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Abstract
MECORI [Ramírez & de Antonio, 1998] is a method which
is able to detect inconsistencies defined by integrity
constraints (ICs) in a Knowlegde base (KB). The approach
of MECORI is similar to that of other methods like
COVADIS [Rousset, 1988] or KB-REDUCER [Ginsberg,
1988], since all of them build an ATMS-theory [de Kleer,
1986]. However, the scope of MECORI is wider than the
scope of these methods, since it allows us to verify KBs
expressed in a more powerful knowledge representation
formalism called CCR-2 [Martínez, 1993], and it also
allows us to detect a wider range of inconsistencies by
supporting a flexible IC specification language.

Introduction   

This work aims to be a step forward in the area of
Verification & Validation (V&V) methods. It is a method
for the detection of semantic inconsistencies in hybrid
Knowledge Based Systems (KBS) using production rules
and hierarchies of frames. A semantic inconsistency
appears whenever the KBS is able to deduce a set of facts
which are incompatible regarding the KBS application
domain. A logical inconsistency, on the other hand,
appears whenever the KBS is able to deduce both a fact
and its negation. Semantic inconsistencies can be specified
with Integrity Constraints (IC). In this paper a method
called MECORI will be explained. It will be showed how
it improves its predecessors, overcoming many of their
limitations. MECORI is able to verify KBs expressed in a
knowledge representation formalism called CCR-2, which
is valid for hybrid KBSs, with non-monotonic and
uncertain reasoning. Moreover, MECORI allows for the
antecedents of rules to include inequations defined in the
rational domain, expressing constraints over the values of
attributes or certainty factors.

                                               

The MECORI methods receives as inputs a KB in CCR-2
format and a set of ICs. As an output, MECORI describes,
for each IC that the KBS can violate, the sequence of rules
that must be fired for the semantic inconsistency to be
reached, and how the initial Fact Base (FB) should be in
order to allow for this sequence of rules to be fired.  The
description of the initial FB will contain a specification of
the CCR-2 objects that must be included in this FB. The
specification of a CCR-2 object, in turn, will contain a set
of constraints over the characteristics that the object might
possess.
The method is inspired in the ATMS designed by de Kleer
[de Kleer, 1986], in the sense that it takes the concept of
label as a way to represent a description of a set of FBs.
However, in the design of MECORI, the concept of label
has been notably extended, since CCR-2 KBs can contain
objects of very different nature, in addition to simple
propositions, that were the only kind of objects that could
appear in a ATMS-like label.
The section “Antecedents” of this paper explains other
methods that also verify the KBS consistency. In section
“Specification of the Input”, are explained some points
related to the kind of KBSs and ICs that are verified by
MECORI. In the section “Hypothesis”, we explain the
hypothesis that will be assumed in the operation of the
method. Section “specification of the Output” explains
how  MECORI specifies how a KBS can violate an IC, if
possible. In section “Operation of the method”, the
procedure for detecting an inconsistency is explained. We
end with some conclusions about our work.

