EOL Reasoner : 2EZX| 7|4t XAl £2 AIZI

EOL Reasoner : Ontology—based knowledge reasoning engine
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Abstract These days, computing systems need to be intelligent for satisfying general users
ambiguous requests. In order to make a system intelligent, several methods of managing knowledge
have been proposed. Especially, in ubiquitous computing environment, where various computing
objects are working together for achieving the given goal, ontology can be the best solutionfor
knowledge management, In this paper, we proposed a novel reasoner processing ontology—based
knowledge which is expressed in EOL, As this EOL reasoner uses less computing resource, it can
be easily adapted to various computing objects in ubiquitous computing environment providing easy
usability of knowledge,
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2.1 EOL(Epistemological Ontology Language)

2EE2AE FA5P] Qe ARER= Aol W3C oAl
AIRKEl OWL ¥} RDF-S & o9 7F7F rh[4] ole>
XML 7[5te] ui=Y Qlojol7] wjEe), 2E2XE FHsIHH
71 Aol HasA; otjEle] Ego] skt EOL 2
AR ARl Eolet w3 RS AFEeEM, 71
¢ oHEY] &g glole AXE FAT 4 9L, HHEHE
A S8 4= Utk AHo] Utt[2]

Description Logic 224 SUNHI 9] #d H9E zk
71& EOL & 77119] Aol%(define command), 17]9] 4Fd
(assert command), 8712 HoJquery command)S A
3=t oJ7]ol= & QIAEIA(role instance) 7} 1HER] E
k= o] QI E A tollM= oF AfAdste] B AR
/\Oﬂ oigk “t‘aoi'é% F7Felth, EOL F2elxe Gt 1))
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2.2 EOL Reasoner

2.2.1 EOL Reasoner T+&

EOL Reasonerd] 2= (I8 DI} Zty 34 User
Interface 2} Parser, Knowledgebase, Processor, Reasoner
2 FAEo] Q=] Knowledgebase + TtHA] TBox £} ABox
Z Ut TBoxe ¢ole] 9 k=8 Vo= A
(Concept) ¥ role)E LE&, xE 71o] I3t IAE edge
2 M= acyclic directed graph S A2} 2of sl 2zt 51

Uk 7RIk 9, ABox = TBox o Aol Gl 74 =

2 2] 3t ¢1AEA(instance) S-S A3}

¥ 1 Commands of EOL Reasoner

Commands for defining concept

Define concept dconcept {concept_name) {concept)

dsubconcept

Define subsume concep! {concept_name) of {concept_name)

ddisjointconcept

Define disjoint concept {concept_name) {concept_name)

Commands for defining role

Define role drole {role_name).{concept) {concept_name)

Define subsume role dsubrole {role_name) of {role_name)

Define transitive role dtranstiverole {role_name)

Define inverse role dinverserole (role_name) {role_name)

Commands for asserting instance

aconceptinstance

Assert concept instance ;
SS Pt ins {concept_name) (instance_name)

aroleinstance
(role_name).{instance_name)
(instance_name)

Assert role instance

Commands for querying

Check satisfiability issatisfiable {concept)

isequivalent

Check equivalence {concept_name) {concept_name)

issubsume

Check subsumption {concept_name) of {concept_name)

Check disjointness isdisjoint {concept_name) {concept_name)

Retrieve concept rconcept {concept_name)

Retrieve role rrole {role_name)

Retrieve superconcept rsuperconcept {concept_name)

Retrieve subconcept rsubconcept {concept_name)

Retrieve superrole rsuperrole {role_name)

Retrieve subrole rsubrole {role_name)

Retrieve concept instance  rconceptinstance {concept)

Retrieve role instance rroleinstance {role_name)

User Interface & F3l YFH o= HA Asserting
Knowledge ¢} Querying Knowledge = Wyl
Knowledgebase ] AME& XS Fkle Wols
Asserting Knowledge 2, Knowledgebase o #17 x]&]oj|
sl Aols sk WHoks Querying Knowledge & i
=5

