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An Indexing Scheme for RDF and RDF Schema Based on Suffix

AKIYOSHI MATONO,! TOSHIYUKI AMAGASA,t
MASATOSHI YOSHIKAWAft and SHUNSUKE UEMURA'

The Semantic Web is expected as a candidate for next generation of the Web. The metadata
in the Semantic Web are commonly described in RDF, and it is anticipated that the quantity
of RDF data will increase. For this reason, the demand for efficient querying RDF data will
also increase. In this paper, we focus on that the structure of RDF data is directed graph and
we propose suffix arrays for directed graph based on the path expressions. We first extract
four kinds of DAGs from the RDF data and RDF schematic data according to relationship
between schema and instance, and then we extract path expressions from each sub-graph.
And finally we create four kinds of suffix arrays as indexing data for the RDF data and the
RDF schema data. Our proposed indices make it possible to retrieve matching paths from
RDF graph efficiently, when a path as query is given. And we will evaluate its performance
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in a series of experiments.
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<rdf:RDF xmlns:my="http://sample/#"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<rdf:Description about="http://sample/egg">
<my:grow rdf:resource="http://sample/chicken">
</rdf:Description>
<rdf:Description about="http://sample/chicken">
<my:lay rdf:resource="http://sample/egg">
</rdf :Description>
</rdf :RDF>

01 0000000000000 RDF/XMLOOOOOO
Fig.1 An RDF/XML represented relation between egg
and chicken (flat).

<rdf:RDF xmlns:my="http://sample/#"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<rdf :Description about="http://sample/egg">
<my :grow>
<rdf:Description about="http://sample/chicken">
<my:lay rdf:resource="http://sample/egg">
</rdf:Description>
</my:grow>
</rdf:Description>
</rdf :RDF>

02 0000000000000 RDF/XMLOOOOOOO
Fig.2 An RDF/XML represented relation between egg
and chicken (nest).
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Fig.3 A simple statement example.
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Fig.4 A comlex example using RDF and RDF Schema.
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Fig.5 The ratio between paths and nodes.

01 RDFOOOOOO
Table 1 The statistics of RDF graphs.

file size (KB) 100 500 1,000
Gene Ontology
#of Nodes 978 5,118 10,524
#of Arcs 1,335 7,606 15,462
#of Roots 67 127 517
Max in-degree 103 738 1,349
Max out-degree 42 703 703
Ave. degree 1.37 1.49 1.47
#of Paths 7,235 87,801 170,261
Max path length 8 8 10
Ave. path length 4.31 3.73 4.38
Wordnet
#of Nodes 1,150 5,680 10,859
#of Arcs 1,109 5,647 10,851
#of Roots 220 1,046 2130
Max in-degree 13 14 41
Max out-degree 11 20 38
Ave. degree 0.96 0.99 1
#of Paths 1,209 8,144 16,370
Max path length 6 10 11
Ave. path length 1.94 2.70 2.83
OPD
#of Nodes 1,140 4,393 8,929
#of Arcs 1,428 6,108 12,966
#of Roots 4 3 3
Max in-degree 14 65 153
Max out-degree 100 271 434
Ave. degree 1.25 1.39 1.45
#of Paths 1,252 10,524 19,945
Max path length 11 15 15
Ave. path length 6.14 9.09 8.62
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instancePath ::= (°#’ URI-reference ’>’ ’+’ propName ’>’)*

(C#’ URI-reference | ’"’ literal ’"’)
schemaPath := (C#’ typel: ’>? ’+’ prop 7> )%

’#’ typeName
classPath ::= (°#’ typeName ’>’)*

(’$’ URI-reference | ’"’ literal ’"’)
propertyPath ::= (’#’ propName ’>’)* ’#’ propName
typeName (=00 29)
propName =00 29)
literal =00 29)

URI-reference ::= 00029

06 DOODODODOODEBNFOOO
Fig.6 Path expression syntax (EBNF).
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#ri1>+paints>#r2>+title>"Les demoiselles d’ Avignon"
#r1>+paints>#r3>+title>"Guernica Tapesty"
#ri>+last>"Pablo"

