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Abstract: To promote the efficiency of knowledge base retrieval based on description logic, the concept of

assertional graph (AG), which is directed labeled graph, is defined and a new AG-based retrieval method is put

forward. This method converts the knowledge base and query clause into knowledge AG and query AG by

making use of the given rules and then makes use of graph traversal to carry out knowledge base retrieval. The

experiment indicates that the efficiency of this method exceeds, respectively, the popular RACER and KAON2

system by 0.4% and 3.3% . This method can obviously promote the efficiency of knowledge base retrieval.

Key words: description logic; assertional graph; semantic web; information retrieval

Current description logic (DL) systems offer a
powerful inference mechanism, e. g., computing the
sub-concepts of a given concept, but they usually offer
a weak query language'". Current DL-reasoners gener-
ally support the following queries to access the asser-
tional knowledge of a knowledge base:

Retrieval: Retrieve the instances of a query con-
cept;

Realization: Determine the most specific concept
an individual is an instance of;

Instantiation: Boolean query asking if an individ-
ual (a pair of individuals) is an instance of a given
concept (role).

ABox-inference tasks require both a TBox and an
ABox. In this paper we deal with the instance retrieval
problem. ABox-reasoning is usually based on the tab-
leau-algorithm. To infer that an individual i is an in-
stance of C, an indirect assumption = C(i) is added to
the ABox, and the tableau-algorithm is applied. If this
reports inconsistency, i is proved to be an instance of
C. The main drawback of this approach, e. g., RAC-
ER, is that current DL-reasoners require processing the
whole ABox'”'. Performance is also a main issue: when
dealing with a large number of instances, the traditional
approach is slow and inefficient, even when TBox and
ABox optimization techniques are applied"” .

In this paper we present a new retrieval method
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for the ABox of knowledge base. This method converts
the knowledge base (KB) and queries into the related
assertional graph (AG) and then carries out the retriev-
al operation based on the graph traversal algorithm.

1 Related Research

Recent results show that DL systems can be en-
riched by a conjunctive query language, providing a so-
Iution to one of the weaknesses of traditional DL sys-

1 These results can be transferred to the semantic

tems
web community, where the need for expressive query
languages has been witnessed by different proposals.
Glimm et al.'"" presented a query answering system,
and the system following the DQL and supporting acy-
clic conjunctive queries used a DL-reasoner to answer
the queries, in which the conjunctive queries were
transformed into DL retrieval or Boolean retrieval. The
OWL-server was a similar system provided by the
Knowledge System Laboratory (KSL) of Stanford Uni-
versity. Haarslev et al. " introduced a DL query lan-
guage for retrieving ABox individuals that satisfied
specific conditions. The presented language was sub-
stantially more expressive than traditional concept-
based retrieval languages offered by previous DL rea-
soning systems and the Racer system was implemen-
ted. Calvanese et al.'® presented a novel approach for
determining the instances of DL concepts when huge
amounts of underlying data were expected. It trans-
formed a concept description into a Prolog program
which represented a query-plan, which was done with-
out any knowledge of the particular data. This method
performed very well compared with techniques provid-
ed by the traditional DL theorem, while it stored the as-
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sertions in related databases. The evaluation shows that
this method performs better than KAON2 and worse
than Racer when the scale of KB is appropriate.

2 New Retrieval Method

This retrieval method can be implemented in the
following steps: () Transform the knowledge base into
a normal knowledge base assertional graph (KAG); 2
Transform the query clause into a normal query asser-
tional graph (QAG); ® Regard the transformed QAG
as the pattern and retrieve the individuals by comparing
with KAG. It is the first step that can be executed only
once and new retrieval operations can directly use the
KAG generated the first time.

2.1 Preparation for retrieval

The preparation work for the retrieval is mainly to
transform the knowledge base and query clauses into
normal KAGs and QAGs. The objectives of the trans-
formation are not only to get the concept that each in-
dividual belongs to and the roles between any two indi-
viduals, but also to prepare for the next step of matc-
hing retrieval.

2.1.1 Preprocessing of ABox

In order to convert the knowledge base into
KAG, we must obtain the concept each individual be-
longs to and the roles between any two individuals. In
order to do this, we present the rules to process the
quantifiers ¥V and 3.

Rule 1 The F-rule

Conditions: ABox contains 9 R. C(x) and R(x, z)
and there is no C(z) in ABox.

Actions: ABox’' = ABoxU {C(z) }-{ AR. C(x) }.

Rule 2 The V-rule

Conditions: ABox Contains ¥V R. C(x) and R(x,
y), and there is no C(y) in ABox.

Actions: ABox’' = ABoxU{C(y)} -{VR. C(x) }.

Instruction: If there is no R(x, y), then delete V R.
C(x) directly.