Asserting  Knowledge Z 5% HHol= AR
Candidate Knowledgebase ©f A3l Processor +=
Reasoner £ ©]&3}0] o) Y=w x40 sl S tlsflablhty
Check & <afslt}, Satisfiable 3t Z|A]9] 739~ Refined

Knowledgebase of A=, IR ¢k e %@0] Alsfiet
t}  Querying Knowledge & JEH WHgol= T
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Processor &  WAALE  Processor £  Refined
Knowledgebase & AM3IA 270 gk= 2418 2o}l User
Interface 2 &3},

User Interface le—
Parser
Asserling Knowledge Querying Knowledge
Candidate
Knowledgebase
Processor b
Reasoner
I ™\
Refined Knowledgebase
( TBox / ABox )
A

32 1 EOL B Axlel 1x
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Description Logic System ©] Ala3fo} dl= 3
37 Concept Satisfiability, Subsumption, Consistency,
Instance Checking 4] 7FA7} itk [5] ©] % Consistency
9} Instance Checking & Concept Satisfiability <}
Subsumption = ©o]&3] a2 4 Utk Concept
Satisfiability €} Subsumption & ZHFgsl7] $Jgt gg|Eo
2 Structural Subsumption €32]&3} Tableau—based &
ejgol otk

Structural Subsumption L2}E&S 5 7|58 22 WAl
oz = 14 C, D 7] 23 IAIE B8l W= daelge
2, ARER»EE O(IC| % |DI) oJct.[6]

tht Structural Subsumption 7E]E&e W 71x] by
< 7KL g, AR FE R soundness £ F9st
7= 418 HhHoll, complete SFA] Pt} EA|, Structural
Subsumption ¥12]&S 283 4~ 1= Description Logic
o] ¥ Wl Agto] ¢low, ALN o] F& WA 2&-
& 4= 9Jth &, Structural Subsumption YilE|E&WoRE=
EOL & 334 2X& 25 AT 4= §irt

Tableau—based @ALEES 27| 24 ©]83| tableau
:,LHU} 2o w} o2 e Wkt 24 (clash)o)
ek Ao unsatlsflable 3t Aeg © o) &S 4= ¢l
Iq{ A Rgeo] BAYEIA] 9FOH(open) satisfiable 3F ZAS
TABl= darE|Eoltt, Tableau—based YE|E2] A
logic &} & ¥9I7F AXA 110 wet A3 S22 -21—7}
01‘01 A5k 4= Qlrt. ot #d 9ol Tdof wE &
%9 trade—off + = 2}g3lct,

10 HU o mf mlm

Jm

BOL & Q2. Aol wef 2% ) % 7 ek
E W9lel wet & o AR A5 S o
8 % b A2 U2 e, /AR Tabeau bosed
ATEE AP, FEo] L A4j0) BA WP ALN

=
olgld 7% Structural Subsumption YTFEL ARESH

E 2 Transformation rules

and — rule

Condition L contains (‘and C D )(x), but not both C(x) and D(x).

Action  L':=L U{C(x), D(x) .

—rule

Condition L contains ( or C D )(x), but neither C(x) nor D(x).

Action L= U {CK}L":=LK U {DX) }.

some — rule

L contains ( some role.C )(x), but there is no individual name

Condition y such that Cly) and role(x, y) are in L.

Action L":=L U {Cly), role(x, y) } where y is an individual name
not occurring in L.

all —rule

Condiion L contains ( all role.C )(x) and role(x, y), but it does not

contain C(y).

Acon  L'=LU{Cl)]}.

atleast — rule

L contains ( atleast n role )(x), and there are no individual ys,
Condition -+, yn such that role(x, yi) (1 < i <n)andy #y (1< i<
<n)areinL.

L=LU{rde(x,y)[1<i<n}U{y#yl1<i<]
Action <'n}, where y, -, ya are distinct individual names not
oceurring in L.

atmost — rule

L contains distinct individual names ys, **+, Y+ such that (
Condition atmost n role )(x) and role(x, yi), -, role(x, yn+) are in L, and
yi F yjisnotin L for some i, j, 1 < i < j < nH.

