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 Abstract 

In the literature on validation or verification of knowledge-based systems often a limitation to 

systems with one knowledge base is chosen, and the focus is on the static properties of these 

systems. In practice often knowledge-based systems are developed that have some form of 

compositional structure. Also the reasoning in this structure is controlled, often according to the 

compositional structure. The task-layer of the KADS-approaches and the task control structure in 

DESIRE show this. A number of formal specification languages has been developed for this type of 

knowledge-based systems. Although there are differences, a number of common principles already 

has been reached (for an overview and comparison, see [23]). Therefore it is natural to attempt to 

extend the work on veri fication and validation to systems defined by such languages. Such an 

extension to compositional systems necessarily leads to the consideration of their temporal 

behaviour and the dynamic properties. In this paper the logical framework previously developed in 

[24] is extended for dynamic properties of compositional knowledge-based systems. 
 
 
 

                                                
* In M.-C. Rousset and M. Ayel (eds). Proceedings European Symposium on Validation and Verfication on 
KBSs, EUROVAV’95, Chambéry. 
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1. Introduction 

Our ideas on verification, or validation must be viewed in the light of compositional 

architectures of knowledge based systems. These are systems that are composed from a 

number of components, each with their own knowledge base and associated inference 

relation. At each level of composition verification of a component is seen as a comparison 

between the actual behavior, for instance the set of deductive closures of the knowledge base 

for all admissible inputs, with respect to a description of the intended behavior, i.e. a 

(theoretically complete) description of the required output for all admissible inputs.  

 Moreover, we work at a semantic level by considering behavior as functionality 

descriptions, which are independent of any particular language of the knowledge base. This 

becomes apparant in our use of partial models, i.e. three-valued truth assignments to (ground) 

atoms that are collected in a signature.  

 In this paper we will extend the formal notions as introduced in [24] (there restricted only 

to knowledge bases from a static viewpoint). Considering these notions for compositional 

architectures (more knowledge bases working together) in a natural way challenges one to 

take the temporal behavior of such systems into account.  In this way we introduce formal 

notions that provide a founcation for the verification of compositional and dynamic aspects of 

a knowledge based system.  

2. Proper ties for  Ver ification 

First some terminology that will clarify our definitions. 

Definition 2.1.(Signature, Model, Input/Output, World Descr iption) 

A signature  Ont  is a sequence of symbols  (for instance sorts, constants, functions, 

predicates) that is used to generates the set of (closed ) atoms At(Ont), wherein the input 

atoms InAt(Ont), and output atoms OutAt(Ont) are distinguished. A partial model   M   with 

respect to a signature Ont is a truth-assignment to the (closed) atoms in a signature  Ont, i.e., 

a mapping M : At(Ont)  →→→→ {0, 1, u}. Associated with any (partial) model  M   we can define 

the input model  In(M)  that copies the input truth-assignment of  M , but assigns  u  to all 

other atoms. Similarly the output model  Out(M) copies the output truth-assignment. 

 When a proposition p  is true / holds  (or not) in some (partial) model M  following the 

strong Kleene semantics [2], we write M |=+ p or M |=- p. Moreover, if no confusion is 

possible we use the more simple notation  M |= p and M |= ¬¬¬¬p. 

 An actual situation is described as a situation model  (or complete model)  N that does not 

contain any truth-assignment to u. A domain or world description  is a set  W  of complete 

situation models. A model N  is a refinement  of  a model M , denoted by  M 
�
  N, if for all 

atoms  a ∈∈∈∈ At(Ont)  it holds  M(a) 
�
 N(a). Then associated with a set of models V we define 
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the set  P(V) of partial models that can be refined to a model in V. We also define the set of 

all input or output models by In(P(W)) and Out(P(W)). Clearly for any M  in P(W) we have 

In(M) 
�
  M and Out(M) 

�
  M as elements of P(W).  

 Partial model can used to describe the information state of a reasoning module. The set of 

information states for a system S will be denoted by IS(S), and the set of input states by 
ISin(S). Given a set of information states  V in IS(S) the inference relation  M |-S p is defined 

for model M ∈∈∈∈ V and proposition p. For consistent systems the notation dcS(M) will be used 

to describe the deductive closure with S from a model M . 