After being processed by using the rules, ABox
contains only the syntaxes— , U, and M. Then using de
Morgan’s rules and the usual rules for the above synta-
xes, we can convert all the concepts of the assertions
including the same individual into conjunctive normal
form in linear time'® .

Example 1 Suppose that ABox = {Man(Tom),
( 3hasChild. Person) (Tom), hasChild( Tom, Charles),
Woman( Charles), Man (John), hasChild ( Rose, John),
(Woman N ( JhasChild. Person)) ( Rose), hasChild
(Rose, Jerry) }. After applying the above rules and the
usual rules to ABox, we can get ABox’' = {Man(Tom),

hasChild( Tom, Charles), (Person N Woman) ( Charles) ,
Woman( Rose) , hasChild( Rose, John), ( Person N Man)
(John), Woman ( Rose), hasChild( Rose, Jerry), Person
(Jery) }. It is obvious that the transformed ABox does
not contain V¥V and 3. We can also discover each
individual’s concepts and roles.
2.1.2 Preprocessing of query clause

We can regard the query clause as an assertion
and adopt the above method to deal with it. The only
difference between the query clause and the assertion is
that the former may contain not only individuals but al-
so variables. If it contains variables, we regard them as
individuals.
2.1.3 Assertional graph

Definition 1
which contains only atomic concepts or atomic roles.

Atomic assertion is an assertion

Definition 2 An assertional graph is a labeled
directed graph G(«) =V, E) where V is a set of verti-
ces and E is a set of arcs. The set V consists of all the
individuals or variables existing in assertion «. The set
E consists of all pairs {v,, v, ), such that v,, v, € V and
R(v,,v,) is arole in a. In AG, each vertex v is labeled
by the concept of v, and each arc e which links individ-
uals v, and v, is labeled with a role name R where R
(v, v,) is arole in «. If a vertex has no label, then it is
labeled with a top concept.

2.1.4 Query assertional graph

After the preprocessing of the query clause, each
individual or variable is related to a concept which is
expressed in conjunctive normal form and all concept
assertions and role assertions are isolated. The prepro-
cessed query clause can be expressed by the following
equation:

Query(x) = Query’(x,y,z) =disj(conj(w)) =

U(nnCym) nR,(wuw) | (1)

where vector x consists of the must-bind variables, vec-
tor y consists of the rest ones vector, z consists of the
individuals, and vector w is the union of vectors x, y, z;
w; and w; denote some individual or variable; disj( * )
denotes the disjunctive normal form of all the individu-
als and variables; while conj( * ) denotes the conjunc-
tive normal form; n is equal to the number of elements
in vector w. C, is an atomic concept and an R, is an
atomic role.

In Eq. (1), ( Lnme)(w,») denotes the concept of

i

w;,and NR,(w;, w;) denotes the roles related to w,.

Then QAG can be generated by algorithm 1.
Algorithm 1  Algorithm of QAG generation

Input: The preprocessed query clause.
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Procedure:

For each conj(w) indisj(conj(w))

Generate the Graph G =(V, E) where V consists of the individuals
and variables and E = @.

For each w; in conj(w)

Label w; with its concept expression

Get its related roles, create the arc fromwitowjand label the arc with
role name R, R(w;, wj) in Query(x).

End for

End for

When executing this algorithm, sometimes more
than one QAG are generated because we cannot get the
disjunctive form of the roles. But we draw the follow-
ing conclusion that these QAGs are very similar and
the only differences are in the roles of each individual.
Optimization is pursuant to this.

The main work of this algorithm is to traverse all
individuals in ABox, so this algorithm can be comple-
ted in linear time.

2.1.5 Knowledge base assertional graph

After the preprocessing of the knowledge base, in
the same way as the preprocessed query clause, the
KAG can be generated by algorithm 2. It is obvious
that this algorithm can be completed in linear time.

Algorithm 2 Algorithm of KAG generation

Input: The preprocessed knowledge base.

Procedure:

Generate the Graph G =(V, E), where V consists of the individuals
and variables and E = @.

For each v in V

Label v with its concept expression

Get its related roles, create the edge from v to w, then label the edge
with role name R.

End for

2.2 Retrieving by matching graphs

After transforming the knowledge base and the
query clause into assertional graphs, we regard the
QAG as a pattern and find the matching sub-graph
from the KAG. Then the retrieval problem is converted
into the matching one based on the AG. Following the
transformation method defined in 2. 1. 1 and 2. 1. 2, the
final concepts in the KAG and the QAG are conjunc-
tive normal forms and the roles are atomic ones. To
implement the matching operations between the QAG
and the KAG, in addition to matching the two graphs,
we also need to judge if the related concepts and roles
are matching or not.