For each pair y;, yjsuch that 1 < i < j < ntlandy # yis
Action not in L, the labeled ABox Ly := [yi / yilL is obtained from L
by replacing each occurrence of yi by V.

Tableau—based ¢al2]Zo]| w2} Satisfiability check &
517 Y, ZF constructor ©f] th8dl= transformation
rue 50| Zaskh,  EOL FE ARl A=
Tableau—based ¥a12}&2] Transformation rule
9} 7PE} C ¢ D + o9 S oulskal role

22 ulsly, x, y = AAEAE L & Labeled ABox &
4“]?&5}. 0}7]4] Labeled ABox %, ABox ©f Z3Eo] =
QBT TR Qs SAAES Yam Sk ARke Rt
o}, &, ABox 7} x 2= IAHIAE EIS o, x 9o 7=
3} x 9] 250] Labeled ABox ¢ U4} Hiek ik A
Z} constructor o wel Labeled ABox 7} ®S}El=d], %
Aoz o ol A8 transformation rule ©] oA
Labeled ABox W] 245 7o) Bo] ot gkow
satisfiable 3t 222, transformation rule = 2-83) L7t}
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7} gm0 ERUEPH unsatisfiable $F o2 ki) dhH,
or—rule 9] 7ALol= Labeled ABox 7} 2712 E7]5PHA]
transformation rule & Zl& Z-83] UriA Sk=t, olzgt
749 B7)3t Labeled ABox % 3PUElE satisfiable §F A&
weEd sfd A4l satisfiable 3 Z0&, H71% Labeled
ABox 7} ®Y%  unsatisfiable 3FH S A 9A]
unsatisfiable 3+ A2 TA3ICE

C : (and (some RA) (some RB) D : (some R.(and A B))

1. (and C (not D))
L ={ (and (some R.A) (some R.B) (not (some R.(and A
BIX) }
2. Normalization
L
3.
A

={ (and (some R.A) (some R.B) (all R.(or (not A) (not B))))(x) }

and-rule M& : (and (some R.A) (some R.B) (all R.(or (not

) (not BIx)
L=L U {(some RA)x), (some RB)(x), (all R.(or (not A) (not B)))(x) }
4, some-rule EE : (some RA)X), (some RB)(x)
L=L U {Aly). Rixy), Bz), Rix2) }
5. al-rule =& : (all R.(or (not A) (not B)))(x)
L=L U {(or (not A) (not B))y), (or (not A) (not B))(z) }
6 or-rule H& : (or (not A) (not B))(y)

=L U {(hotAly) }: 2&

L2=L U { (not B)y) }
7. or—rule EE : (or (not A) (not B))(2)
L3=12 U {(not A)2) }
4=12U {(notB)z) }: Ba
8. Therefore, (and C (not D)) is satisfiable.

1. (and (not C) D)
L ={ (and (not (and (some R.A) (some RB))) (some R.(and A B)))(x) }
2. Normalization
L ={ (and (or (all R.(not A)) (all R.(not B))) (some R.(and A B)))(x) }
3. and-rule H& : (and (or (all R(not A)) (all R(not B)) (some R.(and
AB))x)
L=L U {(or (all R(not A)) (all R.(not B)))(x), (some R.(and A B))(x) }
4, sume—rule & : (some R.(and A B))(x)
L=L U {(and AB)y), Rixy) }
5. and—rule H& : (and A B)(x)
L=L U {Aly), By}
6. or—rule &L : (or (all R.(not A)) (all R.(not B)))(x)
=L U {(@lR(not A)x) }
[2="L U {(al R(not B))(y) }
7. all-rule B : (@l R(not A)), (all R.(not B))
=01 U {(notA)y) } : B&
2=12 U {(not B)ly) } : =&
8. Therefore, (and (not C) D) is unsatisfiable.