 

Our view of reasoning is that it is a relation between partial models, that need to be refined: 

unknown atoms are given a different truth-value. This explains our notation of inference as a 

relation between a partial model and a proposition. Moreover, it is useful to have an inference 

which keeps previously derived truth-values (conservativity) and which infers more from 

larger input (monotonicity). 

 A knowledge based system can be viewed statically by considering the closure of atoms 

that can be deduced by the system from a (partial) input model. In the case of a single 
knowledge base the notation M |-KB h is allright, but when a system S contains more sub-

knowledge bases the notation M |-S h might be considered to be a little strange. Therefore  

dcS(M) seems more natural when considering composition. It assumes that a unique (partial) 

model can be associated by the function dcS to a model M , so the system should be consistent. 

Many mechanisms have been proposed for the automated verification of rule-based 

systems, like pairwise rule comparison  [16], [17], [20], the use of meta-knowledge [3], 

augmented transition networks [15], relational database techniques [14], and some others. 

Often pairwise rule comparison is used, that only check for problems involving two rules. 

Here, as in [18], we will check for problems involving an arbitrary number of rules by using 

chaining. 

A question one might ask oneself in light of verification is how one should specify the 

desired behaviour of a reasoning module. One could imagine the expert to specify the input-

output correspondence of the module by means of a table defining the functionality. This is 

similar to the approach in [6] where a table of atoms is given that specifies what cause leads 

to which effects. 

Some approaches (like COVADIS [18]) use a Fact Base (FB), which is a set of particular 

cases. It can be built by any user to specify the problem he or she wants to submit to the 

system. The FB is initialised at each session. We will use situation models (instead of FB's) 

that represent situations of the real world. A problem with situation models (and FB's too) is, 

that they are chosen by the designer of the system to cover at best the variety of basic 

situations. Therefore, it is impossible to guarantee that a knowledge base is completely 

debugged. 
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Our idea is to consider a domain description  W, and try to determine the standards for 

derivation or the intended behavior from it. With a list of the possible situation models one 

can define the intended statics of a system. In particular the notion of forcing is interesting for 

verification, see [24]. 

Definition 2.2 

Given a domain description  W  with respect to a signature  Ont,  a partial model  M ∈∈∈∈ P(W), 

and an output literal  h  ∈∈∈∈ OutLit(Ont). The model  M   forces the literal  h  within  W  if and 

only if  h  holds in every complete refinement  N ∈ W  with  N �  M . We will use the notation  
||=W  that is defined by: 
 

 M ||= h    ⇔⇔⇔⇔   ∀∀∀∀N ∈∈∈∈W  [ N �  M →→→→  N |= h ]   
 

The alternative functional notation is also possible here because forcing is consistent by 
definition. Thus we can define the semantic closure by  scW(M) |= h ⇔⇔⇔⇔ M ||=W h. 

 

 The notion of forcing is one of the essences of our theory of verification. It sets a 

standard for the knowledge base, what are the hypotheses it should derive given some partial 

model.  In later sections we will elaborate on this notion from a dynamic, temporal view. 

 It is important to realise that forcing is essentially different from the semantic 

consequence relation in a logical theory, T |= h . A world description is a random set of 

models not necessarily associated (yet) with a logical theory, so the notion of forcing is more 

general and better suited for the purposes of verification. In fact the whole idea behind 

verification is that we are building a theory, i.e. the knowledge base or system. 

 In general, for verification we want the properties for forcing and inference to be 

closely related, and what is natural for forcing can be enforced on inference. The main theme 

of our notions is that this is what verification should check: the equivalence between forcing 

||= and inference |-. 

 The properties that we have defined in [24] are listed below, each time followed by the 

same notion in the functional notation. Some notions can be formulated more concisely in this 

different notation for static systems as well. 

