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Abstract— The notion of simulation relation has been adopted assume universal properties of individual components fvhic
from theoretical computing science to control theory to redice  might not be easy to verify in practice.
the complexity arising in modeling physical processes. Sinta- In this paper, we want to combine the above analysis

tions can serve as an abstraction of a given system behavior techni to d | th f i | and
whilst preserving the input-output structure. We intend to apply echniques fo develop a theory of compositional and assume

simulation relations to develop a framework for compositinal ~ guarantee reasoning for linear feedback control systems
and assume-guarantee reasoning for linear dynamical systes. based on simulation relations. First, we summarize thertheo

The underlying idea is to use information about the relation of simulation relations for linear continuous-time system
of components or subsystems to abstract the behavior of anq gefine the notions of interconnection used in the fol-
mte_rconnected systems. The interconnection structure isereby lowing. Based on this theoretical framework, we show that
defined by two types of negative feedback. T e : T _
modularity is a key property in the compositional analydis o
l. INTRODUCTION linear feedback systems. In the last part, AGR proof rules,
Models of engineering systems become increasingly corbvoth circular and non circular, are investigated for linear
plex and therefore difficult to analyze. The complexity esis feedback systems.
from the interaction of different components or subsystems
which are embedded in the model of the whole process. In
the theory of concurrent processes, abstraction concapés h
been developed to deal with large scale models. An important
method in this context is the notion of simulation relations
(or, as a two sided version, bisimulation relations) intreetd ~~ Consider linear continuous-time systems of the form
by [5]. The idea of abstracting a given system by a lower
dimensional and therefore less complex one has since been Y
applied successfully in the area of systems and control by
several authors, see [1], [7] and [9]. Simulation relations
between linear systems can be analyzed with tools from
geometric control theory. This resulted in linear algebraiwhereu; represents a control inpud,; a disturbance input
existence conditions and efficient algorithms to computand x; € X;,u; € U;,d; € D;,y; € Y; are all taken
maximal simulation relations. from vector spaces of appropriate dimensions. External dis
The assume guarantee reasoning (AGR) paradigm also ortgrbance inputs are introduced in analogy to both the theory
inates from theoretical computer science, see e. g. [6] ard concurrent processes and the concept of abstractions of
[8]. More recently, applications in automata theory ([4fida dynamical systems as developed in [7]. We call systems on
special classes of hybrid systems with dominating discretghich external disturbances awbn-deterministicystems in
dynamics, e.g. [2] and [3] have proven the significance afontrast todeterministicsystems wherée; = 0.
this concept. The basic principle is to make assumptions ddue to the complexity of physical processes it is common
the behavior of individual components of an interconnectiopractice to subdivide a given structure into sub-modelstvhi
as to how the components interact with their environment when connected in the correct manner — represent a
in order to prove properties of the structure as a wholenodel of the process as a whole. Similarly, from a control
In the AGR literature, one distinguishes between circulgperspective, combining models of the plant and the comtroll
and non-circular proof rules. Here, circularity means thagields a model of the controlled system. Assuming all these
assumptions of one antecedent are based on to be prowemsystems are of the class of systems (1), we are therefore
properties or guarantees of another antecedent. To insuméerested in interconnections of linear dynamical system
correctness of circular rules, additional conditions aneally  denoted by, || X2. More precisely, we restrict ourselves to
required. In contrast, non-circular rules are usually sbuntwo different kinds of negative feedback interconnection.
without imposing further conditions, but generally have tdhe one hand, direct interconnection of the formn= —ys,

Il. THEORETICAL BACKGROUND

;= Airi + Biui + Gid,, (1)
yi = Ciz;,



y1 = ug, denoted by, yields the combined system Theorem 1 (c. f. Proposition 5.2 in [9))A linear sub-

spaceS C X; x Xy is a simulation relation of:; by ¥,
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On the other hand, the feedback interconnection miginalogously to [9, Proposition 2.9] an alternative charac-

involve e?(ternal signals such as measurement noise or reérization for a subspace to be a simulation relation can be
erence signals which act as new inputs on the closed logfen.

