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Answering queries that may have results in the future: A case study in food science
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a b s t r a c t

This paper presents a method to represent the evolution of objects during their life cycle, using a logic-
and graph-based knowledge representation model. An extension is proposed in order to answer ‘‘pro-
spective queries,” concerning the achievement, in the future, of the searched piece of knowledge. A case
study in the field of cereal transformation illustrates the proposed approach.

� 2010 Elsevier B.V. All rights reserved.

1. Introduction

An essential feature that is expected from a knowledge based
system is to answer queries, i.e. to be able to determine if a piece
of information (the query) can be deduced from the knowledge
base. We focus on the two following issues: (i) taking into account
the ‘‘life cycle” of objects in query answering, by considering que-
ries such as e.g. ‘‘can one expect – in the future – a food product
that is rich in vitamins ?” (ii) providing an intuitive and easily read-
able formalism to the end users, who are not computer science
specialists. However mostly used knowledge representation for-
malisms are expressed in first-order logic formulas and difficult
to handle for non-specialists. Therefore we are interested in the
conceptual graph model, which is currently, in artificial intelli-
gence, the only logic-based model that has an equivalent interpre-
tation in graph theory, i.e. graph representations have
interpretations in first-order logic, and graph operations have
equivalent logical deductions [1].

The question is thus to introduce, in the conceptual graph model,
a way of representing – and reasoning with – information about ob-
jects life cycle, that is, to take into account their evolution. This
work is the first one to introduce this dimension in the conceptual
graph model with respect to the graph/logic equivalence of the
model. Existing studies have already shown the interest of this

model compared to other available formalisms, in particular in
terms of interpretability [2,3], but also concerning soundness and
completeness. We thus rely on these works for the comparison with
other methods.

Section 2 presents related work and briefly exposes the concep-
tual graph model. Section 3 gives our contributions concerning the
‘‘evolves into” relation and prospective queries. A case study con-
cerning food quality prediction is presented in Section 4. Section
5 proposes some future directions.

2. Background

2.1. Related work

Several studies have dealt with the representation of time, in
particular Prior’s fundamental work in first-order and hybrid logic
[4]. Prior proposes four grades of representation, the first two
grades being in first-order logic. The first grade defines tenses en-
tirely in terms of objective instants and an earlier–later relation.
The second grade distinguishes a particular instant, the ‘Now’, as
a primitive notion treated as a constant. A proposition p with no
explicit temporal reference is not considered as incomplete, but
interpreted as T(Now,p) (‘‘p is true now”). Fp, ‘‘it will be the case
that p”, is defined as a short-hand for T(Now,Fp), ‘‘there exists some
instant t which is later than now, and p is true at t” (and similarly
for the past tense, Pp). This second grade is of particular interest
here, since it corresponds to the assumption made in a classic
knowledge representation model without time dimension (as in
the classic conceptual graph model), where a proposition is inter-
preted as present.
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In the conceptual graph model, previous work has considered
the introduction of temporal features. Delugach [5] extends the
conceptual graphs with ‘‘demons” that take concepts as inputs,
and assert or retract concepts as an output. Mineau [6] extends
these proposals by allowing conceptual graphs as inputs and out-
puts, which is applied in [7]. However our concern here is different
since it consists in extending query answering. In ontology re-
search, some studies have dealt with causal and time concept mod-
eling, such as [8]. However the question considered in [8] concerns
the temporal granularity of temporal relations, i.e. how long the
time intervals in causal relations. These are modeled by time con-
cepts called causal time scales. In this paper, we do not consider
time granularity, nor a deep modeling of a time axis, since we de-
scribe evolution of an object in terms of simple anteriority/posteri-
ority relations, for query–answering purposes.

2.2. The classic conceptual graph model

The Conceptual Graph (or CG) model [9] is a knowledge repre-
sentation formalism based on labelled graphs. We use the formal-
ization presented in [1]. The support provides the ground
vocabulary (the ‘‘ontology”) used to build the knowledge base:
types of concepts, instances, and types of relations linking the con-
cepts. The set of concept types (resp. of relation types) is partially
ordered by the ‘‘kind of” relation. The conceptual graphs, built upon
the support, are composed of two kinds of vertices, concept verti-
ces (in rectangles) linked by relation vertices (in ovals). The set of
CGs is partially pre-ordered by the specialization relation (denoted
6), which can be computed by the projection operation (a graph
morphism allowing a restriction of the vertex labels). The projec-
tion is a ground operation in the CG model since it allows the
search for answers, which can be viewed as specializations of a
query. The support, the conceptual graphs, and the specialization
relation, have a logical interpretation in first-order logic. For in-
stance, the logical interpretation of the conceptual graph repre-
sented in Fig. 1, is the following: $x,y,z,w (Durum wheat(x) ^
Processing(y) ^ Protein(z) ^ High content(w) ^ undergoes(x,y) ^ con-
tains(x,z) ^ characterized(z,w)).