Definition 2.4 

Assume a domain description  W, and a system S both with respect to a signature  Ont. We 

define the following properties: 

 A system S  is weakly sound with respect to  W  if  
 ∀∀∀∀N ∈∈∈∈W  dcS(In(N)) 

�
 scW(In(N)) 

 A system S  is correct  with respect to  W  if  
    ∀∀∀∀N ∈∈∈∈W  dcS(In(N)) 

�
 N 
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 A system S  is strongly sound with respect to  W  if  
 ∀∀∀∀M ∈∈∈∈ P(W) dcS(M) 

�
 scW(M) 

 A system S  is weakly complete with respect to  W  if  
 ∀∀∀∀N ∈∈∈∈W  dcS(In(N)) �  scW(In(N)) 

 A system S  is decisive with respect to  W  if  
    ∀∀∀∀N ∈∈∈∈W  dcS(In(N)) = N 

 A system S  is strongly complete with respect to  W  if  
 ∀∀∀∀M ∈∈∈∈ P(W) dcS(M) �  scW(M) 
 

In [24] we prove that for monotonic inference relations the three notions of soundness are 

equivalent (see Appendix). For the notions of completeness it can be proven that if soundness 
holds, the property of empirical foundness (∀∀∀∀N ∈∈∈∈W  scW(In(N)) = N ) distinguishes weak 

completeness from decisiveness, and that the property of well-informedness (∀∀∀∀M ∈∈∈∈ P(W)  

dcS(M) = ∩∩∩∩ N �  M∈∈∈∈A  dcS(N) ) distinguishes weak completeness from strong 

completeness. Note that all equivalences of completeness only hold for sound and monotonic 

systems. Thus monotonicity  is a useful property for verification, and one may obviously 

consider it for substructures, i.e. any set of cluster of components, of a compositional 

architecture. 

 In the following section we will describe compositional verification by assuming an 

arbitrary property (either soundness, weak/strong completeness, etc), but the ultimate property 

is that all properties hold, i.e. soundness, decisiveness, and strong completeness; we will call 

this covering. 

 

3. Compositionality of ver ification proper ties 

 

In Section 2 we defined properties in such a general manner that they are applicable not only 

to systems with one knowledge base but also to systems that are a combination of a number of 

components, e.g. according to a compositional architecture.  

 

3.1  The compositional ver ification pr inciple 

 

The natural question arises whether the properties to be verified are in some sense 

compositional, i.e., whether the following compositional verification principle holds:  

 

  if   all components   C  satisfy property  P  

    and   they are composed in the right manner to the system  S  

  then   the system  S  satisfies property  P 
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In this subsection we will analyse this question and improve its formulation. A similar 

approach to verification of conventional systems is given in [1], but the theory we propose is 

tuned to knowledge based systems in a non-trivial way. We make the following four 

observations. 

 

*  admissibility of inputs 

A first important observation is that both for a system as a whole and for the components such 

a property  P  is always relative to some given input from the environment. For example, a 

system in principle may be inconsistent with respect to some possible input information state, 

but if this state will never occur in the environment (and as a consequence has been declared 

not to belong to the set of admissible input states) then the system is not inconsistent. So, the 

statement above needs some refinement involving sets of admissible input states for both the 

whole system and the components: 

 
  if   all components   C  satisfy property  P w.r.t. their sets of admissible input states  AIC 

       and   they are composed in the right manner to the system  S  

  then   the system  S  satisfies property  P w.r.t.  i ts set of admissible input states   AIS 

 

*  well-composedness 

A second observation is that the condition "are composed in the right manner" is crucial but 

far from trivial. One aspect is that this criterion of "well-composedness" will have to 
guarantee that, given the set of admissible inputs  AIS  for the whole system, the resulting 

internally generated input for each of the components  C  falls within its set of admissible 
input AIC. Of course in the first place the connections between the components should be 

made in the proper manner.  

 
  if   all components   C  satisfy the property  P w.r.t.  their sets of admissible input states  AIC 

      and   they are connected in the right manner to the system  S  

   and   for each system input  MS  falling within the set of admissible inputs   AIS   

    each component   C  receives input  MC within its set of admissible inputs   AIC 

  then   the system  S  satisfies property  P  w.r.t.  its set of admissible input states   AIS 

 

