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ABSTRACT

The ontology has been gaining increasing interests by recent arise of the semantic web
and related technologies. The focus is mostly on inference query processing that requires
high-level techniques for storage and searching ontologies efficiently, and it has been actively
studied in the area of semantic-based searching. W3C’s recommendation is to use RDFS
and OWL for representing ontologies. However memory-based editors, inference engines,
and triple storages all store ontology as a simple set of triplets. Naturally the performance
1s limited, especially when a large—scale ontology needs to be processed. A variety of researches
on proposing algorithms for efficient inference query processing has been conducted, and
many of them are based on using proven relational database technology. However, none
of them had been successful in obtaining the complete set of inference results which reflects
the five characteristics of the ontology properties. In this paper, we propose a new index
structure called hyper cube index to efficiently process inference queries. Our approach is
based on an intuition that an index can speed up the query processing when extensive
inferencing is required.
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Definition
Transitive P, y), Py, z) — P(x, 2)
Symmetric P, y) — P(y, 2)
InverseOf Px, y) — P'(y, x)
Functional Px, v), Px,2) »y =1z
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(Figure 5) Inference of Transitive
Property

Algorithm1. AddTransitiveProperty

Input : subject class Cs, object class Co, property P
Output : Inference Bit Cube

subject class list S « NULL
object class list O « NULL
S « Cs + FindClassesFromColumn(Cs, P)
0 « Co + FindClassesFromRow(Co, P)
for(i = 0; i < S.length; i++){
forG = 0; j < O.length; j++){
Add Inference Biot Cube(Si, P, Oi)
}

}

(Algorithm 1) Inference of
Transitive Property
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Algorithm2. AddSymmetricProperty

Input : subject class Cs, object class Co, property P
Output : Inference Bit Cube

Add Inference Bit Matrix (Co, P, Cs)

subject class list S « NULL

object class list O « NULL

S « Cs + FindClassesFromRow(Cs, P)

0 « Co + FindClassesFromRow(Co, P)

for(i=0; i < S.length; it++){

for(j=0; j<O.length; j++){

Add Inference Biot Cube(Si, P, Oi)
Add Inference Biot Cube(Oi, P, Si)

}

(Algorithm 2) Inference of
Symmetric Property
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Algorithm3. AddInverseOfProperty

Input : property P, inverse property P’
Output : Inference Bit Matrix

Subject, Object Class set {Csl, Col} « FindClassesSet(P)
Subject, Object Class set {Cs2, Co2} « FindClassesSet(P")
for(i=0; i<{Csl, Col}.length; i++({

Add Inference Bit Cube(Col, P’, Csl);

}
for(i=0; i<{Cs2, Co2}.length; i++({

Add Inference Bit Cube(Co2, P, Cs2);
}

(Algorithm 3) Inference of Inverse
of Property
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k = the number of maximum Bit Matrix of rows that can
be loaded into memory;
file_index = 0;

triple = MergeSort(triple, object | subject);

for(i=0; i<Number of Triples; i++) {
if((triple[i].subject / k) > file_index) {
output bitmatrix;
bitmatrix.init(k);
file_index++;
}
subject = (triple[i].subject) % k;
object = (triple[il.object);
bitmatrix.set(subject, object);

(Figure 11> Algorithm of
Generating Bit Matrix
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//omp for parallel shared (bitmatrix, triple) private(subject, object, i)
for(i=0; i<Number of Triples; i++){

subject = triplefil.subject % k;

object = triple[il.object;
bitmatrix.set(subject, object);

}

(Figure 12) Algorithm of Generating
Bit Matrix with JOMP
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(Table 2) Experimental Environment

Specifications

CPU | Intel i5-3470 @ 3.2GHz

RAM | 16.0GB

Sys Windows 7 Enterprise K.64bit

tom JDK 1.7.0(JVM Memory : 10GB)
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<Table 3> gels3ict. Ade] A34= o
Adaid, HE WELx 4E T3 AT

(Table 3) Bit Matrix Size by EWAH

Before After
LUBM(1,0) 1.37 MB 112 KB
LUBM(G5,0) 31.57 MB 528 KB
LUBM(10,0) 121.02 MB 925 KB
LUBM(20,0) 51833 MB 1.78 MB
LUBM(50,0) 3.09 GB 431 MB
LUBM(100,0) 12.36 GB 9.32 MB
LUBM(200,0) 49.35 GB 16.6 MB
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(Table 4) Time for Hyper Cube
Index creation(sec)

Bitmap | EWAH E?C’)ANI[{P +
LH%I)V[ 0.598 0.452 0.420
L(%%I)VI 2.993 1.450 1.319
Iz%?é\)/[ 6.200 2.602 2.368
L(g(il)\)/[ 49.206 5.399 4913
ng(])s(l)\)/[ 1763247 63.7431 56.721
I(JEU.]; 1(\)? 517.406 181.465 159.682
%2%}03 1(\)? 832.750 245475 293.328
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(Table 5) Completeness(%)

Query DLDB Hyper Cube
1 100 100
2 100 100
3 100 100
4 100 100
5 100 100
6 100 100
7 100 100
8 100 100
9 100 100
10 100 100
11 100
12 100
13 100
14 100 100
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