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1. M2 & MWy FE2439 A RFe Fo)7] 9%
Woto 2 HTML 71k & W2 AN o
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451 3t} (Blaze Advisor, Exsys, Expertise?go, dA9 o] HTMLE HIg o2 7t AFE-A9)
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A 2k ¥ Ade g3 d7] sk Al
g $(Semantic Web)°] AMA=ReH, o|g} T
3t9] RDF(Resource Description Framework),
RDF-Schema, OWL(Web Ontology Language)
ol NEEA
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XM g2 28t SWRL 7iEt o

W8 £EAA SWART-BSI Ty

aYPAM EdsA B N2 Hgge] AW ¢
olt}, AlME & wedolEy NS B ¢
A ARE FEE 801 o] § o] §3tH &
ZEYO] do]AEY T2 Fo| o]F3F 9n
€ A5oE 22T F e ¢ ¥4 e
ANE oA ElolEe] FAd g &S
7]€3ta i+ RDFY 71£3 fde XML o]
El€ Resource/Property/Value¥ E&&(Triples)
ez Frgste Aolgn & F Ut 9714
Adie EZEL BHIA s 9 dHold
o] A€ Resource® 4)'¥8}31, X338h= Property
2 1 Property7} 7HA< Value® %2 st 7
H dolE] NES 22 7 d o] (RDF Primer).
FES 7] 93 8@ 24 $4 A
BEE ARSI Y Ao 29} 7L AR
3 = FEH ol 2ol A HE APREL
RDFE °| &3t 2 JHE ESE §2o2 %Y
o a8l 73 FES AWY § 73 dojdl
SWRLE AHg-3th SWRL-S 21320 4 (body)
i3 2R EAU Ml(head) FEOE TAH
Zt REL AtomolTHe @9 EYER FA L
oldA FEL Aduojag FHHo|AE Jul
o= A ETE HEHE Fohe Py
TP, B oA Aduel~ 8L A%
RDF¢} Aol BE-& ¥ SWRLE A5t

2.1.1 RDF(Resource Description Framework)

ANWE oA wethlole EHE AT A
¥ Uo]ZH = RDF, OWL 5ol Utk 1 Fd
74 718o] H = vt olEE Hesr] 9% o
o|2 RDFEHE AR g42E 71€3he dort
AT, RDFx= "gtdlolHE Asr] 943 7=
AoAZA, oA 71A7} olalF 5 e FRE

L&t o E A Tl 3T E8HS Al
¢t RDFY ¥ F e BEEsH T 432
€4 Sl B4eE XML(Extensible Markup
Language)©ll 7123 HoJE o) 9Ju]& A A =S
3 Ziolth. (RDF Primer) RDF/XML& XML
EE o] &3 wWEvlo|EHE 3L, RDF &7
= XML €49 84 F Aloje F+2E A3
FE XML £7]7h} DTDHE 28 RDF 73
A 247 o35 FYE AT HE doJ2A
q&< @0t RDF 27)0to= vl A3 2 A
o A Eo] Yol RDF EZoNAM ol 0]F
Arole] BAE u)F oz Aol e ul AL
tHZAE7], 2002).

o ol

o

2.1.1.1 RDF &

RDF &4 E¥2 XML 712¢t}. RDFE
AAANLEH A2 AR $4E Hsid, Al
MY 842 o] Fo1} EglE F2E /|RoE @
t. &, RDF HlolH 2ddX 7|25 URIE #
= E& AAE 718l7]& Resource, Resourced]
£49¢ Yvldt=Property, $4%k0l sid3le
Value® #2& 7}t RDFY 713 71231
Z& [3279 113 20,

<?xm} version="1.0">

<Class rdf:ID="Resource"
xmins:rdf="http://www.w3.0rg/1999/02-rdf-syntax-nsH"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlns="uri">
<property>value</property>
<property>value</property>

</Class>

[28 1] RDFe 7|2 7=

SRR SHEAARHSS=2K] M12d ®28 2006 6% 69



op
00
Ho
Ol
M
it

B e o>

http:/fpurl org/dc/elements/1. tcreator

g e cxrle cryesTe)