Antecedents

With the aim of detecting inconsistencies in KBs based on
monotonic reasoning, several methods have been proposed
to date. These methods can be grouped into different
families, according to the approach they follow. We will
review these families now.
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Tabular Methods [Van Melle, 1981] [Suwa et al, 1982]
[Suwa et al, 1984] [Nguyen et al, 1985]: tabular methods
were the first ones to be designed for detecting anomalies
in KBSs. The strategy followed by a tabular method
consists on comparing in pairs the rules of the RB, with the
objective of discovering certain relationships among their
premises and conclusions. Given that these methods only
compare pairs of rules, all the inconsistencies in which
chains of several rules are involved are beyond the scope
of these methods.
Methods based on Petri Nets [Steinmetz & Theissen, 1985]
[Murata & Matsuyama, 1986] [Meseguer, 1990] [He et al,
1999]: the methods in this family are based on modeling
the KB by using a Petri net, and applying techniques of
diverse nature to the Petri net with the aim of detecting
inconsistencies. These methods need to test the model
under all the possible initial states in order to warrant the
absence of inconsistencies, which can be computationally
very costly.
Methods based on Graphs [Nguyen et al, 1987a] [Nguyen,
1987b] [Nazareth, 1988] [Nazareth & Kennedy, 1990]
[Barr, 1993] [Ramaswamy et al, 1997] [Gursaran et al,
1999]: graphs are a very attractive tool in order to represent
conceptual dependencies. Moreover, graph theory provides
us with analysis techniques to study properties such as
conectivity or reachability in a rigorous and formal way.
On the other hand, the applicability of methods based on
graphs, as happens with methods based on Petri nets, can
be formally proved. However, they have as a disadvantage,
like Petri net-based methods, the necessity of simulating
the execution of the system for every possible initial FB.
Methods based on the Generation of Labels [Rousset,
1988] [Ginsberg, 1988] [de Antonio, 1990] [Meseguer,
1992] [Dahl & Williamson, 1993] [Ayel, 1988] [Ayel &
Laurent, 1991a] [Ayel & Laurent, 1991b] [Clemente,
1994]: these methods are grounded on the ATMS designed
by de Kleer [de Kleer, 1986]. Given that many times the
generation and propagation of every possible initial FB is
computationally intractable, these methods take the
concept of context, used in the ATMS, as a means of
specifying a set of initial FBs. Contexts that describe initial
FBs which cause the deduction of an inconsistency will be
specially interesting. Therefore, the goal of these methods
will be the construction of those contexts. As the number
of rules in the RB is finite, the specifications contained in a
context will also be finite, even if the number of possible
initial FBs is infinite.
Methods based on Algebraic Interpretations [de Antonio,
1994] [Laita et al, 1997] [Laita et al, 1999]: these are
systems that are based on the transformation of the KB into
an algebraic structure, like a boolean algebra, and the
application of concepts and procedures relative to that
algebraic structure for the verification of the KB. This
family of methods are the most reliable, since they are
solidly grounded on algebraic concepts.
There are not many methods that are able to deal with the
verification of non-monotonic RBs. Among them, we can
highlight Antoniou's method [Antoniou, 1997], which

analizes RBs expressed in default logic, and Wu & Lee's
method [Wu & Lee, 1997], which tests RBs with
production rules. While Antoniou's method is inspired on
tabular methods for monotonic RBs, Wu & Lee's method
model the RB as a high level extended Petri net.
Analogously, only a few methods have been proposed that
are able to verify systems with uncertainty management
[O’Leary, 1996] or hybrid systems. The first work that
dealt with hybrid systems was that of Lee & O’Keefe [Lee
& O’Keefe, 1993], which characterized a set of new types
of anomalies that appear as a result of considering the
submission relationship among literals in different rules.
The submission relationship is a consequence of the
subclass-of relationships that appear in a frame hierarchy.
In order to detect those anomalies, Lee & O’Keefe
presented a method with a tabular approach. Later on, as an
extension of Lee & O`Keefe work, Mukerjee et al
[Mukherjee et al, 1997] proposed a similar procedure to
detect dead-end and unreachable rules, considering the
submission relationship. They also propose a method based
on the generation of labels to detect absent rules.
Mukherjee et al also introduce an algorithm to detect
anomalies caused by the interaction of rules and monitors
(methods and daemons) during the execution of the KBS.

Specification of the Input

The inputs to MECORI are the CCR-2 KB, a set of ICs,
and the type of logic that is used in the KB for the
management of negation (closed world assumption or
trivaluated logic).

CCR-2 Language
CCR-2 supports the representation of production rules in
Disyunctive Normal Form (DNF) and a high number of
object types in the FBs: frame classes and instances,
relationships, propositions, attribute values and attribute
identifiers. Moreover, uncertain reasoning can be
represented in CCR-2 by associating certainty factors to
attribute values, to tuplas in a relationship or to
propositions. In CCR-2 it is also possible to represent
actions that modify the state of an object, create or destroy
objects while executing the KBS. This last characteristic
allows us to represent some types of non monotonic
reasoning. In addition, CCR-2 rules can include linear
arithmetic equations over attribute values and certainty
factors. As it is possible to declare variables as
relationships and propositions in the rules, the antecedent
of a rule is a second order logic formula. Facts in a CCR-2
KB are classified into two categories: a deducible fact is a
fact that is obtained from the execution of the KBS; and an
external fact is a fact which cannot be deduced by the KBS
and can only be obtained from an external source.
As we mentioned at the beginning of this section, the
CCR-2 KBs can use two kind of management of the
negation: closed world assumption or trivaluated logic. The
kind of management of the negation specifies: when a fact



is true or false; what is the effect of the actions; how the
facts and actions can be chained during the KBS execution;
and which pairs of actions are contradictory. As the closed
world assumption is well known in the AI literature, we
only explain shortly the trivaluated logic. In the trivaluated
logic, there are three truth values: true, false and unknown.
While a fact will be false if its negation appears in the FB,
a fact will be unknown if neither it nor its negation appear
in the FB.