#r1>+first>"Picasso"
#r4>+sculpts>#r5>+title>"The Thinker"
#r4>+last>"Rodin"
#r4>+first>"Auguste"

goooooooo O
#Artist>+creates>#Artifact>+title>#Title
#Artist>+last>#Last
#Artist>+first>#First
#Sculptor>+sculpts>#Sculpture
#Painter>+paints>#Painting

gooooooao O
#Artist>#Painter>$ri
#Artifact>#Sculpture>$r2
#Artifact>#Painting>$r3
#Artist>#Sculptor>$rd
#Artifact>#Painting>$rb
#Last>"Pablo"
#Last>"Podine"
#First>"Picasso"
#First>"Auguste"
#Title>"Les demoiselles d’ Avignon"
#Title>"Guernica Tapesty"
#Title>"The Thinker"

oooooooooo O

#creates>#sculpts

#creates>#paints

07 04000000000000
Fig.7 The list of path expressions extracted from Fig. 4.
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/* triple 0000000 */
var stack : stack
/0000 o000O0OoOoooo*/
var rootsl : list of vertexes
/*roots1 000000 DOODDODOOOOOOO
00o00o000o0ooOooooooooog */
var roots2 : list of vertexes
var roots := append ( rootsl, root2 )
foreach start ( roots ) begin
createPath ( start )
end
function searchGraph ( start : vertex ) : Void
var end : vertex
var arcs : set of arcs
var triple : tuple of ( vertex, arc, vertex )
begin
roots.remove ( start )
arcs := a set of arcs connected from start
foreach arc ( arcs ) begin
end := a vertex connected from arc
roots.remove (end )
triple := ( start, arc, end )
/0000000000 0000OoOoog */
if ( stack = nil or triple ¢ stack.items ) then
stack.push ( triple )
searchGraph ( end )
stack.pop ()
end
end
/000000 */
var path : concat ( path, stack[0].start )
for (var i := 0; ¢ < stack.length; i := i + 1) then
path := concat( path, stackli].arc, stack[i].end )
end
end

08 OJOoOoooooocooo
Fig.8 An algorithm for extracting path expressions from

directed graph.
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Fig.9 A simple directed graph.
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|0123456738 . , :
function Int binarySearch ( String graph,
O| A.a.B.b.C.4d.E.f.F Stri Int Bool flag) {
ring query, Int max, Boolean fla
1| A.a.B.c.D.e.E.£.F & auery, ’ g
var Int upper := mazx
010 0D 90000O0O00OOOOOOODOOOOODO var Int lower := 1
Fig. 10 The mixed path expressions and the indexing- var Int center := 0

points for its suffixes of Fig. 9.

A.aB.b.CdELF:[0,0] [0,0): A.2.B.b.C.AEEF
a.B.b.C.d.E.£.F :[0,1] [1,0): A.aB.c.D.e.E£f.F
B.b.C.d.E.£.F :[0,2] [0,2): B.b.C.AEEF
b.C.d.E£.F :[0,3] [1,2): B.cD.e E.£F
C.AE£.F:[0,4] [0,4): C.AE£F
d.E.£F :[0,5] [1,4): D.e.E£.F
E.£.F :(0,6] [0,6]: E£.F
£.F :[0,7] H 6 Et
F :[0,8] [0,8]: F
AaB.cDeEfF:[1,0] ~ f8F
a.B.c.D.e.E.f.F :[1,1] [0,1]: a.B.b.C.d.E.£.F
B.c.D.e.E.f.F :[1,2] [1,1]: a.B.c.D.e.E.£.F
c.D.e.E£.F :[1,3] [0,3]: b.C.A.ELF
D.e.E.f.F :[1,4] [1,3]: c.D.e.E£.F
e.E.£.F :[1,5] [0,5]: AE£.F
E.£.F :[1,6] [1,5]: eEfF
£.F:[1,7] [0,7]: £
F :[1,8] fITT“}“—f—F—

