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Abstract

The aim of this paper is to devise mea-
sures for similarity for querying an informa-
tion base, that utilizes the knowledge rep-
resented in an ontology. The basis for this
approach is an ontology defining the ma-
jor concepts of the domain and a concept
language defining a set of well-formed con-
cepts. These concepts are to be used for de-
scription of the semantics of objects in the
information base. Well-formed concepts are
thus assumed to form the basis for an in-
dexing of the information base in the sense
that these concepts appear as descriptions
attached to the objects in the information
base. The challenge for support of queries
in this context is an evaluation principle that
on the one hand utilizes the semantics ex-
pressed in the concept language and on the
other is sufficiently efficient to candidate
as a realistic principle for query evaluation.
We present and discuss principles where ef-
ficiency is obtained by reducing the match-
ing problem - which basically is a matter of
conceptual reasoning - to numerical similar-
ity computation.

1 Introduction

The objective of this paper is to devise similarity mea-
sures that utilizes knowledge from a domain-specific
ontology to obtain better answers on a semantical
level, thus comparing concepts rather than words. The
basis is an ontology that defines and relates concepts
and a concept language for expressing the semantics

of queries and objects in the information base. We
consider an environment where queries and objects
in the information base are attached with descriptions
(well-formed concepts), hence making query evalua-
tion a matter of comparison of descriptions.

The approach presented in the paper is a refinement of
our earlier word[3] on similarity measures based on
distance in an ontology. We aim to devise a similarity
measure that can capture an aspect not included in[3].
The intention is also to cover the intuition that for ex-
ample the similarity between concepts “grey cat” and
“grey dog” is intuitively higher than the similarity be-
tween “grey cat” and “yellow bird”, because the for-
mer share the same color.

We describe below a concept langauge that can ex-
press the needed semantics of concepts and thereby
form the basis for a similarity measure that is able
to take into account that concepts share attributes, as
grey in the example above.

2 Concepts and concept language

The role of the ontology is to define and relate a set of
atomic concepts by situating these in a concept inclu-
sion lattice, which basically is a taxonomy over con-
cepts. In combination with the ontology we have a
concept language ONTOLOG[5] which is a concept
algebra for integration, formalization, representation
and reasoning with semantics of natural language and
ontologies. Expressions in ONTOLOG are descrip-
tions of concepts situated in the ontology. The latter
is an important aspect of the concept language since it
allows us to use the descriptions of concepts in com-
bination with the ontology to measure similarity be-
tween concepts, hence between queries and objects
in the information base. Hence an obvious way to



perform query evaluation is by means of description
comparison.

The concept language ONTOLOG is based on a set
of atomic concepts defined by the ontology. The
language can combine concepts into compound con-
cepts using semantic relations. The suitable collec-
tion of available semantic relations may vary with dif-
ferent domains. Among the more general relations
are WRT (With-respect-to),CHR (Characterized-by),
CBY (Caused-by),TMP (Temporal) andLOC (Loca-
tion). Attribution of concepts, i.e. the combining
of atomic concepts with semantic relations into com-
pound concepts, can be written as feature structures.
Simple attribution of a conceptc1 with relationr and
a conceptc2 is thus denotedc1[r : c2]. An example is
the ONTOLOG expressioncat[CHR : grey] describing
the concept “grey cat”.

We assume a set of atomic conceptsA and a set of
semantic relationsR={WRT,CHR,...}. Then the set of
well-formed termsL of the ONTOLOG language is re-
cursively defined as follows.

• if x ∈ A thenx ∈ L

• if x ∈ L , ri ∈ R andyi ∈ L , i = 1, . . . , n
thenx[r1 : y1, . . . , rn : yn] ∈ L

It appears that compound terms can be built from
nesting, for instanceA[r1 : B[r2 : C]] and from
multiple attribution as inA[r1 : B, r2 : C]. Take as
an example the sentence: “the dark grey cat” which
can be interpreted as the nested semantic expression
cat[CHR: grey[CHR: dark]] or the multiple at-
tributed expression cat[CHR: grey, CHR: dark].
The attributes of a multiple attributed term
T = x[r1 : y1, . . . , rn : yn] is considered as a
set, thus we can rewrite T with any permutation of
{r1 : y1, . . . , rn : yn}.

The basis for the ontology is a simple taxonomic
concept inclusion relationISAKB that defines the hy-
ponymy lattice over the set of atomic conceptsA. This
relation is considered as domain or world knowledge
and may for instance express the view of a domain
expert.

Based onISA, the transitive closure ofISAKB , we can
generalize into a relation over all well-formed terms
of the languageL by the following.

• if x ISA y thenx ≤ y

• if x[r1 : y1, . . . , rn : yn] ≤ y
thenx[r1 : y1, . . . , rn : yn, rn+1 : yn+1] ≤ y

The purpose of the language introduced above is to
describe fragments of meaning in text at a more thor-
oughly way than what can by obtained from simple
keywords, while still refraining from full meaning
representations which is obviously not realistic in gen-
eral search applications (with a huge database).