(“closedfeedback interconnectiop”

system. Such an interconnection will be denoted||pyand
results in the following dynamics
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(“open feedback interconnection”

Despite being so closely related, distinguishing between
these two types of feedback interconnection will indeedenak

Theorem 2:A linear subspacé C X} x X, is a simula-
tion relation of3; by X, if and only if for all (z1,z2) € S,
for all u; = uy = v and alld; there exists al, such that

(i) | Aizy + Biu+ Gidy
' | Asxo + Bou+ Gads
(m) : Cll'l = CQSCQ

We also state results for deterministic systems, i.e. Byste
without external disturbanceg = 0, from [9].

Theorem 3:Given deterministic system&,;,i = 1,2.
Then there exists a simulation relation Bf by >, if and
only if the Markov parameters df; and; are equal, i.e.

; ()

T
T

es (6)

C1AYBy = CLA5By , £ =0,1,2,...

a difference for compositional reasoning as will be shown igr, equivalently, if and only if the transfer functions aret
the remainder. Whenevdris used unspecified it representssame, i.eG1(s) = Ga(s).

both open and closed feedback interconnection.

An important statement about maximal simulation relations

The relation denotes simulation as defined in [9, Definitionjs given in the following theorem.

5.1].

Definition 1: Given two system&;,7 = 1,2 as in (1). A
simulation relationS of »; by 3 is a linear subspace of
the product state spacg C AX; x Xy with the following
properties:

For any (z10,220) € S, any joint input functionu,(.) =
uz(.) and any disturbance functiafy (.) there should exist
a disturbance functionlz(.) such that the resulting state
trajectoriesr;(.),7 = 1,2 with z;(0) = z;o satisfy

(1) :
(i) :
Furthermore ,X; is simulated by Y5, denotedX; < X,
if there exists a simulation relatiol C X; x X» fulfilling
IIx,S = & with IIx, : &1 x &y — A3 the canonical
projection fromX; x X5 to Xj. In this case,S is called a
full simulation relation .
Remark 1:In this definition as for the remainder, we

(Il(t),IQ(t)) €S Vt>0
C’lxl(t) = 02$2(t) Vt Z O

(4)

shall denote an element of the cartesian product spage

X1 X Xo both by(l'l,l'g) and[ il :| ,x1 € Xq,x9 € X
2

Theorem 4:Consider two deterministic systems;,i =
1,2 with the same transfer functio6;(s) = Ga(s). The
maximal simulation relatiors™®* of ¥; by X is the unob-
servability space of the augmented system,

Ch —Cy

C1A;  —ChA,
Smaz — ker . . (8)
C1AT™Y —CrAT !

.. [ B
while im By
In [2], it is shown that simulation relations for labeled
transition systems (LTS), called—simulation there, are
modular with respect to the compositional operator represe
ing parallel composition. Modularity is a desired propérty
compositional analysis, for instance it can be used to prove
the correctness of circular assume-guarantee rules. ler ord
do so, we first recall some characteristics of simulation
relations as given in [9].

Theorem 5:Simulation for linear continuous-time sys-

] Cc S™ and n = max{ni,n2},n; =

Due to the similarity with the disturbance decoupling probtems is a preorder, i.e., it is reflexive and transitive.

lem, the subspace properties of a simulation relatocan
be described as follows:

Proof: Given the system&;,i = 1,2, 3.
Clearly, S;q := {(x1,21) | 1 € X1} is a simulation relation



of ¥y by itself. Proof: Given the linear dynamical systens;,: €
Moreover, given simulation relationS;o C X; x Xy and  {P1, P>, Q1,Q2}.
Sag C X x X3 of ¥y by X9 and of X, by X3, respectively, We will prove the Proposition for open feedback intercon-
define nection||, thus implying the proof foi|. wheree; = 0.
compositionality: Assume there exists a simulation relation
S C Xp, x Xg, of ¥p, by Yo Xp S 2@, It has
Choosingis = Aszs + Bou 4+ God, one indeed finds that to be shown that there exists a simulation relatiBnc
(i‘l,i'g) € S12 and (i‘g,i‘3) € S>3 which proves the claim. XPI X XP2 X XQI X XP2 of EPlHZPz by EQ1H2P2 for any

m SystemXp,.
An important difference ta-simulation for LTS is expressed Due to Theorem 2, for everyzp,,zp,) € S, for any