011 0000oO0oDOooooOoOoOooo
Fig.11 Sorting the suffixes and deletion of the
redundancies.
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var Boolean bingo := false
while ( lower <= upper ) {
center := (Int) ( ( upper + lower ) / 2)

if ( getPartialPath ( graph, center ) == query ) {
if ( flag ) lower := center + 1
else upper := center — 1
bingo := true

} else

if ( getPartialPath ( graph, center ) > query ) {
upper := center — 1
bingo := false

} else

if ( getPartialPath ( graph, center ) < query ) {
lower := center + 1
bingo := false

}

}

if ( not bingo ) {
if ( flag ) center := center — 1
else center := center + 1

}

return center
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Fig.12 An retrieval algorithm using binary search.

e ¢, JODOOOOO
® €, —Cm41
O
000000 RDFOOODODDOOOO0OOOODO
goobooooobono
gd1odooooooboonD 0d p=so—s:1
—sp, U g =ro—ri—re—---—r, 000
O0s; =7 (0<i<n) 00 n<m 0O0O0O0Op0O ¢O
0000000O0s; =7 (0<i<m)00 n>m 00
O0p0d gO0DOO0O0ODOODOOO O
000000000 oOoOoboO 120000000
Jdoooooo0obOoobOboOOobOOoDobOOooOoOooo
Jo0o0oDo0oooOOo0ooOOooooooooooboooo
gl1oo0boooboobobooooboooboobooa
gobooboboobobobobooobobooboboo
oooobooboboooobobboobobooo
gooboobooobooboobooboboooga
0000000000000 O(2og(n)) 00000
000On0O0O000O0OD0ODO0OO0ODOOOOODODOOO
0o0o0o00ooooboboooooooooobooogd
00o0bOO00oDOooObOOoOoOoooOooooOo
0000 0o00d0oOoboboboOoooobooooa

—8§o—> -+



58 gooooooooooooooo

oooboooOooob0O0oobs34000000000O
gbooocobooooobobooooooboooooo
goboooooooobooooooooocobooo
gooooboooooooooooooboooobooo
000o0oo0oOoooOooooooOnyoooooo
gobooboooooboobooboooooobbooo
goboooobooooooooooboboooooon
OO0OOOO0O0O0O0O0D0O0O00 “a>e>e>d” 0000
000 “2>pv»0000000000000O2)000
gooobooobooooodoooooooooooon
goooobooobooooboooboooboooooo
0000000000000 “>e>a”0000000
0000000000 oUOooooooU) O 2o
goooooooooobooooooooooooon
gobobooooooboboooooooooorooon
gooooooooooooooooooooboooo
goboooobooooooooboooooobooDboon
goboobooooooooooboooooooo

4. 0D O OO

00000000000 000000000000
0000000000000

41 0DO0OO

4.1.1 0O0OODOO

0000000 RDFOOODOOOOOOOOOO
00000000 RDFOODOODOOOOODO220
0000 RDFOODODOOODOODOOODOOOD
0000000000 OPD? 0000 OOPD O
RDFOOOODODOO0O0O0D0O00D0O00DO00
00000000000 Wordnet?Y 0000000
000000000000000000000000
0000 Gene Ontology 'Y 00000000000
00 0OGene Ontology 0 000000000 2000
000000000000000000000000
0000000000000 00O000000 0Gene
Ontology 00 000000000000 OOOOOD

o000 RDFOODOOOO0OO0OO0OOODOOODODOO

Gene Ontology 0 00000 0OOOOOODOOO
goboobooboboboobobobboboooobo
gobobdboooooooboobooboboobooo
000000 RDFOOODODOOOODOOODDOO
00000 RDFOODO 2000000000000
gboooooooooboooooboooooboog

0000 s00KBOOOOOOOOOOODOOOOO

Gene Ontology U0 RDFOODOOOOOOOCCOO
ooo0OXMLO DITDOOOOCOOOOOOO

Mar. 2004

02 00000D0O0DO0O00O0OoOoOooOoon
Table 2 Performance evaluation path expressions as
queries.
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Table 3 The number of path expressions and suffixes.
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Fig.13 The processing times.
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