(2% 2] RDF dlolgf 2E

RDF tlolg] 242 RDF 293 & HAA
of g v aso] 28 A28 RDF 27|11
ARE Ze= dYaHol2E AYdts AOE A
A5 1 o]F URIE Z= A4 §4, §4
#& T€ 7l A9E A3 Resource®
URIZ ZA4(identity)€ AU+ ©l URI €9 #
2 FE A¥EAfragment identifier) 24 549
AA URIE €71 98] 229o2 ydxwolx
ot A2F v A4S RDFAA el&29) 7Y
2 0l & 83 840t SANE 2T Q= )
Aold ofd Aolgtx gliidl £33 URIE ©f
A& AH3l7] ol B3] A7 A% U4
A& A4t RDF tlele] 24 [1¥ 219 2
o] EZEE EH3] AH =E=(Node)t &
(Arc)2 o] Fol7 1YZE o|§FoEH wEHH
olElE A3l7] A% F4HL AdAA ES
A F @t

2.1.12 RDF 29| of
RDF £38< 9% a3t 53 349 dE

i

Creator

H <®E 1> 2o

<¥ 1> RDF Z# ofi x|
Subject(Resource) | http://www.w3.org/Home/Lassila
Predicate(Property) | Creator
Object(Value) "Ora Lassila"

¢ CdAE [2¥ 319 2ol =E(Node)dt &
(Arc)Z 74 ¥ RDF J¥=Z& F¥E &+ o
o] 1¥olA L& Resource®: EPF Aol
3& olFol #4938 Propertys T3 Value
o Ade =29 e d(Literal) & XET 3
AZPozr gAY & g

2.1.2 SWRIL(Semantic Web Rule Language)

2.12.1 Rule 104

SWRLol& OWLY 35 Aol OWL DL %
OWL Lite$} RuleML®] 3H# 2191?! Unary/Binary
Datalog RuleMLE &3 73 EE dojojth
(SWRL). SWRLE E#3l= 13 7|83ez
27D 2 E(then) o) BAE B A e
AAZ ¢ =8 SWRLE 539 71£9 Hom
Logice #3311 OWL Axioms FZEoEH
At Hon 773& OWL 71%e] o] 29 &
FANA FEE o]FA Bt SWRLE 58 73
T2 28, Yvg ZP% FRENH §FF 7}
T AELE AERES Folle FAAHolg: 9y
A & o AdHE § B8 Je9 F8F FE0|
g Aol

http://www.w3.org/Home/Lassila

Ora Lassila

(23 3] RDF 8=
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RMIcH ¥E 918 SWRL 7|8t

Aulst FEAT SMART-BO| 7Hgt

<swrl:Variable rdf:ID="VARIABLE">

<swrl:Imp rdf:ID="RULE-NAME">
<swrl:body>
<swrl:AtomList>
<rdf:first>
<swrl:ClassAtom>
<swrl:argument1>
<swrl:PropertyPredicate>
. </swil:ClassAtom>
OR
<swrl: DatavaluedPropertyAtom>
<swrl:argument1>
<swrl:PropertyPredicate>
<swrl:argument2>
</swrl: DatavaluedPropertyAtom>
OR
<swrl: IndividualPropertyAtom>
<swrl:argument]>
<swrl:PropertyPredicate>
<swrl:argument2>
<fswrl: IndividualPropertyAtom>
OR
<swrl: BuiltinAtom>
<swrl: builtin>
<swrl:arguments>
</swrl: BuiltinAtom>
_ </rdf:first>
<rdfirest>
<swrl:AtomList>

</swrl:AtomList>
</rdf:rest>
</swrl:AtomList>
<fswrl:body>

<swrl:head>
<swrl:AtomList>

</swrl:AtomList>
</swrl:head>
<fswrl:Imp>

(23 4] SWRLe| 7|& #x

2122 SWRL 7#&| E& TX U A2 HH4

WA SWRLY 7|24 72 49EA (1
g 4]9) Jebd SWRLY 718 72§ T3
AHRY A He A, HE(head FHAAY
then F&), FA(body THANAY if &) A
7HA B-Eo R UHolAth g A FEAAME

HEy FAd detuds 2E dFE A,
HEe FAdME And2 FEE E5 AY

AtomE< AtomListWl ol @3},

Atom ¥TE XS EE, O 23H
Resource/Property/Value 5 %57} ¥4 Eg
<& U3, SWRLE #3& d314 & o
AL 5 JE Atome T3 22 A7) ok

* swrl : ClassAtom

e swrl : DataRangeAtom

* swrl : DatavaluedPropertyAtom
« swrl : DifferentIndividualsAtom
* swrl : IndividualPropertyAtom
* swrl : SamelndividualAtom

* swrl : BuiltinAtom

SWRLAA WA 34 (Built-in function)=
BuiltinAtom 2.2 EHHT, @4 o 70 712 A=
7h A 250 YITH(SWRL). SWRLE of#f¢} 22
TS BEF dAZ (29 5090 vehdt i

