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Semantic Web is a promising application area for Lisp programming language as well as Prolog, because basic
requirements for semantic web processing such as axiom, entailment, and constraint are also basic vocabularies and
infrastructure of inference in Al. Roughly speaking, from the viewpoint of the implementation, semantic web processors fall
into a few categories; statement-based (XML-based), graph-based (triple-based), and frame-based or object-based. Despite
that there are diverse implements on semantic web processors and toolkits in various programming languages; there is only
one implement in Lisp, that is subject-predicate-object triple based. We have developed an object-based RDFS processor on
CLOS using the Meta-Object Protocol, with straightforward mapping of RDFS class to CLOS class and RDFS individua to
CLOS instance. By this mapping, we have obtained an efficient performance of processing instead of the difficulty of
implementation. This paper describes an implementation of the processor on CLOS, and discusses ideas to extend it to OWL.
We claim that the ends of Semantic Web processing will be attained through this approach, namely meta-object reflective
approach, since CLOS is one of reflective languages and the processor is expected to provide meta-modeling facilities in

OWL Full level.
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RDFS rdf:type
(subsumption rule)  rdfs:subClassOf (trangitivity rule)
rdfs:domain  rdfs:range OWL
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RDF RDFS
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Prolog N-Triple Prolog
RDF
rdfs:subClassOf rdfs:subProperty Of
[Wielemaker 2003] OWL
[Lassila 2002] Common Lisp Object System (CLOS)
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OWL OWL-S
RDF/ XML
RDFS RDFS
Common Lisp
Object System (CLOS)

CLOS Meta-Object Protocol(MOP)
RDFS
2. RDF/S
2.1 RDF/S
RDF/S W3C Recommendation
RDF/S rdf:type rdfs:subClassOf
rdfs:subProperty Of Figure 1
rafs.Class

! http://wilbur-rdf .sourceforge.net/
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Figurel. Hierarchy of RDF/S Resourcesand Properties

rdfs:Datatype  rdfs:Class  rdfs:subClassOf
[Pan 2003]
CLOS
[Kiczales 1992]

[Paepcke 1993]

RDF/S

rdfs:Class
CLOS
standard-class standard-object
standard-object standard-
class

rdfs.Class rdfs:Resource

CLOS Figure 1
RDF/S

RDF/S

CLOS
rdf:type
rdfs:subClassOf
rdfs.Class
RDF/S
rdf:Property

CLOS
CLOS
rdfs.Datatype
CLOS

CLOS
RDF/S

rdf:type rdfs:subClassOf

RDF/S

gx(2):
gx(3):
gx(H:
gx(5):
gx(6):

rdfs:Class rdfs:Class) 2> t

rdfs:Class rdfs:Resource) > t
rdfs:Resource rdfs:Class) > t
rdfs:Datatype rdfs:Class) > t
rdfs:seeAlso rdf:Property) > t

(typep
(typep
(typep
(typep
(typep

typep

2.2 rdf:itype
(1) rdf:itype
RDF/S RDF/S
rdf:type RDF
rdf:type
Triple
rdf:type
RDF/S
rdf:type
rdf:type  RDF/S
@
N-Triple Wine  PotableLiquid
Zinfandel ~ Wine ElyseZinfandel  Zinfandel
Figure 2
(subsumption reasoning) ElyseZinfandel Wine

PotableLiquid

vin:Wine rdfs:subClassOf food:PotableLiquid .
vin:Zinfandel rdfs:subClassOf vin:Wine .
vin:ElyseZinfandel rdf:type vin:Zinfandel .
#<Subsumption, RDFS entailment rule rdfs9>
vin:ElyseZinfandel rdf:type vin:Wine .

vin:ElyseZinfandel rdf:type food:PotableLiquid .

RDF/S
rdf:type
rdf:subClassOf
RDFS
rdfs9 RDF !
rdfs9
rdf:type  CLOS
rdfs:subClassOf  CLOS
CLOS

gx(7): (typep vin:ElyseZinfandel vin:Wine)> t
gx(9): (typep vin:ElyseZinfandel
food:PotableLiquid) > t

! http:/iwww.w3.org/ TR/rdf -mt/
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2.3 rdfs:subClassOf

(2) rdfs:subClassOf
RDF rdfs:subClassOf
CLOS
rdfs:subClassOf
CLOS

(2) rdfs:subClassOf
(transitivity reasoning)

Wine  PotableLiquid Zinfandel  Wine

Zinfandel Potableliquid

vin:Wine rdfs:subClassOf food:PotableLiquid .
vin:Zinfandel rdfs:subClassOf vin:Wine .
#<Transitivity, RDFS entailment rule rdfsll>
vin:Zinfandel rdfs:subClassOf
food:PotableLiquid .

