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Abstract

One of the most important constraints faced by the development of artificial intelligence
systems is the limited computing power. The logic problems involved in the construction of
artificial intelligence systems are most often NP-complete in terms of computational
complexity. In the case of conceptual graphs, logical inference is based on the subsummation
relation between conceptual graphs. In this paper, we use homomorphisms of conceptual
graphs as a model for the subsummation relation. Therefore, the problems related to the
existence of relations between two conceptual graphs such as homomorphisms, isomorphisms
or generalization, specialization relations become fundamental problems. Although all these
decision problems are, in general, NP-complex, they can be efficiently solved in many cases,
by certain strategies, without making too much compromise in terms of generality. In this
paper, we propose a method to find and manipulate homomorphisms of conceptual graphs
based on the concept of finite automaton. Thus, using the finite automaton to recognize
predicate homomorphisms and moving a large part of the complexity of finding a
homomorphism to the knowledge base construction phase represents our main contribution in
this work.

Keywords: conceptual graph, knowledge base, conceptual graph homomorphism,
subsummation relation, subsummation automaton

1 Introduction

A knowledge-based system requires both a formalism for specifying knowledge and
reasoning mechanisms on this knowledge in order to solve different types of problems.
The language of classical first-order logic (FOL) remains the main formalism used for
specifying knowledge. Classical logic, in its current form, has sophisticated reasoning
mechanisms that can handle complex problems. However, two important problems
arise: on the one hand, not all users master mathematical logic, and on the other hand,
the computational complexity of some reasoning exceeds the computing capacity
available today. Therefore, a large part of the research effort in this area focuses on
finding a compromise between the expressiveness of the knowledge representation
formalism and the efficiency of the reasoning mechanisms.

A modeling process begins with the conceptualization of the domain, that is, with the
detection of all the concrete elements in the modeling domain and their replacement
with concepts [6] [7]. Thus, the conceptualization provides a common vocabulary,
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which integrates heterogeneous elements in the modeling domain. A complete
specification of the conceptualization of the domain is called an ontology [3].

The conceptualization of the domain therefore provides the basic component of the
ontology, the vocabulary formed by a set of terms, which name entities and
relationships between these entities, and which represent the concepts necessary for
modeling the domain.

Depending on the objectives of the model, the semantics of the concepts and
relationships included in the vocabulary can be specified in natural language in the case
of informal ontologies, or in a formal, axiomatic or prototype-based language in the
case of formal ontologies.

Formal ontologies form the basic support for reasoning in the modeled domain.
Therefore, the information contained in the ontology will have to support logical
reasoning in the modeled domain. For this purpose, vocabulary elements are structured
by equivalence relations, in order to capture terms that define the same concepts, or by
partial order relations to specify hierarchies of generalization and specialization.

The effort made by researchers to find a compromise between the expressiveness of the
knowledge representation formalism and the efficiency of reasoning mechanisms has
led to several specifications, among which two types of representations stand out, based
on semantic networks, namely: description logics and graph-based representations [4].

Although the language offered by description logics allows the specification of only
decidable formulas from ordinal one logic based on unary and binary predicates,
practice has demonstrated that they cover a large part of the modeling requirements [5].

When knowledge in a knowledge base is represented as a graph, it is confused with this
graph which is called Knowledge Graph. The semantics of a Knowledge Graph is
defined by the domain ontology. Over time, a lot of Knowledge Graphs have been built,
including: Google Knowledge Graph [8], DBpedia [9], Yago [10], WordNet [11].

In 1976 Sowa [1] defines a version of Knowledge Graph, based on a bipartite
multigraph which he calls a conceptual graph (CG) and which represents an important
fragment of first-order logic. Inference in conceptual graphs is based on a
subsummation relation specified by graph homomorphisms.