Specification Language for Integrity Constraints
An IC defines a consistency criterion over input data,
output data or input and output data. The IC form is A ⇒ ⊥
where A is a second order logic formula in DNF that
includes conditions over whatever type of CCR-2 object.
In addition, it is possible to specify quantifications for the
variables. However, the semantics of the quantifiers in the
ICs is different to the semantics of quantifiers in predicate
logic:
An IC ∀x∈T (A ⇒ ⊥) is violated if every object in the
class T that is included in the FB only satisfies the
conditions imposed over the variable x in the formula A.
An IC ∃x∈T (A ⇒ ⊥) is violated if at least one object in the
class T that is included in the FB satisfies the conditions
imposed over the variable x in the formula A.
These semantics for the universal quantifier permits the
detection of inconsistencies due to knowledge gaps.
Three types of ICs are considered: with input scope, with
output scope and with input-output scope. The scope of the
IC depends on the scope of the predicates included within
it. A predicate with input scope states something about the
initial FB, while a predicate with output scope states
something about the final FB (resulting after the execution
of the KBS).

Hypothesis

MECORI does not take into account the schema of the FB.
We define the schema of the FB as the domain of the
problem to solve, not the particular problem to solve. The
schema of a CCR-2 FB should define aspects such as the
frame taxonomy, the relationships, the propositions, and so
on. The reason why MECORI does not require the schema
of the FB is because CCR-2 allows for actions in the
consequent of a rule that could modify the schema.
Therefore, if a schema was provided, it could be only valid
to characterize the initial FB. Given that MECORI starts
from a final state (an IC that could be violated) and works
to build an initial state (an initial FB) that would violate
that IC, the schema is not of any help in the intermediate
process. However, the schema of the initial FB could be
useful (as it will be explained further on) to validate the
specification of the initial FB that has been built by the
method. The RBS is assumed to execute with forward
chaining, according to given conflict set resolution criteria.
Explicit control mechanisms and meta-rules are not
considered by MECORI. When a rule is fired, we assume

the sequential execution of all the actions belonging to the
consequent of the rule.
CCR-2 rules can introduce new facts in the FB, but they
can also delete already existing facts. This provides the
knowledge engineer with the capability of building KBSs
with non-monotonic reasoning. In the most extreme
situation, we could find rules of the form p→¬p. This kind
of rules are not admissible in a RB from the point of view
of classical logic or default logic, since they are logical
inconsistencies. However, if we examine these rules from
the point of view of temporal logic [Kröger, 1987], and we
rewrite them as p atnext ¬p (where the operator atnext
gives a true value if p is true in the time t and ¬p is true in
the time t+1), then these rules should be perfectly
admissible in a RB expressed in temporal logic. From our
perspective, some production rules should be interpreted as
rules of the form  p atnext ¬p, given that this kind of rules
can appear, for instance, in STRIPS-like planners.
If we admit rules of the form p→¬p, we situate ourselves
quite far from the concept of logical inconsistency as
defined in other works, so we are going to clarify the
meaning of logical inconsistency in this work.

A logical inconsistency is reached when, in order to
deduce a pair of facts F and F’, it is necessary to
assume the truth of a set of contradictory external
facts, or when at any time in the process of deducing
F (F’), the fact ¬F’ (¬F) is deduced, and the fact F’
(F) is not deduced later in the same deductive process