P?x, 7y) A P(%y, 720 — P(7x, ?72)

T3

POx, %) A PQy, %) — P(%, %)
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SWRL ¥3@

<swrl:Variable rdfID="2"">
<gwrl:Variable rdf.ID="y"/>
<swrl:Imp rdf:ID="Rule">
<swrl:body>
<swrl:AtomList>
<rdf first>
<swrl:DatavaluedPropertyAtom>
<swrl:argument? rdfiresource="#y"/>
<swrl:propertyPredicate rdf:resource="#P"/>
<swrl:argument1>
<swrl:Variable rdf ID="x"/>
<fswrl:argument]>
</swrl:DatavaluedPropertyAtorm>
</dffirst>
<rdfirest>
<swrl:AtomList>
<edf:first>
<swrl:DatavaluedPropertyAtom>
<swrl:propertyPredicate
rdfiresource="#P"/>
<swrl:argument? rdfiresource="#z"/>
<swrl:argument] rdfiresource="#y">
</swrl:DatavaluedProperty Atom>
</rdffirst>
<rdfrest rdf:resource="http://www.w3.org/
1999/02/22-rdf-syntax-nstnil ">
</swrl:AtomList>
<frdf:rest>
</swrl:AtomList>
</swrl:body>
<gwrl:head>
<swrl:AtomList>
<gdfirest rdfiresource="http://www.w3.org/
1999/02/22-rdf-syntax-ns#nil />
<gdf:first>
<swrl:DatavaluedPropertyAtor>
<swrl:argument? rdf:resource="#z"">

T2 B=X|sHEAIAH S =2X| H123 H2& 20064 68

<swrh:argument] rdfiresource="#x"">
<swrl:propertyPredicate rdf:resource="#P"/>
</swrl:DatavaluedPropertyAtom>
</rdffirst>
<Jswrl:AtomList>
</swrl:head>

<swrl:Imp>

(2 5 F&/°l SWRL ¥ ofH

22 £E AA

OWL® SWRLE B8% %% 294 7
% 4ol Soi7l7] YA, OWLH & Aue ¢
2 9% EY A0S BEBE FEAYY B
4 71¢5¢ 4MRES B,

2.2.1 Jena

Jenat AWE § ofEFAJNH FHE& AT
Java ZH YA AEA, FH7 FEE T3
RDF, RDFS$ OWLS & =213 35 374
< AFdo,

9 £7 % 2= RDF API(Application Program
Interface) Al¥, RDE/XMLWlA ¢ RDF, N3%
N-TriplesE 93 2+ 7%, OWL API A 7]
T 50 gtk =&, F 794X 9 Bz V9%
28 RDQL(RDFE A% A9 do)E A Fst
ATt

2.2.2 F-OWL
F-OWLS ¢ &EEA 9ol OWLE #d
LEEA F& dFolth F-OWLAA Y 2E=E
A F& WAUEL Flora-2(F-logic), HiLog%
Transaction Logics# &2 F3dolE XSB #



Rdich ¥e 9iE swaL Zigt

HYg F2AY SMART-BL 7y

& 7o wEs 3 AF A% A4 7wk o
ojg} ojEE Aol ERES AT

FRI1T0EE W3CY EF OWL il 71
W 2822 B RS AR 3§, Flora-2
oA AFsh= 38l 73 (Axiomatic Rule)S AHE
& A4 d#4d A4 Java oA EANA e
A e o ESEA ol ZEaY UEH o]
2 A 7% ol ot

2.2.3 Pellet

Pellet2 ¥ ¥ % (Expressive) Description Logic
& 918 WY Tableaux YT F) 7128 OWL
DL #2& 48 Axdo|tt =8 2F UL ¢
& AT (Complete) FHE 7MWk Pellets
OWL Lite®} OWL DL 913 43715382 f&
T FE MH2E AFFd 2y BEYEY x
EE AYs] A3l F2EE ASTOE OWL
Full *EEA& Agste 549 Uk

271502 2E2A 24 9 B4 A8
&, Entailment, Conjunctive ABox 2ol A
5ol A

2.2.4 Euler

Eulere 390l 7128 23 (Logic)& A¥ste
F& 3| Eulers Euler 42 #4848 483
PLF FE7)0)H, FoijW YA A F3o
FolW ZES AUty qRE BIEE A
2ot}

2.2.5 Hoolet

Hoolet& OWL £EZA o @3 F&3}71 9
3t First Order Proverg AH8-3t= OWL DL &
Z7)olth, REZAE OWL APIE AH83og 7