One of the most important constraints faced by the development of artificial intelligence
systems is limited computing power. Even the simplest artificial intelligence problems,
appeal to logic problems that from the point of view of computational complexity are
most often NP-complete. In the case of conceptual graphs, logical inference is based on
the subsummation relation between conceptual graphs. In this paper, we use
homomorphisms of conceptual graphs as a model for the subsummation relation.
Therefore, problems related to the existence of relations between two conceptual
graphs, such as homomorphisms, isomorphisms or generalization-specialization
relations between two conceptual graphs, become fundamental problems. Although all
these decision problems are, in general, NP-complex, they can be efficiently solved in
many cases, by certain strategies, without making too much compromise in terms of
generality.

In this paper, we propose a method to find and manipulate homomorphisms of
conceptual graphs based on the concept of finite automaton. Thus, the use of the finite
automaton for recognizing homomorphisms and moving a large part of the complexity
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of finding a homomorphism to the knowledge base construction phase represents our
main contribution in this paper.

Section 2 of the paper contains Background Notions, section 3 introduces the finite
automaton as a mechanism for recognizing isomorphisms of conceptual graphs, section
4 presents an algorithm for constructing a finite automaton that recognizes
homomorphisms of conceptual graphs. In the last section, some conclusions and
observations are presented.

2 Background Notions

Conceptual graphs were initially defined as graphical formalisms for modeling
conceptual schemas specific to database systems, but soon found their place in many
fields, especially related to artificial intelligence. Starting with the 80s, three directions
in which they developed crystallized, namely: as a mechanism for representing
knowledge and reasoning on this knowledge, as an interface between natural language
and knowledge bases, and as a graphical language for representing an important
fragment of first-order logic.

Most Knowledge Graph models are based on directed graphs with nodes of a single type,
which represent conceptual entities, and edges between two nodes of the graph that
express a semantic relationship between the two entities [13].

In the case of Conceptual Graphs, we have two types of nodes, namely: nodes that
represent conceptual entities or concepts and nodes that represent conceptual relations,
in which several conceptual entities participate, specified by edges of the graph.
Conceptual relations are, most of the time, facts or actions expressed by verbs. The nodes
that represent these actions or facts, together with the participants, which are the
neighbouring entities, form elementary conceptual graphs in the shape of a star.

The nodes of the conceptual graph are marked with corresponding labels from the
vocabulary of the modeled domain, depending on their meaning. Thus, the nodes that
represent conceptual entities receive a type label and, possibly, a label that represents a
representative of the respective type, and the nodes that represent actions receive only a
type label. Also, because conceptual relationships will be represented by atomic
formulas in first-order logic, and neighbouring entities represent the parameters of these
formulas, the edges connecting neighbours are numbered in the order of their appearance
in the parameter list.

Therefore, if the domain vocabulary is V=(V¢, Vg, E) where: V¢ contains the types of
concepts, VR, contains the types of relations, and E contains the individual labels, we
can define a basic conceptual graph G over the vocabulary V as a tuple (V,G, 1), where
V is the vocabulary, G=(C,R, I), is a bipartite multigraph, and n=(nc,nr,Nr) is a marking
application of the nodes and arcs of the graph (G) defined as follows: nc:C—Tcx
(Eu{*}), nR:R—>Tr ; nr:I'>N. We will sometimes denote the elements of I by triplets
of the form (r,i,c) where r is a relational node, c is a conceptual node neighbouring the
relational node r and i is the edge marking that represents the position of ¢ in the
parameter list of the relation c.

Both on the set of conceptual entities and on the set of conceptual relations an
equivalence relation can be introduced called coreference relation. This equivalence
relation determines classes of entities that specify the same entity or the same relation.
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Basic conceptual graphs admit coreference only at the level of individual entities. Simple
conceptual graphs are an extension of basic conceptual graphs that do not restrict
coreference. Both basic conceptual graphs and simple conceptual graphs can be brought
to a special form called normal form by cumulating all coreferent concepts into a single
representative concept [2].

Practically, a conceptual graph in normal form no longer has different conceptual nodes
that represent the same concept. It follows that, by normalizing conceptual graphs, the
difference between normal basic conceptual graphs and normal simple conceptual
graphs is eliminated. In the rest of this paper, we will use the name conceptual graph for
both basic conceptual graphs and simple conceptual graphs.