It should be mentioned that, according to this definition, an
inconsistency is independent of the initial FB, and it only
depends on the RB.
Lets see an example of an inconsistent RB. Lets take the
productions rules: p, q→ r; t→ ¬r; ¬r→ s. We want to
deduce the facts r and s and all the other facts are external..
Obviously, in order to deduce s it is necessary to deduce
¬r beforehand, and after deducing ¬r it is not possible to
deduce r. This example deserves an additional comment. If
we assume that the rules are executed with forward
chaining and we fire them in the following sequence: t→
¬r; ¬r→ s; p, q→ r then the facts r and s will be both true
in the final FB. However, if the rules are fired in the
following sequence: p, q→ r; t→ ¬r; ¬r→ s then the facts
¬r and s will be present in the final FB. With the first
sequence, the fact s was deduced first, and then the fact r,
with the second sequence the facts were deduced the other
way round. Our definition of inconsistency includes
situations like this one, when the truth value of the goal
facts depends on the order in which they are deduced. Lets
see another example of a RB that is consistent according to
our definition, but inconsistent according to other
definitions. Lets take the production rules: v→¬q; s,¬q→
q;  q, t→ p. We want to deduce the p and q, and all the
other facts are external. If the rules are executed with
forward chaining in the writing order, then the facts p and
q will be present in the final FB. Moreover, this is the only
rule sequence that deduces p and q.



Specification of the Output

As an output, MECORI must specify the ICs that can be
violated during the execution of the KBS. For each IC that
can be violated, it must generate a report explaining the
requirements that the initial FB must fulfill so that it is
possible to execute, starting from the initial FB, a certain
deductive path (sequence of rule firings) that causes the
inconsistency described by the IC. MECORI will use an
object called subcontext to specify how the initial FB must
be and which deductive path must be executed in order to
cause an inconsistency. There can be different initial FBs
and different deductive paths that lead to the same
inconsistency. An object called context will specify all the
different ways to violate a given IC.
Consequently, a context will be composed of n
subcontexts. In turn, a subcontext is defined as a pair
(environment, deductive path) where an environment is
composed of a set of metaobjects and conditions, and a
deductive path is a sequence of rule firings.
A metaobject describes the characteristics that should have
one object which can be present in a CCR-2 FB. For each
type of CCR-2 object there will be a different type of
metaobject.
In order to describe a CCR-2 object, a metaobject must
include a set of constraints on the characteristics of the
CCR-2 object. Some CCR-2 objects may include
references to other CCR-2 objects (for instance a frame
instance can have attributes and a relationship can include
tuplas of frame instances). Therefore, some metaobjects
will also contain references to other metaobjects.
Given that the attribute values and the certainty factors
associated with CCR-2 objects can be subject, in some
rules, to certain constraints expressed as arithmetic
inequations, they will be represented by a different kind of
metaobject called condition. Conditions will also appear in
environments, together with metaobjects, and they will be
referenced from the metaobjects that participate in them.
Considering the references among metaobjects and
conditions, there can be one or more networks of
metaobjects and conditions in one environment.
Figure 1 shows an example of an environment describing a
FB in which the formula Owns(X, ferrari-testarrosa) ∧
X.age>17 is true, where the variable X is declared as an
instance of the frame class Person.
If there exists a CCR-2 object in the FB, for each
metaobject in the environment, that satisfies all the
requirements imposed on it. then the given formula will be
true in the FB.
When a multivalued attribute participates in several
conditions in one environment, it will not be necessary that
all the values of the attribute satisfy the conditions. It will
be enough if one of the values satisfies them.
Since MECORI does not take into account the schema of
the FB, it is possible that any of the enviroments included
in the context associated with an IC specifiess a FB that is
unacceptable according to the initial schema. Similarly, it
could happen that a deductive path in one subcontext of the
context associated with an IC cannot be effectively

executed given the control strategy used by the KBS.
Consequently, the knowledge engineer should revise every
subcontext looking for environments that are unacceptable
according to the FB schema, and deductive paths that are
not executable. This revision could even be automated, so
that the intervention of a knowledge engineer is not
necessary.
Regarding the deductive paths, they will specify a
sequence of rule firings that, if viable according to the
control strategy, will cause an inconsistency. However, the
order of the rule firings in the deductive path could not be
the only valid one (without considering control aspects) in
order to cause the inconsistency. For each environment,
MECORI will only generate one of the possible valid
sequences of rule firings.