S13:={(x1,23) | Fzo € Xo : (w1, 22) € Si2, (T2, x3) € Soz}

in the following u1 = ue = u and anyd; there exists al, such that
Pro_posmc_)n 1 For any two dyr_1am|c_:al system3 andX, Ap,zp, + Bpu+ Gp,ds
(1), simulation is not commutative with respect to feedback (i) es (14)
; ; AleQl +BQ1U+GQ1d2
interconnections, -
(”) : CPl‘TPl = CQ] LQy
Y2 £ D2 || Xy 9) , _ .
Proof: To illustrate this with an counterexample, con-L€et’s consider  the relaton R =
sider the two systems {(x=(zp,zp), (2Q:,2R,)) | (TP, 20,) € S} dTake
_ €1 _ 1
10 @ =a4+ur Yo: do=2wa4uy (10) WX € i anye = €9 and anyd; = [ d3 }
Y = 21 Yo = To According to Eq. (14), for a giverizp,,zg,) € S, any
u=e; — Cp,xp, and everyd; = d} there exists al, such
The transfer functions of the interconnections are theemgiv ) ] . ds .
by that (ip,,2g,) € S. Thus, settingd, = 2 yields
B . . 1
gi(s) —ga(s) ((¢p,,&p,), (g, Ep,)) € R since (ip,,ig,) € S and
Gy, = { g3(s)  ga(s) } (11) ip, = :1'7’132.
invariance under composition: Assume we are given both
Gsym = { 94(s)  —gs(s) ] a simulation relationS; C Xp, x Xg, of £p, by X¢, and
g2(s)  g1(s) Sy C Xp, x Xg, of p, by X¢,. Define the subspace
Even after reordering the state components, the transfer _ g 15
functions do not match which by Theorem 3 implies that ° *~ {@p,2py, 201, 20.) | (2P, 2q,) € 51, (15)
there does not exist a simulation relatiorafj| X2 by 3o |34 (TP, 2Q,) € Sa}

nor, in fact, vice versa. ] Again. th f Th > Tak | it
Remark 2: Whether or not simulation relation is commu-"92/": th€ proot uses Theorem 2. 1a ee any eleme
1

tative depends heavily on the type of interconnection.lRdra (zp,,zp,,z0,,2xQ,) € S, anye = [e } andd; =
composition of LTS can be thought of as restricting the- ,; 2

dynamics of the interconnection to the intersection of thi 3 |. Since(zp,,zq,) € S it follows that Cp,zp, =
dynamics of the individual components. For linear feedbac 0,70, and similarly from S, that Co,z0, = Cp,ap,.

systems, the interconnection via negative feedback brakgg, eover. for everyu; andd; there exists al, such that
the symm_etry of the closed loop system. Choosin_g_positiV(:-zAPle1 + Bpour + Gpydy, Ag, w0, + Boyuy + Go,ds) €
feedback instead would have preserved commutativity of ti‘gal_ Similarly, for everyu, andds there exists al, such that

interconnection. (Apzxp2_+ Bp,us + Gp,ds, Ag, 20, + Bo,us + GQ2d41) S
I1l. COMPOSITIONAL REASONING S2. Settingey = uy + Bp,xp,; €2 = Uz + Bpwp,, dy =
_— . » ) di,d? = d3,d} = dy,d3 = dy, it follows that indeed
Definition 2: A preorder< is calledcompositional with (Epy s ipy, 60, 50,) € S m
. . - 19 2) 19 2 "
respect to an interconnection operajoif Remark 3:Even though in this framework simulation is
¥p < %o, A Xp, < g, (12) not commutative with respect to feedback interconnection,

nevertheless the modularity properties of compositityali
and invariance under composition hold. Commutativity of
andinvariant under composition or a precongruenceif the simulation preorder would have simplified the proof
obligation since in that case, invariance under compasitio
is equivalent to compositionality, c.f. [2, Propositiory 3.
If a preorder fulfils both properties (12) and (13), itis edll ~ Based on assumed properties of individual system com-
modular. ponents such a&p, < Xg,, compositionality allows to
Proposition 2: Simulation is both compositional and in- draw conclusions about interconnections of components. Fo

variant under composition with respect to feedback intethe open type of interconnections of linear continuousetim
connection of linear continuous-time Systems_ SyStemS it will be shown that also the converse is true.