*  admissibility of inputs depends on proper functioning of other components 

However, we are almost forced to make our third observation: it is clear that, even with 

proper connections, if a component  C  receives input from another component  C'   that is 

unpredictable because it does not function in a proper manner, a guarantee on inputs 

generated for components being admissible still cannot be given. Therefore in the whole 
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argumentation to prove that a system satisfies some property  P (that in general will be related 

to some aspect of proper functioning) another (or the same ?) notion of proper functioning  Q  

of a component  C'   delivering input for  C  comes in (for simplicity we assume here the same 
set of admissible inputs  AIC'); for simplicity we take  P = Q: 

 
 if    (i)  all components   C  satisfy the property  P  w.r.t.  their sets of admissible input states  AIC 

        (ii)  they are connected in the right manner to the system  S  

      (i ii)  for each system input  MS  falling within the set of admissible inputs   AIS   

     each component  C receives input  MC within its set of admissible inputs   AIC 

     under the assumption that each component   C'  with output-input connection to   C   

     satisfies property   P w.r.t.  its  input  MC' 

  then   the system  S  satisfies property  P  w.r.t.  its set of admissible input states   AIS 

 

*  induction principle or circularity 

Formulated in this more detailed manner we make a fourth observation. The constructive 

form of this observation is that an induction argument occurs in the argumentation. To prove 

that the generated inputs for  C  are admissible, one has to prove that all components  C'   with 

output-input connection to  C  function properly, which requires that within the system they in 

their turn receive only admissible input, and so on.  

 In essence, for the static case, this leads to a condition on the graph of connections. This 

graph of connection must not contain cycles, if the induction argument is to be accomplished 

in a constructive manner. Moreover, two connections coming from different components but 

offering a truth-value for the same atom, may lead to unwanted inconsistencies.  

 In case of an output-input connection graph with cycles the argumentation as pointed out 

is not constructive anymore: it becomes circular. For example, two components  C  and  C'  

can have mutual (bidirectional) output-input connections. To prove proper functioning of  C  

within the context of the system one has to assume proper functioning of  C'  within the 

context of the system and conversely.  

 

There are some further considerations to be made: 

 

-  Is it undesirable if the set of admissible inputs for a component  C  is chosen too large, i.e., 

if there are admissible inputs that never occur in the system ? In that case the condition on  C  

satisfying property  P  or  Q  is stronger than needed. 

-  The subcondition of condition (iii) that  C'   functions properly with respect to the input  
MC'   could be strengthened to the subcondition that  C'  functions properly for all its 

admissible inputs and  MC'  is admissible. 
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-  An alternative (non-equivalent) formulation is that  C'   functions properly for all its 
admissible inputs (and leave out that the input  MC'   is admissible). In that case by applying 

condition (iii) on  C'  instead of  C  it can be established in addition that the input of  C'  

within the system is admissible. 

 
 

3.2  Formalization of the compositional ver ification pr inciple 

 

To be able to make a valid formalization we need to make some assumptions about the 

connectivity of components in a system. 

 The connectivity is formalized by a global connection relation  connection(C', C)  

between components. Such connections will map signatures onto signatures by pairing the 

atoms in these signatures. Moreover, we assume that each component's input state 

functionally depends on (is uniquely determined by) the system's input state, which we will 

represent by extending the same connect relation to connection(S, C)  and connection(C, S).  

 In the following formalization we have taken strong soundness and completeness as the 

property that is verified. We have taken the abstract properties  P  and  Q  both equal to strong 

soundness and completeness  

Under these assumptions the compositional verification principle can be formalized in the 

following manner. Admissible inputs are captured by assigning a subset to each component  C  

and to the whole system  S: 

 
   AIC ⊆⊆⊆⊆ ISin(C),  AIS ⊆⊆⊆⊆ ISin(S) 

 

Thus the following formalization is obtained. 

Definition 3.2  (Formalized compositional ver ification pr inciple; static variant) 

The (static) compositional verification principle is the following statement. 

Suppose the following three conditions hold: 

 
  (i)  For all components  C  and input models  M ∈∈∈∈ AIC  it holds that  dcC(M) = scWC(M) 

 (ii)  There exists a relation  connection(C', C)  describing that  C  receives input from  C' . 
Using these connections each input model  MS ∈∈∈∈ AIS  determines in a unique manner 

for each component  C  an input model  MC ∈∈∈∈ AIC. 