RDF/S rdfs:subClassOf
rdfs:subClassOf
rdfs:subClassOf RDFS rdfsll
rdfs:subClassOf RDF/S
CLOS
subtypep
gx(10): (subtypep vin:Zinfandel
food:PotableLiquid) > t
2.4 rdfs:subPropertyOf
RDF/S rdfsdomain  rdfsrrange
RDF/S
rdfs:subProperty Of
P P”

P N-Triple P”
RDFS rdfs7

ElyseZinfandel
ElyseZinfandel

vin:hasColor rdfs:subPropertyOf
vin:hasWineDescriptor .

vin:ElyseZinfandel vin:hasColor vin:Red .

#<RDFS entailment rule rdfs7>

vin:ElyseZinfandel vin:hasWineDescriptor vin:Red.

Prolog

gx(11): (?- (rdfs:hasWineDescriptor
vin:ElysezZinfandel vin:Red)) > t

(RDFS ext3 extd) rdfs:subProperty Of

Figure 2

vin:hasWineDescriptor rdfs:domain vin:Wine
vin:hasColor rdfs:subPropertyOf
vin:hasWineDescriptor

#<Domain rule, Extensional entailment rule ext3>
vin:hasColor rdfs:domain vin:Wine

vin:hasWineDescriptor rdfs:range
vin:WineDescriptor

vin:hasColor rdfs:subPropertyOf
vin:hasWineDescriptor .

#<Range rule, Extensional entailment rule ext4>
vin:hasColor rdfs:range vin:WineDescriptor

rdfs.domain rdfs:range domain-
value range-value
get-
<«—— rdfs:subClassOf © class
<«——— rdfs:subPropertyOf
<= rdf:type © instance

ElyseZinfandel

rdfs:range

rdfs:domain class that is reachable from a start node of a property edge via rdf:type->rdfs:subClassOf
rdfs:range class that is reachable from a target node of a property edge via rdf:type->rdfs:subClassOf

Figure2. An RDF/S Example from Wine Ontology
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domain get-range

rdfs:subClassOf
N-Triple
domainp rangep

gx(12): (rdfs:domain vin:hasColor)
Error: The slot rdfs:domain is unbound in the
object

#<rdf:Property vin:hasColor> of class
#<rdfs:Class rdf:Property>.
[condition type: unbound-slot]
gx(13): (domain-value vin:hasColor)
common-lisp:nil
gx(14): (get-domain vin:hasColor)
#<rdfs:Class vin:Wine>
gx(15): (get-range vin:hasColor)
#<rdfs:Class vin:WineDescriptor>
gx(16): (domainp vin:hasColor vin:Wine)
t

gx(17): (rangep vin:hasColor vin:WineDescriptor)
t

25
N-Triple

RDF/S

Figure 2
rdf:type
N-Triple
RDFS rdfs2

rdfs3 N-Triple

vin:ElyseZinfandel  vin:Red

vin:hasColor rdfs:domain vin:Wine .
vin:hasColor rdfs:range vin:WineColor .
vin:ElyseZinfandel vin:hasColor vin:Red .
# vin:ElysezZinfandel is undefined so far.
#<RDFS entailment rule rdfs2>
vin:ElyseZinfandel rdfs:type vin:Wine .
# vin:Red is undefined so far.

#<RDFS entailment rule rdfs3>

vin:Red rdfs:type vin:WineColor .

RDFS
extl ext2

vin:hasColor rdfs:domain vin:Wine .
vin:hasColor rdfs:range vin:WineColor .
vin:Wine rdfs:subClassOf food:PotableLiquid .
vin:WineColor rdfs:subClassOf
vin:WineDescriptor .

#<Extensional entailment rule extl>
vin:hasColor rdfs:domain Tfood:PotableLiquid .
#<Extensional entailment rule ext2>
vin:hasColor rdfs:range vin:WineDescriptor .

domainp rangep

gx(18): (domainp vin:hasColor food:PotableLiquid)
t

gx(19): (rangep vin:hasColor vin:WineDescriptor)
t

3.
Figure 3 RDF/S ! RDF
Sa—
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._.'-\.a-. r:.r.r.lr'
= el g — ""-.. [ B
Figure 3. The Introductory Example
N-Triple defTriple
defTriple
N-Triple
rdfs:range eg:name
dcititle  rdf:Property N-
Triple rdfs:subClassOf
rdfs.Class

gx(5): (defTriple eg:name rdfs:range rdfs:Literal)
Warning: Entail in eg:name #<rdf:Property rdfs:range>
#<rdfs:Class rdfs:Literal>:

..... eg:name rdf:type rdf:Property.

