen t pa s d'applications . 

Ces mathématique s s'appliquent-elle s ?  C'es t u n suje t (controversé ) qui n'es t pa s 

abordé. Inversement , o n peut affirme r qu e le s problème s (mathématiques ) abordé s 

sont généralemen t trè s directemen t issu s d e question s qu i s e posen t réellemen t e n 

Automatique . Cec i expliqu e une terminologi e bizarre qu e l e mathématicie n juger a 

sans dout e agaçant e e t mêm e obscure . J e pens e qu e l a lectur e d u 1er chapitr e d u 

livre d e LE E e t MARKU S :  Foundations o f Optimal Control Theory (Wiley , New -

York, 1967) est suffisante pour avoi r une idé e d e tous le s concept s de base . 



Je remerci e tou s les auteur s de ce volume et les participant s a u Congrès 
de Bordeaux . San s eu x rien n'aurait été fai t e t je les remerci e particulièremen t 
de l'ambiance chaleureus e qu'il s on t créée. 

Je remerci e Anni e POLZIN qui a dactylographié le texte à  partir de 
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ment aid é dan s l e travail d'édition. 
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ABSTRACTS 

A. BACCIOTT I - Processu s Optimaux . 

We stud y minima l tim e contro l problem s i n th e "initia l control " cases . Th e 

Pontryagin maximu m principl e i s establishe d fo r thi s kin d o f problem. Suffi -

ciency i s considere d wit h hypothesi s lik e thos e o f dynamic programming . 

B. BONNARD , V . JURDJEVIC , I . KUPKA , G . SALLE T -  Transitiv e vecto r 

fields o n Lie groups . 
A subse t 3 o f the Li e algebr a g_ o f a  Li e grou p G  i s sai d transitiv e 

iff th e semi-grou p generate d b y the se t exp(I R 5 ) i s transitiv e o n G 

(synonyum o f Completel y controlable) . I n this pape r a  sufficien t (i n som e way 

the bes t possible ) condition is give n for a  syste m t o b e transitive o n semi -

simple Li e group s (JURDJEVIC-KUPKA) . For a  give n X € g doe s i t exist s 

a Y€ & suc h that [X , Y} i s transitiv e o n g  .  Th e answe r i s ye s i f X  i s 

compact (an d a  eviden t conditio n on X  ) fo r th e semi-simpl e Li e group s of 

interior typ e (SALLET) . Th e answe r i s ye s fo r th e killin g vecto r field s o n 

IR^n , fro m th e semi-direc t produc t o f IR^ n an d th e symplecti c grou p 

sp(n,IR) (BONNARD) . 

R. BROCKET T -  Recursiv e Estimation . 

A relationshi p i s establishe d betwee n th e existenc e o f recursive estimator s 

for a  rando m proces s an d propertie s o f a Li e algebr a generate d fro m th e ope -

rators appearin g i n th e conditiona l densit y equation . Thi s lead s t o a  necessar y 

condition for th e existenc e o f a finite dimensiona l nonlinea r estimato r expresse d 

in terms o f VOLTERRA kernels , an d throw s ne w ligh t o n the classica l KALMA N 

filter i n th e linea r case . 

C. BYRNE S - Group s an d Realizations . 

A unifying presentatio n i s give n o f severa l problem s o f linear realizatio n 

theory :  the relationshi p betwee n constan t ran k HANKEL matrices an d mini -

mal realization s an d betwee n symmetri c transfe r function s an d symmetri c 
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ABSTRACTS 

minimal realizations . 

C. CONT E and A . M . PERDO N -  Canonica l Forms . 

We determin e i n this pape r a  clas s o f ope n subsets o f the se t o f completely 

reachable pair s (F,G ) o f given siz e ove r whic h there exist s a  loca l conti -

nuous canonica l form . 

P. CROUC H - Realization s o f a  singl e Volterr a kernel . 

The input-outpu t ma p o f a nonlinear analyti c syste m ca n b e expande d i n a 

suitable domai n a s a  Volterr a series . Th e Volterr a kernels , eac h o f which 

defines a  term i n the series , ca n b e expresse d i n terms o f the syste m data . 

In this pape r thes e expression s ar e use d t o realiz e a  singl e ter m i n th e series , 

again directl y i n terms o f the syste m data . Thi s wil l lead i n late r wor k to a 

synthesis algorith m fo r system s wit h finit e Volterr a series . 

A. FERFER A - Système s e n série . 

This pape r show s that the serie s compositio n of two analytic system s i s 

analytic, bu t tha t the compositio n of two bi-linear system s nee d no t be . A 

counter-example i s given , a s wel l a s a  necessary conditio n on a  syste m fo r 

its compositio n with an y othe r bi-linea r syste m t o b e bi-linear . Thi s i s don e 

within th e fram e wor k of non commuting forma l powe r series . 