Tableau—based algorithm A Labeled ABox 2] X<~
< WFs= 21 Transformation rule 214 THFolL 8
3} BHo|o} Transformatlon rule I PEIZIXE Labeled
ABox 9] B4 Hels HPHL logic 9 FF 9ol wlet
Z74 deii,

7|EA0Z Labeled ABox 7} 92| 7K P of tjislo]
P&) 9} (hot P)(x) & Ao ZE§sl Qo ot
EOL 52 qlllo] 245 Tableau—based File}&Ee] 7350
= Labeled ABox 9] =42 48 @ d], concept
disjoint, T8]1 AREAF Ao] Zsk Ao fjst mert =7t
2 ggsh} gE2o], Labeled ABox 7} SU3F QAEI A0

3l disjoint concept & & th EFSIL Y= H}; 5
oh QIAE A sl A9 A g} e S BF
L Q= 4ollw Hgo] Hr,
223 FE MY of

Tableau—based ¥E|E&S o83l x4 71o] x5 WAE
ek A2 ohaat Aok g Sof Adsk] el de
o] 74 C, D & 7Msi9lem, R 2 80, A 9B = %
A x y, z = Y99 AEAS 1, L1, 12, L3, 14
Labeled ABox & 7I2J7It}, (& 3) oA+ Labeled ABox
o] gt 1 IollA] Hgmo] Yok IS Holal Qitk
Transformation rule ©f W} 7]&2] Labeled ABox ol A
2L YAt 7K, or-rule o] A8E= Aolle AMES
Labeled ABox 7} AJAI=ICt <17.EI 2>+ Labeled ABox 7}
or—rule o 28l E713t H5E YR Aol

{and C (not D)) | {and (not C) D)

il

¢

rr

L L
I, L 14 Ia
(clash) - (clash) {clash)
Ls Ly
(open) (clash)

32! 2 Labeled ABox £7] of

74 C, D 7ke] x5 IAE gstr] 8l 74 (and C
(not D)) &AM (and (not C) D) 9 satisfiability
£ Tableau—based ¥AE|ES o|gal sl Bt (O
Dol & 4= %o], AM (and C (not D) 2] Labeled
ABox F L3 + Hs=o] WAERA] ookt 74 ( and ( not
C) D) 9 Labeled ABox += E%F& HEg=o] HR¥gT) ol=
ol g5t x5t WA WY Avk= (& 99} Lk

H 4 Subsumption Relation T

(and C (not D))  (and (not C) D)  Result
Neither C is subsumed D nor

Satisfiable Satisfiable C is subsumed D.

Satisfiable Unsatisfiable D is subsumed C,

Unsatisfiable Satisfiable C is subsumed D.

Unsatisfiable Unsatisfiable C equals D.
K

W3C oA AFshe oA LEZAR] Wine 2E=2XE
EOL 2 #¢gh 3, oF FOL &2 <zl MLoH Hokth
OWL-DL 3+ 2] EOL 2 data type & A<leh] ok=r}
OWL-DL i} FOL & Fad Xl 7113| vlws) 2,
(GE 5= wine,owl 9] UHE YEPH 702 Wine Z&A9
4ol YERHL 91, (E 6)2 wine.eol o YRE HERH
AOR, Wine 74| AolE YepfL 9l
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# 5 Definition of Wine (wine.owl)