Figure 1: Environment

Operation of the Method

In order to analyse the consistency of a KB, MECORI has
to output the context associated to each IC. If this context
results to be empty, that means that there is not any valid
initial FB that leads to the violation of the IC. If the
contexts of all ICs are empty, that means that the KB is
consistent with regard to the set of ICs.
MECORI implements a backward chaining simulation of
the real rule firing. The recursive calls finish when, in the
process of computing the context associated with a fact,
this fact is external.
Basically, the method can be divided in two phases. In the
first phase, the deductive tree associated with the IC is
expanded. The leafs of this tree are rules that only contains
external facts. During the first phase, the metaobjects are
propagated from a rule to another one. In this propagation,
some constraints are added to the metaobjects due to the
rule facts and the declaration part of the rule, and some
constraints are removed from the metaobjects due to the
actions. In the second phase, the deductive tree is
contracted by means of the context operations, and the
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of person

   Age > 17    Owns (x, y)

   Ferrary

Meta-

attribute Metaframe Metaframe

Condition Metarelationship

   Age

Meta-id
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metaobjects associated to external facts and the conditions
are inserted in the subcontexts.
Next, we will explain these two phases. However, the
treatment of the conditions will be shown superficially,
since this treatment is explained in detail in [Ramírez
& de Antonio, 2000].

Expansion phase
For each IC, first of all, it is necessary to bind each
variable of the IC and each referenced CCR-2 object to a
metaobject. Some constraints are derived from each IC
fact, and they are added to the metaobjects. Moreover, it is
also  necessary to create some conditions, in order to
represent the arithmetic constraints over attribute values
and certainty factors that could appear in the IC. As a result
of this process, a metaobjects and conditions network is
built. This network describes the CCR-2 objects that allow
IC facts to hold true.

Figure 2: Example with an IC and a rule

As the variables of the IC can have universal or existential
quantification, a constraint is also inserted into the
metaobjects to represent this aspect.
In the figure 3, we can see the metaobjects and conditions
network created for IC of the figure 2. We need two
metaframes (OBJ1 and OBJ4) for the variables X and Y
respectively, one metaattribute (OBJ2) for the defaulter
CCR-2 attribute, one metarelationship (OBJ3) for the
Grant CCR-2 relationship and three conditions (COND1,
COND2 and COND3) for X.defaulter = true,
cf(X.defaulter=true)=1 and cf(Grant(X, Y)=1)
respectively. The arrows in the figure 3, represent the
presence of references to other metaobjects and conditions
inside of the metaobjects and conditions.
Obtaining the context of an IC implies obtaining the
context associated to each fact included in the IC. If the
fact is an external fact, its context is created. The creation
operation will be defined later. In order to compute the
context of a deducible fact, MECORI has to generate the
contexts associated to all the rules that deduce the fact

(conflict set). To decide whether a rule deduces a fact, it is
necessary to check whether there exists any action in the
rule that is unifiable with the fact. If the fact and the action
are unifiable, then the metaobjects bound to a variable or a
CCR-2 object name are propagated to the action. In this
step, the constraints deduced by the action are removed
from the propagated metaobjects. In the example of the
figure 2, the IC comprises an external fact (or input fact)
and a deductible fact (or output fact).  So, MECORI finds a
rule to deduce the deductible fact. As this rule includes a
rule that is unifiable with the deductible fact, then the
metaobjects OBJ1, OBJ2 and OBJ4 are propagated to the
action. In the figure 4, we can see the reference between
OBJ3 and OBJ1 is removed due to the fact-action chaining,
since the action can just deduces the tupla referenced in the
fact. It should also be noted that OBJ2 appears in the figure
4 although OBJ2 is not in the rule. The reason of this is
that OBJ2 is referenced from OBJ1. In general, it could
happen that a metaobject includes references to other
metaobjects that are not in the same scope in a certain
moment

Figure 3: Metaobjects and conditions for the IC

A CCR-2 rule premise contains a list of conjunctions
joined by disjunction operators. Hence, to output the
context of a rule it is necessary to output the context of
each conjunction.
In order to output the context of a conjunction it is
necessary to output the context of each fact included in the
conjunction. A processing similar to that of an IC is
performed over each conjunction before outputting the
contexts of the included facts. As a result of this, new
metaobjects and conditions appear and some constraints
are added to the metaobjects. However, while all the
metaobjects are created in the IC, some metaobjects of the
current rule have been propagated from another rule (or
from the IC), therefore these metaobjects already contain
some constraints. Hence, it could happen that a new
constraint c was added to a metaobject that already contain
a constraint c’ such that {c, c’} is contradictory. In this
case, the current rule will be discarded since it can not be
used to deduce the current goal.