To simplify the presentation, in the following, we will use the notation n(x) for any
xeCURUT, with the following meaning:

n(x)ifxecC
nx)={Ng(x) if x ER
nx)if xer

We will also use the simplified notation G=(C,R,V,n), for a conceptual graph where,
obviously, C is the set of conceptual nodes, R is the set of relational nodes, V is the
vocabulary and n is the mapping of nodes and edges.

If G=(C,R,V,n) is a conceptual graph then a conceptual subgraph G’ of G is a conceptual
graph G’=(C’,R’,V’,1’) such that C’SC, R’ER, VEV and n’ is the corresponding
restriction of | to the components of G’.

We observe that any conceptual subgraph of G can be obtained from G by repeatedly
deleting isolated conceptual relations or nodes, no conceptual nodes neighbouring any
relation can be deleted without also deleting the corresponding relation.

The subsummation relation in the case of conceptual graphs can be defined by
homomorphisms.

If G=(Cqs,RG,V,n6) and H=(Cn,Ru,V,nu) are two conceptual graphs with a common
vocabulary V then a homomorphism from G to H is a polymorphic mapping ¢:G—H
that maps conceptual nodes in G to conceptual nodes in H, relational nodes in G to
relational nodes in H with the following conditions: if (r,i,c) € G then (¢(1), 1, ¢(c))EH
and for all nodes xECgURG, we have nu(9(x)) < ns(x).

If there is a homomorphism from a conceptual graph G to a conceptual graph H then we
say that G subsumes H and we denote this fact by G>H. The subsummation relation
G>H represents the fact that the semantics specified by H logically implies the
semantics specified by G.

But determining the homomorphisms of conceptual graphs is not a simple problem [2].
In this paper we will show that using the notion of finite automaton for computing the
homomorphisms of conceptual graphs comes with important advantages.

A finite, initial and deterministic automaton is a tuple M = (I, S, O, f, g, so) where I, S,
O are nonempty and finite sets called the input alphabet, the set of states and the output
alphabet and f:SxI—S, g: SxI—O are the transition and output functions of the
automaton [12].
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3 Finite automaton and conceptual graph isomorphisms

Conceptual graphs are generally defined as bipartite graphs, but they can be defined,
perhaps even more intuitively, as hypergraphs [2]. A hypergraph H is defined as a pair
H=(X, A), where: X is a set of objects called the vertices of H, and A is a family of
multisets with objects in X, called the hyperedges of H. If the multisets in A are ordered
then the hypergraph is called an ordered hypergraph.

The ordered hypergraph can conveniently replace the bipartite graph in the definition of
the basic conceptual graph. Thus, a conceptual hypergraph H, on a vocabulary
V=(Tc,Tr,E) is a triple H = (X, A, 1), where: (X, A) is an ordered hypergraph, and n is
the labelling application that attaches to a vertex x a pair of labels
(type(x),marker(x))E(Tc€(EU{*})) and to a hyperedge r, a label type(r)ETr .

Each vertex of a conceptual hypergraph represents a conceptual entity and each of its
hyperedges represents a conceptual relation with the arity given by the cardinality of the
hyperedge. Therefore, there is a natural correspondence between a conceptual
hypergraph and a basic conceptual graph. If H=(X, A, n), is a conceptual hypergraph
then the conceptual graph equivalent to H is G=(C,R,V,n), with the property that, C is
isomorphic to X, R is isomorphic to A, and the labelling application 1 is common.

We observe that if H=(X, A, n), is a conceptual hypergraph, then each element of the
set A represents a StarCG, that is, a CG formed by a single relation node together with
its neighbors. To simplify our approach, we will specify each element a€A, by a list
o=[ai,...an,r], where ai,...a, are nodes that represent conceptual entities and r is a node
that represents a conceptual relation. We will denote the set of conceptual nodes
components of a, by C(a) ={ai,...an}, and the relational node component of a by R(a).

In the following, we will consider only hypergraphs that do not have isolated conceptual
nodes. Under these conditions, a conceptual hypergraph without isolated vertices is
completely specified by the set A together with the labelling application 1. Therefore,
we will specify a conceptual hypergraph H without isolated nodes as a pair H=(A, 1),
where the meanings of A and n are as specified above.