3. Main focus

In this section, we consider the hypothesis that an object may
become, during its life cycle, a different object but conserves its
properties, which is a first approximation. We propose a query
answering method adapted to this assumption, which makes sense
in the application case, as a qualitative approach: the properties of
the end food products (for instance, nutritional properties such as
vitamin content, glycemic index, etc.) depend on the raw material
used and on processing conditions. It is thus sensible to consider
that, for a given property, a high-quality raw material is more
likely to provide a high-quality end product.

3.1. Enrichment of the support with the ‘‘evolves into” relation

In addition to the ‘‘kind of” relation, we introduce the ‘‘evolves
into” relation (denoted !e ) ordering the concept type set of the
support. Its logical interpretation is based on Prior’s second grade.

3.1.1. Logical interpretation
For two concept types C and C’ linked by the ‘‘evolves into” rela-

tion, the associated logical semantics we propose, /ðC!e C0Þ, can be
formulated as follows (I is the set of individual marker):

/ðC!e C0Þ 8x 2 I; CðxÞ ! FC0ðxÞ
that is : 8x 2 I; Tðt;CðxÞÞ ! 9t1 : t 6 t1 ^ Tðt1;C

0ðxÞÞ:

E.g. let ‘‘Durum wheat” and ‘‘Semolina” be two concept types linked
by the ‘‘evolves into” relation. The associated logical interpretation
is the formula:

/ðDurum wheat!e SemolinaÞ 8x 2 I;Durum wheatðxÞ! FSemolinaðxÞ
that is : 8x 2 I;Tðt;Durum wheatðxÞÞ! 9t1 : t6 t1 ^Tðt1;SemolinaðxÞÞ:

3.1.2. Properties
3.1.2.1. Reflexivity. Given a concept type C, /ðC!e CÞ is the
following:

/ðC!e CÞ 8x 2 I;CðxÞ ! FCðxÞ
that is : 8x 2 I; Tðt;CðxÞÞ ! 9t1 : t 6 t1 ^ Tðt1;CðxÞÞ:

The reflexivity property is obtained for t = t1.

3.1.2.2. Transitivity. Given three concept types C, C0 and C00 such that
C evolves into C0 and C0 evolves into C00, we have:

/ðC!e C0Þ 8x 2 I; CðxÞ ! FC0ðxÞ
that is : 8x 2 I; Tðt;CðxÞÞ ! 9t1 : t 6 t1 ^ Tðt1;C

0ðxÞÞ and

/ðC 0 !e C 00Þ 8x 2 I;C0ðxÞ ! FC 00ðxÞ
that is : 8x 2 I; Tðt1; C

0ðxÞÞ ! 9t2 : t1 6 t2 ^ Tðt2; C
00ðxÞÞ

Hence by transitivity of the ‘‘ 6 ” relation we obtain:

8x 2 I; Tðt; CðxÞÞ ! 9t2 : t 6 t2 ^ Tðt2;C
00ðxÞÞ

that is : 8x 2 I; CðxÞ ! FC 00ðxÞ i:e: /ðC!e C 00Þ

The transitivity property is thus obtained. The ‘‘evolves into” rela-
tion being reflexive and transitive, it is a partial preorder on the
set of concept types.

3.2. Prospective queries

3.2.1. Scope
A query in the CG model is expressed in the same formalism as a

fact, by a conceptual graph. For example, Fig. 2 represents the
query: ‘‘is there a semolina containing a high content in protein?”.
It is a classical query, whose answer consists in deciding whether
this information can be deduced from the knowledge base. It is
evaluated using the projection operation. We are now interested
in queries about the possible future occurrence of a given piece
of knowledge: can this information be obtained from the knowl-
edge base extended to the ‘‘evolves into” relation? We call such
queries prospective queries. E.g. the conceptual graph of Fig. 2 is
then interpreted as the prospective query: ‘‘can one expect to ob-
tain a semolina containing a high content in protein?”.

Fig. 1. Example of conceptual graph.
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