M. FLIESS - Equation s Différentielles . 

Let : 4(t) = A Q (q) + 2 ^ u.(t) A.(q ) 

y(t) - b(q) Cq(0) given ] 

be a  non-linear differentia l system , wher e A q , A p .  . ., ar e analyti c vec -

tor field s an d b  i s a n analyti c function . Th e outpu t y is a  causa l analyti c 

functional o f the input s u^ , .  . . , û  ,  i . e . y is give n by the followin g non -

commutative powe r serie s 

g = b I + S  S  A. . . . A. b I X. . . . X. . 

This i s use d t o deriv e th e Volterr a serie s expansio n i n close d form . Th e 

proofs ar e essentiall y o f algebraic natur e an d generaliz e W . Grdbner' s work s 

on Li e series . 
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ABSTRACTS 

E . FORNASIN I - 2 - D S y s t e m s . 

Image processin g lead s u s t o th e stud y o f 2-D systems , henc e t o tha t o f 

linear system s ove r partiall y ordere d tim e sets . Usin g th e formalis m o f no n 

commutative powe r series , w e giv e a n asymptoti c stabilit y criterio n fo r 2-D 

systems. W e the n stud y th e realizatio n proble m fo r linea r system s ove r fre e 

group tim e sets . 

G. GOO D MANN - T i t r e e t texte s no n pa rvenus . 

M. HAZE WIN KEL -  Invar iant s and modul i . 

Previous r e su l t s concernin g invar ian t s , fin e modul i space s an d canonica l 

fo rms a r e extende d t o th e cas e o f l inea r sys t em s ove r a  differentia l field , 

applying t o a  wid e rang e o f l inea r sys t em s wit h t ime-vary in g coeffi -

c i en t s . Th e re levan t notion s o f differentia l a lgebrai c geometr y a r e in t roduced . 

H. HERME S - Evolution Equat ions . 

Lie a lgebrai c method s a r e no w c lass ic i n the stud y o f contro l sys t em s go -

verned b y ordinar y differentia l equat ions . W e sho w ho w this metho d ca n be 

extended i n o rde r t o stud y control labil i t y p rob lem s fo r sys t em s governe d b y 

par t ia l differentia l equat ions . 

R.HIRSCHORN - Nonlinear I n v e r s e s . 

A nonlinea r contro l sy s t e m i s invert ibl e i f th e assoc ia te d input-outpu t ma p 
m 

is injectiv e fo r nonlinea r sys t em s o f th e for m x = A(x ) + £ u. B.(x ) , y  = C(x) 
k=l 1 1 

which evolv e o n a  r ea l analyti c manifol d w e obtai n sufficien t condition s fo r in -

vert ibi l i ty an d const ruc t sys t em s whic h ac t a s invers e s y s t e m s . I n the cas e o f 

s ing le - input sys t em s ou r condition s a r e n e c e s s a r y an d sufficien t fo r inver t i -

bi l i ty . F o r invert ibl e sys t em s w e const ruc t nonlinea r sys t em s whic h ac t a s 

l e f t - inverses fo r th e origina l s y s t e m s . 

A. ISIDOR I - Output regulat io n o f a  specia l c las s o f bi l inea r s y s t e m s . 

Texte non parvenu. 

B. JAKUBCZY K - Nonlinear Real izat ion . 

This pape r give s a  rea l iza t io n theor y fo r nonlinea r input-outpu t m a p s , i . e . 

gives n e c e s s a r y an d sufficien t condition s fo r th e exis tenc e o f suc h rea l i za t ions , 
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ABSTRACTS 

proves tha t an y tw o minima l suc h realization s ar e diffeomorphi c an d outline s 
a constructio n procedure . Th e framewor k i s tha t o f C  -manifolds . 

V. JURDJEVI C - (cf . B . BONNARD). 

A. KRENE R -  Boundar y Value . 
The standar d linea r tim e varyin g syste m i s modifie d b y replacin g th e 

initial condition s o n th e stat e b y boundar y conditions , th e resul t i s a n noncausa l 
system. Th e concept s o f input/outpu t map , dua l system , weighin g patter n con -
trollability, observability , minima l realizatio n an d linea r quadrati c regulatio n 
for suc h system s ar e discussed . 

I. KUPK A -  Accessibilit y Theory . 
In this tal k I  want t o discus s severa l problem s tha t appea r i n th e theor y o f 

accessibility o f polysystems . Sinc e ver y littl e seem s t o b e know n abou t thes e 
problems, I  will indicat e som e idea s abou t possibl e solutions . Th e tal k wil l 
consist o f tw o part s ;  the firs t on e wil l conside r lef t o r righ t invarian t poly -
systems o n Li e group s th e secon d on e point s ou t som e pathologie s i n th e struc -
ture o f accessibilit y set s an d discusse s th e stabilit y o f transitivit y o r no n 
transitivity. Th e proof s o f al l th e result s mentionne d wil l appea r elsewhere . 