Since the pair H=(A, n), represents a conceptual graph where A is the set of
corresponding StarCGs and n is the labelling application, we will call the pair H=(A, n)
with the meaning specified above a conceptual graph.

Example 1. The conceptual graph in Figure 1 can be specified as a pair H=(A, ), where:
A={[az,a1,r'], [a1,33,a2,1%], [a3,24,r’]} and n is defined as follows: m(al)=" Profesor”,
n(a2)="UndergradStudent”, m(a3)="UndergradCourse”, m(a4)="BachelorDegree”,
n(r1)="HasMentor”, n(r2)="Teaches”, n(r3)="Curriculum”.

If Hi=(A1, m1) and H>=(A2, n2), are two conceptual graphs, without isolated vertices,
then a homomorphism from H; to Ho, is a map ¢:A1—A2, which maps each StarCG
a=[ai,...an,r*]€A1, to a StarCG B=[b,...bn,r¥]€ A2, such that bi=p(ai), ni(ai)=n2(bi) for
all i=1,...,n and P=@(r*), Ni(r*)=n2(rP). It is obvious that the problem regarding the
existence of a homomorphism between two conceptual graphs is equivalent to the
problem regarding the existence of a homomorphism between two conceptual
hypergraphs.

An isomorphism between two conceptual graphs Hi=(Ai, n1) and Hx=(A2, m2), is a
bijective mapping ¢, from A to Az, with the property that for any StarCG B=¢(a), we
have:
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i) if aieC(a) and r*=R(a) then bie C(B) and rP=R(p)
ii) if bieC(B) and r*=R(P) then a;eC(¢ !(bi)) and r*=R (¢! (1F))
ii1) for all components xe C(a)UR(a) we have ni(x)= n2(o(x))

Under these conditions if H=(A, 1), is a conceptual graph then a conceptual subgraph
H’ of H, is a pair H'=(A’, n’) where A’cA and m’ is the restriction of 1 to the
components that appear in A'. If A' contains a single StarCG, we will also use the name
StarCG for the conceptual graph H'.

r

1 1 a1
HasMentor Profesor
! r
a, 2 3 r 2 a3 1 3
[u ndergradStudent Teaches UndergradCours Curriculum

a, 2

|BachelorDegree |

Figure 1. H — Conceptual Graph

Example 2. The conceptual graph H'=(A’, n’), where: A’={[az,a1,r'], [a1,a3,a2,1°],
[a3,a4,r°]} and 1" is defined as follows: n’(al)="Profesor”, n’(a2)="UndergradStudent”,
n’(a3)="UndergradCourse”, m’(a4)="BachelorDegree”, mn’(r1)=" HasMentor”,
N’ (r2)="Teaches”, n(r3)="Curriculum” is a conceptual subgraph of H.

In this paper we will consider that all the conceptual graphs we use are brought to normal
form. Normal form is not a restriction because any conceptual graph can be brought to
normal form in polynomial time [2]. We observe that if n=(nc,nr,nr), is the marking
application of a normalized conceptual graph then the component nc is injective.

Next, we will specify a finite automaton associated with a conceptual graph G, which
recognizes all the component StarCGs of G. If H=(A, ) is a conceptual graph, then each
StarCG, axeA, is of the form cu=[ay , ax, , ..., Ay o 1] €A, where we denote by |rk|

the arity of rx. The finite automaton attached to the StarCG component ok (Figure 2) is
defined as follows:

My = (Ix, Sk, fk, sox, Fx), where:
li={n(ax,), n(ax,) , -, n(@,, ) 1)}
Sk:{ak1’ Afy 5 - ak|rk|a Tk} P Fx :{rk}’

fi : SkxI is the transition function defined as follows: fi(s,n(ax))=ax;

n(ax,) n(ay,) (@) n@e

Figure 2. The finite automaton that recognizes a StarCG
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For each StarCG component of a conceptual graph we can construct an elementary finite

automaton.