(iii)  For each input model  MS ∈∈∈∈ AIS   and each component  C  such that  
for all  C'   with connection(C', C)  it holds  dcC'(MC') = scWC'(MC')   

it holds  MC ∈∈∈∈ AIC 

 
Then  for all  input models  M ∈∈∈∈ AIS it holds  dcS(M) = scWS(M). 
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As remarked before, it is neccesary to formulate a condition for the connectivity before we 

can prove such a system: 

Definition 3.1 (Connection Graph, (static) well-connected) 

The connection graph  for a compositional system is defined by a global relation: 

connection(C', C) for components C’  or C together with connection(S, C)  and 

connection(C, S) for component C and the system S. 

Any such connection connects the signatures associated with both components:  
 - connection(C', C) is a relation on InAt(ÓC’) x OutAt(ÓC). 
 - connection(S, C) is a relation on InAt(ÓS) x InAt(ÓC). 
 - connection(C, S) is a relation on OutAt(ÓC) x OutAt(ÓS). 

A system is well-connected if  

 - the connection graph is acyclic, 

 - no two connections connection(C’ , C) and connection(C” , C) exist such that (a’ ,a) ∈∈∈∈ 

connection(C’, C) and (a” ,a) ∈∈∈∈ connection(C” , C). 

 

Now in the case of a finite number of components for well-connected systems, one can build 

a proof of the compositional verification principle by induction on the length of a maximal 

path in the connection graph. For such a proof we need a basic lemma for two specific 

situations: 

 

Lemma 3.3 

The compositional verification principle is valid for  

a)  systems composed from components that have no mutual connections. 

b)  systems that consist of two sequential components 

 

Theorem 3.4 

For well-connected systems with a finite number of components the static compositional 

verification principle is valid. 

 

Proof By induction of the length  n  of a maximal path in the connection graph of  S. If  n =1 

we have the case of the Lemma 3.2a). If n > 1, take S''  the set of all components at end points 

of paths with (maximal) length n. These components form a system of the type of Lemma 

3.2a). The remaining components form a system S'  with length of maximal path length less 

than  n. By the induction hypothesis and Lemma 3.2 for both  S'  and  S' '  the compositional 

verification principle already holds. The system  S  can composed from them by sequential 

composition, so Lemma 3.2b) can be applied. 
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4. Dynamic proper ties 

 

Essential in the theory above is the notion of forcing or semantic closure. This notion must be 

called static because it is based on a world description of static situation models. A 

straightforward generalisation of this notion to dynamic behavior is available if we consider 

temporal models. In [4] such temporal models were introduced as linear sequences of partial 

models. ‘Time’  in such a model has a starting point, is countable and non-branching. 

Therefore the natural numbers can be taken as the basis:  

Definition 4.1.  

A temporal model for a system S is a sequence of elements of IS(S), i.e., a function of the 

form:  

 γγγγ ∈∈∈∈ IS(S)   

 

Such temporal models can describe the behavior of a knowledge based system by showing the 

trace of reasoning. Time steps in such a trace may consider time at different levels. Changes 

may correspond to individual firing of rules in a knowledge base, or at a different level to the 

determination of the deductive closure of separate chains of rules. Other changes may 

correspond to change in input for the knowledge base.  

 In a compositional system, different parts of a model will correspond to the 

information states of different components. Time steps will then correspond to the effects of 

(alternating) activations of these components. This view will become important later when we 

consider such compositionality.  

 The trace of a system given some input can be described by a temporal model, if the 

system is deterministic. This holds for the case that some initial input is given, but also for 

input that changes over time. Therefore input is given by a temporal input model:  

Definition 4.2. 

A temporal input model is a temporal model restricted to input models 
 γγγγ  ∈∈∈∈ ISin(S)   

 

Associated with any temporal model γγγγ we define the input model In(γγγγ) that copies the truth-

assignment of the input atom and assigns u to all others. If any temporal input model 

deterministically specifies a trace for a system, we can determine one temporal model that 

describes this. We will use the following terminology: temporal deductive closure.  