IC: ∃X∈Client∃Y∈Loan

(X.defaulter = true,   1) (I),      Grant     ((X, Y),   1) (O) ⇒ ⊥

Rule: X,Y∈Gold-Client,Guarantee((X,   Y),   1)

Add( Grant  ((X, normal-loan);1)

   OBJ1   OBJ2      COND1 COND2           OBJ3         OBJ1 OBJ4  COND3

X/OBJ1

Y/OBJ4

Grant/OBJ2

    OBJ5       OBJ1  OBJ6  COND4

   Subinstance
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∃
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∃

Grant (OBJ1,

OBJ4)

   cf(…) = 1

Defaulter

OBJ1(X)

OBJ3 OBJ4(Y)

OBJ2

COND3

   cf(defaulter) = 1

COND2

  defaulter = true

COND1

Fact 1 (extern)
Fact 2 (deductible)



Figure 4: Metaobjects and conditions for the rule

Contexts Operations
In this section, we will define the contexts operations:
creation of a context, concatenation of a pair of contexts
and combination of a list of contexts.
a) Creation: a context with an unique subcontext is created
from an external fact h: C(h) = {(E, ∅)} where the
environment E comprises all the metaobjects included in h.
The external fact h will hold true in a FB that satisfies all
the contraints specified in E.
b) Concatenation of a pair of contexts: let C1 y C2 be a pair
of contexts and Conc(C1, C2) be the context resulting from
the concatenation, then: Conc(C1, C2) = C1 ∪ C2

c) Combination of a list of contexts: Let C1,C2,…,Cn be the
list of contexts, and Comb(C1,C2,…,Cn) be the context
resulting from the combination. The form of this resulting
context is:
Comb(C1,C2,…,Cn) = { (Ek1∪ Ek2…∪ Ekn, DPk1 * DPk2…*
DPkn) s.t. (Ei, DPi) ∈ Ci and order(k1,k2,..,kn)  }
where order(k1,k2,..,kn) is a predicate that is only true for a
unique permutation of (1,2,..,n). The aim of this predicate
is to ensure that the method will yield the same deductive
path by combining the same deductive paths in different
orders. We need to define two additional operations in
order to implement the context combination operation: the
union of environments and the combination of deductive
paths:
c.1) Union of environments (Ei ∪ Ej): this operation
consists of the union of the sets of metaobjects and
conditions Ei and Ej. After the union of two sets, it is
necessary to check whether any pair of metaobjects could
be merged. A pair of metaobjects will be merged if they
contain a constraint such that they specify the same CCR-2
name. As a result of this fusion, the new metaobject could
be invalid if it contains contradictory constraints. In this
case, the resulting environment will be invalid, and it will
be discarded. Moreover, after the union of two
environments, it is also necessary to check whether the
resulting set of conditions can be satisfied or, in others
words, whether the resulting set of conditions is feasible.
Finally, if the resulting environment represents an invalid
input, that is, this environment specifies an initial FB that

violates an input IC, then this environment will be
discarded.
c.2) Combination of deductive paths (DPi * DPj): let DPi

and DPj be deductive paths, then DPi * DPj is the deductive
path that results from appending the lists DPi and DPj.
Before combining two deductive paths, it is necessary to
check whether there is a pair of contradictory actions A and
B, such that A∈DPi (A appears in the consequent of any
rule of DPi) and B∈DPj. Two actions are contradictory if
the effect of one annuls the effect of the another one. If
there is a pair of contradictory actions in DPi and DPj, then
the pairs (Ei, DPi) and (Ej, DPj) will not be combined.