Example 3. For the StarCG components of the conceptual graph H in Figure 1 we can
construct the finite automata in Figure 3, defined as follows:

Mi=((I1, S1, f1, so,1, F1), where:

Ii={Profesor, UndergradStudent, HasMentor},

S1={So, a1, az, 11} , F1={r1},

f1:S1xI; 1s the transition function defined as can be seen in Figure 3.
M>=((I2, Sz, 12, so2 F2), where:

IL={Profesor, UndergradCours, UndergradStudent, Teaches},
S>={So, a1, a3, a, 12} , F2={1},

£>:Sox1 is the transition function defined as can be seen in Figure 3.
Ms=((Is, S3, f3, so;3 F3), where:

I:={UndergradCours, BachelardDegree, Curriculum},

S3={So, a3, a4, 13} , F3={13},

f3:S3x13 is the transition function defined as can be seen in Figure 3.

Profesor UndergradStudent HasMentor
. profesor< a, ) UndergradCouri@UndergradStudenL g Teaches
@ UndergradCours =@ BachelardDegree =® Curriculum @

Figure 3. Finite automata associated with the conceptual graph H

Let there be two finite automata M = (11, Sy, fi1, F1) and Mz = (I2, S2, f2, F2). The direct
sum of the two automata is the automaton M=M1@BM=(I;Ul, S1US,, fiD 1, Fi1UF>),
where we denoted by L the disjoint sum of two sets of states, and fif> and giPg> are

defined as follows:

o (fi(s,Dif s€S;
fl@fz(S,l)_{fz(S, i)ifs €S,
. _(g1(s, 1) ifs €S,
g1 ga(s,1) {gz (s,i)ifs €S,

Example 4. The direct sum of the three automata specified in Example 3,
M=M:E@M>@€M;3 can be seen in Figure 4.
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Profesor UndergradStudent HasMentor

Profesor UndergradCours m UndergradStudent Teaches

SO,3 UndergradCours =@ BachelardDegree =@ Curriculum @

Figure 4. Direct sum of the automata in Figure 3

Direct sum only renames the states of the automata so that they are distinct. The direct
sum of two conceptual graphs is a specialization operation that does not connect the two
graphs. The direct sum of two finite automata behaves in the same way. We present
below an algorithm that connects several automata into a single finite automaton.
Moreover, the resulting automaton is deterministic.

The CONECT algorithm. This algorithm connects several finite automata into a single
deterministic finite automaton.

Input: The input to the algorithm is represented by a set of finite automata Mk, 1<k<n.

Output: The initial deterministic finite automaton M=(I, S, f, So, F) equivalent to the
direct sum of the finite automata Mk, 1<k<n, from the input.

Method: In the first step, the algorithm calculates the nondeterministic finite automaton
N=(In, Sn, fn, Fn), as the direct sum of all the automata My, 1<k<n. Then, the algorithm
creates new states that are subsets of the set Sn, of states of the automaton N. The
algorithm also defines a new transition function between the new states.

P1. The direct sum N=M;PMoP... EMn=(In, Sn, fn, Fx) is made. I« In is made.

P2. The initial state is defined So={s0,1, S0,2,..., Son}, Where each sox is the initial state of
the automaton Mx. Make S«—{So} and m«0.

P3. As long as there are unmarked states in S, execute steps P4 and P5.
P4. Choose an unmarked state s from S and mark it.

P5. For each input eeln, calculate the set Pe={xeSn| x= fx(s,e)}. If Pe#d, make
m«—m+1, Sp=Pe, S«—SU{Sn}. Define f(s,e)«—Sm.

Example 5. The result of applying the CONECT algorithm for the automata specified
in Example 3 can be seen in Figure 5.

If H is a conceptual graph then we will denote by M(H), the automaton attached to H.
The automaton M(H) is obtained by applying the CONECT algorithm to the elementary
automata corresponding to the component StarCGs of H.

We will say that a conceptual graph G=(Ag, ng) is recognized by the automaton M if
the automaton M recognizes all the components of the StarCGs in AG.
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It is obvious that if G=(Acg, ng) and H=(An, nu) are conceptual graphs and the
conceptual graph G is recognized by the automaton M(H), then G is isomorphic to a
conceptual subgraph of H.