Definition 4.3.  

Given a temporal input model γγγγ the deterministic trace of the system is a temporal model   
 tdcS(γγγγ)  called the temporal deductive closure. 
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A naive way to define forcing for such temporal models is to consider a set of them which 

describes all possible correct and required behavior of a system.  

Definition 4.4 

A behavior description is a set of temporal models, B.  A temporal model γγγγ1 is refined by a 

model γγγγ2, denoted γγγγ1 
�

 γγγγ2   if for all times t in  

 γγγγ1(t) 
�
 γγγγ2(t). 

 

Now we can define forcing in the usual way, by taking a temporal model that shows the 

common part of all refinements for some model:  

Definition 4.5 

Given a temporal model γγγγ, the temporal semantic closure  forced in a behavior B by γγγγ is a 
temporal model tscB(γγγγ) such that   

 - for all γγγγ'  in B s.t. γγγγ 
�
 γγγγ' it holds that tscB(γγγγ) 

�
 γγγγ' , and  

 - for any other model γγγγ"  satisfying this property γγγγ"  
�
 tscB(γγγγ) 

Equivalently stated, tscB(γγγγ) is the greatest common temporal model of all refinements in B of 

γγγγ.  

 

This type of forcing is useful to determine the required behavior from a temporal input model. 

This is interesting in two ways. First of all, we may want to parallel the intuition behind the 

temporal deductive closure of a system by determining what temporal model is forced by 

some temporal input model. Secondly, we may want to know what is the trace that must 

follow some given prefix:  

Definition 4.6 

The prefix up to a certain time-point t of a temporal model γγγγ is a temporal model Pre(t,γγγγ) 

defined by for all t'  in N and atom a:  

  Pre(t,γγγγ)(t' ,a)  = γγγγ(t',a)  if t'  
�
 t,  

    = u   otherwise  

 

There are two notions that are interesting in this respect: a temporal model can be determined 

by its input, and the model at a certain time may be determined by only preceding models. 

Together they form a natural generalisation of empirical foundedness: no two (distinct) 

temporal models have the same input, nor identical prefixes.  
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Definition 4.7 

 A behavior description B is deterministic if for all γγγγ in B 
 tscB(In(γγγγ)) = γγγγ 

A behavior description B is simulatable if for all γγγγ in B and t in N: 
 tscB(Prec(t,γγγγ)) = γγγγ 

 

Obviously, the task of dynamic verification is to compare the actual behavior of a system to 

the required behavior. Thus we can define, similar to the static case, the following dynamic 

verification properties:   

Definition 4.8 

 A system S is behaviour-sound for a temporal input model γγγγ if  
 tdcS(γγγγ) 

�
 tscB(γγγγ) 

A system S is behaviour-complete for a temporal input model γγγγ if  
 tdcS(γγγγ) �  tscB(γγγγ) 

 

A question we naturally ask ourselves is whether there are other notions for dynamic 

verification that together form a coherent theory as is the case for static verification presented 

before. 

 

 The above notion of forcing does not take into account that some changes may be 

sequential in some particular temporal model, but that this sequentiality is not necessary: i.e. 

there is another temporal model that contains the same behavior except for a subtrace that 

switches the order of changes. For this we will define the notion of permutation equivalence:  

Definition 4.9 

Two temporal models γγγγ1 and γγγγ2  are permutation equivalent γγγγ1    ≅ ≅ ≅ ≅ γγγγ2 if there are two intervals 
[0,t1] and [t2,inf) with t1 < t2 such that for all t in these intervals γγγγ1(t)=γγγγ2(t). A temporal 

model γγγγ2 is a permutation refinement of γγγγ1 if there exists a model γγγγ3 ≅ ≅ ≅ ≅ γγγγ2 and γγγγ3 �  γγγγ1.  