= EPI ” ZPz < EQI ” ZQz

Epl < ZQI - EleZPz < EQ1HZP2 for all ZP2 (13)



Proposition 3: For linear dynamical systems (1) inter-
connected by open negative feedback (3), the following -

equivalence holds with respect to simulation relatiens

ZPI = EQI A ZPz < ZQz (16)

—
EPl ”02132 = EQl HOEQz
Proof:
—": This holds because of Proposition 2.
<=": Let a simulation relatior of £p, |Xp, < Xg, |Zq,

“

be given, i.e. for anyx € S, anye = 21 andd; =
2
di : d3
5 | there exists al, = | 5 | such that
dl d2
APl‘Tpl +BP1( sz,fpz)-i-Gpld%
(y: | Aport Br, (e2+Crzp) +Grdi | _ g
AQ1IQ1 +BQ1( CP2IP2) +GQ1d%
AszQz + BQz (62 + OP1 IPI) + Gde%
17)
(”) : CPlxpl = OQIIQI A OP2$P2 = OszQz
Define the relation S1 =

{(xPU‘TQl) | 3 TPy, LQy ¢ (xplvxpzalevaz) € S}
It has to be shown that for anytp, , zg,) € S1, anyu and
any d, there exists al, such that

1413117131 +Bp1u—|—Gp1d1

(@) AQIIQI + B, u+ Gq,ds €5 (18)
(“) :Cpxp, = CleQl
Take any (zp,,zg,) € S1 and fix v and d;. Since

(17) holds for anye and d;, in particular it holds for
e1 = u+ Cp,rp, and d} = dy. Thus, property (18),(ii)
follows directly from Eq. (17),(ii)) and (18),(i) is a con-
sequence of (17),(i) for the particular choice ef and
d);. The same arguments also hold for a relati®n :=

{(waIQz) | 3 TP, TQ, ¢ (IP17xP2aIQ17xQ2) € S}

This means that for open interconnections, the problem Sfis

checkingXp, [,Xp, < 20, [loXq, can be reduced to (and,
in fact, is equivalent to)

EPl (19)

The interconnected systems are given by

T 0 0 T

o [2-14][ 2]

L 2 p)

)= Lo V]

_yp2 0 1 SCP2

[ 0 0 T
e A S R

EIREHIES

L YQ- 01 TQ,

Thus, the interconnectionSp, || Xp, and Lq, ||.Xq, de-
scribe the same behavior so that there indeed exists a
simulation relation. In fact, the two interconnections are
even bisimilar. According to Theorem 3, however, there is
no simulation relation of¥p, by X, since the transfer
functions of the two controllable system$y, andXg, do

not match, 28l — 1 L4 Yo,(s) _ 2 [

’U (S UQ1 (S S
IV. ASSUME GUARANTEE REASONING

R

Suppose it has to be checked for given systéipns =
{P1, P5,Q1,Q2} whether the following statement holds:

EPl ”02132 < EQl HCEQz (22)

Because of Proposition 3, we will apply assume guarantee
reasoning only to systems with closed feedback intercon-
nections. The basic idea of AGR is to split the proof
obligation (22) into a sequence of obligations for compdsen
of the interconnection which are possibly easier to check
than (22). A fundamental property concerning AGR rules is
soundnes®r logical correctness, i.e. the question whether
the assumptions in the AGR rule guarantee the conclusion.
As a first example, we will investigate the following trian-
gular rules for which only the existence of one simulation
relation¥Xp, < Xq,,7 € 1,2, is required.

Proposition 5: Given linear continuous-time systems
i ={P1, P»,Q1,Q2} of the form (1). Then the following
AGR rules are sound:

As a consequence, proof obligations for individual compo-
nents are as hard to prove as obligations for interconnected
components.

Proposition 4: For closed interconnections of linear
continuous-time systems, necessity of statement (16) does

(A1) Xp < Yo (23)
(B1) g, [cZp, < o, [l Zq.
(C1) Zp[[cXp, < Zg, X,
(A2) Xp, < X, (24)
(B2) Zp[cZq. < X llcXq.

(CQ) EPI ”CZPz < EQI HCZQz

in general not hold.