Contraction phase
This phase begins when all the leafs of the deductive tree
are external facts. At this moment, MECORI computes the
contexts associated with external facts by creating a
context for each external fact.
Next, outputting the context associated with a conjunction
implies to combine the contexts associated with each fact
included in the conjunction by means of combination
operation. Then, the actions of each deductive path are
applied to the conditions generated from the current
conjunction in the expansion phase. The resulting
conditions of this step are added to each environment
included in the context resulting from the combination.
These resulting conditions are only defined in terms of
external metaobjects, that is, objects that must be provided
as inputs in the initial FB. In this way, the context
associated with a conjunction is computed.
Later, in order to compute the context associated with a
disjunction (or with a rule), the contexts associated with
the conjunctions are concatenated by means of the
concatenation operation. Next, the current rule is added to
each deductive path included in the context associated with
the rule. The resulting context of the previous step is
named as the updated context associated with the rule.
Since in CCR-2, a rule can be executed one or more times
consecutively, it is necessary to detect and represent this
aspect  in the deductive paths.
If there exists only a rule to deduce a fact, the context
associated with the fact is equal to the updated context
associated with the rule. Otherwise, in order to output the
context associated with the fact, it is necessary to
concatenate the updated contexts associated with each rule
included in the conflict set associated with the fact.
In short, thanks to the contexts operations, the constraints
generated from the external facts (inside of the
metaobjects) are propagated forward from the leafs of the
deductive tree to the IC. Thus, all these constraints are
collected in the context associated with the IC.
For the example already explained in this section, the
context associated with the IC is shown in the figure 5.

   Subinstance
of Client,

Gold_Cliente
∃

   Subinstance
of Gold_Client

∃

   Guarantee

(OBJ1, OBJ6)

   cf(…) = 1Grant

defaulter

OBJ1(X) OBJ5 OBJ6(Y)OBJ2

OBJ3
COND4

This reference
is removed due

to the fact-
action chaining



Figure 5: Context associated with the IC

Dealing with taxonomy relationships
Initially, MECORI does not know the structure of the
frame taxonomy, so MECORI can not use this information
to test the consistency of the assumed taxonomy
relationships during the process. As the taxonomy
relationships are transitive and some constrains included in
the metaobjects are taxonomy relationships, it is not
enough to propagate only the metaobjects in the first phase
of the method, but it is also necessary to propagate the
transitive closure of the taxonomy relationships included in
the metaobjects. In this way, the detection of invalid
metaobjects due to the presence of contradictory taxonomy
relationships is exhaustive.

Dealing with non monotonic reasoning
MECORI simulates the non-monotonic reasoning by
adding and deleting constraints in the metaobjects.
However, these operations are not enough to ensure the
consistency of non-monotonic reasoning, therefore a set of
assumed metapropositions and assumed tuplas of
metarelationships must be also propagated in the first
phase of the method. Our view of the consistency of non-
monotonic reasoning was defined in the section
“Specification of the Input”.

Removing redundancy
In this section, we will define the concept of redundant
information in the contexts. First of all, we will define
when a metaobject is redundant in an environment:

A metaobject a is redundant in an environment E sii
∃b∈E / a≠b ∧ a⊂b

where a⊂b denotes that the metaobject b is subsumed by
the metaobject a. In other words, the metaobject b is more
restrictive than the metaobject a. Roughly, we can say that
the metaobject b is subsumed by the metaobject a sii ∀c
(constraint)∈a then c∈b. For the sake of the shortness, a
definition more formal than the latter will not be given in
this paper. Logically, if a metaobject is redundant in an
environment, this metaobject can be removed from the

environment without loss information. The reason of this
removal is because the non redundant metaobject can hold
true at least the same facts than the redundant metaobject.
Redundant subcontexts could appear in the contexts:

A subcontext S is redundant in a context C sii
∃S’∈C∀a∈S then ∃b∈C / a⊂b

If a subcontext is redundant in a context, this subcontext
can be removed from the context without loss information.
The reason of this removal is because the non redundant
subcontext specifies at least the same initial FBs than the
redundant subcontext.

Conclusions

The most noteworthy and innovative points of this method
are: first, it can deal with hybrid KBSs that can use some
type of non monotonic reasoning; second, MECORI can
deal with production rules that can contain second order
logic formulae; third, MECORI can verify KBS with
uncertain reasoning; and fourth, our method can deal with
production rules that include some arithmetic constraints
on attribute values and certainty factors.
For the purpose of verification, an ATMS-like theory is
built as in COVADIS or KB-REDUCER. However, unlike
these methods, our method creates, updates and propagates
backward metaobjects while the deductive tree is being
expanded, and later, our method propagates forward
metaobjects inside of contexts while the deductive tree is
being contracted.
Now, the treatment of the propositions and conditions is
already implemented. So, we must still implement the
treatment of the rest of CCR-2 objects. At the same time,
we are working on the formal verification of MECORI, in
particular, we are attending to the soundness of the
contexts computed by MECORI.
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