24 53 A% A2l F9(Automated Theorem
Proving)& ¢ Problem Library$] #EZ @3
¥t} 298 % First-Order Classical Logicg 9
& A8 F%7)(Theorem Prover)S At8-3le] o
B4 gt

3. NHE] @ J|ut ojurst 22
ARE 9 A 9 282 EYEE B3
" A (Fac)Bd EYE L 274 == A&8A
2 2 FHES Y39 A2 AN EYES

EEdls Aot olnf A 244 T

EHZ HFE /M 4 glon ol§ AU iy
(Matching) % ¥ 819 (Variable binding)©!
ojFolzo} gk EF SWRLS Uig &5
dste], Y2 g9 ¢ -’F(Argument)‘)l]‘: Wt

< T Y2EE o]E ZA¢etdof ik e
A 7129 Backtracking ¢1FE E
! WAEsE 128l ¥y 3 Backtracking
gES (0¥ 618 2o,

boolean BackwardInference(Goal goal)
{

Stack searchStack = @

SearchNode node

Vector newNodes

Atom atom

boolean bSuccess = FALSE

m_result = @

node = new CSMARTBSearchNode()
node.m_subgoal = goal
node.m_variableMap = @
node.m_bTraversed = FALSE
searchStack.push(node)
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While ((node = searchStack first()) NULL)

I{f (node.isTraversed() = TRUE)

{ searchStack.pop()// discard the first node
iilse if (node.m subgoal = @ ) // It is true
{

m result = m result
{ node.m variableMap.getVariableBinding(goal) }
searchStack.pop() 1/ discard node
bSuccess = TRUE
}
Else

{

For each atom in node.m subgoal
{
If (atom.geiType() = TRIPLE
OR atom.isCalculatable(node.m_variableMap))
{

Break
}
}
If (atom = NULL) // all is not calculatable
{
searchStack.pop() /I dead-end

}
Else IF (atom.getType() = TRIPLE)
{
If ((newNodes = atom.find(m_rulebase,
m_factbase, node.m_variableMap)) = @ )
{

searchStack.pop() /I dead-end
}
Else
{

searchStack.push(newNodes)

74
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node.setTraversed(TRUE)

}
}
Else // getTYPE() = BUILT IN
{
If (atom.calculate(&curentNode.m variableMap)
== FALSE)
{
searchStack.pop()

}
Else /I change node
{
node.m subgoal.remove(atom)// discard atom
}
}
}
}

Retun bSuccess
}

/] dead-end

I

(23 6] ER|EZ e FE Lua

o

9 ¢nEES Aysr] A%k, “1A 2, 2A
3), 3A4), (4 A5el= 4 AAF “If (2x A
?y) and (?y A ?z) then (?x A ?2)"2t= VN9 +
Ho] Sl A% “(7p A ?2)"HE Goals A48
F2¢& WY Backtracking B4 Egle] A&
ol &3 = E AY. 9714, 2%, %, 7z, %, 7q &
< ¥goln,

[28 7]1A o] EEY FE kEoE EX
(Goal) (7p A ?2q)¢+ BA7IA &7 A, & "p
9} 299 @& REW e Ao EAH it &
® (7p A 79)° thalA AA 4718 ALES F &
3 RE LE ol ZAA EAE 9F 49 =
T MAF 39 FE(Subgoal)s L, ?p, 2¢7}
Zvzt (7p=1, ?7q=2), (?p=2, ?q=3), (?p=3, ?q=4),



R4l BE fIEt SWRL 714t olwet 22Xl SMART-Be| i

(?p=4, %q=5)%) 4/M9 A8& deo

¢ FE oy LEXE LT 7 I (%%
A ?y) and (?y A ?2) then (?x A ?2)"9] Ulsty
X (7p A 2% F&8 27471 v it 9
71A, 2pe 2% ¥WFIE(Bind)® 2, 2= 229 ¥h
JAE EHo] =& 3 £X “(7p A 1) (7y1 A
2q)"°] THEAAL, p%t 28] #L ok YA
A 2 diolth, SWRL®) Hom Logice A3}
B2 2049 2 AtomES And BAZ 948
o, watA, 319 589 84 A AndE ©E Y
BRlA] 3 “(7p A 7y1) (751 A 2g)"9F Zo] ®
Attt B¢ W 2y AS =zt g
g2t & g8 2y 4550 A4 yehiA Heg
IRET FEI] Y8t y1o2 EAFHH