Proof: The proof relies on the modularity proper-

Proof: To construct a counterexample, define the sydies of simulation relations for linear continuous-timessy

tems
Y, BQ,t Ei=ui,  i={P,Q2} (20)
yi =0
. . 1
Yp 1 &p =up YQ, 1 I, = 5“@1
Yyp, = Tp Yo = T,

tems. From Proposition 2, one can deduce frofq)(that
EplleXp, < X0.|lcXp, holds when interconnected with
¥p,. Then by transitivity of simulation, one obtain€’y)
from (B,),

EPI HCEP2 < EQI ||CEP2 < ZQI ”CEQz

The same arguments also hold for the second rule. =

(25)



The above rules are examples of non-circular AGR where Proof: We will prove (29) by induction.
the assumption of antecedenB;§, namely the existence For k = 1 we obtain

of a simulation relation o&p, by Xq,, is guaranteed by C1(A; — B1C1)xy = Co(Ay — BoCo)aa
antecedent 4;). As in other applications (e. g. [2]), these —

rules are sound without any further conditions. C1A121 — C1B1C11 = CyAsxg — CoBaCoio
On the contrary, circular rules use assumptions yet to be —

proven in both the antecedents. Such a circular AGR rule is CiA 71 = Oy Agzs

given by

sinceCy B1C1x1 = C3B2Coxo by assumption (28) and the

equality of the first Markov paramete€s B; = C5 Bs.
.< .
((g ;Pl ||ciQ2 B ;Ql :CEQZ (26) Assuming that (29) holds for a certain we conclude
1llc P2 < 1lle 2
©) EQ lcXp, < EQ I EQ C1(A; — B1Cy)F ey = Cy(Ay — BoCo)rtlay
Pillc&=Py Q1llc&Qs —

Cl(Al — BlCl)kAlxl — Cl (A1 — Blcl)k3101171 =

Note that (26) is weaker than the non-circular AGR rule _ Ca(As — ByCh)k Agy — Co(As — ByCh)k ByChs

(23) since by Proposition 2 4) is implied by (4,), but the

converse is not true for closed feedback interconnectigns a —
. - A —B kA 2y = As — B kA
stated in Proposition 4. Ci(A 1) lxl(:}OQ( 2 2C2)" Aoz
Example 1:Consider the following example systems ClA’f“xl _ 02A12g+1x2
10 } N { 1 } where we made use of
. Xp = Xp up,
EPl ' y 10 01 ] < 1 (27) Cl (Al — BlCl)kBlClxl = CQ(AQ — BQCQ)kBQCQ$2. (30)
P = P
' ' As before,Clcil = C1B1C121 = CoByCoxg =: Cody SO
- ) that we can apply the hypothesis (29) on
EQl . le = | 0 -1 :| X1 + [ 1 ] Up, Cl(Al - Blcl)kjl = CQ(AQ — BQCQ)]C.”Z'Q .
yo, =[ 1 0 ]xq, Equation (30) then reduces to the equality of ther 1)—th
Markov parameter§; A¥B; = Co A5 Bs. ]
. 1 0 0 Proposition 6: Given the linear continuous-time systems
2o, XQ: = | g 1 |*@ + 1 } Up, 3,1 = P1, P, Q1, Q2 and the conditions (A) and (B) of the
’ -1 — circular AGR rule (26). Define the linear subspace
YQ- [ 1 1 ]XQ2

. . . SCXP XXP X X, X X = (31)
Clearly, ©p, £ ¢, since their transfer functions do not ' 2 77 T R0

meteh Gy — L Gy o ~ ((er o 20, 20,3, (o7 70,7
S— S—
Considering their interconnections witRg,, there does €S A Jxg, : (v, 2R, 1, 1q,) € S2}
exist a simulation relatiort' of Xp, [|cXq, by £q,[c¥@.  Then the subspaces defines a simulation relation of

gilven ?y 5 = {(0,2p,,25,,0,25 ,O,xbzl,o) | Zh = S5 |Sp, by Do, |Sq, as defined by (C).
24, (T, 0,20,,0) € Xp X Xo,, (74,0, 29,,0) € Xg, X Moreover, if S;,i = 1,2, are maximal thers defines a full
X, }- Thus, the proof obligation4) is indeed weaker than gjmylation relation as well. Hence the circular AGR rule)(26

(A1) for deterministic linear continuous-time systems is sound
We investigate the soundness of the AGR rule (26) for lin-  proof:

ear continuous-time systems without external disturbsnces defines a linear subspace:

l.e.Gi =0,i = {P, P,,Q1,Q:}. Inthe proof, the following - This can easily be verified.