#<rdf:Property eg:name>

gx(6): (defTriple dc:title rdfs:range rdfs:Literal)
Warning: Entail in dc:title #<rdf:Property rdfs:range>
#<rdfs:Class rdfs:Literal>:

..... dc:title rdf:type rdf:Property.

#<rdf:Property dc:title>

gx(7): (defTriple eg:Person rdfs:subClassOf eg:Agent)
Warning: Entail in eg:Person #<rdf:Property rdfs:subClassOf>
eg:Agent:

..... eg:Person rdf:type rdfs:Class.

Warning: Entail in #<rdfs:Class eg:Person> #<rdf:Property
rdfs:subClassOf> eg:Agent:

..... eg:Agent rdf:type rdfs:Class.

#<rdfs:Class eg:Person>

gx(8): (defTriple eg:Document rdfs:subClassOf eg:Work)
Warning: Entail in eg:Document #<rdf:Property rdfs:subClassOf>
eg:Work:

..... eg:Document rdf:type rdfs:Class.

Warning: Entail in #<rdfs:Class eg:Document> #<rdf:Property
rdfs:subClassOf> eg:Work:

..... eg:Work rdf:type rdfs:Class.

#<rdfs:Class eg:Document>

gx(9): (defTriple eg:author rdf:type rdf:Property)
#<rdf:Property eg:author>

gx(10): (defTriple eg:author rdfs:domain eg:Document)
#<rdf:Property eg:author>

gx(11): (defTriple eg:author rdfs:range eg:Person)
#<rdf:Property eg:author>

gx(12): (defTriple _:a rdf:type eg:Person)

#<eg:Person _:a>

gx(13): (defTriple _:a eg:name "Tim Berners-Lee')
#<eg:Person _:a>

gx(14): (defTriple eg:Proposal rdf:type eg:Document)
#<eg:Document eg:Proposal>

gx(15): (defTriple eg:Proposal eg:author _:a)
#<eg:Document eg:Proposal>

! http://www.w3.0rg/ TR/2002/WD-rdf-schema-20021112/
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gx(16): (defTriple eg:Proposal dc:title "Information Management:
A Proposal™)
#<eg:Document eg:Proposal>

RDF

defindividual
eg:author

defResource
Figure 3

gx(4): (defProperty eg:name
(rdfs:domain eg:Person)
(rdfs:range rdfs:Literal))
Warning: Entail: eg:Person rdf:type rdfs:Class.
eg:name
gx(5): (defProperty dc:title
(rdfs:domain eg:Document)
(rdfs:range rdfs:Literal))
Warning: Entail: eg:Document rdf:type rdfs:Class.
dc:title
gx(6): (defProperty eg:author
(rdfs:domain eg:Document)
(rdfs:range eg:Person))
eg:author
gx(7): (defResource eg:Person
(rdfs:subClassOf eg:Agent))
Warning: Entail: eg:Agent rdf:type rdfs:Class.
eg:Person
gx(8): (defResource eg:Document
(rdfs:subClassOf eg:Work))
Warning: Entail: eg:Work rdf:type rdfs:Class.
eg:Document
gx(9): (defiIndividual eg:Proposal
(rdf:type eg:Document)
(eg:author (eg:Person (eg:name "Tim Berners-Lee™)))
(dc:title "Information Management: A Proposal')
(rdf:about "http:/../Proposal/™))
eg:Proposal

Figure 1 RDF/S
CLOS
CLOS dot-vaue
Figure 1 RDF/S

RDF/S

gx(10): (print-form eg:Proposal)

(eg:Document eg:Proposal (rdf:about "http:/./Proposal/™)
(eg:author (eg:Person (eg:name "Tim Berners-Lee')))
(dc:title "Information Management: A Proposal'))

gx(11): (<- eg:Proposal "eg:author "eg:name)

“Tim Berners-Lee"

gx(12): (<- eg:Proposal "dc:title)