(owl:Class rdf:ID="Wine"y
{rdfs:subClassOf rdf:resource='&food;PotableLiquid" /)
{rdfs:subClassOf){owl:Restriction)
{owl:onProperty rdf:resource="thasMaker" /)
{owl:cardinality rdf:datatype="8xsd;nonNegativelnteger')1
{Jowl:cardinality)
{/owl:Restriction){/rdfs:subClassOf)
(rdfs:subClassOf){owl:Restriction)
{owl:onProperty rdf:resource="#hasMaker" /)
{owl:allValuesFrom rdf:resource="#Winery" /)
{/owl:Restriction){/rdfs:subClassOf)
{rdfs:subClassOf){owl:Restriction)
{owl:onProperty rdf.resource="#madeFromGrape" /)
{owlminCardinality rdf:datatype="8xsd;nonNegativelnteger')1
{Jowl:minCardinality)
{/owl:Restriction){/rdfs:subClassOf)
{rdfs:subClassOf){owl:Restriction)
{owl:onProperty rdf:resource="#hasSugar" /)
{owl:cardinality rdf:datatype="8xsd;nonNegativelnteger')1
(Jowl:cardinality)
{/owl:Restriction){/rdfs:subClassOf)
{rdfs:subClassOf){owl:Restriction)
{owl:onProperty rdf:resource="thasFlavor' /)
{owl:cardinality raf.datatype="&xsd;nonNegativelnteger'y
(Jowl:cardinality)
{/owl:Restriction){/rdfs:subClassOf)
{rdfs:subClassOf){owl:Restriction)
{owl:onProperty rdf:resource="thasBody" /)
{owl:cardinality rdf:datatype="8xsd;nonNegativelnteger’)1
(/owl:cardinality)
{/owl:Restriction){/rdfs:subClassOf)
(rdfs:subClassOf){owl:Restriction)
{owl:onProperty rdf:resource="#hasColor" /)
{owl:cardinality rdf:datatype="8xsd;nonNegativelnteger')1
(/owl:cardinality)
(/owl:Restriction){/rdfs:subClassOf)
(rdfs:subClassOf){owl:Restriction)
{owl:onProperty rdf:resource="#locatedin'/)
{owl:someValuesFrom rdf:resource="&vin;Region'/)
{/owl:Restriction){/rdfs:subClassOf)
(rdfs:label xmllang="en"ywine{/rdfs:label)
(rdfs:label xmllang="r"yvin{/rdfs:label)
(Jowl:Class)

H 6 Definition of Wine (wine.eol)

dconcept Wine
(and ( all hasMaker,Winery )

all locatedin.Region )
atleast 1 hasSugar )
atleast 1 hasFlavor )
atleast 1 hasBody )

( atleast 1 hasColor ) )
dsubconcept Wine of PortableLiquid

EOL 2 H&E Aale 7b8sia 7jE4o] e uby,
OWL-DL & #%H |4} data type I 22, gl ofgt
Aoks xFolo] o w2 TIAUYE AFSITh Description
Logic & 11 ¥ WP} yold 5 38 Bilew niizt
A& g2 ©o) EOL 9 B&2 2527} Wash k)
o] 2|4 wAsk=t] loid OWL-DL Hr} 3= g
ARG 7T ARRAIS t=ol=g)| 9}

£ Aofal &3 EOL Reasoner + QIE|ZE[E 20

%’J@lik’ﬂ Bl sk Q= 4= glod, E3F FY ¢
£8 7152 A3 Java & olgs| Jdsiged, Ul &=
Swing & OlﬁoH &t (18 3)2 wine.eol & U
g EOL =& <lxle] Al slyolrt,

& Aol k= TBox W] 4] ARE Esha),
2] A1 *TOP* & 7|1ReR, A 719 =3 IAE
Uehfls Eg& Zd@Eo] St} 5 FTe] ARR= TBox W
o] & HRE EEsi=t, vRIZIXZ 2] 891 *TOP* &
7R, & 119 i3 WAE Uss E=E FdE] )
o} 9= AJrho] ARRl= ABox Uje] 7 QIAEIAS Uehjx
AL, 5 T A= ABox U] B AAEAE vERfaL
et 3Pke] ARtell= EOL o] Algsks HHolE ol8s) 2
o5 A% e 1 A3t EYEAY, e ¥HolE U
sl o gH R =E9=A] ot EYE;

TBox | Concept | Ao | Concegt ristants |

=R =] =

Enter

EEXIE #HE 4 Q=T l = "4‘?011/‘1\_ ‘_EEXF 3
skl Z2lsl7] all Description Logic 7]HH) EOL S olg
st A4 E8 Qloj@ WaC OHH Aot OWL & @A
FEor A2 HYARL OWL & s53M 7] Sfelid=
sHd APl gesil, 1 %@‘& 4 el A A
25l7] S8l &2 vlgo] Dasjd), EOL & sk A
o] Tog HIHMEIE 47| AL F&5lT B85 4= Q)
7]] stk E3H EOL 8 QIS A49] &3 eof wit

& F2 e LI ¢ Sle 2 WS A o
—.401] ZrRlof] whet HpRt 2|42 A=slor she RHIHEA
e 2ol ARgsl7Iol Atsidt.
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