Suppose that the concept in KAG is Cy and C,, in
the QAG, then they can be expressed by the following
two equations:

Cc=NC, (2)
where C,, is the conjunctive normal form.
C,=NC, (3)

where C, is the conjunctive normal form.

To prove the two concepts are matching, we only
prove Eq. (4) correctly for any individual a e C,.
Apropos of roles, we only judge if the two roles are the
same or not.

Cl@)=Cy(a) (4)
where g is an individual name.

The procedure of concept matching can be com-
pleted in linear time by the related research of first or-
der logic and the retrieval operation can be completed
in PTIME.

2.2.1 Boolean queries

This is a simple procedure. The only thing we
need to do is to enumerate each individual and judge
its concept and roles.

2.2.2 Queries with variables

This procedure can be implemented by virtue of
2.2.1 as we can substitute the variables with the indi-
viduals in the knowledge base. But this method needs
to enumerate all individuals. In order to decrease the
time complexity, we can make use of the information
of concepts and roles and the arcs in graphs. The indi-
viduals can be filtered by concepts and roles (or arcs in
graph) and then we can reduce the times of matching.

It is obvious that the above two procedures can be
completed in PTIME because () They spend linear
time in traversing the graph; 2) They spend linear time
in matching the concept; and (3) They spend linear
time in filtering the individuals.

2.3 Optimization of query

In order to improve the efficiency of query, we
optimize the query when it generates more than one
QAG. As introduced in section 2. 1. 4, the differences in
these QAGs lie in the roles of each individual or varia-
ble. Then in all these QAGs, the concept part of Eq.
(1), Q( QC,”)(W,.) is the same and the role part

NR,(w;, w;) is different. Eq. (5) can be deduced from
Eq. (1) by the equation (ANB) U (ANC) =AN
(BUC).

Query(x) = Query'(x,,2) =conj(w) =

n((ncon (U (R (wow) ) ))

(5
Compared with Eq. (1), Eq. (5) has the same
concept part and its role part is changed into the dis-
junction of related role assertions in all QAGs. Because
the operation of matching roles can be completed in
constant time, this optimization reduces the times of
matching and the time complexity can at least decrease
by one order of magnitude.
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3 Experiments and Analysis

We have evaluated our solution by implementing
a system named IRS-DL (P4 1. 8G, 512M RAM, Win-
dows 2000 Pro) . In view of the fact that there is not the
standard platform for the knowledge base retrieval, we
manually construct a knowledge base which is used to
describe the persons in the same family and their
things. This KB includes 500 concept assertions and
1 000 role assertions and we divide the KB into three
groups for the evaluation. Their numbers of concept as-
sertions and role assertions are (300, 500), (400, 700)
and (500, 1 000). Then we define eight query clauses
for the experiments and the numbers of variables and
constants in every clause are (0,3), (0,5), (1,2), (3,
2),(3,3),(3,0),(4,0) and (5,0). The test were run
under RACER 1. 7. 16, KAON2 release 2005 — 12 —08.
The results are shown in Tab. 1.

Tab.1 Comparison of runtime performance  ms

The 1st group The 2nd group The 3rd group

Number
K 1 R K 1 R K 1
1 74 78 80 75 85 86 85 90 92
2 60 73 70 72 76 78 80 86 90
3 165 179 180 164 182 186 178 190 192
4 164 179 175 168 185 184 180 194 195
5 168 183 180 172 192 18 182 200 198
6 210 234 231 220 234 239 223 238 242
7 221 239 236 224 242 240 229 251 248
8 220 241 235 228 248 242 234 256 251

In Tab. 1, data in the R (RACER) column and the
K (KAON2) column are averaged and data in the [/
(IRS-AG) column are obtained for the first time after
the system runs. The results show that the runtime per-
formance of this system is a little worse than RACER
and similar to KAON2. The experiments also indicate
that the average runtime after running one more time
can decrease 85% or so. Then as in this case, this sys-
tem performs a bit better than RACER. Fig. 1 shows
the comparison of the average runtime when they exe-
cute the same retrieval on the same KB ten times. The
results prove that the system implemented on our algo-
rithm can carry out faster and more efficient retrieval.
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RACER KAON2 IRS-DL
Fig.1 Comparison of average runtime performance

4 Conclusion

The search engine is the most important method
used for people to extract information, and the seman-
tic web is the next generation of the Internet, so query
answering in the semantic web is a very important as-
pect of related researches on the semantic web. This
paper presents the concept of the assertional graph and
realizes the methods of transforming the knowledge
base and query clause into KAG and QAG. The new
knowledge base retrieval method is also implemented
by extending the graph matching algorithm and the
graph traversal algorithm. Neither does this method
limit the query clause, nor does it add extra require-
ments to ABox. The algorithmic analysis and the ex-
periment indicate this method obviously enhances the
efficiency of the KB retrieval.
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