Profesor UndergradStudent @ HasMentor @
;u 1

UndergradStudent Teaches
B > 822

BachelardDegree Curriculum
5 a4

Figure 5. The finite automaton associated with the conceptual graph H

4 Finite automata and conceptual graph homomorphisms

As we saw in the previous section, a bijective homomorphism between two conceptual
graphs is an isomorphism between the two bipartite graphs in the definition of a
conceptual graph that preserves labels. Also in the previous section, we saw that to a
conceptual graph H we can associate a finite automaton that recognizes any conceptual
graph isomorphic to a conceptual subgraph of H.

Coreference and generalization relations are of utmost importance in specifying and
determining inference between logical formulas expressed by conceptual graphs [14].
The generalization relation is defined at the level of conceptual and relational labels and
extends to the level of conceptual graphs as a subsummation relation.

We have several important results regarding the connection between the generalization
relation and conceptual graph homomorphisms [2]. One of these results is that a
conceptual graph G is a generalization of a conceptual graph H if and only if there is a
homomorphism from G to H. Also, a conceptual graph G is a generalization of a
conceptual graph H if and only if H is a specialization of G. In this section we will define
a finite automaton associated with a conceptual graph H that recognizes any conceptual
graph G, with the property that there is a homomorphism of conceptual graphs from G
to H. Our approach is based on the observation that, if we have two conceptual graphs
G and H, then there is a homomorphism from G to H, if and only if there is a
generalization of H isomorphic to G.

First, we will define three generalization operations applicable to StarCGs. The
generalization operations for StarCGs are unary operations that apply to a StarCG G and
return another StarCG H that is a generalization of G, that is, there is a homomorphism
from H to G. These operations are, Split, Duplicate and Increase and will be applied to
a StarCG G=(A={a},n) as described below.

The operation Split(G,c,c1,¢2,11,12) receives as input a StarCG G, a conceptual node ¢
existing in G, two names c; and c; for the new conceptual nodes and two new labels
Li#lp; 11, C(a), li2n(c) si b= n(c). The operation will replace the conceptual node ¢
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with two conceptual nodes c¢i and c2, of the same type and will modify the labeling
application as follows: n(c1)=11 and n(c2)=l.

We note that a concept node cannot be divided into two with the same label because the
result is no longer normalized. A conceptual node can be divided into two concepts with
different labels but both greater than or equal to the StarBG label.

The Duplicate(G,r,r1) operation receives as input a StarCG G, a relational node r existing
in G and a name 11 for a new relational node. The operation simply adds a new relational
node 11, of the same type as r, with the same label and with the same neighbours.

The Increase(G,x,l) operation receives as argument a StarCG G, a conceptual or
relational node x and a label 1¢C(a), I>n(x). The operation modifies the labelling
application such that n(x)=l.

Example 6. Consider the StarCG G=(A, 1), from Figure 6, where: A={[ai,a3,a2,r*] } and
n is defined as follows: m(ai)="Profesor”, m(a2)="UndergradStudent”,
n(az)="UndergradCourse”, n(r2)="Teaches”.

Suppose that in the vocabulary of the conceptual graph G we have the following
hierarchy of concepts: TeachingStaff > Profesor, Student > UndergradStudent, Course
# UndergradCourse, Degree > BachelorDegree , Attends > Teaches.

With this hierarchy the elementary automata in Figure 7 are the automata associated with
some examples of generalizations of G.

9,
|U ndergradStudent

Figure 6. Elementary Conceptual Graph (StarCG)

Profesor a UndergradCours‘/m\ UndergradStudent /* o teaches
1 ru g
Profesor a, Cours ‘Q UndergradStudent a, teaches
\>/

@ Profesor a, Cours ﬁ Student o 8 teaches
TeachingStaff Cours Student Attends
8 ) » &

Figure 7. Examples of elementary automata attached to generalizations
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Let us now consider a conceptual graph H=(A, n) , where A={a1,02,...,0n}. Then the
conceptual graph H is the union of its constituent StarCGs of the form Hi=(Ak, M),
where each component Ak= {ou=[ax,, ak, , ---» Ay, o 1]} and nk is the restriction of

the map n to Ak.