lemma will be used. S defines a simulation relation of$p, |2 p, by 2o, [Z0,:
Lemma 1:Given two deterministic linear continuous-timeTake anyx = (zp,,zp,,20,,20,) € S. Sincex € S,

systemsy;, i = 1,2 with the same Markov parameters, i.e.property 2,(ii) is readily fulfilled, namely tha€p xp, =

C1AYBy = C2AEBy k= 0,1, .. .. Cq,zq;,1 = 1,2 and moreover als@z; = Cjz},j =
Then for all (z1,22) € &1 x X3 such that Q1,Q>. Construct
Crz1 = Coxa (28) ig, = AQ.7q, +B.Cq,7q, (32)
:.C/Ql = AleQl - BQl OszQz
it holds that Then
Cl(Al - BlCl)kxl = CQ(AQ - BQCQ)]C.TQ, k=1,2,... Tp Aplxpl - BP10Q2xQ2
= LQo Bchplxpl + AszQz

. S 33
C1AY 2y = CoAKae K =1,2,. .. TQ, Ag,zq, — Bg,Cq,q, : (39

(29) g, Bq,Cq,7q, + Ag,7q,



and similarly (¢q, ,Zp,, &
S defines a full simulation relation :

Assuming.S; and S, are maximal one can explicitly char-
acterize the subspacés and S, in a kernel representation
as stated in Theorem 4. The maximal simulation relations

S7ve® can therefore be written as

max ﬂ ker Cl (Al Blcl) —CQ(AQ — BQCQ)i }
=0

bl,in) € Ss.

Then, S is a full simulation relation if

. Pl 0 . Ql Ql
|m[01 PQQ] C |m[Q% Q%}L (38)

1,7 0
. 2 .
-+im |: 0 :| +1m |: 2. :|
1

Knowing that Sl and S, are full and inQ? = imQ%”,

(34)|mQ2 = |mQ from (36) and (37), respectively, it holds

that

1 1,/
Since we are considering deterministic systems, the assum [ 1;1 ] Ci [ Qi ] +im { 2 ] +im [ g_’, }
1

tions of Lemma 1 are fulfilled which renders (34) equivalent

to

k

= (ker[ C1A] —CpA} | (35)

Partitioning S7***, one obtains the desired kernel represen“o

tation

=0

S1= {(xplvawIlex/Qg) | Pllxpl + Q%xQ2+ (36)

where
Coop T
0
Cp, Ap,
Pl = 0
Cp A
Qs =

with imP} C imQ1

leQl +Q

;’/ = CQzAQz

Similarly for S3, one obtains

Co,

0

CQl AQl

0

CQ1 Agl

0

Cq,

0

0

L CVQ2AIC 2

1,7 7
2 L@, =

+imQy" sinces; is full.

Sy = {(waxPz’lelvaz | Q%le + P22xP2+ (37)
'rg, + Q3rg, = 0}

for some matrice$’?, Q3,

imP; C imQ7y’

+imQ3.

5", Q2% such thap? = Q7' and

Following the construction (31)5 is given by

1

P
S_{(IP17.§CP2,IQ1,IQ2)|E|CC/Q],.’,E292Z { 01 ]xpl—i-

] [ Qi
Tp, + Q2

|

0
P

|

1,/
2
0

|

1
gl
o =}

Q1 0

. 0 ) . L7 . 0
|m[P22]C|m[Q§]+|m[ 5 :|+|m[ ?/}

Thus, (38) is fulfiled which makess a full simulation
relation.

Finally, by (A) and (B) there exist full simulation rela-
ns S; and .S, implying that also the maximaimulation
relations for () and (B) are full. HenceS as defined in (31)
is a full simulation relation. ]

V. CONCLUSIONS

In this paper, we started to develop a framework for
compositional and assume guarantee reasoning for linear
dynamical systems. For the open type of interconnection,
modularity of simulation relations is the main property.
Thus, statements with respect to interacting subsystems
can be reduced to statements with respect to the individual
components and vice versa. When closed interconnections
are considered, assume guarantee reasoning can simplify
the analysis of complex interconnections. To that aim, we
presented both circular and non- circular AGR rules. As a
subject of future research, the fundamental propertieb®f t
latter , especially its soundness, are to be investigateal al
for non-deterministic systems. Furthermore, generadinat
to classes of nonlinear or hybrid systems and other types of
interconnections would be desirable.
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