"Information Management: A Proposal

gx(13): (typep (<- eg:Proposal "eg:author) eg:Agent)

t

4,
4.1 Entailment RDF/S
RDF/XML N-Triple
RDF/S
(monotonicity)
rdfs.Class rdfs:Resource
rdfs:Resouce
rdf:Property

rdfs:subClassOf
rdfs:subClassOf
RDF/S
CLOS
RDF rafl
rdf:Property
RDFS rdfs2  rdfs3 25
rdfs.domain  rdfsirange
RDFS rdfsda  rdfsdb
rdfs:Resource
rdfs:Class

rdfs:Resource

change-class
4.2 rdfs:Class
21 rdfs.Class
rdfs.Class
CLOS
standard-class

[Kiczales 1992] [Paepcke 1993 RDF/S

RDF/S
CLOS
RDF/S
CLOS rdfs:Class CLOS
standard-class
Allegro Common Lisp
standard-class
rdfs.Class
standard-class
RDF/S
CLOS RDF/S Figure 4
Common Lisp subtypep type-of
typep rdfs:Class rdfs:Literal
RDF/S gx:subtypep gx:type-of
gx:typep
4.3 rdfs:subPropertyOf
RDF/S
rdf:Property rdfs:subProperty Of
rdfs:member
rdf:_1 rdf:_2

[Wielemaker 2003]
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gx::cosmos-class ‘
mop:effect{ve—slot—definition—class(gx::cosmos—class)
mop:direct-slot-definition-class(gx: :cosmos-class)

gx::galaxy—class
e-slot-definition-class(gx: :galaxy-class)
\rect-slot=definition-class(gx: :galaxy-class)

mop:gffecti®

ot-definition-class(rdfs:Class)

mop:effective-g
mop;direct-skot-definition-class(rdfs:Class)
mitialize :after (rdfs:Class)

i

!
!
i
1
|
|

cl:standard-object
((rdfs:comment string)
(rdfs:isDefinedBy t))

Figure4. AnImplement of RDF/Son CLOS

WordNet wns:hyponymOf  rdfs:subClassOf
rdf:Property rdfs.domain rdfs.:range
rdfs:subPropertyOf  rdfs:superProperty Of 5. RDF
rdfs:subClassOf
get-domain get-range RDFE/S
defTriple
. . . defResource
4.4 rdfs:.domain rdfs:range N-Triple RDE/XML
N-Triple RDF/S
5.1 RDF/S
Unicode
URI(Uniform Resource Indicator)
Figure 4 CLOS Unicode

RDF/S standard-direct- URI

slot-definition gx::Property-direct-slot-definition

standard-effective-slot-definition
ox::Property-effective-slot-definition URI
XML
4.5
RDF/S CLOS QName gx:foo
RDF/S URI
RDF/S RDF/XML xmins:rdf=
CLOS "http://www.w3.0rg/1999/02/22-rdf -sy ntax-ns#"
:alocation URI
:class URI
CLOS
RDF/S URI
URI
URI URI URI
defProperty XML
RDF/S URI

defResource  defIndividual

08-06
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5.2 XML
XML XML
xsd:nonPositivel nteger
xsd:nonNegativel nteger XML

RDF/ XML

NonPositivelnteger ~ NonNegativel nteger

1~ nonNegativel nteger
5.3 RDF/XML
XML
XML
XML
cLocct CLLIB xml.lisp CL-HTTP
CL-XML? Franz XML 8
XML
DTD
RDF/XML XML
DTD RDF/XML
RDF/ XML
XML XML RDF
RDF/XML XML
DOM
RDF Description
RDF
Description
XML RDF/XML
XML
XML
XML
Franz XML
. XML

L http://clocc.sourceforge.net/
2 http:/www.cl-xml .org/
® http://opensource.franz.com/xmlutils/index.html

. LXML(Lisp XML)

FIPA ACL S RDF/ XML
RDF
Description
S RDF/ XML
. RDF/ XML
WordNet
RDF 10MB 15MB
RDF/ XML
15MB RDF
RDF/ XML
RDF/ XML
RDF/ XML
XMLDecl RDF
addObject

defResource  deflnstance

cg-user(10): (with-open-file (p "example07.rdf'") (rdf::parse->rdf
P)
(<?xml version="1.0" ?>
<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:dc="http://purl.org/dc/elements/1.1/"
xmlns:ex="http://example.org/stuff/1.0/">
<rdf:Description rdf:about="http://www.w3.0rg/TR/rdf-syntax-
grammar"
dc:title="RDF/XML Syntax Specification (Revised)">
<ex:editor>
<rdf:Description ex:ful IName="Dave Beckett'>
<ex:homePage rdf:resource="http://purl.org/net/dajobe/" />
</rdf:Description>
</ex:editor>
</rdf:Description>
</rdf:RDF>)