3 Similarity

A key question in the framework of querying is of
course the definitions of similarity or nearness of
terms, now that we no longer can rely on simple
matching of keywords.

As shown in [3] the shortest path from theISA relation
can be used as a measure for similarity. This approach
is to transitively reduce theISA relation (forming the
relation denotedISAREDUC) to make distance influ-
ence the computation of similarity.

Consider Figure 1. The solid edges areISA references
and the broken are references by other semantic re-
lations - in this example onlyCHR. Each compound
concept has broken edges to its attributed concepts.

Figure 1: A subontology covering colored pets

If we consider only the ISA-edges then there
is no difference in similarity between any
pair of dog[CHR: grey], cat[CHR: grey] and,
bird[CHR: yellow] due to the fact that they are all
specializations (sub-classes) of pet.

If we on the other hand also consider broken edges,
then we can add the aspect of shared attribution to the
computation of similarity and thus refine the measure.
In the case of Figure 1 we can, by including the bro-



ken edges, capture the intuitive difference in similarity
between two grey pets compared to the similarity be-
tween a grey and a yellow pet. This difference is visu-
alized by existence of a path, that includes the shared
concept, between the two concepts sharing attribution.

The general idea, in this paper, is therefore a refine-
ment by defining a similarity measure between con-
ceptsc1 andc2 upon the set of all possible paths in the
graph, representing the part of the ontology covering
c1 andc1.

The inclusion of attribution in the approach increases
the overall complexity and we therefore devise a sim-
ilarity measure that utilizes a well-defined subset of
all possible paths, by using the notion of shared nodes
between the compared concepts. The goal now is to
encircle a basis in the form of a subontology for mea-
suring similarity, thus reducing complexity.

To this end we define first the term-decomposition
τ(c) and the upwards expansion$(c) of a concept
term c. The term-decomposition is defined as the set
of all subterms ofc, which thus includes all concepts
subsumingc and all attributes of subsuming concepts
for c. The term-decomposition is defined as follows:

τ(c) = {x|c ≤ x∨c ≤ y[r : x], x ∈ L , y ∈ L , r ∈ R}

Consider as an example the decomposition of the term

τ(cat[CHR : grey[CHR : dark]])

resulting in the set containing the following concepts:

{ cat[CHR: grey[CHR: dark]],
cat[CHR: grey],
cat,
grey[CHR: dark],
grey,
dark}

The upwards expansion$(C) of a set of terms C is
the transitive closure of ofC with respect toISAKB :

$(C) = {x|x ∈ C ∨ y ∈ C, y ISA x}

This expansion thus only adds atoms to C.

We define further the upwards spanning subgraph
(subontology)γ(C) for a set of conceptsC =
{c1, . . . , cn} as the graph that appears when decom-
posingC and connecting the resulting set of terms

with edges corresponding to theISAKB relation and to
the semantic relations used in attribution of elements
in C. We define the triple(x, y, r) as the edge of type
r from conceptx to concepty.

γ(C)=

{(x,y,ISA)|x,y∈$(τ(C)),xISAREDUCy}
∪
{(x,y,r)|x,y∈$(τ(C)),r∈R,x[r : y]∈τ(C)}

Now a shared node between conceptsc1 andc2 is a
node that is reachable from bothc1 andc2. If we for at
conceptc defineα(c) to be the nodes reachable from
c, that isα(c) = ω(τ(c)), thenα(c1)

⋂
α(c2) is the

set of shared nodes for two conceptsc1 andc2.

With the example in Figure 1 both{Grey, Color,
Animal,. . . ,Anything} are shared nodes for concepts
dog[CHR: grey] andcat[CHR: grey]. Whereas con-
ceptsdog[CHR: grey] and bird[CHR: yellow] does
not share attribution and therefore share one node less,
namely{Grey}.

As seen in Figure 1 the notion of shared nodes can be
used to include attribution in the calculation of overall
similarity between concepts.

The transformation of a similarity measure based on
aggregation over possible paths between concepts into
a measure based on the notion of shared notes has, as
a motivating factor the possible reduction of overall
computational complexity.

4 Conclusion

We have described a principles for measuring similar-
ity between both atomic and compound concepts that
draws on meta knowledge.

The notion of measuring similarity as distance, either
in the ordering relation or in combination with the se-
mantic relations, seems to indicate a usable theoretical
foundation for design of similarity measures. Further-
more the notion of similarity based on shared nodes
seems to nuance of overall similarity between con-
cepts sharing attribution, without adding significantly
to the overall computational complexity.

The purpose of similarity measures in connection with
querying is of course to look for similar rather than
for exactly matching values, that is, to introduce soft
rather than crisp evaluation. As indicated through ex-
amples above one approach to introduce similar val-



ues is to expand crisp values into fuzzy sets includ-
ing also similar values. Applying similarity based on
knowledge in the knowledge base, is a simplification
replacing direct reasoning over the knowledge base
during query evaluation. The graded similarity is the
obvious means to make expansion a useful - by using
simple threshold values for similarity the size of the
answer can be fully controlled.
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