 

A more sophisticated notion of forcing will take such permutations into consideration. A 

possible way to formulate this is given below:  

Definition 4.10 
A permutation temporal semantic closure ptscB(γγγγ) is forced in a behavior B by a model γγγγ if it 

is the largest common temporal model of all permutation refinements  in B of γγγγ.  
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5. Compositionality of dynamic proper ties 

Compositionality implies that each information state of the whole system  S  is composed 

from the information states of its components  C. The set of them can be described by the 

cartesian product 

 

   IS(S) =  ππππC∈∈∈∈S IS(C)  

 

Behaviours of the whole system can be described by sequences (indexed by the natural 

numbers) of these composed information states: 

 

   IS(S)    = ππππC∈∈∈∈S  IS(C)   

 

We consider the formulation and formalization of a dynamic variant of the compositional 

verification principle (as in Section 3). First we need to interpret the term property in a 

dynamic manner: a property of behaviour: BP. Some of these properies have been defined in 

Section 4. 

 We assume all components in  principle are active all the time and react on their 

(dynamic) inputs. Among these inputs control-atoms can play an important role; e.g., an input 

atom that serves as a kind of "on-off" button with the effect that the component only has 

trivial behaviour (not changing anything) as long as this atom is false (cf. the meta-

information states in compositional architectures). 

 Admissible inputs are replaced by admissible input behaviours: for each component and 

for the system as a whole a given subset 
   AIBC ⊆⊆⊆⊆  ISin(C) 

 

 Thus we obtain the following dynamic compositional verification principle. 

 

 i f   (i)  all components   C  satisfy (behaviour) property  BP  w.r.t.  their sets of  admissible  input   

  behaviours  AIBC 

    (ii)  they are connected in the right manner to the system  S  

    (i ii)  for each system input behaviour  MS  falling within the set of admissible input behaviours   AIBS   

   each component  C receives input behaviour  MC within its set of admissible input behaviours   AIBC 

         under the assumption that each component   C'   with output-input connection to   C   

         satisfies (behaviour) property   BP w.r.t.  its  input behaviour   MC'  

 then   the system  S  satisfies (behaviour) property  BP  w.r.t.  its set of admissible input behaviours   AIBS 

 

About this dynamic variant of the principle similar considerations can be made as in Section 

3. We assume deterministic behaviour of the system and all of its components. This means 



 14

that all local (component) behaviour functionally depends on the input behaviour. A 

difference is that in a dynamic setting cyclic connection graphs are sensible.  

 In a formal definition we can state the principle as follows. 

 
Definition 5.1  (Formalized dynamic compositional ver ification pr inciple) 

The (dynamic) compositional verification principle is the following statement. 

Suppose the following three conditions hold: 

 
  (i)  For all components  C  and input behaviours  M ∈∈∈∈AIBC  the property BP holds. 

 (ii)  There exists a relation  connection(C', C)  describing that  C  receives input from  C' . 
Using these connections each input behaviour  MS ∈∈∈∈AIBS  determines in a unique 

manner for each component  C  an input behaviour  MC ∈∈∈∈AIBC. 

(iii)  For each input behaviour  MS ∈∈∈∈AIBS   and each component  C   

 such that for all  C'   with connection(C', C)  it holds  BP   
it holds  MC ∈∈∈∈AIBC 

 
Then  for all  input models  M ∈∈∈∈AIBS it holds  BP. 

 
For the behaviour property BP one can substitute one of the behaviour properties formulated 

in the previous section. 

 
6. Conclusions 
 
In our paper [24] we presented a logical foundation for verification and validation for the 

restricted case of knowledge-based systems consisting of just one knowledge base. Moreover 

we only treated static properties to be verified. In the current paper we investigated how this 

framework can be generalized to the case of compositional knowledge-based systems and also 

to dynamic properties. First, we found out that it is not hard to generalize them to more 

complex systems (see the results in Section 2). Moreover, it turned out that generalizations to 

the dynamic case are possible as well (see Section 4). Given these generalizations of our 

framework we were able to formulate a compositional verification principle both for static 

and dynamic properties (Sections 3 and 5). We consider this principle as one of the main 

research topics in the practice and foundation of verification of compositional knowledge-

based systems. One of the most challenging problems to tackle is the case of verification of 

the behaviour of compositional knowledge-based systems. The generalized logical framework 

presented in the current paper can be a first step in this direction; it enables one to formalize 

the various issues that can be identified. 
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