I. LANDA U - Modèle s Bi-linéaire s . 
This articl e present s a  synthesi s o f severa l o f th e authors ' paper s concer -

ning th e bi-linea r syste m representatio n o f distillatio n column s an d th e iden -
tification o f suc h models . Discusse d ar e th e practica l implication s o f thi s 
approach, a s wel l a s som e o f th e remainin g ope n problems . 

S. LOJASIEWIC Z -  Maximu m Principle . 
We conside r a  nonlinea r contro l syste m describe d b y differentia l inclusion . 

We giv e sufficien t condition s fo r th e characterizatio n o f th e boundar y trajec -
tories o f th e syste m b y PONTRYAGIN-HAMILTO N equation s an d fo r th e con -
vexity o f attainabl e set s ove r a  certai n tim e interva l (w e als o giv e th e bes t 
and computabl e estimate s fo r th e lengt h o f thi s interval) . W e appl y the m t o 
obtain th e sufficienc y o f th e maximu m principl e fo r a  time-optima l problem . 
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ABSTRACTS 

S. MITTE R -  F i l t e r in g Theory . 

In th i s pape r w e descr ib e ce r t a i n r e m a r k a b l e connection s tha t exis t bet -

ween mathemat ica l development s i n quantu m fiel d theor y (an d eucl idea n fiel d 

theory) an d f i l ter in g theor y (an d i n genera l , sy s t e m theory) . Roughl y speaking , 

the Kalma n fi l te r i s th e mathemat ica l analo g o f a  fre e quantu m fiel d (i n a  p r e -

cise sense ) an d th e stud y o f nonlinea r f i l ter in g i s th e analo g o f th e stud y o f 

in teract ing quantu m f ie lds . Du e t o lac k o f spac e w e onl y sketc h thi s theor y 

in thi s pape r an d th e detai l s o f thi s wor k wil l b e p resen te d e l s ewhe re . Som e 

of thes e idea s wer e p resen te d i n a n ea r l i e r pape r o f thi s author . 

G. SALLE T - (cf . B . BONNARD) . 

A. SE C -  Su r le s t r a j ec to i r e s d e Momen t Maximal . 

Texte no n parvenu . 

E . SONTA G -  Polynomia l Sys t ems . 

This pape r s tudie s th e c las s o f quas i - r eachab l e rea l iza t ion s o f a  fixe d poly -

nomial r e s p o n s e . Thi s c l a s s i s desc r ibe d a s a  complet e l a t t i ce . Variou s sub -

c l a s s e s a r e explore d i n detai l wit h r e spec t t o th e induce d o rde r , an d example s 

a r e given . 

H. SUSSMAN N -  S e m i - g r o u p e s . 

We stat e a  t heo re m abou t th e inf ini tesima l g e n e r a t o r s o f t r ans fo rmat io n 

semi -g roups F  o f a n analyti c var ie t y M  satisfyin g seve ra l a s sumpt ions , 

the mos t impor tan t o f whic h i s hypo-analyt ic i ty . Th e conclusio n o f thi s theo -

r e m i s tha t w e ca n alway s assoc ia t e wit h suc h a n F  a n infini tesima l gene -

ra to r whic h i s piecewis e analy t ic . W e appl y thi s t h e o r e m t o prov e th e e x i s -

tence o f a n optima l c lose d loop , contro l la w fo r a  c l a s s o f p rob lem s whic h i s 

piecewise analy t ic . 

R. TARRE S -  Stochasti c Control . 

We stud y th e minimizat io n prob le m fo r a n in tegra l discounte d functiona l 

on a  se t o f no n explosive , no n cons t ra ine d diffusions . Usin g dynamica l p r o -

gramming w e c h a r a c t e r i z e th e optima l cos t . W e the n conside r th e behaviou r 

of th e p rob le m whe n th e discoun t rot e van i shes . 
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J. WILLEM S -  Invarian t Subspaces . 

In thi s pape r w e defin e tw o ne w concept s i n th e contex t o f continuou s t im e 

finite dimensiona l t ime-invarian t linea r sys t ems . The y ar e thos e o f ' a lmost ' 

C A(mod) fl)-]  invariant '  an d ' a lmost controllabil i ty ' subspaces . I t i s show n 

that ther e exist s a  suprema l almos t invarian t an d a  suprema l controllabili t y 

subspace containe d i n an y give n subspac e o f th e stat e space , an d a n algori th m 

for thei r computatio n wil l b e given . A  feedbac k character izat io n o f thes e sub -

spaces i s der ived . Th e pape r end s wit h a n applicatio n o f thes e idea s t o th e 

disturbance decouplin g p rob l em . 
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