5.4 N-Triple
N-Triple N-
Triple addTriple
defTriple
6. OWL
RDF/S OWL

Figure 5 OWL
RDF/S OWL
owl:Restriction  owl:onProperty

OWL

4 vimWine
(defResource Wine (rdf:type owl:Class)

(rdfs:subClassOf food:PotableLiquid)
(hasMaker owl:restriction

* http://Mww.w3.org/ TR/2004/REC-owl -guide-
20040210/wine.rdf

08-07



S
AR I NS Sy - S
” n -

Gwhontology

ST NS ARTSSIIIoo -l
/ |

Y —

/ -

S = & >
rdfs:XMLLiteral Seel
«Ww!:DatatypeProper i‘ -

gwl:InverseFunctionalPropery \

<«—— rdfs:subClassOf O Class

<«+——— rdfs:subPropertyOf

D rdf:type Property

>
O Only DL

~ Ormmiit-Gnatology Property and Annotation Property

NAUERN

SRR

awl :Dep\I‘e\c“atedProper

/
/
/
/
%
s
@)

wl: TransitivePropert

! / \ =

1,
/ TdfsSubClassoE
;

\
1

\
[ R

\ S N
i VAN N = el
H \\‘ “\‘\ owl:hasValue RN
. € s P = & NN
dfs.subPerertyI r—\-—QWl:equivaleritProper . ; A o
‘
|
@wl:maxCardinality H
Qwl:differentFrom

Qwl:minCardinalit
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Figure 5. Hierarchy of OWL DL and OWL Lite Classes and Properties

owl:cardinality 1

owl:allvValuesFrom Winery)
(madeFromGrape owl:restriction

owl:minCardinality 1)

(hasSugar owl:restriction owl:cardinality 1)
(hasFlavor owl:restriction owl:cardinality 1)
(hasBody owl:restriction owl:cardinality 1)
(hasColor owl:restriction owl:cardinality 1)
(locatedln owl:restriction

owl :someValuesFrom Region)
(hasColor (en "wine'™) (fr "vin'™)))

owl:restriction Wine

owl:cardinality
owl:minCardinality

owl:allVauesFrom hasM aker
Winery
owl:someValuesFrom locatedin
Region
CLOS

owl: TransitiveProperty
owl:inverseOf

CLOS
OWL owl:oneOf
owl:intersectionOf AND
owl:unionOf OR owl:complementOf NOT

CLOS

CLOS

RDF/S RDF/S
CLOS
RDF/S
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1.1 N-Triple

RDF/S RDF
N-Triple
N-Triple

N-Triple defTriple

(defTriple subject predicate object )

subject ::=
predicate ::=
object ::=

defTriple
addTriple

addTriple

AddTriple

defTriple

1.2 RDF/S

RDF/XML RDF/S
defResource

(defResource 1D slot-specifier* )

ID ::=
slot-specifier ::= (rdf:about URI ) |
(rdf:type class-name ) |
(rdfs:label label”™ ) |
(rdfs:subClassOf superclass-name* ) |
( role filler-form )
class-name ::=

label ::= simple-label | Ilabel-with-lang
label-with-lang ::= (lang simple-label)
simple-label ::=
lang ::= xml-lang
superclass-name ::=
role ::=
filler-form ::= | | |
obj-sexpr
obj-sexpr ::=
(class-name ID? slot-specifier* )
0
1 0
QName rdfs:subClassOf
rdfs:Resource
rdf:type
rdfs:.Class
rdfs:Class rdfs:Datatype
rdfs:Literal RDF/S
RDF/S

RDF/S

defResource ID
1D
RDF/S
RDF/S
RDF/S
defResource
RDF/S
RDF/S
defResurce defindividal defPropety
1.3 RDF/S
RDF/S
defIndividual

(defIndividual ID slot-specifier* )

ID ::=
slot-specifier ::= (rdf:about URI ) |
(rdf:type class-name ) |
(rdfs:label label”™ ) |
( role filler-form )
defIndividual rdfs:subClassOf
1.4 RDF/S
RDF/S
defProperty

(defProperty property-name slot-specifier” )

property-name ::=

slot-specifier ::=
( rdfs:subPropertyOf superproperty* ) |
( role filler-form )

superproperty ::=
rdfs:subProperty Of
unbound
rdf:type
rdf:Property
rdf:Property rdfs:ContainerM embershipProperty
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