9 39 B 4709 AT 1Y FHE 3
&% Ao otgf9] 57 ==& Jehdt} 948 &
of, AHd(1 A 2)& 391l &3 A 2ol 10
HRIES T 2y19llE 27} HIRIE "}, olo] whi
9 FEAA ol EBFB pA WD, F A
27F AAHT (791 A 290 (2 A 2QE HWAH
o] 3¢l BRE deuh 183, 7Y #FL 10l
£ Ao gzlenz ko ofg R 7 A
o] EJHT AHLE A8 YA 9 LEE
T AVMAR A" Aol 1 vehd U

T3 “If (?x A ?y) and (?y A ?2) then (?x A
?22)"¢ A AA 39 B “(%p A D)ol H 47
ANEs QEZ A9 ko A FH gt} o
g, 7pE 7x0 HRRIZH I 2y1& 229 HIEH o
“p A %y2) (%92 A WI)’E ¥HEHI J|E F
WA 39 B (7y1 A 290 BEAA A2 8
A FE7 “(%p A ?2) (2y2 A ?y1) (?y1 A 79)”
2 Hd old% FHe WEIYW 1A3), QA
4),3A5),(1A4, 2A5,(01A5 T3 &2
FE ZF4ES 5 94 "o

4. SMART-Be| 7jt

4.1 AJTHE] € 7]8 £EAZIO] 2717

2 Ad7HME A YoM 2ZEY ] o
AE9 A4l T4 ATg 49314 & FE4A
Wasr) ste 74 wA FEAAY 2T I
< 24T dolHEY 3hie] HEUEE A
£F FEARY 7152 & FEXUES AUH
FHol2g F3l A co|HAEY 715 AL
e, olEd 715 S dE¥e #AYA Bad
27 71%E sttt A HAZ JdF99 B4
dAe FEAK9 ZE 949 7150l A4 49
EEE o3& 5 dofof drhe Holth YellA
g uke}t o] XA Y& AFHn Y&
Yol A AAEE BEL 320 LT 9
Bl Aol FAMolA FE EZEE
£33 28% ¢ ot gebA FEAWL OWL
Y AAduo]2 SWRLE BHE o]
, SPARQLE #3H F& X HAE o3&
e 715l Aasid
T HAZ 299 YA = FE2AA0] Fo
A 4Y A4 o] gt FE TR i3 A
€ WUt (Sound) ¢A 3 (Complete) =23
Wok gk Holth o]F Hst Foizl AMME
I FHES o43td 8 B U 4L
&3t AAgEF/AA)E BAs, FE ER
i ZE Ao A e g4stE 7150l 9
a3tt), o] o] MY FEAMY 27T 7%
< FEA7Y AN FHRAE ol F2
A

A9 A&® F2E dASE 78S ATI

or
: B

Ir o

® >
o = o
ol

A > ol

42 JWs 22NN THRA
oM ANE AWE § 7 e FE ¢
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(A 7a)

?p = nult
?q = nult

RuleBase:
If (?x A ?y) and (?y A ?z) then (?x A 72)

FactBase:
1 A2, (2 A3,
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Abstract

Development of an SWRL-based Backward
Chaining Inference Engine SMART-B for the
Next Generation Web

Yong Uk Song‘, June Seok Hong“, Wooju Kim', Sung Kyu Lee , Suk Hee Youn™

While the existing Web focuses on the interface with human users based on HTML, the next
generation Web will focus on the interaction among software agents by using XML and XML-based
standards and technologies. The inference engine, which will serve as brains of software agents in
the next generation Web, should thoroughly understand the Semantic Web, the standard language of
the next generation Web. As abasis for the service, the W3C (World Wide Web Consortium) has
recommended SWRL (Semantic Web Rule Language) which had been made by compounding OWL
(Web Ontology Language) and RuleML (Rule Markup Language). In this research, we develop a
backward chaining inference engine SMART-B (SeMantic web Agent Reasoning Tools —Backward
chaining inference engine), which uses SWRL and OWL to represent rules and facts respectively. We
analyze the requirements for the SWRL-based backward chaining inference and design analgorithm
for the backward chaining inference which reflects the traditional backward chaining inference
algorithm and the requirements of the next generation Semantic Web. We also implement the
backward chaining inference engine and the administrative tools for fact and rule bases into Java
components to insure the independence and portability among different platforms under the

environment of Ubiquitous Computing.

Key words : Backward Chaining Inference Engine, OWL, RDF, RuleML, Semantic Web, SWRL,
XML
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