Let H=(A, n), A={ou1,02,...,0la} be a conceptual graph and Hi=(Ax, nk), 1<k<n. We will
denote by Gu the set of all normalized conceptual graphs that generalize StarCG
components of H:Gu={G| 3 k>1 such that G> Hy}.

If we have a conceptual graph G=(A, m) then for any two StarCGs a,f€A we have
Na(x)= Npx)= N(x) VxeC(a)NC(P). Therefore, two StarCGs, G=(Ac, nc) and H=(An,
Nnu) can be assembled into a single conceptual graph (A, n) if and only if nG(X)= Nu(x)
VxeC(Ac)NC(An) si na(r)= nu(r) vxeR(Ac)=R(An).

We will now introduce a partial union operation of two normalized conceptual graphs.

Let G=(Ag,nc) and H=(Apn,nn) be two conceptual graphs such that for any two StarCGs
acAgand BeAn we have ng(x)=nu(x) VxeC(a)NC(B). The union of G with H is the
conceptual graph P=( Ag U An, 1) where 1 is defined as follows:

N, (x) if x € C(G)R(G)
nx)={ My (%) if x € C(H)CR(H)
N, (@) if x € (C(G)NC(H)) AR(G)NR(H))

We must note that the union of two conceptual graphs can only be done when the two
labelling applications coincide on the common conceptual or relational nodes. In our
case we will also add the condition that the result of the union of two normalized
conceptual graphs is also a normalized conceptual graph.

For a conceptual graph H, we now consider the set of all conceptual graphs that can be
obtained by the operation of partial union of graphs in Gu, that is, the closure of this set
which we denote by Gy;. It is obvious that Gj; contains all normalized generalizations
of H.

We have a very important result for our approach, namely that, if we have two
conceptual graphs G and H, then there is a homomorphism from G to H, if and only if
there is a generalization of H isomorphic to G [2].

Using the CONECT algorithm applied to the set Gu, we obtain an automaton that
recognizes all conceptual graphs in Gj. We denote by M(H) the automaton:
M (H)=CONECT(Gn) and call it a subsummation automaton.

We have seen that a normalized conceptual graph H=(An, nu) is recognized by the
automaton M if the automaton M recognizes all StarCG components in Ax. From this
it follows that, if G=(Ag, ng) and H=(An, nu) are conceptual graphs and the conceptual
graph G is recognized by the automaton M'(H), then G is isomorphic to a conceptual
graph G € Gy, that is, there is an isomorphism 1:G—Gj. But since G is a generalization
of H, it follows that there is a natural homomorphism n:G;—H. It follows that the map
(p=mop, is a homomorphism from the conceptual graph G to the conceptual graph H.
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5 Observations and conclusions

The ontological component of a knowledge base contains general knowledge about the
domain, which is called ontological knowledge. But knowledge bases contain, in
addition to ontological knowledge, various facts and statements about specific entities,
which are logical formulas with truth values, and which are called factual knowledge.

Thus, a knowledge base models an open world, which includes information about a
potentially infinite set of entities, by using universal quantifiers applied to unknown
individuals. The main purpose of a knowledge base is achieved by the associated
inference engine, which deduces new knowledge by logical reasoning on some implicit
information in the knowledge base.

In the case of conceptual graphs, logical inference is based on homomorphisms of
conceptual graphs. This paper proposes the use of finite automata to determine the
existence of homomorphisms between two conceptual graphs. Our approach involves
moving the complexity of the problem from the phase of determining the
homomorphisms to the phase of building the knowledge base.

We note that in our approach the knowledge base must contain, in addition to the
conceptual graph, the attached finite subsummation automaton. We can also observe
that the subsummation automaton can reach a very large number of states. To eliminate
this shortcoming, this automaton will have to undergo an optimization process that will
be followed in subsequent works.
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